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THOMSON - MOSTEK 
TECHNICAL SUPPORT, PRODUCT MARKETING 

FOR INTEGRATED CIRCUITS: 
(Corporate Headquarters) 
1310 Electronics 

~0;1g:,sg:!J~ ~~~Z~~~~~s~F FOR PASSIVE COMPONENTS: 
6203 Variel Avenue, Unit A 

FOR SPECIAL PRODUCTS: 
301 Route 17 North 
Rutherford, NJ 07070 
2011438-2300 

P.O. Box 4051 
Carrollton, TX 75006 
214/466-6000 

16 Commerce Drive 
Montgomeryville, PA 18936-1002 
215/362-8500 

Woodland Hills, CA 91367 
818/887-1010 FAX 2011438-1n4 

TWX 910-860-5437 FAX 215/362-1293 FAX 818!702-0725 

U.S. AND CANADIAN SALES OFFICES: 

WESTERN AREA: 

Thomson Components - Mostek Corporation 
2540 Mission College Blvd. 
Suite 104 
Santa Clara, CA 95054 
408/970-8585 
FAX 408-970-8737 

Thomson Components - Mostek Corporation 
18004 Skypark Circle 
Suite 140 
Irvine, CA 92714 
714/250-0455 
FAX 7141261-1505 

Thomson Components - Mostek Corporation 
6203 Variel Ave. 
Unit A, P.O. Box 4051 
Woodland Hills, CA 91367 
818/887-1010 
FAX 818(702-0725 

Thomson Components - Mostek Corporation 
1107 North East 45th St. 
Suite 411 
Seattle, WA 98105 
206/632-0245 
FAX 206/633-5413 

Thomson Components - Mostek Corporation 
601 South Bowen St. 
Longmont, CO 80501 
303/449-9000 
FAX 3031651-7976 

Thomson Components - Mostek Corporation 
7950 East Redfield Rd. 
Suite 160 
Scottsdale, AZ 85260 
602/998-1580 
FAX 602/483-2303 

Thomson Components - Mostek Corporation 
7155 SW Varns· St. 
Tigard, OR 97223-8057 
503/620-5517 
FAX 503/639-3591 

FOR ALL OTHER COUNTRIES 
Thomson Semlconducteurs 
43, Avenue de L:Europe 
78140 V91izy-Villacoublay/France 
T91: (1) 39 46 97 19fT91ex: 204 780 F 
or contact Corporate Headquarters 

CENTRAL AREA: 

Thomson Components - Mostek Corporation 
1310 Electronics 
MS1137 
Carrollton, TX 75006 
214/466-8844 
TWX 910-860..5437 

Thomson Components - Mostek Corporation 
6100 Green Valley Drive 
Suite 130 
Bloomington, MN 55438 
612/831-2322 
FAX 612/831-8195 

Thomson Components - Mostek Corporation 
1827 Walden Office Square 
#430 
Schaumburg, IL 60173 
3121397-6550 
FAX 312/397-4066 

Thomson Components - Mostek Corporation 
3215 Steck Ave. 
Suite 202 
Austin, TX 78758 
512/451-4061 
TWX 910-874-2007 

Thomson Components - Mostek Corporation 
266Tl W. 12 Mile Rd. 
Suite #141 
Southfield, Ml 48034 
3131354-5840 
FAX 313/354-3370 

CANADA 

Thomson CSF Canada 
Semiconductor Division 
1000 Sherbrooke West 
Suite 2340 
Montreal, Quebec H3A 3G4 
5141288-4148 
FAX 514/288-8987 

Thomson Components - Mostek Corporation 
44 Rosebud Ave. 
Brampton, Ontario L6X 2'/115 
4161454-5252 
FAX 4161454-4328 

v 

EASTERN AREA: 

Thomson Components - Mostek Corporation 
83 Cambridge Street 
Suite 2A 
Burlington, MA 01803 
6171273-3310 
FAX 6171272-2467 

Thomson Components - Mostek Corporation 
The Pavilions at Greentree 
Route lf73, Suite 101 
Marlton, NJ 08053 
6091596-9200 
FAX 609/424-7437 

Thomson Components - Mostek Corporation 
4414 Evangel Cr. !IC 
Huntsville, AL 35816 
2051830-9036 
FAX 2051830-9038 

Thomson Components - Mostek Corporation 
387 Hooker Avenue 
Office No. 2 
Poughkeepsie, NY 12603 
9141454-8813 
FAX 9141454-1320 

Thomson Components - Mostek Corporation 
5890 Sawmill Rd. 
Suite 204 
Dublin, Ohio 43017 
6141761-0676 
FAX 6141761-2305 

Thomson Components - Mostek Corporation 
6045 Atlantic Blvd. 
Suite 104 
Norcross, GA 30071 
4041662-1588 
FAX 4041662·1561 



U.S. AND CANADIAN REPRESENTATIVES 

CONNECTICUT IOWA MINNESOTA OHIO 
Scientific Components* Rep Associates* Horizon* Five Star Electronics* 
1185 S. Main St. 980 Arica Ave. 8053 East Bloomington Freeway 6200 S.O.M. Center Road 
Cheshire, CT 06410 Marion, IA 52302 Bloomington, MN' 55420, Suite B 21 
(203) 272-2963 (319) 373-0152 (612) 884-6515 Solon, OH 44139 
FAX (203) 271-3048 FAX (612) 888-3073 (216) 349-1611 

KANSAS 
FLORIDA Rush & West Associates MISSOURI Tom Mulligan Co.* 
Lawrence Associates" 107 N. Chester Street Rush & West Associates* 166 N.W. Professional Plaza 
5021 N. Dixie Hwy. Olathe, KS 66061 2170 Mason Rd. Columbus, OH 43220 
Boca Raton, FL 33431 (913) 764-2700 St. Louis, MO 63131 (614) 457-2242 
(305) 368-7373 TWX 910-380-8110 (314) 965-3322 

TWX 910-752-653 PENNSYLVANIA 
Safes Engineering Concepts, Inc. MARYLAND TELEX 752 653 M. Lader Company* 
926 Great Pond Dr. Tri-Mark Inc.* 456 Germantown Pike 
Suite 2002 1410 Crain Hwy. NW NEW JERSEY Lafayette Hill, PA 19444 
Altamonte Springs, FL 32714 Glen Burnie, MD 21061 Tritek Sales, Inc.* (215) 825-3177 
(305) 682-4800 (301) 761-6000 21 E. Euclid Ave. 
FAX (305) 682-6491 FAX (301) 761-6006 Haddonfield, NJ 08033 WISCONSIN 

(609) 429-1551 Heartland Technical Marketing* 
Safes Engineering Concepts, Inc: MASSACHUSETTS TWX 215-627-0149 (Philadelphia Line) 3846 Wisconsin Ave. 
1000 S. Federal Hwy. AID Nova Sales, Inc.* TWX 710-896-0881 Milwaukee, WI 53208 
Suite 204 83 Cambridge St. (414) 931-0606 
Deerfield Beach, FL 33441 Suite 20 NE Components:• 
(305) 426-4601 Burlington, MA 01803 189-191 Godwin Ave. CANADA 
TWX 510-600-7740 (617) 270-9600 Wyckoff, NJ 07481 Solution Electronic Sales• 

FAX (617) 272-2467 (201) 848-1100 100A 3380 Maquinna Dr. 
ILLINOIS Vancouver, B.C. VSS 4C9 
Eagle Technical Sales, Inc. Conti-Younger Assoc.* NEW YORK (604) 438-0679 
1805 8. Hicks Rd. 12 Blanchard Ad. Empire Technical Assoc.* 
Rolling Meadows, IL 60008 Burlington, MA 01803 33 West State St. 
(312) 991-0700 (617) 273-1563 Suite 2118 

FAX (617) 270-0301 Binghamton, NY 13901 
IN DIANA (607) 772-0651 
M/S Sales Associates, Inc.* MICHIGAN 
7319 W. Jefferson Blvd. Electronic Sources, Inc.* Empire Technical Assoc. 
Ft. Wayne, IN 46804 8014 W. Grand River 1551 E. Genesse St. 
(219) 436-3023 Suite 6 Skaneateles, NY 13152 
FAX (219) 436-3026 Brighton, Ml 48116 (315) 685-5703 

(313) 227-3598 
MIS Sales Associates, Inc. FAX (313) 227-5655 GT Sales* 
1425 E. 861h St. 34 Grand Blvd. 
Indianapolis, IN 46240 Centech, Inc.* Brentwood, NY 11717 
(317) 257-8916 10312 E. 63rd Terrace (516) 231-0270 

Raytown, Ml 64133 FAX (516) 273-1247 
(816) 358-8100 

* Home Office 
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U.S. AND CANADIAN DISTRIBUTORS 

ALABAMA Marshall Industries COLORADO Schweber Electronics 
Marshall Industries One Morgan Integrated Electronics Corp. 215 North Lake Blvd. 
3313 S. Memorial Pkwy. Irvine, CA 92715 5750 N. Logan Street Altamonte Springs, FL 32701 
Huntsville, AL 35801 (714) 458-5395 Denver, CO 80216 (305) 331-7555 
(205) 881-9235 (303) 292-6121 TWX 510-954-0304 

Marshall Industries 
Quality Components, S.E. 9710 DeSoto Avenue Kierulff Electronics Schweber Electronics 
4900 University Square #207 Chatsworth, CA 91311 7060 South Tuscon Way 3665 Park Central Blvd. N. 
Huntsville, AL 35817 (818) 407-0101 Englewood, CO 80112 Pompano Beach, FL 33064 
(205) 830-1881 (303) 790-4444 (305) 977-7511 

Marshall Industries TWX 510-954-0304 
Pioneer Technologies Group 3039 Kilgore Ave., #140 Marshall Industries 
4825 University Square Rancho Cordova, CA 95670 7000 North Broadway Zeus Components 
Huntsville, AL 35805 (916) 635-9700 Denver, CO 80221 1750 West Broadway 
(205) 837-9300 (303) 427-1818 Suite 114 

Marshall Industries Oviedo, FL 32765 
Schweber Electronics 10105 Carroll Canyon Rd. Schweber Electronics (305) 365-3000 
4930-A Corporate Drive San Diego, CA 92131 8955 E. Nicholas, Bldg. 2 TWX 910-380-7430 
Huntsville, AL 35805 (619) 578-9600 Englewood, CO 80221 FAX (305) 365-2356 
(205) 895-0480 (303) 799-0258 

Marshall Industries GEORGIA 
ARIZONA 336 Los Caches St. CONNECTICUT Dixie Electronics 
Kierulff Electronics Milpitas, CA 95035 Greene-Shaw 1234 Gordon Park Road 
4134 E. Wood Street (408) 943-4600 1475 Whalley Avenue Augusta, GA 30901 
Phoenix, AZ 85040 New Haven, CT 06525 (404) 722-2055 
(602) 437-0750 Schweber Electronics (203) 397-0710 

21139 Victory Blvd. TWX 92-2498 Pioneer Technologies Group 
Marshall Industries Conoga Park, CA 91303 3100 F. Northwoods Place 
835 West 22nd St. (818) 999-4702 Marshall Industries Norcross, GA 30071 
Tempe, AZ 85282 20 Sterling Drive (404) 448-1711 
(602) 968-6181 Schweber Electronics Barnes Industrial Park, N. TWX 810-766-4515 

1225 West 190th Street P.O. Box 200 
Schweber Electronics Suite 360 Wallingford, CT 06492-0200 Quality Components 
11049 North 23rd Drive Gardena, CA 90248 (203) 265-3822 6M5 N. Belt Parkway #B 
Suite 100 (213) 327-8409 Norcross, GA 30071 
Phoenix, AZ 85029 Pioneer-Standard (404) 449-9508 
(602) 997-4874 Schweber Electronics 112 Main Street TWX 510-601-5297 

17822 Gillette Avenue Norwalk, er 06851 629-32421 
ARKANSAS Irvine, CA 92714 (203) 853-1515 
See Oklahoma (714) 863-0264 TWX 710-468-3373 Schweber Electronics 

FAX (714) 863-0200 (X500) FAX (203) 838-9901 303 Research Drive 
CALIFORNIA Suite 210 
Integrated Electronics Corp. Schweber Electronics Schweber Electronics Norcross, GA 30092 
7000 Franklin Blvd., Suite 625 1m Tribute Rd. Suite B Commercial Industrial Park (404) 449-9170 
Sacramento, CA 95823 Sacramento, CA 95815 Finance Drive TWX 810-766-1592 
(916) 424-5297 (916) 929-9732 Danbury, er 06810 

FAX (916) 929-5608 (203) 748-7080 ILLINOIS 
Integrated Electronics Corp. TWX 710-456-9405 Advent Electronics 
2170 Paragon Drive Schweber Electronics 7110-16 N. Lyndon St. 
San Jose, CA 95131 6750 Nancy Ridge Drive DELAWARE Rosemont, IL 60016 
(408) 435-1000 San Diego, CA 92121 See New Jersey (312) 297-6200 

(619) 450-0454 Pennsylvania 
ITAL Sales TWX 910-335-1155 Kierulff Electronics 
15405 Proctor Avenue FLORIDA 1140 W. Thorndale Ave. 
City of Industry, CA 91745 Schweber Electronics AU American Semiconductor Itasca, IL 60143 
(818) 968-8515 90 E. Tasman Drive 16251 NW. 54th Avenue (312) 250-0500 

San Jose, CA 95131 Miami, FL 33014 
Kierulff Electronics (408) 946-7171 (305) 621-8282 Marshall Industries 
9800 Variel Avenue 800-327-6237 1261 Wiley Road 
Chatsworth, CA 91311 Zeus Components #F 
(818) 407-2500 1130 Hawk Circle Marshal\ Industries Schaumburg, IL 60195 

Anaheim, CA 92807 4205 34th St, S.W. (312) 490-0155 
Kierulff Electronics (714) 632-6880 Orlando, FL 32811 
5650 Jillson St. TWX 910-591-1696 (305) 841-1878 Pioneer-Standard 
Los Angeles, CA 90040 FAX (714) 630-8770 (305) 841-1878 1551 Carmen Drive 
(213) 725-0325 Elk Grove Village, IL 60007 

Zeus Components Pioneer Technologies Group (312) 437-9680 
Kierulff Electronics 1580 Old Oakland Road 337 S. North Lake, #1000 
'0197 Balboa Avenue Suite C205/C206 Altamonte Springs, FL 32701 Schweber Electronics 
San Diego, CA 92123 San Jose, CA 95131 (305) 834-9090 904 Cambridge Drive 
(619) 278-2112 (408) 998-5121 TWX 810-853-0284 Elk Grove Village, IL 60007 

TWX 408-628-96083 (312) 364-3750 
Kierulff Electronics FAX (408) 998-0285 Pioneer Technologies Group TWX 910-222-3453 
1180 Murphy Avenue 674 S. Military Trail 
San Jose, CA 95131 Deerfield Beach, FL 33441 
(408) 971-2600 (305) 428-8677 

TWX 510-955-9653 
Kierutff Electronics 
14101 Franklin Avenue 
Tustin, CA 92680 
(714) 731-5711 
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U.S. AND CANADIAN DISTRIBUTORS 

INDIANA Kierulff Electronics MISSOURI Pioneer-Standard 
Advent Electronics 13 Fortune Drive Kierulff Electronics 840 Fairport Park 
8446 Moller Road Billerica, MA 01821 11804 Borman Drive Fairport, NY 14450 
Indianapolis, IN 46268 (617) 667-8331 St. Louis, MO 63146 (716) 381-7070 
(317) 872-4910 (314) 997-4956 TWX 510-253-7001 
TWX 810-341-3228 Lionex Corporation TWX 910-762-0721 FAX (716) 381-5955 

36 Jonspin Road 
Marshall Industries Wilmington, MA 01887 Schweber Electronics Pioneer-Standard 
6990 Corporate Dr. (617) 657-5170 502 Earth City Expressway 1806 Vestal Pkwy. East 
Indianapolis, IN 46278 FAX (617) 657-6008 Suite 203 Vestal, NY 13850 
(317) 297-0483 Earth City, MO 63045 (607) 748-8211 

Marshall Industries (314) 739-0526 TWX 510-252-0893 
Pioneer-Standard One Wilshire Road TWX 43-4065 
6408 Castleplace Drive Burlington, MA 01803 Pioneer-Standard 
Indianapolis, IN 46250 (617) 272-8200 MONTANA Crossways Park West 
(317) 849-7300 See California Woodbury, NY 11797 
TWX 810-260-1794 Pioneer-Standard (516) 921-8700 

44 Hartwell Ave. NEBRASKA TWX 510-221-2184 
IOWA Lexington, MA 02173 See Iowa FAX (516) 921-2143 
Advent Electronics 
682 58th Avenue, Ct. SW Schweber Electronics NEW HAMPSHIRE Schweber Electronics 
Cedar Rapids, IA 52404 25 Wiggins Avenue Schweber Electronics 3 Townline Circle 
(319) 363-0221 Bedford, MA 01730 Bedford Farms Bldg. #2 Rochester, NY 14623 
TWX 910-525-1337 (617) 275-5100 Manchester, NH 03102 (716) 424-2222 

TWX 710-326-0268 (603) 625-2250 TWX 710-541-0601 
Schweber Electronics TWX 710-220-7572 
5270 North Park Place, NE Zeus Components FAX (603) 625-5710 Schweber Electronics 
Cedar Rapids, IA 52402 429 Marrett Road Jericho Turnpike 
(319) 373-1417 Lexington, MA 02173 NEW JERSEY Westbury, NY 11590 

(617) 863-8800 Kierulff Electronics (516) 334-7474 
KANSAS TWX 710-326-7604 37 Kulick Road TWX 510-220-1365 
Marshall Industries FAX (617) 863-8807 Fairfield, NJ 07006 
8321 Melrose Dr. (201) 575-6750 Zeus Components 
Lenexa, KS 66214 MICHIGAN 100 Midland Avenue 
(913) 492-3121 Advent Electronics Marshall Industries Port Chester, NY 10573 

24713 Crestview Ct. 101 Fairfield Rd. (914) 937-7400 
Schweber Electronics Farmington Hills, Ml 48018 Fairfield, NJ 07006 TWX 710-567-1248 
10300 West 103rd Street (313) 477-1650 (201) 882-0320 FAX (914) 937-2553 
Suite 200 
Overland Park, KS 66214 Pioneer-Standard Pioneer-Standard NORTH CAROLINA 
(913) 492-2922 4505 Broadmoor Avenue SE 45 Route 46 Dixie Electronics 

Grand Rapids, Ml 49508 Pine Brook, NJ 07058 2220 S. Tryon Street 
KENTUCKY (616) 698-1800 (201) 575-3510 Charlotte, NC 28234 
See Indiana TWX 510-600-8456 TWX 710-734-4382 (704) 377-4348 

LOUISIANA Pioneer-Standard Schweber Electronics Dixie Electronics 
See Texas 13485 Stamford 18 Madison Road 1021 R. Burke St. 

Livonia, Ml 48150 Fairfield, NJ 07006 Winston-Salem, NC 27102 
MAINE (313) 525-1800 (201) 227-7880 (919) 724-5961 
See Massachusetts TWX 810-242-3271 TWX 710-734-4305 

Hammond Electronics 
MARYLAND Schweber Electronics Solid State 2923 Pacific Avenue 
Marshall Industries 12060 Hubbard Ave. CN3306 46 Farrand Street Greensboro, NC 27406 
8445 Helgerman Court Livonia, Ml 48150 Bloomfield, NJ 07003 (919) 275-6391 
Gaithersburg, MD 20877 (313) 525-8100 (201) 429-8700 TWX 628-94645 
(301) 840-9450 TWX 810-242-2983 TWX 710-994-4780 

FAX (201) 429-8683 Pioneer Technologies Group 
Pioneer Technologies Group MINNESOTA 9801 A Southern Pine Blvd. 
9100 Gaither Road Kierulff Electronics NEW YORK Charlotte, NC 28210 
Gaithersburg, MD 20877 7667 Cahill Road Add Electronics (704) 527-8188 
(301) 921-0660 Edina, MN 55435 7 Adler Drive TWX 810-621-0366 
TWX 710-828-0545 (612) 941-7500 E. Syracuse, NY 13057 

(315) 437-0300 Quality Components, S.E. 
Schweber Electronics Marshall Industries 2940-15 Trawick Road 
9330 Gaither Road 3800 Annapolis Lane Add Electronics Raleigh, NC 27604 
Gaithersburg, MD 20877 Plymouth, MN 55441 7375 Pittsford-Victor Ad. (919) 876-7767 
(301) 840-5900 (612) 559-2211 Victor, NY 14564 
TWX 710-828-9749 Schweber Electronics 

Pioneer Standard Marshall Industries 5285 North Blvd. 
Zeus Components 10203 Bren Road East 129 Brown St. Raleigh, NC 27604 
8930-A Route 108 Minnetonka, MN 55343 Johnson City, NY 13790 (919) 876-0000 
Columbia, MD 21045 (612) 935-5444 TWX 510-928-0531 
(301) 997-1118 TWX 910-576-2738 Marshall Industries 
TWX 910-380-3554 1280 Scottsville Rd. NORTH DAKOTA 
FAX (301) 964-9784 Schweber Electronics Rochester, NY 14624 See Minnesota 

7424 W. 78th Street 
MASSACHUSETTS Edina, MN 55435 Nu-Horizons Electronics OHIO 
Greene-Shaw (612) 941-5280 6000 New Horizons Blvd. Kierulff Electronics 
70 Bridge Street TWX 910-576-3167 N. Amityville, NY 11701 476 Windsor Park Drive 
Newton, MA 02195 (516) 226-6000 Dayton, OH 45459 
(617) 969-8900 MISSISSIPPI (513) 439-0045 
TWX 92 2498 See Texas 
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U.S. AND CANADIAN DISTRIBUTORS 

OHIO (cont.) Pioneer-Standard Pioneer-Standard VIRGINIA 
Marshall Industries 259 Kappa Drive 13710 Omega Road See Maryland 
6212 Executive Blvd. Pittsburgh, PA 15238 Dallas, TX 75234 
Dayton, OH 45424 (412) 782-2300 (214) 386-7300 WASHINGTON 
(513) 236-8088 TWX 710- 795-3122 TWX 910-860-5563 Almac Electronics Corp. 

14360 S.E. Eastgate Way 
Marshall Industries Pioneer Technologies Group Pioneer-Standard Bellevue, WA 98007 
59058 Harper Road 261 Gibraltar Road 9901 Burnet Road (206) 643-9992 
Solon, OH 44139 Horsham, PA 19044 Austin, TX 78758 TWX 910-444-2067 
(216) 248-1788 (215) 674-4000 (512) 835-4000 FAX (206) 746-7425 

TWX 510-665-6778 TWX 910-874-1323 
Pioneer-Standard Almac Electronics Corp. 
4800 East 131st Street Schweber Electronics Pioneer-Standard East 10905 Montgomery 
Cleveland, OH 44105 900 Business Center Dr. 5853 Point West Drive Spokane, WA 99206 
(216) 587-3600 Horsham, PA 19044 Houston, TX no36 (509) 924-9500 
TWX 810-421-0011 (215) 441-0600 (713) 988-5555 TWX 510-773-1855 

TWX 510-665-6540 TWX 910-881-1606 FAX (509) 928-6096 
Pioneer-Standard 
4433 lnterpoint Blvd. Schweber Electronics Quality Components Kierulff Electronics 
Dayton, OH 45424 1000 R.l.D.C. Plaza 4257 Kellway Circle 19450 68th Ave. 
(513) 236-9900 Suite 203 Addison, TX 75001 South Kent, WA 98032 
TWX 810-459-1622 Pittsburgh, PA 15238 (214) 733-43-00 (206) 575-4420 

(412) 782-1600 TWX 910-860-5459 
Schweber Electronics TWX 810-427-9441 Marshall Industries 
23880 Commerce Park Rd. Quality Components 14102 N.E. 21st St. 
Beachwood, OH 44122 RHODE ISLAND 1005 Industrial Blvd. Bellevue, WA 98007 
(216) 464-2970 See Massachusetts Sugarland, TX 77478 (206) 747-9100 
TWX 810-427-9441 New York (713) 240-2255 

TWX 629 27026 WASHINGTON D.C. 
Schweber Electronics SOUTH CAROLINA See Maryland 
7865 Paragon Road Dixie Electronics Quality Components 
Suite 210 1900 Barnwell Street 2120 M. Braker Lane WEST VIRGINIA 
Dayton, OH 45459 Columbia, SC 29202 Austin, TX 78758 See Ohio 
(513) 439-1800 (803) 779-5332 (512) 835-0220 Pennsylvania 

TLX 810-666-2620 TWX 324930 Maryland 
Zeus (Te1evox) FAX (803) 786-9276 
2593 Lance Drive Schweber Electronics WISCONSIN 
Dayton, OH 45409 Dixie Electronics 4202 Beltway Drive Kierulff Electronics 
(513) 294-4499 4909 Pelham Rd. Dallas, TX 75234 2238-E West Bluemound Road 
TWX 75-9251 Greenville, SC 29606 (214) 661-5010 Waukesha, WI 53186 
FAX (513) 294-6620 (803) 297-1435 TWX 910-860-5493 (414) 784-8160 

OKLAHOMA Dixie Electronics Schweber Electronics Marshall Industries 
Quality Components #6 Pepperhill Square 6300 La Calma Drive 235 North Executive Dr. 
9934 East 21st South 7525 Brandywine Road Suite 240 11305 
Tulsa, OK 74129 N. Charleston, SC 29410 Austin, TX 78752 Brookfield, WI 53005 
(918) 664-8812 (803) 552-2671 (512) 456-8253 (414) 797-8400 
TWX 910-860-5459 TWX 910-874-2045 
629-28599 SOUTH DAKOTA Schweber Electronics 

See Minnesota Schweber Electronics 3050 South Calhoun Rd. 
Schweber Electronics 10625 Richmond, Suite 100 New Berlin, WI 53151 
4815 South Sheridan TENNESSEE Houston, TX 77042 (414) 784-9020 
Fountain Plaza, Suite 109 Dixie Electronics (713) 784-3600 
Tulsa, OK 74145 Box 8215 Suncrest Drive TWX 910-881-4836 WYOMING 
(918) 622-8000 Gray, TN 37615 See Oregon 

(615) 477-3838 Zeus Components Washington 
OREGON 1800 North Glenville 
Almac Electronics Corp. Dixie Electronics Suite 120 CANAOA 
1885 N.W. 169th Place 6408 Clinton Highway Richardson, TX 75081 R.A.E. Industrial 
Beaverton, OR 98006 Knoxville, TN 27912 (214) 783-7010 3455 Gardner Court 
(503) 629-8090 (615) 938-4131 TWX 910-867-9422 Burnaby, B.C. 
FAX (503) 645-0611 FAX (214) 234-4385 (604) 291-8866 
TWX 910-467-8743 TEXAS TWX 610-929-3065 

Kierulff Electronics UTAH 
Kierulff Electronics 3007 Longhorn Blvd. Integrated Electronics Corp. R.A.E. Industrial 
14273 N.W. Science Park Drive Austin, TX 78759 101 N. 700 Wem 11680 170th Street 
Portland, OR 97229 N. Salt Lake City, UT 84054 Edmonton, Alberta 
(503) 641-9150 Kierulff Electronics (801) 298-1869 T5S 1J7 

9610 Skillman Ave. (403) 451-4001 
Marshall Industries Dallas, TX 75243 Kierulff Electronics TWX 037-2653 
8333 S.W. Cirrus Dr. (214) 343-2400 1846 Parkway Blvd. 
Beaverton, OR 97005 Salt Lake City, UT 84119 Zentronics 
(503) 644-5050 Marshall Industries (801) 973-6913 8 Tilbury Court 

2045 Chenault St. Brampton, Ontario 
PENNSYLVANIA Carrollton, TX 75006 Marshall Industries L6T 3f4 
Almo Electronics, Inc. (214) 233-5200 3501 South Main St. (416) 451-9800 
9815 Roosevelt Blvd. FAX (214) 770-0675 Salt Lake City, UT 84115 TWX 06-97878 
Philadelphia, PA 19114 (801) 261-0901 FAX (416) 451-8320 
(215) 698-4063 
TLX 476-1218 VERMONT 
FAX (215) 969-6768 See New York 
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U.S. AND CANADIAN DISTRIBUTORS 

CANADA (cont.) 
Zentronlcs 
3300-14 Ave .. NE Bay #1 
Calgary, Alberta 
12A 6J4 
(403) 272-1021 

Zentronics 
155 Colonnade, S. #17118 
Nepean, Ontario 
K2E 7K1 
(613) 226-6640 
TWX 06-97698 

Zentronics 
11400 Bridgeport Rd. #106 
Richmond, B.C. 
ll6X 11'2 
(604) 273-5575 
TWX 04-355644 

Zentronics 
817 Mccaffrey Street 
St. Laurent, Quebec 
H4T 1N3 
(514) 737-9700 
TWX 05-624626 

Zentronlcs 
564 Weber Street, N. #10 
Waterloo, Ontario 
N21 5C6 
(519) 684-5700 
TWX 06-97678 

Zentronics 
590 Berry Street 
Winnipeg, Manitoba 
R3H OS1 
(204) 775-8661 
TWX 06-97678 

Future Electronics 
3220 5th Avenue, N.E. 
C&lgary, Alberta 
12A 5N1 
(403) 235-5325 

Future Electronics 
82 St. Regis Crescent N. 
Downsview, Ontario 
M3J 1Z3 
(416) 638-47n 
TWX 61Q-491-1470 
FAX (416) 638-2936 

x 

Future Electronics 
5312 Calgary Trail South 
Edmonton, Alberta 
TBH 4J8 
(403) 436-2856 

Future Electronics 
Hymus Blvd. 
Pointe Claire 
Montreal, Quebec 
H9R 5C7 
(514) 694-7n0 
TWX 610·421-3251 or 
61Q-421-3500 
FAX (514) 695-3707 or 
(514) 694-0062 

Future Electronics 
Baxter Center 
1050 Baxter Road 
Ottawa, Ontario 
K2C 3P2 
(613) 820-8313 
TWX 610-563-1697 
FAX (613) 820-3271 

Future Electronics 
1695 Boundary Road 
vancouver, B.C. 
B5K4X7 
(604) 294-1166 
TLJC 04354744 
FAX (604) 294-1206 

Future Electronics 
444 Sharon Bay 
Winnipeg, Manitoba 
R2G OH7 
(604) 294-1166 (Vancouver) 



CHAPTER 1 - 6800 MICROPROCESSORS 





6800 MICROPROCESSORS SELECTION GUIDE 

Part number Description Technology Alt source CLK freq. Page 
(MHz) 

EF6802 8-bit MPU . 128 bytes of RAM . On-chip oscillator NMOS MC6802 1 1-3 
EF68A02 Expandable up to 64 Kbytes - 72 instructions MC68A02 1.5 
EF68B02 7 addressing modes - 6800 compatible MC68B02 2 

EF6803 8-bit MPU - 128 bytes of RAM - HMOS MC6803 1 1-27 
EF6803-1 Multiplexed address and data bus - MC6803-1 1.25 
EF68A03 16-bit address bus - 8 x 8 multiply - Serial MC68A03 1.5 
EF68B03 communication interface - 16-bit timer - MC68B03 2 

6800 compatible 

EF6803U4 8-bit MPU - 192 bytes of RAM - HMOS MC6803U4 1 1-67 
EF6803U4-1 Multiplexed address and data bus - MC6803U4-1 1.25 
EF68A03U4 16-bit address bus - 8 x 8 multiply - Serial MC68A03U4 1.5 

communication interface - 16-bits enhanced 
timer - 6800 compatible 

EF6809 High performance 8-bit MPU with on-chip HMOS MC6809 1 1-111 
EF68A09 clock - 64 Kbytes addressing space - Internal MC68A09 1.5 
EF68B09 16-bit structure - 59 instruction types - MC68B09 2 

10 addressing modes - 6800 compatible 

EF6809E External clock version of EF6809 HMOS MC6809E 1 1-151 
EF68A09E MC68A09E 1.5 
EF68B09E MC68B09E 2 
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The EF6802 is a monolithic 8-bit microprocessor that contains all the 
registers and accumulators of the present E F6800 plus an internal 
clock oscillator and driver on the same chip. In addition, the EF6802 
has 128 bytes of on-board RAM located at hex addresses $0000 to 
$007F. The first 32 bytes of RAM, at hex addresses $0000 to $001F, 
may be retained in a low power mode by utilizing Vee standby; thus, 
facilitating memory retention during a power-down situation. 
The EF6802 is completely software compatible with the EF6800 as 
well as the entire EF6800 family of parts. Hence, the EF6802 is ex
pandable to 64 K words. 
The EF6808 is identical.to the EF6802 without on-board RAM. 

• On-Chip Clock Circuit 
e 128x8 Bit On-Chip RAM 

• 32 Bytes of RAM are Reta1nable 

• Software-Compatible with the EF6800 

• Expandable to 64K Words 
• Standard TTL-Compatible Inputs and Outputs 

• 8-B1t Word Size 
• 16-Bit Memory Addressing 

• Interrupt Capability 

•Three available versions: EF6802/08 11.0 MHz). EF68A02/08 
11.5 MHz), EF68802/0B 12.0 MHz) 

TYPICAL MICROCOMPUTER 

Vee Vee Vee 

EF6846 IRO 
RESET 

ROM. 1/0. Timer MR 

vee 

eso 
VMA VMA HAIT -i 
Clock 

2 k Bytes ROM 
R/W 

RE 

10 1/0 Lines RiWEF6802 NMI 

Parallel 3 lines Timer MPU BA 
1/0 DO-D7 DO-D7 

EXT AL 

CJ 
CP2 AO-A10, 

AO-A15 AO-A15 XTAL 
CP1 eS1 

This block diagram shows a typical cost effective microcomputer. The MPU 1s 
the center of the m1crocoputer system and ts shown ma minimum system inter
facing with a ROM combination chip. It is not intended that this system be 
limited to this function but that it be expandable with other parts in the 6800 
Microcomputer family. 
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MOS 
IN-CHANNEL, SILICON-GATE. 

DEPLETION LOAD! 

MICROPROCESSOR 
WITH CLOCK AND OPTIONAL RAM 

CASES 

C~B182 
· P SUFFIX 

. . • PLASTIC PACKAGE 

40 . , I ALSO AVAILABLE 

' C SUFFIX 
CERAMIC PACKAGE 

CB-521 CB-708 

• <> FN SUFFIX E SUFFIX 
PLCC 44 LCCC 44 

Hi-Rel versions available - See chapter 9 

Vss 

A11 

PIN ASSIGNMENT 

E.XTAL 

RE' 

Vee St<mdbv 

04 

o; 

Al~ 

Al3 

•Pin 36 must be tied to grrund for the EF6808 



TYPICAL MICROCOMPUTER 

Vee Vee Vee Vee 

nm 
lITTTI 

MR 

6846 
ROM, 1/0, Timer 

eso 
VMA VMA HALT 

E RE 
Clock 

2 k Bytes ROM 
RiW 

10 1/0 Lines 

Parallel 3 Lines Timer 

1/0 00-07 

R/WEF6802 NMI 
MPU SA 

DO-D7 
EXT AL 

CJ 
eP2 AO-AlO, 

ePl es1 XTAL 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage Vee -0.3 to+ 7.0 v 
Input Voltage Vin -0.3 to+ 7.0 v 
Operating Temperature Range 

E F6802, E F680A02, E F680B02 0 to + 70 
EF6802, EF68A02, EF68B02 : V suffix TA -40to+85 oe 

EF6802, EF68A02: M suffix -55 to+ 125 
EF6808, EF68A08, EF68B08 0 to + 70 

Storage Temperature Range Tstg -55to+150 oe 

THERMAL CHARACTERISTICS 
Characteristic Symbol Value Unit 

Average Thermal Resistance (Junction to Ambient) 
Plastic 

OJA 
100 

0 e1w 
Cer<'lmic 50 
PLCC 100 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in °C can be obtained from: 

T J =TA+ IPD0 0JAI 
Where: 

TA• Ambient Temperature, 'C 
OJA• Package Thermal Resistance, Junction-to-Ambient, °C/W 

Po• PINT+ PPORT 
P1NT•lccxVcc, Watts - Chip Internal Power 
PpQRT• Port Power Dissipation, Watts - User Determined 

This block diagram shows a typical cost ef
fective microcomputer. The MPU is the 
center of the microcomputer system and 1s 
shown in a minimum system interfacing with 
a ROM combination chip. It is not intended 
that this system be limited to this function 
but that it be expandable with other parts in 
the 6800 Microcomputer fanily. 

This input contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, 1t is ad
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high
impedance circuit. Reliability of operation is 
enhanced if unused inputs are tied to an ap
propriate logic voltage level (e.g., either Vss 
or Veel. 

111 

For most applications PpQRT<C PINT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 

An approximate relationship between PD and T J lif PpQRT is neglected) is: 

PD= K + tT J + 273'CI 121 
Solving equations 1 and 2 for K gives: 

K = PD•IT A+ 273°CI +9JA"pD2 131 

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring PD lat equilibrium) 
for a known TA- Using this value of K the values of PD and T J can be obtained by solving equations 111 and 121 iteratively for any 
value of TA· 
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DC ELECTRICAL CHARACTERISTICS 1Vcc=50 Vdc ±5% Vss=O TA=O to 70'C unless otherwise noted! 

Characteristic 

Input High Voltage Logic, EXT AL 

RESET 

Input Low Voltage Logic, EXT AL, RESET 

Input Leakage Current (Vm = 0 to 5.25 V, Vee"" maxl Logic 

Output High Voltage 

Uload= -205µA. Vcc=m1n) DO-D7 

Uload = - 145 µ.A, Vee= min) AOA15, R/W°, VMA, E 

llLoad= -100µA, Vce=m1nl BA 

Output Low Voltage (ILoad= 1.6 mA, Vee= min) 

Internal Power D1ss1pat1on (Measured at TA= 0°Cl 

Vee Standby 
Power Down 

Powe! Up 

Standby Current 

Capacitance I 
!V1n = 0, TA= 25°C, f"" 1.0 MHz) DO-D7 

Logic Inputs, EXT AL 

A0-A15. R/W, VMA 

·in power-down mode, maximum power d1ss1pat1on 1s less than 42 mW 
#Capacitances are per1od1cally sampled rather than 100% tested 

Symbol Min Typ 

V1H 
Vss + 2 o -

vss + 4 o -

V1L Vss-o 3 -

l1n - 1 0 

''ss+24 -
VoH Vss + 2 4 -

\/S_S_+ 2 4 -

Vol -

PINT - 0 750 

Vs a a 40 -

Vsa 4 75 -

is a a -- -

e,n - 10 

- 6 5 

Cout - -

CONTROL TIMING (Vee"" 5 0 V ± 5%. Vss = 0, TA= TL to TH. unless otherwise no1edl 

EF6802 EF68A02 

Characteristics Symbol EF6808 EF68A08 

Min Max Min Max 

Frequency of Operation fo 0 1 1 0 0 1 1.5 

Crystal Frequency fXTAL 1 0 40 1 0 60 

External Oscillator Frequency 4xf0 04 4 0 04 60 

Crystal Oscillator Start Up Time trc 100 - 100 -

Processor Conirols (HALT, MR, RE, RESET, TmJ:NJ;lil 

Processor Control Setup Time tpcs 200 - 140 -
Processor Control Rise and Fall Time 'Per. - 100 - 100 

\Does Not Apply to RESET) tpcf 

1-5 

Max Unit 

Vee v 
Vee 

Vss + o a v 

25 µA 

-
v 

-
-

vss + o 4 v 

1 0 w 
5 25 v· 
5.25 

80 mA 

12 5 pF 

10 

12 pF 

EF68B02 
EF68808 Unit 
Min Max 

0 1 20 MHz 

1.0 BO MHz 

0.4 80 MHz 

100 - ms 

110 - ns 

- 100 ns 



BUS TIMING CHARACTERISTICS 

ldent. EF6802 EF68A02 EF68802 
Characteristic Symbol EF6808 EF68A08 EF68808 Unit 

Number 
Min Max Min Max Min Max 

1 Cycle Time lcyc 1 0 10 0.667 10 0.5 10 µS 

2 Pulse Width, E Low PWEL 450 5000 280 5000 210 5000 ns 

3 Pulse Width, E High PWEH 450 9500 280 9700 220 9700 ns 

4 Clock Rise and Fall Time tr.tf - 25 25 ~ 25 ns 

9 Address Holci Time* IAH 20 - 20 - 20 - ns 

12 Non-Muxed Address Valid Time 10 E ~See Nole 5! IAVl 160 - 100 50 ns 
IAV2 - 270 - - -

17 Read Data Setup Time IDSR 100 - 70 60 - ns 

18 Read Data Hold Time 'DHR 10 - 10 - 10 - ns 

19 Write Data Delay T 1me ioow 225 - 170 - 160 ns 

21 Write Data Hold Time* IDHW 30 20 20 ns 

29 Usable Access Time I See Note 4) IACC 535 - 335 235 ns 

*Address and data hold times are periodically tested rather than 100% tested 

FIGURE 2 - BUS TIMING 

© 
R/W, Address --+"t;<;;>~TA'lnl:"t----------+t-----------------f-f-,tA:~ 

!Non-Muxed) ----J-~C:;,_f:oi.~ll'JC!il.'.l::----------l--.l--------------~--.1.-~~~ 

Read Data MPU Read Data Non-Muxed 

Non-Muxed ---+--#" 
t:;'ri\. Note 4 

'--------®·-+---::_:__-------~ 

Wnte Data 
Non-Muxed ____ ;r 

NOTES· 

1. Voltage levels shown are VL:s0.4 V, VH;?::2.4 V, unless otherwise specified 

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted. 

3. AU electricats shown for the EF.6802 apply to the EF6808, unless otherwise noted. 

4 Usable access time is computed by: 12+3+4-17. 

5. If programs are not executed from on-board RAM, TAVl applies. If programs are to be stored and executed from on-b0ard RAM, TAV2 ap
plies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed from on-board 
RAM when using A Ond B parts (EF68A02, EF68AOB, EF68802, EF68B08). On-board' RAM can be used for data storage with all parts. 

6. All electrical and control characteristics are referenced from: TL =0°C minimum and TH=70°C maximum. 
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FIGURE 3 - BUS TIMING TEST LOAD 
4.75 v 

RL = 2.2 kO 

C= 130 pF for DO-D7, E Test Po1nto--+--<1-_,.o--. 
· 1N414B 
or Equiv. 

=90 pF for AO·A15, RfW, and VMA 
=30 pF for BA c 

R = 11.7 kO for DO·D7, E 
= 16.5 kO for AO·A 15, R/W, and VMA 
=24 kO for BA 

1N916 
or Equiv. 

FIGURE 4 - TYPICAL DATA BUS OUTPUT DELAY 
versus CAPACITIVE LOADING 

FIGURE 6 - TYPICAL READ/WRITE, VMA AND 
ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING 

600 
IQ;-10yµA ,J,(w;i; V-j -· t---
IQ L - 1 6 mA max@ 0 4 V 
vcc 5ov -1 500 

TA 25 c 
400 r-- --1 ·- +-· 

f-- t- . +-- .. ·- -

JOO I--t-· 
- --r 
t-- --i--

200 

100 

100 100 300 

-!--

CL includes stray cclpacitance 

400 500 600 

SOO 10J ~14lµA rJx012-.~V-+-+--+--+-+--+--+---< 
500 0qc~ 15 s0 1~A nm (u1 O 4 V -+-+--!--+-+--!-+--I 

T A 25 C 

400>---+--+--+--+--+--+--J.+--+--+---I--+-__, 
Address, VMA 

JOO f--+-t-1'--_+J--1-::;P,.-f--''-t-j--"-1~+--t--f--I 
200 f---i"".--1=-tt-"-=.l---t'=f!--'--f,..--t-R--lll+-1--t--t--1 

i---t-"' 
100 f--+-+--!'----+--+--+-+-+--+-+·-1--" 

J 
CL includes Way capacitance 

0 0~-_,_-,;10~0~'-~2obo--'-~3~0~0-"-~40~0,......~....,,so~o~-~600 

C[. LOAD CAPACITANCE (pFI CL, LOAD CAPACITANCE (pf) 

Vee 
Vss 
Vss 

Memory Ready 3 

Enable 37 

REsTI 40 
Non-Maskable Interrupt ("'N'Mil 6 

HALT 2 
Interrupt Request (iR'Q) 4 

EXT Al 39 

XTAL 38 

Bus Available 7 

Valid Memory Address 5 

Read/Wri10 (R/°Wl 34 

Pin 8 
Pins1, 21 
Pin 36 for E F6808 

FIGURE 6 - EXPANDED BLOCK DIAGRAM 
A15 A14 A13 A12 A11 A10 A9 AS 
25 24 23 22 20 19 18 17 

£6 
07 

Clock 
lnstruc11on 

Decode 

control 

Instruction 
Register 

27 28 
06 05 

Output 
Buffers 

Data 
Buffer 

29 30 
04 03 

Program 
Counter 

Stack 
Pointer 

Index 
Reg1·s1er H 

31 32 
02 01 
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33 
DO 

A7 A6 A5 A4 A3 A2 A 1 AO 
16 15 14 13 12 11 10 9 

Output 
Suiters 

I 

RAM Enable 

35 Vee Standby 

96 Bytes :....._Not Available 
______ _, on E F6808 



MPU REGISTERS 

A general block diagram of the EF6802 is shown in 
Figure 6. As shown, the number and configuration of the 
registers are the same as for the EF6800. The 128x8-bit 
RAM* has been added to the basic MPU. The first 32 
bytes can be retained during power-up and power·down 
conditions vi a the RE signal. 

The EF6808 is identical to the EF6802 except for 
on-board RAM. Since the EF6808does not have on-board 
RAM pin 36 must be tied to ground allowing the processor to 
utilize up to 64K bytes of external memory. 

The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer I Figure 7l. 

PROGRAM COUNTER 
The program counter is a two byte 116-bit) register that 

points to the current program address. 

STACK POINTER 
The stack pointer is a two byte ,register that contains the 

address of the next available location in an external push
down/pop-up stack. This stack is normally a random access 
read/write memory that may have any location !address) 
that is convenient. In those applications that require storage 

of information in the stack when power 1s lost, the stack 
must be non-volatile. 

INDEX REGISTER 
The index register is a two byte register that is used to 

store data or a 16-bit memory address for the indexed mode 
of memory addressing. 

ACCUMULATORS 
The MPU contains two 8-bit accumulators that are used to 

hold operands and results from an arithmetic logic unit 
IALU). 

CONDITION CODE REGISTER 
The condition code register indicates the results of an 

Arithmetic Logic Unit operation: Negative IN), Zero IZ), 
Overflow IV), Carry from bit 7 IC), and Half Carry from bit 3 
IH). These bits of the Condition Code Register are used as 
testable conditions for the conditional branch instructions. 
Bit 4 is the interrupt mask bit II). The unused bits of the Con
dition Code Register lb6 and bl) are ones. 

Figure B shows the order of saving the microprocessor 
status within the stack. 

•1t programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM, TAV2 ap
plies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed from on-board RAM 
when using A and B parts (EF68A02, EF68A08, EF68B02, and EF68BOS). On-board RAM can be used for data storage with all parts. 

FIGURE 7 - PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 

15 

Accumulator A 

0 

I Accumulator 8, 
'-------~ 

0 

Index Register 

Condition Codes 

._._..,_.'T'-r'--r'-.,.....,_. Register 

Carry (From Bit 7) 

Overflow 

Zero 

Negative 

Interrupt 
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FIGURE 8 - SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK 

SP "' Stack Pointer 
CC:: Condition Codes (Also celled the Processor Status Byte) 

ACCB = Accumulator B 
ACCA = Accumulator A 

IX H = Index Register, Higher Order 8 Bits 
I XL= lnde>e Register. Lower Order 8 Bits 

PCH =Program Counter, Higher Order 8 Bits 

PC L -= Program Counter, Lower Order 8 Bits m - 2 

m-1 

m+1 

m + 2 

-SP --l 
Before 

m-9 

m-8 

m - 7 

m-6 

m- 5 

m - 4 

m - 3 

m - 2 

m-1 

m+1 

m + 2 

cc 
ACCB 

ACCA 

IXH 

IXL 

PCH 

PCL 

After 

.. 
u 
~ 

"' 

SP 

MPU SIGNAL DESCRIPTION 

Proper operation of the MPU requires that certain control 
and timing signals be provided to accomplish specific func
tions and that other signal lines be monitored to determine 
the state of the processor. These control and timing signals 
are similar to those of the EF6800 except that TSC, DBE, 
.Pl, l/>2 input, and two unused pins have been eliminated, 
and the following signal and timing lines have been added: 

RAM Enable IREI 
Crystal Connections EXT AL and XT AL 
Memory Ready IMRI 
Vee Standby 
Enable l/>2 Output I El 

The following is a summary of the MPU signals: 

ADDRESS BUS lAO-A15) 

Sixteen pins are used for the address bus. The outputs are 
capable of driving one standard TTL load and 90 pF. These 
lines do not have three-state capability. 

DATA BUS (D0-D7) 

Eight pins are used for 1the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of 
driving one standard TTL load and 130 pF. 

Data bus will be in the output mode when the internal 
RAM is accessed and RE will be high. This prohibits external 
data entering the MPU. It should be noted that the internal 
RAM is fully decoded from $0000 to $007F. External RAM at 
$()()()() to $007F must be disabled when internal RAM is ac
cessed. 

HALT 
When this input is in the low state, all activity in the 

machine will be halted. This input is level sensitive. In the 
HALT mode, the machine will stop at the end of an instruc-
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tion, bus available will be at a high state, valid memory ad
dress will be at a low state. The address bus will display the 
address of the next instruction. 

To ensure single instruction operation, transition of the 
HALT line must occur tpcs before the falling edge of E and 
the HALT line must go high for one clock cycle . 

HALT should be tied high if not used. This is good 
engineering design practice in general and necessary to en
sure proper operation of the part. 

READ/WRITE (R/W) 

This TTL-compatible output signals the peripherals and 
memory devices whether the MPU is in a read thigh) or write 
Oowl state. The normal standby state of this signal is read 
(high!. When the processor ;s halted, it will be in the read 
state. This output is capable of driving one standard TTL 
load and 90 pF. 

VALID MEMORY ADDRESS (VMAI 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this 
signal should be utilized for enabling peripheral interfaces 
such as the PIA and ACIA. This signal is not three-state. One 
standard TTL load and 90 pF may be directly driven by this 
active high signal. 

BUS AVAILABLE (BA) - The bus available signal will nor
mally be in the low state; when activated, it will go to the 
high state indicating that the microprocessor has stopped 
and that the address bus is available I but not in a three-state 
condition I. This will occur if the HALT line is in the low state 
or the processor is in the WAIT state as a result of the execu
tion of a WAIT instruction. At such time, all three-state out
put drivers will go to their off-state and other outputs to their 
normally inactive level. The processor is removed from the 



WAIT state by the occurrence of a maskable I mask bit I= 01 
or nonmaskable interrupt. This output is capable of driving 
one standard TTL load and 30 pF. 

INTERRUPT REQUEST llRQ) 

A low level on this input requests that an interrupt se
quence be generated within the machine. The processor will 
wait until it completes the current instruction that is being 
excuted before it recognizes the request. At that time, if the 
interrupt mask bit in the condition code register is not set, 
the machine will begin an interrupt sequence. The index 
register, program counter, accumulators, and condition 
code register are stored away on the stack. Next the MPU 
will respond to the interrupt request by setting the interrupt 
mask bit high so that no further interrupts may occur. At the 
end of the cycle, a 16-bit vectoring address which is located 
in memory locations $FFF8 and $FFF9 is loaded which 
causes the MPU to branch to an interrupt routine in memory. 

The R7iCT line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while HALT 
is low. 

A nominal 3 kO pullup resistor to Vee should be used for 
wire-OR and optimum control of interrupts. iRC'.l may be tied 
directly to V cc if not used. 

Fl'Em' 
This input is used to reset and start the M PU from a 

power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is low, the 
MPU is inactive and the information in the registers will be 
lost. If a high level is detected on the input, this will signal 
the MPU to begin the restart sequence. This will start execu-

tion of a routine to initialize the processor from its reset con· 
dition. All the higher order address lines will be forced high. 
For the restart, the last two l$FFFE, $FFFFI locations in 
memory will be used to load the program that is addressed 
by the program counter. During the restart routine, the inter· 
rupt mask bit is set and must be reset before the M PU can be 
interrupted by i'RC'.l. Power-up and reset timing and power· 
down sequences are shown in Figures 9 and 10, respectively. 
mu. when brought low' must be held low at least three 

clock cycles. This allows adequate time to respond internally 
to the reset. This is independent of the trc power-up reset 

that is rerrsed.r 
When E E is released it must go through the low-to· 

high threshold without bouncing, oscillating, or otherwise 
causing an erroneous reset !less than three clock cycles). 
This may cause improper MPU operation until the next valid 
reset. 

NON-MASKABLE INTERRUPT (N;;;TI) 

A low-going edge on this input requests that a non· 
maskable interrupt sequence be generated within the pro· 
cessor. As with the interrupt request signal, the processor 
will complete the current instruction that is being executed 
before it recognizes the lillV!l signal. The interrupt mask bit in 
the condition code register has no effect on~. 

The index register, program counter. accumulators, and 
condition code registers are stored away on the stack. At the 
end of the cycle, a 16-bit vectoring address which is located 
in memory locations $FFFC and $FFFD is loaded causing the 
MPU to branch to an interrupt service routine in memory. 

A nominal 3 kO pullup resistor to Vee should be used for 
wire-OR and optimum control of interrupts. iilMi may be tied 

FIGURE 9 - POWER-UP AND RESET TIMING 

Vee 

RE 

II 

--J[~, 
NOTE: If option 1 is chosen, RESei' and RE pins can be tied together. 
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Option 1 
!See Note Below> 

Option 2 
!See Figure to for 

Power-down Condition} 

Jc:-tPC-f -----



directly to Vee if not used. 
Inputs iRO and NMI are hardware interrupt lines that are 

sampled when Eis high and will start the interrupt routine on 
a low E following the completion of an instruction. 

Figure 11 is a flowchart describing the major decision 
paths and interrupt vectors of the microprocessor. Table 1 
gives the memory map for interrupt vectors. 

TABLE 1 - MEMORY MAP FOR 
INTERRUPT VECTORS 

Vector 
Description 

MS LS 

$FFFE $FFFF Restart 

$FFFC $FFFD Non·Maskable Interrupt 

$FFFA $FFFB Software Interrupt 

$FFFB $FFF9 Interrupt Request 

Vee 

RE 

FIGURE 11 - MPU FLOWCHART 
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FIGURE 10 - POWEA-OOWN SEQUENCE 

3 Cycles 



FIGURE 12 - CRYSTAL SPECIFICATIONS 

Yl Cin Cout 
3.58 MHz 27 pF 27 pF 

. 4 MHz 27 pF 27 pF 

6 MHz 20 pF 20 pF 

8 MHz 18 pF 18 pF 

Crystal Loading 

----10t-----
Y1 

Nominal Crystal Parameters• 

3.58 MHz 4.0 MHz 6.0 MHz 8.0 MHz 

Rs 600 500 30-50 0 20-40 0 

co 3.5 pF 6.5 pF 4-6 pF 4-6 pF 

Cl 0.015 pF 0.025 pF 0.01-0.02 pF 0.01-0.02 pF 
Q >40K >30K >20K >20K 

•These are representative AT-cut parallel resonance crystal parameters only. 
Crystals of other types of cuts may also be used. 

Figure 13 - SUGGESTED PC BOARD LAYOUT 

ElltBmple of Board Design Using the Crystal Oscillator 

39 

-----~38 
37 

~Other Signals are Not Wired in this Area 

~ 
E 
E 

/E Signal is Wired Apart from 38 Pin 
¥ and39 Pin 
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FIGURE 14 - MEMORY REAOY SYNCHRONIZATION 

4xf0 
Oscillator 

EXTAL~39~~~~~~~~~~~~~~~-4 

XTAL 38 

EF6B02 
MRl-~~~~~~~~~--i1 

Memory Ready 
D Generated from 

CS Logic 

SN74LS74 

FIGURE 15 - MR NEGATIVE SETUP TIME REQUIREMENT 

E Clock Stretch 

9:'"' 
\.__. 0 8-V _____,/ 

The E clock will be stretched at end of E high of the cycle dunng which MR negative meets the tpcS setup tfme. The tPCS setup time is 
referenced to the fall of E. If the tpcs sei.up time is not met, E will be stretched at the end of the next E-high Y:z cycle. E wlll be stretched min
tegral multiples of Y:z cycles. 

Resuming E Clocking 

Stretched E 

~tpcs~tpcs 
I I 
I I itpcs ~ ... IP-CS __ _,/ L 

MR //!Ill 
The E clock will resume normal operation at the end of the Y:z cycle during which MR assertion meets the tpcs setup time. The tPCS setup time 
1s referenced to transitions of E were it not stretched. If tpcs setup time is not met, E will fall at the second possible transition time after MR is 
asserted. There is no direct means of determining when the tpcs references occur, unless the synchronizing circuit of Figure 14 is used. 

1-13 



RAM ENABLE (RE - EF6802 ONLYI 

A TTL-compatible RAM enable input controls the on-chip 
RAM of the E F6802. When placed in the high state, the on
chip memory is enabled to respond to the MPU controls. In 
the low state, RAM is disabled. This pin may also be utilized 
to disable reading and writing the on-chip RAM during a 
power-down situation. RAM Enable must be low three 
cycles before Vee goes below 4.75 V during power-down. 
RAM enable must be tied low on theEF6808. RE should be 
tied to the correct high or low state if not used. 

EXTAL AND XTAL 
These inputs are used for the internal oscillator that may 

be crystal controlled. These connections are for a parallel 
resonant fundamental crystal (see Figure 12). (AT-cut.) A 
divide-by-four circuit has been added so a 4 MHz crystal may 
be used in lieu of a 1 MHz crystal for a more ·cost-effective 
system. An example of the crystal circuit layout is shown in 
Figure 13. Pin 39 may be driven externally by a TTL input 
signal four times the required E clock frequency. Pin 38 is to 
be grounded. 

An RC network is not directly usable as a frequency 
source on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the on-chip oscillator. 

LC networks are not recommended to be used in place of 
the crystal. 

If an external clock is used. it may not be halted for more 
than tpw,p L· The EF6802 and EF6808 are dynamic parts 
except for the internal RAM, and require the external 
clock to retain information. 

MEMORY READY (MRI 

MR is a TTL-compatible input signal controlling the stret
chin_g of E. Use of MR requires synchronization with the 4xf0 

signal, as shown in Figure 14. When MR is high, E will be in 
normal operation. When MR is low, E will be stretched in
tegral numbers of half periods. thus allowing interface to 
slow memories. Memory Ready timing is shown in Figure 15. 

MR should be tied high (connected directly to Vccl if not 
used. This is necessary to ensure proper operation of the 
part. A maximum stretch is tcyc-

ENABLE (El 
This pin supplies the clock for the MPU and the rest of the 

system. This is a single-phase, TTL-compatible clock. This 
clock may be conditioned by a memory read signal. This is 
equivalent to l/>2 on the EF6800. This output is capable of 
driving one standard TTL load and 130 pF. 

Vee STANDBY (EF6802 ONL YI 
This pin supplies the de voltage to the first 32 bytes of 

RAM as well as the RAM Enable ( R El control logic. Thus, 
retention of data in this portion of the RAM on a power-up, 
power-down, or standby condition is guaranteed. Maximum 
current drain at Vsa maximum is ISBB· 

1-14 

MPU INSTRUCTION SET 

The instruction set has 72 different instructions. Included 
are binary and decimal arithmetic, logical. shift. rotate, load. 
store, conditional or unconditional branch, interrupt and 
stack manipulation instructions (Tables 2 through 6l. The in
struction set is the same as that for the EF6800. 

MPU ADDRESSING MODES 

There are seven address modes that can be used by a pro
grammer. with the addressing mode a function of both the 
type of instruction and the coding within the instruction. A 
summary of the addressing modes for a particular instruction 
can be found in Table 7 along with the associated instruction 
execution time that is given in machine cycles. With a bus 
frequency of 1 MHz, these times would be microseconds. 

ACCUMULATOR (ACCX) ADDRESSING 
In accumulator only addressing. either accumulator A or 

accumulator B is specified. These are one-byte instructions. 

IMMEDIATE ADDRESSING 
In immediate addressing, the operand is contained in the 

second byte of the instruction except LOS and LOX which 
have the operand in the second and third bytes of the in
struction. The MPU addresses this location when it fetches 
the immediate instruction for execution. These are two- or 
three-byte instructions. 

DIRECT ADDRESSING 
In direct addressing, the address of the operand is contain

ed in the second byte of the instruction. Direct addressing 
allows the user to directly address the lowest 256 bytes in the 
machine, i.e., locations zero through 266. Enhanced execu
tion times are achieved by storing data in these locations. In 
most configurations. it should be a random-access memory. 
These are two-byte instructions. 

EXTENDED ADDRESSING 
In extended addressing, the address contained in the se

cond byte of the instruction is used as the higher eight bits of 
the address of the operand. The third byte of the instruction 
is used as the lower eight bits of the address for the operand. 
This is an absolute address in memory. These are three-byte 
instructions. 

INDEXED ADDRESSING 
In indexed addressing, the address contained in the se

cond byte of the instruction is added to the index register's 
lowest eight bits in the MPU. The carry is then added to the 
higher order eight bits of the index register. This result is 
then used to address memory. The modified address is held 
in a temporary address register so there is no change to the 
index register. These are two-byte instructions. 



IMPLIED ADDRESSING 
In the 1mpl1ed addressing mode, the instruction gives the 

address {i.e., stack pbinter, index register, etc.). These are 
one-byte instructions 

byte of the 1nstruct1on is added to the program counter's 
lowest eight bits plus two. The carry or borrow is then added 
to the high eight bits. This allows the user to address data 
within a range of - 125 to + 129 bytes of the present instruc 
tion. These are two-byte instructions 

RELATIVE ADDRESSING 
In relative addressing, the address contained in the second 

TABLE 2 - MICROPROCESSOR INSTRUCTION SET - ALPHABETIC SEQUENCE 

ABA Add Accumulators CLA Clear PUL Pull Data 
ADC Add with Carry CLV Clear Overflow AOL Rotate Lett 
ADD Add CMP Compare ROA Rotate Right 
AND Logical And COM Com~ement RTI Return from Interrupt 
ASL Arithmetic Shill Lett CPX Compare Index Register ATS Return from Subroutine 
ASA Arithmetic Shill Righi 

DAA Decimal Adjust SBA Subtract Accumulators 
BCC Branch rt Carry Clear DEC Decrement SBC Subtract with Carry 
BCS Branch if Carry Set DES Decrement Stack Pointer 
BEQ Branch if Equal to Zero DEX Decrement Index Register 

SEC Sel Carry 

BGE Branch if Greater or Equal Zero 
SEI Set Interrupt Mask 

BGT Branch if Greater than Zero EOA Exclusive OR SEV Set Overflow 

BHI Brarch ii Higher INC Increment 
STA Store Accumulator 
STS Store Stack Register 

BIT Bil Test INS Increment Stack Pointer STX Store Index Register 
BLE Branch rt Less or Equal INX Increment Index Register 
BLS Branch· if Lower or Same 

SUB Subtract 

BLT Branch if Less than Zero JMP Jump SWI Software Interrupt 

BMI Branch if Minus JSR Jump to Subroutine TAB Transfer Accumulators 
BNE Branch rt Nol Equal lo Zero LOA Load Accumulator TAP Transfer Accumulators to Condition Code Reg. 
BPL Branch rt Plus LOS Load Stack Pointer TBA Transfer Accumulators 
BAA Branch Always LOX Load Index Register TPA Transfer Condition Code Reg. lo Accumulator 
BSA Branch to Subroutine LSR Logical Shill Right TST Test 
BVC Branch ii Overflow Clear 

NEG Negate 
TSX Transfer Stack Pointer to Index Register 

BVS Branch ii Overflow Set 
NOP No Operation 

TXS Transfer Index Register to Stack Pointer 

CBA Compare Accumulators 
ORA Inclusive OR Accumulator 

WAI Wait for Interrupt 
CLC Clear Carry 
cu Clear Interrupt Mask PSH Push Data 
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TABLE 3 - ACCUMULATOR AND MEMORY INSTRUCTIONS 

ADDRESSING MODES BOOLEAN/ARITHMETIC OPERATION CONO. CODE RfG. 

IMMED DIRECT INDEX EXTNO IMPLIED (Allrttisltfltbels 
rtfertocontent1I 

s • 3 2 1 a 
H I N Z V C OPERATIONS MNEMONIC OP OP OP OP 

Add 

Add A~mltrs 
Addw>th C,my 

And 

Bii Test 

Clear 

Compare 

Co1npare Acmltr> 
Complement, 1'1 

Complement,2's 

INe9ml 

Decimal AdJu5t, A 

Decremen1 

Increment 

Or, Inclusive 

Pu1hOa1a 

Pull Data 

Rotate Leh 

Shift Leh Arithmetic 

StoreAunl!r 

Subtrac1 

Subtract Aerni tr> 
Sublr with Carry 

Transter Acmltrs 

Test. Zero or Mmus 

LEGEND 

AOOA 
AOOB 
ABA 

AOCA 
AOCB 
A.NOA 
A.NOB 
SITA 
BITB 

CLR 
CLRA 
CLRB 
CMPA 
CMPB 
CBA 
COM 

COMA 
COMB 

NEG 
NEGA 
NEGS 
OAA 

OEC 
OECA 
OECB 
EDRA 

EORB 
INC 

INCA 
INCB 
LOAA 
LOAS 

OAAA 
ORAB 
PSHA 
PSHB 
PULA 

PULB 

ROL 
ROLA 
ROLB 
ROR 

RORA 
RORB 

ASL 
ASLA 
ASlB 
ASR 

ASRA 

ASRB 

LSR 
LSRA 
lSRB 

STAA 
STAB 
SUSA 

SUBB 
SBA 

SBCA 
SBCB 
TAB 

TBA 

TST 

TSTA 
TSTB 

OP Operat>on Code (He~adecnnall 

Number ot MPU Cycles. 
Number of Program Bytes 
Ari1hme11c Plus 
Arothmet1c Minus 

Boolean AND 

38. 2 2 9B J 2 AB 5 2 BB 4 3 
CB 2 2 DB J 2 EB 5 2 f6 4 3 

89 2 2 99 3 2 A9 5 2 8.9 4 
C9 2 09 3 2 E9 5 2 f9 4 
B4 2 94 J 2 A4 5 2 64 4 3 
C~ 2 2 04 J 2 E4 5 F4 4 3 
BS 2 2 95 3 2 AS 5 BS 4 3 
CS 2 2 05 J 2 ES 5 2 F5 4 3 

SF 7 2 7F 6 3 

Bl 2 2 91 3 2 Al 5 2 81 4 J 
Cl 2 2 01 3 2 El 5 2 Fl 4 3 

63 7 2 73 6 3 

60 I 2 70 6 3 

6A 7 2 7A 6 3 

BB 2 2 9B 3 2 AB 5 2 BB 4 3 
CB 2 2· OB 3 2 EB 5 2 FB 4 J 

6C 7 2 7C 6 3 

B6 2 2 96 3 A6 5 ] 86 4 3 
C6 2 06 3 E6 5 2 F6 4 

BA 2 9A 3 AA 5 2 BA 4 
CA 2 2 DA 3 EA 5 2 FA 4 

69 7 2 79 6 3 

66 7 2 76 6 3 

68 7 2 7B 6 3 

61 l 2 71 6 

64 7 2 74 6 3 

91 4 2 Al 6 2 Bl 
DI 2 E7 6 F7 

80 2 2 90 2 AO 5 BO 4 3 
CO 2 2 00 J 2 EO S 2 FO 4 3 

82 2 2 92 3 A2 5 2 82 4 3 
Cl 2 2 02 3 E2 5 2 f2 4 J 

60 7 2 10 6 3 

Boolean lni:lus1veOA. 

Boolean Exclusive OR, 
Complement ot M. 
T1ansterlnlo 
811,zero 

00 8yte 0 Zero, 
Msp Contentsot memory 1oca1ion po•nted 10 be Stack Pointer 

Note - Accumulato1 add1ess1n~ mode instructions are •nclud~d 1n the column tor IMPLIED addremng 
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OP , = 

18 2 l 

4F 2 1 
Sf 2 I 

11 2 1 

43 2 1 
S3 2 1 

40 2 1 
50 2 1 
19 2 l 

4A 2 1 
SA 2 1 

4C 2 1 
SC 2 1 

36 4 1 
37 4 1 
32 4 1 
33 4 1 

49 2 1 

S9 2 1 

46 2 1 

56 2 1 

48 2 1 

58 2 1 

47 2 1 

57 2 1 

44 2 1 

54 2 1 

10 2 1 

16 2 1 
17 2 1 

A•M-A 
B •M-B 
A+ B .. A 

A• M + C-A 

B+M•C-B 
A• M-A 

B • M-B ... 
B • M 
00 -M 
00-A 
oo-s 
A-M 

B-M 
A -B 
M-M 
A-A 

ii-B 
00-M-M 

00-A-A 
00-B-B 
Conver!sBinary Add of BCD Characters 

into 8CO Fo1ma! 
M-1-M 
A-1-A 
B- 1-s 
A@M-A 
B@M-B 

M• 1-M 

A• 1-A 
B+ 1-B 

M-A 
M-B 

At M-A 

B +M-B 

A-Msp.SP-' -sP 
B-M5p.SP-l -SP 
SP+ 1-SP, M5p-A 
SP+ 1-SP, Msp•B 

=} LO - rn:rrrn;:::i 
B C b7 - bO 

= l LO - DilIIill=l sf C b7 - bO 

n ~-~-o 
~} c::trrill:rn - 0 

:~} b7 bO c 

B-M 

0 -a:rr:n:m - 0 
b7 bO C 

A- M--A 
B-M-B 

A-B-A 
A-M-C-A 
8-M- c-8 
A-B 

B-A 

M- 00 
40 2 1 A -DO 
so 2 1 8-00 

CONDITION COOE SYMBOLS· 

Half carry hombt! 3. 
lnterrupl mask 

Ne!J't1veh1gnb1tl 
Zero (by1el 

Overflow,2'scomplemen1 

Carry lromb117 
Re$et Always 

I • I I 
I o I 
f • ! 
I • ! 
J • l I 

R o 
R o 
R o 
R o 

• • A R R 

• • R A R 
o o R 

I 
f 
I 
I 
I 
f 
f 

• • I 

• o I 

SR R 
! ! ! 
! I! 
! ! f 
! RS 
! RS 

:1~~ :1, 
:~: 
! !-:' • 
! R o 

:~: 
·~. I R o 
f R • 

! R • 
• • ! ! R • 

• • I 

o o R 

• • R 

I 6 
! 

I 
! 
I 6 I 

R o 
• • I I R o = = : I: 
• • I l I I 
• • t l I 1 
• • 1 I 1 I 

! 1 1 I 
• • I I 1 1 
•• 1 t R o 

I R o 
IRR 
IRR 
IRR 

H I N Z V C 

h1tandset1f11ue.cluttdotherw1$e 

Not A.flteted 



POINTER OPERATIONS 

Compare Index Reg 

Oecremenl Index Reg 
Decrement Stack Pntr 
Increment lndrx Reg 
lnuement Slack Pntr 

Load Index Re!I 

Load Stack Pnlr 
Srore lndu Reg 

SloreStackPntr 
lndx Reg-S1ackPnt1 

Slack Pn!r.- Ind~ Reg 

OPERATIONS 

Branch Always 
Brinch If Carry Clear 
Bunch If Carry Set 
Branch If= Zero 
Bunch If ";;.Zero 
Branch 11 >Zrro 
Brinch II Higher 
Branch U t;;;Zero 
Branch II Lower Or Same 
Branch If <Zero 
Branch II Minus 
Branch II Not Equal Zero 
Brinch II Overflow Clear 
Branch II Overflow Set 

Branch To Sobroutine 
Jump 
Jump To Subroutine 
No Opera11on 
Return From Interrupt 
Return From Subroutme 
Sohwan lnttnupl 
Waitlor lntenupt 

TABLE 4 - INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

CONO CODE REG 

IMMEO DIRECT INDEX EXTNO IMPLIED ' 4 3 2 ' 0 

MNEMONIC OP - # OP - # OP - # OP - # OP - # BOOLEAN/ARITHMETIC OPERATION H I N Z v c 
CPX 8C 3 3 9C 4 2 AC 6 1 ec ' XH - M, XL - !Mt 1l 

DEX 09 4 X - I -X 

DES 34 4 SP- 1-SP 

INX 08 4 x + 1-x 
INS J1 4 SP+ 1-SP 
LOX CE 3 3 DE 4 1 EE 6 2 ,, M-XH.(M + o-xl 

LOS SE 3 3 9E 4 1 AE 6 1 BE M-SPH.(M•ll-SPL 
STX Of ' 2 Ef 7 2 ff XH-M.XL-IM+ l! 

STS 9f ' 2 AF 1 2 Sf 6 SPH -M,SPL-(M+ 11 

TXS 35 4 X - 1 -SP 
TSX 30 4 SP• 1 _. X 

TABLE 5 - JUMP AND BRANCH INSTRUCTIONS 

RELATIVE INDEX EXTND IMPLIED 

MNEMONIC OP - :# OP - # OP - # OP ~ # 

SRA 
BCC 
BCS 
BEO 
BGE 
BGT 
BHI 
BLE 
BLS 
BLT 
BMI 
BNE 
BVC 
BVS 
BPL 
BSR 
JMP 
JSR 
NOP 
RTI 
RTS 
SWI 
WAI 

20 4 2 
24 4 2 
25 4 2 

21 4 2 

2C 4 2 
2E 4 2 
22 4 2 
2F 4 2 
23 4 2 
20 4 2 

28 4 2 
26 4 2 
28 4 2 
29 4 2 
2A 4 2 

80 8 2 
GE 4 2 7E 3 3 
AO 8 2 BO 9 3 

01 2 I 

38 10 1 

39 5 1 
JF 12 I 
3E 9 1 
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None 
C=O 
c" 1 
z" 1 

BRANCH TEST 

Z+IN@V) =0 
c + z"' 0 
Z + (N ©VI"' 1 
c + z"' 1 
N@V= 1 
N = 1 

z" 0 
v" 0 
v" 1 
N "'0 

} See Special Opera1ions 
(Figure 161 

AdvancesPro9 Cntr. Onlv 

l See Special Uperations 
!Figure 161 

.. (j) I ~= .. • I ... I .. ®t R o .. ® I'. .. @t R .. ®:I'" .. . . . . . . .... 

COND CODE REG 

s 4 3 2 1 0 

HINZVC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
~~~I~~~ 
--@--

:1~1:1:J:J:j 



FIGURE 16 - SPECIAL OPERATIONS 

SPECIAL OPERATIONS 
JSR, JUMP TO SUBROUTINE' 

~ M1inPr09r1m I n AD• JSA 
INDXO n +I Ka Oft111• 

n+2 Ntx1M1inln1tr. 

•Ka 8·Bit U1t11gned V1lue 

I!' S11ek 
SP-2 
SP-1 fn+21 H 

SP ln+2)L 

ln+21H1nd ln+21 L Form n+2 

ec Subrou1in1 
INX + K I 'd Subr. ln1tr. 

!!< M11nProgr1m 

BO• JSA J 
ii' Stick 

SP-2 

~ Subroutine 
S ht Subr. Instr. 

EXT ND 
SH • Subr. Ad~r J c=> .. 2 SL" Suhr. AddrJ 

SP-I !n+31 H 
SP ln+31L 

, .. ~ 
n•3 N1111Mainlnstr.J -+ = Stack Pointer After Eucu11on. 

BSR, BRANCH TO SUBROUTINE: 

ei; Main Program 

BO• BSR 

c:::> .. 1 .t K" Olfset• 

n'2 Next Main Instr. 

•K ~ 7·Bit Signed Value; 

JMP,JUMP' l ~ s~''."J:;'"m 
n+ 1 K" Oflstt 

X + K I Next ln:uuc11on I 
INOXO 

ATS, RETURN FROM SUBROUTINE' 
PC Subrou1ine 

s 139• RTS I c:::> 
RTI, RETURN FROM INTERRUPT' 

ei; lnterruptPtogram 

s I 3B•RTI I c=:> 

ii' ~-'s"'""''''-~ 
SP-2 ,_ ___ __, 
SP-1 [n+2] H 

SP ln+ 2] L 

n+2 Formed From ln+2l Hand ln+21 L 

Jf 
SP 

SPt 1 

SP+ 2 
SP+ 3 
SP +4 
SP+ 5 

SP+ 8 

-+ SP+7 

Stack 

Condition Code 
Acmlu B 

AcmltrA 
lndH Re11iuer (XHI 
lnd111 Regiller IXL) 
PCH 
PCL 

EXTENDED 

fC Subroutine 
n+ 2 % K ht Subr. Instr. 

1 ·~ 0'2 

K 

~ 

PC 

Main Program 

IE• JMP 
"Ne.I Address 

KL= N111t Address 

Next ln:truction I 
Main Program 

Next Main Instr. 

Main Program 

NeJCtMainlnstr. 

TABLE 6 - CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 
CONO. CODE REG. 

OPERATIONS 

r.=::-::---
~ 5432 

MNEMONIC OP - # BOOLEAN OPERATION H I N Z 

I 0 

v c 
Clear Carry CLC OC 2 1 0 - C • • • • • R 
Clear Interrupt Mask 
Clear Overflew 
Se! Carry 
Set ln11rrupt Mask 
Set 011erflow 
Acml!r A...,,. CCR 
CCR...,,. Acmllf A 

CLI 
CLV 
SEC 
SEI 
SEV 
TAP 
TPA 

OE 2 1 
OA 2 I 
OD 2 1 
OF 2 I 
OB 2 I 
06 2 1 
07 2 I 

0-1 
o-v 
1-c 
1-1 
1-v 

A-CCR 
CCR-A 

• R • • • • 
• • • • R • 
• • • • • s 
• s • • • • 
• • • • s • 
--@-
•.l • l •.I •.l • l • 

CONDITION CODE REGISTER NOTES: !Bil set 11test1s true and cleared otherwise) 

(Bil VI Test: Rtsull = 10000000? 
!Bit Cl Test: Result I 00000000? 
!811 Cl Test: Decimal value of most significant BCD Character greater than mne? 

(Not cle'aredif previously set.) 
(Bit VI Test: Operand= 10000000 prior 10 ueculion? 
181t VI Test: Operand= 01111111 prior to execution? 
(Bit Vl Test: Set equal to result ol N@C after shift has occurred. 
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!Bit NJ Test: Sign bi! of most significant IMS) byte= 1' 
1811 V) Test: 2'$ complement overflow from subtraction of MS bytts? 
(811 NI Test: Result less than mo? !Bit IS= 11 

10 (All) Load Condition Code Ragister from Stack. (Set Spet:ial Oper.tionsl 
11 (8111) Set when inlerrupl occurs. If pflviously set. a Non·Maskable 

lnttrrupt1srequired to111i1 the wait stale. 
12 \All) Sel according to lhe contents of Accumulaior A. 



TABLE 7 ~ INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES 
(Times in Machine Cycle) 

;; ! c 

i 
.. 

: .., Ii : 
~ .!! .., 

" 
0. .!! 

0 .g .., 0 1 .., 
x .., 

" .!! > x .., 
c !! ;; " u c . ;; " u . 

u E -~ : " Q. ~ u E " : • Q. = u ! 
.., 

" = u E . .., 
! e . .: ! e <( Ci .: <( c w a: w 

ABA 2 INC 2 6 7 
ADC 2 3 4 5 INS 4 
ADD 2 3 4 5 INX 4 
AND 2 3 4 5 JMP 3 4 
ASL 2 6 7 JSR 9 8 
ASA 2 6 LOA 2 3 4 5 
BCC 4 LOS 3 4 5 6 
BCS 4 LOX 3 4 5 6 
BEA LSR 6 7 
BGE NEG 6 7 
BGT 4 NOP 2 
BHI ORA 2 3 4 
BIT 2 3 4 PSH 4 
BLE 4 PUL 4 
BLS • AOL 2 6 7 
BLT 4 ROA 2 6 7 
BMI • 4 RTI 10 
BNE 4 ATS 5 
BPL 4 SBA 2 
BRA 4 SBC 2 3 4 
BSA 8 SEC 2 
BVC • 4 SEI • • • 2 
BVS 4 SEV • • 2 
CBA 2 STA 4 5 6 
CLC 2 STS 5 6 7 
CLI • 2 STX 5 6 7 
CLR 2 6 SUB 3 4 5 • 
CLV 2 SWI 12 
CMP 2 3 4 5 TAB 2 
COM 2 6 7 • TAP • 2 
CPX 3 4 5 6 TBA 2 
DAA • • 2 TPA 2 
DEC 2 6 • • TST 2 6 7 
DES 4 TSX • 4 
DEX • 4 TSX 4 
EOR 2 3 4 WAI 9 

NOTE: Interrupt time is 12 cycles from the end of 
the instruction being executed, except following 
a WA I instruction. Then it is 4 cycles 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 

Table 8 provides a detailed description of the information 
present on the address bus, data bus, valid memory address 
line IVMAI, and the read/write line IR/WI during each cycle 
for each instruction 

as the control program is executed. The information is 
categorized in groups according to addressing modes and 
number of cycles per instruction. On general, instructions 
with the same addressing mode and number of cycles ex
ecute in the same manner; exceptions are indicated in the 
table.I 

Th1s information 1s useful m comparing actual with ex
pected results during debug of both software and hardware 

Address Mode 
and Instructions 

IMMEOIATE 

AOC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

crx 
LDS 
LDX 

'--------
DIRECT 

ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

CPX 
LDS 
LDX 

STA 

STS 
STX 

INDEXED 

JMP 

ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

CPX 
LDS 
LDX 

Cycle VMA 
Cycles ti. Line 

1 1 

2 2 1 

1 1 

3 2 1 

3 1 

1 1 

3 2 1 

3 1 

1 1 

4 
2 1 

3 1 

4 1 

1 1 

4 2 1 

3 0 

4 1 

1 1 

2 1 

5 3 0 

4 1 

5 1 

1 1 

2 1 
4 

3 0 

4 0 

1 1 

2 1 

5 3 0 

4 0 

5 1 

1 1 

2 1 

6 3 0 

4 9 
5 1 

6 1 

TABLE 8 - OPERATIONS SUMMARY 

Address Bus 

Op Code Address 

Op Code Address+ 1 

Op Code Address 

Op Code Address + 1 

Op Code Address+ 2 

Op Code Address 

Op Code Address + 1 

Address of Operand 

Op Code Address 

Op Code Address + 1 

Address of Operand 

Operand Address + 1 

Op Code Address 

Op Code Address+ 1 

Destination Address 

Destination Address 

Op Code Address 

Op Code Address + 1 

Address of Operand 

Address of Operand 

Address of Operand+ 1 

Op Code Address 

Op Code Address+ 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Op Code Address 

Op Code Address + 1 

Index Register 

tndex Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Index Register Plf.!cS Offset + l 

1-20 

R/W 
line 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Data Bus 

Op Code 

Operand Data 

Op Code 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Address of Operand 

Operand Data 

Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Destination Address 

Irrelevant Data (Note 1) 

Data from Accumulator 

Op Code 

Address of Operand 

Irrelevant Data (Note 1) 

Register Data (High Order Byte) 

Register Data (Low Order Byte~ 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Operand Data 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 



AddrenMode 
•nd I nstruction1 

INDEXED (Continued) 

STA 

ASL LSR 
ASA NEG 
CLR AOL 
COM ROA 
DEC TST 
INC 

STS 
STX 

JSR 

EXTENDED 

JMP 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

CPX 
LOS 
LOX 

STA A 
STAB 

ASL LSR 
ASA NEG 
CLR AOL 
COM ROA 
DEC TST 
INC 

TABLE 8 - OPERATIONS SUMMARY tCONTINUEDI 

Cycle VMA 
CyclM # line 

1 1 

2 1 

6 3 0 

4 0 

5 0 

6 1 

1 1 

2 1 

7 
3 0 

4 0 

5 1 

6 0 

7 110 
!Note 

3) 

1 1 

2 1 

7 3 0 

4 0 

5 0 

6 1 

7 1 

1 1 

2 1 

3 0 

8 4 1 

5 1 

6 0 

7 0 

8 0 

1 1 

3 2 1 

3 1 

1 1 

4 
2 1 

3 1 

4 1 

1 1 

2 1 

5 3 1 

4 1 

5 1 

1 1 

2 1 

5 3 1 

4 0 

5 1 

1 1 

2 1 

6 3 1 

4 1 

5 0 

6 110 
_i(Note 

3) 

Addrea Bus 

Op Code Address 

Op Code Addren + 1 

lnde)( Register 

Index Register Plus Offset (w/o Carry~ 

Index Register Plus Offset 

Index Register Plus Offset 

Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Index Register Plus Offset 

Index Register Plus Offset 

Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Index Register Plus Offset 

Index Register Phis Offset+ 1 

Op Code Address 

Op Code Address + 1 

Index Register 

Stack Pointer 

Stack Pointer - 1 

Stack Pointer -- 2 

Index Register 

Index Register Plu$ Offset (w/o Carry) 

Op Code Address 

Op Code Address + l 

Op Code Address + 2 

Op Code Address 

Op Code Address + l 

Op Code Address + 2 

Address of Operand 

Op Code Address 

Op Code Address + 1 

Op Code Address+ 2 

Address of Operand 

Address of Operand + 1 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Opt!rand Destination Address 

Operand Destination Address 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Address of Operand 

Address of Operand 

Address of Operand 
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R/W 
Line 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

Data Bus 

Op Code 

Offset 

Irrelevant Data {Note 1) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Operand Data 

Op Code 

Offset 

Irrelevant Data (Note l) 

Irrelevant 0<1ta (Note 1) 

Current Operand Data 

lrrelevan~ Data !Note l) 

New Operand Data (Note 3) 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Irrelevant Data (Note 1) 

Irrelevant Data !Note 1) 

Irrelevant Da~a (Note 1) 

Op Code 

Jump Address (High Order Byte) 

Jump Address !Lc;>w Order Byte) 

Op Code 

Address of Operand (High Order Bvtef 

Address of Operand (Low O~der 8.ytel 

Operand Data 

Op Code 

Address of Operand (High Order Byte) 

Address of Operand (Low Order Byte! 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Destination Address (High Order Byte) 

Destination Address (Low Order Byte) 

Irrelevant Data (Note 1) 

Data from Accumulator 

Op Code 

Address of Operand (High Order Byte) 

Address ofUperand (Low Order Byte) 

Current Operand Data 

Irrelevant Data (Note l) 

New Operand Data (Note 31 



TABLE B - OPERATIONS SUMMARY (CONTINUED) 

Address Mode Cycle VMA 
.and Instructions Cycles # Line 

EXTENDED (Continued) 

STS 1 1 
STX 

2 1 

6 3 1 

4 0 

5 1 

6 1 

JSR 1 1 

2 1 

3 1 

4 1 

9 5 1 

6 1 

7 0 

8 0 

9 1 

INHERENT 

ABA OAA SEC 
2 

1 1 
ASL DEC SEI 

2 1 ASA INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR AOL TPA 
CLV ROA TST 
COM SBA 

OES 1 1 
OEX 

2 1 INS 4 
INX 3 0 

4 0 

PSH 1 1 

4 2 1 

3 1 

4 0 

PUL 1 1 

4 2 1 

3 0 

4 1 

TSX 1 1 

4 2 1 

3 0 

4 0 

TXS 1 1 

4 2 1 

3 0 

4 0 

ATS 1 1 

2 1 

5 3 0 

4 1 

5 1 

Addr .. Bu1 

Op Code Address 

Op Code Address + 1 

Op Code Address+ 2 

Address of Operand 

Address of Operand 

Address of Operand + 1 

Op Code Address 

Op Code Address+ 1 

Op Code Address+ 2 

Subroutine Starting Address 

Stack Pointer 

Stack Pointer - 1 

Stack Pointer - 2 

Op Code Address + 2 

Op Code Address + 2 

Op Code Address 

Op Code Address + 1 

Op Code Address 

Op Code Address + 1 

Previous Register Contents 

New Register Contents 

Op Code Address 

Op Code Address + 1 

Stack Pointer 

Stack Pointer - 1 

Op Code Address 

Op Code Address + 1 

Stack Pointer 

Stack Pointer + 1 

Op Code Address 

Op Code Address + 1 

Stack Pointer 

New Index Register 

Op Code Address 

Op Code Address + 1 

Index Register 

New Stack Pointer 

Op Code Address 

Op Code Address + 1 

Stack Pointer 

Stack Pointer + 1 

Stack Pointer + 2 
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R/W 
Line 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Date Bus 

Op Code 

Address of Operand fHigh Order Byte) 

Address of Operand (Low Order Byte) 

Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Address of Subroutine (High Order Byte) 

Address of Subroutine (Low Order Byte) 

Op Code of Next Instruction 

Return Address (Low Order Byte) 

Return Address {High Order Byte) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Address of Subroutine (Low Order Byte) 

Op Code 

Op Code of Next Instruction 

Op Code 

Op Code of Next Instruction 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Op Code 

Op Code of Next Instruction 

Accumulator Data 

Accumulator Data 

Op Code 

Op Code of Next Instruction 

Irrelevant Data (Note t l 

Operand Data from Stack 

Op Code 

Op Code of Next Instruction 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1 l 

Op Code 

Op Code of Next Instruction 

Irrelevant Data 

Irrelevant Data 

Op Code 

Irrelevant Data (Note 2) 

Irrelevant Data I Note 1 ) 

Address of Next Instruction (High 
Order Byte) 

Address of Next Instruction (Low 
Order Byte) 



TABLE B - OPERATIONS SUMMARY !CONCLUDED) 

Addre11 Mode Cycle VMA 
1nd Instructions Cycles Line 

INHERENT IConlinutdl 

WAI 1 1 

2 1 

3 1 

4 1 

9 5 1 

6 1 

7 1 

8 1 

9 1 

RTI 1 1 

2 1 

3 0 

4 1 

10 5 1 

6 1 

7 1 

8 1 

9 1 

10 1 

SWI 1 1 

2 1. 

3 1 

4 1 

5 1 

12 6 1 

7 1 

8 1 

9 1 

10 0 

11 1 

12 1 

RELATIVE 

BCC BHI BNE 1 1 
BCS BLE BPL 2 1 
BEQ BLS BRA 4 
BGE BLT BVC 3 0 
BGT BMI BVS 4 0 

BSR 1 1 

2 1 

3 0 

B 4 1 

5 1 

6 0 

7 0 

8 0 

NOTES: 

Addreu Bus 

Op Code Addren 

Op Code Address + 1 

Stack Pointer 

Stack Pointer - 1 

Stack Pointer - 2 

Stack Pointer - 3 

Steck Pointer - 4 

Stack Pointer - 5 

Stack Pointer - B 

Op Code Addre11 

Op Code Addre11 + 1 

Stack Pointer 

Stack Pointer + 1 

Stack Pointer + 2 

Stack Pointer + 3 

Stack Pointer+ 4 

St8ck Pointer+ 5 

Stack Pointer+ 6 

Stack Pointer + 7 

Op Code Address 

Op Code Address + 1 

Stack Pointer 

Stack Pointer - 1 

Stack Pointer - 2 

St~ck Pointer - 3 

Stack Pointer - 4 

Stack Pointer - 5 

Stack Pointer - 6 

Stack Pointer - 7 

Vector Address FFFA IHexl 

Vactor Address FFFB (Hex) 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Branch Address 

Op Code Address 

Op Code Address + 1 

Return Address of Main Program 

Stack Pointer 

Stack Pointer - 1 

Stack Pointer - 2 

Return Address of Main Program 

Subroutine Address !Note 4) 

R/W 
Line 

1 

1 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

Dita Bus 

flipCode 

Op Code of Next Instruction 

Return Addre11 (Low Order Byte) 

~eturn Addre11 (High Order Byte) 

lndu; Register (Low Order Byte) 

Index Register (High Ordu Byte) 

Contents of Accumulator A 

Contents of Accumulator S 

Contents of Cond. Code Register 

Op Code 

Irrelevant Date (Note 21 

Irrelevant Data (No11 1) 

Contents of Cond. Code Register from 
Stack 

Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack {High Order 
Byte) 

Index Register from Stack (Low Order 
Byte) 

Next Instruction Address from Stack 
!High Order Byte) 

Next Instruction Address from Stack 
I Low Order By11l 

Op Code 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 

Contents of Accumulator A 

Contents of Accumulator B 

Contents of Cond. Code Ragister 

Irrelevant Data (Note 1) 

Address of Subroutine (High Order 
Byte I 
Address of Subroutine (Low Order 
Byte) 

Op Code 

Branch Offset 

Irrelevant Data (Note 11 

Irrelevant Data (Note 1 l 

Op Code 

Branch Offset 

Irrelevant Data (Note 1) 

Return Address I Low Order Byte) 

Return Address !High Order Byte) 

Irrelevant Data (Note 1 l 

Irrelevant Data (Note 1 l 

Irrelevant Data (Note 1 I 

1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high-impedance three-state cond1t1on 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus 

2. Data is ignored by the MPU. 
3. For TST, VMA = 0 and Operand data does not change. 
4. MS Byte of Address Bus=MS Byte of Address of BSR instruction and LS Byte of Address Bus= LS Byte of Sub-Routine Address 
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DIN. 

A51F 
CEI 

PHYSICAL DIMENSIONS 

CB-182 

D.A.T.A JEOEC 

" Pl 

(1) Nominal dimension 

(2) True geometrical position 

40pins 

' F-119 CB-182 

SITELESC 

ORDERING INFORMATION 

I EF6~AO~ 1M1 B~ 
Device I 

Package 

Screening level 

Oper. temp. 

P SUFFIX 
PLASTIC PACKAGE 

CSUFFIX 
CERAMIC PACKAGE 

The table below horizontalfy shows all available suffix combinations for package, operating temperature and screening 
level. Other posslbilitles on request. 

DEVICE 
PACKAGE OPER. TEMP SCREENING LEVEL 

c J p E FN L' v M Std D G/B B/B 

• • • • • 
EFti802/08 (1.0 MHzl • • • • 

• • • • • 
• • • • 

EF88A02/A08 (1.5 MHzl • • • • • • • • • • 
• • • • ERl8B02/B08 (2.0 MHz! • • • • 

Examples : EF6802C, EF6802CV, EF6802EM, EF6802EM G/B 

Package: C: Ceramic OIL, J : Cerdip OIL, P: Plastic OIL, E : LCCC, FN: PLCC. 
Oper. temp.: L*: 0°C to + 70°C, V: -40°C to + 85°C, M: -55°C to + 125°C, *: may be omitted. 
Screening level: Std: (no-end suffix), D: NFC 96883 level 0, 

GIB : NFC 96883 level G, BIB : NFC 96883 level B and MIL-STD-883C level B. 
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I 
14662 

DIN 

CEI 

CB-521 

• 

D.A.T.A. 

FNSUFFIX 
PLCC 44 

SITELESC 

' CB-521 

1-25 

DIN 

CEI 

CB-708 

<> 

D.A.T.A. 

E SUFFIX 
LCCC 44 

JEDEC 

44 pins 

' CB-708 
SITELESC 
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Ef 6801 • Ef 6803 
MICROCOMPUTER/MICROPROCESSOR (MCU/MPU) 

The EF6801 is an 8-bit single-chip microcomputer unit (MCU) which 
significantly enhances the capabilities of the .6800 family of parts. It includes 
an upgraded 6800 microprocessor unit (MPU) with upward-source and 
object-code compatibility. Execution times of key instructions have been 
improved and several new instructions have been add_ed including an unsigned 
multiply. The MCU can function as a monolithic microcomputer or can be 
expanded to a 64K byte address space. It is TTL compatible and requires 
one + 5-volt power supply. On-chip resources include 2048 bytes of ROM, 
128 bytes of RAM, a Serial Communications Interface (SCI). parallel 1/0, 
and a three function Programmable Timer. The EF6803 can be considered 
as an EF6801 operating in Modes 2 or 3. EF6801 MCU Family features 
include : 

• Enhanced EF6800 Instruction Set 
• 8 x 8 Multiply Instruction 
• Serial Communications Interface (SCI) 
• Upward Source and Object Code Compatibility with the 6800 
• 16-Bit Three-Function Programmable Timer 
• Single-Chip or Expanded Operation to 64K Byte Address Space 
• Bus Compatibility with the 6800 Family 
• 2048 Bytes of ROM (EF6801) 
• 128 Bytes of RAM 
• 64 Bytes of RAM Retainable DuringPowerdown 
• 29 Parallel 1/0 and Two Handshake Control Lines 
• Internal Clock Generator with Divide-by-Four Output. 
• Complete Development System Support on DEVICE®-

• -40°C to+ 85°C Temperature range 
• -40°C to+ 105°C Temperature range 
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HMOS 
(HIGH-DENSITY N-CHANNEL, 

SILICON-GATE I 

CB·521 

MICROCOMPUTER/ 
MICROPROCESSOR 

CASES 

C SUFFIX 
CERAMIC PACKAGE 

• FN SUFFIX 
PLCC 44 

PIN ASSIGNMENT 

SC1 

se2 

p~ 

P31 

P32 

Vee P33 

P34 

P35 

P22 P36 

P37 

P24 P40 

P10 P41 

P11 P42 

P12 P43 

P13 P44 

P14 P45 

P15 P46 

P16 P47 

P17 vee 
Standby 



FIGURE 1 - 6801/6803 BLOCK DIAGRAM 

I 
Expanded M ul\1plexed Ii bpanded Non Mult,plexed 

j Single Chip 

P37 A71D7 DI 1/0 
P36 A6/06 D6 110 
P35 A51D5 D5 1/0 
P34 A4/04 D4 1/0 
P33 A3/03 D3 1/0 
P32 A2/02 D2 110 
P31 A1/0l D1 1/0 
P30 AO/DO DO 110 
SC2 RiW RiW ~ 
SC1 AS IDS ~ 

P47 A15 Al 1/0 
P46 A14 A6 110 
P45 A13 A5 1/0 
P44 A12 A4 110 
P43 All A3 110 
P42 A 10 A2 110 
P41 A9 Al 1/0 
P40 AB AO 110 

(1) No functioning ROM in EF6803 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in °C can be obtained from: 

TJ=TA+IPo•9JAI 
Where: 

TA"'Ambient Temperature, °C 

9JA •Package Thermal Resistance, Junction-to-Ambient, °C/W 

Po•P1NT+PPORT 
P1NT• lcc x Vee. Watts - Chip Internal Power 
PpQRT• Port Power Dissipation, Watts - User Determined 

P20 
P21 
P22 
P23 
P24 

P10 
P11 
P12 
P13 
P14 
P15 
P16 
P17 

111 

For most applications PpoRT<C PINT and can be neglected. PpQRT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J lif PPORT is neglected I is: 

Po= K +IT J +273°CI 121 
Solving equations 1 and 2 for K gives: 

K = Po•IT A+ 273°CI +9JA•Po2 131 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po lat equilibrium) 

for a known TA· Using this value of K the values of Po and T J can be obtained by solving equations 111 and 121 iteratively for any 
value of TA. 
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MAXIMUM RATINGS 

Rating 

Supply Voltage 

Input Voltage 

Operating Temperature Ranqe 
EF6801/03, EF6801/03-1, EF68A01/03 

EF68801/03 
EF6801/03, EF6801/03-1 : V suffix 
EF6801/03. EF6801/03-1 : A suffix 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance 
Plastic 
PLCC 

Symbol Value 

Vee -0.3 to + 7.0 

Vin -0.3 to+ 7.0 

TL to TH 
Oto 70 

TA -40 to85 
-40 to 105 

T stg -55to + 150 

Symbol Value 

BJA 50 
100 

Unit 

v 
v 

•c 

•c 

Rating 

0 c1w 

This device contains circuitry to protect the in

puts against damage due to high stat!C voltages 
or electnc fields; however, It 1s advised that nor
mal precautions be taken to avoid appltcation of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper opera
tion 1t is recommended that V10 and Vaut be con
strained to the range Vss s (V1n or Voutl s Vee. 
Input protect10n 1s enhanced by connecting 
unused inputs to either Voo or V55. 

CONTROL TIMING 1Vcc=5.0 v ±5%, Vss=O. TA=O to 70°CI 

EF6801 EF6801-1 EF68A01 EF68B01 
Characteristic Symbol Min Max Min Max Min [!!ax Min Max Unit 

Frequency of Operation lo 0.5 1.0 0.5 1.25 0.5 1.5 0.5 20 'MHz 

Crystal Frequency fxTAL 2.0 4.0 2.0 5.0 2.0 6.0 2.0 8.0 MHz 

External Oscillator Frequency 4f0 2.0 4.0 2.0 5.0 2.0 6.0 2.0 8.0 MHz 

Crystal Oscillator Start Up Time trc - 100 - 100 - 100 - 100 ms 

Processor Control Setup Time tpcs 200 - 170 - 140 - 110 - ns 

DC ELECTRICAL CHARACTERISTICS 1Vcc=5 O Vdc ±5%, Vss=O. TA=TL to TH. unless otherwise noted! 

Input High Voltage 

Input Low Voltage 

Input Load Current 

1Vin=Oto2.4VI 

Characteristic 

Input Leakage Current 
IV;n=Oto5.25VI 

Hi·Z 1011 State) Input Current 
1Vin=0.5to2.4 VI 

Output High Voltage 
llLoad= -65µA, Vee= Mini* 
llLoad= -100µA. Vee= Mini 

Output Low Voltage. 
11Load=2.0 mA, Vee= Mini 

Darlington Drive Current !Vo= 1.5 VI 

Internal Power Dissipation 

EF6801/03 EF6801/03 EF6801/03 
0°C to + 70°C -40°C. to + 85°C --40°C to + 105°C 

Symbol Min Max Min Ma>< Min Max Unit 

RESET Vss+4.o Vee jvss+4.0 Vee Vss+4.o Vee 
Other Inputs V1H Vss+2.0 Vee Vss+2.2 Vee Vss+2.2 Vee v 

Alllnputs v 1L v 55 -o.3JVss+o.sJVss-o.3JVss+0.8Vss-0.3Vss+0.8 v 
Port 4 - 0. 5 - 0.8 - O 8 

SCI lin - 0.8 - 1.0 - 1.0 mA 

Ports 1, 2, and 3 ITSI 

E, Port 4, SC1, SC2 
Other Outputs· 

All Outputs 

Port 1 

voH !Vss + 2.4 
Vss + 2.4 

loH 1.0 

2.5 

10 

lvss +o.5 
4.0 

!Vss+2.4 
lvss+2.4 

1.0 

5.0 

20 

lvss+o.e 
5.0 

lvss+ 2.4 
Vss+2.4 

1.0 

5.0 µA 

20 µA 

v 

IVss+o.e v 
5.0 mA 

(Measured at TA= TL in Steady-State Operation) P1NT 1200 1500 1500 mW 
Input Capacitance 

IV;n=O, TA= 25°C, fo= 1.0 MHz) 

Vee Standby 

Standby Current 

Port3, Port4, SCI 
Other Inputs 

Powerdown 
Powerup 

Powerdown 

Vsss 
Vsa 
is a a 

4.0 
4.75 

*Negotiable to - 100 p.A tfor -further information contact the factory) 
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12.5 
10 

5.25 
5.25 

e.o 

4.0 
4.75 

12.5 
10 

5.25 
5.25 

8.0 

4.0 
4.75 

12.5 
10 

5.25 
5.25 

8.0 

pF 

v 
mA 



PERIPHERAL PORT TIMING I Refer to Figures 2-5) 

Characteristics 

Peripheral Data Setup Time 

Peripheral Data Hold Time 

Delay Time, Enable Positive Transition to~ Negative Transition 

Delay Time, Enable Positive Transition to OS3 Positive Transition 

Delay Time, Enable Negative Transition to Peripheral Data Valid 

Delay Time, Enable Negative Transition to 
Peripheral CMOS Data Valid 

Input Strobe Pulse Width 

Input Data Hold Time 

Input Data Setup Time 

FIGURE 2 - DATA SETUP AND HOLD TIMES 
(MPUREAD) 

P10-P17 
P20-P24 
P40-P47 
Inputs 

P30-P37 
Inputs• 

•Port 3 Non-Latched Operation (LATCH ENABLE :::. 01 

Address 
Bus 

FIGURE 4 -·PORT 3 OUTPUT STROBE TIMING 
(EF6801 SINGLE-CHIP MODE) 

f MPU access of Port 3• 

•Access matches Output Strobe Select IOSS = 0. a read; 
OSS = 1. a write) 

Symbol 

tposu 

1PDH 

toso1 

toso2 
tpwo 

tcMOS 

'PWIS 
llH 

•1s 

EF6801 EF6801-1 EF68A01 EF68B01 

EF6803 EF6803-1 EF68A03 EF68803 

Min Max Min Max Min Max Min Max 

200 - 200 - 150 - 100 -

200 - 200 - 150 - 100 -
- 350 - 350 - 300 - 250 

- 350 - 350 - 300 - 250 

- 350 - 350 - 300 - 250 

- 2.0 - 2.0 - 2.0 - 2.0 

200 - 200 - 150 - 100 -
50 - 50 - 40 - 30 -
20 - 20 - 20 - 20 -

FIGURE 3 - DATA SETUP AND HOLD TIMES 
(MPUWRITEI r MPUWrite 

\_ I 
i:-: !CMOS, 

-----··_'P_w_o~L,:t ---0.7Vcc 

All Data 
Data Valid 

Port Outputs --------
NOTES: 

Unit 

ns 

ns 

ns 

ns 

ns 

µS 

ns 

ns 

ns 

l 10 k Pullup res(stor required for Port 2 to reach 0.7 Vee 
2 No1 applicable to P2 l 
3 Port 4 cannot be pulled above Vee 

P30-P37 
Inputs 

FIGURE 5 - PORT 3 LATCH TIMING 
(EF6801 SINGLE-CHIP MODEi 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise not~. 
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BUS TIMING IS• Notee 1 and 2) 

Iden!. 
EF6801 EF6801-1 EF68A01 EF68B01 

Number 
Ch1r1cteri11tica Symbol EF6803 EF6803-1 EF68A03 • EF68B03 Untt 

Min Mex Min Max Min Max Min Max 
1 Cycle Time tcyc 1.0 2.0 0.8 2.0 0.667 2.0 0.5 2.0 ~s 

2 Pulse Width, E Law PWeL 430 1000 380 1000 300 1000 210 1000 ns 
3 Pulse Width, E High PWeH 460 1000 380 1000 300 1000 220 1000 ns 
4 Clock Rise and Fall Time lr,lt - 25 - 25 - 25 - 20 ns 

9 Address Hold Time lAH 20 - 20 - 20 - 10 - ns 
12 Non-Muxed Address Valid Time to E" lAV 200 - 150 - 115 - 70 - ns 
17 Reed Dela Setup Time tDsR 80 - 70 - 80 - 40 - ns 
18 Read Data Hold Time lDHR 10 - 10 - 10 - 10 - ns 
19 Write Data Delay Time tDDW - 225 - 200 - 170 - 120 ns 
21 Write Data Hold Time lDHW 20 - 20 - 20 - 10 - ns 
22 Muxad Address Valid Time to E Rise" lAVM 200 - 150 - 115 - 80 - ns 
·24 Muxed Address Valid Time to AS Fell" tASL 80 - 50 - 40 - 20 - ns 
25 Muxed Address Hold Time lAHL 20 - 20 - 20 - 10 - ns 
26 Delay Time, E to AS Rise• lASD 90•• - 10·· - eo·· - 45•• - ns 
27 Pulse Width, AS High" PW ASH 220 - 170 - 140 - 110 - ns 
28 Deley Time, AS to E Rise• lASED 90 - 70 - 60 - 45 ~ ns 
29 Usable Access Time• tACC 596 - 486 - 380 - 270 - ns 

•At specified cvcle time. 
••tASD parameters listed assume external TTL clock drive with 50 % ± 5 % duty cycle. Devices driven by an external TTL clock with 50 % 

± 1 % duty cycle or which use a crystal have the following tASD specifications : 100 ns min. {1.0 MHz devices), 80 ns min. ( 1.25 MHz de
vices), 65 ns min, I 1 ,5 MHz devices), 50 ns min. (2.0 MHz devices). 

FIGURE 6 - BUS TIMING 

Note 3 

Addr/Deta ---t--.r,...,. Read Data Muxed 
Muxed 

1+----1·191----i.-. 

Addr/Data --+_,...,,.. .. Write Data Muxed 

Muxed 

Address 
Strobe IASl ______ -"l_I 

NOTES: 
1. Voltage levels shown are VLsO.O V, VH~2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
3. Usable access time 1s computed by: 12+ 3- 17 +4. 

4. Memory devices should be enabled only during E high to avoid Port 3 bus contention. 
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FIGURE 7 - CMOS LOAD 

Test Point 

±30pF 

.... 

FIGURE 8 - TIMING TEST LOAD PORTS 1, 2, 3, 4 

Vee 

TestPoint~ 
c tJR I 

.... -

RL 1.8 kO 

1N916 

or Equiv. 

1N4148 

or Equiv . 

C=90 pF for P30-P37; P40-P47, E, SCI, SC2 
-30 pF for P10.P17, P20-P24 

R•37.kD for P40-P47, E, SC1, SC2 
=24 kO for P1().P17, P20-P24 
= 24 kO for P30-P37 

INTRODUCTION 

TheEF6801 is an 8-bit mqnolithic microcomputer which 
can be configured to function in a wide variety of applica
tions. The facility which provides this extraordinary flexibilitY 
is its ability to be hardware programmed into eight different 
operating modes. The operating mode controls the con
figuration of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location !internal or external) of in
terrupt vectors, and tYpe of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists ol at least a Data Register 
and a write-only Data Direction Register. The Data Direction 
Register is used to define whether corresponding bits in the 
Data Register are configured as an input lclear) or output 
I set>. 
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The term "port," by itself, refers to all of the hardware 
associated with the port. When the port is used as a "data 
port" or "1/0 port," it is controlled by the port Data Direc
tion Register and the programmer has direct access to the 
port pins using the port Data Register. Port pins are labled as 
Pij where i identifies or\e of four ports and j indicates.the par
ticular bit. 

The Microprocessor Unit (MPU) is an enhanced EF6800 
MPU with additional capabilities and greater throughput. It is 
upward source and object code compatible with the 
EF6800. The programming model is depicted in Figure 9, 
where Accumulator Dis a concatenation of Accumulators A 
and B. A list of new operations added to the 6800 instruc
tion set are shown in Table 1. 

The EF6803 can be considered an EF6801 that operates 
in Modes 2 and 3 only. 



FIGURE 9 - PROGRAMMING MODEL 

ffi- ---- --- - 0 ------ - - - ; Or 16-Bit Double Accumulator D 
~ A 0LJ 7 B ~ 8-Bit Accumulators A and B 

I .. t_s _________ x _________ ol index Register IXI 

1 .. t_s _________ s_P _________ ol Stack Pointer ISPI 

.. 11_s _________ Pc _________ o1 Program Counter IPCI 

0 

Condition Code Register tCCR) 

Carry/Borrow from MSB 
Overflow 
Zero 

~--- Negative 
~----- Interrupt 

~------ Half Carry lfrom Sit 31 

OPERA TING MODES 

The EF6801 provides eight different operating modes 
(Modes 0 through 7), the EF6803 provides two operating 
modes (Modes 2 and 3). The operating modes are hard
ware selectable and determine the device memory map, the 
configuration of Port 3, Port 4, SC1, SC2, and the physical 
location of the interrupt vectors. 

Non-Multiplexed is Mode 5 and the remaining five are Ex
panded Multiplexed modes. Table 2 summarizes the 
characteristics of the operating modes. 

EF6801 Single-Chip Modes (4,7) 
In the Single-Chip Mode, the four MCU ports are con

figured as parallel input/ output data ports, as shown in 
Figure 10. The MCU functions as a monolithic microcom
puter in these two modes without external address or data 
buses. A maximum of 29 1/0 lines and two Port 3 control 
lines are provided. Peripherals or another MCU can be inter
faced to Port 3 in a loosely coupled dual processor configura
tion, as shown in Figure 11. 

FUNDAMENTAL MODES 
The eight operating modes can be grouped into three fun

damental modes which refer to the type of bus it supports: 
Single Chip, Expanded Non-Multiplexed, and Expanded 
Multiplexed. Single chip modes include 4 and 7, Expanded 

TABLE 1 - NEW INSTRUCTIONS 

Instruction Description 

ABX Unsigned addition of Accumulator B to Index Register 

ADDO Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator 

ASLD or LSLD Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit 

BHS Branch if Higher or Same; unsigned conditional branch (same as BCC) 

BLO Branch 1f Lower; Unsigned conditional branch (same as BCS) 

BRN Branch Never 

JSR Additional addressing mode: direct 

LDD Loads double accumulator from memory 

LSL Shifts memory or accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit (same as 
ASL) 

LSRD Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C-bit 

MUL Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator 

PSHX Pushes the Index Register to stack 

PULX Pulls the Index Register from stack 

STD Stores the double accumulator to memory 

SUBD Subtracts memory from the double accumulator and leaves the difference in the double accumulator 

CPX Internal processing modified to permit its use with any conditional branch instruction 
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In Single-Chip Test Mode 141, the RAM responds to 
$XX80 through $XXFF and the ROM is removed from the in
ternal address map. A test program must first be loaded into 
the RAM using modes 0, 1, 2, or 6. If the MCU is Reset and 
then programmed into Mode 4, execution will begin at 
$XXFE:XXFF. Mode 5 can be irreversibly entered from Mode 
4 without asserting RESET by setting bit 5 of the Port 2 Data 
Register. This mode is used primarily to test Ports 3 and 4 in 
the Single-Chip and Non-Multiplexed Modes. 

E F6801 Expanded Non-Multiplexed Mode (5) 
A modest amount of external memory space is provided in 

the Expanded Non-Multiplexed Mode while significant on
chip resources are retained. Port 3 functions as an 8-bit 

bidirectional data bus and Port 4 is configured initially 
as an input data port. Any combination of the eight least
significant address lines may be obtained by writing to the 
Port 4 Data Direction Register. Stated alternatively, any 
combination of AO to A7 may be provided while retaining the 
remainder as input data lines. Internal pullup resistors pull 
the Port 4 lines high until the port is configured. 

Figure 12. illustrates a typical system configuration in the 
Expa'nded Non-Multiplexed Mode. The MCU interfaces 
directly with 6800 family parts and can access 256 bytes of 
external address space at $100 through $1FF. 105 provides 
an address decode of external memory l$100-$1FFI and can 
be used as a memory page select or chip select line. 

TABLE 2 -SUMMARY OF EF6801/03 OPERATING MODES 

Common to all Modes: 
Reserved Register Area 
Port t 
Port 2 
Programmable Timer 
Serial Communications Interface 

Single Chip Mode 7 
t28 bytes of RAM: 2048 bytes of ROM 
Port 3 is a parallel I/ 0 port with two control lines 
Port 4 is a parallel I/ 0 port 
Set is Input Strobe 3 IITTI 
Se2 is Output Strobe 3 10531 

Expanded Non-Multiplexed Mode 5 
t28 bytes of RAM: 2048 bytes of ROM 
256 bytes of external memory space 
Port 3 is an &bit data bus 
Port 4 is an input port/ address bus 
Set is Input/Output Select 11051 
SC2 is Read/Write IA/WI 

Expanded Multiplexed Modes 1, 2, 3, &• 
Four memory space options (64K address space): 

111 No internal RAM or ROM !Mode 31 
121 Internal RAM, no ROM I Mode 21 
131 Internal RAM and ROM !Mode t I 
141 Internal RAM, ROM with partial address bus I Mode 61 

Port 3 is a multiplexed address/data bus 
Port 4 is an address bus (inputs/address in Mode 61 
SC1 is Address Strobe IASI 
SC2 1s Read/Write IA/WI 

Test Modes 0 and 4 
Expanded Multiplexed Test Mode 0 

May be used to test RAM and ROM 
Single Chip and Non-Multiplexed Test Mode 4 

tll May be.changed to Mode 5 without going through Reset 
(2) May be used to test Ports 3 and 4 as 1/0 ports 

*The EF6803 operates only'in modes 2 and 3 
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FIGURE 10 - SINGLE-CHIP MODE 

Vee 

XTAL1 

EXTAL2 

E EF6801 1 

I Port 1 • II Port 3 

8 1/0 Lines 8 1/0 lines 
iS3 
~ 

I 
Port4 ~ ~ Port2 a 1/0 Lines 5 1/0 Lines 

'=' Serial 1/0 

Vss 16-Bit Timer 

I 
Port 1 
81/0 
Lines 

I Port 2 5 1/0 Lines 
SCI 

16-Bit Timer 

FIGURE 11 - SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 

Vee 

XTAL1 

EXTAL2 

EF6801 

-::' 

vss 

vee 

XTAL 1 

EXTAL2 

EF6801 

t ,~ 
' 053 

Port 4 
81/0 
Lines 

Port 2 
5 l/t) Lines 

SCI 
16-Bit Timer 

-::' 

vss 

FIGURE 12 - EXPANDED NON-MULTIPLEXED CONFIGURATION 

Vee vee 

XTAL1 E Port3 8 - l'Jf.ilj Port4 8 

mm R/W 

EF6801 EF6801 
E 

Port 1 Port 3 

8 110 Lines 8 Data Lines Port 1 
R/W 81/0 

Port 2 
51/0 Port 2 

Lines Port 4 51/0 

Serial 1/0 To 8 SCI 

16-Bit Timer Timer 
-::' 

vss V55 
RAM PIA ACIA 

Port 1 
81/0 
Lines 

Port 4 
81/0 
Lines 

(D0-071 
~-A7) 
10S 
R/W 
E 



Expanded-Multiplexed Modes (0, 1, 2, 3, 61 
A 64K byte memory space is provided in the expanded 

multiplexed modes. In each of the expanded multiplexed 
modes Port 3 functions as a time multiplexed address/data 
bus with address valid on the negative edge of Address 
Strobe (ASI, and data valid while Eis high. In Modes 0 to 3, 
Port4 provides address lines AB to A15. In Mode 6, however, 
Port 4 initially is configured at RESET as an input data port. 
The port 4 Data Direction Register can then be changed to 
provide any combination of address lines, AB to A 15. Stated 
alternatively, any subset of AB to A 15 can be provided while 
retaining the remaining port 4 lines as input data lines. Inter
nal pullup resistors pull the Port 4 lines high· until software 
configures the port. 

In Mode 0, the Reset vector is external for the first two 
E-cycles alter the positive edge of RESET, and internal 
thereafter. In addition, the internal and external data buses 
are connected so there must be no memory map overlap in 
order to avoid potential bus conflicts. Mode 0 is used 
primarily to verily the ROM pattern and monitor the internal 
data bus with the automated test equipment. 

Only the EF6801 can operate in each of the expanded 
multiplexed modes. The EF6803 operates only in Modes 2 
and 3. 

Figure 13 depicts a typical configuration for the Expanded'-

Multiplexed Modes. Address Strobe can be used to control a 
transparent D-type latch to capture addresses AO-A7, as 
shown in Figure 14. This allows Port 3 to function as a Data 
Bus when E is high. 

PROGRAMMING THE MODE 

The operating mode is determined at RES ET by the levels 
asserted on P22, P21, and P20. These levels are latched into 
PC2, PC1, and PCO of the program control register on the 
positive edge of RESET. The operating mode may be read 
from the Port 2 Data Register as shown below, and program
ming levels and timing must be met as shown in Figure 15. A 
brief outline of the operating modes is shown in Table 3. 

PORT 2 DATA REGISTER 

6 5 4 3 2 1 0 

I PC2 I PC1 I PCO I P24 I P23 I P22 I P21 I P20 I $0003 

Circuitry to provide the programming levels is dependent 
primarily on the normal system usage of the three pins. If 
configured as outputs, the circuit shown in Figure 16 may be 
used; otherwise, three-state buffers can be used to provide 
isolation while programming the mode. 

TABLE 3 - MOOE SELECTION SUMMARY 

P22 
Mode• PC2 

7 H 

6 H 

5 H 

4 H 

3 L 

2 L 

1 l 

0 L 

Legend 
~nternal 

E - External 

P21 
PC1 

H 

H 

l 

L 

H 

H 

L 

l 

MUX - Multiplexed 
NMUX - Non-Multiplexed 
L - Logic "O" 
H - Logic "1" 

P20 Interrupt Bus Operating 
PCO ROM RAM Vectors Mode Mode 

H I I I I Single Chip 

l I I I Muxl5, 61 Multiplexed/Partial Decode 

H I I I NMuxl5, 6) Non-Multiplexed/Partial Decode 

l 

H 

l 

H 

L 

1(21 rl1l I 

E E E 

E I E 

I I E 

I I '3' 
Notes: 
----nlTnternal RAM is addressed at $XX80 

(2) Internal ROM 1s disabled 

I Single Chip Test 

Muxl4> Multi~lexed/No RAM or ROM 

Muxl4> Multiplexed/RAM 

Muxl4> Muh1plexed/RAM & ROM 

Muxl41 Multiplexed Test 

(3) RESET vector ts external for 2 cycles after RESET goes high 
(4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, 

1, 2, and 3 
(5) Addresses associated with Port 3 are considered external in Modes 5 and 6 
(6) Port 4 default is user data input. address output is optional by writing to Port 4 

Data Direction Register 

_J 

*The EF6803 operates only in Modes 2 and 3 
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RESET 
NMI 

fR01 

Port 1 
8 1/0 

Port 2 
5 1/0 
SCI 

Timer 

FIGURE 13 - EXPANDED MULTIPLEXED CONFIGURATION 

Port 1 
8 t/O Lines 

Port 2 
5 l/0 Lines 
Serial l/O 

16-Bit Timer 

Vee 

XTAL 1 

EXTAL2 

Port 3 

Vee 

XTAL 1 

EXTAL2 

EF6801 
E F6803 

Vss 

Port 3 

Port 4 
B L•nes 

Address Bus 

EF6801 1----~~~~+-·---~-+-----..-+---l~Address Bus 
EF6803 R/W 

16 (AO A151 

1------~-+--+---......,-+--+------'>-+---l~R;W 

Vss 

ROM RAM PIA 

NOTE: To avoid data bus (Port 3) contention in the expanded rnult1plexed modes, memory devices should be enabled only during E high time 

GND 

AS 

Port 3 I Adcfress/Data 

FIGURE 14 -TYPICAL LATCH ARRANGEMENT 

... 
l 1 
G oc 

... D1 01 -... 74LS373 
/Typical) 

.... 
... 

I 
Da Os 
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FIGURE 15 - MODE PROGRAMMING TIMING 

Mode Inputs 
IP20, P21, P221 

IMPH 

MODE PROGRAMMING I Refer to Figure t 51 
Characteristic 

Mode Programming Input Voltage Low"" 

Mode Programming Input Voltage High 

VMPH Mm 

VMPL Max 

Mode Programming Diode Differential Of Diodes are Used) 

RE~T Low Pulse Width 

Mode Programming Setup Time 

Mode Programming Hold Time 
RESET Rise Time~ 1 µs 
RESET Rise Time< 1__e 

*ForTA=-40°C to+ 105°C, VMPL= 1.7V. 

See Figure 16 

tor Diode Arrangement 

,,---- GvMPoo 

IP20, P21, P221 ~,. MPL 
_____ .,,,,. ~ Mode Latch 

11'rID 1 · Level 

Symbol Min Max Un~ 

VMPL - t.8 v 

VMPH 4.0 - v 

VMPDD 0.6 - v 

PWRSTL 3.0 - E-Cycles 

IMPS 2.0 - E-Cycles 

'MPH 0 - ns 
tOO -

FIGURE 16 - TYPICAL MODE PROGRAMMING CIRCUIT 

Vee 

A2 

RESET 

P20 

P2t 

P22 

Notes: 
1 Mode 7 as shown 
2 R2•C =Reset time constant 
3. At= tO k ltypicall 
4. D= 1N9t4, tN400t ltypicall 

c J: 
5. Diode Vt should not exceed VMPOD min. 

MEMORY MAPS 
The 6801 Family can provide up to 64K byte address 

space depending on the operating mode. A memory map for 
each operating mode is shown in Figure 17. 

Rt 

D 
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Rt 

D 

At 

D 

6 

9 

tO 

Mode 
Control 

Switches 

RESET 

P20 IPCOI 

P21 IPCtl 

P22 IPC21 

EF6801 
EF6803 

The first 32 locations of each map are reserved for the inter
nal register area, as shown in Table 4, with exceptions as in
dicated. 



FIGURE 17 - EF8801/03 MEMORY MAPS ISheat 1of3) 

Multiplexed-Test Mode 

$()()()()111 

$001F 

EF6801 
Mode 0 
Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

$FFFFl21 Internal Interrupt Vectorst2) 

NOTES: 
11 Excludes the following addresses which may be 

used externally: $04, $05, $06, $07, and $OF. 

21 Addresses $FFFE and $FFFF are considered 
~ if accessed withih two cycles after a 
positive edge of RESET and internal at all other 
times. 

31 After two MPU cycles, there must be no over
lapping of internal and external memory spaces 
to avoid driving the data bus with more than one 
device. 

4) This mode is the only mode which may be used 
to examine the interrupt vectors in internal ROM 
using an external RESET vector. 
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EF6801 
Mode 1 

Multiplexed/ RAM and ROM 

$()()()()111 ~%~~ 
Internal Registers 

$FFEF ia'=-=--=1 
$FFFO 
$FFFF~--~ 

NOTES: 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

External Interrupt Vectors 

1) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and. $OF. 

21 Internal ROM addresses $FFFO to $FFFF are not 
usable. 



.... 

./:.. 
Q 

Mult;plexed/RAM 

$001 F fV"V/ «««i./. 

$0000 bnnnnnJ< 

$00FF [L<'«<«r«?<l.i 

EF6801 
EF6803 
Mode 2 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

:::: I I} External Interrupt Vectoffi 

NOTES: 
1 I Excludes the following addresses which may be 

used externally: $04, $05, $06, $07, and $OF. 

FIGURE 17 - EF6801/03 MEMORY MAPS !Sheet 2 of 3) 

EF6801 
EF6803 
Mode 3 

Multiplexed/ No RAM or ROM 

$0000111 177JJJ}jJJ>»I 

$001 F v:ruuuurq 
Internal Registers 

External Memory Space 

$FFFO I I 
$FFFF 

External Interrupt Vectors 

NOTES: 
1 J Excludes the following addresses which may be 

used externally: $04, $05, $06, $07, and $OF. 

Single-Chip Test 

EF6801 
Mode 4 

$0000 ~} Internal Registers 
$001F 

Unusable 111141 

$XXBO ~}Internal RAM 
$XXFF Internal Interrupt Vectors 

NOTES: 
11 The internal ROM is disabled. 

21 Mode 4 may be changed to Mode 5 without hav
ing to assert RESET by writing a one into the 
PCO bit of the port 2 data register. 

3) Addresses A8toA15 are treated as "don't cares" 
to decode internal RAM. 

41 Internal RAM will appear at $XXBO to $XXFF. 



.. 
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EF6801 
Mode 5 

Non~Multiplexed/ Partial Decode 

soooo111~ 
$001F ~~'-'-''""''-LL"-" 

$0080 

$00FF 

$0100 

$01 FF 

} Internal RAM 

} External Memory Space 

Unusable 
I 

$F800 

} 
Internal ROM 

$FFFF W/////////11 Internal Interrupt Vectors 

NOTES: 
1} Excludes the folfow1ng addresses which may not 

be used externally: $04, $06, and $OF (no !OSI. 

2) This mode may be entered without going 
through RESET by using mode 4 and subse
quently wnt1ng a one into the PCO bit of the port 
2 data register 

3) Address lines AO to A7 will not contain addresses 
until the data direction register for poft 4 has 
been written with ones in the appropriate bits. 
These address tines will assert ones until made 
outputs by wflt1ng the data d1rect1on register. 
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EF6801 
Mode 6 

Internal Registers 

External Memory Space 

Internal RAM 
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External Memory Space 

' 

• 
$F800 

$FFFF 

Internal ROM 

Internal Interrupt Vectors 

NOTES 
1) Excludes the following addresses which may be 

used externally $04, $00, and $OF 

2) Address lines AB-A 15 will not contain addresses 
until the data d1rect1on register for port 4 has 
been written with ones in the appropriate bits 
These address lines will assert ones until made 
outputs by writing the data direction register 

EF6801 
Mode 7 

Single Chip 

= $0000 ~ J Internal Registers 

$OOl F Unusable 

$0080 , } 

$00FF 

Internal RAM 
W//_q'/#ffi.I 

Unusable 

$F800 "'""; mm 

$FFFF 



E F6801/03 INTERRUPTS 

The 6801 Family supports two types of interrupt re· 
quests: maskable and non-maskable. A Non-Maskable Inter
rupt tiiitTII is always recognized and acted upon at the com
pletion of the current instruction. Maskable interrupts are 
controlled by the Condition Code Register I-bit and by in
dividual enable bits. The I-bit controls 'all maskable inter
rupts. Of the maskable interrupts, there are two types: mm 
and mm. The Programmable Timer and Serial Communica
tions Interface use an internal ~ interrupt line, as shown 
in Figure 1. External devices (and IS31 use Tll'm. An mm in
terrupt is serviced before ~ if both are pending. 

All IRQ2 interrupts use hardware prioritized vectors. The 
single SCI interrupt and three timer interrupts are serviced in 
a prioritized order and each is vectored to a separate loca
tion. All interrupt vector locations are shown in Table 5. 

The Interrupt flowchart is depicted in Figure 18 and is 
common to every interrupt excluding reset. During interrupt 
servicing the Program Counter, Index Register, A Ac
cumulator, B Accumulator, and Condition Code Register are 
pushed to the stack. The I-bit is set to inhibit maskable inter
rupts and a vector is fetched corresponding to the current 
highest priority interrupt. The vector is transferred to the 
Program Counter and instruction execution is resumed. In
terrupt and lfEm timing are illustrated in Figures 19 and20. 

FUNCTIONAL PIN DESCRIPTIONS 

Vee ANDVss 
Vee and Vss provide power to a large portion of the 

MCU. The power supply should provide + 5 volts ( ± 5%1 to 
Vee. and Vss should be tied to ground. Total power 
dissipation (including V cc Standby), will not exceed Po 
milliwatts. 

Vee STANDBY 
Vee Standby provides power to the standby portion ($80 
through $BFI of the RAM and the STBY PWR and. RAME 
bits of the RAM Control Register. Voltage requirements de
pend on whether the device is in a powerup or powerdown 
state. In the powerup state, the power supply should provide 
+ 5 volts ( ±5%) and must reach Vse volts before RESET 
reaches 4.0 volts. During powerdown, Vee Standby must 
remai~ above Vsee (mini to sustain the standby RAM and 
STBY PWR bit. While in powerdown operation, the standby 
current will not exceed ISBB· 

It is typical to power both V cc and V cc Standby from the 
same source during normal operation. A diode must be used 
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between them to prevent supplying power to V CC during 
powerdown operation. Vee Standby should be tied to 
ground in Mode 3. 

TABLE 4 - INTERNAL REGISTER AREA 

Regl1ter Addre11 

Port 1 0111 Direction Reg/star ... 00 
Port 2 Data Direction Regi1ter • • • oi 
Port t D1t1 Register 02 
Port 2 Data Register 03 

Port 3 Data Direction Register 
... 

04' 
Port 4 0111 Direction Register• .. 05*" 
Port 3 Data Register 06' 
Port 4 Data Regi11er 07° 

Timer Control and Status Register 08 
Counter (High Byte! 09 
Counter (Low. Bytel OA 
Output Compare Register (High Bytel OB 

Output Compere Register lLow Bytel DC 
Input Cepture Register (High Byte! DD 
Input Capture Register (Low Byte) OE 
Port 3 Control and Status Register OF' 

Rate and Mode Control Register 10 
Transmit/Receive Control and Status Register 11 
Receive Data Register 12 
Transmit Data Register 13 

RAM Control Register t4 
Reserved 15-1F 

'External addressat In Modes 0, 1, 2, 3, 5, 6; cannot be accassad 
in Mode 5 tNo ~) 

"External addrasaes in Modes O, 1, 2, 3 
•" 1 • Output, O • Input 

TABLE 6 - MCU INTERRUPT VECTOR LOCATIONS 

MSB LSI Interrupt 

FFFE FFFF RESET 

FFFC FFFD NMI 

FFFA FFFB Software Interrupt (SWI) 

FFFB FFF9 IRQ1 (or IS31 

FFF6 FFF7 ICF llnput Capture)' 

FFF4 FFF5 OCF !Output Compare)' 

FFF2 FFF3 TOF trimer Overflow)' 

FFFO FFF1 SCI IRDRF+ORFE+TDREI' 
0 1R02 Interrupt 



FIGURE 18 - INTERRUPT FLOWCHART 

,j. 

"' 

Cond1t1on Code Register 

v I c 
Vector ~ PC 

NMI FFFC'FFFD 

SWI FFFAFFFB 

IRQ1 FFF8 FFF9 

ICF FFF6 FFF7 

OCF FFF4·FFFS 

TOF FFF2 FFF3 

SCI FFFO:FFF1 

SCI~ TIE•TDRE+ RIE•IRDRF + ORFEI 

Non·Maskable Interrupt 

Software Interrupt 

Maskable Interrupt Request 1 

Input Capture Interrupt 

Output Compare Interrupt 

Timer Overflow Interrupt 

SCI Interrupt (TORE + ROAF + OAFE) 
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FIGURE 19 - INTERRUPT SEQUENCE 

~Cycle 
Last instruction #1 I #2 I #3 I #4 I #5 I #6 I #7 I #8 I #9 I #10 I #11 I #12 I 

E 

I I I-Bit Set 
Internal 

Address Bus 

IR01 
~ f+-tPCS 

NMI or IR02 
~ 1-t--tPeS 

Internal 
Data Bus 

Op Code Op Code PC 0-7 PC8-15 X0-7 x 8-15 ACCA ACCB CCR Irrelevant Vector Vector First Inst. of 
+ 1 Data MSB LSB Interrupt Routine 

Internal R!W I 

FIGURE 20 - RESET TIMING 
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XTAL1 AND EXTAL2 

These two input pins interface either a crystal or TTL com
patible clock to the MCU internal clock generator. D1v1de-by
four circuitry is included which allows use of the inexpensive 
3.58 MHz or 4.4336 MHz Color Burst TV crystals. A 20 pF 
capacitor should be tied from each crystal pin to ground to 
ensure reliable startup and operation. Alternatively, EXT AL2 
may be driven by an external TTL compatible clock at 4f0 
with a duty cycle of 50% I± 5% I with XT AL 1 connected to 
ground. 

The internal oscillator is designed to interface with an AT
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for txT AL· The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time.· The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 21. 

RESET 

This input is used to reset the internal state of the device 
and provide an orderly startup procedure. During powerup, 
RESET must be held below 0.8 volts: 111 at least tRC after 
Vee reaches 4.75 volts in order to provide sufficient time for 
the clock generator to stabilize, and 121 until V cc Standby 
reaches 4.75 volts. RESIT must be held low at least three 
E-cycles if asserted during powerup operation. 

E (ENABLE) 

This is an output clock used primarily for bus synchroniza
tion. It is TTL compatible and is the slightly skewed divide
by-four result of the device input clock frequency. It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 

NMI INON-MASKABLE INTERRUPT) 

An NMI negative edge requests an MCU interrupt se
quence, but the current instruction will be completed before 
it responds to the request. The MCU will then begin an inter
rupt sequence. Finally, a vector is fetched from $FFFC and 
$FFFD, transferred to the Program Counter and instruction 
execution is resurned. NMI typically requires a 3.3 kO 
(nominal~istor to Vee. There is no internal NM\ pullup 
resistor. NMI must be held low for at least one E-cycle to be 
recognized under all conditions. 

IRQ1 IMASKABLE INTERRUPT REQUEST 11 
IR01 is a level-sensitive input which can be used to re

quest an interrupt sequence. The MPU will complete the cur
rent instruction before it responds to the request. If the inter
rupt mask bit 11-bitl 1n the Cond1t1on Code Register 1s clear, 
the MCU will begin an interrupt sequence. A vector is fetch
ed from $FFF8 and $FFF9, transferred to the Program 
Counter, and instruction execution is resumed. 

iR5T typically requires an external 3.3 kO (nominal) 
resistor to Vee for wire-OR applications IR01 has no inter
nal pullup resistor. 

SC1 AND SC2 (STROBE CONTROL 1 AND 21 

The function of SC1 and SC2 depends on the operating 
mode. SCl is configured as an output in all modes except 
single chip mode, whereas SC2 is always an output. SCl 
and SC2 can drive one Schottky load and 90 pF. 
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SC1 and SC2 In Single-Chip Mode 

In Single-Chip Mode, SCl and SC2 are configured as an 
input and output, respectively, and both function as Port 3 
control lines. SC1 functions as TS3 and can be used to in
dicate that Port 3 input data is ready or output data has been 
accepted. Three options associated with~ are controlled 
by Port 3 Control and Status Register and are discussed in 
the Port 3 description. If unused, TS3 can remain uncon
nected. 

SC2 1s configured as OS3 and can be used to strobe out
put data or acknowledge input data. It 1s controlled by Out
put Strobe Select IOSSI in the Port 3 Control and Status 
Register. The strobe 1s generated by a read IOSS ~ 01 or 
write IOSS ~ 11 to the Port 3 Data Register. 5S3 t1m1ng is 
shown in Figure 4. 

SC1 And SC2 In Expanded Non-Multiplexed Mode 

In the Expanded Non-Multiplexed Mode, both SC1 and 
SC2 are configured as outputs. SCl functions as Input/Out
put Select !TOSI and is asserted only when $0100 through 
$01 FF is sensed on the internal address bus. 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 

SC1 And SC2 In Expanded Multiplexed Mode 

In the Expanded Multiplexed Modes, both SC1 and SC2 
are configured as outputs. SCl functions as Address Strobe 
and can be used to demultiplex the eight least significant ad
dresses and the data bus. A latch controlled by Address 
Strobe captures address on the negative edge, as shown in 
Figure 14. 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 

P10-P17 (PORT 1 I 

Port 1 1s a mode independent 8-bit 1/0 port with each line 
an input or output as defined by the Port 1 Data Direction 
Register. The TTL compatible three-state output buffers can 
drive one Schottky TTL load and 30 pF, Darlington tran
sistors, or CMOS devices using external pullup resistors. It is 
configured as a data input port by RESET. Unused lines can 
remain unconnected. 

P20-P24 !PORT 2) 

Port 2 is a mode-independent, 5-bit, multipurpose 1/0 port. 
The voltage levels present on P20, P21, and P22 on the rising 
edge of RESEi determine the operating mode of the MCU. 
The entire port 1s then configured as a data input port. The 
Port 2 lines can be selectively configured as data output lines 
by setting the appropriate bits in the Port 2 Data Direction 
Register. The Port 2 Data Register is used to move data 
through the port. However, if P21 is configured as an out
put, it will be tied to the timer Output Compare function and 
cannot be used to provide output from the Port 2 Data 
Register. 

Port 2 can also be used to provide an interface for the 
Serial Communications Interface and the timer Input Edge 
function. These configurations are described in the Pro
grammable Timer and Serial Communications Interface 
(SCI) section. 

The Port 2 three-state, TTL-compatible output buffers are 
capable of driving one Schottky TTL load and 30 pF, or 
CMOS devices using external pulluµ resistors. 

PORT 2 DATA REGISTER 

76543210 

I PC2 I PC1 I PCO I P24 I P23 I P22 I P21 I P20 I $0003 
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FIGURE 21-6801 FAMILY OSCILLATOR CHARACTERISTICS 
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•NOTE: These are representative AT-cut crystal parameters only. Crystals of other 
types of cut may also be used. 
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P30-P37 (PORT 3) 
Port 3 can be configured as an 1/0 port, a bidirectional 

8-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 

Port 3 In Single-Chip Mode 
Port 3 is an 8-bit 1/0 port in the Single-Chip Mode, with 

each line configured by the Port 3 Data Direction Register. 
There are also two lines, IS3 and Ci'S3, which can be used to 
control Port 3 data transfers. 

Three Port 3 options are controlled by the Port 3 Control 
and Status Register and are available only in SinJti!:Chip 
Mode: Ill Port 3 i!!£!:!.! data can be latched using TS3" as a 
control signal, 121 OS3 can be generated by either an MPU 
read or write to the Port 3 Data Register. and (31 an iRO'i in
terrupt can be enabled by an 'iS3 negative edge. Port 3 latch 
timing is shown in Figure 5. 

PORT 3 CONTROL AND STATUS REGISTER 
7 6 54 3 21 0 

IS3 IS3 
Latch 

Flag IRQ1 x oss Enable x x x 
Enable 

$000F 

Bit 0-2 Not used. 
Bit 3 LATCH ENABLE. This bit controls the 

input latch for Port 3. If set, input data 
is latched by an iS3 negative edge. The 
latch is transparent after a read of the 
Port 3 Data Register. LATCH ENAL
BLE is cleared during reset. 

Bit 4 OSS (Output Strobe Select). This bit 
determines whether ~ will be 
generated by a read or write of the Port 
3 Data Register. When clear. the 
strobe is generated by a read; when 
set, it is generated by a write. OSS is 
cleared during reset. 

Bit 5 Not used. 
Bit 6 IS3 IRQ1 ENABLE. When set, an iRO'i 

interrupt will be enabled whenever IS3 
FLAG is set; when clear. the interrupt 
is inhibited. This bit is cleared during 
reset. 

Bit 7 IS3 FLAG. This read-only status bit is 
set by an iS3 negative edge. It is 
cleared by a read of the Port 3 Control 
and Status Register !with IS3 FLAG 
set) followed by a read or write to the 
Port 3 Data Register or during reset. 

Port 3 In Expanded Non-Multiplexed Mode 
Port 3 is configured as a bidirectional data bus ID7-DOI in 

the Expanded Non-Multiplexed Mode. The direction of data 
transfers is controlled by Read/Write ISC21. Data is clocked 
by E IEnablel. 

Port 3 In Expanded Multiplexed Mode 
Port 3 is configured as a time multiplexed address IAO-A71 

and data bus ID7-DOI in the Expanded Multiplexed Modes, 
where Address Strobe IASI can be used to demultiplex the 
two buses. Port 3 is held in a high impedance state between 
valid address and data to prevent bus conflicts. 

P40-P47 (PORT 41 
Port 4 is configured as an 8-bit 1/0 port, as address out

puts, or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF and is the 
only port with internal pullup resistors. Unused lines can re
main unconnected. 

Port 4 In Single-Chip Mode 
In Single-Chip Mode, Port 4 functions as an 8-bit 1/0 port 

with each line configured by the Port 4 Data Direction 
Register. Internal pullup resistors allow the port to directly in
terface with CMOS at 5 volt levels. External pullup resistors 
to more than 5 volts, however. cannot be used. 

Port 4 In Expanded Non-Multiplexed Mode 
Port 4 is configured from reset as an 8-bit input port, 

where the Port 4 Data Direction Register can be written to 
provide any or all of eight address lines, AO to A7. Internal 
pullup resistors pull the lines high until the Port 4 Data Direc
tion Register is configured. 

Port 4 In Expanded Multiplexed Mode 
In all Expanded Multiplexed modes except Mode 6, Port 4 

functions as half of the address bus and provides AB to A 15. 
In Mode 6, the port is configured from reset as an 8-bit 
parallel input port, where the Port 4 Data Direction Register 
can ba written to provide any or all of upper address lines AB 
to A15. Internal pullup resistors pull the lines high until the 
Port 4 Data Direction Register is configured, where bit 0 con
trols AB. 

RESIDENT MEMORY 

The EF6801 provides 2048 bytes of on-board ROM and 
128 bytes of on-board RAM. 

One half of the RAM is powered through the Vee standby 
pin and is maintainable during Vee powerdown. This stand
by portion of the RAM consists of 64 bytes located from $80 
through $BF. 

Power must be supplied to Vee standby if the internal 
RAM is to be used regardless of whether standby power 
operation is antfcipated. 

The RAM is controlled by the RAM Control Register. 

RAM CONTROL REGISTER ($14) 
The RAM Control Register includes two bits which can be 

used to control RAM accesses and determine the adequacy 
of the standby power source during powerdown operation. 
It is intended that RAME be cleared and STBY PWR be set 
as part of a powerdown procedure. 
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RAM CONTROL REGISTER PROGRAMMABLE TIMER 

Bit 0·5 

Bit 6 RAME 

Bit 7 STBY PWR 

Not used. 

RAM Enable This read/wnte bit can 
be used to remove the entire RAM 
from the internal memory map. RAM E 
is set (enabled) dunng reset provided 
standby power is available.on the post· 
t1ve edge of RESET. If RAME is clear, 
any access to a RAM address is exter
nal. If RAME is set and not in mode 3, 
the RAM is included 1n the internal 
map 

Standby Power. This bit is a 
read/write status bit which, when 
once set, remains set as long as V cc 
standby remains above VsBB (mini
murnl. As long as this bit ts set follow· 
ing a period of standby operation, the 
standby power supply has adequately 
preserved the data in the standby 
RAM. If this bit is cleared dunng a 
period of standby operation, ·it indi
cates that V CC standby had fallen to a 
level sufficiently below VSBB !mini· 
mum) to suspect that data in the 
standby RAM is not valid. This bit can 
be set only by software and is not af· 
fected during reset. 

The programmable timer can be used to perform input 
waveform measurements while independently generating an 
output waveform. Pulse widths can vary from several micro
seconds to many seconds. A block diagram of the timer is 
shown in Figure 22. 

COUNTER ($09:0A) 

The key timer element is a 16-bit free-running counter 
which iS incremented by E (enable). It is cleared during reset 
and is read-only with one exception: a write to the counter 
1$09) will preset it to $FFF8. This feature, intended for 
testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. TOF is set whenever 
the counter contains all ones 

OUTPUT COMPARE REGISTER ($0B:OCI 

The output compare register is a 16-bit read/write register 
used to control an output waveform or provide an arbitrary 
timeout flag. It is compared with the free-running counter on 
each E cycle When a match occurs, OCF is set and OLVL 1s 
clocked to an output level register. If port 2, bit 1, is con· 
figured as an output, OLVL will appear at P21 and the output 
compare register and OLVL can then be changed for the next 

FIGURE 22 - BLOCK DIAGRAM OF PROGRAMMABLE TIMER 

Timer bi"7~_,..~-,-~-,---,---,---,-~-,-.._..'-. 
Control tCF 
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Status 
Register 

$08 

Output Compare Pulse 
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and OLVL is clocked to an output level register. If Port 2, bit 
1, 1s configured as an output, OLVL will appear at P21 and 
the Output Compare Register and OL VL can then be 
changed for the next compare. The function is inhibited for 
one cycle after a wnte to its high byte ($OBI to ensure a valid 
compare. The Output Compare Register 1s set to $FFFF at 
RESET. 

INPUT CAPTURE REGISTER ($0D:OEI 

The Input Capture Register 1s a 16-bit read-only register 
used to store the free-running counter when a "proper" in
put transition occurs as defined by IEDG. Port 2, bit 0 should 
be configured as an input, but the edge detect circuit always 
senses P20 even when configured as an output. An input 
capture can occur independently of ICF: the register always 
contains the most current value. Counter transfer is in
hibited, however, between accesses of a double byte MPU 
read. The input pulse width must be at least two E-cycles to 
ensure an input capture under all conditions. 

TIMER CONTROL AND STATUS REGISTER ($08) 

The Timer Control and Status Register (TCSRI is an 8-bit 
register of which all bits are readable, while only bits 0-4 can 
be written. The three most significant bits provide the timer 
status and indicate if: 

• a proper level transition has been detected. 

• a match has occured between the free-run6ing 
counter and the output compare register, and 

• the free-running counter has overflowed. 

Each of the three events can generate an IR02 interrupt 
and is controlled by an individual enable bit in the TCSR. 

TIMER CONTROL AND STATUS REGISTER (TCSRI 

76543210 

Bit 0 OLVL 

Bit 1 EIDG 

Bit 2 ETOI 

Bit 3 EOCI 

Output level. OLVL is clocked to the 
output level register by a successful 
output compare and will appear at P21 
it Bit 1 of the Port 2 Data Direction 
Register is set. It is cleared during 
reset. 
Input Edge. IEDG is cleared during 
reset and controls which level transi
tion will trigger a counter transfer to 
the Input Capture Register: 

I EDG = 0 Transfer on a negative-edge 

IEDG = 1 Transfer on a positive-edge. 

Enable Timer Overflow Interrupt. 
When set, an IR02 interrupt is enabled 
for a timer overflow; when clear, the 
interrupt is inhibited. lt is cleared dur
ing reset. 

Enable Output Compare Interrupt. 
When set, an IR02 interrupt is enabled 
for an output compare; when clear, 
the interrupt is inhibited. It is cleared 
during reset. 

Bit 4 EICI 

Bit 5 TOF 

Bit 6 OCF 

Bit 7 ICF 

Enable Input Capture Interrupt. When 
set, an IR02 interrupt is enabled for an 
input capture; when clear, the inter
rupt 1s inhibited. It is cleared during 
reset. 

Timer Overflow Flag. TOF is set when 
the counter contains all 1's. It is 
cleared by reading the TCSR lw1tll 
TOF set) then reading the counter high 
byte ($091, or during reset. 

Output Compare Flag. OCF 1s set 
when the Output Compare Register 
matches the free-running counter. 1t is 
cleared by reading the TCSR (with 
OCF set) and then writing to the Out
put Compare Register ($OB or $0CI, or 
during reset. 

Input Capture Flag. ICF is set to in

dicate a proper level transition; it is 
cleared by reading the TCSR !with ICF 
setl and then the Input Capture 
Register High Byte l$0DI, or during 
reset. 

SERIAL COMMUNICATIONS INTERFACE (SCI) 

A full-duplex asynchronous Serial Communications Inter
face ISCll is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in
dependent, but use the same data format and bit rate. Serial 
data formats include standard mark/space INRZI and Bi
phase and both provide one start bit, eight data bits, and one 
stop bit. "Baud" and "bit rate" are used synonymously in 
the following description. 

WAKE-UP FEATURE 

In a typical serial loop multi-processor configuration, the 
software protocol will usually identify the addressee(s) at the 
beginning of the message. In order to permit uninterested 
MPU's to ignore the remainder of the message, a wake-up 
feature is included whereby all further SCI receiver flag land 
interrupt) processing can be inhibited until its data line goes 
idle. An SCI receiver is re-enabled by an idle string of ten 
consecutive 1's or during reset. Software must provide for 
the required idle string between cUnsecutive messages and 
prevent it within messages. 

PROGRAMMABLE OPTIONS 

The following features of the SCI are programmable: 

• format: standard mark/space INRZI or Bi-phase 
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• clock: external or internal bit rate clock 

• Baud: one of 4 per E-clock frequency, or external 
clock I x 8 desired baud) 

• wake-up feature: enabled or disabled 

• interrupt requests: enabled individually for trans
mitter and receiver 

• clock output: internal bit rate clock enabled or dis
abled to P22 



SERIAL COMMUNICATIONS REGISTERS 

The Serial Communications Interface includes four ad
dressable registers as depicted in Figure 23, It is controlled 
by the Rate and Mode Control Register and the 
Transmit/Receive Control and Status Register. Data is 
transmitted and received utilizing a write-only Transmit 
Register and a read-only Receive Register. The shift registers 
are not accessible to software. 

Rate and Mode Control Register IRMCRl ($10) 

The Rate and Mode Control Register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of four write-only 
bits which are cleared during reset. The two least significant 
bits control the bit rate of the internal clock and the remain
ing two bits control the format and clock source. 

RATE AND .MODE CONTROL REGISTER (RMCRI 

76543210 
I x I x I x I x I cc1 I cco I ssq sso I $0010 

Bit 1:Bit 0 

Bit 3:Bit 2 

SS 1 : SSO Speed Select. These two 
bits select the Baud rate when using 
the internal clock. Four rates may be' 
selected which are a function of the 
MCU input frequency. Table 6 lists bit 
time and rates for three selected MCU 
frequencies. 
CC1 :CCO Clock Control and Format 
Select. These two bits control the for-
mat and select the serial clock source. 
If CC1 is set, the DOR value for P22 is 
forced to the complement of CCO and 
cannot be altered until CC1 is cleared. 
If CC1 is cleared after having been set, 
its DOR value is unchanged. Table. 7 
defines the formats, clock source, and 
use of P22. 

If both CC1 and CCO are set, an external TTL compatible 
clock must be connected to P22 at eight times IBXI the 
desired bit rate, but not greater than E, with a duty cycle of 
50% ( ± 10%1. If CC1:CCO=10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 

NOTE: The source of SCI internal bit rate clock is the timer 
free running counter. An MPU write to the counter 
can disturb serial operations. 

FIGURE 23 - SCI REGISTERS 

10 

12 

Bit 7 Rate and Mode Control Register Bit o 
I I cc1 I cco I ss1 I ssojs10 

Transmit/Receive Control and Status Register 

Receive Shift Register 

Bit Rate 
Generator 

(Not Addressable) 

Transmit Shift Register 

$13 
,_~..___,~T~ra~n~sm-it-D~at-a-Re~g~1·st-er-L~....L--I 
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Transmit/Receive Control And Status Register 
ITRCSR) 1$11) 

The Transmit/Receive Control and Status Register con· 
trots the transmitter. receiver, wake-up feature, and two in
dividual interrupts and monitors the status of serial opera
tions. All eight bits are readable while bits 0 to 4 are also 
writable. The register is m1t1alized to $20 by RESET 

TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER ITRCSR) 

6 5 4 3 2 0 

IRDRFPRFE,TDREI RIE I RE I TIE I TE I WU I $0011 

BitOWU 

Bit 1 TE 

Bit 2 TIE 

Bit 3 RE 

Bit 4 RIE 

"Wake-up" on Idle Line. When set, 
WU enables the wake-up function; it is 
cleared by ten consecutive 1's or dur
ing reset. WU will not set if the line is 
idle. 

Transmit Enable. When set, P24 DOR 
bit is set, cannot be changed, and will 
remain set if TE is subsequently 
cleared. When TE is changed from 
clear to set, the transmitter is con
nected to P24 and a preamble of nine 
consecutive 1's is transmitted. TE is 
cleared during reset. 
Transmit Interrupt Enable. When set, 
an IR02 interrupt is enabled when 
TORE is set; when clear, the interrupt 
is inhibited. TE is cleared during reset. 

Receive Enable. When set, the P23 
DOR bit is cleared, cannot be chang· 
ed, and will remain clear if RE is subse· 
quently cleared. While RE is set. the 
SCI receiver is enabled. RE is cleared 
during reset. 

Receiver Interrupt Enable. When set, 
an IR02 interrupt is enabled when 
RDRF and/or ORFE is set; when clear, 
the interrupt is inhibited. RIE is cleared 
during reset. 

Bit 5 TORE 

Bit 6 ORFE 

Bit 7 RDRF 

TABLE 6 - SCI BIT TIMES AND RATES 

SS1:SSO 
410 _ 2.4676 MHz 4.0 Mhz 

E 614.4 kHz 1.0 MHz 

0 I 0 
+ 16 26 µs/38.400 Baud 16 µs/62,500 Baud 

0 1 + 128 208 µs/ 4,800 baud 128 µs/7812.5 Baud 
1 0 + 1024 1.67 ms/600 Baud$ 1.024 ms/976.6 Baud 
1 1 +4096 6.67 ms/ 150 Baud 4.096 ms/244 1 Baud 
•External ( P22l 13.0 µs/76,800 Baud 8.0 µs/125,000 Baud 

·using maximum clock rate 

Transmit Data Register Empty. TORE 
is set when the Transmit Data Register 
1s transferred to the output serial shift 
register or during reset. It is cleared by 
reading the TRCSR !with TORE set) 
and then writing to the Transmit Data 
Register. Additional data will be 
transmitted only if TORE has been 
cleared. 

Overrun Framing Error. If set, ORFE in· 
dicates either an overrun or framing er
ror. An overrun is a new byte ready to 
transfer to the Receiver Data Register 
with RDRF still set. A receiver framing 
error has occurred when the byte 
boundaries of the bit stream are not 
synchronized to the bit counter. An 
overrun can be distinguished from a 
framing error by the state of ADRF: if 
R DR F is set, then an overrun has oc· 
curred; otherwise a framing error has 
been detected. Data is not transferred 
to the Receive Data Register in an 
overrun condition. Unframed data 
causing a framing error is transferred 
to the Receive Data Register. 
However, subsequent data transfer is 
blocked until the framing error flag is 
cleared.• ORFE is cleared by reading 
the TRCSR !with ORFE set) then the 
Receive Data Register, or during reset. 

Receive Data Register Full. ROAF is 
set when the input serial shift register 
is transferred to the Receive Data 
Register. It is cleared by reading the 
TRCSR !with RDRF set), and then the 
Receive Data Register, or during reset. 

4.9152 MHz 

1.2288 MHz 

13.0 µs/76,800 Baud 
104.2 µs/9,600 Baud 
633.3 µs/1,200 Baud 
3.33 ms/300 Baud 

6.5µs/153,600 Baud 

TABLE 7 - SCI FORMAT AND CLOCK SOURCE CONTROL 

CCl:CCO Format 
Clock Port 2 

Source B~ 2 

00 Bi-Phase Internal Not Used 

01 NAZ Internal Not Used 

10 NAZ Internal Output 

11 NAZ External Input 
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SERIAL OPERATIONS 
The SCI is initialized by writing control bytes first to the 

Rate and Mode Control Register and then to the 
Transmit/Receive Control and Status Register. When TE is 
set, the output of the transmit serial shift register is con
nected to P24 and serial output is initiated by transmitting a 
9-bit preamble of l's. 

At this point one of two situations exist: 1) if the Transmit 
Data Register is empty !TORE= 1), a continuous string of l's 
will be sent indicating an idle line, or 21 if a byte has been 
written to the Transmit-Data Register !TORE= Ol, it will be 
transferred to the output serial shift register (synchronized 
with the bit rate clock), TORE will be set, and transmission 
will begin. 

The start bit (0), eight data bits !beginning with bit Oland a 
stop bi_t (1). will be transmitted. If TORE is still set when the 
next byte transfer should occur. l's will be sent until more 
data is provided. In Bi-phase format, the output toggles at 
the start of each bit and at half-bit time when a "1" is sent. 
Receive operation is controlled by A E which configures P23 
as an input and enables the receiver. SCI data formats are il
lustrated in Figure 24. 

INSTRUCTION SET 

The EF6801/03 is upward source and object cod_e. 
compatible with the E F6800. Executiontimesof key instruc
tions have been reduced and several new instructions have 
been added, including a hardware multiply. A list of new 
operations added to the EF6800 instruction set is shown in 
Table 1. 

In addition, two new special opcodes, 4E and 5E, are pro
vided for test purposes. These opcodes force the Program 
Counter to increment like a 16-bit counter. causing address 
lines used in the expanded modes to increment until the 
device is reset. These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding to an 

executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 

PROGRAMMING MODEL 
A programming model for the EF6801/03 is shown 

in Figure 10. Accumulator A can be concatenated with ac
cumulator B and jointly referred to as accumulator D where 
A is the most significant byte. Any operation which modifies 
the double accumulator will also modify accumulator A 
and/or B. Other registers are defined as follows: 

Program Counter - The program counter is a 16-bit 
register which always points to the next instruction. 

Stack Pointer - The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup !LIFO) queue. The stack resides in ran
dom access memory at a location defined by the program
mer. 

Index Register - The Index Register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 

Accumulators - The MPU contains two 8-bit ac
cumulators, A and B, which are used to store operands and 
results from the arithmetic logic unit (ALU). They can also be 
concatenated and referred to as the D (double) accumulator. 

Condition Code Registers - The condition code register 
indicates the results of an instruction and includes the 
following live condition bits: Negative !NI, Zero (Z), 
Overflow (V), Carry/Borrow from MSB (Cl, and Half Carry 
from bit 3 (H). These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask !I-bit) and in
hibits all maskable interrupts when set. The two unused bits, 
B6 and B7, are read as ones. · 

FIGURE 24-SCI DATA FORMATS 

Output 
Clock 

NRZ 
Format 

Bi·Phase 
Format 

Idle Start 

Data: 01001101 ($40) 
3 4 
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ADDRESSING MODES 
Six addressing modes can be used to reference memory 

A summary of addressing modes for all . instructions is 
presented in Tables 9, 10, 11, and 12, where execution times 
are provided in E-cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 MHz, 
E-cycles are equivalent to microseconds. A cycle-by-cycle 
description of bus activity for each instruction is provided in 
Table 14 and a description of selected instructions is shown 
in Figure 2 5. 

Immediate Addressing - The operand or "immediate 
bytelsl" is contained in the following byte(s) of the instruc
tion where the number of bytes matches the size of the 
register. These are two or three byte instructions. 

Direct Addressing - The least significant byte of the 
operand address is contained in the second byte of the in
struction and the most significant byte is assumed to be $00. 
Direct addressing allows the user to access $00 through $FF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica-

tions, the 256-byte area is reserved for frequently referenced 
data. 

Extended Addressing - The second and third bytes of the 
instruction contain the absolute address of the operand. 
These are three byte instrutions. 

Indexed Addressing - The unsigned offset contained 1n 
the second byte of the instruction is added with carry to the 
Index Register and used to reference memory without 
changing the Index Register. These are two byte instruc
tions. 

Inherent Addressing - The operand(s) are registers and 
no memory reference is required. These are single byte in
structions. 

Relative Addressing - Relative addressing is used only for 
branch instructions. If the branch condition is true, the Pro
gram Counter is overwritten with the sum of a signed single 
byte displacement in the second byte of the instruction and 
the current Program Counter. This provides a branch range 
of -126 to 129 bytes from the first byte of the instruction. 
These are two byte instructions. 

TABLE 8 - CPU INSTRUCTION MAP 

OP MNEM MOOE - . OP MNEM MOOE - . OP MNEM MOOE ..., 

,~ 1' OES IN Hf A 3 1 68 ASL INOXO 6 
NOP IN ER 2 1 3S TXS 3 1 69 AOL 

l 
6 

02 36 PSHA 3 1 6A DEC 6 
03 3T PSHB 3 1 68 

j~ LSRD 3 1 38 PULX 5 1 6C INC 6 
ASLD 3 1 39 ATS s 1 60 fST 6 

06 ,.p 2 1 3A ABX 3 1 " JMP 3 
OT TPA 2 1 38 RTL ro 1 6f CLA INDXD 6 
DB LNX 3 1 JC PSHX 4 1 TO NEG EXTND 6 
09 OEX 3 1 JO MUL 10 1 Tl 
DA CLV 2 1 " WAL 9 1 72 
OB SEV l 1 " SWL 12 1 TJ COM 6 
DC CLC 2 1 40 NEGA 2 1 74 LSR 6 
DO SEC 2 1 41 TS 
DE cu 2 1 42 76 ROA 6 
OF SEL 2 1 43 COMA 2 1 7T ASR 6 
10 SBA 2 I 44 LSRA 2 1 TB ASL 6 
11 CBA 2 1 " 79 AOC 6 
12 46 RORA 2 1 TA DEC 6 
13 " ASAA 2 1 TB 
14 48 ASL.ti: 2 1 TC INC 6 
15 49 ROLA 2 1 TD TST 6 
16 TAB 2 1 4A o'ECA 2 1 TE JMP 3 
1T TBA 2 1 48 TF CLR EXTNO 6 
18 " INCA 2 1 BO SUSA IMMED 2 
19 DAA !NHER 2 I 40 TSTA 2 1 " CMPA 2 
lA 4E T 82 SBCA 2 
18 ASA INHER ' 1 4F CLRA 2 1 BJ SUBD 4 
lC so NEGB 2 1 84 ANDA 2 
10 51 85 SITA ' 1E 52 " LDAA ' 1F 53 COMB 2 1 87 
20 BAA REL 3 ' 54 LSRB ' 1 88 EDRA ' 21 BAN 3 ' 55 89 ADCA ' 22 SHI 3 ' 56 RORB ' 1 BA DRAA ' 23 BLS 3 2 ST ASRB ' 1 •• ADDA ' 24 BCC 3 ' 58 ASLB ' 1 BC CPX IMMEO 4 
25 BCS J ' " ROLB ' 1 80 BSA REL 6 
26 BNE J ' SA Of CB ' 1 BE LDS IMMED 3 
2T BED 3 ' SB " ,. eve 3 ' SC INCB ' ' 90 SUSA DLR 3 
29 BVS 3 2 SD TSTB ' ' 91 CMPA 3 
2A BPL 3 2 5E T " SBCA J 
28 .... , 3 ' SF CLRB INHfR ' ' 93 SUBD s 
2C 8GE J ' 60 NEG INO)(Q ' ' " ANDA 3 
2D BLT J ' 61 

l 
9S BITA 3 

" SGT 3 ' 62 " LOAA 3 

" BLE REL J ' 63 COM 6 ' 9T STAA J 
JO TSX INHER 3 1 64 LSA 6 2 98 EORA 3 
31 INS i 3 1 65 " ADCA 3 

" •ULA 4 ' 66 ROA 6 2 9A DRAA 3 
JJ PULB . 1 61 ASA INOXD 6 ' " ADDA J 

NOTES· 
Addressing Modes 

INHER •Inherent lNDXD• Indexed \MMED• Immediate 
REL•Relative EXTND•Extended DIR•D1rect 

Unassigned opcodes are indicated by,,.,. and should not be executed 
Codes marked by "T" force the PC to function as a 16-bit counter 

1-53 

. OP MNEM MOOE - . OP MNEM MOOE - . 
2 9C CPX 

Oil 
s 2 OD SUBB DIA 3 2 

2 90 JSR s 2 01 CMPB 3 2 

2 9E LOS 4 2 02 S'tC8 3 2 

" STS DA 4 2 03 AOOD s 2 

2 40 SUBA INOXD 4 2 04 ANDB 3 2 

2 Al CMPA 4 2 OS BITB 3 2 

2 A2 SBCA 4 2 06 LDAB 3 2 

2 A3 SUBD 6 2 OT STAB J 2 

J A4 ANDA 4 2 08 EORB J ' AS BITA 4 2 09 ADCB 3 2 

A6 LDAA 4 2 DA ORAB J 2 

3 AT STAA 4 2 DB AOOB 3 2 

3 A8 EDRA 4 2 DC LOO 4 2 .. ADCA 4 2 DD STD 4 2 

3 AA DRAA 4 2 DE LOX 4 2 

3 AB ADDA 4 2 OF STX DLA 4 2 

3 AC CPX 6 2 ED SUBB INDXD 4 2 

3 AD JSR 
~ 

6 2 El CMPB 4 2 

J .. LOS s 2 E2 SBCB 4 2 

AF srs INOXO s 2 E3 ADDO 6 2 

3 80 SUBA EXTND 4 J E4 ANDB 4 ' 3 81 CMPA 4 3 " BITB 4 2 

J 82 SBCA 4 3 E6 LDAS 4 2 

3 83 SUBO 6 J ET STAB 4 2 

2 B4 ANDA 4 3 EB EORB 4 2 

2 BS SITA 4 3 E9 AOCB 4 2 

2 86 LOAA 4 3 EA ORAB 4 2 

3 BT STAA 4 3 EB AOOB 4 2 

2 BB fQRA 4 3 EC LOO s 2 

2 "' AOCA 4 3 ED STD 5 2 

2 BA DRAA 4 3 EE LOX 5 2 

•• ADDA 4 3 Ef 51X INOXO s 2 

' BC CPX 6 3 '° sues f)(TND 4 3 

' BO JSR 6 3 Fl CMF'B 4 3 

' BE LOS 5 J " SBCB 4 3 

2 
., STS EXTND s 3 ,, ADDO 6 3 

J CD SUBS IMMED ' ' " ANOS 4 3 

' " CMF'B ' ' "S BITS 4 3 

3 C2 SBCB ' ' " LDAB 4 J 
C3 ADDO 4 J f) STAB 4 3 

' C4 ANDS ' ' F8 EORS 4 ' 
' rs BITS ' ' F9 ADCB 4 J 

' C6 LDAB ' ' IA ORAB 4 3 

2 CT 
,. AOOB 4 3 

' ca EORB ' ' IC lDD 5 J 

' C9 ADCB 2 ' FO STD 5 3 

' CA ORAB ' ' " lOX s 3 

' CB AODB ' ' " STX EXTND 5 J 

' cc LOO ' 3 

' co 
'UNDEFINED OP CODE 

' co LDX IMMED 3 3 

' " 



TABLE 9 - INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

Condition C-
lmmed Direct Index Extnd Inherent 6 4 3 2 1 0 

Pointer Operations Mnemonic OP- #OP - # OP- #OP - # o~- # Boolean/ H I N z v c 
Arithmetic Qa..eration 

Compare Index Reg CPX BC 4 3 9C 5 2 AC 6 2 BC 6 3 ig:-M:M+1 I :nr 
Decrement Index Reg DEX 09 3 1 ix - 1 -x • • 
Decrement Stack Pntr DES 34 3 1 SP - 1 -SP • • • 
Increment Index Reg INX OB 3 1X+1-X • • 
Increment Stack Pntr INS 31 3 1 1SP+1 -SP • • • 
Load Index Reg LOX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M -XH. (M + 11-XL R 

Load Stack Pntr LOS BE 3 3 9E 4 2 AE 5 2 BE 5 3 M -SPH. (M + 1 I -SPL R 
Store Index Reg STX OF 4 2 EF 5 2 FF 5 3 XH-M. XL-(M + 1) R 
Store Stack Pntr STS 9F 4 2 AF 5 2 BF 5 3 SPH -M. SPL -(M + 1 I R 
Index Reg - Stack Pntr TXS 35 3 1 X- 1 -SP • • • 
Stack Pntr - Index Reg TSX 30 3 1 SP+ 1 -x • • • Add ABX 3A 3 1 s +x-x • • • Push Data PSHX 3C 4 1 XL -Msp. SP - 1 -SP • • • 

~-~SP-1 -SP 
Pull Data PULX 3B 5 1 SP+ 1 -SP. Msp -XH •• • • • • SP+ 1 -SP, Msp -XL 

TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS 

Accumutator and lmmed Direct Index Extend In her Boolean Condition Code1 
Memory Operations MNE Op - #Op - #Op - # Op - # Op - # EJ!e_reuion H N z v~ 

Add Acmltrs ABA 1B 2 1 A+B-A J_ j_ J_ 1-..l 
AddBtoX ABX 3A 3 1 00:8 + x-x • • • • • Add with Carry ADCA B9 2 2 99 3 2 A9 4 2 B9 4 3 A+M+C-A J_ 

ADCB C9 2 2 09 3 2 E9 4 2 F9 4 3 B+M+C-B f Add ADDA 8B 2 2 98 3 2 AB 4 2 BB 4 3 A+M-A 
ADDB CB 2 2 DB 3 2 EB 4 l!J FB 4 3 B+M-A I 

Add Double ADDO C3 4 3 D3 5 2 E3 6 2 F3 6 3 0+M:M+1 -o • 
And ANDA 84 2 2 94 3 2 A4 4 2 84 4 3 A·M-A • R • 

ANDB C4 2 2 04 3 2 E4 4 [!] F4 4 3 B·M-B • R • 
Shift Left. ASL 68 6 [!] 78 6 3 ~ • j_ J_ 

Arithmetic ASLA 48 2 1 CJ~..-o • ..l J_ 
.ASLB l.ilJ 1..2.. 1 

b7 bO 
Lt.U. ...l 

- Continued -
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TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS ICONTINUEDI 

Accumulator end lmmed Direct Index Extend lnhe< Boolean Condition Code1 
Memory Operations MNE Op - #Op - # <?.!!I- #Op - # Op - # E!l!!eMion H N z v c 

Shift Left Dbl ASLD OS 3 1 ]_ _l _l 
Shift Right, ASA 67 6 2 77 6 3 

~ ±:± ± Arithmetic ASRA 47 2 1 
ASRB S7 2 1 

b) b(l 

J~ I Bit Test BITA BS 2 2 SS 3 2 AS 4 2 BS 4 3 A·M • 
BITB cs 2 2 DS 3 2 ES 4 2 FS 4 3 B · M ii • Compare Acmltrs CBA 11 2 1 A-B I I 

Clear CLR 6F 6 2 7F 6 3 00-M R s R R 
CLRA 4F 2 1 00-A R s R R 
CLRB SF 2 1 oo-B R s R R 

Compare CMPA Bl 2 2 91 3 2 Al 4 2 Bl 4 3 A-M I J_ 
CMPB Cl 2 2 Dl 3 2 El 4 2 Fl 4 3 B-M ]_ J_ 

1 's Complement COM 63 6 2 73 6 3 [!!-M R s 
COMA 43 2 1 (!:-A R s 
COMB !;3 2 1([-B R s 

Decimal A<!), A DAA 19 2 1 AdJ binary sum to BCD ±-!-Decrement DEC 6A 6 2 7A 6 3 M-1-M 
DECA 4A 2 1 A- 1 -A ::r • 
DECB SA 2 1B-1 -B ]_ • 

Exclusive OR EORA 88 2 2 98 3 2 AB 4 2 BB 4 3 A I]) M-A R • 
EORB CB 2 2 DB 3 2 ES 4 2 FB 4 3 BI]) M-B I R • 

Increment INC 6C 6 2 7C 6 3 M + 1 -M j • 
INCA 4C 2 1 A+ 1 -A • 
INCB SC 2 1 B+ 1 -B i • 

Load Acmltrs LDAA B6 2 2 96 3 2 A6 4 2 B6 4 3 M-A R • 
LDAB C6 2 2 D6 3 2 E6 4 2 F6 4 3 M-B R • 

Load Double LDD cc 3 3 DC 4 2 EC s 2 FC s 3 M:M + 1 --o R • 
Logical Shift, LSL 6B 6 2 7B 6 3 

Left LSLA 4B 2 1 .... 
LSLB SB 2 1 

CJ+([[[[IIIJ .-o 
b) bO 

LSLD OS 3 1 
Shift Right, LSR 64 6 2 74 6 3 - R 
Logical LSRA 44 2 1 o+~ R 

LSRB S4 2 1 R 
LSRD 04 3 1 R 

Multi£1y MUL 3D 10 1 AXB-D • • • 
2's Complement NEG 60 6 2 70 6 3 00-M-M ]_ J_ .l 
(Negate) NEGA 40 2 1 00-A-A ±± ± NEGB so 2 1 00 - B -B 
No Operation NOP 01 2 1 PC+l-PC • • • • 
Inclusive OR DRAA BA 2 2 SA 3 2 AA 4 2 BA 4 3 A+M-A .1 J_ R • 

ORAB CA 2 2 DA 3 2 EA 4 2 FA 4 3 B + M -B i J_ R • 
Push Data PSHA 36 3 1 A -stack • • • • 

PSHB 37 3 1 B -stack • • • • 
Pull Data PULA 32 4 1 Stack -A • • • • PULB 33 4 1 Stack --s • • • • 
Rotate Left AOL 69 6 2 79 6 3 - J_ l. 

ROLA 49 2 1 ~ I 
ROLB SS 2 1 

b) bO 
_l 

Rotate Right ROA 66 6 2 76 6 3 I 
RORA 46 2 1 -~ 
RORB S6 2 1 b) bO 

Subtract Acmltr SBA 10 2 1 A-B-A 
Subtract with J:!BCA !![ II ~ 1:3: [2" A2 4 2 B2 4 3 A - M - C -A 

Car.!Y._ SBCB C2 2 2 D2 3 2 E2 4 2 F2 4 3 B - M - C -B 
Store Acmltrs STAA 97 3 2 A7 4 2 B7 4 3 A-M R • 

STAB 07 3 2 E7 4 2 F7 4 3 B-M R • 
STD DD 4 2 ED 5 2 FD s 3 D -M:M + 1 R • 

Subtract SUSA 80 2 2 90 3 2 AO 4 2 BO 4 3 A· M-A ±:± @B co 2 2 DO 3 2 EO 4 2 FO 4 3 B-M-B 
Subtract Double sueD 83 4 3 93 s 2 A3 6 2 83 6 3 D · M:M + 1 -D I 
Transfer Acmltr TAB ~]__ L!e_-B R • 

TBA 17 2 1 B-A i R • 
Test, Zero or TST 6D 6 2 7D 6 3 M ·00 R R 

Minus TSTA 40 2 1 A - 00 ]_ R R 
TSTB SD 2 1 8 - 00 R R 

The Cond1t1on Code Register notes are 11sted after Table 12. 
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TABLE 11 - JUMP AND BRANCH INSTRUCTIONS 

. Direct Aololive lndea Extnd lnhoron 

Operations Mnemonic 0., -j# OP - # OP- #OP- #OP -fil Br•nch THI 
Branch Always BRA 20 3 2 None 

Branch Never BRN 21 3 2 None: 
Branch If Carry Clear BCC 24 3 2 C=O 

Branch If Carry Set BCS 25 3 2 C=1 

Branch If = Zero BEO 27 3 2 Z=l 

Branch If ~ Zero BGE 2C 3 2 N(i)V=O 

Branch If > Zero BGT 2E 3 2 Z + (N(i)V) = 0 

Branch If Higher BHI 22 3 2 C+Z=O 

Branch If Higher or Same BHS 24 3 2 C =O 
!:iiLanch If < Zero BLE 2F 3 2 Z+(N<ilV)= 1 
Branch If Carry Set BLO 25 3 2 C=l 

Branch If Lower Or Same BLS 23 3 2 c. z = 1 

Branch If < Zero BLT 2D 3 2 N(i)V= 1 

Branch If Minus BMI 28 3 2 N = 1 

Branch If Not Equal Zero BNE 26 3 2 Z=O 

Branch If Overflow Clear BVC 28 3 2 V=O 

Brarich If Overflow Set BVS 29 3 2 V= 1 

Branch If Plus BPL 2A .3 2 N=O 

Branch To Subroutine BSR SD 6 2 
JSee Special 

Jump JMP 6E 3 2 7E 3 3 Operations -

Jump To Subroutine JSR 9D 5 2 !AD 6 2 BO 6 3 Figure 26 

No Operation NOP 01 2 1 

Return from Interrupt RTI 38 0 1 

Return From Subroutine RTS 39 5 1 } See Special 

Software Interrupt SWI 3F 2 1 
Operations -
Figure 26 

Wait For Interrupt WAI 3E 9 1 

TABLE 12 - CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 

Oper•tiona 

Clear Carry 
Clear Interrupt Mask 

Clear Overflow 

Set Carry 

Set Interrupt Mask 

Set Overflow 
Accumulator A -CCR 

CCR -Accumulator A 

LEGEND 
OPOperation Code (Hexadecimal) 
- Number of ~PU Cycles 

Msp Contents of memory location pointed to by Stack Pointer 

# Number of Program Bytes 
+ Arithmetic Plus 
- Arithmetic Minus 
• Boolean AND 
X Arithmetic Multiply 
+ Boolean Inclusive OR 
<il Boolean Exclusive OR 
1111 Complement of M 
-- Transfer Into 
0 Bit= Zero 
00 Byte = Zero 

Inherent 

Mnemonic OP - # Boolean Operation 

CLC oc 2 1 o-c 

CLI OE 2 1 0-1 

CLV OA 2 1 o-v 
SEC OD 2 1 1-c 

SEI OF 2 1 1-1 

SEV OB 2 1 1 -v 
TAP 06 2 1 A-CCR 

TPA 07 2 1 CCR-A 

CONDITION CODE SYMBOLS 

H Half·carry from bit 3 
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I Interrupt mask 
N Negative (sign bit) 
Z Zero (byte) 
V Overflow, 2's complement 
C Carry/Borrow from M&B 
R Reset Always 
S Set Always 
I Affected 
• Not Affected 

Cond. Code Reg. 
I 4 3 2 , 0 
H I N Z v c 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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Cond. Code Reg. 
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• • • • • R 

• R • • • • • • • • R • • • • • • s 
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TABLE 13 - INSTRUCTION EXECUTION TIMES IN E-CYCLES 

ADDRESSING MODE ADDRESSING MODE 

a 
1 i 1 'E ~ 

I l • ... 
E a JI 
s .. ... .I: • ... .5 .5 a: 

a 1 i I 1 1 I .J 
! JI 

s 1 .5 ! 
ABA • • • • 2 • INX • • • • 3 • 
ABX • • • • 3 • JMP • • 3 3 • • 
ADC 2 3 4 4 • • JSR • 5 6 6 • • 
ADD 2 3 4 4 • • LOA 2 3 4 4 • • 
ADDO 4 5 6 6 • • LOO 3 4 5 5 • • 
AND 2 3 4 4 • • LOS 3 4 5 5 • • 
ASL • • 6 6 2 • LOX 3 4 5 5 • • 
ASLD • • • • 3 • LSL • • 6 6 2 • 
ASR • • 6 6 2 • LSLD • • • • 3 • 
BCC • • • • • 3 LSR • • 6 6 2 • 
BCS • • • • • 3 LSRD • • • • 3 • 
BEQ • • • • • 3 MUL • • • • 10 • 
BGE • • • • • 3 NEG • • 6 6 2 • 
BGT • • • • • 3 NOP • • • • 2 • 
BHI • • • • • 3 ORA 2 3 4 4 • • 
BHS • • • • • 3 PSH • • • • 3 • 
BIT 2 3 4 4 • • PSHX • • • • 4 • 
BLE • • • • • 3 PUL • • • • 4 • 
BLO • • • • • 3 PULX • • • • 5 • 
BLS • • • • • 3 ROL • • 6 6 2 • 
BLT • • • • • 3 ROR • • 6 6 2 
BMI • • • • • 3 RTI • • • • 10 
BNE • • • • 3 RTS • • • • 5 
BPL • • • • 3 SBA • • • • 2 
BRA • • • • 3 SBC 2 3 4 4 • 
BRN • • • • 3 SEC • • • • 2 
BSR • • • • 6 SEI • • • • 2 
eve • • • • 3 SEV • • • • 2 
BVS • • • • 3 STA • 3 4 4 • 
CBA • • • 2 • STD • 4 5 5 • 
CLC • • • 2 • STS • 4 5 5 • 
CLI • • • 2 • STX • 4 5 5 • 
CLR • 6 6 2 • SUB 2 3 4 4 • 
CLV • • • 2 • SUBD 4 5 6 6 • 
CMP 2 3 4 4 • • SWI • • • • 12 
COM • • 6 6 2 • TAB • • • • 2 
CPX 4 5 6 6 • • TAP • • • • 2 
DAA • • • • 2 • TBA • • • • 2 • 
DEC • • 6 6 2 • TPA • • • • 2 • 
DES • • • • 3 • TST • • 6 6 2 • 
DEX • • • • 3 • TSX • • • • 3 • 
EOR 2 3 4 4 • • TXS • • • • 3 • 
INC • • 6 6 • • WAI • • • • 9 • 
INS • • • • 3 • 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 

1 able 14 provides a detailed description of the information 
present on the address bus. data bus, and the read/write 
IA/WI line during each cycle of each instruction 

The information is useful 1n comparing actual with ex
pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 

per instruction: In general, instructions with the same ad
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during MPU read.s of internal locations. the 
resultant value will not appear on the external data bus ex
cept in mode 0. "High order" byte refers to the most
significant byte of a 16-bit value. 

TABLE 14 - CYCLE-BY-CYCLE OPERATION ISheet 1 of 51 

Address Mode and Cycle 
Instructions Cycles # 

IMMEDIATE 
ADC EOR 2 1 
ADD LDA 2 
AND 'ORA 
BIT SBC 
CMP SUB 
LOS 3 1 
LDX 2 
LOO 3 
CPX 4 1 
SUBD 2 
ADDO 3 

4 

DIRECT 
ADC EOR 3 1 
ADD LOA 2 
AND ORA 3 
BIT SBC" 
CMP SUB 
STA 3 1 

2 
3 

LDS 4 1 
LOX 2 
LDD 3 

4 

STS 4 1 
STX 2 
STD 3 

4 

CPX 5 1 
SUBD 2 
ADDO 3 

4 
5 

JSR 5 1 
2 
3 
4 
5 

Addreas Bus 

Opcode Address 
Opcode Address+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address Bus FFFF 

Opcod.e Address 
Opcode Address+ 1 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Destination Address 
Opcode Address 
Opcode Address+ 1 
Address of Operand 
Operand Address+ 1 
Opcode Address 
Opcode Address+ 1 
Address of Operand 
Address of Operand+ 1 
Opcode Address 
Opcode Address+ 1 
Operand Address 
Operand Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Subroutine Addreas 
Stack Pointer 
Stack Pointer - 1 
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R/W 
Line 

1 
1 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 

1 
1 
0 
1 
1 
1 
1 

1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 

Data Bus 

Opc0de 
Operand Data 

Opcode 
Operond Da_ta IHigh Order Bytel 
Operand Data !Low Order Bytel 
Upcode 
Operand Data !High Order Bytel 
Operand Data (Low Order Bytel 
Low Byte of Reatart Vector 

Opcode 
Address of Operand 
Operand Data 

Opcode 
Destination Address 
Data from Accumulator 
Opcode 
Address of Operand 
Operand Data !High Order Byte) 
Operand Data I Low Order Byte) 

Opcode 
Address of Operand 
Register Data !High Order Bytel 
Register Data !Low Order Byte) 

Opcode 
Address of Operand 
Operand Data !High Order Byte) 
Operand Data I Low Order Byte I 
Low Byte of Reatart Vector 
Opcode 
Irrelevant Data 
First Subroutine Opcode 
Return Address I Low Order Byte) 
Return Address !High Order Byte) 



Address Mode and Cycle 
Instructions Cycles # 

EXTENDED 

JMP 3 1 
2 
3 

ADC EOR 4 I 
ADD LOA 2 
AND ORA 3 
BIT SBC 4 
CMP SUB 

STA 4 1 
2 
3 
4 

LOS 5 1 
LOX 2 
LOO 3 

4 
5 

STS 5 1 
STX 2 
STD 3 

4 
5 

ASL LSR 6 1 
ASA NEG 2 
CLR AOL 3 
COM ROA 4 
DEC TST* 5 
INC 6 

CPX 6 1 
SUBD 2 
ADDO 3 

4 
5 
6 

JSR 6 1 
2 
3 
4 
5 
6 

TABLE 14 - CYCLE-BY-CYCLE OPERATION !Sheet 2 of 51 

·Address Bus 

Opcode Address 

Opcode Address+ 1 
Opcode Address+ 2 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 

Opcode Address 
Opcode Address.+ 1 
Opcode Address+ 2 
Operand Dest1nat1on Address 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Operand Address 
Operand Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ l 
Opcode Address+ 2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer-1 

R/W 
Line 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
0 

1 
1 
1 
1 
1 

1 
1 
1 
0 
0 

1 
1 
1 
1 
1 
0 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Jump Address IHtgh OrdE!I Byh!I 

Jump Address (Low Order Bylel 

Opcode 
Address of Opmanrl 
Address of Operand (Low Ordt!r 8 1 tt·I 

Operond Data 

Opcode 
Dest1nat1on Address (High Order Byte1 
Oest1nat1on Address I Low Order BvH~! 
Data from Accumulator 

Opcode 
Address of Operand (High Ordt~r ByW) 

Address of Operand i Low Order Byte) 
Operand Data {High Order Byte) 
Operand Data (Low Order Byte! 

Opcode 
Address of Operand (High Order Bvtel 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Opcode 
Address at Operand ~High Order Byte) 
Address of Operand (Low Order Byte} 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data !Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Opcode of Next tnstruction 
Return Address !Low Order Byte) 
Return Address (High Order Byte) 

* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus 000 $FFFF 
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Address Mode and Cycle 
Instructions Cycles # 

INDEXED 

JMP 3 1 
2 
3 

ADC EOA 4 1 
ADD LDA 2 
AND ORA 3 
BIT SBC 4 
CMP SUB 

STA 4 1 
2 
3 
4 

LDS 5 1 
LDX 2 
LDD 3 

4 
5 

STS 5 1 
STX 2 
STD 3 

4 
5 

ASL LSA 6 1 

ASA NEG 2 
CLR AOL 3 
COM ROA 4 
DEC TST* 5 
INC 6 
CPX 6 1 
SUBD 2 
ADDO 3 

4 
5 
6 

JSR 6 1 
2 
3 
4 
5 
6 

TABLE 14 - CYCLE-BY-CYCLE OPERATION !Sheet 3 of 51 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset+ 1 

Opcode Address 
Opcode Address+ l 
Address Bus FFFF 
Index Register Plus Offset 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register+ Offset 
Index AAQiSter+ Offset+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register+ Offset 
Stack Pointer 
Stack Pointer-1 

R/W 
Line 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
0 
1 
1 
1 
1 
1 

1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Offset 
low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data !High Order Byte} 
Operand Data (Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Or'der Byte) 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
First Subroutine Opcode 
Return Address llow Order Byte) 
Return Address (High Order Byte) 

* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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Address Mode and 
Instructions 

INHERENT 

ABA DAA SEC 
ASL DEC SEI 
ASA INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR AOL TPA 
CLV ROA TST 
COM SBA 

ABX 

ASLD 
LSRD 

DES 
INS 

INX 

DEX 

PSHA 
PSHB 

TSX 

TXS 

PULA 
PULB 

PSHX 

PULX 

ATS 

WAI 

Cycle 
Cycles # 

2 1 
2 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

9 1 
2 
3 
4 
5 
6 
7 
8 
9 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 4 of 51 

Address Bus 

Opcode Address 
Opcode Address+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 

Previous Stack Pointer Contents 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 

Opcode Address 
Opcode Address+ l 
Stack Pointer 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Addre,ss + 1 
Stack Pointer 
Stack Pointer+ 1 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer- 1 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer- 1 
Stack Pointer- 2 
Stack Pomtet - 3 
Stack Pointer - 4 
Stack Pointer-5 
Stack Pomter-6 
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R/W 
Line 

1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
0 
1 
1 
1 

1 
1 
1 

1 
1 
1 
1 

1 
1 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
0 
0 
0 
0 
0 
0 
0 

Data Bus 

Opcode 
Opcode of Next I nstruct1on 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 

Low Byte of Restart Vector 

Opcode 
Opcode of Next lnstruct1on 

Irrelevant Data 

Opcode 
Opcode of Next !nstruct1on 
Low Byte of Restart Vector 

Opcode 
Opcode of Next I nstruct1on 

Accumulator Data 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 
Operand Data from Stack 

Opcode 
Irrelevant Data 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 

Opcode 
Irrelevant Data 
Irrelevant Data 
Index Register (High Order Byte) 
Index Register (Low Order Byte) 

Opcode 
Irrelevant Data 
Irrelevant Data 
Address of Next Instruction !High Order Bvte) 
Address of Next Instruction (Low Order Bvtel 

Opcode 
Opcode of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond1t1on Code Register 



Add,... Mode and 
Instructions 

INHERENT 

MUL 

RT! 

SWI 

RELATIVE 

BCC BHT BNE· BLO 
BCS BLE BPL BHS 
BEO BLS BRA BRN 
BGE BLT eve 
BGT BMI BVS 

BSR 

TABLE 14 - CYCLE·BY·CYCLE OPERATION (Sheet 5 ol 51 

Cycle 
Cyc I 

10 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

10 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

12 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

3 1 
2 
3 

6 1 
2 
3 
4 
5 
6 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 
Stack Pointer+ 3 
Stack Pointer+4 
Stack Pointer+ 5 
Stack Pointer+6 
Stack Pointer+ 7 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer- 1 
Stack Pointer- 2 
Stack Pointer- 3 
Stack Pointer-4 
Stack Pointer- 5 
Stack Pointer- 6 
S tac!< Pointer - 7 
Vector Address FFFA IHexl 
Vector Address FFFB IHexl 

Opcode Address 
Opcode Address+ 1 
Address Buss FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer-1 
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R/ 
Line 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 

1 
1 
1 

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
Irrelevant Data 
Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 
Contents of Accumulator A from Stack 
Index Register from Stack (High Order Byte) 
Index Register from Stack (Low Order Bytel 
Next Instruction Address from Stack fHigh Order Byte) 
Next Instruction Address from Stack flow Order Byte) 

Opcode 
Irrelevant Data 
Return Address (Low Order Byte) 
Return Address !High Order Byte) 
Index Register (Low Order Byte) 
Index Register !High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 
Irrelevant Data 
Address of Subroutine !High Order Byte) 
Address of Subroutine !Low Order Byte) 

Opcode 
Branch Olfset 
Low Byte of Restart Vector 

Opcode 
Branch Offset 
Low Byte of Restart Vector 
Opcode of Next Instruction 
Return Address flow Order Byte) 
Return Address !High Order Byte) 
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FIGURE 25-SPECIAL OPERATIONS 

JSR. Jump to Subroutine 

,~ I ~ Main Program 

$90= JSR 

RTN I Next Main Instr. 

K = Direct Address 

INOXD I 
Main Program ~ Stack 

~ SAD= JSR -.sP-2~ 
K=Offset ¢ SP-1 RTNH 

RTN Next Main Instr SP RTNL 

EXTND 

Main Program 

l'.f I $BD=JSR 

SH= Subr. Addr 

SL=:= Subr_ Addr 

RTN I Next Main Inst I 
BSA. Branch To Subroutine 

Main Program .§f Stack 

SP-2~ 
SP-1 RTNH 

SP RTNL 

¢-!'.fl~ 
± K= Offset 

RTN I Next Main Instr 

~ Stack 

¢ SP:~~ 
___..SP+2~ 

ATS Return from Subroutine Subroutine 

' Es; I S39=RTS I 

Legend· 
RTN =Address of next instruction in Main Program to be exeCuted upon return from subroutine 
RTNH =Most significant byte of Return Address 
RTNL =Least sigrnf1cant byte of Return Address 
- = Stack Pointer After Execution 
K = B-b1t Unsigned Value 

SW!, Software Interrupt Mam Program 

R~ I $3F=SWI 1c>-

WAI, Wait for Interrupt 

1¢ 

SP 

SP- 7 

SP-6 

SP-5 

SP-4 

SP- 3 

SP-2 

SP-1 

SP 

t mlntenupt 1~ RTI, Retum 'o Efy ~ 

SP 

SP+ l 

SP+2 

SP+3 

SP+4 

SP+5 

SP+6 

...+ SP+7 

Stack 

Cond1t1on Code 

AcmltrB 

AcmltrA 

Index Register !XHI 

Index Register !XLI 

ATNH 

RTNL 

Stack 

Condition Code 

AcmltrB 

AcmltrA 

lndex Register !XHI 

Index Register !XL) 

ATNH 

RTNL 

JMP, Jump Main Program Ef Main Program l l'.f S6E=JMP 

K=Offset 
INDXD 

X + K [ N~;tlr;~~WOJ "~-1 
S7E=JMP 

i<H =Next Address 

KL= Next Address 

K ( Next Instruction ) 
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A51F 

1 10 
'6,662 

CEI 

OlN 

CEl 

O.A.T.A. 

0.A.T.A. 

JEDEC 

1 
(1( 

M0-047-AC 
JEOEC 

PHYSICAL DIMENSIONS 

(1) Nominal dimension 

(21 True geometrical position 

40 pins 

' f-119 CB-182 

SITELESC 

' CB-521 
SITELESC 

1-64 

P24 

NC 

CB-182 

P SUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

C SUFFIX 
CERAMIC PACKAGE 

CB-521 

• FN SUFFIX 
PLCC 44 

h ~- ~ 
N 0 

~ ~ 

M '<I' in (Cl ,._ 

: 

~ 

P32 

'" P34 

P35 

P36 

P37 

NC 

"' P42 



ORDERING INFORMATION 
The information required when ordering a custom MCU 

is listed below. The ROM program may be transmitted to 
ll-10MSON SEMICONDUCTEURS on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact your local ll-10MSON SEMICONDUC
TEURS representative or distributor 

EPROMs 

Two 2708 or one 2716 type EPROMs, program
med with the customer program (positive logic sense for 
address and data), may be su bm1 tted for pattern generation. 
The EPROM must be clearly marked to indicate which 
EPROM corresponds to which address space. The recom
mended marking procedure is illustrated below: 

xxx xxx 

FBOO FCOO 

XXX =-Customer 10 

After the EPROMlsl are marked, they should be placed 1n 
conductive IC carriers and securely packed. Do not use 
Styrofoam. 

VERIFICATION MEDIA 
All original pattern media IEPROMs or floppy d1skl are fil

ed for contractual purposes and are not returned. A com
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly checked and the verification form completed, 
signed, and returned to ll-10MSON SEMICONDUC
TEURS. The signed verification form constitutes the 

contractual agreement for creation of the customer mask. 
If desired, ll-10MSON SEMICONDUCTEURS will pro
gram on blank EPROM from the data file used to create 
the custom mask and aid in the verification process. 

ROM VERIFICATION UNITS (RVUsl 
Ten MCUs conta1n1ng the customer's ROM pattern will be 

sent for program verif1cat1on. These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un
marked, packaged 1n ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included 1n the 
mask charqe and are not production parts. The RVUs are 
thus not guaranteed by ll-10MSON SEMICONDUC
TEU RS. Quality Assurance, and should be discarded 
af1er verification is completed. 

FLEXIBLE DISKS 

The disk media submitted must be single-sided, EFDOS/ 
MOOS* compatible floppies. 
The customer must write the binary file name and com pa~ 
ny name on the disk with a felt-tip-pen. The minimum 
EFDOS/MDOS* system files, as well as the absolute 
binary object file (Filename .LO type of file) from the 
6801 cross assembler, must be on the disk. An object file 
made from a memory dump using the ROLLOUT com
mand is also acceptable. Consider submitting a source 
listing as well as the following files: filename .LX (DEVl
CE/EXORciser loadable format) and filename .SA (ASCII 
Source Code). These files will of course be kept confiden
tial and are used 1 I to speed up the process in-house if any 
problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any softWare errors and needs 
assistance quickly from ll-10MSON SEMICONDUC
TEU RS factory representatives. 

EFDOS is ll-10MSON SEMICONDUCTEURS' Disk 
Operating System available on development systems 
such as DEV ICE, .. 

MOOS* is MOTOROLA's Disk Operating System available 
on development systems such as EXORciser, ... 

*Requires prior factory approval 

Whenever ordering a custom MCU is required, please contact your local ll-10MSON SEMICONDUCTEURS representa
tive or ll-10MSON SEMICONDUCTEURS distributor and/or complete and send the attached "MCU customer ordering 
sheet" to your local ll-10MSON SEMICONDUCTEURS representative. 

ORDERING INFORMATION 

I EF~803 =J I V I ~ Screening level Device I 
Oper. temp. Package 

The table below horizontally shows all available suffix combinations for package. operating temperature and screening 
level. Other possibilities on request. 

PACKAGE OPER. TEMP. SCREENING LEVEL 
DEVICE 

c J p E FN L" v M Std D G/B B/B 

• • • • 1.0MHz EF6801/03 • • • 
EF6803 • • • 

• • • • 1.25 MHz EF6801/03-1 • • • 
EF6803-1 • • • 

1.6MHz 
EF68A01/03 • • • 
EF68A03 • • • 

2.0MHz EF68801/03 • • • 
Examples : EF6801 P, EF680t FN, EF6801 PV, EF6803CV 

Package: C: Ceramic OIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Op~r. temp.: L*: 0°C to + 70°C, V: -40°C to +85°C, M: -55°C to + 125°C, *: may be omitted. 
Screening level : Std : (no--end suffix), 0 : NFC 96883 level 0, 

GIB: NFC 96883 level G, BIB: NFC 96883 level B and MIL-STD-883C level B. 

EXORciser is a registered trade mark of MOTOROLA Inc. 
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~~i•l~I 
• CiiM'Po°NENTS EF6801U4•EF6803U4 

·-~~·-·- MICROCOMPUTER/MICROPROCESSOR (MCU/MPU) 

MOSTEK 

ADVANCE INFORMATION 

The EF6801U4 is an 8-bit s1ngle-ch1p microcomputer unit IMCUI 
which enhances the capabilities of the EF6801 and significantly 
enhances the capabilities of the EF6800 Family of parts. It includes 
an E F6801 microprocessor unit ·IMPU I with direct ob1ect code com
patibility and upward ob1ect-code compatibility with the E·F6800. 
Execution times of key instructions have been improved over the 
EF6800 and the new 1nstruct1ons found on the E F6801 are included. 
The MCU can function as a monolithic microcomputer or can Qe.ex
panded to a 64K byte address space. It is TTL compatible and requi 
res one + 5-volt power supply. On-chip resources include 4096 bytes 
of ROM, 192 bytes of RAM, a serial communications interface (SCI), 
parallel 1/0, and a 16-bit six-function programmable timer. The 

EF6803U4 can be considered as an EF6801U4 operating in modes 
2 or 3 , i.e., those that do not use internal ROM. 

• Enhanced EF6800 Instruction Set 
• Upward Source and Ob1ect Code Compatibility with the E F6800 

and EF6801 
• Bus Compatibility with the EF6800 Family 
• 8 x 8 Multiply Instruction 
• Single-Chip or Expanded Operation to 64K Byte Address Space 
• Internal Clock Generator with Divide-by-Four Output 
• Serial Communications Interface (SCI I 
• 16-Bit Six-Function Programmable Timer 
• Three Output Compare Functions 
• Two Input Capture Functions 
• Counter Alternate Address 
• 4096 Bytes of ROM (EF6801 U4) 
• 192 Bytes of RAM 
• 32 Bytes of RAM Retainable During Power Down 
• 29 Parallel 1/0 and I wo Handshake Control Lines 
• NMI Inhibited Until Stack Load 

• Complete Development System Support on DEVICE® 

• -40'C to 85'C Temperature Range 

DEVICE<ll1s THOMSON SEM ICONDUCTEU RS' development/emulation tool. 
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HMOS 
H IGH-DENSl"l Y 

N-CHANNEL, SILICON GATE 

CB-182 

CB-521 

MICROCOMPUTER/ 
MICROPROCESSOR 

CASES 

P SUFFIX 
PLASTIC PACKAGE 

• 
Vss 

FN SUFFIX 
PLCC 44 

PIN ASSIGNMENT 

XTAL 1 Set 

SC2 

P30 

P31 

P32 

Vee P33 

P34 

P35 

P22 P36 

P37 

P24 P40 

PlO P41 

P11 P42 

P12 P43 

P13 P44 

P14 P45 

P15 P46 

P16 P47 

P17 Vee 
Standby 



P37 
P36 
P35 
P34 
P33 
P32 
P31 
P30 
SC2 
SCl 

P47 
P46 
P45 
P44 
P43 
P42 
P41 
P40 

A7/D7 
A6/06 
A5/05 
A4/04 
A3/D3 
A2/D2 
Al/01 
AO/DO 
R/W 
AS 

A15 
A14 
A13 
A12 
All 
A10 
A9 
AB 

EF6801U4 MICROCOMPUTER FAMILY BLOCK DIAGRAM 

Expanded Multiplexed Ii Expaoded Noo~Mulhplexed l SingleCh1p 

07 
06 
05 
04 
03 
02 
01 
DO 
R/W 
ms 

A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 

1/0 
1/0 
110 
110 
1/0 
1/0 
1/0 
1/0 
OS3 
iS3 

1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 

Vee Standby 
32x8 

Standby 
RAM 

NOTE: No functioning ROM in EF6803U4. 
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Moae 

P20 TINl 1/0 
P21 TOUT1 1/0 
P22 SCLK 1/0 

P23 A DATA 1/0 
P24 TOA TA 1/0 

PIO TIN2 1/0 
P11 TOUT2 1/0 
P12 TOUT3 1/0 

P13 1/0 
P14 1/0 
P15 110 
P16 1/0 
P17 1/0 



MAXIMUM RATINGS 

Rating Symbol Value Unit 
Supply Voltage Vee -0.3 to+ 7.0 v 
Input Voltage Vin -0.3 to+ 7.0 v 
Operating Temperature Rangr. TA TH to TL 'e 

EF6801 /03U4. EF6801/03U4·1. 
0 to 70 E F68A01 /03U4 

-40 to 85 EF6801 /03U4, EF6801 /03U4 1 : V suffix 

Storage Temperature Range T stg -55to+150 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Rating 

T herrnal Resistance 

Plastic OJA 50 "C/W 
PLCC 100 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in °C can be obtained from 

TJ=TA+IPo•OJAI 
Where· 

TA=Ambient Temperature, °C 

()JAE Package Thermal Resistance, Junction-to-Ambient, °C/W 

Po= PINT+ PPORT 

PINT= Ice x Vee. Watts - Chip Internal Power 

PPORT =Port Power Dissipation, Watts - User Determined 

This device contains c1rr:u1try to protect the 1n 

puts against damage due to high static voltages 
or electric fields, however, 11 is advised th<JI nor 
rnal precautions be taken tu avoid appl1cat1on of 
any voltage higher than maximum rated V(Jltage:; 
to this h1gh-1mpedance c1rcu11. For µroper opera 
11on 111s recommended that V 111 and Vou\ be con 

strained to the ran~Je V SS s (V 1n or Voutl s Vee 
Input protection 1s enhanced by conncct1ng 
unused inputs to either Voo or Vss 

111 

For most applications PpQRT~ PINT and can be neglected. PPORT may become s1gn1ficant if the device 1s configured to 
drive Darlington bases or sink LED loads 

An approximate relationship between Po and T J (if PpQRT 1s neglected) is: 

· Po= K +IT J + 273°CI 

Solving equations 1 and 2 for K gives: 

K = Po•IT A+ 273°CI + 0JA•Po2 

121 

131 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po (at equilibrium) 

for a known TA Using this value of K the values of Po and T J can be obtained by solving equations ( 1) and (2) iteratively for any 
value ot TA. 

CONTROL TIMING IV cc 5 0 v ± 5% Vss-0 TA -0 to 70°CI = o, - -

EF6801U4 EF6801U4-1 EF68A01U4 
Characteristic Symbol EF6803U4 EF6803U4-1 EF68A03U4 Unit 

Min Max Min Max Min Max 

Frequency of Operation fo 0.5 1.0 0.5 1.25 0.5 1.5 MHz 

Crystal Frequency fxTAL 2.0 40 20 5.0 2.0 6.0 MHz 

External Oscillator Frequency 4 t0 2.0 4.0 2.0 5.0 2.0 6.0 MHz 

Crystal Oscillator Startup Time 1rc - 100 - 100 - 100 ms 

Processor Control Setup Time tpcs 200 - 170 - 140 - ns 
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DC ELECTRICAL CHARACTERISTICS 1Vcc=5.0 Vdc ±5%. Vss=O, TA= TL to TH unless otherwise noted) 

EF6801/03U4-A01/03U4 EF6801U4l9803U4 
Cheracteriollc Symbol o0 to+1o°C -40° to + 85°C 

Min Max Min Max Unk 
Input High Voltage RESET V1H Vss+4.0 Vee Vss+4.0 Vee v 

.Other Inputs* Vss+2.0 Vee Vss+2.2 Vee 
Input Low Voltage All Inputs* V1L Vss-0.3 Vss+o.8 Vss 0.3 Vss +o.8 v 
Input Load Current (Vjn="O to 2.4 V) Port4 lin - 0.5 - 0.8 mA 

SCI - 0.8 - 1.0 

Input Leakage Current 
1Vin=Oto5.5Vl NMl, IROl, RESET ljn - 2.5 - 5.0 µA 

Hi-Z !Off-State) Input Current 
1Vin=0.5to2.4Vl Port 1, Port2. Port3 ITSI - 10 - 20 µA 

Output High Voltage 

llLoad= -65µA. Vee= Mini Port4, SCl, se2 VoH Vss+2.4 - Vss+2.4 - v 
llLoad= - lOOµA, Vee= Min) Other Outputs Vss+2.4 - Vss+2.4 -

Output Low Voltage 
llLoad=2.0mA. Vcc=Minl All Outputs VOL - Vss+0.5 - Vss+o.s v 

Darlington Drive Current 
IVo= 1.5Vl Port 1 IOH 1.0 4.0 1.0 5.0 mA 

Internal Power Dissipation 
I Measured at TA= TL in Steady-State Operation)*** PINT - 1200 - 1500 mW 

. lnput Capacitance 
IVin=O. TA=25°C, Port 3, Port 4, SCl Cin - 12.5 - 12.5 pF 
f0= 1.0MHzl Other Inputs - 10.0 - 10.0 

Vee Standby Power down Vs a a 4.0 5.25 4.0 5.25 v 
Powerup Vsa 4.75 5.25 4.75 5.25 

Standby Current Powerdown Isa a - 3.0 - 3.5' mA 

*Except mode programming levels; see Figure 16. 
* *Negotiable to - 1_00 µA (for further information contact the factory) . 

• • • For the EF6801U4/EF6803U4 TL= o0 c and for the EF6801 U4/EF6803U4 : v suffix TL= -40°C 

PERIPHERAL PORT TIMING !Refer to Figures 1-41 

EF6801/03U4 EF68A01/03U4 
Characteristic Symbol EF6801/03U4-1 

Min Typ Max Min Typ Max Unit 

Peripheral Data Setup Time tposu 200 150' 

Peripheral Data Hold Time IPDH 200 150 ns 
Delay Time, .Enable Pos1t1ve Trans1t1on to 053 Negative Transition .!Q.SQJ 350 300 

Delay Time, Enable Pos11Lve Trans1t1on to 053 Pos1t1ve Transition 10SCl<_ 350 300 ns 
Delay Time, Enable Negative Trans1t1on to Peripheral Data Vahd 

Port 1 tpwo 350 300 
Port 2, 3, 4 350 300 

Delay Time, Enable Negative Trans1t1on to P.eripheral CMOS Data Valid 'CMQ.S_ 20 2.0 µS 

input Strobe Pulse Width IPWIS 200 150 

Input Data Hold Time 'IH 50 40 

Input Data Setup Time tis 20 20 
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FIGURE 1 - DATA SETUP AND HOLD TIMES 
IMPU AEADI 

FIGURE 2 - DATA SETUP AND HOLD TIMES 
IMPU WAITE) 

MPU Write 

teMos-..i 

All Data 

:;~ :;~ ---....... r-----s...~+-----

P1~1~-~1::---...J ~----~ '++-------

1rwo~·d,1 ----o 7 Vee 

Port Outpuis Da1a Valid 

P30-P37 
Inputs* 

~-------""' 
*Port 3 non-latched operation (Latch enable= Q) 

Address 
Bus 

053 

FIGURE 3 - PORT 3 OUTPUT STROBE TIMING 
IEF6801U4 SINGLE-CHIP MODE) 

toso1 toso2 

*Access matches output strobe select {QSS=O, a read; OSS= 1, a write) 

~-------~ 

NOTES 
1 10 k pullup resistor required for port 2 to reach 0 7 Vee 

Not applicable 10 P21 
Pon 4 cannot be pulled above V CC 

FIGURE 4 - PORT 3 LATCH TIMING 
IEF6801U4 SINGLE-CHIP MODE) 

PJO PJ? -y Data Valid 15(,--------
lnputs -'lt- -{ \ 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted 

FIGURE 5 - CMOS LOAD 

Test Point 

±30pF 

1-71 

FIGURE 6 - TIMING TEST 
LOAD PORTS 1, 2, 3, ANO 4 

Vee 

Test Point~ 
e IJ R i 

-=- ':° 

1N916 
or eQuiv. 

1N4148 
or equiv. 

e=90 pf for P30-P37, P40-P47, E, se1. Se2 
= 30 pF for P10-P17, P20-P24 

R = 37 kll for P40-P47, Se1, Se2 
= 24 kll for P10-P17, P20-P24· 
= 24 kll for P30-P37, E 



BUS TIMING !See Notes i·and 2 and Figure 71 

ldent. EF6801U4 EF6801U4·1 EF68A01U4 
Characteristics Symbol EF6803 U4 E F6803U4· 1, _fE68AQ3U4 Unit 

Number 
Min Max Min Max Min Max 

1 Cycle Time tc~c 1.0 2.0 0.8 2.0 0,66 2,0 µs 
2 Pulse Width, E Low PWEL 430 1000 360 1000 300 1000 ns 
3 Pulse Width, E High PWEH 450 1000 360 1000 300 1000 ns 
4 Clock Rise and Fall Time tr,tf - 25 - 25 - 25 ns 
9 Address Hold Time IAH 20 - 20 - 20 - ns 
12 Non-Muxed Address Valid Time toe•· IAV 200 - 150 - 115 - ns 
17 Read Data Setup Time tosR 80 - 70 - 60 - ns 
18 Read Data Hold Time IDHR 10 - 10 - 10 - ns 
19 Write Data Delay Time 'DDW - 225 - 200 - 160 ns 
21 Write Data Hold Time IDHW 20 - 20 - 20 - ns 
22 Muxed Address Valid Time to E Rise* IAVM 160 - 120 - 100 - ns 
24 Muxed Address Valid Time to AS Fall* IASL 40 - 30 - 30 - ns 
25 Muxed Address Hold Time IAHL 20 - 20 - 20 - ns 
26 Delay Time, E to AS Rise* IASD 200 - 170 - 130 - ns 
27 Pulse Width, AS High* PW ASH 100 - 80 - 60 - ns 
28 Delay Time, AS to E Rise* IASED 90 - 70 - 60 - ns 
29 Usable Access Time* (See Note 3) IACC 555 - 435 - 385 - ns 

*At specified cycle time. 

FIGURE 7 - BUS TIMING 

See Note 4 

IOS, 
R /W, Address 
INon-Muxed) ~--j..:j::.l.L..l.l:.l.'-.:~~.l.L.ll~'"---:----l-+------------~-,,,,..---1-j.:if;.lL~ 

Addr/Data 
Muxed 

14----{19,l----

Addr/Data 
Muxed 

Address 
Strobe IAS) 

NOTES: 
1. Voltage levels shown are VLs0.5 V, VHet2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
3. Usable access time is computed by 22+3-17+4. 

Write Data Muxed 

4. Memory devices should be enabled only during E high to avoid port 3 bus contention. 
5. Item 26 is different from the E F6801 but it is upward compatible. 
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INTRODUCTION 
The EF6801 U4 is an 8-bit monolithic microcomputer 

which can be configured to function in a wide variety of ap
plications. The facility which provides this extraordinary f\ex-
1bil1ty 1s its ability to be hardware programmed into eight dif
ferent operating modes. The operating mode controls the 
conf1gurat1on of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location (internal or externall of in
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins 1s not dependent on the operating 
mode 

The term "port" by itself refers to all of the hardware 
associated with the port. When the port is used as a "data 
port" or "1/0 port," it is controlled by the port data direction 
register and the programmer has direct access to the port 
pins using the port data register. Port pins are labeled as Pij 
where i identifies one of four ports and j indicates the par
ticular bit 

The microprocessor unit (MPUI is an enhanced EF6800 
MPU with additional capabilities and greater throughput. 
It is upward source and object code compatible with the 
EF6800 and the EF6801. The programming model is de
picted in Figure 8 where accumulator D is a concatenation 
of accumulators A and B. A list of new operations added 
to the EF6800 instruction set are shown in Table 1. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a data register 
and a write-only data direction register. The data direction 
register is used to define whether corresponding bits in the 
data register are configured as an input (clear) or output 
lsetl 

The EF6803U4 can be considered an EF6801 U4 that 
operates in modes 2 and 3 only. 

Instruction 
ABX 

ADDO 
ASLD or LSLD 

BHS 
BLD 
BAN 
JSR 
LDD 
LSL 

LSRD 
MUL 
PSHX 
PULX 
STD 

SUBD 
CPX 

FIGURE 8 - PROGRAMMING MODEL 

B 8-B1t Accumulators A and B ~ A OLJ7 ~ 
:- - - - - --- - D - - -- -- - - - ; Oc 16-8,t Double Accumulatoc D 

15 0 Index Register (X) 

115 SP 01 Stack Pointer (SPl 

115 PC 01 Program Counter {PC) 

Condit:on Code Register (CCRl 
~~...,....., ....... .,.....,.... ............. 

Carry/Borrow from MSB 
Overflow 
Zero 

~--- Negative 
~----- Interrupt 

~------ Half Carry (From Bit 3) 

TABLE 1 - NEW INSTRUCTIONS 

Description 
Unsigned addition of accumulator B to index register 

Adds \without carry) the double accumulator to memory and leaves the sum in the double accumulator 

Shifts the double accumulator left (towards MSBl one bit, the LSB is cleared, and the MSB is shifted into the C bit 

Branch if higher or same, unsigned conditional branch {same as BCC) 

Branch if lower, unsigned conditional branch (same as BCS) 

Branch never 

Additional addressing mode direct 

Loads double accumulator from memory 

Shifts memory or accumulator left (towards MS Bl one bit, the LSB is cleared, and the MSB 1s shifted into the C bit 
(same as ASL) 

Shifts the double accumulator right (towards LSB) one bit, the MSB is cleared, and the LSB is shifted into the C bit 

Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator 

Pushes the index register to stack 

Pulls the index register from stack 

Stores the double accumulator to memory 

Subtracts memory from the double accumulator and leaves the difference 1n the double accumulator 

Internal processing modified to permit its use with any conditional branch instruction 
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OPERATING MODES panded multiplexed. Single chip is mode 7, expanded non
multiplexed is mode 5, and the remaining 5 are expanded 
multiplexed modes. Table 2 summarizes the characteristics 
of the operating modes. 

The EF6801 U4 provides seven different operating mo
des (modes 0 through 3 and 5 through 7) and the EF6B03U4 
provides two operating modes (modes 2 and 3). The oper
ating modes are hardware selectable and determine the de
vice memory map, the configuration of port 3, port 4, SC1, 
SC2, and the physical location of the interrupt vectors. 

EF6801U4SINGLE.CHIP MODE (71-· In the single-chip 
mode, the four MCU ports are configured as parallel in
put/output data ports, as shown in Figure 9. The MCU func
tions as a monolithic microcomputer in this mode without 
external address or data buses. A maximum of 29 1/0 lines 
and two port 3 control lines are provided. Peripherals or 
another MCU can be interfaced to port 3 in a loosely coupled 
dual-processor configuration, as shown in Figure 10. 

FUNDAMENTAL MODES 

The seven operating modes I0-3, 5-71 can be grouped into 
three fundamental modes which refer to the type of bus it 
supports: single chip, expanded non-multiplexed, and ex-

TABLE 2 - SUMMARY OF EF6801U4/EF8803U4 OPERATING MODES 

Single-Chip (Mode 71 
192 bytes of RAM, 4096 bytes of ROM 
Port 3 is a parallel 1/0 port with twg control lines 
Port 4 is a parallel 1/0 port 

Expanded Non-Multiplexed (Mode 51 
192 bytes of RAM, 4096 bytes of ROM 
256 bytes of external memory space 
Port 3 is an S~bit data bus 
Port 4 is an input port/address bus 

Expanded Multiplexed (Modes 0, 1, 2, 3, e*1 
Four memory space options (total 64K address spacial 

111 Internal RAM and ROM with partial address bus !mode 11 
121 Internal RAM, no ROM Imo.de 21 
131 Extended addressing of internal 110 arid RAM 
141 Internal RAM and ROM with partial address bus !mode 61 

Port 3 ts multiplexed address/ data bus 
Port 4 is address bus (inputs/address in mode 6) 
Test mode !mode 01: 

May be used to test internal RAM and ROM 
May be used to test ports 3 and 4 as 1/0 ports by writing into mode 7 

Only modes 5, 6, and 7 can be irreversibly entered from mode 0 

Resources Common to All Modes 
Reserved register area 
Port 1 input/ output operation 
Port 2 input/output operation 
Timer operation 
Serial communications interface operation 

*The EF6803U4 operetts only In mod11 2 end 3. 
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FIGURE 9 - SINGLE-CHIP MOOE 

Vee 

XTAL 1 

Port 4 
8 110 Lines 

Vss 

NMI 

Port 3 

Port 2 
5 l/O Lines 
Serial 110 

16 811 Timer 

FIGURE 10 - SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 

Port 1 
81/0 
Lines 

16-Bit Timer 

Port 2 

D 

Vee 

XTAL 1 

EF6801 U4 

5 Ii 0 Lines 
SCI 

16-Bit Timer 

Vss 
Port 4 
8 1/0 
Lines 

EF6801U4 EXPANDED NON-MULTIPLEXED MODE (5) 
- A modest amount of external memory space is provided in 
the expanded non-multiplexed mode while significant on
chip resources are retained. Port 3 functions as an 8-bit 
bidirectional data bus and port 4 1s con.figured initially as an 
input data port. Any combination of the eight least s1gn1f1-
cant address lines may be obtained by writing to the port 4 
data direction register. Stated alternatively, any combination 
of AO to A7 may be provided while retaining the remainder as 
input data lines. Internal pullup resistors pull the port 4 lines 
high until the port is configured. 

Figure 11 illustrates a typical system configuration in the 
expanded non-multiplexed mode. The MCU interfaces 
directly with EF6800 family parts and can access 256 bytes 
of external address space at $100 through $1 FF. IOS provi
des an address decode of external memory 1$100-$1 FF) 
and can be used as a memory-page select or chip-select li
ne. 
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Port 2 
5 I/ 0 Lines 

SCI 
16-B1t Timer 

Vee 

Vss 

Port 1 
81/0 
Lines 

16-Bit Timer 

Port 4 
8 )/Q 

Lines 

EXPANDED MULTIPLEXED MODES 10, 1, 2, 3, 61 - A 
64K byte memory space is provided in the expanded 
multiplexed modes. In each of the expanded multiplexed 
modes, port 3 functions as a time multiplexed address/ data 
bus with address valid on the negative edge of address 
strobe IASI and data valid while E ts high. In modes 0, 2, and 
3. port 4 provides address lines AS to A 15. In modes 1 and 6, 
however, port 4 initially is configured at reset as an input 
data port. The port 4 data direction register can then be 
changed to provide any combination of address lines AB to 
A15. Stated alternatively, any subset of AS to A15 can be 

provided while retaining the remaining port 4 lines as input 
data lines. Internal pullup resistors pull the port 4 lines high 
until software configures the port. In mode 1, the internal 
pullup 1·esistors will hold the upper address lines high pro
ducing a value of $FFXX for a reset vector. A simple method 
of getting the desired address lines configured as outputs is 
to have an external EPROM not fully decoded so 1t appears at 



twu address locations Ire .. $FXXX and $BXXXI. Then, 
when the reset vector appears as $FFFE, the EPROM will be 
accessed and can pomt to an address 1n the top $100 bytes of 
the internal or external ROM/EPROM that will configure port 
4 as desired 

In mode 0, the reset and interrupt vectors are located at 
$BFFO·$BFFF. In add1t1on. the internal and external data 
buses are connected, so there must be no memory map 
overlap 1n order to avatd potential bus conflicts. By writing 
the PCO·PC2 bits 1n the port 2 data register, modes 5, 6, and 
7 can be 1rrevers1bly entered from mode 0. Mode 0 is used 

pflmar1ly to verify the ROM pattern and monitor the internal 
data bus with the automated test equipment. 

Only the EF6801 U4 can operate in each of the expan· 
ded multiplexed modes. The EF6803U4 operates only in 
modes 2 and 3. 

Figure 12 depicts a typical configuration for the expanded 
multiplexed modes. Address strobe can be used to control a 
transparent D·type latch to capture addresses AO·A7, as 
shown in Figure 13. This allows port 3 to function as a data 
bus when Eis high. 

FIGURE 11 - EXPANDED NON·MUL TIPLEXED CONFIGURATION 

Vee 

0--: 
"t:__j 

andby~ 

ESEf-
vee s1 

llESft 

Port 1 
81/0 

16-Bit Timer 
Port 2 
51/0 
set 

Timer 

iiiMt-
IROi-

..... ...... 

....- .. 
..... ..... 
...- ...,.. 

Port 1 
8 1/0 Lines 
16-Bit Timer 

Port 2 
51/0 
Lines 

Serial 1/0 
16-Bit Timer 

Vee 
..J.. 

XTALt Port3 
Port4 

EXTAL2 ~ 
R/W 
E 

EF6801U4 

~ 
Vss 

EF6801U4 

'::' 

Vss 

8 
..._s' 

/ 

8 

11 8 1 

RAM Pt A 
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Port 3 
8 Data Lines 

Rliiii 

Port 4 
To 8 

8 
8 

ACIA 

_,. 
_,, 

~ 

8 
8 

iDO·D7) 
~·A7) 
tOS 
R/W 
E 



Vee Standby 
RESET 

NMI 
iR6T 

Port 1 
81/0 

16-Bit Timer 

Port 2 
5 1/0 
SCI 

Timer 

FIGURE 12 - EXPANDED MULTIPLEXED CONFIGURATION 

Vee 

fJort 1 
8 1/0 Lines 
16·B1t Timer 

Port 2 
b 1/0 Lines 
Serial 1/0 

16· Bit Timer 

Vee 

Port 3 

Vss 

Port 4 

Port 3 
8 Lines 

8 Lines 
Address Bus 

EF6801 U4 >---~~~~+----~-+----~-+--l~ Address Bus 

EF6803U4 R/W 16 IAO-Al51 

>-------+-+-+----<1>-+-+------<>-+--1~R/W 

Vss 
ROM RAM PIA 

NOTE· To avoid data bus (port 3) contention 1n the expanded multiplexed modes, memory devices should be enabled only dur1n~1 E high time 

GND 

AS 

Port 3 { 
Address/ Data 

... 

• 

FIGURE 13 - TYPICAL LATCH ARRANGEMENT 

l l 
G oc 

Dl 01 

74LS373 
ITyp1call 

08 08 

...... 

_,. 
...... 
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PROGRAMMING THE MODE 

The operating mode is determined at RESET by the levels 
asserted on P22, P21, and P20. These levels are latched into 
PC2, PC1, and PCO of the program control register on the 
positive edge of RESET. The operating mode may be read 
from the port 2 data register, as shown below, and program
ming levels and timing must be met as shown in Figure 14. A 
brief outline of the operating modes is shown in Table 3 

PORT 2 DATA REGISTER 

7 5 0 

LI P--'C-=2_,_I -'-P--'C-'-1 -'--'--PC:::.O:__i_P_;2::_:4_,__;P_:23:::_L,;.P-=22::...J'-'-P:::.21'--l._P_;20:.:.il $03 

Circuitry to provide the programming levels 1s dependent 
primarily on the normal system usage of the three pins. If 
configured as outputs, the circuit shown in Figure 15 may be 
used; otherwise, three··state buffers can be used to provide 
isolation while programming the mode. 

MEMORY MAPS 

The EF6801 U4/EF6803U4 can provide up to 64K byte 
address space depending on the operating mode. A memory 
map for each operating mode 1s shown in Figure 16. The first 
32 locations of each map are reserved for the internal register 
area, as shown in Table 4, with exceptions as indicated. 

FIGURE 14 - MODE PROGRAMMING TIMING 

See Figure 15 

1MPH 

for Diode Arrangement 

,.,--- r-::VMPDD 

IP20, P2t, 1'221 ~ MPL 

Mode Inputs 
IP20, P21, P221 

____ _,,,,,,. -r Mode Latch 
~ _ ·1- Level 

MODE PROGRAMMING !Refer to Figure 141 

Characteristic Symbol Min Max 

Mode Programming Input Voltage Low VMPL - 1.8 

Mode Programming Input Voltage High 

Mode Programming Diode Differential (If Diodes are Used) 

RES ET Low Pulse Width 

Mode Programming Setup Time 

Mode Programming Hold Time 
RESET Rise Time?: 1 p.s 
RESET Rise Time< 1 p.s 

P22 
Mode* PC2 

7 H 

6 H 
5 H 
4 H 
3 L 

2 L 

1 L 

0 L 

LEGEND 
I - Internal 
E - External 

P21 P20 
PC1 PCO 

H H 

H L 
L H 

L L 

H H 

H L 

L H 

L L 

MUX - Multiplexed 
NMUX - Non-Multiplexed 
L - Logic "O" 
H - Logic "1" 

NOTES 

TABLE 3 - MODE SELECTION SUMMARY 

Interrupt Bus 
ROM RAM Vectors Mode 

I I I I 

I I I Mux12, 31 
I I I NMux12, 31 
- - - -

E I E Muxtt,51 
E I E Muxttl 
I I E Muxtt, 31 
I I E Mux111 

VMPH 4.0 

VMPDD 0.6 

PWRSTL 3.0 

IMPS 2.0 

1MPH 0 
100 

Operating Mode 

Single Chip 

Multiplexed/ Partial Decode 

Non-Multiplexed/Partial Decode 

Undetined(4) 

Multiplexed/ RAM 

Multiplexed/ RAM 

Multiplexed/ RAM and ROM 

Multiplexed Test 

1 Addresses associated with ports 3 and 4 are considered external in modes 0, 1, 2, and 3 
Addresses associated with port 3 are considered external 1n modes 5 and 6 
Port 4 default is user data input; address output 1s optional by writing to port 4 data direction register 

4 Mode 4 is a non-user mode and should not be used as an operating mode 
5 Mode 3 has the internal RAM and internal reg!sters relocated at $DOOO-$DOFF 

*The EF6803U4 operates only in modes 2 and 3. 
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FIGURE 15 - TYPICAL MODE PROGRAMMING CIRCUIT 

Vee 

RESET 

P20 

P21 

P22 

NOTES· 
1 Mode 7 as shown 
2 R2•C= Reset time constant 
3 R1=10 k l1yp1call 

D = 1 N914, 1 N4001 I typical I 

R2 R1 

Diode Vf should not exceed VMPDD min D 

c J: 

R1 R1 

D D 

10 

Mode 
Control 

Switches 

EF6801 U4 
ff6803U4 

RESET 

P20 iPeOI 

P21 1Pe11 

P22 1Pe21 

FIGURE 16 - EF6801U4/EF6803U4 MEMORY MAPS !Sheet 1of4) 

Multiplexed Test Mode 

$0000111 
Internal Registers 

EF6801U4 0 
Mode External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

NOTES: 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
$OF. 

2) The interrupt vectors are at $BFFO-$BFFF 
3) There must be no overlapping of internal and 

external memory spaces to avoid driving the 
data bus with more than one device. 
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4) This mode is the only mode which may be 
used to examine the entire ROM using an ex
ternal RESET vector. 

5) Modes 5-7 can be irreversibly entered from 
mode 0 by writing to the PCO-PC2 bits of the 
port 2 data register. 



FIGURE 16 - EF6801U4/EF6803U4 MEMORY MAPS IShaot 2 of 41 

EF6801 U4 
Mode 1 

Multiplexed/RAM & ROM 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 
SFFEF 

i"""'CLL..CLLL:L.4(' 
SFFFO External Interrupt Vectors 
SFFFF 

NOTES: 
1) Excludes the following addresses which may 

be used externally: $05 and $07. 

2) Internal ROM addresses $FFFO to $FFFF are 
not usable. 

3) Address lines A8-A15 will not contain ad
dresses until the data direction register for 
port 4 has been written wi_th "1s" in the ap
propriate bi.ts. These address lines will assert 
"1s" until made outputs by writing the data 
direction register 
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Mult1ptexedlAAM 

S001 F 

$0040 

SOOFF 

SFFFO 

SFFFF 

NOTE· 

EF6801U42 
EF6803U4 
Mode 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

External Interrupt Vectors 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
$OF. 



FIGURE 16 - EF6801U4/EF6803U4 MEMORY MAPS (Shoot 3 of 41 

Multiplexed/ RAM 

EF6801U4 3 
EF6803U4 
Mode 

s0000111~---~ 

External Memory Space 

Internal Registers( 1, 2) 

External Memory Space 

Internal RAM(1} 

External Memory Space 

External Interrupt Vectors 

NOTES: 
1) Relocating the internal registers and the inter

nal RAM to high memory allows the pro
cessor to make use of direct addressing 

2) Excludes the following addresses which may 
be used externally $0004, $0005, $0006, 
SD007, and SDOOF 
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EF6801U4 5 
Mode 

Non-Multiplexed/ Partial Decode 

soooo111 
~Internal Registers 

$001F~ 

·-e,"~-'"" SOOFF 
$0100 

External Memory Space 

$01 FF 

I 
Unusable 

NOTES: 
1) Excludes the following addresses which may 

not be used externally: $04, $06, and $OF (no 
IOSI. 

2) Address lines AO to A7 will not contain ad
dresses until the data direction register for 
port 4 has been written with "1s" in the ap
propriate bits. These address lines will assert 
"1 s" until made outputs by writing the data 
direction register. 
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$0000111 

EF6801U4 6 
Mode 

S001 F ~0LL:;'.L<:'.4J 
Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

Internal Interrupt Vectors 

NOTES: 
1l Excludes the following addresses which may 

be used externally: $04, $06, $OF. 
2l Address lines A8-A15 will not contain ad

dresses unti! the data direction register for 
port 4 has been written with "1 s" in the ap
propriate bits. These address lines will assert 
"ls" until made outputs by writing the data 
direction register. 
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EF6801U4 
Mode 7 

$(X)()Q~ Internal Registers 
$001F~ 

$0040 - Internal RAM 

sOOFF 

1 
Unusable 

Internal ROM 

Internal Interrupt Vectors 



TABLE 4 - INTERNAL REGISTER AREA 

Address 

Other 
A~ster Modes Mode3 

Port 1 Data Direction Register*** 0000 DOOO 
Port 2 Data Direction Register*** 0001 DOOl 
Port 1 Data Register 0002 D002 
Port 2 Data Register 0003 D003 

Port 3 Data 01rect1on Register*** 0004* D004* 
Port 4 Data Direction Register*** 0005* * 0005* * 
Port 3 Data Register 0006* D006* 
Port 4 Data Register 0007* * 0007* * 
Timer Control and Status Register OOOB D008 
Counter (High Byte) 0009 D009 
Counter (Low Byte) OOOA DOOA 
Output Compare Register (High Byte) OOOB DOOB 

Output Compare Register flow Byte) oooc DOOC 
Input Capture Register (High Byte) OOOD DOOD 
Input Capture Register (Low Byte) OOOE DOOE 
Port 3 Control and Status Register OOOF* DOOF* 

Rate and Mode Control Register 0010 D010 
Transmit/Receive Control and Status Register 0011 0011 
Receive Data Register 0012 0012 
Transmit Data Register 0013 D013 

RAM Control Register 0014 0014 
Counter Alternate Address (High Byte) 0015 0015 
Counter Alternate Address (Low Byte) 0016 0016 
Timer Control Register 1 0017 0017 

Timer Control Register 2 0018 D01B 
Timer Status Register 0019 0019 
Output Compare Register 2 (High Byte) 001A D01A 
Output Compare Register 2 (Low Byte) 0018 D01B 

Output Compare Register 3 {High Byte) 001C D01C 
Output Compare Register 3 (Low Byte) 0010 D01D 
Input Capture Register 2 !High Byte) 001E D01E 
Input Capture Register 2 !Low Byte) 001F D01F 

*External addresses m modes 0, 1, 2, 3, 5, and 6 cannot be 
accessed in mode 5 (no IOSJ. 

**External Addresses in Modes 0, 2, and 3. 
* * * 1 =Output, 0= Input 

EF6801U4/EF6803U4 INTERRUPTS 

The EF6801 Family supports two types of interrupt re

quests: maskable and non-maskable. A non-maskable inter
rupt (NMll 1s always recognized and acted upon at the corn
plet1on of the current instruction. Maskable interrupts are 
controlled by the condition code register \ bit and by 1n 
d1v1dual enable bits. The I bit controls all maskable inter 
rupts. Of the maskable interrupts, there are two types IR01 

and IR02. The programmable timer and serial communica· 
t1ons interface use an 1nterna! IR02 interrupt line, as shown 
1n the block diagram. External devices and IS3 use IR01. An 

IROl interrupt 1s serviced before IRQ2 1f both are pending 

NOTE 

After reset, an NMI will not be serviced until the first 
program load of the stack pointer. Any NMI generated 
before this load will be remembered by the processor 

and serviced subsequent to the stack pointer load 

All IR02 interrupts use hardware prioritized vectors. The 
single SCI interrupt and three timer interrupts are serviced in 
a prioritized order and each is vectored to a separate loca
tion. All interrupt vector locations are shown in Table 5. In 
mode 0, reset and interrupt vec1ors are defined as $BFFO
$BFFF 

The interrupt flowchart is depicted in Figure 17 and is 
common to every interrupt excluding reset. During interrupt 
servicirig, the program counter, index register, A ac
cumulator, B accumulator, and condition code register are 
pushed to the stack. The I bit is set to inhibit maskable in1er

rupts and a vector is fetched corresponding to the current 
highest priority interrupt. The vector is transferred to the 
program counter and instruction execution is resumed. Inter
rupt and FiESET timing are illustrated in Figures 18 and 19. 

TABLE 5 - MCU INTERRUPT VECTOR LOCATIONS 

ModeO Modes 1-3, 5-7 Interrupt*** 
MSB LSB MSB LSB 

BFFE BFFF FFF~ FFFF RESET 

BFFC BFFD FFFC FFFD Non-Maskable Interrupt** 

BFFA BFFB FFFA FFFB Software Interrupt 
BFFB BFF9 FFFB FFF9 Maskable Interrupt Request 1 
BFF6 BFF7 FFF6 FFF7 Input Capture Flag* 
BFF4 BFF5 FFF4 FFF5 Output Compare Flag* 
BFF2 BFF3 FFF2 FFF3 Timer Overflow Flag* 

BFFO BFF1 FFFO FFF1 Serial Communications Interface* 

* IR02 interrupt 
* * NMI must be armed (by accessng stack pointer) before an 

NMI is executed. 
***Mode 4 interrupt vectors are undefined. 
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FIGURE 17 - INTERRUPT FLOWCHART 

0, .,.. 

M-0 
NM1 BFFC-BFFD 

SW• BFFA-BFFB 

IR01 BFF8-BFF9 

•CF BFF6-BFF7 

OCF BFF4-BFF5 

TOF 8FF2-BFF3 

so BFFO-BFFl 

SCI= TIE· TORE+ RIE•1ADRF-+ ORFEI 
ICI = llCFl•EIClll + OCF2•f:IC12) 
ocr = IOCF1•EOC11 I+ IOCF2•EOCl21 + IOU3•EOCIJJ 

Vector-PC 
Modes 1-3, 5-7 

FFFC-FFFD Non-Masl::able ln1errup1 

FFFA-FFFB Sohware Interrupt 

FFF8-FFF9 Maskable lnterrup! Reques! 1 

FFF6-FFF7 Input Capture Interrupt 

FFF4-FFF5 Output Compare Interrupt 

FFF2-FFF3 T1me1 011ertlow Interrupt 

FFFO-FFF1 SCI Interrupt 



Co 
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FIGURE 18 - INTERRUPT SEQUENCE 

~Cycle 
Last Instr uct1on U 1 I "2 I #3 I #4 I #5 I #6 I #7 I #8 I #9 I #10 I #11 I #12 I 

E 

I I l Bit Set 
Internal 

Address Bus 

IRQl 
~ f+-1pes 

NMi or IRQ2 
~ l-tPeS 

Internal 
Data Bus _________ 

Op Code Op Code PC 0- 7 PC8-15 x 0-7 x 8-15 ACCA ACCB CCR Irrelevant Vector Vector F1r51 Inst of 
Data MSB LSB Interrupt Routine 

Internal R/W I 

FIGURE 19 - RESET TIMING 

Vee 

®\~\\\\\\~ ~~~ .......... 
-525V I I b 
Ti_4 75 v 'RC ~_r __ 'P-cs _____ _ 

~4.0V Rf'SET 

Internal 
Address Bus SS\\\\\\\\\\\~ tssS\\\\\\\\\\\\\\\\\\\\\\\\~ 11---"-...J'--J'---"---''---__,....____, . ...___,J . ...___,._ 

FFFE FFFE FFFE FFFE 

Internal R 'W ;\\\\\\\\\\\\\\\\~ t\\\\\\\\\\\\\\\\\\\\\\\\\\V :=x==r-
Internal 

Data Bus M\\\\\\\\\\\\\\\~ 1K\\S\\S\\\\\\\\\S\\SS\\\Ssss~ ~ 
PC 8·15 PC 0-7 First 

~Not Valid 
Instruction 



FUNCTIONAL PIN DESCRIPTIONS 

Vee AND Vss 
Vee and Vss provide power to a large portion of the 

MCU. The power supply should provide + 5 volts I± 5% I to 
Vee and Vss should be tied to ground. Total power dissipa· 
t1on !including Vee standby! will not exceed Po milliwatts. 

Vee STANDBY 
Vee standby provides power to the standby portion 1$40 

through $5F in all modes except mode 3 which 1s $0040 
through $D05FI of the RAM and the STBY PWR and RAME 
bits of the RAM control register. Voltage requirements de
pend on whether the device is in a power-up or power-down 
state. In the power-up state, the power supply should pro· 
vide +5 volts 1±5%1 and must reach Vss volts before 
RESET reaches 4.0 volts. During power down. Vee standby 
must remain above Vsss (minimum) to sustain the standby 
RAM and STBY PWR bit. While in power-down operation. 
the standby current will not exceed ISBB· 

It 1s typical to power both Vee and Vee standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to V cc during 
power-down operation. 

XTAL1 AND EXTAL 2 

These two input pins interface either a crystal or TTL· 
compatible clock to the MCU internal clock generator. 
Divide-by-four circuitry is included which allows use of the 
inexpensive 3.58 MHz or4.4336 MHz color burst TV crystals. 
A 20 pF capacitor should be tied from each crystal pin to 
ground to ensure reliable startup and operation. Alternative
ly, EXTAL2 may be driven by an external TTL-compatible 
clock at 4 f0 with a duty cycle of 50% 1±5%1 with XTAL1 
connected ground. 

The internal oscillator is designed to interface with an AT
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fXTAL· The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time. The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 20. 

RESET 
This input is used to reset the internal state of the device 

and provide an orderly startup procedure. During power up, 
RESET must be held below 0.8 volt: Ill at least tRC after 
V CC reaches 4. 75 volts in order to provide sufficient time for 
the clock generator to stabilize, and 121 until V cc standby 
reaches 4.75 volts. RESET must be held low at least three E 
cycles if asserted during power-up operation. 

E (ENABLE) 

This is an output clock used primarily for bus synchroniza· 
t1on. It is TTL compatible and is the slightly skewed divide· 
by-four result of the device input clock frequency. It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 

NMI (NON-MASKABLE INTERRUPT) 
An NMI negative edge requests an MCU interrupt se

quence, but the current instruction will be completed before 
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it responds to the request. The MCU will then begin an inter
rupt sequence Finally, a vector 1s fetched from $FFFC and 
$FFFD l$BFFC and $8FFD in mode 01, transferred to the 
program counter, and instruction execution is resumed. NM! 
typically requires a 3.3 kll (nominal! resistor to Vee. There 1s 
no internal NMI pullup resistor. NMI must be held low for at 
least one E cycle to be recognized under all conditions. 

NOTE 
After reset, an NMI will not be serviced until the first 

program load of the stack pointer. Any NMi generated 
before this load will remain pending by the processor. 

iRID IMASKABLE INTERRUPT REQUEST 1) 
fRi'.ll is a level-sensitive input which can be used to re

quest an interrupt sequence. The MPU will complete the cur· 
rent instruction before it responds to the request. If the inter
rupt mask bit II bit) in the condition code register is clear, the 
MCU will begin an interrupt sequence. A vector is fetched 
from $FFF8 and $FFF91$BFF8 and $BFF91n modeOI. trans
ferred to the program counter, and instruction execution is 
resumed. 

fRi'.ll typically requires an external 3.3 kll lnominall 
resistor to Vee for wire-OR applications. IROl has no inter· 
nal pullup resistor. 

SC1 AND SC2 (STROBE CONTROL 1 AND 2) 
The function of SC1 and SC2 depends on the operating 

mode. SC1 is configured as an output in all modes except 
single-chip mode, whereas SC2 is always an output. SCl 
and SC2 can drive one Schottky load and 90 pF. 

SC1 AND SC2 IN SINGLE-CHIP MODE - In single-chip 
mode, SC1 and SC2 are configured as an input and output, 
respectively, and both function as port 3 control lines. SCl 
functions as 153 and can be used to indicate that port 3 input 
data is ready or output data has been accepted. Three op· 
tions associated with IS3 are controlled by the port 3 control 
and status register and are discussed in the port 3 descrip
tion; refer to P3Q.-P37 (POAT 3). If unused, IS3 can remain 
unconnected. 

SC2 is configured as OS3 and can be used to strobe out
put data or acknowledge input data. It is controlled by out
put strobe select IOS SI in the port 3 control and status 
register. The strobe is generated by a read IOSS = 01 or write 
IOSS= 11 to the port 3 data register. OS3 timing is shown in 
Figure 3. 

SC1 AND SC2 IN EXPANDED NON-MULTIPLEXED 
MODE - In the expanded non-multiplexed mode, both SCl 
and SC2 are configured as outputs. SC1 functions as in· 
put/output select llOSI and is asserted only when $0100 
through $01 FF is sensed on the internal address bus. 

SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 

SC1 AND SC2 IN EXPANDED MULTIPLEXED MODE -
In the expanded multiplexed modes, both SCl and SC2 are 
configured as outputs. SC1 functions as address strobe and 
can be used to demultiplex the eight least significant ad
dresses and the data bus. A latch controlled by address 
strobe captures the lower address on the negative edge, as 
shown in Figure 13. 



Vee 

FIGURE 20 - EF6801U4/EF6803U4 FAMILY OSCILLATOR CHARACTERISTICS 

(a) Nominal Recommended Crystal Parameters 

Nominal Crystal Parameters* 

3.58 MHz 4.00 MHz 5.0 MHz 

RS 60 0 50 0 30-50 0 

co 3.5 pF 6.5 pF 4-6 pF 

Cl 0.015 pF 0.025 pF 0 01-0 02 pF 

a >40 K >30 K >20 K 

*NOTE These are representative AT-cut crystal parameters only Crystals of other 
types of cut may also be used 

EF6801 U4 

D 

{bl Oscillator Stabilization Time (tRC) 

4.75 v 

.. 1 • ..._ ___ \RC---f->i 
Oscillator 

Stab1lizat1on 
Time, IRC 
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SC2 1s configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 

P10-P17 IPORT 1) 
Port 1 is a mode independent 8-bit 1/0 and timer port. 

Each line can be configured as either an input or output as 
defined by the port 1 data direction register. Port 1bits0, 1, 
and 2 IPlO, Pl 1, and P121 can also be used to exercise one 
input edge function and two output compare functions of 
the timer. The TTL compatible three-state buffers can drive 
one Schottky TTL load and 30 pF, Darlington transistors, or 
CMOS devices using external pullup resistors. It is con
figured as a data input port during i'!t'S'tT. Unused pins can 
remain unconnected. 

P20-P24 IPORT 2) 
Port 2 is a mode-independent, 5-bit. multipurpose 1/0 

port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc
tion register. The port 2 data register is used to move data 
through the port. However, if P21 is configured as an out
put, it is tied to the timer output compare 1 function and can
not be used to provide output from the port 2 data register 
unless output enable 1 IOEl I is cleared in timer control 
register 1. 

Port 2 can also be used to provide an interface for the 
serial communications interface and the timer input edge 
function. These configurations are described in SERIAL 
COMMUNICATIONS INTERFACE and PROGRAMMABLE 
TIMER. 

The port 2 thre..-state TTL-compatible output buffers are 
capable of driving one Schottky TTL load and 30 pF, or 
CMOS devices using external pullup resistors. 

PORT 2 DATA REGISTER. 

7 6 5 4 3 

I PC2 I PC 1 I PCO P24 P23 P22 P2t 

P30-P37 (PORT 3) 

0 

P20 $03 

Port 3 can be configured as an 1/0 port, a bidirectional 
8-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 

PORT 3 IN SINGLE-CHIP MODE - Port 3 is an 8-bit 1/0 
port in the single-chip mode with each line configured by the 
port 3 data direction register. There are also two lines, IS3 
and OS3, which can be used to control port 3 data transfers. 

Three port 3 options are controlled by the port 3 control 
and status register and are available only in single-chip 
mode: 1) port 3 input data can be latched using IS3 as a con
trol signal, 21 OS3 can be generated by either an MPU read 
or write to the port 3 data register. and 3) an IRQ1 interrupt 
can be enabled by an IS3 negative edge. Port 3 latch timing 
is shown in Figure 4. 
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PORT 3 CONTROL AND STATUS REGISTER 

6 5 4 3 0 

x x 

Bits 0-2 Not used. 

$OF 

Bit 3 Latch Enable - This bit controls the input latch for 
port 3. If set, input data is latched by an IS3 
negative edge. The latch is transparent after a read 
of the port 3 data register. Latch enable is cleared 
during reset. 

Bit 4 OSS (Output Strobe Select! - This bit determines 
whether OS3 will be generated by a read or write of 
the port 3 data register . .When clear, the strobe is 
generated by a read; when set, it is generated by a 
write. OSS is cleared during reset. 

Bit 5 Not used. 

Bit 6 IS3 IRQ1 Enable - When set, an IRQl interrupt 
will be enabled whenever the IS3 flag is set; when 
clear, the interr.upt is inhibited. This bit is cleared 
during reset. 

Bit 7 IS3 Flag - This read-only status bit is set by an IS3 
negative edge. It is cleared by a read of the port 3 
data register or during reset. 

PORT 3 IN EXPANDED NON-MULTIPLEXED MODE 
Port 3 is configured as a bidirectional data bus ID7-DOI in the 
expanded non-multiplexed mode. The direction of data 
transfers is controlled by read/write ISC21. Data is clocked 
by E lenablel. 

PORT 3 IN EXPANDED MULTIPLEXED MODE - Port 3 is 
configured as a time multiplexed address IA7-AOI and data 
bus ID7-DOI in the expanded multiplexed mode where ad
dress strobe IASI can be used to demultiplex the two buses. 
Port 3 is held in a high-impedance state between valid ad
dress and data to prevent bus conflicts. 

P40-P47 (PORT 4) 
Port 4 is configured as an 8-bit 1/0 port, as address out

puts, or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF, and is the 
only port with internal pullup resistors. Unused lines can re
main unconnected. 

PORT 4 IN SINGLE-CHIP MODE - In single-chip mode, 
port 4 functions as an 8-bit 1/0 port with each line con
figured by the port 4 data direction register. Internal pullup 
resistors allow the port to directly interface with CMOS at 
5-volt levels. External pullup resistors to more than 5 volts, 
however. cannot be used. 

PORT 4 IN EXPANDED NON-MULTIPLEXED MODE 
Port 4 is configured from reset as an 8-bit input port where 
the port 4 data direction register can be written to provide 
any or all of eight address lines AO to A7. Internal pullup 
resistors pull the lines high until the port 4 data direction 
register is configured. 



PORT 4 IN EXPANDED MULTIPLEXED MODE - In all ex
panded multiplexed modes except modes 1 and 6, port 4 
functions as half of the address bus and provides AB to A 15. 
In modes 1 and 6, the port is configured from reset as an 
B-bit parallel input port where the port 4 data direction 
register can be written to provide any or all of upper address 
lines AB to A15. Internal pullup resistors pull the lines high 
until the port 4 data direction register is configured where bit 
0 controls AB. 

RESIDENT MEMORY 
The EF6801 U4 provides 4096 bytes of on-chip ROM 

and 192 bytes of on-chip RAM. 
Thirty-two bytes of the RAM are powered through the 

V cc standby pin and are maintainable during V cc power 
down. This standby portion of the RAM consists of 32 bytes 
located from $40 through $5F in all modes except mode 3 
which 1s $0040 through $D05F. 

Power must be supplied to V cc standby if the internal 
RAM is to be used regardless of whether standby power 
operation is anticipated. 

The RAM is controlled by the RAM control register. 

RAM CONTROL REGISTER ($141 

The RAM control register includes two bits which can be 
used to control RAM accesses and determine the adequacy 
of the standby power source during power-down operation. 
It is intended that RAME be cleared and STBY PWR be set 
as part of a power-down procedure. 

RAM CONTROL REGISTER 

6 5 4 3 2 0 

1~~; IRAME x x x x x x $14 

Bits 0-5 Not used. 

Bit 6 RAM Enable - This read/write bit can be used to 
remove the entire RAM from the internal memory 
map. RAME is set (enabled) during reset provided 
standby power is available on the positive edge of 
RESET. If RAME is clear, any access to a RAM ad
dress is external. If RAME is set, the RAM is includ
ed in the internal map. 

Bit 7 Standby Power - This bit is a read/write status bit 
which when cleared indicates that V CC standby 
has decreased sufficiently below Vs BB !minimum) 
to make data in the standby RAM suspect. It can 
be set only by software and is not affected during 
reset. 

PROGRAMMABLE TIMER 
The programmable timer can be used to perform 

measurements on two separate input waveforms while in
dependently generating three output waveforms. Pulse 
widths can vary from several microseconds to many 
seconds. A block diagram of the timer is shown in Figure 21. 

COUNTER ($09:0AI, ($15, $16) 

The key timer element is a 16-bit free-running counter 
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which is incremented by E lenablel. It 1s cleared during reset 
and 1s read-only with one exception: in mode 0 a write to the 
counter 1$09) will configure 1t to $FFFB. This feature. intend
ed for testing, can disturb serial operations because the 
counter provides the SCI internal bit rate clock. The TOF 1s 
set whenever the counter contains all ones. If ETOI is set. an 
interrupt will occur when the· TOF is set. The counter may 
also be read as $15 and $16 to avoid inadvertently clearing 
the TOF. 

OUTPUT COMPARE REGISTERS ($0B:OC), ($1A:1B), 
($1C:1D) 

The three output compare registers are 16-bit read/write 
registers, each used to control an output waveform or pro
vide an arbitrary time-out flag. They are compared with the 
free-running counter during the negative half of each E cy
cle. When a match occurs, the corresponding output com
pare flag IOCFI is set and the corresponding output level 
IOLVU is clocked to an output level register. If both the cor
responding output enable bit and data direction register bit 
are set, the value represented in the output level register will 
appear on the corresponding port pin. The appropriate OLVL 
bit can then be changed for the next compare. 

The function is inhibited for one cycle after a write to its 
high byte 1$08, $1A, or $1C) to ensure a valid compare after 
a double byte write. Writes can be made to either byte of the 
output compare register without affecting the other byte. 
The OLVL value will be clocked out independently of 
whether the OCF had previously been cleared. The output 
compare registers are set to $FFFF during reset. 

INPUT CAPTURE REGISTERS ($0D:OE), ($1E:1F) 

The two input capture registers are 16-bit read-only 
registers used to store the free-running counter when a 
"proper" input transition occurs as defined by the cor
responding input edge bit llEDG1 or IEDG21. The input pin's 
data direction register should be configured as an input, but 
the edge detect circuit always senses P10 and P20 even 
when configured as an output. The counter value will be 
latched into the input capture registers on the second 
negative edge of the E clock following the transition. 

An input capture can occur independently of ICF; the 
register always contains the most current value. Counter 
transfer is inhibited, however, between accesses of a double 
byte MPU read. The input pulse width must be at least two E 
cycles to ensure an input capture under all conditions. 

TIMER CONTROL AND STATUS REGISTERS 

Four registers are used to provide the EF6801 U4/ 
EF680;3U4 with con_trol and status information about the 
three output compare functions, the timer overflow func
tion, and the two input edge functions of the timer. They 
are: 

Timer Control and Status Register ITCSRl 
Timer Control Register 1 ITCR1 l 
Timer Control Register 2 ITCR2l 
Timer Status Register ITSRl 
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TIMER CONTROL ANO STATUS REGISTER (TCSR) 
($08) ~· The timer control and status register is an 8-b1t 
register of which all bits are readable, while only bits 0-4 can 
be written. All the bits in this register are also accessible 
through the two timer control registers and the timer status 
register. The ·three most significant bits provtde the timer 
status and indicate if: 

1 a proper level transition has been detected at P20, 
2. a match has occurred between the free-running 

counter and output compare register 1, or 
3. the free-runn.ing counter has overflowed. 

Each of the three events can generate an IRQ2 interrupt 
and 1s controlled by an individual enable bit in the TCSR. 

TIMER CONTROL ANO STATUS REGISTER 

7 6 5 4 3 2 1 0 

j1cFt I ocFt I TOF I e1c11 I rnc11 I ETrn j 1eoG1 joLvLtj $00 

Bit 0 Output Level 1 - OLVL 1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit in timer con
trol register 1 is set. OLVL 1 and output level 
register 1 are cleared during reset. Refer to TIMER 
CONTROL REGISTER 1 ITCR1) ($17). 

Bit 1 Input Edge 1 - IEDG 1 is cleared during reset and 
controls which level transition on P2b will trigger a 
counter transfer to input capture register 1: 

IEDG1 =0 transfer on a negative-edge 
IEDG1=1 transfer on a positive-edge 

Refer to TIMER CONTROL REGISTER 1 ITCRl) 
($17). 

Bit 2 Enable Timer Overflow Interrupt - Wheri set, an 
IR02 interrupt will be generated when the timer 
overflow flag is set; when clear, the interrupt is in
hibited. ETOI is cleared during reset. Reier to 
TIMER CONTROL REGISTER 2 ITCR2) ($18). 

Bit 3 Enable Output Compare Interrupt 1 - When set, 
an IRQ2 interrupt will be generated when output 
compare flag 1 is set; when clear, the interrupt is in
hibited. EOCl1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 

Bit 4 Enable Input Capture Interrupt 1 - When set, an 
mc:i2 interrupt will be generated when input cap
ture flag 1 is set; when clear, the interrupt is in
hibited. EIC11 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18), 

Bit 5 Timer Overflow Flag - The TOF is set when the 
counter contains all ones l$FFFF). It is cleared by 
reading the TCSR or the TSR !with TOF set) and 
the counter high byte 1$09), or during reset. Refer 
to TIMER STATUS REGISTER ITSR) ($19). 

Bit 6 Output Compare Flag 1 - OCF1 is set when output 
compare register 1 matches the free-running 
counter. OCFl is cleared by reading the TCSR or 
the TSR (with OCF1 set) and then writing to output 
compare register 1 ($OB or $0Cl, or during reset. 
Reier to TIMER STATUS REGISTER ITSR) ($19). 
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Bit 7 Input Capture Flag - ICFl 1s set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TCSR or the TSR !with ICFl set) and 
the input capture register 1 high byte 1$00), or dur
ing reset. Refer to TIMER STATUS REGISTER 
(TSRl ($19). 

TIMER CONTROL REGISTER 1 (TCR1) ($17) - Timer 
control register 1 is an 8-bit read/write register which con
tains the control bits for interfacing the output compare and 
input capture registers to the corresponding 1/0 pins. 

TIMER CONTROL REGISTER 1 

7 6 5 4 3 2 1 0 

ioeJ I oe2 I oe1 j 1eoG2j1EDG1 joLVLJjoLvL2joLvuj m 

Bit O Output Level 1 - OLVL 1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE 1 control bit is set. OLVL 1 
and output level register 1 are cleared during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 

Bit 1 Output Level 2 - OLVL2 is clocked to output level 
register 2 by a successful output compare and will 
appear at Pl 1 ii bit 1 of port 1 data direction register 
is set and the OE2 control bit is set. OL VL2 and out
put level register 2 are cleared during reset. 

Bit 2 Output Level 3 - OLVL3 is clocked to output level 
register 3 by a successful output compare and will 
appear at P12 if bit 2 of port 1 data direction register 
is set and the OE3 control bit is set. OLVL3 and out
put level register 3 are cleared during reset. 

Bit 3 Input Edge 1 - IEDGl is cleared during reset and 
controls which level transition on P20 will trigger a 
counter transfer to input capture register 1. 

IEDG 1=0 transfer on a negative-edge 
IEDGl = 1 transfer on a positive-edge 

Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 

Bit 4 Input Edge 2 - IEDG2 is cleared during reset and 
controls which level transition on P10 will trigger a 
counter transfer to input capture register 2. 

I EDG2 = 0 transfer on a negative-edge 
IEDG2= 1 transfer on a positive-edge 

Bit 5 Output Enable 1 - OEl is set during reset and 
enables the contents of output level register 1 to be 
connected to P21 when bit 1 of port 2 data direc
tion register is set. 

Bit 6 

OEl = 0 port 2 bit 1 data register output 
OE1=1 output level register 1 

Output Enable 2 - OE2 is cleared during reset and 
enables the contents of output level register 2 to be 
connected to Pl 1 when bit 1 of port 1 data direc
tion register is set. 

OE2 = 0 port 1 bit 1 data register output 
OE2 = 1 output level register 2 



Bit 7. Output Enable 3 - OE3 is cleared during reset and 
enables the contents of output level register 3 to be 
connected to P12 when bit 2 of port 1 data direc
tion register is set 

OE3=0 port1 bit 2 data register output 
OE3 = 1 output level register 3 

TIMER CONTROL REGISTER 2 <TCR2} ($18} - Timer 
control register 2 is an 8-bit read/write register (except bits 0 
and 1} which enable the interrupts associated with the free
running counter, the output compare registers, and the input 
capture registers. In test mode 0, two more bits (clock and 
test I are available for checking the timer. 

TIMER CONTROL REGISTER 2 
!Non-Test Modes) 

7 6 5 4 3 2 

jE1c12 I E1c11 I rnc13 j EOC12 j Eoc11 I ETOI 

0 

~18 

Bits 0-1 Read-Only Bits - When read, these bits return a 
value of 1. Refer to TIMER CONTROL REGISTER 2 
(Test Mode}. 

Bit 2 Enable Timer Overflow Interrupt - When set, an 
IR02 interrupt will be generated when the timer 
overflow flag is set; when clear, the interrupt is in
hibited. ETOI is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
(TCSR} ($08). 

Bit 3 Enable Output Compare Interrupt 1 - When set, 
an iR02 interrupt will be generated when the out
put compare flag 1 is set; when clear, the interrupt 
is inhibited. EOCI 1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
(TCSR} ($08}. 

Bit 4 Enable Output Compare Interrupt 2 - When set, 
an I RQ2 interrupt will be generated when the out
put compare flag 2 is set; when clear, the interrupt 
is inhibited. EOCl.2 is cleared during reset. 

Bit 5 Enable Output Compare Interrupt 3 - When set, 
an iR02 interrupt will be generated when the out
put compare flag 3 is set; when clear, the interrupt 
is inhibited. EOCl3 is cleared during reset. 

Bit 6 Enable Input Capture Interrupt 1 - When set, an 
iR02 interrupt will be generated when the input 
capture flag 1 is sei; when clear, the interrupt is in
hibited. EICl1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
(TCSR} ($08}. 

Bit 7 Enable Input Capture Interrupt 2 - When set, an 
IRQ2 interrupt will be generated when the input 
capture flag 2 is set; when clear, the interrupt is in
hibited. EICl2.is cleared during reset. 

The timer test bits (test and clock) allow the free-running 
counter to be tested as two separate 8-bit counters to speed 
testing. 

TIMER CONTROL REGISTER 2 
!Test Model 

7 6 5 4 3 2 1 0 

jE1c12 I E1C11 I Eoc13 I rnc12 j rnc11 I ETOI I TEST I CLOCK I s18 
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Bit 0 

Bit 1 

CLOCK - The CLOCK control bit selects which 
half of the 16-bit free-running counter IMSB or 
LSBJ should be clocked with E. The CLOCK bit is a 
read/write bit only in mode 0 and is set during 
reset. 

CLOCK= 0 - Only the eight mos I significant bits 
of the free-running counter run with TEST= 0. 

CLOCK= 1 - Only the eight least significant bits 
of the free-running counter run when 
TEST=O. 

TEST - the TEST control bit enables the timer test 
mode. TEST is a read/write bit in mode 0 and is set 
during reset. 

TEST= 0 - Timer test mode enabled: 
a} The timer LS B latch is transparent which 

allows the LS B to be read independently 
of the MSB. 

bl Either the MSB or the LSB of the timer is 
clocked by E, as defined by the CLOCK 
bit. 

TEST= 1 - Timer test mode disabled. 

Bits 2-7 See TIMER CONTROL REGISTER 2 (Non-Test 
Modes}. !These bits function the same as in the 
non-test modes.I 

TIMER STATUS REGISTER <TSR} ($19} - The timer 
status register is an 8-bit read-only register which contains 
the flags associated with the free-running counter, the out
put cqmpare registers, and the input capture registers. 

TIMER STATUS REGISTER 

7 6 5 4 3 2 

j 1cF2 j 1cF1 I OCF3 j ocF2 j ocF1 I TOF $19 

Bits 0-1 Not used. 

Bit 2 Timer Overflow Flag - The TOF is set when the 
counter contains all ones ($FFFF}. It is cleared by 
reading the TSR or the TCSR (with TOF set) and 
then the counter high byte ($091; or during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER <TCSR} 1$08}. 

Bit 3 Output Compare Flag 1 - OCFl is set when output 
compare register 1 matches the free-running 
counter. OCF1 is cleared by reading the TSR or the 
TCSR (with OCF1 setl and then writing to output 
compare register 1 ($OB or $0CJ, or during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER ITCSR} ($08}. 

Bit 4 Output Compare Flag 2 - OCF2 is set when output 
compare register 2 matches the free-running 
counter. OCF2 is cleared by reading the TSR (with 
OCF2 set) and then writing to output compare 
register 2 ($1A or $1 Bl, or during reset. 

Bit 5 Output Compare Flag 3 - OCF3 is set when output 
compare register 3 matches the free-running 
counter. OCF3 is cleared by reading the TSR (with 
OCF3 set} and then writing to output compare 
register 3 ($1C or $1DI, or during reset. 

Bit 6 Input capture Flag 1 - ICF1 is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TSR or the TCSR (with ICF1 setl and 
the input capture register 1 high byte ($001, or dur
ing reset. Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR} ($08}. 



Bit 7 Input Capture Flag 2 - ICF2 1s set to 1nd1cate that a 
proper level trans1t1on has occurred; 1t 1s cleared by 
reading the TSR lw1th ICF2 set) and the input cap
ture register 2 high byte ($1E), 'Of during reset 

SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous serial commun1cat1ons inter
face (SCll 1s provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in

dependent but use the same data for~at and bit rate. Serial 
data formats include standard mark/space (NRZl and b1-
phase and both provide one start bit. eight data bits, and one 
stop bit "Baud" and "bit rate" are used synonymously 1n 
the following description. 

WAKE-UP FEATURE 

ln a typical serial loop multiprocessor conf1gurat1on, the 
software protocol wi!! usually identify the addressee(s) at the 
beginning of the message. In order to permit uninterested 
MPUs to ignore the remainder of the message, wake-up 
feature 1s included whereby all further SCI receiver flag {and 
interrupt) processing can be inhibited until its data line goes 
idle. An SCI receiver is re-enabled by an idle string of ten 
consecutive ones or during reset. Software must provide for 

the required idle string between consecutive messages and 
prevent 1t w1thm messages. 

PROGRAMMABLE OPTIONS 

The following features of the SCI are programmable: 

• Format: standard mark/space (NAZ) or bi-phase 

• Clock: external or internal bit rate clock 

• Baud: one of eight per E clock frequency or external 
clock Ix 8 desired baud) 

• Wake-Up Feature: enabled or disabled 

• Interrupt Requests: enabled 1ndiv1dually for transmitter 
and receiver 

• Clock Output: internal bit rate clock enabled or disabled 
to P22 

SERIAL COMMUNICATIONS REGISTERS 

The serial communications interface includes four ad
dressable registers as depicted in Figure 22. lt is controlled 
by the rate and mode control register and the 
transmit/receive control and status register. Data 1s transmit
ted and rece1ved ut1lizmg a write-only transmit register and a 
rP,ad-only receive reg1ster. The shift registers are not accessi
ble to software. 

FIGURE 22 - SCI REGISTERS 
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RATE AND MODE CONTROL REGISTER IRMCRI ($101 
- The rate and mode control register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of five write-only 
bits which are cleared during reset. The two least significant 
bits in conjunction with bit 7 control the bit rate of the inter
nal clock and the remaining two bits control the format and 
clock source. 

RATE AND MODE CONTROL REG)STER 

6 5 4 3 2 1 0 

x I x I x I CCI I cco I SS! I sso I $10 

Bit 1: Bit 0 SS1:SSO Speed Select - These two bits select 
the baud when using the internal clock. Eight 
rates may be selected lin conjunction with bit 71 
which are a function of the MCU input frequen
cy. Table 6 lists bit time and rates for three 
selected MCU frequencies. 

Bit 3:Bit 2 CC1:CCO Clock Control and Format Select -
These two bits control the format and select the 
serial clock source. If CC1 is set, the DDR value 

Bits 4-6 

Bit 7 

for P22 is forced to the complement of CCO and 
cannot be altered until CC1 is cleared. If CC1 is 
cleared after having been set, its DDR value is 
unchanged. Table 7 defines the formats, clock 
source, and use of P22. 

Not used. 

EBE Enhanced Baud Enable - EBE selects the 
standard EF6801 baud rates when clear and the 
additional baud rates when set IT able 61. This 
bit is cleared by reset and is a write-only control 
bit. 

EBE= O standard EF6801 baud rates 
EBE= 1 additional baud rates 

If both CC 1 and CCO are set, an external TTL-compatible 
clock must be connected to P22 at eight times 18 x I the 
desired bit rate, but not greater than E, with a duty cycle of 
50% ( ± 10%1. If CC1:CCO=10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 

NOTE 
The source of SCI internal bit rate clock is the timer 

free-running counter. An MPU write to the counter in 
mode 0 can disturb serial operations. 

TABLE 6 - SCI BIT TIMES AND RATES 

4.!ii._- 2.4676 MHz 4.0 MHz 4.9152 MHz 
EBE SS1:SSO 614.4 kHz 1.0 MHz 1.2288 MHz 

E Baud Time Baud Time Baud Time 

0 0 0 +16 36400.0 26ps 62500.0 16.0µs 76800.0 13.0~ 

0 0 1 +126 4800.0 208.3 µs 7812.5 126.0 µs 9600.0 104.2 µs 

0 1 0 +1024 600.0 1.67 ms 976.6 1.024 ms 1200.0 833.3 ~ 
0 1 1 +4096 l!i0.0 6.67 ms 244.1 4.096 ms 300.0 3.33 ms 
1 0 0 +64 9600.0 104.2~ 15625.0 64µs 19200.0 52.0 µS 

1 0 1 +256 2400.0 416.6~ 3906.3 256µs 4800.0 208.3 µS 
1 1 0 +512 1200.0 833.3 µS 1953.1 512~ 2400.0 416.6~ 

1 1 1 +2048 300.0. 3.33 ms 488.3 2.05 ms 600.0 1.67ms 

External I P221 * 76600.0 13.0~ 12!i000.0 8.0µs 153600.0 6.5 µS 

*Using maximum clock rate 

TABLE 7 - SCI FORMAT AND CLOCK SOURCE CONTROL 

CC1:CCO Format Clock Pon2 
Source Blt2 

00 Bi-Phase Internal Not Used 
01 NRZ Internal Not Used 
10 NRZ Internal Output 

11 NRZ External Input 
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TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER ITRCSRI 1$111 Hie transrrntlrece1ve control 
rir1d status register controls the 1rar1srrntter, receiver, wake
up h;<iturr:, ;rnd two 1nd1v1dtwl 1nlr:rruph, and monitor.s th~ 
stilt11s o! S(:r1ill opr)r;1t1ons. All night b11S are madable while 
bits 0 to 4 are also writable The register is 1nit1al1zed to $20 
by RESET 

TRANSMIT /RECEIVE CONTROL AND STATUS REGISTER 

7 6 5 4 3 2 I 0 

IRDRF I ORFE I TORE IRIE I RE I TIE I TE I WU I $11 

B11 0 "Wake-Up" on Idle Line - When sel. WU enables 
the wake-up function; 11 is cleared by ten con
secutive oites or during reset. WU will not be set if 
1he line 1s idle. Refer to WAKE-UP FEATURE. 

Bit 1 Transmit Enable - When set, P24 DDR bit is set, 
cannot be changed, and will remain set if TE is 
subsequently cleared. When TE is changed from 
clear to set, the transmitter is connected to P24 and 
a preamble of nine consecutive ones is transmitted. 
TE is cleared during reset. 

Bit 2 Transmit Interrupt Enable - When set, an IR02 is 
set; when clear, the interrupt is inhibited. TE is 
cleared during reset. 

Bit 3 Receive Enable - When set, the P23 DOR bit is 
cleared, cannot be changed, and will remain clear if 
RE 1s subsequently cleared. While RE is set, the SCI 
receiver is enabled. RE is cleared during reset. 

Bit 4 Receiver Interrupt Enable - When set, an IR02 in
terrupt is enabled when RDRF and/or ORFE is set; 
when clear, the interrupt 1s inhibited. RIE 1s cleared 
during reset. 

Bit 5 Transmit Data Register Empty - TORE is set when 
the transmit data register is transferred to the out
put serial shift register or during reset. It is cleared 
by reading the TRCSR (with TORE set) and then 
writing to the transmit data register. Additional 
data will be transmitted only .if TORE has been 
cleared. 

Overrun Framing Error - If set. OR.FE 1nd1cates 
either an overrun or framing error. An overrun 1s a 
new byte ready· to transfer to the receiver data 
register with RDRF still set. A receiver framing error 
has occurred when the byte boundaries of the bit 
stream are not synchronized to the bit counter. An 
overrun can be distinguished from a framing error 
by the state of RDRF rf RDRF 1s set, then an over
run has occurred; otherwise, a framing error has 
been detected Data is not transferred to the 
receive data register in an overrun condition. Un
framed data causing a framing error 1s transferred 
to the receive data register. However. subsequent 
data transfer is blocked until the framing error flag 
1s cleared. ORFE 1s cleared by reading the TR CSR 
(with ORFE set) then the receive data register. or 
during reset. 

Bit 7 Receive Data Register Full - RDRF 1s set when the 
input serial shift register is transferred to the receive 
data register, or during reset 

SERIAL OPERATIONS 

The SCI is 1nrtialrzed by wrrting control bytes first to the 
rate and mode control register and then to the 
transmit/receive control and status register. When TE is set, 
the output of the transmit serial shift register is connected to 
P24 and serral output 1s initiated by transm1tt1ng a 9-bit 
preamble of ones. 

At this point, one of two situations exists: 1) if the transmit 
data register 1s empty ITDRE= 1), a continuous string of 
ones will be sent indicating an idle line; or 21 if a byte has 
been written to the transmit data register ITDRE=OI, it will 
be transferred to the output serial shift register (synchro
nized with the bit rate clock), TORE will be set, and transmis
sion will begin. 

The start bit IOI, eight data bits (beginning with bit 01, and 
a stop bit 111 will be transmitted. If TORE 1s still set when the 
next byte transfer occurs, ones will be sent until more data is 
provided. In bi-phase format, the output toggles at the start 
of each bit and at half-bit time when a one is sent. Receive 
operation is controlled by RE which confrgures P23 as an in
put and enables the receiver. SCI data formats are illustrated 
1n Figure 23. 

FIGURE 23 - SCI DATA FORMATS 
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INSTRUCTION SET 

The EF6801 U4/EF6803U4 is directly source compati
ble with the EF6801 and upward source and object code 
compatible with the EF6800. Execution times of key ins
tructions have been reduced and several instructions have 
been added, including a hardware multiply. A list of new 
operations added to the EF6800 instruction set is shown 
in Table 1. 

In addition, two special opcodes, 4E and 5E, are provided 
for test purposes. These opcodes force the program counter 

to increment like a 16-bit counter causing address Imes used 
1n the expanded modes to increment until the device is reset 
These opcodes have no mnemonics 

The coding of the first lor only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing, are shown 1n 

Table 8. There are 220 valid machine codes, 34°unass1gned 
codes, and 2 codes reserved for test purposes. 

TABLE 8 - CPU INSTRU<;TION MAP 

OP MNEM MODE - I OP MNEM MOOE - ' OP MNEM MOOE - I OP MNEM MOOE - I OP MNEM MODE - I 

00 34 DES INHER 3 I 68 ASL INDXD 6 2 9C CPX DIR 5 2 DO SUBB DIR 3 2 
01 NOP INHER 2 1 35 TXS 1 3 1 69 AOL 

I 
6 2 90 JSR ~ 5 2 DI CMPB 3 2 

02 36 PSHA 3 1 6A DEC 6 2 9E LOS 4 2 02 SBCB 3 2 
03 37 PSHB 3 I 68 9F STS DIR 4 2 03 ADDO s 2 
04 LSRO 3 1 38 PULX 5 1 6C INC 6 2 AO SUSA INDXO 4 2 04 ANDB 3 2 
05 ASLD 3 1 39 ATS s 1 60 TST 6 2 Al CMPA ~ 4 2 D5 BITB 3 2 
06 TAP 2 1 3A ABX 3 I 6E JMP 3 2 A2 SBCA 4 2 06 LDAB 3 2 
07 TPA 2 I 38 RTI IQ I 6F CLR INDXD 6 2 A3 SUBD 6 2 07 STAB 3 2 
OB INX 3 I 3C PSHX 4 I 70 NEG EXTND 6 3 A4 ANDA 4 2 DB EORB 3 2 
09 DEX 3 I 30 MUL 10 I 71 AS BITA 4 2 09 ADCB 3 2 
QA CLV 2 I 3E WAI 9 1 72 A6 LOAA 4 2 DA ORAB 3 2 
OB SEV 2 I 3F SWI 12 I 73 COM 6 3 Al STAA 4 2 DB ADDB 3 2 
oc CLC 2 I 40 NEGA 2 1 74 LSR 6 3 AB EORA 4 2 DC LDD 4 2 
OD SEC 2 I 41 75 A9 ADCA 4 2 DD STD 4 2 
OE cu 2 I 42 76 ROR 6 3 AA ORAA 4 2 OE LOX 4 2 
OF SEI 2 I 43 COMA 2 I 77 ASA 6 3 AB ADDA 4 2 OF STX DIR 4 2 
IQ SBA 2 I 44 LSRA 2 I 78 ASL 5 3 AC CPX 6 2 EO SUBB INDXD 4 2 
II CBA 2 I 45 79 AOL 6 3 AD JSR 6 2 El CMPB 4 2 
12 46 RORA 2 I 7A DEC 6 3 AE LOS s 2 E2 SBCS 4 2 
13 47 ASRA 2 I 78 AF STS INDXD 5 2 E3 ADDO 6 2 
14 . 48 ASLA 2 I 7C INC 6 3 BO SUBA EXTND 4 3 E4 ANDS 4 2 
15 49 ROLA 2 I 7D TST 6 3 Bl CMPA ~ 4 3 E5 BITB 4 2 
16 TAB 2 I 4A DECA 2 I 7E JMP 3 3 B2 SBCA 4 3 E6 LDAB 4 2 
17 TBA 2 I 48 7F CLR EXTND 6 3 83 SUBD 6 3 E7 STAB 4 2 
18 4C INCA 2 I BO SUBA IMMED 2 2 94 ANDA 4 3 EB EORB 4 2 
19 DAA INHER 2 I 40 TSTA 2 I Bl CMPA 

I 
2 2 85 BITA 4 3 E9 ADCB 4 2 

IA 4E T 62 SSCA 2 2 86 LDAA 4 3 EA ORAB 4 2 
18 ABA !NHER 2 I 4F CLRA 2 I 83 SUBD 4 3 87 STAA 4 3 EB ADDS 4 2 
lC 60 NEGS 2 I 84 ANDA 2 2 BB EORA 4 3 EC LDD s 2 
1D 51 85 SITA 2 2 B9 ADCA 4 3 ED STD s 2 
1E 52 68 LDAA 2 2 BA ORAA 4 3 EE LOX s 2 
IF 53 COMB 2 I 87 BB ADDA 4 3 EF STX INDXD s 2 
20 BRA REL 3 2 54 LSRB 2 I BB EORA 2 2 BC CPX 6 3 FO SUBS EXT ND 4 3 
21 BAN 3 2 55 89 ADCA 2 2 BO JSR 6 3 F1 CMPB 

~ 
4 3 

22 BHI 3 2 56 RORB 2 I BA ORAA 2 2 BE LOS 5 3 F2 SBCB 4 3 
23 BLS 3 2 57 ASRB 2 1 BB ADDA 2 2 BF STS EXTND s 3 F3 ADDO 6 3 
24 BCC 3 2 58 ASLB 2 1 BC CPX IMMED 4 3 co SUBB IMMED 2 2 F4 ANDB 4 3 
25 BCS 3 2 59 ROLB 2 I BD BSR REL 6 2 Cl CMPB ~ 2 2 F5 BITB 4 3 
26 BNE 3 2 SA DECB 2 1 BE LOS IMMED 3 3 C2 SBCB 2 2 F6 LDAS 4 3 
27 BEO 3 2 SB BF C3 ADDO 4 3 F7 STAB 4 3 
28 ave 3 2 SC INCB 2 I 90 SUBA DIR 3 2 C4 ANDB 2 2 FB EOAB 4 3 
29 BVS 3 2 50 TSTB 2 I 91 CMPA 

I 
3 2 cs BITS 2 2 F9 ADCB 4 3 

2A BPL 3 2 5E T 92 SBCA 3 2 C6 LDAS 2 2 FA ORAS 4 3 
28 BMI 3 2 5F CLRB INHER 2 I 93 SUBD s 2 Cl FB ADDB 4 3 
2C BGE 3 2 60 NEG INOXD 6 2 94 ANDA 3 2 cs EOAB 2 2 FC LDD s 3 
2D BLT 3 2 61 

l 
95 SITA 3 2 C9 ADCB 2 2 FD STD 

~ 
5 3 

2E BGT 3 2 62 96 LDAA 3 2 CA ORAB 2 2 FE LOX 5 3 
2F BLE REL 3 2 63 COM 6 2 97 STAA 3 2 CB ADDS 2 2 FF STX EXTND 5 3 
30 TSX INHER 3 I 64 LSR 8 2 98 EOAA 3 2 cc LDD 3 3 
31 INS t 3 I 6S 99 AOCA 3 2 CD *UNDEFINED OP CODE 
32 PULA 4 I 66 ROA 6 2 9A DRAA 3 2 CE wx IMMED 3 3 
33 PULS 4 I 67 ASA INDXO 6 2 98 ADDA 3 2 CF 

NOTES: 
1. Addressing Modes 

INHER:lnherent INDXD:lndexed IMMED=lmmediate 
REL =Relative EXTND=Extended DIR:=Direct 

2. Unassigned opcodes are indicated by''•" and should not be executed. 
3. Codes marked by "T" force the PC to function as a 16-bit counter. 
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PROGRAMMING MODEL 

A programming model for the EF6801 U4/EF6803U4 is 
shown in Figure 8. Accumulator A can be concatenated with 
accumulator B and jointly referred to as accumulator D 
where A is the most significant byte. Any operation which 
modifies the double accumulator will also modify ac
cumulators A and/ or B. Other registers are defined as 
follows· 

PROGRAM COUNTER - The program counter is a 16-bit 
register which always points to the next instruction 

STACK POINTER - The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup ILIFOI queue. The stack resides in 
random-access memory at a location defined by the pro
grammer. 

INDEX REGISTER - The index register 1s a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 

ACCUMULATORS - The MPU contains two 8-b1t ac
cumulators, A and B, which are used to store operands and 
results from the arithmetic logic unit IALUI. They can also be 
concatenated and referred to as the D (double) accumulator 

CONDITION CODE REGISTER - The condition code 
register indicates the results of an instruction and includes 
the following five condition bits: negative INI, zero IZI, 
overflow IVI, carry/borrow from MS8 ICI, and half carry 
from bit 3 IHI. These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask (I bit) and in
hibits all maskable interrupts when set. The two unused bits, 
86 and 87, are read as ones. 

ADDRESSING MODES 

Six addressing modes can be used to reference memory. 
A summary of addressing modes for al\ instructions is 
presented in Tables 9, 10, 11, and 12 where execution times 
are provided in E cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 MHz, 
one E cycle is equivalent to one microsecond. A cycle-by
cycle description of bus activity for each instruction is pro
vided in Table 14 and descriptions of selected instructions 
are shown in Figure 24. 

IMMEDIATE ADDRESSING - The operand or "im
mediate bytelsl" is contained in the following bytelsl of the 
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instruction where the number of bytes matches the size of 
the register. These are two or three byte instructions 

DIRECT ADDRESSING - The least s1gnif1can.t byte of the 
operand address is contained in the second byte of the in
struction and the most significant byte is assumed to be $00. 
Direct addressing allows the user to access $00 through $FF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. ln most applica
tions, the 256-byte area is reserved for frequently referenced 
data. 

EXTENDED ADDRESSING - The second and third bytes 
of the instruction contain the absolute address of the 
operand. These are three byte instructions 

INDEXED ADDRESSING - The unsigned offset con
tained in the second byte of the instruction is added with 
carry to the index register and is used to reference memory 
without changing the index register. These are two byte in
structions. 

INHERENT ADDRESSING - The operandlsl 1s a register 
and no memory reference is required. These are single byte 
instructions. 

RELATIVE ADDRESSING - Relative addressing is used 
only for branch instructions. If the branch condition is true, 
the program counter is overwritten with the sum of a signed 
single byte displacement in the second byte of the instruc
tion and the current program counter. This provides a 
branch range of -126 to + 129 bytes from the first byte of 
the instruction. These are two byte instructions. 

SUMMARY OF CYCLE-BY-CYCLE OPERATION 
Table 14 provides a detailed description of the information 

present on the address bus, data bus, and the read/write 
IR/WI line during each cycle of each instruction. 

The information is useful in comparing actual with ex
pected results during debug of both software and hardware 
as the program is executed. The information is categorized i:, 
groups according to addressing mode and number of cycles 
per instruction. In general, instructions with the same ad
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during MPU reads of internal locations, the 
resultant value will not appear on the external data bus ex
cept in mode 0. "High order" byte refers to the most signifi
cant byte of a 16-bit value. 



TABLE 9 - INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

Condition Codes 

lmnied Direct Index Extnd Inherent Boolean/ 5 4 3 2 1 0 
Point8f' Operations MNEM Op - I Op - I .Op - I Op - I Op - I Arithmetic Operation H 1· N z v c 

Compare lnde>e Register CPX BC .. 3 9C 5 2 AC 6 2 BC 6 3 X-M·M+1 . ·I rr~ Decrement Index Register DEX 09 3 1 x-1-x . . . 
Decrement Stack Pointer DES 34 3 1 SP-1-SP . . . . . . 
Increment Index Register INX OB 3 1 x+1-x . . . I . 
Increment Stack Pointer INS 31 3 1 1SP+1-SP . . . . . . 
Load lnde>e Register LOX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M-XJ;.IM+11-XJ. . . :II R . 
Load Stack Pointer LOS BE 3 3 9E 4 2 AE 5 2 BE 5 3 M-SIJ:!;IM+ll-SPL . . f ~ R . 
Store Index Register STX OF 4 2 EF 5 2 FF 5 3 XH-M,XL -(M+ 1) . . R . 
Store Stack Pointer STS 9F 4 2 AF 5 2 BF 5 3 SPH-M,SPL -1M+1J .. . .!.ll R . 
lndelC Reg- Stack Pointer TXS 35 3 1 X-1-SP . . . . . . 
Stack Pntr- Index Register TSX 30 3 1 SP+1-X . . . . . . 
Add ABX 3A 3 1 s+x-x . . . . . . 
Push Data PSHX 3C 4 1 XL-Mgp,SP-1-SP . . . . . 

xH-Msp.SP-1-SP 
Pull Data PULX" 38 5 1 SP+l-SP,Msp-XH . . . . . . 

SP+ 1 -sP,Msp- XL 

TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 al 21 

Condition Codes 

Accumulator and lmmed Direct Index Extend lnher Boolean 5 4 3 2 1 0 
Memory Operattona MNEM Op - # Op - # Op - I Op - # Op - , Expression H I N z v c 

Add Accumulators ASA lB 2 1 A+B-A _[ . ll llll 
AddBtoX ABX 3A 3 1 oo:s+x-x . . . . . . 
Add with Carry ADCA 89 2 2 99 3 2 A9 4 2 B9 4 3 A+M+C-A . 

ADCB C9 2 2 09 3 2 E9 4 2 F9 4 3 B+ M+C-B . 
Add ADDA BB 2 2 9B 3 2 AB 4 2 BB 4 3 A+M-A . 

ADDB CB 2 2 DB 3 2 EB 4 2 FB 4 3 B+M-A . 
Add Double ADDO C3 4 3 03 5 2 E3 6 2 F3 6 3 D+M:M+1-o . . 
And ANDA 84 2 2 94 3 2 A4 4 2 B4 4 3 A·M-A . . R . 

ANDB C4 2 2 04 3 2 E4 4 2 F4 4 3 B•M-B . •· R . 
Shift Left, Arithmetic ASL 68 6 2 78 6 3 

@1-niiTllll 
. . 

ASLA 48 2 1 -a . . 
ASLB 68 2 1 b7 bO . . 

Shift Left Double ASLD 05 3 1 . . 
Shift Right, Arithmetic ASR 67 6 2 77 6 3 qi I iii 11 H~J 

. . 
ASRA 47 2 1 . . 
ASRB 57 2 I b7 bO . . I 

Bit Test BITA 85 2 2 95 3 2 A5 4 2 B5 4 3 A•M . . :l. R . 
BITS C5 2 2 06 3 2 E5 4 2 F5 4 3 B•M . . R . 

Compare Accumulators CBA 11 2 1 A-B . . J_ ll J. 
Clear CLR 6F 6 2 7F 6 3 OO-M . . R s R R 

CLRA 4F 2 1 oo-A . . R s R R 

CLRB 5F 2 1 oo-B . . R s R R 

Compare CMPA Bl 2 2 91 3 2 Al 4 2 Bl 4 3 A-M . • Lt 11. llll 
CMPB Cl 2 2 01 3 2 El 4 2 Fl 4 3 B-M . . I I I I 

1 's Complement COM 63 6 2 73 6 3 M-M . . a: II R s 
COMA 43 2 1 A-A . . I I R s 
COMB 53 2 1 B-B . . R s 
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TABLE 10 - ACCUMULATOR ANO MEMORY INSTRUCTIONS I Sheet 2 ol 2) 

Condition Codes 

Accumulator and lmmed Direct lnde• Extend lnher Boolean 5 4 3 2 1 0 

Memory Operations MNEM Op - , Op - , Op - I Op - I Op - , Expression H I N z v c 
Decimal AdJust, A DAA 19 2 1 Ad1 binary sum to BCD . . I I I I 
Decrement DEC 6A 6 2 7A 6 3 M-1-M . . I I I . 

DECA 4A 2 1 A-1-A . . I I I . 
DECB 5A 2 1 8-1-B . . if I . 

Exclusive OR EOAA B8 2 2 98 3 2 A8 4 2 BB 4 3 A$M-A . . A . 
EOAB ca 2 2 DB 3 2 EB 4 2 FB 4 3 B&lM-B . . I I A . 

Increment INC 6C 6 2 7C 6 3 M+l-M . . I I I . 
INCA 4C 2 1 A+1-A . ·I I I . 
INCB 5C 2 1 0+1-0 . . II I . 

Load Accumulators LDAA 86 2 2 98 3 2 A6 4 2 86 4 3 M-A . . +t A . 
LDAB C6 2 2 D6 3 2 E6 4 2 F6 4 3 M-B . . A . 

Load Double LDD cc 3 3 DC 4 2 EC 5 2 FC 5 3 M:M+l-D . . I I A . 
Logical Shllt, Left LSL 68 6 2 78 6 3 . . I I I I 

LSLA 48 2 1 - . . I I I I @] -11111111 ! -o 
LSLB 58 2 1 

b7 "" 
. . I I I I 

LSLD 05 3 2 . . I I I I 
Shift Right, logical LSA 64 6 2 74 6 3 

0 -111Iii111-@l 
. . A j_ Ll 

LSAA 44 2 1 . . R I I I 
LSRB 54 2 1 b7 bO . . RI I I 
LSRD 04 3 1 . . R I I I 

Multiply MUL 3D 10 1 AxB-D . . . . . I 
2's Complement !Negate) NEG 6C 6 2 70 6 3 00- M-M . . I I I I 

NEGA 40 2 1 00-A-A . • I ITI l_ 
NEGS 50 2 1 00-B-B . . I I I I 

No Operation NOP 01 2 1 PC+l-PC . . . . . . 
Inclusive OR DRAA BA 2 2 9A 3 2 AA 4 2 BA 4 3 A+M-A . • I_ Ll R . 

ORAB CA 2 2 DA 3 2 EA 4 2 FA 4 3 B+M-B . I I R 

Push Data PSHA 36 3 1 A-Stack . . . 
PSHB 37 3 1 a-stack . . 

Pull Data PULA 32 4 1 Stack-A . . . 
PULS 33 4 1 Stack-B . . . . 

Rotate Left ROL B9 6 2 79 6 3 

@J-llliTllll-@ 
. . I I I I 

ROLA 49 2 1 . . I I I I 
AOLB 59 2 1 b7 bO . . I I I 1. 

Rotate Right ROR 66 6 2 76 6 3 . I I I I 
RORA 46 2 1 @1-111111111-@l . . I I I I 
AORB 56 2 1 b7 bG . . _I I I I 

Subtract Accumulator SBA 10 2 1 A- B-A . . I I I I 
Subtract with Carry SBCA B2 2 2 92 3 2 A2 4 2 82 4 3 A- M- C-A . . I I I I 

SBCB C2 2 2 D2 3 2 E2 4 2 F2 4 3 B- M-C-B . . I I I l 
Store Accumulators STAA 97 3 2 A7 4 2 87 4 3 A-M . . I l1 R 

STAB D7 3 2 E7 4 2 F7 4 3 B-M . . I I R 

STD DD 4 2 ED 5 2 FD 5" 3 D-MM+1 . . I I R 

Subtract SUSA BO 2 2 90 3 2 AO 4 2 BO 4 3 A-M-A . . I I I I 
SUBB co 2 2 00 3 2 EO 4 2 FO 4 3 8- M-B . . I I I I 

Subtract Double SUBD 83 4 3 93 5 2 A3 6 2 83 6 3 D-MM+l-D . I I I I 
Transfer Accumulator TAB 16 2 1 A-B . . I I R 

TBA 17 2 1 B-A . I I R 
Test, Zero or Mm us TST 60 6 2 7D 6 3 M-00 . . l l R R 

TSTA 4D 2 1 A-00 . . I I R R 

TSTB 5D 2 1 B-00 . . I I R R 

The condition code register notes are listed after Table 12. 
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Operations 

Branch Alwilys 

Branch Never 

Branch If Carry Clear 

Branch II Carry Set 

Branch II= Zero 

Branch If ~Zero 

Branch I! >Zero 

Branch If Higher 

Branch If Higher or Same 

Branch If 5Zero 

Branch If Carry Set 

Branch If Lower Or Same 

Branch If <Zero 

Branch If Minus 

Branch If Not Equal Zero 

Brarich If Overflow Clear 

Branch If Overflow Set 

Branch If Plus 

Branch To Subroutine 

TABLE 11 - JUMP AND BRANCH INSTRUCTIONS 

Direct Relative Index Extend Inherent 
MNEM Op - # Op - ; Op - I Op- #Op- I Branch Test 

BRA 20 3 2 None 

BRN 21 3 2 None 

BCC 24 

BCS 25 C=1 

BEO 27 3 2 Z=1 

BGE 2C 3 2 NE& V=O 

BGT 2E 3 Z+:NEBVJ=O 

BHI 22 3 C+Z-=O 

BHS 24 3 C=O 
BLE 2F 3 

BLO 25 3 C=l 

BLS 23 3 C+Z=1 

BLT 20 3 2 

BMI 2B 3 2 N=1 

BNE 26 3 2 Z=O 
BVC 28 3 2 V=O 
BVS 29 3 2 

BPL 2A 3 2 N=O 
BSR 80 6 2 

Condition Code Reg. 

543210 
H I N Z V C 

Jump JMP 6E 3 

Jump To Subroutine JSR 90 5 2 AD 6 
r:---::---:c----,-------t---,-,--+=+=+=+-+---+----+-++-t-:-~+6.,_3 +-~-t--t--t--lSee Special Operations-Figure 24f-•-+--+--+-t-+-I 

No Operdtion NOP 01 2 1 

Return From Interrupt RTI 

Return From Subroutine ATS 

Software Interrupt SWI 

r::----:c-----o--,------1-oc=-1-+-+-l--f-+--+-~-+--+-+--l..,-,3B-t-1,._,0 f---il _!_ lLl I _!_ ll 
r::--.,---,---------+-=---+--+--+-+-+---+----+-++-+--+-+--+3,-,3~-+-l~+;-lsee Special Operations-Figure24f-•-+s--+-,+--t--+--I 

Wait For Interrupt WAI 3E 9 1 

TABLE 12 - CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 

Inherent 
Operations MNEM 

Clear Carry 

Clear Interrupt Mask 

Clear Overflow 

Set Carry 

Set Interrupt Mask 

Set Overflow 

Accumulator A-CCR 

CCR - Accumulator A 

LEGEND 
Op Operation Code (Hexadecimal) 
- Number of MPU Cycles 

Msp Contents of memory location pointed to by Stack Pointer 
I Number of Program Bytes 

+ Arithmetic Plus 
- Arithmetic Minus 
• Boolean AND 
X Arithmetic Multiply 
+ Boolean Inclusive OR 
e Boolean Exclusive OR 
M Complement of M 

Transfer Into 
Bit= Zero 

00 Byte= Zero 

CLC 

CLI 

CLV 

SEC 

SEI 

SfV 

TAP 

TPA 
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Op - # Boolean Operation 

oc 2 1 o-c 
OE 2 1 0-1 

OA 2 1 o-v 

OD 2 1 1-c 

OF 2 1 1-1 

08 2 1 1-v 

06 2 1 A-CCR 

07 2 1 CCR-A 

CONDITION CODE SYMBOLS 
H. Half-carry from bit 3 
I lnterrupt mask 

N Negative I sign btt) 
Z Zero (byte) 
V Overflow, 2's complement 
C Carry/Borrow from MSB 

Reset Always 
S Set Always 
! Affected 

Not Affected 

Condition Code Register 

5 4 3 2 1 0 
H I N z v c . . . . . R . R . . . . . . . . R . . . . . . s . s . . . . . . . . s . 
I I I I ! I . . . . . . 



TABLE 13 - INSTRUCTION EXECUTION TIMES IN E-CYCLES 

ADDRESSING MODE A.DDRESSING MODE 

:i "O . c ~ ;; .. .... .. :; "'O : f .., c 
E f ~ 

.. .. . 
!: "'O .c -;; 

i5 w E E a: 

! "'O c .. "'O .. 
'U 

.,, .. f -~ .. c ~ 

E f ~ 
.. .. ~ 

!: 
"'O .c .. 

i5 w E E a: 

ABA • • • • 2 • INX • • • • 3 • 
ABX • • • • 3 • JMP • • 3 3 • • 
ADC 2 3 4 4 • • JSR • 5 6 6 • • 
ADD 2 3 4 4 • • LOA 2 3 4 4 • • 
ADDO 4 5 6 6 • • LOO 3 4 5 5 • • 
AND 2 3 4 4 • .. LOS 3 4 5 5 • • 
ASL • • 6 6 2 • LOX 3 4 5 5 • • 
ASLD • • .. • 3 • LSL • • 6 6 2 • 
ASA • • 6 6 2 • LSLD • • • • 3 
BCC • • • • • 3 LSR • • 6 6 2 
BCS • • • • • 3 LSRD • • • • 3 
BEQ • • • • • 3 MUL • • • • 10 
BGE • • • • • 3 NEG • • 6 6 2 
BGT • • • • • 3 NOP • • • • 2 
BHI • • • • • 3 ORA 2 3 4 4 • 
BHS • • • • • 3 PSH • • • • 3 
BIT 2 3 4 4 • • PSHX • • • • 4 

BLE • • • • • 3 PUL • • • • 4 

BLO • • • • • 3 PULX • • • • 5 
BLS • • • • • 3 ROL • • 6 6 2 
BLT • • • • • 3 ROR • • 6 6 2 
BMI • • • 3 RTI • • • • 10 • 
BNE • • • 3 RTS • • • • 5 
BPL • • • 3 SBA • • • • 2 
BRA • • • 3 SBC 2 3 4 4 • 
BRN • • • 3 SEC • • • • 2 
BSA • • • 6 SEI • • • • 2 
BVC • • • 3 SEV • • • • 2 
BVS • • • 3 STA • 3 4 4 • 
CBA • • 2 • STD • 4 5 5 • 
CLC • • 2 STS • 4 5 5 • 
CLI • • 2 STX • 4 5 5 • 
CLR 6 6 2 SUB 2 3 4 4 • 
CLV • • 2 SUBD 4 5 6 6 • 
CMP 2 3 4 4 • SWl • • • • 12 
COM • • 6 6 2 TAB • • • • 2 

CPX 4 5 6 6 • TAP • • • • 2 
DAA • • • • 2 TBA • • • • 2 

o_Ec • • 6 6 2 
DES • • • • 3 

TPA • • • • 2 
TST • • 6 6 2 

DEX • • • • 3 TSX • • • • 3 
EOR 2 3 4 4 • TXS • • • • 3 
INC • • 6 6 • WAI • • • • 9 
INS • • • • 3 
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Address Mode and Cycle 
Instructions Cycles # 

IMMEDIATE 

ADC EOR 2 1 
ADD LDA 2 
AND ORA 
BIT SBC 
CMP SUB 

LDS 3 1 
LDX 2 
LDD 3 
CPX 4 1 
SUBD 2 
ADDD 3 

4 

DIRECT 

ADC EOR 3 1 
ADD LDA 2 
AND ORA 3 
BIT SBC 
CMP SUB 

STA 3 1 
2 
3 

LDS 4 1 
LDX 2 
LDD 3 

4 

STS 4 1 
STX 2 
STD 3 

4 

CPX 5 1 
SUBD 2 
ADDO 3 

4 
5 

JSR 5 1 
2 
3 
4 

5 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (5h""11 of 51 

Address Bus 

Opcode Address 
Opcode Address+ 1 

Opcode Address 
Opcode Add<ess + 1 
Opcode Address+ 2 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Destination Address 

Opcode Address 
Opcode Address+ 1 
Address of Operand 
Operand Address+ 1 

Opcode Address 
Opcode Address+ 1 
Address of Operand 
Address of Operand -f l 

Opcode Address 
Opcode Address+ 1 
Operand Address 
Operand Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ l 
Subroutine Address 
Stack. Pointer 
Stack Pointer-1 

R/W 
Line 

1 
1 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 

1 
1 
0 

1 
1 
1 
1 

I 
1 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
0 
0 
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Data Bus 

Opcode 
Operand Data 

Opcode 
Operand Data (High Order Byte! 
Operand Data (Low Order Byte! 

Upcode 
Operand Data !High Order Byte! 
Operand Data flow Order Bvtel 
Low Byte of Restart Vector 

Opcode 
Address of Operand 
Operand Data 

Opcode 
Destination Address 
Data from Accumulator 

Opcode 
Address of Operand 
Operand Data !High Order Bvtel 
Operand Data i Low Order Bytel 

Opcode 
Address of Operand 
Register Data (High Order Byte) 
Register Data flow Order Byte! 

Opcode 
Address of Operand 
Operand Data (High Order Byte) 
Operand Data flow Order Byte) 
low Byte of Restart Vector 

Opcode 
Irrelevant Data 
First Subroutine Opcode 
Return Address (low Order Bytel 
Return Address !High Order Byte) I 



Address Mode and Cycle 
Instructions Cycles # 

EXTENDED 

JMP 3 1 
2 
3 

ADC EOR 4 1 
ADD LDA 2 
AND ORA 3 
BIT SBC 4 
CMP SUB 

STA 4 1 
2 
3 
4 

LDS 5 I 
LDX 2 
LDD 3 

4 
5 

STS 5 1 
STX 2 
STD 3 

4 
5 

ASL LSR 6 I 
ASR NEG 2 
CLR ROL 3 
COM ROR 4 
DEC TST* 5 
INC 6 

CPX 6 I 
SUBD 2 
ADDO 3 

4 
5 
6 

JSR 6 I 
2 
3 
4 
5 
6 

TABLE 14 - CYCLE-BY-CYCLE OPERATION !Sheet 2 of 51 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 

Opcode Address 
Opcode Address+ 1 
Opcode· Address+ 2 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Operand Dest1nat1on Address 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Operand Address 
Operand Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer-1 

R/W 
Line 

1 
1 
1 

1 
1 
1 
I 

1 
I 
I 
0 

I 
I 
I 
I 
1 

I 
I 
I 
0 
0 

1 
I 
I 
I 
I 
0 

I 
I 
I 
I 
1 
I 

I 
I 
I 
I 
0 
0 

Data Bus 

Opcode 
Jump Address (High Order Byte) 

Jump Address (Low Order Bytel 

Opcode 
Address of Operand 
Address of Operand !Low Order Byte) 
Operand Data 

Opcode 
Dest1nat1on Address (High Order Bytel 
Dest1nat1on Address 1 Low Order Byte) 

Data from Accumulator 

Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Bytel 
Operand Data (Low Order Byte) 

Opcode 
Address of Operand I High Order Byte) 
Address of Operand (Low Order By tel 
Operand Data ~High Order Bytel 
Operand Data (Low Order Byte) 

Opcode 
Address of Operand iH1gh Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 
low Byte of Restart Vector 
New Operand Data 

Opcode 
Operand Address IHigh Order Bylel 
Operand Address i Low Order Bytel 
Operand Dala IHigh Order Bylel 
Operand Data (Low Order Bytel 
low Byte .of Restart Vector 

Opcode 
Address of Subroutine (High Order Bytel 
Address of Subroutine I Low Order Byte) 
Opcode of Next Instruction 
Return Address (Low Order Bvtel 
Return Address (High Order Bvtel 

*TST does not perform the write cycle during the sixth cycle The sixth cycle 1s another address bus= $FFFF 
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Address Mode and 
Instructions 

INDEXED 

JMP 

ADC EDA 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LOS 
LOX 
LDD 

STS 
STX 
STD 

ASL LSR 
ASA NEG 
CLR AOL 
COM ROA 
DEC TST* 
INC 

CPX 
SUBD 
ADDO 

JSR 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 3 of 51 

Cycle 
ycles I 

3 1 
2 
3 

4 , 
2 
3 
4 

4 , 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 , 
2 
3 
4 
5 

6 , 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Registe.r Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Index R~ster Plus Offset+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register+ Offset 
Index Register+Offset+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register+ Offset 
Stack Pointer 
Stack Pointer- 1 

R/W 
Line 

1 , , , , , 
1 

, , , 
0 , , , , 
1 

1 , 
1 
0 
0 , , , 
1 
1 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Olfset 
Low Byte of Restart Vector 

Opcode 
Oflset 
Low Byte of Restart Vector 
Operand Data 

Opcode 
Olfset 
Low Byte of Restart Vector 
Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data I High Order Byte) 
Operand Data (Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data !High Order Byte) 
Operand Data (Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data fHigh Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Olfset 
Low Byte of Restart Vector 
First Subroutine Opcode 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 

* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= SFFFF. 
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Address Mode and 
Instructions 

INHERENT 

ASA OAA SEC 
ASL DEC SEI 
ASA INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CL\ NOP TBA 
CLA AOL TPA 
CLV ROA TST 
COM SBA 

ABX 

ASLD 
LSAD 

DES 
INS 

INX 
DEX 

PSHA 
PSHB 

TSX 

TXS 

PULA 
PULS 

PSHX 

PULX 

ATS 

WAI 

Cycle 
Cycles # 

2 1 
2 

3 1 
2 
3 

3 1 

2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

9 1 
2 
3 
4 
5 
6 
7 
8 
9 

TABLE 14 - CYCLE-BY-CYCLE OPERATION \Sheet 4 of 51 

Address Bus 

Opcode Address 
Opcode Address+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Previous Stack Pointer Contents 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 

Opcode Address 

Opcode Address+ l 
Stack Pointer 
Stack Pointer-1 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+2 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+2 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer-1 
Stack Pointer-2 
Stack Pointer- 3 
Stack Pointer-4 
Stack Pointer-5 
Stack Pointer-6 
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R/W 
Line 

1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
0 

1 
1 
1 

1 
1 
1 

1 
1 
1 
1 

1 

1 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
0 
0 
0 
0 
0 
0 
0 

Data Bus 

Opcode 
Opcode of Next Instruction 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Opcode 
Opcode of Next Instruction 
Low Byte of Rest<3rt Vector 

Opcode 
Opcode of Next Instruction 
Accumulator Data 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 
Operand Data from Stack 

Opcode 
Irrelevant Data 
Index Register (Low Order Bytel 
1ndex Register !High Order Byte) 

Opcode 
Irrelevant Data 
Irrelevant Data 
Index Register ! High Order Byte} 
Index Register (Low Order Byte) 

Opcode 
Irrelevant Data 
I rre!evant Data 
Address of Next Instruction (High Order Byte) 
Address of Next Instruction (Low Order Byte) 

Opcode 
Opcode of Next Instruction 
Return Address {Low Order Byte) 
Return Address {High Order Byte) 
Index Register tLow Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of C_ondition Code R~ster 



Addr- Made and 
Instructions 

INHERENT 
MUL 

RTI 

SWI 

RELATIVE 
BCC BHT BNE BLO 
BCS BLE SPL BHS 
BEO BLS BRA BAN 
BGE BLT SVC 
SGT BMI BVS 
BSA 

TABLE 14 - CYCLE·BY·CYCLE OPERATION !Sheet 5 of 51 

Cycle 
Cycleo I 

10 1 
2 
~ 
4 
5 
6 
7 
8 
9 
10 

10 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

12 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

3 1 
2 
3 

6 1 
2 
3 
4 
5 
6 

Address Bu• 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Address Bus FFFF 
Address ,Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 
Stack Pointer+ 3 
Stack Pointer+ 4 
Stack Pointer+ 5 
Stack Pointer+6 
Stack Pointer+ 7 
Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer-1 
Stack Pointer-2 
Stack Pointer-3 
Stack Pointer-4 
Stack Pointer-5 
Stack Pointer - 6 
Stack Pointer- 7 
Vector Address FFFA IHexl 
Vector Address FFFB IHexl 

Opcode Address 
Opc,ode Address+ 1 
Address Buss FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer-1 

RI 
Line 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 

1 
1 
1 

1 
1 
1 
1 
0 
0 

1-106 

Data Bus 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Law Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Opcode 
Irrelevant Data 
Irrelevant Data 
Contents of Condttion Code Register from Stack 
Contents of Accumulator B from Stack 
Contents of Accumulatol A from Stack 
Index Register from Stack I High Order Bytel 
Index Register from Stack ILow Order Byte! 
Nexl Instruction Address from Stack !High Order Byte) 
Next Instruction Address from Stack I Low Order Bytel 

Opcode 
Irrelevant Data 
Return Address !Low Order Byte! 
Return Address !High Order Bytel 
Index Register {Low Order Bytel 
Index Register !High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 
lrreleVant Data 
Address of Subroutine !High Order Bytel 
Address of Subroutine !Low Order Byte! 

Opcpde 
Branch Offset 
Low Byte of Restart Vector 

Opcode 
Branch Offset 
Low Byte of Restart Vector 
Opcode of Next lnsiruction 
Return Address I.Low Order Byte) 
Return Address !High Order Bytel 
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FIGURE 24 - SPECIAL OPERATIONS 

JSR. Jump to Subroutine 

Direct I 
!'.(; 

Mam Program 

$90= JSR 

ATN I . Next Main Instr 

K = Direct Address 

Mam Program 'if Stack 

I 
!'.(; 

SAO= JSR -+SP-2~ 
K=Offset ¢ SP-1 RTNH 

RTN Next Main Instr SP RTNL 

INOXO 

I 
Mam Program 

f'f SBD= JSR 

SH= Subr Addr 

SL= Subr Addr 

RTN Next Mam \nst 

EXTND 

SP Stack 

-~ 
BSA, Branch To Subrout1n~ 

Mam Program 

¢-+ 

SP-2 f'f $80 =BSA 

SP- 1 RTNH ± K = Ollset 

SP RTNL RTN I Next Mam Instr 

ATS. Return from Subroutine Subroutine ~ Stack 

f'f I s~~Rrs I SP~ SP+ 1 ATNH 

SP+2 RTNL 

¢ 
~ 

Legend 
RTN =Address of next mstruct1on 1n Mam Program to be executed upon return from subroutine 
RTNH =Most s1grnl1cant byte of Return Address 
RTNL =Least s1grnf1cant byte of Return Address 
- =Stack Pointer After Execution 
K = 8-bit Unsigned Value 

SWI. Software Interrupt Main Program 
SP Stack 

R~ I S3F= SWI 1¢-* SP-7 
Cond1t1on Code SP- 6 

SP- 5 AcmltrB 

SP-4 AcmltrA 

SP-3 Index Register (XHl 

WAI, Wait tor Interrupt Main Program SP- 2 Index Register (XLI 

R: I $3E=WAI 1¢ SP- 1 ATNH 

SP RTNL 

RTI, Return from lnterrup1 

f'f 
1 
lcte';~;~~~~cam !¢ §_£' Stack 

SP 

SP+ 1 Cond1t1on Code 

SP+ 2 AcmltrB 

SP+ 3 AcmltrA 

SP+4 Index Register !XH) 

SP+S Index Register IXLl 

SP+6 ATNH 

___. SP+ 7 ~NL 

JMP,Jump Main Program Ef Main Program I f'f $6E~ JMP 

K= Offset 
INOXD 

X + K [ Next Instruction J 
"~.,I 

$7E=JMP 

KH =Next Address 

KL= Next Address 

K ( Nex1-lnst;uct1~] 



D<N 

ASIF 

I 
16,662 

CEI 

CEI 

D.A.T.A. 

0.A.T.A. 

JEDEC 

M0-047-AC 
JEDEC 

PHYSICAL DIMENSIONS 

11 I Nominal dimllntion 
121 True geometrical position 

40plns 

' F-119 CB-182 

SITELESC 

CB-521 
SITI:LESC 
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CB-182 

PSUFFIX 
PLASTIC PACKAGE 

CB-521 

FN SUFFIX 
PLCC44 

~~~~~flliit 

~ 

P32 

P33 ,,.. 
NC 

P35 

P38 

P37 

NC 

P41 ,., 



ORDERING INFORMATION 

The information required when ordering a custom MCU 
is listed below. The ROM proyram may be transmitted to 
1HOMSON SEMICONDUCTEURS on EPROM(s) or an 
E FOOS/MOOS* disk file. 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact your local 1HOMSON SEMICONDUC
TEURS representative or distributor. 

EPROMs 
Two ET2716 or one ET2732 type EPROMs, program

med with the customer program (positive logic sense for 
address and data), may be submitted for pattern generation. 
The EPROM must be clearly marked to indicate which 
EPROM corresponds to which address space. The recom
mended marking procedure is illustrated below: 

xxx xxx 

FBOO 7FF 

XXX ::o Customer ID 

After the EPROM(s) are marked, they should be placed in 
conductive IC carriers and securely packed. Do not use 
Styrofoam. 

VERIFICATION MEDIA 

All original pattern media IEPROMs or floppy disk) are fil
ed for contractual purposes and are not returned. A com
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly checked and the verification form completed 
signed, and returned to 1HOMSON SEMICONDUC
TEU RS. The signed verification form constitutes the 

contractual agreement for creation of the customer mask. 
If desired, 1HOMSON SEMICONDUCTEURS will pro
gram on blank EPROM from the data file used to create 
the custom mask and aid in the verification process. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs conta1n1ng the customer's ROM pattern will be 
sent for program verification. These units will have been 
made usmg the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un
marked, packaged 1n ceramic, and tested only at room 
temperature and 5 volts. These RVUs pre included 1n the 
mask charge and are not production parts. The RVUs are 
thus not guaranteed by 1HOMSON SEM lCONDUC
TEURS. Quality Assurance, and should be discarded 
after verification is completed. 

FLEXIBLE DISKS 

The disk media submitted must be single-sided, EFDOS/ 
MOOS* compatible floppies. 
The customer must write the binary file name and compa~ 
ny name on the disk with a felt-tip-pen. The minimum 
EFDOS/MDOS* sys1Bm files, as well as the absolute 
binary object file (Filename .LO type of file) from the 
6801 cross assembler, must be on the disk. An object file 
made from a memory dump using the ROLLOUT com
mand is also acceptable. Consider submitting a source 
listing as well as the following files: filename .LX IDEVl
CE/EXORciser loadable format) and filename .SA (ASCII 
Source Code). These files will of course be kept confiden
tial and are used 1) to speed up the process in-house if any 
problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any software errors and nc"ds 
assistance quickly from 1HOMSON SEMICONDUC 
TEU RS factory representatives. 

EFDOS is 1HOMSON SEMlCONDUCTEURS' Disk 
Operating System available on development systems 
such as DEVICE, .. 

MOOS* is MOTOROLA's Disk Operating System available 
on development systems such as EXORciser, ... 

*Requires prior factory approval. 

Whenever ordering a custom MCU is required, please contact your local 1HOMSON SEMlCONDUCTEURS representa
tive or 1HOMSON SEMlCONDUCTEURS distributor and/or complete and send the attached "MCU customer ordering 
sheet" to your local 1HOMSON SEMICONDUCTEURS representative. 

ORDERING INFORMATION 

I EF:~:.U~ I I I ~ Screening level 

Package Oper. temp. 
The table below horizontally shows all available suffrx combinations for package, operating temperature and screening 
level. Other possibilities on request. 

PACKAGE OPER. TEMP SCREENING LEVEL 
DEVICE 

c J p E FN L* v M Std D GIB 

• • • • EF6801/03 U4 (1.0 MHzl • • • 
• • • • EF6801/03 U4-111.25 MHz) • • • 

EF68A01/03 U4 (1.6 MHz) • • • 
Examples : EF6801 P, EF6801 FN, EF6801 PV 

Package: C: Ceramic OIL, J ·, Cerdip OIL, P: Plastic OIL, E: LCCC, FN: PLCC. 
Oper.temp.:L*:0°Cto +70°C,V: -40°Cto +85°C,M: -55°Cto +125°C,*:maybeomitted. 
Screening level: Std: (no-end suffix), D: NFC 96883 level D, 

GIB : NFC 96883 level G, BIB : NFC 96883 level B and MIL-STD-883C level B. 

EXORciser is a registered trade mark of MOTOROLA Inc. 
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Ef 6809 

--~~- 8 BIT MICROPROCESSOR UNIT (MPU) ·-·-
The E F6809 1s a revolutionary high-performance 8-b1t microprocessor 

which supports modem programming techniques such as postt1on 1ndepen 
dence, reentrancy, and modular programming 

This th1rd-generat1on add1t1on to the 6800 Family ha:s ma1or architectural 
improvements which include add1t1ona/ registers, instruct1rns, and addressing 
modes 

The basic 1nstruct1ons of any computer are greatly enhanced by the 
presence of powerful addressing modes. The EF6809 has the most complete 
set of addressiny modes available on an{B-bit microprocessor today 

The EF6809 has hardware and software features which make it an ideal 
processor for higher level language execution or standard controller appl1ca
t1ons 

EF6800 COMPATIBLE 
• Hardware - Interfaces with All 6800 Peripherals 
• Software - Upward Source Code Compatible Instruction Set and 

Addressing Modes 

ARCHITECTURAL FEATURES 
• Two 16-Bi! Index Reg1Sters 
• Two 16-Bit Indexable Stack Pointers 
• Two 8-Bit Accumulators can be Concatenated to Form One 

16-8it Accumulator 
• Direct Page Register Allows Direct Addressing Throughout Memory 

HARDWARE FEATURES 
• On-Chip Oscillator I Crystal Frequency= 4 x El 
• DMA/BREO Allows DMA Operation on Memory Refresh 
• Fast Interrupt Request Input Stacks Only Cond1t1on Code Register 

and Program Counter 
• MADY Input Extends Data Access Times for Use with Slow 

Memory 
• Interrupt Acknowledge Output Allows Vectoring by Devices 
• Sync Acknowledge Output Allows for Synchronization to External 

Event 
e Single Bus-Cycle RESET 
• Single 5-Volt Supply Operation 
• NMI Inhibited After RESET Until After First Load of Stack Pointer 
• Early Address Valid Allows Use with Slower Memories 
• Early Write Data for Dynamrc Memories 

SOFTWARE FEATURES 
• 10 Addressing Modes 

• 6800 Upward Compatible Addressrng Modes 
• Drrect Addressing Anywhere rn Memory Map 
• Long Relative Branches 
• Program Counter Relative 
• True Indirect Addressing 
• Expanded Indexed Addressing: 

0-, 5-, 8-, or 16-Bit Constant Offsets 
8- or 16-Bit Accumulator Offsets 
Auto Increment/Decrement by 1 or 2 

• Improved Stack Manipulation 
• 1464 lnstructrons with Unique Addressing Modes 
• 8 x 8 Unsigned Multiply 
• 16-B it Arithmetic 
• Transfer/ Exchange All Registers 
• Push/ Pull Any Registers or Any Set of Registers 
• Load Effectrve Address 
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HMOS 
!HIGH DENSITY N-CHANNEL, SILICON-GATE! 

8-BIT 
MICROPROCESSING 

UNIT 

1 ALSO AVAILABLE 
J SUFFIX C SUFFIX 

CEA DIP PACKAGE CERAMIC PACKAGE 

CB-521 

• FN SUFFIX 
PLCC 44 

CB-708 

0 
E SUFFIX 
LCCC44 

Hi-Rel versions available - See chapter 9 

V55 

NMI 

iITTl 

A2 

A4 

A5 

A6 

A7 

A8 

A9 

AID 

At1 

A12 

PIN ASSIGNMENT 

FiJITT 
XTAL 

EXT AL 

MRDY 

5MA7BREQ 

R!W 

00 

01 

02 

DJ 

04 

05 

06 

07 

A15 

A14 

A13 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage Vee "0 3 to + 7 0 v 
Input Voltage Vin 03to +70 v 
Operating Temperature Range TL to TH 

EF6809, EF68A09, EF68B09 JA 0 to + 70 'C 
EF6809, EF68A09, EF68B09 : V suffix ~4010 +85 
EF6B09, EF68A09: M suffix. -55 to +125 

Storage Temperature Range T stg -55to+150 "e 

THERMAL CHARACTERISTICS 
Characteristic Symbol Value Unit 

Thermal Resistance 
Ceramic 

BJA 
50 

'C/W 
Cerd1p 60 
Plastic 100 
PLCC 100 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in °C can be obtained from: 

T J =TA+ IPD0 9JA) 
Where: 

TA"' Ambient Temperature, °C 

9JA=Package Thermal Resistance, Junction-to-Ambient, °C/W 

Po"' PINT+ PPORT 
P1NT"' Ice x Vee. Watts - Chip Internal Power 
PpQRT"' Port Power Dissipation, Watts - User Determined 

This device contains circuitry to protect the 
mputs aga1r1st damage due to high static 
voltages or electric fields; however, 11 1s ad
vised that norrTial precautions be taken to 
avotd application of any voltage higher than 
maximum rated voltages to this high im
pedance c1rcu1t. Aellab1l1ty of operation 1s 
enhanced 1f unused inputs are tied to an ap
propriate logic voltage levels (e.g., either 

Vss or Veel. 

111 

I t.r most appl1cat1ons PPQRT<ll PINT and can be neglected. PPORT may become significant if !he device is configured to 
drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J Iii PpQRT is neglected) is: 
Po= K +IT j + 273°C) (2) 

Solving equations 1 and 2 for K gives: 

K = Po•IT A+ 273°CI + 9jA•Po2 131 
Where K 1s a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po (at equilibrium) 

for a known TA· Using this value of K the values of Po and T J can be obtained by solving equations 111and121 iteratively for any 
value of TA. . 

ELECTRICAL CHARACTERISTICS 

1Vee=5.0 V ±5%, Vss=O. TA=TL to TH unless otherwise noted! 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage 
Logic, EXTAL V1H Vss+2.0 - Vee v 

RESET V1HR Vss +4.0 - Vee 
Input Low Voltage Logic, EXTAL, RESET V1L Vss-0.3 - Vss+o.s v 
Input Leakage Current 

Logic lin - - 2.5 µA 
IV,n=O ID 5.25 V, Vec=maxl 

de Output High Voltage 
llLoad= -205µA, Vec=mtnl 00-07 

VQH 
Vss +2.4 - - v 

!lload= -145 µ,A, Vee= minl AO-A15, R/W, Q, E Vss+2A - -
llLoad= -100 µA, Vee= mini BA, BS Vss + 2.4 - -

de Output Low Voltage 
VQL - - Vss+0.5 v 

11Load=2.0 mA, Vee=mtnl 

Internal Power Dissipation (Measured at TA= 0°C in Steady State Operation) PINT - - 1.0 w 
Capacitance * 
IV,n = 0, TA= 25'e. f = 1.0 MHzl 00-07, Rt'ffi C,n - 10 15,.. pF 

Logic Inputs, EXTAL, XTAL - 10 15 

AO-A15, R/W, BA, BS Cout - t5 pF 

Frequency of Operation EF6809 OA - 4 
(Crystal or External Input) EF68A09 fxTAL OA - 6 MHz 

EF68B09 DA - 8 

H1-Z (Oft State) Input Current 00-07 
ITSI 

- 2.0 10 
µA 

(V 1n=04 to 24V, Vcc=maxl AO-A15, R/W - - 100 

*Capacitances are periodically tested rather than 100% tested. 
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0 

W Address 
BA. BS 

Read Data 

FIGURE 1 - BUS TIMING 

© 
-©---------

MPU Read Da:a 

r::;;.., Note 3 
+.-+------~-------------.. 

Write Data 

BUS TIMING CHARACTERISTICS ISee Notes 1 "'"J 21 

ldent. 
Characteristic 

Number 

1 Cycle Time (See Note 5) 

2 Pulse Width, E Low 

3 Pulse Width, E High 

4 Clock Rise and Fall Time 

5 Pulse Width, 0 High 

6 Pulse Width, Q Low 

7 Delay Time, E to Q Rise 

9 Address Hold Time 
. 

~See Note 4) 
10 BA, BS, R/W, and Address Valid T1rne to Q Rise 

17 Read Data Setup Time 

18 Read Data Hold Time 
. 

20 Data Delay Time from 0 

21 Write Data Hold Time 
. 

29 Usable Access Time (See Note 31 

Processor Control Setup Time (MROY, ~nterru~~": OMA BRED. 
HALT, RESET! (Figures 6, 8, 9, 10, 12, and~ 

Crystal Oscillator Start Time \Figures 6 and 71 

Processor Control Rise and Fall Time I Figures 6 and 81 

Address and data hold times are perioc11callV te'.1ted rather than 100% tested 

NOTES 
Voltage levels shown are VL s 0 4 V, VH 2: 2_4 V, unless otherwise specified 
Measurement points shown are 0 8 V and 2.0 V, unless otherwise specified 
Usable access time is computed by: 1-4- 7 max + 10- 17 
Hold time ( @ ) for BA and BS 1s not specified 

Maximum lcyc during MROY or DM'A..1BREO is 16 µs 
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Symbol 

tcyc 

PWEL 

PWEH 

Ir, If 

PWQH 

PWQL 

IAVS 

IAH 

tAQ 

tDSR 

IDHR 

tooo 

IDHW 

IACC 

tpcs 

tRC 

tpc,, rpo 

EF6809 EF68A09 

Min Max Min Max 

1.0 10 0 667 10 

430 5000 280 5000 

450 15500 280 15700 

- 25 - 25 

430 5000 280 5000 

450 15500 280 15700 

200 250 130 165 

20 - 20 -

50 - 25 -

80 - 60 

10 - 10 -

- 200 - 140 

30 - 30 

695 - 440 -

200 - 140 -

100 - 100 

- 100 - 100 

@ 

EF68B09 
Unit 

Min Max 

05 10 µS 

210 5000 r\S 

220 15700 ns 

- 20 ns 

210 5000 ns 

220 15700 ns 

80 125 ns 

20 - ns 

15 - ns 

40 - ns 

10 - ns 

- 110 ns 

30 - ns 

330 r'5 

110 - ns 

- 100 ms 

- 100 ns 



FIGURE 2 - EF6809 EXPANDED BLOCK DIAGRAM 

PC 

u 

y 

x 

,_ ____ D{t--A--< 

DP cc 

ALU 

. 
Internal Three-State Control 

FIGURE 3 - BUS TIMING TEST LOAD 

C = 30 pF for BA, BS 
130 pF for OO-D7, E, 0 
90 pF for AO-A 15, R/W 

5.0 v 

RL = 2.2 k 

1N916 
or Equiv. 

A= 11.7 kO for DO-D7 
16.5 kO for A0-A15, E, Q, R/W 
24 kll lor BA, BS 
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Instruction 

Register 

-Vee 
-vss 

DMA/BREQ 

R/W 

HALT 

BA 

EXT AL 

MADY 

PROGRAMMING MODEL 

As shown in Figure 4, the E F6809 adds three registers to 
the set available in the EF6800. The added registers include 
a direct page register, the user stack pointer, and a second 
index register. 

ACCUMULATORS (A, B, DI 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of daia. 

Certain instructions concatenate the A and B registers to 
form a single 16-bi1 accumulator. This is referred to as the D 
register, and is formed with the A register as the most signifi· 
cant byte 

DIRECT PAGE REGISTER ( DPI 

The direct page register of the EF6809 seNes to enhan
oe the direct addressing mode. The content of this register 
appears at the higher address outputs (AB-A 15) during di
rect addressing instruction execution. This allows the di
rect mode to be used at any plac.e in memory, under pro
gram control. To ensure 6800 compatiblity, all bits of 
this regi>ter are cleared during processor reset. 



FIGURE 4 - PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 

15 

X - Index Register 

y Index Register 

U - User Stack Pointer 

S - Hardware Stack Po•nter 

} """ "" """'""" 
"' 

,\ 1 ., 

Ii I · I "' I · .1.1 I I CC LcHHlc!HH• l.ccd•· H"q"l••f 

INDEX REGISTERS (X, YI 

The index registHrS iilC llS£:d m 1ndf:x1~d mode of rHldru~s 
1ng The 16-tJit address tn this mg1ster t;ikus part 1r1 llH: 

c.;alculat1on of effective addmss1!S. l his adclrns<> rn<1y iJf: 11s1:d 
to point to data directly or may hf: mod1flrnJ by <1n optional 
constant or register oflset. Durmg some md1:x1:d modt)s, ttu: 
contents of the mdex register am 1ncrement!Jd or dncrt:rn1:rit 
ed to point to tht: nexl item of tabular typ1: d;itCJ All low 
pomtl:!r registers i X. Y, U, SJ may tJH 11s1:d as HHh:x ri:qt'->h:r'-:> 

STACK POINTER IU.SI 

The hardwam stack pointer IS~ • .., t1<>ed ,:uitorn;111<;allv by 
the processor dunng subro11t1n(: calls <ind mtem1pts fh•: 
stack pointers of the E F6809 pomt to the top of th1-: '>lack, 1n 

contrast to the E F6800 stack po1ntl!r. which po1nh·:d to ttH~ 
next free locat10n on the stack The user stack pomwr 1LJ) 1s 
controlled exclusively by the programmer This allows 
arguments to be passed to and from subr0tJ11n(:'> w11t1 l!i!Sf: 

Both stack pointers have the sarm~ 1rH.foxf.:cl modi: iHJdn;s<,1n4 
capabilities as the X and Y registers. but also s1ipport Push 
and Pull 1nstruct1ons. This allows the EF6809 to bt~ 1Js1;d 1:!11 
c1ently as a stack processor, gre<itlv tmhanunu 1h rtb1l!tv to 
support higher level languages and mocJulcir proqr<unrrnr1g 

PROGRAM COUNTER 

The program counter 1s used by th€ processor to point to 
the address of the next instruction to be executed by th1-: pro 
cessor. Relative addressing 1s provided allowing the program 
counter to be used like an index reg1sttr 1n ::.amt situation<-, 

CONDITION CODE REGISTER 

The cond1t1on code register defines the strJte of the pro 
cessor at any given time. See Figure 5 
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FIGURE 5 CONDITION CODE REGISTER FORMAT 

BIT 0 (Cl 

H 

Carry 
Ov1~1tlc1w 

~---- Ncqat1v1~ 

~------ 1AO Mask 
~-------Hall Cmv 

~-------- f-IAO Mask 

~---------- E11IHt~ Fl;ig 

CONDITION CODE REGISTER 
DESCRIPTION 

811 0 I'-> thu carry fl;ig, ;u1d 1s 11<-,11ally tli1: r .arry from th1: 

h1n;1ry ALU C 1s dl~o 11'->f:d to n:pr1:<,1:nt ii 'borrow' from 
'">t1btr;ict llk1: 1n<,tr!1ct1on.., JCMP, NEG. SUB. SBCI ;Hid 1<, th1: 
um1µl1:rnent of th1: c<mv from lh1: hin<HY ALU 

BIT 1 !VI 
!:311 1 1<-i ttH: ovurflow 11;iy, ;md 1<, ..,,~1 10 ;i unt: tiv ;m op1:r;1 

tion which UJUS<~S <J siqrn:rJ tlf/fJ\ UJHlfJlr:rnr;r1t ;Jritl1rn<:ti1 
ov1:rflow This ov~rflow 1s <h~tF:ct!:d 1n :m op1:r<1t1or1 1n which 

thtj r~nrry frorn th£: MSB m th1~ ALU do1:<, riot rn;itrJ1 n1r: r,;my 

from the MSB 1 

BIT 2 !Zl 
Bit 2 is thfj lf;rCJ fl;ig, ar1rJ 1<-, s1d to ;1 or11: ii Tt1i; r1:',1,lt of 1h1: 

prf~v1ous opf:r<Jt1on Wd'> 1d1:n11r.:il!y 11:ro 



BIT 3 (NI 

Bit 3 1s tt1e negative flag, which contains exactly the value 
ot the MSB of the result of the preceding operation. Thus, a 
negative two's-complement result will leave N set to a one. 

BIT 4 (I) 

Bit 4 is tt1e IRO mask bit The processor will not recognize 
interrupts from the IAO line 11 this bit 1s set to a one. NMI, 
FIRO, IRO, RESET, and SWI all set I to a one SWl2 and 
SWl3 do not affect I 

BIT 5 (HI 

811 5 1s the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
IADC or ADDI. This bit 1s used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of 
this flag is undefined in all subtract-like instructions 

BIT 6 (Fl 

Bit 6 1s the FIRO mask bit. The processor will not 
recognize interrupts from the FIRO line 1f this bit is a one 
NMI, FIRO, SWI, and RESET all set F to a one. IRO, SWl2, 
and SW13 do not affect F. 

BIT 7 (El 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, 
as opposed to the subset state !PC and CCI. The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter
mine the extent of the unstacking. Therefore, the current E 
left in the condition code register represents past action. 

PIN DESCRIPTIONS 

POWER IVss. Vee! 
Two pins are used to supply power to the part: Vs s is 

ground or 0 volts, while V cc is + 5.0 V ± 5%. 

ADDRESS BUS (AO-A15l 

Sixteen pins are used to output address information from 
the MPU onto the address bus. When the processor does 
not require the bus for a data transfer, it will output address 
FFFF15, R/W = 1, and BS = 0; this is a "dummy access" or 
VMA cycle. Addresses are valid on the rising edge of 0. All 
address bus drivers are made high impedance when output 
bus available !BAI is high. Each pin will drive one Schottky 
TTL load or four LSTTL loads, and 90 pF. 

DATA BUS (DO-D7) 

These eight pins provide communication with the system 
bidirectional data bus. Each pin will drive or.e Schottky TTL 
load or four LSTTL loads, and 130 pF 
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READ/WRITE IR/VVI 

This signal 1nd1cates the d1rect1on of data transfer on the 
data bus A low ind1.cates that the MPU 1s writing data onto 
the data bus R/W is made high impedance when BA 1s 
high. R /W is valid on the rising 8dge of 0 

RESET 

A low level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown 1n Figure 6_ The 
reset vectors are fetched from locatmns FFFE15 and FFFF15 
!Table 11 when interrupt acknowledge 1s true, IBA•BS~ 11 
During 1nit1al power on, the RESET line should be held low 
until the clock oscillator is fully operational. See Figure 7 

Because the EF6809 RESET pin has a Schm1tHrigger 1n· 
put with a threshold voltage higher than that of standard 
peripherals, a simple RIC network may be used to reset the 
enttre system This higher threshold voltage ensures that all 
peripherals are out of the reset state before the processor 

HALT 
A !ow level on this input pm will cause the MPU to stop 

running at the end of the present instruction and remain 
halted indefinitely without loss of data. When halted, the BA 
output is driven high indicating the buses are high im
pedance. BS is also high which indicates the processor is in 
the halt or bus grant state While halted, the MPU will not 
respond to external real-time requests IFIRO, IROI although 
DMA/BREO will always be accepted, and NMI or RESET will 
be latched for later response. During the halt state, 0 and E 
continue to run normally. If the MPU 1s not running I RESET, 
OMA/ BREOI, a halted state I BA• BS~ 11 can be achieved by 
pulling HALT low while RESET is still low. If DMAI BREO 
and HALT are both pulled low, the processor will reach the 
last cycle of the instruction (by reverse cycle stealing) where 
the machine will the become halted. See Figure 8. 

BUS AVAILABLE, BUS STATUS (BA, BS) 

The bus available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. This signal does not imply that the bus will be 
available for more than one cycle. When BA goes low, a 
dead cycle will elapse before the MPU acquires the bus 

The bus status output signal, when decoded with BA, 
represents the MPU state !valid with leading edge of QI 

MPU State 
MPU State Definition 

BA BS 

0 0 Normal (Running) 

0 t Interrupt or Reset Acknowledge 

1 0 Sync Acknowledge 

t t Halt or Bus Grant Acknowledge 



... ... ..., 

FIGURE 6 - RESET TIMING 

I ' Vee~ 

~t~~~"' ~W." t i.ltrcs -RE-SE-TV1HR viHR ~tpcf~/7:'7777'~'7>0771/;/"Wm""""v1H_R ____________ _ 

tRC tpcr 
New PC+ 1 New PC+ 1 

Address See Note 3 
Bus 

Data Hi Byte VMA v MA 

New PC First First 
Low Byte Instruction Lo Byte Instruction 

BS \\\\\\\w;~ I \~----->•>-----------------' 
NOTES 1. Parts with date codes prefixed by 7F or 5A will come out of R'E'StT one cycle sooner than shown. 

2. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
3. FFFE appears on the bus during RESET low time. Following the active transition of the RESET line, three more FFFE cycles will appear followed 

by the vector fetch 



FIGURE 7 - CRYSTAL CONNECTIONS AND OSCILLATOR START UP 

Vu: 

mn .....>~ 
--'RC~ 

NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 

Yl 9n_ 
8 MHz 18 pF 

6 MHz 20 pF 

4 MHz 24 pF 

38 ______ .... 01------39 

~~ 38~39 
co 

EF6809 

~ 
18 pF 

20 pF 

38 Yl 

D 
39 

24 pF ::r: Cout 

Nominal Cryatat Param-. 

3.58 MHz 4.00 MHz 8.0 MHz 8.0 MHz 

Rs 600 500 30-500 20-40 0 

c9 3.6 pf 6.5 pf 4-6 pf 4-6 pf 
C1 0.015 pf 0.025 pf 0.01-0.02 pf 0.01-0.02 pf 

a >40k >30k >20k >20k 
All parameters are 10% 

NOTE: These are representative AT-cot .crystal parameters only. Crystals of other 
types of cut may also be used. 

39 

-----o 38 
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20mm max: 

_J 

Other Signals 
Not Wired In 

This Area. 



FIGURE 8 - HALT AND SINGLE INSTRUCTION 
EXECUTION FOR SYSTEM DEBUG 

2r1d To Last 
last Cycle 

Cycle Of Of 
Current Currenl Dead 

I Inst I Inst I Cycle I ... .. .. .. .. .. •--ii--
Halted 

Dead Inst Instruction Dead 

_i_Cycle I Fetch I Executel Cycle j Halted ·-·--.,-- .. .. .. .. .. .. .. .. 

R/W~,__---------~ 

BA -----------J 
BS _________ --J 

Data~1-S----------------,---y---\ ____ _ 
Bus~ \___/\,___j 

Instruction 
Opcode 

NOTE: Waveform measurements tor all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 

INTERRUPT ACKNOWLEDGE is indicated during both 
cycles of a hardware-vector-fetch I RESET,~. FlRQ, rnLi, 
SWI, SWl2, SWl31. This signal, plus decoding of the lower 
four address li.nes, can provide the user with an indication of 
which interrupt level is being serviced and allow vectoring by 
device. See Table 1. 

SYNC ACKNOWLEDGE is indicated while the MPU is 
waiting for external synchronization on an interrupt line 

HALT/BUS GRANT is true when the MC6809 is in a halt 
or bus grant condition. 

TABLE 1 - MEMORY MAP FOR INTERRUPT VECTORS 
Memory Map For 
Vector Locations Interrupt Vector 

Description 
MS LS 

FFFE FFFF RESET 
FFFC FFFD NMi 
FFFA FFFB SWI 
FFFB FFF9 IRO 
FFF6 FFF7 mm 
FFF4 FFF5 SWl2 
FFF2 FFF3 SWl3 
FFFO FFF1 Reserved 

NON MASKABLE INTERRUPT INMll* 

A negative transition on this input requests that a non
maskable interrupt sequence be generated. A non-maskable 

interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRQ, IRO, or software interrupts. Dur· 
ing recognition of an NMI, the entire machine state is saved 
on the hardware stack. After reset, an~ will not be recog· 
nized until the first program load of the hardware stack 
pointer ISi. The pulse width of NMI low must be at least one 
E cycle. If the NMI input does not meet the minimum set up 
with respect to Q, the interrupt will not be recognized until 
the next cycle. See Figure 9. 

FAST-INTERRUPT REQUEST (FIRQI* 

A low level on this input pin will initiate a fast interrupt se
quence, provided its mask bit IFI in the CC is clear. This se
quence has priority over the standard interrupt request 
I iRCii, and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the inter
rupt before doing an RTI. See Figure 10. 

INTERRUPT REQUEST (IRQ) • 

A low level input on this pin will initiate an interrupt re
quest sequence provided the mask bit Ill in the CC 1s clear 
Since IRO stacks the entire machine state 1t provides a 
slower response to interrupts than Fl RO I RO also has a 
lower priority than FIRO. Again, the interrupt service routi11e 
should clear the source of the interrupt before drnng an RTI. 
See Figure 9. 

*NMI, FIRO, and'i"R'Ci requests are sampled on the falling edge of 0 One cycle is required for synchronization before these interrupts are recog
nized The pending 1nterrupt\s) will not be serviced until completion of the current instruction unless a SYNC or CWAI cond1t1on 1s present. If IRQ 
and Fl'RO do not remain low until completion of the current instrUct1on they may not be recognized. However, NMI is latched and need only re
main low for one cycle. No interrupts are recognized or latched between the falling edge of RESET and the rising edge of BS 1nd1cating 
RESET acknowledge. 
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FIGURE 9 - iRa AND NMI INTERRUPT TIMING 

Last cycle 
of Current Instruction 
Instruction Fetch 

,._---l.,.l---------------1nterrupt Stacking and Vector Fetch Sequence----------------..i.----->1 

Jm-2Jm-11 m lm+1!m+2lm+3lm+4lm+5lm+6lm+7lm+Blm+9lm+10lm+11lm+12lm+13lm+14lm+15lm+16lm+171m+18j n ln+1j 

E• 

a 
Address ~~~,-----v------r.r--\i---v-- ~r---'\~r-

Bus 

TAO or 
NMI 

Data _f\_______f\.__"---J\._____/\ 
-~'--'~-~'--'~-~·=v=M=A,..,,~P~C~L~-~P~C.,.,H USL USH IYL IYH IXL IXH DP -A~C~C~BJ~A~C~C~AJ-~c~c=RJ~vi;;;o.=v"""J~~N-ew~~N-ew~~v=M==A'~-~·~-J· 

PCH PCL 

E• 

NOTE: ~avetorm measurements for all inputs and outputs are specified at logic high= 2.0 V a,nd logic low= 0.8 V unless otherwise specified. 

E clock shown for reference only. 
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FIGURE 10 - FIRQ INTERRUPT TIMING 

Last Cycl~ 
of Current Instruction 
Instruction Interrupt Stacking and Vector Fetch Sequence Fetch 

E* 

Q 

Address 
Bus 

I rn-2 I rn-1 

I 

I 
- !-'PCS 

FIRQ I 

Data 

I rn+1 J m+2 I rn+3 I rn+4 I m+5 f m+6 I m+7 f rn+8 I m+9 

PC PC 

R/W~ \ I 

E* 

NOTE Waveform measurements for all inputs and outputs are specified at logic high= 2_0 V and logic low= 0.8 V unless otherwise specified 
* E clock shown for reference only. 

n+1 



XTAL, EXTAL 
These inputs are used to connect the on-chip oscillator to 

an external parallel-resonant crystal. Alternately, the pin 
EXT AL may be used as a TTL level input for external timing 
by grounding XTAL. The crystal or external frequency 1s four 
times the bus lrequency. See Figure 7. Proper RF lnyout 
techniques should be observed in the layout of printed ClfCLHt 

boards. 

E, 0 
E is similar to the E F6800 bus timing signal phase 2; 0 is a 

quadrature clock signal which leads E. 0 has no parrallel on 
the EF6800. Addresses from the MPU will be valid with the 
leading edge of 0 Data is latched on the falling edge of E. 
Timing for E and Q is shown in Figure 11. 

MRDY* 
This input control signal allows stretching of E and 0 to 

extend data-access time. E and 0 operate normally while 
MADY is high. When MADY is low, E and 0 may be stretch· 
ed 1n integral multiples of quarter I Y. I bus cycles, thus allow
ing interface to slow memories, as shown in Figure 12(a). 
During non-valid memory access 1\l'MA cycles!, MADY has 
no effect on stretching E and O; this inhibits slowing the pro· 
cessor during "don't care" bus accesses. MADY may also be 

used to stretch clocks I for slow memory I when bus control 
has been transferred to an external device I through the use 
of R'i'iCT and DMA/BREOI. 

DMA/BREO* 
The DMA/BREO input provides a method of suspending 

execution and acquiring the M PU bus for another use, as 
shown 1n Figure 13. Typical uses include DMA and dynamic 
memory refresh. 

A low level on this pin will stop instruction execution at the 
end of the current cycle unless pre-empted by self-refresh. 
The MPU will acknowledge DMA/BREO by setting BA and 
BS to a one. The requesting device will now have up to 15 
bus cycles before the MPU retrieves the bus for self-refresh. 
Self-refresh requires one bus cycle with a leading and trailing 
dead cytle. See Figure 14. The self-refresh counter is only 
cleared if DMA/BREO is inactive for two or more MPU 
cycles. 

Typically, the DMA controller will request to use the bus 
by asserting DMA/BREO pin low on the leading edge of E. 
When the MPU replies by setting BA and BS to a one, that 
cycle will be a dead cycle used to transfer bus mastership to 
the DMA controller. 

False memory accesses may be prevented during any dead 
cycles by developing a system D'1VlAi7M'A signal which is 
LOW in any cycle when BA has changed. 

FIGURE 11 - E/Q RELATIONSHIP 

Start of Cycle 
I 

I 

E~~0=.5~V~~~~_,/ 
I 

Q 
i'AVS:v 

I Address Valid 

End of Cycle !Latch Data) 

I 
'{ ,----

1 

\ __ __._l __ 

I 
NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 

*The on-board clock generator furnishes E and Q to both the system and the MPU. When MADY 1s pulled low, both the system clocks and tne 
internal MPU clocks are stretched. Assertion of i5Nf"A/BRTh input stops the internal MPU clocks while allowing the external system clocks to 
RUN (i.e., release the bus to a DMA controlled. The internal MPU clocks resume operation after DMAIBREO is released or after 16 bus cycles 
!14 DMA, two dead), whichever occurs first. While DlViA/~ is asserted it is sometimes necessary to pull MADY low to allow DMA 
to/from slow memory/peripherals. As both MADY and OMA/BRTIS' .control the internal MPU clocks, care must be exercised not to violate 
the maximum tcyc specification for MRDY or llMA/ITTlrn. I Maximum tcyc during MADY or DMA/BREQ is 16 ~s.I 

1-122 



When BA goes low !either as a result of DMA/BREQ = 
HIGH or MPU self-refresh!, the OMA device should be taken 
off the bus. Another dead cycle will elapse before the MPU 
accesses memory to allow transfer of bus mastership 
without contention. 

MPU OPERATION 

During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. 

This sequence begins after RESET and 1s repeated indefinite
ly unless altered by a special instruction or hardware occur
rence. Software instructions that alter normal MPU opera
tion are: SWI, SWl2, SW13, CWAI, RTI, and SYNC. An in
terrupt, HALT, or DMA/BREO can also alter the normal ex
ecution of instructions. Figure 15 illustrates the flowchart for 
the EF6809. 

FIGURE 12 - MADY TIMING AND SYNCHRONIZATION 

Q 

MADY 

\ I 

I \ 

Part of 

(a) Timing 

\ I 
I \ 

~~ 
(b) Synchronization 

4.0 MHz 
Oscillator 

74LS04 

,,t'~ 
t __ - --
I 
I I I '\'} 

I t<. 
·1 tpcs 

I )~ I l 

EF6809 MRDY~3~6 ___ M_R_D_Y_S_tr_et_c_h_+-------< 
MADY 

Synchronization 

Active Low 
Chip Select 

for Slow 
Memory or 
Penpheral 

MADY Stretch 

)I 

7474 

D 

Stretch = 0.7 RC 
~~=~~~=-------To Memory 
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FIGURE 13 - TYPICAL OMA TIMING I< 14 CYCLES! 

a 

BA. BS 

i'J'~u~ ----------' 
AODR 
IOMACI-------------~ 

tpcs 

\ 

'----------------------J 

FIGURE 14 - AUTO-REFRESH OMA TIMING ( > 14 CYCLES) 
(REVERSE CYCLE STEALING! 

-----------14 DMA Cycles-----------;DeadlMPU,Deadk---oMA-

1 I I I 
I I I 

I 
a I 

I 
I I 

* DMAVMA is a signal which is developed externally, but is a system requirement for OMA. 

NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified 

1-124 



.. 
' .. .., 

U1 

O~DPR 

1-+IVW 
1-+F,I 
Cirtn\ii -Diann NM1 

---.---

I R~tc::~I FFE~ I ,,. .. :::::-...... x J 

FIRQ.F 

SWO "" 

Bus State BA BS 

Running 0 0 

Interrupt or Reset Acknowledge 0 1 CWA• 

Sync Acknowledge 1 0 

Halt or Bus Grant Acknowledge 1 1 

Note: Asserting RESET will result in entering the reset sequence from any point in the flowchart. 



ADDRESSING MODES 

The basic instructions of any computer are greatly enhanc
ed by the presence of powerful addressing modes. The 
E F6809 has the most complete set of addressing modes 
available on any microcomputer today. For example, the 
E F6809 has 59 basic instructions, however, it recogn12es 
1464 different variations of instructions and addressing 
modes. The addressing modes support modern program
ming techniques. The following addressing modes are avail
able on the E F6809 : 

Inherent (includes accumulator) 
Immediate 
Extended 

Extended Indirect 
Direct 
Register 
Indexed 

Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/ Decrement 
Indexed Indirect 

Relative 
Short/ Long Relative Branching 
Program Counter Relative Addressing 

INHERENT (INCLUDES ACCUMULATOR) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
inherent addressing are: ABX, DAA, SWI, ASRA, and 
CLRB. 

IMMEDIATE ADDRESSING 

In immediate addressing, the effective address of the data 
is the location immediately following the opcode (i.e., the 
data to be used 1n the instruction immediately following the 
opcode of the instruction). The E F6809 uses both 8- and 
16-bit immediate values depending on the size of argument 
specified by the opcode. Examples of instructions with im
mediate addressing are: 

LOA #$20 
LOX #SFOOO 
LOY #CAT 

NOTE 
# signifies Immediate addressing; $ signifies hexa
decimal value. 

EXTENDED ADDRESSING 

In extended addressing, the contents of the two bytes im
mediately following the opcode fully specify the 16-bit effec· 
tive address used by the instruction. Note that the address 
generated by an extended instruction defines an absolute 
address and is not position independent. Examples of ex
tended addressing include: 

LOA CAT 
STX MOUSE 
LDD $2000 

EXTENDED INDIRECT - As in the special case of indexed 
addressing !discussed below!, one level of indirection may 
be added to extended addressing. In extended indirect, the 
two bytes following the postbyte of an indexed instruction 
contain the address of the data. 

LOA [CAT] 
LOX [$FFFEJ 
STU [DOG] 

DIRECT ADDRESSING 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower eight bits of the address to be used. The 
upper eight bits of the address are supplied by the direct 
page register. Since only one byte of address 1s required 1n 
direct addressing, this mode requires less memory and 
executes faster than extended addressing. Of course, only 
256 locations lone page! can be accessed without redefining 
the contents of the DP register. Since the DP register is set 
to $00 on reset, direct addressing on the E F6809 is compati· 
ble with direct addressing on the 6800. Indirection is not 
allowed in direct addressing. Some examples of direct 
addressing are: 

LOA $30 
SETDP $10 !assembler directive) 
LOB $1030 
LDD < CAT 

NOTE 
< is an assembler directive which forces direct 
addressing. 

REGISTER ADDRESSING 

Some opcodes are followed by a byte that defines a 
register or set of registers to be used by the instruction. This -
is called a postbyte. Some examples of register addressing 
are: 
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TFR 
EXG 
PSHS 
PULU 

X, y 
A, B 
A, B,X, Y 
X, Y, D 

INDEXED ADDRESSING 

Transfers X into Y 
Exchanges A with B 
Push Y, X, Band A onto S 
Pull D, X, and Y from U 

In all indexed addressing, one of the pointer registers IX, 
Y, U, S, and sometimes PCI is used in a calculation.of the ef
fective address of the operand to be used by the instruction. 
Five basic types of indexing are available and are discussed 
below. The postbyte of an indexed instruction specifies the 
basic type and variation of the addressing mode as well as 
the pointer register to be used. Figure 16 lists the legal for· 
mats for the postbyte. Table 2 gives the assembler form and 
the number of cycles and bytes added to the basic values for 
indexed addressing for each Variation. 
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FIGURE 16 - INDEXED ADDRESSING POSTBYTE 
REGISiER BIT ASSIGNMENTS 

Postbyte Register Bit Indexed 

6 5 4 3 2 1 0 
Addressing 

Mode 

R R d d d d d EA = ,R + 5 Bit Offset 

R R 0 0 0 0 0 ,R+ 

R R 
' 

0 0 0 1 ,R + + 

R R 0 0 0 1 0 ,- R 

R R ' 0 0 1 1 ' - - R 
R R ' 0 1 0 0 EA = , R + O Offset 

R R 
' 

0 1 0 1 EA =, R + ACCB Olfset 

R R 
' 

0 1 1 0 EA = , R + ACCA Oflset 

R R ' 1 0 0 0 EA= ,R +8 Bit Of!set 

R R ' 1 0 0 1 EA = .R + 16 Bit Offset 

R R 
' 

1 0 1 1 EA = , R + 0 Offset 

' x 
' 

1 1 0 0 EA = ,PC + 8 Bit Offset 

' ' ' 1 1 0 1 EA= ,PC+ 16 Bit Offset 

R R ' 1 1 1 1 EA = I.Address] - -~ 
L_Addressing Mode Field 

~------Indirect Field 
!Sign bit when b7 = Ol 

~----------Register Field: RR 
00 = x 

x = Don't Care 
d = Offset Bit 

01 = y 
10 = u 

O =Not Indirect 
1 = 1 =Indirect 

11 = s 

ZERO-OFFSET INDEXED - In this mode, the selected 
pointer register contains the effective address of the data to 
be used by the instruction. This is the fastest indexing mode 

Examples are: 

LOO O,X 
LOA S 

CONSTANT OFFSET INDEXED- In this mode, a two's 
complement offset and the contents of one of the pointer 
registers are added to form the effective address of the 
operand. The pointer register's initial content 1s unchanged 
by the add1t1on 

Three sizes of offsets are available 

5 bit I - 16 to + 151 
8bitl-128to +1271 

16 bit I - 32768 to + 327671 

The two's complement 5-bit offset is included in the post
byte and, therefore, is most efficient in use of bytes and 
cycles. The two's complement 8-bit offset is contained in a 
single byte following the postbyte. The twos complement 
16-bit offset is 1n the two bytes following the postbyte. In 
most cases the programmer need not be concerned with the 
size of this offset since the assembler will select the optimal 
size automatically. 

Examples of constant-offset indexing are· 

LOA 23,X 
LOX -2,S 
LDY 300,X 
LDU CAT,Y 

TABLE 2 - INDEXED ADDRESSING MODE 

Type 

Constant Offset From R 
(2s Complement Offsets) 

Accumulator Offset From R 
12s Complement Offsets) 

Auto Increment/Decrement R 

Constant Offset From PC 
(2s Complement Offsets) 

Extended Indirect 

R=X, Y, U, or S RR 
x == Don't Care 00 = X 

01 = y 
10=U 
t1 = s 

Forms 

No Offset 

5-Bit Offset 

8-Bit Offset 

16-811 Offset 

A Register Offset 

B Register Offset 

D R~_gister Offset 

Increment By 1 

Increment By 2 

Decrement By 1 

Decrement By 2 

8-Bit Offset 

16-Bit Offset 

16-Bit Address 

Non Indirect 

Assembler Postbyte 
Form Opcode 

,R 1 RR00100 

n, R ORRnnnnn 

n, R 1 RR01000 

n, R 1 RR01001 

A, R 1RR00110 

B, R 1 RR00101 

D, R 1 RR01011 

,R+ 1 RROOOOO 

,R+ + 1RR00001 
, - R 1 RR00010 

,- -R 1RR00011 

n, PCR 1xx01100 

n, PCR 1>X01101 

- -

:and +#indicate the number of additional cycles and bytes for the particular variation 
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Indirect. 

;J + + Assembler Post byte + - # Form Opcode -
0 0 LAI 1RR10100 3 0 

1 0 defaults to 8-bit 

1 1 In, Al 1RR11000 4 1 

4 2 In, RI 1 RR11001 7 2 
1 0 IA, RI 1 RR10110 4 0 

1 0 IB, RI 1 RR10101 4 0 

4 0 ID, RI 1 RR11011 7 0 

2 0 not allowed 

3 0 LR+ +I 1 RR10001 6 0 

2 0 not allowed 

3 0 I, - - RI 1 RR10011 6 0 

1 1 In, PCRI 1xxl 1100 4 1 

5 2 In, PCRI 1>X11101 8 2 
- - lnl 10011111 5 2 



ACCUMULATOR-OFFSET INDEXED This mode 1s 
similar to constant offset indexed except that the two's 
complement value in one of the accumulators (A, 8, or DJ 
and the contents of one of the pointer registers are added to 
form the effective address of the operand. The contents of 
both the accumulator and the pointer register are unchanged 
by the addition. The postbyte specifies which accumulator 
to use as an offset and no add1t1onal bytes are required. The 
advantage of an accumulator offset 1s that the value of the 
offset can be calculated by a program at run-time. 

Some examples are-
LDA B,Y 
LOX D,Y 
LEAX B,X 

AUTO INCREMENT/DECREMENT INDEXED - In the 
auto increment addressing mode, the pointer register con
tains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This address
ing mode is useful in stepping through tables, moving data, 
or tor the creation of softwarQ stacks. In auto decrement, the 
pointer register is decremented prior to use as the address of 
the data. The use of auto decrement is similar to that of auto 
increment; but the tables, etc., are scanned from the high to 
low addresses. The size of the increment/ decrement can be 
either one or two to allow for tables of either8- or 16-bit data 
to be accessed and is selectable by the programmer. The 
pre-decrement, post-increment nature of these modes 
allows them to be used to create additional software stacks 
that behave identically to the U and S stacks. 

Some examples of the auto increment/ decrement ad-
dressing modes are: 

LDA ,X+ 
STD ,Y+ + 
LOB , -Y 
LOX , - - S 

Care should be taken in performing operations on 16-bit 
pointer registers IX, Y, U, SI where the same register is used 
to calculate the effective address. 

Consider the follqwing instruction: 

STX O,X+ + IX initialized to OJ 
The desired result is to store zero in locations $0000 and 
$0001 then increment X to point to $00o2. In reality, the 
following occurs: 

o-temp calculate the EA; temp is a holding register 
X + 2-x perform auto increment 
X-ltempl do store operation 

INDEXED INDIRECT - All of the indexing modes, with 
the exception of auto increment/ decrement by one or a 
± 4-bit offset, may have an additional level of indirection 
specified. In indirect addressing, the effective address is con
tained at the location specified by the contents of the index 
register plus any offset. In the example below, the A ac
cumulator is loaded indirectly using an effective address 
calculated from the index register and an offset. 
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Before Execution 
A= XX I don't care! 
X = SFOOO 

$0100 LOA [$10,XI EA 1s now $F010 

$F010 
$F011 

$F1 $F150 1s now the 
$50 new EA 

$F150 $AA 
After Execution 
A= SAA Actual Data Loaded 
X = $FOOO 

All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 
one indirect) Some examples of indexed indirect are: 

LOA I.XI 
LDD 110,SI 
LOA [B,YI 
LDD [,X+ +I 

RELATIVE ADDRESSING 
The bytelsl following the branch opcode 1s larel treated as 

a signed offset which may be added to the program counter. 
If the branch condition is true, then the calculated address 
IPC + signed oftsetl is loaded into the program counter. 
Program execution continues at the new location as in
dicated by the PC; short lone byte offset) and long ltwo 
bytes offset) relative addressing modes are available. All of 
memory can be reached in long relative addressing as an ef
fective add.ress is interpreted modulo 216. Some examples of 
relative addressing are: 

CAT 
DOG 

BEO 
BGT 
LBEO 
LBGT 

RAT NOP 
RABBIT NOP 

CAT 
DOG 
RAT 
RABBIT 

lshortl 
I short) 
llongl 
llongl 

PROGRAM COUNTER RELATIVE - The PC can be used 
as the pointer register with 8- or 16-bit signed offsets. As in 
relative addressing, the offset is added to the current PC to 
create the effective address. The effective address is then 
used as the address of the operand or data. Program counter 
relative addressing is used for writing position independent 
programs. Tables related to a particular routine will maintain 
the same relationship after the routine is moved, 1f 
referenced relative to the program counter. Examples are: 

LOA CAT, PCR 
LEAX TABLE, PCR 

Since program counter relative is a type of indexing, an 
additional level of indirection is available. 

LOA [CAT, PCRI 
LOU [DOG, PCRI 



INSTRUCTION SET 
The instruction set of the EF6809E is similar to that of 

the 6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional ad
dressing modes, the number of available opcodes lw1th dif
ferent addressing modesl has risen from 197 to 1464. 

Some of the new 1nstruct1ons are described 1n detail 
below. 

PSHU/PSHS 
The push instructions have the capability of pushing onto 

either the hardware stack !S) or user stack !Ul any single 
register or set of registers with a single instruction. 

PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or 
registers are to be pushed or pulled. The actual push/pull se
quence is fixed; each bit defines a unique register to push or 
pull, as shown below 

Push/ Pull Post byte 

CCR 
A 
B 
DPR 
x 
y 

SIU 
PC 

TFR/EXG 

Stacking Order 
Pull Order 

I cc 
A 
B 

DP 
X Hi 
X Lo 
Y Hi 
Y lo 

UIS Hi 
UIS Lo 
PC Hi 
PC Lo 

I 
Push Order 

Increasing 
Memory 

I 

Within the EF6809E, any register may be transferred 
to or exchanged with another of Ii ke size, i.e., 8 bit to 8 bit 
or 16 bit to 16 bit. Bits 4-7 of postbyte define the source 
register, while bits 0-3 represent the destination register. 
These are denoted as follows : 

Trans fer I Exchange Postbyte 

: So~;ce : I D~st17at1~n 
Register Field 

IJOOO=D IA:BI 
0001 = x 
0010= y 
0011=U 
0100= s 
0101 =PC 

NOTE 

1000= A 
1001= B 
1010= CCR 
1011 = DPR 

All other combinations are undefined and INVALID. 

LEAX/ LEAY I LEAU/ LEAS 
The LEA !load effective address) works by calculating the 

effective address used in an indexed instruction and stores 
that address value, rather than the data at that address. in a 
pointer register. This makes all the features of the internal 
addressing hardware available to the programmer. Some of 
the implications of this instruction are illustrated in Table 3. 

The LEA instruction also allows the user to access data 
and tables in a position independent manner. For example: 

LEAX MSG1, PCR 
LBSR PDATA !print message routinel 

MSG1 FCC 'MESSAGE' 

This sample program prints: 'MESSAGE'. By writing 
MSG1, PCR. the assembler computes the distance between 
the present address and MSG1. This result is placed as a 
constant into the LEAX instruction which will be indexed 
from the PC value at the time of execution. No matter where 
the code is located when it is executed, the computed offset 
from the PC will put the absolute address of MSG1 into the X 
pointer register. This code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register !tempi. Care must be exercised when using 
the LEA instructions with the auto increment and auto 
decrement addressing modes due to the sequence of internal 
operations. The LEA internal s~quence is outlined as follows: 

LEAa ,b+ lany of the 16-bit pointer registers X, Y, 
U, or S may be substituted for a and bl 

1. b-temp I calculate the EAi 

2. b+1-b !modify b, postincrementl 

3 temp- a !load al 

LEAa. - b 

1. b-1-temp !calculate EA with predecrementl 

2. b-1-b !modify b, predecrementl 

3. temp- a !load al 

TABLE 3 - LEA EXAMPLES 
Instruction Operation Comment 

LEAX 10, x x + 10 -x Adds 5-Bit Constant 10 to X 

LEAX 500, x X+500-X Adds 16-Bit Constont 500 to X 
LEAY A,Y Y+A -v Adds 8-Bit A Accumulator to Y 
LEAY D,Y y + D -v Adds 16-Bit D Accumulator to Y 
LEAU -10, U u - 10 -u Substracts 10 from U 
LEAS -10, S s - 10 -s Used to Reserve Area on Stack 
LEAS 10, s s + 10 -s Used to 'Clean Up' Stack 
LEAX 5, s s + 5 -x Transfers As Well As Adds 
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Auto increment-by-two and auto decrement- by· two instruc
tions work s1m1larly. Note that LEAX ·,X + does not change 
X; however, LEAX, - X does decrement; LEAX 1, X should 
be used to increment X by one 

MUL 

Multiplies the unsigned binary numbers in the A and B ac
cumulator and places the unsigned result into the 16-bit D 
accumulator. The unsigned multiply also allows mult1ple
precis1on multiplications 

LONG AND SHORT RELATIVE BRANCHES 

The EF6809 has the capability of program counter relative 
branching throughout the entire memory map In this mode, 
1f the branch 1s to be taken, the 8- or 16-bit signed offset is 
added to the value of the program counter to be used as the 
effective address. This allows the program to branch 
anywhere in the 64K memory map. Position-independent 
code can be easily generated through the use of relative 
branching Both short 18-bitl and long 116-bitl branches are 
available 

SYNC 

After encountering a sync instruction, the M PU enters a 
sync state, stops processing instructions, and waits for an 
interrupt. If the pending interrupt is non-maskable lmvlil or 
maskable IFIRO, IROI with its mask bit IF or II clear, the pro
cessor will clear the sync state and perform the normal inter
rupt stacking and service routine. Since FIRO and IRO are 
not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the interrupt will 
be taken. If the pending interrupt is maskable IFIRO, IROI 
with its mask bit (For I) set, the processor will clear the sync 
state and continue processing by executing the next in~line 
instruction. Figure 17 depicts sync timing 

SOFTWARE INTERRUPTS 

A software interrupt is an instruction which will cause an 
interrupt and its associated vector fetch. These software in
terrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and soft
ware development systems. Three levels of SWI are available 
on the E F6809, and are prioritized in the following order: 
SWI, SW12, SWl3. 

16-BIT OPERATION 

The EF6809,has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes, and pulls. 

CYCLE-BY-CYCLE OPERATION 

The address bus cycle-by-cycle performance chart I Figure 
18) illustrates the memory-access sequence corresponding 
to each possible instruction and addressing mode in the 
EF6809. Each instruction begins with an opcode fetch. 
While that opcode is being internally decoded, the next pro
gram byte is always fetched. I Most instructions will use the 
next byte, so this technique considerably speeds through
put.I Next, the operation of each opcode will follow the 
flowchart. VMA is an indication of FFFF15 on the address 
bus, Ri'W= 1 and BS=O. The following examples illustrate 
the use of the chart. 
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Example 1: LBSR !Branch Taken! 
Before Execution SP= FOOD 

$8000 LBSR CAT 

$AOOO CAT 

CYCLE-BY-CYCLE FLOW 

Cycle# Address Data R/W Description 
1 8000 17 1 Opcode Fetch 
2 8001 20 1 Ollset High Byte 
3 8002 00 1 Offset low Byte 
4 FFFF . 1 i7MA Cycle 
5 FFFF . 1 i7MA Cycle 
6 AOOO . 1 Computed Branch Address 
7 FFFF . 1 VMA Cycle 
8 EFFF 80 0 Stack High Order Byte of 

Return Address 
9 EFFE 03 0 Stack Low Order Byte of 

Return Address 

Example 2: DEC IExtendedl 

$8000 DEC $AOOO 

$A8000 $80 

CYCLE-BY-CYCLE FLOW 

Cycle# Address Data R/W Description 

1 8000 ?A 1 Opcode Fetch 
2 8001 AO 1 Operand Address, High Byte 
3 8002 00 1 Operand Address, Low Byte 
4 FFFF . 1 VMA Cycle 
5 AOOO 80 1 Read the Data 
6 FFFF . 1 VMA Cycle 
7 AOOO ?F 0 Store the Decremented Data 

*The data bus has the data at that particular address 

INSTRUCTION SET TABLES 

The instructions of the E F6809 have been broken down 
into five different categories. They are as follows: 

8-bit operation I Table 41 
16-bit operation !Table 51 

Index register/stack pointer instructions !Table 61 
Relative branches Uong or short) !Table 71 

Miscellaneous instructions IT able 81 

Hexadecimal values for the instructions are given in 
Table 9. 

PROGRAMMING AID 

Figure 19 contains a compilation of data that will assist in 
pr·ogramming the EF6809. 
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R/W 

BA 

Last 
Cycle Of 

FIGURE 17 - SYNC TIMING 

Sync Acknowledge 

See Note l 

~{ ~~~1:~~~-==== 
NMI , 

BS 

See Note 2 

tpcs 

NOTES· 
1 If the associated mask bit is set when the interrupt is requested, this cycle will be an instruction fetch from address location PC+ 1. However, ii the in

terrupt is accepted (NMJ or an unmasked FIRO or IAOl Interrupt processing continues with this cycle as m on Figures 9 and 10 (Interrupt Timing! 
If mask bits are clear, IRO and FIRO must be held !ow for three cycles to guarantee interrupt to be taken, although only one cycle is necessary to bring 
the processor out of SYNC 
Waveform measurements for aH inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 



FIGURE 18-CYCLE·BY·CYCLE PERFORMANCE (Sheet 1 0191 

Opcode Fetch 

NNNN 

Relative Addressing 
Mode 

NOTES: 

1 . Each state shows: 

Data Bus 

Address Bus 

Offset High 

NNNN + 112) 

2. Address NNNN is location of opcode. 

Yes 

3. If opcode is a two byte opcode subsequent 
addresses are in parenthesis I - ) . 

4 Two-byte opcodes are highlighted. 

BCC, BCS, BEO. BGE, BGT, BHI, 
BHS, BLE, BLD. BLS, BLT, BMI, 
BNE. BPL, BRA, BAN, ..-~~0-ff~se-t~~~ 
BSA, BVC, BVS 

NNNN+ 1 

No 

1-132 

A 

Yes 

B 
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A Inherent Addressing Mode 

ABX ATS 

FFFF 

Don't Care 

FFFF 

ASLA/B 
ASRA/B 
CLRA/B 
COMA/B 
DAA 
DECA/B 
INCA/B 
LSLA/B 
LSRA/B 
NEGA/B 
NOP 
ROLA/B 
RORA/B 
SEX 
TSTA/B 

Don't Care 

NNNN+ 1 

FFFF 
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A 

B 
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A A 

B B 
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A A 

B B 
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A 

FFFF 

B 
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Immediate Addressing Mode 

FFFF 

AU Instructions 
Except 

PSHU, 
PSHS, 
PULS, 
TFR, 
and 
EXG 
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Extended 
Addressing 

Mode 

FFFF 

c 

B 



A 

O Offset 
From R 

Don't Care 

NNNN + 2131 

No 

D 
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Indexed Addressing Mode 

5-Brt Offset 

Don't Care 

Ff FF 

Yes 

8· 811 Offset 16-811 Offset A/8 Offset D Offset 

Don't Care 

FFFF 

Ff FF 

Constant Offset from R 
No Offset 
8-Bit Offset 
16-Bit Offset 

Accumulator Offset from R 
A Register Offset 
B Register Offset 
D Register Offset 

Auto Increment/Decrement R 
Increment by 2 
Decrement by 2 

Constant Ollset from PC 
8-Bit Offset 
16-bit Offset 

Extended Indirect 
16-Bit Address 

The index register 15 incremented 
following the indP.xed access 
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Don't Care 

FFF F 

Ff FF 

xx xx 

Index Register 
Index Register + Offset Byte 
Index Register + Offset High Byte Offset 
Low Byte 

Index Register + A Register 
Index Register + B Register 
Index Register + 0 Register 

Index Register* 
Index Register - 2 

Program Counter + Oflset Byte 
Program Counter + Offset High Byte Of1se1 
Low Byte 

Address High Byte Addres Low Byte 



A 

Don't Care 

Ff FF 

No 

D 
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Indexed Addressing Mode 

Inc/ Dec 
R by 2 

Don't Care 

FFFF 

Yes 

Extended 

Don't Care 

NNNN + 4151 

Constant Offset from R 
No Offset 
8-B1t Offset 
16-Bit Offset 

Accumulator Offset from R 
A Register Offset 
B Register Offset 
D Register Offset 

Auto Increment/Decrement R 
Increment by 2 
Decrement by 2 

Constant Offset from PC 
8-811 Offset 
16-bit Offset 

Extended Indirect 
16-Bit Address . 

PC±8·81t 
Offset 

Offset 

Don't Care 

FFFF 

xxxx 

Index Register 
Index Register + Offset Byte 
Index Register + Offset High Byte Offset 
Low Byte 

Index Register + A Register 
Index Register + 8 Register 
Index Register + D Register 

Index Register 
. 

Index Register - 2 

Program Counter + Oflset Byte 
Program Counter + Otfset High Byte Offset 
Low Byte 

Address High Byte Addres Low Byte 

The index register is incremented 
followrng the indexed access 
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ANDCC, 
ORCC 

I Immediate 
Only I 

Effective Address 

JMP 
!All Except 
Immediate) 

Data 

NNNN+1 

Don't Care 

NNNN+2 

B 

Constant Offset from A 
No Offset 
5-Bit Offset 
8-Bit Offset 
16-Bit Offset 

Accumulator Offset from A 
A Register Offset 
B Register Offset 
D Register Offset 

Auto Increment/ Decrement A 
Increment by 1 
Increment by 2 
Decrement by 1 
Decrement by 2 

Constant Offset from PC 
8-B1t Offset 
16-Bu Offset 

. 
The mdex register 1s mcremented 
following the mdexed access 

ADCA/B, 
ADDA/B, 
ANDA/B, 
BITA/B, 
CMPA/B, 
EDRA/B, 
LDA/B, 
ORA/B, 
SBCA/B, 
SUBA/B 

Data 

EA 

STAIB 
IAll Except 
Immediate I 

Register !Wnte) 

EA 

_LDD_, -LOU. 

~;.; 

Register High 

EA 

Register Low 

EA+ 1 

Effective Address t EAi 

Index Register 
Index Register 
Index Register + Post Byte 

STD, 
STU, f( 
btAll 
Except 
Immediate) 

Register High 
IWntel 

EA 

Register Low 
tWritel 

EA+ 1 

Index Register + Post Byte High: Post Byte Low 
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Index Register + A Register 
Index Register + B Register 
Index Register + 0 Register 

. 
Index Register 
Index Register* 
Index Register - 1 
Index Register - 2 

Program Counter + Offset Byte 
Program Counter + Offset High Byte Offset Low Bvte 

Direct Page Register Address Low 

Address High Address Low 

NNNN+1 



FIGURE 18 -CYCLE-BY-CYCLE PERFORMANCE ISheet9 of 9) 

Effective Address 

ASL, ASR. 
CLR. COM, 
OEC. INC. 
LSL, LSR. 
NEG. AOL. 
ROA IAll 
Extept 
lmmed1atel 

Constant Offset from A 
No Offset 
5·Bit Offset 
8·81t Offset 
16·Bit Offset 

Accumulator Offset from A 
A Register Offset 
B Register Offset 
D Register Offset 

Auto Increment/Decrement R 
Increment by 1 
Increment by 2 
Decrement by 1 
Decrement by 2 

Constant Offset from PC 
8-Btt Offset 
16-Btt Offset 

. 

TST 
IAll Except 
lmmed1ate) 

The mdex register 1s incremented 
followmg the indexed access 
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JSR 
IAll Except 
Immediate) 

LEAS, 
LEAV, 
LEAX, 
LEAY 
!Indexed Onlyl ...-----.. 

Don't Care 

Effective Address I EAi 

Index Register 
Index Register 
Index Register + Post Byte 

Don't Care 

FFFF 

Index Register + Post Byte High: Post Byte Low 

Index Register + A Register 
. Index Register + B Register 

Index Register + D Register 

. 
Index Register 
Index Register* 
Index Register - 1 
Index Register - 2 

Program Counter + Offset Byte 
Program Counter + Offset High Byte- Offset Low Byte 

Direct Page Aeg1ster Address Low 

Address High Address Low 
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TABLE 4 - 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 

Mnemonic(s) Operation 
ADCA,ADCB Add memory to accumulator with carry 

ADDA,ADDB Add memory to accumulatOr 

ANDA,ANDB And memory with accumulator 

ASL, ASLA, ASLB Arithmetic shift of accumulator or memory left 
ASR,ASRA,ASRB Arithmetic shift of accumulator or memory right 

BITA, BITB 611 test memory with accumulator 

CLR, CLRA, CLRB Clear accumulator or memory location 

CMPA, CMPB Compare memory from accumulator 

COM, COMA, COMB Complement acq.1mulator or memory location 

DAA Decimal ad1ust A accumulator 

DEC,DECA,DECB Decrement accumulator or memory location 

EORA. EORB Exclusive or memory wnh accumulator 

EXGR1,R2 Exchange Rl with R2 IRl, R2 = A, B, CC, DPI 
INC, INCA, INCB Increment accumulator or memory location 

CTi'A, LDB Load accumulator from memory 

LSL, LSLA, LSLB Logical shift left accumulator or memory location 

LSR, LSRA, LSRB Logical shift right accumulator or memory locat1on 

MUL Unsigned multtply tA x B - DI 

NEG,NEGA, NEGS Negate accumulator or memory 

ORA, ORB Or memory with accumulator 

ROL,ROLA, ROLB Rotate accumulator or memory left 

ROA, RORA, RORB Rotate accumulator or memory right 

SBCA, SBCB Subtract memory from accumulator with borrow 

STA, STB Store accumulator to memory 

SUBA,SUBB Subtract memory from accumulator 

TST, TSTA, TSTB Test accumulator or memory location 

TFR Al, R2 Transfer Rl to R2 IRl, R2 = A, B, CC, DPJ 

NOTE: A, B, CC, or DP may be pushed to !pulled froml stack with either PSHS, PSHU 
!PULS, PULUI instructions. 

TABLE 5 - 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 
Mnemonic(s) Operation 

ADDO Add memory to D accumulator 

CMPD Compare memory from D accumulator 

EXG D, R Exchange D with X, Y, S, U, or PC 

LDD Load D accumulator from memory 

SEX Sign Extend B accumulator into A accumulator 

STD Store D accumulator to memory 

SUBD Subtract memory from D accumulator 

TFR D, R Transfer D to X, Y, S, U, or PC 

TFR R, D Transfer X, Y, S, U, or PC to D 

NOTE: D may be pushed !pulled) to stack with either PSHS, PSHU !PULS, 
PULU) instructions. 
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TABLE 6 - INDEX REGISTER/STACK POINTER INSTRUCTIONS 

Instruction Oescriptk>n 
CMPS, CMPU Compare memory from stack pointer 

CMPX, CMPY Compare memory from index register 

EXG Al, R2 F..xchangf: D. X, Y. X, U. or PC with 0. X Y, S. U, or PC 

LEAS, LEAU Load effective address into stack pointer 

LEAX, LEAY Load effective address into index register 

LOS. LOU load stack pointer from memory 

LOX. LOY Load mdex register from memory 

PSHS Push A. B. CC, DP, D, X, Y, U, or PC onto hardware stack 

PSHU Push A, B. CC, DP, D. X, Y, S, or PC onto user stack 

PULS Pull A, B, CC, DP, D, X, Y, LI, or PC from hardware stack 

PULU Pull A, B, CC, OP, D, X, Y, S. or PC from hardware stack 

STS. STU Store stack pointer to memory 

STX, STY Store index register to memory 

TfR Al, R2 Transfer 0, X, Y, S. U or PC to 0, X, Y, S, U, or PC 

ABX Add B accumulator to X luns1gnedl 

TABLE 7 - BRANCH INSTRUCTIONS 

Instruction J. DescriptiOn 
SIMPLE BRANCHES 

BEQ, LBEO Branch if equal 

BNE. LBNE Branch 1f not equal 

BMI, LBMI Branch 1f mmus 

BPL, LBPL Branch if plus 

BCS, LBCS Branch 1f carry set 

BCC, LBCC Branch 1f carry clear 

BVS, LBVS Branch 1f overflow set 

BVC, LBVC Branch if overflow clear 

SIGNED BRANCHES 

BGT, LBGT Branch if greater (signed) 

BVS, LBVS Branch if mvalld 2s complement result 

BGE. LBGE Branch 1f greater than or equal (signed) 

BEQ, LBEO Branch 1f equal 

BNE, LBNE Branch if not equal 

BLE, LBLE Branch if less than or equal (signed! 

BVC, LBVC Branch if valid 2s complement result 

BLT, LBLT Branch if less than (signed) 

UNSIGNED BRANCHES 

BHI, LBHI Branch 1f higher (unsigned) 

BCC, LBCC Branch if higher or same (unsigned) 

BHS, LBHS Branch tf higher or same (unsigned) 

BEO. LBEO Branch if equal 

BNE, LBNE Branch if not equal 

BLS. LBLS Branch if lower or same (unsigned) 

BCS, LBCS Branch if lower (unsigned) 

BLO, LBLO Branch if lower (unsigned) 

OTHER BRANCHES 

BSA, LBSR I Branch 10 subroutine 

BRA, LBRA Branch always 

BAN. LBRN I Branch never 

TABLE 8 - MISCELLANEOUS INSTRUCTIONS 

Instruction Description 

ANOCC AND cond1t1on code register 

CWAI AND condition code register, then wait for mterrupt 

NOP No operation 

ORCC OR condition code register 

JMP Jump 

JSR Jump to subroutine 

RTI Return from interrupt 

RTS Return from subroutine 

SWI. SWl2, SWl3 Soflware interrupt !absolute indirect) 

SYNC Synchronize with mterrupt line 
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TABLE 9 - HEXADECIMAL VALUES OF MACHINE CODES 

OP Mnem Mode - I OP Mnem Mode 

00 NEG Direct 6 2 30 LEAX Indexed 
01 . 31 LEAY t 02 . 32 LEAS 
03 COM 6 2 33 LEAU Indexed 
04 LSR 6 2 34 PSHS lmmed 

05 . 35 PULS lrnmed 

06 ROA 6 2 36 PSHU lmmed 

07 ASA 6 2 37 PULU lmmed 

08 ASL. LSL 6 2 3E . 
09 AOL 6 2 39 ATS Inherent 

OA DEC 6 2 3A ABX ! OB . 3B RTI 
oc INC 6 2 3C CWAI 
OD TST 6 2 3D MUL lnhetent 

OE JMP y 3 2 3E . -
Of CLR D1rec1 6 2 3F SWI Inherent 

10 Page 2 - - - 40 NEGA Inherent 

II Page 3 - ·- - 41 . ~ 
12 NOP Inherent 2 I 42 . 
13 SYNC Inherent .,4 I 43 COMA 
14 . 44 LSRA 
15 . 45 . 
16 LBRA Relative 5 3 46 RORA 
17 LBSR Relative 9 3 47 ASRA 
IB . 48 ASLA, LSLA 
19 DAA Inherent 2 I 49 ROLA 
IA ORCC lmmed 3 2 4A DECA 
18 . - 48 . 
IC ANDCC lmmed 3 2 4C INCA 
ID SEX Inherent 2 I 4D TSTA 
IE EXG lmmed B 2 4E . 
If TFR lmmed 6 2 4f CLRA Inherent 

20 BRA Relative 3 2 50 NEGS Inherent 

21 BAN 3 2 51 . 
22 SHI 3 2 52 . 
23 BLS 3 2 53 COMB 
24 BHS. sec 3 2 54 LSRB 
25 BLO, BCS 3 2 55 . 
26 BNE 3 2 56 RORB 
27 SEO 3 2 57 ASRB 
2B SVC 3 2 58 ASLB, LSLB 
29 BVS 3 2 59 ROLB 
2A BPL 3 2 5A DECB 
28 BMI 3 2 58 . 
2C BGE 3 2 5C INCB 
2D BLT 3 2 5D TSTB 
2E SGT 3 2 5E . 
2F BLE Relative 3 2 5F CLAS Inherent 

LEGEND 
- Number of MPU cycles (less possible push pull or 1ndexed"mode cycles) 
I Number of program bytes 
* Denotes unused opcode 
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- I OP 

4+ 2+ 60 
4+ 2+ 61 
4+ 2+ 62 
4+ 2+ 63 
5+ 2 64 
5+ 2 65 
5+ 2 66 
5+ 2 67 

68 
5 I 69 
3 I 6A 
6/15 I 6B 
"20 2 6C 
II I 6D 

6E 
19 I 6f 

2 I 70 
71 
72 

2 I 73 
2 I 74 

75 
2 I 76 
2 I 77 
2 I 7B 
2 I 79 
2 I 7A 

7B 
2 I 7C 
2 I 7D 

7E 
2 I 7f 

2 I BO 
Bl 
B2 

2 I B3 
2 I 84 

B5 
2 I B6 
2 I B7 
2 I 88 
2 I B9 
2 I BA 

BB 
2 I BC 
2 I BD 

BE 
2 I Bf 

Mnem Mode - I 

NEG Indexed 6+ 2+ . . 
COM 6+ 2+ 
LSR 6+ 2+ . 
ROA 6+ 2+ 
ASA 6+ 2+ 
ASL. LSL 6+ 2+ 
AOL 6+ 2+ 
DEC 6+ 2+ . 
INC 6+ 2+ 
TST 6+ 2+ 
JMP 3+ 2+ 
CLR Indexed 6+ 2+ 

NEG Extended 7 3 . . 
COM 7 3 
LSR 7 3 . 
ROR 7 3 
ASA 7 3 
ASL. LSL 7 3 
AOL 7 3 
DEC 7 3 . 
INC 7 3 
TST 7 3 
JMP 4 3 
CLR Extended 7 3 

SUSA lmrried 2 2 
CMPA ~ 2 2 
SBCA 2 2 
SUBD 4 3 
ANDA 2 2 
SITA 2 2 
LDA 2 2 . 
EORA 2 2 
ADCA 2 2 
ORA 2 2 
ADDA 2 2 
CMPX Im med 4 3 
BSA Relative 7 2 
LDX Im med 3 3 . 



TABLE 9 - HEXADECIMAL VALUES OF MACHINE CODES ICONTINUEOI 

~- ~n::--·- Mode - , OP Mnem Mode - I OP ]Mnem Mode - # 
U1rP.CI 4 2 co SUBB lmmed 2 2 

91 CMPA 

1 

4 2 Cl CMPB 

I 2 2 Page 2 and 3 Machine 
92 SBCA 4 2 C2 SBCB 2 2 Codes 
93 SUBD 6 2 C3 ADDD 4 3 
94 ANDA 4 2 C4 ANDB 2 2 1021 LBRN Relative 5 4 
95 BITA 4 2 C5 BITB lmrned 2 2 1022 LBHI 5161 4 
96 LDA 4 2 C6 LDB lmmed 2 2 1023 LBLS 5161 4 
97 STA 4 2 Cl . 

l 
1024 LBHS, LBCC 5161 4 

98 EORA 

l 
4 2 CB EORB 2 2 1025 LBCS, LBLO 5161 4 

99 ADCA 4 2 C9 ADCB 2 2 1026 LBNE 5161 4 
9A ORA 4 2 CA ORB 2 2 1027 LBEO 5161 4 
9B ADDA 4 2 CB ADDB 2 2 102B LBVC 5161 4 
9C CMPX 6 2 cc LDD 3 3 1029 LBVS 5(6) 4 
9D JSR 7 2 CD . 102A LBPL 5161 4 
9E LDX 5 2 CE LDU Im med 3 j 102B LBMI 5161 4 
9F STX Duect 5 2 CF . 102C LBGE 5161 4 

2 1020 LBLT 5161 4 
AO SUBA Indexed 4+ 2+ DO SUBB Direct 4 

102E LBGT 5161 4 
A1 CMPA 4+ 2+ D1 CMPB t 4 2 

LBLE Relative 5161 4 102F 
A2 SBCA 4+ 2+ D2 SBCB 4 2 

Inherent 20 2 103F SWl2 
A3 SUBD 6+ 2+ D3 ADDD 6 2 

5 4 1083 CMPD lmmed 
A4 ANDA 4+ 2+ D4 ANDB 4 2 

I 5 4 D5 BITB 4 2 108C CMPY 
A5 SITA 4+ 2+ 108E LDY lmmed 4 4 
A6 LDA 4+ 2+ D6 LDB 4 2 

1093 CMPD Dtrect 7 3 
A7 STA 4+ 2+ D7 STB 4 2 

109C CMPY t 7 3 
AB EORA 4+ 2+ DB EORB 4 2 

6 3 2 109E LDY 
A9 ADCA 4+ 2+ D9 ADCB 4 

6 3 2 109F STY Direct 
AA ORA 4+ 2+ DA ORB 4 

Indexed 7+ 3+ 2 10A3 CMPD 
AB ADDA 4+ 2+ DB ADDB 4 

t 7•· 3+ 5 2 10AC CMPY 
AC CMPX 6+ 2+ DC LDD 

6+ 3+ DD STD 5 2 10AE LDY 
AD JSR 7+ 2+ 

5 2 10AF STY Indexed 6+ 3+ 
AE LDX 5+ 2+ DE LDU 

10B3 CMPD Extended 8 4 5 2 AF STX Indexed 5+ 2+ DF STU Direct 
10BC CMPY : ~ 4 

EO SUBB Indexed 4+ 2+ JOBE LDY 4 
BO SUBA Extended 5 3 E1 CMPB 4+ 2+ 10BF STY Extended 7 4 
B1 CMPA 5 3 E2 SBCB 4+ 2+ 10CE LDS lrnmed 4 4 
B2 SBCA 5 3 E3 ADDD 6+ 2+ 10DE LDS Direct 6 3 
B3 SUBD 7 3 E4 ANDB 4+ 2+ 10DF STS Direct 6 3 
B4 ANDA 5 3 E5 BITB 4+ 2+ 10EE LDS Indexed 6+ 3+ 
B5 BITA 5 3 E6 LDB 4+ 2+ 10EF STS Indexed 6+ 3+ 
B6 LDA 5 3 E7 STB 4+ 2+ 10FE LDS Extended 7 4 
B7 STA 5 3 ES EORB 4+ 2+ !OFF STS Extended 7 4 
BS EORA 5 3 E9 ADCB 4+ 2+ 113F SWl3 Inherent 20 2 
B9 ADCA 5 3 EA ORB 4+ 2+ 1183 CMPU Im med 5 4 
BA ORA 5 3 EB ADDB 4+ 2+ 118C CMPS Im med 5 4 
BB ADDA 5 3 EC LDD 5+ 2+ 1193 CMPU Direct 7 3 
BC CMPX 7 3 ED STD 5+ 2+ 119C CMPS Direct 7 3 
BD JSR B 3 EE LDU r 5+ 2+ 11A3 CMPU Indexed 7+ 3+ 
BE LDX r 6 3 EF STU Indexed 5+ 2+ 11AC CMPS Indexed /+ 3+ 
BF STX Extended 6 3 11B3 CMPU Extended 8 4 

FO SUBB Extended 5 3 
11BC CMPS Extended 8 4 

F1 CMPB 5 3 
F2 SBCB 5 3 
F3 ADDD 7 3 
F4 ANDB 5 3 
F5 BITB 5 3 
F6 LDB 5 3 
F7 STB 5 3 

All unused opcodes are both undefined F8 EORB 5 3 NOTE: 
F9 ADCB 5 3 and illegal 
FA ORB + 5 3 
FB ADDB Extended 5 3 
FC LDD Extended 6 3 
FD STD t 6 3 
FE LDU 6 3 
FF STU Extende d 6 3 

1-144 



Immediate 
Instruction Forms Op - I 

ABX 

ADC ADCA B9 2 2 
ADCB cs 2 2 

ADD ADDA BB 2 2 
ADDS CB 2 2 
ADDO C3 4 3 

AND ANDA 84 2 2 
ANDS C4 2 2 
AN DCC lC 3 2 

ASL ASLA 
ASLB 
ASL 

ASA ASRA 
ASRB 
ASA 

SIT SITA 85 2 2 
BITS C5 2 2 

CLR CLRA 
CLRB 
CLR 

CMP CMPA Bl 2 2 
CMPB Cl 2 2 
CMPD 10 5 4 

B3 
CMPS 11 5 4 

BC 
CMPU 11 5 4 

B3 
CMPX BC 4 3 
CMPY 10 5 4 

BC 

COM COMA 
COMB 
COM 

CWAI 3C ~211 2 

DAA 

DEC DECA 
DECB 
DEC 

EOR EDRA 88 2 2 
EORB CB 2 2 

EXG Rl, R2 lE B 2 

INC INCA 
INCB 
INC 

JMP 

JSR 

LD LOA 86 2 2 
LOB C6 2 2 
LDD cc 3 3 
LDS 10 4 4 

CE 
LDU CE 3 3 
LDX BE 3 3 
LOY 10 4 4 

BE 

LEA LEAS 
LEAU 
LEAX 
LEAY 

LEGEND: 

OP Operation Code (Hexadecimal) 

Number of MPU Cycles 

Number of Program Bytes 

+ Arithmetic Plus 

Arithmetic Minus 

Multiply 

Op 

99 
D9 

98 
DB 
03 

94 
04 

08 

07 

95 
05 

OF 

91 
Dl 
10 
93 
11 
9C 
11 
93 
9C 
10 
9C 

03 

OA 

98 
DB 

oc 
OE 

9D 

96 
06 
DC 
10 
DE 
DE 
9E 
10 
9E 

FIGURE 19 - PROGRAMMING AID 

Addresaing Modes 

Direct Indexed Extended Inherent 

- I Op - I Op - I Op -
3A 3 

4 2 A9 4+ 2+ B9 5 3 
4 2 E9 4+ 2+ F9 5 3 

4 2 AB 4+ 2+ BB 5 3 
4 2 EB 4+ 2+ FB 5 3 
6 2 E3 6+ 2+ F3 7 3 
4 2 A4 4+ 2+ B4 5 3 
4 2 E4 4+ 2+ • F4 5 3 

48 2 
5B 2 

6 2 6B 6+ 2+ 7B 7 3 

47 2 
57 2 

6 2 67 6+ 2+ 77 7 3 

4 2 A5 4+ 2+ B5 5 3 
4 2 E5 4+ 2+ F5 5 3 

4f 2 
5F 2 

6 2 6F 6+ 2+ 7F 7 3 
4 2 Al 4+ 2+ Bl 5 3 
4 2 El 4+ 2+ Fl 5 3 
7 3 10 7+ 3+ 10 B 4 

A3 B3 
7 3 11 7+ 3+ 11 B 4 

AC BC 
7 3 11 7+ 3+ 11 B 4 

A3 B3 
6 2 AC 6+ 2+ BC 7 3 
7 3 10 7+ 3+ 10 B 4 

AC BC 

43 2 
53 2 

6 2 63 6+ 2+ 73 7 3 

19 2 

4A 2 
5A 2 

6 2 6A 6+ 2+ 7A 7 3 
4 2 AB 4+ 2+ BB 5 3 
4 2 E8 4+ 2+ FB 5 3 

4C 2 
5C 2 

6 2 6C 6+ 2+ 7C 7 3 

3 2 6E 3+ 2+ 7E 4 3 

7 2 AD 7+ 2+ BD 8 3 

4 2 A6 4+ 2+ 86 5 3 
4 2 E6 4+ 2+ F6 5 3 
5 2 EC 5+ 2+ FC 6 3 
6 3 10 6+ 3+ 10 7 4 

EE FE 
5 2 EE 5+ 2+ FE 6 3 
5 2 AE 5+ 2+ BE 6 3 
6 3 10 6+ 3+ 10 7 4 

AE BE 

32 4+ 2+ 
33 4+ 2+ 
30 4+ 2+ 
31 4+ 2+ 

M Complement of M 

Transfer Into 

H Half-carry (from bit 3) 

N Negative (sign bit) 

Z Zero result 
V Overflow, 2's complement 

C Carry from ALU 
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I 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 

1 
1 

1 
1 

6 3 2 , 0 
Description H N z v c 

B + X-X (Unsigned) . . . . . 
A+M+C-A I I I I I 
B+M+C-B I I I I I 

A+M-A I I I I I 
B+M-B I I I I I 
D+M M+1-D . I I I I 

Ah M-A . I I 0 . 
B h M-B . I I 0 . 
CC h IMM-CC 7 

A - B I I I I 

B !CHIIIJIIIJ-o B I I I I 
M c b7 bQ B I I I I 

A~ 8 I I . I 

~I 7 o 
B I I . I 
8 I I . I 

811 Test A (MA Al . I I 0 . 
811 Test B lM A Bi . I I 0 . 
0-A . 0 1 0 0 
0-B . 0 1 0 0 
0-M . 0 1 0 0 

Compare M from A B I I I I 
Compare M from B B I I I I 
Compare M M + 1 from D . I I I I 

Compare M M + 1 from S . I I I I 

Compare M M + 1 from U . I I I I 

Compare M M + 1 from X . I I I I 
Compare M M + 1 from Y . I I I I 

A-A . I I 0 1 
B-B . I I 0 1 
M-M . I I 0 1 

CC A IMM-CC Wait for Interrupt 7 

Decimal Adjust A . I I 0 I 

A- 1-A . I I I . 
B-1-B . I I I . 
M- 1-M . I I I . 
A41-M-A . I I 0 . 
B¥M-B . I I 0 . 
R1-R22 . . . . . 
A+ 1-A . I I I 
B+ 1-B . . I I I . 
M+ 1-M . I I I . 
EA3..:. PC . . . . . 
Jump to Subroutine . . . . . 
M-A . I I 0 . 
M-B . I I 0 . 
M:M+ 1-D . I I 0 . 
M:M+ 1-S . I I 0 . 
M:M+1-U . I I 0 . 
M:M+ 1-X . I I 0 . 

.M:M+1-Y . I I 0 . 
EA3-s . . . . . 
EA3-u . . . . . 
EA3-x . . I . . 
EA3-v . . I . . 

Test and set if true, cleared otherwise 

Not Affected 

CC Condition Code Register 

Concatenation 

V Logical or 

A Logical and 

Ji;- Logical Exclusive or 



FIGURE 19 - PROGRAMMING AID !CONTINUED! 

Addressing Modes 

Immediate Direct lndexed1 Extended Inherent 5 3 2 1 0 
Instruction Forms Op - # Op - # _Op ' 

, Op - # Op - I Description H N z v c 
LSL LSLA 48 2 I A ,._ " . I I I I 

L SLB 58 2 I Bl~o . I I I I 
LSL 08 6 2 68 6+ 2+ 7B 7 3 M c b7 bQ . I I I I 

l SR LSRA 44 2 I ~I 0 +[Illl]Jfl-D . 0 I . I 
LSRB 54 2 I . 0 : . I 
LSR 04 6 2 54 G+ 2 + 74 7 3 M b7 bQ c . 0 I . I 

MUL 3D 11 I Ax B- D IUns1gnedl . I . 9 
NEG NEGA 40 2 I A+ 1-A B I I I I 

NEGS 50 2 1 B+ 1-B B I I I I 
NEG 00 6 2 60 6+ 2 + 70 7 3 M+ 1-M B I I I I 

NOP 12 2 1 No Opera!1on . . 
OR ORA BA 2 2 9A 4 2 AA 4+ 2+ BA 5 3 AV M-A . I I 0 . 

ORB CA "2 2 DA 4 2 EA 4+ 2• FA 5 3 B V M-8 . I I 0 . 
ORCC IA 3 2 CCV IMM-CC 7 

PSH PSHS 34 5.4 2 Push Reg1siers on S Slack . . . . . 
PSHU 36 5+4 2 Push R~sters on lJ Stack . . . . 

PUL PULS 35 5+4 2 Pull Registers lro'T1 S Stack . . . . . 
PULU 37 5+4 2 Pu,1 Registers from U Stack . . . 

AOL ROLA 49 2 I 
~I L[HJ11JITJJ4J 

. I I I I 
ROLB E,9 2 1 . I I I I 
AOL 09 6 2 69 6+ 2+ 79 ! 3 M c b7 bo . I I I I 

ROR RORA 46 2 I ~l~1111111P 
. I I . I 

RORB 56 2 1 . I I I 
ROR 06 6 2 66 6+ 2+ 76 7 3 c b7 bo . I I . I 

RTI 3B 5, 15 I Return From Interrupt 7 
ATS 39 5 1 Return from Subrout1r.e . . . . . 
SBC SBCA B2 2 2 92 4 2 A2 4• 2+ B2 5 3 A-M-C-A B I I I I 

SBCB C2 2 2 D2 4 2 E2 4+ 2+ F2 5 3 8-M-C-B B I I I I 

SEX ID 2 1 Sign Extend B ir-10 A . I I 0 . 
ST STA 97 4 2 A7 4+ 2+ B7 5 3 A-M . I I 0 . 

STB D7 4 2 E7 4+ 2+ F7 5 3 B-M . I I 0 . 
STD DD 5 2 ED 5+ 2+ FD 6 3 D-M:M+l . I I 0 . 
STS 10 6 3 10 6+ 3+ 10 7 4 S-M:M + 1 . I I 0 . 

DF EF FF 
STU OF 5 2 EF 5+ 2+ FF 6 3 U-M:M+l . I I 0 . 
STX 9f 5 2 AF 5+ 2+ BF 6 3 X-M:M+1 . I I 0 . 
STY 10 6 3 10 10 7 4 Y-M:M+ 1 . I I 0 . 

9F AF 6+ 3+ BF 

SUB SUSA 80 2 2 90 4 2 AO 4+ 2+ 80 5 3 A-M-A B I I I I 
SUBS co 2 2 DO 4 2 EO 4+ 2+ FO 5 3 8-M-B 8 I I I I 
SUBD 83 4 3 93 6 2 A3 6+ 2+ 83 7 3 D-M:M+1-D . I I I I 

SWI sw16 3F 19 I Software Interrupt 1 . . . . . 
sw126 10 20 2 Software Interrupt 2 . . . . 

3F 
sw136 11 20 I Software Interrupt 3 . . . . . 

JF 

SYNC 13 >:4 I Synchronize to Interrupt . . . . . 
TFR RI, R2 1F 6 2 Rl-R2T . . . . . 
TST TSTA 40 2 I Test A . I I 0 . 

TSTB 50 2 I Test B . I I 0 . 
TST OD 6 2 60 6+ 2+ 70 7 3 Test M . I I 0 . 

NOTES: 

This column gives a base cycle and byte count. To obtain total count, ad~ the values obtained from the !NDEXED ADDRESSING MODE table, 
Table 2" 

2. A1 and R2 may be any pair of 8 bit or any pair of 16 bit registers 
The 8 bit registers are: A, B, CC, DP 
The 16 b11 regis1ers are X, Y, U, S, D, PC 

3. EA 1s the effective address. 

4 The PSH and PUL Instructions require 5 cycles plus 1 cycle for each byte pushed or pulled. 

5. 5{6) means: 5 cycles if branch not taken, 6 cycles if taken (Branch instructions). 
6 SWI sets I and F bits SWl2 and SWl3 do not affect I and F 

Cond1t1ons Codes set as a direct result of the instruction 

Vaue of half-carry flag is undefined 

Special Case - Carry set if b7 is SET. 
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FIGURE 19 - PROGRAMMING AID ICONTINUEDI 

Branch Instructions 

Addressing Addressing 
Mode Mode 

Relative 5 3 2 1 0 2 1 lo 
Instruction Forms OP -5 I Description H N z v c Instruction Forms OP -5 Description z v c 

BCC BCC 24 3 2 Branch C = 0 BLS BLS 23 3 Branch Lower 
LBCC 10 5!6l 4 Long Branch or Sarne 

24 C=O LBLS 10 5161 4 Long Branch Lower 

BCS BCS 25 3 2 Branch C = 1 23 or Same 

LBCS 10 5(6) 4 Long Branch BLT BLT 2D 3 2 Branch< Zero 
25 C=l LBLT 10 5i6l 4 Long Branch<Zero 

BEO BEO 27 3 2 Branch Z = 1 2D 

LBEO 10 5!61 4 Long Branch BMI BMI 2B 3 2 Branch Minus 
27 Z=O LBMI 10 5!6) 4 Long Branch Mrnus 

BGE BGE 2C 3 2 Branch:.?:; Zero 2B 

LBGE 10 5!6) 4 Long Branch;;?: Zero BNE BNE 26 3 2 Branch Z = 0 

2C LBNE 10 5(6) 4 Long Branch 

BGT BGT 2E 3 Branch> Zero 26 '*o 
LBGT 10 5!61 Long Branch> Zero BPL BPL 2A 3 2 Branch Plus 

2E LBPL 10 5161 4 Long Branch Plus 

BHI BHI 22 3 2 Branch Higher 2A 

LBHI 10 5161 4 long BranCh Higher BRA BRA 20 Branch Always 
22 LBRA 16 Long Branch Alwcivs 

BHS BHS 24 3 2 Branch Higher BRN BRN 21 2 Branch Never 
or Same LBRN 10 5 4 Long Branch Never 

LBHS 10 5(6) 4 Lorig Branch Higher 21 
24 or Same BSR BSR BO Branch to Subroutine • 

BLE BLE 2F 3 2 BranchsZero LBSR 17 Long Branch to 
LBLE 10 5(6) 4 Long Branch s Zero Subroutine 

2F BVC BVC 2q 3 2 Branch V =0 
BLO BLO 25 3 Branch lower LBVC 10 5(6) 4 Long Branch 

LBLO 10 5(6) Long Branch Lower 28 V=O 
25 BVS BVS 29 3 2 Branch V = 1 

LBVS 10 5(6) 4 Long Branch 
29 v"" 1 

SIMPLE BRANCHES 

OP SIMPLE CONDITIONAL BRANCHES !Notes 1-41 
BRA 20 Test True OP False OP 
LBRA 16 N=l BMI 2B BPL 2A 
BRN 21 Z=l BEO 27 BNE 26 
LBRN 1021 V=l BVS 29 BVC 28 
BSR 80 C=l BCS 25 BCC 24 
LBSR 17 

SIGNED CONDITIONAL BRANCHES (Notes 1-41 UNSIGNED CONDITIONAL BRANCHES !Notes 1-41 

Test True OP False OP Test True OP False OP 

r>m BGT 2E BLE 2F r>m BHI 22 BLS 23 

'"'m BGE 2C BLT 2D r~m BHS 24 BLO 25 
r=m BEG 27 BNE 26 r=m BEG 27 BNE 26 
rsm BLE 2F BGT 2E r:sm BLS 23 BHI 22 
r<m BLT 20 BGE 2C r<m BLO 25 BHS 24 

NOTES: 
1. All conditional branches have both short and long variations 
2. All short branches are two bytes and require three cycles. 

3. All conditional long branches are formed by prefixing the short branch opcode with $10 and using a 16-bit destination offset 
4. AU conditional long branches require four bytes and six cycles if the branch is taken or five cycles if the branch is not taken. 
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DIN 

A51f 
tEI 

PHYSICAL DIMENSIONS 

NORiina! dimension 
True91ornetricalposition 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

40 pins 
JSUFFIX 

CEROIP PACKAGE 
CSUFFIX 

CERAMIC PACKAGE 

' f-119 CB-182 

O.A.T.A. JEDEC SITELESC 

ORDERING INFORMATION 

1 E~09~1M1 Btl_ 
Device I Sc1'9«1ing level 

Package Oper. temp. 
TheU!>lobolowhorizonlollyohowa.U...,.._oullixco-neforpodcaga.-....-lllUre- .......... 
level. Othet poselbUftlee on requeat. 

DEVICE 
PACKAGE OPER. TEMP SCREENING LEVEL 

c J P E FN L• v M Std 0 GIB BIB 

• • • • • • • • • • EFllDll {1.0 MHz) • • • 
• • • • • • • • 

• • • • • 
EFllA08{1.&MHz) • • • • • 

• • • • • • • • • • 
• • 

• • EFllB0812.0MHzl • • • • • 
Examplea : EF6809C, Ef680!ICV, EF6809CM 

Package: C: Ceramic OIL, J: Cerdip Oil, P: Plastic OIL, E: LCCC, FN: PLCC. 
Oper. mmp.: L*: 0°C ID +70°C, V: -40°C ID +86°C, M: -55°C ID + 125°C, *:may be omitted. 
Screening level: Std: (no-end suffix), P : NFC 96883 level 0, " 

GIB: NFC 96883 level G, ~B: NFC 96883 level B and MIL-STD-883C level e. 
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1 51Q 
16,662 

DIN 

" 

M0-047-AC 
DAT.A 

____ J_~_'.Ll_ __ _ 

16.81 

DATA JED EC 

SITELESC 

Oat om 

SITELESC 

PHYSICAL DIMENSIONS 

44oins 

' CB-521 

2 9max 

' 

16.33 
16:81 

CB-708 
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CB-521 

FN SUFFIX 
PLCC 44 

CB-708 

E SUFFIX 
LCCC 44 
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EF6809E 
8-BIT MICROPROCESSOR UNIT (MPU) 

The EF6809E is a revolutionary high performance 8-bit microprocessor 
which supports modern programming techniques such as position 1ndepend 
ence, reentrancy, and modular programming 

This third-generation addition to the 6800 Family has major architectural 
improvements which include additional registers, instructions, and addressing 
modes 

The basic instructions of any computer are greatly enhanced by the 
presence of powerful addressing modes. The E F6809E has the most com
plete set of-addressing modes available on any 8"b1t microprocessor today 

The E F6809E has hardware and software features which make it an ideal 
processor for higher level language execution or standard controller applica
tions. External clock inputs are provided to allow synchronization with 
peripherals, systems, or other M PUs 
EF6800 COMPATIBLE 
• Hardware - Interfaces with All 6800 Peripherals 
• Software - Upward Source Code Compatible Instruction Set and 

Addressing Modes 
ARCHITECTURAL FEATURES 
• Two 16-Bit Index Registers 
• Two 16-Bit Indexable Stack Pointers 
• Two 8-B1t Accumulators can be Concatenated to Form One 16-Bit 

Accumulator 
• Direct Page Register Allows Direct Addressing Throughout Memory 
HARDWARE FEATURES 
• External Clock Inputs, E and 0, Allow Synchron12ation 
• TSC Input Controls Internal Bus Buffers 
• LIC Indicates Opcode Fetch 
• AVMA Allows Efficient Use of Common Resources in a Multiprocessor 

System 
• BUSY is a Status Line for Mult1process1ng 
• Fast Interrupt Request Input Stacks Only Condition Code Register and 

Program Counter 
• Interrupt Acknowledge Output Allows Vectoring By Devices 
• Sync Acknowledge Output Allows for SynchroniZ.'ltion to External Event 
e Single Bus-Cycle RESET 
• S111gle 5-Volt Supply Operation 
• NMI Inhibited After RESET Until After First Load of Stack Pointer 
• Early Address Valid Allows Use With Slower Memories 
• Early Write Data for Dynamic Memories 
SOFTWARE FEATURES 
• 10 Addressing Modes 

• 6800 Upward Compatible Addressing Modes 
• Direct Addressing Anywhere in Memory Map 
• Long Relative Branches 
• Program Counter Relative 
• True Indirect Addressing 
• Expanded Indexed Addressing 

0-, 5-, 8-, or 16-Bit Constant Offsets 
B- or 16-Bit Accumulator Offsets 
Auto-Increment/Decrement by 1 or 2 

• Improved Stack Manipulation 
• 1464 Instruction w.ith Unique Addressing Modes 
t 8 x 8 Unsigned Multiply 
• 16-Bit Arithmetic 
• Transfer/Exchange All Registers 
• Push/Pull Any Registers or Any Set of Registers 
• Load Effective Address 
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HMOS 
!HIGH-DENSITY N-CHANNEL, SILICON-GATEI 

8-BIT 
MICROPROCESSING 

UNIT 

,

ASES 

I 

' 
I 

I 

4 

' ALSO AVAILABLE 
J SUFFIX C SUFFIX 

CERDIP PACKAGE CERAMIC PACKAGE 

CB-521 

A4 

A? 

AB 

AtO 

Alt 

All 

FN SUFFIX 
PLCC 44 

PIN ASSIGNMENT 

RAti 
TSC 

LIC 

mt!' 
AVMA 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage Vee -0.3 to + 7.0 v 
Input Voltage Vin 0.3 to + 7.0 v 

Operating Temperature Range TL to TH 
EF6809E, EF68A09E, EF68B09E TA 0 to +70 •e 

EF6809E, EF68A09E, EF68809E, V suffix -40 to +85 

EF6809E, EF68A09E: M suffix -55 to +·125 

Storage Temperature Range Tstg -55to+150 •c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Value Unit 

Thermal Resistance 
Ceramic 50 
Cerdip 6JA 60 °C/W 
Plastic 100 
PLCe 100 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in ·°C can be obtained from: 

T J =TA+ IPo•BJAI 
Where: 

TA•Ambient Temperature, °C 

8JA• Package Thermal Resistance, Junction-to-Ambient, °C/W 

Po•PINT+PPORT 
P1NT• lcc x Vee. Watts - Chip Internal Power 

PPQRT• Port Power Dissipation, Watts - User Determined 

This device contains circuitry to protect the 
inputs agains~ damage due to tfigh static 
voltages or electric fields; however, it is ad· 
vised that normal precautions be taken to 
avotd application of any voltage higher than 
maximum rated voltages to this high im· 
pedance circuit. 

Reliability of operation is enl:lanced if unus
ed inputs are tied to an appropriate logic 
voltage level !e.g., either V55.or Vccl. 

111 

For most applications PpQRT-C PINT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J {if PPQRT is neglected! is: 

Po= K + {T J + 273°CI 121 

Solving equations 1 and 2 for K gives: 

K = Po•IT A+ 273°CI + 8JA"PD2 13) 

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po lat equilibrium) 
for a known TA· Using this value of K the values of Po and T J can be obtained by solving equations 111and12) iteratively for any 
value of TA. 

DC ELECTRICAL CHARACTERISTICS 1Vee=5.0 V ±5%, Vss =0 Vdc. TA= TL to TH unless otherwise noted! 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage Logic, 0, V1H Vss + 2.0 Vee 
liESIT V1HR vss + 4.o - vee v 

E V1He Vee-0.75 - vee+o.3 

Input Low Voltage logic, RESET V1L Vss-0.3 - Vss+o.a v 
E V1Le Vss-o.3 - Vss +0.4 v 
Q V1LO Vss-o.3 - Vss +o.e v 

Input Leakage Current Logic, 0, RESET 
ljn 

- - 2.5 
~A !Vin = Oto 5.25 V. Vee = max> E - - 100 

de Output High Voltage 
ii Load = - 205 ~A. Vee = mini DO-D7 

VoH 
Vss + 2.4 - - v 

llLoad = - 145 ~A. Vee = mini AO-A15, RiW Vss + 2.4 - -
llLoad = - 100 ~A. Vee = mini BA,BS,Ue,AVMA,BUSY Vss + 2.4 - -

de Output Low Voltage 
Vol - - Vss + o.5 v 

llLoad = 2.0 mA, Vee = mini 
Internal Power Dissipation (Measured at TA= 0°C in Steady State Operation) P1NT - - 1.0 w 
Capacitance Cin 

IVin = 0, TA= 25°e, f = 1.0 MHz! DO-D7, Logic Inputs, 0, RESET - 10 15 pF E - 30 50 
AO-A 15, R/W, BA. SS, 

Cout - 10 15 pF 
ue. AVMA, BUSY 

Frequency of Operation EF6809E 0.1 - 1.0 
IE and 0 Inputs! EF68A09E f 0.1 - 1.5 MHz 

EF68809E 0.1 - 2.0 

H1-Z !Off State) Input Current DO-D7 
ITSI 

- 2.0 10 
~A IVin = 0.4 to 2.4 V, Vee = maxi AO-A15. R/W - - 100 

•Capacitances are periodically tested rather than 100% tested. 
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BUS TIMING CHARACTERISTICS I See Notes 1 2 3 and 41 

!dent. EF6809E EF68A09E EF68B09E 
Number Characteristics Symbol Min Max Min Max Min Max Unit 

1 Cycle Time lcyc 1 0 10 0 667 10 05 10 "' 2 Pulse Width, E Low PWEL 450 9500 295 9500 210 9500 ns 
3 Pulse Width, E High PWEH 450 9500 280 9500 220 9500 ns 
4 Clock Rise and Fall Time tr.tf 25 25 - 20 ns 
5 Pulse Width, 0 High PWQH 450 9500 280 9500 220 9500 ns 
7 Delay T 1me, E 10 0 Rise IEQ1 200 130 100 - ns 

7A Delay Time. 0 High to E R1c;e IEQ2 200 -· 130 - 100 - ns 

7B Delay Time. E High to 0 fall 'E03 200 130 - 100 - ns 
7C Delay Tune, 0 High tot Fall IEQ4 200 130 - 100 - ns 
9 Address Hold Time IAH 20 20 - 20 - ns 
11 Address Delay Time from E Low (SA, BS. R,WI 'AD 200 - 140 - 110 ns 
17 Read Data Setup Time IDSR 80 60 - 40 - ns 
18 Read Data Hold T 1me 'DHR 10 10 - 10 - ns 
20 Daia Delay T 1me from 0 IDDO ·- 200 ·- 140 110 ns 
21 Write Data Hold Time IDHW 30 30 - 30 ns 

29 Usable Access T 1me IACC 695 - 440 330 ns 
30 Control Delay Time tea 300 -· 250 - 200 ns 

Interrupts, HALT, RESET. and TSC Setup Time 'PCS 200 140 110 - ns 
!Figures 6. 7, 8. 9. 12, and 131 

TSC Drive to Valid Logic Level !Figure 13) ITSV 210 -· 150 120 ns 
TSC Release MOS Buffers to High Impedance !Figure 13) ITSR - 200 - 140 110 ns 

TSC H1-Z Delay Time (Fi1gure 131 1TSD 120 85 ·- 80 ns 

Processor Control Rise and Fall Time (Figure 7) 
tPcr, 100 100 100 ns 
IPCt 

FIGURE 1 - READ/WRITE DATA TO MEMORY OR PERIPHERALS TIMING DIAGRAM 

a 

R/W. Address.--""ttbCJi:'Xx;ivo;:T-'-11------------------=------tttJ'iJ-fJ 
BA. BS 

Read Data 
Non-Muxed -----r 

Write Data 

BUSY, LIC. 
AVMA 

NOTES: 
1 Voltage levels shown are VL:S0.4 V, VH~2.4 V, unless otherwise specified 

Measurement points shown are 0 8 V and 2 0 V, unless otherwise specified 

3 Hold time I @ I for BA and BS is not spec1f1ed 
4. Usable access time 1s computed by: 1 - 4- 11 max - l 7 
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FIGURE 2 - EXPANDED BLOCK DIAGRAM 

PC 

u 

y 

x 

---- D{1--,,:--i 
DP 

*internal Three-State Control 

FIGURE 3 - BUS TIMING TEST LOAD 

6.0 v 

c 1N916, 
or equiv. 

C•30 pf for BA, BS, LIC, AVMA, BUSY 
130 pf for 0().07 
90 pf for A().A 16, R/W 

R = 11.7 kO for 00.07 
16.6 kO for A().A 16, R/W 
24 kO for BA, BS, UC, AVMA, BUSY 

cc 

ALU 

Instruction 
Register 

-Vee 

-Vss 

Fiirn 
nm 

'---i;-;=:::L--1~LIC 
AVMA 
R/W 
TSC 

RALi' 
BA 

BS 
BUSY 

PROGRAMMING MODEL 

As shown in Figure 4, the EF6809E adds"three registers 
to the set evai I able in the E F6800. The added registers in· 
elude a direct page register, the user stack pointer, and a 
second index register. 

ACCUMULATORS (A, B, 0) 
The. A and B registers are general purpose accumulators 

which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and 8 registers to 
form a single 16-blt accumulator. This is referred to as the D 
register, and is formed with the A register as the most signifi· 
cant byte. 

DIRECT PAGE REGISTER (DPI 
The direct page register of the E F6809E serves to enhan· 

ce the direct addressing mode. The content of this register 
appears at the higher address outputs !AS-A 16) during direct 
addressing instruction execution. This allows the direct 
mode to be used at any place in memory, under program 
control. To ensure 6800 compatibility, all bits of this 
register are cleared during processor reset. 
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FIGURE 4 PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 

15 

X - Index Register 

Y - Index Register 

U - User Stack Pointer 

S - Hardware Stack Pointer 

PC 

A l 
D 

B 

} '""" ·~"-
Program Counter 

Accumulators 

7 0 

LI _____ D_P ____ _,I Direct Page Register 

7 0 

I E I F I H I I I N I Z j V I C I CC - Cond1t1on Code Register 

INDEX REGISTERS (X, YI 

The index registers are used in indexed mode of address
ing. The 16-bit address in this register lakes part in the cal
culation of effective addresses. This address may be used to 
point to data direclly or may be modified by an option~I con
stant or register offset. During some indexed rnodes. the 
contents of the index register are incremented and decre
mented to point to the next item of tabular type data. All four 
pointer registers (X, Y, U, SI may be used as index registers. 

STACK POINTER (U, SI 
The hardware stack pointer !SI is used automatically by 

the processor during subroutine calls and interrupts. The 
user stack pointer !UI is controlled exclusively by the pro
grammer. This allows arguments to be passed to and from 
subroutines with ease. The U register is frequently used as a 
stack marker. Both stack pointers have the same indexed 
mode addressing capabilities as the X and Y registers, but 
also support Push and Pull instructions. This allows the 
EF6B09E to be used efficiently as a stack processor, greatly 
enhancing its ability to support higher level languages and 
modular programming. 

NOTE 

The stack pointers of the EF68QgE point to the top of 
the stack in contrast to the E F6800 stack pointer. 
which pointed to the next free location on stack. 

PROGRAM COUNTER 

The program counter Is used by the processor to point to 
the address of the next instruction to be executed by the pro
cessor. Relative addressing is provided allowing the program 
counter to be used like an index register in some situations. 

CONDITION CODE REGISTER 
The condition code register defines the state of the pro

cessor at any given time. See Figure 4. 
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FIGURE 5 - CONDITION CODE REGISTER FORMAT 

BITOICI 

F H 

Carry 
Overflow 

~-------Halt Carrv 
~-------- FIRQ Mask 

~----------Entire Flag 

CONDITION CODE REGISTER 
DESCRIPTION 

Bit 0 is the carry flag and is usually the carry from the 
binary ALU, C is also used to represent a "borrow" from 
subtract like instructions <CMP, NEG, SUB, SBCI and is the 
complement of the carry from the binary ALU. 

BIT 1 <VI 
Bit 1 is the overflow flag and is set to a one by an operation 

which causes a signed twos complement arithmetic over
flow. This overflow is detected in an operation in which the 
carry from the MSB in the ALU does not match the carry 
from the MSB-1. 

BIT21ZI 
Bit 2 is the zero flag and is set to a one if the result of the 

previous operation was identically zero. 



BIT3 IN) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 
negative twos complement result will leave N set to a one. 

BIT 4 (I) 

Bit 4 is the IRO mask bit. The processor will not recognize 
interrupts from the IRO line if this bit is set to a one. NMI 
FIRQ, TAO, RESET, and SWI all set I to a one. SWl2 and 
SWl3 do not affect I. 

BIT5 (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 1n the ALU as a result of an 8-bit addition only 
!ADC or ADDI. This bit is used by the DAA instruction to 
perform a BCD decimal add ad1ust operation. The state of 
this flag is undefined in all subtract-like instructions. 

BIT 6 (F) 

Bit 6 is the FIRQ mask bit. The processor will not 
recognize interrupts from the FIRO line if this bit is a one 
NMI, FIRO, SWI, and RESIT all set F to a one. Tl'ITl, SWl2, 
and SWIB do not affect F. 

BIT 7 (E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, 
as opposed to the subset state l PC and CCI. The E bit of the 
stacked CC is used on a return from interrupt lRTll to deter
mine the extent of the unstacking. Therefore, the current E 
left in the condition code register represents past action. 

PIN DESCRIPTIONS 

POWER !Vss. Vccl 
Two pins are used to supply power to the part: Vss is 

ground or 0 volts, while V CC is + 5.0 V ± 5%. 

ADDRESS BUS (A0-A15) 

Sixteen pins are used to output address information from 
the M PU onto the address bus. When the processor does 
not require ~e bus for a data transfer. it will output address 
FFFF15, R/W= 1, and BS=O; this is a "dummy access" or 
VMA cycle. All address bus drivers are made high
impedance when output bus available I BAI is high or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LSTTL loads and 90 pF. 

DATA BUS (D0-D7) 

These eight pins provide communication with the system 
bidirectional data bus. Each pin will drive one Schottky TTL 
load or four LSTTL loads and 130 pF. 

READ/WAITE (A/W) 

This signal indicates the direction of data transfer on the 
data bus. A low ~dicates that the M PU is writing data onto 
the data bus. R/W is made high impedance when BA is high 
or when TSC is asserted. 

RESET 

A low level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 6. The 
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reset vectors are fetched from locations FFFE 16 and FFFF 16 
!Table 11 when interrupt acknowledge is true, IBA•BS = 11 
During initial power on, the reset line should be held low until 

·the clock input signals are fully operational. 
Because the EF6809E RESET pin has a Schmitt-trigger 

input with a threshold voltage higher than that of standard 
peripherals, a simple RIC network may be used to reset the 
entire system. This higher threshold voltage ensures that all 
peripherals are out of the reset state before the processor 

HALT 

A low level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain 
halted indefinitely without loss of data. When halted, the BA 
output is driven high indicating the buses are high im
pedance. BS is also high which indicates the processor is m 
the halt state. While halted, the MPU will not respond to ex
ternal real-time requests IFIRO, IROI although NMI or 
RESET will be latched for later response. During the halt 
state, 0 and E should continue to run· normally. A halted 
state IBA•BS= 11 can be achieved by pulling HALT low 
while RESET is still low. See Figure 7. 

BUS AVAILABLE, BUS STATUS (BA, BS) 

The bus available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. When BA goes low, a dead cycle will elapse 
before the MPU acquires the bus. BA will not be asserted 
when TSC is active, thus allowing dead cycle consistency. 

The bus status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of QI. 

MPU State 
MPU State Defin~ion 

BA BS 

0 0 Normal (Running) 

0 t Interrupt or Reset Acknowledge 

1 0 Sync Acknowledge 

1 1 Halt Acknowledge 

Interrupt Acknowledge is indicated during both cycles of a 
hardware vector fetch !RESET, NMI, FIRQ, IRQ, SWI, 
SWl2, SWl31. This signal. plus decoding of the lower four 
address lines, can provide the user with an indication of 
which interrupt level is being serviced and allow vectoring by 
device. See Table 1. 

TABLE t - MEMORY MAP FOR INTERRUPT VECTORS 

Memory Map For 
Interrupt Vector Vector Locations 

MS LS Description 

FFFE FFFF RESET 

FFFC FFFD NMI 

FFFA FFFB SWI 

FFFB FFF9 IAQ 

FFF6 FFF7 FIAO 

FFF4 FFF5 SWl2 

FFF2 FFF3 SWl3 

FFFO FF Ft Reserved 



' -en ..... 

Q 

RESET 

Address 

FIGURE 6 - RESET TIMING 

m m+ 1 ! m+2 m+3 i m+4' m+5 ! m+6 I m+7 j n+1 ! n+2 ! n+3: n+4 I n+5 n+6 ~ n+7 n+B ! n+9 ~ n+10' 

-----~ 

-ll-'-'-'-'"""'.~-~-=-=-JL·=-=--~-~~.~-=-~--"""''·~-~-=-=-'L·-~-~-~-J~.=--~-~-~'.~-~-=--"""''·~·~-~-

Data~~~~~~~ 

AVMA 

BUSY 
~~-----------~ 

UC=~--------------~ 

NOTE: Timing measurements are referenced to and from a fow voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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FIGURE 7 - HALT AND SINGLE INSTRUCTION EXECUTION TIMING FOR SYSTEM DEBUG 

2nd to Last Last Cycle 
Cycle of of 
Current Current Dead Dead lnstruct1on Instruction Dead 

Inst. I Inst. I Cycle Halted Cycle I Fetch f Execute f Cycle 

a 

LLJ LJ LJ'LJ LJ LJILJj 
- - ~IPCI tpcs tpcryr ~tpc~tPCf 
HALT --,__ '4 - __ _,.L _____ _ 

~tPCS 
Address ~r-------\.,------, 

Bus 

R/W 

BA 

BS 

Data 
Bus 

------------J 
------------~ 

Fetch Execute 

Instruction 
Opcode 

Halted 

AVMA ~ "' I ''------
LIC ______ ~ 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 



Sync Acknowledge 1s 1nd1cated while the MPU 1s wa1t1ng 
for external synchronization on an interrupt line 

Halt Acknowledge is indicated when the E F6809E 1s in a 
halt condition 

NON MASKABLE INTERRUPT INMll' 
A negative transition on this input requests that a non· 

maskable interrupt sequence be generated. A non"maskable 
interrupt cannot be 1nh1bited by the program and also has a 
higher priority than FIRO, IRO, or software interrupts. Dur· 
ing recognition of an NMI, the entire machine state is saved 
on the hardware stack. After reset, an NMI will not be recog
nized until the first program load of the hardware stack 
pointer ISi The pulse width of NMI low must be at least one 
E cycle. If the NMI input does not meet the m1n1mum set up 
with respect to 0, the interrupt will not be recognized until 
the next cycle. See Figure 8 

FAST·INTERRUPT REQUEST IFIROI' 

A low level on this input pin will initiate a fast interrupt se
quence, provided its mask bit (F) in the CC is ciear. This se
quence has priority over the standard interrupt request (IRQ) 
and is fast in the sense that it stacks only the contents of the 
condition code register and the program counter. The inter
rupt service routine shou!d clear the source of the interrupt 
before doing an RH See Figure 9 

INTERRUPT REQUEST llRQ)' 
A low level input on this pin will initiate an interrupt re

quest sequence provided the mask bit Ill in the CC 1s clear 
Since IRO stacks the entire machine state, it provides a 
slower response to interrupts than FIRO. IRO also has a 
lower priority than FIRO. Again, the interrupt service routine 
should clear the source of the interrupt before doing an RTI 
See Figure 8 

CLOCK INPUTS E, Q 

E and 0 are the clock signals re qui red by the E F6809E. 0 
must lead E; that is, a transition on 0 must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, tAo after the falling edge of E, and 
data will be latched from the bus by the falling edge of E. 
While the 0 input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires a high level 
above normal TTL levels. This approach minimizes clock 
skew inherent with an internal buffer. Refer to BUS TIMING 
CHARACTERISTICS for E and 0 and to Figure 10 which 
shows a simple clock generator for the EF6809E. 

BUSY 
BUSY will be high for the read and modify cycles of a 

read-modify-write instruction and during the access of the 
first byte of a double·byte operation (e.g., LOX, STD, 
ADDDI. BUSY is also high during the first byte of any 1n· 
direct or other vector fetch (e.g., 1ump extended, SWI 1n· 
direct, etc I. 

In a multiprocessor system, BUSY indicates the need to 

defenhe rearbitration of the next bus cycle to insure the in
tegrity of the above operations. This difference provides the 
indivisible memory access required for a "test-and-set" 
primitive, using any one of several read-modify-write instruc
tions. 

BUSY does not become active during PSH or PUL opera
tions. A typical read·modify·write instruction IASLI is shown 
in Figure 11. Timing information is given in Figure 12 BUSY 
1s valid tco after the rising edge of 0 

AVMA 
AVMA is the advanced VMA signal and indicates that the 

MPU will use the bus in the following bus cycle. The pred1c· 
tive nature of the AVMA signal allows efficient shared-bus 
multiprocessor systems. AVMA 1s low when the MPU is 1n 
either a HALT or SYNC state. AVMA is valid tco after the 
rising edge of O 

LIC 
LlC (last instruction cycle) is high during the last cycle of 

every instruction, and its transition from high to low will indi~ 
cate that the first byte of an opcode will be latched at the end 
of the present bus cycle. LIC will be high when the MPU is 
halted at the end of an instruction li.e , not in CWAI or 
RESET!, in sync state, or while stacking during interrupts. 
LIC is valid tco after the rising edge of 0. 

TSC 
TSC lthree·state control) will cause MOS address, data, 

and R/W buffers to assume a high·1mpedance state. 1he 
control signals IBA, BS, BUSY, AVMA, and LICI will not go 
to the high·impedance state. TSC is intended to allow a 
single bus to be shared with other bus masters (processors 
or OMA controllers!. 

While Eis low, TSC controls the address buffers and RIW 
directly. The data bus buffers during a write operation are in 
a h1gh·1mpedance state until 0 rises at which time, if TSC is 
true, they will remain in a high·impedance state. If TSC is 
held beyond the rising edge of E, then it will be internally 
latched, keeping the bus drivers in a high·impedance state 
for the remainder of the bus cycle. See Figure 13. 

MPU OPERATION 

During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. 
This sequence begins after RESET and is repeated indefinite
ly unless altered by a special instruction or hardware occur
rence. Software instructions that alter normal MPU opera
tion are: SWI, SWl2, SWl3, CWAI, RTI, and SYNC. An 
interrupt or HALT input can also alter the normal execution 
of instructions. Figure 14 is the flowchart for the E F6809E. 

* N.MI, FIRO, and .rITT'.5 requests are _sampled on the falling edge of 0. One cycle 1s req_uired for synchronization before these interrupts are recog-

~~~da.n~h~n~~n~~~~~r~u~~I ~~:;1~ ~~tc~~sp~~~:~~d 0~ ~~.~ ccou~r~l~tt1i~~t~~~~i~~.u ;~~~t :;;:~r~~~1 ~~ ~~~~ssn~z;~ NH~::e~~ A~q~~11~7cnh~l~~~e~!·e~ 
onl~ remain low for one cycle. No interrupts a.re recognized or latche.d between t.he falling edge of m and the r1s1ng edge of BS indicating 
RE ET acknowledge. See RESET sequence 1n the MPU flowchart 1n Figure 14 
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FIGURE 8 - IRQ AND NMI INTERRUPT TIMING 

Last Cycle 

of Curr~nt lns~ruc~on 
Instruction Interrupt Stacking and Vector Fetch Sequence etc 

fm-2fm-11 m lm+l lm+2lm+3lm+4lm+5lm+6jm+7lm+Blm+9lm+10lm+lllm+12lm+13im+14lm+15lm+16lm+17lm+18I n / n+l I 

E* 

Q 

Address -cr-~v---v--v---v--v---v--v---v--v---v--v---v--.r----v---.--,,----,,----..---,,--,r---,.--,r---,.-

Bus ~ r PC PC FFFF SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 SP-7 SP-8.SP-9SP-10SP-11SP-12 FFFF F£EC F£ED FFFF New New 
tPCS INMll INMll PC PC+ 1 

Tiill or Fi-ml FFF9 
NMI v.. illml 

Data ~ 
--·. . ·-· USH IYL IYH IXL IXH DP ACCB ACCA CCR Vlin New New VMA 

RiW _,,_ _ _,,~~ 

BA 

PCH PCL 

~--~~-"~---------------------------------------------~ 

BS 
~·~-·~-~~-------------------------------------' 

AVMA_~•--'~~ 

BUSY 
-~------------------------------------------~ 

UC 

* E clock shown for reference only 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted 
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Address 
Bus 

FIGURE 9 - FIRQ INTERRUPT TIMING 

Last Cycle 
of Current Instruction 
Instruction Interrupt Stacking and Vector Fetch Sequence Fetch 

I m-2 I m-1 m I m+l I m+2 I m+3 I m+4 I m+5 I m+6 I m+7 I m+S I m+9 n+l 

FlRO !.-.PCS 

~L I 

Data 

VMA PCL PCH CCR YMA New PCH New PCL 

n+ 

R/W~ \ 1,------------

BA~ 
~~~~~~~~~~~~ 

AVMA 

susv=:) f\ ~ 

LIC 

. 
E clock shown for reference only 

NOTE. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts. unless otherwise noted 



FIGURE 10 - CLOCK GENERATOR 

r-------------------, 
I I 
I I 
I I 
I I 
I I 

Optional 
IMRDY 

I 
I 
I 

+5V 

MADY fircuit 

I 
I 
I 

___ ....J 

NOTE: If optional circuit is not included the CLR and PRE 
inputs of U2 and U3 must be tied high. 

FIGURE 11 - READ-MODIFY-WRITE INSTRUCTION EXAMPLE IASL EXTENDED INDIRECT) 

Memory 
~ 

PC-$0200 

$0201 

$0202 

$0203 

$0204 

i....--

Memory 

~ 

$68 

$9F 

$83 

$00 

...... 

~~ 
~1~ 

Contllftta Description 

ASL Indexed Opcode 

Extended Indirect Postbyte 

Indirect Address Hi-Byte 

Indirect Address Lo-Byte 

Next Main Instruction 

Effective Address Hi-Byte 

Effective Address Lo-Byte 

TarQel Date 
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Last Cycle of 
FIGURE 12 - BUSY TIMING 

Current Instr. 

I m-1 I m I m+1 I m+2 I m+3 m+4 m+5 I m+6 I m+7 I m+B m+9 I m+lO 

E 

- -- -- --
Q 

Address 

$0200 $0201 $0202 ~ITTFF--'$6300"""'$6ii1--'~~$FFFF 
------------- --------

Data 

~ • ~ ~ ~ m - ~ ~ ~ ~ 
R/W_~~--~ 

AVMA~ 

FIGURE 13 - TSC TIMING 

0 \ ': -1 r:_'Pcs_ 

.. : »»k"" ""4 r i "'"sri ;----: .. , -------}-- ( I }-- ('----
Riw. Address ~ i.-ioow __j:.=--1-t-'-"rsv_,____ 

MPU Data-------

NOTES: 
1. Data will be asserted by the MPU only during the interval while R/W 1s low and (E or Q) is high A composite bus cycle 1s shown to give most cases of 

timing. 
2. T1mmg measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2 0 vo!!s, unless otherwise noted 
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FIGURE 14 - FLOWCHART FOR EF6809E INSTRUCTIONS 

""""5"'.·' 

NOTES: 1. Asserting RESET will result in entering the reset 
sequence from any point in the flowchart. 

2. BUSY is high during first vector fetch cycle. 

Bus State 

Running 

Interrupt or Reset Acknowledge 

Sync Acknowledge 

Halt Acknowledge 

BA I BS 

o I o 



ADDRESSING MODES 

The basic instructions of any computer are greatly en
hanced by the presence of powerful addressing modes. The 
EF6809E has the most complete set of addressing m0des 

•available on any microcomputer today. For example, the 
EF6809E has 59 tiasic instructions; however, it recognizes 
1464 different variations of instructions and addressing 
modes. The addressing modes support modern program
ming techniques. The following addressing modes are avail
able on the E F6809E : 

Inherent I Includes Accumulator) 

Immediate 

Extended 
Extended Indirect 

Direct 

Register 
Indexed 

Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto lncrement/Oecrement 
Indexed Indirect 

Relative 
Short/ Long Relative Branching 
Program Counter Relative Addressing 

INHERENT (INCLUDES ACCUMULATOR) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
inherent addressing are: ABX, DAA, SWI, ASRA, and 
CLRB. 

IMMEDIATE ADDRESSING 

In immediate addressing, the effective address of the data 
is the location immediately following the opcode !i.e., the 
data to be used in the instruction immediately following the 
opcode of the instruction). The E F6809E uses both 8- and 
16-bit immediate values depending on the size of argument 
specified by the opcode. Examptes of instructions with im
mediate addressing are: 

LOA #$20 

LOX #$FOOD 

LOY #CAT 

NOTE 

# signifies immediate addressing; $ signifies hexadeci
mal value to the EF6809 assembler. 

EXTENDED ADDRESSING 

In extended addressing, the contents of the two bytes 
immediately following the opcode fully specify the 16-bit 
effective address used by the instruction. Note that the 
address generated by an extended instruction defines an 
absolute address and is not position independent. Examples 
of extended addressing include: 

LOA CAT 

STX MOUSE 
LDD $2000 

1-165 

EXTENDED INDIRECT 

As a special case of indexed addressing !discussed 
below), one level of indirection may be added to extended 
addressing. In extended indirect, the two bytes following the 
postbyte of an indexed instruction contain the address of the 
data. 

LOA [CAT] 

LOX [$FFFEJ 
STU [DOG] 

DIRECT ADDRESSING 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower eight bits of the address to be used. The 
upper eight bits of the address are supplied by the direct 
page register. Since only one byte of address is required in 
direct addressing, this mode requires less memory and exe
cutes faster than extended addressing. Of course, only 256 
locations (one page) can be accessed without redefining the 
contents of the DP register. Since the DP reqister is set to 
$00 on reset, direct addressing on the E F6809E is upward 
compatible with direct addressing on the 6800. Indirection 
is not allowed in direct addressing. Some examples of direct 
addressing are: 

LOA where DP= $00 
LDB where DP= $10 

LDD <CAT 

NOTE 

< is an assembler directive which forces direct 
addressing. 

REGISTER ADDRESSING 

Some opcodes are followed by a byte that defines a 
register or set of registers to be used by the instruction. This 
is called a postbyte. Some examples of register addressing 
are: 

TFR X, y Transfers X into Y 
EXG A, B Exchanges A with B 
PSHS A, B, X, Y Push Y, X, Band A onto S 

stack 
PULU X, Y, D Pull D, X, and Y from U 

stack 

INDEXED ADDRESSING 

In all indexed addressing, one of the pointer registers IX, 
Y, U, S, and sometimes PCI is used in a calculation of the ef
fective address of the operand to be used by the instruction. 
Five basic types of indexing are available and are discussed 
below. The postbyte of an indexed instruction specifies the 
basic type and variation of the addressing mode, as well as 
the pointer register to be used. Figure 15 lists the legal for
mats for the postbyte. Table 2 gives the assembler form and· 
the number of cycles and bytes added to the basic values for 
indexed addressing for each variation. 



FIGURE 15 - INDEXED ADDRESSING POSTBYTE 
REGISTER BIT ASSIGNMENTS 

Post-Bvte Register Bit Indexed 

7 6 5 4 3 2 1 0 Addreaing 
Mode 

0 A A d d d d d EA = ,A + 5 Bit Offset 
1 R A 0 0 0 0 0 ,A+ 
1 R R i 0 0 0 1 ,A++ 

1 R R 0 0 0 1 0 ,-R 

t R R I 0 0 1 1 ,- -R 
1 R A i 0 1 0 0 EA = ,A +O Offset 
1 R R i 0 1 0 1 EA = ,R + ACCB Offset 
1 R R I 0 1 1 0 EA = ,A + ACCA Offset 
1 A A I 1 0 0 0 EA = ,R +8 Bit Offset 
1 R R i 1 0 0 1 EA = ,R + 16 Bit Offset 
1 A R I 1 0 1 1 EA = ,R + 0 Offset 
1 x x i 1 1 0 0 EA = , PC + 8 Bit Offset 
1 x x i 1 1 0 1 EA = ,PC + 16 Sit Offset 
1 R R I 1 1 1 1 EA = (.Address] __,,...... ~ 

Addressin g Mode Field 

'---------Indirect Field 
I Sign Bit when b7 = OJ 

'-------------Register Field: RR 

x = Don't Care 
d =Offset Bit 
. 0 =Not Indirect 
1 = 1 =Indirect 

()() = x 
01 = y 
10 = u 
11 = s 

ZERO-OFFSET INDEXED - In this mode, the selected 
pointer register contains the effective address of the data to 
be used by the instruction. This is the fastest indexing mode. 

Examples are: 

LOO 0, X 
LOA ,S 

CONSTANT OFFSET INDEXED - In this mode, twos 
complement offset and the contents of one of the pointer 
registers are added to form the effective address of the 
operand. The pointer register's initial content is unchanged 
by the addition. 

Three sizes of offset are available: 

!>-bit I - 16 to + 151 

8-bit ( -128 to + 1271 

16-bit I - 32768 to + 327671 

The twos complement 5-bit offset is included in the post
byte and, therefore, is most efficient in use of bytes and 
cycles. The twos complement 8-bit offset is contained in a 
single byte following the postbyte. The twos complement 
16-bit offset is in the two bytes following the postbyte. In 
most cases the programmer need not be concerned with the 
size of this offset since the assembler will select the optimal 
size automatically. 

Examples of constant-offset indexing are: 

LOA 23,X 

LOX -2,S 

LOY 300,X 
LOU CAT,Y 

TABLE 2 - INDEXED ADDRESSING MODE 

Type 

Constant Offset From A 

12s Complement Offsets) 

Accumulator Offset From A 
12s Complement Offsets) 

Auto Increment/Decrement R 

Constant Offset From PC 
12s Complement Offsets) 

Extended Indirect 

R = X, Y, U or S RR: 
x = Don't Care OO=X 

01=Y 
lO=U 
11=5 

Fonnl 

No Offset 
5-Bit Offset 

8-Bit Offset 
16-Bit Offset 

A Register Offset 
B Register Offset 

D Register Offset 
Increment By 1 

Increment By 2 

Decrement By 1 

Decrement By 2 
8-Bit Offset 

16-Bit Offset 

16-Bit Address 

Non Indirect 

Assembler Postbyte 
Fonn Opcode 

R 1RR00100 
n, R ORRnnnnn 
n, R 1RR01000 
n,R 1RA01001 
A, R 1RR00110 
B, R 1RA00101 
D, A 1RR01011 

,R+ 1RROOOOO 

,R+ + 1AR00001 
,-A 1RA00010 

,- -A 1RR00011 

n,PCR 1xx01100 
n, PCR 1xx01101 

- -

Indirect 

+ + Assembler Postbyte + + - , Fonn OPcode - , 
0 0 :::r: Bi 1 RR:iiiilii: :r::.iIQ: 
1 0 defaults to 8-bit 
1 1 [n, Rl 1RR11000 4 1 
4 2 [n, Rl 1RR11001 7 2 
1 0 [A, Rl 1RR10110 4 0 
1 0 [B, Rl 1RR10101 4 0 
4 0 [D, Rl 1RR11011 7 0 
2 0 not allowed 

3 0 I.A+ +l 1RR10001 6 0 
2 0 not allowed 

3 0 [.--A] 1RR10011 6 0 
1 1 [n, PCRl 1xx11100 4 1 
5 2 [n, PCR] 1xx11101 8 2 
- - [n] 10011111 5 2 

!..and ~ indicate the number of additional cycles and bytes respectively for the particular indexing variation. 
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ACCUMULATOR-OFFSET INDEXED - This mode is 
similar to constant offset indexed except that the twos com
plement value in one of the accumulators IA, B, or Dl and 
the contents of one of the pointer registers are added to form 
the effective address of the operand. The contents of both 
the accumulator and the pointer register are unchanged by 
the addition. The postbyte specifies which accumulator to 
use as an offset and no additional bytes are required. The ad
vantage of an accumulator offset is that the value of the off
set can be calculated by a program at run-time. 

Some examples are: 
LOA B, Y 

LOX D, Y 
LEAX B, X 

AUTO INCREMENT/DECREMENT INDEXED - In the 
auto increment addressing mode, the pointer register con
tains the address of the operand. Then, after the pointer 
register is used, it is incremented by one or two. This ad
dressing mode is useful in stepping through tables, moving 
data, or creating software stacks. In auto decrement. the 
pointer register is decremented prior to use as the address of 
the data. The use of auto decrement is similar to that of auto 
increment, but the tables, etc., are scanned from the high to 
low addresses. The size of the increment/decrement can be 
either one or two to allow for tables of either 8- or 16-bit .data 
to be accessed and is selectable by the programmer. The 
pre-decrement, post-increment nature of ttiese modes 
allows them to be used to create additional software stacks 
that behave identically to the U and S stacks. 

Some examples of the auto increment/ decrement 
addressing modes are: 

LOA ,X+ 

STD ,Y+ + 
LOB ,-Y 
LOX ,- -S 

Care should be taken in performing operations on 16-bit 
pointer registers IX, Y, U, SJ where the same register is used 
to calculate the effective address. 

Consider the following instruction: 

STX O,X + +IX initialized to OJ 

The desired result is to store a zero in locations $0000 and 
$0001, then increment X to point to $0002. In reality, the fol
lowing occurs: 

O-temp calculate the EA; temp is a holding register 

X + 2 - X perform auto increment 

X - I tempi do store operation 

INDEXED INDIRECT 
All of the indexing modes, with the exception of auto in

crement/ decrement by one or a ± 5-bit offset, may have an 
additional level of indirection specified. In indirect address
ing, the effective acjdress is contained at the location 
specified by the contents of the index register plus any off
set. In the example below, the A accumulator is loaded in
directly using an effective address calculated from the index 
register and an offset. 

Before Execution 
A= XX I don't care) 
X= $FOOO 
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$0100 LOA [$10,XI 

$F010 $F1 
$F011 $50 

$F150 $AA 

After Execution 

EA is now $F010 

$F150 is now the 
new EA 

A= $AA I actual data loaded) 
X = $FOOO 

All modes of indexed indirect are included except those 
which are meaningless le.g., auto increment/decrement by 
1 indirect). Some examples of indexed indirect are: 

LOA [.X] 

LOO [10,SJ 
LOA [B,YJ 

LOO [.X++l 

RELATIVE ADDRESSING 
The bytelsl following the branch opcode is larel treated as 

a signed offset which may be added to the program counter. 
If the branch condition is true, then the calculated address 
IPC + signed offset) is loaded intci the program counter. 
Program execution continues at the new location as indi
cated by the PC; short lone byte offset) and long (two bytes 
offset) relative addressing modes are available. All of 
memory can be reached in long relative addressing as an ef· 
fective address interpreted modulo 216. Some examples of 
relative addressing are: 

CAT 
DOG 

RAT 
RABBIT 

BEO 
BGT 
LBEO 
LBGT 

NOP 
NOP 

CAT 
DOG 
RAT 
RABBIT 

PROGRAM COUNTER RELATIVE 

(short) 
lshortl 
(long) 
!long) 

The PC can be used as the pointer register with 8- or 16-bit 
signed offsets. As in relative addressing, the offset is added 
to the current PC to create the effective address. The effec
tive address is then used as the address of the operand or 
data. Program counter relative addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the program counter. 
Examples are: 

LOA CAT, PCR 
LEAX TABLE, PCR 

Since program counter relative is a type of indexing, an 
additional level of indirection is available. 

LOA [CAT, PCRJ 

LOU [DOG, PCRJ 



INSTRUCTION SET 
The instruction set of the E F6809E is similar to that of 

the E F6800 and is upward compatible at the source code le
vel. The number of opcodes has been reduced from 72 to 
59, but because of the expanded architecture and additional 
addressing modes, the number of available opcodes !with 
different addressing modes) h~s risen from 197 to 1464. 

Some of the new instructions are described in detail 
below. 

PSHU/PSHS 
The push instructions have the capability of pushing onto 

either the hardware stack IS) or user stack IU) any single 
register or set of registers with a single instruction. 

PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or 
registers are to be pushed or pulled. The actual push/ pull se
quence is fixed; each bit defines a unique register to push or 
pull, as shown below. 

Push/ Pull Postbyte 

CCR 
A 
B 
DPR 
x 
y 

S/U 
PC 

TFR/EXG 

Stacking Order 
Pull Order 

I 
cc 
A 
B 

OP 
X Hi 
X Lo 
Y Hi 
Y Lo 

U/S Hi 
U/S Lo 
PC Hi 
PC Lo 

I 
Push Order 

Increasing 
Memory 

I 

Within the EF6809E, any register may be transferred to 
or exchanged with another of Ii ke size; i.e., 8-bitto8-bit or 
16-bit to 16-bit. Bits 4-7 of postbyte define the source 
register, while bits 0-3 represent the destination register. 
These are denoted as follows: 

Transfer/Exchange Postbyte 

lsou;rce I I o?sti7ati~n 
Register Field 

0000= D CA:BI 1000= A 
0001=X 1001=8 
0010= Y 1010= CCR 
0011 = U 1011 = DPR 
0100= s 
0101 =PC 

NOTE 
All other combinations are undefined and INVALID. 

LEAX/LEAY/LEAU/LEAS 
The LEA I load effective address) works by calculating the 

effective address used in an indexed instruction and stores 
that address value, rather than the data at that address, in a 
pointer register. This makes all the features of the internal 
addressing hardware available to the programmer. Some of 
the implications of this instruction are illustrated in Table 3. 

The LEA instruction also allows the user to access data 
and tables in a position independent manner. For example: 

LEAX MSG1, PCR 
LBSR PDATA !Print message routine) 

MSG1 FCC 'MESSAGE' 

This sample program prints: 'MESSAGE'. By writing 
MSG1, PCR, the assembler computes the distance between 
the present address and MSG1. This result is placed as a 
constant into the LEAX instruction which will be indexed 
from the PC value at the time of execution. No matter where 
the code is located when it is executed, the computed offset 
from the PC will put the absolute address of MSG1 into the X 
pointer register. This code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register I temp). Care must be exercised when using 
the LEA instructions with the auto increment and auto 
decrement addressing modes due to the sequence of internal 
operations. The LEA internal sequence is outlined as follows: 

LEAa ,b+ lany of the 16-bit pointer registers X, Y, 
U, or S may be substituted for a and b.) 

1. b-temp 

2. b+1-b 

3. temp-a 

LEAa ,-b 

1. b-1-temp 

2. b-1-b 

3. temp- a 

!calculate the EA) 

I modify b, postincrement) 

!load a) 

!calculate EA with predecrementl 

(modify b, predecrement) 

!load al 

TABLE 3 - LEA EXAMPLES 
Instruction Operation Comment 

LEAX 10, x x + 10 -x Adds 5-Bit Constant 10 to X 
LEAX 500, x X+500-X Adds 16-Bit Constant 500 to X 
LEAY A, y Y+A -Y Adds S.Bit A Accumulator to Y 

LEAY D.Y Y+D -Y Adds 16-Bit 0 Accumulator to Y 
LEAU -10. U u - 10 -u S ubstracts 10 from U 
LEAS, -10, S s - 10 -s Used to Reserve Area on Stack 
LEAS 10, s s + 10 -s Used to 'Clean Up' Stack 
LEAX 5, s S+5 -x Transfers As Well As Adds 
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Auto increment-by-two and auto decrement-by-two instruc
tions work similarly. Note that LEAX ,X + does not change 
X; however LEAX, -X does decrement X.LEAX 1,X should 
be used to increment X by one. 

MUL 
Multiplies the unsigned binary numbers in the A and B ac

cumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple
precision multiplications. 

LONG AND SHORT RELATIVE BRANCHES 

The EF6809E has the capability 'Jf program counter 
relative branching throughout the entire memory map. In 
this mode, if the branch is to be taken, the 8- or 16-bit signed 
offset is added to the value of the program counter to be 
used as the effective address. This allows the program to 
branch anywhere in the 64K memory map. Position indepen
dent code can be easily generated through the use of relative 
branching. Both short 18 bit) and long 116 bit) branches are 
available. 

SYNC 
After encountering a sync instruction, the MPU enters a 

sync state, stops processing instructions. and waits for an 
interrupt. If the pending interrupt is non-maskable I NMll or 
maskable IFIRO, IROI with its mask bit IF or II clear, the pro
cessor will clear the sync state and perform the normal inter
rupt stacking and service routine. Since FIRO and IRO are 
not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the interrupt will 
be taken. If the pending interrupt is maskable IFIRQ, IROI 
with its mask bit IF or II set, the processor will clear the sync 
state and continue processing by executing the next in-line 
instruction. Figure 16 depicts sync timing. 

SOFTVllAREINTERRUPTS 

A software interrupt is an instruction which will cause an 
interrupt and its associated vector fetch. These software in
terrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and soft
ware development systems. Three levels of SWI are available 
on this E F680gE and are prioritized in the following order; 
SWI, SWl2, SWl3. 

16-BIT OPERATION 
The EF6809E has the capability of processing 16-bit 

data. These instructions include loads, stores, compares, 
adds, subtracts, transfers, exchanges, pushes, and pulls. 

CYCLE-BY-CYCLE OPERATION 

The address bus cycle-by-cycle performance chart I Figure 
16) illustrates the memory-access sequence corresponding 
to each possible instruction and addressing mode in the 
EF6809E. Each instruction begins with an opcode fetch. 
While that opcode is being internally decoded, the next pro
gram byte is always fetched. I Most instructions will use the 
next byte, so this technique considerably speeds through
put.I Next, the operation of each opcode will follow the 
flowchart. VMA is an indication of FFFF15 on the address 
bus, R/W = 1 and BS= 0. The following examples illustrate 
the use of the chart. 
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Example 1: LBSR IBranch Taken) 
Before Execution SP= FOOD 

$8000 LBSR CAT 

$AOOO CAT 

CYCLE-BY-CYCLE FLOW 

Cycle# Address Data R/W Description 

1 8000 17 1 Opcode Fetch 
2 8001 20 1 Offset High Byte 
3 8002 00 1 Offset Low Byte 
4 FFFF . 1 VMA Cycle 
5 FFFF . 1 VMA Cycle 
6 AOOO . 1 Computed Branch Address 
7 FFFF * 1 VM.A Cycle 
8 EFFF 80 0 Stack High Order Byte of 

Return Address 
9 EFFE 03 0 Stack Low Order Byte of 

Return Address 

Example 2: DEC I Extended) 

$8000 
$AOOO 

Cycle# 

1 
2 
3 
4 
5 
6 
7 

DEC 
FCB 

Address 

8000 
8001 
8002 
FFFF 
AOOO 
FFFF 
FFFF 

$AlliJ 
$80 

CYCLE-BY-CYCLE FLOW 

Data R/W Description 

7A 1 Opcode Fetch 
AO 1 Operand Address, High Byte 
00 1 Operand Address, Low Byte 

* 1 Vfiitll Cycle 
80 1 Read the Data 
* 1 VMA Cycle 

7F 0 Store the Decremented Data 

*The data bus has the data at that particular address. 

INSTRUCTION SET TABLES 

The instructions of the E F6809E have been broken 
down into five different categories. They are as follows; 

8-bit operation IT able 41 
16-bit operation I-Table 51 
Index register/stack pointer instructions IT able 61 
Relative branches I long orshortl !Table 71 
Miscellaneous instructions !Table 81 

Hexadecimal values for the instructions are given in 

Table 9. 

PROGRAMMING AID 

Figure 18 contains a compilation of data that will assist 
you in programming the E F6BO!lE. 
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FIGURE 16 - SYNC TIMING 

Last Cycle Sync 
of Previous Opcode Last Cycle 
I Instruction Fetch Execute Sync Acknowledge of Sync 
e >I e >I c >le • 11nstruct1on ., .. "' >I 

Q 

Address 

Data J~'-----.j~ 

M I 

I 
M I 
AVMA~ \ I .. I I 

.. ' I 

UC /\___} ' ~ti! tpcf ~ See Note 1 

I RO, 't ~ See Note 2 
NMI V1L1'-'"-----------------------
FIRQ ~!PCS 

NOTES: 1. If the associated mask bit is set when the interrupt is requested, UC will go low and this cycle will be an instruction fetch from address 
location PC+ 1. However, if the interrupt is accepted !NMI or an unmasked FlRn or i'ROJ UC will remam high and interrupt processing 
will start with this cycle as m on Figures 8 and 9 (Interrupt Timing) 

2. If mask bits are clear, IRO andFi'Rn" must be held low for three cycles to guarantee that interrupt will be taken, although only one cycle 
is necessary to bring the processor out of SYNC. 
Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted 



FIGURE 17 - CYCLE-BY-CYCLE PERFORMANCE (Shoot 1 of 9) 

Opcode Fetch 

NNNN 

Yes 

No 

No 

Relative Addressing. 

NOTES 

Each state shows: 

Data Bus 

Address Bus 

~~~~~~~-. 

Offset High 

NNNN + 1121 

Mode 

Yes 

2. Address NNNN is location of opcode. 

3. If opcode is a two byte opcode subsequent 
addresses are in parenthesis l - > 

4. Two-byte opcodes are highlighted 

BCC. BCS, BEO, BGE, BGT, BHI, 
BHS, BLE, BLD, BLS, BLT, BMI, 
BNE, BPL, BRA, BAN, ..-~~0-1~,s~e-t~~~ 
BSA, BVC, BVS 

NNNN+ 1 
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A 

Yes 

B 
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FIGURE 17 - CYCLE-BY.CYCLE PERFORMANCE (Sheet 2 of 91 

Inherent Addressing Mode 

FFFF 

FFFF 

ASLA/B 
ASRA/B 
CLRA/B 
COMA/B 
OAA 
OECA/B 
INCA/B 
LSLA/B 
LSRA/B 
NEGA/B 
NOP 
ROLA/B 
RORA/B 
SEX 
TSTA/B 

Don't Care 

NNNN+1 

FFFF 
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A 

B 



FIGURE 17 -CYCLE-BY-CYCLE PERFORMAN(;E (Sheet 3 of9) 

A 
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FIGURE 17 - CYCLE-BY-CYCLE PERFORMANCE (Sheet 4 of 9) 

A A 

B 
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FIGURE 17 - CYCLE-BY-CYCLE PERFORMANCE (Sheet 5 of 91 

Immediate Addressing Mode Direct 
Addressing 

TFRr-~~~~~E-X~G ... ~~~-A-,-,,-n-st~ru~c-11-on-s~ PM•o-de.._~~~-. 

FFFF 

FFFF 

E11cept 
PSHU, 
PSHS, 
PULS. 
TFR. 
and 
EXG 

1-175 

FFFF 

c 



A 

O Offset 
From A 

Don't Care 

NNNN + 2131 

No 

D 

FIGURE 17 - CYCLE-BY-CYCLE PERFORMANCE 1Sheet6 019) 

Indexed Addressing Mode 

5-Bit Offset 

Don't Care 

FFFF 

Yes 

8·B1t Offset 16·B1t Offset A/B Offset 0 Offset 
From R 

Don't Care 

FFFF 

FFFF 

Constant Offset frorn R 
No Offset 
8-Brt Offset 
16·B1t Offset 

Accumulator Offset from R 
A Register Offset 
B Register Offset 
D Register Offset 

Auto Increment/ Decrement R 
Increment by 2 
Decrement by 2 

Constant Offset from PC 
8·811 Offset 
16-bit Offset 

Extended Indirect 
16-811 Address 

The index register is incremented 
following the indf!)(ed access 

1-176 

Don't Care 

FFFF 

xxxx 

Index Register 
Index Register + Offset Byte 
Index Register + Offset High Byte Offset 
Low Byte 

Index Register + A Register 
Index Register + 8 Register 
Index Register + D Register 

tndex Register* 
Index Register ·- 2 

Program Counter + Offset Bvte 
Program Counter + Offset High Byte Offset 
Low Byte 

Address High Byte Addres Low Byte 



A 

No 

D 

FIGURE 17- CYCLE-BY.CYCLE PERFORMANCE (Sheet 7 of9) 

Indexed Addressing Mode 

Inc/Dec 
R by 2 

FFFF 

Yes 

Extended 
Indirect 

PC± 8-811 
Offset 

Don't Care 

NNNN +4151 

Constant Offset from R 
No Offset 
8-Bit Offset 
16-811 Offset 

Accumulator Offset from R 
A Register Offset 
8 Register Offset 
0 Register Offset 

Auto lncrement/Decremen1 R 
Increment by 2 
Decrement by 2 

Constant Offset from PC 
8-811 Offset 

16-bit Otfset 

Extended Indirect 
16-811 Address 

The index register is incremented 

lollow1ng the 1ndPxed access 
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FFFF 

xxxx 

Index Register 
Index Register + Offset Byte 
Index Register + Offset High Byte Offset 
Low Byte 

Index Register + A Register 
Index Register + B Register 
Index Register + D Register 

Index Register* 
Index Register ~ 2 

Program Counter + Offset Byte 

Program Counter + Offset High Byte Offset 
Low Byte 

Address High Byte Addres Low Bvte 



FIGURE 17 - CYCLE-BY-CYCLE PERFORMANCE (Sheet 8 of 9) 

Effective Address 

AN DCC, 
ORCC 

(Immediate 
Only! 

Data 

JMP 
IAll Except 
Immediate) 

NNNN + 1 

Don't Care 

NNNN + 2 

Constant Offset from R 
No Offset 
5-Bit Offset 
8· Bit Offset 
16-Bit Offset 

Accumulator Oifset from R 
A Reg1Ster Offset 
B Reg1Ster Offset 
D Reg1Ster Offset 

Auto Increment/Decrement A 
Increment by 1 
Increment by 2 
Decrement by 1 
Decrement by 2 

Constant Offset fronn PC 
8-B1t Offset 
16-Bit Offset 

•The index register is incremented 
following the indexed access 

ADCA/B, 
ADDA/8, 
ANDA/8, 
BITA/B, 
CMPA/B, 
EDRA/8, 
LDA/B, 
ORA/8, 
SBCA/8, 
SUBA/B 

Data 

EA 

STAIB 
fAll Except 
lmmed1atel 

Register ~Wntel 

EA 

LDD, 

:l::~;: 
LDU, 

.~ox_., 
t:~'!f:: 

Register High 

EA 

Pegister Low 

EA+ 1 

Effective Address IEAI 

Index Register 
Index Register 
Index Register + Post Byte 

STD, "l!X : 
STU, STX, 
:s;r,~;IAll 
Except 
Immediate) 

Register High 
!Write! 

EA 

Register Low 
!Write! 

EA+ 1 

Index Register + Past Byte High Post Byte Low 
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lnde)( Register + A Register 
Index Register + B Register 
Index Register + D Register 

. 
Index Register 
Index Register* 
Index Register - 1 
Index Register - 2 

Program Counter + Offset Byte 
Program Counter + Offset High Byte O!!set Low Byte 

D1rec1 Page Register Address Low 

Address High Address Low 

NNNN +I 



FIGURE 17 - CYCLE-BY-CYCLE PERFORMANCE !Sheet 9 of 9) 

Effective Address 

ASL, ASA, 
CLR, COM, 
DEC, INC, 
LSL, LSA, 
NEG. AOL, 
RDA IAll 
Except 
Immediate) 

Constant Offset from R 
No Offset 
5-Bit Offset 
8-Bll Offset 
16-B1t Olfset 

Accumulator Offset from A 
A Register Olfset 
B Register Offset 
D Register Offset 

Auto Increment/Decrement R 
Increment by 1 
Increment by 2 
Decrement by 1 
Decrement by 2 

Constant Offset from PC 
8-Bll Offset 
16-B1t Offset 

. 

TST 
!All Except 
Immediate) 

The index register 1s incremented 
following the mdexed access 

1-179 

JSR 
IAll Except 
Immediate) 

LEAS, 
LEAV, 
LEAX, 
LEAY 

Effective Address I EAi 

Index Register 
Index Register 
Index Register + Post Byte 
Index Register + Post Byte High Post Byte low 

Index Register + A Register 
Index Register + B Register 
Index Register + D Register 

. 
Index Register 
Index Register* 
Index Register - 1 
Index Register - 2 

Program Counter + Offset Byte 
Program Counter + Offset High Byte Oflset Low Bvte 

Direct Page Register Address Low 

Address High Address Low 

NNNN+I 



TABLE 4 - 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 

Mnemonic{s) Operation 

ADCA,ADCB Add memory to accumulator with carry 

ADDA,ADDB Add memory to accumulator 

ANDA,ANDB And memory with· accumulator 

ASL, ASLA, ASLB Arithmetic shift of accumulator or memory left 

ASA, ASRA,ASRB Arithmetic shift of accumulator or memory ~ht 

SITA, BITB 811 test memory with accumulator 

CLR, CLRA, GLAB Clear accumulator or memory location 

CMPA,CMPB Compare memory from accumulator 

COM, COMA, COMB Complement accumulator or memory location 

DAA Decimal adjust A accumulator 

DEC, DECA, DECB Decrement accumulator or memory location 

EORA, EORB Exclusive or memory with accumulator 

EXG R1, R2 Exchange R1 with R2 IR1, R2 = A, B, CC, DPI 

INC, INCA, INCB Increment accumulator or memory location 

LDA, LDB Load accumulator from memory 

LSL, LSLA, LSLB Logical shift left accumulator or memory location 

LSR, LSRA, LSRB Logical shift right accumulator or memory location 

MUL Unsigned multiply (A x B - D) 

NEG, NEGA, NEGB Negate accumulator or memory 

ORA, ORB Or merT'ory with accumulator 

AOL, ROLA, ROLB Rotate accumulator or memory left 

ROA, RORA, RORB Rotate accumulator or memory right 

SBCA, SBCB Subtract memory from accumulator with borrow 

STA, STB Store accumulator to memory 

SUBA,SUBB Subtract memory from accumulator 

TST, TSTA, TSTB Test accumulator or memory location 

TFR R1, R2 Transfer R1 to R2 IR1, R2 ~ A, B, CC, DPI 

NOTE: A, B, CC or DP may be pushed to {pulled from) either stack with PSHS, PSHU (PULS, 
PULU) instructions 

TABLE 5 - 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 

Mnemonic(s) Operation 

ADDD Add memory to D accumulator 

CMPD Compare memory from D accumulator 

EXG D, R Exchange D with X, Y, S, U or PC 

LDD Load 0 accumulator from memory 

SEX Sign Extend B accumulator into A accumulator 

STD Store D accumulator to memory 

SUBD Subtract memory from D accumulator 

TFR D, R Transfer D to X, Y, S, U or PC 

TFR R, D Transfer X, Y, S, U or PC to D 

NOTE: D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, 
PULU) instructions. 

TABLE 6 - INDEX REGISTER/STACK POINTER INSTRUCTIONS 

Instruction Description 

CMPS, CMPU Compare memory from stack pointer 

CMPX, CMPY Compare memory from index register 

EXG R1, R2 Exchange 0, X, Y, S, U or PC with 0, X, Y, S, U or PC 

LEAS. LEAU Load effective address into stack pointer 

LEAX, LEAY Load effective address into index register 

LDS, LDU Load stack pointer from memory 

LDX. LOY Load index register from memory 

PSHS Push A, B, CC, DP, 0, X, Y, U, or PC onto hardware stack 

PSHU Push A, B, CC, OP, D, X, Y, S, or PC onto user stack 

PULS Pull A, B, CC, DP. D. X. Y. U or PC from hardware stack 

PULU Pull A, 8, CC, DP, D. X, Y, Sor PC from hardware stack 

STS, STU Store stack pointer to memory 

STX, STY Store index register to memory 

TFR R1, R2 Transfer D, X, Y, S, U or PC to D, X, Y,S,UorPC 

ABX Add B accumulator to X (unsigned) 
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TABLE 7 - BRANCH INSTRUCTIONS 
------~~-------

Instruction Description 
--c 

f------
SIMPLE BRANCHES 

BEO. LBEO Branch if equal 

BNE, LBNE Branch 11 not equal 

BMI, LGMI Branch if rn1nus 

BPL, LBPL Branch 1! plus 

BCS. LBCS Branch 11 carry set 

BCC. LBCC Branch if carry clear 

BVS, LBVS Branch if overllow set 

BVC. LBVC Branch 1f overflovv clear 

SIGNED BRANCHES 

BGT, LBGT Branch if greater (signed) 

BVS, cBVS Branch ii 1nval1d 2's complement resul1 

BGE, LBGE Branch 11 greater than or equal (signed) 

BEO, LBEO Branch if equal 

BNE, LBNE Branch 11 not equal 

B LE, LBLE Branch d less than or equal (signed) 

BVC, LBVC Branch 1f valid 2's complement result 

BLT, LBL T Branct1 d less than (s1gnedl 

UNSIGNED BRANCHES 

BHI, LBHI Branch if higher (uns1gnedl 

BCC, LBCC Branch if higher or same !unsigned) 

BHS, LBHS Branch 1f higher or same luns1gnedl 

BEO, LBEO Branch if equal 

BNE, LBNE Branch 1! not equal 

BLS, LBLS Branch 11 lower or same (unsigned) 

BCS, LBCS Branch if lower (unsigned) 

BLO, LBLO Branch 11 lower (unsigned) 

OTHER BRANCHES 

BSR, LBSR Branch to subroutine 

BRA, LBRA ljranch always 

BRN, LBRN Branct1 never 

TABLE 8 - MISCELLANEOUS INSTRUCTIONS 
-~ 

Instruction Description 

AN DCC AND cond1t1on code register 

CWAI AND condition code register, then wait for interrupt 

NOP No operation 

ORCC OR cond1t1on code register 

JMP Jump 

JSR Jump to 5ubrout1ne 

RTI Retu1n from interrupt 

RTS Return from subroutine 

SWI, SWl2, SW13 Software interrupt (absolute 1nd1rec1) 

SYNC Synchronize with interrupt line 
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TABLE 9 - HEXADECIMAL VALUES OF MACHINE CODES 

OP Mnem Mode - , OP Mnam Mode 
()() NEG 

l 
6 2 30 LEAX lndted 

01 . 31 LEAY 
02 . 32 LEAS 
03 COM 6 2 33 LEAU Indexed 
04 LSR 6 2 34 PSHS lmmed 

05 . 35 PULS lmmed 
06 ROA 6 2 36 PSHU lmmed 
07 ASA 6 2 37 PULU lmmed 
08 ASL, LSL 6 2 38 . -
09 AOL 

j 
6 2 39 ATS Inherent 

OA DEC 6 2 3A ABX 

t OB . I 3B ATI 
oc INC 6 2 3C CWAI 
OD TST 6 2 30 MUL Inherent 
OE JMP 3 2 3E . -
OF CLA Direct 6 2 3F SWI Inherent 

10 Page 2 - - - 40 NEGA Inherent 
11 Page 3 - - - 41 . 

~ 
12 NOP Inherent 2 1 42 . 
13 SYNC Inherent 2:4 1 43 COMA 
14 . 44 LSRA 
15 . 45 . 
16 LBAA Relative 5 3 46 RORA 
17 LBSR Relative 9 3 47 ASRA 
1S . 48 ASLA. LSLA 
19 DAA Inherent 2 1 49 ROLA 
1A ORCC Im med 3 2 4A DECA 
1B . - 4B . 
1C AND CC ln:imed 3 2 4C INCA 
1D SEX Inherent 2 1 4D TSTA 
1E EXG lmmed s 2 4E . , 
1F TFR lmmed 6 2 4F CLRA Inherent 

20 BRA Relative 3 2 50 NEGB Inherent 
21 BAN 1 3 2 51 . ~ 
22 BHI 3 2 52 . 
23 BLS 3 2 53 COMB 
24 BHS, BCC 3 2 54 LSAB 
25 BLO, BCS 3 2 55 . 
26 BNE 3 2 56 RORB 
27 BEO 3 2 57 ASRB 
2S BVC 3 2 58 ASLB. LSLB 
29 BVS 3 2 59 ROLB 
2A BPL 3 2 5A DECB 
2B BMI 3 2 5B . 
2C BGE 3 2 5C INCB 
20 BLT 3 2 5D TSTB 
2E BGT 3 2 5E . , 
2F BLE Relative 3 2 5F CLRB Inherent 

LEGEND: 
- Number of M PU cycles (less possible push pull or indexed-mode cycles) 
I Number of program bytes 
* Denotes unused opcode 
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- , OP 

4+ 2+ 60 
4+ 2+ 61 
4+ 2+ 62 
4+ 2+ 63 
5+ 2 64 
5+ 2 65 
5+ 2 66 
5+ 2 67 

68 
5 1 69 
3 1 6A 

6/15 1 6B 
>:20 2 6C 
11 1 60 

6E 
19 1 6F 

2 1 70 
71 
72 

2 1 73 
2 1 74 

75 
2 1 76 
2 1 77 
2 1 78 
2 1 79 
2 1 7A 

7B 
2 1 7C 
2 1 7D 

7E 
2 1 7F 

2 1 BO 
S1 
S2 

2 1 S3 
2 1 B4 

S5 
2 1 S6 
2 1 S7 
2 1 88 
2 1 B9 
2 1 SA 

SB 
2 1 SC 
2 1 SD 

SE 
2 1 SF 

Mnem Mode - , 
NEG Indexed 6+ 2+ . ~ . 
COM 6+ 2+ 
LSA 6+ 2+ . 
ROA 6+ 2+ 
ASA 6+ 2+ 
ASL, LSL 6+ 2+ 
AOL 6+ 2+ 
DEC 6+ 2+ . 
INC 6+ 2+ 
TST 6+ 2+ 
JMP 3+ 2+ 
CLA Indexed 6+ 2+ 

NEG Extended 7 3 . . 
COM 7 3 
LSR 7 3 . 
ROA 7 3 
ASA 7 3 
ASL, LSL 7 3 
AOL 7 3 
DEC 7 3 . 
INC 7 3 
TST 7 3 
JMP .. 4 3 
CLR Extended 7 3 

SUBA Im med 2 2 
CMPA ~ 2 2 
SBCA 2 2 
SUBD 4 3 
ANDA 2 2 
BITA 2 2 
LOA 2 2 . 
EORA 2 2 
ADCA 2 2 
ORA 2 2 
ADDA 2 2 
CMPX lmmed 4 3 
BSA Relative 7 2 
LOX lmmed 3 3 . 



TABLE 9 - HEXADECIMAL VALUES OF MACHINE CODES I CONTINUED I 

OP Mnem Mode - , OP Mnem Mode - , OP JMnem Mode 1- I 
~ SUBA Direct 4 2 co SUB6 lmmed 2 2 
91 CMPA j 4 2 Cl CMP6 

I 2 2 Page 2 and 3 Machine 
92 SBCA 4 2 C2 S6C6 2 2 Code& 
93 SU6D 6 2 C3 ADDD 4 3 
94 ANDA 4 2 C4 ANDB 2 2 1021 l6AN Relative 5 4 
95 BITA 4 2 C5 BITB Im med 2 2 1022 LBHI 5161 4 
96 LDA 4 2 C6 LDB Im med 2 2 1023 L6LS 5161 4 
97 STA 4 2 Cl . 

I 
1024 LBHS, LBCC 5161 4 

98 EDRA 4 2 C8 EORB 2 2 1025 LBCS, LBLO 5161 4 
99 ADCA 4 2 C9 ADCB 2 2 1026 LBNE 5161 4 
9A ORA 4 2 CA ORB 2 2 1027 LBEO 5161 4 
9B ADDA 4 2 CB ADDB 2 2 1028 LBVC 5161 4 
9C CMPX 6 2 cc LDD 3 3 1029 LBVS 5161 4 
9D JSR 7 2 CD . 102A LBPL 5161 4 
9E LDX .. 5 2 CE LDU lmmed 3 3 102B LBMI 5161 4 
9F STX Direct 5 2 CF . 102C LBGE 5161 4 

2 1020 LBLT 5161 4 
AO SUBA Indexed 4+ 2+ DO SU66 Direct 4 

~ 5161 4 102E L6GT 
Al CMPA 4+ 2+ Dl CMP6 4 2 

Relative 5161 4 102F L6LE 
A2 S6CA 4+ 2+ D2 SBCB 4 2 

2 103F SW12 Inherent 20 
A3 SU6D 6+ 2+ D3 AODD 6 2 

5 4 1083 CMPD lmmed 
A4 ANDA 4+ 2+ D4 AND6 4 2 

CMPY I 5 4 
D5 61TB 4 2 108C 

A5 61TA 4+ 2+ 108E LDY lmmed 4 4 
A6 LDA 4+ 2+ D6 LD6 4 2 

CMPD Direct 7 3 1093 
A7 STA 4+ 2+ D7 STB 4 2 

t 7 3 109C CMPY 
AB EORA 4+ 2+ D8 EOR6 4 2 

6 3 109E LDY 
4+ 2+ D9 ADC6 4 2 A9 ADCA 

2 109F STY Direct 6 3 
4+ 2+ DA ORB 4 

3+ AA ORA 
4 2 10A3 CMPD Indexed 7+ 

AB ADDA 4+ 2+ DB ADDB 
10AC CMPY i 7+ 3+ 

6+ 2+ DC LDD 5 2 
3+ AC CMPX 

2 10AE LDY 6+ . DD STD 5 AD JSR 7+ 2+ ~ 2 10AF STY Indexed 6+ 3+ 
5+ 2+ DE LDU 5 

4 AE LDX 10B3 CMPD Extended 8 
Indexed 5+ 2+ DF STU Direct 5 2 

t 8 4 AF STX 10BC CMPY 
EO SU66 Indexed 4+ 2+ 10BE LDY 7 4 

BO SUBA Extended 5 3 El CMP6 ' 4+ 2+ 106F STY Extended 7 4 
Bl CMPA 5 3 E2 SBC6 4+ 2+ 10CE LDS lmmed 4 4 
62 SBCA 5 3 E3 ADDD 6+ 2+ 10DE LDS Direct 6 3 
B3 SU6D 7 3 E4 AND6 4+ 2+ 10DF STS Direct 6 3 
B4 ANDA 5 3 E5 BITB 4+ 2+ 10EE LDS Indexed 6+ 3+ 
65 BITA 5 3 E6 LD6 4+ 2+ 10EF STS Indexed 6+ 3+ 
66 LDA 5 3 E7 STB 4+ 2+ 10FE LDS Extended 7 4 
B7 STA 5 3 E8 EOR6 4+ 2+ 10FF STS Extended 7 4 
BB EORA 5 3 E9 ADC6 4+ 2+ 113F SWl3 Inherent 20 2 
B9 ADCA 5 3 EA ORB 4+ 2+ 1183 CMPU Im med 5 4 
BA ORA 5 3 EB ADDB 4+ 2+ 11BC CMPS lmmed 5 4 
BB ADDA 5 3 EC LDD 5+ 2+ 1193 CMPU Direct 7 3 
BC CMPX 7 3 ED STD 5+ 2+ 11~C CMPS Direct 7 3 
BD JSR 8 3. EE LDU t 5+ 2+ 11A3 CMPU Indexed 7+ 3+ 
BE LDX ~ 6 3 EF STU Indexed 5+ 2+ 11AC CMPS Indexed 7+ 3+ 
BF STX Extended 6 3 11B3 CMPU Extended 8 4 

FO SUBB Extended 5 3 
11BC CMPS Extended 8 4 

Fl CMPB 5 3 
F2 SBCB 5 3 
F3 ADDD 7 3 
F4 AND6 5 3 

F5 BITB 5 3 

F6 LDB 5 3 
F7 STB 5 3 

All unused opcodes are both undefined FB EORB 5 3 NOTE 
F9 ADCB 5 3 and illegal 
FA ORB ~ 5 3 
FB ADDB Extended 5 3 
FC LDD Extended 6 3 
FD STD t 6 3 

FE LDU 6 3 

FF STU Extended 6 3 
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FIGURE 18 - PROGRAMMING AID 

Addressing Modes 

Immediate Direct Indexed Extended Inherent 5 3 2 1 0 
Instruction Forms Op - I Op - I Op - I Op - I Op - I Description H N z v c 

ABX JA 3 1 B + X-X (Unsigned) . . . . . 
AOC ADCA 89 2 2 99 4 2 A9 4+ 2+ B9 5 3 A+M+C-A I I I I I 

ADCB C9 2 2 09 4 2 E9 4+ 2+ F9 5 3 B+M+C-8 I I I I I 
ADD ADDA BB 2 2 9B 4 2 AB 4+ 2+ BB 5 3 A+M-A I I I I I 

ADDB CB 2 2 DB 4 2 EB 4+ 2+ FB 5 3 B+M-B I I I I I 
ADDO CJ 4 3 03 6 "2 E3 6+ 2+ FJ 7 3 D+ M.M + 1-D . I I I I 

AND ANDA 84 2 2 94 4 2 A4 4. 2+ B4 5 3 A AM-A . I I 0 . 
ANDB C4 2 2 04 4 2 E4 4+ 2+ F4 5 3 BA M-B . I I 0 . 
AN DCC lC 3 2 CC A IMM-CC 7 

ASL ASLA 48 2 1 
A .__ 

8 I I I I 
ASLB 58 2 1 B ![]+{I[[[[[]]+-0 B I I I I 
ASL 08 6 2 68 6+ 2+ 7B 7 3 M c b7 bo B I I I I 

ASR ASAA 47 2 1 

~I~ 
8 I I . I 

ASAB 57 2 1 8 I I . I 
ASA 07 6 2 67 6+ 2+ 77 7 3 8 I I . I 

BIT SITA 85 2 2 95 4 2 A5 4+ 2+ 85 5 3 Bil Test A (M A A) . I I 0 . 
BITB C5 2 2 05 4 2 E5 4+ 2+ F5 5 3 811 Test B !M fl 81 . I I 0 . 

CLA CLAA 4F 2 1 0-A . 0 1 0 0 
CLAS 5F 2 1 0-B . 0 1 0 0 
CLR OF 6 2 6F 6+ 2 t IF 7 3 0-M . 0 1 0 0 

CMP CMPA 81 2 2 91 4 2 Al 4+ 2+ 81 5 3 Compare M from A 8 I I I I 
CMPB Cl 2 2 01 4 2 El 4t 2 t Fl 5 3 Compare M from B 8 I I I I 
CMPD 10 5 4 10 7 3 10 7 t 3+ 10 B 4 Comp~re M:M + 1 from D . I I I I 

B3 93 A3 83 
CMPS 11 5 4 11 7 3 11 7• 3+ 11 B 4 Compare M:M + 1 from S . I I I I 

BC 9C AC BC 
CMPU 11 5 4 11 7 3 11 7+ 3+ 11 B 4 Compare M:M + 1 from U . I I I I 

BJ 93 AJ 83 
CMPX BC 4 3 9C 6 2 AC 6+ 2+ BC 7 3 Compare M:M + 1 from X . I I I I 
CMPY 10 5 4 10 7 3 10 7+ 3+ 10 B 4 Compare M:M + 1 from Y . I I I I 

BC 9C AC BC 

COM COMA 43 2 1 A-A . I I 0 1 
COMB 53 2 1 B-B . I I 0 1 
COM 03 6 2 63 6+ 2+ 73 7 3 M-M . I I 0 1 

CWAI JC ]"20 2 CC A IMM-CC Wait for Interrupt 7 

DAA 19 2 1 Decimal Adjust A . I I 0 I 

DEC DECA 4A 2 1 A-1-A . I I I . 
DECB 5A 2 1 8-1-B . I I I . 
DEC OA 6 2 6A 6+ 2+ '?A 7 3 M-1-M . I I I . 

EOR EDRA 88 2 2 98 4 2 AB 4+ 2+ BB 5 3 A.Y.M-A . I I 0 . 
EDRB CB 2 2 DB 4 2 EB 4+ 2+ FB 5 3 B ..... M-B . I I 0 . 

EXG Al, A2 1E 8 2 n1-A°22 . . . .. . 
INC INCA 4C 2 1 A+l-A . I I I . 

INCB 5C 2 1 B+ 1-B . I I I . 
INC oc 6 2 BC 6+ 2+ 7C 7 3 M+l-M . I I I . 

JMP OE 3 2 6E 3+ 2+ 7E 4 3 EA3°-PC . . . . . 
JSR 90 7 2 AD 7+ 2+ BO 8 3 Jump to Subroutine . . . . . 
LD LOA 86 2 2 96 4 2 A6 4+ 2+ B6 5 3 M-A . I I 0 . 

LOB C6 2 2 D6 ·4 2 E6 4+ 2+ F6 5 3 M-8 . I I 0 . 
LDD cc 3 3 DC 5 2 EC 5+ 2+ FC 6 3 M:M+ 1-D . I I 0 . 
LOS 10 4 4 10 6 3 10 6+ 3+ 10 7 4 M:M+ 1-S . I I 0 . 

CE DE EE FE 
LOU CE 3 3 DE 5 2 EE 5+ 2+ FE 6 3 M:M+ 1-U . I I 0 . 
LOX BE 3 3 9E 5 2 AE 5+ 2+ BE 6 3 M:M+l-X . I I 0 . 
LOY 10 4 4 10 6 3 10 6+ 3+ 10 7 4 M:M+ 1-Y . I I 0 . 

BE 9E AE BE 

LEA LEAS 32 4+ 2+ EA3-s . . . . . 
LEAU 33 4+ 2+ EA3-u . . . . . 
LEAX 30 4+ 2+ EA3-x . . I . . 
LEAY 31 4+ 2+ EA3_y . . I . . 

LEGEND: 1;I Complement of M Test and set if true, cleared otherwise 
OP Operation Code (Hexadecimal) Transfer Into Not Affected 

Number of MPU Cycles H Half-carry {from bit 3l cc Condition Code Register 
Number of Program Bytes N Negative fsign bitl Concatenation 

+ Arithmetic Plus z Zero result v Logical or 
Arithmetic Minus v Overflow, l's complement A Logical and 
Multiply c Carry from ALU ¥ Lqgical Exclusive or 
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FIGURE 18 - PROGRAMMING AID ICONTINUEDI 

Addressing Modes 

Immediate Direct lnde1<ed1 Extended Inherent 5 3 2 1 0 
Instruction Forms CJp - ' Op - ' Op - ' Op - ' Op - I Description H N z v c 

LSL LSLA 48 2 1 A •--··-- . I I I I 
LSLB 58 2 1 Bl D-illIJJID- 0 . I I I I 
LSL 08 6 2 68 6+ 2+ 78 7 3 M c b7 bQ . I I I I 

ISR LSRA 44 2 1 ~lo·~ 
. 0 I I 

LSRB 54 2 1 . 0 I . I 
LSR 04 6 2 64 G + 2+ 74 7 3 b7 bo c . 0 I I 

MUl 30 11 1 Ax 8-D lUns1gnedl . I . 9 
NEG NEGA 40 2 1 A+ 1-A 8 I I I I 

NEGB 50 2 1 9_, 1-B 8 I I I I 
NEG ()() 6 2 60 6 + 2 + 70 7 3 M + 1-M 8 I I I I 

NOP 12 2 1 No Oµera!1on . . . . 
OR ORA BA 2 2 9A 4 2 AA 4+ 2+ BA 5 3 AV M-A . I I 0 

ORB CA 2 2 DA 4 2 EA 4 + 2+ FA 5 3 B V M-B . I I 0 
ORCC 1A 3 2 CCV IMM-CC 7 

PSH PSHS 34 s+4 2 Push Registers 011 S Stock . . . 
PSHU 36 5+ 4 2 Push Registers on U Stack . . . . . 

PUL PULS 35 5+• 2 Pull Registers horn S Stnck . . . . 
PULU 37 5+ 4 2 Pull Reg1s!ers lrnrn U Stack . . . . 

ROL ROLA 49 2 1 

~l~rnrP 
. I I I I 

ROLB ~·9 2 1 . I I I I 
ROL 09 6 2 69 6+ 2 + 7" 7 3 c b7 bo . I I I I 

ROR RORA 46 2 1 ~l qj:j I I I I I I I p . I I . I 
RORB 56 2 1 . I I . I 
ROR 06 6 2 66 6+ 2+ 76 7 3 c b7 bQ . I I . I 

RTI 3B 6115 1 Return From lnterrupl 7 
RTS 39 5 1 Return lrom Subroutone . . . . 
SBC SBCA B2 2 2 92 4 2 A2 4+ 2+ B2 5 3 A-M-C-A 8 I I I I 

SBCB C2 2 2 02 4 2 ~2 4+ 2+ F2 5 3 8- M-C-B 8 I I I I 

SEX 1D 2 1 Sign Extend 8 mto A . I I 0 . 
ST STA 97 4 2 A7 4+ 2+ B7 5 3 A-M . I I 0 . 

STB 07 4 2 E7 4+ 2+ F7 5 3 B-M . I I 0 . 
STD DD 5 2 ED 5+ 2+ FD 6 3 D-M:M+I . I I 0 
STS 10 6 3 10 6+ 3+ 10 7 4 S-M:M+1 . I I 0 

OF EF FF 
STU OF 5 2 EF 5+ 2+ FF 6 3 U-M:M+1 . I I 0 . 
STX 9F 5 2 AF 5+ 2+ BF 6 3 X-M:M+l . I I 0 . 
STY 10 6 3 10 10 7 4 Y-M:M+ 1 . I I 0 . 

9F AF 6+ 3+ BF 

SUB SUBA 80 2 2 90 4 2 AO 4+ 2+ BO 5 3 A-M-A 8 I I I I 
SUBB co 2 2 DO 4 2 EO 4+ 2+ FO 5 3 B-M-B 8 I I I I 
SUBD 83 4 3 93 6 2 A3 6+ 2+ B3 7 3 D-M:M+l-0 . I I I I 

SWI swr 3F 19 1 Software Interrupt l . . . . . 
sw126 10 20 2 Software Interrupt 2 . . . . . 

3F -
sw136 11 20 1 Software Interrupt 3 . . . . . 

3F 

SYNC 13 >:4 1 Synchronize to Interrupt . . . . . 
TFR R1, R2 1F 6 2 R1-R2J . . . . . 
TST TSTA 40 2 1 Test A . I I 0 . 

TSTB 50 2 1 Test B . I I 0 . 
TST OD 6 2 60 6+ 2+ 70 7 3 Test M . I I 0 . 

NOTES 
This column gives a base cycle and byte count. To obtain total count, add the values obtained from the INDEXED ADDRESSING MODE table, 
Table 2 
Rl and R2 may be any pair of 8 bit or any pair of 16 bit registers 

The 8 bit registers are: A, B, CC, DP 
The 16 bit registers are: X, Y, U, S, D, PC 

3. EA is the effective address. 

4. The PSH and PUL instructions require 5 cycles plus 1 cycle for each byte pushed or pulled. 

5 5t6J means: 5 cycles if branch not taken, 6 cycles if taken (Branch instructions}. 
SWI sets I and F bits. SWl2 and SW13 do not affect I and F. 

Conditions Codes set as a direct result of the instruction. 

Vaue of half-carry flag is undefined 

Special Case - Carry set if b7 is SET 
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FIGURE 18 - PROGRAMMING AID !CONTINUED) 

Branch lnatructionl 

Add,..Jng Addreuing 
Mode 

LiliJ W1Lo._ 
Mode 

Lili.. i..z..c.L[Q_ 
lninruction ...... OP -5 I 081Cription H N z v c Instruction Form• OP -5 I llooc<lption H N z v c 

BCC BCC 24 3 2 Bfanch C•O . . . . . BLS BLS 23 3 2 Branch Lower 
LBCC 10 5161 4 Long Branch . . . . . or Same 

24 c-o LBLS 10 5161 4 Long Branch Lower 

BCS BCS 25 3 2 Branch C= 1 . . . . 23 or Same 
LBCS 10 5161 4 Long Branch . . . . . BLT BLT 20 3 2 Branch< Zero 

25 C=l LBLT 10 516) 4 Long Branch<Zero 

BEO BEO 27 3 2 Branch Z= I . . . . . 20 
LBEO 10 5161 4 Long Branch . . . . BMI BMI 2B 3 Branch Minus 

27 Z=l LBMI 10 5(61 Long Branch Minus 

BGE BGE 2C 3 2 Branch~ Zero . . . . . 2B 
LBGE 10 5161 4 Long Branchot:Zere,. . . . . . BNE BNE 26 3 Branch Z=O 

2C LBNE 10 5161 Long Branch 

BGT BGT 2E 3 2 Branch>Zero . . . . 26 z-o 
LBGT 10 516) 4 Long Branch> Zero . . . . BPL BPL 2A 3 Branch Plus 

l--eHI· 
2E 

BHI 22 3 2 Branch Higher . . . LBPL 10 5(6) Long Branch Plus 
2A 

LSH! 10 5161 4 Long Branch Higher . . BRA BRA 20 3 Branch Always 
22 LBRA 16 long Branch Always 

BHS BHS 24 3 2 Branch Higher . . . BRN BRN 21 Branch Never 
or Same LBAN 10 4 long Branch Never 

LBHS 10 5161 4 Long Branch Higher . . . . . 21 
24 or Same asR BSR SD Branch to Subroutine • 

BLE BLE 2F 3 2 Branch :S Zero . . . . . LBSR 17 long Branch to 
LBLE 10 5161 4 Long Branch :s Zero . . . . . Subroutine 

f--eLc;-- 2F 

BLO 25 3 2 Branch lower . . . . . BVC BVC 28 3 2 Branch V=O 
\_BVC 10 5161 4 Long Branch 

LBLO 
'15161 

4 long Branch Lower . . . . . 
25 

--

28 V=O 

BVS BVS 29 3 Branch V-1 
LBVS 10 516) Long Branch 

29 v:1 

SIMPLE BRANCHES 
OP SIMPLE CONDITIONAL BRANCHES INotea 1-41 

BRA 20 3 Taal True OP Fable OP 
LBRA 16 6 N=1 BMI 28 BPL 2A 
BAN 21 2 Z=1 BEO 27 BNE 26 
LBRN 1021 4 V=1 BVS 29 BVC 28 
BSA 80 7 C=1 BCS 25 BCC 24 
LBSR 17 9 

SIGNED CONDITIONAL BRANCHES !Notes 1·41 UNSIGNED CONDITIONAL BRANCHES !Notes 1-41 

Taal True OP False DP Taal True OP Falae OP 

r>m BGT 2E BLE 2F r>m BHI 22 BLS 23 
r:.m BGE 2C BLT 2D r:.m BHS 24 BLO 25 
r=m BEO 27 BNE 26 r=m BEO 27 BNE 26 
r:sm BLE 2F BGT 2E r:sm BLS 23 BHI 22 
r<m BLT 2D BGE 2C r<m BLO 25 BHS 24 

NOTES: 
1 .. All conditional branches have both short and l~ng variations. 
2. All short branches are 2 bytes and require 3 cycles. 

3. AU conditional long branches are formed by prefixing the short branch opcode with $10 and using a 16·bit destination offset. 
4. All conditional long branches require 4 bytes and 6 cycles if the branch is taken or 5 cycles if the branch is not taken. 

5. 5(6) means: 5 cycles if branch not taken, 6 cycles if taken. 
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INDEXED ADDRESSING MODES 

Type Fonns 

Constant Offset From A No Offset 
5-Bit Offset 
8-Bit Offset 
16-Bit Offset 

Accumulator Offset From A A- Register Offset 
B - Register Offset 
O - Register Offset 

Auto Increment/Decrement R Increment By 1 
Increment By 2 
Decrement By 1 
Decrement Bv 2 

Constant Offset From PC 8-Bit Offset 

16-Bit Offset 

Extended Indirect 16-Bit Address 

7 
0 
1 

1 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

1 

A=X, Y, U, or S 
X =Don't Care 

INDEXED ADDRESSING POSTBYTE 
REGISTER BIT ASSIGNMENTS 

Indexed 
Post-Byte Register Bit Addressing 
6 5 4 3 2 1 0 Mode 
A A x x x x x EA-, A+ 5Bit0ffset 

A A 0 0 0 0 0 'A+ 
A A I 0 0 0 1 'A+ + 
A A 0 0 0 1 0 ,- A 

A A I 0 0 1 1 , -- A 

A A I 0 1 0 0 EA=, A+ OOffset 

A A I 0 1 0 1 EA = , A + ACCB Offset 

A A I 0 1 1 0 EA= , A + ACCA Offset 

A A I 1 0 0 0 EA - , A+ 8-Bit Offset 

A A I 1 0 0 1 EA= , A + 16-BitOffset 

A A I 1 0 1 1 EA= ,A+ DOffset 

x x I 1 1 0 0 EA= , PC.+ 8-BitOffset 

x x I 1 1 0 1 EA = , PC + 16-Bit Offset 

A R 1 1 1 1 1 EA = I. Address] 

I I I I 

r~-~-~,~ 
- Indirect Field 

(Sign bit when b7 = 01 

Register Field: AA 
()() = x 

01 = y 
10 = u 

X = Don't Care 11 = S 

Nondirect Indirect - Post-Byte + + Assembler Post-Byte 
Fonn Opcode - I Form Opcode 

,A 1AA00100 0 0 I. Al •• ~ AA10100 
n, A ORRnnnnn 1 0 defaults to 8-bit 
n, A 1AA01000 1 1 In, Al 1AA11000 
n, A 1AA01001 4 2 In, Al 1AA11001 

A, A 1AA00110 1 0 IA, Al 1AA10110 
B, A 1AA00101 1 0 IB, Al 1AA10101 
D, A 1AA01011 4 0 ID, Al 1AA11011 

,A+ lAAOOOOO 2 0 not allowed 
. A++ 1AA00001 3 0 I. A + + Jl1AA10001 

, -A 1AA00010 2 0 not allowed 
'--A 1AA00011 3 0 I. --Al 1 AA10011 

n, PCA 1XX01100 1 1 In, PCAI 1XX11100 

n, PCA 1XX01101 5 2 In, PCAI 1XX11101 

- - - - lnl 10011111 

AA: OO=X 
Ol=Y 

lO=U 
11= ~ 

6809 PROGRAMMING MODEL 

Y - Index Register i 
X - Index Register I} 

.---------. Pointer Register 
U - User Stack I 
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S - Hardware Stack I 
PC I Program Counter 

Accumulators 

DP Direct Page Register 

CC- Condition Code 

Carry-Borrow 

Overflow 

'----Zero 
'-----Negative 

'------ IAO Interrupt Mask 

'-------Half Carry 

'--------Fast Interrupt Mask 

'---------Entire State on Stack 

+ + 
- I 
3 0 

4 1 
7 2 

4 0 
4 0 
7 0 

6 0 

6 0 

4 1 

8 2 
5 2 



Push/Pull Post Byte 6809 Stacking Order 

Pull Order 
CCR I 
A cc 
B A 

OPR B 

x DP 6809 Vectors 
y X Hi FFFE Restart 

S/U X Lo FFFC NMI 

PC Y Hi 
FFFA SWI 
FFFB IRQ 

Y Lo FFF6 FIRO Transfer/Exchange Post Byte 
U/S Hi FFF4 SW12 

~ou\ce I I De~tin~tion: U/S Lo FFF2 SW13 
PC Hi FFFO Reserved 

Register Field 
PC Lo 

0000= D CA-Bl 0101=PC t 
0001 =X 1000=A Push Order 
0010=Y 1001=B I 
0011=U 1010=CCR l ncreasing Memory 
0100= s 1011=DPR 

ORDE.RING INFORMATION 

I EF68A09~· C IM I B~ 
De~ice I Screening level 

Package · Oper. temp. 
The tabla below horizontally shows all available suffix combinations for package. operating temperature and screening 
level. Other poHlbllities on request. 

DEVICE 
PACKAGE OPER. TEMP SCREENING LEVEL 

c J p E FN L* v M Std D G/B 

• • • • • • 
• • • • EF6809E n.o MHz! • • • • 

• • • • 
• • • • • • • • • EF88A09E 11.6 MHz) • • • • • • • • 
• • • • • ERl8809E 12.0 MHz) • • • • • 

Examples: EF6809EC, EF6809ECV, EF6809ECM 

Package : C: Ceramic OIL, J : Cerdip OIL, P: Plastic OIL, E: LCCC, FN : PLCC. 
Oper. temp. : L • : 0°C to + 70°C, V: -40°C to + 85°C, M : -55°C to + 125°C, • : may be omitted. 
Screening level: Std : (no-end suffix), D : NFC 96883 level D, 

G/B: NFC 96883 level G, BIB: NFC 96883 level B and MIL-STD-883C level B. 
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B/B 

• 

• 



A51F 

I LO 

16,662 

OLN 

0.A.T.A 

OAT .A 

JEDEC 

M0-047-AC 
JEOEC 

I• 
111 

PHYSICAL DIMENSIONS 

11) Nominal dimen•ion 

(2) True geometrical po•moon 

40 pins 

' f.119 CB-182 

51TElE5C 

44 pins 

' CB-521 
StTELESC 
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CB-182 

P SUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CERDIP PACKAGE 

C SUFFIX 
CERAMIC PACKAGE 

CB-521 

• FN SUFFIX 
PLCC 44 

Jo a - ffll~ ~ u 1~ < , 
~ ~ ::: 1~ I~ - w > 

> I >- ~ " < 

BUSY 

R/W 

NC 

NC DO 

A3 01 

A4 02 

AS 

A6 

~ m ::! ~ 8 8 < :; :; :; > < :; 
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CHAPTER 2 - 6800 PERIPHERALS 





6800 PERIPHERALS SELECTION GUIDE 

Part number Description Technology Alt source CLK freq. Page 
(MHz) 

EF6821 Peripheral Interface Adapter (PIA) NMOS MC6821 1 2-3 
EF68A21 Two bidirectional 8-bit buses for interface MC68A21 1.5 
EF68821 to peripherals - Two programmable control MC68821 2 

registers - Two programmable data direction 
registers 

EF6840 Programmable Timer Module (PTM) NMOS MC6840 1 2-15 
EF68A40 Three 16-bit - Binary counters - Selectable gating MC68A40 1.5 
EF68840 For frequency or pulse-width comparison MC68850 2 

EF6850 Asynchronous Communication Interface NMOS MC6850 1 2-31 
EF68A50 Adapter (ACIA) - 8 and 9-bit transmission - MC68A50 1.5 
EF68850 Peripheral/modem control functions MC68B50 2 

EF6854 Advanced Data-Link Controller (ADLC) NMOS MC6854 1 2-41 
EF68A54 MC68A54 1.5 
EF68854 MC68B54 2 
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EF6821 
P[nlPHERf\l INTtRFACE ADAPTER (PIA) 

The EF6821 Peripheral Interface Adapter provides the universal 
means of interfacin_g peripheral equipment to the 6800 family of 
microprocessors. This device is capable of i~terfacing the MPU to 
peripherals through two 8-bit bidirectional peripheral data buses and 
four control lines. No external logic is. required for interfacing to most 
peripheral devices. 

The functional configuration of the PIA is programmed by the MPU 
during system initialization. Each of the peripheral data lines can be pro
grammed to act as an input or output, and each of the four con
trol/interrupt lines may be programmed for one of several control 
modes. This allows a high degree of flexibility in the overall operation of 
the interface. 

• 8-Bit Bidirectional Data Bus for Communication with the 
MPU 

• Two Bidirectional B-Bit Buses for Interface to Peripherals 

• Two Programmable Control Registers 

• Two Programmable Data Direction Registers 

• Four Individually-Controlled Interrupt Input Lines; Two 
Usable as Peripheral Control Outputs 

• Handshake Control Logic for Input and Ciutput Peripheral 
Operation 

• High-Impedance Three-State and Direct Transistor Drive 
Peripheral Lines 

• ProgFam Controlled Interrupt and Interrupt Disable Capability 

• CMOS Drive Capability on Side A Peripheral Lines 

• Two TTL Drive Capability on All A and B Side Buffers 

• TTL-Compatible 

• Static Operation 

e Three available versions: EF6821 11.0 MHz) 
EF68A21 I 15 MHz) 
EF68B21 12.0 MHz) 
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MOS 
IN-CHANNEL, SILICON-GATE, 

DEPLETION LOADI 

PERIPHERAL INTERFACE 
ADAPTER 

CB-182 

1 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 
J SUFFIX C SUFFIX 

CERDIP PACKAGE CERAMIC PACKAGE 

CB-521 CB-708 

• FN SUFFIX 
PLCC 44 

0 
E SUFFIX 
LCCC 44 

Hi-Rel versions available - See chapter 9 

PIN ASSIGNMENT 

CA1 

CA2 

IROA 

IROB 

RSO 

RS1 

RESET 

DO 

01 

02 

03 

04 

05 

06 

07 

CS1 

CS2 

cso 
~/W 



MAXIMUM RATINGS 

Characteristics Symbol Value Un~ 
Supply Voltage Vee -0.3 to + 7.0 v 
Input Voltage VJ!l -0.3 to+ 7.0 v 
Operating Temperature Range TL to TH 

EF6821. EF68A21, EF68B21 TA 0 to 70 'C 
EF6821, EF68A21, EF68B21 
\/suffix -40 to +85 
EF6821 . E F68A21 M suffix -55 to+ 125 

Storage Temperature Range Tstg -55to+150 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Unit 
Thermal Resistance 

Ceramic 50 
Plastic 8JA 100 'C/W 

Cerd1p 60 
PLCC 100 

POWER CONSIDERATIONS 

The average chip-junction tertiperature, T J, in °C can be obtained from: 

TJ=TA+IPo•OJAI 
Where: 

TA•Ambient Temperature, °C 

8JA•Package Thermal Resistance, Junction-to-Ambient, °C/W 

Po• PINT+ PPORT 
PINT• Ice x Vee. Watts - Chip Internal Power 

PPORT •Port Power Dissipation, Watts - User Determined 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad
vised that normal precautions be taken to 
avoid applications of any voltage higher than 
ma~imum rated voltageS to this high
impedance circuit For proper operation it is 
recommended that Vin and Vout be con
strained to the range GND::s {Vin or 
Voutl::sVcc. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
GND or Vccl. 

Ill 

For most applications PpQRT<I P1NT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J (if PpoRT is neglected) is: 

Po=K+ITJ+273°CI 121 

Solving equations 1 and 2 for K gives: 

K = Po•IT A+ 273°CI +8JA•Po2 131 

Where K is a constant pertaining to 1he particular part. K can be determined from equation 3 by measuring Po lat equilibrium) 
for a known TA. Using this value of K the values of PD and T J can be obtained by solving equations 111and121 iteratively for any 
value of TA· 

DC ELECTRICAL CHARACTERISTICS 1Vcc=5.0 Vdc ±5%, Vss=O, TA=TL to TH unless otherwise noted!. 

I Characteristic I Symbol I Min I Typ Mex Unit 

BUS CONTROL INPUTS IR/W, Enable, RESET, RSO, RS1, CSO, CS1, eS21 

Input High Voltage V1H Vss+To - Vee v 
Input Low Voltage VIL Vss-0.3 - Vss+0.8 v 
Input Leakage Current (Vin=O to 5.25 V) lin - 1.0 2.5 µA 

Capacitance (Vjn=O, TA=25°C, f=1.0 MHz) Cin - - 7.5 pF 

INTERRUPT OUTPUTS llROA, IRQB) 

Output Low Voltage (!Load= 1.6 mA) v55 +o.4 v 
Hi-Z Output Leakage Current ioz 1.0 10 µA 

Capacitance !Vin= 0, TA= 25°C, f = 1.0 MHz) Cout 5.0 pF 

DATA BUS ID0-071 

Input High Voltage V1H v 55 +2.o - Vee v 
Input Low Voltage V1L Vss-0.3 - Vss+o.8 v 
Hi-Z Input Leakage Current (Vin=0.4 to 2.4 VJ 11z - 2.0 10 µA 

Output High Voltage 11 Load= - 205 µAl VoH Vss + 2.4 - - v 

Output Low Voltage 0Load = 1.6 mA) VOL - - vss+o.4 v 

Capacitance lV1n -0, TA -25°C, f = 1.0 MHzl Cin - - 12.5 pF 
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DC ELECTRICAL CHARACTERISTICS ICont1nuedl 

I Characteristic 

PERIPHERAL BUS tPAO-PA7 PBO-PB7 CA 1 CA2 CB1 CB21 

Input Leakage Current 
(V 1n == 0 to 5.25 Vl 

R/W. RESET, RSO, RSl, eso, es1. eS2, eAl, 
CB 1, Enable 

J Symbol 

H1-Z Input Leakage Current (V 1n=O 4 to 2 4 V) PBO-PB7. CB2 l1z 

Min I Typ I Max Unit] 

1 0 

2.0 10 µA l 
-----+--~-+--~-

- 400 Input High Current IYtH = 2 4 VI PAO-PA7, eA2 ltH -200 µA 
r--D-ar-il-ng_t_o_n_D_n_ve_C_u_r-re-n-tl_V_o_=_1~5-V-l~~~~~~-~~~~~P-B-O--P-B_7_,_C_B_2+--l~O~H~+-~_-1-0-~+--_~+----~ mA 

lnputLowCurrent(V1L=04V) PAO-PA7,CA2 Ill - -13 -24 mA 
1-ocO-u-tp_u_t~H-1g7h~V7o7lt-ag-e~~~-~~~~~~--~-~--~~~~~-~~~-t---------t---·-~~-~~~-t-~--~r--~---1 

llLoad= -200µAI 
llLoad= -10µAI 

Output Low Voltage (I Load= 3.2 mAl 

Capacitance lVm=O, TA=25°C, I= 1 0 MHz) 

POWER REQUIREMENTS 

Internal Power D1ss1pat1on (Measured at TL= 0°C) 

PAO-PA7, 

BUS TIMING CHARACTERISTICS !See Notes 1 and 21 

!dent. 
Characteristic 

Number 

1 Cycle Time 

2 Pulse Width, E Low 

3 Pulse Width, E High 

4 Clock Rise and Fall Time 

9 Address Hold Time 

13 Address Setup Time Before E 

14 Chip Select Setup Time Before E 

15 Chip Select Hold Time 

18 Read Data Hold Time 

21 Wnte Data Hold Time 

30 Output Data Delay Time 

31 Input Data Setup Time 

PBO-PB7, CA2, eB2 
PAO·PA7, eA2 

Symbol 

tcyc 

PWEL 

PWEH 

tr,tf 

'AH 
lAS 

tcs 

'CH 

lDHR 

'DHW 

'DOR 

tosw 

YOH vss + 2 4 
Vee - 1 o 

Vol -

e,n -

PtNT 

EF6821 EF68A21 
Min Max Min Max 

1 0 10 0.67 10 

43) - 280 -
450 - 280 -

- 25 - 25 

10 - 1.0 -

80 - 60 -

80 - 60 -

10 - 10 -

20 50• 20 50· 

10 - 10 -
- 290 - 180 

165 - 80 -

•The data bus output buffers are no longer sourcing or s1nk1ng c1,Jrrent by tDHRmax (High Impedance) 

FIGURE 1 - BUS TIMING 

- - v 
- -
- Vss+04 v 
- 10 pF 

550 mYJ 

EF68B21 
Unit 

jMin ~· 
0.5 10 µs 

210 - ns 

220 - ns 

- 20 ns 

10 - ns 

40 - ns 

40 - ns 

10 - ns 

20 w· ns 

10 - ns 

- 150 ns 

60 - ns 

R/W, Address --'-+:b..-,.-T'r-.-.c-x--r----rx-r:±----H-----------------++b~., 

INon-Muxedl __ -1-''f="''-"-L-"--''-''-X--"------'~~=!"---+1-~~-----------~~-+-I-'~~~ 

Read Data --+--.i. 
Non-Muxed l>--------------~~--------<8----0 

~-~-.,,.~-=---+-+---<..-

Wnte Data ----.i. MPU Wnte Data Non-Muxed 
Non-Muxed 11--~-------~----~~~~~-----<il---<I 

Notes 
l Voltage levels shown are VLs0.4 V, VH~2.4 V, unless otherwise specified 
2 Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified 
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PERIPHERAL TIMING CHARACTERISTICS 1Vcc=5.0 V ±5%, Vss=O V, TA=TL to TH unless otherwise specified! 

Characteristic Symbol 

Data Setup Time lPDS 
Data Ho!d Time IPDH 
Delay Time, Enable Negative Transition to CA2 Negative Transition ICA2 
Delay Time, Enable Negative Transition to CA2 Positive Transition TRS1 
Rise and Fall Times for CA 1 and CA2 Input Signals tr.tf 
Delay Time from CA 1 Active Transition to CA2 Positive Transition IAS2 
Delay Time, Enable Negative Transition to Data Valid lPDW 
Delay Time, Enable Negative Transition to CMOS Data Valid 

ICMOS PAO-PA7, CA2 

Delay Time, Enable Positive Transition· to C82 Negative Transition •ca2 
Delay Time, Data Valid to CB2 Negative Transition 'DC 
Delay Time, Enable Positive Transition to CB2 Positive Transition 1RS1 
Control Output Pulse Width, CA2/CB2 PWcT 

Rise and Fall Time for CB l and CB2 Input Signals tr.tf 

Delay Time, CBl Active Transition to CB2 Positive Transition lf1S2 
Interrupt Release Time, iR'GA and iITTm t1R 

Interrupt Response Time IAS3 
Interrupt Input Pulse Time PW1 

RESET Low Time• IAL 

•The ~ line must be high a minimum of 1.0 p.S before addressing the PIA. 

FIGURE 2 - BUS TIMING TEST LOADS 

IDO·D71 

Test Point 0-...... -<1>--+oi.----. 

c 
13'.> pF 

R 
11.7k0 

6.0V 

AL=2.4 kO 

1N4148 
or Equiv. 

1N916 
or equiv. 

FIGURE 4 - CMOS EQUIVALENT 
TEST LOAD 

IPAO.PA7, CA21 

TostPolntl 

I30pF 
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EF6821 EF6BA21 EF68B21 
Unit 

~n 
200 

0 

-
-
-
-
-

-
-
20 

-
500 

-
-

-
-

500 

1.0 

Max Min Max Min Max 

- 135 - 100 - ns 

- 0 - 0 - ns 

1.0 - 0.670 - 0.500 µs 

1.0 - 0.670 - 0.500 µs 

1.0 - 1.0 - LO µs. 

2.0 - 1.35 - 1.0 µs 

1.0 - 0.670 - 0.5 µS 

2.0 - 1.35 - 1.0 µS 

1.0 - 0.670 - 0.5 µs 

- 20 - 20 - ns 

1.0 - 0.670 - 0.5 µs 

- 375 - 250 - ns 

1.0 - 1.0 - 1.0 µ 

2.0 - 1.35 - 1.0 µS 

1.60 - 1.10 - 0.85 µs 

1.0 - 1.0 - 1.0 ~· - 500 - 500 - ns 

- 0.86 - 0.5 - µs 

FIGURE.3 - TTL EQUIVALENT 
TEST LOAD 

(PAO-PA7, PBO-PB7, CA2, CB2) 

6.0V 

Reference 
Fig. No. 

6 

6 

3, 7, 8 

3, 7 

8 

3, 8 

3, 9, 10 

4, 9 

3, 11, 12 

3, 10 

3, 11 

3, 11 

12 

3, 12 

5, 14 

5, 13 

13 

15 

_,, 
Test Point 0--..-..--1<11--

V 1 

RL =1.25 kll 

1N4148 

C R 

C=30 pf, R= 12 k 

or Equiv. 

1N916 
or equiv. 

FIGURE & - NMOS EQUIVALENT 
TEST LOAD 

UROOnly) 
5.0 v 

-~,.~~t·~ 
100pF I 



FIGURE 6 - PERIPHERAL DATA SETUP AND HOLD TIMES 
!Read Modal 

PAO-PA7~ PBO-PB7 

Enable~PDH 

FIGURE 8 - CAJ. DELAY TIME 
(Read Mode; CRA-5= 1, CRA-3=CRA-4=01 

...... ~ 

... ~1 >M~ 
CA2 ~ 

FIGURE 10 - PERIPHERAL DATA AND CB2 DELAY TIMES 
!Write Mode; CRB-5= CRB-3= 1, CRB-4= 0) 

Enoble~ / 

~tpow 

PBO·PB7=~========= ~ 
CB:i* '\__ 

*ce2 goes low as a result of the 
positive transition of Enable. 

FIGURE 12 - CB2 DELAY TIME 
!Write Mode; CRB-5= 1, CRB-3=CRB-4=0) 

"Assumes part was deselected during 

any prevlou1 E pul1e. 

Enable 

CA2 

FIGURE 7 - CAJ. DELAY TIME 
I Read Mode; CRA-5= CRA3= 1, CRA-4= 01 

•Assumes part was deselected during 

the previous E pulse. 

FIGURE 9 - PERIPHERAL CMOS DATA DELAY TIMES 
!Write Mode; CRA-5 = CRA-3 = 1, CRA-4 = 01 

Enohl•~ I\ 
tcMos . .J-----1- "-----
tpow~-1---- ----Vee -30% Vee 

PAO-PA7, 
CA2 

FIGURE 11 - CB2 DELAY TIME 
(Write Mode; CRB-5= CRB-3= 1, CRB-4=01 

"Assumes part was deselected during the 

previous E pulse 

FIGURE 13 - INTERRUPT PULSE WIDTH AND IRO RESPONSE 

CA1, 2 
CB1, 2 

•Assumes Interrupt Enable Bits are set. 

Note: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 
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FIGURE 14 - IRO RELEASE TIME 

Enable_A---

IRQ ~ 

FIGURE 15 - RESET LOW TIME 

·rhe RESET line must be a V1H tor a mm1mum of 
1.0 µs before addressing the PlA. 

Note: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage ot 2.0 volts. unless otherwise noted 

IAQA 38-

DO 33 

01 32 

02 31 

03 30 

04 29 

05 28 

06 27 

07 26 

Vee - Pin 20 

V55 Pon 1 

cso 22 

CSl 24 

CS2 23 

RSO 36 

RSl 35 

RiW 21 

Enable 25 

RESIT 34 

IROB 37 

FIGURE 16 - EXPANDED BLOCK DIAGRAM 

Data Bus 
Buffers 
(088) 

Bus Input 

Register 
j81A) 

Chip 
Select 

onrl 

AW 
Control 

i'>utput 

Register B 
(ORB) 

Control 
Register 8 

{CAB) 
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Interrupt Status 
Control A 

Dau Direction 
Register A 
IODAA) 

Peripheral 

Interface 

A 

Peripheral 
Interface 

Register B 

!ODA Bl 

Interrupt Status 
Control 8 

40 CAl 

39 CA2 

2 PAO 

3 PA1 

4 PA2 

5 PAJ 

6 PA4 

7 PA5 

8 PA6 

9 PA 7 

10 PBO 

11 PBl 

12 PB2 

13 PB3 

14 PB4 

15 PB5 

16 PB6 

17 P87 

18 CB1 

19 CB2 



PIA INTERFACE SIGNALS FOR MPU 

The PIA interfaces to the 6800 bus with an 8-bit bidirec
tional data bus, three chip select lines, two register select 
lines, two interrupt request lines, a read/write !1ne, an enable 
line and a reset line To ensure proper operation with the 
E F6800, E F6802, or E F6808 microprocessors, VMA 
should be used as an active part of the address decoding 

Bidirectional Data {DQ-D71 - The b1direct1onal data lines 
IDO-D71 allow the transfer of data between the MPU and the 
PIA The data bus output drivers are three-state devices that 
remain 1n the h1gh-1mpedance (off) state except when the 
MPU performs a PIA read operation The read/write line 1s 1n 

the read (high) state when the PIA 1s selected for a read 
operation 

Enable IE) - The enable pulse. E, 1s the only t1m1ng 
signal that 1s supplied to the PIA Timing of all other signals 
1s referenced to the leading and trailing edges of the E pulse. 

Read/Write IR/W) -- This signal 1s generated by the 
MPU to control the direction of data transfers on the data 
bus. A low state on the PIA read/wnte line enables the input 
buffers and data 1s transferred from the MPU to the PIA on 
the E signal 1t the device has been selected. A high on the 
read/write line sets up the PIA for a transfer of data to the 
bus The PIA output buffers are enabled when the proper ad
dress and the enable pu!se E are present 

RESET - The active low RESET line 1s used to reset all 
register bits 1n the PIA to a logical zero llow). This line can be 
used as a power-on reset and as a master reset during 
system operation 

Chip Selects ICSO, CS1, and CS2) - These three input 
signals are used to select the PIA. CSO and CS1 must be 
high and CS2 must be low for selection of the device. Data 
transfers are then performed under the control of the enable 
and read/write signals. The chip select lines must be stable 

for the duration of the E pulse. The device 1s deselected 
when any of the chip selects are in the inactive state 

Register Selects IRSO and RS1) - The two register 
select lines are used to select the various registers 1ns1de the 
PIA. These two lines are used 1n coniunction· with internal 
Control Registers to select a particular register that ts to be 
written or read 

The register and chip select lines should be stable for the 
duration of the E pulse while 1n the read or write cycle 

Interrupt Request l\RQA and IRQB) - The active low In
terrupt Request lines (IROA and IROBl act to interrupt the 
MPU either directly or through interrupt priority circuitry 
These lines are "open drain" {no load device on the chip) 
This permits all interrupt request lines to be tied together in a 
wire-OR configuration. 

Each Interrupt Request line has two internal interrupt flag 
bits that can cause the Interrupt Request line to go low. Each 
flag bit 1s associated wtth a particular peripheral interrupt 
line. Also, four interrupt enable bits are provided in the PIA 
which may be used to inhibit a particular interrupt from a 
peripheral device. 

Servicing an interrupt by the MPU may be accomplished 
by a software routine that, on a prioritized basis, sequentially 
reads and tests the two control registers 1n each PIA for in
terrupt flag bits that are set. 

The interrupt flags are cleared L;::eroedl as a result of an 
MPU Read Peripheral Data Operation of the corresponding 
data register. After being cleared, the interrupt flag bit can
not be enabled to be set until the PIA is deselected during an 
E pulse. The E pulse 1s used to condition the interrupt control 
lines ICA1, CA2, CB1, CB2l. When these lines are used as 
interrupt inputs, at least one E pulse must occur from the in
active edge to the active edge of the interrupt input signal to 
condition the edge sense network. If the interrupt flag has 
been enabled and the edge sense c1rcu1t has bBen properly 
cond1t1oned, the interrupt flag will be set on the next ac11ve 
trans1t1on of the interrupt input pin. 

PIA PERIPHERAL INTERFACE LINES 

The PIA provides two 8-b1t bidirectional data buses and 
four interrupt/ control lines for 1nterfac1ng to peripheral 
devices 

Section A Peripheral Data (PAO-PA71 - Each of the 
peripheral data lines can be programmed to act as an input or 
output. This 1s accomplished by setting a "1" 1n the cor
responding Data Direction Register bit for those lines which 
are to be outputs. A "O" in a bit of the Data Direction 
Register causes the corresponding peripheral data line to act 
as an input During an MPU Read Peripheral Data Operation, 
the data on peripheral lines programmed to act as inputs ap
pears directly on the corresponding MPU Data Bus lines. In 
the input mode, the internal pullup resistor on these lines 
represents a maximum of 1 5 standard TTL loads 

The data 1n Output Register A will appear on the data lines 
that are programmed to be outputs A logical "1" written in
to the register will cause a "high" on the corresponding data 
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line while a "O" results in a "low." Data 1n Output Register A 
may be read by an MPU "Read Peripheral Data A" operation 
when the corresponding lines are programmed as outputs. 
This data will be read properly 1f the voltage on the 
peripheral data lines 1s greater than 2.0 volts for a logic "1" 
output and less than 0.8 volt for a logic "O" output Loading 
the output lines such that the voltage on these lines does not 
reach full voltage causes the data transferred into the M PU 
on a Read operation to differ from that contained 1n the 
respective bit of Output Register A 

Section B Peripheral Data IPBO-PB7) - The peripheral 
data lines in the B Section of the PIA can be programmed to 
act as either inputs or outputs in a similar manner to PAO
PA7. They have three-state capability, allowing them to enter 
a high-1mpedance state when the peripheral data line is used 
as an input In add1t1on, data on the peripheral data lines 



PBO-PB7 will be read properly from those lines programmed 
as outputs even 1f the voltages are below 2.0 volts for a 
"high" or above 0.8 V for a "low". As outputs, these lines 
are compatible with standard TTL and may also be used as a 
source of at least 1 milliampere at 1.5 volts to directly drive 
the base of a transistor switch. 

Interrupt Input (CAl and CBll - Peripheral input lines 
CA 1 and CB1 are input only lines that set the interrupt flags 
of the control registers. The active transition for these 
signals is also programmed by the two control registers. 

Peripheral Control (CA2) - The peripheral control line 
CA2 can be programmed to act as an interrupt input or as a 

peripheral control output. As an output, this line is compati
ble with standard TTL; as an input the internal pullup resistor 
on this line represents 1.5 standard TTL loads. The function 
of this signal line is programmed with Control Register A. 

Peripheral Control (CB2) - Peripheral Control line CB2 
may also be programmed to act as an interrupt input or 
peripheral control output. As an input, this line has high in
put impedance and is compatible with standard TTL. As an 
output it is compatible with standard TTL and may also be 
used as a source of up to 1 milliampere at 1.5 volts to directly 
drive the base of a transistor switch. This line is programmed 
by Control Register B. 

INTERNAL CONTROLS 

INITIALIZATION 
A RESET has the effect of zeroing all PIA registers. This 

will set PAO-PA?, PBO-PB7, CA2 and CB2 as inputs, and all 
interrupts disabled. The PIA must be configured during the 
restart program which follows the reset. 

There are six locations within the PIA accessible to the 
MPU data bus: two Perip.heral Registers, two Data Direction 
Registers, and two Control Registers. Selection of these 
locations is controlled by the R SO and RS 1 inputs together 
with bit 2 in the Control Register, as shown in Table 1. 

Details of possible configurations of the Data Direction 
and Control Register are as follows: 

TABLE 1 - INTERNAL ADDRESSING 

Control 
Register Bit 

RSI RSO CRA·2 CRB·2 Location Selected 

0 0 1 x Peripheral Register A 

0 0 0 x Data Direction Register A 

0 1 x x Control Register A 

1 0 x 1 Peripheral Register B 

1 0 x 0 Data 01rect1on Register 8 

1 1 x x Control Register B 

Don t Care 

PORT A-B HARDWARE CHARACTERISTICS 

As shown in Figure 17, the E F6821 has a pair of 1/0 ports 
whose characteristics differ greatly. The A side is designed 
to drive CMOS logic to normal 30% to 70% levels, and incor
porates an internal pullup device that remains connected 
even in the input mode. Because of this, the A side requires 
more drive current in the input mode than Port B. In con
trast, the B side uses a normal three-state NMOS buffer 
which cannot pullup to CMOS levels without external 
resistors. The 8 side can drive extra loads such as Darl-
1ngtons without problem. When the PIA comes out of reset, 
the A port represents inputs with pullup resistors, whereas 
the B side I input mode also) will float high or low, depending 
upon the load connected to it. 
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Notice the differences between a Port A and Port B read 
operation when in the output mode. When reading Port A, 
the actual pin is read, whereas the B side read comes from an 
output latch, ahead of the actual pin. 

CONTROL REGISTERS (CRA and CAB) 
The two Control Registers ICRA and CRBI allow the MPU 

to control the operation of the four peripheral control lines 
CA 1, CA2, CB 1, and CB2. In addition they allow the MPU to 
enable the interrupt lines and monitor the status of the inter
rupt flags. Bits O through 5 of the two registers may be writ
ten or read by the MPU when the prope1· chip select and 
register select signals are applied. Bits 6 and 7 of the two 
registers are read only and are modified by external interrupts 
occurring on control lines CA1, CA2, CBl, or CB2. The for
mat of the control words is shown in Figure 18. 

DATA DIRECTION ACCESS CONTROL BIT (CRA-2 and 
CRB-2) 

Bit 2, in each Control Register (CAA and CRBI, deter
mines selection of either a Peripheral Output Register or the 
corresponding Data Direction E Register when the proper 
register select signals are applied to RSO and RS1. A "1" in 
bit 2 allows access of the Peripheral Interface Register, while 
a "O" causes the Data Direction Register to be addressed. 

Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-71 -
The four interrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Control lines 
when those lines are programmed to be inputs. These bits 
i::annot be set directly from the MPU Data Bus and are reset 
indirectly by a Read Peripheral Data Operation on the ap
propriate section. 

Control of CA2 and CB2 Peripheral Control Lines (CRA-3, 
CRA-4, CRA·5, CRB-3, CRB-4, and CRB·5) - Bits 3, 4, and 
5 of the two control registers are used to control the CA2 and 
CB2 Peripheral Control lines. These bits determine if the con
trol lines will be an interrupt input or an output control 
signal. If bit CRA-5 (CRB-51 is low, CA2 ICB21 is an interrupt 
input line similar to CA1 (CB11. When CAA-5 ICRl3-51 is 
high, CA2 ICB21 becomes an output signal that may b~ used 
to control peripheral data transfers. When in the output 
mode, CA2 and CB2 have slightly different loading 
characteris~cs. 



Control of CA1 and CB1 Interrupt Input Lines (CRA-0, 
CRB-0, CRA-1, and CRB-1) - The two lowest-order bits of 
the control registers are used to control the interrupt input 
lines CA1 and CB1. Bits CRA-0 and CRB-0 are used to 

enable the MPU interrupt signals IROA and IROB, respec
tively Bits CRA-.1 and CR B-1 determine the active trans1t1on 
of the interrupt input signals CA 1 and CB 1 

Port A 

i5A'fA 
oa'ta --;._.../ 
Direction 

II -Output Pini 
10-tnput Pini 

FIGURE 17 - PORT A AND PORT B EQUIVALENT CIRCUITS 

Port B 
Vee 

Port Pin 
Data Direction 

DATA----.·~ 

Read A Data 
in Input or 

Output Mode 

I 

Internal PIA Bus 

Data When 
in Output 

Mode 

ORDERING INFORMATION 

EF6~A2~ jMj B~ 
Screening level Device I 
Oper. temp. Package 

Vee 

Read of B 
Data when 

in Input Mode 

The table below horizontally shows all available suffix combinations for package. operating temperature and screening 
level. Other possibilities on request. 

DEVICE 
PACKAGE OPER. TEMP SCREENING LEVEL 

c J p E FN L• v M Std D G/B B/B 

• • • • • • 
• • • • • EF6821 (1.0 MHzl • • • • • • 

• • • • 
• • • • • 
• • • • • EF68A21 (1.5 MHz) • • • • • • 

• • • • 
• • • • • EF68821 (2.0 MHz) • • • • • 

Examples: EF6821 C, EF6821 CV, EF6821 CM, EF6821JM 

Package: C: Ceramic D1L, J: Cerdip DIL, P: Plastic OIL, E: LCCC, FN: PLCC. 
Oper. temp.: L *: 0°C to + 70°C, V: -40°C to + 85°C, M: - 55°C to + 125°C, *: may be omitted. 
Screening level: Std: (no-end suffix), D: NFC 96883 level D, 

GIB : NFC 96883 level G, BIB : NFC 96883 level B and MIL-STD-883C level B. 
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Determine Active CA1 ICB11 Transition for Setting 
Interrupt Flag IRQA(Bl1 - (bit 71 

b1 =0: IRQA(Bll set by high-to-low trans1t1on on CA1 
ICB11 

b1=1: IRQA(BJ1 set by low-to-high trans1t1on on CA1. 
ICB11. 

1 Interrupt Flag (bit 71 

hon active trans1t1on of CAl (CBll; Automa-

IRQA(BI 

Goes hig 
t1calty cle 
May also 

ared by MPU Read of Output Register A(8). 
be cleared by hardware Reset. 

____]__ 
b7 b6 b5 

Control Register IROAIBl1 IRQAIBl2 
Flag Flag 

IRQAIBl2 Interrupt Flag (bit 61 

When CA2 ICB21 is an input, IROAIBI goes high on ac
tive transition CA2 (CB2); Automatically cleared by 
MPU Read of Output Register AIBI. May also be 
cleared by hardware Reset. 

CA2 ICB21 Established as Output lb5= 11: IRQAIBJ 
2=0, not affected by CA2 ICB21 transitions. 

l 
CA2 ICB21 Established as Output by b5= 1 

b4 

CA2 ICB21 
Control 

(Note that operation of CA2 and CB2 output 
b5 b4 b3 functions are not identiCall 

-- ~CA2 

1 0 b3 = 0: Reed Strobe with CA 1 Restore • 
CA2 goes low on first high-to-low 
E transition following an MPU read 
of Output Register A; returned high 
by next active CA 1 transition, as 
specified by bit 1. 

b3 = 1: Reed Strobe with E Restore 

L..._ CB2 

CA2 goes low on first high-to-low 
E transition following an MPU read 
of Output Register A; returned high 
by next high-to-low E transition dur
ing a deselect. 

b3=0: Write Strobe. with CB1 Restore 
CB2 goes low on first low-to-high 
E transition following an MPU write 
into Output Register B; returned 
high by the next active CB 1 transi
tion as specified by bit 1. CAB-b7 
must first be cleared by a read of 
data. 

b3 = 1: Write Strobe with E Restore 
CB2 goes low on first low-to-high 
E transition following an MPU· write 
into Output Register B; returned 

b5 b4 b3 high by the next low-to-high E tran---L s1t1on following an E pulse which 
occurred while the part was de
selected 

1 1 Set/R- CA2 ICB21 

CA2 ICB21 goes low as MPU writes 
b3=0 into Control Register. 

CA2 ICB21 goes high as MPU writes 
b3 = 1 into Control Register. 
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b3 

FIGURE 18 - CONTR OL WORD FORMAT 

CA1 ICB11 Interrupt Requ est Enable/ Disable 

bO=O: Disables IROAIBI MPU Interrupt by CA 1 
ion. 1 (C81) active transit 

bO= 1: Enable IROAIBJ M PU Interrupt by CA 1 ICB 11 

1. 

act1ve transition. 

IRQA(B) will occur on ne 
transition of bO 1f CA 1 

xt tMPU generated) positive 
(CBll active trans1t1on oc
s disabled. curred while interrupt wa 

b2 

DOR 
Access 

l 

--==i_ 

bl 

CA1 ICB11 
Control 

bO 

Determines Whether Data Direction Register Or Output 
Register is Addressed 

b2 = 0: Data Direction Register selected. 
b2 = 1: Output Register selected. 

l 
CA2 ( CB21 Established as Input by b5 = 0 

122 b4 b3 

L CA2 ICB21 Interrupt Request Enable/Disable 

b3=0: Disables IROAIBI MPU Interrupt by 
CA2 (C82) active trans1t1on. • 

b3= 1: Enables IROAIBI MPU l~terrupt by 
CA2 (C82) active transition. 

·1RQA(B) will occur on next (MPU generat
tedl positive transition of b3 if CA2 (C821 
active transition occurred while mterrupt 
was disabled. 

~~etermines Active CA2 (CB2) Transition for 
Setting Interrupt Flag IROAIBl2 - !Bit b61 

b4=0: IRQAIBl2 set by high-to-low transi
tion on CA2 IC 821. 

b4= 1: IROAIBl2 set by low-to-high trans1-
t1on on CA2 (Cl 21. 



o, 

A51F 

D.A.T.A 

PHYSICAL DIMENSIONS 

JEDEC 

" '" 

0) Nominal dnnens•on 

l2) Truegeomemcalpos1t1an 

F-119 
SITElESC 

40 ''"' 

' CB-182 
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CB-182 

P SUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CEROIP PACKAGE 

C SUFFIX 
CERAMIC PACKAGE 



I 10 
16,662 

DIN 

CEI O.A.TA. 

CB-521 

FN SUFFIX 
PLCC 44 

SITELESC 

I 
44 pins ' 

' 
DIN 

CB-521 
CEI 

2-14 

OAT.A. 

CB-708 

E SUFFIX 
LCCC 44 

-------- ------

209mox 

Datum 

44pins 

' I 1 [ CB-708 
JED EC SITELESC 

1 



Ef 6840 

·-~~- PROGRAMMABLE TIMER MODULE (PTM) ·-·-
The E F6840 is a programmable subsystem component of the 6800 family 
designed to provide variable system time intervals. 
The E F6840 has three 16-bit binary counters, three corresponding control 
registers and a status register. These counters are under software control 
and may be used to cause system interrupts and/or generate output signals. 
The E F6840 may be utilized for such tasks as frequency measurements, 
event counting, interval measuring and similar tasks. The device may be 
used for square wave generation, gated delay signals, single pulses of con
trolled duration, and pulse width modulation as well as system interrupts. 

• Operates from a single 5 V power supply 
• Fully TTL compatible 
• Single system clock required (Enable) 
• Selectable prescaler on timer 3 capable of 4 MHz for the E F6840, 

6 MHz for the EF68A40 and 8 MHz for the EF68840. 
• Programmable interrupts (I ROI output to MPU 
• Readable down counter indic~tes counts to go to time-out, 
• Selectable gating for frequency or pulse-width comparison 
• RESET input 
• Three asynchronous external clock and gate/trigger inputs 

internally synchronized 
• Three maskable outputs 
• Three available versions: EF6840 (1.0 MHz) 

EF68A40 (1.5 MHz) 
EF68B40 (2.0 MHz) 
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MOS 
PROGRAMMABLE TIMER 

IN-CHANNEL, SILICON-GATE 
DEPLETION LOADI 

CASES 

ALSO AVAILABLE 

J SUFFIX 
CERDIP PACKAGE 

CB-520 

• FN SUFFIX 
PLCC 28 

C SUFFIX 
CERAMIC PACKAGE 

CB-707 

E SUFFIX 
LCCC 28 

Hi-Rel versions available - See chapter 9 

FIGURE 1 - PIN ASSIGNMENT 

Vss 
G2 
02 

G:i 
03 

CS1 

Vcc"-~~~~~~J"cso 



07 

06 

Interrupt 
Buffer 

FIGURE 2 - BLOCK DIAGRAM 

05 

o•---__;~ 

03---~~ 

02 

01 

DO 

G3 C3 03 G2 C2 02 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in °C can be obtained from· 

TJ=TA+IPo 0 8JAI 
Where: 

TA= Ambient Temperature, °C 

OJA= Package Thermal Resistance, Junction-to-Ambient. °C/W 

Po= P1NT + PPORT 
P1NT= Ice x Vee, Watts - Chip Internal Power 

PpQRT"' Port Power 01ssipat1on, Watts - User Determined 

1:_ I~ nablel 

(!cw~ 

l;t'IWfdlOr 

Gl c1 01 

111 

For most applications PpQRT<C PINT and can be neglected. PPORT may become s1gnif1cant 1f the device 1s configured to 
drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J lif PPORT 1s neglected) 1s· 

Po= K+ IT J +273°el 121 
Solving equations 1 and 2 for K gives 

K Po•IT A+ 273°e1+8jA•Po2 131 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po (at equilibrium) 

for a known TA· Using this value of K the values of Po and T J can be obtained by solving equations 111 and 1211terat1vely for any 
value of TA. 
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MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage Vee 
Input Voltage v'" 
Operating Temperature Range - TL to TH 

E F6840, E F68A40, E F68840 
TA EF6840, EF68A40, EF68840 V suffix 

E F6840, E F68A40 M suffix 

Storage Temperature Range T S-'ll_ 

THERMAL CHARACTERISTICS 

Characteristic Symbol 
Thermal Resistance 

Cerd1p 
OJA Plastic 

Ceramic 

PLCC 

Value 

-03to+7.0 

-0.3 to +7.0 

O to + 70 
- 40 to + 85 
-55 to+ 125 

-55to+150 

Value 

65 
115 
60 
100 

Unit 
v 

v 

oe 

oe 

Unit 

0 e/W 

This device con1a·1ns c1rcu1try to protect the 

inputs against damage due to high static 
voltages or electric fields, however, 11 is ad 
vised that normal precautions be taken to 
avoid application of any voltage higher than 

max1rnurn rated voltages to thrs ri1gh 
impedance c1rcu1t Fa,r proper operation 1t 1s 

recommended that Vin and Vout be con 

strained to the range Vs5$1V 1n or Voutl 
:$ V cc- Reliability of operation is enhanced 11 
unused inputs are tied to an appropriate log re 

voltage level leg., either Vss or Vccl 

DC ELECTRICAL CHARACTERISTICS !Vee= 5 0 Vdc ± 5% Vss = 0 TA= TL to TH unless othecwlse noted I 

Characteristic Symbol Min Typ Max Unit 

lnpu1 High Voltage V1H Vss+2,o - Vee v 

Input Low Voltage V1L Vss -o 3 - Vss+o,s v 

Input Leakage Current (Vin= 0 to 5.25 V) 1,n - 1,0 2,5 µA 

Hr-Z !Off State) Input Current (V1n = 0.5 to 2.4 V) DO-D7 ITSI - 2,0 10 µA 

Output High Voltage 

nLoad"" -205 µAl DO-D7 VQH vss + 24 - - v 
llCQ;id~ -200µAI Other Outputs vss + 24 - -

Output Low Voltage 

llLoad o:o 1.6 mA) IRO, DO-D7 VOL - - Vss+04 v 
II Load= 3 2 mA) 01-03 - - vss + o 4 

Output Leakage Current (011 State) ivoH = 2.4 Vl IRO ILOH - 1,0 10 µA 

Internal Power D1ss1pat1on (Measured at TA= TL) P1NT - 470 700 mW 

Input CapaCl!ance 
(V 1n = 0, TA= 25°C, f=lOMHzl DO-D7 Cin - - 12 5 pF 

All Others - - 7,5 

Output Capacitance 
~ 

(Vin=O, TA=25°C, I= 1 0 MHzl IRO Cout - - 5,0 pF 
01 02 03 - - 10 

AC OPERATING CHARACTERISTICS tSee F'guces 4 91 

EF6840 EF68A40 EF68B40 
Characteristic Symbol 

Max 
Unit 

Min Max Min Max Min 

Input Rise and Fall Times 
Ir. If 1 0" - 0,666" - 0,500" µS 

(Figures 4 and 51 C. G. and RESET 

lnpu1 Pulse Width Low !Figure 4) 
(Asynchronous lnpu1I PWL tcvcE + tsu + lhd tcycE + lsu + lt>d tcycE: + lsu + lhd - ns 
C, G, and RESET 

Input Pulse Width High !Figure 5) 
PWH lcyc.E + tsu + lhd - tcvcE + tsu + lhd - 1cycE + lsu + lhd !Asynchronous Input I C. G - ns 

lnpu1 Setup Time {Figure 6l 
{Synchronous Input! lsu 200 120 - 75 - ns 
C, G, and RESET 

lnf)'ll Hold Time IF1gure 6) 

r Synchrur1uu:i Input I 'hd 50 50 - 50 ns 

C, G, and RESET 

Input Synchronization Time !Figure 9) 
tsync 250 200 175 -- ns CJ ( - 8 Prescaler Mode Onlyl 

1r1TI Pulse W1d1r1 
PW1, PWH t20 -

I - 8 Prescaler Mode Onlv) 
BO - 60 - ns 

Output Delay, 01-03 (Figure 71 

IVQH = 2 4 V. Load 81 TTL tco 700 - 460 - 340 ns 

IVOH = 2 4 V, Load DI MOS lcrn 450 - 450 - 340 ns 

IVQH = 0 7 Voo, Load DI CMOS !emus 2 0 - 1 35 - 1,0 µs 

Interrupt Release Time liR 1 2 - 09 - 07 µS 

'r nnd 'f$ lcvcE 
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BUS TIMING CHARACTERISTICS ISrn· Notes 1 2 and 31 

ldent. 
Characteristic Symbol 

EF6840 EF68A40 EF68B40 
Unit Number Min Max Min Max Min Max 

1 Cycle T 1rnP, 'm 1 0 10 0 67 10 0.5 10 "' 2 Pulse W•dth, E Low PWEL 430 9500 280 9500 210 9500 ns 
3 Puls~ W1dH1. E H1r::it1 PWEH 450 9500 280 9500 220 9500 ns 
4 Clock Flise and Fall Time tr, lf 25 - 25 - 20 ns 

9 Address Hold Time 'AH 10 - 10 - 10 - ltS 

13 Adc1ress Se1 1Jp Time Befor8 £: IAS 80 60 - 40 - ns 
14 Chrp Select S81up T 1me Bel.ore E •cs 80 .. 60 - 40 - ns 
to Ct11p Select Hold T1rr1A ICH 10 ·- 10 - 10 - ns 
18 R1Jad Data Hold Time 'OHR 20 50' 20 50' 20 50' ns 

't Write Data Hold Tirrn-~ 1DHW 10 10 10 - ns 

30 PPr1µt1~~ral Output Data Delay l 1nw IODR - 290 - 180 - 150 ns 

31 Pf'r1pheral Input Data Setup T 1me IOSW 165 - 80 - 60 - ns 

"The data bus output buffers are no longer sourcing or s1nk1ng current by lQHR max 1H1gh Impedance) 

FIGURE 3 - BUS TIMING 

R/W, Address ---''+~~Mo~-,r,.....,..,----'7r..-±--+t-----------------14~~C'7 
tNon-Muxedl __ +:4=lL.ll:.ll'...lLlL.l{..l(..l... ____ ~~=F---+-11-----------------4+'1=-.J:..i...:i 

Read Data 

Non-Muxed ---+---'"I" 

Write Data MPU Write Data Non-Muxed 
Muxed ____ .,. 

FIGURE 4 - INPUT PULSE WIDTH LOW 

C1 -C3 
G1 G3 

RESET 

NOTES 
Not all signals are applicable to every pan 
Vol1age levels shown are VL:S0_4 V. VH~2 4 V, unless otherwise specified 

3. Measurement points shown are 0.8 V and 2 0 V, unless otherwise specified 
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FIGURE 5 - INPUT PULSE WIDTH HIGH 

Cl -C3 
Gl-G3 



FIGURE 6 - INPUT SETUP AND HOLD TIMES FIGURE 1 - OUTPUT DELAY 

\~_ 
Ii'~~":_ 
~tcmos' 

-0103 >4-CT:cJ. IT-G3. 
RESET 

tcnlOS O 7 x Vee 

FIGURE 8 - IRO RELEASE TIME 

FIGURE 9 - C3 INPUT SYNCHRONIZATION TIME I - 8 PRESCALER MODE ONL YI 

Enable \I" 
C3 

Load A 
IDO-D71 

Test Point 0--.--<1>--l'lt-~ 

130 pF 11.7 k. 

Transitions 

5.0 v 

1N4148 
or Equiv. 

1N916 
or Equiv. 

Cycle N 

~-
Cycle N + 1 

I r 
j'sync~ 

t t t t t 
I 

Processed During N Transitions Processed During N + 1 TX 

FIGURE 10 - BUS TIMING TEST LOADS 

Load B 
(01,02,03) 
(TTL Load) 

LoadO 
(01,02,03) 
(CMOS Load) 

IMOSI 

Vee of device under test 

AL 00 1.25 k 

1N4148 
or Equiv. 

1N916 
or Equiv. 

Load C 

(IRQ Only I 

5 0 v 

~ 3 k 

TenPo;n,~ 

. 100pF I 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted 
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DEVICE OPERATION 

The EF6840 is part of the 6800 microprocessor family 
and is fully bus compatible with 6800 systems. The three 
timers in the EF6840 operate independently and in several 
distinct modes to fit a wide variety of measurement and syri
thesis applications 

The EF6840 is an integrated :;et of three dist.i.nct 
counter/timers (Figure 1). It consists of three 16-bit data 
latches, three 16-bit counters (clocked independently), and 
the comparison and enable circuitry necessary to implement 
various measurement and synthesis functions. In addition, it 
contains interrupt drivers to alert the processor that a par
ticular function has been completed. 

In a typical application, a timer will be loaded by first stor
ing two bytes of data into an associated Counter Latch. This 
data is then transferred into the counter via a Counter In
itialization cycle. If the counter is enabled, the counter 
decrements on each subsequent clock period which may be 
an external clock, or Enable (El until one of several predeter
mined conditions causes it to halt or recycle. The timers are 
thus programmable, cyclic in nature, contrnllable by external 
;11puts or the MPU program, and accessible by the MPU at 
any time 

BUS INTERFACE 
The Programmable Timer Module IPTMI interfaces to the 

6800 Bus wi~h an 8:bit bidirectional data bus, t"".o. Chip 
Select lines, a Read/Write line, a clock {Enable) line, and In
terrupt Request line, an external Reset !ine, and three 
Register select lines. VMA should be utilized in conjunction 
with an MPU address line into a Chip Select of the PTM 
when using the EF6800/6802/6808. 

BIDIRECTIONAL DATA IDO-D7) - The bidirectional data 
lines IDO-D71 allow the transfer of data between the MPU 
and PTM. The data bus output drivers are three-state 
devices which remain in the high-impedance (off) state ex
cept when the M PU performs a PTM read operation 
IRead/Wnte and Enable lrnas high and PTM Chip Selects ac
tivated) 

CHIP SELECT (CSO, CS1) - These two signals are used 
to activate the Data Bus interface and allow transfer of data 
from the PTM. With CSO = 0 and CS 1 = 1, the device is 
selected and data transfer will occur. 

READ/WRITE IR/W) - This signal 1s generated by the 
M PU to control the direction of data transfer on the Data 
Bus. With the PTM selected, a low state on the PTM R/W 
line enables the input buffers and data is transferred from the 
MPU to the PTM on the trailing edge of the E {Enable) clock. 
Alternately, I under the same conditions I R/W = 1 and 
Enable high allows data in the PTM to be read by the MPU. 

ENABLE IE CLOCK) - The E clock signal syncoronrzes 
data transfer between the MPU and the PTM. It also per
forms an equivalent synchronization function on the external 
clock, reset, and gate inputs of the PTM. 

INTERRUPT REQUEST (IRQ) - The active low Interrupt 
Request signal is normally tied directly (or through priority in
terrupt circuitry) to the IRO input of the MPU. This is an 

2-20 

"open drain" output (no load device on the chip) which per
mits other similar interrupt request lines to be tied together in 
a wire-OR configuration. 

The IRO line is activated if, and only if, the Composite In
terrupt Flag IB1t 7 of the Internal Status Register) 1s asserted. 
The conditions under which the TAO line is activated are 
discussed in conjunction with the Status Register 

RESET - A low level at this input 1s clocked into the PTM 
by the E !Enable) input. Two Enable pulses are required to 
synchronize and process the signal. The PTM then 
recognizes the active "low" or inactive "high" on the third 
Enable pulse. If the RESET signal 1s asynchronous, an add1-
t1onal Enable period is required if setup times are not met. 
The RESET input must be stable High/Low for the minimum 
time stated in the AC Operating Characteristics 

Recognition of a low level at this input by the PTM causes 
the following action to occur· 

a. All counter latches are preset to their maximum count 
values 

b. All Control Register bits are cleared with the exception 
of CR10 (internal reset bit) which 1s set. 

c. All counters are preset to the contents of the latches. 

d. All counter outputs are reset and all counter clocks are 
disabled. 

e. All Status Register bits (interrupt flags) are cleared 

REGISTER SELECT LINES IRSO, RS1, RS2) - These iri
puts are used in conjunction with the R/W line to select the 
internal registers, counters and latches as shown in Table 1. 

NOTE: 

The PTM is accessed via MPU Load and Store operations 
in much the same manner as a memory device. The instruc
tions available with "the. 6800 family of MPUs which per· 
form read-modify-write operations on memory should not be 
used when the PTM is accessed. These instructions actually 
fetch a byte from memory, perform an operation, then 
restore it to the same address location. Since the PTM uses 
the R/W line as an additional register select input, the 
modified data will not be restored to the same register if 
these instructions are used. 

CONTROL REGISTER 

Each timer in the EF6840has a corresponding write-only 
Control Register. Control Register #2 has a unique address 
space IRSO= 1, RS= 0, RS2= 0) and trierefore may be writ
ten into at any time. The remaining Control Registers (#1 and 
#3) share the Address Space selected by a logic zero on all 
Register Select inputs. 

CR20 - The least-significant bit of Control Register #2 
ICR20J is used as an a·dditional addressing bit for Control 
Registers #1 and #3. Thus, with all Register selects and R/W 
inputs at logic zero, Control Register #1 will be written into if 
CR20 is a logic one. Under the same conditions, Control 
Register #3 can also be written into after a RESET low condi
tion has occurred, since all control register bits (except 
CR10J are cleared. Therefore, one may write in the sequence 
CR3, CR2, CR1 



TABLE 1 - REGISTER SELECTION 

Register 
Select Inputs Operations 

RS2 RSI RSO R/W= 0 R/W = 1 

0 0 0 CR20 = 0 Write Control Register #3 
No Operation 

CR20 = 1 Write Control Register #1 

0 0 1 Write Control Register #2 Read Status Register 

0 1 0 Write MSB Buffer Register Read Timer #1 Counter 

0 1 1 Write Timer #1 Latches Read LSB Buffer Register 

1 0 0 Write MSB Buffer Register Read Timer #2 Counter 

1 0 1 Write Timer #2 Latches Read LSB Buffer Register 

1 1 0 Write MSB Buffer Register Read Timer #3 Counter 

1 1 1 Write Timer #3 Latches Read LSB Buffer Register 

CR10 - The least significant bit of Control Register #1 is 
used as an Internal Reset bit. When this bit is a logic zero, all 
timers are allowed to operate in the modes prescribed by the 
remaining bits of the control registers. Writing a "one" into 
CRlO causes all counters to be preset with the contents of 
the corresponding counter latches, all counter clocks to be 
disabled, and the timer outputs and interrupt flags (Status 
Register) to be reset. Counter Latches and Control Registers 
are undisturbed by an Internal Reset and may be written into 
regardless of the state of CRlO. 

the clock input circuitry and the input to Counter #3. It can 
therefore be used with either the internal clock I Enable I or an 
external clock source. 

NOTE 
When initializing Timer 3 into the divide-by-eight mode 

on consecutive E-cycles (i.e., with DMAI. Control Register 
3 must be initialized after Timer Latch #3 to insure proper 
timer initialization. 

The least signifcant bit of Control Register #3 is used as a 
selector for a -+- 8 prescaler which is available with Timer #3 
only. The prescaler, if selected, is effectively placed between 

CR30 - The functions depicted in the foregoing discus· 
sions are tabulated in Table 2 for ease of reference. 

CRX7" 
0 

TABLE 2 - CONTROL REGISTER BITS 

Timer IX Counter Output Enable 
TX Output maskec;j on output OX 
TX Output enabled on output OX 

CAX6 Timer IX Interrupt Enable 
a Interrupt Flag masked on !RO 

Interrupt Flag enabled to IAD 

Control Register X ................. _._ ..... ~~~ ...... ~ 

CRX2 Timer #X Counting Mode Control 
O TX configured for normal ( 16-bitl counting mode 

TX configured for dual 8-bit counting mode 

CAXl Timer #X Clock Source 
0 TX uses external clock source on C'X input 

TX uses Enable clock 

CA10 Internal Reset Bit 
All timers allowed to operate 
All timers held in reset state 

X=l 

CR20 Control Register Address Bit 
0 CR#3 may be written 

CR#1 may be written 
X=2 
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CA30 Timer #3 Clock Control 
0 T3 Clock is not prescaled 

T3 Clock is rescaled b + 8 



Control Register Bits CR 10, CR20, and CR30 are unique in 
that each selects a different function. The remaining bits 11 
through 71 of each Control Register select common func
tions, with a particular Control Register affecting only its cor
responding timer 

CRX1 - Bit 1 of Control Register #1 ICRl 11 selects 
whether an internal or external- clock source is to be used 
with Timer #1. Similarly, CR21 selects the clock source for 
Timer #2, and CR31 performs this function for Timer #3. The 
function of each bit of Control Register "X" can therefore be 
defined as shown in the remaining section of Table 2. 

CRX2 - Control Register Bit 2 selects whether the binary 
information contained in the Counter Latches land subse
quently loaded into the counter! is to be treated as a single 
16-bit word or two 8-b1t bytes. In the single 16-bit Counter 
Mode ICRX2=0I the counter will decrement to zero after 
N + 1 enabled IG = OI clock periods, where N is defined as the 
16-bit number in the Counter Latches. With CRX2 = 1, a 
similar Time Out will occur after (L+1l·(M+1) enabled 
clock periods, where Land M, respectively, refer to the LSB 
and MS B bytes in the Couoter Latches. 

CRX3-CRX7 - Control Register Bits 3, 4, and 5 are ex
plained rn detail in the Timer Operating Mode section. Bit 6 is 
an interrupt mask bii which will be explained more fully in 
conjunction with the Status Register, and bit 7 is used to 
enable the corresponding Timer Output. A summary of the 
control register programming modes is shown in Table 3. 

STATUS REGISTER/INTERRUPT FLAGS 

The _E F6840 has an internal Read-Only Status Register 
which contains four Interrupt Flags. (The remaining four bits 
of the register are not used, and defaults to zeros when be
ing read. I Bits 0, 1, and 2 are assigned to Timers 1, 2, and 3, 
respectively, as individual flag bits, while Bit 7 is a Composite 
IAterrupt Flag. This flag bit will be asserted if any of the in
dividual flag bits 1s set while Bit 6 of the corresponding Con
·trnl Register is at a logic one. The conditions for asserting 
the composite Interrupt Flag bit can therefore be expressed 
as· 

INT= ll·CR16+ 12•CR26+ 13•CR36 

where INT= Composite Interrupt Flag I Bit 71 
11 =Timer #1 Interrupt Flag I Bit OJ 
12= Timer #2 Interrupt Flag I Bit 11 
13= Timer #3 Interrupt Flag I Bit 21 

An interrupt flag 1s cleared by a Timer Reset condition, 
i.e., External RESET=O or Internal Reset Bit ICRlOI= 1. It 
will also be cleared by a Read Timer Counter Command pro
vided that the Status Register has previously been read while 
the interrupt flag was set. This condition on the Read Status 
Register-Read Timer Counter IRS-RTJ sequence is designed 
to prevent missing interrupts which might occur after the 
status register is read, but prior to reading the Timer 
Counter .. 

An Individual Interrupt Flag 1s also cleared by a Write 
Timer Latches IWI command or a Counter Initialization ICIJ 
sequence, provided that W or Cl affects the Timer cor
responding to the individual Interrupt Flag. 

COUNTER LATCH INITIALIZATION 
Eech of the three independent timers consists of a 16-bit 

addressable counter and a 16-bit addressable latch. The 
counters are preset to the binary numbers stored in the latch
es. Counter initialization results in the transfer of the latch 
contents to the counter. See notes in Table 4 regarding the 
binary number N, L, or M placed into the Latches and their 
relationship to the output waveforms and counter Time
Outs. 

Since.the PTM data bus is 8-bits wide and the counters are 
16-bits wide, a temporary register IMSB Buffer Register) is 
provided. This "write only" register is for the Most
Significant Byte of the desired latch data. Three addresses 
are provided for the MSB Buffer Register las indicated in 
Table 1 I, but they all lead to the same Buffer. Data from the 
MSB Buffer will automatically be transferred into the Most
Significant Byte of Timer #X when a Write Timer #X Latches 
tommand is perforir]ed, So it can be seen that the EF6840 
has been designed to allow transfer of two bytes of data into 
the counter latches provided that the MSB is transferred 
first. The storage order must be observed to ensure proper 
latch operation. 

In many applications, the source of the data will be a 
6800 Family MPU. It should be noted that the 16-bit store 
operations of the 6800 family rnii:roprocessors (STS and 
STXI transfer data in the order required by the PTM. A Store 
Index Register Instruction, for example, results in the MSB 
of the X register being transferred to the selected adclress, 
then the LSB of the X register being written into the next 
higher location. Thus, either the index register or stack 
pointer may be transferred directly into a selected counter 
latch with a single instruction. 

A logic zero at the RESET input also initializes the counter 
latches. In this case, all latches will assume a maximum 
count of 65,53510. It is important to note that an Internal 

CRX4 TABLE 3 - PTM OPERATING MODE SELECTION 

0 Continuous Operating Mode: Gate 1 or Write to Latches or Reset Causes Counter Initialization 

0 requency Comparison Mode: Interrupt If Gate l._r+ is< Counter Time Out 

0 ontinuous Operating Mode: Gate 1 or Reset Causes Counter Initialization 

0 Pulse Width Comparison Mode: Interrupt if Gate l__j is< Counter Time Out 

1 Single Shot Mode: Gate I or Write to Latches or Reset Causes Counter lnitiahzation 

1 Frequency Comparison Mode: Interrupt If Gate L.Jt is> Counter Time Out 

Single Shot Mode: Gate I or Reset Causes Counter Initialization 

uls.e Width Comparison Mode: Interrupt If Gate L_J is> Counter Time Out 
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Reset (81t zero of Control Register 1 Set) hos no effect on 
the counter latches. 

COUNTER INITIALIZATION 

Counter Initialization is defined as the transfer of data from 
the latches to the counter with subsequent clearing of the In 
div1dual Interrupt Flag associated with the counter. Counter 
ln1t1al1zation always occurs when a reset cond1t1on 
IRESET=O or CR10= 11 is recognized. It can also occur -
depending on Timer Mode - with a Write Timer Latches 
command or recognition of a negative trans1t1on of the Gate 
input 

Counter recycling or re-in1t1al1zat1on occurs when a 
negative transition of the clock input is recognized after the 
counter has reached an all-zero state. In this case, data is 
transferred from the Latches to the Counter 

ASYNCHRONOUS INPUT/OUTPUT LINES 

Each of the three timers w1th1n the PTM has external clock 
and gate inputs as well as a counter output line. The inputs 
are high-impedance, TTL-compatible lines and ouputs are 
capable of driving two standard TTL loads. 

CLOCK INPUTS IC1, C2, and C31 - Input pins C1, C2, 
and C3 will accept asynchronous TTL voltage level signals to 
decrement Timers 1, 2, and 3, respectively. The high and low 
levels of the external clocks must each be stable for at least 
one system clock period plus the sum of the setup and hold 
times for the clock inputs. The asynchronous clock rate can 
vary from de to the limit imposed by the Enable Clock Setup, 
ancJ Hold times. 

The external clock inputs are clocked in by Enable pulses. 
Three Enable periods are used to synchronize and process 
the external clock. The fourth Enable pulse decrements the 
internal counter. This does not affect the input frequency, it 
merely creates a delay between a clock· input transition and 
internal recognition of that transition by the PTM. All 
references to C inputs in this document relate to internal 
recognition of the input transition. Note that a clock high or 
low level which does not meet setup and hold time specifica
tions may require an additional Enable pulse for recognition. 
When observing recurring events, a lack of synchronization 
will result in "11tter" being observed on the output of the 
PTM when using asynchronous clocks and gate input 
signals. There are two types of jitter. "System jitter" 1s the 
result of the input signals being out of synchronization with 
Enable, permitting signals with margi,nal setup and hold time 
to be recognized by either the bit time nearest the input tran
sition or the subsequent bit time. 

"Input jitter" can be as great as 'the time between input 
signal negative going transitions plus the system jitter, if the 
first transition is recognized during one system cycle, and 
not recognized the next cycle, or vice versa. See Figure 11. 

FIGURE 11 - INPUT JITTER 

Er1al>le~~ 
Input --,_____;------ 1---

Recog~-- I-
Input 

Either ·or Here 

Here t- System 

Output 
1--J- Bit Time 

------------<~- -- Jitter 
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CLOCK INPUT 01- 8 PRESCALER MODEi - External 
clock input a represents a special case when Timer #3 IS 

programmed to utilize its optional - 8 prescaler mode 
The d1v1de-by-8 prescaler contains an asynchronous ripple 

counter; thus, input setup ltsul and hold times lthdl do not 
apply. As long as minimum input pulse widths are maintain· 
ed, the counter will recognize and process all input clock 
(C§) trans1t1ons. However, 1n order to guarantee that a clock 
transition 1s processed during the current E cycle, a certain 
amount of synchronization time {tsync) 1s required between 
the Ei trans1t1on and the falling edge of Enable !see Figure 
9). If the synchronization time requirement 1s not met, 1t 1s 
possible that the a trans1t1on will not be processed until the 
following E cycle. 

The maximum mput frequency and allowable duty cycles 
for the - 8 prescaler mode are specified under the AC 
Operating Character1st1cs. Internally, the -8 prescaler out
put 1s treated 1n the same manner as the previously discussed 
clock inputs 

GATE INPUTS IGl, G2, GJI - Input pins Gl, G2. and G:J 
accept asynchronous TTL-compatible signals which are used 
as triggers or clock gating functions to Timers 1, 2, and 3, 
respectively. The gating inputs are clocked into the PT M by 
the E (enable) clock 1n the same manner as the previously 
discussed clock inputs. That 1s, a Gate trans1t1011 1s recognil 
ed by the PTM on the fourth Enable pulse !provided setup 
and hold time requirements are met), and the high or low 
levels of the Gate input must be stable for at least one system 
clock period plus the sum of setup and hold times. All 
references to G trans1tjon 1n this document ielate to internal 
recognition of the input trans1t1on. 

The Gate inputs of all timers directly affect trie internal 
16-bit counter. The operation of G:i 1s therefore independent 
of the - 8 prescaler selection 

TIMER OUTPUTS 101, 02, 031 ·-Timer outputs 01, 02, 
and 03 are capable of driving up to two TTL lo8ds and pro· 
duce a defined output waveform for either Continuous 01 

Single-Shot Timer modes. Output waveform definition 1s ac· 
compl1shed by selecting either Single 16·b1t or Dual 8 bit 
operating modes. The Single 16-bit mode will produce a 
square-wave output in the continuous mode and a single 
pulse 1n the single-shot mode. The Dual 8-bit mode will pro· 
duce a variable duty cycle pulse in both the continuous and 
single-shot timer modes. One bit of each Control Register 
ICRX71 is used to enable the corresponding output. If this bit 
is cleared, the output will remain low IVoLI regardless of the 
operating mode. If it 1s cleared while the output 1s high the 
output will go low during the first enable cycle following a 
write to the Control Register. 

The Continuous and Single-Shot Timer Modes are the 
only ones for which output response is defined 1n this data 
sheet. Refer to the Programmable Timer Fundamentals and 
Applications manual for a discussion of the output signals 1n 
other modes. Signals appear at the outputs !unless 
CRX7 = 01 during Frequency and Pulse Width comparison 
modes, but the actual waveform is not predictable 1n typical 
applications. 



TIMER OPERATING MODES 

The EF6840 has been designed to operate effectively in a 
wide variety of applications. This 1s accomplished by using 
three bits of each control register ICRX3, CRX4, and CRX51 
to define different operating modes of the Timers. These 
modes are divided into WAVE SYNTHESIS and WAVE 
MEASUREMENT modes, and are outlined in Table 4. 

TABLE 4 - OPERATING MODES 

Control R~ster 
Timer Operating Mode 

CRX3 CRX4 CRX5 
0 0 Continuous 

0 t Single-Shot 
Synthesizer 

t 0 

that the timer output 1s enabled ICRX7= 11, either a square 
wave or a variable duty cycle waveform will be generated at 
the Timer Output, OX. The type of output 1s selected via 
Control Register Bit 2 

Either a Timer Reset ICR10= 1 or External Reset=OI con
dition or internal recognition of a negative transition of the 
Gate input results in Counter Initialization. A Write Timer 
latches command can be selected as a Counter Initialization 
signal by clearing CRX4 

Frequency Comparison 

t t Pulse Width Comparison 
Measurement 

The counter is enabled by an absence of a Timer Reset 
condition and a logic zero at the Gate input. In the 16-bit 
mode, the counter will decrement on the first clock cycle 
during or after the counter initialization cycle. It continues to 
decrement on each clock signal so long Eis G remains low and 
no reset condition exists. A Counter Time Out (the first clock 
after all counter bits= Q) results in the Individual Interrupt 
Flag being set and reinitialization of the counter_ 

"Defines Add111onal Timer Function Selection 

One of the WAVE SYNTHESIS modes 1s the Continuous 
Operating mode, which is useful for cyclic wave generation. 
Either symmetrical or variable duty-cycle waves can be 

.generated in this mode. The other wave synthesis mode, the 
Single-Shot mode, is similar in use to the Continuous 
operating mode, however, a single pulse is generated, with a 
programmable preset width. 

The WAVE MEASUREMENT modes include the Frequen
cy Comparison and Pulse Width Comparison modes which 
are used to measure cyclic and singular pulse widths, respec
tively. 

In addition to the four timer modes in Table 4, the remain
ing control register bit is used to modify counter initialization 
and enabling or interrupt conditions. 

WAVE SYNTHESIS MODES 

CONTINUOUS OPERATING MODE (TABLE 51 - The 
continuous mode will synthesize a continuous wave with a 
period proportional to the preset number in the particular 
timer latches. Any of the timers 1n the PTM may be program
med to operate in a continuous mode by writing zeroes into 
bits 3 and 5 of the corresponding control register. Assuming 

In the Dual 8-b1t mode ICRX2= 11 [refer to the example in 
Figure 10 and Tables 5 and 61 the MSB decrements once for 
every full countdown of the LSB + 1. When the LSB = 0, the 
MSB is unchanged; on the next clock pulse the LSB is reset 
to the count 1n the LSB Latches. and the MSB 1s 
decremented by 1 lone). The output, 1f enabled, remains low 
during and after initialization and will remain low until the 
counter MS B 1s all zeroes. The output will go high at the 
beginning of the next clock pulse. The output remains high 
until both the LSB and MSB of the counter are all zeroes. At 
the beginning of the next clock pulse the defined Time ,Out 
(TO) will occur and the output will go low. In the Dual 8-bit 
mode the period of the output of the example 1n Figure 12 
would span 20 clock pulses as opposed to 1546 clock pulses 
using the normal 16~bit mode 

A special time-out condition exists for the dual 8-bit mode 
ICRX2= 11 if L=O. In this case. the counter will revert to a 
mode similar to the single 16-bit mode, except Time Out oc
curs after M + 1 • clock pulses The output, 1f enabled, goes 
low during the Counter Initialization cycle and reverses state 
at each Time Out. The counter remains cyclical (is re
initialized at each Time Out) and the Individual Interrupt Flag 
is set when Time Out occurs. If M = L = 0, the internal 
counters do not change, but the output toggles at a rate of 
Y2 the clock frequency. 

TABLE 5 - CONTINUOUS OPERATING MODES 

Synthesis Modes 

Control Register 

CRX2 CRX4 Counter Initialization 

0 Gi+w+R 

Gi+A 

0 Gi +W+R 

Gi+R 

CONTINUOUS MODE 
ICRX3 = 0, CRX5 = 0) 

Initialization/Output Waveforms 

*Timer Output (OX) (CRX7 = 1) 

t--(N•11n1--t--1N•1)(nTN•111T11 

L J L rVoH 
I I voL 

t 0 TO TO TO 

~(L • 1llM•1 HTl----f-(L +1HM+1 llTl--i 

L_Il_____Jl-vo" 
1 ~ ILJITI ~ --1 ILllTl ~VOL 

t 0 TO TO 
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FIGURE 12 - TIMER OUTPUT WAVEFORM EXAMPLE 
(Continuous Dual 8-Bit Mode Using Internal Enable) 

Example Contents of MSB = 03 = M 

Contents of LSB = 04 = L 

"Time 
Out 

I 
>---------- M(L + 1) + 1 --------+--

Algebraic Expression 

03(04 + 1) + 1 

Counter Output 

Enable 

(System ¢2) 

16 Enables ---+---- 2.4 v 
--------- 0 4 v 

I 
I 

1 + L-----1 + L------1 + L---, 
I r---L 

5 Enable 5 Enable 

Pulses Pulses 

5 Enable I 4 Enable 
Pulses Pulses 

f---l+L 
1 5 Enable 

I Pulses 

,___,_ _____ I----IM + l1)( L + 1)---~-+------< 
: I I I~ 11 I I 

~ 1::-J "' ~ H 
Algebraic Expression 

(M + 1}(L + 1)"' Period 

M(L + 1) + 1 = Low portion of period 
L = Pulse width 

(04 + 1)(03 + 1) = 20 Enable or 

External Clock Pulses 

•Preset LSB and MSB to Respective Latches on the negative transition of the Enable 

•"Preset LSB to LSB Latches and Decrement MSB by one on the negative transition of the Enable 

The discussion of the Continuous Mode has assumed that 
the application requires an output signal. It should be noted 
that the Timer operates in the same manner with the output 
disabled ICRX7=01. A Read Timer Counter command 1s 
valid regardless of the state of CRX7 

SINGLE-SHOT TIMER MODE - This mode 1s 1dent1cal to 
the Continuous Mode with three exceptions. The first of 
these is obvious from the name - the output returns to a 
low level after the initial Time Out and remains !ow until 
another Counter Initialization cycle occurs 

As indicated in Table 6, the internal counting mechanism 
remains cyclical in the Single-Shot Mode. Each Time Out of 

the counter results in the setting of an Individual Interrupt 
Flag and re-init1al1zation of the counter 

The second major difference between the Single-Shot and 
Continuous modes 1s that the internal counter enable 1s not 
dependent on the Gate input level reamining in the low state 
for the Single-Shot mode. 

Another special condition is introduced 1n the Single-Shot 
mode. If L=M=O !Dual 8-b1tl or N=O !Single 16-bitl, the 
output goes low on the first clock received during or after 
Counter Initialization. The output remains low unttl the 
Operating Mode is changed or nonzero data ts written into 
the Counter Latches. Time Outs continue to occur at the end 
of each clock period. 

TABLE 6 - SINGLE-SHOT OPERATING MODES 

Synthesis Modes J SINGLE-SHOT MOOE 
ICRX3 = 0, CRX7 = 1, CRX5 = 1) 

Control Register Initialization/Output Waveforms 

CRX2 CRX4 Counter Initialization Timer Output (OX) 

0 0 Gi+W+R r:::IN+1llTl~IN+111Tll 
1--(N)m 

Gi+R 
_J I 

0 1 •o TO TO 

1 0 Gt+W+R rlL+1llM+111Tl~IL+1llM+11IT11 
~ILl!TI 

1 1 Gi+R 11 
•o TO TO 

Symbols are as defined in Table 5. 
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The three differences between Single-Shot and Cont1nous 
Timer Mode can be summarized as attributes of the Stngle
Shot mode: 

1. Output is enabled for only one pulse until it is reinitializ
ed. 

2. Counter Enable is independent of Gate. 

L = M = 0 or N = 0 disables output. 

Aside from these differences, the two modes are identical. 

WAVE MEASUREMENT MODES 

TIME INTERVAL MODES - The Time Interval Modes are 
the Frequency lperiodl Measurement and Pulse Width Com
paris.on Modes, and are provided for those applications 
which require more flexibility of interrupt generation and 
Counter Initialization. lnd1v1dual Interrupt Flags are set in 
these modes as a function of both Counter Time Out and 
transitions of the Gate input. Counter Initialization is also af
fected by Interrupt Flag status. 

A timer's output is normally not used in a Wave Measure
ment mode, but 1t 1s defined. If the output 1s enabled, 1t will 
operate as follows. Dunng the period between reinitialization 
of the timer and the first Time Out, the output will be a 
logical zero. If the first Time Out is completed I regardless of 
its method of generation), the output will go high. If further 
TO's occur, the output will change state at each completion 
of a Time-Out. 

generation until a new Counter Initialization cycle has been 
completed. When this internal bit is set, a negative transition 
of the Gate input starts a new Counter Initialization cycle. 
!The condition of GI ;j;TO 1s satisfied, since a Time Out 
has occurred and no indtvidual Interrupt has been 
generated. I 

Any of the timers within the PTM may be programmed to 
compare the period of a pulse (giving the frequency after 
calculations) at the Gate. input with the time period re
quested for Counter Time Out. A negative transition of the 
Gate Input enables the counter and starts a Counter In
itialization cycle - provided that other conditions, as noted 
in Table 8, are satisfied. The counter decrements on each 
clock signal recognized during or after Counter Initialization 
until an Interrupt is generated, a Write Timer Latches com
mand is issued, or a Timer Reset condition occurs. It can be 
seen from Table 8 that an interrupt cond1t1on will be 
generated if CRX5= 0 and the period of the pulse !single 
pulse or measured separately repetitive pulses) at the Gate 
input is less than the Counter Time Out period. If CRX5= 1. 
an interrupt is generated if the reverse is true. 

The counter does operate in either Single 16-bit or Dual 
8-b1t modes as progr.ammed by CRX2. Other features of the 
Wave Measurement Modes are outlined in Table 7. 

Assume now with CRX5;= 1 that a Counter lnit1alizat1on 
has occurred and that the Gate input has returned low prior 
to Counter Time Out. Since there is no Individual Interrupt 
Flag generated, this automatically starts a new Counter In
itialization Cycle. The process will continue with frequency 
comparison being performed on each Gate input cycle until 
the mode is changed, or a cycle is determined to be above 
the predetermined limit. 

Frequency Comparison Or Period Measurement Mode 
ICRX3= 1, CRX4=01 - The Frequency Comparison Mode 
with CRX5= 1 is straightforward. If Time Out occurs prior to 
the first negative transition of the Gate input after a Counter 
Initialization cycle, an Individual Interrupt Flag is set. The 
counter is disabled, and a Counter Initialization cycle cannot 
begin until the interrupt flag is cleared and a negative transi
tion on G 1s detected. 

If CRX5= 0, as shown in Tables 7 and 8, an interrupt is 
generated 1f Gate input returns low prior to a Time Out. If a 
Counter Time Out occurs first, the counter 1s recycled and 
continues to decrement. A bit 1s set within the timer on the 
initial Time Out which precludes further 1nd1v1dual interrupt 

Pulse Width Comparison Mode ICRX3= 1, CRX4= 1) 
This mode is similar to the Frequency Comparison Mode ex
cept for a positive, rather than negative, transition of the 
Gate input terminates the count. With CRX5= 0, an Individ
ual Interrupt Flag will be generated if the zero level pulse 
applied to the Gate input is less than the time period required 
for Counter Time Out. With CRX5= 1, the interrupt is gener
ated when the reverse condition is true. 

As can be seen in Table 8, a positive transition of the Gate 
input disables the counter. With CRX5= 0, 1t is therefore 
possible to directly obtain the width of any pulse causing an 
interrupt. Similar data for other Time Interval Modes and 
conditions can be obtained, if two sections of the PTM are 
dedicated to the purpose. 

FIGURE 7 - OUTPUT DELAY 

CRX3 = 1 

CRX4 CRX5 Application Condition for Setting Individual lnte~rupt Flag 

0 0 Frequency Comparison Interrupt Generated if Gate Input Period 11/FI IS less 
than Counter Time Out (TO) 

0 1 Frequency Comparison Interrupt Generated if Gate Input Period (1/F) is greater 
than Counter Time Out (TO) 

t 0 Pulse Width Comparison Interrupt Generated if Gate Input "Down Time" is less 
than Counter Time Out (TO) 

1 t Pulse Width Comparison Interrupt Generated if Gate Input "Down Time" is greater 
than Counter Time Out (TO) 
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TABLE 8 - FREQUENCY COMPARISON MODE 

Mode Bit 3 Bit4 
Control Reg. Counter Counter Enable Counter Enable Interrupt Flag 

Bit 5 Initialization Flip-Flop Set ICE) Flip-Flop Reset ICE) Set (I) 

Frequency 

Companson 

Pulse Width 

Comparison 

GI =Negative trans1t10n of Gate input. 
W =Write T 1mer Latches Command 
R =Timer Reset ICA10= 1 or External RESET= Q) 

N = 16-Bit Number 1n Counter Latch. 
TO =Counter Time Out !All Zero Cond111onl 
I = Interrupt for a given umer 

•All ume intervals shown above assume the Gate (GI and Clock !Cl signals n1e svcntirc11111t•t11v :111· ~v~1t•111 1 l\\l" 

!El with the spec1f1ed setup and hold time requirements 

ORDERING INFORMATION 

I EF68A40~ IM I B~ 
D~ice I Screening level 

Package · Oper. temp. 
The table below horizontally shows al available suffix combinations for package. operating temperature and screening 
level. Other poHlbilities on request. 

DEVICE 
PACKAGE OPER. TEMP SCREENING LEVEL 

c J p E FN L* V M Std D GIB BIB .. . • • • • 
• • • • • ERl84011.0MHzl • • • • • • • • • 
• • • • • • • ERIBA40 11.6 MHzl • • • 
• • • • • 

• • • • 
• • ERl8B40 12.0 MHzJ • • • • • • • • 

Examples : EF6840C, EF6840CV, EF6840CM, EF6840JM 

Package : C: Ceramic OIL, J : Cerdip OIL, P: Plastic OIL, E : LCCC, FN : PLCC. 
Oper. temp.: L*: 0°C to + 70°C, V: -40°C to + 85°C, M: -55°C to + 125°C, *: may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

G/B: NFC 96883 level G, B/B: NFC 96883 level· B and MIL-STD-883C level B. 
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DIN 

A51E 

Cfl 

PHYSICAL DIMENSIONS 

e.2.5A(2/ 4.S7mo•. 

28om• 

' F 144 CB-132 

JEDEC SITELESC 

2-28 

CB-132 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CERDIP PACKAGE 

CSUFFIX 
CERAMIC PACKAGE 



-~I .. JO 
11,582 

om 

CEI 

RS1 

CB-520 

• FN SUFFIX 
PLCC 28 

t~ 0,812 

~ t== ~ ~' ,533 

M0-047-AB 
O.A.T.A. JEDEC SITELESC 

N I~ 0 

0 

23 

22 

21 

20 

19 

N B: ~@ Cii w " "' ii 0 a: u 

....!.? 32 
12,57 

280u""'' 

' CB-520 

DO 

D1 

D2 

D3 

D4 

D5 

D6 

2-29 

CB-707 

0 
E SUFFIX 
LCCC 28 

i 
-"'-'4~·+°¥+4-'-J. 

DIN 

D.A.T.A. JEDEC 

28 pins 

' CB-707 
SITELESC 
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The EF6850 Asynchronous Communications Interface Adapter pro
vides the data forma1ting and control to interface serial asynchronous 
data commun1cat1ons information to bus organized systems such as the 
EF6800 M1croprocess1ng Unit 

1 he bus interface of the EF6850 includes select, enable, read/write, 
interrupt and bus interface logic to allow data transfer over an 8-bit 
b1d1rectional data bus. The parallel data of the bus system is serially 
transmitted and received by the asynchronous data interface, with pro
per formatting and error checking_ The functional configuration of the 
ACIA 1s programmed via the data bus during system initialization_ A 
programmable Control Register provides variable word lengths, clock 
d1v1sion ratios. transmit control. receive control, and interrupt control 
For peripheral or modem operation, three control lines are provided 

• 8- and 9-811 Transm1ss1on 

• Opt1or1al Even and Odd Parity 

• Parity, Overrun and Framing Error Checking 

• Programmable Control Register 

• Optional + 1, + 16, and + 64 Clock Modes 

• Up to 1.0 Mbps Transmission 

• False Start 811 Deletion 

• Peripheral/Modem Control Functions 

• Double Buffered 

• One- or Two-Stop Bit Operation 

EF6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER 
BLOCK DIAGRAM 

Add1ess 
Control 

Interrupt 

Data 
Bus 

Butters 

Rec elver 

Per 1pheral/ 

'------~ Mo(1ern 
Control 

Transrn•t 
Data 

RecP.1ve 

Data 
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MOS 
IN-CHANNEL, SILICON-GATE) 

ASYNCHRONOUS 
COMMUNICATIONS INTERFACE 

ADAPTER 

CB-68 CASES 

~ 
2~-tf'_"._SUFFIX 

. . . PLASTIC PACKAGE 
1 

ALSO AVAILABLE 

J SUFFIX 
CERDIP PACKAGE 

CB-520 

• FN SUFFIX 
PLCC 28 

C SUFFIX 
CERAMIC PACKAGE 

CB-707 

0 
E SUFFIX 
LCCC 28 

Hi-Rel versions available - See chapter 9 

PIN ASSIGNMENT 

Vss CTS 

Rx Data DCD 

Rx CLK DO 

Dl 

RTS D2 

Tx Data D3 

IRO D4 

cso D5 

CS2 D6 

CSl D7 

RS 

Vee R/W 



·~-------·-------- ------~---~------------··-------- - ----

MAXIMUM RATINGS 

Characteristics 'Symbol Value Unit 

Supply Voll!!Jl!! Vee -0.3to +7.0 v 

Input Volt~ Vin -0.3to+7.0 v 
Operating Temperi=tture Range TL tOTH 

EF6850, EF68A50, EF68850 TA 0 to 70 'C 
EF6850, EF68A50, EF68B50: V suffix -40 to +85 
EF6850, EF68A50: M suffix -55to+125 

Storage Temperature Range Ts.!ll_ -55to +150 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Unit 
Thermal Resistance 

Plastic 
9JA 

120 
'C/W 

Ceramic 60 
Cerd1p 65 
PLCC 100 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in °c can be obtained from: 

T J =TA+ <Po•9JAl 
Where: 

TA• Ambient Temperature, °C 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields: however, 1t ts ad· 
vised that normal precautmns be taken to 
avoid apphcat1on of any voltage higher than 
maximum rated voltages to thts h1gh-
1mpedance c1rcu1t. Rehab1l1tv of operauon 1s 
enhanced 1f unused inputs are tied to an ap· 
propriate logic voltage level (e.g., either Vss 
or Vccl 

11) 

9JA• Package Thermal Resistance, Junction-to-Ambient, °C/W 

Po• PINT+ PPORT 
P1NT•lccxVcc. Watts - Chip Internal Power 

PPORT •Port Power Dissipation, Watts - User Determined 

For most applications PPQRT <C PINT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bas.es or sink LED loads. 

An approximate relationship between Po and T J tif PPORT is neglec1edl is: 

Po= K +IT J + 273°CI 12) 
Solving equations 1 and 2 for K gives: 

K= Po•ITA + 273°CI +9JA•Po2 131 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po lat equilibriuml 

for a known TA· Using this value of K the values of Po and T J can be obtained by solving equations 111 and 121 iteratively for any 
value of TA. 

DC ELECTRICAL CHARACTERISTICS 1Vcc=5.0 Vdc ± 5%. Vss = 0, TA= TL to TH unless otherwise noted.I 

Cherecterilllc Symbol Min Typ Max Unit 

Input High Voltage V1H vss + 2.0 - Vee v 
Input Low Voltage V1L vss-0.3 - vss +o.a v 
Input Leakage Current R/W, CSO. CS1. C~ E~ 

lin - 1.0 2.5 pA 
I Vin= 0 to 5.25 VI RS,RxD,RxC,CTS,DCD 

Hi·Z IOff State) Input Current DO.D7 
ITSI 2.0 10 pA 

tV;n = 0.4 to 2.4 VI 
-

Output High Voltage 
11 Load = - 206 pA, En~ble Pulse Width < 26 psi DO.D7 VoH vss+2.4 - - v 
llLoad= -100pA, Enable PulseWidth<25psl TxData.m vss+2.4 - -

Output Low Voltage II Load= 1.6 mA, Enable Pulse Width< 25 psi VOL - - vss +o.4 v 
Output Leakage Current IOI! State) IVoH -2.4 VI fRQ_ ILOH - 1.0 to pA 
Internal Power Dissipation lMeasured at TA= 0°CI PINT - 300 525* mW 
Internal Input Capacitance 

IV;n=O. TA= 25°C, f = t.OMHzl [)().D7 Cin - 10 12.5 pF 
E, Tx CLK, Rx CLK R/W, RS, Rx Data, CSO, CSt, CS2, IB. DCD - 7.0 7.5 

Output Capacitance ATS, Tx Data 
Cout 

- - 10 pF 
IV;n=O, TA=26'C, f= 1.0 MHz) nm - - 5.0 

•For temperatures less than TA= 0°C, PINT maximum will increase. 
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SERIAL DATA TIMING CHARACTERISTICS 

Characteristic 

Data Clock Pulse Width, Low + 16, + 64 Modes 

(See Figure 1 l + 1 Mode 

Data Clock Pulse Width, High .... 16, + 64 Modes 
(See Figure 2) + 1 Mode 

Data Clock Frequency + 16, + 64 Modes 
+ 1 Mode 

Data Clock-to-Data Delay for Transmitter !See Figure 3) 

Receive Data Setup Time !See Figure 4) + 1 Mode 

Receive Data Hold Time (See Figure 5) + 1 Mode 

Interrupt Request Release Time !See Figure 6) 

Request-to-Send Delay Time (See Figure 6) 

Input Rise and Fall Times !or 10% of the pulse width if smaller) 

FIGURE 1 - CLOCK PULSE WIDTH, LOW-STATE 

f-- PW c L ---->j 
TxClk~i 

O• 

Rx Ctk 

FIGURE 3 - TRANSMIT DATA OUTPUT DELAY 

hClk\ I 
-~ 

Tx Data---~!+~----

FIGURE 5 - RECEIVE DATA HOLD TIME 
I+ 1 Model 

""~ 
Rx Data 4\-

Symbol 
EF6850 EF68A50 EF68B50 

Unit 
Min Max Min Max Min Max 

PWcL 600 - 450 - 280 -
900 - 650 - 500 - ns 

PWcH 
600 - 450 - 280 -

ns 
900 - 650 - 500 -

tc 
- 0.8 - 1.0 - 1.5 MHz 
- 500 - 750 - 1000 kHz 

ITDD - 600 - 540 - 460 ns 

IRDS 250 - 100 - 30 - ns 

'RDH 250 - 100 - 30 - ns 

t1R - 1.2 - 0.9 - 0.7 µs 

IRTS - 560 - 480 - 400 ns 

tr.tf - 1.0 - 0.5 - 0.25 µs 

FIGURE 2 - CLOCK PULSE WIDTH, HIGH-STATE 

Tx Clk 

Rx Clk 

FIGURE 4 - RECEIVE DATA SETUP TIME 
(+ 1 Model 

:::~~~-V-'RDS-\_ 
FIGURE 6 - REQUEST-TO-SEND DELAY AND 

INTERRUPT-REQUEST RELEASE TIMES 

Enable 

ATS 

IRQ 

Note· T1rn1ng measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 
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BUS TIMING CHARACTERISTICS !See Notes 1 and 2 and Figure 71 

ldant. Characteristic Symbol 
EF6850 EF68A50 EF68B50 

Unit 
Number Min Max Min Max Min Max 

1 Cycle Time ~c 1.0 10 0.67 10 0.5 10 µs 

2 Pulse Width, E Low PWEL 430 9500 200 9500 210 9500 ns 

3 Pulse Width, E High PWEH 450 9500 200 9500 220 9500 ns 

4 Clock Rise and Fall Time t,,t, - 25 - 25 - 20 ns 

9 Address Hold Time IAH 10 - 10 - 10 - ns 

13 Address Setup Time Before E 'AS 80 - 60 - 40 - ns 

14 Chip Select Setup Time Before E tcs 80 - 60 - 40 - ns 

15 Chip Select Hold Time ICH 10 - 10 - 10 - ns 

18 Read Data Hold Time IDHR 20 50• 20 50• 20 50· ns 

21 Write Data Hold Time tDHW 10 - 10 - 10 - ns 

30 Output Data Delay Time IDDR - 290 - 180 - 150 ns 

31 Input Data Setup Time tosw 165 - 80 - 60 - ns 

·rhe data bus output buffers are no longer sourcing or sinking current by toHRmax (High Impedance!. 

FIGURE 7 - BUS TIMING CHARACTERISTICS 

R/W, Address --'-+:t:-,,...,.-T'rlM'""-r----,...,.,.,*"--+1!------------------t-r-~rn7 

INon-Muxedl ---f'~'-:K:..:a'..::L.lLl'-.">i...."l..----~~:f---f-j~----------------+-t'f..l...l.~ 

1. Voltage levels shown are VL::S 0.4 V, VH 2: 2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 

FIGURE 8 - BUS TIMING TEST LOADS 
Load A 

(00·07, RTS, Tx Data) 
G.O V 

AL=2.5k0 

1N4148 
or Equiv. 

1N916 
Qr equiv. 

load B 

(IR~Q Only) S.O V 

3 kO 

Test Point 

I 100 pF 

C= 1JQpF tor 0007 R"" 11.7 kn for DO·D7 

.,. 30 pF tor R"'TS and Tx Data "' 24 Hl for RTs and Tx Data 
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FIGURE 9 - EXPANDED BLOCK DIAGRAM 

Transmit Clock 4 ------------------+l 

Enable 14 

Read/Write 13 
Chip Select O B 
Chip Select 1 10 

Chip Select 2 9 
Register Select 11 

DO 22 

01 21 

02 20 

03 19 

0418 

05 17 

06 16 

07 15 

Vcc=P1n 12 
Vss=Pin 1 

Transmit 
Data 

Register 

Status 
Register 

Control 
Register 

Receive · 
Data 

Register 

6 Transmit Data 

24 Clear-to-Send 

Interrupt 
7 Interrupt Request 

Logic 

23 Data Carrier Detect 

5 Request-to-Send 

2 Receive Data 

Receive Clock 3 -----------------~ 

DEVICE OPERATION 

At the bus interface, the ACIA appears as two addressable 
memory locations. Internally, there are four registers: two 
read-only and two write-only registers. The read-only 
registers are Status and Receive Data; the write-only 
registers are Control and Transmit Data. The serial interface 
consists of serial input and output lines with independent 
clocks, and three peripheral/modem control lines. 

POWER ON/MASTER RESET 
The master reset ICRO, CR1 I should be set during system 

initialization to insure the reset condition and prepare for pro
gramming the ACIA functional configuration when the com
munications channel is required. During the first master 
reset, the IRQ and RTS o~ts are held at level 1. On all 
other master resets, the RTS output can be programmed 
high or low with the iRO output held high. Control bits CR5 
and CR6 should also be programmed to define the state of 
lffS whenever master reset is utilized. The ACIA also con
tains internal power-on reset logic to detect the power line 
turn-on transition and hold the chip in a reset state to pre
vent erroneous output transitions prior to initialization. This 
circuitry depends on clean power turn-on transitions. The 
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power-on reset is released by means of the bus-programmed 
master reset which must be applied prior to operating the 
ACIA. After master resetting the ACIA, the programmable 
Control Register can be set for a number of options such as 
variable clock divider ratios, variable word ·length, one or two 
stop bits, parity (even, odd, or none!, etc. 

TRANSMIT 
A typical transmitting sequence consists of reading the 

ACIA Status Register either as a result of an interrupt or in 
the ACIA's turn in a polling sequence. A character may be 
written into the Transmit Data Register 1f the siatus read 
operation has indicated that the Transmit Data Register is 
empty. This character is transferred to a Shift Register where 
it is serialized and transmitted from the Transmit Data output 
preceded by a start bit and followed by one or two stop bits. 
Internal parity lodd or even! can be optionally added to the 
character and will occur between the last data bit and the 
first stop bit. After the first character is written in the Data 
Register, the Status Register can be read again to check for a 
Transmit Data Register Empty condition and current 
peripheral status. If the register is empty, another character 
can be loaded for' transmission even though the first 
character is in the process of being transmitted (because of 



double buffering). The second character will be automatical
ly transferred into the Shift Register when the first character 
transmission is completed. This sequence continues until all 
the characters have been transmitted. 

RECEIVE 
Data is received from a peripheral by means of the Receive 

Data input A divide-by-one clock ratio is provided for an ex
ternally synchronized clock Ito its data) while the divide
by-16 and 64 ratios are provided for internal synchronization. 
Bit synchronization in the divide"by-16 and 64 modes is in
itiated by the detection of 8 or 32 low samples on the receive 
line in the divide-by-16 and 64 modes respectively. False start 
bit deletion capability insures that a full half bit of a start bit 
has been received before the internal clock is synchronized 
to the bit time. As a character is being received, parity lodd 
or even) will be checked and the error indication will be 
available in the Status Register along with framing error, 
overrun error, and Receive Data Register full. In a typical 
receiving sequence, the Status Register is read to determine 
if a character has been received from a peripheral. If the 
Receiver Data Register is full, the character is placed on the 
8-bit ACIA bus when a Read Data command is received from 
the M PU. When parity has been selected for a 7-bit word 17 
bits plus parity), the receiver strips the parity bit 107=0! so 
that data alone is transferred to the MPU. This feature 
reduces MPU programming. The Status Regi•ter can con
tinue to be read to determine when another character is 
available in the Receive Data Register. The receiver is also 
double buffered so that a character can be read from the 
data register as another character is being received in the 
shift register. The above sequence continues until all 
characters have been received. 

INPUT/OUTPUT FUNCTIONS 

ACIA INTERFACE SIGNALS FOR MPU 
The ACIA interfaces to the 6800 MPU with an 8-bit 

bidirectional data bus, three chip select lines, a register select 
line, an interrupt request line, read/write line, and enable 
line. These signals permit the MPU to have complete control 
over the ACIA. 

ACIA Bidirectional Data ID0-071 - The bidirectional data 
lines ID0-071 allow for data transfer between the ACIA and 
the M PU. The data bus output drivers are three-state devices 
that remain in the high-impedance loffl state except when 
the M PU performs an ACIA read operation. 

ACIA E:R.ble IEI - The Enable signal, E, is a high
impedance TTL-compatible input that enables the bus in
put/ output data buffers and clocks data to and from the 
ACIA. This signal will normally be a derivative of the E F6800 
~2 Clock or E F6809E clock. 

Read/Write (R/Wl - The Read/Write line is a high
impedance input that is TTL compatible and is used to con
trol the direction of data flow through the ACIA's input/ out
put data bus interface. When Read/Write is high IMPU Read 
cycle I, ACIA output drivers are turned on and a selected 
register is read. Whe~ it is low, the ACIA output drivers are 
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turned off and the MPU writes into a selected register. 
Therefore, the Read/Write signal is used to select read-only 
or write-only registers within the ACIA. 

Chip Select (CSO, CS1, CS21 - These three high
impedance TTL-compatible input lines are used to address 
the ACIA. The ACIA is selected when CSO and CS1 are high 
and CS2 is low. Transfers of data to and from the ACIA are 
then performed under the control of the Enable Signal, 
Read/Wflte, and Register Select. 

Register Select (RSI - The Register Select line is a high
impedance input that is TTL compatible. A high level is used 
to select the Transmit/Receive Data Registers and a low 
level the Control/Status Registers. The Read/Wflte signal 
line is used in conjunction with Register Select to select the 
read-only or write-only register in each register pair. 

Interrupt Request llROl - Interrupt Request is a TTL
compatible, open-drain (no internal pullupl, active low out
put that is used to interrupt the MPU. The IRO output re
mains low as long as the cause of the interrupt is present and 
the appropflate interrupt enable within the ACIA is set. The 
IRO status bit, when high, indicates the IRO output is 1n the 
active state. 

Interrupts result from conditions in both the transmitter 
and receiver sections of the ACIA. The transmitter section 
causes an interrupt when the Transmitter Interrupt Enabled 
condition is selected ICR5•CR61, and the Transmit Data 
Register Empty ITDREI status bit is high. The TORE status 
bit indicates the current status of the Transmitter Data 
Register except when inhibited by Clear-to-Send ICTSI be
ing high or the ACIA being maintained in the Reset condi
tion. The interrupt is cleared by writing data into the 
Transmit Data Register. The interrupt is masked by disabling 
the Transmitter Interrupt via CR5 or CR6 or by the loss of 
CTS which inhibits the TORE status bit The Receiver sec
tion causes an interrupt when the Receiver Interrupt Enable 
is set and the Receive Data Register Full IRDRFI status bit is 
high, an Overrun has occ"rred, or Data Carrier Detect IDCDI 
has gone high. An interrupt resulting from the ROAF status 
bit can be cleared by reading data or resetting the ACIA. In
terrupts caused by Overrun or loss of DCD are cleared by 
reading the status register after the error condition has oc
curred and then reading the Receive Data Register or reset
ting the ACIA. The receiver interrupt is masked by resetting 
the Receiver Interrupt Enable. 

CLOCK INPUTS 
Separate high-impedance TTL-compatible inputs are pro

vided for clocking of transmitted and received data. Clock 
frequencies of 1, 16, or 64 times the data rate may be 
selected. 

Transmit Clock (Tx CLKI - The Transmit Clock input is 
used for the clocking of transmitted data. The transmitter in
itiates data on the negative transition of the clock. 

Receive Clock (Rx CLKI - The Receive Clock input is 
used for synchronization of received data. lln the + 1 mode, 
the clock and data must be synchronized externally. I The 
receiver Samples the data on the positive transition of the 
clock. 



SERIAL INPUT/OUTPUT LINES 
Receive Data (Rx Data) - The Receive Data line is a high· 

impedance TTL·compatible input through which data is 
received in a serial format. Synchronization with a clock for 
detection of data is accomplished internally when clock rates 
of 16 or 64 times the bit rate are used. 

Transmit Data (Tx Data) - The Transmit Data output line 
transfers serial data to a modem or other peripheral. 

PERIPHERAL/MODEM CONTROL 
The ACIA includes several functions that permit limited 

control of a peripheral or modem. The functions included are 
Clear·to·Send, Request·to-Send and Data Carrier Detect. 

Clear-to-Send (CTSl - This high·impedance TTL· 
compatible input provides automatic control of the transmit· 
ting end of a communications link via the modem Clear-to· 
Send active low output by inhibiting the Transmit Data 
Register Empty !TDREl status bit. 

Request-to-Send (RTS) - The Request·to·Send output 
enables the MPU to control a peripheral or modem via the 
data bus. The RTS output corresponds to the state of the 
Control Register bits CR5 and CR6. When CR6=0 or both 
CR5 and CR6= 1, the R'i'S output is low (the active state). 
This output can also be used for Data Terminal Ready tDTRI. 

D.ata Carrier Detect (DCD) - This high-impedance TTL· 
compatible input provides automatic control, such as in the 
receiving end of a communications lin~ means of a 
modem Data Carrier Detect output. The DCD input inhibits 
and initializes the receiver section of the ACIA when high. A 
low·to-high transition of the Data Carrier Detect initiates an 
interrupt to the MPU to indicate the occurrence of a loss of 
carrier when the Receive Interrupt Enable bit is set. The 
Rx CLK must be running for proper DCD operation. 

ACIA REGISTERS 
The expanded block diagram for the ACIA indicates the in· 

ternal registers on the chip that are used for the status, con· 
trol, receiving, and transmitting of data. The content of each 
of the registers is summarized in Table 1. 

TRANSMIT DATA REGISTER (TOR) 
Data is written in the Transmit Data Register during the 

negative transition of the enable IEI when the ACIA has been 
addressed with RS high and R/W low. Writing data into the 
register causes the Transmit Data Register Empty bit in the 
Status Register to go low. Data can then be transmitted. If 
the transmitter is idling and no character is being transmit· 
ted, then the transfer will take place within 1·bit time of the 
trailing edge of the Write command. If a character is being 
transmitted, the new data character will commence as soon 
as .the previous character is complete. The transfer of data 
causes the Transmit Data Register Empty ITDREI bit to in· 
dicate empty. 

RECEIVE DATA REGISTER IRDRl 
Data is automatically transferred to the empty Receive 

Data Register IRDRI from the receiver deserializer la shift 
register) upon receiving a complete character. This event 
causes the Receive Data Register Full bit IRDRFI in the 
status buffer to go high (full). Data may then be read 
thrpugh the bus by addressing the ACIA and selecting the 
Receive Data Register with RS and R/W high when the 
ACIA is enabled. The non-destructive read cycle causes the 
RDRF bit to be cleared to empty although the data is re· 
tained in the RDR. The status is maintained by RDRF as to 
whether or not the data is current. When the Receive Data 
Register is full, the automatic transfer of data from the 
Receiver Shift Register to the Data Register is inhibited and 
the RDR contents remain valid with its current status stored 
in the Status Register. 

TABLE 1 - DEFINITION OF ACIA REGISTER CONTENTS 

Buffer Address 

Oata RS• R/W RS• R/W RS• RlW RS• R/W 

Bus Transmit Receive 
Line Data Data Control Status 

Number Register Register Register Register 

(Write Only) {Read Only) (Write Only! (Read Only) 

Data Bit 0" Data Bit a Counter D1v1de Receive Data Register 

Select 1 (CAO) Full IRDRFl 

Data Bit 1 Data Bit 1 Counter 01v1de Transmit Data Register 

Select 21CA1) Empty !TOR El 

Data Bit 2 Data Bit 2 Word Select 1 Data Carrier Detect 
(CR2l !DCDl 

Data Bit J Data Bit J Word Select 2 Clear to Send 

(CRJl (CTS) 

Data Bit 4 Data Bit 4 Word Select 3 Framing Error 

(CR,4) (FE) 

Data Bit 5 Data B•t 5 Transmit Control 1 Receiver Overrun 

(CA5J (QVRNl 

Data Bit 6 Data Bit 6 Transmit Control 2 Par11v Error (PE) 

(CR6) 

Data Bit 7•• • Data Bit 7° • Receive Interrupt Interrupt Request 

Enable (CR7) (i'A"Ol 

• Leading bit : LSB " Bit 0 
• • Data bit will be lero in 7 bit plus parity modes 

• • • Data bit is "don't care" in 7 bit plus parity modes. 
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CONTROL REGISTER 
The ACIA Control Register consists of eight bits of write

only buffer that are selected when RS and R/W are low. This 
register controls the function of the receiver. transmitter. in
terrupt enables. and the Request-to-Send peri
pheral/ modem control output. 

Counter Divide Select Bits (CRO and CR1) - The Counter 
Divide Select Bits (CRO and CR1l determine the divide ratios 
utilized in both the transmitter and receiver sections of the 
ACIA. Additionally, these bits are used to provide a master 
reset for the ACIA which clears the Status Register (except 
for external conditions on CTS and DCDI and initializes both 
the receiver and transmitter. Master reset does not affect 
other Control Register bits. Note that after power-on or a 
power fail/restart, these bits must be set high to reset the 
ACIA. After resetting, the clock divide ratio may be selected. 
These counter select bits provide for the following clock 
divide ratios: 

CR1 CRO Function 

0 0 +1 
0 1 +16 
1 0 +64 
1 1 Master Reset 

Word Select Bits (CR2, CR3, and CR4l - The Word 
Select bits are used to select word length, parity. and the 
number of stop bits. The encoding format is as follows: 

CR4 CR3 CR2 Function 

0 0 0 7 Bits+ Even Parity+ 2 Stop Bits 
0 0 1 7 Bits+ Odd Parity+ 2 Stop Bits 
0 1 0 7 Bits+ Even Parity+ 1 Stop Bit 
0 1 1 7 Bits+ Odd Parity+ 1 Stop Bit 
1 0 0 B Bits+ 2 Stop Bits 
1 a 1 B Bits+ 1 Stop Bit 
1 1 0 8 Bits+ Even parity+ 1 Stop Bit 
1 1 1 8 Bits+ Odd P anty + 1 Stop Bit 

Word length, Parity Select, and Stop Bit changes are not 
buffered and therefore become effective immediately. 

Transmitter Control Sita (CR5 and CR6) - Two Transmit
ter Control bits provide for the control of the interrupt from 
the Transmit Data Register Empty condition, the Request-to
Send IITTI output, and the transmission of a Break level 
I space). The following encoding format is used: 

r---· 
CR6 CR6 Function 

0 0 RTS =low, Transmitting Interrupt Disabled. 
0 1 ATS= low, Transmitting Interrupt Enabled. 
1 0 ATS= high, Transmitting Interrupt Disabled. 
1 1 ATS= low, Transmits a Break level on the 

Transmit Data Output. Transmitting Inter-
r~ Disabled. 

Receive Interrupt Enable Bit (CR7l - The following inter
rupts will be enabled by a high level in bit position 7 of the 
Control Register (CR71: Receive Data Register Full, Overrun, 
or a low-to-high transition on the Data Carrier Detect (DCDI 
signal line. 

STATUS REGISTER 

Information on the status of the ACIA is available to the 
MPU by reading the ACIA Status Register. This read-only 
register is selected when RS is low and R/Wis high. Infor
mation stored in this register indicates the status of the 
Transmit Data Register. the Receive Data Register and error 
logic, and the peripheral/modem status inputs of the ACIA. 

Receive Data Register Full (RDRF), Bit 0 - Receive Data 
Register Full indicates that received data has been trans
ferred to the Receive Data Register. RDRF is cleared after an 
MPU read of the Receive Data Register or by a master reset. 
The cleared or empty state indicates that the contents of the 
Receive Data Register are not current. Data Carrier Detect 
being high also causes RDRF to indicate empty. 

Transmit Data Register Empty (TORE), Bit 1 - The 
Transmit Data Register Empty bit being set high indicates 
that the Transmit Data Register contents have been trans
ferred and that new data may be entered. The low state in
dicates that the register is full and that transmission of a new 
character has not begun since the last write data command. 

Data Carrier Detect (i5CD), Bit 2 - The Data Carrier 
Detect bit will be high when the l)C[5 input from a modem 
has gone high to indicate that a carrier is not present. This bit 
going high causes an Interrupt Request to be generated 
when the Receive Interrupt Enable is set. It remains high 
after the DCD input is returned low until cleared by firs1 
reading the Status Register and then the Data Register or 
until a master reset occurs. If the DCD input remains high 
after read status and read data or master reset has occurred, 
the interrupt is cleared, the DCD status bit remains high and 
will follow the i'5W input. 

Clear-to-Send (CTS), Bit 3 - The Clear-to-Send bit in
dicates the state of the Clear-to-Send input from a modem. 
A low CTS indicates that there is a Clear-to-Send from the 
modem. In the high state, the Transmit Data Register Empty 
bit is inhibited and the Clear-to-Send status bit will be high. 
Master reset does not affect the Clear-to-Send status bit. 

Framing Error (FE), Bit 4 - Framing error indicates that 
the received character is improperly framed by a start and a 
stop bit and is de1ected by the absence of the first stop bit. 
This error indicates a synchronization error, faulty transmis
sion, or a break condition. The framing error flag is set or 
reset during the receive data transfer time. Therefore, this er
ror indicator is present throughout the time that the 
associated character is available. 

Receiver Overrun (OVRN), Bit 5 - Overrun is an error flag 
that indicates that one or more characters in the data stream 
were lost. That is, a character or a number of characters 
were received but not read from the Receive Data Register 
IRDRI prior to subsequent characters being received. The 
overrun condition begins at the midpoint of the last bit of the 
second character received in succession without a read of 
the RDR having occurred. The Overrun does not occur in the 
Status Register until the valid character prior to Overrun has 
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been read. The RDRF bit remains set until the Overrun is 
reset. Character synchronization is maintained during the 
Overrun cond1t1on. The Overrun indication 1s reset after the 
reading of data from the Receive Data Register or by a 
Master Reset 

Parity Error IPEI, Bit 6 - The parity error flag indicates 
that the number of highs (ones) in the character does not 
agree with the preselected odd or even parity. Odd parity is 
defined to be when the total number of ones is odd. The 
parity error indication will be present as long as the data 

character is 1n the RDR. If no parity 1s selected, then both the 
transmitter parity generatrn output arid the receiver part1y 
check results are 1nh1b1ted 

Interrupt Request (IRQ), Bit 7 - The iRO bit 1r1d1cates tl1e 
state of the !RO output. Any interrupt cond1t1on with its JP 
pl1cable enable will be 1nd1cated 1n this status bit Anytime 
the TRO output 1s low the TRObit will be high to 1nd1ca1e the 
interrupt or service requ~~st status. TRO 1s cleared by a read 
operation to the Receive Data Register or a write operation 
to the Transmit Data Register 

ORDERING INFORMATION 

DIN 

I EF6~A5~ 1M1 B/~ 
Screening level Device I 
Oper. temp. Package 

The table below horizontally shows all available suffix combinations for package, operating temperature end screening 
level. Other posslbllltles on request. 

PACKAGE OPER. TEMP SCREENING LEVEL 
DEVICE 

c J p E FN L• v M Std D GIB BIB 

• • • • • • 
• • • • • EF6860 11.0 MHzl • • • • • • 

• • • • 
• • • • • 
• • • • • EF88A60 (1.6 MHz) • • • • • • 

• • • • 
• • • • • EF68B60 (2.0 MHz) • • • • • 

Examples: EF6850C, EF6850CV, EF6850CM, EF6850JM 

Package: C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC 
Oper. temp.: L *: 0°C to + 70°C, V: -40°C to + 85°C, M: -55°C to + 125°C, *: may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

G/B: NFC 96883 level G, B/B: NFC 96883 level B and MIL-STD-883C level B. 

32,6maA. " 111 

1.524 

'" 

( 1) Nominal dimension 

(2~ True gtometric1t position 

' 

CB-68 

P SUFFIX 
PLASTIC PACKAGE 

C SUFFIX 
CERAMIC PACKAGE 

A510 F 118 CB-68 
CEI D.A.T.A JEOEC S1TELESC 
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JSUFFIX 
CERDIP PACKAGE 



11430 
11,582 

DIN 

CEI 0.A.T.A. 

" -' u 

NC 

NC 

NC 

RTS 

Tx Data 

IRQ 

cso 

I§ 

CB-520 

• FN SUFFIX 
PLCC 28 

M0-047-AB 
JEOEC 

" ll 
-' 8 u 

~I~ x x 
a: a: 

~ :': ~ '.!' 

;;; <J) u IS: 
u a: u tr: > 

!§ 

w 

PHYSICAL DIMENSIONS 

28 pins 

' 
DIN 

CB-520 
SITELESC CEI 

u 
z 

25 DO 

24 01 

23 02 

22 03 

21 04 

20 05 

19 06 

" Cl 
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O.A.T.A. 

CB-707 

0 
E SUFFIX 
LCCC 28 

JEDEC SITELESC 

,., 

11.30 
11.69 

28 pins 

' CB-707 



The EF6854 ADLC performs the complex MPU/data communica· 
ti on link function for the "Advanced Data Communication Control 
Procedure" IADCCP),High·Level Data·LinkControl (HDLC) and Syn· 
chronous Data· Link Control ISDLCI standards. The ADLC provides key 
interface requirements with improved software efficiency. The ADLC IS, 
designed to provide the data communications interface for both primary 
and secondary stations in stand-alone, polling, and loop configurations. 
• 6800 Compatible 

• Protocol Features 
• Automatic Flag Detection and Synchronization 
• Zero Insertion and Deletion 
• Extendable Address, Control and Logical Control Fields I Optional I 
•Variable Word Length Information Field ~ 5-, 6-, 7-, or 8-Bits 
• Automatic Frame Check Sequence Generation and Check 
• Abort Detection and Transmision 
• Idle Detection and Transmission 

• Loop Mode Operation 

• Loop Back Self-Test Mode 

e NRZ/NRZI Modes 

• Quad Data Buffers for Each Rx and Tx 

• Prioritized Status Register IOptionall 

e MODEM/OMA/Loop Interface 

• Three available versions: EF6854 
EF68A54 
EF68B54 

( 1.0 MHz) 
(1.5 MHz) 
(2.0 MHz) 
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MOS 
IN-CHANNEL, SILICON GATE) 

ADVANCED DATA-LINK 
CONTROLLER 

CB-132 
CASES 

P SUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

J SUFFIX 
GER DIP PACKAGE 

CB-520 

• FN SUFFIX 
PLCC 28 

C SUFFIX 
CERAMIC PACKAGE 

CB-707 

ESUFFIX 
LCCC 28 

Hi-Rel versions available, See chapter 9 

PIN ASSIGNMENT 

RxO 

TxC 

TxO 

IRQ 

RE5eT 
cs 

RSO 03 

RSl D4 

05 

D6 

07 



MAXIMUM RATINGS 
Riiiing 

Supply Voltage 

Input Voltage. 

Operating Temperature Range 
EF6854, EF68A64,-EF68B54 
EF6864, EF68A54, 
EF68854 : V suffix I 
EF6854. EF68A54: M suffix' 

. Storage Temperature Range 

THERMAL CHRACTERISTICS 
Chal'llChlriotic 

Thermal Resistance 
Plastic 
Ceramic 
Cerdip 
PLCC 

Vss Pin 1 
Vee Pin 14 

---------- -·---------

Symbol Value 

Vee -0.3 to + 7.0 

Vin -0.3 to +7.0 

lh to THI 
TA Oto70 

-40 to 85 
-55to + 125 

Tstg -55 to + 150 

Symbol Value 

IJA 
115 
ea 
65 

HJO 

Unit 

v 
v 

•c 

•c 

Unit 

•c1w 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad· 
vised that normal precautions be taken to 
avoid apPlication of any voltage higher than 
maximum rated voltages to this· high
impedance circuit.. Reliability of operation is 
enhanced if unused inputs are tied to an ap
propriate logic voltage level (e.Q., either Vss 
or Vccl. 

FIGURE 1 - ADLC GENERAL BLOCK DIAGRAM 

iRci +-------' 
TDSR +--------' 
RDSR +------~ 
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RSo 
RS1 

Receiver 

FCS Check 

Tran1mltter 

rnc1i5i'R 
RTS 

RESET 

TxC 

CTS 



POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in °C can be obtained from: 

T J =TA+ !Po•BJA) 
Where: 

TA•Ambient Temperature, °C 

BJA•Package Thermal Resistance, Junction-to-Ambient, °C/W 

Po• PINT+ PPORT 

P1NT•lccxVcc. Watts - Chip Internal Power 

PPORT• Port Power Dissipation, Watts - User Determined 

(1) 

For most applications PpQRT'4PINT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J Iii PpQRT is neglected) is: 

Po= K +IT J + 273°C) 12) 

Solving equations 1 and 2 for K gives: 

K = Po•IT A+ 273°CI +8JA0 Po2 131 

Where K is a constant pertaining to th~ particular part. K can be determined from equation 3 by measuring Po lat equilibrium) 
for a known TA· Usin3 this value of K the values of Po and T J can be obtained by solving equations 11) and 121 iteratively for any 
value of TA. 

DC ELECTRICAL CHARACTERISTICS 1Vcc=5.0 Vdc ±5%, Vss=O. TA=TL to TH unless otherwise noted! 
Characteristic Symbol Min Typ Max Unit 

Input High Voltage V1H Vss+2.o - -· v 
Input Low Voltage V1L - - Vss+0.8 v 
Input Leakage Current <Vin= Oto 5.25 V) All Inputs Except DO-D7 lin - 1.0 2.5 ~A 

Hi-Z (Off-State) Input Current DO-D7 
l1z 2.0 10 ~A (Vin=0.4 to 2.4 v. Vcc=5.25 VI -

de Output High Voltage 
fiLoad= -205~AI DO-D7 VOH Vss+2.4 - - v 
IV Load= -100 ~Al All Others Vss+2.4 - -

de Output Low Voltage (ILoad= 1.6 mAll VOL - - Vss +o.4 v 
Output Leakage Current !Off Statel IVOH = 2.4 Vi' mn loz - 1.0 10 ~A 

Internal Power Dissipation (measured at ~:....0°C) PINT - - 850* mW 
Capacitance 

!Vin=O, TA=25°C, I= 1.0 MHzl DO-D7 Gin - - 12.5 pF 
All Other Inputs - - 7.5 

TAO 
Ccut 

- - 5.0 pF 
All Others - - 10 

*For temperatures below 0°C, PJNT w1ll 1ncrease. 

AC ELECTRICAL CHARACTERISTICS (~=5.0 V ±5%, Vs.s_=O, '.A_=T to !.ti unless othe~ise noted) 

Characteristic Symbol 
;EF6854 I EF68A54 '1 EF68854 

Unit 
Min Max Min Max Min Max 

Clock Pulse Width, Low (AxC, TxCI PWcL 700 - 450 - 280 - ns 
Clock Pulse Width, High tAxC, TxCI PWcH 700 - 450 - 2BO - ns 
Serial Clock Frequency tAxC, TxCI tsc - 0.66 - 1.0 - 1.5 MHz 
Receive Data Setup Time tADSU 150 - 100 - 50 - ns 
Receive Data Hold Time tADH 60 - BO - BO - ns' 
RequesMo-Send Delay Time tATS - 680 - 460 - 340 ns 
Clock-to-Data Delay for Transmitter tTDD -· 300 - 250 - 200 ns 
Flag Detect Delay Time tfD - 680 - 460 - 340 ns 
D~ Delay Time tDTA - 680 - 460 - 340 ns 
Loop On-Line Control Delay Time tLQC - 680 - 460 - 340 ns 
ROSA Delay Time tAOSA - 540 - 400 - 340 ns 
TDSA Delay Time tTDSA - 540 - 400 - 340 ns 
Interrupt Request Release Time ~ - 1.2 - 0.9 - 0.7 j'S 

Mm Pulse Width tBfSEJ l.O - 0.65 - 0.40 - I'S 

Input Rise and Fall Times !Excapt Enable) to.B V to 2.0 VI t,.tf - 1.0" - i.o· - 1.0· l's 

• 1.0 ,,.s or 10% of the pulse width, whichever is smaller. 

2-43 



FIGURE 2 - BUS TIMING TEST LOADS 

Load A 
ID0-07 RTS, TxD, ROSA, TDSR 

FI'AG'15ET. i:OC!i5Tl!l 
5.0V 

AL=2.5kll 

1N4148 
or Equiv. 

Load B 

1ll'll5'=--!nlyl 5.0 V 
3 kll 

Test Point 

C A 

C = 130 pf for 00-07 
= 30 pf for others 

A= 11.7 kll for 00-07 
= 24 kO for others 

1N916' 
or equiv., 

Test Point 

f" 

FIGURE 3 - RECEIVER DATA SETUP/HOLD. FLAG DETECT AND LOOP ON-LINE CONTROL DELAY TIMING 

TxC 

TxD 

RxC 

Axe 

i.-~~~i.~~~~tRDH ~~~--l~ 

tRDS 

FIGURE 4 - TRANSMIT DATA OUTPUT DELAY AND REQUEST-TO-SEND DELAY TIMING 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 
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OTA 

IAQ 

TOSA 
ROSA 

FIGURE 6 - TDSR/RDSR DELAYS, iRa RELEASE DELAY, 'JiTS AND D'fii DELAY TIMING 

_/ 

i.--•RTS--

i.--•oTA-

~ 

'IA 

tROSA _,. 
~ 

tTOSR 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 

BUS TIMING CHARACTERISTICS !See Notes 1 and 21 

ldent. 
Characteriltica Symbol 

IEF6854 :EF68A54 IEF6BB54 
Unit 

Number Min Max """Min Max Min Max 

1 Cycle Time tcvc 1.0 10 0.67 10 0.5 10 µs 

2 Pulse Width, E Low PWEL 430 9500 280 9500 210 9500 ns 

3 Pulse Width, E High PWEH 450 9500 280 9500 220 9500 ns 

4 Clock Rise and Fall Time tr,tf - 25 - 25 - 20 ns 

9 Address Hold Time tAH 10 - 10 - 10 - ns 

13 Address Setup Time Before E tAS BO - 60 - 40 - ns 

14 Chip Select Setup Time Before E tcs BO - 60 - 40 - ns 

15 Chip Select Hold Time tCH 10 - 10 - 10 - ns 

18. Read Data Hold Time toHR 20 50• 20 50· 20 50· ns 

21 Write Data Hold Time toHW 10 - 10 - 10 - ns 

30 Output Data Delay Time too A - 290 - 180 - 150 ns 

31 Input Data Setup Time tDsw 165 - 80 - 60 - ns 

·rhe data bus output buffers are no longer sourcing or sinking current by toHRmax {High Impedance). 

FIGURE 6 - BUS TIMING 

R/iN,Address--'-+:lb..,..ciFi:-x-TCrT ____ <""X-r:t,----r+----------------+-+:i:,,,.-~ 

INon-Muxedl __ ~FJ':LIL';O/..~l.:l.----~~~--f+----------------f..+-'f::L~ 

Read Data 

Non-Muxed --+--"r 

NOTES: 1. Voltage levels are VL:S0.4 V, VH~2.4 V, unless othervvise specified 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
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FRAME FORMAT 

The ADLC transmits and receives data !information or 
controll in a format called a frame. All frames start with an 
opening flag IF) and end with a closing flag IF). Between the 

opening flag and closing flag, a frame contains an address 
field, control field, infomiation field (optional) and frame 
check sequence field. 

FIGURE 7 - DATA FORMAT OF A FRAME 

01111110 BBits 
Per Byte 

8 Bits 
Per Byte 

8 Bits 
Per Byte 

Variable 
Length 

(!HI) 

16 Bit 01111110 

!Openingl 
Flag 

Address• 
Field 

Control" Logical Control Frame Check I Closing) 
Flag Field Sub-Field (Option) Sequence Field 

• Extendable (Optional! I--- Information Field ---..j 
!Optional! 

Flag (F) - The flag is the unique binary pattern 
(01111110). It provides the frame boundary and a reference 
for the position of each field of the frame. 

The ADLC transmitter generates a flag pattern internally 
and the opening flag and closing flags are appended to a 
frame automatically. Two successive frames can share one 
flag for a closing flag of the first frame and for the opening 
flag of the next frame, if the "FF" /"F" control bit in the con
trol register is reset. 

The receiver searches for a flag on a bit-by-bit basis and 
recognizes a flag at any time. The receiver establishes the 
frame synchronization with every flag. The flags mark the 
frame boundary and reference for each field but they are not 
transferred to the Rx FIFO. The detection of a flag is in
dicated by the Flag Detect output and by a status bit in the 
status register. 

Order of Bit Transmission - Address, control and infor
mation field bytes are transferred between the MPU and the 
.l\DLC in parallel by means of the data bus. The bit on DO 
(data bus bit 0, pin 22) is serially transmitted first, and the 
first serially received bit is transferred to the M PU on DO. The 
FCS field is transmitted and received MSB first. 

Add,,_ (Al Raid - The 8 bits following the opening flag 
are the address (A) field. The A-field can be extendable if the 
Auto-Address Extend Mode is selected in control register #3. 
In the Address Extend Mode, the first bit (bit 01 in every ad
dress octet becomes the extend control bit. When the bit is 
"O", the ADLC assumes another address octet will follow, 
and when the bit is "1 ", the address extension is terminated. 
A "null" address (all "O's") does not extend. In the receiver, 
the Address Present status bit distinguishes the add.ress field 
from other fields. When an address byte is available to be 
read in the receive FIFO register, the Address Present status 
bit is set and causes an interrupt (if enabled). The Address 
Present bit is set for every address octet when the Address 
Extend Mode is used. 
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Control (C) Field - The B bits following the address field is 
the control (link control) field. When the Extended Control 
Field bit in control register #3 is selected, the C-field is ex
tended to 16 bits. 

Information (I) Reid - The I-field follows the C-field and 
precedes the FCS field. The I-field contains "data" to be 
transferred but is not always necessarily contained in every 
frame. The word length of the I-field can be selected from 5 
to B bits per byte by control bits in control register #4. The 
I-field will continue until it is terminated by the FCS and clos
ing flag. The receiver has the capability to handle a "partial" 
last bYte. The last information byte can be any word length 
between 1 and 8 bits. If the last byte in the I-field is less than 
the selected word length, the receiver will right justify the 
received bits, fill the remaining biis of the receiver shift 
register with zeros, and transfer a full byte to the Rx FIFO. 
Regardless of selected byte length, the ADLC will transfer 8 
bits of data to the data bus. Unused bits for word lengths of 
5, 6, and 7 will be zeroed. 

Logical Control ( LCi Flekl - When the Logical Control 
Field Select bit, in control register 13, is selected the ADLC 
separates the I-field into two sub-fields. The first sub-field is 
the Logical Controi fieid and the following sub-field is the 
"data" portion of the I-field. The logical control field is 8 bits 
and follows the C-field, which is extendable by octets, if it is 
selected. The last bit (bit 7) is the extend control bit, and if it 
is a "1", the LC-fie!d is extended one octet. 

NOTE 

Hereafter the word "Information field" or "I-field" is 
used as the data portion of the information field, and 
excludes the logical control field. This is done in order 
to keep the consistency of the meaning of "Informa
tion field" as specified in SDLC, HDLC, and ADCCP 
standards. 



Frame Check Sequence (FCSI Field - The 16 bits 
preceding the closing flag is the FCS field. The FCS is the 
"cyclic redundancy check character ICRCCI ." The 
polynomial x 16+x12 +.x5 + 1 is used both for the transmitter 
and receiver. Both the transmitter and receiver polynomial 
registers are initialized to all "1 's" prior to calculation of the 
FCS. The transmitter calculates the FCS on all bits of the ad
dress, control, logical control Iii selected), and information 
fields, and transmits the complement of the resulting re
mainder as FCS. The receiver performs the similar computa
tion on all bits of the address, control, logical control Iii 
selected!, information, and received FCS fields and com
pares the result to FOBS (Hexadecimal). When the result 
matches FOBS, the Frame Valid status bit is set in the status 
register. If the result does not match, the Error status bit is 
set. The FCS generation, transmission, and checking are 
performed automatically by the ADLC transmitter and 
receiver. The FCS field is not transferred to the Rx FIFO. 

Invalid Frame - Any valid frames should have at least the 
A-field, C-field, and FCS field between the opening flag and 

; the closing flag. When invalid frames are received, the ADLC 
handles them as follows: 

1 . A short frame which has less than 25 bits between 
flags - the ADLC ignores the short frame and its 
reception is not reported to the MPU. 

2. A frame less than 32 bits between the flags, or a frame 
32 bits or more with an extended A-field or C-field that 
is not completed. - This frame is transferred into the 
Rx FIFO. The FCS/IF Error status bit indicates the 
reception of the invalid frame at the end of the frame. 

3. Aborted Frame - The frame which is aborted by 
receiving an abort or DCD failure is also an invalid 
frame. Refer to "Abort" and "DCD status bit". 

Zero lnaertion and Zero Deletion - The Zero insertion and 
deletion, which allows the content of the frame to be 
transparent, ere performed by the ADLC automatically. A 
binary 0 is inserted by the transmitterafter any succession of 
five "l's" within a frame IA, C, LC, I, and FCS field). The 
receiver deletes a oinary 0 that follows successive five con
tinuous "l's" within a frame. 

Abort - The function of prematurely terminating a data 
link is called "abort." The transmitter aborts a frame by 
sending at least eight consecutive "l's" immediately after 
the Tx Abort control bit in control register #4 is set to a "1". 
ITx FIFO is also cleared by the Tx Abort control bit at the 
same time.I The abort can be extended up to lat least) 16 
consecutive "l's", if the Abort Extend control bit in the con
trol register #4 is set when an abort is sent. This feature is 
useful to force mark idle transmission. Reception of seven or 
more consecutive "1's" is interpreted as an abort by the 
receiver. The receiver responds to a received abort as 
follows: 

1. An abort in an "out of frame" condition - an abort 
during the idle or time fill has no meaning. The abort 
reception is indicated in the status register as long as 
the abort condition continues; but neither an interrupt 
nor a stored condition occurs. The abort indication 
disappears after 15 or more consecutive "l's" are 
received (Received Idle status is set.I 

2. An abort "in frame" after less than 26 bits are received 
after an opening flag - under this condition, any field 
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of the aborted frame has not transferred to the MPU 
yet. The ADLC clears the aborted frame data in the 
FIFO and clears flag synchronization. Neither an inter
rupt nor a stored status occurs. The status indication 
is the same as I 11 above. 

3. An abort "in frame" after 26 bits 01 more are received 
after an opening flag - under this condition, some 
fields of the aborted frame might have been transfer
red onto the data bus. The abort status is stored in the 
receiver status register and the data of the aborted 
frame in the ADLC is cleared. The synchronization is 
also cleared. 

Idle and Time Fill - When the transmitter is in an "out of 
frame" condition lthe transmitter is not transmitting a 
frame), it is in an idle state. Either a series of contiguous flags 
(time fill) or a mark idle !consecutive ''1's" on a bit-by-bit 
basis) is selected for the transmission in an idle state by the 
Flag/Mark Idle control bit. When the receiver receives 15 or 
more consecutive "l's", the Receive Idle status bit is set and 
causes an interrupt. The flags and mark idle are not transfer
red to the Rx FIFO. 

OPERATION 

INITIALIZATION 
During a power-on sequence, the ADLC is reset via the 

RESEf input and internally latched in a reset condition to 
prevent erroneous output transitions. The four control 
registers must be programmed prior to the release of the 
reset condition. The release of the reset condition is perform
ed via software by writing a "O" into the Rx RS control bit 
(receiver! and/or Tx RS control bit (transmitter). The release 
of the reset condition must be done after the RESET input 
has gone high. · 

At· any time during operation, writing a "1" into the Rx RS 
control bit or Tx RS control bit causes the reset condition of 
the receiver or the transmitter. 

TRANSMITTER OPERATION 
The Tx FIFO register cannot be pre-loaded when the 

transmitter is in a reset state. After th0 reset release, the 
Flag/Mark Idle control bit selects either the mark idle state 
(inactive idle) or the Flag "time fill" (active idle) state. This 
active or inactive mark idle state will continue until data is 
loaded into the Tx FIFO. 

The availability of the Tx FIFO is indicated by the TDRA 
status bit under the control of the 2-Byte/1-Byte control bit. 
TORA status is inhibited by the Tx RS bit or CTS input being 
high. When the 1-Byte mode is selected, one byte of the 
FIFO is available for data transfer when TDRA goes high. 
When the 2-Byte mode is selected, two successive bytes can 
be transferred when TDRA goes higli. 

The first byte (Address field I should be written into the Tx 
FIFO at the "Frame Continue" address. Then the transmis
sion of a frame automatically starts. If the transmitter is in a 
mark idle state, the transfer of an address causes an opening 
flag within two or three transmitter clock cycles. If the 
transmitter has been in a time fill state, the current time fill 
flag being transmitted is assumed as an opening flag and the 
address field will follow it. 



FIGURE 8a - ADLC TRANSMITTER STATE DIAGRAM 
(Cjbj refers to control register bit) 

Data Being Transmitted: 
F = flag 
A"" address 
C = (link) control 

LC= logical control (optional) 
I = information 

FCS = frame check sequence 
ABT= abort 

C4b2 

FIFO Empty 
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Flag Idle (C2b2 ~ 1) 
0, 

2F lnterframe (C4b0 = 1) 

C3b2 

C3b1 Extend Control 
( 1 Byte only) 



FIGURE 8b - ADLC RECEIVER STATE DIAGRAM 

•out.of-frame Abort (No IRO) 

"' frame continues as long as data is written into the Tx 
Fl~O.~t the "Frame Continue" address. The ADLC internally 
ket>;>s track of the field sequence in the frame. The frame for
mat is described in the "FRAME FORMAT" section. 

The frame is terminated by one of two methods. The most 
efficie~: way to terminate the frames from a software stand
po .. • is to write the last data character into the Transmit 
0 \f'. ~rame Terminate" address (RSl. RSO= 11) rather 
thai. the Transmit FIFO "Frame Continue" address (RSl, 
;:iso~ 10). An alternate method is to follow the last write of 
r.~ta in the Tx FIFO "Frame Continue" address with the set
,mg :if the Transmit Last Data control bit. Either method 
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C3b1 
Control 
Extend 

causes the last character to be transmitted and the FCS field 
to automatically be appended along with a closing flag. Data 
for a new frame can be loaded into the Tx FIFO immediately 
after the old frame data, if TDRA is high. The closing Flag 
can serve as the opening Flag of the next frame or separate 
opening and closing Flags may be transmitted. If a new 
frame is not ready to be transmitted, the ADLC will 
automatically transmit the Active (Flag) or Inactive (Mark) 
Idle condition. 

If the Tx FIFO becomes empty at any time during frame 
transmission (the FIFO has no data to transfer into transmit
ter shift register during transmission of the last half of the 



next to last bit of a word I, an underrun will occur and the 
transmitter automatically terminates the frame by transmit
ting an abort. The underrun state is indicated by the Tx 
Underrun status bit. 

Any time the Tx ABORT Control bit is set, the transmitter 
immediately aborts the frame I transmits at least 8 con
secutive "1's") and clears the Tx FIFO. If the Abort Extend 
Control bit is set at the time, an idle lat least 16 consecutive 
'Ts") is transmitted. An abort or idle in an "out of frame" 
condition can be useful to gain 8 or 16 bits of delay. !For an 
example, see "Programming Considerations.") 

The CTS IClear-to-Sendl input and ffi IRequest-to
Sendl output are provided for a MODEM or other hardware 
interface. 

The TDRA/FC status bit lwhen selected to be Frame 
Complete Status) can cause an interrupt upon frame com
pletion (i.e., a flag or abort completion). 

Details regarding the inputs and outputs, status· bits, con
trol bits, and FIFO operation are described in their respective 
sections. 

RECEIVER OPERATION 
Data and a pre-synchronized clock are provided to the 

ADLC receiver section by means of the Receive Data IRxDI 
and Receive Clock IRxCI inputs. The data is a continuous 
stream of binary bits with the characteristic that a maximum 
of five 'Ts" can occur in succession unless Abort, Flag, or 
Idling condition occurs. The receiver continuously Ion a bit
by-bit basis) searches for Flags and Aborts. 

When a flag is detected, the receiver establishes frame 
synchronization to the flag timing. If a series of flags is 
received, the receiver resynchronizes to each flag. 

If the frame is terminated before the internal buffer time 
expires lthe frame data is less than 26 bits after an opening 
flag), the frame is simply ignored. Noise on the data input 
IRxDI during time fill can cause this kind of invalid frame. 

The received serial data enters a 32-bit shift register (clock
ed by RxCI before it is transferred into the Rx Data FIFO. 
Synchronization is established when a Flag is detected in the 
first eight locations of the shift register. Once synchroniza
tion has been achieved, data is clocked through to the last 
byte location of the shift register where it is transferred byte
per-byte into the Rx Data FIFO. The Rx Data FIFO is clocked 
by E to cause received data to move through the FIFO to the 
last empty register location. The Receiver Data Available 
status bit IR DAI indicates when data is present in the last 
register !Register 131 for the 1-Byte Transfer Mode. The 
2-Byte Transfer Mode causes the RDA status bit to indicate 
data is available when the last two Fl FO register locations 
I Registers #2 and #31 are full, If the data character present in 
the FIFO is an address octet, the status register will exhibit 
an Address Present status condition, Data being available in 
the Rx Data FIFO causes an interrupt to be initiated !assum
ing the receiver interrupt is enabled, RIE= "1"1. The MPU 
will read the ADLC Status Register as a result of the interrupt 
or in its turn in a polling sequence. RDA or Address Present 
will indicate that receiver data is available and the MPU 
should subsequently read the Rx Data FIFO register. The in
terrupt and status bit will then be reset automatically. If more 
than one character had been received and was resident in the 
Rx Data FIFO, subsequent E clocks will cause the FIFO to 
update and the RDA status bit and interrupt will again be 
SET. In the 2-Byte Transfer Mode both data bytes may be 
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read on consecutive E cycles. Address Present provides for 1 
byte transfers only. 

The sequence of each field in the received frame is 
automatically handled by the ADLC. The frame format is 
described in the "FRAME FORMAT" section. 

When a closing flag is received, the frame is terminated. 
The 16 bits preceding the closing flag are regarded as the 
FCS and are not transferred to the MPU. Whatever data is 
present in the most-significant byte portion of the receiver 
buffer register it is right justified and transferred to the Rx 
FIFO. The frame boundary pointer, which is explained in the 
"Rx FIFO REGISTER" section, is set simultaneously in the 
.Rx FIFO. The frame boundary pointer sets the Frame Valid 
status bit !when the frame was completed with no error) or 
the FCS/IF Error Status bit (when the frame was completed 
with error I when the last byte of the frame appears at the last 
location of the Rx FIFO. As long as the Frame Valid or 
FCS/IF Error status bit is set, the data transfer from the 
second location of the Rx FIFO to the last location of the Rx 
FIFO is inhibited. 

Any time the Frame Discontinue control bit is set, the 
ADLC discards the current frame data in the ADLC without 
dropping flag synchronization. This feature can be used to 
ignore a frame which is addressed to another station. 

The reception of an abort or idle is explained in the 
"FRAME FORMAT" section. The details regarding the in
puts, outputs, status bits, control bits, and Rx FIFO opera
tion are described in their respective sections. 

LOOP MODE OPERATION 
The ADLC in the loop mode, not only performs the 

transmission and receiving of data frames in the manner 
previously described, but also has additional features for 
gaining and relinquishing loop control. In Figure 9a, a con
figuration is shown which depicts loop mode operation. The 
system configuration shows a primary station and several 
secondary stations. The loop is always under control of the 
primary station. When the primary wants to receive data, it 
transmits a Poll sequence and allows frame transmission to 
secondary stations on the loop. Each secondary is in series 
and adds one bit of delay to the loop. Secondary A in the 
figure receives data from the primary via its Rx Data Input, 
delays the data 1 bit, and transmits it to secondary B via its 
Tx Data Output. Secondaries B, C, and D operate in a similar 
manner. Therefore, data passes through each secondary and 
is received back by the primary controller. 

Certain protocol rules must be followed in the manner by 
which the secondary station places itself on-loop (connects 
its transmitter output to the loop), goes active on the loop 
(starts transmitting its own station's data on the loop), and 
goes off the loop (disconnects its transmitter output). Other
wise loop data to other stations down loop would be in
terfered. The data stream always flows the same way and 
the order in which secondary terminals are serviced is deter
mined by the hardware configuration. The primary controller 
times the delay through the loop. Should it exceed n + 1 bit 
times, where n is the number of secondary terminals on the 
loop, it will indicate a loop failure. Control is transferred to a 
secondary by transmitting a "Go Ahead" signal following the 
Giesing Flag of a polling frame (request for a response from 
the secondary) from the prirr,iary station. The "Go Ahead" 
from the primary is a "O" and seven ''1's" followed by mark 



FIGURE 9a - TYPICAL LOOP CONFIGURATION 

Primary 
Controller 
(Non-loop) 

"Poll Frame" + "Secondary 
Station Frames"+ "11111111 ... " 

Secondary Stations (A,B,C,D) 
Operate In Loop Mode 

FIGURE 9b - EXAMPLE OF EXTERNAL LOOP LOGIC 

ADLC r- - - - - - - - - - - - - - - - ' 
I 

~---------1--< UP-Loop Data 

AxD 

TxO 

LDC 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Down Loop Data 

L ________________ __J 

idling. The primary can abort its response request by inter
rupting its idle with flags. The secondary should immediately 
stop transmission and return control back to the primary. 
When the secondary completes its frame, a closing flag is 
transmitted followed by all ''1's". The primary detects the 
final 01111111 ... ("Go Ahead" to the primary) and control is 
given back to the primary. Note that, if a down-loop secon
dary (e.g., station DI needs to insert information following 
an up-loop station (e.g., station Al, the go ahead to station 
D is the last "O" of the, closing flag from station A followed 
by "1's". 

The ADLC in the primary station should operate in a non
loop full-duplex mode. The ADLC in the secondaries should 
operate in a loop mode, monitoring up-loop data on its 
receiver data input. The ADLC can recognize the necessary 
sequences in the data stream to automatically go on/ off the 
loop and to insert its own station data. The proc.edure is the 
following and is summarized in Table 1. 

(1) Go On-Loop - When the ADLC powers up, the ter
minal station will be off line. The first task is to become an 
active terminal on the loop. The ADLC must be connected to 
a Loop Link via an external switch as shown in Figure 9a. 
After a hardware reset, the ADLC LOC/OTR Output will be 
1n the high state and the up-loop receive data repeated 

2-51 

through gate A to the down Loop stations. Any Up-Loop 
transmission will be received by the ADLC. The Loop 
Mode/Non-Loop Mode Control bit (bit 5 in Control Register 
31 must be set to place the ADLC in the Loop Mode. The 
ADLC now monitors its Rx Data input for a string of seven 
consecutive "1's" which will allow a station to go on line. 
The Loop operation may be monitored by use of the Loop 
Status bit in Status Register 1. After power up and reset, this 
bit is a zero. When seven consecutive "1's" are received by 
the ADLC the LOC/DTR output will go to a low level, disabl
ing gate A (refer to Figure 9bl, enabling gate B and connec
ting the ADLC Tx Data output to the down Loop stations. 
The up Loop data is now repeated to the down Loop stations 
via the ADLC. A 1-bit delay is inserted m the data (in NAZI 
mode, there will be a 2-bit delay) as it circulates through the 
ADLC. The ADLC is now on-line and the Loop Status bit in 
Status Register 1 will be at a one. 

(2) Go Active after Poll - The receiver section will monitor 
the up-link data for a general or addressed poll command 
and the Tx FIFO should be loaded with data so that when the 
go ahead sequence of a zero followed by seven ''1's" 
(01111111---1 is detected, transmission can be initiated im
mediately. When the polling frame is detected, the Go
Active-On-Poll control bit must be set (bit 6 in Control 



TABLE 1 - SUMMARY OF LOOP MODE OPERATION 

STATE RX SECTION 

OFF-LOOP Rx section receives data from loop and searches 
for 7 "1's" (when On-Loop Control bit set) to go 
ON-LOOP. 

ON-LOOP 1) When Go-Active on poll bit Is set, Ax section 
searches for 01111111 pattern (the EOP or 'Go 
Ahead') to become the active terminal on the 
loop, 

2) When On-Loop control bit Is reset, R>1: section 
searches for 8 "1's" to go OFF·Loop. 

ACTIVE Rx section searches for flag (en Interrupt from the 
loop controller) et Rx data Input, Received flag 
causes FD output to go low. I RO Is generated If 
RTE end FDSE control bits ere set. 

Register 31. A maximum of seven bit times are available to 
set this control bit after the closing flag of the poll. When the 
Go-Ahead is detected by the receiver, the ADLC will 
automatically change the seventh one to a zero so that the 
repeated sequence o~t gate Bin Figure 9b is now an opening 
flag sequence 10111111101. Transmission now continues 
from the Tx FIFO with data (address, control, etc.I as 
previously described. When the ADLC has gone active-on
poll, the Loop Status bit in Status Register 1 will go to a 
zero. The receiver searches for a flag, which indicates that 
the primary station is interrupting the current operation. 

(3) Go Inactive when On-Loop - The Go-Active-On-Poll 
control bit may be RESET at any time during transmission. 
When the frame is complete lthe closing Flag or abort is 
transmitted I, the Loop is automatically released and the sta
tion reverts back to being just a 1-bit delay in the Loop, 
repeating up-link data. If the Go-Active-On-Poll control bit is 
not reset by software and the final frame is transmitted 
!Flag/Mark Idle bit=OI, then the transmitter wiii marK 1ale 
and will not release the loop to up-loop data. A Tx Abort 
command would have to be used in this case in order to go 
inactive when on the loop. Also, if the Tx FIFO was not 
preloaded with data !address, control, etc.I prior to chang
ing the "Go Ahead Character" to a Flag, the ADLC will either 
transmit flags !active idle character) until data is loaded 
!when Flag/Mark Idle Control bit is high) or will go into an 
underrun condition and transmit an Abort (when Flag/Mark 
Idle control bit is low). When an abort is transmitted, the Go
Active-on-Poll control bit is reset automatically and the 
ADLC reverts to its repeating mode, ITxD =delayed RxDI. 
When the ADLC transmitter lets go of the loop, the Loop 
Status bit will return to a "1", indicating normal on-loop 
retransmission of up-loop data. 

TX SECTION LOOP 
STATUS BIT 

Inactive "O" 
1) NAZ MOOE. Tx data output Is maintained 

"high" (mark). 
2) NAZI MODE. Tx data output reflects the Rx 

data Input state delayed by one 
bit time. (Not normally con-
nected to loop,) The NAZI deta 
11 Internally decoded to provide 
error-free tran1ltlon1 to On-Loop 
mode. 

Inactive "1" 
1) NAZ MODE. Tx data output reflects Rx data 

Input state delayed one bit time. 
2) NAZI MODE, Tx data output reflects Ax data 

input state delayed 2 bit tlmat. 

Tx data originates within ADLC until Go Active on "O" 
Poll bit Is reset and a flag or Abort Is completed. 
Then returns to ON-Loop state. 

(4) Go Off-Loop - The ADLC can drop off the Loop Igo 
off-line) similar to the way it went on-line. When the Loop 
On-Line control bit is reset the ADLC receiver section looks 
for eight successive "l's" before allowing the LOC/DTR out
put to return high I the inactive state). Gate A in Figure Sb 
will be enabled and gate B disabled allowing the loop to 
maintain continuity without disturbance. The Loop Status 
bit will show an off-line condition (logical zerol. 
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SIGNAL DESCRIPTIONS 

All inputs of ADLC · are high-impedance and TTL
compatible level inputs. All outputs of the ADLC are com
patible with standard TTL. Interrupt Request lfi'illl, 
however, is an open-drain output lno internal pullupl. 

INTERFACE FOR MPU 

Bidirectional Data Bus (00-071 - These data bus 1/0 
ports allow the data transfer between ADLC and system bus. 
The data bus drivers are three-state devices that remain in 
the high-impedance loffl state except when the MPU per
forms an ADLC read operation. 

Enable Clock (E) - E activates the address inputs ICS, 
RSO, and RS 1 I and R/W input and enables the data transfer 
on the data bus. E also moves data through the Tx FIFO and 
Rx Fl FO. E should be a free-running clock such as the 
E F6800 MPU system clock. 

Chip Select (CS) - An ADLC read or write operation is 
enabled only when the CS input is low and the E clock input 
is high. IE•CSI. 



Register Selects IRSO, RS1 I - When the Register Select 
inputs are enabled by IE·CSI, they select internal registers in 
conjunction with the Read/Write input and Address Control 
bit I control register 1, bit Ol. Register addressing is defined in 
Table 2. 

Read/Write Control Line (R/W) The R/W input con-
trols the direction of data flow on the data. bus when it is 
enabled by IE•CSI. When R/W is high, the 1/0 Bulfer acts 
as an output driver and as an input buffer when low. It also 
selects the Read Only and Write Only registers within the 
ADLC. 

Reset Input IRESETI The RESET input provides a 
means of resetting the ADLC from a hardware source. In the 
"low state," the RESET input causes the following: 

•Rx Reset and Tx Reset are SET causing both the Receiv
er and Transmitter sections to be held in a reset condi
tion. 

"Resets the following control bits: Transmit Abort, RTS, 
Loop Mode, and Loop On-Line/DTR. 

·c1ears all stored status condition of the status registers. 
"Outputs: RfS and i:OC/DTR go high. TxD goes to the 
mark state 1''1's" are transmitted!. 

When RESET returns "high" (the inactive state) the 
transmitter and receiver sections will remain in the reset state 
until Tx Reset and Rx Reset are cleared via the data bus 
under software control. The Control Register bits afle9ted by 
RESET cannot be changed when RESET is "lmy." 

Interrupt Request Output (IRQ) - IRQ will be low ii an in
terrupt situation exists and the appropriate interrupt enable 
has been set. The interrupt remains as long as the cause for 
the interrupt is present and the enable is set. IRQ will be low 
as long as the IRO status bit is set and is high if the IRQ 
status bit is not set. 

CLOCK AND DATA OF TRANSMITTER AND RECEIVER 

Transmitter Clock Input ITxC) - The transmitter shifts 
data on the negative transition of the TxC clock input. When 
the Loop Mode or Test Mode is selected, TxC should be the 
same frequency and phase as the RxC clock. The data rate of 
the transmitter should not exceed the E frequency. 

Receiver Clock Input (RxCI - The receiver samples the 
data on the positive transition of the RxC clock. RxC should 
be synchronized with receive data externally. 

Transmit Oats Output ITxD) - The serial data from the 
transmitter is coded in N RZ or N RZI (Zero Complement I data 
format. 

Receiver Data Input (RxDI - The serial data to be re
ceived by the ADLC can be coded in NRZ or NRZI !Zero 
Complement) data format. The data rate of the receiver 
should not exceed the E frequency. If a partial byte reception 
is possible at the end of a frame, the maximum data rate of 
the receiver is indicated by the following relationship: 

fRxCS--~-
21E+300 ns 

where IE is the period of E. 
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PERIPHERAL/MODEM CONTROL 

Request-to-Send Output (RTSI - The Request-to-Send 
output is controlled by the Request-to-Send control bit in 
conjunction with the state of the transmitter section. When 
the RTS bit goes high, the RTS output is forced low. When 
the RTS bit returns low, the RTS output remains low until 
the end of the frame and there is no further data in the T x 
FIFO for a new frame. The positive transition of RTS occurs 
after the completion of a Flag, an Abort, or when the RTS 
control bit is reset duri'!ll...!!. mark idling state. When the 
RESET input 1s low, the RTS output goes high. 

Clear-to-Send Input ICTSI - The CTS input provides a 
real-time inhibit to the TDRA status bit and its associated in
terrupt. The positive transition of ill is stored within the 
ADLC to ensure its occurrence will be acknowledged by the 
system. The stored CTS information and its associated IRQ 
Iii enabled) are cleared by writing a "1" in the Clear Tx 
Status bit or in the Transmitter Reset bit. 

Data-Carrier-Detect lnupt (DCDI - The DCD input pro
vides a real-time inhibit to the receiver section. A high level 
on the DCD input resets and inhibits the receiver register. 
but data in the Rx FIFO from a previous frame 1s not disturb
ed. The positive transition of DCD is stored within the ADLC 
to ensure that its occurrence will be acknowledged by the 
system. The stored DCD information and its associated IRQ 
Iii enabled) are cleared by means of the Clear Rx Status Con
trol bit or by the Rx Reset bit. 

Loop On-Line Control/Data Terminal Ready Output 
(LOC/DTRI - The IOC/DTR output serves as a DTR out
put in the non-loop mode or as a Loop Control output in the 
loop mode. When LOC/DTR output performs the DTR func
tion, it is turned on and off by means of the LOC/DTR con
trol bit. When the LOC/DTR control bit is high the DTR out
put will be low. In the loop mode the LOC/DTR output pro
vides the means of controlling the external loop interface 
hardware to go On-line or Off-line. When the LOC/DTR con
trol bit is SET and the loop has "idled" for 7 bit times or more 
IRxD=01111111 ... I, the LOC/DTR output will go low lon
linel. The AESEi input being low will cause the LOC/DTR 
output to be high. 

Flag Detect Output (FD) - An output to indicate the 
reception of a flag and initiate an external time-out counter 
for the loop mode operation. The Fi5 output goes low for 1 
bit time beginning at the last bit of the flag character, as 
sampled by the receiver clock IRxCI. 

OMA INTERFACE 

Receiver Data Service Request Output (RDSRI - The 
RDSR Output is provided primarily for use in DMA Mode 
operation and indicates !when high) that the Rx FIFO re
quests service IRSDR output reflects the RDA status bit 
regardless of the state of the RDSR mode control bit 1n 
CRll. If the prioritized Status Mode is selected, RDSR will 
be inhibited when any other receiver status conditions are 
present. RDSR goes low when the Rx FIFO is read. 



Transmitter Data Service Request Output (TDSR) - The 
TDS R Output is provided for OMA mode operation and in
dicates (when high) that the Tx FIFO request service 
regardless of the state of the TDSR Mode Control bit in CR1. 
TDSR goes low when the Tx FIFO is loaded. TDSR is in
hibited by: the Tx RS control bit being SET, RESET being 
low, or CTS being high. If the prioritized status mode is us
ed, Tx Underrun also inhibits TDSR. TDSR reflects the 
TORA status bit except in the FC mode. In the FC mode the 
TDSR line is inhibited. 

ADLC REGISTERS 
Eight registers in the ADLC can be accessed by means of 

the MPU data and address buses. The registers are defined 
as read-only or write-only according to the direction of infor
mation flow. The addresses of these registers are defined in 
Table 2. The transitter FIFO register can be accessed by two 
different addresses, the "Frame Terminate" address and the 
"Frame Continue" address. (The function of these addresses 
are discussed in the Fl FO section. l 

TABLE 2 - REGISTER ADDRESSING 

Addr .. 
Control Bit 

Register Selected Rfii RS1 RSO (C1bol 

Write Control Register #1 0 0 0 x 
Write Control Register #2 0 0 1 0 

Write Control Register #3 0 0 1 1 

Write Transmit FIFO 0 1 0 x 
(Frame Continue) 

Write Transmit FIFO 0 1 1 0 

(Frame Terminate) 

Write Control Register #4 0 1 1 1 

Read Status Register #1 1 0 0 x 
Read Status Register #2 1 0 1 x 
Read Receiver FIFO 1 1 x x 

RECEIVER DATA FIRST-IN FIRST-OUT REGISTER 
Rx FIFO - The Rx FIFO consists of three 8-bit registers 

which are used for the buffer storage of received data. Data 
bytes are always transferred from a full register to an adja
cent empty register; and both phases of the E input clock are 
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used for the data transfer. Each register has pointer bits 
which point the frame boundary. When these pointers ap
pear at the last FIFO location, they update the Address Pre
sent, Frame Valid, or FCS/IF Error status bits. 

The RDA status bit indicates the state of the Rx FIFO. 
When RDA status bit is "1", the Rx FIFO is ready to be read. 
The RDA status is controlled by the 2-Byte/1-Byte control 
bit. When overrun occurs, the data in the first byte of the Rx 
FIFO are not longer valid. 

Both the Rx Reset bit and RESET input clear the Rx FIFO. 
Abort ("in Frame") and a high level on the DCD input also 
clears the Rx FIFO, but the last bytes of the previous frame, 
which are separated by the frame boundary pointer. are not 
disturbed. 

TRANSMITTER DATA FIRST-IN FIRST-OUT REGISTER 

Tx FIFO - The Tx FIFO consists of three 8-bit registers 
which are used for buffer storage of data to be transmitted. 
Data is always transferred from a full register to an empty ad
jacent register; the transfer occurs on both phases of the E 
input clock. The Tx FIFO can be addressed by two different 
register addresses, the "Frame Continue" address and the 
"Frame Terminate" address. Each register has pointer bits 
which point to the frame boundary. When a data byte is writ
ten at the "Frame Continue" address, the pointer of the first 
FIFO register is set. When a data byte is written at the 
"Frame Terminate" address. the pointer of the first FIFO 
register is reset. Rx RS control bit or Tx Abort control bit 
resets all pointers. The pointer will shift through the FIFO. 
When a positive transition is detected at the third location of 
FIFO, the transmitter initiates a frame with an open flag. 
When the negative transition is detected at the third location 
of FIFO, the transmitter closes a frame, appending the FCS 
and closing Flag to the last byte. 

The Tx last control bit can be used instead of using the 
"Frame Terminate" address. When the Tx·last control bit is 
set with a "1", the logic searches the last byte location in the 
FIFO and resets the pointer in the FIFO register. 

The status of Tx FIFO is indicated by the TORA status bit. 
When TORA is "1", the Tx FIFO is available for loading data. 
The TORA status is controlled by the 2-Byte/1-Byte control 
bit. The Tx FIFO is reset by both Tx Reset and RESET input. 
During this reset condition or when CTS input is high, the 
TORA status bit is suppressed and data loading is inhibited. 



ADLC INTERNAL REGISTER STRUCTURE 
--

RS1 RSO •OO RS1RSO•01 RS1 RSO • 10 RS1 RS0•11 

Receiver Data 
Bit# Status Register #1 Status Register #2 Register 

0 RDA Address Present Bit 0 
~ 1 Status #2 Frame Valid Bit 1 

·i Read Request 

a: 2 Loop Inactive Idle Received Bit 2 
> 3 Flag Detected Abort Received Bit 3 "2 
0 (When Enabled) Same as AS1, RSO = 10 

-: 4 
-

FCS Error Bit 4 CTS 
a: 5 Tx Underrun DCD Bit 5 

6 TORA/Frame Ax Overrun Bit 6 
Complete 

J 7 IRO Present RDA (Receiver Data Available) Bit 7 

Transmitter Transmitter~ 
Data Cetta I 

Control Register #1 Control Register #2 Control Register #3 (Continue Data) {Last Data) Control Register" 1-i4 

Bit# IC1bo =DI IC1bo • 1) IC1bo = O) IC1bo = 11 

0 Address Control (AC) Prioritized Status Logical Control Bit 0 Bit 0 Doub le F lag/$1 ngle 
Enable r-ield Select Flag lnterframe 

i Control 

1 Receiver Interrupt 2 Byte/1 Byte Extended Control Bit 1 Bit 1 Word Length Select 
i' Enable (RIEi Transfer Field Select Transmit til 
a: 
> 2 Transmitter Interrupt Flag/Mark ldle Auto, Address Bit 2 Bit 2 Word Length Select 
"2 Enable ITIEI Extension Mode Transmit ti2 
0 . 3 RDSR Mode (OMA) Frame Complete/ 01/11 Idle Bit 3 Bit 3 Word Length Select 

;: TDRA Select Receive ::i-1 

4 TDSR Mode (DMAI Transmit Last Data F !ag Detected Bit 4 Bit 4 Word Length Select 
Status Enable Receive #2 

5 Rx Frame CLR Rx Status Loop/Non-Loop Mode Bit 5 Bit 5 Transmit Abort 
Discontinue 

6 Rx RESET C LR Tx Status Go Active on Poll/Test Bit 6 Bit 6 Abort Extend 

7 Tx RESET RTS Control Loop On-Line Bit 7 Bit 7 NRZl/NRZ 
Control DTR 
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CONTROL REGISTERS 

CONTROL REGISTER 1 (CR1) 

7 6 

RS1 RSO R/W AC TxRS Rx RS 

0 0 0 x 

bO - Address Control (AC) - AC provides another RS 
!Register Select) signal internally. The AC bit is used in con
junction with RSO, RS1, and R/W inputs to select particular 
registers, as shown in Table 2. 

b1 Receiver Interrupt Enable (RIE) RIE 
enables/ disables the interrupt request caused by the receiver 
section. 1 ... enable, O ... disable. 

b2 - Transmitter Interrupt Enable (TIE) TIE 
enables/ disables the interrupt request caused by the 
transmitter. 1 ... enable, 0 ... disable. 

b3 - Receiver Data Service Request Mode (RDSR 
MODEi - The RDSR MODE bit provides the capability of 
operation with a bus system in the OMA mode when used in 
conjunction with the prioritized status mode. When RDSR 
MODE is set, an interrupt request caused by RDA status is 
inhibited, and the ADLC does not request data transfer via 
the IRQ output. 

b4 - Transmitter Data Service Request Mode (TDSR 
MODE) - The TDSR MODE bit provides the capability of 
operation with a bus system in the OMA mode when used in 
conjunction with the prioritized status mode. When TDSR 
MODE is set, an interrupt request caused by TORA status is 
inhibited, and the ADLC does 111'.lt request a data transfer via 
the TRO output. 

5 4 3 2 1 0 

Discontinue TDSR RDSR TIE RIE AC 
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Mode Mode 

b5 - Rx Frame Discontinue (DISCONTINUE) - When 
the DISCONTINUE bit is set, the currently received frame is 
ignored and the ADLC discards the data of the current 
frame. The DISCONTINUE bit only discontinues the current
ly received frame and has no affect on subsequent frames, 
even if a following frame has entered the receiver section. 
The DISCONTINUE bit is automatically reset when the last 
byte of the frame is discarded. When the ignored frame is 
aborted by receiving an Abort or DCD failure, the DISCON
TINUE bit is also reset. 

b6 - Receiver Reset (Rx RS) - When the Rx RS bii 1s 
"1", the receiver section stays in the reset conditipn. All 
receiver sections, including the Rx FIFO register and the 
receiver status bits in both status registers, are reset. I During 
reset, the stored DCD status is reset but the DCD status bit 
follows the DCD input.I Rx RS is set by forcing a low level on 
the RESET input or by writing a "1" into the bit from the 
data bus. Rx RS must be reset by writing a "O" from the data 
bus after RESET has gone high. · 

b7 - Transmitter Reset (Tx RS) - When the Tx RS bit is 
"1", the transmitter section stays in the reset condition and 
transmits marks l''l's"I. All transmitter sections, including 
the Tx FIFO and the transmitter status bits, are reset !FIFO 
cannot be loaded). During reset, the stored CTS status is 
reset but the CTS status bit follows the CTS input. Tx RS is 
set by forcing a low level on the RESET input or by writing a 
"1" from the data bus. It must be reset by writing a "O" after 
RESET has gone high. 



CONTROL REGISTER 2 (CR21 

7 6 

RSI RSO R/W AC RTS CLR 

0 0 0 TxST 

bO - Prioritized Status Enable IPSEI - When the PSE bit 
is SET, the status bits in both status registers are prioritized 
as defined in the Status Register section. When PSE is low, 
the status bits indicate current status without bit suppression 
by other status bits. The exception to this rule is the CTS 
status bit which always supresses the TORA status. 

b1 - 2-Byte/1-Byte Transfer 12/1 Byte) - When the 211 
Byte bit is RESET the TORA and RDA status !)its then will in
dicate the availability of their respective data FIFO registers 
for a single-byte data transfer. Similarly, if 2/1 Byte is set, 
the TORA and RDA status bit indicate when two bytes of 
data can be moved without a second status read. 

b2 - Flag/Mark Idle Select IF/M Idle) - The F/M Idle bit 
selects Flag characters or bit-by-bit Mark Idle for the time fill 
or the idle state of the transmitter. When Mark Idle is 
selected, Go-Ahead code can be generated for loop opera
tion in conjunction with the 01/11 Idle control bit IC3b3l. 
1 ... Flag time fill, O ... Mark Idle. 

b3 - Frame Complete/TORA Select (FC/TDRA 
Select) - The FC/TDRA Select bit selects TORA status or 
FC status for the TDRA/FC status bit indication. 1...FC 
status, 0 ... TORA status. 

b4 - Transmit Last Data ITx last) - Tx Last bit provides 
another method to terminate a frame. This bit should be set 

5 4 3 2 1 0 

CLR Tx FC/TDRA F/M 2/1 PSE 

RxST Last Select Idle Byte 
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alter loading the last data byte and before the Tx FIFO emp
ties. When the Tx Last bit is set, the ADLC assumes the byte 
is the last byte and terminates the frame by appending CRCC 
and a closing Flag. This control bit is useful for OMA opera
tion. Tx Last bit automatically returns to the "O" state. 

b6 - Clear Receiver Status ( CLR Rx STI - When a "1" is 
written into the CLR Rx ST bit, a reset signal is generated for 
the receiver status bits in status registers #1 and 12 (except 
AP and RDA bitsl. The reset signal is enabled only for the 
bits which have been present during the last "read status" 
operation. The CLR Rx ST bit automatically returns to the 
"O" state. 

b6 - Clear Transmitter Status (CLR Tx STI - When a 
"1" is written into CLR Tx ST bit, a reset signal is generated 
for the transmitter status bits in status register #1 (except 
TDRAl. The reset signal is enabled for the bits which have 
been present during the last "read status" operation. The 
CLR Tx ST bit automatically returns to the "O" state. 

b7 - Request-to-Send Control (RTSI - The RTS bit, 
when high, causes the m output to be low (the active 
state!. When the RTS bit returns low and data is being 
transmitted, the RTS output remains tow until the last 
character of the frame (the closing Flag or Abort) has been 
completed and the Tx FIFO is empty. If the transmitter is idl
ing when the RTS bit returns low, the iii'S output will go 
high (the inactive statel within two bit times. 



CONTROL REGISTER 3 (CR3) 

7 6 

RS1 RSO RtW AC LOCI GAP/ 

0 0 DTR TST 

bO - Logical Control Field Select ILCF) - The LCF select 
bit causes the first byte(s) of data belonging to the informa
tion field to remain 8-bit characters until the logical control 
field is complete. The logical control field !when selected) is 
an automatically extendable field which is extended when bit 
7 of a logical control character is a "1." When the LCF Select 
bit is reset the ADLC assumes no logical control field is pre
sent for either the transmit or received data channels. When 
the logical control field is terminated, the word length of the 
information data is then defined by WLS1 and WLSz. 

b1 - Extended Control Field Select ICEX) - When the 
CEX bit is a "1", the control field is extended and asusmed to 
be 16 bits. When CEX is "O", the control field is assumed to 
be 8 bits. 

b2 - Auto/ Addrasa Extend Mode IAEX) - The AEX bit 
when "low" allows full 8 bits of the address octet to be utiliz
ed for addressing because address extension is inhibited. 
When the AEX bit is "high," bit O of address octet equal to 
"O" causes the Address field to be extended by one octet. 
The exception to this automatic address field extension is 
when the first address octet is all "O's" (the Null Address). 

b3 - 01/11Idle101/11 Idle) - The 01/11 Idle Control bit 
determines whether the inactive (Marki idle condition begins 
with a"O" ornot. If the01111 Idle Control is SET, the closing 
flag (or Abonl will be followed by a 011111 ... pattern. This is 
required of the controller for the "Go Ahead" character in 
the Loop Mode. When 01/11 is RESET, the idling condition 
will be all "l's". 

b4 - Aag Detect Status Enable IFDSE) - The FDSE bit 
enables the FD status bit in Status Register 11 to indicate the 
occurrence of a received Flag character. The status indica
tion will be accompanied by an interrupt if RIE is SET. Flag 

5 4 3 2 1 0 

Loop FDSE 01/11 AEX CEX LCF 
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Idle 

detection will cause the Flag Detect output to go low for 1 bit 
time regardless of the state of FDSE. 

b5 - LOOP/NON-LOOP Mode (LOOP) - When the 
LOOP bit is set, loop mode operation is selected and the 
GAP/TST control bit, LOC/DTR control bit and LOC/DTR 
output are selected to perform the loop control functions. 
When LOOP is reset, the ADLC operates in the point-to
point data communications. mode. 

b6 - Go Active On Poll/Teat IGAP/TST) - In the Loop 
Mode - The GAP/TST bit is used to respond to the poll se
quence and to begin transmission. When GAP/TST is set, 
the receiver searches for the "Go Ahead" lor End of Poll, 
EOPI. The receiver "Go ahead" is converted to an opening 
Flag and the ADLC starts its own transmission. When 
GAP/TST is reset during the transmission, the end of the 
frame !the completion of Flag or Abort! causes the termina
tion of the "go-active-on-poll" operation and the Rx Data to 
Tx Data link is re-established. The ADLC then returns to the 
"loop-on-line" state. 

In the Non-Loop Mode - The GAP/TST bit is used for 
self-test purposes. If GAP/TST bit is set, the TxD output is 
connected to the RxD input internally, and provides a "loop
back" feature. For normal operation, the GAPITST bit 
should be reset. 

b7 - Loop On-Line Control/OTA Control (LOC/DTR) -
In the Loop Mode - The LOC/DTR bit is used to go on-line 
or to go off-line. When LOCI DTR is set, the ADLC goes to 
the on-line state after 7 consecutive "l's" occur at the RxD 
input. When LOC/DTR is reset, the ADLC goes to the "off
line" state after eight consecutive "l's" occur at the RxD in
put. 

In the Non-Loop Mode - The LOC/DTR bit directly con
trols the Loop On-Line/DTR output state. 1 ... i'5i"R output 
goes to low level, O ... i'iiff output goes to high level. 



CONTROL REGISTER 4 (CR4) 

7 6 

RS1 RSO R/W AC NRZl/NRZ ABT EX 

0 

bO - Double flag/Single Flag lnterframe Control 
("ff" /"f") - The "FF" /"F" Control bit determines 
whether the transmitter will transmit separate closing and 
opening Flags when frames are transmitted successively. 
When the "FF" /"F" control bit is low, the closing flag of the 
first frame will serve as the opening flag of the second frame. 
When the bit is high, independent opening and closing flags 
will be transmitted. 

bl, b2 - Transmitter Word Length Select (TxWLS1 a.id 
WLS2) - Tx WLS 1 and WLS2 are used to select the wora 
length of the transmitter information field. The encoding for
mat is shown in Table 3. 

b3, b4 - Receiver Word Length Select (Rx WLS1 and 
WLS2) - Rx WLS1 and WLS2 are used to select the word 
length of the receiver information field. The encoding format 
is shown in Table 3. 

TABLE 3 - I-FIELD CHARACTER LENGTH SELECT 

WL~ WL~ I-Field Character Length 
0 0 5 bits 
1 0 6 bits 
0 1 7 bits 
1 1 Sbits 

b6 - Transmit Abort (ABT) - The ABT bit causes an 
Abort (at least 8 bits of "1" in succession) to be transmitted. 
The Abort is initiated and the Tx FIFO is cleared when the 
<::ontrol bit goes high. Once Abort begins, the Tx Abort con
trol bit assumes the low state. 

b6 - Abort Extend (ABTexl - If ABT EX is set, the abort 
code initiated by ABT is extended up to at least 16 bits of 
consecutive "l's", the mark Idle State. 

b7 - NRZI (Zero Complement)/NRZ Select 
(NRZl/NRZ) - NRZl/NRZ bit selects the transmit/receive 
data format to be NAZI or NRZ in both Loop Mode or Non
Loop mode operation. When the N RZI Mode is selected, a 
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1-bit delay is added to the transmitted data !TxDl to allow for 
NRZI encoding. 1 ... NAZI, O ... NRZ. 

NOTE 
NAZI coding - The serial data remains in the same 
state to send ·a binary "1" and switches to the op
posite state to send a binary "O". 

STATUS REGISTER 
The Status Register #1 is the main status register. The IRQ 

bit indicates whether the ADLC requests service or not. The 
S2RQ bit indicates whether any bits in status register /2 re
quest any service. TDRA and RDA, because they are most 
often used, are located in bit positions that are more conve
nient to test. RDA reflects the state of the RDA bit in status 
register 12. 

The Status Register #2 provides the detailed status infor
mation contained in the S2RQ bit and these bits reflect 
receiver status. The FD bit is the only receiver status which is 
not indicated in status register #2. 

The prioritized status mode provides maximum efficiency 
in searching the status bits and indicates only the most im
portant action required to service the ADLC. The priority 
trees of both status registers are provided in Figure 10. 

Reading the status register is a non-destructive process. 
The method of clearing status depends upon the bit's func
tion and is discussed for each bit in the register. 

FIGURE 10 - STATUS REGISTER PRIORITY TREE IPSE= 11 

SA #1 

Decreasing (Tx) (Rx) SA#2 (Ax) 

Priority ,,- crs FD ERR, FV, DCO, 

l 
+ OVAN,txABT 

•I TXU S2RQ 
\ 

'>I TDA~FC + Fix Idle 
ADA + 

AP 
i 

ADA 

•Prioritized even when PSE • 0 
NOTE: SU'b.11 bit above will Inhibit one below It. 



STATUS REGISTER 1 (SR1) 

7 6 

RSI RSO R/W AC IRQ TDRA/FC 

0 0 x 

bO - Receiver Data Available (ROA) - The RDA status 
bit reflects the state of the RDA status bit in status register 
12. It provides the means of achieving data transfers of 
received data in the full Duplex Mode without having to read 
both status registers. 

bl - Status Register #2 Read Request (S2RQ) - All the 
status bits !stored conditions) of status register 12, (except 
RDA bit) are logically ORed and indicated by the S2RQ 
status bit. Therefore, S2RQ indicates that status register #2 
needs to be read. When S2RQ is "O", it is not necessary to 
read ·status register 12. The bit is cleared when the ap
propriate bits in status register 12 are cleared or when Rx 
Reset is used. 

b2 - Loop Status (LOOP) - The LOOP status bit is used 
to monitor the loop operation of the ADLC. This bit does not 
cause an IRQ. When Non-Loop Mode is selected, LOOP bit 
stays "O". When Loop Mode is selected, the LOOP status bit 
goes to "1" during "On-Loop" condition. When ADLC is in 
an "Off-Loop" condition or "Go-Active-On-Poll" condition, 
the LOOP status bit is a "O". 

b3 - Flag Detected (FD) - The FD Status bit indicates 
that a flag has been received if the Flag Detect Enable control 
bit has been set. The bit 'goes high at the last bit of the Flag 
Character received !when the Flag Detect Output goes low) 
and is stored until cleared by Clear Rx Status or Rx Res;it. 

b4 - Clear-to-Send (CTS) - The CTS input positive tran
sition is stored in the status register and causes an IRQ (if 
Enabled I. The stored CTS condition and its IRQ are cleared 
by Clear Tx Status control bit or Tx Reset bit. After the 
stored status is reset, the CTS status bit reflects the state of 
the CTS input. 

5 4 3 2 1 0 
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b5 - Transmitter Underrun (TxU) - When the transmit
ter runs out of data during a frame transmission, an underrun 
occurs and the frame is automatically terminated by 
transmitting an Abort. The underrun condition is indicated 
by the TxU status bit. TxU can be cleared by means of the 
Clear Tx Status Control bit or by Tx Reset. 

b6 - Transmitter Data Register Available/Frame Com
plete (TDRA/FC) - The TDRA Status bit serves two pur
poses depending upon the state of the Frame Com
plete/TORA Select control bit. When this bit serves as a 
TDRA status bit, it indicates that data Ito be transmitted) 
can be loaded into the Tx Data FIFO register. The first 
register !Register 111 of the Tx Data FIFO being empty 
ITDRA = "1 ")will be indicated by the TDRA Status bit in the 
"1-Byte Transfer Mode." The first two registers (Registers 
#1 and #21 must be empty for TDRA to be high when in the 
"2-Byte Transfer Mode." TDRA is inhibited by Tx Reset, or 
CTS being high. 

When the Frame Complete Mode of operation is selected, 
the TDRA/FC status bit goes high when an abort is transmit
ted or when a flag is transmitted with no data in the Tx FIFO. 
The bit remains high until cleared by resetting the TDRA/ FC 
control bit or setting the Tx Reset bit. 

b7 - lnterrpt Request (IRQ) - The Interrupt Request 
status bit indicates when the IRQ output is in the active state 
llRQ Output= "O"J. The IRQ status bit is subject to the same 
interrupt enables (RIE, TIE) as the IRQ output, i.e., with both 
transmitter and receiver interrupts enabled, the IRQ status 
bit is a logical ORed indication of Status Register 1 status 
bits. The IRQ bit only reflects the set status bits which have 
interrupts enabled. The IRQ status bit simplifies status in
quiries for polling systems by providing single bit indication 
of service requests. 



STATUS REGISTER 2 (SR2l 

7 6 

RS1 RSO R/W AC RDA OVRN 

0 x 

bO - Address Present (AP) - The AP status bit provides 
the frame boundary and indicates an Address octet is 
available in the Rx Data FIFO register. In the Extended Ad
dressing Mode, the AP bit continues to indicate addresses 
until the Address field is complete. The Address present 
status bit is cleared by reading data or by Rx Reset. 

b1 - Frame Valid (FV) - The FV status bit provides the 
frame boundary indication to the MPU and also indicates 
that a frame is complete with no error. The FV status bit is 
set when the last data byte of a frame is transferred into the 
last location of the Rx FIFO !available to be read by MPUI. 
Once FV status is set, the ADLC stops further data transfer 
into the last location of the Rx FIFO lin order to prevent the 
mixing of two frames) until the status bit is cleared by the 
Clear Rx Status bit or Rx Reset. 

b2 - Inactive Idle Received (Rx Idle) - The Rx Idle status 
bit indicates that a minimum of 15 consecutive "l's" have 
been received. The event is stored within the status register 
and can cause an interrupt. The interrupt and stored condi
tion are cleared by the Clear Rx Status Control bit. The 
Status bit is the Logical OR of the receiver idling detector 
!which continues to reflect idling until a "O" is received) and 
the stored inactive idle condition. 

b3 - Abort Received (RxABT) - The RxABT status bit 
indicates that seven or more consecutive "1's" have been 
received. Abort has no meaning under out-of-frame condi
tions; therefore, no interrupt nor storing of the status will oc
cur unless a Flag has been detected prior to the Abort. An 
Abort Received when "in frame" is stored in the status 
register and causes an IRO. The status bit is the logical OR of 
the stored conditions and the Rx Abort detect logic, which is 
cleared after 15 consecutive "l's" have occurred. The stored 

5 
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Abort condition is cleared by the Clear Rx Status Control bit 
or Rx Reset. 

b4 - Frame Check Sequence/Invalid Frame Error 
(ERR) - When a frame is complete with a cyclic redundancy 
check ICRCI error or a short frame error I the frame does not 
have complete Address and Control fields), the ERR status 
bit is set instead of the Frame Valid status bit. Other func
tions, frame boundry indication and control function, are ex
actly the same as for the Frame Valid status bit. Refer to the 
FV status bit. 

b5 - Data Carrier Detect (DCDI - A positive transition 
on the DCD input is stored ih the status register and causes 
an IRO (if enabled). The stored DCD condition and its IRO 
are cleared by the Clear Rx Status Control bit or RX Reset. 
After stored status is reset, the DCD status bit follows the 
state of the input. Both the stored DCD condition and the 
DCD input cause the reset of the receiver section when they 
are high. 

b6 - Receiver Overrun (OVRN) - OVRN status indicates 
that receiver data has been transferred into the Rx FIFO 
when it is full, resulting in data loss. The OVRN status is 
cleared by the Clear Rx Status bit or Rx "Reset. Continued 
overrunning only destroys data in the first FIFO Register. 

b7 - Receiver Data Available (RDA) - The Receiver Data 
Available status bit indicates when receiver data can be read 
from the Rx Data FIFO. When the prioritized status mode is 
used, the RDA bit indicates that non-address and non-last 
data are available in the Rx FIFO. The receiver data being 
present in the last register of the FIFO causes RDA to be high 
for the "1-Byte Transfer Mode." The RDA bit being high in
dicates that the last two registers are full when in the "2-Byte 
Transfer Mode." The RDA status bit is reset automatically 
when data is not available. 



PROGRAMMING CONSIDERATIONS 

1. Status Priority - When the prioritized status mode is us
ed, it is best to test for the lowest priority conditions first. 
The lowest priority conditions typically occur more fre
quently and are the most likely conditions to exist when 
the processor is interrupted. 

2. Stored vs Present Status - Certain status bits IDCD, 
CTS, Rx Abort, and Rx Idle) indicate a status which is the 
logical OR of a stored and a present condition. It is the 
stored status that causes an interrupt and which is 
cleared by a Status Clear control bit. After being cleared, 
the status register will reflect the present condition of an 
input or a receiver input sequence. 

3. Clearing Status Registers - In order to clear an interrupt 
with the two Status Clear control bits, a particular status 
condition must be read before it can be cleared. In the 
prioritized mode, clearing a higher priority condition 
might result in another iRO caused by a lower priority 
condition whose status. was suppressed when a status 
register was first read. This guarantees that a status con
dition is never inadvertently cleared. 

4. Clearing the Rx FIFO - An Rx Reset will effectively clear 
the contents of all three Rx FIFO bytes. However, the 
FIFO may contain data from two different frames when 
abort or DCD failure occurs. When this happens, the data 
from a previously closed frame la frame whose closing 
flag has been received) will not be destroyed. 

5. Servicing the Rx FIFO in a 2-Byte Mode - The procedure 
for reading the last bytes of data is the same, regardless of 
whether the frame contains an even or an odd number of 
bytes. Continue to read 2 bytes until an interrupt occurs 
that is caused by an end-of-frame status IFV or ERR). 
When this occurs, indicating the last byte either has been 
read or is ready to be read, switch temporarily to the 
1-byte mode with no prioritized status (control register 21. 

Test RDA to indicate whether a 1-byte read should be 
performed. Then clear the frame end status. 

6. Frame Complete Status and R'fS" Release - . In many 
cases, a MODEM will require a delay for releasing ATS. 
An 8-bit or 16-bit delay can be added to the ADLC ATS 
output by using an Abort. At the end of a transmission, 
frame complete status will indicate the frame completion. 
After frame complete status goes high, write "1" into the 
Abt control bit land Abt Extend bit if a 16-bit delay is re
quired!. After the Abt control bit is set, write "O" into the 
~control bit. The transmitter will transmit eight or six
teen "l's" and the ATS output will then go high 
I inactive). 

7. Notetousersnotusingthe EF6800- (a) Carte should be 
taken when performing a write folfowed by a read on suc
cessive E pulses at a high frequency rate. Time must be 
allowed for status changes to occur. If this is done, the 
time that E is low between successive write/ read E·pulses 
should be at least 500 ns. lb) The ADLC is a completely 
static part. However, the E frequency should be high 
enough to move data through the FIFOs and to service 
the peripheral requirements. Also, the period between 
successive E pulses should be less than the period of RxC 
or TxC in order to maintain synchronization between the 
data bus and the peripherals. 

8. Clear-to-Send (CTS) - The CTS input, when high, pro
vides a real-time inhibit to the TORA status bit and its 
associated interrupt. All other status bits will be opera
tional. Since it inhibits TORA, CTS also inhibts the TDSR 
OMA request. The CTS input being high does not affect 
any other part of the transmitter. Information in the Tx 
FIFO and Tx Shift Register will, therefore, continue to be 
transmitted as long as the Tx CLK is running. 

ORDERING INFORMATION 

I E~A54 Ir 1M I B~ 
Device I Screening level 

Package Oper. temp. 
The table below horizontally shows all available suffix combinations for package, operating temperature and screening 
level. Other possibilities on request. 

DEVICE 
PACKAGE DPER. TEMP. SCREENING LEVEL 

c J p E FN L* v M Std D GIB BIB 

• • • • • • • • EF685411.0 MHz) • • • • • • 
• • • • 

• • • 
• • • • EF68A54 11.6 MHzl • • • • • • 

• • • • 
• EF68B54 12.0 MHz) • • • • • • • 

Examples : EF6854C, EF6854CV, EF6854CM, EF6854JM 

Peckage : C : Ceramic OIL, J : Cerdip OIL, P: Plastic OIL, E: LCCC, FN : PLCC. 
Oper. temp. : L * : 0°C to + 70°C, V: -40°C to + 85°C, M : -55°C to + 125°C, * : may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 
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CB·132 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CERDIP PACKAGE 

CSUFFIX 
CERAMIC PACKAGE 



11 .. 30 
11,.!82 

DIN 

CEI DAT.A. 

CB-620 

• FNSUFFIX 
PLCC 28 

M0-047-AB 
JEDEC 

28pins 

' CB-520 
SITELESC 

CB-707 

0 
ESUFFIX 
LCCC 28 

DIN 

CEI D.A.T.A. JEDEC 
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CHAPTER 3 - 68000 MICROPROCESSORS 





68000 MICROPROCESSORS SELECTION GUIDE 

Part number Description Technology Alt source CLK freq. Page 
(MHz) 

TS68000-8 16-bit MPU 32·bit data and address registers - HMOS MC68000-8 8 3.3 
TS68000·10 16 megabyte direct addressing range - MC68000·10 10 
TS68000-12 56 powerful instruction pages - MC68000-12 12,5 
TS68000-16 Memory mapped 1/0 · 14 addressing modes 16 

TS68008-8 8-bit data bus version of TS68000 HMOS MC68008-8 8 3.95 
TS68008-10 1 Mbyte direct addressing space - Complete MC68008-10 10 
TS68008-12 code compatibility with the TS68000 MC68008-12 12,5 

MK68201/04-4 16-bit MCU ROMLESS (UPC) NMOS 4 3-191 
MK68201/04-6 16-bit MCU ROMLESS (UPC) 6 
MK68211/04-4 16-bit MCU ROMLESS (GP) 4 
M K68211/04-6 16-bit MCU ROMLESS (GP) 6 
MK68E201/04-4 16-bit Emulator (UPC) 4 
MK68E211/04-4 16-bit Emulator (GP) 4 

MK68HC201/04-8 16-bit MCU ROMLESS (UPC) HCMOS 8 3-265 
MK68HC201/04-10 16-bit MCU ROMLESS (UPC) 10 
MK68HC201/04-12 16-bit MCU ROMLESS (UPC) 12.5 
MK68HC211/04-8 16-bit MCU ROMLESS (GP) 8 
MK68HC211/04-10 16-bit MCU ROMLESS (GP) 10 
MK68HC211/04-12 16-bit MCU ROMLESS (GP) 12.5 
MK68HCE221/0B-8 16-bit Emulator (UPC/GP) 8 
MK68HCE221/08-10 16-bit Emulator (UPC/GP) 10 
MK68HCE221/08-12 16-bit Emulator (UPC/GP) 12.5 
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ADVANCE INFORMATlON 

The TS68000 is the first implementation of the 68000 16/32 microp1·oces· 
soi architecture. The TS68000 has a 16-bit data bus and 24-bit add1ess 
bus while the full architecture provides for 32·bit address and data buses. 
It is completely code-compatible with the TS68008 8-bit di::ila bus im
plementation of the 68000 and is downward code-compatible with the 
TS68020 32-bit implementation of the architecture. Any user-mode pro
grams written using the TS68000 instruction set will run unchanged on the 
TS68008 and TS68020. This is possible because the user programming 
mode! is identical for all three processors and the instruction sets are pro
pe, sub-sets of the complete architecture. 
The resources available to the TS68000 user consist of the following . 

• 16 32-bit data and address registers 
• 16 megabyte direct addressing range 
• 56 powerful instruction types 
• Operations on five main data types 
• Memory mapped 1/0 
• 14 addressing modes 
• 4 available versions :8 MHz, 10 MHz, 12.5 MHz and 16 MHz. 

As shown in the user programming model, the TS68000 offers 16 32-bit 
registers and a 32-bit program counter. The fost eight registers (D0-07) 
are used as data registers for byte {8-bit), word ( 16-bit), and long word 
(32-bit) operations. The second set of seven registers (AO-A6) and the 
user stack pointer (USP) may be used as software stack pointers and base 
address registers. In addition, the registers may be used for word and long 
word operations. All of the 16 registers may be used as index registers. 

PROGRAMMING MODEL 

JI 16 15 8 7 0 

I- I I _DO 

I I DI 
I- -D2 
I- I I - E1gh1 

I- I I _DJ 
Data 
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I- I I 
-06 

I- I I 
-07 

_J_ 

31 161$ 0 

t 
i 

11) 
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Registers 
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JI 0 
PC 
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SECTION 1 
INTRODUCTION 

The TS68000 is the first implementation of the 68000 16/32 microprocessor architecture. The 
TS68000 has a 16-bit data bus and 24-bit address bus while the full architecture provides for 32-bit 
address an data buses. It is completely code-compatible with the TS68008 8-bit data bus implemen
tation of the 68000 and is downward code-compatible with the TS68020 32-bit implementation of 
the architecture. Any user-mode programs written using the TS68000 instruction set will run un
changed on the TS68008 and TS68020. This is possible because the user programming model is 
identical for all four processors and the instruction sets are proper sub-sets of the complete archi
tecture. 

The rasources available to the TS68000 user consist of the following : 

• 17 32-Bit Data and Address Registers 

• 16 Megabyte Direct Addressing Range 

• 56 Powerful Instruction Types 

• Operations on Five Main Data Types 

• Memory Mapped 1/0 

• 14 Addressing Modes 

As shown in the user programming model (Figure 1-1), the TS68000 offers 16 32-bit registers and a 
32-bit program counter. The first eight registers (D0-D7) are used as data registers for byte (8-bit), 
word (16-bit), and long word 132-bit) operations. The second set of seven registers IAO-A6) and the 
user stack pointer (USP) may be used as software stack pointers and base address registers. In ad
dition, the registers may be used for word and long word operations. All of the 16 registers may be 
used as index registers. 

In supervisor mode, the upper byte of the status register and the supervisor stack pointer (SSP) are 
also available to the programmer. These registers are shown in Figure 1-2. 

The status register (Figure 1-3) contains the interrupt mask (eight levels available) as well as the 
condition codes: extend IX), negative IN), zero (Z), overflow IV), and carry IC). Additional status 
bits indicate that the processor is in a trace IT) mode and in a supervisor IS) or user state. 

1.1 DATA TYPES AND ADDRESSING MODES 

Five basic data types are supported. These data types are: 

• Bits • Words ( 16 bits) 

• BCD Digits (4 bits) • Long Words (32 bits) 

• Bytes 18 bits) 

In addition, operations on other data types such as memory addresses, status word data, etc., are 
provided in the instruction set. 

3-5 



31 1615 87 

DO 

DI 

D2 

D3 Eight 

Data 
D4 Registers 
D5 

D6 

D7 

31 1615 

I AO 

I Al 

A2 Seven 

A3 Address 

A4 
Registers 

A5 

A6 

A7 User Stack 
IUSPI Pointer 

31 
Program 

PC 
Counter 

7 0 

I I CCR 
Status 
Register 

Figure 1-1. User Programming Model 

16 15 0 
Al Supervisor Stack 
I SSP1 Pointer 

'5 8 7 0 

I l CCR jsR Status Register 

Figure 1-2. Supervisor Programming Model Supplement 

User Byte 
System Byte 1 Cond1t1on Code Reg1stf~rl 

interrupt Zero 

Mask Overflow 

Carry 

Figure 1-3. Status Register 
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The 14 address modes, shown in Table 1-1, include six basic types 

• Register Direct 

• Register Indirect 

• Absolute 
• Program Counter Relative 

• Immediate 

• Implied 
Included in the register indirect addressing modes 1s the capability to do postincrement1ng, 
predecrementing, offsetting, and indexing. The program counter relative mode can also be 
modified via indexing and offsetting. 

Table 1-1. Addressing Modes 

Addressing Modes Syntax 

Register Direct Addressing 
Data Register Direct Dn 
Address Register Direct An 

Absolute Data Addressing 
Absolute Short )()()( w 
Absolute Long I xxx L 

Program Counter Relative Addressing T 
Relative with Offset d15IPCI 
Relative with Index Offset c1jJIPC,Xnl 

Register lnd1rec1 Addressing 
Register Indirect I An I 
Post1ncrernent Register lnd1rec1 IAnl + 

Predecrement Register Indirect - (Anl 

Register lnd1rec1 with Offset ! d15IAnl 
Indexed Register Indirect with Offse1 dglAn,Xnl 

Immediate Data Addressing 
Immediate #xxx 

Quick Immediate 11 18 

Implied Addressing 
Implied Reg1s1er SR USP SP PC 

NOTES 
On Data Register 
An -;;: Address Register 
Xn Address or Data Register used as Index Reg1s1er 
SR Status Register 
PC Program Counter 
SP Stack Pointer 
USP ~ 

I I 
dg 
d15 

User Stack Pointer 

Effective Address 
8-B1t Offset (Q1splacemen1I 

16-Bit Olfset (Displacement) 
#xxx = Immediate Data 

1.2 INSTRUCTION SET OVERVIEW 

I 
I 

l 

The TS68000 instruction set is shown in Table 1-2. Some additional instructions are variations, or 
subsets, of these and they appear in Table 1-3. Special emphasis has been given to the instruction 
set's support of structured high-level languages to facilitate ease of programming Each instruction, 
with few exceptions, operates on bytes, words, and long words and most instructions can use any 
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of the 14 addressing modes. Combining instruction types, data types, and addressing modes, over 
1000 useful instructions are provided. These instructions include signed and unsigned, multiply and 
divide, "quick" arithmetic operations, BCD arithmetic, and expanded operations (through traps). 

Table 1-2. Instruction Set Summary 

Mnemonic Description- Mnemonic Description 

ABCD Add Decimal With Extend MOVE Move 
ADD Add MULS Signed Mul'tiply 

AND Logical And MULU Unsigned Multiply 

ASL Arithmetic Shift Left .NBCD Negate Decimal with Extend 
ASR Arithmetic Shift Right NEG Negate 

Bee Branch Conditionally NOP No Operation 

BCHG Bit Test and Change NOT One's Complement 

BCLR Bit Test and Clear OR Logical Or 
BRA Branch Always 
BSET Bit Test and Set 
BSR Branch to Subroutine 
BT.ST Bit Test 

CHK Check Register Against Bounds 

PEA Push Effective Address 

RESET Reset External Devices 
ROL Rotate Left without Extend 
ROR Rotate Right without Extend 

ROXL Rotate Left with Extend 
CLR Clear Operand 
CMP Compare 

ROXR Rotate Right with Extend 

RTE Return from Exception 
DB cc Test Condition, Decrement and Branch RTR Return and Restore 
DIVS Signed Divide RTS Return from Subroutine 
DIVU Unsigned Divide SBCD Subtract Decimal with Extend 
EOR Exclusive Or Sec Set Conditional 
EXG Exchange Registers STOP Stop 
EXT Sign Extend SUB Subtract 
JMP Jump SWAP Swap Data Register Halves 
JSR Jump to Subroutine TAS Test and Set Operand 
LEA Load Effective Address TRAP Trap 
LINK Link Stack TRAPV Trap on Overflow 
LSL Logical Shift Left TST Test 
LSR Logical Shift Right UNLK Unlink 

Table 1-3. Variations of Instruction Types 

l nstruction Instruction 

Type Variation Description Type Variation Description 

ADD ADD Add MOVE MOVE Move 

ADDA Add Address MOVE A Move Address 

ADDO Add Quick MOVEM Move Multiple Registers 
ADDI Add Immediate MOVEP Move Peripheral Data 
ADDX Add with Extend MOVED Move Ou1ck 

AND AND Logical And 
ANDI And Immediate 

MOVE from SR Move from Status Register 
MOVE to SR Move to Status Register 

ANDI to CCR And Immediate to MOVE to CCR Move to Condition Codes 

Condition Codes MOVE USP Move User Stack Pointer 

ANDI to SR And Immediate to NEG NEG Negate 

Status Register NEGX Negate with Extend 

CMP CMP Compare OR OR Logical Or 
CMPA Compare Address ORI Or Immediate 
CMPM Compare Memory ORI to CCR Or Immediate to 
CMPI Compare Immediate Cond1t1on Codes 

EOR EOR Exclusive Or ORI to SR Or Immediate to 

EORI Exclusive Or Immediate Status Register 

EORI to CCR Exclusive Or Immediate SUB SUB Subtract 
to Condition Codes SUSA Subtract Address 

EORI to SR Exclusive Or Immediate SUBI Subtract Immediate 
to Stat us Register SUBO Subtract Quick 

SUBX Subtract with Extend 
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SECTION 2 
DATA ORGANIZATION AND ADDRESSING CAPABILITIES 

This section contains a description of the registers and the data organization of the TS68000. 

2.1 OPERAND SIZE 

Operand sizes are defined as follows: a byte equals 8 bits, a word equals 16 bits, and a long word 
equals 32 bits. The operand size for each instruction 1s either explicitly encoded in the instruction or 
implicitly defined by the instruction operation. Implicit instructions support some subset of all three 
sizes. 

2.2 DATA ORGANIZATION IN REGISTERS 

The eight data registers support data operands of 1, 8, 16, or 32 bits. The seven address registers 
together with the stack pointers support address operands of 32 bits. 

2.2. 1 Data Registers 

Each data register is 32 bits wide. Byte operands occupy the low order 8 bits, word operands the 
low order 16 bits, and long word operands the entire 32 bits. The least significant bit is addressed as 
bit zero; the most significant bit is addressed as bit 31. 

When a data register is used as either a source or destination operand, only the appropriate low 
order portion is changed; the remaining high order portion is neither used nor changed. 

2.2.2 Address Registers 

Each address register and the stack pointer is 32 bits wide and holds a full 32-bit address. Address 
registers do not support the sized operands. Therefore, when an address register is used as a source 
operand, either the low order word or the entire long word operand is used depending upon the 
operation size. When an address register is used as the destination operand, the entire register is af
fected regardless of the operation size. If the operation size is word, any other operands are sign ex
tended to 32 bits before the operation is performed 

2.3 DATA ORGANIZATION IN MEMORY 

Bytes are individually addressable with the high order byte having an even address the same as the 
word, as shown in Figure 2-1. The low order byte has an odd address that is one count higher than 
the word address. Instructions and multibyte data are accessed only on word !even byte) boun
daries. If a long word datum is located at address n ( n even), then the second word of that datum is 
located at address n + 2. 
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15 14 13 12 11 10 9 8 6 4 a 
Word 000000 

Byte 000000 1 Byte 000001 

Byte 000002 
Worl.000002 

Byte 000003 

Word FFFFFE 
Byte FFFFFE l Byte FFFFFF 

Figure 2-1. Word Organization in Memory 

The data types supported by the TS68000 are : bit data, integer data of 8, 16, or 32 bits, 32-bit ad
dresses and binary coded decimal data. Each of these data types is put in memory, as shown in 
Figure 2-2. The numbers inaicate the order in which the data would be accessed from the 
processor. 

2.4 ADDRESSING 

Instructions for the TS68000 contain two kinds of information : the type of function to be per
formed and the location of the operand(s) on which to perform that function. The methods used to 
locate (address) the operand(s) are explained in the following paragraphs. 

Instructions specify an operand location in one of three ways: 
Register Specification - the number of the register is given in the register field of 

their instruction. 
Effective Address - use of the different effective addressing modes. 
Implicit Reference - the definition of certain instructions implies the use of specific registers. 

2.5 INSTRUCTION FORMAT 

Instructions are from one to five words in length as shown in Figure 2-3, The length of the instruc
tion and the operation to be performed is specified by the first word of the instruction which is 
called the operation word. The remaining words further specify the operands. These words are 
either immediate operands or extensions to the effective address mode specified in the operation 
word. 

2.6 PROGRAM/DATA REFERENCES 

The TS68000 separates memory references into two classes : program references and data 
references. Program references, as the name implies, are references to that section of memory that 
contains the program being executed. Data references refer to that section of memory that contains 
data. Operand reads are from the data space except in the case of the program counter relative ad
dressing mode. All operand writes are to the data space. 

2.7 REGISTER SPECIFICATION 

The register field within an instruction specifies the register to be used. Other fields within the in
struction specify whether the register selected is an address or data register and how the register is 
to be used. 
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Bit Data - 1 Byte = 8 Bits 

6 5 4 3 2 0 

Integer Data - 1 Byte=8 Bits 

15 14 13 12 11 10 9 8 6 5 4 0 

I"'" 
Byte 0 

"'I 
Byte 1 

Byte 2 Byte 3 

1 Word= 16 Bits 

15 14 13 12 11 10 9 7. 5 4 0 

I"" 
Word 0 

'"I Word 1 

Word 2 

1 Long Word= 32 Bits 

15 14 13 12 11 10 6 4 0 
MSB 

High Order 
- - Long Word 0- - - - - - - - - - - - - ------

Low Order 
LSB 

- -Long Word 1- - - - - - - - - - - - - --------

- -LongWord2- - - - - - - - - - - - - - - - - - - - -

Addresses - 1 Address= 32 Bits 

15 14 13 12 11 10 8 6 4 0 
MSS 

High Order 
- - Address 0 - - - - - - - - - - - - - - - - - - -

Low Order 
LSB 

-- Addressl-------- ------ --------

--~~2---------------------

MSB =Most S1gnif1cant Bit LSB =Least S1gnif1cant Bn 

Decimal Data - 2 Binary Coded Decimal 01gtts = 1 Byte 

15 14 13 12 11 10 9 8 7 6 5 4 3 0 
MSD 

BCD 0 BCD 1 LSD BCD 2 BCD 3 

BCD 4 BCD 5 BCD 6 BCD 7 

MSD =Most S1gn1f1cant D1g1t LSD= Least Significant D1g1t 

Figure 2-2. Memory Data Organization 
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15 14 13 12 11 10 8 0 
Operation Word 

(first Word Specifies Operation and Modes) 

Immediate Operand 
(If Any, One or Two Words) 

Source Effective Address Extension 
{\f Any, One or Two Words) 

Oest1nat1on Effective Address Extension 
{lf Any, One or Two Wordsl 

Figure 2-3. Instruction Operation Word General Format 

2.8 EFFECTIVE ADDRESS 

Most instructions specify the location of an operand by using the effective address field in the 
operation word. For example, Figure 2-4 shows the general format of the single-effective-address 
instruction operation word. The effective address is composed of two 3-bit fields: the mode field 
and the register field. The value in the mode field selects the different address modes. The register 
field contains the number of a register. 

The effective address field may require additional information to fully specify the operand. This ad
ditional information, called the effective address extension, is contained in the following word or 
words and is considered part of the instruction, as shown in Figure 2-3. The effective address 
modes are grouped into three categories: register direct, memory addressing, and special. 

15 14 13 12 11 10 8 

x x x x x x x x x x Effective Address 
Mode Register 

Figure 2-4. Single-Effective-Address Instruction Operation Word 

2.8.1 Register Direct Modes 

These effective addressing modes specify that the operand is in one of 16 multifunction registers. 

2.8.1.1 DATA REGISTER DIRECT. The operand is in the data register specified by the effective ad
dress register field. 

2.8.1.2 ADDRESS REGISTER DIRECT. The operand is in the address register specified by the ef
fective address register field. 

2.8.2 Memory Address Modes 

These effective addressing modes specify that the operand is in memory and provide the specific 
address of the operand. 

2.8.2.1 ADDRESS REGISTER INDIRECT. The address of the operand is in the address register 
specified by the register field. The reference is classified as a data reference with the exception of 
the jump and jump-to-subroutine instructions. 

3-12 



2.8.2.2 ADDRESS REGISTER INDIRECT WITH POSTINCREMENT. The address of the operand 1s 
in the address register spec1f1ed by the register field. After the operand address is used, 1t 1s in
cremented by one, two, or four depending upon whether the size of the operand 1s byte. word, or 
long word. If the address register is the stack pointer and the operand size is byte. the address is in
cremented by two rather than one to keep the stack pointer on a word boundary The reference is 
classified as a data reference. 

2.8.2.3 ADDRESS REGISTER INDIRECT WITH PREDECREMENT. The address of the operand 1s 1n 
the address register specified by the register field. Before the operand address 1s used. 1t 1s 
decremented by one, two, or four depending upon whether the operand size 1s byte, word, or long 
word. If the address register 1s the stack pointer and the operand size 1s byte. the address is 
decremented by two rather than one to keep the stack pointer on a word boundary The reference 1s 
classified as a data reference. 

2.8.2.4 ADDRESS REGISTER INDIRECT WITH DISPLACEMENT. This addressing mode requires 
one word of extension The address of the operand is the sum of the address in the address register 
and the sign-extended 16-bit displacement integer 1n the extension word. The reference 1s class1f1ed 
as a data reference with the exception of the 1ump and 1ump-to-subroutine 1r'l'struct1ons 

2.8.2.5 ADDRESS REGISTER INDIRECT WITH INDEX. This addressrng mode requires one word of 
extension. The address of the operand is the sum of the address 1n the address register, the s1gn
extended displacement integer in the low order eight bits of the extension word. and the contents 
of the index register. The reference 1s class1f1ed as a data reference with the exception of the 1ump 
and jump-to-subroutine instructions. 

2.8.3 Special Address Modes 

The special address modes use the effective address register field to specify the special addressing 
mode instead of a register number. 

2.8.3. 1 ABSOLUTE SHORT ADDRESS. This addressing mode requires one word of extension. The 
address of the operand is the extension word. The 16-bit address is sign extended before it 1s used. 
The reference is classified as a data reference with the exception of the iump and iump-to
subroutine instructions. 

2.8.3.2 ABSOLUTE LONG ADDRESS. This addressing mode requires two words of extension The 
address of the operand is developed by the concatenation of the extension words. The high order 
part of the address 1s the first extension word; the low order part of the address is the second exten
sion word. The reference is classified as a data reference with the exception of the jump and 1ump
to-subroutine instructions. 

2.8.3.3 PROGRAM COUNTER WITH DISPLACEMENT. This addressing mode requires one word 
of extension. The address of the operand is the sum of the address in the program counter and the 
sign-extended 16-bit displacement integer in the extension word. The value in the program counter 
is the address of the extension word. The reference 1s classified as a program reference. 
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2.8.3.4 PROGRAM COUNTER WITH INDEX. This addressing mode requires one word of exten
sion. The address is the sum of the address in the program counter, the sign-extended displace
ment integer in the lower eight bits of the extension word, and the contents of the index register. 
The value in the program counter is the address of the extension word. This reference is classified 
as a program reference. 

2.8.3.5 IMMEDIATE DATA. This addressing mode requires either one or two words of extension 
depending on the size of the operation. 

Byte Operation - operand is low order byte of extension word 
Word Operation - operand is extension word 
Long Word Operation - operand is in the two extension words, high order 16 bits are in the 

first extension word, low order 16 bits are in the second extension 
word. 

2.8.3.6 IMPLICIT REFERENCE. Some instructions make implicit reference to the program counter 
(PC), the system stack pointer (SP), the supervisor stack pointer (SSP), the user stack pointer 
(USP), or the status register (SR). A selected set of instructions may reference the status register by 
means of the effective address field. These are: 

ANDI to CCR EORI to SR 
ANDI to SR ORI to CCR 
EORI to CCR ORI to SR 

2.9 EFFECTIVE ADDRESS ENCODING SUMMARY 

MOVE to CCR 
MOVE to SR 
MOVE from SR 

Table 2-1 is a summary of the effective addressing modes discussed in the previous paragraphs. 

Table 2-1. Effective Address Encoding Summary 

Addressing Mode Mode Register Addressing Mode Mode Register 

Data Register Direct 000 Register Number Address Register Indirect with 

Address Register Direct 001 Register Number Index 110 Register Number 

Address Register Indirect 010 Register Number Absolute Short 111 000 

Address Register Indirect wtth Absolute Long 111 001 

Post1ncrement 011 Register Number Program Counter w1t~1 

Address Register lnd1rec1 with Displacement 111 010 

Predecrement 100 Register Number Program Counter with Index lJ 1 011 

Address Register Indirect with Immediate 111 100 
Displacement 101 Register Number 

2.10 SYSTEM ST ACK 

The system stack is used implicitly by many instructions; user stacks and queues may be created 
and maintained through the addressing modes. Address register seven (A7) is the system stack 
pointer !SP). The system stack pointer is either the supervisor stack pointer (SSP) or the user stack 
pointer (USP). depending on the state of the S bit in the status register. If the S bit indicates super
visor state. SSP is the active system stack pointer and the USP cannot be referenced as an address 
register. If the S bit indicates user state, the USP is the active system stac~ pointer, and the SSP 
cannot be referenced. Each system stack fills from high memory to low memory. 
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SECTION 3 
INSTRUCTION SET SUMMARY 

This section contains an overview of the form and structure of the TS68000 instruction set. The 
instructions form a set of tools that include all the machine functions to perform the following 
operations: 

Data Movement 

Integer Arithmetic 

Logical 
Shift and Rotate 

Bit Manipulation 

Binary Coded Decimal 

Program Control 

System Control 

The complete range of instruction capabilities combined with the flexible addressing modes 
described previously provide a very flexible base for program development 

3.1 DATA MOVEMENT OPERATIONS 

The basic method of data acquisition (transfer and storage) is provided by the move (MOVE) in
struction. The move instruction and the effective addressing modes allow both address and data 
manipulation. Data move instructions allow byte, word, and long word operands to be transferred 
from memory to memory, memory to register, register to memory, and register to register. Address 
move instructions allow word and long word operand transfers and ensure that only legal address 
manipulations are executed. In addition to the general move instruction there are several special 
data movement instructions: move multiple registers (MOVEMI, move peripheral data IMOVEPI, 
exchange registers (EXGI, load effective address ILEAI, push effective address IPEAI, link stack 
ILINKI, unlink stack IUNLKI, and move quick (MOVEOI Table 3-1 is a summary of the data move
ment operations. 

Instruction 

EXG 

LEA 

LINK 

MOVE 

MOVEM 

NOTES 
s= source 
d = dest1nat1on 
[ I= bit number 

Table 3-1. Data Movement Operations 

Operand Size Operation 

32 Rx-Ry 

32 EA-An 

An- - ISP! 
- SP-An 

SP+ displacement- SP 
8. 16, 32 s-d 

16, 32 
IEAl-An, On 
An, On- EA 

- ( ) = 1nd1rect with predecrement 
( ) + = 1nd1rect with post decrement 
# = 1mmed1ate data 
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Instruction Operand Size 

MOVEP 16, 32 

MOVEO 8 
PEA 32 

SWAP 32 

UNLK -

Operation 

IEAl-Dn 
Dn-IEAI 

#xxx- On 
EA- - ISP! 

Dnl31 161- Dnl15:0) 

An-Sp 
ISPl+-An 



3.2 INTEGER ARITHMETIC OPERATIONS 

The arithmetic operations include the four basic operations of add !ADDI, subtract I SUSI, multiply 
IMULI, and divide IDIVI as well as arithmetic compare ICMPI, clear ICLRI, and negate INEGl. The 
add and subtract instructions are available for both address and data operations, with data opera
tions accepting all operand sizes. Address operations are limited to legal address size operands I 16 
or 32 bits). Data, address, and memory compare operations are also available. The clear and negate 
instructions may be used on all sizes of data operands. 

The multiply and divide operations are available for signed and unsigned operands using word 
multiply to produce a long word product, and a long word dividend with word divisor to produce a 
word quotient with a word remainder. 

Multiprecision and mixed size arithmetic can be accomplished using a set of extended instructions. 
These instructions are: add extended (ADDXI, subtract extended ISUBXI, sign extend I EXTI, and 
negate binary with extend I NEGXl. 

A test operand ITSTI instruction that will set the condition codes as a result of a compare of the 
operand with zero is also available. Test and set IT ASI is a synchronization instruction useful 1n 
multiprocessor systems. Table 3-2 is a summary of the integer arithmetic operations. 

Table 3-2. Integer Arithmetic Operations 

Instruction Operand Size 

8, 16, 32 

ADD 

16, 32 

ADOX 
8, 16, 32 

16, 32 

CLR 8, 16, 32 

8, 16, 32 

CMP 

16, 32 

DIVS 32 . 16 

DIVU 32 + 16 

EXT 
8-16 
16-32 

MULS 16x 16-32 

MULU 16x 16-32 

NEG 8, 16, 32 

NEGX 8, 16, 32 
8, 16, 32 

SUB 

16, 32 

SUBX 8, 16, 32 

TAS 8 

TST B, 16, 32 

NOTES· 
I I~ bit number 
- ( l = indirect with predecrement 
( ) + = 1nd1rect with postdecrement 
I= immediate data 

3-16 

Operation 

On+IEAl-Dn 
IEAl+Dn-IEAI 

IEAI + lxxx- IEAI 
An+ IEAI- An 

Dx.+Dy+X-Dx 
-IAxl+ -IAyl+X-IAxl 

a-EA 

On - IEAI 
IEAI - lxxx 

IAxl + - IAyl -
An- !EAi 

On: IEAl-Dn 

On+ IEAl-Dn 

IOnla- Dn15 
IOnl15- On32 
On x IEAl-Dn 

Dnx IEAl-Dn 

0-IEAl-IEAI 

0-IEAl-X-IEAI 

Dn-IEAI- On 
IEAl-Dn-IEAI 

IEAl-lxxx- IEAI 
An-IEAl-An 

Ox- Dv- x-ox 
- IAxl- - IAyl-X-IAxl 

[EAi -0, 1- EAl71 

IEAl-0 



3.3 LOGICAL OPERATIONS 

Logical operation instructions AND, OR, EOR, and NOT are available for all sizes of integer data 
operands. A similar set of immediate instructions (ANDI, ORI, and EORI) provide these logical 
operations with all sizes of immediate data. Table 3-3 is a summary of the logical operations. 

Table 3-3. Logical Operations 

Instruction Operand Size Operation 

AND 

OR 

EOR 

NOT 

NOTES 
- =invert 
# = 1mmed1ate data 
A= logical AND 

DnAIEAl-Dn 
8, 16, 32 IEAIADn- IEAI 

IEAIA#xxx-IEAI 

Dn v IEAl-Dn 
8, 16, 32 IEAI v Dn-IEAI 

IEAI v #xxx- IEAI 

8, 16, 32 IEAI E9 Dy-IEAI 
I EAi E9 #xxx - I EAi 

8, 16, 32 -IEAl-IEAI 

V = logical OR 
6) = logical exclusive OR 

3.4 SHIFT AND ROTATE OPERATIONS 

Shift operations in both directions are provided by the arithmetic instructions ASA and ASL and 
logical shift instructions LSR and LSL. The rotate instructions (with and without extend) available 
are ROXR, ROXL. ROA, and AOL. All shift and rotate operations can be performed in either 
registers or memory. Register shifts and rotates support all operand sizes and allow a shift count 
specified in a data register. 

Memory shifts and rotates are for word operands only and allow only single-bit shifts or rotates. 

Table 3-4 is a summary of the shift and rotate operations. 

Table 3-4. Shift and Rotate Operations 

lnstruc- Operand Operation 
tion Size 

ASL ~. 16. 32 ~o 

ASR 8. 16. 32 ~ 
LSL 0. 16. 32 ~o 

LSR 8. 16, 32 o~ 

ROL 0. 16. 32 ~ ~ 
ROA 8, 16, 32 ~ 

AOXL 8, 16, 32 ~~ ~ 
ROXR 0. 16. 32 ~ :+ fl.ill 
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3.5 BIT MANIPULATION OPERATIONS 

Bit manipulation operations are accomplished using the following instructions: bit test (BTST), bit 
test and set !BSET), bit test and clear (BCLR), and bit test and change(BCHG). Table 3-5 is a sum
mary of the bit manipulation operations. (Z is bit 2 of the status register.) 

Table 3-5. Bit Manipulation Operations 

Instruction Operand Size Operation 

BTST B. 32 -bit of IEAl-Z 

BSET 8, 32 
-b,1t of IEAJ-Z 
I-bit of EA 

BCLR 8, 32 
-bit of IEAl-Z 

O-b1t of EA 

BCHG 8, 32 
-bit of IEAl-Z 

- bit of (EAl- bit of .EA 

NOTE: - :::: invert 

3.6 BINARY CODED DECIMAL OPERATIONS 

Multiprecision arithmetic operations on binary coded decimal numbers are accomplished using the 
following instructions: add decimal with extend (ABCD), subtract decimal with extend (SBCD), 
and negate decimal with extend (NBCD). Table 3-6 is a summary of the binary coded decimal 
operations. 

Table 3-6. Binary Coded Decimal Operations 

Instruction 
Operand 

Operation 
Size 

ABCD 8 Dx10+ Dv10+ x-ox 
- IAxl10+ - IAyl10+ x-IAxl 

SBCD 8 Dx10-Dv10-X-Dx 
- IAxl10- - IAyl10- X- IAxl 

NBCD 8 O-IEAl10-X"'."' IEAI 

NOTE: - ( ) =indirect with predecrement 

3.7 PROGRAM CONTROL OPERATIONS 

Program control operations are accomplished using a series of conditional and unconditional 
branch instructions and return instructions. These instructions are summarized in Table 3-7. 

The conditional instructions provide setting and branching for the following conditions: 

CC carry clear LS low or same 
cs carry set 
EQ equal 
F never true 

GE greater or equal 

GT greater than 
HI high 

LE less or equal 

LT 

Ml 

NE 
PL 

T 

vc 
.VS 

3·18 

less than 

minus 

not equal 
plus 

always true 

no overflow 

overflow 



Table 3-7. Program Control Operations 

Instruction Operation 

Conditional 

Bee Branch Cond1t1onally ( 14 Cond1t1ons) 
8- and 16-Bit Displacement 

DBec Test Cond1t1on. Decrement. and Brancri 
16-811 Displacement 

sec Set Byte Cond1t1onally t 16 Cond1t1onsl 

Unconditional 

BRA Branch Always 
8- and 16-811 D1splacemen1 

BSR Branch to Subroutine 
8- and 16-811 01splacemer1 

JMP Jump 

JSR Jump to Subroutine 

Returns 
RTR Return and Restore Cond1t10" Codes 

RTS Return from Subroutine 

3.8 SYSTEM CONTROL OPERATIONS 

System control operations are accomplished by using privileged 1nstruct1ons, trap generating in

structions, and instructions that use or modify the status register. These instructions are summariz-. 
ed in Table 3-8. 

Table 3-8. System Control Operations 

Instruction Operation 

Privileged 
ANDI to SR Log1ca1 AND 10 Status Register 
EORI to SR Logical EOR to Status Register 
MOVE EA to SR Load New Status Register 
MOVE USP Move User Stack Po1nier 
ORI to SR Logical OR to S1atus Register 
RESET Reset Externa! Devices 
RTE Return from Exception 
STOP Stop Program Execution 

Trap Generating 
CHK Check Data Register Aga1ns1 Upper Bounds 
TRAP Trap 
TRAPV Trap on Overflow 

Status Register 
ANDI to CCR Logical ANO to Cond1t1on Codes 
EORI to CCR Logical EOR to Cond111on Codes 
MOVE EA to CCR Load· New Cond1t1on Codes 
MOVE SR to EA Store Status Register 
ORI 10 CCR Logical OR to Cond111on Codes 
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SECTION 4 
SIGNAL AND BUS OPERATION DESCRIPTION 

This section contains a brief description of the input and output signals. A discussion of bus opera
tion during the various machine cycles and operations is also given. 

NOTE 
The terms assertion and r:iegation will be used extensively. This is done to avoid confu
sion when dealing with a mixture of "active-low" and "active-high" signals. The term 
assert or assertion is used to indicate that a signal is active or true, independent of 
whether that level is represented by a high or low voltage. The term negate or negation is 
used to indicate that a signal is inactive or false. 

4.1 SIGNAL DESCRIPTION 

The input and output signals can be functionally organized into the groups shown in Figure 4-1. The 
following paragraphs provide a brief description of the signals and a reference (if applicable) to 
other paragraphs that contain more detail about the function being performed. 

Processor{ 
Status 

EF6800 { 
Peripheral 

Control 

A1-A23 

}
Asynchronous 

Bus 
Control 

)
Bus Arbitration 

Control 

Figure 4-1. Input and Output Signals 

4.1.1 Address Bus (A 1 through A23) 

This 23-bit, unidirectional, three-state bus is capable of addressing 8 megawords of data. It provides 
the address for bus operation during all cycles except interrupt cycles. During interrupt cycles, ad
dress lines A 1, A2, and A3 provide information about what level interrupt is being serviced while ad
dress lines A4 through A23 are all set to a logic high. 
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4.1.2 Data Bus (DO through 015) 

This 16-bit, bidirectional, three-state bus is the general purpose data path. It can transfer and accept 
data in either word or byte length. During an interrupt acknowledge cycle, the external device sup
plies the vector number on data lines D0-07. 

4.1.3 Asynchronous Bus Control 

Asynchronous data transfers are handled using the following control signals address strobe, 
read/write, upper and lower data strobes, and data transfer acknowledge. These signals are ex
plained in the following paragraphs. 

4.1.3.1 ADDRESS STROBE (AS). This signal indicates that there is a valid address on the address 
bus. 

4.1.3.2 READ/WRITE ( R/W). This signal defines the data bus transfer as a read or write cycle The 
R/W signal also works in con1unction with the data strobes as explained in the following paragraph 

4.1.3.3 UPPER AND LOWER DATA STROBE (UDS, LOS). These signals control the flow of data 
on the data bus, as shown 1n Table 4-1 When the R/W line is high, the processor will read from the 
data bus as indicated. When the R/W line is low, the processor will write to the data bus as shown 

Table 4-1. Data Strobe Control of Data Bus 

UDS LOS R!W 08-015 D0-07 

High High - No Valid Data No Valid Data 

Low Low High 
Valid Data Bits Valid Data Bits 

8-15 O· 7 

High Low High No Valid Data 
Valid Data Bits 

0- 7 

Low High High 
Valid Data Bits 

No Valid Data 
8-15 

Low Low Low 
Valid Data Bits Valid Data Bits 

8-15 0 7 

High Low Low 
Valid Data Bits Valid Data Bits 

0-7* 0-7 

Low High Low 
Valid Data Sits Valid Data Bits 

8-15 8-15* 

*These cond1t1ons are a result of current 1mplementat1on and may 
not appear on future devices 

4.1.3.4 DATA TRANSFER ACKNOWLEDGE (DTACK). This input indicates that the data transfer 1s 
completed. When the processor recognizes OT ACK during a read cycle, data is latched and the bus 
cycle terminated. When OT ACK is recognized during a write cycle, the bus cycle 1s terminated 
I Refer to 4.4 ASYNCHRONOUR VERSUS SYNCHRONOUS OPERATION) 

4. 1.4 Bus Arbitration Control 

The three signals, bus request, bus grant, and bus grant acknowledge, form a bus arb1trat1on circuit 
to determine which device will be the bus master device. 
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4.1.4.1 BUS REQUEST (BR). This input is wire ORed with all other devices that could be bus 
masters. This input indicates to the processor that some other device desires to become the bus 
master. 

4.1.4.2 BUS GRANT (BG). This output indicates to all other potential bus master devices that the 
processor will release bus control at the end of the current bus cycle 

4.1.4.3 BUS GRANT ACKNOWLEDGE (BGACK). This input indicates that some other device has 
become the bus master. This signal should not be asserted until the following four conditions are 
met: 

a bus grant has been received, 

2. address strobe is inactive which indicates that the microprocessor is not using the bus, 

3 data transfer acknowledge is inactive which indicates that neither memory nor peripherals are 
using the bus, and 

4 bus grant acknowledge is inactive which indicates that no other device is still claiming bus 
mastership 

4.1.5 Interrupt Control (IPLO, IPL1, IPL2) 

These input pins indicate the encoded priority level of the device requesting an interrupt. Level 
seven 1s the highest priority while level zero indicates that no interrupts are requested Level seven 
cannot be masked. The least significant bit 1s given in IPLO and the most significant bit is contained 
1n IPL2. These lines must remain stable until the processor signals interrupt acknowledge IFCO-FC2 
are all high) to insure that the interrupt is recognized 

4.1.6 System Control 

The system control inputs are used to either reset or halt the processor and to indicate to the pro
cessor that bus errors have occurred The three system control inputs are explained in the following 
paragraphs 

4.1.6.1 BUS ERROR (BERR). This input informs the processor that there is a problem with the cycle 
currently being executed. Problems may be a result of: 

1 nonresponding devices, 

2 interrupt vector number acqu1sit1on failure, 

3 illegal access request as determined by a memory management unit, or 

4 other application dependent errors. 

The bus error signal interacts with the halt signal to determine if the current bus cycle should be re
executed or if exception processing should be performed 

Refer to 4.2.4 Bus Error and Halt Operation for additional information about the interaction of the 
bus error and halt signals. 

4.1.6.2 RESET (RESET). This bidirectional signal line acts to reset !start a system initialization se
quence) the processor 1n response to an external reset signal. An internally generated reset I result 
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of a RtSEi instructioril causes all external devices to be reset and the internal state of the processor 
is not affected. A total system reset (processor and external devices! is the result of external HALT 
and RESET signals applied at the same time. Refer to 4.2.5 Reset Operation for further information. 

4.1.6.3 HALT (HALT). When this bidirectional line is driven by an external device, it will cause the 
processor to stop at the completion of the current bus cycle. When the processor has been halted 
using this input, all control signals are inactive and all three-state lines are put in their high
impedance stat.e I refer to Table 4-3). Refer to 4.2.4 Bus Error and Halt Operation for additional infor
mation about the interaction between the HALT and bus error signals. 

When the processor has stopped executing instructions, such as in a double bus fault condition 
(refer to 4.2.4.4 DOUBLE BUS FAUL TSI, the HALT line is driven by the processor to indicate to ex
ternal devices that the processor has stopped. 

4.1. 7 E F6800 Peripheral Control 

These control signals are used to allow the interfacing of synchronous EF6800 peripheral devices 
with the asynchronous TS68000. These signals are explained in the following paragraphs. 

4.1.7.1 ENABLE (E). This signal is the standard enable signal common to all EF6800 type peripheral 
devices. The period for this output is ten TS68000 clock periods (six clocks low, four ciocks high). 
Enable is generated by an internal ring counter which may come up in any state !i.e., at power on, it 
is impossible to guarantee phase relationship of E to CLKI. E is a free-running clock and runs 
regardless of the state of the bus on the M PU. 

4.1.7.2 VALID PERIPHERAL ADDRESS (VPA). This input indicates that the device or region ad
dressed is an EF6800 Family device and that data transfer should be synchronized with the enable 
(E) signal. This input also indicates that the processor should use automatic vectoring for an inter· 
rupt. Refer to SECTION 6 INTERFACE WITH EF6800 PERIPHERALS. 

4.1.7.3 VALID MEMORY ADDRESS (VMA). This output is used to indicate to E F6800 peripheral 
devices that there is a valid address on the address bus and the processor is synchronized to enable. 
This signal only responds to a valid peripheral address (VPAI input which indicates that the 
peripheral is an EF6800 Family device. 

4.1.8 Processor Status ( FCO, FCl, FC2) 

These function code outputs indicate the state I user or supervisor! and the cycle type currently be
ing executed, as shown in Table 4-2. The information indicated by the function code outputs is valid 
whenever address strobe IASI is active. 

Table 4-2. Function Code Outputs 

Function Code Output 
Cycle Type 

FC2 FC1 FCO 
Function Code Output 

Cycle Type 
FC2 FC1 FCO 

Low Low Low !Undefined, Reserved! High Low Low (Undefined, Reserved) 

Low Low High User Data High Low High Supervisor Data 
Low High Low User Program High High Low Supervisor Program 

Low High High (Undefined, Reserved) High High High Interrupt Acknowledge 
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4.1.9 Clock (CLK) 

The clock input is a TTL-compatible signal that is internally buffered for development of the internal 
clocks needed by the processor The clock input should not be gated off at any time and the clock 
signal must conform to minimum and maximum pulse width times. 

4.1.10 Signal Summary 

Table 4-3 is a summary of all the signals discussed in the previous paragraphs. 

Table 4-3. Signal Summary 

Hi-Z 
Signal Name Mnemonic Input/ Output Active State 

On HALT On iiGACK 

Address Bus Al·A23 Ou mu: H1gr. 'es 'es 

Data Bus DO-Dl5 lnpu! Outpul H>ll: 'es Yes 

Address Strobe AS Output Lo"' "c 'res 

Read/Write R.W Output 
Read-H1gr 

'.c Yes 
Write-LOIA 

Upper and Lower Data Stobes uos.m Output Lm\ '1,c Yes 

Data Transfer Acknowledge DTACK Input Lo"' '1,c "c 
Bus Request BR lnpu1 Lo"' '-c '-c 

Bus Grant ~ Output Lov. '-c "" Bus Grant Acknowledge §'GACK Input Lav. "" "c 
Interrupt Priority Level IPLO, IPLl, iPi:2 Input Lov. "c "" Bus Error BEAR Input Lo"' ~0 "'' Reset FlESTI Input Output Low Nol '1,c1 

Halt HALT Input Output l<Yh "-o1 
"" 1 

Enable E Output H1gr '-c '<c 
Valid Memory Address vm Outpu: Ll"l'h Ne 'es 

Valid Peripheral Address VPA lnpu: Low 'le "" Function Code Output FCO, FCl, FC2 Output High No Yes 

Clock CLK Input High No "" Power Input Vee Input - -

Ground GND lnput - -

NOTE 
1 Open drain 

4.2 BUS OPERATION 

The following paragraphs explain control signal and bus operation during data transfer operations, 
bus arbitration, bus error and hait conditions, and reset operation. 

4.2.1 Data Transfer Operations 

Transfer of data between devices involves the following leads: 
1. address bus A 1 through A23. 
2. data bus DO through 015, and 
3. control signals. 

The address and data buses are separate parallel buses used to transfer data using an asynchronous 
bus structure. In all cycles, the bus master assumes responsibility for deskewing all signals it issues 
at both the start and end of a cycle. In addition, the bus master is responsible for deskewing the 
acknowledge and data signals from the slave device. 
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The following paragraphs explain the read, write, and read-modify-write cycles. The indivisible 
read-modify-write cycle is the method used by the TS68000 for interlocked multiprocessor com
munications. 

4.2.1.1 READ CYCLE. During a read cycle, the processor receives data from the memory or a 
peripheral device. The processor reads bytes of data in all cases. If the instruction specifies a word 
!or double word) operation, the processor reads both upper and lower bytes simultaneously by 
asserting both upper and lower data strobes. When the instruction specifies byte operation, the 
processor uses an internal AO bit to determine which byte to read and then issues the data strobe re
quired for that byte. For byte operations, when the AO bit equals zero, the upper data strobe is 
issued. When the AO bit equals one, the lower data strobe is issued. When the data is received, the 
processor correctly positions it internally. 

A word read cycle flowchart is given in Figure 4-2. A byte read cycle flowchart is given in Figure 4-3. 
Read cycle timing is given in Figure 4-4. Figure 4-5 details word and byte read cycle operations. 

BUS MASTER SLAVE 

Address the Device 

11 Set R/W to Read 
21 Place Function Code on FCO-FC2 
31 Place Address on A 1-A23 
41 Assert Address Strobe IASI 
51 Assert Upper Da1a Strobe IUDSI and 

Lower Data Strobe I LDSI 
..... Input the Data 

11 Decode Address 
21 Place Data on DO-D15 
31 ~ata Transfer Acknowledge 

IDTACKI 

Acquire the Data ~ 

11 Latch Data 
21 Negate UDS and LOS 
31 Negate E 

Terminate the Cycle 

11 Remove Data from DO-D15 
21 Negate DT ACK 

Start Next Cycle 

Figure 4-2. Word Read Cycle Flowchart 
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BUS MASTER SLAVE 

Address the Device 

11 Set R/W to Read 
71 Place Functmn Code on FCO-FC2 
31 Place Address on A 1 A23 
41 Assert Address Strobe (AS) 
51 Assert Upper Data Strobe (LJOSl or 

Lower Data Strobe (LDSl 
I based on AOI Input the Data 

11 Decode Address 
21 Place Data on DO-D7 or D8-D15 lbased on 

UDS or LDSI 
31 Assert Data Transfer Acknowledge 

IDTACKI 

Acquire the Data --
11 Latch Oeta 
21 Negate UDS or LDS 
31 Negate AS 

~ Terminate the Cycle 

11 Remove Data from DO-D7 or DB-D15 
21 NegateDTACK 

Start Next Cycle --
Figure 4-3. Byte Read Cycle Flowchart 

SO S 1 S2 S3 S4 S5 So S7 SO S 1 S2 S3 S4 S5 S6 S7 SO S 1 S2 S3 S4 w w w w S5 S6 S7 

CLK 

AS 

LIDS 

LDS 

R/VV 

DTACK 

08 D15 

DO 07 

FCO FD 

14----Read-----.... -----Write ---t*'t-------Slow Read ------1•"'11 , .. 
Figure 4-4. Read and Write Cycle Timing Diagram 
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SO S 1 S2 S3 S4 S5 S6 S7 SO S 1 S2 SJ 54 55 5fi 5 7 SO S l 52 53 S4 S5 56 S 7 

CLK 

A5 ----
UDS ----
LDS---~====~---~====~----------

RIW 
------

DTACK 

D8-D15 -----L====== 
DO-D7 ~---J;------~----------

FCO-FC2 =:x...._ ______ __,X'-_______ __,X.._ _______ _,}-
*Internal Signal Only 

~Word Aead--..,.,..j.j .. .,.~-Odd Bvte Read-_..,,..j ... ,.1---Even Bvte Read~ 

Figure 4-5. Word and Byte Read Cycle Timing Diagram 

4.2.1.2 WRITE CYCLE. During a write cycle, the processor sends data to either the memory or a 
peripheral device. The processor writes bytes of data in all cases. If the instruction specifies a word 
operation, the processor writes both bytes. When the instruction specifies a byte operation, the 
processor uses an internal AO bit to determine which byte to write and then issues the data strobe 
required for that byte. For byte operations, when the AO bit equals zero, the upper data strobe is 
issued. When the AO bit equals one, the lower data strobe is issued. A word write flowchart is given 
in Figure 4-6. A byte write cycle flowchart is given in Figure 4-7. Write cycle timing 1s given 1n Figure 
4-4. Figure 4-8 details word and byte write cycle operation. 

BUS MASTER SLAVE 

Address the Device 

11 Place Function Code on FCO-FC2 
21 Place Address on A 1-A23 
31 Assert Address S1robe IASI 
41 Set R/W to Write 
51 Place Data on DO-D15 
61 Assert Upper Data Strobe iOUSI and 

Lower Data Strobe iITlSI Input the Data 

11 Decode Address 
21 Store Data on 00-015 

Terminate Output Transfer 3l Assert Data Transfer Acknowledge 1 OT ACK l 

11 Negate U OS and LOS 
21 Negate AS 
31 Remove Data from D0-015 
41 Set R/W to Read 

l ~ Terminate the Cycle 

r Start Next Cycle 11 Negate OT ACK 

Figure 4-6. Word Write Cycle Flowchart 
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11 
21 
31 
41 
51 

61 

11 
21 
31 
41 

BUS MASTER SLAVE 

Address the Device 

Place Function Code on FCO-FC2 
Place Address on A 1-A23 
Assert Address Strobe IASI 
Set R/W to Write 
Place Data on DO-D7 or D8-D15 
!according to AOI 
Assert Upper Data Strobe i'Ol5SI or Input the Data 
Lower Data Strobe ILDSI 

11 Decode Address I based on AOI 
21 Store Data on DO-D7 if ['5'S is Asserted 

Store Data on D8-D15 if D15S is Asserted 
31 Assert Data Transfer Acknowledge 

IDTACKI 

Terminate Output Transfer 

Negate UDS and LDS 
Negate AS 
Remove Data from DO-D7 or D8-D15 
Set R/W to Read 

~ Terminate the Cycle 

11 Negate OT ACK 

Start Next Cycle 

Figure 4-7. Byte Write Cycle Flowchart 

SO S 1 52 53 54 55 56 5 7 SO 5 I' S2 53 S4 55 S6 5 7 SO SI S2 S3 S4 S5 S6 S 7 

CLK 

l05 
AW 

DTACK-:__-~==~----;::-:!__~==~--""°"'.;:=~-~==~----;!.. 

08015:::::==>--<---======-!__\_ __ ~~====-!__"""'\--~,--======~ ) < ) < 
DO D7 ===>--<~-----' ) ( ) < ) 

FCO FC2 -"'----------'"----------.J'>~----------' 
* Internal Signal Onlv 

~Word Write------.. , .. Odd Byte Write •I• Even Byte Write----! 

Figure 4-8. Word and Byte Write Cycle Timing Diagram 
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4.2.1.3 READ-MODIFY-WRITE CYCLE. The read-modify-write cycle performs a read, modifies the 
data in the arithmetic-logic unit, and writes the data back to the same address. In the TS68000, thi~ 
cycle is indivisible in that the address strobe is asserted throughout the entire cycle. The test and set 
(T AS) instruction uses this cycle to provide meaningful communication between processors in a 
multiple processor environment. This instruction is the only instruction that uses the read-modify
write cycles and since the test and set instruction only operates on bytes, all read-modify-write 
cycles are byte operations. A read-modify-write flowchart is given in Figure 4-9 and a timing 
diagram is given in Figure 4-10. 

BUS MASTER SLAVE 

Address the Device 

11 Set RIW to Read 
21 Place Function Code on FCO-FC2 
31 Place Address on A1-A23 
41 Assert Address Strobe IASI 
51 Assert Upper Data Strobe IUDS! or 

Lower Data Strobe ILDSI 
_,. 

Input the Data 

11 Decode Address 
21 Place Data on DO-D7 or D8-D15 

. 31 Assert Data Transfer Acknowledge 
Acquire the Data IDTACKI 

11 Latch Data 
21 Negate UDS or LDS 
31 Start Data Modif1cat1on _,. 

Terminate the Cycle 

11 Remove Data from DO-D7 or D8-D15 
21 Negate i5i'm 

Start Output Transfer 

1) Set R/W to Wnte 
2) Place Data on DO-D7 or D8-D15 
31 Assert Upper Data Strobe IUDS! or Lower 

Data Strobe ILDSI 
Input the Data 

11 Store Data on DO-D7 or D8-D15 
21 Assert Data Transfer Acknowledge 

Terminate Output Transfer ..... IDTACKI 

11 Negate DDS or LDS 
21 Negate AS 
31 Remove Data from DO-D7 or D8-D15 
41 Set R iW to Read ~ Terminate the Cycle 

11 Negate i5i'Aa< 
Start Next Cycle ..... 

Figure 4-9. Read-Modify-Write Cycle Flowchart 
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CLK 

AIA23 

A5 

UDS u' LOS 

R/W 

08 015 

SO SI S2 S:J S4 So S6 SI SB S9 SIOSll SllS13S14Sl'>S16S17SIBSl9 

IC:O IC7 ::::X--------------------------' 

'4----------- lnd1v1s1ble Cycle -----------

Figure 4-10. Read-Modify-Write Cycle Timing Diagram 

4.2.2 Bus Arbitration 

Bus arbitration is a technique used by master-type devices to request, be granted, and acknowledge 
bus mastership, In its simplest form, 1t consists of the following. 

1. asserting a bus mastership request, 

2. rece1v1ng a grant that the bus is available at the end of the current cvcle, and 

3. acknowledging that mastership has been assumed 

Figure 4-11 is a flowchart showing the detail involved 1n a request from a single device Figure 4- 12 
is a timing diagram for the same operation This technique allows processing of bus requests during 
data transfer cycles 

The timing diagram shows that the bus request 1s negated at the time that an acknowledge 1s 
asserted. This type of operation would be true for a system consisting of the processor and one 
device capable of bus mastership In systems having a number of devices capable of bus master
ship, the bus request line from each device 1s wire ORed to the processor 111 this system, 1t is easy 
to see that there could be more than one bus request being made. The t1m1ng diagram shows that 
the bus grant signal 1s negated a few clock cycles after the trans1t1on of the acknowledge 1EiGl'iLKI 
signal. 

However, if the bus requests are still pending, the processor will assert another bus grant w1th1n a 
few clock cycles after 1t was negated. This additional assertion of bus grant allows external arbitra
tion circuitry to select the next bus master before the current bus master has completed its re
quirements, The following paragraphs provide additional information about the three steps 1n the 
arbitration process, 
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PROCESSOR REQUESTING DEVICE 

RequeBI the Bua 

11 Assert Bus Request l~I 

Grant Bus Arbitration 

11 Assert Bus Grant IBGI 

Acknowledge Bus Maslerahlp 

11 External Arbitration Determines Next Bus 
Master 

21 Next Bus Master Waits for Current Cycle to 
Complete 

31 Next Bus Master Asserts Bus Grant 
Acknowledge IBGACKI to Become New 

Terminate Arbitration Master 

Negate BG land Wait for BGACK to be 
41 Bus Master Negates BR 

11 
Negated I 

Operate as Bus Master 

11 Perform Data Transfers I Read and Write 
Cycles! According to tr1e Same Rules the 
Processor Uses 

Release Bus Mastership 

11 Negate BGACK 

Re-Arbitrate or Resume i.... 
Processor Operation 

Figure 4-11. Bus Arbitration Cycle Flowchart 
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CLK 

A1 A23 

A5 
LOS/UOS 

R/W 

DTACK 

00015 

Processor •I• OMA Dev1ce--.._---Processor----M---OMA Device---

Figure 4-12. Bus Arbitration Cycle Timing Diagram 

4.2.2.1 REQUESTING THE BUS. External devices capable of becoming bus masters request the 
bus by asserting the bus request IBRl signal. This is a wire-ORed signal (although it need not be 
constructed from open-collector devices) that indicates to the processor that some external device 
requires control of the external bus. The processor is effectively at a lower bus priority level than the 
external device and will relinquish the bus after it has completed the last bus cycle it has started. 

When no acknowledge is received before the bus request signal goes inactive, the processor will 
continue processing when it detects that the bus request is inactive. This allows ordinary process
ing to continue if the arbitration circuitry responded to noise inadvertently. 

4.2.2.2 RECEIVING THE BUS GRANT. The processor asserts bus grant I BG) as soon as possible. 
Normally this is immediately after internal synchronization. The only exception to this occurs when 
the processor has made an internal decision to execute the next bus cycle but has not progressed 
far enough into the cycle to have asserted the address strobe IAS) signal. In this case, bus grant will 
be delayed until AS is asserted to indicate to external devices that a bus cycle is being executed. 

The bus grant signal may be routed through a daisy· chained network or through a specific priority
encoded network. The processor is not affected by the external method of a\bitration as long as the 
protocol is obeyed 

4.2.2.3 ACKNOWLEDGEMENT OF MASTERSHIP. Upon receiving a bus grant, the requesting 
device waits until address strobe, data transfer acknowledge, and bus grant acknowledge are 
negated before issuing its own BGACK. The negation of the address strobe indicates that the 
previous master hils completed its cycle; the negation of bus grant acknowledge indicates that the 
previous master has released the bus. !While address strobe is asserted, no device is allowed to 
"break into" a cycle. I The negation of data transfer acknowledge indicates the previous slave has 
terminated its connection to the previous master. Note that in some applications data transfer 
acknowledge might not enter into this function. General purpose devices would then be connected 
such that they were only dependent on address strobe. When bus grant acknowledge is issued, the 
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device is a bus master until it negates bus grant acknowledge Bus grant acknowledge should not 
be negated until after the bus cyclels) is I are) completed Bus mastership 1s terminated at the nega
tion of bus grant acknowledge. 

The bus request from the granted device should be dropped after bus grant acknowledge is 
asserted. If a bus request is still pending, another bus grant will be asserted w1th1n a few clocks of 
the negation of the bus grant. Refer to 4.2.3 Bus Arbitration Control. Note that the processor does 
not perform any external bus cycles before it re-asserts bus grant 

4.2.3 Bus Arbitration Control 

The bus arbitration control unit in the TS68000 is implemented with a finite state machine. A state 
diagram of this machine is shown in Figure 4-13. All asynchronous signals to the TS68000 are syn
chronized before being used internally This synchronization 1s accomplished 1n a maximum of one 
cycle of the system clock, assuming that the asynchronous input setup time I# 471 has been met 
I see Figure 4-14) The input signal is sampled on the falling edge of the clock and 1s valid internally 
after the next falling edge. 

As shown in Figure 4-13, input signals labeled R and A are internally synchronized on the bus re· 
quest and bus grant acknowledge pins respectively. The bus grant output is labeled G and the inter· 
nal three-state control signal T. If T 1s true, the address, data, and control buses are placed 1n a 
high-impedance state when AS is negated. All signals are shown 1n pos1t1ve logic !active h1ghl 
regardless of their true active voltage level State changes I valid outputs! occur 011 the next r1s1ng 
edge after the internal signal is valid. 

A timing diagram of the bus arb1trat1on sequence during a processor bus cycle 1s shown 1n Figure 
4-1f5 The bus arbitration sequence while the bus is inactive I 1.e., executing internal operat1oos such 
as a multiply instruction) is show 1n Figure 4-16 

If a bus request is made at a time when the M PU has already begun a bus cycle but AS has not been 
asserted I bus state SO), BG will not be asserted on the next rising edge. Instead, BG will be delayed 
until the second rising edge following its internal assertion. This sequence 1s shown 1n Figure 4-17 

4.2.4 Bus Error and Halt Operation 

In a bus architecture that requires a handshak.e from an external device, the poss1bi11ty exists that 
the handshake might not occur. Since different systems will require a different maximum response 
time, a bus error input is provided. External circuitry must be used to determine the duration be
tween address strobe and data transfer acknowledge before 1ssu1ng a bus error signal. When a bus 
error signal is received, the processor has two options initiate a bus error exception sequence or try 
running the bus cycle again. 
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R-= Bus Reqest Internal 
A= Bus Grant Acknowledge Internal 
G =-Bus Grant 
T =Three State Control to 

Bus Control Log1c2 
X"" Don' 1 Care 

RA 

RA 

NOTE 
State machine will not change 1f the bus 
1s SO or S 1 Refer to 4.2.3 Bus 
Arbitration Contol. 
The address bus will be placed in the h1gh-
1mpedance state if T 1s asserted and AS 
1s negated 

Figure 4-13. TS68000 Bus Arbitration Unit State Diagram 
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CLK 

AS 

UDS 

LOS 

Internal Signal Valid~ 

External Signal Sampled -i i 
CLK 

BR {Internal) 

Figure 4-14. Timing Relationship of External Asynchronous Inputs 
to Internal Signals 

Bus Three Stated---------. 
BG Asserted--------. 

SO S 1 S2 SJ S4 S'J S6 S 7 

Bus Released from Three State and 
Processor Starts Next Bus Cyclel 
BGACK Negated Internal 
BGACK Sampled =:;--1 
BGACK Negated • • 

SO SI 52 SJ S4 S5 S6 S 7 SO S 1 

FCO-FC2 ~~--------~>-----------------{~----------~ 
RIW 

OT ACK 

00-015 

•--- Processor ------'4----A11ernate Bus Master----.,+--- P roces'.:ior ___.... 

Figure 4-15. Bus Arbitration Timing Diagram - Processor Active 
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CLK 

Bus Released from Three State and Processor Starts Next Bus Cycl~----------~ 
BGAEK Negated----------------------~ 
BG Asserted and Bus Three Stated------~ 
BR Valid Internal-----------, 
BR Sampled-----------, 
BR Asserted---------, 

SO S1 S2 S3 S4 S5 S6 SI 

iiR 
-~~~~~~~====~ 

BG---------------~==:z----J 
BGACK 

A1-A23 

>' ;; SJ SJ 

AS~'---~/ ~ 
UDS~ /,..------;_ ___________ ~ 

LDS~ I ~ 
FCO FC2--.., 

J•----------------~ 

RIW-----------------'---------------'~----
DT ACK-------.. 

...,___ Processor----i.--sus lnact1ve-•>""l•01---Alternate Bus Master ----11•..il1<101!-P·l~,·essl°"_., 

Figure 4-16. Bus Arbitration Timing Diagram - Bus Inactive 

CLK 

so S2 S4 S6 

Bus Released from Three State and 

BGACK Sampled 

Processor Starts Ne)lt Bus c..,~1el 
BGACK Negated lnternalll 

BGACK Negateo' i 

iiR ___:=====::::::;------~ 
BCl 

BGACK --------====;:----J 

so S2 S4 S6 so 

A1-A23-=::J----(~-=~-----;::::::)>----------~('------~>-C 
AS__) \._ __ ~/' ~ r--

uos _J~--~\ I' ~ r-
LDS__/ \ (' ~ r-

FCO-FC2==:x~----~~---------~('---------~L 
R/W 

DTACK__/ \___) \._ ___ ~r-
DO-D15---------c::::::::::::::::::::::::::::::>------------------{::::::::::::::::::::::::::::::::::: 

.,_ ___ Processor -----11-t---- Alternate Bus Master ----l-t----- Processor ----+ 

Figure 4-17. Bus Arbitration Timing Diagram - Special Case 
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4.2.4.1 BUS ERROR OPERATION. When the bus error signal is asserted, the current bus cycle is 
terminated. If BERR is asserted before the falling edge of S2, AS will be negated in S7 in either a 
read or write cycle. As long as BERR remains asserted, the data and address buses will be in the 
high-impedence state. When BERR is negated, the processor will begin stacking for exception pro
cessing. Figure 4-18 is a timing diagram for the exception sequence. The sequence is composed of 
the following elements: 

1. stacking the program counter and status register, 

2. stacking the error information, 

3. reading the bus error vector table entry, and 

4. executing the bus error handler routine. 

The stacking of the program counter and the status register is the same as if an interrupt had occur
red. Several additional items are stacked when a bus error occurs. These items are used to deter
mine the nature of the error and correct it, if possible. The bus error vector is vector number two 
located at address $000008. The processor loads the new program counter from this location. A 
software bus error handler routine is then executed by the processor. Refer to 5.2 EXCEPTION 
PROCESSING for additional information. 

AS 
LOS/UOS 

R/W----==============================='..__--~.-----, 
OT ACK 

00-015 -----< 
FCO·FC2 J 

r:rtm1 
HALT---------------=====================t-~:::'.....-------

I Initiate I Initiate Bus 
,...,.,__R-ea_d_.,,.,.1---Response Fai!ure--1----- Bus Error Detection ---• ... I •-E-,-,0-, 5-t-ac-k-in_g_ 

Figure 4-18. Bus Error Timing Diagram 

4.2.4.2 RE-RUN OPERATION. When, during a bus cycle, the processor receives a bus error signal 
and the halt pir:i is being driven by an external device, the processor enters the re-run sequence. 
Figure 4-19 is a timing diagram for re-running the bus cycle. 

The processor terminates the bus cycle, then puts the address and data output lines in the high
impedence state. The processor remains "halted", and will not run another bus cycle until the halt 
signal is removed by external logic. Then the processor will re-run the previous cycle using the same 
function codes, the same data I for a write operation I, and the same controls. The bus error signal 
should be removed at least one clock cycle before the halt signal is removed. 

NOTE 

The processor will not re-run a read-modify-write cycle. This restriction is made to 
guarantee that the entire cycle runs correctly and that the write operat(on of a test-and
set operation is performed without ever releasing AS. If BER R and HALT are asserted 
during a read-modify-write bus cycle, a bus error operation results. 
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so S2 S4 S6 SS so S2 S4 S6 

CLK 

Al-A23 

AS 
LDS/UDS 

R1W 

DTACK 

DO 015 

FCO FC2 

BERA \ If.:=;, I Clock Period j 
HALT 

, .. Read Halt Re-Run •I 
Figure 4-19. Re-Run Bus Cycle Timing Diagram 

4.2.4.3 HALT OPERATION. The halt input signal to the TS68000 performs a halt/run/single-step 
function in a similar fashion to the EF6800 halt function. The halt and run modes are somewhat self 
explanatory in that when the halt signal is constantly active the processor "halts" (does nothing) 
and when the halt signal is constantly inactive the processor "runs" I does something). 

This single-step mode is derived from correctly timed transitions on the halt siqrwl rnput. It forces 
the processor to execute a single bus cycle by entering the run mode until thF: pror:i::;,;or ';t;irts a bus 
cycle then changing to the halt mode. Thus, the single-step mode allow'.; thr: u:;1" 1" l'"l' '" ·d 
through land therefore debug) processor operations one bus cycle at a time 

Figure 4-20 details the timing required for correct single-step operations. Some care must br' exer 
cised to avoid harmful interactions between the bus error signal and the halt pin when using the 
single-cycle mode as a debugging tool. This 1s also true of interactions between the halt and reset 
lines since these can reset the machine. 

so S2 S4 

CLK 

AS 
LOS uos ___ __ 

R.-w 
OTACK~ 
()0015------< 

S6 

~----~ 

so S2 S4 S6 

FCOFC2==~====:::::;:--------------;::.=:=:=:=:=:=:=:=:=:=:=:=:==:::'...::==: 
HALT 

i-1 .. .----Read-----<-1------Halt ____ _....,._ ___ Read __ __,., 

Figure 4-20. Halt Processor Timing Diagram 
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When the processor completes a bus cycle after recognizing that the halt signal is active, most 
three-state signals are put in the high-impedance state, these include: 

1. address lines, and 
2. data lines. 

This is required for correct performance of the re-run bus cycle operation. 

While the processor is honoring the halt request, bus arbitration performs as usual. That is, halting 
has no effect on bus arbitration. It is the bus arbitration function that removes the control signals 
from the bus. 

The halt function and the hardware trace capability allow the hardware debugger to trace single bus 
cycles or single instructions at a time. These processor capabilities, along with a software debugg
ing package, give total debugging flexibility. 

4.2.4.4 DOUBLE BUS FAUL TS. When a bus error exception occurs, the processor will attempt to 
stack several words containing information about the state of the machine. If a bus error exception 
occurs during the stacking operation, there have been two bus errors in a row. This is commonly 
referred to as a double bus fault. When a double bus fault occurs, the 'processor will halt. Once a 
bus error exception has occurred, any bus error exception occurring before the execution of the 
next instruction constitutes a double bus fault. 

Note that a bus cycle which is re-run does not constitute a bus error exception and does not con
tribute to a double bus fault. Note also that this means that as long as the external hardware re
quests it, the processor will continue to re-run the same bus cycle. 

The bus error pin also has an effect on processor operation after the processor receives an external 
reset input. The processor reads the vector table after a reset to determine the address to start pro
gram execution. If a bus error occurs while reading the vector table (or at any time before the first 
instruction is executed), the processor reacts as if a double bus fault has occurred and it halts. Only 
an external reset will start a halted processor. 

4.2.5 Reset Operation 

The reset signal is a bidirectional signal that allows either the processor or an external signal to reset 
the system. Figure 4-21 is a timing diagram for the reset operation. Both the halt and reset lines 
must be asserted to ensure total reset of the processor. 

When the reset and halt lines are driven by an external device, it is recognized as an entire system 
reset, including the processor. The processor responds by reading the reset vector table entry (vec
tor number zero, address $000000)· and loads it into the supervisor stack pointer (SS P). Vector table 
entry number c>ne at address $000004 is read next and loaded into the program counter. The pro
cessor initializes the status register to an interrupt level of seven. No other registers are affected by 
the reset sequence. 

When a reset instruction is executed, the processor drives the reset pin for 124 clock periods. In this 
case, the processor is trying to reset the rest of the system. Therefore, there is no effect on the 
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internal state of the processor All of the processor's internal registers and the status register are 
unaffected by the execution of a reset instruction. All external devices connected to the reset line 
will be reset at the completion of the reset instruction. 

Asserting the reset and halt lines for ten clock cycles will cause a processor reset, except when Vee 
is initially applied to the processor In this case, an external reset must be applied for at least 100 
milliseconds. 

Vee 
RESET 

B'us Cycles 

NOTES 

11 Internal start-up 11me 

2) SSP High read 1n here 
3) SSP Low read 1n here 

j.. t - > 100 M1ll1seconds --...i.--------------

~t<4Clocks 

41 PC High read 1n here 
5) PC Low read 1n here 
6) First ~nstruct1on fetched here 

Bus State Unknown: 'l:/:>O( 
All Control Signals Inactive 

Data Bus In Read Mode_ }---{ 

Figure 4-21. Reset Operation Timing Diagram 

4.3 THE RELATIONSHIP OF DTACK, BERR, AND HALT 

In order to properly control termination of a bus cycle for a re-run or a bus error condition, D 1 A(f,. 
BER R, and HALT should be asserted and negated on the rising edge of the TS68000 clock. 1111'. 
will assure that when two signals are asserted simultaneously, the required setup time I #471 !or 
both of them will be met during the same bus state. 

This, or some equivalent precaution, should be designed external to the TS68000. Parameter #48 
is intended to ensure this operation in a totally asynchronous system, and may be ignored if the 
above conditions are met. 

The preferred bus cycle terminations may be summarized as follows lease numbers refer to Table 
4-41 

Normal Termination: 

Halt Termination: 

DTACK occurs first lease 11. 

HALT is asserted at the same time or before DT ACK and BER R remains 
negated leases 2 and 31. 

Bus Error Termination: BERR is asserted in lieu of, at the same time, or before DTACK lease 
4); BERA is negated at the same time or after DTACK. 

Re-Run Termination: HALT and BERR are asserted in lieu of, at the same time, or before 
DT ACK leases 6 and 71; HALT must be held at least one cycle after 
BERR. Case 5 indicates BERR may precede HALT on all mask sets 
which allows fully asynchronous assertion. 
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Table 4-4 details the resulting bus cycle termination under various combinations of control signal se
quences. The negation of these same control signals under several conditions is shown in Table 4-5 
(i5"f'ACR is assumed to be negated normally in all cases; for best results, both 017\CR and BERR 
should be negated when address strobe is negated). 

Table 4-4. DTACK, BEAR, and HALT Assertion Results 

Case Control 
Asserted·on Rising 

No. Signal 
Edge of State Result 

JI!.. Jl!..+_l_ 

OT ACK A s Normal cycle terminate and continue 
1 BERA NA x 

HALT NA x 
OT ACK A s Normal cycle terminate and halt Continue when H·AL T removed 

2 BERA NA x 
HALT A s 

OT ACK NA A Normal cycle terminate and halt Continue when HALT removed 
3 BERA NA NA 

HALT A s 
OT ACK x x Terminate and take bus error trap 

4 BEAR A s 
HALT NA NA 

DTACK NA x Terminate and re-run. 
5 BERA A s 

HALT NA A 
OT ACK x x Terminate and re-run when HALT removed. 

6 BEAR A s 
HALT A s 

DTACK NA x T erm1nate and re-run when HALT removed 
7 BEAR NA A 

HALT A s 
Legend. 

N - the number of the current even bus stale \e g . S4, 56. etc l 
A - signal 1s asserted in this bus state 
NA - signal is not asserted 1n this state 
X - don't care 
S - signal was asserted 1n previous state and remains asserted 1n this state 

Table 4-5. BEAR and HALT Negation Results 

Conditions of 
Control 

Negated on Rising 
Termination in 

Signal 
Ellge of State Results - Next Cycle 

Table 4-4 N N+2 

Bus Error 
BERA • or • Takes bus error trap 
HALT • or • 
BEAR • or • Illegal seqw;ince; usually traps to 

Re-run HALT • vector number 0 

BERA • Re-runs the bus cycle 
Re· run HAIT • 
Normal 

BEAR • May lengthen next cycle. 
HALT • or • 

Normal 
iiEiiR • If next cycle 1s started it w1H 
HALT • or none be terminated as a bus error 

• = S1gnal 1s negated in this bus state. 
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EXAMPLE A: 
A system uses a watch-dog timer to terminate accesses to unpopulated address space The 
timer asserts DTACK and BERR simultaneously after time out lease 41 

EXAMPLE B: 
A system uses .error detection on RAM contents. Designer may lal delay DTACK unttl 
data verified and return BERR and HALT simultaneously to re-run error cycle lease 61, or 1f 

valid, return DTACK lease 1); lbl delay DTACK until data verified and return BERR at same 
time as DTACK if data in error lease 4). 

4.4 ASYNCHRONOUS VERSUS SYNCHRONOUS OPERATION 

4.4.1 Asynchronous Operation 

To achieve clock frequency independence at a system level, the TS68000 can be used in an asyn
chronous manner. This entails using only the bus handshake lines IAS, DOS, CDS, DTACK. BERR, 
HALT, and VPA) to control the data transfer. Using this method, AS signals the start of a bus cycle 
and the data strobes are used as a condition for valid data on a write cycle. The slave device 
I memory or peripheral) then responds by placing the requested data on the data bus for a read cycle 
or latching data on a write cycle and asserting the data transfer acknowlege signal IDT ACKI toter
minate the bus cycle. If no slave responds or the access 1s invalid, external control logic asserts the 
BERR, or BERR and HALT, signal to abort or rerun the bus cycle 

The DTACK signal is allowed to be asserted before the data from a slave device is valid on a read 
cycle. The length of time that DTACK may precede data is given as parameter #31and1t rrnist h•· 
met in any asynchronous system to insure that valid data is latched into the processor Not1u· th.it 
there is no maximum time specified from the assertion of AS to the assertion of DTACK 11110 "' 
because the MPU will insert wait cycles of one clock period each until DTACK is recognized. 

4.4.2 Synchronous Operation 

To allow for those systems which use the system clock as a signal to generate DT ACK and other 
asynchronous inputs, the asynchronous input setup time is given as parameter #47. If this setup 1s 
met on an input, such as DTACK, the processor is guaranteed to recognize that signal on the next 
falling edge of the system clock. However, the converse is not true - if the input signal does not 
meet the setup time it is not guaranteed not to be recognized. In addition, 1f DT ACK is recognized 
on a falling edge, valid data will be latched into the processor Ion a read cycle) on the next falling 
edge provided that the data meets the setup time given as parameter #27. Given this, parameter #31 
may be ignored. Note that if DTACK is asserted, with the required setup time, before the falling 
edge of S4, no wait states will be incurred and the bus cycle will run at its maximum speed of four 
clock periods. 

NOTE 

During an active bus cycle, BER R is sampled on every falling edge of the clock starting 
with S2. DT ACK is sampled on every falling edge of the clock starting with S4 and data 1s 
latched on the falling edge of S6 during a read. The bus cycle will then be terminated in 
S7 except when SERR is asserted in the absence of DTACK, in which case it will ter
minate one clock cycle later in S9. VPA is sampled only on the third falling edge of the 
system clock before the rising edge of the E clock. 
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SECTION 5 
PROCESSING STATES 

This section describes the actions of the TS68000 which are outside the normal processing 
associated with the execution of instructions. The functions ot the bits in the supervisor portion of 
the status register are covered: the supervisor/user bit, the trace enable bit, and the processor inter
rupt priority mask. Finally, the sequence of memory references and actions taken by the processor 
on exception conditions are detailed. 

The TS68000 is always in one of three processing states : normal, exception, or halted. The normal 
processing state is that associated with instruction execution; the memory references are to fetch 
instructions and operands, and to store results. A special case of the normal state is the stopped 
state which the processor enters when a stop instruction is executed. In this state, no further 
references are made. 

The exception processing state is associated with interrupts, trap instructions, tracing, and other 
exceptional conditions. The exception may be internally generated by an instruction or by an 
unusual condition arising during the execution of an instruction. Externally, exception processing 
can be forced by an interrupt, by a bus error, or by a reset. Exception processing is design 
vide an efficient context switch so that the processor may handle unusual conditions. 

The halted processing state is an indication of catastrophic hardware failure. For example, if during 
the exception processing of a bus error another bus error occurs, the processor assumes that the 
system is unusab!e and halts. Only an external reset can restart a halted processor. Note that a pro 
cessor in the stopped state is not in the halted state, nor vice versa. 

5.1 PRIVILEGE STATES 

The processor operates in one of two states of privilege: the "supervisor" state or the "user" state. 
The privilege state determines which operations are legal, are used to choose between the super
visor stack pointer and the user stack pointer in instruction references, and may by used by an ex
ternal memory management device to control and translate accesses. 

The privilege state is a mechanism for providing security in a computer system. Programs should 
access only their own code and data areas, and ought to be restricted from accessing information 
which they do not need and must not modify. 

The privilege mechanism provides security by allowing most programs to execute in user state. In 
this state, the accesses are controlled, and the effects on other parts of the system are limited. The 
operating system executes in the supervisor state, has access to all resources, and performs the 
overhead tasks for the user state programs. 
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5.1.1 Supervisor State 

The supervisor state is the higher state of privilege. For instruction execution, the supervisor state is 
determined by the S bit of the status register; if the S bit is asserted lhighl, the processor is in the 
supervisor state. All instructions can be executed in the supervisor state. The bus cycles generated 
'by instructions executed in the supervisor state are classified as supervisor references. While the 
processor is in the supervisor privilege state, those instructions which use either the system stack 
pointer implicitly or address register seven explicitly access the supervisor stack pointer. 

All exception processing is done in the supervisor state, regardless of the setting of the S bit. The 
bus cycles generated during exception processing are classified as supervisor references All stack
ing operations during exception processing use the supervisor stack pointer 

5. 1.2 User State 

The user state is the lower state of privilege. For instruction execution, the user state is determined 
by the S bit of the status register; if the S bit is negated (low), the processor is executing instruc
tions in the user state. 

Most instructions execute the same in user state as in the supervisor state. However, some instruc
tions which have important system effects are made privileged. User programs are not permitted to 
execute the stop instruction or the reset instruction. To ensure that a user program cannot enter the 
supervisor state except in a controlled manner, the instructions which modify the whole state 
register are privileged. To aid in debugging programs which are to be used as operating systems, 
the move to user stack pointer (MOVE to USP) and move from user stack pointer !MOVE from 
USP) instructions are also privileged. 

The bus cycles generated by an instruction executed in the user state are classified as user state 
references. This allows an external memory management device to translate the address and to 
control access to protected portions of the address space. While the processor 1s in the user 
privilege state, those instructions which use either the system stack pointer implicitly or address 
register seven explicitly, access the user stack pointer. 

5. 1.3 Privilege State Changes 

Once the processor is in the user state and executing instructions, only exception processing can 
change the privilege state. During exception processing, the current setting of the S bit of the 
status register is saved and the S bit is asserted, putting the processor in the supervisor state. 
Therefore, when instruction execution resumes at the address specified to process the exception, 
the processor is in the supervisor privilege state. 

5.1.4 Reference Clas5ification 

When the processor makes a reference, it classifies the kind of reference being made, using the en
coding on the three function code output lines. This allows external translation of addresses, con
trol of access, and differentiation of special processor state, such as interrupt acknowledge. Table 
5-1 lists the classification of references. 
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Table 5-1. Bus Cycle Classification 

Function Code Output 

FC2 FCl FCO 
Reference Class 

Function Code Output 
Reference Class 

FC2 FC1 FCO 

0 0 0 (Unassigned: 1 0 0 (Unassigned) 

0 0 1 User Da1a 1 0 1 Supervisor Data 

0 1 0 User Program 1 1 0 Supervisor Program 

0 1 1 ( U nass1gned I 1 1 1 Interrupt Acknowledge 

5.2 EXCEPTION PROCESSING 

Before d1scuss1ng the details of interrupts, traps, and tracing, a general description of exception 
processing is 1n order. The processing of an exception occurs 1n four steps, with variations for dif
ferent exception causes. During the first step, a temporary copy of the status register is made and 
the status register is set for exception processing In the second step the exception vector is deter
mined and the third step 1s the saving of the current processor context In the fourth step a new 
context is obtained and the processor switches to 1nstruct1on processing. 

5.2.1 Exception Vectors 

Exception vectors are memory locations from which the processor fetches the address of a routine 
which will handle that exception. All exception vectors are two words in length I Figure 5-1), except 
for the reset vector which 1s four words. All exception vectors lie in the supervisor data space, ex
cept for the reset vector which 1s in the supervisor program space. A vector number is an 8-b1t 
number which, when multiplied by four, gives the address of an exception vector. Vector numbers 
are generated internally or externally, depending on the cause of the exception In the case of inter
rupts, during the interrupt a.cknowledge bus cycle, a peripheral provides an 8-bit vector number 
I Figure 5-21 to the processor on data bus lines DO through D7. The processor translates the vector 
number into a full 24-bit address, shown in Figure 5-3 The memory layout for exception vectors is 
given 1n Table 5-2 

Word 0 

Word 1 

A23 

New Program Counter IH1ghl 

New Program Counter i Low! 

Figure 5-1. Format of Vector Table Entries 

DlS 

Ignored 

Where 
v? is the MSB of the Vec1or Number 
vO is the LSB ot the Vector Number 

Figure 5-2. Vector Number Format 

All Zeroes 

Figure 5-3. Exception Vector Address Calculation 
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As shown in Table 5-2, the memory layout is 512 words long I 1024 bytes). It starts at address 0 and 
proceeds through address 1023. This provides 255 unique vectors; some of these are reserved for 
TRAPS and other system functions. Of the 255, there are 192 reserved for user interrupt vectors. 
However, there is no protection on the first 64 entries, so user interrupt vectors mav overlap at the 
discretion of the systems designer. 

5.2.2 Kinds of Exceptions 

Exceptions can be generated by either internal or external causes. The externally generated excep
tions are the interrupts and tire bus error and reset. requests. The interrupts are requests from 

Table 5-2. Exception Vector Table 

Vector Address 

Numberlsl Dec Hex Space 
Assignment 

0 0 000 SP Reset· Initial SSP 

- 4 004 SP Reset. Initial PC 

2 8 008 SD Bus Error 

3 12 ooc SD Address Error 

4 16 010 SD Illegal Instruction 

5 20 014 SD Zero Divide 

6 24 018 SD CHK Instruction 

7 28 01C SD TRAPV Instruction 

8 32 020 SD Privilege Violation 

9 36 024 SD Trace 

to 40 028 SD Line 1010 Emulator 

11 44 02C SD Line 1111 Emulator 

12• 48 030 SD (Unassigned, Reserved) 

13* 52 034 SD (Unassigned,· Reserved) 

14. 56 038 SD (Unassigned, Reserved) 

15 60 03C SD Un1nit1al1zed Interrupt Vector 

16-23* 64 04C SD !Unassigned, Reserved) 

95 05F -

24 96 060 SD Spurious Interrupt 

25 100 064 SD Level 1 Interrupt Autovector 

26 104 068 SD Level 2 Interrupt Autovector 

27 108 06C SD Level 3 Interrupt Autovector 

28 112 070 SD Level 4 Interrupt Autovector 

29 116 074 SD Level 5 Interrupt Autovector 

30 120 078 SD Level 6 Interrupt Autovector 

31 124 07C SD Level 7 Interrupt Autovector 

32-47 128 080 SD TRAP Instruction Vectors 

191 OBF -
48-63* 192 oco SD IUnass1gned, Reserved! 

255 OFF -
64-255 256 100 SD User Interrupt Vectors 

1023 3PF -

*Vector numbers 12 13 14 16 through 23, and 48 
through 63 are reserved for future enhancements by 
THOMSON SEMICONDUCTEURS. No user peripheral 
devices should be assigned these numbers. 
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peripheral devices for processor action while the bus error and reset inputs are used for access con
trol and processor restart. The internally generated exceptions come from instructions, or from ad
dress errors or tracing. The trap (TRAP), trap on overflow (TRAPVl, check data register against up
per bounds (CHK), and divide (DIV) instructions all can generate exceptions as part of their instruc
tion execution. In addition, illegal instructions, word fetches from odd addresses, and privilege 
violations cause exceptions. Tracing behaves like a very high-priority internally-generated interrupt 
after each instruction execution. 

5.2.3 Exception Processing Sequence 

Exception processing occurs in four identifiable steps. In the first step, an internal copy is made of 
the status register. After the copy is made, the S bit is asserted, putting the processor into the 
supervisor privilege state. Also, the T bit is negated which will allow the exception handler to ex
ecute unhindered by tracing. For the reset and interrupt exceptions, the interrupt priority mask 1s 
also updated. 

In the second step, the vector number of the exception is determined. For interrupts, the vector 
number is obtained by a processor fetch and classified as an interrupt acknowledge. For all other ex
ceptions, internal logic provides the vector number. This vector number is then used to generate the 
address of the exception vector. 

The third step is to save the current processor status, except for the reset exception. The current 
program counter value and the saved copy of the status register are stacked using the supervisor 
stack pointer as shown in Figure 5-4. The program counter value stacked usually points to the next 
unexecuted instruction; however, for bus error and address error, the value stacked for the program 
counter is unpredictable, and may be incremented from the address of the instruction which c;iust•d 

the error. Additional information defining the current context is stacked for the bus error and ad 
dress error exceptions. 

The last step is the same for all exceptions. The new program counter value is fetched from the ex
ception vector. The processor then resumes instruction execution. The instruction at the address 
given in the exception vector is fetched, and normal instruction decoding and execution is started. 

SSP ____. Status Register j 
High A~~;;:;es 

t- Program Counter - - - - - - - - - --1 
Low 

Figure 5-4. Exception Stack Order (Groups 1 and 2) 

5.2.4 Multiple Exceptions 

These paragraphs describe the processing which occurs when multiple exceptions arise 
simultaneously. Exceptions can be grouped according to their occurrence and priority. The group 0 
exceptions are reset, bus error, and address error. These exceptions cause the instruction currently 
being executed to be aborted and the exception processing to commence within two clock cycles. 
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The group 1 exceptions are trace and interrupt, as well as the privilege violations and illegal instruc
tions. These exceptions allow the current instruction to execute to completion, but pre-empt the ex
ecution of the next instruction by forcing exception processing to occur (privilege violations and il
legal instructions are detected when they are the next instruction to be executed). The group 2 ex
ceptions occur as part of the normal processing of instructions. The TRAP, TRAPV, CHK, and zero 
divide exceptions are in this group. For these exceptions, the normal execution of an instruction 
may lead to exception processing. 

Group 0 exceptions have highest priority, while group 2 exceptions have lowest priority. Within 
group 0, reset has highest priority, followed by bus error and then address error. Within group 1, 
trace has priority over external interrupts, which in turn takes priority over illegal instruction and 
privilege violation. Since only one instruction can be executed at a time, there is no priority relation 
within group 2. 

The priority relation between two exceptions determines which is taken, or taken first, if the condi
tions for both arise simultaneously. Therefore, if a bus error occurs during a TRAP instruction, the 
bus error takes precedence, and the TRAP instruction processing is aborted. In another example, if 
an interrupt request occurs during the execution of an instruction while the T bit is asserted, the 
trace exception has priority, and is processed first. Before instruction processing resumes, 
however, the interrupt exception is also processed, and instruction processing commences finally in 
the interrupt handler routine. A summary of exception grouping and priority is given in Table 5-3. 

Table 5-3. Exception Grouping and Priority 

Group Exception Processing 

Reset 
Exception processing begins 

0 Address Error 
Bus Error 

w1th1n two clock cycles 

Trace 

1 
Interrupt . Exception processing begins before 

lllega1 the next instruction 
Privilege 

TRAP. TRAPV. 
Exception processing 1s started by 

2 CHK. 
Zero D1v1de 

normal 1nstruct1on execution 

5.3 EXCEPTION PROCESSING DETAILED DISCUSSION 

Exceptions have a number of sources and each exception has processing which is peculiar to it. The 
following paragraphs detail the sources of exceptions, how each arises, and how each is processed. 

5.3.1 Reset 

The reset input provides the highest exception level. The processing of the reset signal is designed 
for system initiation and recovery from catastrophic failure. Any processing in progress at the time 
of the reset is aborted and cannot be recovered. The processor is forced into the supervisor state 
and the trace state is forced off. The processor interrupt priority mask is set at level seven. The vec
tor number is internally generated to reference the reset exception vector at location 0 in the super
visor program space. Because no assumptions can be made about the validity of register contents, 
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in particular the supervisor stack pointer, neither the program counter nor the status register is sav· 
ed. The address contained in the first two words of the reset exception vector is fetched as the in1· 
tial supervisor stack pointer, and the address in the last two words of the reset exception vector is 
fetched as the initial program counter. Finally, instruction execution is started at the address in the 
program counter .. The power-up/ restart code should be pointed to by the initial program counter. 

The reset instruction does not cause loading of the reset vector, but does assert the reset line to 
reset external devices. This allows the software to reset the system to a known state and then con· 
tinue processing with the next instruction. 

5.3.2 Interrupts 

Seven levels of interrupt priorities are provided. Devices may be chained externally within interrupt 
priority levels, allowing an unlimited number of peripheral devices to interrupt the processor. Inter· 
rupt priority levels are numbered from one to seven, with level seven being the highest priority The 
status register contains a 3-bit mask which indicates the current processor priority, and interrupts 
are inhibited for all priority levels less th;;m- or equal to the current processor priority. 

An interrupt request is made to the processor by encoding the interrupt request level on the inter· 
rupt request lines; a zero indicates no interrupt request. Interrupt requests arriving at the processor 
do not force immediate exception processing, but are made pending. Pending interrupts are 
detected between instruction executions. If the priority of the pending interrupt is lower than or 
equal to the current processor priority, execution continues with the next instruction and the inter· 
rupt exception processing is postponed. (The recognition of level seven is slightly different, as ex· 
plained in the following paragra~h.) 

If the priority of the pending interrupt is greater than the current processor priority, the exception 
processing sequence is started. A copy of the status register is saved, the privilege state is sent to 
the supervisor stack, tracing is suppressed, and the processor priority level is set to the level of the 
interrupt acknowledged. The processor fetches the vector number from the interrupting device, 
classifying the reference as an interrupt acknowledge and displaying the level number of the inter· 
rupt being acknowledged on the address bus. If external logic requests an automatic vectoring, the 
processor internally generates a vector number which is determined by the interrupt level number. If 
external logic indicates a bus error, the interrupt is taken to be spurious, and the generated vector 
number references the spurious interrupt vector. The processor then proceeds with the usual ex· 
ception processing, saving the program counter and status register on the supervisor stack. The 
saved value of the program counter is the address of the instruction which would have been ex· 
ecuted had the interrupt not been present. The content of the interrupt vector whose vector 
number was previously obtained is fetched and loaded into the program counter, and normal in· 
struction execution commences in the interrupt handling routine. A flowchart for the interrupt 
acknowledge sequence is given in Figure 5·5, a timing diagr3m is given in Figure 5·6, and the inter· 
rupt processing sequence 1s shown in Figure 5·7. 

Priority level seven is a special case. Level seven interrupts cannot be inhibited by the interrupt 
priority mask, thus providing a "non-maskable interrupt" capability. An interrupt is generated each 
time the interrupt request level changes from some lower level to level seven. Note that a level seven 
interrupt may still be caused by the level comparison if the request level is a seven and the processor 
priority is set to a lower level by an instruction. 
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PROCESSOR INTERRUPTING DEVICE 

Grant the Interrupt Request the Interrupt 

11 Compare Interrupt Level in Status Register 
and Wait for Current Instruction to Complete 

21 Assert Address Strobe (ASJ 
31 Place Interrupt Level on A 1, A2, A3 
41 Set Function Code to Interrupt Acknowledge Provide the Vector Number 
51 Assert Address Strobe IASI 
61 Assert Data Strobes (LJOS * and LOSi Ii Place Vector Number on 00-07 

21 Assert Data Transfer .4.c1<::noV1tledge ·DTACK1 

Acquire the Vector Number .. 
11 Latch Vector Number 
21 Negate UDS and LDS 
31 Negate AS Release 

li Neqale DT ACK 

Start Interrupt Processing _f"' 

*Although a vector number 1s one byte. both data strobes are asserted due to the microcode l•Sed •or e>..cept•or- proce~~·ny iht• 

processor does not recognize anything on data lines 08 through 015 a1 this time 

Figure 5-5. Vector Acquisition Flowchart 

CLK .J"U1_J"1_f1_Jl 
A4-A23~ 

Al-A3 =>-<=====::}-- --{.._ ____ __, 
AS~ 

uos·~ 

LDS~ 
R/W 

DTACK~ 

D8D15---..../"(----,>--

DO-D7 ----<( .... ___ _,}--
FCO-FC2 ::X.._ _________ _ 

IPLO-IPL2 
~~~~~~~~~~~~~~ 

Last Bus Cycle of Instruction Stack IACK Cycle Stack and 

1
111( (Read or Wr1tel j PCL (Vector Number Acquis1t1onl Vector Fetch 
~~~~~~~~~-11~~.._« ISSPI~..-~~~~~~~~~~~~~~~~ 

*Although a vector number is one bvte, both data strobes are asserted du~ to the m1crocode used for exception processing The pro 
cessor does not recognize anything on data lines 08 through 015 at this time 

Figure 5-6. Interrupt Acknowledge Cycle Timing Diagram 
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l cJ<:,! Au.:. CvclP 
IACK 

\1! l11.;,truc·t1or· Stack Stack Stack 
Cycle 1Dw1nq Whirh r- PCL I-+ 1--1 Status r-1 PCH r-, 

ln\1 1rru,)! Wd..., lat SSP - 21 
(Vector Number 

lat SSP - 61 lat SSP - 41 
Hi" pqn111·t11 

Acqwsit1onl 

Read Rea(1 Fetch First Two 

L-., Vector 
~ 

Vector r-1 Instruction Words 
High Low of Interrupt 

IA16-A311 IAQ Aloi Routine 

NOTE SSP refers to the value of the supervisor stack pointer before the interrupt occurs 

Figure 5-7. Interrupt Processing Sequence 

5.3.3 Uninitialized Interrupt 

An interrupting device asserts VPA or provides an interrupt during an interrupt acknowledge cycle 
to the TS68000. If the vector register has not been initialized, the responding TS68000 Family 
peripheral will provide vector 15, the uninitialized interrupt vector. This provides a uniform way to 
recover from a programming error. 

5.3.4 Spurious Interrupt 

If during-the interrupt acknowledge cycle no device responds by asserting DTACK or VPA, the h11s 

error line should be asserted to terminate the vector acquisition. The processor separates the pro
cessing of this error from bus error by fetching the spurious interrupt vector instead of the bus error 
vector The processor then proceeds with the usual exception processing. 

5.3.5 Instruction Traps 

Traps are exceptions caused by instructions. They arise either from processor recognition of abnor
mal conditions during instruction execution, or from use of instructions whose normal behavior is 
trapping. 

Some instructions are used specifically to generate traps. The TRAP instruction always forces an 
exception and 1s useful for implementing system calls for user programs. The TRAPV and CHK in
structions force an exception if the user program detects a runtime error, which may be an 
arithemetic overflow or a subscript out of bounds. 

The signed divide IDIVSI and unsigned IDIVUl instructions will force an exception if a division 
operation is attempted with a divisor of zero. 

5.3.6 Illegal and Unimplemented Instructions 

"Illegal instruction" is the term used to refer to any of the word bit patterns which are not the bit 
pattern of the first word of a legal instruction. During instruction execution, if such an instruction is 
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fetched, an illegal instruction exception occurs. ll-iOMSON SEMICONDUCTEURS reserves the 
right to define instructions whose opcodes may 'be any of the illegal instructions. Three bit patterns 
will always force an illegal instruction trap on all TS68000 Family compatible microprocessors. They 
are : $4AFA, $4AFB, and $4AFC. Two of the patterns, $4AFA and $4AFB, are reserved for 
ll-iOMSON SEMICONDUCTEURS system products. The third pattern, S4AFC, is reserved for cus
tomer use. 

Word patterns with bits 15 through 12 equaling 1010or1111 are distinguished as unimplemented in
structions and separate exception vectors are given to these patterns to permit efficient emulation. 
This facility allows the operating system to detect program errors, or to emulate unimplemented in
structions in software. 

5.3.7 Privilege Violations 

In order to provide system security, various instructions are privileged. An attempt to execute one 
of the privileged instructions while in the user state will cause an exception. The privileged instruc
tions are: 

5.3.8 Tracing 

STOP 

RESET 
RTE 

MOVE to SR 

AND Immediate to SR 
EOR Immediate to SR 
OR Immediate to SR 

MOVE USP 

To aid in program development, the TS68000 includes a faeility to allow instruction-by-instruction 
tracing. In the trace state, after each instruction is executed an exception is forced, allowing a 
debugging program to monitor the execution of the program under test. 

The trace facility uses the T bit in the supervisor portion of the status register. If the T bit is negated 
(off), tracing is disabled, and instruction execution proceeds from instruction to instruction as nor
mal. If the T bit is asserted (on) at the beginning of the execution of an instruction, a trace exception 
will be generated after the execution of that instruction is completed. If the instruction is not ex
ecuted, either because an interrupt is taken, or the instruction is illegal or privileged, the trace ex
ception does not occur. The trace exception also does not occur if the instruction is aborted by a 
reset, bus error, or address error exception. If the instruction is indeed executed and an interrupt is 
pending on completion, the trace exception is processed bafore the interrupt exception. If, during 
the execution of the instruction an exception is forced by that instruction, the forced exception is 
processed before the trace exception. 

As an extreme illustration of the above rules, consider the arrival of an interrupt during the execu
tion of a TRAP instruction while tracing is enabled. First the trap exception is processed, then the 
trace exception, and finally the interrupt exception. Instruction execution resumes in the interrupt 
handler routine. 

5.3.9 Bus Error 

Bus error exceptions occur when the external logic requests that a bus error be processed by an ex
ception. The current bus cycle which the processor is making is then aborted. Whether the pro
cessor was doing instruction or exception processing, that processing is· terminated, and the pro
cessor immediately begins exception processing. 
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Exception processing for the bus error follows the usual sequence of steps. The status register 1s 
copied, the supervisor state is entered, and the trace state is turned off. The vector number is 
generated to refer to the bus error vector. Since the processor was not between 1nstruct1ons when 
the bus error exception request was made, the context of the processor 1s more detailed To save 
more of this context, additional 1nformat1on 1s saved on the supervisor stack. The program counter 
and the copy of the status register are of course saved The value saved for the program counter 1s 
advanced by some amount, one to five words beyond the address of the first word of the instruc
tion which made the reference causing the bus error If the bus error occurred during the fetch of 
the next instruction, the saved program counter has a value 1n the v1c1n1ty of the current instruction, 
even if the current instruction is a branch, a 1ump, or a return instruction. Besides the usual 1nforma 
tion, the processor saves its internal copy of the first word of the 1nstruct1on being processed and 
the address which was being accessed by the aborted bus cycle Spec1f1c information about the ac
cess is also saved: whether it was a read or a write, whether or not the processor was processing an 
instruction, and the classification displayed on the function code outputs when the bus error occur
red. The processor is processing an instruction 1f 1t 1s 1n the normal state or processing a group 2 ex
ception; the processor is not processing an instruction 1f 1t is processing a group 0 or a group 1 ex 
ception Figure 5-8 illustrates how this 1nformat1on 1s organized on the supervisor stack Although 
this information is not sufficient 1n general to effect full recovery from the bus error. 1t does allow 
software diagnosis. Finally, the processor commences 1nstruct1on processing at the address con
tained in vector number two. It 1s the responsibility of the error handler routine to clean up the stack 
and determine where to continue execution 

~ - Access Address - - -

Low 

lns1ruc11on Register 

Status Reg1s1er 

~ - Program Counter -

Low 

R!W (read/write) wr1te=O. read= 1 l1N (1nstruct1on1notl 1nstruct1on-=:c-O. not= 1 

Figure 5-8. Exception Stack Order (Group 0) 

If a bus error occurs during the exception processing for a bus error, address error, or reset, the pro
cessor is halted and all processing ceases. This simplifies the detection of catastrophic system 
failure, since the processor removes itself from the sys~em rather than destroy any memory con
tents. Only the RESET pin can restart a halted processor 

5.3.10 Address Error 

Address error exceptions occur when the processor attempts to access a word or a long word 
operand or an instruction at an odd address. The effect is much like an internally generated bus 
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error, so that the bus cycle is aborted and the processor ceases whatever processing it is currently 
doing and begins exception processing. After the exception processing commences, the sequence 
is the same as that for bus error including the information that is stacked, except that the vector 
number refers to the address error vector instead. Likewise, if an address error occurs during the ex
ception processing for a bus error, address error, or reset, the processor is halted. As shown in 
Figure 5-9, an address error will execute a short bus cycle followed by exception processing. 

SO S 1 S2 S3 S4 S5 S6 SY SO SI S2 S3 S4 S5 S6 S7 SO S 1 S2 S3 S4 Sb 

CLK 

Al A23--======-:.==::::;------:...-_::::::::;-------;'..__ __ ".,-----__:==:;----AS 

UDS 

LDS 

R/W 

DTACK ---------, 

DO-D15 --------{ H }-----J\1r-. ------~c= 
~-----~ ~---~ -1- Address Error I Approx. 8 Clocks I "'I""!----- Read ------+-.. ---w.,10----•-· Ol'f--1d1e > 'Iii Write Stack--~__, 

Figure 5-9. Address Error Timing Diagram 
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SECTION 6 
INTERFACE WITH EF6800 PERIPHERALS 

THOMSON SEMICONDUCTEURS' extensive line of EF6800 peripherals are directly compatible 
with the TS68000. Some of these devices that are particularly useful are : 

EF6821 Peripheral Interface Adapter 
EF6840 Programmable Timer Module 
EF9345, EF9367 CRT Controllers 
EF6850 Asynchronous Communications Interface Adapter 
EF6852 Synchronous Serial Data Adapter 
EF6854 Advanced Data Link Controller 

To interface the synchronous EF6800 peripherals with the asynchronous TS68000, the processor 
modifies its bus cycle to meet the EF6800 cycle requirements whenever an EF6800 device address 
is detected. This is possible since both processors use memory mapped 1/0. Figure 6-1 is a flowchart 
of the interface operation between the processor and EF6800 devices. 

PROCESSOR SLAVE 

Initiate the Cycle 

11 The Processor Starts a Normal Read or 
Wr.ite Cycle ~r Define 6800Cycle 

r11 External Hardware Asserts Valtd Peripheral 

Synchronize with Enable Address IVPAI 

11 The Processor Monitors Enable \El Until 1t 1s 
Low (Phase 1) 

21 The Processor Asserts Vahd Memory 
Address IVMAI Transfer the Data l 

r1 I The Peripheral Waits Until E is Active 
and then Transfers the Data Terminate the Cycle 

11 The Processor Waits Until E Goes Low 
(On a Read Cycle the Data 1s Latched 
as E Goes Low Internally) 

21 The Processor Negates VMA 
31 The Processor Negates AS, UDS, and LOS 

1 
Start Next Cycle 

Figure 6-1. EF6800 Interfacing Flowchart 
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6.1 DATA TRANSFER OPERATION 

Three signals on the processor provide the EF6800 interface. They are: enable (E), valid memory 
address (VMA), and valid peripheral address (VPA). Enable corresponds to the E or phase 2 signal 
in existing 6800 systems. The bus frequency in one tenth of the incoming TS68000 clock fre
quency. The timing of E allows 1 megahertz peripherals to be used with 8 megahertz TS68000s. 
Enable has a 60/40 duty cycle; that is, it is low for. six input clocks and high for four input clocks. 
This duty cycle allows the processor to do successive VPA accesses on successive E pulses. 

EF6800 cycle timing is given in Figures 6·2,6-3,8-7,and8-8. At state zero (SO) in the cycle, the ad
dress bus is in the high-impedence state. A function code is asserted on the function code output 
lines. One-half clock later, in state 1, the address bus is released from the hig~.-impedence state. 

so S2 S4 w w w w S6 SO S2 
CLK 

AS 

DTACK 

Data Out 

Data In 

FCO FC2 J 

VPA \ 
VMA 

Figure 6-2. TS68000 to EF6800 Peripheral Timing - Best Case 

SO S2 S4 w w w w vv w w w w w w w w w w S6 SO 

CLK 

Data Out ---{._ _________________ ""}-_, 

Data In ------------------ic:::J-
F CO F C2 "-:J. '( 

Figure 6-3. TS68000 to EF6800 Peripheral Timing - Worst Case 
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During state 2, the address strobe IAS) is asserted to indicate that there is a valid address on the ad
dress bus. If the bus cycle is a read cycle, the upper and/ or lower data strobes are also asserted 1n 
state 2. If the bus cycle is a write cycle, the read/write IR/WI signal is switched to low lwritel dur
ing state 2. One-half clock later, in state 3, the write data is placed on the data bus, and 1n state 4 
the data strobes are issued to indicate valid data on the data bus. The processor now inserts wait 
states until it recognizes the assertion of VPA. 

The VPA input signals the processor that the address on the bus is the address of an EF6800 device 
(or an area reserved for EF6800 devices) and that the bus should conform to the phase 2 transfer 
characteristics of the EF6800 bus. Valid peripheral address is derived by decoding the address bus, 
conditioned by the address strobe. Chip select for the E F6800 peripherals should be derived by 
decoding the address bus conditioned by VMA. 

After recognition of VPA, the processor assures that the enable I El is low, by waiting if necessary, 
and subsequently asserts VMA. Valid memory address is then used as part of the chip select equa

tion of the peripheral.·This ensures that the EF6800 peripherals are selected and deselected at the 
correct time. The peripheral now runs its cycle during the high portion of the E signal. Figures 6-2 
and 6-3 depict the best and worst case EF6800 cycle timing. This cycle length is dependent strictly 
upon when VPA is asserted in relationship to the E clock. 

If we assume that external circuitry asserts VPA as soon as possible a-fter the assertion of AS. then 
VPA will be recognized as being asserted on the falling edge of S4 In this case, no "extra" wait 
cycles will be inserted prior to the recognition of VPA asserted and only the wait cycles inserted to 
synchronize with the E clock will determine the total length of the cycle. In any case, the synchroni
zation delay will be some integral number of clock cycles within the following two extremes 

1. Best Case - VPA is recognized as being asserted on the falling edge three clock cycles before 
E rises lor three clock cycles after E falls). 

2. Worst Case - VPA is recognized as being asserted on the falling edge two clock cycles before 
E rises lor four clock cycles after E falls). 

During a read cycle, the processor latches the peripheral data in state 6. For all cycles, the processor 
negates the address and data strobes one-half clock cycle later in state 7 and the enable signal goes 
low at this time. Another half clock later, the address bus is put 1n the high-impedence state. During 
a write cycle, the data bus is put in the high-impedence state and the read/write signal is switched 
high. The peripheral logic must remove VPA within one clock after the address strobe 1s negated 

DTACK should not be asserted while VPA is asserted. Notice that the TS68000 VMA is active low, 
contrasted with the active high EF6SOO VMA. This allows the processor to put its buses in the high~ 
impedence state on DMA requests without inadvertently selecting the peripherals. 

6.2 INTERRUPT INTERFACE OPERATION 

During an interrupt acknowledge cycle while the processor 1s fetching the vector, the VPA 1s 
asserted, the TS68000 wil I assert VMA and corr;::cte a ~ormal E F6800 read cycle as shown in Figure 
6-4. The proces.sor will then use an internally generated vector that is a function of the interrupi be
ing serviced. This process is known as autovectoring. The seven autovectors are vector numbers 25 
through 31 !decimal) 
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Autovectoring operates in the same fashion (but is not restricted to) the EF6800 interrupt sequen
ce The basic difference is that there are six normalinterrupt vectors and one NMI type vector. As 
with both the EF6800 and the TS68000's normal vectored interrupt, the interrupt service routine 
can be located anywhere in the address space. This is due to the fact that while the vector numbers 
are fixed, the contents of the vector table entries are assigned by the user. 

Since VMA is asserted during autovectoring, care should be taken to insure that the 6800 peripheral 
address decoding prevents unintended accesses. 

CLK 

Al·A3 

A4·A23 

AS 
UDS* 

LDS 

AtW 

Di'ACK ~ 
DB·D15 --c::)------------------
D~D7 ---<::::).._--------------------

FCO-FC2 x y 'C 

1 4,._~N~o~rm~a~l--1-~j~4~---~A 0 t ~ ~·-.;: utovector pera 1on-------
Cycle 

*Although UDS and LOS are asserted, no data 1s read from the bus dunng the autovector cycle The vector number 1s generated 
internally 

Figure 6-4. Autovector Operation Timing Diagram 
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SECTION 7 
INSTRUCTION SET AND EXECUTION TIMES 

7.1 INSTRUCTION SET 

The following. paragraphs provide information about the addressing categories and instruction set 
of the TS68000. 

7 .1.1 Addressing Categoiies 

Effective address modes may be categorized by the ways in which they may be used The following 
class1ficat1ons will be used in the instruction definitions 

Data If an effective address mode may be used to refer to data operands, it 1s considered a 
data addressing effective address mode 

Memory 

Alterable 

If an effective address mode may be used to refer to memory operands. 1t is con
sidered a memory addressing effective address mode 

If an effective address mode may be used to refer to alterable lwnteablel operands. 
it is considered an alterable addressing effective addreiss mode. 

Control If an effective address mode may be used to refer to memory operands without an 
associated size, it is considered a control addressing effective address mode. 

These categories may be combined, so that additional, more restrictive, classifications may be 
defined. For example, the instruction descriptions use such class1f1cat1ons as alterable memory or 
data alterable. The former refers to those addressing modes which are both alterable and memory 
addresses, ancJ the latter refers to addressing modes which are both data and alterable 

Table 7-1 shows the various categories to which each of the effective address modes belong. Table 
7-2 is thfl instruction set summary. 

Table 7-1. Effective Addressing Mode Categories 

Effective Addreeeing Categories 
Addreee 
Modes Mode Register Data Memory Control Alterable 

Dn IXlO Register Number x - - x 
An 001 Register Number - - - x 

I An I 010 Register Number x x x x 
IAnl+ 011 Register Number x x - x 
-IAnl 100 Register Number x x - x 
di An I 101 Register Number x x x x 

dlAn. tX) 110 Register Number x x x x 
xxx.W 111 IXlO x x x x 
xxx.L 111 001 x x x x 
di PC I 111 010 x x x -

dlPC, txl 111 011 x x x -
lxxx 111 x x x - -
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Mnemonic 

ABCD 

ADD 

ADDA 

ADDI 

ADDO 

ADDX 

AND 

ANDI 

ANDI to CCR 

ANDI to SR 

ASL, ASR 

Bee 

BCHG 

BCLR 

BRA 

BSET 

BSR 

BTST 

CHK 

CLR 

CMP 

CMPA 

CMPI 

CMPM 

DB cc 
DIVS 

OIVU 

EOR 

EORI 

EORI to CCR 

EORI to SR 

EXG 

EXT 

JMP 

JSR 

LEA 

LINK 

LSL, LSR 

MOVE 

MOVE to CCR 

MOVE to SR 

Table 7-2. Instruction Set (Sheet 1 of 2) 

Description 

Add Decimal with Extend 

Add Binary 

Add Address 

Add Immediate 

Add Ou1ck 

Add Extended 

AND Logical 

AND Immediate 

AND Immediate to Condition Codes 

AND Immediate to Status Register 

Arithmetic Shift 

Branch Conditionally 

Test a Bit and Change 

Test a Bit and Clear 

Branch Always 

Test a Bit and Set 

Branch to Subroutine 

Test a Bit 

Check Register Against Bounds 

Clear and Operand 

Compare 

Compare Address 

Compare Immediate 

Compare Memory 

Test Cond~tion, Decrement and Branch 

Signed Divide 

Unsigned D1v1de 

Exclusive OR Logical 

Exclusive OR Immediate 

Exclusive OR Immediate 
to Condition Codes 

Exclusive OR Immediate 
to Status Register 

Exchange Register 

Sign Extend 

Jump 

Jump to Subroutine 

Load Effective Address 

Link and Allocate 

Logical Shift 

Move Data trom Source to Destination 

Move to Condition Code 

Move to the Status Register 

Operation 

{Oestination)10+(Source)10 + X - Destination 

(Destination)+ (Source) - Destination 

{Destination}+ (Source) - Destination 

{Destination)+ Immediate Data- Destination 

(Destination)+ Immediate Data-Destination 

!Destination}+ lSourcel + x-Destination 

{Destination) A (Source) -Destination 

{Oest1nation) A Immediate Data- Destination 

ISourcel A CCR- CCR 

I Source) A SR- SR 

(Destination) Shifted by <count> - Destination 

If CC then PC+d-PC 

-(<bit number>) OF Destination-z 
-(<bit number>) OF Destination-
<bit number> OF Destination 

-(<bit number>) OF Oestination-z 
o- <bit number> -OF Destination 

PC+ d-PC 

-{<bit number>) OF Oestination-Z 
1 - <bit number> OF Destination 

PC--ISPI; PC+d-PC 

-(<bit number>) OF Destination-z 

If On <0 or On> l<ea>I then TRAP 

o- Destination 

(Destination) - (Source) 

(Destination)-· {Source) 

(Destination)- Immediate Data 

(Destination) - (Source) 

If -cc then On- 1- On; if On* -1 then PC+ d- PC 

(Destination)/ (Source) - Destination 

(Destination)/ {Source) - Destination 

(Destination} ED (Source) -Destination 

{Destination) EB Immediate Data-Destination 

ISourcel ill CCR-CCR 

ISourcel ill SR- SR 

Rx-Ry 

(Destination) Sign-Extended - Destination 

Destination- PC 

PC--ISPI; Destination - PC 

<ea> -An 

An- - ISPI; SP-An; SP+ Displacement-SP 

(Qest1nationl Shifted by <count> - Destination 

(Source) - Destination 

I Source) - CCR 

I Source) -SR 

A logical AND 
V logical OR 
$logical exclusive OR 
- logical complement 
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Condition 
Codes 

x N z v 
* u * u 
* * * * 
- - - -

* * * * 
* * * * 
* * * * 
- . . 0 
- . . 0 . . . * 
* * * * . * . * 
- - - -

. - - -

. - - -

- - - -

* - - -

- - - -

* - - -
- * u u 
- 0 1 0 . * * -

* * * -

* * * - . * * -

- - - -. * * - . * * -
- . . 0 
- . * 0 . * * * 

* * * * 

- - - -

- * * 0 

- - - --
- - - -

- - - -

- - - -

* . * 0 
- . * 0 . * * . . * * * 

* affected 
- unaffected 
0 cleared 
1 set 
U undefined 

c 
* 
* 
-

* 
* 
* 
0 

0 . 
* . 
-

-

-

-

-

-

-

u 
0 

* . . . 
-

0 

0 

0 

0 . 
. 
--

0 
-

-

-

. 
0 . . 



Mnemonic 

MOVE from SR 

MOVE USP 

MOVEA 

MOVEM 

MOVEP 

MOVEO 

MULS 

MULU 

NBCO 

NEG 

NEGX 

NOP 

NOT 

OR 

ORI 

ORI to CCR 

ORI to SR 

PEA 

RESET 

ROL, ROR 

ROXL, ROXR 

RTE 

RTR 

RTS 

SBCO 

sec 
STOP 

SUB 

SUBA 

SUBI 

SUBO 

SUBX 

SWAP 

TAS 

TRAP 

TRAPV 

TST 

UNLK 

Table 7-2. Instruction Set (Sheet 2 of 2) 

Description 

Move from the Status Register 

Move User Stack Pointer 

Move Address 

Move Multiple Registers 

Move Peripheral Data 

Move Ou1ck 

Signed Multiply 

Unsigned Multiply 

Negate Decimal with Extend 

Negate 

Negate with Extend 

No Operation 

Logical Complement 

I nclus1ve OR Logical 

Inclusive OR Immediate 

Inclusive OR Immediate 
to Cond1t1on Codes 

Inclusive OR Immediate 
to Status Register 

Push Effective Address 

Reset External Device 

Rotate !Without Extend) 

Rotate with Extend 

Return from Exception 

Return and Restore Condrt1on Codes 

Return from Subroutine 

Subtract Decimal with Extend 

Set According to Cond1t1on 

Load Status Register and Stop 

Subtract Binary 

Subtract Address 

Subtract Immediate 

Subtract Quick 

Subtract with Extend 

Swap Register Halves 

Test and Set an Operand 

Trap 

Trap on Overflow 

Test and Operand 

Unlink 

Operation 

SR - Dest1nat1on 

USP-An, An-USP 

ISouru;) -Dest1nFJt1on 

Registers Oest1nat1on 
ISourcel -Reg1sturs 

ISourcel -Dest1nat1on 

lmmed1<Jtc 091a- D£;st1nat1on 

I Dest1r1at:onl x1 Source) - Des~1nat1on 

I Dest1nat1onl X( Source I - Destination 

0 "- { Dest1nat1onl 10 -- X - Dest1nat1on 

0- I Des11nat1on) - Oest1nat1on 

0- !Dest1nat1on! - X-Destinat1on 

-

- ( Dest1nat1onl - Destination 

I Destination) v I Source) - Dest1nat1on 

( Dest1nat1on) v I mmed1ate Data - Destination 

ISourcel v CCR-CCR 

(Source) v SR- SR 

<ea> - -(SP! 

1-
I Destination) Rotated by <count> - Destination 

I Dest1nat1onl Rotated by <count> - Destination 

ISPI+ -SR, ISPI+ -PC 

ISPI +-CC, ISPI +-PC 

ISPl+-PC 

(Destination! 10- (Source) 10 - X - Destination 

II cc then l's Destination else O's-Destination 

Immediate Data-SR; STOP 

IDest1nat1onl - ISource)-Destinat1on 

(Qestinat1onJ - I Source\ - Destination 

(Destination! - Immediate Data - Destination 

I Dest1riat1on1 - Immediate Data - Dest1nat1on 

(Qest1nat1onl - (Source I - X - Dest1nat1on 

Register [31 161- Register I 15 OJ 

I Destinat1onl Tested - CC. 1 - [7] OF Destination 

PC- - ISSPI, SR- - ISSPI, 

II V then TRAP 

\ Des11natron\ Tested - CC 

An-SP, ($Pl+ -An 

1 =bit number 
;\ logical AND 
\/ logical OR 
E9 log1cal exclusive OR 
- logical complement 
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(Vector) - PC 

Condition 
Codes 

x N z v 

- - -

-· 

- - .... -

-

- * * 0 
- * * 0 
·- * * 0 

* u * u 
* * * . . * . . 
- - -

-
. . 0 

- * . 0 
-
. . 0 . . * . 

. . . *' 
- - - -

- - - -

-
. . 0 . * . 0 

* . . * . . * . 
- - -

* u . u 
- - - -

* . . * . . . . 
I - ... . * . * . . . * 
* . . * 
- . . 0 
-
. . 0 

- - >· -
- - - -

- * * 0 
- -

* affected 
- unaffected 
0 cleared 
1 set 
U undefined 

c 

-

0 

0 
0 

* 
* . 
0 

0 

D . 
. 
·-

-. . . . 
. 
-. . 
-

* . 
* 
0 

0 
-

-

0 
-



7 .1.2 Instruction Prefetch 

The TS68000 uses a two-word tightly-coupled instruction prefetch mechanism to enhance perfor
mance. This mechanism is described in terms of the microcode operations involved. If the execu
tion of an instruction is defined to begin when the microroutine for that instruction is entered, some 
features of the prefetch mechanism can be described. 

1. When execution of an instruction begins, the operation word and the word following have 
already been fetched. The operation word is in the instruction decoder. 

2. In the case of multi-word instructions, as each additional word of the instruction 1s used 
internally, a fetch is made to the instruction stream to replace 1t. 

3. The last fetch for an instruction from the instruction stream is made when the operation word 
is discarded and decoding is started on the next instruction. 

4. If the instruction is a single-word instruction causing a branch, the second word 1s not used. 
But because this word is fetched by the preceding instruction, it is impossible to avoid this 
superfluous fetch. 

5. In the case of an interrupt or trace exception, both words are not used. 

6. The program counter usually points to the last word fetched from the instruction stream. 

7.2 INSTRUCTION EXECUTION TIMES 

The following paragraphs contain listings of the instruction execution times 1n terms of external 
clock ICLK) periods. In this timing data, it is assumed that both memory read and write cycle times 
are four clock periods. Any wait states caused by a longer memory cycle must be added to the total 
instruction time. The number of bus read and write cycles for each instruction 1s also included with 
the timing data. This timing data is enclosed in parenthesis following the execution periods and is 
shown as lr/w) where r is the number of read cycles and w 1s the number of write cycles 

NOTE 
The number of periods includes instruction fetch and all applicable operand fetche:; and 
stores. 

7.2. 1 Effective Address Operand Calculation Timing 

Table 7-3 lists the number of clock periods required to compute an instruction's effective address It 
includes fetching of any extension words, the address computation, and fetching of the memory 
operand. The number of bus read and write cycles is shown 1n parenthesis as lr/w). Note there are 
no write cycles involved in processing the effective address. 

7.2.2 Move Instruction Execution Times 

Tables 7-4 and 7-5 indicate the number of clock periods for the move instruction. This data includes 
instruction fetch, ope.rand reads, and operand writes. The number of bus read and write cycles 1s 
shown in parenthesis as lr/w). 
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Table 7-3. Effective Address Calculation Times 

Addressing Mode Byte, Word Long 

Register 
On Data Register Direct OI0/01 OIO/OI 
An Address Register Direct 010/01 010/0i 

Memory 
IAnl Address Register Indirect 411/0I 812/01 
IAnl + Address Register Indirect with Postincrement 411/0I 812/0i 
-IAril Address Register Indirect with Predecrement 611/0i 1012/0i 
di An I Address Register Indirect with 01splacement 812/0I 1213/0i 
d(An, 1x)* Address Register Indirect with Index 1012/01 1413/0I 
xxx w Absolute Short 812/01 1213/0i 

xxx L Absolute Long 1213/0i 1614/0I 
di PC I Program Counter with Displacement 812/0i 1213/0I 

di PC, nd * Program Counter with Index 1012/01 1413/01 
lxxx Immediate 411/0I 812/0I 

*The size of the index register (1x) does not affect execution time 

Table 7-4. Move Byte and Word Instruction Execution Times 

Source Destination 
On An (Anl (Anl+ -(Anl d(An) d(An, ix)* xxx.W xxx.L 

On 411/0I 411/01 811/11 811/11 811/11 1212/11 1412/11 1212/11 1613/11 
An 411/0I 411/01 811/11 811/11 811/11 1212/11 1412/11 1212/11 1613/11 
I An I 812/0I 812/0I 1212/11 1212/11 1212/11 1613/11 1813111 1613/11 2014/11 

(An!+ 812/01 812/0I 1212/11 1212111 1212111 1613/11 1813/11 1613/11 2014/11 
- IAnl 1012/0I 1012/01 1412/11 1412/11 1412/11 1813/11 2013/11 1813/11 2214/11 
dlAnl 1213/0I 1213/0I 1613/11 1613/11 1613/11 2014111 2214/11 2014/11 2415/11 
dtAn, 1x)* 1413/01 1413/01 1813/11 1813111 1813/11 2214/11 2414111 2214/11 2615/11 
)()()( w 1213/0I 1213/01 1613/11 1613/11 1613/11 2014/11 2214/11 2014/11 2415/11 
xxx l. 1614/0I 1614/01 2014/11 2014/11 2014/11 2415/11 2615/11 2415/11 2816/11 

dlPCI 1213/01 1213/01 1613/11 1613/11 1613/11 2014/11 2214/11 2014111 2415/11 
di PC. l)() * 1413/0I 1413/0I 1813/11 1813111 1813/11 2214/11 2414/11 2214/11 2615/11 
h.xx 812/01 812/01 1212/11 1212/11 1212/11 1613/11 1813/11 1613/11 2014/11 

*The size ot the index register (1>d does not affect execution time 

Table 7-5. Move Long Instruction Execution Times 

Source 
Deotinetion 

On An (An) (Anl+· -(Anl dlAn) d(An, ixll' xxx.W xxx.L 

On 411/0I 411/01 1211/21 1211/21 1211/21 1612/21 1812/2) 1612/21 2013121 
An 411/0I 411/0I 1211/21 1211/21 1211 /21 1612/21 1812/21 1612/21 2013/21 
1Anl 1213/01 1213/0I 2013/21 2013/21 2013/21 2414/21 2614/21 2414/21 2815/21 
IAnl + 1213/01 1213/0I 2013/21 2013121 2013/21 2414/21 2614/21 2414/21 2815/21 

iAnl 1413/0I 14!3/0I 2213121 2213/21 2213/21 2614/21 2814/21 2614/21 3015/21 
di An I 1814/01 1614/0I 2414/21 2414/21 2414/21 2815/2) 3015/21 2815/21 3216/21 
d!An, 1).!* 1814/0I 1814/01 2614/21 2614/21 2614/21 3015/21 3215/21 3015/21 3416/21 
).)1,)1,w 1614/0I 1614/0I 2414/21 2414/21 2414/21 2815/21 3015/21 2815/21 3216/21 
)!,).)!, L 2015/0I 2015/0I 2815/2} 2815/21 2815/21 3216/21 3416/21 3216/21 3617121 ~ 
di PC I 1614/01 1614/0I 2414/21 2414/21 2414/21 2815/21 3015/21 2815/21 3215/21 
di PC . .... , . 1814/01 1814/01 2614/21 2614/21 2614/21 3015/21 3215/21 3015121 3416/21 
h.u 1213/0I 1213/01 2013/2) 2013/21 2013/2} 2414/21 2614/21 2414/21 2815/21 

• Ttle size ot the mde). reg1ster !nd does not affect execution time 
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7.2.3 Standard Instruction Execution Times 

The number of clock periods shown in Table 7-6 indicates the time required to perform the opera
tions, store the results, and read the next instruction. The number of bus read and write cycles is 
shown in parenthesis as lr/wl. The number of clock periods and the number of read and write 
cycles must be added respectively to those of the effective address calculation where indicated. 

In Table 7-6 the headings have the following meanings: An= address register operand, On= data 
register operand, ea= an operand specified by an effective address, and M = memory effective ad
dress operand. 

Table 7-6. Standard Instruction Execution Times 

Instruction Size op<ea>, Ant op<ea>, Dn op On, <M> 

ADD 
Byte. Word 811/01 + 411 /0I + 811/11 + 

Long 611/01+** 611/01+** 1211/21+ 

AND 
Byte, Word - 411/01 + 811/11 + 

Long - 611/01+** 1211/21 + 

CMP 
Byte, Word 611/01 + 411/01 + -

Long 611/01 + 611/01 + -

DIVS - - 15811/01 +. -

DIVU -- - 14011/0I +. -

EOR 
Byte, Word - 4(1/Q)* * * 811/11+ 

Long - 811/01**. 1211/21 + 

MULS - - 7011/01+* -

MULU - - 7011/0I+* -

OR 

SUB 

NOTES 

Byte, Word -

Long -

Byte, Word 811/01+ 

Long 611/01+** 

+ add effective address calcu!ation time 
t word or long only 
* indicates maximum value 

411/01 + 81111 I+ 

611/01+** 1211/21 + 

411/01 + 811/11+ 

611/01+** 1211/21+ 

The base time of six clock periods is increased to eight if the effectiVe address mode is 
registe'r direct or immediate (effective address time should also be added) 
Only available effective address mode is data register direct 

DIVS, DIVU - The divide algorithm used bv the TS68000 provides less than 10 % difference 
between the best and worst case timings 

MULS, MULU - The multiply algorithm requires 38+2n clocks where n is defined as 
MULU n= the number of ones in the <ea> 
MU LU: n = concatanate the <ea> with a zero as the LSB; n is the resultant number of 

10 or 01 patterns 1n the 17-bit source; i.e., worst case happens when the 
source 1s $5555 

7.2.4 Immediate Instruction Execution Times 

The number of clock periods shown in Table 7-7 includes the time to fetch immediate operands, 
perform the operations, store the results, and read the next operation. The number of bus read and 
write cycles is shown in parenthesis as lr/wl. The number of clock periods and the number of read 
and write cycles must be added respectively to those of the effective address calculation where in
dicated. 

In Table 7-7, the headings have the following meanings: #=immediate operand, On= data register 
operand, An= address register operand, M =memory operand, and SR= status register. 
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Table 7-7. Immediate Instruction Execution Times 

Instruction Size op#, Dn 

ADDI 
Byte, Word 812/01 

long 1613/01 

ADDO 
Byte, Word 411 /0I 

Long 811 /QI 

ANDI 
Byte, Word 812/01 

Long 1613/01 

CMPI 
Byte, Word 812/01 

Long 1413/01 

EORI 
Byte. Word 812/01 

Long 1613101 

MOVED Long 411 /0I 

ORI 
Byte. Word 812/01 

Long 1613/0I 

SUBI 
Byte, Word 812/01 

Long 1613/0I 

SUBQ 
Byte. Word 411101 

Long 811 /0I 

+add effective address calculat1on time 
*word only 

7.2.5 Single Operand Instruction Execution Times 

op#, An op#, M 
- 12!2.i 11 + 

- 2013121 + 

811/01* 811I11 + 

811/01 1211 ·21 + 

- 1212111 + 

- 20i3 11 + 

- 812 01 + 

- 1213 ·01 + 

1212 11 + 

·- 2013: 21 + 

- -
- 121211 + 

- 2013 21 + 

- 1212' 11 _,_ 

- 2013 2\ + 

811 01 • 811 11 + 

811 '01 1211 21 + 

Table 7-8 indicates the number of clock periods for the single operand 1nstruct1ons. The number of 
bus read and write cycles is shown in parenthesis as lr/w) The number of clock periods and the 
number of read and write cycles must be added respectively to those of the effective address 
calculation where indicated. 

Table 7-8. Single Operand Instruction Execution Times 

Instruction Size Register Memory 

CLR 
Byte, Word 411 !QI 811 li + 

Long 611/01 1211· 21 + 

NBCD Byte 611101 811 11 + 

NEG 
Byte. Word 41 llOI 811 · 11 + 

Long 611/0I 1211 · 2~ + 

Byte. Word 411/01 8(1/11 + 
NEGX 

Long 611 /0I 12(1/21 + 

NOT 
Byte, Word 411/01 811' 11 + 

Long 611 /0I 1211121 + 

Byte, False 411/01 8(1/1) + 
sec 

Byte, True 611/Ql.. 8(1/1) + 

TAS Byte 411/01 1011111 + 

TST 
Byte, Word 411/01 411/01 + 

Long 411/01 4(1/0l + 

+add effective address calculation time 
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7.2.6 Shift/Rotate Instruction Execution Times 

Table 7-9 indicates the number of clock periods for the shift and rotate instructions. The number of 
bus read and write cycles is shown in parenthesis as (r/w). The number of clock periods and the 
number of read and write cycles must be added respectively to those of the effective address 
calculation where indicated. 

Table 7-9. Shift/Rotate Instruction Execution Times 

Instruction Size 

ASR, ASL 
Byte. Word 

Long 

LSR, LSL 
Byte, Word 

Long 

ROA. AOL 
Byte, Word 

Long 

ROXR, ROXL 
Byte, Word 

Long 

+add effective address calculation time 

n 1s the shdt or rotate count 

7 .2.7 Bit Manipulation Instruction Execution Times 

Register Memory 

6 + 2nl1/0I 811/11+ 

8 + 2nl1/0I -

6 + 2nl1/0I 811/11+ 

8 + 2nl1/0I -

6 + 2nl1/01 811111+ 

8 + 2nl1/0I -

6 + 2nl1/0I 811/11+ 

8 + 2nl1/0I 

Table 7-10 indicates the number of clock periods required for the bit manipulation instructions. The 
number of bus read and write cycles is shown in parenthesis as (r/w). The number of clock periods 
and the number of read and write cycles must be added respectively to those of the effective ad
dress calculation where indicated. 

Table 7-10. Bit Manipulation Instruction Execution Times 

Instruction Size 
Dynamic 

Register 

Byte -

BCHG 
Long 811 IOI* 

Byte -

BCLR 
Long 1011/01* 

Byte 
BSET 

811 IOI* Long 

Byte -

BTST 
Long 611101 

+add effective address calculation time 
*indicates maximum value 

7.2.8 Conditional Instruction Execution Times 

Memory 

811/11 + 

-

811/11+ 

-

811/11 + 
-

411/01 + 
-

Static 

Register Memory 

- 1212/11 + 

1212/01* -

- 1212/11 + 

1412/01* -

- 1212/11 + 

1212/0I * -

- 812/0I + 

1012/01 -

Table 7-11 indicates the number of clock periods required for the conditional instructions. The 
number of bus read and write cycles is indicated in parenthesis as (r/w) The number of clock 
periods and the number of read and write cycles must be added respectively to those of the effec
tive address calculation where indicated. 
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Table 7· 11. Conditional Instruction Execution Times 

Instruction Displacement 

Bee 
Byte 
Word 

BRA 
Byte 

Word 

BSA 
Byte 

Word 

DB cc 
CC true 
CC false 

+add effective address calculation time 
*indicates maximum value 

Branch Branch 
Taken Not Taken 
1012/01 811/01 
1012/0I 1212/01 
1012/0I -
1012/01 -
1812/21 -
1812/21 -

- 1212/0I 
1012/01 1413/01 

7.2.9 JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times 

Table 7- ~2 i.ndicates the number of clock periods required for the jump, jump-to-subroutine, load ef
fective address, push effective address, and move multiple registers instructions. The number of 
bus read and write cycles is shown in parenthesis as lr/w). 

Table 7-12. JMP, JSR, LEA, PEA, and MOVEM Instruction i:xecution Times 

Instr Size (Ari) IAnl+ -IAn) di An) d(An, ix)+ xxx.W xxx.L di PC) dlPC, ix)* 
JMP - 812/01 - - 1012/01 1413/01 1012/01 1213/01 1012/01 1413/01 
JSR - 1612/21 - - 1812/21 2212/21 1812/21 2013/21 1812/21 2212/21 
LEA - 411/01 - - 812/0I 1212/01 812/0I 1213/0I 812/01 1212/0I 
PEA ·- 1211/21 - - 1612/21 2012/21 . 1612/21 2013/21 1612/21 2012/21 

Word 12+4n 12+4n - 16+4n 18+4n 16+4n 20+4n 16+4n 18+4n 
MOVEM 13+ n/01 13+ n/01 14 + n/OI 14 + n/OI 14+ n/01 15 + n/OI 14+ n/01 14+n/OI 
M-R Long 12+8n 12+8n - 16+8n 18+8n 16+8n 20+8n 16+8n 18+8n 

13 + 2n/OI 13 + 2n/OI 14+ 2n/OI 14 + 2n/OI 14+ 2n/OI 15+ 2n/OI 14+ 2n/OI 14+ 2n/OI 
Word 8+4n - 8+4n 12+4n 14+4n 12+4n 16+4n - -

MOVEM 12/nl 12/nl 13/nl 13/nl 13/nl 14/nl -· --
R-M Long 8+8n - 8+8n 12+8n 14+8n 12+8n 16+8n - -

12/2nl - 12/2nl 13/2nl 13/2nl 13/2nl 14/2nl - --
n 1s the number of registers to move 
* 1s the size of the index register l 1x) does not affect the instruction's execution time 

7.2.10 Multi-Precision Instruction Execution Times 

Table 7-13 indicates the number of clock periods for the multi-precision instructions. The number of 
clock periods includes the time to fetch both operands, perform the operations, store the results, 
and read the next instructions. The number of read and write cycles is shown in parenthesis as 
lr/w). 

In Table 7-13, the headings have the following meanings: On= data register operand and 
M =memory operand. 
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Table 7-13. Multi-Precision Instruction Execution Times 

Instruction Size op On, On opM, M 

ADDX 
Byte, Word 41t QI 1813 1• 

Long 811 QI 3015 2• 

CMPM 
Byte, Word 12•3 0• 

Long 20•5 Q• 

SUBX 
Byte. Word 411 0 1 1813 1• 

Long 811 01 30i5 21 

ABCD Byte 6! 1 01 1813 1 • 

SBCD Byte 611 01 1813 1 • 

7.2.11 Miscellaneous Instruction Execution Times 

Tables 7-14 and 7-15 indicate the number of clock periods for the following miscellaneous instruc
tions. The number of bus read and write cycles is shown in parenthesis as Ir wl The number of 
clock periods plus the number of read and write cycles must be added to those of the effective ad
dress calculation where indicated. 

Table 7-14. Miscellaneous Instruction Execution Times 

Instruction Size Register Memory 

ANDI to CCR Byte 2013 QI 

ANDI to SR Word 2013 QI 

CHK - 1011 QI. 

EORI to CCR Byte 2013 QI 

EORI to SR Word 2013 QI 

ORI to CCR Byte 2013 QI 

ORI to SR Word 2013 QI 

MOVE from SR - 611 QI 8•1 1 •. 

MOVE to CCR - 1212 QI 12•2 0•. 

MOVE to SR - 1212 QI 12•2 01 •· 

EXG - 611 QI 

Word 411 QI 
EXT 

Long 411 QI 

LINK - 1612 21 

MOVE from USP - 411 QI -

MOVE to USP - 411 01 

~- - 411 QI -

RESET - 13211 QI 

RTE - 2015 QI 

RTR - 2015'QI 

ATS - 1614-'QI 

STOP - 41QIQI -· 

SWAP - 411/QI 

TRAPV - 411/0I -

L(NLK - 1213101 

+add effective address calculat1on time 

Table 7-15. Move Peripheral Instruction Execution Times 

Instruction Size Register- Memory Memory- Register 

MOVEP 
Word 1612121 1614/0I 

Long 2412141 2416/0I 
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7 .2.12 Exception Processing Execution Times 

Table 7-16 indicates the number of clock periods for exception processing. The number of clock 
periods includes the time for all stacking, the vector fetch, and the fetch of the first two instruction 
words of the handler routine. The number of bus read and write cycles is shown in parenthesis as 
lr/wl 

Table 7-16. Exception Processing Execution Times 

Exception Periods 

Address Error 5014171 

Bus Error 5014171 

CHK Instruction 4415/41 + 
D1v1de by Zero 4215/41 

Illegal Instruction 3414/31 

Interrupt 4415/31* 

Privilege V1olat1on 3414/31 

RESET** 4016/01 

Trace 3414/31 

TRAP Instruction 3814/41 

TRAPV Instruction 3414/31 

+add effective address calculat1on time 
*The interrupt acknowledge cycle 1s assumed 

to take four clock periods 

**Indicates the time from when RESET and 
HALT are first sampled as negated to when 
instruction execution starts 
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SECTION 8 
ELECTRICAL SPECIFICATIONS 

This section contains electrical specifications and associated timing information tor the TS68000 

8.1 MAXIMUM RATINGS 

Rating Symbol 
Supply Voltage Vee 
Input Voltage v,n 
Operating Temperature Range 

TS68000C TA 

TS68000V 
TS68000M 

Storage Temperature Tstg 

8.2 THERMAL CHARACTERISTICS 

Value 

-0 3 to + 7 0 

-0.3 to+ 7.0 

TL to TH 
0 to 70 

-40 to 85 

-55 to 125 

-55to150 

Unit 

v 

v 

oe 

"e 

This device contains c1rcu1try to protect the 
inputs against damage due to high static 
voltages or electric fields, however. 1! is ad 
vised that normal precautions be taken to 

avoid appl+cat1on of any voltage higher than 
maximum-rated voltages to this high· 
impedance c1rcu1t Reliab1uty ol operation is 
enhanced 1f unused inputs are tied to an ap
propriate logic voltage level (e g , either GND 

or Vee1 

Characteristic Symbol Value Symbol Value Rating 
Thermal Resistance (Still Air) 

Ceramic OIL 30 15* 
Ceramic PGA 33 15 
LCCC 8JA 50 8JC 25. 0 e1w 
Plastic DI L .:is 15° 
PLCC 00 25° 

*Estimated 

8.3 DC ELECTRICAL CHARACTERISTICS 
(Vcc=5.0 Vdc ±5%; GND=O Vdc; TA=TL to TH; see Figures 8-1, 8-2, and 8-3) 

Characteristic Symbol Min Max Unit 

Input High Voltage V1H 2.0 Vee v 

Input Low Voltage V1L GND-0.3 0.8 v 
Input Leakage Current@ 5.25 V l3EITT!. BGACK. Ill!. DTACR. 

eLK. iPTil-IPL2. iJPA ljn - 25 µA 
FiATI. RESIT - 20 

Three-State I Off State) Input Current@ 2.4 V /0.4 V AS. A1-A23. DO-D15, 
1Ts1 - 20 µA• FeO-FC2. m. R/W. DDS. VMA 

Output High Voltage llOH = - 400 µAl E" vec-o 75 -
E. AS. A1-A23. BG. DO-D15, VoH v 

FCO-Fe2. LQS. R/W. ODS. <mi\ 2.4 -
Output Low Voltage 

llOL = 1.6 mA) HAIT - 0.5 
lloL =3.2 mAl A 1-A23. Im, FCO-FC2 - 0.5 
lloL =5.0 mAl RESIT VOL - 0.5 v 
lloL =5.3 mAl E. AS. DO-D15. m. R/W - 05 

ODS. <mi\ 
Power D1ssipat1on I See 8.4 POWER CONSIDERATIONS) Po*** - - w 

Capacitance(Vjn=OV, TA=25°C; Frequency=l MHz)** Cin - 20.0 pF 

*With external pi.Jllup resistor of 1. 1 kO. 

**Capacitance is periodically sampled rather than 100% tested. 
***During normal operation mstantaneous Vee current requirements may be as high as 1.5 A 
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+5V 

l 9100 

~ I 130pF 

Figure 8-1. RESET Test Load 

+5V 

1N4148 Test 
Point or Equivalent 

0-.... ~~ .... ~ ... ~ .... 

CL= 130 pF 
llncludes all Paras1t1csl 

AL= 6 0 kO for 
~. A1-A23. BG, 00-015, E -
FCO-FC2, LDS, R/W, UDS, VMA 

*A= 1.22 kO for A1-A23, BG, 
FCO-FC2 

+5V 

l 2 9 kO 

~ 
I70pF 

Figure 8-2. HALT Test Load 

R*=7400 

1N916 
o,· Equivalent 

Figure 8-3. Test Loads 
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8.4 POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in °C can be obtained from: 
T J =TA+ {Po•BJA) 

Where: 
TA= Ambient Temperature, °C 
8JA =Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD= PINT+ Pl/O 
PINT= ICC x Vee. Watts - Chip Internal Power 
Pl/O =Power Dissipation on Input and Output Pins - User Determined 

For most applications PJ/O< PJNT and can be neglected. 

An approximate relationship between PD and T J (if PJ/O is neglected) is: 

11) 

Po=K+{TJ+273°Cl 12) 
Solving equations 1 and 2 for K gives: 

K=Po•{TA+273°C)+8JA•Po2 13) 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by 
measuring PD lat equilibrium) for a known TA Using this value of K the values of Po and T J can be 
obtained by solving equations 11) and 12) iteratively for any value of TA 

Figure 8-4 illustrates the graphic solution to the equations, given above, for the specification power 
dissipations of 1.50 and 1. 75 watts over the ambient temperature range of - 55 °C to 125 °C using an 
average 8JA of 40°C/watt to represent the various TS68000 packages. However, actual 8JA'S in 
the rang~ of 30°C to 50°C/watt only change the curves slightly. 

2.2 

2.0 

l!l 1.8 

~ 
0 1.6 
!!o 
Iii 
;: 
0 

0.. 
1.4 

1 2 

1.0 

-55 -40 0 25 

Ambient Temperature IT Ai - °C 
1·76 

Figure 8-4. TS68000 Power Dissipation (Pol vs Ambient Temperature IT Al 
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The total thermal resistance of a package (liJAI can be separated into two components, llJC and 
liCA, representing the barrier to heat flow from the semiconductor junction to the package (case) 
surface (liJC) and from the case to the outside ambient (liCAI. These terms are related by the equa
tion: 

llJA = llJC + llCA 14) 

llJC is device related and cannot be influenced by the user. However, liCA is user dependent and 
can be minimized by such thermal management techniques as heat sinks, ambient air cooling and 
thermal convention. Thus, good thermal management on the part of the user can significantly 
reduce liCA so that llJA approximately equals Ii Jc. Substitution of llJC for llJA in equation 11 I will 
result in a lower semiconductor junction temperature. 
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8.5 AC ELECTRICAL SPECIFICATIONS - CLOCK TIMING (See Figure 8-5) 
&MHz 10MHz 12.6 MHz 16 MHz 

Ch1rKt1rinic Symbol Min Max Min Max Min Mox Min MH Unit 

Fr1qu1ncv of Operation f 4.0 8.0 4.0 10.0 4.0 12.5 4.0 16 MH, 

Cycl1 Time 'eye 126 260 100 260 80 250 60 250 n• 

Clock Pul11 Width 'CL 56 126 46 126 35 126 26 125 n1 
'CH 55 126 46 126 35 125 25 125 

RiH and Fall Tim11 'Cr - 10 - 10 - 6 - 5 
nl 

'Cf - 10 - 10 - 5 - 5 

,..--------- tcyc------~ 

tCL tcH 

tcr tc1 

NOTE 
T1m1ng measurements are referenced to and from a low voltage of 0.8 volt and high a voltage of 2.0 volts, unless otherwise noted 
Th~ voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 
0 8 volt and 2 0 volts 

Figure 8-5. Clock Input Timing Diagram 
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8.6 AC ELECTRICAL SPECIFICATIONS - READ CYCLES 

(Vcc=5.0 Vdc ± 5 % ; GND=O Vdc; TA=TL to TH; see Figure 8-6) 

8 MHz 10 MHz 12.5 MHz 16 MHz 

Num. Characteristic Symbol Min Max Min Max Min Max Min Max Unit 

1 Clock Period 'CYC 125 250 100 250 80 250 60 250 ns 

2 Clock Width Low 'CL 55 125 45 125 35 125 25 125 ns 

3 Clock Width High 'CH 55 125 45 125 35 125 25 125 ns 

4 Clock Fall Time 'Cf - 10 - 10 - 5 - 5 ns 

5 Clock Rise Time 'Cr - 10 - 10 - 5 - 5 ns 

6 Clock Low to Address Valid 'CLAV - 70 - 60 - 55 - 50 ns 

6A Clock High to FC Valid 'CHFCV - 70 - 60 - 55 - 50 ns 

7 Clock High to Address, Data Bus 
High Impedance !Maximum) 'CH ADZ - 80 - 70 - 60 - 55 ns 

8 Clock High to Address. FC Invalid !Minimum) 'CHAFI 0 - 0 - 0 - 0 - ns 

91 Clock High to AS, DS Low 'CHSL 0 60 0 55 0 55 0 55 ns 

11 2 Address Valid to AS, DS Low 'AVSL 30 - 20 - 0 - 0 - ns 

11A2 FC Valid to AS, DS Low 'FCVSL 60 - 50 - 40 - 30 - ns 

12 1 Clock Low to AS, DS High 'CLSH - 70 - 55 - 50 - 45 ns 

132 AS. DS High to Address/FC Invalid 'SHAFI 30 - 20 - 10 - 10 - ns 

142 AS, DS Width Low 'SL 240 - 195 - 160 - 120 - ns 

152 AS, DS Width High 'SH 150 - 105 - 65 - 50 - ns 

172 AS, bs High to R/W High 'SHAH 40 - 20 - 10 - 10 - ns 

18 1 Clock High to R/W High 'CHRH 0 70 0 60 0 60 0 55 ns 

275 Data In to Clock Low !Setup Time) 'DICL 15 - 10 - 10 - 10 - ns 

282 AS, DS High to DTACK High 'SHDAH 0 245 0 190 0 150 0 110 ns 

29 AS, DS High to Data In Invalid !Hold Time) 'SHDll 0 - 0 - 0 - 0 - ns 

30 AS, DS High to BEAR High 'SHBEH 0 - 0 - 0 - 0 - ns 

312.5 DTACK Low to Data In !Setup Time) 'DALDI - 90 - 65 - 50 - 30 ns 

32 HALT and RESET Input T rans1tion Time 'RHr,f 0 200 0 200 0 200 0 200 ns 

475 Asynchronous Input Setup Time 'ASI 20 - 20 - 20 - 20 - ns 

483 BERA Low to DTACK Low 'BELDAL 20 - 20 - 20 - 20 - ns 

564 HALT I RESET Pulse Width 'HRPW 10 - 10 - 10 - 10 - Clk.Per. 

NOTES: 
1 For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in the maximum columns. 

2 Actual value depends on clock period. 

3 If 47 is satisfied for both DTACK and BERR, 48 may be 0 nanosecond. 

4 For power up, the MPU must be held in RESET state for 100 milliseconds to allow stabilization of on-chip circuitry. After the system 
1s powered up, 56 refers to the minimum pulse width required to reset the system. 

5 If the asynchronous setup time 1471 requirements are satisfied, the DTACK low-to-data setup time 1311 requirement can be ignored. 
The data must only satisfy the data-in to clock low setup time 1271 for the following cycle. 
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These waveforms should only be referenced 1n regard to the edge-to-edge measurement of the tim
ing specifications. They are not intended as a functional description of the input and output signals. 
Refer to other functional descriptions and their related diagrams tor device operation. 

NOTES: 

DTACK 

iiERR1iiR 
!Note 21 

Asynchronous 
Inputs 

!Note 11 

l. Setup 11me for the synchronous inputs §GACK, IPL0-2. and VPA guarantees their recogr1t1on at the next falling edge of the clock 
2. BR need fall at this time only 1n order to insure being recognized at the end of this bus cycle 
3. T1m1ng measurements are referenced to and from a \ow voltage of 0 8 volt and a high voltage 2.0 volts, unless otherwise noted The 

voltage swing through this range should start outside and pass through the range such thilt the nse or tall will be linear between 0 8 
volt and 2.0 volts. 

Figure 8-6. Read Cycle Timing Diagram 
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8.6 AC ELECTRICAL SPECIFICATIONS - WRffE CYCLES 
(Vcc=5.0 Vdc ± 5 % ; GND=O Vdc; TA =TL to TH; see Figure 8-7) 

B MHz 10 MHz 12.5 MHz 16 MHz 

Num. Characteristic Symbol Min Max Min Max Min Max Min Max Unit 

1 Clock Period 'c'iC 125 250 100 250 80 250 60 250 ns 

2 Clock Width Low 1CL 55 125 45 125 35 125 25 125 ns 

3 Clock Width High 1CH 55 125 45 125 35 125 25 125 ns 

4 Clock Fall Time 'Cf - 10 - 10 - 5 - 5 ns 

5 Clock A ise Time 1Cr - 10 - 10 - 5 - 5 ns 

6 Clock Low to Address Val id 1CLAV - 70 - 60 - 55 - 50 ns 

6A Clock High to FC Valid 'CHFCV - 70 - 60 - 55 - 50 ns 

7 Clock High to Address, Data Bus 
High Impedance !Maximum) 'CHA DZ - 80 - 70 - 60 - 55 ns 

8 Clock High to Address, FC Invalid !Minimum) 1CHAFI 0 - 0 - 0 - 0 - ns 
91 Clock High to AS, DS Low 'Cl-§_L 0 60 0 55 0 55 0 55 ns 

11 2 Address Valid to AS Low 'AVSL 30 - 20 - 0 - 5 - ns 

11A2 FC Valid to AS Low 'FCVSL 60 - 50 - 40 - 30 - ns 

121 Clock Low to AS, DS High 'CJ.SH - 70 - 55 - 50 - 45 ns 

132 AS, DS High to Address/FC Invalid 'SHAFI 30 - 20 - 10 - 10 - ns 

142 AS Low ~L 240 - 195 - 160 - 120 - ns 

14A2 DS Width Lo~~ 1DSL 115 - 95 - 80 - 60 - ns 

152 AS, DS Width High 1SH 150 - 105 - 65 - 50 - ns 

181 Clock High to R/W High ~H 0 70 0 60 0 60 0 55 ns 

201 Clock High to R/W Low 1CH_RL - 70 - 60 - 60 - 55 ns 

20A6 AS, Low to R/W Valid 1ASRV - 20 - 20 - 20 - 20 ns 

21 2 Address Valid to R/W Low 'AVAL 20 - 0 - 0 - 0 - ns 

21A2 FC Valid to R/W Low 1FCVRL 60 - 50 - 30 - 20 - ns 

222 R/W Low to DS Low 1RLSL 80 - 50 - 30 - 20 - ns 

23 Clock Low to Data Out Valid 'CLDO - 70 - 55 - 55 - 50 ns 

252 AS, DS High to Data Out Invalid 1SHDOI 30 - 20 - 15 - 10 - ns 

262 Data Out Valid to DS Low 1DOSL 30 - 20 - 15 - 15 - ns 

282 AS, DS High to DTACK High 1Sf:ID_AH .o 245 0 190 0 150 0 110 ns 

30 AS, DS High to BEAR High 1SHBEH 0 - 0 - 0 - 0 - ns 

32 HALT and RESET Input Transition Time 1RHrf 0 200 0 200 0 200 0 200 ns 

475 Asynchronous Input Setup time 1ASI 20 - 20 - 20 - 20 - ns 

483 BEAR Low to DTACK Low 1BELDAL 20 - . 20 - 20 - 20 - ns 

53 Clock High to Data Out Invalid 1CHDOI 0 - 0 - 0 - 0 - ns 

55 R/W to Data Bus Driven 'RLDBD 30 - 20 - 10 - 10 - ns 

564 HALT I RESET Pulse Width 1HRPW 10 - 10 - 10 - 10 - Clk.Per. 

NOTES: 
1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in the maximum columm 
2. Actual value depends on clock period. __ 
3. If 47 is satisfied for both DTACK and BEAR, 48 may be 0 nanoseconds. 
4. For power up, the MPU must be held in RESET state for 100 milliseconds to allow stabilization of on-chip circuitry. After the syster 

is powered up, 56 refers to the minimum pulse width required to reset the system. 
5. If the asynchronous setup time 147) requirements are satisfied, the DT ACK low-to-data setup time 131) requirement can be ignorec 

The da~ must on!Y_ satisfy the data-in to clock-low setup time 127) for the following cycle. 
6. When AS, and R/W are equally loaded I± 20 %), Subtract 10 nanoseconds from the values in these columns. 

3·80 



These waveforms should only be referenced in regard to the edge-to-edge measurement of the tim
ing specifications. They are not intended as a functional description of the input and output signals. 
Refer to other functional descriptions and their related diagrams for device operation. 

NOTES: 

SERR/BR 
!Note 21 

Asynchronous 
Inputs 

so SI S2 

!Note 11 -------------

Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts. unless otherwise noted 
The voltage swing through this range should s\art outside and pass through the range such that the rise or fall will be linear between 
0 8 Volt and 2.0 volts 

2. Because of loading variations. R/W may be valid after AS even tf1ough both are 1n1t1ated by the ns1ng edge of 52 ~Spec1f1cat1on 
20AI. 

Figure 8-7. Write Cycle Timing Diagram 
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8.7 AC ELECTRICAL SPECIFICATIONS - TS 68000 to 6800 PERIPHERAL 

!Vee =5.0 Vdc ± 5 % ; GND=O Vdc; TA =TL to TH; refer to Figures 8-8 and 8-9) 

Num. 

12' 

18 1 

20 1 

23 

27 2 

29 

40 

41 

42 

43 

44 

45 

471 

49 3 

50 

51 

54 

NOTES' 
1 
2 

A 1 A23 

AS 

\PA 

VMA 

8 MHz 10 MHz 12.5 MHz 16 MHz 

Characteristic Symbol Min Max Min Max Min Max Min Max Unit 

Clock Low to AS, DS High 'CLSH - 70 - 55 - 50 - 45 ns 

Clock High to RIW High 1CHRH 0 70 0 60 0 60 0 55 ns 

Clock High to R1w· Low {Write) 1CHRL - 70 - 60 - 60 - 55 ns 

Clock Low to Data Out Valid (Write) 1CLDO - 70 - 55 - 55 50 ns 

Data In to Clock Low (Setup Time on Read) 'CLDO 15 - 10 - 10 - 10 - ns 

AS, OS High to Data In Invalid 
(Hold Time on Read! 'SHOii 0 - 0 - 0 - 0 - ns 

Clock Low to \/MA Low 'CLVML - 70 - 70 - 70 - 70 ns 

Clock low to E T rans1tion 'CLET - 70 - 55 - 45 - 45 ns 

E Output Rise and Fall Time 1Er f - 25 - 25 - 25 - 25 ns 

VMA Low to E High 'VMLEH 200 - 150 - 90 - 70 - ns 

AS, DS High to VPA High 'SHVPH 0 120 0 90 0 70 0 50 ns 

E Low to Control, Address Bus Invalid 
(Address Hold T1mel 'ELCAI 30 - 10 - 10 - 10 - ns 

Asyncr1ronous Input Setup Time 'ASI 20 - 20 - 20 - 20 - ns 

AS, DS High to E Low 'SHEL - 70 70 .. 55 55 -45 45 -45 +45 ns 

E Width High 'EH 450 - 350 - 280 - 210 - ns 

E Width Low 'EL 700 - 550 - 440 - 330 - ns 

E Low to Data Out Invalid 'ELDOI 30 - 20 - 15 - 10 - ns 

capac1tanc8 of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given 1n the maximum columns 
time 147) are sat1sf1ed, the OfACK low-to-data setup time (311 requirement cari be ignored 

the date-in setup time 127) tor the following cycle 
both the of the strobes (AS, and x iSSJ and the falling edge of E. Either of these events can 
loading on Specd1cat1on 49 1nd1cates the absolute maximum skew that will occur between 
and the falling of the E clock 

SO S 1 S2 S3 SO 

This t1m1ng diagram 1s included for those who wish to design their own circuit to generate VMA it shows the best case possibly attainable 
Figure 8-8. TS 68000 to 6800 Peripheral Timing Diagram - Best Case 
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so s l 52 53 54 w l/y l/v w w l/v w w w w VII Vv Vv I/\, w I/\, w w w w w w w w vv w w w S5 S6 S7 so 
([K 

A1 A23 

AS 

R/W 

~ VPA 

Col 

VMA 

Data 01Jt 

Data 1n 

NOTE This t1m1ng diagram is rncluded for those who wish to design their own crrcurt to gener.gte VMA It shows the worst case possibly attainable. 

Figure 8-9. TS68000 to 6800 Peripheral Timing Diagram - 'Worst Case 



8.8 AC ELECTRICAL SPECIFICATIONS - BUS ARBITRATION 

(Vcc=5.0 Vdc ± 5 % ; GND=O Vdc; TA=TL to TH; see Figures 8-10, 8-11, and 8-12) 

II MHz 10 MHz 12.5 MHz 16 MHz 

Num. Characteristic Symbol Min Max Min Max Min Max Min Max Unit 

7 Clock High to Address, Data Bus High Impedance 1CHADZ - 80 - 70 - 60 - 55 ns 

16 Clock High to Control Bus High Impedance 'CHCZ - 80 - 70 - 60 - 55 ns 

33 Clock High to BG Low 'CHGL - 70 - 60 - 50 - 45 ns 

34 Clock High to BG High 1CHGH - 70 - 60 - 50 - 45 ns 

35 BR, Low to BG Low 1BRLGL 1.5 90 ns 1.5 80 ns 1.5 70ns 1.5 65 ns Clk.Per. 
+3.5 +3.5 +3.5 +3.5 

361 BR High to BG High 1BKHGH 1.5 90 ns 1.5 80 ns 1.5 70ns 1.5 65ns Clk.Per. 
+3.5 +3.5 +3.5 -3.5 

37 BGACK Low to BG High 1GALGH 1.5 90ns 1.5 80 ns 1.5 70 ns 1.5 65 ns Clk.Per. 
+3.5 +3.5 +3.5 -3.5 

37A2 BGACK Low to BR High 1GALBRH 20 1.5 20 1.5 20 1 5 20 1.5 ns 
Clocks Clocks Clocks Clocks 

38 BG Low to Control, Address, Data 
Bus High Impedance IAS High) 1GLZ - 80 - 70 - 60 - 55 ns 

39 BG Width High 1GH 1.5 - 1.5 - 1.5 - 1.5 - Clk.Per. 

46 BGACK Width Low 'GAL 1.5 - 1.5 - 1.5 - 1.5 - Clk.Per. 

473 Asynchronous Input Setup Time 1ASI 20 - 20 - 20 - 20 - ns 

57 BGACK High to Control Bus Driven A~Oi5S.05S 1GAfil? 1.5 - 1.5 - 1.5 - - 1.5 Clk.Per. 

FC,.,R/W, VIVlAj 1 1 1 1 

581 611 High to Control Bus Driven 1R.HBD 1.5 - 1.5 - 1.5 - - 1.5 Clk.Per. 

NOTES: 
1. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK 
2. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted. 
3. ~f the asynchronous setup time 1471 requirements are satisfied, the DTACK low-to-data setup time 1311 requirement can ban ignored. 

The data must only satisfy the date-in clock-low setup time 1271 for the following cycle. 

Figures 8-10, 8-11, and 8-12 depict the three bus arbitration cases that can arise. Figure 8-10 shows 
the timing where AS is negated when the processor asserts BG (Idle Bus Case). Figure 8-11 shows 
the timing where AS is asserted when the processor asserts BG. !Active Bus Casel. Figure 8-12 
shows the timing where more than one bus master are requesting the bus. Refer to 4.2.2 Bus 
Arbitration for a complete discussion of bus arbitration. 

The waveforms shown in Figures 8-10, 8-11, and 8-12 should only be referenced in regard to the 
edge-to-edge measurement of the timing specifications. They are not intended as a functional 
description of the input and output signals. Refer to other functional descriptions and their related 
diagrams for device operation. 

3-84 



UK 

HH 

HG ACK 

AS 

LOS UDS 

VMA 

HW 

fCO IU 

Al At:l 

Figure 8-10. Bus Arbitration Timing Diagram - Idle Bus Case 
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Figure 8-11. Bus Arbitration Timing Diagram - Active Bus Case 
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Figure 8-12. Bus Arbitration Timing Diagram - Multiple Bus ReQuests 
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SECTION 9 
ORDERING INFORMATION 

This section contains detailed information to be used as a guide when ordering the TS 68000 
9.1. STANDARD VERSIONS 

Package Type Frequency (MHz) Temperature Order Number 

Ceramic OIL S.O 0°C to + 70°C TS 6SOOO CCS 
C Suffix 8.0 -40°C to + S5°C TS 6SOOO VCS 

S.O -55°C to + -125°C TS 6SOOO MCS 
10.0 0°C to + 70°C TS 68000 CC 10 
10.0 -40°C to + S5°C TS 68000 VC10 
10.0 -55°C to + 125°C TS 68000 MC10 
12.5 0°C to + 70°C TS 6SOOO CC 12 
12.5 -40°C to + 85°C TS 68000 VC12 
12.5 -55°Cto + 125°C TS 6SOOO MC12 
16.0 0°C to + 70°C TS 68000 CC16 

Plastic OIL 8.0 0°C to + 70°C TS 68000 CPS 
P Suffix 10.0 0°C to + 70°C TS 6SOOO CP10 

12.5 0°C to + 70°C TS 6SOOO CP12 
16.0 0°C to + 70°C TS 6SOOO CP16 

PLCC S.O 0°C to + 70°C TS 6SOOO CFNS 
FN Suffix 10.0 0°C to + 70°C TS 6SOOO CFN 10 

12.5 0°C to + 70°C TS 6SOOO CFN 12 
16.0 0°C to + 70°C TS 6SOOO CFN 16 

LCCC S.O - 55°C to + 125°C TS 6SOOO MES 
E Suffix 10.0 - 55°C to + 125°C TS 68000 ME10 

12.5 - 55°C to + 125°C TS 6SOOO ME 12 
Pin Grid Array 8.0 0°C to + 70°C TS 68000 CRB 

R Suffix 8.0 -55~C to + 125°C TS 68000 MRS 
10.0 0°C to + 70°C TS 68000 CR10 
10.0 - 55°C to + 125°C TS 68000 MR10 
12.5 0°C to + 70°C TS 68000 CR 12 
12.5 - 55°C to + 125°C TS 68000 MR12 
16.0 0°c to + . 70°C TS 68000 CR16 
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9.2. HI-REL VERSIONS 
In order to fit more closely to customer specific requirements, THOMSON SEMICONDUCTEURS 1s proposing different screening levels 
for its HI-REL ranges. 

G/B screening: Available only from THOMSON SEMICONDUCTEURS, this quality level, very close to the MIL-STD-883, 1s a 
cost effective alternative for customers who want to buy HI-REL devices llow guaranteed AOL!. The G/B level is 1n 
full accordance with the NFC 96883 class G. 

B/B screening: Full accordance with the MIL-STD-883 Rev.C, class 8 IUSI, the CECC 90.000, class B !European! and with the 
NFC 96883 class B !French). 

Details on screening procedures for these levels of selection are available on request !please contact our sales representatives! 

Package Type Frequency (MHzl Temperature Order Number 

Ceramic DIL 8.0 -55°C to+ 125°C TS 68000 MC G/B8 
C Suffix 8.0 -55°C to+ 125°C TS 68000 MC B/88 

100 -55°C to+ 125°C TS 68000 MC G/B 10 
10.0 -55°C to+ 125°C TS 68000 MC B/810 
12.5 -55°C to + 125°C TS 68000 MC G/812 
12.5 -55°C to+ 125°C TS 68000 MC 81812 

LCCC 8.0 -55°Cto+ 125°C TS 68000 MEG/BS 
E Suffix 8.0 -55°Cto+ 125°C TS 68000 ME 8/88 

100 -55°Cto + 125°C TS 68000 ME G/810 
100 -55°Cto+ 1256C TS 68000 ME B/810 
12.5 -55°Cto+ 125°C TS 68000 ME G/812 
12.5 -55°C to+ 125°C TS 68000 ME B/812 

Pin Grid Array 8.0 -55°C to+ 125°C TS 68000 MR G/88 
R Suffix 8.0 -55°C to+ 125°C 1S 68000 MR B/88 

100 -55°C to+ 125°C TS 68000 MR G/810 
10.0 -55°C to+ 125°C TS 68000 MR 8/B 10 
12.5 -55°C to+ 125°C TS 68000 MR G/812 
12.5 -55°C to + 125°C TS 68000 MR 8/812 
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SECTION 10 
MECHANICAL DAT A 

This section contains the pin assignments and package dimensions for the 64-pin dual-in-line, the 
68-terminal chip carrier (LCCC), the 68-pin grid array, and the 68-pin quad pack (PLCC), versions 
of the TS68000. 

10.1 PIN ASSIGNMENTS 

64-Pin Dual-in-Line Package 

D4 

DJ 

D2 

Dl 

DO 
AS 

UDS 

LDS 

AiW 

DTAeK 

8G 
BGAeK 

8R 
Vee 

CLK 

GND 

HALT 

RESET 

VMA 

E 

VPA 

liERA 
IPL2 

iPLi 
IPLO 

FC2 
Fe1 

FeO 

Al 

A2 

A3 

A4 

TOP VIEW 

D14 

D15 

GND 

A23 

A22 

A21 

Vee 
A:lO 

A19 

A18 

A17 

A16 

A15 

A14 

A13 

A12 

A11 
AlO 

3-91 

68-Terminal Chip Carrier ( LCCC) 

9 1 68 61 
DTACK

BG
BGACK- 10~',~;;===========~===:::i 

60 -D13 
-D14 
-D15 

Bii
Vce
eLK
GND
GND-
N C.- 18 

-GND 
-GND 
-A23 
-A22 
-A21 

TOP VIEW 52 -Vee 
-A20 

68-Pin Quad Pack (PLCC) 

~,~,~MO-NM•~~~oom2~~ 
~~~1<0000000000000 
I I I I I I I I I I I 11 I I I I 

-A19 
-AlB 
-A17 
-A16 
-A15 
-A14 
-A13 



68-Pin Grid Array 

0 0 0 0 0 0 0 0 0 0 
N.e. Fe2 FeO Al A3 A4 AB A7 A9 N.e. 

0 0 0 0 0 0 0 0 0 0 
iEiili IPLO Fel N.e. A2 AS AB AlO All A14 

H 0 0 0 0 0 0 
E m iPIT A13 A12 A16 

0 0 0 -0 
VMA VPA A15 A17 

0 0 BOTTOM 0 0 
HALT RESET VIEW 

AlB A19 

0 0 0 0 
eLK GND vec A20 

D 0 0 , , 0 0 
iiii Vee , , GND A21 

0 0 cf 0 0 0 
RACK 86,/RiW 013 A23 A22 

0 ,0 0 0 0 0 0 0 0 0 
TACK LOS iJiiS DO 03 08 09 011 014 015 

0 0 0 0 0 0 0 0 0 0 
N.e. AS 01 02 04 05 07 DB 010 012 

5 10 
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10.2 PACKAGE DIMENSIONS 

PSUFFIX 
PLASTIC PACKAGE 

DIN 

CEI D.A.TA. 

DIN 

CEI 0.A.T.A. 

JEDEC 

FN SUFFIX 
PLCC68 

JEOEC 

3-93 

C SUFFIX 
CERAMIC PACKAGE 

SITELESC 

64Pins 

' CB-365 

68 pins 
..,....,A/B 

' CB-523 



10.2 PACKAGE DIMENSIONS 

DIN 

CEI D.A,T.A. 

E SUFFIX 
LCCC 68 

JEDEC 

3-94 

SITELESC 

23.87 
2'.52 

68 pins 

' CB-710 



I-~~--•-
ADVANCE INFORMATION 

The TS68008 is a member of the TS68000 family of advanced micropro
cessors. This device allows the design of cost effective systems using 8-bit 
data buses while providing the benefits of a 32-bit microprocessor architec
ture. The performance of the TS68008 is greater than any 8-bit micropro
cessor and superior to several 16-bit microprocessors. 

• 17 32-Bit Data and Address Registers 
• 56 Basic Instruction Types 

• Extensive Exce;::.tion Processing 
• Memory Mapped 1/0 
• 14 Addressing Modes 
• 1 Mbyte Linear Addressing Space 
• Complete Code Compatibility with the TS68000. 

A system implementation based on an 8-bit data bus reduces system 
cost in comparison to 16-bit systems due to a more effective use of com
ponents and the fact that byte-wide memories and peripherals can be used 
much more effectively. In addition, the non-multiplexed address and data 
buses eliminate the need for external demultiplexers, thus further simpli· 

lying the system-

PROGRAMMING MODEL 

JI 16 15 B 7 0 

I- I I _oo 

I I _DI 

I- I I _DI 

I- I I - DJ E1gl'll 
Oa1a 

I- I I -~ Reg1srers 

~ I I 
- D6 

I- I I 
- DI 

..l. 
Jt 16 !5 0 

~ : j~ Seven 
Address 
Registers 

r - - - - ~u;,,s,ad~n7er- - - --~A 7 Two Siad 
'- Supervisor S1acti; P01nter Pointers _______________ J 

Jl 0 

[ J Prog1am 
Counte1 

15 8 7 0 

lsvstem a.,,.: User Bvte I Staius 
R~1ste1 
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TS68008 

HMOS 

HIGH-DENSITY, N-CHANNEL, 
SILICON-GATE, DEPLETION LOAD 

8-/32-BIT MICROPROCESSOR 
WITH 8-BIT DATA BUS 

CASES 

JSUFFIX 
CEROIP PACKAGE 

C SUFFIX 

CB-522 
CERAMIC PACKAGE 

~ 
FN SUFFIX 

PLCC 52 

PIN ASSIGNMENT 

AJ A2 

At 

AO 
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Wl 
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""' DI ~~ 

A5 
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SECTION 1 
INTRODUCTION 

The TS68008 is a member of the 68000 Family of advanced microprocessors. This device allows 
the design of cost effective systems using 8-b1t data buses while providing the benefits of a 32-bit 
microprocessor architecture. The performance of the TS68008 is greater than any 8-bit micropro
cessor and superior to several 16-bit microprocessors. 

The resources available to the TS68008 user consist of the following: 
• 17 32-Bit Data and Address Registers 
• 56 Basic Instruction Types 
• Extensive Exception Processing 
• Memory Mapped 1/0 
• 14 Addressing Modes 
• Complete Code Compatibility with the TS68000 

A system implementation based on an 8-bit data bus reduces system cost in comparison to 16-bit 
systems due to a more effective use of components and the fact that byte-wide memories and 
peripherals can be used much more effectively In addition, the non-multiplexed address and data 
buses eliminate the need tor external demultiplexers, thus further simplifying the system. 

The TS68008 has full code compatibility I source and object) with the TS68000 which allows pro
grams to be run on either MPU, depending on performance requirements and cost objectives. 

The TS68008 1s available in a 48-pin dual-in-line package (plastic or ceramic) and a 52-pin quad 
plastic package. Among the four additional pins of the 52-pin package, two additional address lines 
are included beyond the 20 address lines of the 48-pin package. The address range of the TS68008 
is one or four megabytes with the 48- or 52-pin package, respectively. 

The large non-segmented linear address space of the TS68008 allows large modular programs to be 
developed and executed efficiently A large linear address space allows program segment sizes to 
be determined by the application rather than forcing the designer to adopt an arbitrary segment size 
without regard to the application's individual requirements. 

The programmer's model is identical to that of the TS68000, as shown in Figure 1-1, with seven
teen 32-bit registers, a 32-bit program counter, and a 16-bit status register. The first eight registers 
I DO D71 are used as data registers for byte 18-bit), word 116-bit), and long word 132-bit) operations. 
The second set of seven registers IAO-A6), the user stack pointer IA71, and the system stack pointer 
IA? 'I may be used as software stack prnnters and base address registers. In addition, the registers 
may be used for some simple word and long word data operations. All of the 17 registers may be 
used as index registers. 
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Figure 1-1. Programming Model 
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While all of the address registers can be used to create stacks and queues, the A7 address register. 
by convention, is used as the system stack pointer Supplementing this convention is another ad 
dress register, A7 ', also referred to as the system stack pointer This powerful concept allows the 
supervisor mode and user mode of the TS68008 to each have their own system stack pointer I con
sistently referred to as SP) without needing to move pointers for each context of use when the. 
mode is switched. 

The system stack pointer I SPI is either the supervisor stack pointer I A 7'"' SS Pl or the user stack 
point IA7=USPl, depending on the state of the S bit in the status register. If the S bit is set. in
dicating that the processor is in the supervisor state, when the SS P is the active system stack 
pointer and the USP is not used. If the S bit is clear, indicating that the processor is 1n the user 
state, then the USP is the active system stack pointer and the SSP 1s protected from user 
modification. 

The status register, shown in Figure 1-2, may be considered as two bytes the user byte and the 
system byte. The user byte contains five bits defining the overflow IVI, zero IZI, negative I NI, carry 
ICI, and extended (XI condition codes. The system byte contains five defined bits. Three bits are 
used to define the current interrupt priority; any interrupt level higher than the current mask level 
will be recognized. (Note that level 7 interrupts are non-maskable - that is, level 7 interrupts are 
always processed. I Two additional bits indicate whether the processor is 1n the trace ITI mode 
and/ or in the supervisor I Sl state.. · 
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Figure 1-2. Status Register 

1.1 DATA TYPES AND ADDRESSING MODES 

Five basic data types are supported These data types are: 
• Bits 
• BCD Digits 14 bits) 
• Bytes 18 bits) 
• Wordsl16b1tsl 
• Long Words 132 bits) 

In add1t1on, operations on other data types such as memory addresses, status word data, etc , are 
provided in the instruction set 

Most instructions can use any of the 14 addressing modes which are listed in Table 1-1. These 
addressing modes consist of six basic types: 

• Register Direct 
• Register Indirect 
• Absolute 
• Program Counter Relative 
• Immediate 
• Implied 

Addressing Modes 

Register Direct Addre5s1ng 

DJta Reg1s1er Direct 

Address Register Direct 

Absolute Data Addressing 

Absolute Short 

Absolute Long 

Program Counter Rela11ve Addressing 
Relative wilh Offset 

Rl' 1at1ve ... • .. 11th Index Offset 

Register lndrrPc! Addressing 

Pos?+ncrpmp;ot Req1s1er lnli1rect 

Pri·c1t>crt'meri1 Rpq1'.::>Wr lnd11PC! 

Rt!q1s\t·r lndirt·Cl with O!tset 

lnd1·iu·d R1·y1qt•r lndirt>Ct w.th Offset 

lmmt•d1a11· [).Hd At1rlrt~:-.~1ng 

lmm1•l11.1ft· 
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lmolit>d R\'lJl'.'>lt" 

Table 1-1. Addressing Modes 
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NOTES: 
Dn 
An 
Xn 
SR 
PC 
SP 

USP 
I I 

ds 
d15 

#xxx 

Data Register 

Address Register 

Address or Data Register used as Index Register 

Status Register 

Program Counter 

Stack Pointer 

User Stack Pointer 

Contents of 
8· Bit Offset !01splacement) 
16·B1t Offset rD1splacementl 

lmmed1ate Data 



The register indirect addressing modes also have the capability to perform postincrementing, pre
decrementing, offsetting, and indexing. The program counter relative mode may be used in com
bination with indexing and offsetting for writing relocatable programs. 

1.2 INSTRUCTION SET OVERVIEW 

The TS68008 is completely code compatible with the TS68000 . This means that programs 
developed for the TS68000 will run on the TS68008 and vice versa. This applies equally to either 
source code or object code. 

The instruction set was designed to minimize ttie number of mnemonics remembered by the pro
grammer. To further reduce the programmer's burden, the addressing modes are orthogonal. 

The instruction set, shown in Table 1-2, forms a set of programming tools that include all processor 
functions to perform data movement, integer arithmetic, logical operations, shift and rotate opera
tions, bit manipulation, BCD operations, and both program and system control. Some additional in
structions are variations or subsets of these and appear in Table 1-3. 

Table 1-2. Instruction Set 

Mnemonic Description Mnemonic Description 
ABCD Add Decimal With Extend MOVE Move 
ADD Add MULS Signed Multiply 
AND Logical And MULU Unsigned Multiply 
ASL Arithmetic Shift Left NBCD Negate Decimal with Extend 
ASR Arithmetic Shift Right NEG Negate 

Bee Branch Conditionally NOP No Operation 
BCHG Bit Test and Change NOT One's Complement 
BCLR Bit Test and Clear 
BRA Branch Always 
BSET Bit Test and Set 
BSR Branch to Subroutine 
BTST Bit Test 

CHK Check Register Against Bounds 
CLR Clear Operand 
CMP Compare 

OR Logical Or 

PEA Push Effective Address 

RESET Reset External Devices 
ROL Rotate Left without Extend 
ROR Rotate Right without Extend 
ROXL Rotate Left with Extend 
ROXR Rotate Right with Extend 
RTE Return from Exception 

DB cc Test Condition. Decrement and Branch RTR Return and Restore 
DIVS Signed Divide RTS Return from Subroutine 
DIVU Unsigned Divide SBCD Subtract Decimal 1.-v1th Extend 
EOR Exclusive Or Sec Set Conditional 
EXG Exchange Registers 
EXT Sign Extend 

STOP Stop 
sue Subtract 

JMP Jump SWAP Swap Data Register Halves 
JSR Jump to Subroutine 

LEA Load Effective Address 
TAS Test and Set Operand 
TRAP Trap 

LINK Link Stack TRAPV Trap on Overflow 
LSL Logical Shift Left TST Test 
LSR Logical Shift Right UNLK Unhnk 
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Table 1-3. Variations of Instruction Types 

Instruction Instruction 
Type Variation Description Type Variation Description 

ADD ADD Add MOVE MOVE Move 
ADDA Add Address MOVEA Move Address 
ADDO Add Quick MOVEC Move Control Register 
ADDI Add lmmediate MOVEM Move Multiple Registers 
ADDX Add with Extend MOVEP Move Peripheral Data 

AND AND Logical And MOVEO Move Quick 
ANDI And Immediate MOVES Move Alternate Address 

ANDI to CCR And Immediate to Space 

Condition Codes MOVE from SA Move from Status Register 

ANDI to SA And Immediate to MORE to SA Move to Status Register 
Status Register MOVE from CCR Move from Condition Codes 

CMP CMP Compare MOVE to CCR Move to Condition Codes 

CMPA Compare Address MOVE USP Move User Stack Pointer 

CMPM Compare Memory NEG NEG Negate 
CM Pt Compare Immediate NEGX Nexgate with Extend 

EOA EOA Exclusive Or OR OR Logical Or 
EORI Exclusive Or Immediate ORI Or Immediate 
EORI to CCR Exclusive Or Immediate ORI to CCR Or Immediate to 

to Condition Codes Condition Codes 
EOAI to SA Exclusive Or Immediate ORI to SA Or Immediate to 

to Status Register Status Register 

SUB SUB Subtract 
SUSA Subtract Address 
SUSI Subtract Immediate 
SUBO Subtract Quick 
SUBX Subtract with Extend 
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SECTION 2 
DATA ORGANIZATION AND ADDRESSING CAPABILITIES 

This section describes the registers and data organization of the TS68008. 

2.1 OPERAND SIZE 

Operand sizes are defined as follows: a byte equals eight bits, a word equals 16 bits (two bytes), and 
a long word equals 32 bits (four bytes). The operand size for each instruction is either explicitly en
coded in the instruction or implicitly defined by the instruction operation. Implicit instructions sup
port some subset of all three sizes. When fetching instructions, the TS68008 always fetches pairs 
of bytes !words) thus guaranteeing compatibility with the TS68000. 

2.2 DATA ORGANIZATION IN REGISTERS 

The eight data registers support data operands of 1, 8, 16, or 32 bits. The seven address registers 
together with the stack pointers support address operands of 32 bits. 

2.2.1 Data Registers 

Each data register is 32 bits wide. Byte operands occupy the low order eight bits, word operands 
the low order 16 bits, and long word operands the entire 32 bits. The least significant bit is 
addressed as bit zero; the most significant bit is addressed as bit 31. 

When a data register is used as either a source or destination operand, only the appropriate low 
order portion is changed; the remaining high order portion is neither used nor changed. 

2.2.2 Address Registers 

Each address register and the stack pointer is 32 bits wide and holds a full 32-bit address. Address 
registers do not support the byte sized operand. Therefore, when an address register is used as a 
source operand, either the low order word or the entire long word operand is used depending upon 
the operation size. When an address register is used as the destination operand, the entire register 
is affected regardless of the operation size. If the operation size is word, any other operands are sign 
extended to 32 bits before the operation is performed. 

2.3 DATA ORGANIZATION IN MEMORY 

The data types supported by the TS68008 are bit data, integer data of 8, 16, or 32 bits, and 32-bit 
addresses. Figure 2-1 shows the organization of these data types in memory. 
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Bit Data 1 Byte=B Bits 

6 5 4 3 2 0 

Integer Data 1 Byte E 8 Bits 

5 4 3 2 1 0 

ByteO Lower Addresses 

Byte 1 

Byte~ 

Byte3 Higher Addresses 

1Word=2 Bytes= 16 Bits 

ByteO IMS Byte) 
WordO -

Lower Addresses 

Byte 1 I LS By tel 

ByteOIMS Byte) 
Word1-

Byte 1 I LS Bytel Higher Addresses 

1 LongWord=2Words=4 Bytes=32 Bits 

ByteO High Order Lower Addresses 

Byte 1 Word 
LongWordO 

8yte2 Low Order 

8yte3 Word 

ByteO High Order 

Byte 1 Word 
Long Word 1 

Byte2 Low Order 
Byte3 Word Higher Addresses 

Figure 2-1. Memory Data Organization 

2.4 ADDRESSING 

Instructions for the TS68008 contain two kinds of information: the type of function to be per
formed, and the location of the operand(s) on which to perform that function. The methods used to 
locate (address) the operand(s) are explained in the follow.ing paragraphs. 

Instructions specify an operand location in one of three ways: 
Register Specification - the number of the register is given in the register field of the 

instruction. 
Effective Address use of the different effective address modes. 
Implicit Reference - the definition of certain instructions implies the use of specific registers. 
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2.5 INSTRUCTION FORMAT 

Instructions are from one to live words (two to ten bytes) in length as shown in Figure 2-2 Instruc
tions always start on a word boundary thus guaranteeing compatibility with the TS68000. The 
length of the instruction and the operation to be performed is specified by the t1rst word of the in
struction which is called the operation word. The remaining words further specify the operands 
These words are either immediate operands or extensions to the effective adaress mode spec1f1ed 1n 
the operation word. 

Even Byte IAO = 01 Odd Byte IAO =II 

4 3 2 5 3 0 

Operation Word 
(First Word Specifies Operation and Modes) 

Immediate Operand 
(If Any, One or Two Words) 

Source Effective Address Extension 
(If Any, One or Two Words) 

Destination Effective Address Extension 
(ff Any, One or Two Words) 

Figure 2-2. Instruction Operation Word General Format 

2.6 PROGRAM/DATA REFERENCES 

The TS68008 separates memory references into two classes program references. and data 
references. Program references, as the name implies, are references to that section of memory con
taining the program being executed. Data references refer to that section of memory containing 
data. Operand reads are from the data space except in the case of the program counter relative ad
dressing mode. All operand writes are to the data space. The function codes are used to indicate 
the address space being accessed during a bus cycle. 

2.7 REGISTER SPECIFICATION 

The register field within an instruction specifies the register to be used. Other fields within the in
struction specify whether the register selected is an address or data register and how the register is 
to be used. 

2.8 EFFECTIVE ADDRESS 

Most instructions specify the location of an operand by using the effective address field 1n the 
operation word. For example, Figure 2-3 shows the general format of the single-effective-address 
instruction operation word. The effective address is composed of two 3-bit fields the mode field, 
and the register field. The value in the mode field selects the different address modes. The register 
field contains the number of a register. 

Even Byte Odd Byte 

4 3 0 4 3 • 2 0 

x x x x x x x x x x Effective Address 
Mode Register 

Figure 2-3. Single-Effective-Address Instruction Operation Word 
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The effective address field may require additional information to fully specify the operand. This 
additional information, called the effective address extension, is contained in the following word or 
words· and is considered part of the instruction, as shown in Figure 2-2. The effective address 
modes are grouped into three categories: register direct, memory addressing, and speciai. 

2.8. 1 Register Direct Modes 

These effective addressing modes specify that the operand is in one of sixteen multifunction 
registers. 

2.8.1.1 DATA REGISTER DIRECT. The operand is in the data register specified by the effective 
address register field. 

2.8.1.2 ADDRESS REGISTER DIRECT. The operand is in the address register specified by the ef
fective address register field. 

2.8.2 Memory Address Modes 

These effective addressing modes specify that the operand is in memory and provide the specific 
address of the operand. 

2.8.2.1 ADDRESS REGISTER INDIRECT. The address of the operand is in the address register 
specified by the register field. The reference is classified as a data reference with the exception of 
the jump and jump-to-subroutine instructions. 

2.8.2.2 ADDRESS REGISTER INDIRECT WITH POSTINCREMENT. The address of the operand is 
in the address register specified by the register field. After the operand address is used, it is .incre
mented by one, two, or four depending upon whether the size of the operand is byte, word, ot long 
word. If the address register is the stack pointer and the operand size i$ byte, the address is incre
mented by two rather than one to keep the stack pointer on a word boundary. The reference is 
classified as a data reference. 

2.8.2.3 ADDRESS REGISTER INDIRECT WITH PREDECREMENT. The address of the operand will 
be in the address register specified by the register field. Before the address register is used for 
operand access, it is decremented by one, two, or four depending upon whether the operand size is 
byte, word. or long word. If the address register is the stack pointer and the operand size is byte, 
the address is decremented by two rather than one to keep the stack pointer on a word boundary. 
The reference is classified as a data reference. 

2.8.2.4 ADDRESS REGISTER INDIRECT WITH DISPLACEMENT. This address mode requires one 
word of extension. The address of the operand is the sum of the address in the address register and 
the sign-extended 16-bit displacement integer in the extension word. The reference is classified as a 
data reference with the exception of the jump and jump-to-subroutine instructions. 

2.8.2.5 ADDRESS REGISTER INDIRECT WITH INDEX. This address mode requires one word of 
extension. The address of the operand is the sum of the address in the address register, the sign
extended displacement inl,llger in the low order eight bits of the extension word, and the contents 
of the index register. The reference is classified as a data reference with the exception of the jump 
and iump-to-subroutine instructions. 
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2.8.3 Special Address Modes 

The special address modes use the effective address register field to specify the special addressing 
mode instead of a register number. 

2.8.3.1 ABSOLUTE SHORT ADDRESS. This address mode requires one word of extension. The 
address of the operand is the extension word. The 16-bit address is sign extended before it is used. 
The reference is classified as a data reference with the exception of the jump and jump-to
subroutine instructions. 

2.8.3.2 ABSOLUTE LONG ADDRESS. This address mode requires two words of extension. The 
address of the operand is developed by the concatenation of the extension words. The high order 
part of the address is the first extension word; the low order part of the address is the second exten
sion word. The reference is classified as a data reference with the exception of the jump and jump
to-subroutine instructions. 

2.8.3.3 PROGRAM COUNTER WITH DISPLACEMENT. This address mode requires one word of 
extension. The address of the operand is the sum of the address in the program counter and the 
sign-extended 16-bit displacement integer in the extension word. The value in the program counter 
is the address of the extension word. The reference is classified as a program reference. 

2.8.3.4 PROGRAM COUNTER WITH INDEX. This address mode requires one word of extension. 
This address is the sum of the address in the program counter, the sign-extended displacement 
integer in the lower eight bits of the extension word, and the contents of the index register. The 
value in the program counter is the address of the extension word. This reference is classified as a 
program reference. 

2.8.3.5 IMMEDIATE DATA. This address mode requires either one or two words of extension 
depending on the size of the operation. 

Byte Operation - operand is low order byte of extension word 
Word Operation - operand is extension word 
Long Word Operation - operand is in the two extension words, high order 16 bits are in the 

first extension word, low order 16 bits are in the second extension 
word. 

2.8.3.6 IMPLICIT REFERENCE. Some instructions make implicit reference to the program counter 
I PC), the system stack pointer IS Pl, the supervisor stack pointer (SSP), the user stack pointer 
(US Pl, or the status register (SR). A selected set of instructions may reference the status register by 
means of the effective address field. These are: 

ANDI to CCR EORI to SR 
ANDI to SR ORI to CCR 
EORI to CCR ORI to SR 

2.9 EFFECTIVE ADDRESS ENCODING SUMMARY 

MOVE to CCR 
MOVE to SR 
MOVE from SR 

Table 2-1 is a summary of the effective addressing modes discussed in the previous paragraphs. 
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Table 2-1. Effective Address Encoding Summary 

Addressing Mode Mode Register 

Data Register Direct 000 Register Number 

Address Register Direct 001 Register Number 

Address Register Indirect 010 Register Number 

Address Register Indirect with 
Postmcrement 011 Register Number 

Address Register lndtrect with 
Predecrement 100 Register Number 

Address Register Indirect with 
Displacement 101 Register Number 

Address Register Indirect with 
Index 110 Register Number 

Absolute Short 111 000 
Absolute Long 111 001 

Program Counter with 
Dtsplacement 111 010 

Program Counter with Index 111 011 

Immediate 111 100 

2.10 SYSTEM STACK 

The system stack is used implicitly by many instructions; user stacks and queues may be created 
and maintained through the addressing modes. Address register seven !A7l is the system stack 
pointer !SP). The system stack pointer is either the supervisor stack pointer !SSPl or the user stack 
pointer (USP), depending on the state of the S bit in the status register. If the S bit indicates super
visor state, SSP is the active system stack pointer and the USP is not used. If the S bit indicates 
user state, the USP is the active system stack pointer, and the SSP cannot be referenced. Each 
system stack fills from high memory to low memory. 
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SECTION 3 
INSTRUCTION SET SUMMARY 

This section contains an overview of the form and structure of the TS6BOOB instruction set. The in
structions form a set of tools that include all the machine functions to perform the following 
operations: 

Data Movement 
Integer Arithmetic 
Logical 
Shilt and Rotate 

Bit Manipulation 
Binary Coded Decimal 
Program Control 
System Control 

The complete range of instruction capabilities combined with the flexible addressing modes 
described previously provide a very flexible base for program development. 

3.1 DATA MOVEMENT OPERATIONS 

The basic method of data acquisition (transf~r and storage) is provided by the move (MOVE) in
struction. The move instruction and the effective addressing modes allow both address and data 
manipulation. Data move instructions allow byte, word, and long word operands to be transferred 
from memory to memory, memory to register, register to memory, and register to register. Address 
move instructions allow word and long word operand transfers and ensure that only legal address 
manipulations are executed. In addition to the general move instruction there are several special 
data movement instructions: move multiple registers (MOVEM), move peripheral data (MOVEP), 
exchange registers ( EXGl, load effective address (LEA), push effective address (PEA), link stack 
(LINK), unlink stack (UNLK), and move quick (MOVEOl. Table 3-1 is a summary of the data move
ment operations. 

Instruction 

EXG 

LEA 

LINK 

MOVE 

MOVEM 

MOVEP 

MOVEO 

PEA 

SWAP 

UNLK 

Table 3-1. Data Movement Operations 

Operand Size 

32 

32 

-

8, 26, 32 

16, 32 

16, 32 

8 

32 

32 

-

Operation 

Rx - Ry 

EA - An 

AN - - ISP! 
SP - An 

SP + displacement - SP 

IEAls - IEAld 

IEAI - An, On 
An, On - IEAI 

IEAI - On 
On - IEAI 

lxxx - On 
EA--ISPI 

On(31:16) - On(15:01 

An - SP 
ISP!+ - An 
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d =destination 

( I =bit number 
- = indirect with predecrement 
+ = indirect with postdecrement 
I= immediate data 



3.2 INTEGER ARITHMETIC OPERATIONS 

The arithmetic operations include the four basic operations of add (ADD), subtract (SUB), multiply 
(MUU, and divide (DIV) as well as arithmetic compare (CMP), clear (CLR), and negate (NEG). The 
add and subtract instructions are available for both address and data operations, with data opera
tions accepting all operand sizes. Address operations are limited to legal address size operands (16 
or 32 bits). Data, address, and memory compare operations are also available. The clear and negate 
instructions may be used on all sizes of data operands. 

The multiply and divide operations are available for signed and unsigned operands using word 
multiply to produce a long word product, and a long word dividend with word divisor to produce a 
word quotient with a word remainder. 

Multiprecision and mixed size arithmetic can be accomplished using a set of extended instructions. 
These instructions are: add extended (ADDX), subtract extended (SUBX), sign extend (EXT), and 
negate binary with extend (NEGX). 

A test operand (TST) instruction that will set the condition codes as a result of a compare of the 
operand with zero is also available. Test and set (TAS) is a synchronization instruction useful in 
multiprocessor systems. Table 3-2 is a summary of the integer arithmetic operations. 

Table 3-2. Integer Arithmetic Operations 

Instruction Operand Size Operation Instruction Operand Size 

ADD 8. 16, 32 Dn + IEAI - Dn EXT 8 - 16 
IEAI + Dn - IEAI 16 - 32 

IEAI + #xxx - IEAI MULS 16 x 16 - 32 
16. 32 An+ IEAI - An MULU 16 x 16 - 32 

ADDX 8. 16. 32 Ox + Dy + X - Ox 
16. 32 - IAxl + -IAyl + X - IAxl 

NEG 8, 16, 32 

CLR 8, 16, 32 

CMP 8, 16, 32 

16, 32 

DIVS 32 + 16 

DIVU 32 + 16 

NOTES 
[ l =bit number 
#=immediate data 
- = 1nd1rect with predecrement 
+ =indirect with postdecrement 

0 - IEAI 

Dn - IEAI 

NEGX B. 16, 32 

SUB 8, 16. 32 

IEAI - #xxxx 
IAxl+ - IAyl+ 

An - IEAI 

Dn + IEAI - Dn 
SUBX 8, 16, 32 

Dn + IEAI - Dn TAS 8 

TST 8, 16. 32 
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Operation 

IDnl3 - Dn15 
IDnl15 - Dn32 

Dn x IEAI - Dn 

Dn x IEAI - Dn 

0 - IEAI - IEAI 

0 - IEAI - X - IEAI 

Dn - IEAI - Dn 
IEAI - Dn - IEAI 

IEAI - #xxx - IEAI 
An - IEAI - An 

Dx - Dy - X - Dx 
- !Ax! - - IAyl - X - IAxl 

IEAI -0, 1 - EA [71 

IEAI - 0 



3.3 LOGICAL OPERATIONS 

Logical operation instructions AND, OR, EOR, and NOT are available for all sizes of integer data 
operands. A similar set of immediate instructions (ANDI, ORI. and EORll provide these logical 
operations with all sizes of immediate data. Table 3-3 is a summary of the logical operations. 

Table 3-3. Logical Operations 

Instruction Operand Size Operation 
AND a. 16. 32 Dn A !EAi - Dn 

!EAi A On - !EAi 
!EAi A lxxx - IEAI 

OR a. 16, 32 Dn V !EAi - On 
!EAi V On - !EAi 

!EAi V #xxx - !EAi 

EOR a. 16. 32 IEAI e Dy - IEAI 
!EAi e #xxx - !EAi • 

NOT a. 16. 32 -!EAi - EA 

NOTES: 
# = immediate data 
- =invert 

V =logical OR 
• = logical exclusive OR 

A= logical AND 

3.4 SHIFT AND ROTATE OPERATIONS 

Shift operations in both directions are provided by the arithmetic instructions ASA and ASL and 
logical shift instructions LSR and LSL. The rotate instructions (with and without extend) available 
are ROXR, ROXL, ROA, and AOL. All shift and rotate operations can be performed in either 
registers or memory. Register shifts and rotates support all operand sizes and allow a shift count 
specified in a data register. 

Memory shifts and rotates are for word operands and provide single-bit shifts or rotates. 

Table 3-4 is a summary of the shift and rotate operations. 

Table 3-4. Shift and Rotate Operations 

lnatruc- Operand Operation 
lion Size 

ASL is. 16. 32 ~o 

ASA 8. 16, 32 ~ 
LSL a. 16. 32 ~o 

LSR a. 16. 32 o~ 

AOL a. 16. 32 ~ ~ 
ROA a. 1e.·32 ~ 

ROXL a. 16. 32 ~ ~ 
ROXA a. 16. 32 ~ ~ 
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3.5 BIT MANIPULATION OPERATIONS 

Bit manipulation operations are accomplished using the following instructions: bit test (BTST), bit 
test and set (BSET), bit test and clear (BCLRl, and bit test and change (BCHG). Table 3-5 is a sum
mary of the bit manipulation operations. (Z is bit 2 of the status register.) 

Table 3-5. Bit Manipulation Operations 

lnMructlon Operand Size ()pntlon 

BTST 8, 32 -bit of IEAl-z 

BSET 8, 32 
-bit of IEAl-Z 
1-bitof EA 

8CLR 8, 32 
-bit of IEAl-Z 
o-bit of EA 

8CHG 8. 32 
-bit of IEAl-Z 

-bit of IEAl-bit of EA 

NOTE: - =invert 

3.6 BINARY CODED DECIMAL OPERATIONS 

Multiprecision arithmetic oper,ations on binary coded decimal numbers are accomplished using the 
following instructions: add decimal with extend (ABCD), subtract decimal with extend (SBCD), 
and negate decimal with extend lNBCD). Table 3-6 is a summary of the binary coded decimal 
operations. 

Table 3-6. Binary Coded Decimal Operations 

Instruction Operand Size Operation 
ABCD 8 Dx10 + Dy10 + X - Dx 

- IAxl10 + - IAyl10 + X -IAxl 
SBCD 8 Dx10 - Dv10 - X - Dx 

- tAxlio - - IAyl10 - x -1Axl 
NBCD 8 0 - IEAl10 - X - IEAI 

3. 7 PROGRAM CONTROL OPERATIONS 

Program control operations are accomplished using a series of conditional and unconditional 
branch instructions, jump instructions, and return instructions. These instructions are summarized 
in Table 3-7. 

The conditional instructions provide setting and branching for the following conditions: 
CC - carry clear GE - greater or equal LS - low or same PL - plus 
CS - carry set GT - greater than LT - less than T - always true 
EQ - equal HI - high Ml - minus VC - no overflow 
F - never true LE - less or equal NE - not equal VS - overflow 
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Table 3-7. Program Control Operations 

Instruction Operation 

Conditional 

Bee Branch Conditionally (14 conditions) 
8- and 16-Bit Displacement 

DBec Test Condition, Decrement, and Branch 
16-Bit Displacement 

sec Set Byte Conditionally ( 16 Conditions) 

Unconditional 

BRA Branch Always 
8- ~nd 16-Bit Displacement 

BSR Branch to Subroutine 
8- and 16-Bit Displacement 

JMP Jump 
JSR Jump to Subroutine 

Returns 

RTR Return and Restore Condition Codes 
RTS Return from Subroutine 

3.8 SYSTEM CONTROL OPERATIONS 

System control operations are accomplished by using privileged instructions, trap generating in
structions, and instructions that use or modify the status register. These instructions are sum
marized in Table 3-8. 

Table 3-8. System Control Operations 

Instruction Operation 

Privileged 

ANDI to SR Logical AND to Status Register 
EORI to SR Logical EOR to Status Register 
MOVE EA to SR Load New Status Register 
MOVE USP Move User Stack Pointer 
ORI to SR Logical OR to Status Register 
RESET Reset External Devices 
RTE Return from Exceptic,m 
STOP Stop Program Execution 

Trap Generating 

CHK Check Data Register Against Upper Bounds 
TRAP Trap 
TRAPV Trap on Overflow 

Status Register 

ANDI to CCR Logical AND to Condition Codes 
EORI to CCR Logical EOR to Condition Codes 
MOVE EA to CCR Load New Condition Codes 
MOVE SR to EA Store Status Register 
ORI to CCR Logical OR to Condition Codes 
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SECTION 4 
SIGNAL AND BUS OPERATION DESCRIPTION 

This section contains a brief description of the input and output signals. A discussion of bus opera
tion during the various machine cycles and operations is also given. 

4.1 SIGNAL DESCRIPTION 

The TS68008 1s available in two package sizes 148-pin and 52-pin). The additional four pins of the 
52-pin quad package allow for additional signals A20, A21, BGACK, and IPL2. 

Throughout this document, references to the address bus pins IAO-A 19) and the interrupt priority 
level pins llPLO/IPL2, if5Li) refer to AO-A21 and IPLO, ru, and IPL2 for the 52-pin version of the 
TS68008. 

The input and output signals can be functionally organized into the groups shown in Figure 4-1 la) 
for the 48-pin version and in Figure 4-1 lb) for the 52-pin version. The following paragraphs provide a 
brief description of the signals and a reference (if applicable) to other paragraphs that contain more 
information about the iunctic;in being performed. 

Processor { 
Status 

6800 < Peripheral 
Control 

'mmm{ Control 

(a) 48-Pin Versron 

Vee 

GND 121 

CLK 

FeO 

Fe1 AS 

Fe2 TS68008 R/W 

M 1croprocessor os 
DTAeK 

VPA 
8R 

ilG 
BERR 

RESET TPTii;2 
HALT iPCT 

Figure 4-1. Input and Output Signals 
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Figure 4-1. Input and Output Signals (Continued) 

4.1.1 Address Bus 148-Pin: AO through A 19 
52-Pin: AO through A21 I 

This unidirectional three-state bus provides the address for bus operation during all cycles except 
interrupt acknowledge cycles. During interrupt acknowledge cycles, address lines A 1, A2, and A3 
provide information about what level interrupt is being serviced while address lines AO and A4 
through A19 IA21l are all driven high. 

4.1.2 Data Bus (00 through D71 

This 8-bit, bidirectional, three-state bus is the general purpose data path. During an interrupt 
acknowledge cycle, the external device supplies the vector number on data lines DO-D7. 

4. 1.3 Asynchronous Bus Control 

Asynchronous data transfers are handled using the following control signals: address strobe, 
read/write, data strobe, and data transfer acknowledge. These signals are explained in the follow
ing paragraphs. 

4.1.3. 1 ADDRESS STROBE (AS). This three-state signal indicates that there is a valid address on 
the address bus. It is also used to "lock" the bus during the read-modify-write cycle used by the test 
and set (T AS) instruction. 

4.1.3.2 READ/WRITE (R/W). This three-state signal defines the data bus transfer as a read or 
write cycle. The R/W signal also works in conjunction with the data strobe as explained in the 
following paragraph. 
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4.1.3.3 DATA STROBE IDS). This three-state signal controls the flow of data on the data bus as 
shown in Table 4-1. When the R/W line is high, the processor will read from the data bus as in
dicated. When the R/W line is low, the processor will write to the data bus as shown. 

Table 4-1. Data Strobe Control of Data Bus 

i5S R/W 00-07 
1 - No Valid Data 

0 1 Valid Data Bits 0-7 I Read Cyclel 

0 0 Valid Dat~ Bits O· 7 !Write Cycle) 

4.1.3.4 DATA TRANSFER ACKNOWLEDGE IDTACK). This input indicates that the data transfer 
is completed. When the processor recognizes DT ACK during a read cycle, data is latched and the 
bus cycle is terminated. When DT ACK is recognized during a wr~te cycle, the bus cycle is 
terminated. (Refer to 4.4 ASYNCHRONOUS VERSUS SYNCHRONOUS OPERATION.) 

4.1.4 Bus Arbitration Control 

The 48-pin TS68008 contains a simple two-wire arbitration circuit and the 52-pin TS68008 contains 
the full three-wire TS68000 bus arbitration control. Both versions are designed to work with daisy
chained networks, priority encoded networks, or a combination of these techniques. This circuit is 
used in determining which device will be the bus master device. 

4.1.4.1 BUS REQUEST (BR). This input is wire ORed with all other devices that could be bus 
masters. 'This device indicates to the processor that some other device desires to become the bus 
master. Bus requests may be issued at any time in a cycle or even if no eycle is being performed. 

4.1.4.2 BUS GRANT (BG). This output indicates to all other potential bus master devices that the 
processor will release bus control at the end of the current bus cycle. 

4.1.4.3 BUS GRANT ACKNOWLEDGE IBGACK). This input, available on the 52-pin version only, 
indicates that some other device has become the bus master. This signal should not be asserted un
til the following tour conditions are met: 

1. a bus grant has been received, 
2. address strobe is inactive which indicates that the microprocessor is not using the bus, 
3. data transfer acknowledge is inactive which indicates that neither memory nor peripherals 

are using the bus, and 
4. bus grant acknowledge is inactive which indicates that no other device is still claiming bus 

mastership. 

NOTES 
1) There is a two-clock interval straddling the transition of AS from the inactive state 

to the active state during which BG cannot be issued. 
2) If an existing TS68000 system is retrofitted to use the TS68008. 48-pin version 

(using BR and BG only), the existing BR and BGACK signals should be ANDed 
and the resultant signal connected to the TS68008's BR. 
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4.1.5 Interrupt Control (48-Pin: IPLO/ IPL2, IPL 1 
52-Pin: IPLO, IPL1, IPL2) 

These input pins indicate the encoded priority level of the device requesting an interrupt. The 
TS68000 and the 52-pin TS68008 MPUs use three pins to encode a range of 0-7 but, for the 48-pin 
TS68008 only two pins are available. By connecting the IPLO/IPL2 pin to both the IPLO and IPL2 in
puts internally, the 48-pin encodes values of 0, 2, 5, and 7. Level iero is used to indicate that there 
are no interrupts pending and level seven is a non-maskable edge-triggered interrupt. Except for 
level seven, the requesting level must be greater than the interrupt mask level contained in the pro
cessor status register before the processor will acknowledge the request. 

The level presented to these inputs is continually monitored to allow for the case of a requesting 
level that is less than or equal to the processor status register level to be followed by a request that is 
greater than the processor status register level. A satisfactory interrupt condition must exist for two 
successive clocks before triggering an internal interrupt request. An interrupt acknowledge se
quence is indicated by the function codes. 

4. 1.6 System Control 

The system control inputs are used to either reset or halt the processor and to indicate to the pro
cessor that bus errors have occurred. The three system control signals are explained in the following 
paragraphs. 

4.1,6.1 BUS ERROR (BERRI. This input informs the processor that there is a problem with the cy
cle currently being executed. Problems may be a result of: 

1. nonresponding devices, 
2. interrupt vector number acquisition failure, 
3. illegal access request as determined by a memory management unit, or 
4. various other application dependent errors. 

The bus error signal interacts with the halt signal to determine if the current bus cycle should be re
executed or if exception processing should be performed. Refer to 4.2.3 Bus Error and Halt Opera
tion for a detailed description of the interaction which is summarized below. 

BERR 

High 
High 
Low 
Low 

HALT 

High 
Low 
High 
Low 

Resulting Operation 

Normal operation 
Single bus cycle operation 
Bus error - exception processing 
Bus error - re-run current cycle 

4.1.6.2 RESET (RESET). This bidirectional signal line acts to reset (start a system initialization se
quence) the processor in response to an external RESET signal. An internally generated reset (result 
of a reset instruction) causes all external devices to be reset and the internal state of the processor is 
not affected. A total system reset (processor and external devices) is the result of external HALT 
and RESET signals applied at the same time. Refer to 4.2.4 Reset Operation for further information. 

4.1.6.3 HALT (HAL Tl. When this bidirectional line is driven by an external device, it will cause the 
processor to stop at the completion of the current bus cycle. When the processor has been halted 
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using this input, all control signals are inactive and all three-state lines are put in their high
impedance state. Refer to 4.2.3 Bus Error and Halt Operation for additional information about the 
interaction between the halt and bus error signals. 

When the processor has stopped executing instructions, .such as in a double bus fault condition, 
the halt line is driven by the processor to indicate to external devices that the processor has stop
ped. 

4.1.7 6800 Peripheral Control 

These control signals are used to allow the interfacing of synchronous 6800 peripheral devices 
with the asynchronous TS68008. These signals are explained in the following paragraphs. 

The TS68008 does not supply a valid memory address (VMAl signal like that of the TS68000. The 
VMA signal indicates to the 6800 peripheral devices that there is a valid address on the address 
bus and that the processor is synchronized to the enable clock. This signal can be produced by a 
TTL circuit (see a sample circuit in Figure 4-2). The VMA signal, in this circuit, only responds to a 
valid peripheral address (VPA) input which indicates that the peripheral is an 6800 Family device. 
Timing for this circuit is shown in Figure 6-2. 

VPA Decode !Address 

SN74LS73 

A 

Decode • Strobe) --+----t 

CLK-------' 

SN74LS73 

B 

NC 

VMA ITo 6800 
Devices) 

~----Vl'A ITo TS68008) 

Figure 4-2. External VMA Generation 

The VPA decode shown in Figure 4-2 is an active high decode indicating that address strobe (AS) 

has been asserted and the address bus is addressing an 6800 peripheral. The VPA output of the 
circuit is used to indicate to the TS68008 that the data transfer should be synchronized with the 
enable (El signal. 

4.1.7.1 ENABLE (E). This signal is the standard enable signal common to all 6800 type peripheral 
devices. The period for this output is 10 TS68008 clock periods (six clocks low, four clocks high). 

4.1.7.2 VALID PERIPHERAL ADDRESS (VPA). This input indicates that the device or region 
addressed 1s a 6800 Family device and that data transfer should be synchronized with the enable 
(El signal. This input also indicates that the processor should use automatic vectoring for an inter
rupt. Refer to 6.0 INTERFACE WITH 6800 PERIPHERALS. 

4.1.8 Processor Status (FCO, FC1, FC2) 

These function code outputs indicate the state (user or supervisor) and the cycle type currently be
ing executed, as shown 1n Table 4-2. The information indicated by the function code outputs is valid 
whenever address strobe IA"SI 1s active. 
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Table 4-2. Function Code Outputs 

Function Code Output 

FC2 FC1 FCC Cycle Type 

Low Low Low I Undefined, Reserved I 

Low Low High User Data 

Low High Low User Program 

Low High High {Undefined, Reserved) 

High Low Low I Undefined, Reservedl 

High Low High Supervisor Data 

High High Low Supervisor Program 

High High High Interrupt Acknowledge 

4.1.9 Clock (CLKI 

The clock input is a TTL-compatible signal that is internally buffered for development of the internal 
clocks needed by the processor. The clock input shall be a constant frequency. 

4.1.10 Vee and GND 

Power is supplied to the processor using these two signals Vee is power and GND 1s the ground 
connection. 

4.1.11 Signal Summary 

Table 4-3 is a summary of all the signals discussed in the previous paragraphs 

Table 4-3. Signal Summary 

Hi-Z 

Signal Name Mnemnoic Input/ Output Active State on HALT on BGACK 

Address Bus AO-A19 Output High Yes Yes 

Data Bus DO-D7 Input/Output High Yes Yes 

Address Strobe AS Output Low No Yes 

Read/Write R/W Output Read-High No Yes 
Write-Low No Yes 

Data Strobes DS Output Low No Yes 

Data Transfer Acknowledge DTAeK Input Low No No 

Bus Req.uest BR Input Low No No 

Bus Grant BG Output Low No No 

Bus Grant Acknowledge** BGACK Input Low No No 

Interrupt Priority Level IPLx Input Low No No 

Bus Error BERA Input Low No No 

Reset RESET Input/Output Low No• No• 

Halt HALT Input/Output Low No• No• 

Enable E Output High No No 

Valid Peripheral Address VPA Input Low No No 

Function Code Output FCO. Fe1, Fe2 Output High No Yes 

Clock eLK Input High No No 

Power Input Vee Input - -- -

Ground GND Input - - -

*Open Drain 
* *52-Pin Version Only 
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4.2 BUS OPERATION 

The following paragraphs explain control signal and bus operation during data transfer operations, 
bus arbitration, bus error and halt conditions, and reset operation. 

4.2.1 Data Transfer Operations 

Transfer of data between devices involves the following leads: 
• Address bus AO through A 19 
• Data bus DO through D7 
• Control signals 

The address and data buses are separate non-multiplexed parallel buses. Data transfer is accom
plished with an asynchronous bus structure that uses handshakes to ensure the correct movement 
of data. In all cycles, the bus master assumes responsibility for deskewing all signals it issues at both 
the start and end of a cycle In addition, the bus master is responsible for deskewing the 
acknowledge and data signals from the slave device. 

The following paragraphs explain the read, write, and read-modify-write cycles. The indivisible 
read-modify-write cycle is the method used by the TS68008 for interlocked multiprocessor 
communications. 

NOTE 
The terms assertion and negation will be used extensively. This is done to avoid con
fusion when dealing with a mixture of "active-low" and "active-high" signals. The 
term assert or assertion is used to indicate that a signal is active or true independent 
of whether that voltage is low or high. The term negate or negation is used to indi
cate that a signal is inactive or false. 

4.2.1.1 READ CYCLE. During a read cycle, the processor receives data from the memory or a 
peripheral device. The processor reads bytes of data in all cases. If the instruction specifies a word 
(or double word) operation, the processor reads both bytes. When the instruction specifies byte 
operation, the processor uses AO to determine which byte to read and then issues data strobe. 

A word read cycle flowchart is given in Figure 4-3. A byte read cycle flowchart is given in Figure 4-4. 
Read cycle timing is given in Figure 4-5. Figure 4-6 details words and byte read cycle operations. 

4.2.1.2 WRITE CYCLE. During a write cycle, the processor sends data to either the memory or a 
peripheral device. The processor writes bytes of data in all cases. If the instruction specifies a word 
operation, the processor writes both bytes. When the instruction specifies a byte operation, the 
processor uses AO to determine which byte to write and then issues the data strobe. A word write 
cycle flowchart is given in Figure 4-7. A byte write cycle flowchart is given in Figure 4-8. Write cycle 
timing is given in Figure 4-5. Figure 4-9 details word and byte write cycle operation. 

4.2.1.3 READ-MODIFY-WRITE CYCLE. The read-modify-write cycle performs a byte read, 
modifies the data in the arithmetic-logic unit, and writes the data back to the same address. In the 
TS68008, this cycle is indivisible in that the address strobe is asserted throughout the entire cycle. 
The test and set (TASl instruction uses this cycle to provide meaningful communication between 
processors in a multiple processor environment. This instruction is the only instruction that uses the 
read-modify-write cycle and since the test and set instruction only operates on bytes, all read
modify-write cycles are byte operations. A read-modify-write cycle flowchart is given in Figure 4-10 
and a timing diagram is given in Figure 4-11. 
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BUS MASTER SLAVE 

Address the Device 

11 Set R/W to Read 
21 Place Address on A1-A19 
31 Set AO=O 
41 Place Function Code on FCO-FC2 
51 Assert Address Strobe IASI 
61 Assert Data Strobe IDSI 

Present the Data 

11 Decode Address 
21 Place Data on 00-07 
31 Assert Data Transfer Acknowledge 

Acquire the Data 

11 Latch Data 
21 Negate i5S 
31 Negate AS 

~ Terminate the Cycle 

11 Remove Data from 00-07 
21 Negate DTACK 

Read Second Byte 

11 Set RiW to Read 
21 Place Address on A1-A19 
31 Set AO= 1 
41 Place Function Code on,.fCO-FC2 
51 Assert Address Strobe (AS) 
61 Assert Data Strobe IDS! 

Present the Data 

11 Decode Address 
21 Place Data on DO-D7 
31 Assert Data Transfer Acknowledge 

Acquire the Data ~ 

11 Latch Data 
21 Negate ITT 
31 Negate AS 

___,, 
Terminate the Cycle 

11 Remove Data from D0-07 
2i Negate D TACK 

Start Next Cycle 

Figure 4-3. Word Read Cycle Flowchart 
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BUS MASTER SLAVE 

Address the Device 

11 Set A/VV to Read 
21 Place Address on AO-A 19 
31 Place Function Code on FCO-FC2 
41 Assert Address Strobe (AS) 
51 Assert Data Strobe (5S) 

Present the Data 

11 Decode Address 
21 Place Data on 00-07 
31 Assert Data Transfer Acknowledge 

Acquire the Data ~ 

11 Latch Data 
21 Negate DS 
JI Negate AS 

Terminate the Cycle 

11 Remove Data from 00-07 
21 Negate DTACK 

Start Next Cycle 

Figure 4-4. Byte Read Cycle Flowchart 

SO Sl S2 S3 S4 S5 S6 S7 SO S1 S2 SJ S4 S5 S6 S7 SO Sl S2 SJ S4 w w w w S5 S6 S7 

CLK 

FCO-FC2 J~ ______ _,X....._ ______ _,X._ __________ ~>-

AOA19 ==>--< >-< >-< >--

R/VV 

~ 
DO-D7 ~~~--<<~~--__,>---~~<~-----'>----<~-------->-

14------Read----~----Write----J...,f------Slow Read ------Joi 

Figure 4-5. Read and Write Cycle Timing Diagram 
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SO Sl S2 S3 S4 S5 S6 S7 SO Sl S2 S3 S4 S5_ S6 S7 SO Sl S2 S3 S4 S5 S6 S7 SO 

CLK 

FCO-FC2 :::x x x .__ ____ x:: 
A1-A19 =>-< }-{ '------...J}->-< 

AO ~ r' '-< 
AS 

os 

R/W 

DTACK 

00-07 

i..j-------Word Read--------;:·~1 
j.---High Byte,--•Jlt+.I •--Low Byte,--~of.•,.--Byte Read----.j 

Figure 4-6. Word and Byte Read Cycle Timing 

4.2.2 Bus Arbitration 

Bus arbitration on the 52-pin version of the TS68008 is identical to that on the TS68000. 

Bus arbitration on the 48-pin version of the TS68008 has been modified from that on the TS68000. 
It is controlled by the same finite state machine as on the TS68000. but because the BGACK input 
signal is not bonded out to a pin and is, instead, permanently negated internally, the bus arbitration 
becomes a two-wire handshake circuit. Therefore, in reading the following paragraphs for a 
description of bus arbitration on the 48-pin version of the TS68008, the BGACK signal should be 
considered permanently negated. 

Bus arbitration is a technique used by master-type devices to request, be granted, and acknowledge 
bus mastership. In its simplest form, it consists of the following: 

1. asserting a bus mastership request, 
2. receiving a grant that the bus is available at the end of the current cycle, and 
3. on the 52-pin version of the TS68008 only, acknowledging that mastership has been 

assumed. 
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BUS MASTER SLAVE 

Address the Device 

1) Place Address on A1-A19 
21 Set AO=O 
31 Place Function Code on FCO-FC2 
4) Assert Address Strobe IASI 
51 Set R/W to Write 
61 Place Data on DO-D7 
71 Assert Data Strobe !OSI ..... Accept the Data 

1) Decode Address 
21 Store Data on DO-D7 
31 Assert Data Transfer Acknowledge 

Terminate Output Transfer 

11 Negate OS 
21 Negate AS 
31 Remove Data from 00-07 
41 Set R/W to Read 

Terminate the Cycle 

11 Negate DT ACK 

Write Second Byte 

11 Place Address on A1-A19 
21 SetA0=1 
31 Place Function Code on FCO-FC2 
41 Assert Address Strobe (ASI 
51 Set R/W to Write 
61 Place Data on DO-D7 
71 Assert Data Strobe IDSI ..... Accept the Data 

11 Decode Address 
21 Store Data on DO-D7 
31 Assert Data Transfer Acknowledge 

Terminate Output Transfer ...._ 

11 Negate~ 
21 Negate AS 
31 Remove Data from 00-07 
41 Set R!W to Read 

Terminate the Cycle 

11 Negate DT ACK 

Start Next Cycle 

Figure 4-7. Word Write Cycle Flowchart 
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BUS MASTER SLAVE 

Address the Device 

1 I Place Address on AO-A 19 
21 Place Function Code on FCO-FC2 
31 Assert Address Strobe IASI 
41 Set R/W to Write 
51 Place Data on DO-D7 
61 Assert Data Strobe l~I Accept the Data 

11 Decode Address 
21 Store Data on DO-D7 
31 Assert Data Transfer Ack now ledge 

Terminate Output Transfer ~ 

1 I Negate i5S 
21 Negate AS 
31 Remove Data from DO-D7 
41 Set R/W to Read 

.... Terminate the Cycle 

11 Negate DTACK 

Start Next Cycle 

Figure 4-8. Byte Write Cycle Flowchart 

SO 51 52 S3 54 55 56 57 SO 51 S2 S3 54 55 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO 

CLK 

FCO-FC2 )( x x x: 
AO h r '--{ }-

A'S 

l5S 

R/W 

DTACK \ I \ I \ r 
DO-D7 

A1-A19 :::>-< >-< }-{ >-
Word Write 

I+--High Byte •I• Low Byte •le ByteWritt:!~ 

Figure 4-9. Word and Byte Write Cycle Timing 
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BUS MASTER SLAVE 

Address the Device 

11 Ptace Address on AO-A 19 
21 Set A/W to Read 
31 Assert Address Strobe 1ASl 
41 Assert Data Strobe (551· 

Present the Data 

11 Decode Address 
21 Place Data on 00-07 
31 Assert Data Transfer Acknowledge 

Acquire the Data ~ 

11 Latch Data 
21 Negate 5S 
31 Start Data Mod1f1cat1on 

Terminate the Cycle 

11 Remove Data from D0-07 
21 Negate DT ACK 

Start Output Transfer ..... 
11 Set R/W to Wnte 
21 Place Modified Data on 00-07 
31 Ac;sert Data Strobe (OS} 

-- Accept the Data 

11 Store Data on 00-07 
21 Assert Data Transfer Acknowledge 

Terminate Output Transfer 

11 Negate DS 
21 Negate AS 
31 Remove Data from 00-07 
41 Set R1W to Read 

~ Terminate the Cycle 

11 Negate DTACK 

Start Next Cycle 

Figure 4-10. Read-Modify-Write Cycle Flowchart 
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CLK 

FCO-FC2 

AO-A19 

AS 

BS 

RiW 

DTACK 

DO-D7 ( ) 

f+-------lndivis1ble Cycle--------..i 

Figure 4-11. Read-Modify-Write Cycle Timing 

Flowcharts showing the detail involved in a request from a single device are illustrated in Figure 4-12 
for the 48-pin version and Figure 4-13 for the 52-pin version. Timing diagrams for the same opera
tion are given in Figure 4-14 and Figure 4-15. This technique allows processing of bus requests dur
ing data transfer cycles. 

The timing diagram shows that the bus request is negated at the time that an acknowledge is 
asserted. This type of operation would be true for a system consisting of the processor and one 
device capable of bus mastership. In systems having a number of devices capable of bus master
ship, the bus request line from each device is wire ORed to the processor. In this system, it is easy 
to see that there could be more than one bus request being made. The timing diagram shows that 
the bus grant signal is negated a few clock cycles after the transition of the acknowledge (8GACKI 
signal. 

However, if the bus requests are still pending, the processor will assert another bus grant within a 
few clock cycles after it was negated. This additional assertion of bus grant allows external arbitra
tion circuitry to select the next bus master before the current bus master has completed its re
quirements. The following paragraphs provide additional information about the three steps in the 
arbitration process. 

4.2.2.1 REQUESTING THE BUS. External devices capable of becoming bus masters request the 
bus by asserting the bus request (SRI signal. This is a wire-ORed signal !although it need not be 
constructed from open-collector devices) that indicates to the processor that some external device 
requires control of the external bus. The processor is effectively at a lower bus priority level than the 
external device and will relinquish the bus after it has completed the last bus cycle it has started. 

On the 52-pin version, when no acknowledge is received before the bus request signal goes inac
tive, the processor will continue processing when it detects that the bus request is inactive. This 
allows ordinary processing to continue if the arbitration circuitry responded to noise inadvertently. 
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PROCESSOR REQUESTING DEVICE 

Request the Bus 

11 Assert Bus Request 18R\ 

Grant Bus Arbitration 

11 Assert Bus Grant (BGJ 

Operate as Bus Master 

1 l External Arbitration Determines 

Next ~us Master 
21 Next Bus Master Waits for Current 

Bus Cycle to Complete 
J) Perform Data Transfers (Read and 

Write Cycles) According to the 
Sarne Rules the Processor Uses 

41 Complete Last Bus Cycle 

Release Bus Mastership 

11 Negate Bus Request ([RJ 

Acknowledge Release of Bus Mastership .... 
-

11 Negate Bus Grant I BGI 

Re-Arbitrate or Resume 
Processor Operation 

Figure 4-12. Bus Arbitration Cycle Flowchart for the 48-Pin Version 
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PROCESSOR REQUESTING DEVICE 

Request the Bus 

1l Assert Bus Request !BR) 

Grant Bus Arbitration 

1J Assert Bus Grant 18GJ 

Acknowledge Bus Mastership 

1) External Arb1trat1on Determines Next Bus 
Master 

2l Next Bus Master Waits for Current Cycle to 
Complete 

3) Next Bus Master Asserts Bus Grant 
Acknowledge (BGACKl to Become New 

Terminate Arbitration ...- Master 
4) Bus Master Negates BR 

11 Negate BG land Wait for BGACK to be 
Negated) 

Operate as Bus Master 

1) Perform Data Transfers (Read and Write 
Cycles) According to the Same Rules the 
Processor Uses 

I 
Release Bus Mastership 

II Negate BGACK 

Re-Arbitrate or Resume 
Processor Operation 

Figure 4-13. Bus Arbitration Cycle Flowchart for the 52-Pin Version 
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Figure 4-14. Bus Arbitration Timing for the 48-Pin Version 

SO 52 S4 56 SO S2 54 56 SO S2 54 56 SO 52 S4 S6 

- Processor ~OMA Oev1ce-J-----Processor -----1*<.----DMA Device--

Figure 4- 15. Bus Arbitration Timing for the 52-Pin Version 
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4.2.2.2 RECEIVING THE BUS GRANT. The processor asserts bus grant I BGI as soon as possible 
Normally this is immediately after internal synchronization The only exception to this occurs when 
the processor has made an internal decision to execute the next bus cycle but has not progressed 
far enough into the cycle to have asserted the address strobe IASI signal. In this case, bus grant will 
be delayed until AS is asserted to indicate to external devices that a bus cycle is being executed 

The bus grant signal may be routed through a daisy-chained network or through a spec1f1c pnor1ty
encoded network. The processor is not affected by the external method of arb1trat1on as long as the 
protocol is obeyed. 

4.2.2.3 ACKNOWLEDGEMENT OF MASTERSHIP (52-PIN VERSION OF TS68008 ONLY). Upon 
receiving a bus grant, the requesting device waits until address strobe, data transfer acknowledge, 
and bus grant acknowledge are negated before issuing its own BGACK. The negation of the ad
dress strobe indicates that the previous master has completed its cycle; the negation of bus grant 
acknowledge indicates that the previous master has released the bus. !While address strobe 1s 
asserted, no device is allowed to "break into" a cycle. I The negation of data transfer acknowledge 
indicates the previous slave has terminated its connection to the previous master Note that in some 
applications data transfer acknowledge might not enter into this function. General purpose devices 
would then be connected such that they were only dependent on address strobe. When bus grant 
acknowledge is issued, the device is a bus master until 1t negates bus grant acknowledge. Bus grant 
acknowledge should not be negated until after the bus cycle(sl is larel completed Bus mastership 
is terminated at the negation of bus grant acknowledge. 

The bus request from the granted device should be dropped after bus grant acknowledge is 
asserted. If a bus request is still pending, another bus grant will be asserted within a few clocks of 
the negation of the bus grant. Refer to 4.2.3 Bus Arbitration Control Unit. Note that the processor 
does not perform any external bus cycles before it re-asserts bus grant. 

4.2.3 Bus Arbitration Control 

The bus arbitration control unit in the TS68008 is implemented with a finite state machine. A state 
diagram of this machine is shown in Figure 4-16 for both pin versions of the TS68008. All asyn
chronous signals to the TS68008 are synchronized before being used internally. This synchroniza
tion is accomplished in a maximum of one cycle of the system clock. assuming that the asyn
chronous input setup time (#471 has been met (see Figure 4-171. The input signal is sampled on the 
falling edge of the clock and is valid internally after the next falling edge. 

As shown in Figure 4-16, input signals labeled R and A are internally synchronized on the bus re
quest and bus grant acknowledge pins respectively The bus grant output is labeled G and the inter
nal three-state control signal T. If T is true, the address, data, and control buses are placed 1n a 
high-impedance state when AS is negated. All signals are shown in positive logic !active highl 
regardless of their true active voltage level. State changes (valid outputs) occur on the next rising 
edge after the internal signal is valid. 
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A= Bus Request Internal 
A= Bus Grant Acknowledge Internal 
G= Bus Grant 
T =Three-State Control to 

Bus Control Log1c2 
X =Don't Care 

lal State Diagram for the 48-Pin Version of TS68008 

R 

lbl State Diagram for the 52-Pin Version of TS68008 

RA 

NOTES: 
1. State machine will not change if the bus 

1s SO or S 1. Refer to 4.2.3 Bus 
Arbitration Contol. 

2. The address bus will be placed in the high
impedance state if T is asserted and AS 
is negated. 

Figure 4-16. TS68008 Bus Arbitration Unit State Diagram 
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Internal Signal Vahd ~ 

External Signal Sampled ~ i 
CLK 

BR !Internal! 

Figure 4-17. Timing Relationship of External Asynchronous Inputs to Internal Signals 

A timing diagram of the bus arbitration sequence during a processor bus cycle is shown in Figure 
4-18. The bus arbitration sequence while the bus is inactive (i.e., executing internal operations such 
as a multiply instruction) is shown in Figure 4-19. 

CLK 

BR 

BG 

AS 
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R/W 
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DO-D15 

Bus Three Stated------·-~ 
BG Asserted------~ 
~Valid Internal~ 
BR Sampled~ 

BR Asserted. t 

SO SI S2 S3 S4 S5 S6 S7 

Bus Released from Three State and 

Processor Starts Next Bus Cyclel 
BGACK Negated Internal 
BGACK Sampled~ 
BGACK Negated t t 

SO S 1 S2 S3 S4 S5 S6 S 7 SO SI 

~ Processor -------;-.--- Alternate Bus Master--------- Processor --+-

Figure4-18. Bus Arbitration Timing Diagram- Processor Active 
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Bus Released from Three State and ProceSSO' s~arts ""'e;..'. 8.,s (,, t"----------~ 

BGACK Nega1ed----------------------~ 
~ Assened and Bus Thcee S1a1ed~ l 
BR Valid lnternal------

§R Sampled l 
BR Asseneci------- t 

CLK n__JL_Ji 

BR 

BG 

BGACK 

FCO-FC2 

A1-A23 

AS 

uos 

LOS 

R/W 

OT ACK 

00-015 

SO 51 S2 S3 S4 S5 S6 S7 SO S: Sl SJ S4 

..,..._ Processor ----J-1---Bus Inactive _ _.,>,..!•--- Alternate Bus Master-----• Processor ...... 

Figure 4-19. Bus Arbitration Timing Diagram-Bus lriactive 

If a bus request 1s made at a time when the MPU has already begun as bus cycle but AS has not 
been asserted (bus state SOI, BG will not be asserted on the next rising edge Instead, BG will be 
delayed until the second rising edge following its internal assertion. This sequence is shown 1n 
Figure 4-20. 

4.2.4 Bus Error and Halt Operation 

In a bus architecture that requires a handshake from an external device. the poss1b1l1ty exists that 
the handshake might not occur. Since different systems will require a different maximum response 
time, a bus error input is provided External c1rcu1try must be used to determine the duration 
between address strobe and data transfer acknowledge before issuing a bus error signal When a 
bus error signal 1s received, the processor has two options 1nit1ate a bus error exception sequence 
or try running the bus cycle again. 
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DTACK _j 
D0-015 
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--- Processor ------- Alternate Bus Master ---.i~--- Processor ---• 

Figure 4-20. Bus Arbitration Timing Diagram-Special Case 

4.2.4.1 EXCEPTION SEQUENCE. When the bus error signal is asserted, the current bus cycle is ter
minated. AS will be negated 2.5 clock periods after SERR is recognized. See 4.4 ASYN
CHRONOUS VERSUS SYNCHRONOUS OPERATION for more information. As long as SERR re
mains asserted, the data and address buses will be in the high-impedance state. When· SERR is 
negated, the processor will begin stacking for exception processing. The sequence is composed of 
the following elements: 

1. Stacking the program counter and status register. 
2. Stacking the error. information. 
3. Reading the bus error vector table entry. 
4. Executing the bus error handler routine. 

The stacking of the program counter and the status register is the same as if an interrupt had occur
red. Several additional items are stacked when a bus error occurs. These items are used to deter
mine the nature of the error and correct it, if possible. The processor loads the new program 
counter from the bus error vector. A software bus error handler routine is then executed by the pro
cessor Refer to 5.2 EXCEPTION PROCESSING for additional information. 
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4.2.4.2 RE-RUNNING THE BUS CYCLE. When the processor receives a bus error signal during a 
bus cycle and the HALT pin is being driven by an external device, the processor enters the re-run se
quence. Figure 4-21 is a timing diagram for re-running the bus cycle. 

The processor terminates the bus cycle, then puts the address and data output lines in the high
impedance state. The processor remains "halted," and will not run another bus cycle until the halt 
signal is removed by external logic. Then the processor will re-run the previous cycle using the same 
function codes, the same data I for a write operation), and the same controls. The bus error signal 
should be removed at least one clock cycle before the halt signal is removed. 

NOTE 
The processor will not re-run a read-modify-write cycle. This restriction is made to 
guarantee that the entire cycle runs correctly and that the write operation of a test
and-set operation is performed without ever releasing AS. If BEAR and HALT are 
asserted during a read-modify-write bus cycle, a bus error operation results. 

4.2.4.3 HALT OPERATION WITH NO BUS ERROR. The halt input signal to the TS68008 performs 
a halt/run/single-step function in a similar fashion to the 6800 halt function. The halt and run 
modes are somewhat self explanatory in that when the halt signal is constantly active the processor 
"halts" I does nothing) and when the halt signal is constantly inactive the processor "runs" I does 
something). HALT operation timing is shown in Figure 4-22. 

SO Sl S2 s3· S4 So S6 S7 SO Sl S2 S3 S4 S5 S6 S7 SO Sl 

CLK 

FCO-FC2 ...._~~~~---X~~~~~~---X~~~~~~-X:: =x 
AO-A19 =>-< ~~~~~>~~~~~~~~~<~~~~~->-<= 

AS \ .___ __ __,/ \._ __ _,r-
i5S 

AIW 

DTACK 

D0-07 

BEAR 

HALT 

i.---- Read ---+!'ot---- Halt -----f-----Rerun----1., 

Figure 4-21. Re-Run Bus Cycle Timing Information 
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SO S 1 S2 SJ S4 S5 56 5 7 Sc S, 52 53 54 So 56 S 7 SC S' 

CLK 

FCO FC 2 --y X X V----_J\~~~~~--' ~~~~~~~--'~~~~~~-/\__ 

AO .~ 19 ==>-<~-------~r----------'----<('--------->-C 

os 

\ ____ _,/ 

D0-07 

HALT 

i.----Read----+l+-----Halt-----14---· Read----j 

Figure 4-22. HALT Operation Timing Diagram 

The single-step mode is derived from correctly timed transitions on the halt signal input It forces 
the processor to execute a single bus cycle by entering the "run" mode until the processor starts a 
bus cycle then changing to the "halt" mode. Thus, the single-step mode allows the user to proceecl 
through (and therefore debug) processsor operations one bus cycle at a time. 

Figure 4-23 details the timing required for correct single-step operations. Some care must be exer
cised to avoid harmful interactions between the bus error signal and the HALT pin when using the 
single-cycle mode as a debugging tool. This is also true of interactions between the halt and reset 
lines since these can reset the machine (see 4.2.4 Reset Operation). 

When the processor completes a bus cycle after recognizing that the halt signal is active, the 
address and data bus signals are put in the high-impedance state. 

While the processor is honoring the halt request, bus arbitration performs as usual That is, halting 
has no effect on bus arbitration. It is the bus arbitration function that removes !i.e., three-states) 
the control signals from the bus. 

The halt function and the hardware trace capability allow the hardware debugger to trace single bus 
cycles or single instructions at a time. These processor capabilities, along with a software debug
ging package, give total debugging flexibility 
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RW 

DODI r---

HALT 

Read Read 
~---Cycle n----lf-----Halt --------1-~-~Cycle n + f •I• Halt 

Figure 4-23. HALT Signal Single-Step Operation Timing Characteristics 

4.2.4.4 DOUBLE BUS FAUL TS. When a bus error exception occurs, the processor will attempt to 
stack several words containing information about the state of the machine. If a bus error exception 
occurs during the stacking operation, there have been two bus errors 1n a row. This is commonly 
referred to as a double bus fault When a double bus fault occurs, the processor will halt. Once a 
bus error exception has occurred, any bus error exception occurring before the execution of the 
next 1nstruct1on constitutes a double bus fault. Figure 4-24 is a diagram of the bus error timing 

Note that a bus cycle which 1s re-run does not constitute a bus error exception, and does not contri 
bute to a double bus fault. Note also that this means that as long as the external hardware requests 
1t, the processor will continue to re-run the same bus cycle 

The bus error pin also has an effect on processor operation after the processor receives an external 
reset input. The processor reads the vector table after a reset to determine the address to start pro
gram execution If a bus error occurs while reading the vector table lor at any time before the first 
instruction 1s executed I, the processor reacts as 1f a double bus fault has occurred and it halts Only 
an external reset will start a halted processor 

4.2.5 Reset Operation 

The reset signal 1s a h1rlirect1onal signal that allows either the processor or an external signal to reset 
the system Figure 4-25 is a t1m1ng diagram for processor generated reset operation 
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Figure 4-24. Bus Error Timing Diagram 
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Figure 4-25. Reset Operation Timing Diagram 
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When the reset and halt lines are driven it is recognized as an entire system reset, including the pro
cessor. For an external reset, both the RAii and ~ lines must be asserted to ensure total reset 
of the processor. Timing diagram for system reset is shown in Figure4-26 The processor responds 
by reading the reset vector table entry (vector number zero, address $0000001 and loads 11 into the 
supervisor stack pointer (SSPI. Vector table entry number one at address $000004 1s read next and 
loaded into the program counter. The processor initializes the status register to an interrupt level of 
seven. No other registers are affected by the reset sequence. 

When a reset instruction is executed, the processor drives the reset pin for 124 clock periods In this 
case, the processor is trying to reset the rest of the system. Therefore, there is no effect on the 
internal state of the processor. All of the processor's internal registers and the status register are 
unaffected by the execution of a reset instruction. All external devices connected to the reset line 
will be reset at the completion of the reset instruction. 

Asserting the reset and halt lines for 1·0 clock cycles will cause a processor reset, except when Vee 
is initially applied to the processor. In this case, an external reset must be applied for at least 100 
milliseconds allowing stabilization of the on-chip circuitry and system clock. 

CLK 

Plus5 Volts 

14- t > 100 M1lltseconds --+l.--------------

~t<4Clocks 

Bus Cycles 

NOTES: 
1 l Internal start-up time 4l PC High read in here 
21 SSP High read in here 51 PC Low read in oere 
31 SSP Low read 1n here 6l First 1nstract1on fetched here 

Bus State Unknown~ 

All Control Signals Inactive \.._____J 

Data Bus 1n Read Mode ~ 

Figure 4-26. System Reset Timing Diagram 

4.3 THE RELATIONSHIP OF D'TAa<, lrE'RR, AND RALT 
In order to properly control termination of a bus cycle for a re-run or a bus error condition, ITTACR, 
STim, and RACT should be asserted and negated on the rising edge of the TS68008 clock This 
will assure that when two signals are asserted simultaneously, the required setup time (#471 for both 
of them will be met during the same bus state. 

This, or some equivalent precaution, should be designed external to the TS68008. Parameter #48 1s 
intended to ensure this operation in a totally asynchronous system, and may be ignored if the above 
conditions are met. 
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The preferred bus cycle terminations may be summarized as follows (case numbers refer to 
Table 4-4): 

Normal T erm1nat1on: 
Halt Termination: 

Bus Error Termination: 

Re-Run Termination: 

OT ACK occurs first tease 1 I. 
HALT isassertedatsametime, or precedes DTACK (no BERRl cases2 
and 3. 
SERR is asserted in-lieu of, at same time, or preceding DTACK (Case 
41, SERR !'legated at same time, or after DTACK. 
HALT and SERR asserted at the same time, or before DTACK leases 5 
and 6); HALT must be held at least one cycle after SERR. 

Table 4-4 details the resulting bus cycle termination under various combinations of control signal se
quences The negation of these same control signals under several conditions is shown in Table 4-5 
IDT ACK is assumed to be negated normally in all cases; for correct results, both DTACK and BEITTi 
should be negated when address strobe is negated). 

EXAMPLE A 
A system uses a watch-dog timer to terminate accesses to unpopulated address space. 
The timer asserts OT ACK and SERR simultaneously after time out lease 41. 

EXAMPLE B 
A system uses error detection on RAM contents. Designer may lal delay DTACK until 
data verified, and return SERR and HALT simultaneously to re-run error cycle (case 51, or 
1f valid, return OT ACK, !bl delay OT ACK until data verified, and return SERR at same time 
as DTACK if data in error lease 41; le) return DTACK prior to data verification, as 
described in previous section. If data invalid, SERR is asserted lease 11 in next cycle. 
Error-handling software must know how to recover error cycle. 

4.4 ASYNCHRONOUS VERSUS SYNCHRONOUS OPERATION 

4.4. 1 Asynchronous Operation 

To achieve clock frequency independence at a system level, the TS68008 can be used in an asyn
chronous manner. This entails using only the bus handshake lines !AS, OS, DTACK, SERR, HALT, 
and VPAl to control the data transfer. Using this method, AS signals the start of a bus cycle and the 
data strobes are used as a condition for valid data on a write cycle. The slave device (memory or 
peripheral! then responds by placing the requested data on the data bus for a read cycle or latching 
data on a write cycle and asserting the data transfer acknowledge signal IDTACKI to terminate the 
bus cycle. If no slave responds or the access is invalid, external control logic asserts the SERR, or 
BtRl1 and HATT signal to abort or rerun the bus cycle. 

The DT ACK signal is allowed to be asserted before the data from a slave device is valid .on a read 
cycle. The length of time that OT ACK may precede data is given as parameter #31 and it must be 
met in any asynchronous system to insure that valid data is latched into the processor. Notice that 
there is no maximum time specified from the assertion of AS to the assertion of D1'ACR. This is 
because the MPU will insert wait cycles of one clock period each until OT ACK is recognized. 
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Table 4-4. OT ACK, BEAR, and HALT Assertion Results 

Asserted on Rising 

Case Control Edge of State 

No. Signal N N+2 Result 

ISiAl'.K A s Normal cycle terminate and continue 

1 ilTI11i NA x 
HALT NA x 

DTACK A s Normal cycle terminate and halt Continue 

2 BERA NA x when RACT removed 

HALT A s 
DTACK NA A Normal cyCle terminate and hatt Continue 

3 BERA NA NA when HALT removed 

HAIT A s 
DTACK x x Terminate and re-run 

4 iillfl'i A s 
HAIT NA NA 

l5TACR x x Terminate and re-run 

5 Btl'il'i A s 
HALT A s 

DTACK NA x Terminate and re-run when HALI rernoved 

6 wrn NA A 
HALT A s 

LP.gend 
N - the number of the current even bus state (e.g .. S4. S6. etc.) 
A - signal 1s asserted 1n this bus state 
NA - signal is not' asserted in this state 
X - don't care 
S - signal was asserted in previous state and remains asserted 1n this state 

Table 4-5. BEAR and HALT Negation Results 

Conditions of Negated on Rising 

Termination in Control Edge of State 

Table 4-4 Signal N N+2 Results - Next Cycle 

Bus Error 
BEAR • QC • Takes bus error trap 
HALT • QC • 

Re-run 
BEAR • oc • Illegal sequence, usunlly traps to 
HALT • vector number 0 

Re-run 
liEl'iR • Re-runs the bus cycle 
HALT • 

Normal 
BERR • May lengthen next cyr;le 
HALT • QC • 

Normal 
SERR • If next cycle is started 11 will 
HALT • QC none be tPrm1nated as a rJu~ ~rror 
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4.4.2 Synchronous Operation 

To allow for those systems which use the system clock as a signal to generate DTACK and other 
asynchronous inputs, the asynchronous input setup time is given as parameter #47. If this setup is 
met on an input, such as Dii!iicr, the processor is guaranteed to recognize that signal on the next 
falling edge of the system clock. However, the converse is not true- if the input signal does not 
meet the setup time it is not guaranteed not to be recognized. In addition, if. ITTACK 1s recognized 
on a falling edge, valid data will be latched into the processor Ion a read cycle! on the next falling 
edge provided that the data meets the setup time given as parameter #27. Given this, parameter #31 
may be ignored. Note that if l'.5iACK is asserted, with the required setup time, before the falling 
edge of S4, no wait states will be incurred and the bus cycle will run at its maximum speed of four 
clock periods. 

NOTE 
During an active bus cycle, VPA and BERR are sampled on every falling edge of the clock 
starting with SO. DTACK is sampled on every falling edge of the clock starting with S4 
and data is latched on the falling edge of S6 during a read. The bus cycle will then be ter
minated in S7 except when BERA is asserted 1n the absence of DTACK, in which case 1t 
will terminate one clock cycle later in S9. 
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SECTION 5 
PROCESSING STATES 

This section describes the actions of the TS68008 which are outside the normal processing asso
ciated with the execution of instructions. The functions of the bits in the supervisor portion of the 
status register are covered: the supervisor/user bit, the trace enable bit, and the processor interrupt 
priority mask. Finally, the sequence of memory references and actions taken by the processor on 
exception cond1t1ons is detailed. 

The TS68008 is always in one of three processihg states: normal, exception, or halted. The normal 
processing state is that associated with instruction execution; the memory references are to fetch 
instructions and operands, and to store results. A special case of the normal state is the stopped 
state which the processor enters when a STOP instruction is executed. In this state, no further 
memory references are made. 

The exception processing state is associated with interrupts, trap instructions, tracing, and other 
exceptional conditions. The exception may be internally generated by an instruction or by an 
unusual condition arising during the execution of an instruction. Externally, exception processing 
can be forced by an interrupt, by ;;i bus error, or by a reset. Exception processing is designed to pro
vide an efficient context switch so that the processor may handle unusual conditions. 

The halted processing state is an indication of catastrophic hardware failure. For example, if during 
the exception processing of a bus error another bus error occurs, the processor assumes that the 
system is unusable and halts. Only an external reset can restart a halted processor. Note that a pro
cessor in the stopped state is not in the halted state, nor vice versa. 

5.1 PRIVILEGE STATES 

The processor operates in one of two states of privilege: the "user" state or the "supervisor" state. 
The privilege state determines which operations are legal, is used by the external memory manage
ment device to control and translate accesses, and is used to choose between the supervisor stack 
pointer and the user stack pointer in instruction references. 

The privilege state is a mechanism for providing security in a computer system. Programs should 
access only their own code and data 'areas, and ought to be restricted from accessing information 
which they do not need and must not modify 

The privilege mechanism provides security by allowing most programs to execute in user state. In 
this state, the accesses are controlled, and the effects on other parts of the system are limited. The 
operating system executes in the supervisor state, has access to all resources, and performs the 
overhead tasks for the user state programs. 
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5.1.1 Supervisor State 

The supervisor state is the higher state of privilege. For instruction execution, the supervisor state is 
determined by the S bit of the status register; if the S bit is asserted I high) or exception processing 
is invoked, the processor is in the supervisor state. All instructions can be executed in the supervisor 
state. The bus cycles generated by instructions executed in the supervisor state are classified as 
supervisor references. While the processor is in the supervisor privilege state, those instructions 
which use either the system stack pointer implicitly or address register seven explicitly access the 
supervisor stack pointer 

5.1.2 User State 

The user state is the lower state of privilege and is controlled by the S bit of the status register. If the 
S bit is negated I low), the processor is executing instructions in the user state. The bus cycles 
generated by an instruction executed in the user state are classified as user state references. This 
allows an external memory management device to translate the address and to cornrol access to 
protected portions of the address space. While the processor is in the user privilege state, those in
structions which use either the system stack pointer implicitly, or address register seven explicitly, 
access the user stack pointer. 

Most instructions execute the same in user state as in the supervisor state. However, some instruc
tions which have important system effects are made privileged. User programs are not permitted to 
execute the STOP instruction, or the RESET instruction. To ensure that a user program cannot 
enter the supervisor state except in a controlled manner, the instructions which modify the whole 
status register are privileged. To aid in debugging programs which are to be used as operating 
systems, the_move to user stack pointer !MOVE USP) and move from user stack pointer !MOVE 
from USP) instructions are also privileged. 

5.1.3 Privilege State Char'\ges 

Once the processor is in the user state and executing instructions, only exception processing can 
change the privilege state. During exception processing, the current setting of the S bit of the 
status register is saved and the S bit is asserted, putting the processor in the supervisor state. 
Therefore, when instruction execution resumes at the address specified to process the exception, 
the processor is in the supervisor pnv1lege state. 

5. 1 .4 Reference Classification 

When the processor makes a reference, it classifies the kind of reference being made, using the en
coding on the three function code output lines. This allows external translation of addresses, con
trol of access, and differentiation of special processor states, such as interrupt acknowledge. Table 
5-1 lists the classification of references. 

5.2 EXCEPTION PROCESSING 

Before d1scuss1ng the details of interrupts, traps, and tracing, a general description of exception 
processing 1s in order. The processing of an exception occurs in four steps, with variations for dif
ferent exception causes. Dunng the first step, a temporary copy of the status register is made, and 
the status register 1s set for exception processing. In the second step the exception vector is deter
mined, and the third step 1s the saving of the current processor context. In the fourth step a new 
context is obtained, and the processor switches to instruction processing. 
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Table 5-1. Reference Classification 

Function Code Output 
Reference Class 

FC2 FCl FCO 

0 0 0 1unass1gnedl 

0 0 I User Data 

0 I 0 user Program 

0 I I I Unass1g ned 1 

I 0 0 IUnJSS•gnedl 

I () I Super..1sor Data 

I I 0 Supervisor Program 

I I I '1n1errup1 Ackr1ow1edge 

5.2.1 Exception Vectors 

Exception vectors are memory locations from which the processor fetches the address of a routine 
which will handle that exception. All exception vecwrs are two words in length I Figure 5-1 I. except 
for the reset vector, which is four words. All exception vectors lie in the supervisor data space, ex
cept for the reset vector which is in the supervisor program space A vector number 1s an 8-b1t 
number which, when multiplied by four, gives the address of an exception vector. Vector numbers 
are generated internally or externally, depending on the cause of the exception. In the case of vec
tored interrupts, during the interrupt acknowledge bus cycle, a peripheral provides an 8-b1t vector 
number I Figure 5-2) to the processor on data bus lines DO through 07 _ The processor translates the 
vector number into a full 32-bit address, as shown in Figure 5-3. The memory layout for exception 
vectors is given in Table 5-2. 

A31 

<3124> 

WordO ,New Program Counter IMSWord) 

<23.16> 

< 15 8> 

Word 1 New Program Counter (LS Word) 

<70> 

iByteOI Al =0. AO=O 

-
!Byte 11 Al =0, AO= 1 

1Byte21 Al= 1. AO=O 

1Byte31 A1=1,A0=1 

Figure 5-1. Format of Vector Table Entries 

07 DO 

[ v7 I v6 v5 v4 v3 v2 v1 vO 

Where v7 1s the MSB ot the Vector Number 
I/Cl 1s the LSB of the Vector Number 

Figure 5-2. Vector Number Format 

A 10 A9 AS A 7 A6 A5 A4 A3 A2 A 1 AO 

Ail Zeros v7 v6 v5 v4 I v3 I v2 vl vO I 
Figure 5-3. Vector Number Translated to an Address 
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Table 5-2. Vector Table 

V!ICIOr Addreu 
Assignment 

Numberlsl Dec Hex Spece 

0 0 000 SP Reset: Initial SSP 

- 4 004 SP Reset: Initial PC 

2 8 008 SD Bus Error 

3 12 ooc SD Address Error 

4 16 010 SD Illegal Instruction 

5 20 014 SD Zero Divide 

6 24 018 SD CHK Instruction 

7 28 01C SD TRAPV Instruction 

8 32 020 SD Privilege Violation 

9 36 024 SD Trace 

10 40 028 SD Line 1010 Emulator 

11 44 02C SD Line 1 1 1 1 Emulator 

12• 48 030 SD !Unassigned, Reserved) 

13* 52 034 SD !Unassigned, Reserved) 

14* 56 038 SD (Unassigned, Rese<vedl 

15 60 03C SD Uninitialized Interrupt Vector 

16-23* 64 04C SD !Unassigned, Reserved) 

95 05F -
24 96 060 SD Spurious Interrupt 

25 100 064 SD Level 1 Interrupt Autovector 

26 104 068 SD Level 2 Interrupt Autovector 

27 108 06C SD Level 3 Interrupt Autovector 

28 112 070 SD Level 4 Interrupt Autovector 

29 116 074 SD Level 5 Interrupt Autovector 

30 120 078 SD Level 6 Interrupt Autovector 

31 124 07C SD Level 7 Interrupt Autovector 

32-47 128 080 SD TRAP Instruction Vectors 

191 OBF -
48-63" 192 oco SD !Unassigned, Reserved) 

255 OFF -
64-255 256 100 SQ Usar Interrupt Vectors 

1023 3FF -

*Vector numbers 12, 13, 14, 16 through 23, and 48 
through 63 are reserved for future enhancements by 
lHOMSON SEMICONDUCTEURS. No user peripheral 
devices should be assigned these numbers. 

As shown in Table 5-2. the memory layout is 512 words long (1024 bytes). It starts at address 0 and 
proceeds through address 1023. This provides 255 unique vectors; some of these are reserved for 
TRAPS and other system functions. Of the 255, there are 192 reserved for user interrupt vectors. 
However, there is no protection on the first 64 entries, so user interrupt vectors may overlap at the 
discretion of the systems designer. 

5.2.2 Kinds of Exceptions 

Exceptions can be generated by either internal or external causes. The externally generated excep
tions are the interrupts and the bus error and reset requests. The interrupts are requests from 
peripheral devices for processor action while the bus error and reset inputs are used for access con
trol and processor restart. The· internally generated exceptions come from instructions, or from 
address errors or tracing. The trap (TRAP), trap on overflow (TRAPV), check register against 

3-148 



bounds ICHKI, and divide IDIVI instructions all can generate exceptions as part of their instruction 
execution. In addition, illegal instructions, word fetches from odd addresses and privilege violations 
cause exceptions. Tracing behaves like a very high priority, internally generated interrupt after each 
instruction execution. 

5.2.3 Exception Processing Sequence 

Exception processing occurs in four identifiable steps. In the first step, an internal copy is made of 
the status register. After the copy is made, the S bit is asserted, putting the processor into the 
supervisor privilege state. Also, the T bit is negated which will allow the exception handler to ex
ecute unhindered by tracing. For the reset and interrupt exceptions, the interrupt priority mask is 
also updated. 

In the second step, the vector number of the exception is determined. For interrupts, the vector 
number 1s obtained by a processor fetch, classified as an interrupt acknowledge. For all other ex
ceptions, internal logic provides the vector number. This vector number is then used to generate the 
address of the exception vector. 

The third step is to save the current processor status, except for the reset exception. The current 
program counter value and the saved copy of the status register are stacked using the supervisor 
stack pointer. The program counter value stacked usually points to the next unexecuted instruction, 
however, for bus error and address error, the value stacked for the program counter is unpredict
able, and may be incremented from the address of the instruction which caused the error. Addi
tional information defining the current context is stacked for the bus e0rror and address error excep
tions. 

The last step is the same for all exceptions. The new program counter value is fetched from the ex
ception vector. The processor then resumes instruction execution. The instruction at the address 
given in the exception vector is fetched, and normal instruction decoding and execution is started. 

5.2.4 Multiple Exceptions 

These paragraphs describe the processing which occurs when multiple exceptions arise 
simultaneously. Exceptions can be grouped according to their occurrence and priority. The group O 
exceptions are reset, address error, and bus error. These exceptions cause the instruction currently 
being executed to be aborted, and the exception processing to commence within two clock cycles. 

The group 1 exceptions are trace and interrupt, as well as the privilege violations and illegal instruc
tions. The trace and interrupt exceptions allow the current instruction to execute to completion, but 
pre-empt the execution of the next instruction by forcing exception processing to occur !privilege 
violations and illegal instructions are detected when they are the next instruction to be executed). 
The group 2 exceptions occur as part of the normal processing of instructions. The TRAP, TRAPV, 
CHK, and zero divide exceptions are in this group. For these exceptions, the normal execution of an 
instruction may lead to exception processing. 

Group 0 exceptions have highest priority, while group 2 exceptions have lowest priority. Within 
group 0, reset has highest priority, followed by address error and then bus error. Within group 1, 
trace has priority over external interrupts, which in turn takes priority over illegal instruction and 
privilege violation. Since only one instruction can be executed at a time, there is no priority relation 
within group 2. 
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The priority relation between two exceptions determines which is taken, or taken first, if the condi
tions for both arise simultaneously. Therefore, if a bus error occurs during a TRAP instruction, the 
bus error takes precedence, and the TRAP instruction processing is aborted. In another example, if 
an interrupt request occurs during the execution of an instruction while the T bit is asserted, the 
trace exception has priority, and is processed first. Before instruction processing resumes, 
however, the interrupt exception is also processed, and instruction processing commences finally in 
the interrupt handler routine. A summary of exception grouping and priority is given in Table 5-3., 

Table 5-3. Exception Grouping and Priority 

Group Exception Processing 

Reset Exception processing begms 
0 Address Error w1thm two clock cycles 

Bus Error 

Trace Exception processing begins before 
1 Interrupt the next instruction 

Illegal 
Privilege 

TRAP, TRAPV, Exception processing 1s started bv 
2 CHK, normal instruction execution 

Zero Divide 

5.3 EXCEPTION PROCESSING DETAILED DISCUSSION 

Exceptions have a number of sources, and each exception has processing which is peculiar to it 
The following paragraphs detail the sources of exceptions, how each arises, and how each is 
processed. 

5.3.1 Reset 

The reset input provides the highest exception level. The processing of the reset signal is designed 
for system initiation, and recovery from catastrophic failure. Any processing in progress at the time 
of the reset is aborted and cannot be recovered. The processor is forced into the supervisor state, 
and the trace state is forced off. The processor interrupt priority mask is set at level seven. The vec
tor number is internally generated to reference the reset exception vector at location 0 in the super
visor program space. Because no assumptions can be made about the validity of register contents, 
in particular the supervisor stack pointer, neither the program counter nor the status register is 
saved. The address contained in the first two words of the reset exception vector is fetched as the 
initial svpervisor stack pointer, and the address in the last two words of the reset exception vector is 
fetched as the initial program counter. Finally, instruction execution is started at the address in the 
program counter. The power-up/restart code should be pointed to by the initial program counter. 

The reset instruction does not cause loading of the reset vector, but does assert the reset line to 
reset external devices. This allows the software to reset the system to a known state and then con
tinue processing with the next instruction. 

5.3.2 Interrupts 

Seven levels of interrupts are provided by the 68000 architecture. The TS68008 supports three 
interrupt levels: two, five, and seven, level seven being the highest. Devices may be chained exter
nally within interrupt priority levels, allowing an unlimited number of peripheral devices to interrupt 
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the processor. The status register contains a 3-bit mask which indicates the current processor 
priority, and interrupts are inhibited for all priority levels less than or equal to the current processor 
priority. 

An interrupt request is made to the processor by encoding the interrupt request level on the inter
rupt request lines; a zero indicates no interrupt request. Interrupt requests arriving at the processor 
do not force immediate exception processing, but are made pending. Pending interrupts are 
detected between instruction executions. If the priority of the pending interrupt is lower than or 
equal to the current processor priority, execution continues with the next instruction and the inter
rupt exception processing is postponed. (The recognition of level seven is slightly different, as ex
plained in the following paragraph.) 

If the priority of the pending interrupt is greater than the current processor priority, the exception 
processing sequence is started. First a copy of the status register is saved, and the privilege state is 
set to supervisor, tracing is suppressed, and the processor priority level is set to the level of the 
interrupt being acknowledged. The processor fetches the vector number from the interrupting 
device, classifying the reference as an interrupt ·acknowledge and displaying the level number of the 
interrupt being acknowledged on the address bus. If external logic requests an automatic vectoring, 
the processor internally generates a vector number which is determined by the interrupt level 
number. If external logic indicates a bus error, the interrupt is taken to be spurious, and the 
generated vector number references the spurious interrupt vector. The processor then proceeds 
with the usual exception processing, saving the program counter and status register on the super
visor stack. The saved value of the program counter is the address of the instruction which would 
have been executed had the interrupt not been present. The content of the interrupt vector whose 
vector number was previously obtained is fetched and loaded into the program counter, and normal 
instruction execution commences in the interrupt handling routine. A flowchart for the interrupt 
acknowledge sequence is given in Figure 5-4, a timing diagram is given in Figure 5-5, and the inter
rupt processing sequence is shown in Figure 5-6. 

PROCESSOR INTERRUPTING DEVICE 

Grant the Interrupt Request the Interrupt 

l l Compare Interrupt Level in Processor 
Status Register and Wait for 
Current Instruction to Complete 

21 Place Interrupt Level on A 1. A2. and A3 
31 Drive AO, A4-A 19 High 
41 Set R/W to Read 

Provide the Vector Number 
51 Set Function Code to Interrupt 

Acknowledge 
11 Place Vector Number on DO·D7 61 Assert Address Strobe IASI 

71 Assert Data Strobe !OSI 21 Assert Data Transfer Acknowledge 

Acquire the Vector Number ~ 

1 l Latch Vector Number 
21 Negate i5S 
31 Negate AS ...... Release 

11 Negate OT ACK 

Start Interrupt Processing 

Figure 5-4. Vector Acquisition Flowchart 
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SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S/ 

CLK 

FCO-FC2 J.._ ________ _, y ~ 
AO, A4-A19 ==:)-<.._ _______ _,, '{..J '-< 

A 1-A3 ==:)-<.._ _______ _,, >-< >-< 

R/W 

'--~/ \__/ '~-~/ 
DO-D7 

L-___ I Interrupt Vector I ____.J 
r---Stack Operat1or>---.J1o+44--NUmber Acquisition---•+4o(--Stack Operation-1 

Figure 5-5. Interrupt Acknowledge Cycle 

Acquire vector number via interrupt acknowledge 
Convert vector number to a full 32-bit address 
Stack. the SR and PC by successive write cycles Refer to 
Figure 4-7 for word write cycle operation 
Place vector table address on AO-A 19. Refer to Figure 5-3 tor 
address translation 

Read upper half of program counter {PC). Refer to Figure 4-3 
for word read cycle operation 

6 Increment vector table address by 2 and place it on AO-A 19 
7 Read lower half of program counter {PC). 
8. Load ·new program counter (PC) 
9. Place contents of PC on AO-A 19. 

10. Read first instruction of service routine 

Figure 5-6. Interrupt Processing Sequence 

Priority level seven is a special case. Level seven interrupts cannot be inhibited by the interrupt 
priority mask, thus providing a "non-maskable interrupt" capability. An interrupt is generated each 
time the interrupt request level changes from some lower level to level seven. Note that a level seven 
interrupt may still be caused by the level comparison if the request level is a seven and the processor 
priority is set to a lower level by an instruction. 

5.3.3 Uninitialized Interrupt 

An inlerrupt1ng device asserts VPA or provides an interrupt vector during an interrupt acknowledge 
cycle to the TS68008. If the vector register of the peripheral has not been initialized, the responding 
68000 Family peripheral will provide vector 15 ($0F). the uninitialized interrupt vector. This pro' 
vides a uniform way to recover from a programming error. 
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5.3.4 Spurious Interrupt 

If during the interrupt acknowledge cycle no device responds by asserting DTACK or VPA, the bus 
error line should be asserted to terminate the vector acquisition. The processor separates the pro
cessing of this error from bus error by fetching the spurious interrupt vector instead of the bus error 
vector. The processor then proceeds with the usual exception processing. 

5.3.5 Instruction Traps 

Traps are exceptions caused by instructions. They arise either from processor recognition of abnor
mal conditions during instruction execution. or from use of instructions whose normal behavior is 
trapping. The TRAP instruction always forces an exception, and is useful for implementing system 
calls for user programs. The TRAPV and CHK instructions force an exception if the user program 
detects a runtime error, which may be an arithmetic overflow or a subscript out of bounds. The 
signed divide (DIVS) and unsigned divide (DIVU) instructions will force an exception if a division 
operation is attempted with a divisor of zero. 

5.3.6 Illegal and Unimplemented Instructions 

"Illegal instruction" is the term used to refer to any of the word bit patterns which are not the bit 
pattern of the first word of a legal instruction. During instruction execution, if such an instruction is 
fetched, an illegal instruction exception occurs. 11-iOMSON SEMICONDUCTEURS reserves the 
right to define instructions whose opcodes may be any of the illegal instructions. Three bit patterns 
will always force an illegal instruction trap on all 68000 Family compatible microprocessors. They 
are : $4AFA, $4AFB and $4AFC. Two of the patterns, $4AFA and $4AFB. are reserved for 
11-iOMSON SEMICONDUCTEURS system products. The third pattern .. $4AFC, is reserved for cus
tomer use. 

Word patterns with bits 15 through 12 equaling 1010or1111 are distinguished as unimplemented in
structions and separate exception vectors are given to these patterns to permit efficient emulation. 
This facility allows the operating system to detect program errors. or to emulate unimplemented in
structions in software. 

5.3. 7 Privilege Violations 

In order to provide system security, various instructions are privileged. An attempt to execute one 
of the privileged instructions while in the user state will cause an exception. The privileged instruc
tions are: 

STOP 
RESET 
RTE 
MOVE to SR 

5.3.8 Tracing 

AND Immediate to SR 
EOR Immediate to SR 
OR Immediate to SR 
MOVE USP 

To aid in program development, the TS68008 includes a tacility to allow instruction-by-instruction 
tracing. In the trace state, after each instruction is executed an exception is forced, allowing a 
debugging program to monitor the execution of the program under test. 
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The trace facility uses the T bit in the supervisor portion of the status register. If the T bit is negated 
( offl, tracing is disabled, and instruction execution proceeds from instruction to instruction as nor
mal. If the T bit is asserted (on) at the beginning of the execution of an instruction, a trace exception 
will be generated after the execution of that instruction is completed. If the instruction is not 
executed, either because an interrupt is taken, or the instruction is illegal or privileged, the trace 
exception does not occur. The trace exception also does not occur if the instruction is aborted by a 
reset, bus error, or address error exception. If the instruction is indeed executed and an interrupt is 
pending on completion, the trace exception is processed before the interrupt exception. ff, during 
the execution of the instruction, an exception is forced by that instruction, the forced exception is 
processed before the trace exception. 

As an extreme illustration of the above rules, consider the arrival of an interrupt during the execu
tion of a TRAP instruction while tracing is enabled. First the trap exception is processed, then the 
trace exception, and finally the interrupt exception. Instruction execution resumes in the interrupt 
handler routine. 

5.3.9 Bus Error 

Bus error exceptions occur when the external logic requests that a bus error be processed by an 
exception. The current bus cycle which the processor is making is then aborted. Regardless of 
whether the processor was doing instruction or exception processing, that processing is termi· 
nated, and the processor immediately begins exception processing. 

Exception processing for bus error follows the usual sequence of steps. The status register is 
copied, the supervisor state is entered, and the trace state is turned off. The vector number is 
generated to refer to the bus error vector. Since the processor was not between instructions when 
the bus error exception request was made, the context of the processor is more detailed. To save 
more of this context, additional information is saved on the supervisor stack I refer to Figure 5-7). 
The program counter and the copy of the status register are of course saved. The value saved for 
the program counter is advanced by some amount, two to ten bytes beyond the address of the first 
word of the instruction which made the reference causing the bus error. If the bus error occurred 
during the fetch of the next instruction, the saved program counter has a value in the vicinity of the 
current instruction, even if the current instruction is a branch, a jump, or a return instruction. 
Besides the usual information, the processor saves its internal copy of the first word of the instruc· 
tion being processed, and the address which was being accessed by the aborted bus cycle. Specific 
information about the access is also saved: whether it was a read or a write, whether the processor 
was processing an instruction or not, and the classification displayed on the function code outputs 
when the bus error occurred. The processor is processing an instruction if it is in the normal state or 
processing a group 2 exception; the processor is not processing an instruction if it is processing a 
group 0 or a group 1 exception. Figure 5-7 illustrates how this information is organized on the super
visor stack. Although this information is not sufficient in general to effect full recovery from the bus 
error, it does allow software diagnosis. Finally, the processor commences instruction processing at 
the address contained in the vector. It is the responsibility of the error handler routine to clean up 
the stack and determine where to continue execution. 

If a bus error occurs during the exception processing for a bus error, address error, or reset, the pro
cessor 1s halted, and all processing ceases. This simplifies the detection of catastrophic system 
failure, since the processor removes itself from the system rather than destroy all memory contents. 
Only the ~ pin can restart a halted processor. 
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Lower Address 

15 14 13 12- 11 10 9 8 4 3 2 1 0 

TR/WI 1/N I Function Code 

High 
~ - Access Address - - - - - - - - - - - - - - - - - - - - - - - -

Low 

Instruction Register 

Status Register 

High 
~ - Program Counter - - - ---. - - - - - - - - - - - - - - - - -- -

Low 

R/W (read/write): write=O, read= 1. l/N (instruction/not): instruction=O, not= 1 

Figure 5-7. Supervisor Stack Order (Group 0) 

5.3.10 Address Error 

Address error exceptions occur when the processor attempts to access a word or a long word 
operand or an instruction at an odd address. When the TS68008 detects an address error it 
prevents assertion of DS but asserts AS to provide proper bus arbitration support. The effect is 
much like an internally generated bus error, in that the bus cycle is aborted, and the processor 
ceases whatever processing it is currently doing and begins exception processing. After exception 
processing commences, the sequence is the same as that for bus error including the information 
that is stacked, except that the vector number refers to the address error vector instead. Likewise, if 
an address error occurs during the exception processing for a bus error, address error, or reset, the 
processor is halted. As shown in Figure 5-8, an address error will execute a short bus cycle followed 
by exception processing. 

SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO S 1 S2 S3 S4 S5 

CLK JUl.JlJU 
AO-A19 

R/W _j ''-----'' 
\__/ 

DO-D7 

1-,.,,__ ___ Readl---..i..f---- Address Error_--i•.!l .. c~ Approx. 8 •I c 
Write Clocks Idle 

Write Stack----+! 

Figure 5-8. Address Error Timing 
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SECTION 6 
INTERFACE WITH 6800 PERIPHERALS 

ll-10MSON SEMICONDUCTEURS' extensive line of 6800 peripherals are compatible with the 
TS68008. Some of these devices that are particularly useful are : 

EF6821 Peripheral Interface Adapter EF6850 Asynchronous Communications 
EF6840 Programmable Timer Module Interface Adapter 
E F9345 ,E F9367 CRT Controllers E F6852 Synchronous Serial Data Adapter 

E F6854 Advanced Data Link Control I er 

To interface the synchronous 6800 peripherals with the asynchronous TS6800B, the processor 
modifies its bus cycle to meet the 6800 cycle requirements whenever an 6800 device address is 
detected. This is possible since both processors use memory mapped 1/0. Figure 6-1 is a flowchart 
of the interface operation between the processor and 6800 devices. 

6.1 DATA TRANSFER OPERATION 

Two signals on the processor provide the 6800 interface. They are : enable (E), and valid peripheral 
address (VPA). In addition,' a valid memory address (VMA) signal must be provided (see 4.1.7 
6800 Peripheral Control). Enable corresponds to the E signal in existing 6800 systems. The E 
clock frequency is one tenth of the incoming TS68008 clock frequency. The timing of E allows 1 
megahertz peripherals to be used with an 8 megahertz TS68008. Enable has a 60/40 duty cycle ; 
that is, it is low for six input clocks and high for four input clocks. 

6800 cycle timing is given in Section 8. At state zero in the cycle, the address bus is in the high
impedance state. A function code is asserted on the function code output lines. One-half clock 
later, in state one, the address bus is released from the high-impedance state. 

During state two, the addres: 01 robe (ASI is asserted.to indicate that there is a valid address on the 
address bus. If the bus cycle is a read cycle, the data strobe is also asserted in state two. If the bus 
cycle is a write cycle the read/write IR/WI signal is switched to low (write) during state two. One 
half clock later, in state three, the write data is placed on the data bus, and in state four the data 
strobe 1s issued to indicate valid data on the data bus. The processor now inserts wait states until it 
recognizes the assertion of VPA. 

The VPA input signals the processor that the address on the bus is the address of an 6800 device 
(or an area reserved for 6800 devices) and that the bus should conform to the transfer 
characteristics of the 6800 bus. Valid peripheral address is derived by decoding the address bus, 
conditioned by address strobe. Chip select for the 6800 peripherals should be derived by decoding 
the address bus conditioned by VMA I not AS). 

3-157 



PROCESSOR SLAVE 

Initiate the Cycle 

1) The Processor Starts a Normal 
Read or Write Cycle 

- Define 6800 Cycle 

11 External Hardware Asserts Valid 
Peripheral Address {VPA) 

Synchronize with Enable -
11 The Processor Monitors Enable (El 

Until it 1s Low !Phase 11 
21 External Circuit Provides 

Generation of VMA 

- Transfer the Data 

1) The Peripheral Waits Until E is 
Active and Then Transfers the Data 

Terminate the Cycle 

1) The Processor Waits Until E 
Goes Low !On a Read Cycle the 
Data is Latched as E Goes Low 
Internally.I 

21 The Processor Negates AS and l5S 
31 The External Circuit Negates VMA 

External Hardware 

11 Negates VPA 

Start Next Cycle 

Figure 6-1. 6800 Cycle Flowchart 

After recognition of VPA, the processor assures that the enable (El is low, by waiting if necessary. 
Valid memory address (provided by an external circuit similar to that of Figure 4-2) is then used as 
part of the chip select equation of the peripheral. This ensures that the 6800 peripherals are 
selected and deselected at the correct time. The peripheral now runs its cycle during the high por
tion of the E signal. Figure 6-2 depicts the 6800 cycle timing using the VMA generation circuit 
shown in Figure 4-2. This cycle length is dependent strictly upon when VPA is asserted in relation
ship to the E clock. 
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so S2 w w w w w S6S7 

CLK LfUUU1IU 
AO-A19 ---{ }--

~-----------~ 

AS ----"\~----------'/ 
BS ---"\ I 

Ft1w 

D0-07 

FCO-FC2 

VPA Decode --~! \____ 

\...._ ____ __.r-
'JMA* 

*Externally generated 

Figure 6-2. 6800 Cycle Timing 

During a read cycle, the processor latches the peripheral data in state six. For all cycles, the pro
cessor negates the address and data strobes one half clock cycle later in state seven, and the enable 
signal goes low at this time. Another half clock later, the address bus is put in the high-impedance 
state. During a write cycle, the data bus is put in the high-impedance state and the read/write signal 
is switched high. The peripheral logic must remove VPA within one clock after address strobe is 
negated. 

DTACK should not be asserted while VPA is asserted. Notice that VMA is active low, contrasted 
with the active high 6800 VMA. Refer to Figure 4-2. 

6.2 AC ELECTRICAL SPECIFICATIONS 

The electrical specifications for interfacing the TS68008 to 6800 Family peripherals are located in 
Section 8. 
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6.3 INTERRUPT INTERFACE OPERATION 

During an interrupt acknowledge cycle while the processor is fetching the vector, the V15A is 
asserted', the TS68008 will complete a normal 6800 read cycle as shown in Figure 6-3. The pro
cessor will then use an internally generated vector that is a function of the interrupt being serviced. 
This process is known as autovectoring. The seven autovectors are vector numbers 25 through 31 
I decimal!. 

CLK 

FCO· FC2 

AO, 
A4·A19 

Al·A3 

AS 

os 

RiW 

DTACK 

DO·D7 

IPL0/2 

VPA 
Decode 

SO S 1 S2 S3 S4 S5 S6 S7 SO SI S2 S3 S4 w w w w w w w w w w w w S5 S6 S7 SO 

y x= 
=>--< >-1 \__ 

=>--< H >-
\ I\ I 

\ I\ f 

~Read Cycle---.i----------Autovector Operat1on--------'11-l 

• Ex1ernally genera1ed 

Figure 6-3. Autovector Operation Timing Diagram 

Autovectonng operates in the same fashion I but 1s not restricted to) the 6800 interrupt sequence. 
The basic difference is that there are six normal interrupt vectors and one NMI type vector. As with 
both the 6800 and the TS68008's normal vectored interrupt, the interrupt service routine can be 
located anywhere in the address space This is due to the fact that while the vector numbers are 
fixed, the contents of the vector table entries are assigned by the user. 

Since VMA is asserted during autovectoring, the 6800 peripheral address decoding should pre
vent unintended accesses. 
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SECTION 7 
INSTRUCTION SET AND EXECUTION TIMES 

7.1 INSTRUCTION SET 

The following paragraphs provide information about the addressing categories and instruction set 
of the TS68008. 

7. 1. 1 Addressing Categories 

Effective address modes may be categorized by the ways in which they may be used. The following 
classifications will be used in the instruction definitions. 

Data If an effective address mode by be used to refer to data operands, it is 
considered a data addressing effective address mode. 

Memory If an effective address mode may be used to refer to memory operands, it 
is considered a memory addressing effective address mode. 

Alterable If an effective address mode may be used to refer to alterable (writeable) 
operands, it is considered an alterable addressing effective address mode. 

Control If an effective address mode may be used to refer to memory operands 
without an associated size, it is considered a control addressing effective 
address mode. 

These categories may be combined, so that additional, more restrictive, classifications may be 
defined. For example, the instruction descriptions use such classifications as alterable memory or 
data alterable. The former refers to those addressing modes which are both alterable and memory 
addresses, and the latter refers to addressing modes which are both data and alterable. Table 7-1 
shows the various categories to which each of the effective address modes belong. Table 7-2 is the 
instruction set summary. 

Table 7-1. Effective Addressing Mode Categories 

Effective Addressing Categories 

Address Modes Mode Register Data Memory Control Alterable 

On 000 Register Number x - - x 
An 001 Register Number - - - x 
I An I 010 Register Number x x x x 
IAnl+ 011 Register Number x x - x 
-IAnl 100 Register Number x x - x 
di An I 101 Register Number x x x x 
dlAn. 1xl 110 Register Number x x x x 
xxx.W 111 000 x x x x 
xxx.L 111 001 x x x x 
dlPCI 111 010 x x x -

dlPC, 1xl 111 011 x x x -

#xxx 111 100 x x - -
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Table 7-2. Instruction Set (Sheet 1 of 2) 

Condition 

Codes 

Mnemonic Description Operation x N z v c 
ABCD Add Decimal with Extend !Destination) 10 + (Sou reel 10 + x - Dest1nat1on . u . u . 
ADD Add Binary (Destination)+ (Source) - Destination . . . . . 
ADDA Add Address {Oestinat1onl + isourcel-Dest1nat1on - - - - -

ADDI Add Immediate (Destination)+ Immediate Data- Dest1nat1on . . . . . 
ADDO Add Ou1ck ~Destination)+ Immediate Data - Dest1nat1on . . . . . 
ADDX Add Extended !Destination)+ (Source)+ x - Dest1nat1on . . . . . 
AND AND Logical (Destination) A (Sou reel - Destination - . . 0 0 

ANDI AND Immediate (Destination) A Immediate Data- Dest1nat1on - . . 0 0 

ASL, ASR Arithmetic Shi ft (Destination} Shifted by< count> - Oest1nat1on . . . . . 
Bee Branch Conditionally If cc then PC+ d-Pc - - - - -

- I< bit number> l OF Destination - Z 
BCHG Test a 8 it and Change - ( < brt number>) OF Destination - - -

. - -

<bit number> OF Dest1nat1on 

BCLR Test a Bit and Clear 
- (<bit number>) OF Destination- Z . 
o- <bit number> -OF Destination 

- - - ~ 

BRA Branch Always PC+ displacement - PC - - - - -

BSET Test a Bit and Set 
- (<bit number> l OF Dest1nat1on-Z . 
1 - <bit number> OF Destination 

- - - -

BSR Branch to Subroutine PC--ISPI, PC+d-PC - - - - --

BTST Test a Bit - (<bit number>) OF Destination- Z - - . - -

CHK Check Register against Bounds If Dn <0 or Dn> l<ea>I then TRAP - . u u u 
CLR Clear an Operand o- Destination - 0 I 0 0 

CMP Compare (Destination) "-(Source) - . . . . 
CMPA Compare Address \Destination) -(Source) - . . . . 
CMPI Compare Immediate !Destination) - Immediate Data - . . . . 
CMPM Compare Memory {Destination) - (Source) - . . . . 
DB cc Test Condition, Decrement and Branch 

If-cc then Dn-1-Dn; 1f Dn,. ~ t 
- - - - -

then PC+d-PC 

DIVS Signed Divide (Destination)/( Source) - Destination - . . . 0 

DIVU Unsigned Divide (Destination) I (Source) - Destination - . . . 0 

EOR Exclusive OR Logical (Destination) • (Source) - Destination - . . 0 0 

EORI Exclusive OR Immediate (Destination)• Immediate Data: Destination - . . 0 0 

EXG Exchange Register Rx-Ry - - - - -

EXT Sign Extend (Destination) Sign-extended- Destination - . . 0 0 

,JMP Jump Destination - PC - - - - -

JSR Jump to Subroutine PC- -ISPI; Destination-PC - - - - -

LEA Load Effective Address Destination - An - - - - -

LINK Link and Allocate An- -ISPI; SP-An; SP+d1splacement-SP - - - - -

LSL, LSR Logical Shift (Destination) Shifted by <count> -Destination . . . 0 . 
MOVE Move Data from Source to Destination (Source) -Destination - . . 0 0 
MOVE to CCR Move to Condition Code I Source) -CCR . . . . . 
MOVE to SR Move to the Status Register ISourcel-SR . . . . . 
MOVE from SR Move from the Status Register SR -Destination - - - - -

MOVE USP Move User Stack Pointer USP-An; An-USP - - - - -

MOVEA Move Address iSource) -Destination - - - - -

MOVEM Move Multiple Registers 
Registers - Destination - - - - -
{Source) - Registers 

MOVEP Move Peripheral Data !Source) - Destination - - - - -
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Table 7-2. Instruction Sheet (Sheet 2 of 2) 

Mnemonic Description 

MOVEO Move Quick 

MULS Signed Multiply 

MULU Unsigned Multiply 

NBCD Negate Decimal with Extend 

NEG Negate 

NEGX Negate with Extend 

NOP No Operation 

NOT Logical Complement 

OR Inclusive OR Logical 

ORI Inclusive OR Immediate 

PEA Push Effective Address 

RESET Reset External Devices 

ROL, ROR Rotate (Without Extend) 

ROXL, ROXR Rotate with Extend 

RTE Return from Exception 

RTR Return and Restore Condition Codes 

ATS Return from Subroutine 

SBCD Subtract Decimal with Extend 

sec Set According to Condition 

STOP Load Status Register and Stop 

SUB Subtract Binary 

SUSA Subtract Address 

SUSI Subtract Immediate 

SUBO Subtract Quick 

SUBX Subtract with Extend 

SWAP Swap R~ster Halves 

TAS Test and Set an Operand 

rrRAP Trap 

TRAPV Trap on Overflow 

TST Test an Operand 

UNLK Unlink 

7 .1.2 Instruction Prefetch 

Operation 

Immediate Data - Destination 

(Destination) x (Source) -Destination 

(Destination) x (Source) - Destination 

0- (Oestinationl10- x-Destination 

0- (Destination) - Destination 

0- (Destination)- x-Destination 

-

- (Destination) - Destination 

l Destination) v (Source) - Destination 

(Destination) v Immediate Data-Destination 

Destination- - (SP) 

-

(Destination) Rotated by <count> - Destination 

(Destination) Rotated by <count> -Destination 

ISP!+ -SR; ISP!+ -PC 

ISP!+ -cc; ISP!+ -PC 

ISPl+-PC 

IDestinationl10- {Sourcel10- x-Destination 

If cc then 1's- Destination else O's-Destination 

Immediate Data-SR; STOP 

(Destination) - (Source) -Destination 

!Destination) - (Source) - Destination 

{Destination) - Immediate Data - Destination 

(Destination) - Immediate Data - Destination 

(Destination) - (Source) - x- Destination 

Register 131 16] - Register [15:0] 

{Destination) Tested-CC; 1-[7] OF Destination 

PC- - ISSPI; SR- - ISSPI; IVectorl-PC 

If V then TRAP 

( Oestina.tionl Tested - CC 

An-SP; ISPl+-An 

• logical exclusive OR 
A logical AND 
v logical OR 

- logical complement 

Condition 
Codes 

x N z v 
- * . 0 

- * * 0 

- * * 0 

* u * u 
* . . . . . . . 
- - - -

- . . 0 

- . . 0 

- . . 0 

- - - -

- - - -

- . . 0 . . . 0 . * . . . . . . 
- -- - -. u . u 
- - - -. * . . . . . . 
- - - -

* . . * . . * . . . . . 
- . . 0 

- . . 0 

- - - -

- - - -

- . . 0 

- - - -

* affected 
- unaffected 

0 cleared 
1 set 
U uridefined 

c 
0 

0 

0 

* . . 
-

0 

0 

0 

-

-. 
* . . 
-. 
-. . 
-. . 
* 
0 

0 

-

-

0 

-

The TS68008 uses a two-word tightly-coupled instruction prefetch mechanism to enhance perfor
mance. This mechanism is described in terms of the microcode operations involved, If the execu
tion of an instruction is defined to begin when the microroutine for that instruction is entered, some 
features of the prefetch mechanism can be described, 

1) When execution of an instruction begins, the operation word and the word following have 
already been fetched, The operation word is in the instruction decoder, 
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2) In the case of multiword instructions, as each additional word of the instruction is. used 
internally, a fetch is made to the instruction stream to replace it. 

3) The last fetch from the instruction stream is made when the operation word is discarded and 
decoding is started on the next instruction. 

4) If the instruction is a single-word instruction causing a branch, the second word is not used. 
But because this word is fetched by the preceding instruction, it is impossible to avoid this 
superfluous fetch. In the case of an interrupt·or trace exception, neither word is used. 

5) The program counter usually points to the last word fetched from the instruction stream. 

7.2 INSTRUCTION EXECUTION TIMES 

The following paragraphs contain listings of the instruction execution times in terms of external 
clock (CLK) periods. In this timing data, it is assumed that both memory read and write cycle times 
are four clock periods. Anywait states caused by a longer memory cycle must be added to the total 
instruction time. The number of bus read and write cycles for each instruction is also included with 
the timing data. This data is enclosed in parenthesis following the execution periods and is shown 
as: (r/w) where r is the number of read cycles and w is the number of write cycles. The number of 
periods includes instruction fetch and all applicable operand fetches and stores. 

7 .2. 1 Operand Effective Address Calculation Times 

Table 7-3 lists the number of clock periods required to compute an instruction's effective address. It 
includes fetching of any extension words, the address computation, and fetching of the memory 
operand. The number of bus read and write cycles is shown in parenthesis as (r/w). Note there are 
no write cycles involved in processing the effective address. 

Table 7-3. Effective Address· Calculation Times 

Addressing Mode Byte Word Long 

Register 
On Data Register Direct OIO/OJ 010/0J OIO/OJ 
An Address Register Direct OIO/OJ 0(0/0J 0(0/0J 

Memory 

!Anl Address Register Indirect 4(1/0J 8(2/0J 16(4/0J 

!An)+ Address Register Indirect with Postincrement 4(1/0I 8(2/0J 16(4/0J 

-!Anl Address Register Indirect with Predecrement 611/0J 10(2/0J 18(4/0I 

d!Anl Address Register Indirect with Displacement 1213/0I 1614/0J 2416/0I 

d(An, ixl* Address Register Indirect with Index 14(3/01 18(4/0I 26(6/0J 

xxx.W Absolute Short 12(3/0J 16(4/0I 2416/0J 

xxx.L Absolute Long 20l5/0I 24(6/01 3218/0I 

dlPCI Program Counter with Displacement 12(3/0I 16(4/0J 24(6/0I 

dlPC, ixl Program Counter with Index 14(3/01 18(4/0J 26(6/0I 

#xxx Immediate 812/01 8(2/0J 16(4/0I 

*The size of the index regiSter tixl does not affect execution time. 

7.2.2 Move Instruction Execution Times 

Tables 7-4, 7-5, and 7-6 indicate the number of clock periods for the move instruction. This data in
cludes instruction fetch, operand reads, and operand writes. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). 
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Table 7-4. Move Byte Instruction Execution Times 

Destination 

Source Dn An IAnl IAnJ+ -IAnl d(Anl d(An, xi* xxx.W xxx.L 

Dn 812/01 812/01 1212111 1212/11 1212/ l I 2014/11 2214/11 2014/ 11 2816111 

An 812/01 812/01 1212/ 1 I 1212111 1212/ l I 2014/11 2214111 2014/11 2816111 

!An) 1213/01 1213/01 1613111 1613/11 1613/ ll 2415/11 2615111 2415111 3217/11 

IAnl+ 1213/01 1213/01 1613/11 1613/11 1613/11 2415111 2615111 2415111 3217111 

-IAnl 1413/01 1413/01 1813/11 1813/11 1813/ ll 2615/11 2815111 2615111 3417 i l I 

dlAnl 2015/01 2015/01 2415/11 2415/11 2415/ ll 3217il1 3417/ 11 3217111 40191 ll 

d(An. 1x) * 2215/01 2215/01 2615111 2615/11 2615/ ll 3417111 3617111 3417/ 11 4219111 

xxx.W 2015/0i 2015/01 2415/11 2415/11 2415/ 11 3217/11 3417111 3217/11 4019111 

xxx_L 2817/01 2817/01 3217111 3217 / l I 3217/11 4019/11 4219/11 4019111 48111111 

dlPCI 2015/0i 2015/01 2415/11 2415/11 2415/11 3217/11 3417111 3217/11 401911 I 

di PC, 1x)* 2215/01 2215/01 2615/11 2615/11 2615/11 3417/11 3617/11 3417111 42191 ll 

lxxx 1614/01 1614/01 2014111 2014/11 2014/11 2816/11 3016111 2816111 3618 11 

*The size of th~ index register (ix) does not affect execution time 

Table 7-5. Move Word Instruction Execution Times 

Destination 

Source Dn An (Anl IAnl+ -IAnl dlAnl dlAn, ix)• xxx.W xxx.L 

Dn 812/01 812/0i 1612/21 1612/21 1612/21 2414/21 2614/21 2014/21 3216121 

An 812/01 812/01 1612/21 1612/21 1612/21 2414/21 2614/21 2014/21 3216/21 

IAnl 1614/0I 1614/01 2414/21 2414/21 2414/21 3216121 3416/21 3216/21 4018121 

IAnl+ 1614/01 1614/01 2414/21 2414/21 2414/21 3216/21 ·3416/21 3216/21 4018121 

-IAnl 1814/01 1814/01 2614/21 2614/21 2614/21 3416/21 3216/21 3416/21 4218121 

dlAnl 2416/01 2416/01 3216/21 3216/21 3216/21 4018/21 4218/21 4018/21 48110121 
d(An, ix)* 2616/01 2616/01 3416/21 3416/21 3416/21 4218/21 4418/21 4218/21 50110/21 

xxx.W 2416/01 2416/01 3216/21 3216/21 3216/21 4018121 4218/21 4018/21 48110/21 

xxx. L 3218/01 3218/01 4018/21 4018/21 4018/21 48110/21 50110/21 48110/21 56112/21 

dlPCI 2416/0i 2416/0i 3216/21 3216/21 3216/21 4018/21 4218/21 4018/21 48110/21 

di PC, ix)* 2616/01 2616/01 3416/21 3416/21 3416/21 4218/21 4418/21 4218121 50110121 

#xxx 1614/01 1614/01 2414/21 2414/21 2414/21 3216/21 3416/21 3216121 4018/21 

*The size of the index register (ix) does not affect execution time 

Table 7-6. Move Long Instruction Execution Times 

Destination 

Source Dn An (Anl IAnl+ -IAnl d(Anl d(An, ix)* xxx.W xxx.l 
Dn 812/01 812/01 2412/41 2412/41 2412/41 3214/41 3414/41 3214/41 4016141 

An 812/0i 812/0I 2412/41 2412/41 2412/41 3214/41 3414/41 3214141 4016/41 

IAnl 2416/0i 2416/01 4016/41 4016/41 4016/41 4818/41 5018/41 4818/4) 56110141 

!An)+ 2416/01 2416/01 4016/41 4016/41 4016/41 4818/41 5018/41 4818/41 56110/ 41 

-IAnl 2616/01 2616/01 4216/41 4216/41 4216/41 5018/41 5218/41 5018/41 58110/41 

dlAnl 3218/01 3218/0I 4818/41 4818/41 4818/41 56110/41 58110/41 56110/4) 64112/41 
d(An, ix)* 3418/01 3418/0) 5018/4) 5018/41 5018/41 58110/41 60110/41 58110/41 66112/41 

xxx.W 3218/01 3218/0I 4818/41 4818/41 4818/41 56110/41 58110/41 56110/41 64112/41 

xxx.L 40110/01 40110/01 56110/4) 56110/41 56110/41 64112/41 66112/41 64112/41 72114/41 

di PC I 3218/01 3218/01 4818/41 4818/41 4818/41 56110/41 58110/41 56110/41 64112/41 

di PC, ixl* 3418/01 3418/01 5018/41 5018/41 5018/41 58110/41 60110/41 58110/41 66112141 

lxxx 2416/01 2416/01 4016/41 4016/41 4016/41 4818/41 5018/41 4818/41 56110/41 

*The size of the index register (ix) does not affect execution time. 
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7.2.3 Standard Instruction Execution Times 

The number of clock periods shown in Table 7-7 indicates the time required to perform the opera
tions, store the results, and read the next instruction. The number of bus read and write cycles is 
shown in parenthesis as: (r/w). The number cif clock periods and the number of read and write 
cycles must be added respectively to those of the effective address calculation where indicated. In 
Table 7-7 the headings have the following meanings: An= address register operand, On= data 
register operand, ea= an operand specified by an effective address, and M =memory effective 
address operand. 

Table 7-7. Standard Instruction Execution Times 

Instruction Size op <:es>, An op <es>, On op On, <M> 

Byte - 812/0I + 1212/11+ 
ADD Word 1212/01+ 812/01+ 1612/21+ 

Long 10(2/01 + •• 1012/0I + •• 2412/41+ 

Byte - 812/0I + 1212111 + 
AND Word - 812/0I + 1612/21+ 

Long - 1012/0I + •• 2412/41+ 

Byte - 8(2/0I + -
CMP Word 1012/01+ 812/0I + -

Long 1012/0I + 1012/01+ -

DIVS - 16212/01+. -
DIVU - 14412/01+. -

Byte - 812/01+ ••• 1212/11+ 
EOR Word - 812/0I + ••• 1612/21+ 

Long - 1212/01 + ••• 2412/41+ 

MULS - 7412/01+. -

'MULU - 74(2/01+. -
Byte - 8(2/0I + 1212/11+ 

OR Word - 812/0I + 1612/21+ 
Long - 1012/01 + •• 2412/41+ 

Byte - 812/01+ 1212/11+ 
SUB Word 1212/01+ 812/01+ 1612/21+ 

Long 1012/0I + •• 1012/01 + •• 2412/41+ 

NOTES: 
+ Add effective address calculation time 
• Indicates maximum value 

The base time of 10 clock periods is increased to 12 if the effective address mode is register direct or im
mediate !effective address time should also be added). 
Only available effective address mode is data register direct 

DIVS. DIVU - The divide algorithm used by the TS68008 provides less than 10% difference between the best and 
worst case timings. 

MULS, MULU - The multiply algorithm requires 42 + 2n clocks where n is defined as: 
MULS: n =tag the <ea> with a zero as the MSB; n is the resultant number of 10 or 01 patterns in 

the 17-bit source, i.e., worst case happens when the source is $5555. 
MULU: n= the number of ones in the <ea> 

7.2.4 Immediate Instruction Execution Times 

The number of clock periods shown in Table 7-8 includes the time to fetch immediate operands, 
perform the operations, store the results, and read the next operation. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). Ttie number of clock periods and the number of read 
and write cycles must be added respectively to those of the effective address calculation where 
indicated. In Table 7-8, the headings have the following meanings: #=immediate operand, 
Dn =data register operand, An= address register operand, and M =memory operand. 
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Table 7-8. Immediate Instruction Clock Periods 

Instruction Size op#, Dn op#,An op#, M 

Byte 1614/01 - 2014/11 + 
ADDI Word 1614/01 - 2414/21 + 

Long 2816/01 - 4016/41 + 
Byte 812/01 - 1212/11 + 

ADDO Word 812/0I 1212/01 1612/21 + 
Long 1212/01 1212/0I 2412/41 + 
Byte 1614/01 - 2014/11 + 

ANDI Word 1614/01 - 2414/21 + 
Long 2816/01 - 4016/41 + 
Byte 1614/01 - 1614/01 + 

CMPI Word 1614/01 - 1614/01+ 
Long 2616/01 - 2416/01 + 
Byte 1614/01 - 2014/11 + 

EORI Word 1614/01 - 2414/21 + 
Long 2816/01 - 4016/41 + 

MDVEO Long 812/01 - -

Byte 1614/01 - 2014/11 + 
DAI Word 1614/01 - 2414/21 + 

Long 2816/0I - 4016/41 + 
Byte 1614/01 - 1212111 + 

SUSI Word 1614/0I - 1612/21 + 
Long 2816/01 - 2412/41 + 

Byte 812/01 - 2014/11 + 
SUBO Word 812/01 1212/01 2414/21 + 

Long 1212/01 1212/01 4016/41 + 

+add effective address calculation time 

7.2.5 Single Operand Instruction Execution Times 

Table 7-9 indicates the number of clock periods for the single operand instructions. The number of 
bus read and write cycles is shown in parenthesis as (r/w). The number of clock periods and the 
number of read and write cycles must be added respectively to those of the effective address 
calculation where indicated. 

Table 7-9. Single Operand Instruction Execution Times 

Instruction Size Register Memory 

Byte 812/01 1212111 + 
CLR Word 812/01 1612/21 + 

Long 1012/01 2412/41 + 

NBCD Byte 1012/01 1212/11 + 

Byte 812/01 1212/11 + 
NEG Word 812/01 1612/21 + 

Long 1012/01 2412/41 + 

Byte 812/01 1212/11 + 
NEGX Word 812/01 1612/21 + 

Long 1012/01 2412/41 + 

Byte 812/01 1212/11 + 
NOT Word 812/01 1612/21 + 

Long 1012/0I 2412/41 + 

sec 
Byte, False 812/01 1212/11 + 
Byte, True 1012/0I 1212/11 + 

TAS Byte 812/01 1412/11 + 

Byte 812/0I 812/0I + 
TST Word 812/01 812/01 + 

Long 812/01 812/01 + 

+add effective address calculation time 
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7.2.6 Shift/Rotate Instruction Execution Times. 

Table 7-10 indicates the number of clock periods for the shift and rotate instructions. The number of 
bus read and write cycles is shown in parenthesis as: (r/wl. The number of clock periods and the 
number of read and write cycles must be added respectively to those of the effective address 
calculation where indicated. 

Table 7-10. Shift/Rotate Instruction Clock Periods 

Instruction Size 

Byte 
ASA, ASL Word 

Long 

Byte 
LSR, LSL Word 

long 

Byte 
ROA, AOL Word 

long 

Byte 
ROXR, ROXL Word 

long 

+add effective address calculation time 
n is the shift count 

7.2.7 Bit Manipulation Instruction Execution Times 

Register Memory 

10 + 2nl210I -
10 + 2nl2/0I 1612•21 + 
12 + 2nl2101 -

10 + 2nl2/0I -
10 + 2nl2101 1612•21 + 
12 + 2nl2/0I -
10 + 2nl2/0I -
10 + 2nl2101 1612.-21 + 
12 + 2nl2/0I -
10 + 2nl2101 -
10 + 2nl2/0I 1612121 + 
12 + 2nl2/0I -

Table 7-11 indicates the number of clock periods required for the bit manipulation instructions. The 
number of bus read and write cycles is shown in parenthesis as: (r/w). The number of clock periods 
and the number of read and write cycles must be added respectively to those of the effective 
address calculation where indicated. 

Table 7-11. Bit Manipulation Instruction Execution Times 

Instruction Size 

BCHG 
Byte 
Long 

BCLR 
Byte 
Long 

BSET 
Byte 
Long 

BTST 
Byte 
long 

+add effective address calculation time 
* indicates maximum value 

Dynamic Static 

Register Memory Register 

- 1212/11+ -
1212/0I * - 2014/0I* 

- 1212/11+ -
1412/0I * - 2214/01* 

- 1212/11 + -
1212/0I* - 2014/01* 

- 812/0I + -
1012/01 - 1814/0I 

3·168 

Memory 

2014/11+ 
-

2014/11 + 
-

2014/11 + 
-

1614/0I + 
-



7.2.8 Conditional Instruction Execution Times 

Table 7-12 indicates the number of clock periods required for the cond1t1onal instructions The 
number of bus read and write cycles is indicated 1n parenthesis as. (r/wl The number of clock 
periods and the number of read and write cycles must be added respectively to those of the effec
tive address calculation where indicated 

Table 7-12. Conditional Tnstruction Execution Times 

Instruction Displacement 
Trap or Branch Trap or Branch 

Bee 
Byte 

Word 

BRA 
Byte 

Word 

BSA 
Byte 

Word 

DBee 
CC True 

CC False 

CHK -

TRAP -

TRAPV -

+add effective address calculation time 
• 1nd1cates maximum value 

Taken 

1Sl4!01 

1Sl4!01 

1Sl4i01 

1Sl4/0I 

3414/41 

3414/41 

1Sl4/0I 

68(8/6) + • 

6218161 

66110/61 

7.2.9 JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times 

Not Taken 

1212101 

2014/0I 

-

-

2014/01 

2616/0I 

1412101 + 

-

Sl2/0I 

Table 7-13 indicates the number of clock periods required for the 1ump, 1ump-to-subroutine, load 1d 
fective address, push elfechve address, and move multiple registers instructions. The number of 
bus read and write cycles is shown in parenthesis as: (r/wl 

Table 7-13. JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times 

Instruction Size (An) IAnl + -IAn) dlAnl d(An, ix)* xxx.W >OOC.l dlPCl dlPC,ixl* 

JMP - 1614101 - - 1814/0I 2214101 1Sl4/01 2416/01 1Sl4/0I 2214/0I 

JSR - 3214/41 - - 3414/41 3814/41 3414/41 4016141 3414/41 3814/41 

LEA - Sl2!01 - - 1614/01 2014/01 1614101 2416/01 1614/01 2014/01 

PEA 2412141 - 3214/41 3614/41 3214/41 4016/41 3214/41 36(4/4) 

Word 24+8n 24+ Sn - 32+Sn 34+ Sn 32+8n 40+8n 32 +Sn 34+8n 
MOVEM !6 + 2n10l (6 + 2n/OI - 18 + 2n/OI 18 + 2n/OI (10 + n/0) 110 + 2n/0) 18 + 2n/Ol !8 + 2nf0l 

M-R long 24 + 16n 24 + 16n 32 + 16n 34+ 16n 32 + 16n 40 + l6n 32 + 16n 34 + 16n 
!6+4n/Ol 16 + 4n 'OJ (8+4n/Ol (8 + 4n/QJ 18 + 4n/Ol m + 4n/0) (8 1 4n/Ol 18 + 4n/OI 

Word 16+8n 16 +Sn 24+Sn 26+Sn 24+Sn 32+Sn 

MOVEM !4. 2n) !4-'2nl 16/2nl 16/2nl !6/2n) 18/2nl 

R-M long 16 + 16n 16+ 16n 24 + 16n 26+ 16n 24 + 16n 32 + 16n 
14 4nl (4, 4nl !6/4nl 16/4nl 18/4nl ~6/4nJ 

n 1s the number of registers lo move 

• is the size ot the index register !1xJ does not affect the instruction's execution time 
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7.2.10 Multi-Precision Instruction Execution Times 

Table 7-14 indicates the number of clock periods for the multi-precision instructions. The number of 
clock periods includes the time to fetch both operands, perform the operations, store the results, 
and read the next instructions. The number of read and write cycles is shown in parenthesis as: 
(r/w). 

In Table 7-14, the headings have the following meanings: Dn =data register operand and 
M =memory operand. 

Table 7-14. Multi-Precision Instruction Execution Times 

Instruction Size op On, On opM, M 

Byte 812/01 2214/11 
AOOX Word 812/0I 5016/21 

Long 1212/0I 58110/41 

Bvte - 1614/01 
CMPM Word - 2416/01 

Long - 40110/01 

Byte 812/01 2214/11 
SUBX Word 812/01 5016/21 

Long 1212/01 58110/41 

ABCD Byte 1012/01 2014/11 

SBCD Byte 1012/01 2014/ 1) 

7 .2.11 Miscellaneous Instruction Execution Times 

Tables 7-15 and 7-16 indicate the number of clock periods for the follo:.ving miscellaneous instruc
tions. The number of bus read and write cycles is shown in parenthesis as: (r/w). The number of 
clock periods plus the number of read and write cycles must be added to those of the effective 
address calculation where indicated. 

7.2.12 Exception Processing Execution Times 

Table 7-17 indicates the number of clock periods for exception processing. The number of clock 
periods includes the time for all stacking, the vector fetch, and the fetch of the first instruction of 
the handler routine. The number of bus read and write cycles is shown in parenthesis as: Ir /w). 
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Table 7-15. Miscellaneous Instruction Execution Times 

Instruction Register Memory 

ANDI to CCR 3216 QI 

ANDI to SR 3216 01 

EORI to CCR 32!6 01 

EORI to SR 3216 01 

EXG 1012 101 -

EXT 812 01 

LINK 3214 41 

MOVE to CCR 1814 01 1814 Ji+ 

MOVE to SR 1814 01 1814 Qi+ 

MOVE from SR 1012 01 1612 ,, + 

MOVE to USP 812 01 

MOVE from USP 812 01 

NOP 812 Or 

ORI to CCR 3216 01 

ORI to SR 3216101 

RESET 13612/01 

RTE 40110 101 -

RTR 401 t0/01 

RTS 3218101 

STOP 410101 -

SWAP 81210) -

UNLK 24161 01 

+add effective address calculation time 

Table 7-16. Move Peripheral Instruction Execution Times 

l nstruction Size Register - Memory Memory - Register 

MOVEP 
Word 2414121 2416 01 

long 3214/41 3218 01 

+add effective address calcuJat1on time 

Table 7-17. Exception Processing 
Execution Times 

Exception Periods 

Address Error 94181141 

Bus Error 94(81 141 

CHK Instruction 69(8/6! + 

11'1terrupt 7219/ 161. 

Illegal fnstruct1on 6218161 

Privileged Instruction 6218161 

Trace 6218161 

TRAP Instruction 6218/61 

TRAPV Instruction 66110/61 

D1v1de by Zero 6618/61 + 

RESET*• 64112/01 

+add effective address calculation time 
*The interrupt acknowledge bus cycle 1s assumed 

to tak·e four external clock penods 
**Indicates the time from when RESET and HALT 

are ftrst sampled as negated 10 when 1nstruc11on 
execution starts 
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SECTION 8 
ELECTRICAL SPECIFICATIONS 

This section contains the electrical specif1cat1ons and associated timing information for the 
MC68008. 

8.1 MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage Vee 
Input Voltage v,n 
Operating Temperature Range TA 
TS68008C 
TS68008V 

Storage Temperature T stg 

8.2 THERMAL CHARACTERISTICS 

Value 

Characteristic OJA 
Thermal Resistance 
Ceramic DI L, 40 
Plastic DI L 40 
PLCC 50 

•Estimated 

8.3 POWER CONSIDERATIONS 

Value 

- 0 3 to + 7 0 

-0.3to+70 

Oto 70 

0 to 70 
--40 to 85 

-55to150 

OJC Rating 

15* 
20* oc;w 
30* 

Unit 

v 
'J 

''C 

'C 

Thi~ device contains circuitry to protecl the 

inputs against dam,lge due to high sta11c 

voltages or electric tields, however, 11 1s ;oid 
vised that normal precautions be taken to 
avoid appl1c,1t1on ot ;my voltages higher than 

max1mum·rated voltages to this high 
impedance circuit Rel1i1bil1ty ot opera11on 1s 

enhanced 11 unused 1r1pu1s am tied 10 an ap 
propriate logic voltage level (e g either 

ground or Vccl 

The average ch1p-Junct1on temperature, T J, in °C can be obtained from: 
T J =TA+ (Po•liJAI 

Where 
TA= Ambient Temperature, °C 
liJA =Package Thermal Resistance, Junct1on-to-Amb1ent, °C/W 

Po= PINT+ Pl/O 
P1NT= ICC x Vee. Watts - Chip Internal Power 
P1; o =Power Oissrpation on Input and Output Pins - User Determined 

For most appl1cat1ons P1;0< PINT and can be neglected. 

An approximate relationship between Po and T J (1f P1;0 1s neglected! 1s: 
Po=K+{TJ+273°CI 

Solving equations 1 and 2 for K gives 
K = P0 •n A+ 273°CI + liJA•Po2 
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Where K is a constant pertaining to the particular part. K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known TA Using this value of K the values of Po and T J can be 
obtained by solving equations ( 1) and (2) iteratively for any value of TA· 

The curve shown in Figure 8-1 gives the graphic solution to these equations for the specification 
power dissipation of 1.50 watts over the ambienltemperature range of - 55°C to 125°C using a 8JA 
of 45°C/W, a typical value for packages specified. 

2.2 .---.-----.----.-----.--r---r--i 

1.0'--_._ ___ .___...._ ___ ....__..__ _ _.__. 

-55 -40 0 25 70 85 110 125 
Ambient T-rl!Ure IT Al - •c 

Figure 8-1. TS68008 Power Dissipation (Pol vs Ambient Temperature !TA) 

The total thermal resistance of a package (8JA) can be separated into two components, 8JC and 
8CA. representing the barrier to heat flow from the semiconductor junction to the package (easel 
surface (8JC) and from the case to the outside ambient (8CA). These terms are related by the equa
tion: 

8JA=8JC+8CA (4) 

8JC is device related and cannot be influenced by the user. However, 8CA is user dependent.and 
can be minimized by such thermal management techniques as heat sinks, ambient air cooling and 
thermal convention. Thus good thermal management on the part of the user can significantly 
reduce 8CA so that 8JA = 8JC. Substitution of 8JC for 8JA in equation 1 will result in a lower 
semiconductor junction temperature. 
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8.4 DC ELECTRICAL CHARACTERISTICS 
(Vee= 5.0 Vdc ± 5%; GND = O Vdc; TA= 0°C to 70°C; see Figures 8-2, 8-3, and 8-4) 

Characteristic Symbol 

Input High Voltage V1H 
Input Low Voltage VIL 
Input Leakage Cur~ent @ 5 25 V 

--
BERA. BR. DTACi(. CLK. IPL0/2. if'L1. VPA, HALT. RESET. BGACK l1n 

H1-Z (Off State) Input Current@ 2 4 V/0 4 V 

AO A 19, AS. DO 07. FCO FC2. BS. R/W ITSI 
Output High Voltage (IQH = - 400 µ.A) E. AO A 19. AS. BG. DO·DI. FCO·FC2. VoH 

BS. R/W. VMA 

Output Low Voltage 

lloL=16mAI HALT 
lloL = 3 2 mAI AO A 19. BG. FCO·FC2 Vol 
llOL = 5 0 mAI RESET 
llOL = 5 3 mAI E. AS. DO D7. BS. R;W 

Power D1ss1patron, • TA = 0°C Po 
Capacitance IV 1n=O V. TA=25°C, Frequency= 1 MHz)** Cm 

•During normal operation instantaneous Vee current requirements may be as high as 1 5 A 
•*Capacitance is per1od1cally sampled rather than 100% tested 

+5V 

Min Max 

2 0 Vee 
GND-03 0.8 

- 20 

20 

2 4 

- 0 5 
- 0.5 
- 0.5 
- 05 
- I 5 

70 0 

+5V 

Unit 

v 
v 

,A 

,A 

v 

v 

w 
pf 

~ 910 

R * = 740 

~ I 130pf 

Figure 8-2. RESET Test Load 

+5V 

~ OQ 

-~- L. 

I 70pF 

Figure 8-3. HALT Test Load 

8.5 CLOCK TIMING (See Figure 8-51 

Characteristic Symbol 

Frequency of Operation f 

Cycle Time lcy_c 
Clock Pulse Widlh lCL 

tcH 
Rise and Fall Times tcr 

l(f 

1Cf 

Test 1N4148 
Point or Equivalent 

1N916 
or Equivalent 

CL=130pF 
11ncludes all Paras1t1csJ 

AL =6 0 k!l for AS. AOA18. 
BG. 00·07, E. FCO·FC2. 
BS. R/W 

• R ~ 1 22 k!l lor AO·A 19. BG, 
FCO FC2 

1 

Figure 8-4. Test Loads 

8 MHz 10 MHz 12.5 MHz 

Min Max Min Max Min Max 

2.0 8.0 2.0 100 4.0 12.5 

125 500 100 500 80 250 

55 250 45 250 35 125 
55 250 45 250 35 125 

- 10 - 10 - 5 
- 10 - 10 - 5 

Unit 

MHz 

ns 

ns 

ns 

Figure 8-5. Input Clock Waveform 
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8.6 AC ELECTRICAL SPECIFICATIONS - READ CYCLES 

(Vcc=5.0 Vdc ± 5 % ; GND=O Vdc; TA=TL to TH; see Figure 8-6) 

8 MHz 10 MHz 12.5 MHz 

Num. Characteristic Symbol Min Max Min Max Min Max Unit 

1 Clock Period 'CYC 125 500 100 500 80 250 ns 

2 Clock Width Low 1CL 55 250 45 250 35 125 ns 

3 Clock Width High 'CH 55 250 45 250 35 125 ns 

4 Clock Fall Time 'Ct - 10 - 10 - 5 ns 

5 Clock Rise Time 'Cr - 10 - 10 -- 5 ns 

6 Clock Low to Address Valid 1CLAV - 70 - 60 - 55 ns 

6A Clock High to FC Valid 1CHFCV - 70 - 60 - 55 Ns 

7 Clock High to Address, Data Bus High Impedance !Maximum) 1CHADZ - 80 - 70 - 60 ns 

8 Clock High to Address, .FC Invalid (Minimum) 'CHAFI 0 - 0 - 0 - ns 

91 Clock High to AS, DS Low 1CHSL 0 60 0 55 0 55 ns 

11 2 Address Valid to AS, DS Low 'AVSL 30 - 20 0 - ns 

11A2,6 FC Valid to AS, OS Low 'FCVSL 60 - 50 - 40 - ns 

121 Clock Low to AS, DS High 'CLSH - 35 - 35 - 35 ns 

132 AS, OS High to Address/FC Invalid 'SHARI 30 - 20 - 10 - ns 

142,5 AS, OS Width Low 'SL 270 - 195 - 160 - ns 

152 AS, DS Width High 'SH 150 - 105 - 65 - ns 

172 AS, DS High to R/W High 'SHRH 40 - 20 - 10 - ns 

181 Clock High to R/W High 'CHRH 0 40 0 40 0 40 ns 

275 Data In to Clock Low (Setup Time) 'DICL 15 - 10 - 10 - ns 

282,5 AS, DS High to DTACK High 1SHDAH 0 245 0 190 0 150 ns 

29 AS, DS High to Data In Invalid (Hold Time) 'SHDll 0 - 0 - 0 - ns 

30 AS, OS High to BERR High 'SHBEH 0 - 0 - 0 - ns 

312.5 OT ACK Low to Data Valid !Asynchronous Setup Time on Read I 'DALDI - 90 - 65 - 50 ns 

32 HALT and RESET Input Transition Time 'RHr,f 0 200 0 200 0 200 ns 

47 5 Asynchronous Input Setup Time 1ASI 10 - 10 - 10 - ns 

4g3 BERR Low to DTACK Low 1BELDAL 20 - 20 - 20 - ns 

564 HALT I RESET Pulse Width 1HRPW 10 - 10 - 10 - Clk.Per. 

NOTES: 
1 For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the values given in these columns. 
2 Actual value depends on clock period. 

3 If 47 1s satisfied for both DTACK and BERR, 48 may be 0 nanoseconds. 

4 For power up the MPU must be held 1n RESET state for 100 milliseconds to allow stabilization of on-chip circuitry. After the system 
is powered up, 56 refers to the minimum pulse width required to reset the system. 
If the asynchronous setup time 1471 requirements are satisfied, the DTACK low-to-data setup time 1311 requirement can be ignored. 
The data rnust only satisfy the data-in to clock-low setup time 1271 for the following cycle. 

6. Setup time to guarantee recognition on next falling edge of clock. 
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These waveforms should only be referenced 1n regard to the edge· to-edge measurement of the t1m 
ing specifications They are not intended as a functional descr1pt1on of the input and output signals 
Refer to other functional descriptions and their related diagrams for device operation 

CLK 

FCO FC2 

RW 

Data In 

BfRR;BFi 
!Nott' 2: 

As\ nchronou~ 

lnpub 1Nott-> 1 

NOTES 
2£.tup time for the asynchronous inputs IPLO 2. 1PLJ, and VPA guarantees 1he1r rt_-•cogr11t1on at tl-it'.nt>xt tall1ng t"..1Qt' 0 1 !hf' ,·1cw~ 
BR need tall at this time only 1n order to insure being recognized 'at the end ot this bu~ nclt' 

T1m1ng measurements are referenced to and from a !0w voltage of 0 8 volt and a hig" voltar-1e ot 2 0 \Olts unlpss oth1:'rw1St' nott'l1 

Figure 8-6. Read Cycle Timing Diagram 
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8.6 AC ELECTRICAL SPECIFICATIONS - WRITE CYCLES 

(Vcc=5.0 Vdc ± 5 % ; GND=O Vdc; TA=TL to TH; see Figure 8-7) 

8 MHz 10 MHz 12.5 MHz 

Num. Characteristic Symbol Min Max Min Max Min Max Unit 

1 Clock Period 'CYC 125 500 100 500 80 250 ns 

2 Clock Width Low 'CL 55 250 45 250 35 125 ns 

3 Clock Width High 'CH 55 250 45 250 35 125 ns 

4 Clock Fall Time 'Ct - 10 - 10 - 5 ns 

5 Clock Rise Time 1Cr - 10 - 10 - 5 ns 

6 Clock Low to Address Valid 'CLAV - 70 - 60 - 55 ns 

6A Clock High to FC Valid 1CHFCV - 70 - 60 - 55 Ns 

7 Clock High to Address, Data Bus High Impedance !Maximum) 'CHA DZ - 80 - 70 - 60 ns 

8 Clock High to Address, FC Invalid !Minimum) 'CHAFI 0 - 0 - 0 - ns 
91 Clock High to AS, DS Low 1CHSL 0 60 0 55 0 55 ns 

11 2 Address Valid to AS Low 'AVSL 30 - 20 - 0 - ns 

l 1A21 FC Valid to AS Low 'FCVSL 60 - 50 - 40 - ns 

12 1 Clock Low to AS, bs High 1CLSH - 35 - 35 - 35 ns 

13' AS, DS High to Address/FC Invalid 'SHARI 30 - 20 - 10 - ns 

147 5 AS Low 'SL 270 - 195 - 160 - ns 

14A2 DS Width Low 1DSL 140 -- 95 - 80 - ns 

152 AS. DS Width High 'SH 150 - 105 - 65 - ns 

18 1 Clock High to R/W High 'CHRH 0 40 0 40 0 40 ns 

20 1 Clock High to R/W Low 'CHRL - 40 - 40 - 40 ns 

20A6 AS, Low to R/W valid 1ASRV - 20 - 20 - 20 ns 

2l2 Address Valid to R/W Low 'AVAL 20 - 0 - 0 - ns 

21A27 FC Valid to R/W Low 1FCVRL 60 - 50 - 30 - ns 

22 2 R/W Low to DS Low 'RLSL 80 - 50 - 30 - ns 

23 Clock Low to Data Out Valid 'CLDO - 70 - 55 - 55 ns 

252 AS, DS High to Data Out Invalid 1SHDOI 50 - 20 - 20 - ns 

262 Data Out Valid to DS Low 1DOSL 35 - 20 - 20 - ns 

282 5 AS, DS High to DTACK High 1SHDAH 0 245 0 190 0 150 ns 

30 AS, DS High to BERR High 1SHBEH 0 - 0 - 0 - ns 

32 HALT and RESET Input Transition Time 'RHrf 0 200 0 200 0 200 ns 

475 Asynchronous Input Setup Time 'AS! 10 - 10 - 10 - Ns 

483 BER R Low to DT ACK Low 'BELDAL 20 - 20 - 20 - ns 

53 Clock High to Data Out Invalid 'CHDOI 0 - 0 - 0 - ns 

55 R/W to Data Bus Impedance Driven 'RLDBD 30 - 20 - 10 - ns 

564 HALT I RESET Pulse Width 1HRPW 10 - 10 - 10 - Clk Per. 

NOTES: 
1 For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the values given in these columns. 
2 Actual value depends on clock period 
3 If 47 1s satisfied for both DTACK and BERR, 48 may be 0 nanoseconds. 
4 For power up the MPU must be held in RESET state for 100 milliseconds to allow stabilization of on-chip circuitry. After the system 

is powered up 56 refers to the minimum pulse width required to reset the system. 
5 If the asynchronous setup time 1471 requirements are satisfied, the DTACK low-to-data setup time 1311 requirement can be ignored. 

The dal8_ must only_ satisfy the data-in to clock-low setup time 1271 for the following cycle. 
6 When AS, and R/W are equally illaded I± 20 %1, subtract 10 nanoseconds from the values in these columns. 
7 Setup time to guarantee recognit1ar>on next falling edge of clock 
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These waveforms should only be referenced 1n regard to the edge-to-edge measurement of the tim
ing spec1f1cat1ons They are not intended as a functional descr1pt1on of the input and output signals 
Refer to other functional descriptions and their related diagrams for device operation. 

,\ "Y n°'- ~H or1 l)U', 

lnrh,:'> 1 Not• '1 

NOTES 
T 1rn1ng measuremenb are 
Bec;:iuse ot loading vdr1ot1on'.-> H 

20A1 

to MHJ lrorn d low voltdQ\' of 0 8 volt ancl a high voltagf: of 2 0 volts. unless othl"IA1Se noted 

may lw vcii1d ,:ifter A"S evPn though both arp 1n1t1ated bv !ht' r1s1ng t•dgl::' of SJ 1 Spcot1cat1on 

Figure 8-7. Write Cycle Timing Diagram 
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8.7 AC ELECTRICAL SPECIFICATIONS - TS 68008 to 6800 PERIPHERAL 

(Vee =5.0 Vdc ± 5 % ; GND=O Vdc; TA =0° to 70°e; see Figures 8-8 and 8-9) 
8 MHz 10 MHz 12.5 MHz 

Num. Characteristic Symbol Min Max Min Max Min Max Unit 

121 Clock Low to AS, DS High 'CLSH - 35 - 35 - 35 ns 

172 AS, DS High to R/W High IReadl 'SHRH 40 - 20 - 10 - ns 

181 Clock High to R/W High 'CHRH 0 40 0 40 0 40 ns 

201 Clock High to R/W Low 'CHRL - 40 - 40 - 40 ns 

23 Clock Low to Data Out Valid IWritel 'CLDO - 70 - 55 - 55 ns 

27 Data In to Clock Low !Setup Time on Read I 'DICL 15 - 10 - 10 - ns 

29 AS, DS High to Data In Invalid !Hold Time on Read! 'SHDll 0 - 0 - 0 - ns 

41 Clock Low to E Transition 'CLET - 50 - 50 - 45 ns 

42 E Output Rise and Fall Time 'Er,f - 15 - 15 - 15 ns 

44 AS, DS High to VPA High 1SHVPH 0 120. 0 90 0 70 ns 

45 E Low to Control, Address Bus Invalid !Address Hold Time! 1ELCAI 30 - 10 - 10 - ns 

47 Asynchronous Input Setup Time 'ASI 10 - 10 - 10 - ns 

493 AS, DS High to E Low 'SHEL -80 80 -80 80 -80 80 ns 

50 E Width High 'EH 450 - 350 - 280 - ns 

51 E Width Low 'EL 700 - 550 - 440 - ns 

54 E Low to Data Out Invalid 'ELDOI 30 - 20 - 15 - ns 

NOTES: 
1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the values given 1n these columns. 
2. Actual value depends on clock period. 
3. The falling edge of S6 triggers both the negation of the strobes IAS, and x DSI and the falling edge of E. Either of these events can 

occur first, depending upon the loading on each signal. Specification 49 indicates the absolute maximum skew that will occur between 
the rising edge of the strobes and the falling edge of the E clock. 

CLK 

AO-A19 

RIW 

VPA 

VMA 

Data 
Ol1t 

Oala In 

so s 1 52 53 54 "' '" ,,. ' 

NOTE This timing diagram is included !or those who wish to design their own LHC<J1t to genP1a1t· V""MA 11 '>ho...-..., Th•• t>f•-..1 r ,j',1• pO"i'>•hl'¥ 

attainable 

Figure 8-8. TS68008 to 6800 Peripheral Timing Diagram - Best Case 
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SQ s 1 S2 SJ 54 w VII l/V "" "" "" l/V w 1/1/ l/V l/V "" "" I/II \/'y V\/ w w w w I/II 1/1/ I/II w w w w w S5 56 57 so 
CLK 

AO Al9 

AS 

A/W 

E 

'.:: 
CXI ..... VPA 

VMA 

Data Out 

Data In 

NOTE This t1mmg diagram 1s mcluded for those who wish to design their own circwt to generate VMA. It shows the worst case possibly attainable 

Figure 8-9. TS68008 to 6800 Peripheral Timing Diagram - Worst Case 



8.8 AC ELECTRICAL SPECIFICATIONS - BUS ARBITRATION 

(Vee =5.0 Vdc ± 5 % ; GND=O Vdc; TA= TL to TH; see Figures 8-10, 8-11, and 8-12) 

8 MHz 10 MHz 12.5 MHz 

Num. Characteristic Symbol Min Max Min Max Min Max Unit 

7 Clock High to Address, Data Bus High Impedance 1CHADZ - 80 - 70 - 60 ns 

16 Clock High to Control Bus High Impedance 1CHCZ - 80 - 70 - 60 ns 

33 Clock High to BG Low 1CHGL - 40 - 40 - 40 ns 

34 Clock High to BG High 'CHGH• - 40 - 40 - 40 ns 

35 BR, Low to BG Low 1BRLGL 1.5 90 nff 1.5 80 ns 1.5 80 ns Clk.Per. 
+3.5 +3.5 +3.5 

36 1 BR High to BG High 'BRHGH 1.5 90 ns 1.5 80 ns 1.5 80 ns Clk.Per. 
+3.5 +3.5 +3.5 

37 BGACK Low to BG High 152-Pin Version Only) 1GALGH 1.5 90 ns 1.5 80 ns 1.5 80 ns Clk.Per. 
+3.5 +3.5 +3.5 

37A2 BGACK Low to BR High 152-Pin Version Only) 1GALBRH 20 1.5 20 1.5 20 1.5 ns 
Clocks Clocks Clocks 

38 BG Low to Control, Address, Data Bus High Impedance IAS High) 'GLZ - 80 - 70 - 60 ns 

39 BG Width High 'GH 1.5 - 1.5 - 1.5 - Clk.Per 

46 BGACK Width Low 152-Pin Version Only) 'GAL 1.5 - 1.5 - 1.5 - Clk.Per. 

47 Asynchronous Input Setup Time 'ASI 10 - 10 - 10 - ns 

57 BGACK High to Control Bus Driven 152-Pin Version Only) 'GABD 1.5 - 1.5 - 1.5 - Clk.Per. 

58 1 BG High to Control Bus Driven 1GHBD 1.5 - 1.5 - 1.5 - Clk.Per. 

NOTES: 
1. For processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK. 
2. The rninirnum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted. 
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These waveforms should only be referenced in regard to the edge-to-e::lge measurement of the tim
ing specifications. They are not intended as a functional description of the input and output signals 
Refer to other functional descriptions and their related diagrams for device operation. 

NOTE: 

1. 52-Pin Version of TS68008 Only. 

Figure 8-10. Bus Arbitration Timing - Idle Bus Case 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the tim
ing specifications. They are not intended as a functional description of the input and output signals. 
Refer to other functional descriptions and their related diagrams for device operation. 

AW 

fCO FC' 

AO A19 

DO D7 

'<O!E 

1. 52-Pin Version of TS68008 Only. 

figure 8-11. Bus Arbitration Timing - Active Bus Case 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the tim
ing specifications. They are not intended as a functional description of the input and output signals. 
Refer to other functional descriptions and their related diagrams for device operation. 

R/W 

FCO· FC2 

AO-A19 

DO D7 

NOTE 

1. 52-Pin Version of TS68008 Only. 

Figure 8-12. Bus Arbitration Timing - Multiple Bus Requests 
(52-Pin Version Only) 
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SECTION 9 

ORDERING INFORMATION 

This section contains detailed information to be used as a guide when ordering the TS 680008 

9.1. STANDARD VERSIONS 

Package Type Frequency Temperature Part Number 
{MHz) Range 

Ceramic OIL 8.0 0°c to + 70°C TS 68008 CC8 

C Suffix 80 -40°C to + 85°C TS 68008 VC8 

10.0 0°C to + 70°C TS 68008 CC10 

10.0 -40°C to + 85°C TS 68008 VC10 

12.5 -40°C to + 85°C TS 68008 VC12 

Plastic OIL 80 0°C to + 70°C TS 68008 CP8 

P Suffix 80 -40°C to + 85°C TS 68008 VP8 

10.0 -0°c to + 70°C TS 68008 CP10 

10.0 -40°C to + 85°C TS 68008 VP10 

12.5 -0°C to + 70°C TS 68008 CP12 

PLCC 80 -0°c to + 70°C TS 68008 CFNS 

FN Suffix 

9.2. HI-REL VERSIONS 
In order to fit more closely to customer specific requirements, THOMSON SEMICONDUCTEURS is proposing different screening levels 
for its HI-REL ranges. 

GIB screening: Available only from THOMSON SEMICONDUCTEURS, this quality level, very close to the MIL-STD-883, is a 
cost effective alternative for customers who want to buy HI-REL devices (low guaranteed AOU. The G/B level is in 
full accordance with the NFC 96883 class G. 

BIB screening : Full accordance with the MIL-STD-883 Rev.C, class B (USI, the CECC 90.000, class B (European) and with the 
NFC 96883 class B I French!. 

Details on screening procedures for these levels of selection are available on request (please contact ou sales representatives!. 

Package Type Frequency Temperature Part Number 

{MHz) Range 

Ceramic OIL 8.0 -40°C to + 85°C TS 68008 VCG/BB 

C Suffix 10.0 -40°C to + 85°C TS 68008VCGIB10 

12.5 -40°C to + 85°C TS 68008VCG/B12 

3-187 



SECTION 10 
MECHANICAL DATA 

This section contains the pin assignments and package dimensions for the TS68008. 

10.1 PIN ASSIGNMENTS 

48-Pin Dual-in-Line 
(Top View) 

A3 A2 52-Pin Quad Pack (PLCC) 
A4 Al (Top Viewl 

AO 

A6 FCO 

A7 FCl 

FC2 
o- NIO 

IPL2/0 :'l""'"':l:~N-ouuu-' A9 <<<C "'(<t'.<(u.u.u.~ 

AlO IPll 

Bti'il'i A9 IPL2 
AlO IPL1 

A12 VPA All BERA 
A12 WA 
A13 E 

A14 RESET A21 Rffif 
Vee HALT A14 HALT 

Vee GNO 
A15 GNO A15 eLK 

GND eLK GNO iiR 
A16 iiGACK 

A16 Bii A17 8G 
A17 8G A18 5'fAci( 

A18 OTAeK 
~·~Ci )3 l3 ~ 8 s 0 81~1~1~ A19 R/W a: 

07 BS 
AS 

05 DO 

04 01 

03 02 
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10.2 PACKAGE DIMENSIONS 

DIN 

A51J 

CEI O.A.T.A JEOEC 

OIN 

M0-047-AD 
CEI 0.A.T.A. JEOEC 

CB·229 

Nomin1I dimen1ion 

T11.1tgtO!n9lric1I p011tlon 

48 pl~ 

' F199 CB-229 

SITElf.SC 

CB·522 

52 pins 

T 
ce-sn 

SITEl.ESC 
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P SUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

C SUFFIX 
CERAMIC PACKAGE 

JSUFFIX 
CEA DIP PACKAGE 

FN SUFFIX 
PLCC 52 
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Ml<68200 16-BIT 
SINGLE-CHIP MICROCOMPUTERS ·-~~-·-·- MK68201 /MK68E201 /MK68211 /MK68E211/MK68E221 

FEATURES 

D 16-bit, high performance, single-chip microcomputer 

D 14 address and data registers 
- Eight 16-bit or sixteen 8-bit data registers 
- Six 16-bit address registers 

D Advanced 16-bit instruction set 
- Bit, byte, and word operands 
- Nine addressing modes 
- Byte and word BCD arithmetic 

D High performance (6 MHz instruction clock) 
- 500 ns register-to-register move or add 
- 3.5 µ.s 16 x 16 multiply 
- 4.0 µ.s 32/16 divide 

D Available with 0, 4K (2K x 16) of ROM 

lJ 256 (128 x 16) or 512 (256 x 16) byte RAM 

D Up to 1K byte RAM on MK68E221 

D Three 16-bit timers 
- Interval modes 
- Event modes 
- One-shot modes 
- Pulse and period measurement modes 
- Two input and two output pins 

D Serial channel 
- Double-buffered receive and transmit 
- Asynchronous to 375 Kbps 
- Synchronous to 1.5 Mbps 
- Address wake-up recognition and generation 
- Internal/external baud rate generation 

D Parallel 1/0 
- Up to 40 pins 
- Direction programmable by bit 
- One 16-bit or two 8-bit port(s) with handshaking 

D Interrupt controller 
- 16 independent vectors 
- Eight external interrupt sources 
- One non-maskable interrupt 
- Individual interrupt masking 

D Optional external bus 
- 16-bit, multiplexed address/data bus 
- Automatic bus request/grant arbitration 
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Figure 1. MK68200 

- Two control bus versions: 
• 68000-compatible bus (UPC) 
• General Purpose Bus (GP) 

D 8 and 12 MHz time base versions produce 4 and 6 
MHz instruction clock rates, respectively. 
- Crystal or external TTL clock 

D Single +5 volt power supply 

D DIP, chip carrier or pin-grid packaging 

GENERAL DESCRIPTION 

MK68200 designates a series of new, high-performance, 
16-bit, single-chip microcomputers from Thomson -
Mostek. Implemented in Scaled Poly-5 NMOS, they in
corporate an architecture designed for superior perfor
mance in computation-intensive control applications. A 
modern, comprehensive instruction set (which features 
both high speed execution and code space efficiency) 
is combined on-chip with extensive, flexible 1/0 capa
bilities. On-chip RAM and optional on-chip ROM are 
provided within a full 64K byte addressing space. 



POAT 
0 

.1. 1/0 1/0 16 

14 14 

13 13 

12 12 ,, ,, 
10 10 

7 

8 Xl2 

XII } EXTERNAL 
INTERRUPTS 

4 XIO 

3 MK88200 SI 

} SERIAL 
2 RCLK 

TCLK 

1/0 1/0 0 so 

Vee I 0 18 TAO 

}-~· ONO I 0 14 TBO 

iiiiEi' I I 13 TAI 

eLKOUT 0 I 12 TBI 

eLK1 I I ,, 
smH} CLK2 I I 10 BTRL PORTO 

Niiii 0 9 RDYH HANDSHAKE 

MODE I 0 8 RDYL 

Figure 2. MK88200 Logical Plnout, Slngle-Chlp Mode 

P1·8 48 •cc 
P1·9 47 P1·7 

PMO 46 P1..tl/Xl2 

P1-11 45 P1-5/Xl1 

PM2 44 P1-4/XIO 

PM3 .. P1·3/SI 

PM4 42 P1·21RCLK 

PMS 41 PM/TCLK 
P4-8/RDYL • 40 P1·0/SO 

P4°9/RDVH 10 .. Nii 
P4·10/STRL 11 •• RESET 

P4-11/STRH 12 MK68200 ~ P4·12fTBI 

MODE 13 .. P4-13/TAI 

CLK2 14 35 P4·14fTBO 

CLK1 15 34 P4-15fTAO 

CLKOUT 18 33 PO·O 

P0·15 17 32 .... 
P0·14 16 31 P0-2 

P0·13 ,. 30 ..... 
P0-12 20 29 .... 
P0-11 21 .. .... 
P0-10 22 27 .... 
P0·9 23 26 P0-7 

GND 24 25 .... 

Figure 3. MK88200 Slngle-Chlp Pin Assignment (48-Pln DIP) 
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The MK68200 is designed to serve the needs of a wide 
variety of control applications, which require high per
formance operation with a minimal parts count imple
mentation. Industrial controls, instrumentation, and 
intelligent computer peripheral controls are all examples 
of applications served by the MK68200. High speed 
mathematical ability, rapid 1/0 addressing and interrupt 
response, and powerful bit manipulation instructions 
provide the necessary tools for these applications. In 
addition to its single-chip microcomputer configuration, 
both distributed intelligence and parallel multipro
cessing system configurations are supported by the 
MK68200, as illustrated in Figures 13 and 14. 

In applications requiring loosely-coupled distributed 
intelligence, several MK68200's may be interconnect
ed on a common serial network. The on-chip USART 
supports a wake-up mode in which an additional bit is 
appended to the data stream to distinguish a serial data 
word as address or data. The wake-up logic prevents 
the serial channel from generating interrupts unless cer
tain criteria have been met. The wake-up options avail
able are: Wake-up on any address or data character, 
wake-up on any address, or wake-up on address match. 

Alternately, the MK68200 may be configured as an 
expandable CPU device which can access external 
memory and 1/0 resources. In this operating mode, 
parallel 1/0 pins are replaced by multiplexed address/ 
data and control lines. Bus arbitration logic is incorpor
ated on the chip to support a direct interface in parallel 
shared bus multiprocessor system configurations. Two 
versions exist which support two types of control sig
nals present on the expanded bus configuration. The 
General Purpose (GP) bus option allows the MK68200 
to operate either as an executive or a peripheral proces
sor. As an executive procesor, the MK68200 can control 
an external system bus and grant the use of it to 
requesting devices, such as OMA controllers and/or per
ipheral processors. As a peripheral control processor, 
the MK68200 can provide intelligent local control of an 
1/0 device in a computer system and, thereby, relieve 
the executive processor of these tasks. In this configu
ration, the MK68200 has the capability of effectively per
forming OMA transfers between system memory and 
the 1/0 device. The on-chip resources of ROM, RAM, 
and 1/0 are accessed within the MK68200 without af
fecting utilization of the shared system bus. Therefore, 
only external communications compete for bus 
bandwidth. 

The Universal Peripheral Controller (UPC) bus option 
supports a direct interface to a 68000 executive proces
sor. Thus, the MK68200 can be used as a cost-effective, 
intelligent peripheral controller in 68000 systems. The 
UPC version's direct bus interface to the 68000 makes 
the MK68200 particularly well-suited for performing 
many intelligent 1/0 functions in a 68000 system. For 
example, since the MK68200 includes both a serial 
channel and an external bus capable of performing 
OMA transfers, it can be programmed to act as 

serial protocol controller with OMA capability, as shown 
in Figure 4. 

Table 1 summarizes the specific MK68200 device types 
that are discussed in this data sheet. A complete guide 
to the part numbering scheme used throughout this 
document may be found in the Ordering Information 
section. All MK68200 devices retain most of the 1/0 
features when they are used in the expanded bus 
mode; however, 24 pins of parallel 1/0 are sacrificed 
when this mode is used. When the expanded bus mode 
is selected, the MK68201/XX generates UPC 
(68000-compatible) control signals, while the 
MK68211/XX generates GP control signals. Also avail
able are 84-pin emulator versions of these devices that 
do not have on-chip ROM, but instead have additional 
pins to support a second complete address/data bus 
to access off-chip ROM, RAM, EPROM, or 1/0 devices. 
This bus is referred to as the private bus and is not 
bonded out on 48-pin versions. 

For additional information on the MK68200, refer to the 
MK68200 Principles of Operation Manual, publication 
number 4420399. 

SINGLE-CHIP DESCRIPTION 

Figure 2 illustrates the functions of specific pins for an 
MK68201 or MK68211, operating in a single-chip mode. 
When the device is operating in one of the expanded 
bus modes, the pins on Port O become the multiplexed 
address/data bus, and the upper half of Port 1 becomes 
the control signals (GP or UPC) for the bus. The 
following description applies to the pins only when the 
device is used in the non-expanded or single-chip 
mode. Descriptions of the pin functions for the 
expanded bus modes are in the Expanded Bus Opera
tion section of this data sheet. 

Vee• GND 
(Power, Ground) 
Power Supply pins. 
(single +5 V) 

RESET 
Input, active low. RESET input overrides ongoing exe
cution (including interrupts) and resets the chip to its 
initial power-up condition. RESET cannot be masked. 

CL KO UT 
(Clock Output) 
Output. CLKOUT will output the instruction clock rate, 
which is one-half of the frequency provided on CLK1 
and CLK2. 

CLK1, CLK2 
(Time base Inputs) 
Inputs. CLK1 and CLK2 may be connected to a crystal, 
or CLK1 may be connected to an external TTL
compatible oscillator while CLK2 is left floating. The 
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MK68000 
CPU 

MEMORY 

Figure 4. Serial OMA Controller 

Table 1. Device Type Summary 

Expanded ROM 
Device Type Bus Version (Bytes) 

MK68201/04 UPC 0 
MK68201/44 UPC 4K 
MK68E201/04 UPC 0 
MK68211/04 GP 0 
MK68211/44 GP 4K 
MK68E211/04 GP 
MK68E221/0C UPC/GP 

instruction clock rate is one-half of the frequency 
provided on CLK1 and CLK2. 

NMI 
(Non-Maskable Interrupt) 
Input, active low, negative edge triggered. The NMI 
request line has a higher priority than all of the mask
able interrupts. NMI is always enabled regardless of the 
state of the L 1 E (Level 1 Interrupt Enable) bit in the Sta
tus Register. 

MODE 
Input. The MODE pin is used to configure the MK68200 
on power-up and reset to one of the following states: 

Mode Pin 
Vee 
GND 

CLKOUT 

- No expansion (single chip mode) 
- Partial Expansion 
- Full Expansion 

PO·O - P0-15 
(Port 0) 
Input/Output. Each bit in Port 0 may be individually 
programmed for general purpose input or output. Port 
0 also has several handshaking modes to allow parallel, 
asynchronous communication with other devices. The 
high and low bytes may be programmed individually or 
jointly to be inputs, outputs, or bidirectional. 

P1-0 - P1-15 
(Port 1) 
Input/Output. Each of the 16 bits in Port 1 may be indi
vidually programmed for input or output. Additionally, 
the lowest seven bits of Port 1 may be programmed to 
serve specific alternate functions, as listed below. 

0 
0 

RAM 
(Bytes) PKG. 

256 48-pin DIP 
256 48-pin DIP 
256 84-pin LCC 
256 48-pin DIP, 52-pin PLCC 
256 48-pin DIP, 52-pin PLCC 
256 84-pin LCC 
1024 84-pin LCC, PGA 

P1-6/Xl2 
(External Interrupt 2) 
Input, rising or falling edge triggered. The programmer 
may select the rising or falling edge as active for Xl2. 

P1-5/Xl1 
(External Interrupt 1) 
Input, fixed falling edge triggered. The Xl1 interrupt may 
be used to interrupt the MK68200 on the falling edge 
of an input pulse. 

P1-4/XIO 
(External Interrupt 0) 
Input, low level triggered. The XIO interrupt input is level
triggered (unlike Xl1, Xl2). It may be used to produce 
an internally vectored interrupt or to cause an external 
fetch of an interrupt vector number when the MK68200 
is used in an expanded mode with the GP bus. 

P1-3/SI 
(Serial Input) 
Input, active high. SI is used to input receive serial data 
when the receiver is enabled. 

P1-2/RCLK 
(Receive Clock) 
Input/Output, active high. Depending on the mode 
programmed, RCLK can be used by the serial port as 
either an input or an output pin. When used as an in
put pin, RCLK provides the receive clock and/or the 
transmit clock. When RCLK is not providing the trans
mit or receive clock, it can be used as an output for 
Timer C. In this mode, the receive clock is being provid
ed by Timer C. 
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P1-1/TCLK 
(Transmit-Clock) 
Input/Output, active high. Depending on the mode 
programmed, TCLK can be used by the serial port as 
either an input or an output pin. When used as an in
put pin, TCLK provides the transmit clock. When TCLK 
is not providing the transmit clock, it can be used as 
an output for Timer C. In this mode, the transmit clock 
is being providod by either Timer C or RCLK. 

PH/SO 
(Serial Output) 
Output, active high. SO is used to output transmit seri
al data when the transmitter is enabled. 

P4-8 - P4-15 
(Port 4) 
Inputs and Outputs. P4-8, P4-9, P4-14, and P4-15 may 
be used as general purpose outputs, and P4-10, P4-11, 
P4-12, and P4-13 may be used as general purpose in
puts. Interrupts may be generated on the positive tran
sitions on P4-10 and P4-11. Depending on the mode 
selected, interrupts may be generated on the positive 
or negative transitions on P4-12, or they may be gener
ated on the positive, negative, or combined transitions 
on P4-13. Additionally, these bits may be programmed 
to serve specific alternate functions, as listed below. 

P4-15/TAO 
(Timer A Output) 
Output. TAO may be programmed for special functions 
in the interval, event, and pulse modes for Timer A. In 
the interval mode, TAO's state is determined by the 
Timer A latch (high or low) that is currently active. That 
is, if the counter is using the high latch for comparison, 
TAO is high. If the counter is using the low latch for com
parison, TAO is low. In the event mode, TAO is initial
ized to a "1" state and toggles each time the counter 
matches the Timer A high latch. In the pulse/period 
modes, TAO is initiated to a "1" state and toggles on 
positive transitions on TAI. 

P4-14/TBO 
(Timer B Ouput) 
Output. TBO may be programmed for special functions 
in the interval and one-shot modes tor Timer B. In the 
interval mode, TBO is initialized to a "1" state and tog
gles each time the counter matches the Timer B latch 
value. In the one-shot modes, TBO is initialized to a "1" 
state, and the cou'nter begins counting in response to 
the occurrence of an active edge on TBI. TBO will not 
go low until the counter matches the value loaded into 
the Timer B latch. 

P4-13/TAI 
(Timer A Input) 
Input, positive and/or negative edge triggered. TAI may 
be programmed for special functions in the event mode 
or pulse/period modes for Timer A. In the event mode, 
the counter is incremented on each active transition 

(positive or negative edge programmable) on TAI. In the 
pulse/period modes, the counter measures the time dur
ing which the signal on TAI remains high and low. 

P4-12/TBI 
(Timer B Input) 
Input, positive or negative edge triggered. TBI may be 
programmed for special functions for the Timer Bone
shot modes. In the one-shot modes, TBI acts as a trig
ger input. 

P4-11/STRH, P4-10iSTRL 
(Strobe High Byte, Strobe Low Byte) 
Input, active high. STRH and STRL are both used for 
input, output, and bidirectional handshaking on Port 0. 

1) Output mode: The positive edge of this .strobe 
is issued by the peripheral to acknowledge the 
receipt of data made available by the MK68200. 

2) Input mode: The strobe is issued by the peripheral 
to load data from the peripheral into the Port 0 in
put register. Data is latched into the MK68200 on 
the negative edge of this signal. 

3) Bidirectional mode: When the STRH signal is 
active, data from the Port 0 output register is gated 
onto the Port 0 bidirectional data bus. 

The negative edge of STRH acknowledges the receipt 
of the output data. The negative edge of the signal ap
plied to the STRL signal is used to latch input data into 
Port 0. 

P4-9/RDYH, P4-8/RDYL 
(Ready High Byte, Ready Low Byte) 
Output, active high. RDYH and RHYL are used for in
put, output, and bidirectional handshaking on Port 0. 

1) Output mode: The ready signal goes active to indi
cate that the Port 0 output register has been load
ed, and the peripheral data is stable and ready for 
transfer to the peripheral device. 

2) Input mode: The ready signal is active when the 
Port 0 input register is empty and is ready to accept 
data from the peripheral device. 

3) Bidirectional mode: The RDYH signal is active when 
data is available in Port 0 output register for trans
fer to the peripheral device. In this mode, data is 
not placed on the Port 0 data bus unless STRH is 
active. The RDYL signal is active when the Port 0 
input register is empty and is ready to accept data 
from the peripheral device. 

PROCESSOR ARCHITECTURE 

The MK68200 microcomputer contains an advanced 
processor architecture, combining the best properties 
of both 8- and 16-bit processors. A large majority 
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of instructions operate on either byte or word operands. 
Figure 5 summarizes the internal architecture of the 
MK68200. 

REGISTERS 

The MK68200 register set includes three system 
registers, six address registers, and eight data registers. 
The three 16-bit system registers (Figure 6) include a 
Program Counter, a Status Register, and a Stack 
Pointer. The six address registers may be used 
either for 16-bit data or for memory addressing. The 
eight 16-bit data registers are used for data and may 
be referenced as sixteen 8-bit registers, providing great 
flexibility in register allocation. 

ADDRESSING 

The MK68200 directly addresses a 64K byte memory 
space, which is organized as 32K 16-bit words. The 
memory is byte-addressable, but most transfers occur 
16 bits at a time, for increased performance over 8-bit 
microcomputers. All input/output is memory-mapped, 
and the on-chip 1/0 is situated in the top 1 K bytes of 
the address space. In the single-chip mode, all 
resources including ROM, RAM, and 1/0, are accessed 
via an internal or private bus. The memory map, which 
is accessed by this bus in the single-chip mode, is 
depicted in Figure 7. Note on-chip RAM always begins 
at $FBFF and extends downward. ROM always begins 
at zero and extends upward. 

Nine addressing modes provide ease of access to data 
in the MK68200, as depicted in Table 2. The four register 
indirect forms utilize the address registers and the Stack 
Pointer and support many common data structures such 
as arrays, stacks, queues, and linked lists. 1/0 Port 
addressing is a short form addressing mode for the first 
16 words of the 1/0 port space and allows most instruc-

tions to access the most often referenced 1/0 ports in 
just one word. Many microcomputer applications are 
1/0 intensive and short, fast addressing of 1/0 has a 
significant impact on performance. 

INSTRUCTION SET 

The M K68200 instruction set has been designed with 
regularity and ease of programming in mind. In addi
tion, instructions have been encoded to minimize code 
space, a feature which is especially important in single
chip microcomputers. Small code space is related to 
execution speed, and most instructions execute in either 
three or six instruction clock periods. (An instruction 
clock period is equal to 167 ns with a 6 MHz instruction 
clock). See Table 3. 

In addition to operations on bytes and words, the 
MK68200 has rapid bit manipulation instructions that 
can operate on registers, memory, and ports. The bit 
to be affected may be an immediate operand of the in
struction, or it may be dynamically specified in a 
register. Operations available include bit set, clear, test, 
change, and exchange; and all bit operations perform 
a bit test as well. Since each instruction is indivisible, 
this provides the necessary test-and-set function for the 
implementation of semaphores. 

The MOVE group of instructions has the most exten
sive capabilities. A wide variety of addressing mode 
combinations is supported including memory-to
memory transfers. A special move multiple is included 
to save and restore a specified portion of the registers 
rapidly. 

In total, the MK68200 instruction set provides a 
programming environment, similar to the 68000, which 
has been optimized for the needs of the single-chip 
microcomputer marketplace. A summary of the instruc
tion set is provided in Table 4. 

Table 2. Addressing Modes 

Register 
Register Indirect 
Register Indirect with Post-increment 
Register Indirect with Pre-decrement 
Register Indirect with Displacement 
Program Counter Relative 
Memory Absolute 
Immediate 
1/0 Port 
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GENERAL PURPOSE 110 (111 BITS) 

OR 
ADDRESS/DATA BUS (11 BITS) 

MOOE 
CONTROL 

OENERAL PURPOSE 110 (11 BITS) 
OR 

CONTROL BUS (8 BITS) 6 110 (8 BITS) 

X T 
I C 

' ' ' K 

Figure 5. MK68200 Block Diagram 
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DATA REGISTERS: 

OHO DLO DO 

DH1 DL1 01 

DH2 DL2 02 

DH3 DL3 03 

DH4 DL4 04 

DH5 DL5 05 

DH6 DL6 06 

DH7 DL7 07 

15 14 13 12 11 10 7 6 4 0 

ADDRESS REGISTERS: 

AO 

A1 

A2 

A3 

A4 

A5 

15 14 13 12 11 10 9 8 7 6 5 4 2 0 

SYSTEM REGISTERS: 

0 SP 

15 14 13 12 11 10 8 7 6 5 4 0 

0 I PC 

15 14 13 12 11 10 7 6 4 2 0 

USER DEFINED I L1E I RESERVED N z v c SR 

I I I I I 
15 14 13 12 ,, 10 8 7 6 4 2 0 

I 
NEG1TIVE I LEVEL 1 INTERRUPT 

ENABLE 
ZERO 

OVERFLOW 

CARRY 

Figure 6. Register Set 
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PORTS 

RAM 

ROM 

ADDRESS 

$FFFF 

$FC28 
$FC27 
SFCOO 
SFBFF 

SFBOO 

$2000 
$1FFF 

$0020 
$001F 
$0000 

CONTENTS 

FUTURE 1/0 EXPANSION AREA 
(RESERVED) 

PORT 0 THROUGH PORT 19 

ON-CHIP RAM (UP TO 1024 BYTES) 

FUTURE RAM AND 
ROM EXPANSION 

INTERRUPT 
VECTORS 

} 

ON-CHIP ROM 
(UP TO 8192 BYTES) 

Figure 7. Addressing Space For Single-Chip Configuration 

Table 3. Instruction Execution Times 

Execution Time 
Clock with 6 MHz 

Instruction Type Periods Clock (µs) 

Move Register-to-register 3 0.5 

Add Register-to-register (binary or BCD) 3 0.5 

Move Memory-to-register 6 1.0 

Add Register-to-memory 9 1.5 

Multiply (16 x 16) 21 3.5 
t------

Divide (32/16) 23 3.84 

Move Multiple (save or restore all registers) 55 9.2 
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'lllble 4. Instruction Set Summary 

INSTR UC· INSTRUC· 
TION DESCRIPTION TION DESCRIPTION 

ADD ADD HALT HALT 
ADD.B ADD BYTE JMPA JUMP ABSOLUTE 
ADDC ADD WITH CARRY JMPR JUMP RELATIVE 
ADDC.B ADD WITH CARRY BYTE LIBA LOAD INDEXED BYTE ADDRESS 
AND LOGICAL AND LIWA LOAD INDEXED WORD ADDRESSED 
AND.B LOGICAL AND BYTE LSR LOGICAL SHIFT RIGHT 
ASL ARITHMETIC SHIFT LEFT LSR.B LOGICAL SHIFT RIGHT BYTE 
ASL.B ARITHMETIC SHIFT LEFT BYTE MOVE MOVE 
ASR ARITHMETIC SHIFT RIGHT MOVE.B MOVE BYTE 
ASR.B ARITHMETIC SHIFT RIGHT BYTE MOVEM MOVE MULTIPLE REGISTERS 
BCHG BIT CHANGE MOVEM.B MOVE MULTIPLE REGISTERS BYTE 
BCLR BIT CLEAR MULS MULTIPLY SIGNED 
BEXG BIT EXCHANGE MULU MULTIPLY UNSIGNED 
BSET BIT SET NEG NEGATE 
BTST BIT TEST NEG.B NEGATE BYTE 
CALLA CALL ABSOLUTE NEGC NEGATE WITH CARRY 
CALLR CALL RELATIVE NEGC.B NEGATE WITH CARRY BYTE 
CLR CLEAR NOP NO OPERATION 
CLR.B CLEAR BYTE NOT ONE'S COMPLEMENT 
CMP COMPARE NOT.B ONE'S COMPLEMENT BYTE 
CMP.B COMPARE BYTE OR LOGICAL OR 
DADD DECIMAL ADD OR.B LOGICAL OR BYTE 
DADD.B DECIMAL ADD BYTE POP POP 
DAD DC DECIMAL ADD WITH CARRY POPM POP MULTIPLE REGISTERS 
DADDC.B DECIMAL ADD WITH CARRY BYTE PUSH PUSH 
DI DISABLE INTERRUPTS PUSHM PUSH MULTIPLE REGISTERS 
DIVU DIVIDE UNSIGNED RET RETURN FROM SUBROUTINE 
DJNZ DECREMENT COUNT AND JUMP RETI RETURN FROM INTERRUPT 

IF NON-ZERO ROL ROTATE LEFT 
DJNZ.B DECREMENT COUNT BYTE AND ROL.B ROTATE LEFT BYTE 

JUMP IF NON-ZERO ROLC ROTATE LEFT THROUGH CARRY 
DNEG DECIMAL NEGATE ROLC.B ROTATE LEFT THROUGH CARRY 
DNEG.B DECIMAL NEGATE BYTE BYTE 
DNEGC DECIMAL NEGATE WITH CARRY ROR ROTATE BYTE 
DNEGC.B DECIMAL NEGATE WITH CARRY ROR.B ROTATE RIGHT BYTE 

BYTE RORC ROTATE RIGHT THROUGH CARRY 
DSUB DECIMAL SUBTRACT RORC.B ROTATE RIGHT THROUGH CARRY 
DSUB.B DECIMAL SUBRTRACT BYTE BYTE 
DSUBC DECIMAL SUBTRACT WITH CARRY SUB SUBTRACT 
DSUBC.B DECIMAL SUBTRACT WITH CARRY SUB.B SUBTRACT BYTE 

BYTE SUBC SUBTRACT WITH CARRY 
El ENABLE INTERRUPTS SUBC.B SUBTRACT WITH CARRY BYTE 
EOR EXCLUSIVE OR TEST TEST 
EOR.B EXCLUSIVE OR BYTE TEST.B TEST BYTE 
EXG EXCHANGE TESTN TEST NOT 
EXG.B EXCHANGE BYTE TESTN.B TEST NOT BYTE 
EXT EXTEND SIGN 
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INPUTIOUTPUT ARCHITECTURE 

The 1/0 capabilities of the MK68200 are extensive, en
compassing timers, a serial channel, parallel 1/0, and 
an interrupt controller. All of these devices are acces
sible to the programmer as ports within the top 1K bytes 
of the address space, and the most commonly ac
cessed ports may be accessed with the short port 
addressing mode. A description of these ports is given 
in Table 5. 

In total, 40 pins of the 48 are used for 1/0, and their 
functions are highly programmable by the user. In par
ticular, many pins can perform multiple functions, and 
the programmer selects which ones are to be used. For 
example, TAI may be used as an input for Timer A, an 
interrupt source, or a general purpose input pin. The 
interrupt source may be selected simultaneously with 
either of the other functions. 

Table 5. Port Descriptions 

-~ 

BYTE-
PORT ADDRESS READ/WRITE ADDRESSABLE FUNCTION 

--~ 

0 $FCOO READ/WRITE YES 16 EXTERNAL 1/0 PINS OR ADDRESS/DATA BUS 
$FC02 READ/WRITE YES 16 EXTERNAL 1/0 PINS (INCLUDING INTERRUPT, 

SERIAL 1/0 PINS, AND BUS CONTROL) 
2 $FC04 (RESERVED) 
3 $FC06 LOW BYTE: READ/WRITE YES SERIAL TRANSMIT (LOW BYTE) AND 

HIGH BYTE: READ RECEIVE (HIGH BYTE) BUFFER 
4 $FC08 INPUTS: READ ONLY NO 8 EXTERNAL 1/0 PINS (TIMER CONTROL 

OUTPUTS: READ/WRITE AND PORT 0 HANDSHAKE CONTROL) 
5 $FCOA (RESERVED) 
6 $FCOC (RESERVED) 
7 $FCOE READ/WRITE NO INTERRUPT LATCH REGISTER 
8 $FC10 READ/WRITE NO INTERRUPT MASK REGISTER 
9 $FC12 STATUS: READ ONLY NO SERIAL 1/0 RECEIVE CONTROL AND STATUS 

CONTROL: READ/WRITE 
10 $FC14 STATUS: READ ONLY NO SERIAL 1/0 TRANSMIT CONTROL AND STATUS 

CONTROL: READ/WRITE 
11 $FC16 READ GETS COUNTER NO TIMER B LATCH 

WRITE GOES TO LATCH 
12 $FC18 READ GETS COUNTER 

OR LATCH NO TIMER A, LOW LATCH 
WRITE GOES TO LATCH 

13 $FC1A READ GETS COUNTER 
OR LATCH NO TIMER A, HIGH LATCH 
WRITE GOES TO LATCH 

14 $FC1C READ/WRITE NO TIMER CONTROL, INTERRUPT EDGE SELECT 
15 $FC1E READ/WRITE NO PORT 0 HANDSHAKE MODE BITS, FAST/ 

STANDARD, BUS LOCK, BUS SEGMENT BITS 
16 $FC20 READ/WRITE NO PORT 0 DIRECTION CONTROL (DORO) 
17 $FC22 READ/WRITE NO PORT 1 DIRECTION CONTROL (DDR1) 
18 $FC24 READ/WRITE NO SERIAL 1/0 MODE AND SYNC REGISTER 
19 $FC26 READ GETS COUNTER NO TIMER C LATCH 

WRITE GOES TO LATCH 
AND COUNTER 
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TIMERS 

The MK68200 includes three on-chip timers, each with 
unique features. They are denoted Timer A, Timer B, 
and Timer C. All three timers are a full 16 bits in width, 
and count at the instruction clock rate of the MK68200 
processor. Thus, this rate provides a resolution equal 
to the instruction clock period (tc) of the MK68200. 
The maximum count interval is equal to tc •216. For a 
6 MHz MK68200, a 167 nanosecond clock is provided 
with a maximum count interval of 10.945 milliseconds. 
Each timer has the capability to interrupt the proces
sor when it matches a predetermined value stored in 
an associated latch. 

Timer A is capable of operating in interval, event, or two 
pulse/period modes. There is one 16-bit counter and 
two 16-bit latches (high and low) associated with Timer 
A. Once Timer A is initialized in the interval mode, the 
counter is reset, then increments at the instruction clock 
rate until the value loaded into the high latch is reached. 
The counter is then reset, increments until the low latch 
value is reached, and the cycle is repeated. In the event 
mode, the counter is incremented for every active edge 
on TAI (programmable as positive or negative) until the 
value in the high latch is reached. The counter is then 
reset, and the cycle repeats. In the pulse/period modes, 
the times are measured during which the pulse applied 
stays high and low. The counter is reset on the occur
rence of any transition on TAI, and increments at the 
instruction clock rate until the occurrence of the next 
transition. The value in the counter at the end of the 
high level or low level time is loaded into the appropri
ate latch. Interrupts may be generated each time the 

counter reaches the high latch or low latch value in the 
interval mode or when the counter reaches the high 
latch in the event mode. Also, an interrupt is generated 
whenever the counter overflows. See the Pin Descrip
tion section of tllis data sheet for TAI and TAO functions 
in the various Timer A modes. 

Timer B is capable of operating in interval and one-shot 
modes. There is one 16-bit counter and one 16-bit latch 
associated with Timer B. In the interval mode, the coun
ter is initially reset and incremented at the instruction 
clock rate until the value in the latch is reached. The 
counter is then reset, and the cycle repeats. In the one
shot modes, the counter begins incrementing in 
response to an active transition (programmable as posi
tive or negative) on TBI. The counter is reset when the 
value in the Timer B latch is reached. In. the 
retriggerable one-shot mode, active transitions on TBI 
always cause the counter to reset and begin increment
ing. In the non-retriggerable one-shot mode, active tran
sitions on TBI have no effect until the counter reaches 
the latch value. Interrupts may be generated each time 
the counter reaches the latch value. See the Pin 
Description section of this data sheet for TBI and TBO 
functions in the various Timer B modes. 

Timer C has a 16-bit down counter and latch associated 
with it and operates only in the interval mode. The out
put of Timer C toggles each time the counter value rolls 
over from 0 to the latch value and may be used to in
ternally supply the baud rate clock for ttie serial port. 
Also, an interrupt may be generated each time the coun
ter rolls over to the latch value. Timer C may be output 
on the TCLK pin (P1-3), depending on the mode 
programmed. 

Table 6. Timer Modes 

Timer Modes 

A Interval 
A Event 
A Pulse Width and Period Measurement 

B Interval 
B Retriggerable One-shot 
B Non-retriggerable One-shot 

c Interval 
c Baud Rate Generation 
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SERIAL CHANNEL 

The serial channel on the MK68200 (Figure 8) is a full
duplex USART with double buffering on both transmit 
and receive. Word length, parity, stop bits, and modes 

P18 
(8:15) 

P18 
(0:7) 

MODE REGISTER 

SYNC/ADDRESS REGISTER 

are fully programmable. The asynchronous mode sup
ports bit rates up to 375 Kbps, and the byte synchronous 
mode operates up to 1.5 Mbps. Either internal or exter
nal clocks may be used. 

RECEIVE CONTROL & 
STATUS REGISTER 

RECEIVE SHIFT 
REGISTER 

RECEIVE BUFFER 

TRANSMIT BUFFER 

TRANSMIT SHIFT 
REGISTER 

TRANSMIT CONTROL & 
STATUS REGISTER 

P9 

SI 

PH3 

PL3 

,___ ___ so 

P10 

INTERNAL DATA BUS 

Figure 8. Serial Channel 
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In addition to the typical USART functions, the serial 
channel can operate in a special wake-up mode with 
a wake-up bit appended to each data word, as illustrated 
in Figure 9. This wake-up bit is used to differentiate nor
mal data words and special address words. The receiver 
can be programmed to receive only address words or 

STARTt DATA 

LSB MSB 

only address words with a specific data value. In this 
way, the processor can be interrupted only when it 
receives its particular address and can then change 
mode to receive the following data words. Wake-up 
capability is especially useful when several MK68200 
microcomputers are interconnected on one serial link. 

PARITY WAKE-UP 
STOPt 

(OPTIONAL) (OPTIONAL) 

tUSED IN ASYNCHRONOUS MODE ONLY 

Figure 9. Serial Frame Format 

PARALLEL 1/0 

Two 16-bit ports, PO and P1, may be used for parallel 
1/0. If individual bits are desired, each of the 32 bits may 
be separately defined as input or output. Bits may be 
grouped to provide the exact data widths desired. Port 
0 has the additional capability of operating under the 
control of external handshaking signals. Eight- or 
sixteen-bit sections of PO may be individually controlled 
as input, output, or bidirectional 1/0. Two pairs of Ready 
and Strobe signals, which are available as program
mable options on Port 4, provide the necessary control. 

VECTOR NUMBER NAME 

0 RESET 

NON-MASKABLE INTERRUPT 

2 SPARE 

3 EXTERNAL INTERRUPT 2 

4 STROBE LOW 

5 TIMER A OUTPUT 

6 TIMER A INPUT 

7 STROBE HIGH 

8 RECEIVE SPECIAL CONDITION 

9 RECEIVE NORMAL 

A EXTERNAL INTERRUPT 1 

B TIMER B OUTPUT 

c TIMER B INPUT 

D EXTERNAL INTERRUPT 0 

TRANSMIT 

TIMERC 

INTERRUPT CONTROLLER 

The MK68200 interrupt controller provides rapid service 
of up to 15 interrupt sources, each with a unique inter
nal vector. The lowest 16 words of the address space 
contain the starting addresses of the service routines 
of each potential interrupt source and reset, as shown 
in Figure 10. 

Interrupt sources and RESET are prioritized in the order 
shown in Figure 10, with RESET having the highest 
priority. NMI is the only non-maskable interrupt. All of 

MNEMONIC VECTOR LOCATION 

RESET 0000 

NMI 0002 
LEVEL 2 

SPARE 0004 

X12 0006 

STRL 0008 

TAO OOOA 

TAI oooc 

STRH OOOE 

RSC 0010 
LEVEL 1 

RN 0012 

Xl1 0014 

TBO 0016 

TBI 0018 

XIO 001A 

XMT 001C 

TC 001E 

Figure 10. Interrupt and Reset Vectors 
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the other sources share an interrupt enable bit in the 
processor Status Register. This bit is automatically 
cleared whenever an interrupt is acknowledged. Also, 
each of these sources has a corresponding individual 
mask bit. This feature allows selective masking of par· 
ticular interrupts, including the ability to choose (with 
minimal software overhead) any priority scheme 
desired. In fact, 15 levels of nested priority may be 
programmed. 

EXPANDED BUS OPERATION 

When it is necessary to expand beyond the on-chip 
complement of RAM, ROM, or 110, or when operation 
in a parallel multiprocessing system is desired, the 

15 1/0 0 

14 0 

13 0 

12 0 

11 I 

15 

14 

13 

12 

11 

10 0 10 

9 9 
MULTIPLEXEO 8 0 8 

ADDRESS/ 
DATA 7 1/0 7 
BUS 

6 6 

5 5 

4 4 

3 MK68200 3 

2 2 

a 1/0 1/0 0 

Vee I 0 15 

GND 0 14 

RESET I 13 

CLKOUT 0 I 12 

CLK1 I I 11 

CLK2 I I 10 

NMI I 0 9 

MODE I 0 8 

MK68200 may be placed in an external bus mode. The 
MODE pin is used to select the expansion capability 
on reset. The MODE pin has three states, which select 
fully expanded external bus, partially expanded exter· 
nal bus, or no expanded bus (single-chip configuration). 
The MK68200 may also be reconfigured dynamically 
through software. In an expansion mode, Port 0 
becomes the 16·bit multiplexed, address/data bus, and 
eight bits from Port 1 become control signals which 
handle data transfer and bus arbitration. Sixteen lines 
are still available for 110 functions, including eight lines 
from Port 1 and all eight lines of Port 4. 

As shown in Figure 11, two different control bus versions 
are available: a Universal Peripheral Controller (UPC), 

UPC GP 

iJiS Li 
iiDS Hii 
RtW RiW 
BGACK i5S CONTROL 

iii'ACK' iii'ACK' BUS 

A6 AS' 
iiG BUSIN 

iiR iiiiSOUT PORT 
1 

X12 

X11 } EXTERNAL 
INTERRUPTS 

XIO 

SI } ""'~ RCLK 

TCLK 

so 

TAO 

}""'" TBO 

TAI 

TBI PORT 

RIG 4 

Figure 11. MK68200 Logical Pinout Expanded Bus 
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UPC 

BR 
BG 
AS 

OT ACK 
BGACK 

RiW 
UDS 
LOS 

GP 

BUSOUT 
BUSIN 

AS 
DTACK 

05 
RiW 
fiB 
[8 

P4-8 
P4-9 10 

P4-10 11 
P4-11/R/G 12 

MODE 13 
CLK2 14 
CLK1 15 

CLKOUT 16 
AD15 17 
AD14 18 
AD13 19 
AD12 20 
AD11 21 
AD10 22 
AD9 23 
GND 24 

48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 

Vee 
P1-7 
P1-6/Xl2 
P1-5/Xl1 
P1-4/XIO 
P1-3/SI 
P1-2/RCLK 
P1-1/TCLK 
P1-0/SO 
NMI 
RESET 
P4-12/TBI 
P4-13/TAI 
P4-14/TBO 
P4-15/TAO 
ADO 
AD1 
AD2 
AD3 
AD4 
ADS 
AD6 
AD7 
ADS 

which generates 68000-compatible signals, and a 
General Purpose (GP) bus, which can be used to inter
face to a wide variety of existing microprocessor buses. 
With the selection of an expanded bus mode, the 
MK68200 can act either as a general purpose CPU chip 
(bus grant device) or as an intelligent peripheral 1/0 
controller to a host CPU (bus request device). These 
two system configurations are illustrated in Figures 13 
and 14. 

With the GP bus option, the user may configure the 
MK68200 in either of the two ways shown in Figures 
13 and 14. As a host CPU (Figure 13), the MK68200 bus 
arbitration logic causes the device to act as the system 
bus granter. In other words, the MK68200 would nor
mally have control of the system bus and would grant 
its use to OMA devices or peripheral CPUs. Alternately, 
the MK68200 may be configured as a peripheral CPU 
(Figure 14) that must issue a request to the bus grant 
device before being allowed to use the system bus. The 
selection of one of these two configurations is 
accomplished by the P4-11 pin at reset time. During 
reset, P4-11 serves as the R/G input (O=bus granter, 
1 = bus requester). Following reset and at all times 
during program execution, P4-11 may be used as a 
general purpose input pin. 

Figure 12. MK68200 Expanded Bus 

With the GP bus operating in the host CPU configura
tion, the MK68200 may be used to interface with 
external memory and 1/0 devices in a manner that is 
analogous to any general purpose microprocessor. 
Additionally, the MK68200 retains its on-chip RAM and 
110 resources, with on-chip ROM as an option, 

MK68200 
BUS GRANT 

CPU 

OPTIONAL 
ROM 

RAM 

TIMERS 

SERIAL 1/0 

16 PARALLEL 
1/0 LINES 

SYSTEM BUS 

Figure 13. Host CPU Hardware Configuration 
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SYSTEM BUS 

68000 
OR 

OTHER CPU 

MK68200 
1/0 

CONTROLLER 

OPTIONAL 
ROM 

RAM 

TIMERS 

SERIAL 1/0 

16 PARALLEL 
1/0 LINES 

OPTIONAL BUFFERS 

OPTIONAL LOCAL BUS 

Figure 14. Peripheral 1/0 Controller Configuration 

depending on the expansion configuration selected. 
BUSIN and BUSOUT are used to perform the bus 
arbitration handshake function, where BUSIN acts as 
the bus request input and BUSOUT as the bus grant 
output. 

In the full expansion configuration, any on-chip ROM 
is disabled, and program memory starting at location 
$0000 is located off-chip and is addressed via the 
expanded bus, as shown in Figure 15. In effect, the 
internal bus from locations $0000-$FAFF is mapped 
onto the external bus. In the partially expanded config
uration (Figure 16), on-chip ROM may be accessed on 
the internal bus. To gain greater addressability in the 
partial expansion configuration, a scheme is 
implemented to allow access of a full 64K-byte address 
space in four segments on the expanded system bus 
through the 16K byte "window" on the internal bus. 
Basically, the most significant two bits of address on 
the expanded bus are replaced with two user-defined 
segment bits available to the programmer in an internal 
1/0 control port location. 

As a peripheral 1/0 controller, the MK68200 operates 
as a bus requestor that gains mastership of the system 
bus from the bus grant CPU. The GP bus version may 

be selected to implement this system configuration in 
cases where an interface to a general purpose CPU is 
desired. In this case, the BUSIN and BU SO UT lines are 
again used to perform the bus arbitration handshake 
function, where BUSOUT now acts as bus request out 
put, and BUSIN acts as bus grant input. In this con
figuration, the MK68200 can conceivably act as a com
plete peripheral 1/0 control subsystem on a single chip, 
with 16 lines of 1/0 and its on-chip ROM, RAM, timers, 
and serial 1/0 performing the necessary interface to 
the 1/0 device. The UPC bus version provides the 
peripheral 1/0 control function with a direct interface to 
a 68000 bus grant CPU. Note that the UPC bus ver
sion can operate only as a bus request device. Once 
the MK68200 has gained mastership of the system bus 
via the 68000 bus arbitration handshake lines (BR, BG, 
and BGACK), it may proceed to perform DMA transfers 
and communicate with system memory or other 1/0 
devices in the system. 

As in the case of the GP bus grant configuration, the 
portion of the internal (or private) bus address space 
that is mapped onto the expanded bus when the part 
is operating as either a GP or a UPC bus request device 
is determined by the expansion configuration selected. 
In the partial expansion bus requestor case, the 
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Figure 15. Full Expansion Bus Grantor Memory Map 
(256 byte RAM version shown) 
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resulting memory map is identical to that shown for the 
GP bus grant configuration in Figure 16. During the time 
the MK68200 is executing its programs from ROM and 
accessing internal RAM and 1/0 resources, the expand
ed bus is held in a tri-state condition. The bus arbitration 
logic within the MK68200 monitors each memory refer
ence to detect external bus addresses (referenced in 
segments via the 16K byte OMA window). Whenever 
such an external reference occurs, the logic automati
cally holds the processor in a wait state as it proceeds 
to obtain mastership of the bus. When use of the sys
tem bus is obtained, the processor is allowed to con
tinue the reference. This procedure is transparent to the 
programmer. In case of successive external references, 
the expanded bus is retained until an internal reference 
is encountered. 

Finally, if the on-chip resources are insufficient to per
form the control task in the bus requestor configuration, 
the internal bus address range (excluding on-chip RAM, 
1/0) may be mapped onto an external local bus, which 
is physically the same as the system bus but logically 
separated with bus buffers. This is the full expansion 
bus requestor configuration. The memory map for this 
configuration is shown in Figure 17. The bus arbitration 
sequence is performed only when the system bus is 
referenced through the OMA window. In this manner, 
the 1/0 subsystem is isolated from the host CPU. 

When operating as a bus request device, it is possible 
to retain the external bus for an indefinite duration by 
using a bus lock feature. This will help facilitate the 

transfer of large blocks of data. Thus, the on-chip bus 
arbitration logic allows (with a minimum of hardware and 
software overhead) a maximum of concurrent process
ing in parallel, multiprocessing configurations. The bus 
lock feature may be used by the MK68200 in a bus gran
tor mode to keep any peripheral from gaining master
ship of the bus. 

In any of the GP expanded bus modes, the MK68200 
may respond to peripheral devices on the expanded 
bus which generate an interrupt request on XIO. The 
MK68200 will obtain the XIO interrupt vector number 
from the requesting peripheral on the bus during an 
interrupt acknowledge cycle. When responding to an 
interrupt on XIO, the MK68200 will wait for the bus 
arbitration logic to gain control of the bus and then 
asserts neither HB nor LB while asserting AS to signify 
that an interrupt acknowledge cycle is in progress. 

Timing diagrams and design parameters for the read, 
write, and bus arbitration cycles are given in the AC 
Electrical Specifications section for both the GP and 
the UPC bus options. Bus timing for the interrupt 
acknowledge cycle is given for the GP device in the AC 
Electrical Specifications section. There is a user
programmable speed selection associated with the read 
and write cycles for both the UPC and GP mask option 
parts. A bit in an internal 1/0 port allows the user to 
select either the standard or the fast read/write cycle 
on the expanded bus. The standard bus cycle is four 
clock periods, while the fast bus cycle is three clock 
periods. 
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Figure 16. Partial Expansion Memory Map 
(256 byte RAM, 4K byte ROM version shown) 
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Figure 17. Full Expansion Bus Requestor Memory Map 
(256 byte RAM version shown) 
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EXPANDED BUS SIGNALS (Common for GP and 
UPC Options) 

R/W 
(Read/Write) 
Output, active high and low. RIW determines whether 
a read or a write is being performed during the current 
bus cycle. It is stable for the entire bus operation. A high 
signal denotes a read, and a low signal denotes a write. 

DTACK 
(Data Transfer Acknowledge) 
Input, active low. When the addressed device has either 
placed the requested read data on the bus or taken the 
write data from the bus, DTACK should be brought 
low to signify completion. The data portion of the bus 
cycle will be extended indefinitely until this signal is 
asserted. For systems using the GP bus, in which no 
devices need wait states, DTACK may be strapped low. 

AS 
(Address Strobe) 
Output, active low. AS is used to signify that the address 
is stable on the multiplexed bus. AS is high at the 
beginning of each bus cycle, goes low after the address 
has stabilized, and returns to the high state near the 
end of the bus cycle. 

UPC BUS SIGNALS 

UDS 
(Upper Data Strobe) 
Output, active low. UDS is used to signify the data por
tion of the bus cycle for the upper byte of the data bus. 
For read operations, UDS should be used by the exter
nal device to gate its most significant byte onto the 
multiplexed address/data bus. For writes, UDS signifies 
that the upper byte of the bus contains valid data to be 
written from the processor. 

LOS 
(Lower Data Strobe) 
Output, active low. LOS is used to signify the data por
tion of the bus cycle for the lower byte of the data bus. 
For read operations, LOS should be used by the 
external device to gate its least significant byte onto the 
multiplexed address/data bus. For writes, LOS signifies 
that the lower byte of the bus contains valid data to be 
written from the processor. 

BR 
(Bus Request) 
Output, active low, open drain. BR goes low when the 
MK68200 requires external bus master status. 
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BG 
(Bus Grant) 
Input, active low. BG notifies that the MK68200 has 
been granted the external bus master status. 

BGACK 
(Bus Grant Acknowledge) 
Output, active low, open drain. The MK68200 will assert 
BGACK when it assumes mastership of the system bus. 

GP BUS SIGNALS 

P4-11 I RIG 
(Request/Grant) 
During reset, P4-11 serves as the R/G input (0 = bus 
granter, 1 = bus requester). Following reset, and at all 
times during program execution, P4-11 may be used as 
a general purpose input pin. 

OS 
(Data Strobe) 
Output, active low. OS is used to signify the data por
tion of the bus cycle. For read operations, OS should 
be used by the external device to gate its contents onto 
the multiplexed address/data bus. For writes, OS signi
fies that valid data from the processor is on the bus. 

HB 
(High Byte) 
Output, active low. HB signifies that the upper byte of 
the data is to be read or written. HB remains active for 
the entire bus cycle. 

LB 
(Low Byte) 
Output, active low. LB signifies that the lower byte of 
the data bus is to be read or written. (Both HB and LB 
active imply that an entire word is to be read or writ
ten). LB remains active for the entire bus cycle. 

BUSIN 
(Bus Input) 
Input, active low. BUSIN provides either bus request or 
bus grant. When the MK68200 is the bus grant device, 
its BUSIN signal is a bus request input from a request
ing device on the bus. When the MK68200 is a bus 
request device, its BUSIN signal is a bus grant from the 
granting device on the bus. 

BUSOUT 
(Bus Output) 
Output, active low. BUSOUT provides the opposite 
function of BUSIN. When BUSIN is a bus request 
signal, BUSOUT is the corresponding bus grant, and 
vice versa. 



EMULATOR VERSION 

The emulator versions of the MK68200 are available in 
84-pin, leadless or leaded chip carrier packages or pin
grid array packages. Figure 18 illustrates the logical 
pinout of the emulator version. Table 1 summarizes the 
emulator parts described in this data sheet. The emu
lator versions have no on-chip ROM, but instead include 
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a second complete bus, referred to as the private bus. 
The private bus includes a multiplexed address/data 
bus as well as bus control signals. There are 22 pins 
associated with the private bus. All 40 1/0 port pins that 
exist on the 48-pin versions are available to the user 
for configuration either as general purpose or special 
110 pins, or as expanded bus pins. 

I-

oC 1~ 
:> w 
0 

~ ~ 1- Q 
0 z w ~ _, l! Q 

>"a: 0 " " z l! 

- - - 0 

1/0 15 

14 

13 

12 

11 

10 

7 

6 

1/0 0 

0 PBAS 

PRIVATE BUS 
ADDRESS/ 

DATA 

PRIVATE 
BUS 

CONTROL 

~--------------~ 

~ ~~~~:CK} 
0 PBDS 

PORT 1 

+ AVAILABLE ON MK6BE221 (1K RAM VERSION) 

Figure 18. MK68E200 Logical Plnout 
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PRIVATE BUS OPERATION 

The address/data lines and control signals that consti
tute the private bus are functionally equivalent to the 
internal signals used to access internal resources on 
the 48-pin versions of the MK68200. Thus, the private 
bus may be used to interface EPROM memory in 
emulating mask ROM versions of the MK68200. Alter
nately, any combination of ROM, RAM, and 110 may 
reside on the private bus. 

The address that is generated on the private bus is iden
tical to that which is internally generated for 48-pin ver
sions. When the part is used in a configuration that 
supports system bus addressing through the OMA win
dow, any references in this region of the memory map 
produce an address on the private bus identical to that 
specified by the programmer. In other words, the seg
ment bits have no effect on the private bus address. 
Write data appears on the private bus pins for all write 
operations, regardless of whether the reference is on
chip or off-chip. The MK68200 emulator version reads 
data from the private bu~ unless data is read from on
chip RAM, 110, or the external bus formed by the Port 
O and Port 1 1/0 pins. 

The 1/0 port range of the memory map ($FCOO-$FFFF) 
is actually subdivided into space which is exclusively 
reserved for on-chip 1/0 ($FCOO-$FDFF) and space 
which is exclusively reserved for in-circuit-emulator, or 
AIM, use ($FEOO-$FFFF). The user should ensure that 
no external devices reside in the in-circuit-emulator area. 

The private bus interface is the same as that for the GP 
expanded bus. All read/write transfers made exclusively 
on the private bus are three clock periods, regardless 
of the state of the Fast/Standard (F/S) bus timing selec
tion bit. The user should ignore all activity on the pri-

x,ll 

l J----.----io ,________.____--< , 
AMPLIFIER AMPLIFIER 
INPUT OUTPUT 

lflt lsdeslnibleto "tun•" the 
OICINatorto a precise frequency, 
Ci may be a variable capacitor. 

c; should be In the range of 
c, :5 Ci s 2 c,. 
For a high hequancy openitlon 

C1 ,. 5- tOpF 

c, 

GND 

c, 

C1 = 10 pf 1yplcat 
C2 = 20 pf typlcat 

Figure 19. Crystal Connection 
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vale bus while accesses are in progress on the 
expanded bus. Care should also be taken that no ex
ternal devices reside on the private bus in the memory 
space intended for expanded bus accesses. 

FUNCTION CODE PINS 

Function code pins will be available on some versions 
of the emulator to define the memory cycle currently 
being executed. They are valid during the time private 
bus address strobe (PBAS*) is active. The cycle types 
are interrupt, data fetch, branch, and program fetch. The 
branch cycle is defined as the first program fetch after 
a branch occurs. A branch can occur as a result of a 
jump or call instruction, or an interrupt. For internal in
terrupts, the interrupt cycles are defined as the two 
writes to the stack and the read of the vector location 
which occur during the interrupt acknowledge routine. 
For external interrupts, the interrupt cycles are defined 
as the 3 cycles above plus the read of the vector num
ber. The interrupt cycle is a special case of the data fetch 
cycle. The function code pins are defined below. 

TYPE OF CYCLE FC1 FC2 

Interrupt 0 0 
Data Fetch 0 1 
Branch 1 0 
Program Fetch 1 1 

CRYSTAL SELECTION 

The wide frequency range of crystals that can be 
chosen for the MK68200 offers the user a large degree 
of flexibility. To aid in the selection of a suitable crystal, 
the suggestions shown in Figure 20 should be con
sidered by the user. The MK68200 offers an output pin 
that will provide a system clock signal at one-half of the 
crystal frequency. 

FREQUENCY RANGE SPECIFICATION 

1 MHz through 12.0 MHz PARALLEL RESONANCE 

FUNDAMENTAL MODE 

CL~ 20pFto40pF 

AT CUT 

Figure 20. Summary of Crystal Specifications 



ASSEMBLER DIRECTIVES 

Directive Function 

DC Define constant 

OS Define storage 

DUP Duplicate constant block 

END Program end 

EQU Equate symbol value 

FAIL Programmer generated error 

FORMAT Format the source listing 

IDNT Generate module ID 

LIST Enable the assembly listing 

LLEN Specify line length 

NOFORMAT Do not format listing 

NOLIST Disable assembly listing 

NOOBJ Disable object code generation 

NO PAGE Suppress paging 

OFFSET Define Offsets 

OPT Assembler output options 

ORG Define absolute origin 

PAGE Eject a page in the listing 

REG Define register list 

SECTION Define relocatable program section 

SET Set symbol value 

SPC Space between source lines 

TTL Specify heading title string 

XDEF External symbol definition 

XREF External symbol reference 

NOTES: 
1 .. size "" .B or .W (byte or word size) 
2. Options for the OPT directive include: 

CEX Print DC expansions 
NOCEX Do not print DC expansions (default) 
CL Print conditional assembly directives (default) 
NOCL Do not print conditional assembly directives 
CRE Print cross-reference table 
IMM.L Forces immediate operands for arithmetic instruc

tions ADD, SUB, DADD, and DSUB to use the long 
instruction form 

IMM.S Allows the assembler to select automatically the 
short form of the arithmetic instructions for small 
immediate values (0-15) (default) 

Assembler Syntax 

[label:] DC[.size]*1 ex pr {,expr} 

[label:] DS(.size]*' ex pr 

(label:] DUP[.size]*1 length, value 

END [start address] 

label: EQU ex pr 

FAIL expr 

FORMAT 

module_name: IDNT version, revision 

LIST 

LLEN length 

NOFORMAT 

NOLIST 

NOOBJ 

NO PAGE 

OFFSET ex pr 

OPT option2 {, option) 

ORG ex pr 

PAGE 

reg_list_name: REG[.size] register list 

(section_name:] SECTION number 

label: 

MC 
NOMC 
MD 
NOMD 
MEX 
NO MEX 
0 
NOO 
STR 
NOSTR 
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SET 

SPC 

TTL 

XDEF 

XREF 

Print macro calls (default) 
Do not print macro calls 

ex pr 

number 

title string 

symbol{. symbol} 

[sect no:] symbol -
{,[sect no]: symbol} 

Print macro definitions (default) 
Do not print macro definitions 
Print macro expansions 
Do not print macro expansions (default) 
Create object module (default) 
Do not create object module 
Print code generated by structured statements 
Do not print code generated by structured 
statements (default) 



GENERAL SYMBOL DEFINITIONS 

SYMBOL GENERAL SYMBOL DEFINITIONS 

Rn General Purpose Registers - DO-D7, AO-AS, SP, SR, 
DHO-DH7, DLO-DL7. 

RPn Register Pairs - DO-D1, D2-D3, D4-D5, D6-D7, 
AO-A1, A2-A3, A4-A5. 

An Address Registers - AO-AS, SP. 

Pn Ports - PO-P15, PHO-PH3, PLO-PL3. 

cc Condition Code - See Table. 

d16 16-Bit Address Displacement Field In Words. 

d13 13-Bit Address Displacement Field In Bytes. 

d9 9-Bit Address Displacement Field In Bytes. 

d8 8-Bit Address Displacement Field In Bytes. 

/lnx Immediate Data Field - x Number of Bits. 

0 Size Bit - '1' = Word, •o· = Byte. 

REGn 4-Bit Register Field - See Table. 

I PORTnl 4-Bit Port Field - See Table. 

~ 3-Bit Address Register Field - See Table. 

I PRTn I 3-Bit Port Field - See Table. 

I RGnl 3-Bit Register Pair Field - See Table. 

M Register Mask Field - See Table. 

!CONDI Condition Code Field - See Table. 

@] 3-Bit Class Field - See Table. 

[@ 2-Bit Class Field - See Table 

@] 1-Bit Class Field-See Table 

a Address Field - 16 Bits. 

II Immediate Data Field. 

n 3-Bit Shift Field - 2 s n s 7. 

b/I 4-Bit Bit Select Field. 

d Displacement Field. 

. B Byte Attribute . 

.w Word Attribute. 

. L Long Attribute . 

. s Short Attribute . 

[ l Optional Field. 
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FIELD DEFINITIONS 

[REGn I 4-Bit Register Map 

Bit Bit 
Register Field Register Field 

--
DO OHO 0 0 0 0 AO DLO 1 0 0 0 

·---
01 DH1 0 0 0 1 A1 DL1 1 0 0 1 

02 DH2 0 0 1 0 A2 DL2 1 0 1 0 

03 DH3 0 0 1 1 A3 DL3 1 0 1 1 

04 DH4 0 1 0 0 A4 DL4 1 1 0 0 

05 DH5 0 1 0 1 A5 DL5 1 1 0 1 
--

06 DH6 0 1 1 0 SP DL6 1 1 1 0 

07 DH7 0 1 1 1 SR DL7 1 1 1 1 

I PORTn] 4-Bit Port Map 

Bit Bit 
Port Field Port Field 

PO PHO 0 0 0 0 PS 1 0 0 0 

P1 PLO 0 0 0 1 P9 1 0 0 1 

P2 PH1 0 0 1 0 P10 1 0 1 0 

P3 PL1 0 0 1 1 P11 1 0 1 1 

P4 PH2 0 1 0 0 P12 1 1 0 0 

P5 PL2 0 1 0 1 P13 1 1 0 1 

P6 PH3 0 1 1 0 P14 1 1 1 0 

P7 PL3 0 1 1 1 P15 1 1 1 1 

[M 3-Bit Addr Reg Map [ PTRn I 3-Bit Port Map IRGnl 3-Bit Reg Pair Map 
·--

Bit Bit Bit 
Register Field Port Field Register Field 

AO 0 0 0 PHO 0 0 0 D0-01 0 0 0 

A1 0 0 1 PLO 0 0 1 02-03 0 0 1 

A2 0 1 0 PH1 0 1 0 04-05 0 1 0 

A3 0 1 1 PL1 0 1 1 06-07 0 1 1 

A4 1 0 0 PH2 1 0 0 AO-A1 1 0 0 

A5 1 0 1 PL2 1 0 1 A2-A3 1 0 1 

SP 1 1 0 PH3 1 1 0 A4-A5 1 1 0 

PL3 1 1 1 
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Bit 15 

Inc 

Word SR 

Dec 

Word DO 

Inc 

Byte DH? 

Dec 

Byte DLO 

M-REGISTER MASK MAP FOR MOVEM, PUSHM, AND POPM 

14 13 12 11 10 9 8 7 6 5 4 3 

SP A5 M A3 A2 A1 AO 07 06 05 04 03 

01 02 03 04 05 06 07 AO A1 A2 A3 M 

DL7 DH6 DL6 OHS DL5 DH4 DL4 DH3 DL3 DH2 DL2 DH1 

OHO DL1 DH1 DL2 DH2 DL3 DH3 DL4 DH4 DL5 DH5 DL6 

ICONDI CONDITION CODE TABLE 

Condition Bit 
Code Field Description Test 

z Zero 
EQ 0 0 0 0 Equal z 
Ml 0 0 0 1 Minus N 

L02 Lower 
cs 0 0 1 0 Carry Set c 
vs 0 0 1 1 Overflow Set v 

GE2 0 1 0 0 Greater than or Equal N .EOR. v 
GT2 0 1 0 1 Greater than Z .AND. (N .EOR. V) 

Hl2 0 1 1 0 Higher C .AND. Z 
F1 0 1 1 1 False Always False 

NE Not Equal 
NZ 1 0 0 0 Not Zero z 

-
PL 1 0 0 1 Plus N 

HS2 Higher or Same 
cc 1 0 1 0 Carry Clear c 
vc 1 0 1 1 Overflow Clear v 
LT2 1 1 0 0 Less than N .EOR. V 

LE2 1 1 0 1 Less than or Equal Z .OR. (N .EOR. V) 

LS2 1 1 1 0 Lower or Same C .OR.Z 

T1 1 1 1 1 True Always True 

NOTES: 
1. The assembler does not recognize the T and F condition codes. 
2. LT, LE, GT, and GE are used for unsigned conditions; LO, LS, HI, and 

HS are for unsigned conditions. 
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2 1 0 

02 01 DO 

A5 SP SR 

DL1 OHO DLO 

DH6 DL7 DH? 



INSTRUCTION CLASS FIELDS 

@] - 3-Bit Field ~ - 2-Bit Field @] - 1-Bit Field 

Bit Shift Bit1 Bit Arith' Logical Bit Arith2 Test Neg' 
Field Instr Instr Field Instr Instr Field Instr Instr Instr 

0 0 0 ROR BSET 0 0 ADDC OR 0 ADD TESTN NEGC 
-

0 0 1 ROL BCHG 0 1 SUBC EOR 1 SUB TEST NEG 

0 1 0 RORC BCLR 1 0 ADD AND 

0 1 1 ROLC BTST 1 1 SUB -

1 0 0 ASR -

1 0 1 ASL -

1 1 0 LSR 

B;XGj 1 1 1 -

NOTES: 
1. The bit fields do not apply to bit instructions using a port operand. 
2. These fields also apply to BCD instructions. 

INSTRUCTION FORMAT 

15 

PREFIX WORD 
(used only in some forms of the decimal and bit instructions) 

OPERATION WORD 
(contains the opcode and possibly the operands) 

EXTENSION WORD 
(optional • specified by the operation word to be 

immediate operand, mask field, displacement or absolute address) 
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INSTRUCTION 
MNEMONIC 

ADO 
AOOC 
SUB 
SUBC 

INSTRUCTION ATTR 
MNEMONIC SIZE 

ADO 
SUB 

ANO 
EOR 
OR 

Continued 
on next page 

OPERAND 
ASSEMBLER 
SYNTAX 

Soun::e,,,Src 
Destination "'Ost 
Src, Dst 
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OPERATION 

3 ADO 
Src ! Ost-· Ost 

6 ACiOC 
Src+Dst•C-Dst 

Os1 Src C - Ost 

6 Note. For addressing modes 
#n,Rx and #n,(Ax) with 1he 
ADO and SUB 1ns1ruc11ons. 

9 the assembler uses the short 
version for 1mmed1ate values 
,;4 bits 

OPERATION 

3 ADD 
Src + Ost - Ost 

SUB 
Ost Src -·Ost 

3 AND· 
Src .AND. Ds! - Ost 

Src .EOR Os! - Os! 

OR 
Src .OR Ost - Ost 

STATUS 
FLAGS 

NI Z 1 V C 

I STATUS 

1 

__ 

1
Fl.AGS 

i Ni z 

.. .. 0 0 



ANO 
EOR 
OR 
(cont) 

ASL 
ASR 
LSR 
ROL 
AOLC 
ROR 
RORC 

INSTRUCTION 
MNl!MONIC 

BCHG 
BCLR 
BEXG 
BSET 
BTST 

B I #f\16.(Ax) 

-- - ~ [W[ 

. t·(A~)·~·.{A;)·: B I 
[W[ 

I - -
B : #n16,(Ax) • 

!.W] 

f B (Ax) (Ay) 
[.W) I 

.B #n16,··(Ax) 
[W[ 

B Ry.d16(Ax) 
[WI 

B Ry,Addr 
{.W] 

1 OPERAND 
ASSEMBLER OPERATION W 

ATTR SYNTAX W 0 R D 0 
SIZE Souree "'Sre R 

DH!lnollon=Dol __ TTTTlTT {•H ;H~ ~ 
Ste,Det ~~1~~~1al7 6 5 4 3 2 1 0 
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OPERATION 

OPERATION 

STATUS 
FLAGS 

* * 0 0 

1 hlTATUS 
FLAGS 

~~F 
* * 0 * 

llDst(bN)rs 
1n the low 
byleolthe 
SR.then the 
other SR bits 

uncharoged. 



INSTRUCTION , ATTR 
MNEMONIC I SIZE 

OPERAND 
ASSEMBLER 
SYNTAX 

Source=Src 
Destination =Ost 

Src, Ost 

OPERATION 
WORD 

OPERATION 

BCHG 

BCLR 

BEXG 

BSET 

B 
Continued 

INSTRUCTION 
MNEMONIC 

BfST 
(cont) 

CALLA 

1 i -
Dst{bK) - C 

+----+---""--< 1 - Ost(bt) - Dst(bK) 

' I -

I 
Dst{b#) - C 
0 - Ost(bK) 

Dst{bK) - C 

I - #114,Px 4 [ POATKI 9 ~Ji 1 

L 1 --+-=-+-----· +----+-----< I -=- ~---- -o- ~§X__] F-+ 7 2 - 1121 

1 r--.-1 "°AT· I , -,--1 

Dst(b#) - C 
1 - Dst(b#) 

ATTR 
SIZE 

!ln4,Px 

OPERAND 
ASSEMBLER 
SYNTAX 

Source=Src 
Oeslinatloo =Ost 

Src, Ost 

~-11' 
I 

E 
x 
T 
E 
N 
s 
I 
0 
N 

Dst(bK) - C 

OPERATION 

9 Dst(bif)-C I - I RyP• f--'--+CREG_"_•a_u-+-F--+--'-1 ' 
7 jPORTxi 6 0 1 

(Ax) 5 0 ~ D F 1 ! - 9 1 PC + 2 - -(SP) 
(uncond1tmnal) I (Ax) - PC 

~~r 1 5 I F B F 2 a 9 PC + 4 - -(SP) r (uncond1h~~~-------i ----+---+-----c--+----+-r---M_d<_-_PC __ __, 

II N1~~~~i~~n~a~~~ IS 

mstruciion 

ii, !-LI 11 cc .. Addr s ~ e F 2 a i~~ I 11 co~-~si~t~~ ~~ 

CALLA T {.SJ I '" F 1·c==:= d ====::i 

~~- L ~,--:c_'"_"_"li_o_"'_'l_-+--5 F 9 I F 

iuncond1honal) 

CC. d16 5 LJ?.~ 9 F If COND is true. PC + ~-

' I - 10 PC + 2 - -(SP) 
PC + 4 + 2·(d) - PC 

2 d 9 PC + 4 - -(SP) 
PC+4+d-PC 

2 d F:6 

~ 

l 
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T:12 -(SP): PC+ 4 + d - PC 

NOTE: The initial PC value is 
1he location ol the CALLA 
instruction. The 
displacement, d13, is in 
signed magnitude 
representation. and the 
displacement, d16, is in 
two's complement 
representalion. 

STATUS 
FLAGS 

• • 0 

STATUS 
FLAGS 

0 • 



CMP 

Continued 
on neitl page 

OPERATION 

.B Addr 
[WJ 

F ~O 1 1 • 9 

i I:) Ry,R11. 6 ~~__,~1 1 0 ~ 1 3 °" &e 

1·~~~-- Pycc.R,------t---,,:--f--=""--'~""'•G"'•=;-1~=cs 1 1 o 1-~I 1 

r~--f(A-y)~.R-,-----i-~,-~f--=""--'=R~E~G=,~iFµJ•~1-1-1·t-,c~=·=,'"'1-·c1-t-·~~ 

1·-B (Ay)+Rll 4 ~lslt 1 0 o~ 1 
~ [.WJ • I '{-' 

[.:i -(Ay),Rll 4 ~~ 1 1 0 1 ~ 1 

~~ 1 1 1 1 C£."J 2 B d16(Ay),Rx 
[.WJ 

INSTRUCTION I ATTA 

E 
OPERAND x c 
ASSEMBLER OPERATION w T y 
SYNTAX WORD 0 E c 

MNEMONIC l SIZE Soutce=Srt: A N L OPERATION 

Destlnation=Dst 0 s 
E 

CMP 
(cont.) 

OAOD 
OADDC 
DSUB 
DSUBC 

!,+++2lfil· 1£4 ~EElo s I s SIC. Dllt 0 
N 

I • ....... 0 0 [f~r==:!::~ 1 - • Dst-Src 

G; .ln1S.Px ' I PORT• 1/ E F 'I• 9 

I i.iB (Ax).(Ay) 7 O QU!!J 1 1 1 o L£J 1 _ 9 r: ln18,(Ax) 7 0~[!]111 7 2, 9 
I l·WJ 

r·~~.(Ay)+ 7 1~[~1110~-~ 
t ~.l-------t---1 

.• fln16,(Ax)+ 7 1~[!]1 1 1 
(.WJ 

~- -(Ax).-(A~ 7 1~(!]1 1 1 1 C!LJ-~ 
[-~----+----+----+---+----e--+--+--< ~- l.1n16,.:.(Ax) 7 1~[!}111 1 F 2 I 9 

IWJ J 
81RyR11. A ~(!J~o~ 1 - 3 DA.DO 

I lWJ BCD ISrc + Ost - Dstl 

l~Ay)A• A I~~@] 1 O ~ 1 6 

--·--+------ "==t.=;-~ OSUB 

STATUS 
FLAGS 

i' •• 

STATUS 
FLAOS 

EEEE . . . 

u • u • 

l1,-c;.1. 1~~· ,c_,.J~+~~~ ... ,.~ 
I :ir·Rx A ~(!][CTI ~1 F 2 a 9 BCD [Ost - Src- 051) 

f-l 8 1#11t6.P.11. I A ~(!]~~ 1 \ 7 2 /1 6 DSUBC ! I IWJ l 1: l BCO i"" - ""' - c - 0"11 
COnlinued 
on nex1 page 
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-·----~~PE-A-AN_D ___ l ___ ~-::---~f: Cy-r-----·1· STATUS 

INSTRUCTION ! ATTR ~~~~~:LER W 0 R D 0 E . C ; FLAGS 
MNE:MONIC SIZE , R N L OPERATION 

'T ,---T-r··-- rr'TT'Trj ~ ~ • 
115:14113,12111110 g's 7!e s14·3·2!1 o ~ 5 

DADD 
DADDC 
DSUS 
osuec 
(cont.) 

ContinlH!d 
on nex1 page 

INSTRUCTION 
MNEMONIC 

DADO 
DAO DC 
DSUB 
DSUBC 
(cont.) 

DADD 
DSUB 

ATTA. 
SIZE 

I OPERAND 
I ASSEMBLER 

SYNTAX 

' Soun::e,,,Src 
Deatlnallon Dst 

Src, Ost 

B Ry.d16(Ax) 
[.WJ 

,---0 ~-:: T I 0 N 

I w 0 RD 

__ o_' __ _L~ __ __L__ __ ~--~-~ 
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w 
0 
A 
0 
s 

NOTE: For addressing modes I 
h'n.Rx and #n,(A~) w1lh the 

~~t~~t~~nds,~~~~ssembler ; 
uses the shon version !or 
immediate values :!i 4 bits 

OPERATION 

STATUS 
FLAGS 

I u • u • 

! 

+Ost .• Ds1] 

DSUB· 
BCD: [Ost - Src - DstJ 

15 

3 0 - L1E, 
Disable Interrupts 

u • u • 



INSTRUCTION 
MNEMONIC 

DIVU 

DNEG 
DNEGC 

OSUB 
OSUBC 

ATTA 
SIZE 

i -

I 

I RK,APy 

I 
8 Rx,d8 

IWI 

INSTRUCTION : ATTA 
MNEMONIC SIZE 

OPERAND 
ASSEMBLER 
SYNTAX 

Source,,,Src 
DesllnaHon ~-Ost 

El 

src, Dst 

- i
i 

EOR i see AND 
1 (page 9) 

EXG 

i 
I 
l-

EXT 

HALT 

JMPA 
!.L) ! :~~~nd1llonal) 
1L1··-!Mdr 

l(unconditmna!) 

I-LI : CC.Addr 

- --··· ~- -

' 

~

! 

t 
i 

i 

OPERATION 
WORD 

OPERATION 

STATUS 
FLAGS 

l~~Jo! 
I 

- i i~~ I RPy(M~&~Py(~:;(~::r~n) 1- -
[ MSW - even; LSW - odd I 

REc;X JliiJ[~~- ~!i-~-=_-____=-J 1 1- ~:::I ~~n-~;4~ik'.'1d~j ! gc j- - - -
I N.OTE· T.he initial PC value 1s [ 

the locatton of the DJNZ 

11 

1nstruct1on. The I 
I displacement value, d. is a 

magnilude. I 

F J 2 

_; -} --:-~;~,±-~y_i-] ' YJI ~'JI:::":- ~ -~·1 t I I - I BCD (0-Dst-C -· Ost] -, ~~~r1~~· ~~~~ L -, 
L__' __ c_· __ 1 _~ 3 I' I "I 
I ' 1r'l@1, ;(;c£J lj 1 

--,-t--,----1;;--1,--1, ;;-i 
-----tc------"---~ I 

7 fSl@_l]t, F I 
I ' 

c 

l~ OPERATION 

, 1-
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E 
s 

3 1 - UE 
I Enable Interrupts 

3 PC+2-PC 
Stop 

u * u * 

II STATUS 
FLAGS 

I 
f---TT 
IN I z Iv c 

1- - - -
I 



INSTRUCTION 
MNEMONIC 

JMPR 

LISA 
LIWA 

LSR 

MOVE 

Continued 
on next page 

INSTRUCTION 
MNEMONIC 

MOVE 
{con!.) 

Continued 
on next page 

ATTA 
SIZE 

OPERAND 
I ASSEMBLER 

I ::~:X=s.e I Oestlnatton=Dst 

IStc,Dst 

I see ASL 
(page 10) 

OPERATION 
WORD 
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OPERATION 

7 PC + 4 + 2·(d) - PC 

- F:4 If CONO i$ true. 
T:7 PC + 4 + 2•{d) - PC 

9 PC+4+d-PC 

NOrE: The mtlial PC value is 
thelocalion ollhe JMPR in· 
struction. The displacement, 
d16, 1s m two's complement 
representalion, and the dis-
placement. d9, is 1n signed 
magnitude representation. I 

1 - 3 I Src - Ost 

,-1 - rl 
_(_ __ ----j 

1 1- 6' 

STATUS 
FLAGS 

OPERATION 
II STATUS 

Fl.AGS 

~TzFF 
5«: - Ost 



ASSEMBl.ER 0 P E R A T I 0 N W STATUS 1- OPERAND 11 l 
INSTRUCTION ATTR SYNTAX W 0 R D . . ~ OPERATION FLAGS 

Desllnatlon=Dsl -_r T-T / CT:r.:T:-
MNEMONIC SIZE Source =Src 1 D 

i ·~ · D.. .;r.~~;TI±EYH+ +l1f ~ ~ 

I 
I I OPERAND T T: 

ASSEMBLER bPERATION W T 
INSTRUCTION ATTA S't'NTAX W 0 R D oll E 

MNEMONIC I SIZE I ~~':!,e.;;::=Dst ~ ~ 

I J·~·°" ·~·,,1~-:r.1,Is_EGEEI±. ~ 

c 
y 
c 
L 

• s 

T 
OPERATION 

MULU T - Rx APy I 5 ~~ 9 l[!§YJ 0 1 - 21 Rx • RPy(even) -1 RPy(even) RPyfodd) 1 MSW - ""'" LSW - odd 

NOP1-- 3 PC+2-PC 

NOT 

OR 
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STATUS 
FLAGS 

0 0 



INSTRUCTION ATTA 
MNEMONIC SIZE 

POP 

POPM 

PUSH 

PUSHM 

RET 

RETI 

OPERAND 
ASSEMBlER 
SYNTAX 

Soun::e=Src 
Destination= Ost 

OPERATION 
WORD 

I 
lw 

I 

The following symbols are used to describe 1he state of the S1atus Register flags 
• Set according to 1e~ult ol operation 
0 Cleared 
1 Set 
- Not affected 
U Undefined 
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Port Map 

Port Addr Description 15 14 13 12 11 10 9 8 

PHO 16 External 110 or 
PO PLO $FCOO Addr/Data Bus In 

Expanded Bus Mode 

PH1 16Ext110, Ext Interrupts. 
P1 PL1 $FC02 Serial Port 110, LB HB R/W DS DTACK AS BUSIN BUSOUT 

Bus Control LDS UDS BG ACK BG BR 

PH2 
RESERVED __. 

P2 PL2 $FC04 Reserved 

PH3 Serial Receive and 
--1 

P3 PL3 $FC06 Serial Transmit RECEIVE BUFFER 
Buffers 
8 External 110 STRH 

P4 $FCOB or Timer and TAO TBO TAI TBI RIG STRL RDYH RDYL 
Port O Handshake 

P5 $FCOA Reserved RESERVED 

P6 $FCOC Reserved - RESERVED 

P7 $FCOE Interrupt Latch RES NM! SPARE Xl21 STRLI TAO! TAii STRHI 
Register 

PB $FC10 Interrupt Mask RESERVED SPARE Xl2M STRLM TAOM TAIM STRHM 
Register 

Serial 110 Receive 
pg $FC12 Control and Status RE IS RW1 RWO RC SIS RESERVED 

t---
Register 

Serial 1/0 Transmit 
P10 $FC14 Control and Status TE AT LM TW1 TWO TC PIS RES 

Register 

P11 $FC16 Timer 8 Latch 

P12 $FC18 Timer A Low Latch 

P13 $FC1A Timer A High Latch 
t------ --

Timer Control, 
P14 $FC1C Interrupt Edge TEST RESERVED Xl2C RESERVED TCOC TAM1 

Select 

Port 0 Handshake 
P15 $FC1E mode, Bus Lock, SEG1 SEGO BLCK FIS PM3 PM2 PM1 PMO 

Bus Segment Bits 

Port 0 Direction 
P16 $FC20 Control 

(DDRQL 

Port 1 Direction 
P17 $FC22 Control 

t---+- JPDR]_ 
P18 $FC24 Serial 110 Mode 

and AIS WL1 WLO ST PAR1 PARO TCO WS 

t--- ~cR~ster 

P19 $FC26 Timer C Latch 
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Port Map 

Initial 
7 6 5 4 3 2 1 0 Condition 

-

1/0 Xl2 Xll XIO SI RCLK TCLK so -

RESERVED -

TRANSMIT BUFFER -

High Byte 
RESERVED 00----00 

RESERVED -

RESERVED -
RSCI RNI X111 TBOI TBll XIOI XMTI TCI $0000 

RSCM RNM X11M TBOM TBIM XIOM XMTM TCM $0000 

BF OE PE FE SF/AF ~RESERVED--------.i $0000 

BE UE END RESERVED $00AO 

-
-
-

TAMO TAE TAIC TAOC TBM1 TBMO TBE TBIC $0000 

Mode pin: 

RESERVED 
VCC-$0COO 
CLKOUT-$0EOO 
GND-$0FOO 

I 
$0000 

$0000 

SYNC7 SYNC6 SYNCS SYNC4 SYNC3 SYNC2 SYNC1 SYN CO $0000 

-

NOTE: 
When a reserved bit is read, it is read as a zero. 
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PORT DESCRIPTIONS 

lmponant note: All pon bits that are not explicitly defined are reserved for possible use in future MK68200 family 
members. If reserved bits are written, they should be written with zero values. When reserved bits are read, they 
are read as zeros. 

PORT O - 16 External 110 Bits; read/write 
$FCOO (used as address/data lines in external bus configurations) 

I I I I I I I I I I I I I I I I I 
15 14 13 12 11 10 9 8 7 

PORT 1 -16 External 110 Bits, including Interrupt, Serial 110, 
$FC02 and Bus Control (shown for GP bus); read/write 

L H R D D A B B I 
B B I s T s u u I 

Vii A s s 0 
c I 0 
K N u 

T 

15 14 13 12 11 10 9 8 7 

PORT 2 -Reserved 

PORT 3 -Serial llO:Transmit Buffer (Low byte; read/write) 
$FC06 Receive Buffer (High Byte; read only) 

15 14 13 12 11 10 9 8 7 
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6 5 4 3 2 0 

x x x s R T s 
I I I I c c 0 
2 1 0 L L 

K K 

6 5 4 3 2 0 

6 5 4 3 2 0 



PORT 4 -8 External 1/0 Pins (Timer and Port O Handshake Lines); 
$FC08 Inputs: read only 

Outputs: read/write 

T T T T s 
A B A B T 
0 0 I I R 

H 

15 14 13 12 11 

s R R 
T D D 
R y y 
L H L 

10 9 8 

Note: STRH is also R/G in the expanded bus modes. 

PORT 5 -Reserved 

PORT 6 -Reserved 

PORT 7 -Interrupt Latch Register; read/write 
$FCOE 

N s x s T T 
r M p I T A A 
e I A 2 R 0 I 
s R I L I I 

E I 

15 14 13 12 11 10 9 

PORT 8 -Interrupt Mask Register; read/write 
$FC10 

1 s x s T T 
p I T A A 

(res) A 2 R 0 I 
R M L M M 
E M 

l 
15 14 13 12 11 10 9 

s 
T 
R 
H 
I 

8 

s 
T 
R 
H 
M 

8 
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1 1 

L L 
7 6 

R R 
s N 
c I 
I 

7 6 

R R 
s N 
c M 
M 

7 6 

T -i- I 

(reserved) 

J_ J_ l 
5 4 3 2 0 

x T T x x T 
I B B I M c 
1 0 I 0 T I 
I I I I I 

5 4 3 2 0 

x T T x x T 
I B B I M c 
1 0 I 0 T M 
M M M M M 

5 4 3 2 0 



INTERRUPT AND RESET VECTORS 

VECTOR NU~l'J!'£1 NAME MNEMONIC VECTOR LOCATION -----
0 RESET RESET $0000 

NON-MASKABLE INTERRUPT NMI $0002 LEVEL 2 

2 SPARE SPARE $0004 

3 EXTERNAL INTERRUPT 2 Xl2 $0006 

4 STROBE LOW STRL $0008 

5 TIMER A OUTPUT TAO $000A 

6 TIMER A INPUT TAI $000C 

7 STROBE HIGH STRH $000E 

8 RECEIVE SPECIAL CONDITION RSC $0010 
LEVEL 1 

9 RECEIVE NORMAL RN $0012 

A EXTERNAL INTERRUPT 1 Xl1 $0014 

B TIMER B OUTPUT TBO $0016 

c TIMER B INPUT TBI $0018 

D EXTERNAL INTERRUPT 0 XIO $001A 

E TRANSMIT XMT $001C 

F TIMER C TC $001E 

NOTE: Reset and Interrupt sources are listed in order of decreasing priority with RESET having the highest priority. 
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PORT 9 -Serial 110 Receive Control and Status Register; 
$FC12 High byte: control register; read/write 

Low byte: status register; read only 

R I 
E s 

15 14 

R R R s 
w w c I 
1 0 s 

13 12 11 10 9 

Bit Descriptions: 

RE 
(Receiver Enable control) 

IS 
(Ignore Syncs control) 

RW1, RWO 
(Receiver Wake-up 
control) 

1 

(res) 

I 
8 

B 0 p F SF 
F E E E I 

AF 

7 6 5 4 3 

0 =Disabled; all status flags cleared. 
1 =Enabled. 

0 =Disabled; interrupts may occur on 
all characters received. 

1 = Enabled; interrupts cannot occur 
on sync characters received after 
the sync match is found. 

The receiver wake-up control bits 
operate as follows. 

I 

l 
2 

APPENDED BUFFER INTERRUPT 

RC 

MODE 
No Wake 
up 

Wake-up 
on Any 
Character 

Wake-up 
on Address 
Match 

Wake-up 
on Any 
Address 

RW1 

0 

0 

(Receive Clock control) 

RWO WAKE-UP LOADED GENERATED 
0 

0 

no any 
character 

yes any 
character 

yes address 
match 

yes any 
address 

0 =Selects external receive clock 
applied on RCLK. 

RN 

RN 

RSC 

RSC 

1 =Selects internal clock from the on
chip baud rate generator (Timer 
C) for the receive clock. 

This bit is ignored when either the 
TCO bit or the LM (Loopback 
Mode) bit is set. 
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I 

(res) 

l 
0 



SIS 
(Single Interrupt Select 
control) 

BF 
(Buffer Full status) 

OE 
(Overrun Error status) 

PE 
(Parity Error status) 

FE 
(Frame Etror status) 

SF/AF 
(Sync Found or Address 
Found status) 

MODES 
SS ~ RW1 RWO 
1 x x x 
0 1 x x 
0 0 0 0 
0 0 1 1 
0 0 1 0 
0 0 0 1 

0 =Separate vectors are generated 
for the Receive Normal and the 
Receive Special Condition 
interrupts. 

1 =The Receive Normal vector is 
generated for all receive character 
interrupts. 

O =Receive data buffer empty; 
cleared when receive buffer is 
read. 

1 =Receive buffer full; set when an 
incoming word is loaded into the 
receive data buffer. 

0 = No overrun error; cleared when 
the status register is read. 

1 =Overrun error; set when a new 
word has been received and the 
previous word has not been read 
from the receive data buffer. 

0 = No Parity Error; cleared when the 
status register is read. 

1 =Parity Error; set when a parity 
error has been detected on an 
incoming character in the data 
stream. 

0 =No frame error; cleared when the 
status register is read. 

1 =Frame error; set when a word is 
transferred to the receive data 
and no stop bit has been 
recognized. 

This flag applies to async formats 
only. 

This flag is used for both sync 
character match conditions and 
address found conditions in some 
wake-up modes as follows. 

CONDITIONS THAT SET SF/AF 

Sync Found on any bit boundry 
unaffected 
unaffected 
Any Address 
Address Match 
unaffected 
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PORT 10-Serial 1/0 Transmit Control and Status Register 
$FC14 High byte: control register; read/write 

Low byte: status register; read only 

T A L T T T p 
E T M w w c I r 

1 0 s e 
s 

15 14 13 12 11 10 9 8 

Bit Descriptions: 

TE 
(Transmitter Enable control) 

AT 
(Automatic Turn Around control) 

LM 
(Loopback Mode control) 

TW1, TWO 
(Transmit Wake-up control) 

TC 
(Transmit Clock control) 
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B u E T I I 
E E N 

D (reserved) 

J 
7 6 5 4 3 

O =Disable the transmitter; any 
word being shifted out will 
continue until completion. 

1 = Enable the transmitter. 

O =No effect on TE or RE. 

l 

1 =Causes RE to be set to a "1" 
and TE to be set to a "O" 
automatically at the end of a 
transmission. 

O =Disables loopback mode. 

2 

1 =Causes the transmitter output to 
be internally connected to 
receiver input. Also causes 
Timer C to be used for both the 
transmit and receive clocks 
regardless of the state of TC, 
RC, TCO, and TCOC. 

These bits provide control for wake
up operation as follows. 

TW1 TWO OPERATION 

1 O Transmit Data 
1 1 Transmit Address 
O X No Wake-up 

O =Selects the external clock signal 
applied on TCLK for the 
transmit clock. 

1 =Selects the internal baud rate 
generator output (Timer C) for 
the transmit clock. 

This bit is ignored if either the TCO 
bit or the LM bit is set. 

l 

T 

l 
0 



PIS 
(Previous/Sync control) 

BE 
(Buffer Empty status) 

UE 
(Underrun Error status) 

END 
(End of Transmission status) 

PORT 11-Timer B Latch; read gets counter value; 
$FC16 write goes to latch 

0 =Selects continuous transmission of 
the contents of the sync character 
register in the synchronous mode 
when there is no data to transmit. 

1 =Selects continuous transmission of 
the transmit data buffer in 
synchronous mode when there is 
no data to transmit. 

0 =Transmit Buffer is full; reset to this 
condition after the transmit 
buffer is reloaded. 

1 =Transmit Buffer is empty; set to 
this condition after the transmit 
buffer contents are transferred to 
the output shift register. 

0 =No underrun error; cleared 
following a read of the transmit 
buffer. 

1 = Underrun error; set only in the 
synchronous mode when the last 
word has been shifted out and 
transmit buffer has not been 
reloaded. 

0 =No end of transmission; cleared 
by enabling the transmitter. 

1 =End of transmission detected; set 
when the transmitter is disabled 
and the last character has been 
shifted out. 

I I I I I I I I I I I I I I I I I 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
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PORT 12-Timer A, Low Latch; read gets counter or latch value; 
$FC18 write goes to latch 

U~l I I I I I I Ill l l IU 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

PORT 13-Timer A, High Latch; read gets counter or latch value; 
$FC1A write goes to latch 

I I I I I I I I I I I I I I I I I 
15 14 13 12 11 10 9 8 7 6 5 4 3 

PORT 14-Timer Control, Interrupt Edge Select; read/write 
$FC1C 

T 1 
E 
s (res) 
T 

l 
15 14 13 

x T T 
I c 
2 (res) 0 
c c 

J_ 
12 11 10 9 

Bit Descriptions: 

TEST 
(Test mode control) 

T T T T T T 
A A A A A B 
M M E I 0 M 
1 0 c c 1 

8 7 6 5 4 3 

O =Normal operation; cleared on user 
control and on reset. 

1 =Selects test mode; not to be used 
during normal operation. 

Xl2C 0 =Interrupt on falling edge of Xl2. 
(External Interrupt 2 Control) 1 =Interrupt on rising edge of Xl2. 

TCOC 
(Timer C Output Control) 

0 =When TCO = 1, TCLK is selected 
for use as a general purpose 1/0 
pin. 

1 =When TCO = 1, TCLK is selected 
for use as an output for Timer C. 

TCOC has no effect when TCO = 0. 

3-238 

2 0 

T T T 
B B B 
M E I 
0 c 

2 0 



TAM1, TAMO 
(Timer A Mode control) 

TAE 
(Ti mer A Enable control) 

TAIC 
(Timer A Input Control) 

TAOC 
(Timer A Output Control) 

TBM1, TBMO 
(Timer B Mode control) 

TBE 
(Timer B Enable control) 

TBIC 
(Timer B Input Control) 

These bits select the operating mode 
of Timer A as follows. 

TAM1 TAMO MODE 

0 0 Interval 
0 1 Event 
1 0 Pulse/period 1 
1 1 Pulse/period 2 

0= Disables Timer A; all Timer A 
operations are inhibited, and the 
timer counter is initialized. 

1 = Enables Timer A; the timer begins 
operation as defined by the other 
Timer A control bits. 

0= Selects a negative transition as 
the active edge for TAI. 

1 = Selects a positive transition as the 
active edge for TAI. 

0= Selects TAO as a general purpose 
output pin. 

1= Selects TAO as an ouput pin 
associated with Timer A; TAO is 
initialized low when TAOC is a 
one and TAE is zero. 

These bits select the operating mode 
of Timer B as described below. 

TBM1 TBMO 

0 0 

0 

0 

MODE 

Interval 0 
(TBO is not used) 
Interval 1 
(TBO is used) 
Retriggerable 
one-shot 
Non-retriggerable 
one-shot 

0= Disables Timer B; all operations 
are inhibited, and the timer 
counter is initialized. 

1= Enables Timer B; the timer 
begins operation as defined by 
the other Timer B control bits. 

0= Selects a negative transition as 
active on TBI. 

1 = Selects a positive transition as 
active on TBI. 
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PORT 15-Port 0 Handshake Mode, FasUStandard, Bus Lock, and Bus 
$FC1E Segment Bits; read/write 

r- s s 
E E 
G G 
1 0 

15 14 

B F p 
L I M 
c s 3 
K 

13 12 11 

Bit Descriptions: 

SEG1, SEGO 
(Segment bits) 

BLCK 
(Bus Lock control) 

FIS 

p p 
M M 
2 1 

10 9 

(FasUStandard timing control) 

PMO, PM1, PM2, PM3 
(Port Mode control) 

PM3 PM2 PM1 
0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 

0 

PMO 
0 
1 
0 
1 
0 
1 
0 
1 

0 

0 
1 

p I 1 1 1 1~ 
M 
0 (reserved) 

l l l l l 
8 7 6 5 4 3 2 

Used in the expanded bus mode when a 
reference is made to the DMA window. The 
contents of SEG1 and SEGO are then output 
on pins AD15 and AD14, respectively. 

O = Disables the bus lock function. 
1 =Enables the bus lock function. 

O =Selects standard timing of read/write 
cycles on the external bus (4 clock 
periods}. 

1 =Selects fast timing of read/write cycles on 
the external bus (3 clock periods.) 

These bits allow the user to select one of 
eight different handshaking modes. 

HIGH HANDSHAKE LOW HANDSHAKE 
Inactive PLO or PO output 
PHO output PLO output 
Inactive PLO input 
PHO input PLO input 
PHO input PLO ouput 
Inactive PO input (word only) 

l 

PLO output PLO input (bidirectional) 
PO output PO input (bidirectional) 

Inactive Inactive 

Full Expansion (62K external bus) 
Partial Expansion (16K external bus) 
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PORT 16-Port 0 Data Direction Control (DORO); read/write 
$FC20 

I I I I I I I I I I I I I I I I I 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 

0-Corresponding Port O bit is input. 
1-Corresponding Port 0 bit is output. 

PORT 17-Port 1 Data Direction Control (DDR1); read/write 
$FC22 

0 

I I I I I I I I I I I I I I I I I 
15 14 13 12 10 9 8 7 6 5 4 3 2 

0-Corresponding Port 1 bit is input. 
1-Corresponding Port 1 bit is output. 

PORT 18-Serial 1/0 Mode and Sync Register; read/write 
$FC24 

A 
I 
s 

15 

w w s p p T 
L L T A A c 
1 0 R R 0 

1 0 

14 13 12 11 10 9 

Bit Descriptions: 

AJS 
(Asynchronous/Synchronous mode 
control) 

Wll, WLO 
(Word Length control) 

w 
s 

8 

3-241 

s s s s s s 
y y y y y y 
N N N N N N 
c c c c c c 
7 6 5 4 3 2 

7 6 5 4 3 2 

0 =Selects synchronous operation for 
the serial port; transmit and 
receive clocks are divided by 1. 

1 =Selects asynchronous operation 
for serial port; transmit and 
receive clocks are divided by 16. 

These two bits select the length of 
the data word as follows. 

WL1 WLO Word Length 
0 0 8 bits 
0 1 7 bits 
1 0 6 bits 
1 1 5 bits 

0 

s s 
y y 
N N 
c c 
1 0 

0 



ST 
(Stop Bit control) 

PAR1, PARO 
(Parity control) 

TCO 
(Timer C Output mode 
control) 

WS 

(Wake-up Sense) 

SYNC7-SYNCO 

(Sync character bits) 

This bit is only used in the 
asynchronous mode. It selects the 
number of stop bits transmitted. 

ST Number of Stop Bits 
0 1 
1 2 

These two bits provide parity control 
for both the synchronous and asyn
chronous modes. 

PAR1 PARO Parity 
0 0 no parity 
0 1 fixed "O" parity 
1 0 odd parity 
1 1 even parity 

Note that even parity is defined such 
that the sum of the data and parity 
bits is even. 

0= Disables Timer C output mode. 
1= Enables Timer C output mode; 

disables Timer C's use as a 
baud rate generator when LM = 
O; causes transmit and receive 
clocks to be internally connected 
to RCLK so that TCLK may be 
used either as general purpose 
1/0 or as an output for Timer C. 

The following table lists the effects 
of 
the WS bit. 

WS Wake-up bit 

0 0 
0 1 

0 
1 

Meaning 
Address Word 

Data Word 

Data Word 
Address Word 

These eight bits are used to store 
the 
sync character or the device address 
for the wake-up mode. 

PORT 19-Timer C Latch; read gets counter, write goes to latch and counter 
$FC26 

I I I I I I I I I I I I I I I I 1 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
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ELECTRICAL SPECIFICATIONS 

ABSOWTE MAXIMUM RATINGS 
Temperature Under Bias. . ....... . ....... -25°C to +100°C 
Storage Temperature ......................... . 
Voltage on Any Pin with Respect to Ground ........................ . 

. ....... -65°C to +150°C 
. . -0.3 V to +7 V 

Power Dissipation .................................... . . ................. 1.5 w 
Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and funchonal operation 
of the device at these or any other condition above those indicated in the operation sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

MK68200 DC ELECTRICAL CHARACTERISTICS 
(Vee. 5.0 V ± 5%, Ta = 0° to 70°C) 

SYMBOL PARAMETER 

VIL Input low voltage; all inputs 

VIH Input high voltage; all inputs 

VoL Output low voltage; all outputs 

VoH Output high voltage; all outputs 

Ice Input power supply current 

lu Input leakage current 

ILO Three-state output leakage current in 
float 

CAPACITANCE 

MIN 

-0.3 

2.0 

2.4 

Ta = 25°C, f 12 MHz with unmeasured pins returned to ground. 

SYMBOL PARAMETER MAX 
... ------------

C1N Input Capacitance 10 

Cour Three-state Output Capacitance 10 
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TEST 
MAX UNITS CONDITIONS 

0.8 v 

Vee v 
0.4 v loL = 2.0 mA 

v loH= -250µA 

220 mA Outputs Open 

±10 µA VIN = 0 to Vee 

±10 µA Vour = 0.4 V to 
Vee 

UNIT TEST CONDITION 
--·--·--·---·--j ·-------~--

pF Unmeasured pins 
returned to 

pF ground 



MK68200 AC ELECTRICAL SPECIFICATIONS 
T8 = 0°C to 70°C, Vee = +5V ±5% unless otherwise specified. 
AC measurements are referenced from minimum V1H or maximum V1L for inputs and from minimum VoH or 
maximum V0 L for outputs. 

4 MHz 
NO. DESCRIPTION 

MIN MAX 

1 RESET low time 20 

2 CLK 1 width high (external 45 
clock input) 

3 CLK 1 width low (external 45 
clock input) 

4 CLK 1 period (external clock input) 125 1000 

5 Crystal input frequency 1.000 8.000 

6 Clock Period (PHI 1) 250 

7 PHI 1 low to PHI 1 high 125 

8 PHI 1 high to PHI 1 low 125 

9 PHI 1 low to CLKOUT low 40 

10 PHI 1 high to CLKOUT high 40 

MK68200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS 
(UPC, GP, AND PRIVATE BUSES) 

4MHz 
NO. DESCRIPTION 

MIN MAX 

11 PHI 1 low to RIW, HB, or LB 115 
valid 

12 PHI 1 high to AS low 115 

13 PHI 1 low to address valid 115 

14 AS low to address invalid 70 

15 PHI 1 low to tri-state address 90 

16 Tri-state address to DS, LDS, 10 
or UDS starting low (fast cycle) 

17 PHI 1 low to DS, LDS, or UDS 165 
low (fast cycle) 

18 PHI 1 low to data out valid during 115 
write 

19 PHI 1 low to RIW, HB, LB 0 
invalid 

20 PH I 1 low to address/data bus 0 
driven 

21 AS low to DS, LDS, or UDS 100 225 
starting low (fast cycle) 
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GM Hz 

MIN MAX 
UNITS NOTES 

20 state 1 
times 

30 ns 

30 ns 

83 1000 ns 

1,000 12.000 MHz 

167 ns 

83 ns 

83 ns 

27 ns 

27 ns 

6MHz 

MIN MAX 
UNITS NOTES 

76 ns 2 

76 ns 2 

76 ns 2 

50 ns 2 

60 ns 2 

10 ns 2 

110 ns 2 

76 ns 2 

0 ns 2 

0 ns 2 

70 150 ns 2 



MK68200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS 
(UPC AND GP BUSES) 

4 MHz 
NO. DESCRIPTION 

MIN MAX 

22 Tri-state address to DS, LDS, 135 
or UDS starting low (standard 
cycle) 

23 PHI 1 high to DS, LDS, or UDS 165 
low (standard cycle) 

24 Valid Data Setup to PHI 1 low 10 

25 AS low to DS, LDS, or UDS 225 350 
starting low (standard cycle) 

26 R/W, HB, or LB valid to AS 60 
starting low 

27 Address valid to AS starting low 60 

28 Input data hold time from PHI 1 45 
low 

29 Input data hold time from DS, 0 
LDS, or UDS high 

30 PHI 1 low to DS, LDS, or UDS 180 
high 

31 DTACK low setup to PHI 1 high 15 

32 LDS, UDS, or DS high to -30 
DTACK high (hold time) 

33 LDS, UDS, or DS pulse width 240 

34 PHI 1 high to AS high 90 

35 PHI 1 low to data out invalid 0 

36 AS inactive 235 

37 DS, LDS, or UDS high to data 180 
out invalid 

38 DS, LDS, or UDS high to AS 5 
high 

&MHz 

MIN MAX 

90 

110 

5 

150 230 

60 

60 

30 

0 

120 

10 

-30 

150 

60 

0 

150 

110 

5 

MK68200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (UPC BUS) 

4 MHz 6 MHz 
NO. DESCRIPTION 

MIN MAX MIN MAX 

39 BGACK low to BR high 100 450 100 300 

40 BG low to BGACK low 50 600 50 400 

41 BGACK, AS, DTACK, inactive 0 600 0 400 
to BGACK low; BG already low 

42 BGACK low to AS, UDS, LDS, 40 135 40 90 
or address/data bus driven 

43 AS, LDS, UDS or address/data 0 180 0 120 
bus tri-state to BGACK high 
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UNITS NOTES 

ns 

ns 2 

ns 2 

ns 2 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 



MK68211 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (GP BUS) 

4 MHz 6 MHz 
NO. DESCRIPTION 

MIN MAX MIN MAX 
UNITS NOTES 

44 Tri-state AS, DS, RIW, LB, HB 175 100 ns 
to BUSOUT low (bus granter, fast 
cycle, (no wait states) 

45 BUSIN low to BUSOUT low (bus 1900 1200 ns 
granter, fast cycle, no wait states) 

46 BUSOUT high to AS, RIW, LB, 15 15 ns 
HB driven (bus granter) 

47 BUSIN high to BUSOUT high 520 900 300 600 ns 
(bus granter) 

48 Tri-state address/data bus to 70 70 ns 
BUSOUT low (bus granter) 

49 BUSOUT high to address/data 50 50 ns 
bus driven (bus granter) 

50 BUSOUT low to AS, DS, RIW, 240 150 ns 
LB, HB driven (bus requester, 
BUSIN low) 

51 BUSIN low to AS, DS, RIW, LB, 270 650 180 500 ns 
HB driven (bus requester, 
BUSOUT low) 

52 Tri-state AS, DS, RIW, LB, HB, 180 100 ns 
to BUSOUT high (bus requester) 

53 BUSOUT high to BUSIN high 530 400 ns 
(bus requester) 

54 BUSIN low to address/data bus 350 250 ns 
driven (bus requester) 

55 Tri-state address/data bus to 100 65 ns 
BUSOUT high (bus requester) 

MK68E200 BUS AC ELECTRICAL SPECIFICATIONS (PRIVATE BUS) 

4 MHz 6 MHz 
NO. DESCRIPTION 

MIN MAX MIN MAX 
UNITS NOTES 

56 Valid Data Setup to PHI 1 low 30 20 ns 

57 PBRIW valid to PBAS starting 40 40 ns 
low 

58 Address valid to PBAS starting 35 35 ns 
low 

59 Input data hold time from PHI 1 0 0 ns 
low 

60 Input data hold time from PBDS -25 -25 ns 
high 
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MK68E200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (PRIVATE BUS) (Cont.) 

4 MHz 6 MHz 
NO. DESCRIPTION 

MIN MAX MIN MAX 
UNITS NOTES 

61 PHI 1 low to PBDS high 160 105 ns 

62 PBDTACK low setup to PHI 1 high 20 15 ns 

63 PBDS high to PBDTACK high -15 -15 ns 
(hold time) 

64 PBDS pulse width 190 125 ns 

65 PHI 1 high to PBAS high 115 75 ns 

66 PHI 1 low to data out invalid 10 10 ns 

67 PBAS inactive 200 135 ns 

68 PBDS high to data out invalid 200 135 ns 

69 PBDS high to PBAS high 15 15 ns 

MK68200 INPUT/OUTPUT AC ELECTRICAL CHARACTERISTICS 

4 MHz 6 MHz 
NO. DESCRIPTION MIN MAX MIN MAX UNITS NOTES 

70 Active and inactive For Xl2, Xl1, 
pulse times STRH, STAL, 

TAI, TBI, NMI 5 5 state 1 

For XIO 3 3 times 

71 Input data setup to falling edge of 15 10 ns 
STRH, STRL 

72 Input data hold from the falling 60 40 ns 
edge of STRH, STRL 

73 RDYH, RDYL low time 1 3 1 3 state 1 
times 

74 Delay from STRH, STRL high to 110 75 ns 
RDYH, RDYL low 

75 Delay from data valid to RDYH, 3 3 state 1 
RDYL high (output mode) times 

76 Delay from STRH high to data out 90 60 ns 
(bidirectional mode) 

77 Port O data hold time from STRH 25 20 ns 
low (bidirectional mode) 

78 Delay to Port O float from STRH 85 55 ns 
low (bidirectional mode) 

79 TCLK,RCLK period as input .250 DC .167 DC 

(asynchronous) as output .500 DC .334 DC µS 

TCLK,RCLK period 1.0 DC .667 DC 
(synchronous) 

80 TCLK, RCLK width low as input 1 DC 1 DC state 1 

as output 2 DC 2 DC times 

81 TCLK, RCLK width high as input 1 DC 1 DC state 1 

as output 2 DC 2 DC times 
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MK68200 INPUT/OUTPUT AC ELECTRICAL SPECIFICATIONS 

NO. DESCRIPTION 
MIN 

82 TCLK low to SO TCLK as input 330 
delay (sync mode) 

TCLK as output 75 

83 SI to RCLK high RCLK as input 30 
setup time (sync 
mode) RCLK as output 180 

84 SI hold time from RCLK as input 45 
RCLK high 
(sync mode) RCLK as output 0 

NOTES 
1. One state time is equal to one-half of the instruction clock (PHI 1) period. 
2. For the private bus case, the signals referenced apply to the equivalent 

private bus signals. 

LOAD 1 

IN914 
TEST POINT 

TEST LOAD 1 IS APPLICABLE TO 
ALL PINS EXCEPT P!-12 AND P1·8. 

4 MHz 

MAX 

Figure 21. Output Test Load 
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6 MHz 

MIN MAX 
UNITS NOTES 

220 
ns 

50 

20 
ns 

120 

30 
ns 

0 

LOAD 2 

TEST POINT 

~Vee 

·-- _ __l_ 2Kll (1%) 150pFI 

TEST LOAD 2 IS APPLICABLE TO 
P1·12 AND P1-8. 



CLK 1 
(EXTERNAL CLOCK 

SIGNAL) 

RESET 

Xl2, Xl1, XIO, 
TAI, TBI, NMI 
STAL, STRH 

PHI 1 

CLKOUT 

R/W 

A/D (READ) 

A/D (WRITE) 

_m~~ 
=:I 0){( i------
--~ 

Figure 22. MK68200 AC Timing 

S2 S3 S4 SS 

1 I ~"--I @ 

ADDRESS DATA OUT 

j. ®--

Figure 23. MK68201 UPC Bus Timing (Fast Cycle) 
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PHl1 

AID 
(READ) 

SO S1 S2 S3 S4 SS S6 S7 

-----© 

1-l®C-
(:;~ITE) ===>< ADDRESS ~ 

l-@-j 

Figure 24. MK68201 UPC Bus Timing (Standard Cycle) 
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CLKOUT ~ 

BG 

BGACK 

® 

AS 

OS 

OTA CK 

Figure 25. MK68201 UPC Bus Arbitration Timing 
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SO S1 S2 S3 S4 SS 

~· i-0 ~· 0J 0 
~ 

OS 

OT ACK 

I -l®r 
A/O (WRITE) ===:><: ADDRESS xt 

Figure 26. MK68211 GP Bus Timing (Fast Cycle) 
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SO S1 S2 S3 S4 S5 $6 S7 

PHI 1 

CLKOUT 

RIW 

Lil HB 

AS 

A/D 
(READ) 

-© 

A/D =:::x 
(WRITE) 

Figure 27. MK58211 GP Bus Timing (Standard Cycle) 
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CLKOUT 

A/D 
(READ) 

HB' 

LB' 

R/W* 

$2 $3 $4 $5 $6 $7 

I I 

I I 

---@-1 __ _ 

°"1 ~ 

Figure 28. MK68211 GP Bus Timing (Interrupt Acknowledge Timing) 
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CLKOUT 

AS,DS,R7W 
CB, HB 

AID 

CLKOUT 

AS,DS,RtW 
IB, He 

BUS OUT 

BUS/N 

AID 

------1®- t-® -
Figure 29. MK68211 GP Bus Arbitration Timing (Bus Grantor) 

(\ !] ---t®~ @ 

®~ ® 

@~ l® 
Figure 30. MK68211 GP Bus Arbitration Timing (Bus Requestor) 
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SO S1 SS 

"~"' ~ I I ! -1 r----®@ 

:::""!E@J @ I -I ® ~~ 
PBAS l@ @ ,..___®_'®l __ 1 -@--~-@) ___, ~ ~ 
r:E:~ ADDRESS DATA IN '---

LJJ @ @~I I 

I I ----

I -l®t= 
PB A/D --V \if" 
(WRITE) ___A ADDRESS l''!c 

Figure 31. MK68200 Private Bus Timing (Fast Cycle) 
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STRH 

STAL 

PORTO 

INPUT 

RDYH 

AOYL 

STRH 

STAL 
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t® 
){ 

®~ 

~®1 
I 

Figure 32. Input/Output AC Timing (Data Input) 

@--

Figure 33. Input/Output AC Timing (Data Output) 
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PORTO INPUT DATA If 

I-@ ®~ 
®--J ~ t= ~ 

~®ti 
RDYL . 

~~~- -~~~~----'/ 

RDYH 

STRH 

Figure 34. Input/Output AC Timing (Bidirectional 1/0) 

TCLK 

-

OUTPUT DATA 

11 

®L 
---------~r------so 

RCLK 

SI 

Figure 35. Input/Output AC Timing (Serial 1/0) 
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PART NUMBERING INFORMATION 

There are two types of part numbers for the 68200 
family of devices. The generic part number describes 
the basic device type, the amount of ROM and RAM, 

Generic Part Number 

An example of the generic part number is shown below: 

MK6820 4 4 N 0 6 

the desired package type, temperature range, power 
supply tolerance, and expandable bus interface type. 
The device order number indicates the specific mask 
set Mostek will use to manufacture the device, along 
with package type, speed grade and temperature range. 

Denotes maximum instruction clock 
frequency. 

4 - 4 MHz 
6 = 6 MHz 

Denotes operating temperature range. 
0 = O'C to +70'C 
1 = -40'C to +85'C3 

Package Type 

l ______ RAM Designator 

P = Ceramic DIP 
N = Plastic DIP 
E = Leadless Chip Carrier1 
Q = Plastic Leaded Chip Carrier3 
G = Pin Grid1·3 

4 = 256 Bytes 

NOTES 
1. Available for emulator only. 
2. Must be "O" when specifying the emu!ator. 
3. Contact Mostek for availability 
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8 = 512 Bytes 
C = 1024 Bytes1,3 

ROM Designator. O = None2 

4 = 4K Bytes 

Basic Device Type. 68201 = UPC Bus 
68211 = GP Bus 

68E201 Emulator with 
UPC Bus 

68E211 Emulator with 
GP Bus 

68E221 = Emulator with 
GP/UPC input pin3 



Device Order Number 

An example of the device order number is shown below: 

M K 4 5 2 N 0 6 

NOTES 
1. Available for emulator only. 
2. Intended for prototype orders only. 
3. Contact Mostek for availability. 

Denotes maximum instruction clock frequency. 
4 = 4 MHz 
6 = 6 MHz 

Denotes operating temperature range. 
o = o·c to +70°c 
1 = -40°c to +s5°CJ 

Package Type. P = Ceramic 01p2 
N = Plastic DIP 
E = Ceramic Leadless Chip Carrier1 
Q = Plastic Leaded Chip Carrier3 
G = Ceramic Pin Grid Array1,3 

Version/Code Specific Number. 
For M K68201, M K68211: 

002 = No ROM version (standard catalog item) 
Oxx = Reserved for catalog codes 
100 - 999 = Customer Code (Mostek Assigned) 

For MK68E201, MK68E211, MK68E221: 
000 = UPC, 256 by1es RAM, no ROM 
010 = GP, 256 by1es RAM, no ROM 
020 = GP/UPC, 1024 by1es RAM, no ROM3 

Basic Device Type. 
40 = Emulator Version 
41 = UPC, 0 or 4K bytes ROM, 

256 bytes RAM 
42 = GP, 0 or 4K by1es ROM, 

256 by1es RAM 
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PART NUMBER EXAMPLES (A noninclusive list) 

MK68201/44N-04 Device Order Number = MK41XXXN-04 
Speed= 4MHz 
Temperature = 0° to 70°C 
Package = 48 pin plastic 
RAM = 256 bytes 
ROM = 4096 bytes 
Bus= UPC 

MK68211/04N-06 Device Order Number = MK42002N-06 
Speed= 6MHz 
Temperature = 0° to 70°C 
Package = 48 pin plastic 
RAM = 256 bytes 
ROM =None 
Bus= GP 

MK68E211/04E-14 Device Order Number = MK40010E-14 
Speed= 4MHz 
Temperature = -40° to +85°C 
Package = 84 pin ceramic LCC 
RAM = 256 bytes 
ROM =None 
Bus= GP 

MK68E221/0CG-06 Device Order Number = MK40020G-06 
Speed= 6MHz 
Temperature = 0° to 70°C 
Package = 84 lead PGA 
RAM = 1024 bytes 
ROM =None 
Bus= GP/UPC 

3-261 



MK6820048P"~~~~;;:;;~~-------------
Package (N). m Plastic Dual-In-Line 

.~PZJ 
---A ] 

E 

l ~ r-nl--Y ! n 

J U~I II! ! i: o· I ~ Hl L u u 
L M .JL_ 

AT ~~,~~UAL SPACES __J 
t 0.010 (T.N.A.) 

MK68200 48-Pin C Package (P) eramic Dual-In-Line 
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MK68E200 84-Pin 
Ceramic Leadless Chip Carrier (E) 

TOP VIEW 

12 32 

--H-
BOTTOM 

L . . l 
-11111111111111111111 IT\c"""~-1 

INCHES 

L~I~ ---+-M_IN-+_M_A_X_--1 
A 1.138 1.167 

---e· 1.1aa 1~16~ 
r----c O.Q70 0.090 

r---o-- 0.080 0.110 

p,=+-=~~=-
1--G O.Q75 0.095 

I H 0.048 0.052 

[ J 0.033 0.039 

I K 0.010 0.018" 

I L o~~:~ 
i M 0.495 0.505 
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LCC FUNCTION 

1 P1-4/XIO 
2 P1-5/Xl1 
3 P1-6/Xl2 
4 P1-7 
5 P1-8 
6 P1-9 
7 P1-10 
8 P1-11 
13 GP/UPC+ 
14 P1-12 
15 P1-13 
16 P1-14 
17 P1-15 
18 PBLB 
19 PBHB 
20 PBRJW 
21 PBDTACK 
22 PBAS 
23 PBDS 

LCC 

24 
25 
26 
27 
28 
29 
30 
31 
32 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

11 

12 

33 

FUNCTION 

P4-8/RDYL 
P4-9/RDYH 
P4-10/STRL 
P4-11/STRH 
MODE 
CLK2 
CLK2 
CLKOUT 
FC1 + 
GROUND 
P0-15 
P0-14 
P0-13 
P0-12 
P0-11 
P0-10 
P0-9 
P0-8 
P0-7 

CHIP CARRIER 

1 84 

0 

MK68E200 

LCC 
OR 

PLCC 

(TOP VIEW) 

LCC 

44 
45 
46 
47 
48 
49 
50 
51 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

75 

74 

53 

FUNCTION 

P0-6 
P0-5 
P0-4 
P0-3 
P0-2 
P0-1 
P0-0 
FC2 + 
vcc 
GROUND 
PB-0 
PB-1 
PB-2 
PB-3 
PB-4 
PB-5 
PB-6 
PB-7 
PB-8 

+ AVAILABLE ON MK68E221 (1K RAM VERSION) 

Figure 36. MK68E200 Pin Assignment, Emulator Version 

3-264 

LCC FUNCTION 

65 PB-9 
66 PB-10 
67 PB-11 
68 PB-12 
69 PB-13 
70 PB-14 
71 PB-15 
72 P4-13/TAI 
73 P4-12/TBI 
76 P4-15/TAO 
77 P4-14/TBO 
78 RESET 
79 NMI 
80 P1-0/SO 
81 P1-1/TCLK 
82 P1-2/RCLK 
83 P1-3/SI 
84 vcc 



I 

--~~-·-·-
FEATURES 

D 16-bit high performance, single-chip microcomputer 

D Modular architecture 

D Power saving stop and idle modes 

D 14 address and data registers 
- Eight 16-bit or sixteen 8-bit data registers 
- Six 16-bit address registers 

D Advanced 16-bit instruction set 
- Bit, byte and word operands 
- Nine addressing modes 
- Byte and word BCD arithmetic 

D High performance (12.5 MHz instruction clock) 
- 0.24 µ.s register-to-register move or add 
- 1.68 µ.s 16 x 16 multiply 
- 1.84 µ.s 32/16 divide 

D Available with 0 or 4k bytes of ROM 

D 256 bytes of RAM 

D Three 16-bit timers 
- Interval modes 
- Event modes 
- One-shot modes 
- Pulse and period measurement modes 

D Serial channel 
- Double buffered receive and transmit 
- Asynchronous to 781Kbps 
- Synchronous to 3.125Mbps 
- Address wake-up recognition and generation 
- Internal/external baud rate generation 

D Parallel 1/0 
- Up to 40 pins 
- Direction programmable by bit 
- One 16-bit or 2 8-bit port(s) with handshaking 

D Interrupt controller 
- 16 independent vectors 
- Expandable to handle an unlimited number 

of interrupts 
- Eight external interrupt sources 

Ml<68HC200 16-BIT 
SINGLE-CHIP MICROCOMPUTERS 

MK68HC201 /MK68HC211 /MK68HC221 

- One non-maskable interrupt 
- Individual interrupt masking 

D Optional external bus 
- 16-bit multiplexed address/data bus 
- Automatic bus request/grant arbitration 
- Two control bus versions 

• 68000 compatible bus (UPC) (MK68HC201) 
• General Purpose bus (GP) (MK68HC211) 

D Emulator version available 
- Added private bus 
- No on-chip ROM 
- 512 bytes on-chip RAM 
- GP or UPC bus version with one part 

(MK68HC221) 

D 16, 20, and 25 MHz time base versions produce 8, 
10 and 12.5 MHz instruction clock rates respec
tively 
- Crystal or external ITL clock 

D Single +5 volt power supply 

D Plastic or Ceramic Chip carrier packaging 

GENERAL DESCRIPTION 

MK68HC200 designates a series of new high
performance, 16-bit, single-chip microcomputers from 
Thomson Components - Mostek Corporation. Im
plemented in 1.5 micron HCMOS technology, they in
corporate an architecture designed for superior 
performance in computation-intensive control applica
tions. A modern, comprehensive instruction set (which 
features both high speed execution and code space ef
ficiency) is combined on-chip with extensive, flexible 1/0 
capabilities. On-chip RAM and optional on-chip ROM 
are provided with a full 64K byte addressing space. 

The MK68HC200 can be used to design a true appli
cation specific microcontroller. The circuit is partitioned 
into three major functio·nal blocks: CPU, memory, and 
110. The CPU is the core of the circuit and communi
cates with the memory via the memory address and 
data bus, and with the 1/0 via the 1/0 bus. New 1/0 or 
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memory modules can be designed and added to the 
CPU core to customize the MK6BHC200 for a particu
lar application. The initial product offerings in the 
MK68HC200 family will contain 1/0 and memory lea-

lures listed abtNe. This is consistent with the features 
available on the NMOS MK68200. Future product offer
ings will contain various assortments of on-chip 1/0 and 
memory modules. 

"""' 0 

CLOCK l l 68HC200 J J 
CPU CORE 

'-----;------r- L SUPPLY 

INTERRUPT CONTROLLER~ 

110 BUS 

TIMER A 

TIMER C 
MEMORY 

BUS 

~---

L MOOE 

ROM 

J 
L __ :x_r~~~1~~ __ J 

RAM 

J 
EXTENSION 

r - - - - - - - - - - - ..., 

- - +-'._ _ ::~~~~:~R_O_M _ _J 

[~~~u~s~~~1~~~ ~ }- ___ -~ 
~~~~-ii 

L PORT 0 J l I T 
PORT 4 l PORT 1 l = ~X~E~l~N = l 

l 1" T" • 
Figure 1. MK68HC200 - Modular Architecture Concept 

" I '~o ~o :: 

MK68HC201 

Jm EXTERl>4Al '" } 
INTERRUPTS ,. 

" } "m 
TCLK SERIAL 

'O 

Figure 2. MK68HC201, MK68HC211 Logical Pinout, Single-Chip Mode 
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SINGLE-CHIP DESCRIPTION 

Figure 2 illustrates the functions of specific pins for an 
MK68HC201 or MK68HC211, operating in a single-chip 
mode. When the device is operating in one of the ex
panded bus modes, the pins on Port O become the mul
tiplexed address/data bus, and the upper half of 

Port 1 becomes the control signals (GP or UPC) for the 
bus. The following description applies to the pins only 
when the device is used in the non-expanded or single
chip mode. Descriptions of the pin functions for the ex
panded bus modes are in the Expanded Bus Opera
tion section of this data sheet. 

MNEMONIC 

Vee 
GND 

RESET 

CLKOUT 

CLK1, CLK2 

MODE 

P0-0 - P0-15 

P1-0 - P1-15 

P1-6/Xl2 

P1-5/Xl1 

P1-4/XIO 

P1-3/SI 

P1-2/RCLK 

P1-1/TCLK 

P1-0/SO 

PIN FUNCTIONS FOR SINGLE-CHIP OPERATION 

Supply voltage 4.5 to 5.5 V 

Ground 

Reset (input, active low) - RESET input overrides ongoing execution (including interrupts) 
and resets the chip to its initial power-up condition. RESET cannot be masked. 

Clock Output (output) - CLKOUT will output the instruction clock rate, which is one-half 
of the frequency provided on CLK1 and CLK2. 

Time base inputs (inputs) - CLK1 and CLK2 may be connected to a crystal, or CLK1 may 
be connected to an external TTL-compatible oscillator while CLK2 is left floating. 

Non-maskable interrupt (input, active low, negative edge triggered) - The NMI request line 
has a higher priority than all of the maskable interrupts. NMI is always enabled regardless of 
the state of the L1E (Level 1 Interrupt Enable) bit in the Status Register. 

Mode (input) - The MODE pin has three states, which select fully expanded external bus, 
partially expanded external bus, or no expanded bus (single-chip configuration). 

Port 0 (input/output) - Each bit in Port 0 may be individually programmed for general pur
pose input or output. Port O also has several handshaking modes to allow parallel, asyn
chronous communication with other devices. The high and low bytes may be programmed 
individually or jointly to be inputs, outputs, or bidirectional. 

Port 1 (input/output) - Each of the 16 bits in Port 1 may be individually programmed for 
input or output. Additionally, the lowest seven bits of Port 1 may be programmed to serve 
specific alternate functions as shown below. 

External Interrupt 2 (input, rising or falling edge triggered) - The programmer may select 
the rising or falling edge as active for Xl2. 

External Interrupt 1 (input, falling edge triggered) - The Xl1 may be used to interrupt the 
MK68HC200 on the falling edge of an input pulse. 

External Interrupt 0 (input, low level triggered) - The XIO interrupt input is level triggered 
(unlike Xl1 and Xl2). It may be used to produce an internally vectored interrupt or to cause 
an external fetch of an interrupt vector number when the MK68HC200 is used in an ex
panded mode with the GP bus. 

Serial Input (input, active high) - SI is used to receive serial data when the receiver is 
enabled. 

Receive Clock (input/output, active high) - Depending on the mode programmed, RCLK 
can be used by the serial port as either an input or an output pin. When used as an input 
pin, RCLK provides the receive clock and/or the transmit clock. When RCLK is not provid
ing the transmit or receive clock, it can be used as an output for Timer C. In this mode, 
the receive clock is being provided by Timer C. 

Transmit Clock (input/output, active high) - Depending on the mode programmed, TCLK 
can be used by the serial port as either an input or an output pin. When used as an input 
pin, TCLK provides the transmit clock. When TCLK is not providing the transmit clock, it 
can be used as an output for the Timer C. In this mode, the transmit clock is being provid
ed by either Timer C or RCLK. 

Serial Output (output, active high) - SO is used to transmit serial data when the transmitter 
is enabled. 
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MNEMONIC PIN FUNCTIONS FOR SINGLE-CHIP OPERATION 

P4-8 - P4-15 Port 4 (inputs and outputs) - P4-8, P4-9, P4-14, and P4-15 may be used as general purpose 
outputs, and P4-10, P4-11, P4-12, and P4-13 may be used as general purpose inputs. Inter-
rupts may be generated on the positive transitions on P4-10 and P4-11. Depending on the 
mode selected, interrupts may be generated on the positive or the negative transitions on 
P4-12, and they may be generated on the positive, negative or combined transitions on 
P4-13. Additionally, these bits may be programmed to serve specific alternate functions, 
as listed below. 

P4-15fTAO Timer A Output (output) - TAO may be programmed for special functions in the interval, 
event, and pulse/period modes for Timer A. In the interval mode, TAO's state is determined 
by the Timer A latch (high and low) that is currently active. That is, if the counter is using 
the high latch for comparison, TAO is high. In the event mode, TAO is initialized to a "1" 
state and toggles each time the counter matches the Timer A high latch. In the pulse/period 
modes, TAO is initialized to a "1" state and toggles on positive transitions on TAI. 

P4-14fTBO Timer B Output (output) - TBO may be programmed for special functions in the interval 
and one-shot modes for Timer B. In the interval mode, TBO is initialized to a "1" state and 
toggles each time the counter matches the Timer B latch value. In the one-shot modes 
TBO is initialized to a "1" state, and the counter begins counting in response to the occur-
rence of an active edge on TBI. TBO will not go low until the counter matches the value 
loaded into the Timer B latch. 

P4-13fTAI Timer A Input (input, positive and/or negative edge triggered) - TAI may be programmed 
for special functions in the event mode or the pulse/period modes for Timer A. In the event 
mode, the counter is incremented on each active transition (positive or negative edge 
programmable) on TAI. In the pulse/period modes, the counter measures the time during 
which the signal on TAI remains high and low. 

P4-12fTBI Timer B Input (input, positive or negative edge triggered) - TBI may be programmed for 
special functions for the Timer B one-shot modes. In the one-shot modes, TBI acts as a 
trigger input. 

P4-11/STRH, Strobe High Byte, Strobe Low Byte (input, active high) - STRH and STAL are both used 
P4-10/STRL for input, output and bidirectional handshaking on Port 0. These signals are issued by the 

peripheral to acknowledge the receipt of data made available by the MK68HC200, or are 
issued by the peripheral to load data from the peripheral into the Port O input register. 

P4-9/RDYH, Ready High Byte, Ready Low Byte (output, active high) - RDYH and RDYL are used for 
P4-8/RDYL input, output, and bidirectional handshaking on Port 0. The ready signal goes active to 

indicate that peripheral data is stable and ready for transfer to the peripheral or is used 
when Port 0 is empty and is ready to accept data from the peripheral. 

MK68HC200 APPLICATIONS ed on a common serial network. The on-chip USART 
supports a wake-up mode in which an additional bit is 
appended to the data stream to distinguish a serial data 
word as address or data. The wake-up logic prevents 
the serial channel from generating interrupts unless cer
tain criteria have been met. The wake-up options avail
able are: Wake-up on any address or data character, 
wake-up on any address, or wake-up on address 
match. 

The MK68HC200 is designed to serve the needs of a 
wide variety of control applications, which require high 
performance operation with a minimal parts count im
plementation. Industrial controls, instrumentation, and 
intelligent computer peripheral controls are all exam
ples of applications served by the MK68HC200. High 
speed mathematical ability, rapid 1/0 addressing and 
interrupt response, and powerful bit manipulation in
structions provide the necessary tools for these appli
cations. In addition to its single-chip microcomputer 
configuration, both distributed intelligence and parallel 
multiprocessing system configurations are supported 
by the MK68HC200, as illustrated in Figures 10 and 11. 

Alternately, the MK68HC200 may be configured as an 
expandable CPU device which can access external 
memory and 1/0 resources. In this operating mode, 
parallel 1/0 pins are replaced by multiplexed ad
dress/data and control lines. Bus arbitration logic is in
corporated on the chip to support a direct interface in 

In applications requiring loosely-coupled distributed in- parallel shared bus multiprocessor system configura-
telligence, several MK68HC200's may be interconnect- lions. Two versions exist which support two types of con-
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trol signals present on the expanded bus configuration. 
The General Purpose (GP) bus option allows the 
MK68HC200 to operate either as an executive or a 
peripheral processor. As an executive processor, the 
MK68HC200 can control an external system bus and 
grant the use of it to requesting devices, such as DMA 
controllers and/or peripheral processors. As a peripheral 
control processor, the MK68HC200 can provide intelli
gent local control of an 1/0 device in a computer sys
tem and, thereby, relieve the executive processor of 
these tasks. In this configuration, the MK68HC200 has 
the capability of effectively performing DMA transfers 
between system memory and the 110 device. The on
chip resources of ROM, RAM, and 1/0 are accessed 
within the MK68HC200 without affecting utilization of 
the shared system bus. Therefore, only external com
munications compete for bus bandwidth. 

The Universal Peripheral Controller (UPC) bus option 
supports a direct interface to a 68000 executive proces
sor. Thus, the MK68HC200 can be used as a cost-

effective intelligent peripheral controller in 68000 sys
tems. The UPC version's direct bus interface to the 
68000 makes the MK68HC200 particularly well-suited 
for performing many intelligent 1/0 functions in a 68000 
system. For example, since the MK68HC200 includes 
both a serial channel and an external bus capable of 
performing DMA transfers, it can be programmed to act 
as serial protocol controller with DMA capability. 

For additional information on the MK68HC200 refer to 
the MK68HC200 Principles of Operation Manual, pub
lication number 4430196. 

PROCESSOR ARCHITECTURE 

The MK68HC200 microcomputer contains an advanced 
processor architecture, combining the best properties 
of both 8- and 16-bit processors. A large majority of in
structions operate on either byte or word operands. 
Figure 3 summarizes the internal architecture of the 
MK68HC201 and MK68HC211. 

Figure 3. MK68HC201, MK68HC211 Block Diagram 
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REGISTERS 

The MK68HC200 register set includes three system 
registers, six address registers, and eight data registers. 
The three 16-bit system registers (Figure 4) include a 
Program Counter, a Status Register, and a Stack 
Pointer. The six address registers may be used 
either for 16-bit data or for memory addressing. The 
eight 16-bit data registers are used for data and may 
be referenced as sixteen 8-bit registers, providing great 
flexibility in register allocation. 

ADDRESSING 

The MK68HC200 directly addresses a 64K byte 
memory space, which is organized as 32K 16-bit words. 
The memory is byte-addressable, but most transfers oc
cur 16 bits at a time, for increased performance over 
8-bit microcomputers. All inpuUoutput is memory
mapped, and the on-chip 1/0 is situated in the top 1K 
bytes of the address space. In the single-chip mode, 
all resources including ROM, RAM, and 110, are ac
cessed via an internal or private bus. The memory map, 
which is accessed by this bus in the single-chip mode, 
is depicted in Figure 5. Note on-chip RAM always be
gins at $FBFF and extends downward. ROM always be
gins at zero and extends upward. 

Nine addressing modes provide ease of access to data 
in the MK68HC200, as depicted in Table 1. The four 
register indirect forms utilize the address registers and 
the Stack Pointer and support many common data 
structures such as arrays, stacks, queues, and linked 
lists. 110 Port addressing is a short form addressing 
mode for the first 16 words of the 110 port space and 
allows most instructions to access the most often refer
enced 110 ports in just one word. Many microcomputer 

applications are 110 intensive and short, fast address
ing of 110 has a significant impact on performance. 

INSTRUCTION SET 

The MK68HC200 instruction set has been designed 
with regularity and ease of programming in mind. In ad
dition, instructions have been encoded to minimize 
code space, a feature which is especially important in 
single-chip microcomputers. Small code space is relat
ed to execution speed, and most instructions execute 
in either three or six instruction clock periods. See Ta
ble 2. 

In addition to operations on bytes and words, the 
MK68HC200 has rapid bit manipulation instructions that 
can operate on registers, memory, and ports. The bit 
to be affected may be an immediate operand of the in
struction, or it may be dynamically specified in a 
register. Operations available include bit set, clear, test, 
change, and exchange; and all bit operations perform 
a bit test as well. Since each instruction is indivisible, 
this provides the necessary test-and-set function for the 
implementation of semaphores. 

The MOVE group of instructions has the most exten
sive capabilities. A wide variety of addressing mode 
combinations is supported including memory-to
memory transfers. A special move multiple is included 
to save and restore a specified portion of the registers 
rapidly. 

In total, the MK68HC200 instruction set provides a 
programming environment, similar to the 68000, which 
has been optimized for the needs of the single-chip 
microcomputer marketplace. A summary of the instruc
tion set is provided in Table 3. 

Table 1. Addressing Modes 

Register 

Register Indirect 
Register Indirect with Post-increment 

Register Indirect with Pre-decrement 

Register Indirect with Displacement 
Program Counter Relative 

Memory Absolute 

Immediate 

110 Port 
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DATA REGISTERS' 

OHO DLO DO 

DH1 DL1 01 

DH2 DL2 02 

DH3 DL3 03 

DH4 DL4 04 

DH5 DL5 05 

DH6 DL6 06 

DH7 DL7 07 

15 14 13 12 11 10 9 8 7 6 5 4 3 0 

ADDRESS REGISTERS' 

AO 

A1 

A2 

A3 

A4 

A5 

15 14 13 12 11 10 9 8 7 6 4 0 

SYSTEM REGISTERSo 

0 I SP 

15 14 13 12 11 10 8 7 6 4 2 0 

0 I PC 

15 14 13 12 11 10 7 6 4 3 2 0 

USER DEFINED I L1E I RESERVED I N 
z v 

c I SR 

I I I I I 
15 14 13 12 11 10 9 7 4 2 0 

I 
NEGlTIVE I LEVEL 1 INTERRUPT 

ENABLE 
ZERO 

OVERFLOW 

CARRY 

Figure 4. Register Set 
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PORTS 

RAM 

ROM 

ADDRESS 

SFFFF 

$FC28 
$FC27 
SF COO 
$FBFF 

$FAOO 

$4000 
$3FFF 

CONTENTS 

FUTURE 1/0 EXPANSION AREA 
(RESERVED) 

PORT 0 THROUGH PORT 19 

ON·CHIP RAM (UP TO 512 BYTES) 

FUTURE RAM AND 
ROM EXPANSION 

} 

ON·CHIP 
(UP TO 16384 BYTES) 

t--- -- $0020 
$001F 
$0000 

INTERRUPT 
VECTORS 

Figure 5. Addressing Space For Single-Chip Configuration 

Table 2. Instruction Execution Times 

Execution Time Execution Time 
Clock with 8 MHz with 10 MHz 

Instruction Type Periods Clock (µs) Clock (µs) 

Move Register-to-register 3 0.38 0.30 

Add Register-to-register (binary or BCD) 3 0.38 0.30 

Move Memory-to-register 6 0.75 0.60 

Add Register-to-memory 9 1.13 0.90 

Multiply (16 x 16) 21 2.63 2.10 

Divide (32/16) 23 2.88 2.30 

Move Multiple (save or restore all registers) 55 6.88 5.50 
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Execution Time 
with 12.5 MHz 

Clock (µs) 

0.24 

0.24 

0.48 

0.72 

1.68 

1.84 

4.40 



Table 3. Instruction Set Summary 

INSTRUC- INSTR UC-
TION DESCRIPTION TION DESCRIPTION 

ADD ADD JMPA JUMP ABSOLUTE 
ADD.B ADD BYTE JUMPR JUMP RELATIVE 
ADDC ADD WITH CARRY LIBA LOAD INDEXED BYTE ADDRESS 
ADDC.B ADD WITH CARRY BYTE LINK LINK 
AND LOGICAL AND LIWA LOAD INDEXED WORD ADDRESS 
AND.B LOGICAL AND BYTE LSR LOGICAL SHIFT RIGHT 
ASL ARITHMETIC SHIFT LEFT LSR.B LOGICAL SHIFT RIGHT BYTE 
ASL.B ARITHMETIC SHIFT LEFT BYTE MOVE MOVE 
ASR ARITHMETIC SHIFT RIGHT MOVE.B MOVE BYTE 
ASR.B ARITHMETIC SHIFT RIGHT BYTE MOVEM MOVE MULTIPLE REGISTERS 
BCHG BIT CHANGE MOVEM.B MOVE MULTIPLE REGISTERS BYTE 
BCLR BIT CLEAR MULS MULTIPLY SIGNED 
BEXG BIT EXCHANGE MULU MULTIPLY UNSIGNED 
BSET BIT SET NEG NEGATE 
BTST BIT TEST NEG.B NEGATE BYTE 
CALLA CALL ABSOLUTE NEGC NEGATE WITH CARRY 
CALLA CALL RELATIVE NEGC.B NEGATE WITH CARRY BYTE 
CLR CLEAR NOP NO OPERATION 
CLR.B CLEAR BYTE NOT ONE'S COMPLEMENT 
CMP COMPARE NOT.B ONE'S COMPLEMENT BYTE 
CMPB COMPARE BYTE OR LOGICAL OR 
DADD DECIMAL ADD OR.B LOGICAL OR BYTE 
DADD.B DECIMAL ADD BYTE POP POP 
DADDC DECIMAL ADD WITH CARRY POPM POP MULTIPLE REGISTERS 
DADDC.B DECIMAL ADD WITH CARRY BYTE PUSH PUSH 
DI DISABLE INTERRUPTS PUS HM PUSH MULTIPLE REGISTERS 
DIVU DIVIDE UNSIGNED RET RETURN FROM SUBROUTINE 
DJNZ DECREMENT COUNT AND JUMP RETI RETURN FROM INTERRUPT 

IF NON-ZERO AOL ROTATE LEFT 
DJNZ.B DECREMENT COUNT BYTE AND ROL.B ROTATE LEFT BYTE 

JUMP IF NON-ZERO ROLC ROTATE LEFT THROUGH CARRY 
DNEG DECIMAL NEGATE ROLC.B ROTATE LEFT THROUGH CARRY 
DNEG.B DECIMAL NEGATE BYTE BYTE 
DNEGC DECIMAL NEGATE WITH CARRY ROR ROTATE BYTE 
DNEGC.B DECIMAL NEGATE WITH CARRY ROR.B ROTATE RIGHT BYTE 

BYTE RORC ROTATE RIGHT THROUGH CARRY 
DSUB DECIMAL SUBTRACT RORC.B ROTATE RIGHT THROUGH CARRY 
DSUB.B DECIMAL SUBTRACT BYTE BYTE 
DSUBC DECIMAL SUBTRACT WITH CARRY STOP STOP 
DSUBC.B DECIMAL SUBTRACT WITH CARRY SUB SUBTRACT 

BYTE SUB.B SUBTRACT BYTE 
El ENABLE INTERRUPTS SUBC SUBTRACT WITH CARRY 
EOR EXCLUSIVE OR SUBC.B SUBTRACT WITH CARRY BYTE 
EOR.B EXCLUSIVE OR BYTE TEST TEST 
EXG EXCHANGE TEST.B TEST BYTE 
EXG.B EXCHANGE BYTE TESTN TEST NOT 
EXT EXTEND SIGN TESTN.B TEST NOT BYTE 
HALT HALT UNLK UNLINK 
IDLE IDLE 
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INPUT/OUTPUT ARCHITECTURE 

The 1/0 capabilities of the MK68HC200 are extensive, 
encompassing timers, a serial channel, parallel 1/0, and 
an interrupt controller. All of these devices are acces
sible to the programmer as ports within the top 1 K bytes 
of the address space, and the most commonly ac
cessed ports may be accessed with the short port 
addressing mode. A description of these ports is given 
in Table 4. 

In total, 40 pins of the 48 are used for 1/0, and their 
functions are highly programmable by the user. In par
ticular, many pins can perform multiple functions, and 
the programmer selects which ones are to be used. For 
example, TAI may be used as an input for Timer A, an 
interrupt source, or a general purpose input pin. The 
interrupt source may be selected simultaneously with 
either of the other functions. 

Table 4. Port Descriptions 

BYTE-
PORT ADDRESS READ/WRITE ADDRESSABLE FUNCTION 

0 $FCOO READ/WRITE YES 16 EXTERNAL 1/0 PINS OR ADDRESS/DATA BUS 
$FC02 READ/WRITE YES 16 EXTERNAL 1/0 PINS (INCLUDING INTERRUPT, 

SERIAL 1/0 PINS, AND BUS CONTROL) 

2 $FC04 (RESERVED) 

3 $FC06 LOW BYTE: READ/WRITE YES SERIAL TRANSMIT (LOW BYTE) AND 
HIGH BYTE: READ RECEIVE (HIGH BYTE) BUFFER 

4 $FC08 INPUTS: READ ONLY NO 8 EXTERNAL 1/0 PINS (TIMER CONTROL 

OUTPUTS: READ/WRITE AND PORT 0 HANDSHAKE CONTROL) 
5 $FCOA (RESERVED) 

6 $FCOC (RESERVED) 

7 $FCOE READ/WRITE NO INTERRUPT LATCH REGISTER 

8 $FC10 READ/WRITE NO INTERRUPT MASK REGISTER 

9 $FC12 STATUS: READ ONLY NO SERIAL 1/0 RECEIVE CONTROL AND STATUS 

CONTROL: READ/WRITE 

10 $FC14 STATUS: READ ONLY NO SERIAL 1/0 TRANSMIT CONTROL AND STATUS 

CONTROL: READ/WRITE 
11 $FC16 READ GETS COUNTER NO TIMER B LATCH 

WRITE GOES TO LATCH 
12 $FC18 READ GETS COUNTER 

OR LATCH NO TIMER A, LOW LATCH 

WRITE GOES TO LATCH 

13 $FC1A READ GETS COUNTER 

OR LATCH NO TIMER A, HIGH LATCH 

WRITE GOES TO LATCH 

14 $FC1C READ/WRITE NO TIMER AND HANDSHAKE CONTROL 

15 $FC1E STATUS: READ ONLY NO EXPANDED BUS CONTROL AND STATUS 

CONTROL: READ/WRITE 

16 $FC20 READ/WRITE NO PORT 0 DIRECTION CONTROL (DORO) 
17 $FC22 READ/WRITE NO PORT 1 DIRECTION CONTROL (DDR1) 

18 $FC24 READ/WRITE NO SERIAL 1/0 MODE AND SYNC REGISTER 

19 $FC26 READ GETS COUNTER NO TIMER C LATCH 

WRITE GOES TO LATCH 

AND COUNTER 
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TIMERS 

The MK68HC200 includes three on-chip timers, each 
with unique features. They are denoted Timer A, Timer 
B, and Timer C. All three timers are a full 16 bits in width, 
and count at the instruction clock rate of the 
MK68HC200 processor. Thus, this rate provides a reso
lution equal to the instruction clock period (tc) of the 
MK68HC200. The maximum count interval is equal to 
tc •216 . Each timer has the capability to interrupt the 
processor when it matches a predetermined value 
stored in an associated latch. 

Timer A is capable of operating in interval, event, or two 
pulse/period modes. There is one 16-bit counter and 
two 16-bit latches, a high latch (Port 13), and a low latch 
(Port 12), associated with Timer A. Once Timer A is in
itialized in the interval mode, the counter is reset, then 
increments at the instruction clock rate until the value 
loaded into the high latch is reached. The counter is 
then reset, increments until the low latch value is 
reached, and the cycle is repeated. In the event mode, 
the counter is incremented for every active edge on TAI 
(programmable as positive or negative) until the value 
in the high latch is reached. The counter is then reset, 
and the cycle repeats. In the pulse/period modes, the 
times are measured during which the applied pulse 
stays high and low. The counter is reset on the occur
rence of any transition on TAI, and increments at the 
instruction clock rate until the occurrence of the next 
transition. The value in the counter at the end of the 
high level or low level time is loaded into the appropri
ate latch. Interrupts may be generated each time the 
counter reaches the high latch or low latch value in the 
interval mode or when the counter reaches the high 
latch in the event mode. Also, an interrupt is generated 

whenever the counter overflows. See the Pin Descrip
tion section of the data sheet for TAI and TAO functions 
in the various Timer A modes. 

Timer B is capable of operating in interval or one-shot 
modes. There is one 16-bit counter and one 16-bit latch 
(Port 11) associated with Timer B. In the interval mode, 
the counter is initially reset and incremented at the in
struction clock rate until the value in the latch is 
reached. The counter is then reset, and the cycle 
repeats. In the one-shot modes, the counter begins in
crementing in response to an active transition (program
mable as positive or negative) on TBI. The counter is 
reset when the value in the Timer B latch is reached. 
In the retriggerable one-shot mode, active transitions 
on TBI always cause the counter to reset and begin in
crementing. In the non-retriggerable one-shot mode, ac
tive transitions on TBI have no effect until the counter 
reaches the latch value. Interrupts may be generated 
each time the counter reaches the latch value. See the 
Pin Description section of this data sheet for TBI and 
TSO functions in the various Timer B modes. 

Timer C has a 16-bit down counter and latch (Port 19) 
associated with it and operates only in the interval 
mode. The output of Timer C toggles each time the 
counter value rolls over from 0 to the latch value and 
may be used to internally supply the baud rate clock 
for the serial port. Also, an interrupt may be generated 
each time the counter rolls over to the latch value. Timer 
C may be output on the TCLK pin (P1-3), depending on 
the mode programmed. 

A detailed description of the Timer Control Port is given 
on the next page. 

Table 5. Timer Modes 

Timer Modes 

A Interval 
A Event 
A Pulse Width and Period Measurement 

B Interval 
B Retriggerable One-shot 
B Non-retriggerable One-shot 

=J c Interval 
c Baud Rate Generation 
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PORT 14-Timer Control Register; read/write 
$FC1C 

I I l I T T 

HANDSHAKE c c 
E 0 CONTROL c 

l l l l 
15 14 13 12 11 10 9 

TCE 
(Timer C Enable control) 

TCOC 
(Timer C Output control) 

TAM1, TAMO 
(Timer A Mode control) 

TAE 
(Timer A Enable control) 

TAIC 
(Timer A Input control) 

TAOC 
(Timer A Output control) 

TBM1, TBMO 
(Timer B Mode control) 

T T T T T T 
A A A A A B 
M M E I 0 M 
1 0 c c 1 

8 7 6 5 4 3 

O =Disables Timer C; all operations 
are inhibited, and the timer coun
ter is initialized. 

1 =Enables Timer C; the timer 
begins operation as defined by 
the other Timer C control bits. 

O=When TCO (Port 18) = 1, TCLK 
is selected for use as a general 
purpose 1/0 pin. 

1 =When TCO (Port 18) = 1, TCLK is 
selected for use as an output for 
Timer C. 

TCOC has no effect when TCO (Port 
18) = 0. 

These bits select the operating mode 
of Timer A as follows. 

TAM1 TAMO MODE 
0 0 Interval 
0 1 Event 
1 0 Pulse/period 1 
1 1 Pulse/period 2 

O= Disables Timer A; all Timer A 
operations are inhibited, and 
the timer counter is initialized. 

1 = Enables Timer A; the timer be
gins operation as defined by 
the other Timer A control bits. 

O = Selects a negative transition as 
the active edge for TAI. 

1 = Selects a positive transition as 
the active edge for TAI. 

O= Selects TAO as a general 
purpose output pin. 

1 = Selects TAO as an ouput pin 
associated with Timer A; TAO 
is initialized low when TAOC is 
a one and TAE is zero. 

These bits select the operating mode 
of Timer B as described below. 

TBM1 TBMO MODE 
0 0 Interval O 

(TBO is not used) 
0 Interval 1 

(TBO is used) 

T 
B 
M 
0 

2 

1 0 Retriggerable one-shot 
1 1 Non-retriggerable on!!·Shot 
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TBE 
(Timer B Enable control) 

TBIC 
(Timer B Input control) 

O= Disables Timer B; all oper
ations are inhibited, and the 
timer counter is initialized. 

1= Enables Timer B; the timer be
gins operation as defined by 
the other Timer B control bits. 

O= Selects a negative transition as 
active on TBI. 

1 = Selects a positive transition as 
active on TBI. 

3·277 



INTERRUPT CONTROLLER 

The MK68HC200 interrupt controller provides rapid 
service of up to 15 interrupt sources, each with a unique 
internal vector. The lowest 16 words of the address 
space contain the starting addresses of the service rou
tines of each potential interrupt source and reset, as 
shown in Figure 6. 

Interrupt sources and RESET are prioritized in the ord
er shown in Figure 6, with RESET having the highest 
priority. When an interrupt is pending it sets the cor
responding bit in the interrupt latch located in Port 7. 
NMI is the only non-maskable interrupt. All of the other 
sources share an interrupt enable bit in the processor 

PORT 7 -Interrupt Latch Register; read/write 
$FCOE 

N s x s T T 
r M p I T A A 
e I A 2 R 0 I 
s R I L I I 

E I 

15 14 13 12 11 10 9 

PORT 8 -Interrupt Mask Register; read/write 
$FC10 

I s x s T T 
p I T A A 

(res) A 2 R 0 I 
R M L M M 
E M 

l 
15 14 13 12 11 10 9 

VECTOR NUMBER NAME 

0 RESET 

s 
T 
R 
H 
I 

8 

s 
T 
R 
H 
M 

8 

1 NON-MASKABLE INTERRUPT 
2 SPARE 
3 EXTERNAL INTERRUPT 2 
4 STROBE LOW 
5 TIMER A OUTPUT 
6 TIMER A INPUT 
7 STROBE HIGH 
8 RECEIVE SPECIAL CONDITION 
9 RECEIVE NORMAL 
A EXTERNAL INTERRUPT 1 
B TIMER B OUTPUT 
c TIMER B INPUT 
D EXTERNAL INTERRUPT 0 
E TRANSMIT 
F TIMER C 

Status Register. This bit is automatically cleared 
whenever an interrupt is acknowledged. Also, each of 
these sources has a corresponding individual mask bit 
located in Port 8. This feature allows selective masking 
of particular interrupts, including the ability to choose 
(with minimal software overhead) any priority scheme 
desired. In fact, 15 levels of nested priority may be 
programmed. 

Note that the Xl2 interrupt is detected on either a ris
ing or falling edge, depending upon the status of the 
Xl2C bit (bit 12 in Port 14). An interrupt will be generat
ed on the falling edge if this bit is set to a "O"; however, 
if the bit is set to a "1", an interrupt will be generated 
on the rising edge. 

R R x T T x x T 
s N I B B I M c 
c I 1 0 I 0 T I 
I I I I I I 

7 6 5 4 3 2 0 

R R x T T x x T 
s N I B B I M c 
c M 1 0 I 0 T M 
M M M M M M 

7 6 5 4 3 2 0 

MNEMONIC VECTOR LOCATION 

RESET 0000 } NMI 0002 LEVEL 2 
SPARE 0004 
Xl2 0006 
STAL 0008 
TAO OOOA 
TAI oooc 
STRH OOOE 
RSC 0010 
RN 0012 LEVEL 1 

Xl1 0014 
TSO 0016 
TBI 0018 
XIO 001A 
XMT 001C 
TC 001E 

Figure 6. Interrupt and Reset Vectors 
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SERIAL CHANNEL 

The serial channel on the MK68HC200 (Figure 7) is a 
full-duplex USART with double buffering on both trans
mit and receive. Port 3 High Byte is the Receive Buffer, 
and Port 3 Low Byte is the Transmit Buffer. 

"' 1a1s1 

"' {07) SYNCIAODRESSREGISTER 

Word length, parity, stop bits, and modes are fully 
programmable. The asynchronous mode supports bit 
rates up to 781 Kbps with an external clock and up to 
390Kbps with an internal clock. The byte synchronous 
mode operates up to 3.125Mbps with either an internal 
or an external clock. 

RECEIVE CONTROL& 
STATUS REGISTER 

RECEIVE SHIFT 
REGISTER 

TRANSMIT SHIFT 
REGISTER 

TRANSMIT CONTROL& 
STATUSAEG!STER 

Figure 7. Serial Channel 

In addition to the typical USART functions, the serial 
channel can operate in a special wake-up mode with 
a wake-up bit appended to each data word, as illustrat
ed in Figure 8. This wake-up bit is used to differentiate 
normal data words and special address words. The 
receiver can be programmed to receive only address 
words or only address words with a specific data value. 
In this way, the processor can be interrupted only when 

START! DATA 

LSB 

it receives its particular address and can then change 
mode to receive the following data words. Wake-up 
capability is especially useful when several 
MK68HC200 microcomputers are interconnected on 
one serial link. 

A detailed description of the serial channel control ports 
is given on the following pages. 

(OPTIONAL) (OPTIONAL) 
PARITY WAKE-UP 

STOP! 

MSB 

Figure 8. Serial Frame Format 



PORT 9 -Serial 1/0 Receive Control and Status Register; 
$FC12 High byte: control register; read/write 

Low byte: status register; read only 

R I 
E s 

15 14 

R R R s l 
w w c I 
1 0 s (res) 

L 
13 12 11 10 9 

Bit Descriptions: 

RE 
(Receiver Enable control) 

IS 
(Ignore Syncs control) 

RW1, RWO 
(Receiver Wake-up 
control) 

8 

B 0 p F SF 
F E E E I 

AF 

7 6 5 4 3 

0= Disabled; all status flags cleared. 
1 =Enabled. 

0= Disabled; interrupts may occur 
on all characters received. 

1 =Enabled; interrupts cannot occur 
on sync characters received after 
the sync match is found. 

The receiver wake-up control bits 
operate as follows. 

1 

l 
2 

APPENDED BUFFER INTERRUPT 
MODE_ RW1 RWO WAKE-UP LOADED GENERATED 

RC 

No Wake 
up 

Wake-up 
on Any 
Character 

Wake-up 
on Address 
Match 

Wake-up 
on Any 
Address 

0 

0 

(Receive Clock control) 

0 

0 

no 

yes 

yes 

yes 

any 
character 

any 
character 

address 
match 

any 
address 

RN 

RN 

RSC 

RSC 

O =Selects external receive clock 
applied on RCLK. 

1 =Selects internal clock from the 
on-chip baud rate generator 
(Timer C) for the receive clock. 

This bit is ignored when either 
the TCO bit or the LM (Loopback 
Mode) bit is set. 
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SIS 
(Single Interrupt Select 
control) 

BF 
(Buffer Full status) 

OE 
(Overrun Error status) 

PE 
(Parity Error status) 

FE 
(Frame Error status) 

SF/AF 
(Sync Found or Address 
Found status) 

MODES 
SS IS RW1 RWO 

1 x x x 
0 1 x x 
0 0 0 0 
0 0 1 1 
0 0 1 0 
0 0 0 1 

0 =Separate vectors are generated 
for the Receive Normal and the 
Receive Special Condition in
terrupts. 

1 =The Receive Normal vector is 
generated for all receive charac
ter interrupts. 

O =Receive data buffer empty; 
cleared when receive buffer is 
read. 

1 =Receive buffer full; set when an 
incoming word is loaded into the 
receive data buffer. 

0 =No overrun error; cleared when 
the status register is read. 

1 =Overrun error; set when a new 
word has been received and the 
previous word has not been read 
from the receive data buffer. 

0 =No Parity Error; cleared when 
the status register is read. 

1 =Parity Error; set when a parity 
error has been detected on an 
incoming character in the data 
stream. 

O =No frame error; cleared when 
the status register is read. 

1 =Frame error; set when a word is 
transferred to the receive data 
and no stop bit has been 
recognized. 

The FE flag applies to async for
mats only. 

This flag is used for both sync 
character match conditions and 
address found conditions in some 
wake-up modes as follows. SS 
stands for Sync Search mode. 

CONDITIONS THAT SET SF/AF 

Sync Found on any bit boundry 
unaffected 
unaffected 
Any Address 
Address Match 
unaffected 
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PORT 10-Serial 1/0 Transmit Control and Status Register 
$FC14 High byte: control register; read/write 

Low byte: status register; read only 

T A L T T T p 
E T M w w c I 

B 
r E 

u E T T T 
E N 

1 0 s e D (reserved) 

15 14 

s 

13 12 11 10 9 8 

Bit Descriptions: 

TE 
(Transmitter Enable control) 

AT 
(Automatic Turn Around control) 

LM 
(Loopback Mode control) 

TW1, TWO 
(Transmit Wake-up control) 

TC 
(Transmit Clock control) 

PIS 
(Previous/Sync control) 

1 l 
7 6 5 4 3 2 

0 =Disable the transmitter; any 
word being shifted out will con
tinue until completion. 

1 =Enable the transmitter. 

o =No effect on TE or RE. 
1 =Causes RE to be set to a "1" 

and TE to be set to a "O" au
tomatically at the end of a 
transmission. 

O =Disables loopback mode. 
1 =Causes the transmitter output 

to be internally connected to 
receiver input. Also causes 
Timer C to be used for both 
the transmit and receive clocks 
regardless of the state of TC, 
RC, TCO, and TCOC. 

These bits provide control for 
wake-up operation as follows. 

TW1 TWO 

1 0 
1 1 
0 x 

OPERATION 

Transmit Data 
Transmit Address 
No Wake-up 

0 =Selects the external clock 
signal applied on TCLK for the 
transmit clock. 

1 =Selects the internal baud rate 
generator output (Timer C) for 
the transmit clock. 

The TC bit is ignored if either the 
TCO bit or the LM bit is set. 

0 =Selects continuous transmis
sion of the contents of the sync 
character register in the syn
chronous mode when there is 
no data to transmit. 

1 =Selects continuous transmis
sion of the transmit data buffer 
in synchronous mode when 
there is no data to transmit. 
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BE 
(Buffer Empty status) 

UE 
(Underrun Error status) 

END 
(End of Transmission status) 

O =Transmit Buffer is full; reset to 
this condition after the transmit 
buffer is reloaded. 

1 =Transmit Buffer is empty; set to 
this condition after the transmit 
buffer contents are transferred to 
the output shift register. 

0 =No underrun error; cleared 
following a read of the transmit 
buffer. 

1 = Underrun error; set only in the 
synchronous mode when the last 
word has been shifted out and 
transmit buffer has not been 
reloaded. 

0 =No end of transmission; cleared 
by enabling the transmitter. 

1 =End of transmission detected; set 
when the transmitter is disabled 
and the last character has been 
shifted out. 

PORT 18-Serial 1/0 Mode and Sync Register; read/write 
$FC24 

A 
I 
s 

15 

w w s p p T 
L L T A A c 
1 0 R R 0 

1 0 

14 13 12 11 10 9 

Bit Descriptions: 

A/S 
(Asynchronous/Synchronous mode 
control) 

WL1, WLO 
(Word Length control) 

ST 
(Stop Bit control) 

w 
s 

8 
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7 6 5 4 3 2 

7 6 5 4 3 2 

0 =Selects synchronous operation for 
the serial port; transmit and 
receive clocks are divided by 1. 

1 =Selects asynchronous operation 
for serial port; transmit and 
receive clocks are divided by 16. 

These two bits select the length of 
the data word as follows. 

WL1 WLO Word Length 
0 0 8 bits 
0 1 7 bits 
1 0 6 bits 
1 5 bits 

This bit is only used in the 
asynchronous mode. It selects the 
number of stop bits transmitted. 

ST Number of Stop Bits 

0 1 
2 

s s 
y y 
N N 
c c 
1 0 

0 



PAR1, PARO 
(Parity control) 

TCO 
(Timer C Output mode 
control) 

WS 
(Wake-up Sense control) 

SYNC7-SYNCO 
(Sync character bits) 
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These two bits provide parity control 
for both the synchronous and asyn
chronous modes. 

PAR1 PARO Parity 

0 0 no parity 
0 1 fixed "O" parity 

0 odd parity 
1 even parity 

Note that even parity is defined such 
that the sum of the data and parity 
bits is even. 

0= Disables Timer C output mode. 
1= Enables Timer C output mode; 

disables Timer C's use as a baud 
rate generator when LM = O; 
causes transmit and receive 
clocks to be internally connected 
to RCLK so that TCLK may be 
used either as general purpose 
1/0 or as an output for Timer C. 

The following table lists the effects 
of the WS bit. 

WS Wake-up bit 

0 0 
0 

0 

Meaning 

Address Word 
Data Word 

Data Word 
Address Word 

These eight bits are used to store 
the sync character or the device ad
dress for the wake-up mode. 



PARALLEL 1/0 AND HANDSHAKING 

Two 16-bit ports, PO and P1, may be used for parallel 
1/0. If individual bits are desired, each of the 32 bits may 
be separately defined as input or output. This is 
achieved by setting the corresponding bits in the Data 
Direction Registers, Port 16 (Data Direction Register for 
Port O) and Port 17 (DDR for Port 1). Bits may be 
grouped to provide the exact data widths desired. 

PORT 14- Handshake Control Register; read/write 
$FC1C 

15 14 13 12 11 10 9 8 

Bit Descriptions: 

Eight additional 1/0 bits are provided in Port 4. Bits 15, 
14, 9 and 8 are output only, and bits 13, 12, 11 and 10 
are input only. 

Port O has the additional capability of operating under 
the control of external handshaking signals. Eight-bit 
or sixteen-bit sections of PO may be individually con
trolled as input, output or bidirectional 1/0. This is 
achieved by programming the handshake control bits 
as detailed below. 

7 6 5 4 3 2 0 

HSE 0 =Handshaking is disabled. 
(Handshake enable control) 1 =Handshaking is enabled. 

HSM2, HSM1, HSMO The handshake mode bits operate as 
(Handshake Mode control) follows: 

HSM2 HSM1 HSMO HIGH HANDSHAKE LOW HANDSHAKE 
0 0 0 Inactive PLO or PO output 
0 0 1 PHO output PLO output 
0 1 0 Inactive PLO input 
0 1 1 PHO input PLO input 
1 0 0 PHO input PLO output 
1 0 1 Inactive PO input (word only) 
1 0 PLO output PLO input (bidirectional) 
1 1 PO output PO input (bidirectional) 

Two pairs of Ready and Strobe signals, which are avail
able as programmable options on Port 4, provide the 
necessary control for handshaking. 

P4-9/RDYH, P4-8/RDYL 
(Ready High Byte, Ready Low Byte) 
Output, active high. RDYH and RHYL are used for in
put, output, and bidirectional handshaking on Port 0. 

1) Output mode: The ready signal goes active to indi
cate that the Port O output register has been load
ed, and the peripheral data is stable and ready for 
transfer to the peripheral device. 

2) Input mode: The ready signal is active when the Port 
O input register is empty and is ready to accept data 
from the peripheral device. 

3) Bidirectional mode: The RDYH signal is active when 
data is available in Port O output register for trans
fer to the peripheral device. In this mode, data is not 

placed on the Port O data bus unless STRH is ac
tive. The RDYL signal is active when the Port O in
put register is empty and is ready to accept data from 
the peripheral device. 

P4-11/STRH, P4-10/STRL 
(Strobe High Byte, Strobe Low Byte) 
Input, active high. STRH and STRL are both used for 
input, output, and bidirectional handshaking on Port 0. 

1) Output Mode; The positive edge of this strobe is is
sued by the peripheral to acknowledge the receipt 
of data made available by the MK68HC200. 

2) Input mode: The strobe is issued by the peripheral 
to load data from the peripheral into the Port O input 
register. Data is latched into the MK68HC200 on the 
negative edge of this signal. 

3) Bidirectional mode: When the STRH signal is active, 
data from the Port 0 output register is gated onto the 
Port 0 bidirectional data bus. 
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The negative edge of SfRH acknowledges the receipt 
of the output data. The negative edge of the signal ap
plied to the STAL signal is used to latch input data into 
Port 0. 

EXPANDED BUS OPERATION 

When it is necessary to expand beyond the on-chip 
complement of RAM, ROM, or 1/0, or when operation 
in a parallel multiprocessing system is desired, the 
MK68HC200 may be placed in an external bus mode. 
The MODE pin is used to select the expansion capa
bility on power-up and reset to one of the following 
states: 

MULTIPLEXED 
ADDRESS/ 

DATA 
BUS 

15 110 

14 

13 

12 

11 

10 

0 1/0 

0 0 -

MK68HC201 
MK68HC211 

0 0 

0 - - - -

~~Ii ~ § ~ 1 ~ I 
CJ 

MODE PIN 
Vee - No expansion (single chip mode) 
GND - Partial Expansion 
CLKOUT - Full Expansion 

By programming the appropriate bits in Port 15 (which 
are described below), the MK68HC200 may be recon
figured dynamically. In an expansion mode Port 0 be
comes the 16-bit multiplexed address/data bus and 
eight bits from Port 1 become control signals which han
dle data transfer and bus arbitration. Sixteen lines are 
still available for 1/0 functions, including eight lines from 
Port 1 and all eights lines of Port 4. See figure 9 for the 
expanded bus pinout. The following page describes the 
functions of the expanded bus pins. 

UPC GP 

0 15 ms Ill 

0 14 DDS iii 

0 13 R/W RiW 

0 12 iGACK Ds CONTROL 

DiiCK Dii& BUS 
I 11 

0 10 iS AS. 
iiG §lJSiN 

0 
iiii iiO§Oiil 

PORT 
1 

1/0 

Xl2 

Xl1 } EXTERNAL 
INTERRUPTS 

XIO 

SI 

} SERIAL 
RCLK 

TCLK 

1/0 so 

Figure 9. MK68HC201, MK68HC211 Logical Pinout Expanded Bus 
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MNEMONIC 

R/W 

AS 

MNEMONIC 

MNEMONIC 

P4-11/R/G 

PIN FUNCTIONS FOR EXPANDED BUS OPERATION (Common for GP and UPC options) 

Read/Write (output, active high and low) - R/W determines whether a read or a write is being 
performed during the current bus cycle. It is stable for the entire bus operation. A high signal 
denotes a read, and a low signal denotes a write. 

Data Transfer Acknowledge (input, active low) - When the addressed device has either placed 
the requested read data on the bus or taken the write data from the bus, DTACK should be 
brought low to signify completion. The data portion of the bus cycle will be extended indefinitely 
until this signal is asserted. For systems using the GP bus, in which no devices need wait states, 
DTACK may be strapped low. 

Address Strobe (output, active low) - AS is used to signify that the address is stable on the 
multiplexed bus. AS is high at the beginning of each bus cycle, goes low after the address has 
stabilized, and returns to the high state near the end of the bus cycle. 

PIN FUNCTIONS FOR UPC BUS OPERATION 

Upper Data Strobe (output, active low) - UDS is used to signify the data portion of the bus cycle 
for the upper byte of the data bus. For read operations, UDS should be used by the external device 
to gate its most significant byte onto the multiplexed address/data bus. For writes, UDS signifies 
that the upper byte of the bus contains valid data to be written from the processor. 

Lower Data Strobe (output, active low) - LDS is used to signify the data portion of the bus cycle 
for the lower byte of the data bus. For read operations, LDS should be used by the external device 
to gate its least significant byte onto the multiplexed address/data bus. For writes, LDS signifies 
that the lower byte of the bus contains valid data to be written from the processor. 

Bus Request (output, active low, open drain) - BR goes low when the MK68HC200 requires 
external bus master status. 

Bus Grant (input, active low) - BG notifies that the MK68HC200 has been granted the external 
bus master status. 

Bus Grant Acknowledge (output, active low, open drain) - The MK68HC200 will assert BGACK 
when it assumes mastership of the system bus. 

PIN FUNCTIONS FOR GP BUS OPERATION 

Request/Grant (input) - During reset, P4-11 served as the R/G input (0 = bus grantor, 1 = bus 
requestor). Following reset, and at all times during program execution, P4-11 may be used as 
a general purpose input pin. 

Data Strobe (output, active low) - DS is used to signify the data portion of the bus cycle. For 
read operations, DS should be used by the external device to gate its contents onto the multi
plexed address/data bus. For writes, DS signifies that valid data from the processor is on the bus. 

High Byte (output, active low) - HB signifies that the upper byte of the data is to be read or 
written. HB remains active for the entire bus cycle. 

Low Byte (output, active low) - LB signifies that the lower byte of the data bus is to be read 
or written. LB remains active for the entire bus cycle. 

Bus Input (input, active low) - BUSIN provides either bus request or bus grant. When the 
MK68HC200 is the bus grant device, its BUSIN signal is a bus request input from a requesting 
device on the bus. When the MK68HC200 is a bus request device, its BUSIN signal is a bus 
grant from the granting device on the bus. 

Bus Output (output, active low) - BUSOUT provides the opposite function <j>f BUSIN. When 
BUSIN is a bus request signal, BUSOUT is a corresponding bus grant, and vice versa. 
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PORT 15- Expanded bus control and status register 
$FCIE High byte: read/write 

Low byte: read only 

s s 
E E 
G G 
1 0 

15 14 

B F E 
L I x 
c s p 
K 

13 12 11 

Bit Descriptions: 

SEG1, SEGO 
(Segment bits) 

BLCK 
(Bus Lock control) 

FIS 

F 
I 
p 

10 9 

T u R T T T 
p I 

(res) 
c 

G (reserved) I 

l 
G 
p l l l 

8 7 6 5 4 3 2 

Used in the expanded bus mode when a 
reference is made to the DMA window. The 
contents of SEG1 and SEGO are then out
put on pins AD15 and AD14, respectively. 

O =Disables the bus lock function. 
1 =Enables the bus lock function. 

1 

l 

(Fast/Standard timing control) 
O =Selects standard timing of read/write 

cycles on the external bus (4 clock 
periods). 

EXP 
(Expanded Mode control) 

F/P 
(Full/Partial control) 

UPC/GP 
(UPC/GP status) 

RIG 
(Request/Grant status) 

1 = Selects fast timing of read/write cycles on 
the external bus (3 clock periods.) 

O=Expanded mode is disabled. 
1 =Expanded mode is enabled. 

0 =Partial expand when EXP bit is set to 1. 
1 =Full expand when EXP bit is set to 1. 

0 =Part is programmed in GP mode. 
1 =Part is programmed in UPC mode. 

0 =Part is programmed bus granter. 
1 =Part is programmed bus requester. 

1 

l 
0 

As shown in figure 9, two different control bus versions 
are available: a Universal Peripheral Controller (UPC), 
and which generates 68000 compatible bus signals, 
and a General Purpose (GP) bus, which can be used 
to interface to a wide variety of existing microproces
sor buses. With the selection of an expanded bus mode, 
the MK68HC200 can act either as a general purpose 
CPU chip (bus grant device) or as an intelligent 
peripheral 1/0 controller to a host CPU (bus request 
device). These two system configurations are illustrat
ed in figures 10 and 11. 

to DMA devices or peripheral CPUs. Alternately the 
MK68HC200 may be configured as a peripheral CPU 
(Figure 11) that must issue a request to the bus grant 
device before being allowed to use the system bus. The 
selection of one of these two configurations is accom
plished by the P4-11 pin at reset time. During reset, 
P4-11 serves as the R/G input (0 = bus granter, 1 = 
bus requester). Following reset and at all times during 
program execution, P4-11 may be used as a general 
purpose input pin. 

With the GP bus option, the user may configure the With the GP bus operating in the host CPU configura-
MK68HC200 in either of the two ways shown in figures lion, the MK68HC200 may be used to interface with ex-
10 and 11. As a host CPU (Figure 10), the MK68HC200 ternal memory and 1/0 devices in a manner that is 
bus arbitration logic causes the device to act as the sys- analagous to any general purpose microprocessor. Ad-
tem bus granter. In other words, the MK68HC200 would ditionally, the MK68HC200 retains its on chip RAM and 
have control of the system bus and would grant its use 1/0 resources, with on-chip ROM as an option, 
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68HC200 
BUS GRANT 

CPU 

OPTIONAL 
ROM 

RAM 

TIMERS 

SERIAL 1/0 

16 PARALLEL 
1/0 LINES 

68HC200, 
68000 

OR 
OTHER CPU 

SYSTEM BUS 

Figure 10. Host CPU Hardware Configuration 

SYSTEM BUS 

68HC200 
1/0 

CONTROLLER 

OPTIONAL 
ROM 

RAM 

TIMERS 

SERIAL 1/0 

16 PARALLEL 
1/0 LINES 

PERIPHERAL 
1/0 

CONTROLLER 

OPTIONAL BUFFERS 

OPTIONAL LOCAL BUS 

Figure 11. Peripheral 1/0 Controller Configuration 
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depending on the expansion configuration selected. 
BUSIN and BUSOUT are used to perform the bus 
arbitration handshake function, where BUSIN acts as 
the bus request input and BUSOUT as the bus grant 
output. 

In the full expansion configuration, any on-chip ROM 
is disabled, and program memory starting at location 
$0000 is located off-chip and is addressed via the 
expanded bus, as shown in Figure 13. In effect, the 
internal bus from locations $0000-$FAFF is mapped 
onto the external bus. In the partially expanded config
uration (Figure 12), on-chip ROM may be accessed on 
the internal bus. To gain greater addressability in the 
partial expansion configuration, a scheme is 
implemented to allow access of a full 64K-byte address 
space in four segments on the expanded system bus 
through the 16K by1e "window" on the internal bus. 
Basically, the most significant two bits of address on 
the expanded bus are replaced with two user-defined 
segment bits available to the programmer in the ex
panded bus control and status register, Port 15. 

As a peripheral 1/0 controller, the MK68HC200 operates 
as a bus requestor that gains mastership of the system 
bus from the bus grant CPU. The GP bus version may 
be selected to implement this system configuration in 
cases where an interface to a general purpose CPU is 
desired. In this case, the BUSIN and BUSOUT lines are 
again used to perform the bus arbitration handshake 
function, where BUSOUT now acts as bus request out
put, and BUSIN acts as bus grant input. In this con
figuration, the MK68HC200 can conceivably act as a com
plete peripheral 1/0 control subsystem on a single chip, 
with 16 lines of 1/0 and its on-chip ROM, RAM, timers, 
and serial 1/0 performing the necessary interface to 
the 1/0 device. The UPC bus version provides the 
peripheral 1/0 control function with a direct interface to 
a 68000 bus grant CPU. Note that the UPC bus version 
can operate only as a bus request device. Once the 
MK68HC200 has gained mastership of the system bus 
via the 68000 bus arbitration handshake lines (BR, BG, 
and BGACK), it may proceed to perform DMA transfers 
and communicate with system memory or other 1/0 
devices in the system. 

As in the case of the GP bus grant configuration, the 
portion of the internal (or private) bus address space 
that is mapped onto the expanded bus when the part 
is operating as either a GP or a UPC bus request device 
is determined by the expansion configuration selected. 
In the partial expansion bus requestor case, the result
ing memory map is identical to that shown for the GP 
bus grant configuration in Figure 12. During the time 
the MK68HC200 is executing its programs from ROM 
and accessing internal RAM and 1/0 resources, the ex
panded bus is held in a tri-state condition. The bus 
arbitration logic within the MK68HC200 monitors each 

3-290 

memory reference to detect external bus addresses 
(referenced in segments via the 16K by1e DMA window). 
Whenever such an external reference occurs, the logic 
automatically holds the processor in a wait state as it 
proceeds to obtain mastership of the bus. When use 
of the system bus is obtained, the processor is allowed 
to continue the reference. This procedure is transpar
ent to the programmer. In case of successive external 
references, the expanded bus is retained until an inter
nal reference is encountered. 

Finally, if the on-chip resources are insufficient to per
form the control task in the bus requestor configuration, 
the internal bus address range (excluding on-chip RAM, 
110) may be mapped onto an external local bus, which 
is physically the same as the system bus but logically 
separated with bus buffers. This is the full expansion 
bus requestor configuration. The memory map for this 
configuration is shown in Figure 14. The bus arbitra
tion sequence is performed only when the system bus 
is referenced through the DMA window. In this manner, 
the 1/0 subsystem is isolated from the host CPU. 

When operating as a bus request device, it is possible 
to retain the external bus for an indefinite duration by 
using a bus lock feature. This will help facilitate the 
transfer of large blocks of data. Thus, the on-chip bus 
arbitration logic allows (with a minimum of hardware and 
software overhead) a maximum of concurrent process
ing in parallel, multiprocessing configurations. The bus 
lock feature may be used by the MK68HC200 in a bus 
grantor mode to keep any peripheral from gaining 
mastership of the bus. 

In any of the GP expanded bus modes, the MK68HC200 
may respond to peripheral devices on the expanded 
bus which generate an interrupt request on XIO. The 
MK68HC200 will obtain the XIO interrupt vector num
ber from the requesting peripheral on the bus during 
an interrupt acknowledge cycle. When responding to 
an interrupt on XIO, the MK68HC200 will wait for the 
bus arbitration logic to gain control of the bus and then 
asserts neither HB nor LB while asserting AS to signify 
that an interrupt acknowledge cycle is in progress. The 
X10 interrupt will be the lowest priority interrupt when 
operating in any of the GP expanded bus modes. 

There is a user-programmable speed selection as
sociated with the read and write cycles for both the UPC 
and GP mask option parts. A bit in the expanded bus 
control and status register, Port 15, allows the user to 
select either the standard or the fast read/write cycle 
on the expanded bus. The standard bus cycle is four 
clock periods, while the fast bus cycle is three clock 
periods. 
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Figure 12. Partial Expansion Memory Map 
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EMULATOR VERSION 

The emulator versions of the MK68HC200 are availa
ble in 84-pin, leadless or leaded chip carrier packages. 
Figure 15 illustrates the logical pinout of the emulator 
version. The emulator versions have no on-chip ROM, 
but instead include a second complete bus, referred to 

P0RT4 

~ 
ii: 

" " ,: 0 0 a: a: > 
~ e! ~ ~ l;; l;; ~ ~ 

!!! ;! ::! ::< ~ ~ 

as the private bus. The private bus includes a mul
tiplexed address/data bus as well as bus control signals. 
There are 22 pins associated with the private bus. All 
40 110 port pins that exist on the 52-pin versions are 
available to the user for configuration either as gener
al purpose or special 1/0 pins, or as expanded bus pins. 
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Figure 15. Logical Pinout for MK68HC221 
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PRIVATE BUS OPERATION lator version reads data from the private bus unless data 
is read from on-chip RAM, 1/0, or the external bus 
formed by the Port 0 and Port 1 1/0 pins. The address/data lines and control signals that consti

tute the private bus are functionally equivalent to the 
internal signals used to access internal resources on 
the ROM versions of the MK68HC200. Thus, the pri
vate bus may be used to interface to EPROM memory 
in emulating mask ROM versions of the MK68HC200. 
Alternately, any combination of ROM, RAM, and 1/0 
may reside on the private bus. 

The 1/0 port range of the memory map ($FCOO-$FFFF) 
is actually subdivided into space which is exclusively 
reserved for on-chip 1/0 ($FCOO-$FDFF) and space 
which is exclusively reserved for in-circuit-emulator use 
($FEOO-$FFFF). The user should ensure that no exter
nal devices reside in the in-circuit-emulator area. 

The address that is generated on the private bus is iden
tical to that which is internally generated for 48-pin ver
sions. When the part is used in a configuration that 
supports system bus addressing through the OMA win
dow, any references in this region of the memory map 
produce an address on the private bus identical to that 
specified by the programmer. In other words, the seg
ment bits have no effect on the private bus address. The 
DMODE pin will go active during a reference to the 
OMA window. Write data appears on the private bus 
pins for all write operations, regardless of whether the 
reference is on-chip or off-chip. The MK68HC221 emu-

The private bus interface is the same as that for the GP 
expanded bus. All read/write transfers made exclusively 
on th•) private bus are three clock periods, regardless 
of the state of the Fast/Standard (FIS) bus timing 
selection bit. In systems using the expanded bus, the 
user should be sure to tie the FPRIV pin low so that 
expanded bus operation is not effected. The user 
should ignore all activity on the private bus while ac
cesses are in progress on the expanded bus. Care 
should also be taken that no external devices reside on 
the private bus in the memory space intended for ex
panded bus accesses. 

There are six additional control pins available on the emulator version that are not on the ROM version. Five of these pins are meant to be used by the development 
system. FC1, FC2, DMODE, and EXP MC are used to define the memory cycle currently being executed. FPRIV will affect the memory cycle currently being execut

ed. These signals are made available to simplify the design of the development system. Using these signals, the development system only has to interface to 
the private bus and not also to the expanded bus. The user might also be able to use these signals to simplify his design, however care should be taken when 
using FPR!V since this input will affect expanded bus memory cycles 

MNEMONIC ADDITIONAL PIN FUNCTIONS FOR THE EMULATOR 

UPC/GP UPC/GP (input, active high and low). This pin is used to select either the UPC or GP con-
trol bus configuration for the expanded bus. (1 = UPC bus, 0 = GP bus). It is sampled only 
when reset is active 

FC1, FC2 Function Code 1, Function Code 2 (outputs, active high and low). These pins (FC1 and FC2) 
define the memory cycle currently being executed. They are valid during the time private bus 
address strobe (PBAS) is active. The cycle types are interrupt, data, branch, and program 
fetch. The branch cycle is defined as the first program fetch after a branch occurs. A branch 
can occur as a result of a jump or call instruction, or an interrupt. For internal interrupts, the 
interrupt cycles are defined as the two writes to the stack and the read of the vector location 

I which occur during the interrupt acknowledge routine. For external interrupts, the interrupt cy-
cles are defined as the 3 cycles above plus the read of the vector number. The interrupt cycle I 
is a special case of the data cycle. The function code pins are defined below. 

I 

TYPE OF CYCLE FC1 FC2 
-- --

Interrupt 0 0 
Data 0 1 
Branch 1 0 

I 

I 
Program Fetch 1 1 

I DMODE OMA Mode (output, active low). This pin goes low when the segment bits are being output 
on AD14 and AD15 on the expanded bus. (The address output on the private bus will not con-
tain the segment bits.) DMODE is stable for the entire bus operation. 

EXPMC Expanded Memory Cycle (output, active low). This pin goes low when the expanded bus is 
being accessed. EXPMC is stable for the entire bus operation. 

FPRIV Force Private (input, active high). This pin is used to force the MK68HC200 to read data from I 
the private bus when the address is actually located on the expanded bus. In normal operation I 

this pin should be tied low and th~ ~xpanded bus operation will_t'e unaffected.:.__ ____ J 
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CRYSTAL SELECTION 

The wide frequency range of crystals that can be chos
en for the MK68HC200 offers the user a large degree 
of flexibility. To aid in the selection of a suitable crystal, 

the suggestions shown in Figure 16 should be consi
dered by the user. The MK68HC200 offers an output 
pin that will provide a system clock signal at one-half 
of the. crystal frequency. 

XTAL ( >---------ID i------< 
AMPLIFIER AMPLIFIER 
INPUT OUTPUT 

If it is desirable to "tune" the 
oscillator to a precias frequency, 
C2 may be a variable capacitor. 

Cz should be in the range of 
c,sc,s2c,. 
For a high frequency operation 

c,=s-1opF 

P1·3/SI 47 

P1·4/XIO 

P1·51Xl1 

P1-61Xl2 

P1-7 

•oo .... .... 
PMO 

P1-11 

PM2 

PM3 7 

c, 

GND 

c. 

C1 = 10 pf typical 
C2 = 20 pf typical 

Figure 16. Crystal Connection 

33 P0-3 

.... 
P0-7 

MK68HC201 
.... 

MK68HC211 GND 

v"' .. .. 
P0-10 

P0-11 

P0-12 

" P0-13 

Figure 17a. MK68HC201, MK68HC211 Pin Assignment, ROM Version 
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CHIP CARRIER 

11 1 84 75 

12 74 
0 

MK68HC221 

LCC 
OR 

PLCC 

(TOP VIEW) 

33 53 

LCC FUNCTION LCC FUNCTION LCC FUNCTION LCC FUNCTION 

1 P1-4/XIO 22 PBAS 43 P0-7 64 PB-8 
2 P1-5/Xl1 23 PBDS 44 P0-6 65 PB-9 
3 P1-6/Xl2 24 P4-8/RDYL 45 P0-5 66 PB-10 
4 P1-7 25 P4-9/RDYH 46 P0-4 67 PB-11 
5 P1-8 26 P4-10/STRL 47 P0-3 68 PB-12 
6 P1-9 27 P4-11/STRH 48 P0-2 69 PB-13 
7 P1-10 28 MODE 49 P0-1 70 PB-14 
8 P1-11 29 CLK2 50 P0-0 71 PB-15 
9 EXP MC 30 CLK1 51 FC2 72 P4-13/TAI 
10 vcc 31 CLKOUT 52 DMODE 73 P4-12/TBI 
11 NO CONNECT 32 FC1 53 FPRIV 74 vcc 
12 GROUND 33 vcc 54 vcc 75 GROUND 
13 UPC/GP 34 GROUND 55 GROUND 76 P4-15/TAO 
14 P1-12 35 P0-15 56 PB-0 77 P4-14/TBO 
15 P1-13 36 P0-14 57 PB-1 78 RESET 
16 P1-14 37 P0-13 58 PB-2 79 NMI 
17 P1-15 38 P0-12 59 PB-3 80 P1-0/SO 
18 PBLB 39 P0-11 60 PB-4 81 P1-1/TCLK 
19 PBHB 40 P0-10 61 PB-5 82 P1-2/RCLK 
20 PBR/W 41 P0-9 62 PB-6 83 P1-3/SI 
21 PBDTACK 42 P0-8 63 PB-7 84 vcc 

Figure 17b. MK68HC221 Pin Assignment, Emulator Version 
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ASSEMBLER DIRECTIVES 

Directive Function 

DC Define constant 

DS Deline storage 

DUP Duplicate constant block 

END Program end 

EQU Equate symbol value 

FAIL Programmer generated error 

FORMAT Format the source listing 

IDNT Generate module ID 

LIST Enable the assembly listing 

LLEN Specify line length 

NO FORMAT Do not format listing 

NOLIST Disable assembly listing 

NOOBJ Disable object code generation 

NO PAGE Suppress paging 

OFFSET Deline Offsets 

OPT Assembler output options 

ORG Define absolute origin 

PAGE Eject a page in the listing 

REG Define register list 

SECTION Deline relocatable program section 

SET Set symbol value 

SPC Space between source lines 

TTL Specify heading title string 

XDEF External symbol definition 

XREF External symbol reference 

NOTES: 
1 .. size =; .B or .W (byte or word size) 
2. Options for the OPT directive include: 

CEX Print DC expansions 
NOCEX Do not print DC expansions (default) 
CL Print conditional assembly directives (default) 
NOCL Do not print conditional assembly directives 
CRE Print cross-reference table 
IMM.L Forces immediate operands for arithmetic instruc

tions ADD, SUB, DADD, and DSUB to use the long 
instruction form 

IMM.S Allows the assembler to select automatically the 
short form of the arithmetic instructions for small 
immediate values (0·15) (default) 

Assembler Syntax 

[label:] DC[.size]*' expr { ,expr} 

[label:] DS[.size]*' ex pr 

[label:] DUP[.size]*' length, value 

END [start address] 

label: EQU expr 

FAIL ex pr 

FORMAT 

module_name: IDNT version, revision 

LIST 

LLEN length 

NO FORMAT 

NOLIST 

NO OBJ 

NOPAGE 

OFFSET expr 

OPT option2 {, option} 

ORG ex pr 

PAGE 

reg_list._name: REG[.size] register list 

[section_name:] SECTION number 

label: 

3-298 

MC 
NOMC 
MD 
NOMD 
MEX 
NOMEX 
0 
NOO 
STR 
NOSTR 

SET 

SPC 

TTL 

XDEF 

XREF 

Print macro calls (default) 
Do not print macro calls 

ex pr 

number 

title string 

symbol {, symbol} 

[sect no:] symbol -
{,[sect no]: symbol} 

Print macro definitions (default) 
Do not print macro definitions 
Print macro expansions 
Do not print macro expansions (default) 
Create object module (default) 
Do not create object module 
Print code generated by structured statements 
Do not print code generated by structured 
statements (default) 



GENERAL SYMBOL DEFINITIONS 

SYMBOL GENERAL SYMBOL DEFINITIONS 

Rn General Purpose Registers - DO-D7, AO-AS, SP, SR, 
DHO-DH7, DLO-DL7. 

RPn Register Pairs - DO-D1, D2-D3, D4-D5, D6-D7, 
AO-A1, A2-A3, A4-A5. 

An Address Registers - AO-A5, SP 

Pn Ports - PO-P15, PHO-PH3, PLO-PL3. 

cc Condition Code - See Table. 

d16 16-Bit Address Displacement Field In Words. 

d13 13-Bit Address Displacement Field In Bytes. 

d9 9-Bit Address Displacement Field In Bytes. 

dB 8-Bit Address Displacement Field In Bytes. 

#nx Immediate Data Field - x Number of Bits.' 

0 Size Bit - '1' = Word, 'O' = Byte. 

REGn 4-Bit Register Field - See Table. 

I PORTnl 4-Bit Port Field - See Table. 

~ 3-Bit Address Register Field - See Table. 

I PRTnl 3-Bit Port Field - See Table. 

I RGnl 3-Bit Register Pair Field - See Table. 

M Register Mask Field - See Table. 

/CONDI Condition Code Field - See Table. 

~ 3-Bit Class Field - See Table. 

[EJ 2-Bit Class Field - See Table 

[ill 1-Bit Class Field-See Table 

a Address Field - 16 Bits. 

# Immediate Data Field. 

n 3-Bit Shift Field - 2 ,;; n :5 7. 

b# 4-Bit Bit Select Field. 

d Displacement Field. 

. B Byte Attribute . 

.w Word Attribute . 

. L Long Attribute . 

. s Short Attribute . 

[ l Optional Field. 

NOTE 

1. When using the byte format of an instruction with a 16-bit immediate data field, both the high and low byte 
of the data field must contain the same 8-bit data. 
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FIELD DEFINITIONS 

l REGn l 4-Bit Register Map 

Bit Bit 
Register Field Register Field 

DO DHO 0 0 0 0 AO DLO 1 0 0 0 

D1 DH1 0 0 0 1 A1 DL1 1 0 0 1 

D2 DH2 0 0 1 0 A2 DL2 1 0 1 0 

D3 DH3 0 0 1 1 A3 DL3 1 0 1 1 

D4 DH4 0 1 0 0 A4 DL4 1 1 0 0 

D5 DH5 0 1 0 1 A5 DL5 1 1 0 1 

D6 DH6 0 1 1 0 SP DL6 1 1 1 0 

D7 DH? 0 1 1 1 SR DL7 1 1 1 1 

I PORTn[ 4-Bit Port Map 

Bit Bit 
Port Field Port Field 

PO PHO 0 0 0 0 PS 1 0 0 0 

P1 PLO 0 0 0 1 P9 1 0 0 1 

P2 PH1 0 0 1 0 P10 1 0 1 0 

P3 PL1 0 0 1 1 P11 1 0 1 1 

P4 PH2 0 1 0 0 P12 1 1 0 0 

P5 PL2 0 1 0 1 P13 1 1 0 1 

P6 PH3 0 1 1 0 P14 1 1 1 0 

P7 PL3 0 1 1 1 P15 1 1 1 1 

~ 3-Bit Addr Reg Map [ PTRn I 3-Bit Port Map [RGn[ 3-Bit Reg Pair Map 

Bit Bit Bit 
Register Field Port Field Register Field 

AO 0 0 0 PHO 0 0 0 DO-D1 0 0 0 

A1 0 0 1 PLO 0 0 1 D2-D3 0 0 1 

A2 0 1 0 PH1 0 1 0 D4-D5 0 1 0 

A3 0 1 1 PL1 0 1 1 D6-D7 0 1 1 

A4 1 0 0 PH2 1 0 0 AO-A1 1 0 0 

A5 1 0 1 PL2 1 0 1 A2-A3 1 0 1 

SP 1 1 0 PH3 1 1 0 A4-A5 1 1 0 

PL3 1 1 1 
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Bit 15 

Inc 

Word SR 

Dec 

Word DO 

Inc 

Byte DH7 

Dec 

Byte DLO 

M-REGISTER MASK MAP FOR MOVEM, PUSHM, AND POPM 

14 13 12 11 10 9 8 7 6 5 4 3 

SP A5 A4 A3 A2 A1 AO D7 D6 D5 D4 D3 

D1 D2 D3 D4 D5 D6 D7 AO A1 A2 A3 A4 

DL7 DH6 DL6 DH5 DL5 DH4 DL4 DH3 DL3 DH2 DL2 DH1 

DHO DL1 DH1 DL2 DH2 DL3 DH3 DL4 DH4 DL5 DH5 DL6 

!CONDI CONDITION CODE TABLE 

Condition Bit 
Code Field Description Test 

z Zero 
EQ 0 0 0 0 Equal z 
Ml 0 0 0 1 Minus N 

L02 Lower 
cs 0 0 1 0 Carry Set c 
vs 0 0 1 1 Overflow Set v 

r------1 ------1 
GE2 0 1 0 0 Greater than or Equal N .EOR. V 

GT2 0 1 0 1 Greater than Z .AND. (N .EOR. V) 

Hl2 0 1 1 0 Higher C .AND. Z 
Fl 0 1 1 1 False Always False 

NE Not Equal 
NZ 1 0 0 0 Not Zero z 
PL 1 0 0 1 Plus N 

HS2 Higher or Same 
cc 1 0 1 0 Carry Clear c 
vc 1 0 1 1 Overflow Clear v 
LT2 1 1 0 0 Less than N .EOR. V 

LE2 1 1 0 1 Less than or Equal Z .OR. (N .EOR. V) 

LS2 1 1 1 0 Lower or Same C .OR. Z 

Tl 1 1 1 1 True Always True 

NOTES: 
1. The assembler does not recognize the T and F condition codes. 
2. LT, LE, GT, and GE are used for unsigned conditions; LO, LS, HI, and 

HS are for unsigned conditions. 
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INSTRUCTION CLASS FIELDS 

~ - 3-Bit Field [gj - 2-Bit Field ~ - 1-Bit Field 

Bit Shift Bit1 Bit Arith2 Logical Bit Arith2 Test Neg2 
Field Instr Instr Field Instr Instr Field Instr Instr Instr 

0 0 0 ROR BSET 0 0 ADDC OR 0 ADD TESTN NEGC 

0 0 1 ROL BCHG 0 1 SUBC EOR 1 SUB TEST NEG 

0 1 0 RORC BCLR 1 0 ADD AND 

0 1 1 ROLC BTST 1 1 SUB -

1 0 0 ASR -
1 0 1 ASL -
1 1 0 LSR -
1 1 1 - BEXG 

NOTES: 
1. The bit fields do not apply to bit instructions using a port operand. 
2. These fields also apply to BCD instructions. 

INSTRUCTION FORMAT 

15 

PREFIX WORD 
(used only in some forms of the decimal and bit instructions) 

OPERATION WORD 
(contains the opcode and possibly the operands) 

-
EXTENSION WORD 

(optional - specified by the operation word to be 
immediate operand, mask field, displacement or absolute address) 
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INSTRUCTION 
MNEMONIC 

ADD 
ADOC 
SUB 
SUBC 

INSTRUCTION 
MNEMONIC 

ADO 
SUB 

AND 
EDA 
OR 

ATTR 
SIZE 

OPERAND 
~SS EMBLER 
SYNTAX 

, Source .. src 

OPERATION 
WORD 

I Desllnation=Dst 

Src, Ost 

'w 
' 0 

R 
0 
s 

!1s]14\1a·,;1,~Fol ~T ~f 1l~]s!4 \a i 2' 1 i o: 
[~I r.-_-~_!:~~JiLsJL~fJo!l AEGy 

[~I ~-~-£i~~x -m_s~: c2. 1 Io [ Ay 

,o 
N 

OPERATION 

3 ADD 
I Src • Ost - Ost 

6 AD"DC 
Src • Os1 • C - Ost 

B -·-r ·tii~~~-- 1 1 [ Ay 9 ' SUB 
[W] , Ost Src -- Os! 

.B -2----~c ~ It~;[ c2 j 1 1 a~ 9 ·1 SUBC 

[W] ~ I 1 I -t ' i Ost Src C -- Ost 

B I #n16.Ax 1 2- - L--=;;E~-JltJ 1 c2-I, 2 1--, -1.-- 6 1 Note For addressing modes 

IW] I J ____ :__-~- 1 i -+- _J ___ )~ci~xa~~ds0~~~!17~~~1~~:. 
B Ay.(Ax) ti 3 0 I Ax J Is [ c2 1 REGy . -Jr 1 I _ I g I the assembler uses the shon 

(.W) ~~ -j1 ~ t ·f +-.J·I v;i;~~sfor 1mmed1a1e ~alues 
[.~) (Ax),{Ay) t 3 j 0 [-Ax~~[il[C2, 1 [ Ay ]1 1 t - I 12 

[~[ <n16(A•J - ~ _ _,-_1~ ~J,l.Jlo~J 1 - ~ = 12 i •r2 ! 
B {AX)-t,(Ay).. 3 T, e_-~;_,[!l@_J 1 0 [Ai Ji 1 : - I 12 1 

:~: <n16(A•J• - __ -1 ~ 1;-~Q~~-; ~-,-_1-;-++-; t--,~ 
[~[ -(A•).-(Ay) ! 3 1 ~j['J@J 1 1[~'.:"t1 ·. -i 12 

-[!)-i .,,._,A;J- 3i1 ~~l'J@J 1 -~~ ;f-,;-
.B Ry,d16(Ax) 3 1 ~=:J0~ O ~G~-+;- ±, 

(W[ -- - -- _-- _j_ 
! ~I Ry,Addr 3 F LSJ [~"fJ O QI~~-] 2 12 

OPERAND 
ASSEMBLER 

ATTR SYNTAX 

SIZE SOl.lrr:e=Src 
Deslination=Dst 

Src, Ost 

OPERATION W 
W 0 RD 0 

R 
D 

--,-~~ s 

E 
x 
T 
E 
N 

• I 
0 
N 

OPERATION 

B #n4.Rx 3 ADD 
[.W] Src + Dst - Ost 

B 1114.(Ax) 
[.W] 

B lln4,d16(Ax) 12 SUB· 
[W[ Ost - Src - Ost 

B #n4,Addr 
I.WI 

B Ry, Rx 3 ANO: 
[W[ Src AND. Os! - Ost 

=_1 :_ ~~REDA D'1 - D'1 

d f 9 

.B Py.Rx 
[W[ 

B (Ay).Rx 
[.W] 

B d16(Ay),Rx 
[.W] 

B Addr,Rx 9 OR: 
[W[ Src .OR Ost - Osl 

B #n16,Ax 
[W[ 

[~~~Jl'J['2J, 

B Ry.Px 
[W) 

I 

STATUS 
FLAGS 

N Z V; C 

l STATUS 
FLAGS 

~ 1; v c 

1· 
! 

• 0 0 

-·-=~~,-~_:[~· ~J 'l · 1 '~l I #n16,Px 
(.WJ 

B , l'~·l'J[qJoil:"•Gi 'I 1-T• 1 I 

~~~~~~-'-~~~~--~L'_-r-_-_~~--~~j-l'l_C<_c[_]_1il_o_:_··_t_(L;-_,_1L-.--~~-"_1 ____ ~ ____ J 
Ry,(Ax) 

(.WJ 

Continued B (Ax),{Ay) 
on next page [.W[ 
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INSTRUCTION 
MNEMONIC 

AND 
EOR 
OR 
(cont.) 

ASL 
ASR 
LSR 
ROL 
ROLC 
ROA 
RORC 

INSTFIUCTlON 
MNEMONIC 

BCHG 
BCLR 
BEXG 
BSET .,.,. 

ATTR 
SIZE 

.B 
[.W[ 

B 
[.WJ 

B 
[.W[ 

B 
[.W[ 

.B 
[.W[ 

.B 
[.W[ 

OPEFIAND 
ASSEMBLER 
SYNTAX 
Source=Src 
Deetlnallon,.Det 

Src, Ost 

#n16,(AK) 

(AK)"',(Ay)+ 

Ry,Addr 

[#1l,R>t 

OPEFIATION W 
W 0 Fl D 0 

R 
D B±f; ;ffiEEEG_ ~ • 

OPERATION 

0 C::~_K _J [!] L--=.?J 1 12 ~~~~ND. D1t - Ost 

~I'.t.:J~1l~-;+•T:•Zi·-; -::: " 
;· 1c.A:i:JTu]{cff; -- ·;----t-; -~-+-;-;-- EOR 

-- .. Src: .EOR. Ost - Oat 

1 l:Ai::Jl!ll'~l 1 1{~~1-; - " 

1 I ,;; J1•Wi'{1 ; -,- - 2 +-; " OR 
Src .OR. 011 - Os1 

1 I •;:1c•J[i2J o 1-~~E_;j 2 " 

~I [o2] o I :M.ili J 2 " 

~B§~.~:- -1 ~J o ( _·-.c~_ J o o 1 1 a ~~iFT: os1 

--~---- -- r~~·ir~•TJ{jc;~:J ; - ,.,. [g:;~~r~~i B 
[.WJ 

----~ 

.B 
[.W[ 

.B 
[.W[ 

.B 
[.W[ 

---

ATTFI 
SIZE 

#n3,RK 

----- -

(AK) 

d16(A1;) 

"" --- ----

OPERAND 
ASSEMBLEFI 
SYNTAX 

Source=Src 
DHllnllllon=DSI 
Src, Ost 

#n4,RK 

[~~--·---

- #n4,(Ax) 

ofn4,d16(AK) 

o [~~-11~1 o[~:i:io_o_o 1 I ...... 9 L~l ~qJ 
--- -- -·· ----- ----- -- -- ---j ROTATE: 

1 UiJ~I o [_£•_Joo o 2 o " ~2-~~I 

--;--1 -- -- ~-,-c.li.'.To •• 2-j -.;i-12 c~~©J 
----+--- --+-1--t---I 4r~£] 

-----i ---+------- ----i-+-, ~~KcJJ 

OPERATION W 
W 0 Fl D 0 

R 
D 

HH;EBT'fJ~F ill . 
[_REG~_J[__o!] 1 DO 1 

o U~l[_c_;_J 1 C~!._J 

E 
x 
T • N • I 
0 
N 

'NOTE: 
2:sn:s7 

OPEFIATION 

3 BCHG: 

, . OSl(b#) - C 
1-Dat(b#) - Dlt(b#) 

d 12' BCLR: 
Dst(bN) ~ C 

----- -~--·-- _,, - ---· I 0..0= ... ~1+=[ =,=,= __ =1"~, -+-~ t,.,..-c 0 - D•[b~ - #n4,Addr 5 

Ry,d16(Ax) l.£.•<i! -,- .. 

1 L!ii_]I~" J;1 
t- .. _____ _ 

Ry,Addr l~!~tJ F ~~--

I~'' J 1 
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d 15' .,.,., 
Oat{bll) - C 

'NOTE: The BTST 1nstrucllon 
exacutes1n31essclock 
cycles 

STATUS 
FLAGS 

* * 0 0 

NOTE: The 
ASA, LSR, 
ROA. and 
RORC 
m1truct1on1 
wlllclearlhe 
V statu1 bit 

STATUS 
FU.GS 

"'* 0 * 
II Dat(l:I#) II 
1n lhe low 
byteof!he 
SR,then the 
~her SR bill ... 
unchanged. 



INSTRUCTION 
MNEMONIC 

BCHG 

BCLR 

BEXG 

BSET 

Conti~ 
onnex!...2!9! 

INSTRUCTION 
MNEMONIC 

BTST 
(cont.) 

CALLA 

CALLA 

ATTA 
SIZ£ 

OPERAND 
ASSEMBLER 
SYNTAX 

Souree=Sre 
Dfftlnallon=D•t 
Sn:, 0.1 

"14,Px 

OPERATION W 
W 0 AD 0 

" D 

,ffi. ,±H~.,l~TI~.~1;i:-,-r-j;r. • 
4 IPORTxl B ~1 

E 
x 
T 
E 
N 
s 
I 

0 
N 

-=--- +;;-,.-,----+--o--+-[_-A-E--G-~---Jf--F---+--,-+-,-+-_---+-,_,2 

~'omo 
No4,Px 

OPERATION 

Dst(b#) - C 
1 - Dst(bl) - Dst(b#) 

Dsl(b#) - c 
f---+------+---+-----f-----+----+--f--+-_, 0 - Dst(b#) 

C-.•.•"LJ Ry,Px 7 2 - 12 

1114,Px ~1 
DSl(b#) - C 

Ry,Px 2 - 12 

7 IPORTxl E 0 

#n4,Px 
Dsl(b#) - C 

r-----+-A-y.P-,---+---o-+=I =.=.~o,='1--F-+--,->-,-+-_--+-,,---< , - Dst(b#) 

4 )PORTxl 9 0 

1114,Px 

OPERAND 
ASSEMBLER OPERATION 

ATTA SYNTAX WORD 

SIZE Source=Sn: 
Deatinat:lon"'Dst 

Src, Ost tH~2 ,±H 1ffi• 1·E0 

Ry,Px ~ 

I PORTx I 

j.LJ (Ax) oDQ 
(unconditional) 

[.LJ ""' (unconditional) 

[.LJ CC. Addr I OOND I 

(.SJ d13 
(unconditional) 

.L 
(u11cood1honal) 

.L CC, d16 I COND I 
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E 
x 

W T 
D E 
A N 
D S 
S I 

0 
N 

Dst(b#) - c 

OPERATION 

9 Dat{b#) - c 

9 PC + 2 - -(SP) 
(Ax) - PC 

9 PC + 4 - -(SP) 
Addr - PC 

a F:6 II CONO IS true, PC + 4 -
l'.12 - (SP); Addr - PC 

NOTE: The iniUat PC value is 
the location of lheCALLA 
instruction. 

- 10 PC + 2 - -(SP) 
PC + 4 + 2-(d) - PC 

9 PC + 4 - -(SP) 
PC+4+d-PC 

d F:6 If CONO is true, PC + 4 -
T:12 -(SP): PC + 4 + d - PC 

NOTE: The initial PC value is 
lhe location of the CALLA 
instruction. The 
displacement, d13, is in 
signed magnitude 
represenlallon, and the 
displacemenl, d16, is an 
two's complement 
representa110n. 

1 ~TATus LLAGS 
.:EEEJ 

• 0 

STATUS 
FLAGS 

•• 0. 



INSTRUCTION 
MNEMONIC 

CLR 

ATTA 
SIZE 

OPERAND 
ASSEMBLER 
SYNTAX 

! ~~~t~~~~~~~Dst 
Src, Ost 

page ! !W] 

INSTRUCTION 
MNEMONIC 

I 

I 

I 

OPERAND 
ASSEMBLER 

ATTA SYNTAX 

SIZE Source=Src 

Src, Ost 

#n8.Px 

#n16.Px 
[W[ 

t 
B i (Ax),(Ay) 

[W[ 

B 'i'n16,(Ax) 
[.W) 

B (Ax)-· .(Ay)+ 
[W[ 

B >n16,(Ax)~ 

[W[ 

I (Ay).Rx 

B d16iAy).Rx 
[WJ 

B 1 Addr,Rx 
[WJ 

B 
[WJ 

OPERATION 
WORD 

OPERATION 
WO R 0 

REGx 

REGx c2 1; 
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Ay 

·~ 
R 
D 
s 

OPERATION 

c 
y 
c 
L 

E ' 
s ' 

- Src 

6 Ost - Src 

BCD [Src • Dst • C -- Ost] 

, DSUB 

9 j BCD [Dst ·Ost] 

Src C Ost] 

STATUS 
FLAGS 

N Z V C 

1· 
I 

- -· --------- -~ 



1----------~--, --c-;;~~~~ER 

INSTRUCTION ATTA 1 SYNTAX 

MNEMONIC SIZE i ~~~~nea~!~0 Ost 

Src, Dsl 

B 1 Ry.(Ax) 
IWI 

(conl) 

B {AxJ.(Ay) 
IWI 

B #nl6.(Ax) 
IWI 

8 (Ax)' .{Ay) I 

!WI 

8 Un16.{Ax), 
IWI 

B (Ax). -(Ay) 
1w1 

B (Ax) 
IWI 

Continued 

--------~-----

OPERATION 
W 0 RD 

w : ~ ~ 
~ ~ ~ I 

O S , E 

1s·14i13!1211'10;9,s 1 s:5,4 3' 2 : 1 0 
5 ~ i 5 

,, o, REGy 

Y5 

Ay 

I 
3 I ' 

' ! - : Y5 

O I Ay 

3 I Y5 

:, , I 
I", 

y 
l 

OPERATION 

STATUS 
FLAGS 

' ! 
N Z V ! C 

-·-~-,----·· -------- T--~--,-
: I OPERAND 

INSTRUCTION I ATTf\ I ~;~~::LEA 
MNEMONIC I SIZE ! ~~~::=r,~;i~~=Dst 

DADD 
DSUB 

I Src. Ost 

8 , Ry,d16{Ax) 
1w1 

(~I i Ry,Addr 

B lln4,Rx 
[W[ 

l~I I #'n4.{Ax) 

B #n4.d16(Ax) 
[WI 

OPERATION 
WOAD 

3-307 

lw 
0 
R 
D 
s 

I 

! STATUS I 
I FLAGS 

OPERATION 

I 
I - , 

Y5 I 

6 IDADD 1u U 
I BCD /Src Ost - Ost] 

12 : DSUB 
: BCD IDs! Src -- DstJ 
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INSTRUCTION 
MNEMONIC 

ATTA 
SIZE 

I OPERAND 
ASSEMBLER 
SYNTAX 

Source=Src 
Destination =Ost 

Src, Ost 

i 
OPERATION 

WORD 
w 
0 
R 
0 

f P~T-EIH· I· 12H~ . 
n~1 
s I E i 
6 I s 1 l;;;-~-r·-~1~1 
N' ~ 

I STATUS 
FLAGS 

OPERATION 

DIVU 

1- i"'"" 
5 IREGx]l D ~o 1 

! I 

-TF:6 APy(even),RPy(oddJIR~-RPy(eve~I 
T:23 REM - APy(odd) 

I MSW - even: LSW - odd 

DJNZ 

DNEG 
DNEGC 

6 Rx,dB 
{.W] i 

B 
[.W] 

Ry 

B (Ay) 
[.WI 

0 F 

3 7 

0 F 

3 7 

- F:61Rx-1-Rx:l!Rx-#-O - - - -
T:9 i 1hen PC+4-[2·(d)) - PC 

j N1~~~c:~~~n~;a1ih:c0~~~e is 

instruction. The 
displacement value, d. is a 
magnitude 

6 DNEG 
BCD: [O - Dst - Ost] 

F l F 2 ~-~I ~~;-1 DNEGC I BCD: 10:-Dsl-C - OSI) 

u u 

l'J[Oi]1 1 oQi:::J J l 

6 ! d16(Ay) ---·+---+I--, --1<--i -,--+--,--+-, I " : 0 F 

!.W]ri ~~,,j·,m I i 
- ~~--- ~-,-, -----+----+----r--,--+---,-+--,-+--,-+1-,_,5 ! 

f--;-- 7 

0 F 

DSUB l 
DSUBC 

INSTRUCTION 
MNEMONIC 

El 

EOR 

EXG 

EXT 

HALT 

IDLE 

JMPA 

LINK 

1 

ATTA 
SIZE 

B 
[.W] 

.B 
[.WJ 

B 
[.W) 

.B 
1.WJ 

B 
[Wj 

B 
[.W] 

see DADD 
(page 15) 

OPERAND 
ASSEMBLER 
SYNTAX 

Source=Src 
Destlnatlon=Dsl 

src, Oat 

see AND 
(page 9) 

Ax,Ay 

Rx,(Ay) 

Ax,{Ay)+ 

Rx,-(Ay) 

Rx,d16(Ay) 

Rx,Addr 

"' 

[.LJ {Ax) 
(unconditional) 

[.LJ Addr 
(unconditional) 

{.LJ CC,Addr 

Ax,#<116 

f-,--+-:;·--+0-.-[0i]-1 -,+---,---

l 

I 
OPERATION w 

W 0 R 0 0 
R 
D 

1:r±±2 ,1,H· i·H· ·H1· 
s 

~ l'J1 0 0 ~ 1 

~ l'J1 0 1 o~ 1 

~ l'J1 1 1 o~ 1 

~ l'J1 1 1 1·~ 1 

~ l'J1 1~ 2 

~ l'J1 0 1 

~ 

1~1 

1~ 
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E 
x 
T 
E 
N OPERATION 
s 
I 
0 

I N 

3 1 - L1E 
Enable Interrupts 

4 Src - Ost 

12 

3 SIGN EXTEND: 
SignB1t(RLx) - RHx 

- - PC+2-PC: 
Fetch continuously 

6 (Ax) - PC 

6 Addr - PC 

a F:6 If COND is true, Addr - PC 
T:9 

9 Ax - -(SP); SP - Ax: 
SP+d - SP 

STATUS 
FLAGS 

tTEEJ 



~NST~:CTION OPERAND 
ASSEMBLER 

ATTA SYNTAX 

MNEMONIC SIZE Source 0 , Src 
Destination o" 
Src, Ost 

-- ---------~-----.-:-,-------~----r--1 
OPERATION w ~: ~ I STATUS I 

w 0 R D ~ ~ ~ OPERATION I FLAGS 

D S E 

s b s 
I 6 5 4 '3' 2 1 t '0 N 1514,13'1211109 

JMPR IS[ d9 7 PC -t 4 + 2·(d) - PC 
(uncond1t1ona1) 

IS[ CCd9 COND - F 4 11 CONO 1s true 
T:7 PC t 4 -< 2·{d) - PC 

(uncond1t1onal) 

CC,d16 CONO 

LIBA , h"d16(RxJ.Al REGx I ' ' LIWA 

; qd16{Ay.Rx),Az I REGx ' I_ A' j [._-A~ 

I j 

LSR 

MOVE B Ry, Rx REGx 'I Src - Ds1 ,- - - -
[W[ 

B . p·y.Rx REGx 
i 

l.WJ 

Contmued B t (Ay).Rx REGx [•jo 0 1 ' 0 ~ Ay 6 
I on next page [W[ 

i OPERAND 

I ASSEMBLER OPERATION STATUS 
INSTRUCTION I ATTA 1

! :::::~. Src 

W 0 AD f FLAGS 
MNEMONIC SIZE OPERATION 

Destination"' Ost 

$re, Ost : ~T ~-l~Tc 
MOVE B (Ay)+ .Rx Src - Ost 
(conl) [W[ 

B - (Ay),Rx 
[W[ 

B d16(A\,)Rx 
[W[ 

B Addr,Rx 
[.W) 

Hn8,Rx 

*n16,Rx 
[W[ 

B Ry,Px 
[W[ 

B , (Ay) • .Px 
[W[ 

j ~n6.P~ 

I.WI 

B Ry.( Ax) 
[W[ 

B 1 (Ax).(Ay) 
[W[ 

8 ! #n16,(Ax) o[ 
Continued 

[W[ 

on next page Rx,(Ay) + 

3-309 



INSTRUCTION 
MNEMONIC 

MOVE 
(cont.) 

MOVEM 

INSTRUCTION 
MNEMONIC 

MULS 

MULU 

NEG 
NEGC 

NOP 

NOT 

OR 

ATTA 
SIZE 

OPERAND 
ASSEMBLER 

I SYNTAX 

! ~~~:nea;~~=Dst 
! Src, Ost 

ASSEMBLER I 
OPERAND 

ATTA SYNTAX 

SIZE Source=Src 

B 
{WI 

8 
[.W] 

8 
(.W] 

r----·-
8 

[WJ 

I Destination=Dst 

! Src, Ost 

Ax,RPy 

Ax,RPy 

Ry 

(Ay) 

d16(Ay) 

Add< 

8 Ry 
I.WI 

OPERATION 
WORD 

[!10011~12 

[!:]o o 1 o~j 2 

OPERATION 

M + 3n (Ay) ~ - REGLIST 

M + 3n - (Ay) - REG LIST 

M + 3n REG LIST - (Ay) + 

2 i M +3n REGLIST - -(Ay) 

OPERATION W 
W 0 R 0 0 

R 
0 

c-,~-~.~±-·1~,,~,-±',.-~ 9~1-·~1~·1·-1-.-;-,1-1~, --"i 0 s 

~o 1 

I 
~ 

i 
0[g 1 0 I REGy JI 1 

0§]1 1 1 ~ 2 

0§1 1 

llil 0 0 0 [ __ ~§'.:] 1 

I 

E 
x 
T' 
E 
N 
s 
I 
0 
N 

NOTE: A minimum ol 2 registers 
must bespec1J1ed and may be 
spec1!1edmany order 

OPERATION 

- 21 Rx • RPy(even} -
RPy(even), RPy(odd} 

MSW - even; LSW - odd 

- 21 Rx • RPy(even) -

, I,, 

RPy(even}, RPy(odd) 
MSW - even; LSW - odd 

2's Complement 

NEG: O - Ost - Ost 

NEGC: 0 - Ost - C - Ost 

3 PC+2-PC 

1's Complement 

~· --f---·---+-- --1=----+~~==+---+-+--
[!] O O l IO~ 1 g NOT(Dst) - Ost [.W] 

f-1w-"1--+1-"--'l-~-l----+---+---~0~,',-,-,+.,~~=A=y~-,--+---+-,-,~ 

~·9 - i-Add-, --- - I -·,----+----·-----10=,.',-, -,+-----1----,---j-, -+ 
i [W] 

i ' see AND 
I (page 9) ll 

3-310 

STATUS 
FLAGS 



-~~-----------,--,-·~~~~~~~-~~~ 

E ' ' 

INSTRUCTION ATTR 

OPERAND 
ASSEMBLER 
SYNTAX 

Source Src 
Oestina\1on 

MNEMONIC SIZE 

POP 

POPM 

I 

Src, 

{Ay)' 

REG LIST 

- I"' 
I 

(Ay) 

I -

PUSHM REG UST 

RET 

RETI 

INSTRUCTION 
MNEMONIC 

ASSEMBLER 
ATTR SYNTAX 

SIZE Soun::e.,Sn:: 

x 
OPERATION W TI 

WORD 0 E 
A N 
0 s 
S I 

312 :1 !o ~ 

., 
io 

OPERATION 

6 : {SP)+ -· Rx 

9 (SP)+ 

6 Rx - (SP) 

(SP) 

' - i 9 -(Ax) - {SPJ 

--a L.~i] 

OPERATION 
WORD 

I' 

h 

11-··1 9 ll<data> - -(SP) 

OPERATION 

l,~HH~r,I·~. ~ 

Tl OPERAND 

I Destination =Ost rre 
AOL 
ROLC 
ROR 
RORC 

STOP 

SUB 
SUBC 

TEST 
TESTN 

UNLK 

see ADD 
(page 8) 

B lln16.Ry 
[.W] 

B lln16.Py 
[.WJ 

B lln16.(Ay) 
[W[ _)_ 

- I Ax 

.l 

l 
9 l 5 1 

Pause: CPU & 110 
CLOCKS OFF 

6 TEST 
Src AND. Ost 

- ~-- -g TESTN 

,I 'J Src .AND NOT.(Dst) 

6 A~-SP 

(SP)+- A~ 

The tallowing symbols are used to describe the state of the Sta1us Register flags 
• Se1 according to result of operation 
0 Cleared 
1 Set 

- Not affected 
U Undefined 
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1-
, ., 

STATUS 
FLAGS 

STATUS 
FLAGS 

* * 0 0 



Port Map 

Port Addr Description 15 14 13 12 11 10 9 8 

PHO 16 External 1/0 or 
PO PLO $FCOO Addr/Data Bus In 

Expanded Bus Mode 
PH1 16 Ext l/Q Ext Interrupts, 

P1 PL1 $FC02 Serial Port 1/0, LB HB R/W OS DTACK AS BUSIN BUSOUT 
Bus Control LOS UDS BGACK BG BR 

PH2 RESERVED P2 PL2 $FC04 Reserved 

PH3 Serial Receive and 
P3 PL3 $FC06 Serial Transmit RECEIVE BUFFER 

Buffers 
8 External 1/0 STRH 

P4 $FC08 or Timer and TAO TBO TAI TBI R/G STAL RDYH RDYL 
Port O Handshake 

PS $FCOA Reserved RESERVED 

P6 $FCOC Reserved RESERVED 

f'7 $FCOE Interrupt Latch RES NMI SPARE Xt21 STALi TAOI TAii STAHi 
Register 

PS $FC10 Interrupt Mask RESERVED SPARE Xl2M STRLM TAOM TAIM STRHM 
Register 

Serial 1/0 Receive 
pg $FC12 Control and Status RE IS RW1 RWO RC SIS RESERVED 

Register 
Serial 1/0 Transmit 

P10 $FC14 Control and Status TE AT LM TW1 TWO TC P/S RES 
Register 

P11 $FC16 Timer B Latch 

P12 $FC18 Timer A Low Latch 

P13 $FC1A Timer A High Latch 

Timer and 
P14 $FC1C Handshake HSM2 HSM1 HSMO Xl2C HSE TCE TCOC TAM1 

Control Register 

Expanded Bus 
P15 $FC1E Control and SEG1 SEGO BLCK F/S EXP F/P TEST 1' TEST O' 

Status Register 

Port O Direction 
P16 $FC20 Control 

.JPDR()L 
Port 1 Direction 

P17 $FC22 Contr~DR.11_ 

P18 $FC24 Serial 1/0 Mode 
and A/S WL1 WLO ST PAR1 PARO TCO WS 
~c R!9Jster 

P19 $FC26 Timer C Latch 

*NOTE: Both test bits should remain a O during normal operation. 
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Port Map 

Initial 
7 6 5 4 3 2 1 0 Condition 

-

110 Xl2 Xl1 XIO SI RCLK TCLK so -

RESERVED -

TRANSMIT BUFFER -

High Byte 
RESERVED 00----00 

RESERVED -

RESERVED -

RSCI RNI Xl11 TBOI TBll XIOI XMTI TCI $0000 

RSCM RNM Xl1M TBOM TBIM XIOM XMTM TCM $0000 

BF OE PE FE SF/AF f.------ RESERVED______. $0000 

t--

BE UE END RESERVED $00AO 

-

-
-

TAMO TAE TAIC TAOC TBM1 TBMO TBE TBIC $0000 

Mode pin: 

UPC/GP RIG RESERVED 
VCC-$0400 
CLKOUT-$0COO 
GND-$0800 

$0000 

$0000 

SYNC7 SYNCS SYNCS SYNC4 SYNC3 SYNC2 SYNC1 SY NCO $0000 

--
-

NOTE: 
When a reserved bit is read, it is read as a zero. 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to GND. 
Total Device Power Dissipation .... 
Ambient Storage Temperature . 
Ambient Operating Temperature (TL <TA <TH) . 

Commercial MK68HC2xx/xxx-Cx . . ......... . 
Industrial MK68HC2xx/xxx-Vx 
Military MK68HC2xx/xxx-Mx 

. ............ -1.0 V to +7.0 V 
. ... 1 Watt 

. ... -65'C to +150°C 

. . -O°C to +70°C 
. -40°C to +85°C 

......... -55'C to +125°C 
Stresses above those listed under ':Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operation sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

MK68200 DC ELECTRICAL CHARACTERISTICS 
(Vee 0 5.0 v ± 10%, TA= TL to TH) 

SYMBOL PARAMETER 

VIL Input low voltage; all inputs 

V1H Input high voltage; all inputs 
except CLK1 

V1H Input high voltage; CLK1 

I VoL Output low voltage; all outputs 

VoH Output high voltage; all outputs 

VoH Output high voltage; all outputs 

lu Input leakage current 

ILO Three-state output leakage current in 
float 

lee1 Input power supply current 
CLKOUT = 125 MHz 
CLKOUT = 10 MHz 
CLKOUT = 8 MHz 
CLKOUT = 0.5 MHz 

lee2 Power supply current 
in IDLE mode. 
CLKOUT = 12.5 MHz 
CLKOUT = 10 MHz 
CLKOUT = 8 MHz 
CLKOUT = 0.5 MHz 

lcc3 Power supply current in STOP mode 

CAPACITANCE 
TA = 25°C 

SYMBOL PARAMETER 
1---------- ---- --- -

CIN Input Capacitance 

CouT Three-state Output Capacitance 

MIN 

-0.3 

2.0 

0.7 x Vee 

2.4 

Vee -0.1 

MAX 
- --- ----

10 

10 

3-314 

TEST 
MAX UNITS CONDITIONS 

0.8 v 

Vee+ 0.3 v 

Vee+ 0.3 v 
0.4 v loL = 2.0 mA 

v loH = -250µA 

v loH = -10µA 

±1 vA VIN = 0 to Vee 

±10 µA VouT = 0.4 V to 
Vee 

Outputs Open 
75 mA 
65 mA 
55 mA 
15 mA 

Outputs Open. 
All 1/0 functions 

20 mA active. 
20 mA 
20 mA 
10 mA 

5 mA Outputs Open 

UNIT TEST CONDITION 
-- - ---- ---- - ------ ---

pF Unmeasured pins 
returned to 

pF ground 



MK68HC200 AC ELECTRICAL SPECIFICATIONS 
TA= TL to TH, Vee= +5V ±10% unless otherwise specified. 
AC measurements are referenced from minimum V1H or maximum V1L for inputs and from minimum VoH or maximum 
V 0L tor outputs. 

8 MHz 10 MHz 

NO. DESCRIPTION MIN MAX MIN MAX 

1 RESET low time 20 20 

2 CLK 1 width high (external 22 18 
clock input) 

3 CLK 1 width low (external 22 18 
clock input) 

4 CLK 1 period (external clock input) 62 1000 50 1000 

5 Crystal input frequency 1.000 16.000 1.000 20.000 

6 Clock Period (PHI 1) (le) 125 100 

7 PHI 1 low to PHI 1 high 62 50 

8 PHI 1 high to PHI 1 low 62 50 

9 PHI 1 low to CLKOUT low 20 16 

10 PHI 1 high to CLKOUT high 20 16 

MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS 
(UPC, GP, AND PRIVATE BUSES) 

8 MHz 10 MHz 

NO. DESCRIPTION MIN MAX MIN MAX 

11 PHI 1 low to RIW, HB, LB, FC1, 58 46 
FC2, EXPMC, DMODE Valid 

12 PHI 1 high to AS low 58 46 

13 PHI 1 low to address valid 60 50 

14 AS low to address invalid 35 30 

15 PHI 1 low to tri-state address 45 36 

16 Tri-state address to DS, LDS, 10 10 
or UDS starting low (fast cycle) 

17 PHI 1 low to DS, LDS, or UDS 83 66 
low (fast cycle) 

18 PHI 1 low to data out valid during 60 50 
write 

19 PHI 1 low to R/W, HB, LB, FC1, 0 0 
FC2, EXPMC, DMODE invalid 

20 PHI 1 low to address/data bus 0 0 
driven 

21 AS low to DS, LDS, or UDS 50 113 42 90 
starting low (fast cycle) 

85 AS high to FPRIV invalid 0 0 

86 Address valid to FPRIV valid (fast cycle) 121 94 

87 Valid data setup to DS, UDS or LDS 65 50 
high during write (fast cycle) 

3-315 

12.5 MHz 

MIN MAX UNITS NOTES 

20 state 1 
times 

14 ns 

14 ns 

40 1000 ns 

1.000 25.000 MHz 

80 ns 

40 ns 

40 ns 

13 ns 

13 ns 

12.5 MHz 

MIN MAX UNITS NOTES 

37 ns 2 

37 ns 2 

40 ns 2 

24 ns 2 

29 ns 2 

10 ns 2 

53 ns 2 

40 ns 2 

0 ns 2 

0 ns 2 

33 72 ns 2 

0 ns 

75 ns 

40 ns 2 



MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (UPC AND GP BUSES) 

8 MHz 16 MHz 12.5 MHz 

NO. DESCRIPTION MIN MAX MIN MAX MIN MAX UNITS NOTES 

22 Tri-state address to OS, LOS, 07 54 43 ns 
or UDS starting low (standard cycle) 

23 PHI 1 high to OS, LOS, or UDS 83 66 53 ns 2 
low (standard cycle) 

24 Valid Data Setup to PHI 1 low 5 5 5 ns 2 

25 AS low to OS, LOS, or UDS 112 175 90 138 72 111 ns 2 
starting low (standard cycle) 

26 RIW, HB, or LB valid to AS 45 36 29 ns 
starting low 

27 Address valid to AS starting low 45 36 29 ns 

28 Input data hold time from PHI 1 low 22 18 14 ns 

29 !!!m!t data hold time from OS, 0 0 0 ns 
LOS, or UDS high 

30 PHI 1 low to OS, LOS, or UOS high 90 72 58 ns 

31 DTACK low or FPRIV valid setup to PHI 1 high 7 6 5 ns 

32 LOS, UDS, or OS high to 0 0 0 ns 
DTACK high (hold time) 

33 LOS, UDS, or OS pulse width 120 90 72 ns 

34 PHI 1 high to AS high 45 36 29 ns 

35 PHI 1 low to data out invalid 0 0 0 ns 

36 AS inactive 117 90 72 ns 

37 OS, LOS, or UDS high to data 90 66 53 ns 
out invalid 

38 OS, LOS, or UDS high to AS high 5 5 5 ns 

88 Address valid to FPRIV valid 246 194 155 ns 
(standard cycle) 

89 Valid data setup to OS, LOS, or UOS 190 150 120 ns 2 
during write (standard cycle) 

90 OS, LOS or UDS low to data in 37 29 22 ns 2 
valid (fast cycle) 

91 OS, LOS or UDS low to data in 100 79 62 ns 2 
valid (standard cycle) 

92 Address valid to data in valid (fast 185 145 115 ns 
cycle) 

93 Address valid to data in valid 310 245 195 ns 
(standard cycle) 

MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (UPC BUS) 

8 MHz 10 MHz 12.5 MHz 

NO. DESCRIPTION MIN MAX MIN MAX MIN MAX UNITS NOTES 

39 BGACK low to BR high 100 225 75 180 60 144 ns 

40 BG low to BGACK low 50 300 50 240 40 192 ns 

41 BGACK, AS, DTACK, inactive 0 300 0 240 0 192 ns 
to BGACK low; BG already low 

42 BGACK low to AS, UOS, LOS, RIW 40 68 30 54 25 43 ns 
or address/data bus driven 

43 AS, LOS, UOS, RflN or address/data 0 90 0 72 0 58 ns 
bus tri-state to BGACK high 
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MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (GP BUS) 

8 MHz 10 MHz 12.5 MHz 

NO. DESCRIPTION MIN MAX MIN MAX MIN MAX UNITS NOTES 

45 BUSIN low to BUSOUT low (bus 950 720 576 ns 
grantor, fast cycle, no wait states) 

46 BUSOUT high to AS, DS, RfW, LB, 15 15 15 ns 
HB or address/data bus driven 
(bus grantor) 

47 BUSIN high to BUSOUT high 260 450 180 360 144 288 ns 
(bus grantor) 

48 Tri-state AS, DS, RfW, LB, HB or 50 42 33 ns 
address /data bus to BUSOUT low 
(bus grantor) 

50 BUSOUT low to AS, DS, R/W, 120 90 72 ns 
LB, HB or address/data bus driven 
(bus requestor, BUSIN low) 

51 BUSIN low to AS, DS, RfW, LB, 135 325 108 300 86 240 ns 
HB or address/data bus driven 
(bus requestor, BUSOUT low) 

53 BUSOUT high to BUSIN high 275 240 192 ns 
(bus requestor) 

f-----!-· 
55 Tri-state AS, DS, RfW, HB, LB or 50 39 31 ns 

address/data bus to BUSOUT high 
(bus requestor) 

MK68HC200 BUS AC ELECTRICAL SPECIFICATIONS (PRIVATE BUS) 

8 MHz 10 MHz 12.5 MHz 

NO. DESCRIPTION MIN MAX MIN MAX MIN MAX UNITS NOTES 

56 Valid Data Setup to PHI 1 low 15 12 10 ns 

57 PBRfW valid to PBAS starting 30 24 19 ns 
low 

58 Address valid to PBAS starting 27 21 17 ns 
low 

59 Input data hold time from PHI 1 0 0 0 ns 
low 

60 Input data hold time from PBDS 0 0 0 ns 
high 
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MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (PRIVATE BUS) (Cont.) 

8 MHz 10 MHz 12.5 MHz 

NO. DESCRIPTION MIN MAX MIN MAX MIN MAX UNITS NOTES 

61 PHI 1 low to PBDS high 80 63 50 ns 

62 PBDTACK low setup to PHI 1 high 10 9 7 ns 

63 PBDS high to PBDTACK high -15 -15 -15 ns 
(hold time) 

64 PBDS pulse width 95 75 60 ns 

65 PHI 1 high to PBAS high 58 45 36 ns 

66 PHI 1 low to data out invalid 10 10 10 ns 

67 PBAS inactive 100 81 65 ns 

68 PBDS high to data out invalid 100 81 65 ns 

69 PBDS high to PBAS high 15 15 15 ns 

94 PBDS low to data in valid 27 27 37 ns 

95 Address valid to data in valid 159 159 238 ns 

MK68HC200 INPUT/OUTPUT AC ELECTRICAL CHARACTERISTICS 

8 MHz 10 MHz 12.5 MHz 

NO. DESCRIPTION MIN MAX MIN MAX MIN MAX UNITS NOTES 

70 Active and inactive For Xl2, Xl1, 
pulse times STAH, STB!.,. 

TAI, TBI, NMI 5 5 5 state 1 

For XIO 3 3 3 times 

71 Input data setup to falling edge of 7 6 5 ns 
STAH, STAL 

72 Input data hold from the falling 30 24 19 ns 
edge of STAH, STAL 

73 ADYH, ADYL low time 1 3 1 3 1 3 state 1 
times 

74 Delay from STAH, STAL high to 55 45 36 ns 
ADYH, ADYL low 

75 Delay from data valid to ADYH, 3 3 3 state 1 
ADYL high (output mode) times 

76 Delay from STAH high to data out 45 36 29 ns 
(bidirectional mode) 

n Port O data hold time from STAH 15 12 10 ns 
low (bidirectional mode) 

78 Delay to Port 0 float from STAH 43 33 26 ns 
low (bidirectional mode) 

79 TCLK,ACLK period as input .125 DC .100 DC .080 DC 

(asynchronous) as output .250 DC .200 DC .160 DC µS 

TCLK,ACLK period .500 DC .400 DC .320 DC 
(synchronous) 

80 TCLK, ACLK width low as input 1 DC 1 DC 1 DC state 1 
or high 

as output 2 DC 2 DC 2 DC times J_a~chronou& 

TCLK, ACLK width as input 3 DC 3 DC 3 DC state 1 
low or high 

as output 4 DC 4 DC 4 DC times (synchronous) 
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MK68HC200 INPUT/OUTPUT AC ELECTRICAL SPECIFICATIONS 

8 MHz 10 MHz 12.5 MHz 

NO. DESCRIPTION MIN MAX 

82 TCLK low to SO TCLK as input 165 
delay (sync mode) 

TCLK as output 37 

83 SI to RCLK high RCLK as input 15 
setup time (sync 
mode) RCLK as output 90 

84 SI hold time from RCLK as input 22 
RCLK high 
(sync mode) RCLK as output 0 

NOTES 
1. One state time is equal to one-half of the instruction clock (PHI 1) period. 
2. For the private bus case, the signals referenced apply to the equivalent 

private bus signals. 

TEST POINT 

LOAD 1 

20KD 

(1%) 

IN914 

TEST LOAD 1 IS APPLICABLE TO 
ALL PINS EXCEPT P1-12, P1-8, AND 
eLKOUT. 

TEST POINT 

LOAD3 

20KO 

(1%) 

IN914 

MIN 

132 

30 

12 

72 

18 

0 

TEST LOAD 3 IS APPLICABLE TO eLKOUT. 

Figure 18. Output Test Load 
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MAX MIN MAX UNITS NOTES 

106 
ns 

24 

10 
ns 

58 

14 
ns 

0 

LOAD2 

TEST POINT 

~Vee 

·-- _ _L 2KO (1%) 150pFI 

TEST LOAD 2 IS APPLICABLE TO 
P1-12 AND P1-8. 



CLK 1 
(EXTERNAL CLOCK 

SIGNAL) 

RESET 

X12, Xl1, !!,; 
TAI, TBI, NMI , 

STRL, STRH 

Ri'iJ 

AID (READ) 

AID (WRITE) 

FPRIV 

FC1, FC2 

EXP MC 
DMODE 

_ru~~ 
--1 CD u ·~~-----

---{'-----I~ 

Figure 19. MK68HC200 AC Timing 

S2 S3 S4 SS 

Figure 20. MK68HC201 UPC Bus Timing (Fast Cycle) 
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SO 51 52 $3 $4 SS 56 57 

-----© 

Figure 21. MK68HC201 UPC Bus Timing (Standard Cycle) 
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CLKOUT --1LJ4 

RtW 
AID 

~ \_/_jl 
-----41------1(~-®-2 -------~J-~-43-~-----

Figure 22. MK68HC201 UPC Bus Arbitration Timing 
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\ I 

'----_J 

\ I 
\_ _ _J 



Figure 23. MK68HC211 GP Bus Timing (Fast Cycle) 
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PHI 1 

CLKOUT 

R/W 

LB HB 

AS 

A/D 
(READ) 

SO S1 S2 S3 S4 SS SS 57 

,_____© 

I I I ~® 

Figure 24. MK68HC211 GP Bus Timing (Standard Cycle) 
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PHl1 

A/D 
(READ) 

SO S1 S2 S3 S4 SS S6 S7 

~cv-

Figure 25. MK6BHC211 GP Bus Timing (Interrupt Acknowledge Timing) 
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CL KO UT 

Hii, L9 
RIW 
AID 

@-j 

' H-----.-~~~~~\_ 
\ I 
"-- --- --' 

Figure 26. MK68HC211 GP Bus Arbitration Timing (Bus Grantor) 

CLKOUT __Il_J4. 

Hi, LB 
RIW 
AID 

f=®j-
@) ~ 
@) ~ 
@) ~ 

' I '--- __ .../ 
} 

' I '- - _, 
Figure 27. MK68HC211 GP Bus Arbitration Timing (Bus Requestor) 
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PB A/D 
(WRITE) 

DATA OUT 

~ I I 

FPRIV _I _I_®_· ~t=---®--1_®K=1 == 
11 ~~@ 

=~~:~2 . 
OM ODE ~-------

Figure 28. MK68HC221 Private Bus Timing (Fast Cycle) 
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STRH 

STRL 

PORTO 

INPUT 

RDYH 

RDYL 

STRH 
STRL 

@-

®-

I--
t® 

>L 
®1 

~®1 
I 

Figure 29. Input/Output AC Timing (Data Input) 

®--

Figure 30. Input/Output AC Timing (Data Output) 

3-328 



PORTO INPUT DATA > ( OUTPUT DATA ti--
®~ 

@) 

STRL 

RDYL ®t 11 

I 

RDYH 

STRH 

@-
Figure 31. Input/Output AC Timing (Bidirectional 1/0) 

------®-----

TCLK 

so 

®L 
-----'------~-----

-

RCLK 

SI 

Figure 32. Input/Output AC Timing (Serial 1/0) 
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PART NUMBERING INFORMATION 

There are two types of part numbers for the MK68HC200 
family of devices. The generic part number describes 
the basic device type, the amount of ROM and RAM, 

Generic Part Number 

An example of the generic part number is shown below: 

MK68HC201 4 4 N 0 6 
' 

NOTES 
~- Must be "4" when specifying the ROM version. 
2. Must be "8" when specifying the emulator version. 
3. Must be "O" when specifying the emulator version. 
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the desired package type, temperature range, power sup
ply tolerance, and expandable bus interface type. The 
device order number indicates the specific mask set 
Mostek will use to manufacture the device, along with 
package type, speed grade and temperature range. 

Denotes maximum instruction clock 
frequency. 

8 = 8 MHz 
10= 10 MHz 
12= 12.5 MHz 

Denotes operating temperature range. 
C = 0°C to +70°C 
V = -40°C to +85°C 
M = -55°C to +125°C 

Package Type. E = Leadless Chip Carrier 
Q = Plastic Leaded Chip Carrier 

RAM Designator. 4 = 256 Bytes1 
8 = 512 By1es2 

ROM Designator. 0 = None3 
4 = 4K Bytes 

Basic Device Type. 68HC201 = UPC Bus 
68HC211 = GP Bus 
68HC221 = Emulator with 

UPC/GP input 
pin 



Device Order Number 

An example of the device order number is shown below: 

MK43152N-06 

Denotes maximum instruction clock frequency. 
8 = 8 MHz 
10 = 10 MHz 
12 = 12.5 MHz 

Denotes operating temperature range. 
C = 0°C to +70°C 
V = -40°C to +85°C 
M = -55°C to +125°C 

Package Type. E = Ceramic Leadless Chip Carrier 
Q = Plastic Leaded Chip Carrier 

Version/Code Specific Number. 
For MK68HC201, MK68HC211: 

002 = No ROM version (standard catalog item) 
Oxx = Reserved for catalog codes 
100 - 999 = Customer Code (Mostek Assigned) 

For MK68HC221: 
030 = GP/UPC, 512 bytes RAM, no ROM 

Basic Device Type. 
40 = Emulator Version 
43 = UPC, 0 or 4K bytes ROM, 

256 bytes RAM 
44 = GP, 0 or 4K bytes ROM, 

256 bytes RAM 
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PART NUMBER EXAMPLES (A noninclusive list) 

MK68HC201/440-C10 Device Order Number = MK43XXXQ-C10 
Speed = 10MHz 
Temperature = 0° to 70°C 
Package = 52 pin plastic LCC 
RAM = 256 bytes 
ROM = 4096 bytes 
Bus= UPC 

MK68HC211/04Q-C8 Device Order Number = MK44002Q-C8 
Speed= SMHz 
Temperature = 0° to 70°C 
Package = 52 pin plastic LCC 
RAM = 256 bytes 
ROM =None 
Bus= GP 

MK68HC221/08E-M12 Device Order Number = MK40030E-M12 
Speed = 12.5MHz 
Temperature = -55°C to +125°C 
Package = 84 pin ceramic LCC 
RAM = 512 bytes 
ROM =None 
Bus= GP/UPC 

MK68HC201/44Q-V8 Device Order Number = MK43XXXQ-V8 
Speed= SMHz 
Temperature = -40 to +85°C 
Package = 52 pin plastic LCC 
RAM = 256 bytes 
ROM = 4096 bytes 
Bus= UPC 
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MK68HC200 52-Pln 
Ceramic Leadless Chip Carrier (E) 

E 

TOP VIEW 

~1111n111111 &.k~ ,-

NOTES: 
1. Body material shall be ceramic. 
2. Plating shall be gold over nickel as specified in the detail specification. 

A, 

T 
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BOTTOM VIEW 

INCHES 

DIM. MIN. MAX. NOTES 

A .070 .095 

A, .080 .110 

e, .022 .028 

D .739 .761 

o. .590 .610 

E .739 .761 

E, .590 .610 

e .048 .052 

h .035 .045 

I .035 .045 

L .045 .055 

L, .075 .095 

1 INCH = 2.54 CENTIMETERS 



MK68HC200 52-Pin 
Plastic Leaded Chip Carrier (Q) 

DIM. INCHES 
f\Ol'ES MIN. MAX. 

A .165 .185 2 
At .090 .120 2 
B .026 . 032 2 
B1 .013 .021 2 
D .785 .795 
D1 .750 .756 
D2 .690 .730 
E .785 .795 

E1 .750 .756 
E? .690 .730 
h .042 .060 
j .042 .060 
k .042 .056 

1 INCH = 2.54 CENTIMETERS 

3.334 

r1 
.. 12 EQ 

SPCS 
•. 050 
= .600 

4 PLCS 

NOTES1 
1. LEAD FINISH TO BE 

SPECIFIED PER CUSTOMER 
AGREEMENT • 

2. WHEN SOLDER DIP LEAD 
FINISH IS SPECIFIED. THE 
MAXIMUM LIMIT SHALL BE 
INCREASED BY .003. 



MK68HC221 84-Pin 
Ceramic Leadless Chip Carrier (E) 

75 

84 

1 

11 

T-
L 

_L 
J_ 
~ 
_L 

v 

TOP VIEW 

12 

r--M-1 

I 
I 

t 

--+f-
BOTTOM 

32 

l_ ' ~ 
C II llllllllllllllllllft~~«<m D 

T I 

---,---INCHES--
DIM. MIN MAX 

A 1.138 1.167 

B 1.138 1.167 

c 0.070 0.090 

D 0.080 0.110 

E 0.044 0.056 

F 0.044 0.056 

G 0.075 0.095 

H 0.048 0.052 

J 0.033 0.039 

K 0.010 0.018 

L 0.495 0.505 

M 0.49~0~ 

1 INCH = 2.54 CENTIMETERS 
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MK68HC221 84-Pin 
Plastic Leaded Chip Carrier (Q) 

0 .004 

-------0--------

DIM. INCHES t>OTCS MIN. MAX. 
A .165 .200 2 
A1 .090 .130 2 
B .026 .032 2 

:!1 .013 .021 2 
D 1.185 1.195 
D.L 1.150 1.158 
~ 1.090 1.130 
E 1.185 1.1.95 
E.L 1.150 1.158 
i:a 1.090 1.130 
h .042 .060 
J .042 .060 
k .042 .056 

1 INCH = 2.54 CENTIMETERS 

NOTES. 
1. L.f:AD FINISH TO BE 

SPECIF I ED PER CUSTOMER 
AGREEMENT, 

2. WHEN SOLDER DIP L.f:AD 
FINISH IS SPECIFIED. THE 
MAXIMUM LIMIT SHALL BE 
INCREASED BV .OOJ. 
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CHAPTER 4 - 68000 PERIPHERALS 





68000 PERIPHERALS SELECTION GUIDE 

Part number Description Technology Alt source CLK freq. Page 
(MHz) 

MK68230-8 Parallel Interface Timer (Pl/T) - 68000 bus HMOS MC68320-8 8 4-3 
MK68230-10 compatible 24-bit programmable timer modes MC68230-10 10 

MK68451-8 Memory management unit - Compatible with NMOS MC68451-8 8 4-13 
MK68451-10 TS68000 and TS68008 MC68451-10 10 
MK68451-12 

MK68564-04 Dual serial Input Output controller HMOS 4-17 
MK68564-05 asynchronous, synchronous byte-oriented and 4 

synchronous bit oriented protocols 5 

MK68901-00 Multifunction peripheral - B 1/0 - 16 Source HMOS 4 4-29 
MK68901-05 interrupt controller - Single channel USART full 5 

duplex 68000 bus compatible 

TS68HC901 CMOS version of the MK68901 HCMOS 4, 5, B 4-59 
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" MK68230 

FEATURES 

D 68000 Bus Compatible 

D Port Modes Include: 
Bit 1/0 
Unidirectional 8-bit and 16-bit 
Bidirectional 8-bit and 16-bit 

D Programmable Handshaking Options 

D 24-bit Programmable Timer Modes 

D Five Separate Interrupt Vectors 

D Separate Port and Timer Interrupt Service Requests 

D Registers are Read/Write and Directly Addressable 

D Registers are Addressed for MOVEP (Move 
Peripheral) and DMAC Compatibility 

GENERAL DESCRIPTION 

The MK68230 Parallel Interface/Timer (Pl/T) provides 
versatile double-buffered parallel interfaces and an 
operating system oriented timer to MK68000 systems. 
The parallel interfaces operate in unidirectional or 
bidirectional modes, either 8 or 16 bits wide. In the 
unidirectional modes, an associated data direction 
register determines whether the port pins are inputs or 
outputs. In the bidirectional modes, the data direction 
registers are ignored, and the direction is determined 
dynamically by the state of fou~ handshake pins. These 
programmable handshake pins provide an interface flex
ible enough for connection to a wide variety of low, 
medium, or high speed peripherals or other computer 
systems. The Pl/T ports allow use of vectored or autovec
tored interrupts, and also provide a DMA request pin for 
connection to the Direct Memory Access Controller or 
a similar circuit. The Pl/T timer contains a 24-bit wide 
counter and a 5-bit prescaler. The timer may be clocked 
by the system clock (Pl/T CLK pin) or by an external 
clock (TIN pin), with the option of using a 5-bit prescaler. 
It can generate periodic interrupts, a square wave, or a 
single interrupt after a programmed timer period. Also, 
it can be used for elapsed time measurement or as a 
device watchdog. 

The Pl/T consists of two logically independent sections: 
the ports and the timer. The port section consists of Port 
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PARALLEL INTERFACE/TIMER (Pl/T) 

MK68230 
Figure 1 

PIN ASSIGNMENT 
Figure 2 

OS 
06 

PA4 

04 
03 
02 
01 
DO 
R/W 
DTACK 

PAS CLK 
PA6 l'IESET 
PA7 v55 
V cc PC7 /TIACK 
H1 PC6/PIACK 
H2 PCS/PIRO 
H3 PC4/DMAREQ 
H4 PC3/TOUT 

PBO PC2/TIN 
PB1 PC1 
PB2 PCO 
PB3 RS1 
PB4 RS2 
PBS RS3 
PB6 RS4 
PB7 RSS 

'------' 



LOGICAL PIN ASSIGNMENT 
Figure 3 

00-07 

RS1-RS5 

R/W 

cs-
OTACK-

RESET 

CLK 

MK68230 
Pl/T 

PA0-7 

PB0-7 

H1 
H2 
HJ 
H4 

PC7/TIACK• 
PC6/PIACK• 
PC5/PiRQ• 
PC4/0MAREQ• 
PC3/TOUT' 
PC2/TIN' 

A (PAO-PA?), Port B (PBO-PB7), four handshake pins 
(H1. H2, H3, and H4), two general 1/0 pins, and six dual
function pins. The dual-function pins can individually 
operate as a third port (Port C) or as an alternate func
tion related to either Ports A and B, or the timer. The tour 
programmable handshake pins, depending on the mode, 
can control data transfer to and from the ports, can be 
used as interrupt generating inputs, or can be used as 
1/0 pins. The timer consists of a 24-bit counter, optionally 
clocked by a 5-bit prescaler. Three pins provide complete 
timer 1/0: PC2/TIN, PC3/TOUT, and PC7/ 
TIACK. Of course, only the ones needed for the given 
configuration peliorm the timer function, while the others 
remain Port C 1/0. 

Vee 

GNO PC1 
.._~~~~~...r~PCO 

The system bus interface provides tor asynchronous 
transfer of data from the Pl/T to a bus master over the 
data bus (DO-D7). Data transfer acknowledge (DTACK), 
register selects (RS1-RS5), chip select, the read/write line 
(R/W), and Port Interrupt Acknowledge (PIACK) or Timer 
Interrupt Acknowledge (TIACK) control data transfer 
between the Pl/T and the MK68000. 

•1nd1v1dually Programmable Dual-Function Pin 

MK68320 BLOCK DIAGRAM 
Figure 4 

38 39 40 
Vss R'ESff CLK 

t 

Port 
Interrupt/ 

OMA 
Control 

PC71 PC6/ 
iiACK PIACK 

37 36 

41 42 43 44 45 46 47 48 1 2 
CS DfACK R.1W DO 01 02 03 04 05 06 07 

Data Bus Interlace and 
Interrupt Vector Regrsters 

Handshake 
Controllers 

ood 
Mode Logic 

Internal 
Data Bus 

Port C and Prn Function Multiplexer 

PCS/ PC4/ PC3/TOUT PC2/TIN PC1 
PiRO DMAREO 33 32 31 
35 34 
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PCO 

30 

t 
RSl 

29 

Port 
A 

Port 
B 

t 
RS2 

28 

t 
RS3 
27 

PAO 
PAI 
PA2 
PA3 
PA4 
PA5 9 
PA6 10 
PA) II 

'4:---- v cc 12 

t 
RS4 

26 

HI 13 
H2 14 

H3 15 
H4 16 

PBO 1) 

PBl lB 
PB2 19 
PB3 20 
PB4 21 
PB5 22 
PB6 23 
PB7 24 

t 
RS5 

25 



Pl/T SYSTEM BLOCK DIAGRAM 
Figure 5 ~--------------------"" 

MK68000 

PIN DESCRIPTION 

Throughout this data sheet, signals are presented using 
the terms active and inactive, or asserted and negated 
independent of whether the signal is active in the high
voltage state or low-voltage state. (The active state of each 
logic pin is given below.) Active low signals are denoted 
by a superscript bar. R/VI/ indicates a "write" is active low 
and a "read" active high. 

DO-D7 
(Bidirec
tional Data 
Bus) 

RS1-RS5 
(Register 
Selects) 

R/VI/ 
(Read/VI/rite 
Input) 

cs 
(Chip Select 
Input) 

DTACK 
(Data 
Transfer 
ftcknowledge 
Output) 

The data bus pins DO-D7 form an 8-bit 
bidirectional data bus to/from the MK68000 
or other bus master. These pins are active 
high. 

RS1-RS5 are active high, high-impedance 
inputs that determine which of the 25 pos
sible registers is being addressed. They are 
provided by the MK68000 or other bus 
master. 

R/VI/ is the high-impedance Read/VI/rite 
signal from the MK68000 or bus master, 
indicating whether the current bus cycle is 
a read (high cycle) or write (low cycle). 

CS is a high-impedance input that selects 
the Pl/T registers for the current bus cycle. 
Address strobe and the data strobe (upper 
and lower) of the bus master, along with the 
appropriate address bits, must be included 
in the chip select equation. A low level cor
responds to an asserted chip select. 

DTACK is an active low output that signals 
the completion of the bus cycle. During 
read or interrupt acknowledge cycles, 
DTACK is asserted by the MK68230 after 
data has been provided on the data bus; 
during write cycles it is asserted after data 
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PCS!Pl~ 

PC41 

""""'° 
MK68230 

PllT 

RESET 
(Reset 
Input) 

CLK 
(Clock 
Input) 

PAO-PA? 
and 
PBO-PB7 
(Port A and 
Port B) 

H1-H4 
(Handshake 
Pins Inputs 
or Output) 

has been accepted at the data bus. Data 
transfer acknowledge is compatible with 
the MK68000 and with other Mostek bus 
masters. A holding resistor is required to 
maintain DTACK high between bus cycles. 

RESET is a high-impedance input used to 
initialize all Pl/T functions. All control and 
data direction registers are cleared and 
most internal operations are disabled by 
the assertion of RESET (low). 

The clock pin is a high-impedance, TTL
compatible signal with the same specifica
tions as the MK68000. The Pl/T contains 
dynamic logic throughout, and hence this 
clock must not be gated off at any time. 
It is not necessary that this clock maintain 
any particular phase relationship with the 
MK68000 clock. It may be connected to an 
independent frequency source (faster or 
slower) as long as all bus specifications 
are met. 

Ports A and B are 8-bit ports that may be 
concatenated to form a 16-bit port in cer
tain modes. The ports may be controlled 
in conjunction with the handshake pins 
H1-H4. For stabilization during system 
power-up, Ports A and B have internal pull 
up resistors to Vee. All port pins are active 
high. 

Handshake pins H1-H4 are multi-purpose 
pins that (depending on operational mode) 
may provide an interlocked handshake, a 
pulsed handshake, an interrupt input (in
dependent of data transfers), or simple 1/0 
pins. For stabilization during system power-



Port C 
(PCO-PC7/ 
Alternate 
Function) 

up, H-2 and H4 have internal pullup 
resistors to Vee. Their sense (active high 
or low) may be programmed in the Port 
General Control Register bits 3-0. Indepen
dent of the mode, the instantaneous level 
of the handshake pins can be read from 
the Port Status Register. 

This port can be used as eight general 
purpose 1/0 pins (PCO-PC7) or any com
bination of six special function pins and 
two general purpose 1/0 pins (PCO-PC1). 
(Each dual function pin can be standard 
1/0 or a special function independent of 
the other Port C pins.) The dual function 
pins are defined in the following para
graphs. When used as a Port C pin, these 
pins are active high. They may be indi
vidually programmed as inputs or outputs 
by the Port C Data Direction Register. 

The alternate functions (TIN, TOUT, 

MAXIMUM RATINGS 

Characteristics 

Supply Voltage 

Input Voltage 

Operating Temperature Range 

Storage Temperature 

NOTE: 
This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions 

4-6 

TIACK) are timer 1/0 pins. TIN may be 
used as a rising-edge triggered external 
clock input or an external run/halt control 
pin (the timer is in the run state if run/halt 
is high and in the halt state if run/halt is 
low). TOUT may provide an active low 
timer interrupt request output or a general
purpose square-wave output, initially high. 
TIACK is an active low high-impedance 
input used for timer interrupt acknowledge. 

Port A and 8 functions have an indepen
dent pair of active low interrupts request 
(PIRO) and interrupt acnkowledge (PIACK) 
pins. 

The DMAREQ (Direct Memory Access Re
quest) pin provides an active low Direct 
Memory Access Controller (DMAC) re
quest pulse of three clock cylcles. 

Symbol Value Unit 

Vee -0.3 to +7.0 v 
Vin -0.3 to + 7.0 v 
TA Oto 70 'C 

Tstg -55 to +15~ 'C 

be taken to avoid application of any voltage higher than maximum-rated voltages 
to this high-impedance circuit. Reliability of operation is enhanced if unused 
inputs are tied to an appropriate logic voltage level (e.g., either V SS or V cc)· 



DC ELECTRICAL CHARACTERISTICS (Vee 5.0 Vdc ± 5%, TA = 0 to 70°C, unless Otherwise noted) 

Characteristics Symbol Min Max Unit 

Input High Voltage All inputs V1H Vss +2.0 Vee v 
Input Low Voltage All inputs VIL Vss -o.3 Vss +o.e v 
Input Leakage Current <Vin = O to 5.~ Yl__ 

lin - 10.0 µA H1, H3, RIW, RESET, CLK, RS1-RS5, CS 

Hi-Z (Off State) Input Current (Vin = 0.4 to g&_ 
DTACK, PCO-PC7, DO-D7 - 20 µ.A 

H2, H4, PAO-PA?, PBO-PB7 ITSI -0.1 -1.0 mA 

Output High Voltage 
(ILOAD = -400µ.A, Vee = min) DTACK, DO-D7 
(ILOAD = -150µ.A, Vee = min) H2, H4, PBO-PB7, PAO-PA? VoH Vss +2.4 - v 
(ILOAD = -100µA, Vee = min) PCO-PC7 

Output Low Voltage --
(ILOAD = 8.8 mA, Vee = min) PC31TOUT, PC5/PIRQ 
CILOAD = 5.3 mA, Vee = min) DO-D7, DTACK Vol - 0.5 v 
(ILOAD = 2.4 mA, Ve~ = min) 

PAO-PA?, BO-PB7, H2, H4, PCO-PC2, PC4, PC6,PC7 

Internal Power Dissipation (Measured at TA = 0 °C) PINT - 750 mW 

Input Capacitance (Vin = 0, TA = 25°C, f = 1 MHz) Cin - 15 pF 

AC ELECTRICAL SPECIFICATIONS - CLOCK TIMING 

8 MHz 10 MHz 12.5 MHz 

Characteristics Symbol Min Max Min Max Min Max Unit 

Frequency of Operation f 2.0 8.0 2.0 10.0 4.0 12.0 MHz 

Cycle Time lcyc 125 500 100 500 80 250 ns 

Clock Pulse Width tcL 55 250 45 250 ·35 125 ns 
tcH 55 250 45 250 35 125 

Clock Rise and Fall Times tcr - 10 - 10 - 5 ns 
tc1 - 10 - 10 - 5 

AC ELECTRICAL SPECIFICATIONS <Vee = 5.0 Vdc ± 5%, Vss = 0 Vdc, TA = O°C to 70°C, unless otherwise noted) 

8 MHz 10 MHz 12.5 MHz 

Number Characteristics Min Max Min Max Min Max Unit 

1 RIW, RS1-RS5 Valid to CS Low (Setup 
Time) 0 - 0 - 0 - ns 

2 CS Low to RIW and RS1-RS5 Invalid (Hold 
Time) 100 - 65 - 60 - ns 

3(1) CS Low to CLK Low (Setup Time) 30 - 20 - 20 - ns 

4(2) CS Low to Data Out Valid - 75 - 65 - 55 ns 

5 RS1-RS5, RIW Valid to Data Out - 140 - 100 - BO ns 

6 CLK Low to DTACK Low (Read/Write Cycle) 0 70 0 60 0 55 ns 

7(3) DTACK Low to CS High (Hold Time) 0 - 0 - 0 - ns 

8 CS or PIACK or TIACK High to Data Out 
Invalid (Hold Time) 0 - 0 - 0 - ns 

9 CS or PIACK or TIACK High to DO-D7 
High Impedance - 50 - 45 - 45 ns 
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AC ELECTRICAL SPECIFICATIONS (Continued) 

8 MHz 10 MHz 12.5 MHz 

Number Characteristic Min Max Min Max Min Max Unit 

10 CS or PIACK or TIACK High to DTACK 
High - 50 - 45 - 40 ns 

11 CS or PIACK or TIACK High to DTACK 
I High Impedance - 100 - 55 - 45 ns 

I 12 ! Data In Valid to CS Low (Setup Time) 0 - 0 - 0 - ns 
I 

I CS Low to Data In Invalid (Hold Time) 13 100 - 65 - 60 - ns 

14 I Port Input Data Valid to H1(H3) Asserted 
1 (Setup Time) 100 - 60 - 50 - ns 

15 H1(H3) Asserted to Port Input Data Invalid 
(Hold Time) 20 - 20 - 20 - ns 

16 Handshake Input H1(H4) Pulse Width 
Asserted 40 - 40 - 40 - ns 

17 Handshake Input H1(H4) Pulse Width 
Negated 40 - 40 - 40 - ns 

I 
18 H1(H3) Asserted to H2(H4) Negated 

I (Delay Time) - 150 - 120 - 100 ns 

i 19 CLK Low to H2(H4) Asserted 
(Delay Time) - 100 - 100 - 80 ns 

20(4) H2(H4) Asserted to H1(H3) Asserted 0 - 0 - 0 - ns 

21(5) CLK Low to H2(H4) Pulse Negated 
(Delay Time) - 125 - 125 - 100 ns 

I 22(9.10) Synchronized H1(H3) to CLK Low on which CLK 

i DMAREQ is Asserted 2.5 3.5 2.5 3.5 2.5 3.5 Per. 

I 23 CLK Low on which DMAREQ is Asserted to CLK 

I CLK Low on which DMAREQ is Negated 2.5 3 2.5 3 2.5 3 Per. 

I 24 CLK Low to Port Output Data Valid (Delay 

125(9,10) 

Time) (Modes 0 and 1) - 150 - 120 - 100 ns 

Synchronized H1(H3) to Port Output Data CLK 
Invalid (Modes 0 and 1) 1.5 2.5 1.5 2.5 1.5 2.5 Per. 

26 H1 Negated to Port Output Data Valid 
I (Modes 2 and 3) - 70 - 50 - 50 ns 

i 
27 H1 Asserted to Port Output Data High 

Impedance (Modes 2 and 3) 0 70 0 70 0 70 ns 

28 Read Data Valid to DTACK Low 
(Setup Time) 0 - 0 - 0 - ns 

29 1 CLK Low to Data Output Valid, Interrupt 
Acknowledge Cycle - 120 - 100 - 80 ns 

30(7) H1(H3) Asserted to CLK High (Setup Time) 50 - 40 - 40 - ns 

31 PfACK or TIACK Low to CLK Low 
(Setup Time) 50 - 40 - 30 - ns 
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AC ELECTRICAL SPECIFICATIONS (Continued) 

B MHz 10 MHz 12.5 MHz 

Number Characteristic ~-MinTM~~ Min Max 1 Min Max Unit 

32(10) Synchronized CS to CLK Low on which 
DMAREQ is Asserted 3 3 3 3 3 3 

CLK 
Per. 

33(9,10) Synchronized H1(H3) to CLK Low on which CLK 
H2(H4) is Asserted 3.5 4.5 3.5 4.5 3.5 4.5 Per. 

f-----+-----~~~~---------~--+----+----+----+---~-------+- ----1 
CLK Low to DTACK Low Interrupt I 34 
Acknowledge Cycle (Delay Time) - 100 100 80 ns 

35 CLK Low to DMAREQ Low (Delay Time) 
f------+----

36 CLK Low to DMAREO High (Delay Time) 

37(10) Synchronized H1(H3) to CLK Low on 

38(10) Synchronized CS to CLK Low on which 
PIRO is High Impedance ~ 
which PIRO is Asserted 

39 CLK Low to PIRO Low or High Impedance 

40(8) TIN Frequency (External Clock) - Prescaler 
Used 

41 TIN Frequency (External Clock) - Prescaler 
Not Used 

42 

43 

44 

45 

NOTESo 

TIN Pulse Width High or Low 
(External Clock) 

TIN Pulse Width Low (Run/Halt Clock) 

CLK Low to TOUT High, Low, or High 
Impedance 

CS, PIACK, or TIACH High to CS, PIACK, 
or TIACK Low 

1. This specification only applies if the Pl/T had completed all operations in
itiated by the previous bus cycle when CS was asserted. Following a nor
mal read or write bus cycle, all operations are complete within three clocks 
atter the falling edge of the CLK pin on which DTACK was asserted. If CS 
is asserted prior to completion of these operations. the new bus cycle, and 
hence, DTACK is postponed 

If all operations of the previous bus cycle were complete when CS was 
asserted, this specification is made only to insure that DTACK is asserted 
with respect to the falling edge of the CLK pin as shown in the timing 
diagram, not to guarantee operation of the part. If the Cs setup time is 
violated, DTACK may be asserted as shown, or may be asserted one clock 
cycle later. 

2 Assuming the RS1-RS5 to data valid time has also expired 

3. This specification imposes a lower bound on CS low time, guaranteeing that 
CS will be low for at least 1 CLK period 

4. This specification assures recognition of the asserted edge of H1(H3). 

5 This specification applies only when a pulsed handshake option is chosen 
and the pulse is not shortened due to an early asserted edge of H1(H3). 

6. CLK refers to the actual frequency of the CLK pin, not the maximum 
allowable CLK frequency. 

7. If the setup time on the rising edge of the clock is not met, H1(H3) may 
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2.5 

3 

0 

0 

0 

55 

0 

50 

120 

120 

3.5 

3 
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0 
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3 

0 

0 

0 
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0 

30 
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i 100 

l 

3.5 

3 
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1/8 

l 225 

0 

0 

2.5 

3 

0 

0 

0 

45 

0 

30 

80 

80 

3.5 

3 

I 200 

1/8 

I 200 
J_ 

not be recognized until the next rising of the clock 

ns 

ns 

CLK 
Per. 

CLK 
Per. 

ns 

fclk 
(Hz) (6) 

fclk ! 
(Hz) (6)1 

ns 

CLK 
Per. 

ns 
I 
I 

ns I 

8. This limit applies to the frequency of the signal at TIN compared to the fre
quency of the CLK signal during each clock cycle. If any period of the 
waveform at TIN is smaller than the period of the CLK signal at that instant, 
then it is likely that the timer circuit will completely ignore one cycle of the 
TIN signal 

If these two signals are derived from diHerent sources, they will have dif
ferent instantaneous frequency variations. In this case the frequency ap
plied to the TIN pin must be distinctly less than the frequency at the CLK 
pin to avoid lost cycles of the TIN signal. With signals derived from different 
crystal oscillators applied to the TIN and CLK pins with fast rise and !all 
times, the TIN frequency can approach 80 to 900/o of the frequency of the 
CLK signal without a loss of a cycle of the TIN signal. 

If these two signals are derived from the same frequency source then the 
frequency of the signal applied to TIN can be 100% of the frequency at the 
CLK pin. They may be generated by different butlers from the same signal 
or one may be an inverted version of the other. The TIN signal may be 
genNated by and 'AND' function of the clock and a control signal 

9 The maximum value is caused by a peripheral access (H1 (H3) asserted) 
and bus access (C'S assertRd) occurring at the same time. 

1 O. Synchronized means that the input signal has been seen by the P!fT on 
the appropriate edge of the clock (rising edge for H1(H3) and falling edge 
for C'S). 



CLOCK INPUT TIMING DIAGRAM 
Figure 6 

2.0V 

READ CYCLE TIMING DIAGRAM 
Figure 7 

WRITE CYCLE TIMING DIAGRAM 
Figure 8 

NOTE: 
Timing measurements are reterenoed to and from a low voltage of 0.8 volts and 
a high vottage of 2.0 votts, unless otherwise noted. 
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IACK TIMING DIAGRAM 
Figure 9 

NOTE: 

CLK-

~ 
oriiA'Ci<_ 

00·07 

Timing measurements are referenced to and from a low voltage of 0.6 volts and 
a high voltage of 2.0 volts, unless otherwise needed. 

PERIPHERAL INPUT TIMING DIAGRAM 
Figure 10 

CLK 

PA(PB)O· 7 

H11H3) 

,,,,_..,.. ____ +----(§J---f----__..., 
H2(H41- --------f-------~ 

llNTL) _ --------l---' 
,..__ ___ -{,, 

H2{H4)- -----------------------, 

1Pul~edi _ 

PERIPHERAL OUTPUT TIMING DIAGRAM 
Figure 11 

CLK 

PAWBI0-7- --,,,-------+-----------+----+--Lr------1---------+-----
(MD 0. 1)- ---"f~---+-----------+----+-~'------+--------+-----

PA~PB)0-7 -

IMO 2. 31-

H2(H4J -

(Pulsedl -

H1(H3) 

H2tH4) - -------~I 
ilNTL) _ 

NOTES: 
Timing diagram shows H1, H2, H3. and H4 asserted low 
Timing measurements are referenced to and from a low voltage of 0.8 volts 
and a hig~ voltage of 2.0 volts, unless otherwise noted 

4-11 

I I 
I ! 

I 
l..--~----@---1 



MK68230 ORDERING INFORMATION 

,_P_A_R_T_N_o_. ____ ___,l __ P_A_C_K_A_G_E_T_Y_PE ___ +-IM_A_X_CLOC~-~REOUENCYI __ Tf:f>AP. RANGE · I 
MK68230N-8 J 48 Pi;

1
:1astic L ___ s.o __ ~Hz 0° to ?O"C 1 

~M_K6_8_2_3_0N_-_10 ____ ~-----·- -·--·~l __ . __ 10~~~-H~ -- .. __ [____ ------- I 
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Ml<68451 

--~~-.iiii• • ADVANCE INFORMATION MICROCOMPUTER COMPONENTS 

FEATURES 

D Compatible with MK68000 and MK68008 

D Provides virtual memory support for the MK68010 

D Provides efficient memory allocation 

D Seperates address spaces of system and user 
resources 

D Provides write protection 

D Supports paging and segmentation 

D 32 segments of variable size with each MMU 

D Multiple MMU capability to expand to any number of 
segments 

D Allows inter-task communication through shared 
segments 

D Quick context switching to cut operating system 
overhead 

D Simplifies programming model of address space 

D Increases system reliability 

D OMA-compatible 

GENERAL DESCRIPTION 

The MK68451 memory management unit (MMU) provides 
address translation and protection for the 16 megabyte 
addressing range of the MK68000 MPU. Each bus master 
(or processor) in the MK68000 family provides a function 
code and an address during each bus cycle. The func
tion code specifies an address space, and the address 
specifies a location within that address space. The func
tion codes distinguish between user and supervisor 
spaces and, within these, between data and program 
spaces. This separation of address spaces provides the 
basis for memory management and protection by the 
operating system. Provision is also made for other bus 
masters to have separate address spaces for logical DMA. 

MK68451 
Figure 1 

A multitasking operating system is simplified, and reliability 
is enhanced, through the use of the MMU. 

The MK68451 memory management unit (MMU) is the 
basic element of a memory management mechanism 
(MMM) in an MK68000 family system. The operating sys
tem is responsible for insuring the proper execution of user 
tasks in the system environment, and memory manage
ment is basic to this responsibility. The MMM provides the 
operating system with the capability to allocate, control, 
and protect the system memory. A block diagram of a 
single-MMU system is shown in Figure 3. 

An MMM, implemented with one or more MK68451 MM Us, 
can provide address translation, separation, and write pro
tection for the system memory. The MMM can be program
med to cause an interrupt when a chosen section of 
memory is accessed, and can directly translate a logical 
address into a physical address, making it available to the 
MPU for use by the operating system. Using these fea
tures, the MMM can provide separation and security for 
user programs and allow the operating system to manage 
the memory in an efficient fashion for multitasking. 
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PIN ASS.IGNMENT 
Figure 2 

PADO 64 PAD1 
MAS 63 PAD2 
HAD 62 PAQ3 

MODE 4 61 PAD4 
WIN 5 60 PADS 

FAiJ[f 6 59 PAD& 
IRQ 7 se PAD7 

GND 8 57 PADS 
FC3 9 56 Vee 
FC2 10 55 PAD9 
FC1 11 54 PAD10 
FCO 12 53 PAD11 
As 13 52 PAD12 

RESET 14 M 51 PAD13 
DTACK 15 K 50 PAD14 

Eii 16 6 49 PAD15 
UDS 17 8 48 A23 
ms 18 4 47 A22 
GO 19 5 46 A21 

ANY 20 45 A20 
ALL 21 44 A19 

IACK 22 43 A18 
cs 23 42 A17 

CLOCK 24 41 GND 
v~ 25 40 A16 
R/W 26 39 A15 
RS1 27 38 A14 
RS2 28 37 A13 
RS3 29 36 A12 
RS4 30 35 A1T 
RS5 31 34 A10 

AB 32 33 A9 

SIMPLIFIED BLOCK DIAGRAM OF SINGLE-MMU 
SYSTEM 
Figure 3 

RIW f----<>--+l RIW 

AS Function AS 

FCO·FC2 ,_,3,..c_o_d_e --

A1·A23 

MK68000/ 
MK68010 

MPU 

IPL 

BERR 

MK68451 

MMU 

A1·A7 

Mapped 
Address 
Strobe 

Physical 
Address 

PAB· 23 
PA1·PA23 

RIW 

Memory 
Array 
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FUNCTIONAL DESCRIPTION 

MEMORY SEGMENTS 

The MMM partitions the logical address space into con, 
tiguous pieces called segments. Each segment is a sec-
tion of the logical address space of a task which is mapped 
via the MMM into the physical address .space. Each task. 
may have any number of segments. Segments may be 
defined as user or supervisor, data-only or program-only, 
or program and data. They may be accessed by only one 
task or shared between two or more tasks. In addition, any 
segment can be write protected to insure system integri-
ty. A fault (MK68000 bus error) is generated by the MMM 
if an undefined segment is accessed. 

FUNCTION CODES AND ADDRESS SPACES 

Each bus master in the MK68000 family provides a tune-
lion code during each bus cycle to indicate the address 
space to be used for that cycle. The address bus then 
specifies a location within this address space for the opera-
lion taking place during that bus cycle. 

The function codes appear on the FCO-FC2 lines of the 
MK68000 and divide the memory references into two 
logical address spaces-the supervisor and the user 
spaces. Each of these is further divided into program and 
data spaces. A separate address space is also provided 
for internal CPU-related activities, such as interrupt 
acknowledge, giving a total of five defined function codes. 
The address space of the MK68000 is shown in Figure 4. 

ADDRESS SPACE OF MK68000 
Figure 4 

CPU 
SUPERVISOR 

Program Data 
USER 

Program Data 

FFFFFF FFFFFF 

In addition to the 3-bit function code provided by the 
MK68000, the MK68451 MMU also allows a fourth bit (FC3) 
which provides for the possibility of another bus master 
in the system. In this case, FC3 would be a function of 
bus grant acknowledge (BGACK) of the MK68000 to 
enable a second set of eight function codes. This raises 
the total number of possible function codes to 16. If there 



is only one bus master (the MPU), the FC3 pin on the MMU 
should be tied low, and only eight address spaces can then 
be used. 

ADDRESS SPACE NUMBER 

Each task in a system has an address space comprised 
of all the segments defined for that task. This address 
space is assigned a number by programming all the 
address space number (ASN) fields in its descriptors with 
the same value. This value can be considered a task num
ber. The currently active task's number is kept in the 
appropriate entry(s) in the address space table (AST). 

The AST is a set of MMU registers that defines which task's 
segments are to be used in address translation for each 
cycle type (supervisor program, supervisor data, etc.). The 
AST contains an 8-bit entry for each possible function 
code. Each entry is assigned an ASN (task number) and 
this is used to select which descriptors may be used for 
translation. The logical address is then translated by one 
of these to produce the physical address. Figure 5 is a 
typical memory map of a task's address space. 

MEMORY MAP OF TYPICAL TASK ADDRESS SPACE 
Figure 5 

SUPERVISOR USER 
CPU Program Data Data 

FFFFFF FFFFFF 

~Task 01 Segment 

DESCRIPTORS 

Address translation is done using descriptors. A descrip
tor is a set of six registers (nine bytes) which describe a 
memory segment and how that segment is to be mapped 
to the physical addresses. Each descriptor contains base 
addresses for the logical address masks. The size of the 
segment is then defined by "don't cares" in the masks. 
This method allows segment sizes from a minimum of 256 
bytes to a maximum of 16 megabytes in binary increments 
(i.e., powers of two). This also forces both logical and 
physical addresses of segment boundaries to lie on a seg
ment size boundary. That is, a segment can only start on 
an address which is a multiple of 2k. The segments can 
be defined in such a way to allow them to be logically or 
physically shared between tasks. Descriptor mapping is 
shown schematically in Figure 6. 
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SCHEMATIC DIAGRAM OF DESCRIPTOR MAPPING 
Figure 6 

1of32 
Descriptors 

Log I cal Physical 
Address ,__ _ _._ _ _. Addreu ____ __, 1-----0+--,..--I 

Function 
Code 

TRANSLATION 

FFFFF 

During normal translation, the MMU translates the logical 
address provided by the MK68000 to produce a physical 
address which is then presentea to the memory array. This 
is accomplished by matching the logical address with the 
information in the descriptors and then mapping it into the 
physical address space. A block diagram of the MK68451 
is shown in Figure. 7 

Refer to Figure 3 for the following information. The logical 
address is composed of address lines A1-A23. The upper 
16 bits of this address (A8-A23) are translated by the MMU 
and mapped into a physical address (PA8-PA23). The lower 
seven bits of the logical address (A1-A7) bypass the MMU 
and become the low-order physical address bits (PA1-PA7). 
In addition, the data strobes (UDS and LOS) remain un
mapped to become the physical data strobes for a total 
of eight unmapped address lines. 

FUNCTIONAL BLOCK DIAGRAM 
Figure 7 

Logical 
AddreH 
A8-A23 

Loglcll 

FCO·FC3 . ....... 
SPiit• -· Logical .... 

-~A --.,~•P' I 
Ma1k 

Physical Address 
Form1tlon 

PhysiealAddress 

..... 
Maleh 

""" ....... ..... 
Number 

Addreu Addren 
Space Sp1c1 
Mak Number 

W•lte 
Pro .. et 
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ORDERING INFORMATION 

Part Number 

MK68451N-8 
MK68451N-10 

PACKAGE DESCRIPTION 
Dual In-Line 
64-Pln 

Package Type 

Plastic 
Plastic 

5. WHEN THE SOLDER LEAD FINISH IS SPECIFIED, THE 
MAXIMUM LIMIT SHALL BE INCREASED BY .003 IN. 

4. MEASURED FROM CENTERLINE TO CENTERLINE AT 
LEAD TIPS. 

3. PACKAGE STANDOFF TO BE MEASURED PER JEDEC 
REQUIREMENTS. 

2. OVERALL LENGTH INCWDES .010 IN. FLASH ON EITHER 
END OF THE PACKAGE. 

1. LEAD FINISH IS TO BE SPECIFIED ON THE DETAIL 
SPECIFICATION. 

NOTES; 

Max Clock 
Frequency 

ao MHz 
10.0 MHz 

4-16 

Temperature 
Range 

O' to 70°C 
0° to 70°C 

DIM. 
INCHES 

MIN. MAX. 
NOTES 

A 3.180 3.230 2 

B .890 .940 

c .790 .810 

D .170 .190 

E .020 .060 3 

F .120 .150 

G .040 .070 

H .090 .110 

J .900 1.000 4 

K .015 .021 5 

L .008 .012 5 

M .045 .070 



.-;if~.-, .... ~--•-
FEATURES 

0 Compatible with MK68000 CPU 

Compatible with MK68000 Series DMA's 

D Two independent, full-duplex channels 

D Two independent baud rate generators 
• Crystal oscillator input 
• Single-phase TTL clock input 

0 Directly addressable registers (all control registers are 
read/write) 

D Data rate in synchronous or asynchronous modes 
• 0-1.25 M bits/second with 5.0 MHz system clock rate 

D Self-test capability 

0 Receive data registers are quadruply buffered; trans
mit data registers are doubly buffered 

n Daisy-chain priority interrupt logic provides automat
ic interrupt vectoring without external logic 

0 Modem status can be monitored 
• Separate modem controls for each channel 

D Asynchronous features 
• 5, 6, 7, or 8 bits/character 
• 1, 11/2, or 2 stop bits 
• Even, odd, or no parity 
• x1, x16, x32, and x64 clock modes 
• Break generation and detection 
• Parity, overrun, and framing error detection 

u Byte synchronous features 
• Internal or external character synchronization 
• One or two sync characters in separate registers 
• Automatic sync character insertion 
• CRC-16 or CRC-CCITI block check generation and 

checking 

l.J Bit synchronous features 
• Abort sequence generation and detection 
• Automatic zero insertion and deletion 
• Automatic flag insertion between messages 
• Address field recognition 
• I-field residue handling 
• Valid receive messages protected from overrun 
• CRC-CCITT block check generation and checking 
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Ml<68564 
SERIAL INPUT/OUTPUT CONTROLLER 

MK68564 
Figure 1 

PIN DESCRIPTION 
Figure 2 

01 1 

03 2 

05 3 
07 4 

INTR 5 

CLK 6 
XTAL1 7 

XTAL2 8 

RESET 9 

RxRDYA 10 
TxRDYA 11 

Vee 12 
IEO 13 

SYNCA 14 

TxCA 15 

RxCA 16 

RxDA 17 
TxDA 18 

DTRA 19 

RTSA 20 

CTSA 21 

DCDA 22 

A2 23 

A4 24 

MK68564 
SIO 

48 DO 

47 02 

46 04 

45 06 
44 R!W 

43 IACK 

42 DTACK 

41 cs 
40 RxRDYB 

39 TxRDYB 

38 GND 

37 m 
36 SYNCB 

35 TxCB 

34 RxCB 

33 RxDB 
32 TxDB 

31 DTRB 

30 RTSB 
29 CTSB 

28 DCDB 

27 A1 

26 A3 

25 A5 



GENERAL DESCRIPTION 

The MK68564 SIO is a dual-channel, Serial Input/Out
put Controller, designed to satisfy a wide variety of serial 
data communications requirements in microcomputer 
systems. Its basic function is a serial-to-parallel, parallel
to-serial converter/controller; however, within that role, it 
is systems software configurable so that it may be op
timized for any given serial data ·communications 
application. 

The MK68564 is capable of handling asynchronous pro
tocols, synchronous byte-oriented protocols (such as IBM 
Bisync), and synchronous bit-oriented protocols (such 
as HDLC and IBM SDLC). This versatile device can also 
be used to support virtually any serial protocol for 
applications other than data communications (cassette 
or floppy disk interface, for example). 

The MK68564 can generate and check CRC codes in 
any synchronous mode and may be programmed to 
check data integrity in various modes. The device also 
has facilities for modem controls in each channel. In 
applications where these controls are not needed, the 
modem controls may be used for general-purpose 110. 

SIO PIN DESCRIPTION 

GND: Ground. 

+5 volts (±5%). 

CS: Input active low. CS is used to select the 
Chip Select MK68564 SIO for access to the inter

nal registers. CS and IACK must not be 
asserted at the same time. 

R/W: Input. RtVVis the signal from the bus 
Read/Write master, indicating whether the current 

bus cycle is a read (high) or write (low) 
cycle. 

DTACK: Output, active low, tri-stateable. DTACK 
Data Transfer is used to signal the bus master that 
Acknowledge data is ready or that data has been 

accepted by the MK68564 SIO. 

A1-A5: Inputs. The address bus is used to 
Address Bus select one of the internal registers dur

ing a read or write cycle. 

DO-D7: Bidirectional, tri-stateable. The data bus 
Data Bus is used to transfer data to or from the 

internal registers during a read or write 
cycle. It is also used to pass a vector 
during an interrupt acknowledge cycle. 

CLK: Input. This input is used to provide the 
Clock internal timing for the MK68564 SIO. 

RESET 
Device Reset 

INTR 
Interrupt 
Request 

IACK 
Interrupt 
Acknowledge 

iET 
Interrupt 
Enable In 

IEO 
Interrupt 
Enable Out 

XTAL1 
XTAL2 
Baud Rate 
Generator 
Inputs 

RxRDYA 
RxRDYB 
Receiver 
Ready 

TxRDYA 
TxRDYB 
Transmitter 
Ready 

CTSA 
CTSB 
Clear to 
Send 
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Input, active low. Reset disables both 
receivers and transmitters, forces TxDA 
and TxDB to a marking condition, forces 
the modem controls high, and disables 
all interrupts. With the exception of the 
status registers, data registers, and the 
vector register, all internal registers are 
cleared. The vector register is reset to 
"OFH". 

Output, active low, open drain. INTR is 
asserted when the MK68564 SIO is 
requesting an interrupt. INTR is 
negated during an interrupt acknowl
edge cycle or by clearing the pending 
interrupt(s) through software. 

Input, active low. IACK is used to signal 
the MK68564 SIO that the CPU is 
acknowledging an interrupt. CS and 
IACK must not be asserted at the same 
time. If interrupts are not used then 
IACK should be pulled high. 

Input, active low. IEI is used to signal 
the MK68564 SIO that no higher priori
ty device is requesting interrupt service. 

Output, active low. IEO is used to signal 
lower priority peripherals that neither 
the MK68564 SIO nor another higher 
priority peripheral is requesting interrupt 
service. 

Inputs.A crystal may be connected bet
ween XTAL1 and XTAL2, or XTAL1 may 
be driven with a TTL level clock. When 
using a crystal, external capacitors must 
be connected. When driving XTAL1 with 
a TTL level clock, XTAL2 must be allow
ed to float. 

Outputs, active low. Programmable 
DMA output for the receiver. The 
RxRDY pins pulse low when a charac
ter is available in the receive buffer. 

Outputs, active low. Programmable 
DMA output for the transmitter. The 
TxRDY pins pulse low when the trans
mit buffer is empty. 

Inputs, active low. If Tx Auto Enables is 
selected, these inputs enable the 
transmitter of their respective channels. 
If Tx Auto Enables is not selected, these 
inputs may be used as general purpose 
input pins. The inputs are Schmitt
trigger buffered to allow slow rise-time 
input signals. 



DCDA 
DCDB 
Data Carrier 
Detect 

Rx DA 
Rx DB 
Receive Data 

TxDA 
TxDB 
Transmit 
Data 

Rx CA 
RxCB 
Receiver 
Clocks 

TxCA 
TxCB 
Transmitter 
Clocks 

RTSA 
RTSB 
Request to 
Send 

DTRA 
DTRB 
Data 
Terminal 
Ready 

SYN CA 
SYNCB 
Synchroniz
ation 

Inputs, active low. If Rx Auto Enables 
is selected, these inputs enable the 
receiver of their respective channels. If 
Rx Auto Enable is not selected, these 
inputs may be used as general purpose 
input pins. The inputs are Schmitt-trig
ger buffered to allow slow rise-time 
input signals. 

Inputs, active high. Serial data input to 
the receiver. 

Outputs, active high. Serial data output 
of the transmitter. 

Input/output. Programmable pin, 
receive clock input, or baud rate 
generator output. The inputs are 
Schmitt-trigger buffered to allow slow 
rise-time input signals. 

Input/output. Programmable pin, trans
mit clock input, or baud rate generator 
output. The inputs are Schmitt-trigger 
buffered to allow slow rise-time input 
signals. 

Outputs, active low. These outputs 
follow the inverted state programmed 
into the RTS bit. When the RTS bit is 
reset in the asynchronous mode, the 
output will not change until the charac
ter in the transmitter is completely 
shifted out. These pins may be used as 
general purpose outputs. 

Outputs, active low. These outputs 
follow the inverted state programmed 
into the DTR bit. These pins may also 
be used as general purpose outputs. 

Input/output, active low. The SYNC pin 
is an output when Monosync, Bisync, 
or SDLC mode is programmed. It is 
asserted when a sync/flag character is 
detected by the receiver. The SYNC pin 
is a general purpose input in the Asyn
chronous mode and an input to the 
receiver in the External Sync mode. 
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MK68564 ELECTRICAL SPECIFICATIONS 

ABSOWTE MAXIMUM RATINGS* 

Temperature Under Bias ........... , ........................................... -25 °C to + 100 °C 
Storage Temperature .......................................................... -65°C to +150°C 
Voltage on Any Pin with Respect to Ground ............................................ - .3 V to + 7 V 
Power Dissipation ...... , .............................................................. 1.5. Watt 
•stresses above those listed under "Absolute Maximum R~tings" may cause permanent damage to. the device. This is a stress rating oniy and functional operation 
of the device at these or any other condition above those indicated Jn the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

DC ELECTRICAL CHARACTERISTICS 
(Vee = 5.0 v ± 50/o, GND = 0 Vdc, TA = 0 to 70°C) 

CHARACTERISTIC 

INPUT HIGH VOLTAGE ALL INPUTS 

INPUT LOW VOLTAGE ALL INPUTS 

POWER SUPPLY CURRENT 
OUTPUTS OPEN 

INPUT LEAKAGE CURRENT (V1N = 0 to 5.25) 

THREE-STATE (OFF STATE) INPUT CURRENT 
O<V1N<VeeDTACK, D0-07; SYNC, 'FxC, Axe, 

INTR 

OUTPUT HIGH VOLTAGE 
(ILOAo=-400 µ.A, Vee=MIN) DTACK, D0-07 
(ILOAo= -150µ.A, Vee=MIN) ALL OTHEi:!.._ 

OUTPUTS (EXCEPT XTAL2 & INTR)* 

OUTPUT LOW VOLTAGE __ _, 
(ILOA0=53 mA, Vcc=MIN) INTR, DTACK, D0-07 
(ILOA0=2.4 mA, Vcc=MIN) ALL OTHER 

OUTPUTS (EXCEPT XTAL2)* 

*XTAL2 SPECIAL 
INTR (OPEN DRAIN) 

CAPACITANCE 

SYM 

V1H 

VIL 

ILL 

l1N 

lra1 

VoH 

VOL 

TA=25°C, f=l MHz unmeasured pins returned to ground. 

CHARACTERISTIC 

Input Capacitance CS, IACK 
ALL OTHERS 

Tri-state Output Capacitance 
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MIN MAX UNIT 

GND + 2.0 Vee v 
GND -0.3 GND +0.8 v 

190 mA 

±10 µA 

20 µ.A 
±10 µ.A 

GND+2.4 v 

Cl5 v 

TEST 
SYM MAX UNIT CONDITION 

C1N 15 pf Unmeasured 
10 pf pins 

Col/T 10 pf 
returned to 

ground 



AC ELECTRICAL CHARACTERISTICS 
(Vcc=5.0 Vdc±5%, GND=O Vdc, TA=O to 70"C) 

3.0 MHz 4.0 MHz 5.0 MHz 
NUMBER PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTES 

1 CLK Period 330 1000 250 1000 200 1000 ns 

2 CLK Width High 145 105 80 ns 

3 CLK Width Low 145 105 80 ns 

4 CLK Fall Time 30 30 30 ns 

5 CLK Rise Time 30 30 30 ns 

6 CS Low to CLK High (Setup Time) 0 0 0 ns 1 

7 A1-A5 Valid to CS Low (Setup Time) 0 0 0 ns 

8 DATA Valid to CS Low (Write Cycle) 0 0 0 ns 

9 CS Width High 50 50 50 ns 1 

10 DTACK Low to A1-A5 Invalid 
(Hold Time) 0 0 0 ns 

11 DTACK Low to DATA Invalid 
(Write Cycle Hold Time) 0 0 0 ns 

12 CS High to DTACK High (Delay) 60 55 50 ns 

13 CLK High to DTACK Low 325 320 295 ns 

14 R/W Valid to CS Low (Setup Time) 0 0 0 ns 

15 DTACK Low to R/W Invalid 
(Hold Time) 0 0 0 ns 

16 CLK Low to DATA Out 550 450 450 ns 

17 CS High to DATA Out Invalid 
(Hold Time) 0 0 0 ns 11 

18 CS High to DTACK High lmpedanc~ 110 105 100 ns 

19 DTACK Low to CS' High 0 0 0 ns 

20 DATA Valid to DTACK Low 70 70 70 ns 

21 IACK Width High 50 50 50 ns 1 

22 IACK Low to CLK High 
(Setup Time) 0 0 0 ns 1 

23 CLK Low to INTR Disabled 410 410 410 ns 2 

24 CLK Low to DATA Out 330 330 330 ns 2 

25 DTACK Low to IACK , IEI High 0 0 0 ns 

26 IACK High to DTACK High 60 55 50 ns 

27 IACK High to DTACK High 
Impedance 110 105 100 ns 

28 IACK High to DATA Out Invalid 
(Hold Time) 0 0 0 ns 

29 DATA Valid to DTACK Low 195 195 195 ns 2 

30 CLK Low to IEO Low 220 220 220 ns 3 
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AC ELECTRICAL CHARACTERISTICS (Cont.) 
(Vcc=5.0 Vdc±5%, GND=O Vdc, TA=O to 70°C) 

NUMBER PARAMETER 

31 IEI Low to IEO Low 

32 IEI High to IEO High 

33 IACK High to IEO High 

34 IACK High to INTR Low 

35 IEI Low to CLK Low (Setup Time) 

36 IEI Low to INTR Disabled 

37 IEI Low to DATA Out Valid 

38 DATA Out Valid to DTACK Low 

39 JACK High to DATA Out High 
Impedance 

40 CS High to DATA Out High 
Impedance 

41 CS or JACK High to CLK Low 

42 TxRDY or RxRDY Width Low 

43 CLK High to TxRDY or RxRDY Low 

44 CLK High to TxRDY or RxRDY High 

IACK High to CS Low or CS High 
to IACK Low (not shown) 

45 CTS, DCD, SYNC Pulse Width High 

46 CTS, DCD, SYNC Pulse Width Low 

47 TxC Period 

48 TxC Width Low 

49 TxC Width High 

50 TxC Low to TxD Delay (X1 Mode) 

51 TxC Low to INTR Low Delay 

52 RxC Period 

53 RxC Width Low 

54 RxC Width High 

55 RxD to RxC High Setup Time 
(X1 Mode) 

56 RxC High to RxD Hold Time 
(X1 Mods) 

57 RxC High to INTR Low Delay 

58 RxC High to SYNC Low Delay 
(Output Modes) 

3.0 MHz 
MIN MAX 

140 

190 

190 

200 

10 

500 

225 

55 

150 

150 

100 

3 

300 

335 

50 

200 

200 

1320 DC 

180 DC 

180 DC 

300 

5 9 

1320 DC 

180 DC 

180 DC 

0 

140 

10 13 

4 7 
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4.0 MHz 5.0 MHz 

MIN MAX MIN MAX UNITS NOTES 

140 140 ns 3 

190 190 ns 4 

190 190 ns 4 

200 200 ns 5 

10 10 ns 

425 425 ns 6 

225 225 ns 6 

55 55 ns 6 

120 90 ns 

120 90 ns 

100 100 ns 7 

3 3 CLK 8,10 Period 
300 300 ns 

300 300 ns 

50 50 ns 1 

200 200 ns 

200 200 ns 

1000 DC 800 DC ns 9 

180 DC 180 DC ns 

180 DC 180 DC ns 

300 300 ns 

5 9 5 9 CLK 10 Period 
1000 DC 800 DC ns 9 

180 DC 180 DC ns 

180 DC 180 DC ns 

0 0 ns 

140 140 ns 

10 13 10 13 CLK 10 Period 

4 7 4 7 CLK 10 Period 



AC ELECTRICAL CHARACTERISTICS (Cont.) 
CVcc=5.0 Vdc±5%, GND=O Vdc, TA=O to 70°C) 

3.0 MHz 4.0 MHz 5.0 MHz 

NUMBER PARAMETER MIN 

59 RESET Low 1 

60 XTAL 1 Width High (TTL in) 145 

61 XTAL 1 Width low (TTL in) 145 

62 XTAL 1 Period (TTL in) 330 

63 XTAL 1 Period (Crystal in) 330 

NorES; 

1. This specification only applies if the Sl~as c~leted all operations ini
tiated by the previous bus cycle, when CS or IACK was asserted. Follow
ing a read, write, or interrupt acknowledge cycle, all operations are 
complete within two CLK cycles after the rising edge of CS or IACK. If 
CS or iACK is asserted prior to the completion of the internal operations, 
the new bus cycle will be postponed. 

2. If IEI meets the setup time to the falling edge of CLK, 11/2 cycles following 
the clocking in of iAO<: 

3. No internal interrupt request pending at the start of an interrupt ac
knowledge cycle. 

4. Time stans when first signal goes invalid (high). 
5. If an internal interrupt is pending at the end of the interrupt acknowledge 

cycle. 

OUTPUT TEST LOAD 
Figure 3 

IN4447 

MAX MIN MAX MIN MAX UNITS NOTES 

1 1 CLK 10 
Period 

100 80 ns 

100 80 ns 

2000 250 2000 200 2000 ns 

1000 250 1000 200 1000 ns 

6. If Note 2 timing is not met. 
7. If this spec is met, the delay listed in note 1 will be one CLK cycle instead 

of two. 
8. Ready signals will be negated asynchronous to the CLK, if the condition 

causing the assertion of the signals is cleared. 
9. If RxC and TxC are ...!!rnchronous to the System Clock, the maximum clock 

rate into RxC and TxC should be no more than one-fihh the System Clock 
rate. If ~ and ~ are synchronized to the falling edge of the System 
Clock, the maximum clock rate into AXC and TxC can be one-fourth the 
System Clock rate. 

10.SIO Clock (CLK) Cycles as defined in Parameter 1. 
11 . Due to the dynamic nature of the internal data bus, if CS is held low for 

more than a few hundred milliseconds the read data may go to OOH be
fore the end of the cycle. 

+2.1 Vele 

tor all outputs except D'i'ACK, DO·D7, 
INTA, XTAL2 

CL = 130 pl 

OR EQUIVALENT 
AL= 16Kll 
A1 =450ll 

INTR TEST LOAD 
Figure 4 

NOTE: 

TEST 
POINT 

XTAL2 output test load is a cyrstal. 

+5 V de 

I 
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CL= 130 pl 

for DTACK, 00·07 
CL = 130 pl 
AL= &Kil 
A1 = 20011 



READ CYCLE 
Figure 5 

NOTE: 
Waveform measurements for all inputs and outputs are specified at logic high 
= 2.0 volts, logic low = 0.8 volts. 

WRITE CYCLE 
Figure 6 

NOTE: 
Waveform measurements for all inputs and outputs are specified at logic high 
= 2.0. volts, logic low = 0.6 volts. 
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INTERRUPT ACKNOWLEDGE CYCLE (iEi LOW) 
Figure 7 

.NOTE: 

Waveform measurements for all inputs and outputs are specified at logic high 
= 2.0 volts. logic low = 0.8 volts. 

INTERRUPT ACKNOWLEDGE CYCLE (IEI HIGH) 
Figure 8 

NOTE: 
Waveform measurements for all inputs and outputs are specified at logic high 
= 2.0 volts. logic low = 0.8 volts. 
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OMA INTERFACE TIMING 
Figure 9 

NOTE: 

TILIN 

Waveform measurements for all inputs and outputs ·are specified at logic hlgh 
= 2.0 wits, logic low = 0.8 volts. 

SERIAL INTERFACE TIMING 
Rgure 10 

NOTE: 
Waveform measurements for all inputs and outputs are specified at logic high 
= 2.0 volts, logic low = 0.8 volts. 
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MK68564 ORDERING INFORMATION 

PART NO. PACKAGE TYPE MAX. CLOCK FREQUENCY 

MK68564N-03 Plastic 3.0 MHz 

MK68564N-04 Plastic 4.0 MHz 

MK68564N-05 Plastic 5.0 MHz 

MK68564 PLASTIC PIN PACKAGE DRAWING 

D[J. 
24 

G--1. ~ -A .I 

~W!,~-~ 
AT .100 ± .010(T.N.A..) 

N SUFFIX 
PLASTIC PACKAGE 
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TEMPERATURE RANGE 

0° to 70°C 

0° to 70°C 

0° to 70°C 

MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 61.468 62.738 2.420 2.470 

B 14.986 16.256 .590 .640 

c 13.462 13.97 .530 .550 

D 3.556 4.064 .140 .160 

E 0.381 1.524 .015 .060 

F 3.048 3.81 .120 .150 

G 1.524 2.286 .060 .090 

H 2.286 2.794 .090 .110 

J 15.24 17.78 .600 .700 

K 0.381 0.533 .D15 .021 

L 0.203 0.305 .008 .012 

M 1.143 1.778 .045 .070 
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Ml<68901 
.-~.--
.-~ .. ~-..................... _ -•-

MUL Tl-FUNCTION PERIPHERAL 

FEATURES 

D 8 Input/Output Pins 
• Individually programmable direction 
• Individual interrupt source capability 

- Programmable edge selection 

D 16 Source interrupt controller 
• 8 Internal sources 
• 8 External sources 
• Individual source enable 
• Individual source masking 
• Programmable interrupt service modes 

- Polling 
- Vector generation 

- Optional In-service status 
• Daisy chaining capability 

D Four timers with individually programmable pres
caling 
• Two multimode timers 

- Delay mode 
- Pulse width measurement mode 
- Event counter mode 

• Two delay mode timers 
• Independent clock input 
• Time out output option 

D Single channel USART 
• Full Duplex 
• Asynchronous to 65 kbps 
• Byte synchronous to 1 Mbps 
• Internal/external baud rate generation 
• OMA handshake signals 
• Modem control 
• Loop back mode 

D 68000 Bus compatible 

D 48 Pin DIP or 52 Pin PLCC 

INTRODUCTION 

The MK68901 MFP (Multi-Function Peripheral) is a com
bination of many of the necessary peripheral functions 
in a microprocessor system. Included are: 

Eight parallel 1/0 lines 

Interrupt controller for 16 sources 

Four timers 

Single channel full duplex USART 
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MICROCOMPUTER COMPONENTS 

TAI 

TBI 

RESET 

10 

11 

12 

Figure 1. MK68901 

Figure 2. Device Pinout 

05 

04 

03 

02 

01 

DO 

16 

15 

14 

13 



The use of the MFP in a system can signific;antly reduce 
chip count, thereby reducing system cost. The MFP is 
completely 68000 bus compatible, and 24 directly ad
dressable internal registers provide the necessary con
trol and status interface to the programmer. 

The MFP is a derivative of the MK3801 STI, a ZBO fa
mily peripheral. 

PIN DESCRIPTION 

GND: Ground 

Vee: +5 volts(± 5%) 

CS: Chip Select .(input, active low). CS is 
used to select the MK68901 MFP for ac
cesses to the internal registers. CS and 
IACK must not be asserted at the same 
time. 

OS: Data Strobe (input, active low.) OS is used 
as part of the chip select and interrupt ac
knowledge functions. 

R!W: Read/Write (input). R!W is the signal from 
the bus master indicating whether the cur
rent bus cycle is a Read (High) or Write 
(Low) cycle. 

DTACK: Data Transfer Acknowledge. (output, active 
low, tri-stateable). DTACK is used to signal 
the bus master that data is ready, or that 
data has been accepted by the MK68901 
MFP. 

A1-A5: Address Bus (inputs). The address bus is 
used to address one of the internal registers 
during a read or write cycle. 

DO-D7: Data Bus (bi-directional, tri-stateable). The 
data bus is used to receive data from or 
transmit data to one of the internal registers 
during a read or write cycle. It is also used 
to pass a vector during an interrupt ac
knowledge cycle. 

CLK: Clock (input). This input is used to provide 
the internal timing for the MK68901 MFP. 

RESET: Device reset. (input, active low). Reset 
disables the USART receiver and transmit
ter, stops all timers and forces the timer out
puts low, disables all interrupt channels and 
clears any pending interrupts. The General 
Purpose lnterrupUl/O lines will be placed in 
the tri-state input mode. All internal registers 
(except the timer, USART data registers, and 
transmit status register) will be cleared. 

INTR: Interrupt Request (output, active low, open 
drain). INTR is asserted when the MK68901 
MFP is reque$ting an interrupt. INTR is 
negated during an interrupt acknowledge 
cycle or by clearing the pending interrupt(s) 
through software. 

IACK: Interrupt Acknowledge (input, active low). 
IACK is used to signal the MK68901 MFP 
that the CPU is acknowledging an interrupt. 
CS and IACK must not be asserted at the 
same time. 

IEI: Interrupt Enable In (input, active low). IEI 
is used to signal the MK68901 MFP that no 
higher priority device is requesting interrupt 
service. 

IEO: Interrupt Enable Out (output, active low). 
IEO is used to signal lower priority peripher
als that neither the MK68901 MFP nor 
another higher priority peripheral is request
ing interrupt service. 

10-17: General Purpose Interrupt 1/0 lines. These 
lines may be used as interrupt inputs and/or 
1/0 lines. When used as interrupt inputs, 
their active edge is programmable. A data 
direction register is used to define which 
lines are to be Hi-Z inputs and which lines 
are to be push-pull TTL compatible outputs. 

SO: Serial Output. This is the output of the 
USART transmitter. 

SI: Serial Input. This is the input to the USART 
receiver. 

RC: Receiver Clock. This input controls the seri
al bit rate of the USART .receiver. 

TC: Transmitter Clock. This input controls the 
serial bit rate of the USART transmitter. 

RR: Receiver Ready. (output, active low) OMA 
output for receiver, which reflects the status 
of Buffer Full in port number 15 .. 

TR: Transmitter Ready. (output, active low) OMA 
output for transmitter, which reflects the sta
tus of Buffer Empty in port number 16. 

TAO, TBO, Timer Outputs. Each of the four timers has 
TCO, TDO: an output which can produce a square 

wave. The output will change states each 
timer cycle; thus one full period of the timer 
out signal is equal to two timer cycles. TAO 
or TBO can be reset (logic "O") by a write 
to TACR, or TBCR respectively. 
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XTAL1, Timer Clock inputs. A crystal can be con
XTAL2: nected between XTAL1 and XTAL2, or 

XTAL1 can be driven with a TTL level clock. 
When driving XTAL 1 with a TTL level clock, 
XTAL2 must be allowed to float. When us
ing a crystal. external capacitors are re
quired. See Figure 33. All chip accesses are 
independent of the timer clock. 

TAI, TBI: Timer A, B inputs. Used when running the 
timers in the event count or the pulse width 
measurement mode. The interrupt channels 
associated with 14 and 13 are used for TAI 
and TBI, respectively. Thus, when running 
a timer in the pulse width measurement 
mode, 14 or 13 can be used for 1/0 only. 

INTERRUPTS 

The General Purpose 1/0-lnterrupt Port (GPIP) provides 
eight 1/0 lines that may be operated either as inputs 
or outputs under software control. In addition, each line 
may generate an interrupt in either a positive going 
edge or a negative going edge of the input signal. 

The GPIP has three associated registers. One allows 
the programmer to specify the Active Edge for each bit 
that will trigger an interrupt. Another register specifies 
the Data Direction (input or output) associated with each 
bit. The third register is the actual data 110 register used 
to input or output data to the port. These three registers 
are illustrated in Figure 5. 

INTERNAL CONTROL 

LOGIC 

OATA 
(8) 

ADDRESS 
(5) 

cs-
RIW 

i5S 
DTACK 

c 
p 

u 

B 

u 
s 

1/0 

INTERRUPT 

CONTROL 

t 
iEi IACK 

INTR IEO 

Address 
Port No. 

0 
1 

2 

3 

4 

5 
6 
7 

8 
9 
A 

B 

c 
D 
E 

F 
10 

11 

12 

13 

14 

15 
16 
17 

Abbreviation Register Name 

GPIP GENERAL PURPOSE 1/0 
AER ACTIVE EDGE REGISTER 

DOR DATA DIRECTION REGISTER 

IERA INTERRUPT ENABLE REGISTER A 

IERB INTERRUPT ENABLE REGISTER B 
IPRA INTERRUPT PENDING REGISTER A 
IPRB INTERRUPT PENDING REGISTER B 

ISRA INTERRUPT IN-SERVICE REGISTER A 

ISRB INTERRUPT IN-SERVICE REGISTER B 

IMRA INTERRUPT MASK REGISTER A 

IMRB INTERRUPT MASK REGISTER B 

VA VECTOR REGISTER 

TACR TIMER A CONTROL REGISTER 
TBCR TIMER B CONTROL REGISTER 

TCDCR TIMERS C AND D CONTROL REGISTER 

TADA TIMER A DATA REGISTER 

TBDR TIMER B DATA REGISTER 
TCDR TIMER C DATA REGISTER 
TOOR TIMER D DATA REGISTER 

SCA SYNC CHARACTER REGISTER 
UCR USART CONTROL REGISTER 

RSA RECEIVER STATUS REGISTER 

TSR TRANSMITTER STATUS REGISTER 
UDR USART DATA REGISTER 

Figure 4. Register Map 

TIMERS 

C&D 

TIMERS 

A&B 

USART 

GENERAL PURPOSE 

110-INTERRUPTS 

TCO 

TOO 

XTAL1 

XTAL2 

TAO 
TAI 
TBO 
TBI 

RFi 
SI 
RC 
so 
TC 

'fR 

10-17 

Figure 3. MK68901 Block Diagram 
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The Active Edge Register (AER) allows each of the 
General Purpose Interrupts to provide an interrupt on 
either a 1-0 transition or a 0-1 transition. Writing a zero 
to the appropriate bit of the AER causes the associat
ed input to produce an interrupt on the 1-0 transition. 
The edge bit is simply one input to an exclusive-or gate, 
with the other input coming from the input buffer and 
the output going to a 1-0 transition detector. Thus, de
pending upon the state of the input, writing the AER 
can cause an interrupt-producing transition, which will 
cause an interrupt on the associated channel, if that 
channel is enabled. One would then normally configure 
the AER before enabling interrupts via IERA and IERB. 
Note: changing the edge bit, with the interrupt enabled, 
may cause an interrupt on that channel. 

The Data Direction Register (DOR) is used to define 
10-17 as inputs or as outputs on a bit by bit basis. Writ
ing a zero into a bit of the DOR causes the correspond
ing lnterrupt-1/0 pin to be a Hi-Z input. Writing a one 
into a bit of the DDR causes the corresponding pin to 
be configured as a push-pull output. When data is writ
ten into the GPIP, those pins defined as inputs will re
main in the Hi-Z state while those pins defined as 
outputs will assume the state (high or low) of their cor-

responding bit in the GPIP. When the GPIP is read, the 
data read will come directly from the corresponding bit 
of the GPIP register for all pins defined as output, while 
the data read on all pins defined as inputs will come 
from the input buffers. 

Each individual function in the MK68901 is provided 
with a unique interrupt vector that is presented to the 
system during the interrupt acknowledge cycle. The in
terrupt vector returned during the interrupt acknowledge 
cycle is shown in Figure 6, while the vector register is 
shown in Figure 7. 

There are 16 vector addresses generated internally by 
the MK68901, one for each of the 16 interrupt channels. 

The Interrupt Control Registers (Figure 8) provide con
trol of interrupt processing for all 1/0 facilities of the 
MK68901. These registers allow the programmer to ena
ble or disable any or all of the 16 interrupts, providing 
masking for any interrupt, and provide access to the 
pending and in-service status of the interrupt. Optional 
end-of-interrupt modes are available under software 
control. All the interrupts are prioritized as shown in 
Figure 9. 

ACTIVE EDGE REGISTER 

PORT1 (AERI GPIP 

7 

PORT2(DDRI 
GPIP 

7 

PORT 0 (GPIPI 
GPIP 

7 

v, 

GPIP GPIP GPIP GPIP GPIP GPIP GPIP 1 =RISING 

6 5 4 3 2 0 0 =FALLING 

DATA DIRECTION REGISTER 

GPIP GPIP GPIP GPIP GPIP GPIP GPIP 1 =OUTPUT 
6 5 4 3 2 0 0 =INPUT 

GENERAL PURPOSE 1/0 DATA REGISTER 

GPIP GPIP GPIP GPIP GPIP GPIP GPIP 

6 5 4 3 2 0 

Figure 5. General Purpose 1/0 Registers 

v. iv, 

IV 3 - IV 0 Vector bits 3-0 supplied by the 

MFP based upon the interrupting 

channel. 

..._ _________ v,-v. 
4 moat significant bits. Copied 

from the vector register. 

Figure 6. Interrupt Vector 
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PortB(VRll ~-v-'-~_v_•_~_v_•_~_v_•-~-s.--~--*-~-*-~--*-~ 
~----- S "= ln-SeNice Register Enable 

._ ______________ Upper 4 b.its of the Vector register. 

* = UnUMd bits: read as zeros Writter1 into by the user. 

Figure 7. Vector Register 

INTERRUPT ENABLE REGISTERS 
ADDRESS 7 6 5 4 3 2 0 

A GPIP GPIP TIMER RCV ' RCV XMIT XMIT TIMER 
PORT3 

(IERAI 
Buffer Buffer 

7 6 A Full Error Empty Error B 

B GPIP GPIP TIMER TIMER GPIP GPIP GPIP GPIP 
PORT4 

(IERB) 5 4 c D 3 2 1 0 

INTERRUPT PENDING REGISTERS 

7 6 5 4 3 2 0 

A GPIP GPIP TIMER RCV RCV XMIT XMIT TIMER 
PORTS Buffer Buffer 

Error B (IPRA) 7 6 A Full Error Empty 

B GPIP GPIP TIMER TIMER GPIP GPIP GPIP GPIP 
PORT& 

(IPRB) 5 3 2 4 c D 0 

WRITING 0 = CLEAR 
WRITING 1 = UNCHANGED 

INTERRUPT IN-SERVICE REGISTERS 
7 6 6 4 3 2 0 

A GPIP GPIP TIMER RCV RCV XMIT XMIT TIMER 
PORT? Buffer Buffer 

(ISRAI 7 6 A Full Error Empty Error B 

B GPIP GPIP TIMER TIMER GPIP GPIP GPIP GPIP 
PORTB 

(ISRB) 5 4 c D 3 2 0 

INTERRUPT MASK REGISTERS 
7 6 6 4 3 2 0 

A GPIP GPIP TIMER RCV RCV XMIT XMIT TIMER 
PORTS Buffer Buffer 

(IMRA) 7 6 A Full Error Empty Error B 

PORTA 
B GPIP GPIP TIMER TIMER GPIP GPIP GPIP GPIP 

(IMRB) 5 4 c D 3 2 0 

Figure 8. Interrupt Control Registers 
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Priority Channel Description 

HIGHEST 1111 General Purpose Interrupt 7(17) 
1110 General Purpose Interrupt 6(16) 
1101 Timer A 
1100 Receive Buffer Full 
1011 Receive Error 
1010 Transmit Buffer Empty 
1001 Transmit Error 
1000 Timer B 
0111 General Purpose Interrupt 5(15) 
0110 General Purpose Interrupt 4(14) 
0101 Timer C 
0100 Timer D 
0011 General Purpose Interrupt 3(13) 
0010 General Purpose Interrupt 2(12) 
0001 General Purpose Interrupt 1(11) 

LOWEST 0000 General Purpose Interrupt 0(10) 

Figure 9. Interrupt Control Register Definitions 

Interrupts may be either polled or vectored. Each chan
nel may be individual enabled or disabled by writing 
a one or a zero in the appropriate bit of Interrupt Ena
ble Registers (IE~A. IERB - see Figure 8 for all registers 
in this section). When disabled, an interrupt channel 
is completely inactive. Any internal or external action 
which would normally produce an interrupt on that 
channel is ignored and any pending interrupt on that 
channel will be cleared by disabling that channel. Dis
abling an interrupt channel has no effect on the cor
responding bit in Interrupt In-Service Registers (ISRA, 
ISRB); thus, if the In-service Registers are used and 
an interrupt is in service on that channel when the chan
nel is disabled, it will remain in service until cleared in 
the normal manner. IERA and IERB are also readable. 

EDGE 

REGISTER 

ENABLE 

REGISTER 

When an interrupt is received on an enabled channel, 
its corresponding bit in the pending register will be set. 
When that channel is acknowledged it will pass its vec
tor, and the corresponding bit in the Interrupt Pending 
Register (IPRA or IPRB) will be cleared. IPRA and IPRB 
are readable; thus by polling IPRA and IPRB, it can be 
determined whether a channel has a pending interrupt. 
IPRA and IPRB are also writeable and a pending inter
rupt can be cleared without going through the ac
knowledge sequence by writing a zero to the 
appropriate bit. This allows any one bit to be cleared, 
without altering any other bits, simply by writing all ones 
except for the bit position to be cleared to IPRA or IPRB. 
Thus a fully polled interrupt scheme is possible. Note: 
writing a one to IPRA. IPRB has no effect on the inter
rupt pending register. 

The interrupt mask registers (IMRA and IMRB) may be 
used to block a channel from making an interrupt re
quest. Writing a zero into the corresponding bit of the 
mask register will still allow the channel to receive an 
interrupt and latch it into its pending bit (if that channel 
is enabled), but will prevent that channel from making 
an interrupt request. If that channel is causing an in
terrupt request at the time the corresponding bit in the 
mask regisier is cleared, the request will cease. If no 
other channel is making a request, INTR will go in
active. If the mask bit is re-enabled, any pending inter
rupt is now free to resume its request unless blocked 
by a higher priority request for service. IMRA and IMRB 
are also readable. A conceptual circuit of an interrupt 
channel is shown in Figure 10. 

There are two end-of-interrupt modes: the automatic 
end-of-interrupt mode and the software end-of-interrupt 
mode. The mode is selected by writing a one or a zero 
to the S bit of the Vector Register (VR). If the S bit of 

MASK 

REGISTER 
S·BIT 

INTERRUPT 

REQUEST 

S INTERRUPT 

IN-SERVICE 

Figure 10. A Conceptual Circuit of an Interrupt Channel 
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the VR is a one, all channels operate in the software 
end-of-interrupt mode. If the S bit is a zero, all chan
nels operate in the automatic end-of-interrupt mode, and 
a reset is held on all in-service bits. In the automatic 
end-of-interrupt mode, the pending bit is cleared when 
that channel passes its vector. At that point, no further 
history of that interrupt remains in the MK68901 MFP. 
In the software end-of-interrupt mode, the in-service bit 
is set and the pending bit is cleared when the channel 
passes its vector. With the in-service bit set, no lower 
priority channel is allowed to request an interrupt or to 
pass its vector during an acknowledge sequence; 
however, a lower priority channel may still receive an 
interrupt and latch it into the pending bit. A higher pri
ority channel may still request an interrupt and be ac
knowledged. The in-service bit of a particular channel 
may be cleared by writing a zero to the corresponding 
bit in ISRA or ISRB. Typically, this will be done at the 

conclusion of the interrupt routine just before the return. 
Thus no lower priority channel will be allowed to request 
service until the higher priority channel is complete, 
while channels of still higher priority will be allowed to 
request service. While the in-service bit is set, a second 
interrupt on that channel may be received and latched 
into the pending bit, though no service request will be 
made in response to the second interrupt until the in
service bit is cleared. ISRA and ISRB may be read at 
any time. Only a zero may be written into any bit of ISRA 
and ISRB; thus the in-service bits may be cleared in 
software but cannot be set in software. This allows any 
one bit to be cleared, without altering any other bits, 
simply by writing all ones except for the bit position to 
be cleared to ISRA or ISRB, as with IPRA and IPRB. 

Each interrupt channel responds with a discrete 8-bit 
vector when acknowledged. The upper four bits of the 

r-----------------------------, 
MK68901 MFP 

FAEm 
iAcK ---------t INTERRUPT CONTROL 

L __ _ 

Figure 11a. A Conceptual Circuit of the MK68901 MFP Daisy Chaining 
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Figure 11b. Daisy Chaining 
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vector are set by writing the upper four bits of the VR. 
The four low order bits (Bit 3-Bit 0) are generated by 
the interrupting channel. 

To acknowledge an interrupt, IACK goes low, the TEI 
input must go low (or be tied low) and the MK68901 
MFP must have an acknowledgeable interrupt pending. 
The Daisy Chaining capability (Figure 11) requires that 
all parts in a chain have a common IACK. When the 
common IACK goes low, all parts freeze and priortize 
interrupts in parallel. Then priority is passed down the 
chain, via TEI and IEO, until a part which has a pend
ing interrupt is reached. The part with the pending in
terrupt, passes a vector, does not propagate IEO, and 
generates DTACK. 

Figure 9 describes the 16 prioritized interrupt channels. 
As shown, General Purpose Interrupt 7 has the highest 
priority, while General Purpose Interrupt 0 is assigned 
the lowest priority. Each of these channels may be repri
oritized, in effect, by selectively masking interrupts un
der software control. The binary numbers under 
"channel" correspond to the modified bits IV3, IV2, IV1, 
and IVO, respectively, of the Interrupt Vector for each 
channel (see Figure 6). 

Each channel has an enable bit contained in IERA or 
IERB, a pending latch contained in IPRA or IPRB. a 
mask bit contained in IMRA or IMRB, and an in-service 
latch contained in ISRA or ISRB. Additionally, the eight 
General Purpose Interrupts each have an edge bit con
tained in the Active Edge Register (AER), a bit to de
fine the line as input or output contained in the Data 
Direction Register (DOR) and an 1/0 bit in the General 
Purpose lnterrupt-110 Port (GPIP). 

TIMER 

* * * A PortC(TACRI 
RESET 

Port D(TBCR) 
TIMER 

* * * B 
RESET 

C3 c, c, Co 

TIMERS 

There are four timers on the MK68901 MFP. Two of the 
timers (Timer A and Timer B) are full function timers 
which can perform the basic delay function and can 
also perform event counting, pulse width measurement, 
and waveform generation. The other two timers (Timer 
C and Timer D} are delay timers only. One or both of 
these timers can be used to supply the baud rate clocks 
for the USART. All timers are prescaler/counter timers 
with a common independent clock input (XTAL 1. 
XTAL2). In addition, all timers have a time-out output 
function that toggles each time the timer times out. 

The four timers are programmed via three Timer Con
trol Registers and four Timer Data Registers. Timers 
A and B are controlled by the control registers TACR 
and TBCR, respectively (see Figure 12), and by the data 
registers TADA and TBDR (Figure 13). Timers C and 
D are controlled by the control register TCDCR (see 
Figure 14) and two data registers TCDR and TODA. Bits 
in the control registers allow the selection of operation
al mode, prescale, and control while the data registers 
are used to read the timer or write into the time cons
tant register. Timer A and B input pins, TAI and TBI, are 
used for the event and pulse width modes for timers 
A and B. 

With the timer stopped, no counting can occur. The 
timer contents will remain unaltered while the timer is 
stopped (unless reloaded by writing the Timer Data 
Register), but any residual count in the prescaler will 
be lost. 

In the delay mode, the prescaler is always active. A 
count pulse will be applied to the main timer unit each 

AC3 AC2 AC1 AC0 

BC3 ec2 ec, BC0 

0 0 0 0 Timer Stopped 
0 0 0 1 Delay Mode. : 4 Prescale 
0 0 0 Delay Mode, 10 Prescale 
0 0 1 1 Delay Mode, 16 Prescale 
0 1 0 0 Delay Mode. 50 Prescale 
0 0 1 Delay Mode. 64 Prescale 
0 0 Delay Mode. · 1 00 Prescale 
0 1 Delay Mode. 200 Prescale 

0 0 0 Event Count Mode 
0 0 1 Pulse Width Mode. 4 Prescale 
0 0 Pulse Width Mode. . 10 Prescale 
0 1 Pulse Width Mode. · 16 Prescale 

0 0 Pulse Width Mode. · 50 Prescale 
0 1 Pulse Width Mode, 64 Prescale 

0 Pulse Width Mode. 1 00 Prescale 
1 Pulse Width Mode,. 200 Prescale 

* Unused bits: read ns zeros 

Figure 12. Timer A and B Control Registers 
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time the prescribed number of timer clock cycles has 
elapsed. Thus, if the prescaler is programmed to divide 
by ten, a count pulse will be applied to the main coun
ter every ten cycles of the timer clock. 

Each time a count pulse is applied to the main coun
ter, it will decrement its contents. The main counter is 
initially loaded by writing to the Timer Data Register. 
Each count pulse will cause the current count to decre
ment. When the timer has decremented down to "01", 
the next count pulse will not cause it to decrement to 
"00". Instead, the next count pulse will cause the timer 
to be reloaded from the Timer Data Register. Addition
ally, a "Time out" pulse will be produced. This Time 
Out pulse is coupled to the timer interrupt channel, and, 
if that channel is enabled, an interrupt will be produced. 
The Time Out pulse is also coupled to the timer output 
pin and will cause the pin to change states. The output 
will remain in this new state until the next Time Out 
pulse occurs. Thus the output will complete one full cy
cle for each two Time Out pulses. 

If, for example, the prescaler were programmed to di
vide by ten, and the Timer Data Register were loaded 
with 100 (decimal), the main counter would decrement 
once for every ten cycles of the timer clock. A Time Out 
pulse will occur (hence an interrupt if that channel is 

Port F (TADA) D, D. D. 

Port 10 (TBDR) I D, D. D. 

Port 11 (TCDR) I D, Do D. 

Port 12 (TOOR) I D, o. o. 

enabled) every 1000 cycles of the timer clock, and the 
timer output will complete one full cycle every 2000 cy
cles of the timer clock. 

The main counter is an 8-bit binary down counter. It may 
be read at any time by reading the Timer Data Register. 
The information read is the information last clocked into 
the timer read register when the DS pin had last gone 
high prior to the current read cycle. When written, data 
is loaded into the Timer Data Register, and the main 
counter, if the timer is stopped. If the Timer Data 
Register is written while the timer is running, the new 
word is not loaded into the timer until it counts through 
H"01 ". However, if the timer is written while it is count
ing through H"01", an indeterminate value will be writ
ten into the timer constant register. This may be 
circumvented by ensuring that the data register is not 
written when the count is H"01 ". 

If the main counter is loaded with "01 ", a Time Out Pulse 
will occur every time the prescaler presents a count 
pulse to the main counter. If loaded with "00", a Time 
Out pulse will occur every 256 count pulses. 

Changing the prescale value with the timer running can 
cause the first Time Out pulse to occur at an indeter
minate time, {no less than one nor more than 200 timer 

D. D, D2 D, Do 

D. D, D, D, Do 

D. D, D2 o, Do 

o. o, D2 D, Do 

Figure 13. Timer Data Registers (A, B, C, and D) 

Port E (TCDCR) * I cc, , cc, cc. * DC, oc, oc. 

C2 c, Co 
0 0 0 Timer Stopped 
0 0 1 Delay Mode, -'- 4 Prescale 
0 1 0 Delay Mode, -'- 10 Prescale 
0 1 1 Delay Mode, -'- 16 Prescale 
1 0 0 Delay Mode, -'- 50 Prescale 

0 1 Delay Mode. -'- 64 Prescale 
1 0 Delay Mode, -'- 100 Prescale 

* Unused bR"s: read as zeros 1 1 Delay Mode, -'- 200 Prescale 

Figure 14. Timer C and D Register 
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Figure 15. A Conceptual Circuit of the MFP Timers In the Pulse Width Measurement Mode 

clock cycles times the number in the time constant 
register), but subsequent Time Out pulses will then oc
cur at the correct interval. 

In addition to the delay mode described above, Timers 
A and B can also function in the Pulse Width Measure
ment mode or in the Event Count mode. In either of 
these two modes, an auxiliary control signal is required. 
The auxiliary control input for Timer A is TAI, and for 
Timer B, TBI is used. The interrupt channels associat
ed with 14 and 13 are used for TAI and TBI, respective
ly, in Pulse Width mode. See Figure 15. 

The pulse width measurement mode functions much 
like the delay mode. However, in this mode, the aux
iliary control signal on TAI or TBI acts as an enable to 
the timer. When the control signal on TAI or TBI is in
active, the timer will be stopped. When it is active, the 
prescaler and main counter are allowed to run. Thus 
the width of the active pulse on TAI or TBI is determined 
by the number of timer counts which occur while the 
pulse allows the timer to run. The active state of the 
signal on TAI or TBI is dependent upon the associated 
Interrupt Channel's edge bit (GPIP 4 for TAI and GPIP 
3 for TBI; see Active Edge Register in Figure 5.) If the 
edge bit associated with the TAI or TBI inputis a one, 
it will be active high; thus the timer will be allowed to 
run when the input is at a high level. If the edge bit is 
a zero, the TAI or TBI input will be active low. As previ
ously stated, the interrupt channel (13or14) associated 
with the input still functions when the timer is used in 
the pulse width measurement mode. However, if the 
timer is programmed for the pulse width measurement 
mode, the interrupt caused by transitions on the as-
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sociated TAI or TBI input will occur on the opposite tran
sition. 

For example, if the edge bit associated with the TAI in
put (AER-GPIP 4) is a one, an interrupt would normally 
be generated on the 0-1 transition of the 14 input sig
nal. If the timer asssociated with this input (Timer A) 
is placed in the pulse width measurement mode, the 
interrupt will occur on the 1-0 transition of the TAI sig
nal instead. Because the edge bit (AER-GPIP 4) is a 
one, Timer A will be allowed to count while the input 
is high. When the TAI input makes the high to low tran
sition, Timer A will stop, and it is at this point that the 
interrupt will occur (assuming that the channel is ena
bled). This allows the interrupt to signal the CPU that 
the pulse being measured has terminated; thus Timer 
A may now be read to determine the pulse width. (Again 
note that 13 and 14 may still be used for 1/0 when the 
timer is in the pulse width measurement mode.) If Timer 
A is reprogrammed for another mode, interrupts will 
again occur on the transition, as normally defined by 
the edge bit. Note that, like changing the edge bit, plac
ing the timer into or taking it out of the pulse width mode 
can produce a transition on the signal to the interrupt 
channel and may cause an interrupt. If measuring con
secutive pulses, it is obvious that one must read the 
contents of the timer and then reinitialize the main coun
ter by writing to the timer data register. If the timer data 
register is written while the pulse is going to the active 
state, the write operation may result in an indeterminate 
value being written into the main counter. If the timer 
is written after the pulse goes active, the timer counts 
from the previous contents, and when it counts through 
H"01 ", the correct value is written into the timer. The 



pulse width then includes counts from before the timer 
was reloaded. 

In the event count mode, the prescaler is disabled. Each 
time the control input on TAI or TBI makes an active 
transition as defined by the associated Interrupt Chan
nel's edge bit, a count pulse will be generated, and the 
main counter will decrement. In all other respects, the 
timer functions as previously described. Altering the 
edge bit while the timer is in the event count mode can 
produce a count pulse. The interrupt channel associat
ed with the input (13 for 14 for TAI) is allowed to function 
normally. To count transitions reliably, the input must 
remain in each state (1/0) for a length of time equal to 
four periods of the timer clock; thus signals of a frequen
cy up to one fourth of the timer clock can be counted. 

The manner in which the timer output pins toggle states 
has previously been described. All timer outputs will be 
forced low by a device RESET. The output associated 
with Timers A and B will toggle on each Time Out pulse 
regardless of the mode the timers are programmed to. 
In addition, the outputs from Timers A and B can be 
forced low at any time by writing a "1" to the reset lo
cation in TACR and TBCR, respectively. The output will 
be forced to the low state during the WRITE operation, 
and at the conclusion of the operation, the output will 
again be free to toggle each time a Time Out pulse oc
curs. This feature will allow waveform generation. 

During reset, the Timer Data Registers and the main 
counters are not reset. Also, if using the reset option 
on Timers A or B, one must make sure to keep the other 

Port 17(UDR) D, 

bits in the correct state so as not to affect the operation 
of Timers A and B. 

USART 

Serial Communication is provided by a full-duplex 
double-buffered USART, which is capable of either 
asynchronous or synchronous operation. Variable word 
length and start/stop bit configurations are available un
der software control for asynchronous operation. For 
synchronous operation, a Sync Word is provided to es
tablish synchronization during receive operations. The 
Sync Word will also be repeatedly transmitted when no 
other data is available for transmission. Moreover, the 
MK68901 allows stripping of all Sync Words received 
in synchronous operation. The handshake control lines 
RR (Receiver Ready) and TR (Transmitter Ready) al
low DMA operation. Separate receive and transmit 
clocks are available, and separate receive and trans
mit status and data bytes allow independent operation 
of the transmit and receive sections. 

The USART is provided with three Control/Status 
Registers and a Data Register. The USART Data 
Register form is illustrated in Figure 16. The program
mer may specify operational parameters for the USART 
via the Control Register, as shown in Figure 17. Status 
of both the Receiver and Transmitter sections is ;ic 
cessed by means of the two Status Registers, as shown 
in Figures 18 and 19. Data written to the Data Register 
is passed to the transmitter, while reading the Data 
Register will access data received by the USART. 

D3 D, D, 

Figure 16. USART Data Register 

UCR7 

Port 14 (UCR) 

* Unused bits; read as zero 

PARITY 1 = EVEN 

EN~~~ED O= ODD * 

Figure 17. USART Control Register (UCR) 

When this bit is zero, data will be clocked 
into and out of the receiver and transmit
ter at the frequency of their respective 
clocks. When this bit is loaded with a one, 
data will be clocked into and out of the 

4-39 

receiver and transmitter at one sixteenth 
the frequency of their respective clocks. 
Additionally, when placed in the divide by 
sixteen mode, the receiver data transition 
resynchronization logic will be enabled. 



WLO-WL1: 

STO-ST1: 

PARITY: 

Word Length Control. These two bits set 
the length of the data word (exclusive of 
start bits, stop bits, and parity bits as 
follows: 

WL1 
0 
0 
1 
1 

WLO 
0 
1 
0 
1 

Word Length 
8 bits 
7 bits 
6 bits 
5 bits 

Start/Stop bit control (format control). 
These two bits set the format as follows: 

ST1 STO 
0 0 
0 1 
11 0 
1 1 

Start Bits 
0 
1 
1 
1 

tNOTE + 16 only 

Stop Bits [ Format 
0 SYNC 

1 IASYNC 
1V2 ASYNC 
2 ASYNC 

Parity Enabled. When set ("1"), parity will 
be checked by the receiver, parity will be 
calculated, and a parity bit will be insert
ed by the transmitter. When cleared ("O"), 
no parity check will be made and no pari
ty bit will be inserted for transmission. 

For a.word length of 8 the MFP calculates 
the parity and appends it when transmit
ting a sync character. For shorter lengths, 
the parity must be stored in the Sync 

Character Register (SCA) along with the 
sync character. 

E/O: Even-Odd. When set ("1 "), even parity will 
be used if parity is enabled. When cleared 
("O"), odd parity will be used if parity is 
enabled. 

Note that the synchronous or asynchronous format may 
be selected independently of a +1 or +16 clock. Thus 
it is possible to clock data synchronously into the device 
but still use start and stop bits. In this mode, all normal 
asynchronous format features still apply. Data will be 
shifted in after a start bit is encountered, and a stop bit 
will b9 checked to determine proper framing. If a trans
mit underrun condition occurs, the output will be placed 
in a marking state, etc. It is conversely possible to clock 
data in asynchronously using a synchronous format. 
There is data transition detection logic built into the 
receive clock circuitry which will re-synchronize the in
ternal shift clock on each data transition so that, with 
sufficiently frequent data transitions, start bits are not 
required. In this mode, all other common synchronous 
features function normally. This re-synchronization logic 
is only active in +16 clock mode. 

RECEIVER 

The receiver section of the USART is configured by the 
UCR as previously described. The status of the receiver 
can be determined by reading and writing to the Receiver 
Status Register (RSA). The RSA is configured as follows: 

RSR7 

Port15 
(RSR) 

BF: 

OE: 

BUFFER 

FULL 

OVERRUN 

ERROR 
PARITY 

ERROR 

FRAME FOUND/SEARCH 

ERROR OR BREAK DETECT 

MATCH/CHARACTER SYNC STRIP RECEIVER 

IN PROGRESS ENABLE ENABLE 

Figure 18. Receiver Status Register (RSA) 

Buffer Full. This bit is set when the incom
ing word is transferred to the receive buffer. 
The bit is cleared when the receive buffer 
is read by reading the UDR. This bit of the 
RSA is read only. 

Overrun Error. This flag is set if the incom
ing word is completely received and due 
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to be transferred to the receive buffer, but 
the last word in the receive buffer has not 
yet been read. When this condition occurs, 
the word in the receive buffer is not over
written by the new word. Note that the sta
tus flags always reflect the status of the 
data word currently in the receive buffer. 
As such, the OE flag is not actually set until 



PE: 

FE: 

F/S: 

B: 

M/CIP: 

the good word currently in the buffer has 
been read. The interrupt associated with 
this error will also not be generated until 
the old word in the receive buffer has been 
read. 

OE flag is cleared by reading the receiver 
status register, and new data words can
not be shifted to the receive buffer until this 
is done. 

Parity Error. This flag is set if the word 
received has a parity error. The flag is set 
when the received word is transferred from 
the shift register to the receive buffer if the 
error condition exists. The flag is cleared 
when the next word which does not have 
a parity error is transferred to the receive 
buffer. 

Frame Error. This flag only applies to the 
asynchronous format. A frame error is de
fined as a non-zero data word which is not 
followed by a stop bit. Like the PE flag, the 
FE flag is set or cleared when a word is 
transferred to the receive buffer. 

Found/Search. This combination control 
bit and flag bit is only used with the syn
chronous format. It can be set or cleared 
by writing to this bit of the RSR. When this 
bit is cleared, the receiver is. placed in the 
search mode. In this mode, a bit by bit 
comparison of the incoming data to the 
character in the Sync Character Register 
(SCR) is made. The word length counter 
is disabled. When a match is found, this 
bit will be set automatically, and the word 
length counter will start as sync has not 
been achieved. An interrupt will be gener
ated on the receive error channel when the 
match occurs. The word just shifted in will, 
of necessity, be equal to the sync charac
ter, and it will not be transferred to the 
receive buffer. 

Break. This flag is used only when the 
asynchronous format is selected. This flag 
will be set when an all zero data word, fol
lowed by no stop bit, is received. The flag 
will stay set until both a non-zero bit is 
received and the RSR has been read at 
least once since the flag was set. Break in
dication will not occur if the receive buffer 
is full. 

Match/Character in Progress. If the syn
chronous format is selected, this flag is the 
Match flag. It will be set each time the word 
transferred to the receive buffer matches 
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the sync character. It will be reset each 
time. the word transferred to the receive 
buffer does not match the sync charact£:r. 
If the asynchronous format is selected, this 
flag represents Character in Progress. It 
will be set upon a start bit detect and 
cleared at ttle end of the word. 

SS: Sync Strip Enable. If this bit is set to a one, 
data words that match the sync character 
will not be loaded into the receive buffer, 
and no buffer full signal will be generated. 

RE: Receiver Enable. This control bit is used 
to enable or disable the receiver. If a zero 
is written to this bit of the RSR, the receiver 
will turn off immediately. All flags includ
ing the F/S bit will be cleared. If a one is 
written to this bit, normal receiver opera
tion is enabled. The receive clock has to 
be running before the receiver is enabled. 

There are two interrupt channels associated with the 
receiver. One channel is used for the normal Buffer Full 
condition, while the other channel is used whenever an 
error condition occurs. Only one interrupt is generated 
per word received, but dedicating two channels allows 
separate vectors: one for the normal condition, and one 
for an error condition. If the error chann.,l 1s disablod, 
an interrupt will be generated via the Buffor r 1Jll Ui;rn 

nel, whether the word received is normal or "' """' 
Those conditions which produce an interrupt via t11" or 
ror channel are: Overrun, Parity Error, Fram" f rrm. 
Sync Found, and Break. If a received word has iln er
ror associated with it, and the error interrupt channel 
is enabled, an interrupt will occur on the error channel 
only. 

Each time a word is transferred into the receive buffer, 
a corresponding set of flags is latched into the RSR. 
No flags (except CIP) are allowed to change until the 
data word has been read from the receive buffer. Read
ing the receive buffer allows a new data word to be 
transferred to the receive buffer when it is received. 
Thus one should first read the RSR then read the 
receive buffer (UDR) to ensure that the flags just read 
match the data word just read. If done in the reverse 
order, it is possible that subsequent to reading the data 
word from the receive buffer, but prior to reading the 
RSR, a new word may be received and transferred to 
the receive buffer and, with it, its associated flags 
latched into the RSR. Thus, when the RSR is read, 
those flags may actually correspond to a different data 
word. It is good practice, also to read the RSR prior to 
a data read as, when an overrun error occurs, the 
receiver will not assemble new characters until the RSR 
has been read. 

As previously stated, when overrun occurs, the OE flag 
will not be set and the associated interrupt will not be 



generated until the receive buffer has been read. If a 
break occurs, and the receive buffer has not yet been 
read, only the B flag will be set (OE will not be set). 
Again, this flag will not be set until the last valid word 
has been read from the receive buffer. If the break con
dition ends and another whole data word is received 
before the receive buffer is read, both the B and OE 
flags will be set once the receive buffer is read. 

If a break occurs while the OE flag is set, the B flag 
will also be set. 

A break generates an interrupt when the condition oc
curs and again when the condition ends. If the break 
condition ends before it is acknowledged by reading the 
RSA, the receiver error interrupt indicating end of break 
will be generated once the RSA is read. 

Anytime the asynchronous format is selected, start bit 
detection is enabled. New data is not shifted into the 
shift register until a zero bit is detected. If a +16 clock 

Port 16 {TSR) 

TSR7 

BUFFER 

EMPTY 

UNDERRUN 

ERROR 

AUTO 

TURNAROUND 

is selected, along with the asynchronous format, false 
start bit detection is also enabled. Any transition has 
to be stable for 3 positive going edges of the receive 
clock to be called a valid transition. For a start bit to 
be good, a valid 0-1 transition must not occur for 8 posi
tive clock transitions after the initial valid 1-0 transition. 

After a good start bit has been detected, valid transi
tions in the data are checked for continously. When a 
valid transition is detected, the counter is forced to state 
zero, and no more transition checking is started until 
state four. Al. state eight, the "previous state" of the tran
sition checking logic is clocked into the receiver. 

As a result of this resynchronization logic, it is possible 
to run with asynchronous clocks without start and stop 
bits if there are sufficient valid transitions in the data 
stream. This logic also makes the unit more tolerant of 
clock skew for normal asynchronous communications 
than a device which employs only start bit synchroni
zation. 

END OF 

TRANSMISSION· 
BREAK HIGH LOW TRANSMITTER 

ENABLE 

Figure 19. ltansmitter Status Register (TSR) 

TRANSMITTER 

The transmitter section of the USART is configured as 
to format, word length, etc. by the UCR, as previously 
described. The status of the transmitter can be deter
mined by reading or writing the Transmitter Status 
Register (TSR). The TSR is configured as follows: 

BE: 

UE: 

Buffer Empty. This status bit is set when 
the word in the transmit buffer is trans
ferred to the output shift register and thus 
the transmit buffer may be reloaded with 
the next data word. The flag is cleared 
when the transmit buffer is reloaded. The 
transmit buffer is loaded by writing to the 
UDR. 

This bit is set when the last word has been 
shifted out of the transmit shift register be
fore a new word has been loaded into the 
transmit buffer. It is not necessary to clear 
this bit before loading the UDR. 

This bit may be cleared by either reading 
the TSR or by disabling the transmitter. Af
ter the setting of the UE bit, one full trans
mitter clock cycle is required before this bit 
can be cleared by a read. The timing in 
some systems may allow a read of the TSR 

AT: 

END: 
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before the required clock cycle has been 
completed. This would result in the UE bit 
not being cleared until the following read. 
To avoid this problem, a dummy read of the 
TSR should be performed at the end of the 
UE service routine. 

Only one underrun error may be generat
ed between loads of the UDR regardless 
of the number of transmitter clock cycles 
between UDR loads. 

This bit causes the receiver to be enabled 
at the end of the transmission of the last 
word in the transmitter if the transmitter 
has been disabled. 

End of Transmission. When the transmit
ter is turned off with a character still in the 
output shift register, transmission will con
tinue until that character is shifted out. 
Once it has cleared the output register, the 
END bit will be set. If no character is be
ing transmitted when the transmitter is dis
abled, the transmitter will stop at the next 
rising edge of the internal shift clock, and 
END will immediately be set. The END bit 
is cleared by re-enabling the transmitter. 



B: 

XE: 

Break. This control bit will cause a break 
to be transmitted. When a "1" is written to 
the B bit of the TSR, a break will be trans
mitted upon completion of the character (if 
any) currently being transmitted. A break 
will continue to be transmitted until the B 
bit is cleared by writing a "O" to this bit of 
the TSR. At that time, normal transmission 
will resume. The B bit has no function in 
the synchronous format. Setting the "B" 
bit to a one keeps the "BE" bit from being 
set to a one. So, if there were a word in the 
buffer at the start of break, it would remain 
there until the end of break, at which time 
it would be transmitted (if the transmitter 
is still enabled). If the buffer were not full 
at the start of break, it could be written at 
any time during the break. If the buffer is 
empty at the end of break, the underrun 
flag will be set (unless the transmitter is 
disabled). 

The BREAK bit cannot be set until the 
transmitter has been enabled and the 

H,L: 

transmitter has had sufficient time (one 
clock cycle) to perform the internal reset 
and initialization functions. 

High and Low. These two control bits are 
used to configure the transmitter output, 
when the transmitter is disabled, as 
follows: 

H 

0 
0 
1 
1 

L 

0 
1 
0 
1 

Output State 

Hi-Z 
Low ("O") 
High 
Loop-Connects transmitter 
output to receiver input, 
and TC to Receiver Clock 
(RC and SI are not used; 
they are bypassed internal
ly). In loop back mode, 
transmitter output goes 
high when disabled. 

Port13(SCRll~~o-,--''---o_•__.~_o_•__..~o~·_._~o-•~..__o_,~..___o_,~L--o_0 __, 

Figure 20. SYNC Character Register 

Altering these two bits after Transmitter 
Enable (XE) is set will alter the output state 
until END is false. These bits should be set 
prior to enabling the transmitter. The state 
of these bits determine the state of the first 
transmitted character after the transmitter 
is enabled. If the high impedance mode 
was selected prior to the transmitter being 
enabled, the first bit transmitted is indeter
minate. 

Transmitter Enable. This control bit is used 
to enable or disable the transmitter. When 
set, the transmitter is enabled. When 
cleared, the transmitter will be disabled. If 
disabled, any word currently in the output 
register will continue to be transmitted un
til finished. If a break is being transmitted 
when XE is cleared, the transmitter will 
turn off at the end of the break character 
boundary, and no end of break stop bit is 
transmitted. The transmit clock must be 
running before the transmitter is enabled. 
A "one" bit always precedes the first word 
out of the transmitter after the transmitter 
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is enabled. There is a delay between the 
time the transmitter enable bit is written 
and when the transmitter reset goes low; 
therefore, the H & L bits should be written 
with the desired state prior to enabling the 
transmitter. 

Like the receiver section, there are two separate inter
rupt channels associated with the transmitter. The buffer 
Empty condition causes an interrupt via one channel, 
while the Underrun and END conditions will cause an 
interrupt via the second channel. When underrun oc
curs in the synchronous format. the character in the 
SCA will be transmitted until a new word is loaded into 
the transmit buffer. In the asynchronous format. a 
"Mark" will be continuously transmitted when under
run occurs. 

The transmit buffer can be loaded prior to t>nabling the 
transmitter. When the transmitter is disabled. any charac
ter currently in the process of being transr111tted will con
tinue to conclusion, but any character in the transmrt 
buffer will not be transmitted and will remain in the 
buffer. Thus no buffer empty interrupt wrll occur nor will 
the BE flag be set. If the buffer were already empty, the 



BE flag would be set and would remain set. When the 
transmitter is disabled with a character in the output 
register but with no character in the transmit buffer, an 
Underrun Error will not occur when the character in 
progress concludes. 

Often it is necessary to send a break for some particu
lar period. To aid in timing a break transmission, a trans
mit error interrupt will be generated at every normal 
character boundary time during a break transmission. 
The status register information is unaffected by this er
ror condition interrupt. It should be noted that an un
derrun error, if present, must be cleared from the TSR, 
and the interrupt pending register must be cleared of 
pending transmitter errors at the beginning of the break 
transmission or no interrupts will be generated at the 
character boundary time. 

If the synchronous format is selected, the sync charac
ter should be loaded into the Sync Character Register 
(SCR) as shown in Figure 20. This character is com
pared to the received serial data during a Search, and 
will be continuously transmitted during an underrun 
condition. 

All flags in the RSR or TSR will continue to function as 
described whether their associated interrupt channel 
is disabled or enabled. All interrupt channels are edge 
triggered and, in many cases, it is the actual output of 
a flag bit or flag bits which is coupled to the interrupt 
channel. Thus, if a normal interrupt producing condi
tion occurs while the interrupt channel is disabled, no 
interrupt would be produced even if the channel was 
subsequently enabled, because a transition did not oc
cur while the interrupt channel was enabled. That par
ticular flag bit would have to occur a second time before 
another "edge" was produced, causing an interrupt to 
be generated. 

Error conditions in the USART are determined by 
monitoring the Receive Status Register and the Trans
mitter Status Register. These error conditions are only 
valid for each word boundary and are not latched. When 
executing block transfers of data, it is necessary to save 
any errors so that they can be checked at the end of 
a block. In order to save error conditions during data 
transfer, the MK68901 MFP interrupt controller may be 
used by enabling error interrupts for the desired chan
nel (Receive error or Transmit error) and by masking 
these bits off. Once the transfer is complete, the Inter
rupt Pending Register can be polled, to determine the 
presence of a pending error interrupt, and therefore an 
error. 

Unused bits in the sync character register are zeroed 

out; therefore, word length should be set up prior to writ
ing the sync word in some cases. Sync word length is 
the word length plus one when parity is enabled. The 
user has to determine the parity of the sync word when 
the word length is not 8 bits. The MK68901 MFP does 
not add a parity bit to the sync word if the word length 
is less than 8 bits. The extra bit in the sync word is trans
mitted as the parity bit. With a word length of eight, and 
parity selected, the parity bit for the sync word is com
puted and added on by the MK68901 MFP. 

RR RECEIVER READY 

RR is asserted when the Buffer Full bit is set in the 
RSR unless a parity error or frame error is detected by 
the receiver. 

TR TRANSMITTER READY 

TR is asserted when the Buffer Empty bit is set in the 
TSR unless a break is currently being transmitted. 

REGISTER ACCESSES 

All register accesses are dependent on CLK as shown 
in the timing diagrams. To read a register, CS and DS 
must be asserted, and RiW must be high. The internal 
read control signal is essentially the combination of CS, 
DS, and RD/WR. Thus, the read operation will begin 
when C3 and DS go active and will end when either 
CS or DS goes inactive. The a.ddress bus must be 
stable prior to the start of the operation and must re
main stable until the end of the operation. Unless a read 
operation or interrupt acknowledge cycle is in progress 
the data bus (D0-D7) will remain in the tri-state con
dition. 

To write a register, CS and DS must be asserted and 
R/W must be low. The address must be stable prior to 
the start of the operation and must remain stable until 
the end of the operation. After the MK68901 asserts 
DTACK, the CPU negates DS. At this time, the MFP 
latches the data bus and writes the contents into the 
appropriate register. Also when DS is negated, the 
MFP rescinds DTACK. 

For an interrupt acknowledge, the operation starts when 
IACK goes low, and ends when IACK goes high. The 
data bus is tri-stated when either IACK or DS goes high. 

When CS or IACK are asserted the MFP starts an 
internal cycle. DS is needed to enable the address 
and data buffers. It is recommended that CS and IACK 
be gated by DS so that DS is always present whenever 
an MFP bus cycle starts. 
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MK68901 ELECTRICAL SPECIFICATIONS - PRELIMINARY 

ABSOWTE MAXIMUM RATINGS 
Temperature Under Bias 
Storage Temperature 
Voltage on Any Pin with Respect to Ground 
Power Dissipation ......................... . 

.. -25°C to +100°C 
... -65°C to +150°C 

.. -0.3 V to +7 V 
.. 1.5 w 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect reliability. 

D.C. CHARACTERISTICS 
TA = 0°C to 70°C; Vee = +5 V ± 5% unless otherwise specified. 

TEST 
SYM PARAMETER MIN MAX UNIT CONDITION 

V1H Input High Voltage 2.0 Vee+ .3 v 
VIL Input Low Voltage -0.3 0.8 v 
VoH Output High Voltage (except DTACK) 2.4 v loH = -120µA 

Vm Output Low Voltage (except DTACK) 0.5 v loL = 2.0 mA 

ILL Power Supply Current 180 mA Outputs Open 

lu Input Leakage Current ±10 µA VIN = 0 to Vee 

ILOH Tri-State Output Leakage Current in Float 10 µA VouT = 2.4 to Vee 

ILOL Tri-State Output Leakage Current in Float -10 µA VouT = 0.5 v 
-----

loH DTACK output source current -400 µA VouT = 2.4 

loL DTACK output sink current 5.3 mA VouT = 0.5 

All voltages are referenced to ground 

CAPACITANCE 
TA = 25 °C, I = 1 MHz unmeasured pins returned to ground. 

TEST 
SVM PARAMETER MAX UNIT CONDITION 

C1N Input Capacitance 10 pF Unmeasured 

CouT Tri-state Output Capacitance 10 pF 
pins 

returned to 
ground 
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AC ELECTRICAL CHARACTERISTICS (Vee = 5.0 Vdc ± 50/o, GND = 0 Vdc, TA = O'C to 70'C) 

MK68901·0 MK68901·5 

NUM CHARACTERISTIC MIN MAX MIN MAX UNIT FIG NOTE 

1 . CS, OS Width High 50 35 ns 21,22 5 

2 R/W, A1·A5 Valid to falling CS (Setup) 0 0 ns 21,22 

3 Data Valid Prior to Falling CLK 280 0 ns 22 

4 CS, IACK Valid to Falling Clock (Setup) 50 45 ns 21·24 3 

5 CLK Low to DTACK Low 220 180 ns 21,22 

6 CS, OS or IACK High to DTACK high 60 55 ns 21-24 

7 CS, OS or IACK High to DTACK Tri-state 100 95 ns 21-24 

8 DTACK Low to Data Invalid (Hold Time) 0 0 ns 22 

9 CS, OS or IACK High to Data Tri-state 50 50 ns 21,23,24 

10 CS or OS High to R/W, A1·A5 Invalid (Hold Time) 0 0 ns 21,22 

11 Data Valid from CS Low 310 260 ns 21 3,6 

12 Read Data Valid to DTACK Low (Setup Time) 50 50 ns 21 

13 DTACK Low to OS, CS or IACK High (Hold Time) 0 0 ns 21-23 

14 IEI low to falling CLK (Setup) 50 50 ns 23,24 

15 IEO Valid from Clock Low (Delay) 180 180 ns 23 1 

16 Data Valid From Clock Low (Delay) 300 300 ns 23 

17 IEO Invalid from IACK High (Delay) 150 150 ns 23,24 

18 DTACK Low from Clock High (Delay) 180 165 ns 23,24 

19 IEO Valid from IEI Low (Delay) 100 100 ns 24 1 

20 Data Valid from IEI Low (Delay) 220 220 ns 24 

21 Clock Cycle Time 250 1000 200 1000 ns 21 

22 Clock Width Low 110 90 ns 21 

23 Clock Width High 110 90 ns 21 

24 CS, IACK Inactive to Rising Clock (Setup) 100 80 ns 21-23 4,5 

25 1/0 Minimum Active Pulse Width 100 100 ns 25 

26 IACK width High 2 2 TeLK 23·24 2 

27 110 Data valid from Rising CS or DS 450 450 ns 26 

28 Receiver Ready Delay from Rising RC 600 600 ns 27 

29 Transmitter Ready Delay from Rising TC 600 600 ns 28 

30 Timer Output Low from Rising Edge of CS or OS 450 450 ns 29 7 
(A & B) (Reset Tour) 

31 Tour Valid from Internal Timeout 2 teLK 2 teLK ns 29 2 
+300 +300 

32 Timer Clock Low Time 110 90 ns 29 
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AC ELECTRICAL CHARACTERISTICS (Continued) (Vee = 5.0 Vdc ± 5%, GND = 0 Vdc, TA= O"C to 70"C) 

NUM CHARACTERISTIC 

33 Timer Clock High Time 

34 Timer Clock Cycle Time 

35 RESET Low Time 

36 Delay to Falling INTR from External 
Interrupt Active Transition 

~ Transmitter Internal Interrupt Delay from Falling 
Edge of TC 

38 Receiver Buffer Full Interrupt Transition Delay 
from Rising Edge of RC 

39 Receiver Error Interrupt Transition Delay from 
Falling Edge of RC 

40 Serial In Set Up Time to Rising Edge of RC 
(Divide by one only) 

41 Data Hold Time from rising edge of RC 
(Divide by one only) 

42 Serial Output Data Valid from Falling Edge 
of TC (+1) 

43 Transmitter Clock Low Time 

44 Transmitter Clock High Time 

45 Transmitter Clock Cycle Time 

46 Receiver Clock Low Time 

47 Receiver Clock High Time 

48 Receiver Clock Cycle Time 

49 CS, IACK, OS Width Low 

50 Serial Output Data Valid from Falling 
Edge of TC (+16) 

NOTES: 
1. IEO ~es low if no acknowledgeable interrupt is pending. If IEO goes 

low, DTACK and the data bus remain tri-stated. 
2. T CLK refers to the clock applied to the MFP CLK input pin. tcLK refers to 

the timer clock signal, regardless of whether that signal comes from the XTAL 
1/XTAL2 crystal clock inputs or the TAI or TBI timer inputs. 

3. If the setup time is not met, Cs or IACK will not be recognized until the 
next falling CLK. 

4. If this setup time is met (for consecutive cycles), the minimum hold-off time 
of one clock cycle will be obtained. If not met, the hold-off will be two clock 
cycles. 
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MK68901-0 MK68901·5 

MIN MAX MIN MAX UNIT FIG NOTE 

110 90 ns 29 

250 1000 200 1000 ns 29 

2 1.8 µS 30 

380 380 ns 25 

550 550 ns 28 

800 800 ns 27 

800 800 ns 27 

80 70 ns 27 

350 325 ns 27 

440 420 ns 28 

500 450 ns 28 

500 450 ns 28 
-

1.05 co 0.95 co µ.S 28 

500 450 ns 27 
··-

500 450 ns 27 

1.05 co 0.95 co µS 27 

80 80 TeLK 29 2 

490 370 ns 28 

5. Cs is latched internally, therefore if spec's 1 and 24 are met then Cs may 
be reasserted before the rising clock and still terminate the current bus cy
cle. The" new bus cycle will be delayed by the MK68901 until all appropriate 
internal operations have completed. 

6. Although CS and OTACK are synchronized with the clock, the data out during 
a read cycle is asynchronous to the clock, relying only on Cs for timing. 

7. Spec. 30 applies to timer outputs TAO and TBO only. 



TIMER A.C. CHARACTERISTICS 

Definitions: 

Error = Indicated Time Value - Actual Time Value 

tpsc = tcLKx PreS<:ale Value 

Internal Timer Mode 

Single Interval Error (free running) (Note 2) ................................................ ± 100 ns 
Cumulative Internal Error ..................................................................... O 
Error Between Two Timer Reads .................................................. ±(tpsc + 4 tcLK) 
Start Timer to Stop Timer Error ....................... +(2 lcLK + 100 ns) to - (tpsc + 61cLK + 100 ns) 
Start Timer to Read Timer Error .................................... +O to - (tpsc + 6tcLK + 400 ns) 
Start Timer to Interrupt Request Error (Note 3) .......................... -2 lcLK to. - (41cLK + 800 ns) 

Pulse Width Measurement Mode 

Measurement Accuracy (Note 1) ......................................... +2 tcLK to - (tpsc + 4tcLK) 
Minimum Pulse Width ...............•.................................................... 4tcLK 

Event Counter Mode 

Minimum Active Time of TAI, TBI ........................................................... 4tcLK 
Minimum Inactive Time of TAI, TBI .................................................... , .... 4tcLK 

NOTES: 
1. Error may be cumulative If repelitM>ly performed. 
2. Error with respect to TOUT or INT If note 3 la true. 
3. Assuming It is possible for the timer to make an interrupt request lmm8ctiately. 
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CLK 

R/W 

cs 

5S 

Al -A5 

@ 
00-07 

OTACK 

Figure 21. Read Cycle 

CLK 

Al -A6 

14----0 

NOTE: 
CS and IACK must be a function of Os. 

Figure 22. Write Cycle 
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Figure 23. Interrupt Ackn-ledge (IEI Law) 

CU<~. /\, 
. ,..i~ --, 

IACK 

IEO ' @t:.--- -- NOTE1 

DO·D7-----------------------ll 
1'--------+---1--' 

NOTE: 
CS and IACK must be a function of Os. 

Figure 24. Interrupt Ackn-ledge Cycle (IEI High) 
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17-10 

NOTE: Active edge la aHumed to be the rising edge. 

Figure 25. Interrupt Timing 

CS/OS 

17-10 

Figure 26. Port Timing 
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RC 

iiR 

I 
INTR 

I· 
I J @ 

I· @) 

i iN'fl! 

@ 
41 

SI 
(DIVIDE 
BY ONE 

MODE ONLY) 

Figure 27. Receiver Timing 

TC 

SO (DIVIDE BY 1 MODE) 

SO (DIVIDE BY 16 MODE) 

Figure 28. Transmitter Timing 
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XTAL1/XTAL2 

INTERNAL TIMEOUT 

Figure 29. Timer Timing 

~.____--_®_35~=¥ 

Figure 30. Reset Timing 
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TEST 
POINT 

IN4447 
OR EQUIVALENT 

r 
for all output& except i5TACK 

c,=1oop1 

RL = 20 kn 
R1 =1800 

'ori5TACK 

ct= 13op1 
R = 6k0 
R~ •470 n 

Figure 31. 'fyplcal Output 

+2.1 Vdc 

+5V 

RL = 2.26 k 0 

Figure 32. INTR Test Load 

30 pf I' 1---..-----t XTAL1 

MK68901 

,--l 1--..... ---~ XTAL2 

-:!:- 30pf 

CRYSTAL PARAMETERS: 
Parallel resonance, fundamental mode AT cut 
R5 :;; 150 !l (FR 0 2.8 - 5.0 MHz): 
Rs,;; 300 n (F" = 2.0 - 2.7 MHz) 
CL = 18 pf; CM = 0.02 pf; Ch = 6 pf; LM = 96 mH 
F" (lyp) = 2.4676 MHz 

Figure 33. MK68901 MFP External Oscillator Components 
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MK68901 ORDERING INFORMATION 

,---
PART NO. PACKAGE TYPE MAX. CLOCK FREQUENCY TEMPERATURE RANGE 

68901POO Ceramic DIP 4.0 MHz 0° to 70°C 

68901P05 Ceramic DIP 5.0 MHz 0° to 70°C 

68901NOO Plastic DIP 4.0 MHz 0° to 70°C 

68901N05 Plastic DIP 5.0 MHz 0° to 70°C 

689010001 Plastic PLCC 4.0 MHz 0° to 70°C 

689010051 Plastic PLCC 5.0 MHz 0° to 10°c 

NOTE: 1. Contact Mostek for availability 
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MK68901 48-Pin p Package (N) lastic Dual-In-Line 

MK68901 48-Pin Package (P) Ceramic Dual-In-Line 

48 
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MK68901 52-Pin 
Plastic Leaded Chip Carrier (Q) 

47 

52 

20 I 
,._ _______ o,---------• 

! -'-I·· r . ·: 
L -. 11--+ LI=- . .. . . t l lL~_ll 
~ ·-~-·.. -1.i " -11-L.I .020 r--- REF. j.-- K 

MIN 12 ED. SP. AT ~50 -1 
(SEATING PLANE) 

02, E2 

------
DIM. INCHES 

MIN MAX 

A .165 .180 

A1 .090 .130 

D .785 .795 

o, .750 .756 

D2 .690 .730 

E .785 .795 

E, .750 .756 

MK68901 PIN CONNECTIONS E2 .690 .730 

PLCC DIP FUNC. PLCC DIP FUNC. PLCC DIP FUNC. 
H .042 .048 

J .042 .048 
1 - NC 19 17 XTAL1 37 33 ~ 
2 1 RiW 20 18 XTAL2 38 34 iEi 

K .013 .024 

3 2 A1 21 - NC 39 35 CLK L .008 .014 

4 3 A2 22 19 TAI 40 36 GND M .026 .032 
5 4 A3 23 20 TBI 41 37 DO 
6 5 A4 24 21 ~ 42 38 01 

N/N1 .043 .048 

7 6 A5 25 22 10 43 39 02 
8 7 TC 26 23 11 44 40 03 
9 8 so 27 24 12 45 41 04 
10 9 SI 28 25 13 46 42 05 
11 10 RC 29 26 14 47 43 06 
12 11 Vee 30 27 15 48 44 07 
13 - NC 31 28 16 49 45 IACK 
14 12 NC 32 29 17 50 46 ii'mT{ 
15 13 TAO 33 - NC 51 47 05 
16 14 TBO 34 30 'fR 52 48 cs 
17 15 TCO 35 31 Im 
18 16 TOO 36 32 iNTI! 

NOTE: NC - No Connection 
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TS68HC901 
11cMoc; ~.11Jl Tl FUNCTION PERIPHERAL 

The TS6BHC901 muli·function peripheral (CMFP) is a member of the 
68000 Family of peripherals and the CMOS version of the MK68901.The 
CMFP directly interfaces to the 68000 processor via an asynchronous bus 
structure and can also support both multiplexed and non mu I tip le xed buses. 
Both vectored, non vectored and polled interrupt schemes are supported, 
with the CMFP providing unique vector number generation for each of its 
16 interrupt sources. Additionally, handshake lines are provided to facili· 
tate DMAC interfacing. 

The TS68HC901 performs many of the functions common to most micro· 
processor-based systems. The resources available to the user include : 

• Eight Individually Programmable 1/0 Pins with Interrupt Capability 
• 16-Source Interrupt Controller with Individual Source Enabling and 

Masking 
• Four Timers, Two of which are Multi-Mode Timers 
• Timers may be .used as Baud Rate Generators for the Serial Channel 
• Single-Channel Full-Duplex Universal Synchronous/Asynchronous 

Receiver-Transmitter (USART) that Supports Asynchronous and with 
the Addition of a Polynominal Generator Checker Supports Byte Syn· 
chronous Formats. 

By incorporating multiple functions within the CMFP, the system designer 
retains flexibility while minimizing device count. 
The CMOS technology used for the TS68HC901 reduces also the power 
consumption of the system. 

BLOCK DIAGRAM 
CLK RESET Vc.c Vss 

Data .• , 
Reg11ter 
So/eel 

"' 
~ 

AIW 

llli 

5'l'm 

MPX 
I0-17 
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CB-229 

CB-522 

HCMOS 

MUL Tl-FUNCTION 
PERIPHERAL 

ALSO AVAILABLE 
C SUFFIX 

CERAMIC PACKAGE 

FN SUFFIX 
PLCC 52 

PIN ASSIGNMENT 

AC 

'llPX 

TAO 

180 

!CO 

TOO 

rs 
m; 

ITT7\TI 
IM.t:: 

UI 

"" 

XTAL 1 

04 

O:i 

0, 
[JI 

D<J 

GN[J 

CLK 

m 
TEO 
iR5 

111! 

l'li 

xrAL2 

TAI 

TBI 
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SECTION 1 
INTRODUCTION 

The TS68HC901 multi-function peripheral (CMFP) is a member of the 68000 peripherals. The 
CMFP directly interfaces to the 68000 processor via an asynchronous bus structure. Both 
vectored and polled interrupt schemes are supported, with the CMFP providing unique vector 
number generation for each of its 16 interrupt sources. Additionally, handshake lines are 
provided to facilitate DMAC interfacing. Refer to block diagram of the TS68HC901. 

The TS68HC901 performs many of the functions common to most microprocessor-based 
systems. 

The resources available to the user include: 
• Eight Individually Programmable 1/0 Pins with Interrupt Capability 
• 16-Source Interrupt Controller with Individual Source Enabling and Masking 
• Four Timers, Two of which are Multi-Mode Timers 
• Timers May Be Used as Baud Rate Generators for the Serial Channel 
• Single-Channel Full-Duplex Universal Synchronous/ Asynchronous Receiver-Transmitte 

(USART) that Supports Asynchronous and with the Addition of a Polynomial Generato 
Checker Supports Byte Synchronous Formats 

By incorporating multiple functions within the CMFP, the system designer retains flexibilit• 
wh.ile minimizing device count. 

4-60 



=rom a programmer's point of view, the versatility of the CMFP may be attributed ta it>S register 
;et. The registers are well organized and allow the CMFP to be easily tailored to a variety @f 
1pplications. All of the 24 registers are also directly addressable which simplifies programming. 
rhe register map is shown in Table 1-1. 

Hex 
01 

03 

05 

07 

09 

OB 

OD 

OF 

' 11 

13 

15 

17 

19 

lB 

1D 
lF 

21 

23 

25 

27 

~9 

28 

2D 

2F 

~OTE 

Table 1-1. CMFP Register Map 

Address 
Binary 

RS5 RS4 RS3 RS2 RS1 Abbreviation Register Name 
0 0 0 0 0 GPIP General Purpose 1/0 Register 

0 0 0 0 1 AER Active Edge Register 

0 0 0 1 0 DDR Data Direction Register 

0 0 0 1 1 IERA Interrupt Enable Register A 

0 0 1 0 0 IERB Interrupt Enable Register B 

0 0 1 0 1 IPRA Interrupt Pending Register A 

0 0 1 1 0 IPRB Interrupt Pending Register B 

0 0 1 1 1 ISRA Interrupt In-Service Register A 

0 1 0 0 0 ISRB Interrupt In-Service Register B 

0 1 0 0 1 IMRA Interrupt Mask Register A 

0 1 0 1 0 IMRB Interrupt Mask Register B 

0 1 0 1 1 VR Vector Register 

0 1 1 0 0 TACR Timer A Control Register 

0 1 1 0 1 TBCR Timer B Control Register 

0 1 1 1 0 TCDCR Timers C and D Control Register 

0 1 1 1 1 TADA Timer A Data Register 

1 0 0 0 0 TBDR Timer B Data Register 

1 0 0 0 1 TCDR Timer C Data Register 

1 0 0 1 0 TDDR Timer D Data Register 

1 0 0 1 1 SCA Synchronous Character Register 

1 0 1 0 0 UCR USART Control Register 

1 0 1 0 1 RSA Receiver Status Register 

1 0 1 1 0 TSR Transmitter Status Register 

1 0 1 1 1 UDR USART Data Register 

Hex addresses assume that RS 1 connects with A 1, RS2 connects with A2, etc ... and that OS i& 
connected to LOS on the 68000 or OS is connected to OS on the 68008. 
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SECTION 2 
SIGNAL AND BUS OPERATION DESCRIPTION 

This section contains a brief description of the input and output signals. A discussion of bus opera
tion during the various operations is also presented. 

Note: The terms assertion and negation will be used extensively. This is done to avoid confu
sion when dealing with a mixture of "active low" and "active high" signals. The term 
assert or assertion is used to indicate that a signal is active or true, independent of 
whether that level is represented by a high or low voltage. The term negate or negation is 
used to indicate that a signal is inactive or false. 

2.1 SIGNAL DESCRIPTION 

The input and output signals can be functionally organized into the groups shown in Figure 2-1. The 
following paragraphs provide a brief description of the signal and a reference (if applicable) to other 
sections that contain more detail about its function. 

10-17 

Vee TAI 

GND TBI 

CLK TAO 

cs TBO Timer 
TCO Control 

5S 
TOO 

R/W 

OT ACK 
CMFP XTALl 

XTAL2 

RS1-RS5 

" } Rim SO Serial 1/0 
MPX RC Control 

r Interrupt IACK 
TC 

Control iEi 

IEO TR} OMA 
RR Control 

Figure 2-1. Input and Output Signals 
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2.1.1 Vee and GND 

These inputs supply power to the CMFP. The Vee is power at+ 5 volts and GND is the ground 
connection. 

2.1.2 Clock ICLK) 

The clock input is a single-phase TIL-compatible signal used for internal timing. This input 
should not be gated off at any time and must conform to minimum and maximum pulse width 
times. The clock is not necessarily the system clock in frequency nor phase. When the bus is 
multiplexed (MPX=l ), an adress strobe signal is connected to this pin. In the non multiplexed 
mode (MPX=O), this input is connected to the system clock when used with a 68000 processor 
type or to Vss (0 Voe) when used with a 6800 processor type. 

2.1.3 Asynchronous Bus Control 

Asynchronous data transfers are controlled by chip select, data strobe, read/write, and date= 
transfer acknowledge. The low order register select lines, RS 1-RS5, select an internal CMFF 
register for a read or write operation. The reset line initializes the CMFP registers and thE 
internal control signals. 

2.1.3.1 CHIP SELECT (CS). This input activates the eMFP for internal register access. 

2.1.3.2 DATA STROBE IDS). This input is part of the internal chip select and interrupt acknowl 
edge functions. The CMFP must be located on the lower portion of the 16-bit data bus so that th1 
vector number passed to the processor during an interrupt acknowledge cycle will be located i1 
the low byte of the data word. As a result, DS must be connected to the processor's lower dat• 
strobe if vectored interrupts are to be used. Note that this forces all registers to be located at odi 
addresses and latches data on the rising edge for writes. This signal is used as RD with an lnte 
processor type. 

2.1.3.3 READ/WRITE (R/W). This input defines a data transfer as a read (high) or a write (lov. 
cycle. This signal is used as WR with an Intel processor type. 

2.1.3.4. DATA TRANSFER ACKNOWLEDGE (DTACK). This output signals the completio 
of the operation phase of a bus cycle to the processor. If the bus cycle is a processor read, th 
eMFP asserts DTACK to indicate that the information on the data bus isvalid. lfthe bus cycle is 
processor to the CMFP, DTAeK acknowledges the acceptance of the data by the CMFP. DTAel 
will be asserted only by an eMFP that has CS or IACK (and ITT) asserted. This signal is not use 
with a 6800 processor type. 

2.1.3.5 REGISTER SELECT BUS IRS1 THROUGH RS51. The lower five bits of the register sele1 
bus select an internal CMFP register during a read or write operation. 
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!.1.3.6 DATA BUS (DO THROUGH D7). This bidirectional bus is used to receive data from or 
ransmit data to the CMFP's internal registers during a processor read or write cycle. During an 
nterrupt acknowledge cycle, the data bus is used to pass a vector number to the processor. 
;ince the CMFP is an 8-bit peripheral, the CMFP could be located on either the upper or lower 
Jortion of the 16-bit data bus {even or odd address). However, during an interrupt acknowledge 
:ycle, the vector number passed to the processor must be located in the low byte of the data 
Nord. As a result, DO-D7 of the CMFP must be connected to the low order eight bits of the 
irocessor data bus, placing CMFP registers at odd addresses if vectored interrupts are to be 
JSed. 

~.1.3.7 RESET (RESET). This input will initialize the CMFP during power up or in response to 
1 total system reset. Refer to 2.2.3 for further information. 

~.1.3.8 MPX. This signal selects the data bus mode: 
vlPX=O: non multiplexed mode 
v1PX=1: multiplexed mode. The register select lines RS1-RS5 and the data bus DO-D7 are 
nu1tiplexed. An adress strobe must be connected to the CLK pin. 

'.1 .4 Interrupt Control 

·he interrupt request and interrupt acknowledge signals are handshake lines for a vectored interrupt 
cheme. Interrupt enable in and the interrupt enable out implement a daisy-chained interrupt struc
ure . 

. 1.4.1 INTERRUPT REQUEST llRO). This output signals the processor that an interrupt is pen
ling from the CMFP. These are 16 interrupt channels that can generate an interrupt request. 
:I earing the interrupt pending registers {IPRA and IPRB) or clearing the interrupt mask registers 
IMRA and IMRB) will cause IRQ to be negated. IRQ will also be negated as the result of an 
nterrupt acknowledge cycle, unless additional interrupts are pending in the CMFP. Refer to 
iECTION 3 for further information. 

!.1.4.2 INTERRUPT ACKNOWLEDGE {IACK). If both IRQ and ITT are active, the CMFP will 
>egin an interrupt acknowledge cycle when IACK and DS are asserted. The CMFP will supply a 
1nique vector number to the processor which corresponds to the interrupt handler for the 
articular channel requiring interrupt service. In a daisy-chained interrupt structure, all devices 
1 the chain must have a common IACK. Refer to 2.2.2 and 3.1.2 for additional information . 

. 1.4.3 INTERRUPT ENABLE IN (i§). This input, together with the IEO signal, provides a daisy
hained interrupt structure for a vectored interrupt scheme. iEi indicates that no higher priority 
evice is requesting interrupt service. So, the highest priority device in the chain should have its iEi 
in tied low. During an interrupt acknowledge cycle, an CMFP with a pending interrupt is not 
llowed to pass a vector number to the processor until its iEi pin is asserted. When the 
aisy-chain option is not implemented, all CMFPs should have their TEi pin tied low. Refer to 3.2 
Jr additional information. 
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2.1.4.4 INTERRUPT ENABLE OUT (IEOl. This output, together with the iET signal, provides c 
daisy-chained interrupt structure for a vectored interrupt scheme. The IEO of a particular CMFP 
signals lower priority devices that neither the CMFP nor any other higher-priority device is 
requesting interrupt service. When a daisy-chain is implemented, IEO is tied to the next lower 
priority device's iET input. The lowest priority device's IEO is not connected. When the·daisy
chain option is not implemented, IEO is not connected. Refer to 3.2 for additional information. 

2.1.5 General Purpose I/ 0 Interrupt Lines (10 Through 17) 

This is an 8-bit pin-programmable 1/0 port with interrupt capability. The data direction registe1 
(DOR) individually defines each line as either a high-impedance input or a TTL-compatible output 
As an input, each line can generate an interrupt on the user selected transition of the input signal 
Refe'r to SECTION 4 for further information. 

2.1.6 Timer Control 

These lines provide internal timing and auxiliary timer control inputs required for certain operatin! 
modes. Additionally, the timer outputs are included in this group. 

2.1.6.1 TIMER CLOCK (XTAL1 AND XTAL2). This input provides the timing signal for the fou 
timets. A crystal can be connected between the timer clock inputs, XT AL 1 and XT AL2, or XT AL 
can be driven with a TTL-level clock while XT AL2 is not connected. The following cryst< 
parameters are suggested: 

a) Parallel resonance, fundamental mode AT-cut 

b) Frequency tolerance measured with 18 picofarads load (0.1 % accuracy) - drive level 11 
microwatts 

c) Shunt capacitance equals 7 picofarads maximum 

d) Series resistance: 
2.0<f<2.7 MHz; Rs::s;300n 
2.8<f<4.0 MHz; Rs::s; 150 n 

2.1.6.2 TIMER INPUTS (TAI AND TBll. These inputs are control signals for timers A and Bin th 
pulse width measurement mode and event count mode. These signals generate interrupts at th 
same priority level as the general purpose 1/0 interrupt lines 14 and 13, respectively. While 14 and I 
do not have interrupt capability when the timers are operated in the pulse width measurement mod 
or the event count mode.14 and 13 may still be used for 1/0. Refer to 5.1.2 and 5.1.3 forfurthe 
information. 

2.1.$.3 TIMER OUTPUTS (TAO, TBO, TCO, AND TOO). Each timer has an associated outpL 
which toggles when its main counter counts through 01 (hexadecimal), regardless of which oper< 
tional mode is selected. When in the delay mode, the timer output will be a square wave with 
period equal to two timer cycles. This output signal may be used to supply the universal syr 
chronous/ asynchronous receiver-transmitter (USART) baud rate clocks. Timer outputs TAO an 
TBO rT)ay be cleared at any time by writing a one to the reset location in timer control registers , 
and B. Also. a device reset forces all timer outputs low. Refer to 5.2.2 for additional informatior 
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2.1.7 Serial 1/0 Control 

The full duplex serial channel is implemented by a serial input and output line. The independent 
receive and transmit sections may be clocked by separate timing signals on the receiver clock input 
and the transmitter clock input. 

2. 1.7.1 SERIAL INPUT (SI). This input line is the USART receiver data input. This input is not used 
in the USART loopback mode. Refer to 6.3.2 for additional information. 

2. 1 .7.2 SERIAL OUTPUT (SO). This output line is the USART transmitter data output. This output 
is driven high during a device reset. 

2. 1 .7.3 RECEIVER CLOCK (RC). This input controls the serial bit rate of the receiver. This signal 
may be supplied by the timer output lines or by any external TTL-level clock which meets the 
minimum and maximum cycle times. This clock is not used in the USART loopback mode. Refer to 
6.3.2 for additional information. 

2. 1 .7.4 TRANSMITIER CLOCK (TC). This input controls the serial bit rate of the transmitter. This 
signal may be supplied by the timer output lines or by an external TTL-level clock which meets the 
minimum and maximum cycle times. 

2. 1 .8 DMA Control 

The USART supports DMA transfers through its receiver ready and transmitter ready status lines. 

2. 1 .8.1 RECEIVER READY (RR). This output reflects the receiver buffer full status for DMA opera
tions. 

2. 1 .8.2 TRANSMITIER READY (TR). This output reflects the transmitter buffer empty status for 
DMA operations. 
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2.1.9 Signal Summary 

Table 2-1 is a summary of all the signals discussed in the previous paragraphs. 

Table 2-1. Signal Summary 

Signal Name Mnemonic 1/0 Active 

Power Input Vee Input High 

Ground GND Input Low 

Clock eLK Input N/A 

Chip Sele~t cs Input Low 

Data strobe DS Input low 

Read/Write R/W Input Read - High. Write- Low 

Data Transfer Acknowledge DTAeK Output Low 

Register Select Bus RS1·RS5 Input N/A 

Data Bus D0-07 1/0 Nill 

Reset RESET lnp11t I.ow 

Interrupt Request IRO 01J!p11I Low 

Interrupt Acknowledge IACK Input Low 

Interrupt Enahle In IEI Input Low 

Interrupt Enable Out IEO Output kow 

General Purpose 1/0-lnterrupt Lines 10-17 1/0 N/A 

Timer Clock XTALl. XTAL2 Input High 

Timer Inputs TAI. TBI Input N/A 

Timer Outputs TAO. TBO. TCO. TOO Output N/A 

Serial Input SI Input N/A 

Serial Output so Output N/A 

Receiver Clock RC Input N/A 

T ransm1ttcr Clock: TC Input N/A 

Receiver Ready RR Output Low 

Transmitter Ready TR Output Low 

MPX MPX Input NIA 

2.2 BUS OPERATION 

The following paragraphs explain the control signals and bus operation during data transfer oper< 
tions and reset. 

2.2.1 Data Transfer Operations 

Transfer of data between devices involves the following pins: 

Register Select Bus - RS 1 through RS5 
Data Bus - DO through D7 

Control Signals 

The address and data buses are separate parallel buses used to transfer data using an asynchrono1. 
bus structure. In all cycles, the bus master assumes responsibility for deskewing all signals it issuE 
at both the start and end of a cycle. Additionally, the bus master is responsible for deskewing th 
acknowledge and data signals from the peripheral devices. 
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~.2.1.1 READ CYCLE. To readan CMFP register, CS and DS must be asserted, and R/W must 
>e high. The CMFP will place the contents of the register which is selected by the register select 
>us (RS 1 through RS5)pn the data bus (DO through 07) and then assert DTACK. The register 
1ddresses are shown in Table 1-1. 

~fter the processor has latched the data, ~ is negated. The negation of either CS or DS will 
erminate the read operation. The CMFP will drive DTACK high and place it in the high
mpedance state. Also, the data bus will be in the high-impedance state. The timing for a read 
:ycle is shown in Figure 2-2. Refer to 7.7 for actual timing numbers. 

CLK 

RtW 

cs I \~ _____ / 
OS 

lS 1-RS5 

00-07 

DTACK 

_____ / \____/'--
Figure 2-2. Read Cycle Timing 

~.2.1.2 WRITE CYCLE. To write a register, CS and OS must be asserted, and R/W must be 
Jw. The CMFP wi II decode the address bus to determine which register is selected (the register 
nap is shown in Table 1-1 ). Then the register will be loaded with the contents of the data bus 
,nd DTACK will be asserted. 
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When the processor recognizes l:>TACK, OS will be negated. The write cycle is terminated when 
either CS or OS is negated. The CMFP will drive DTACK high and place iHn the high-impedance 
state. The timing for a write cycle is shown in Figure 2-3. Refer to 7.7 for actual numbers. 

CL!<. 

RiW \ 
cs I \ ______ / 
DS 

RS1·RS5 --< 
0007 

OT ACK \___/'""'---
Figure 2-3. Write Cycle Timing 

2.2.2 Interrupt Acknowledge Operation 

The CMFP has 16 interrupt sources, eight internal sources, and eight external sources. Wher 
an interrupturequest is pending, the CMFP will assert iFfO. In a vectored interrupt scheme, th1 
processor will acknowledge the interrupt request by performing an interrupt acknowledg1 
cycle. IACK and OS will be asserted. The CMFP responds t.o the IACK signal by placing a vecto 
number on the lower eight bits of the data bus. This vector number corresponds to the TAC 
handler for the particular interrupt requesting service. The format of this vector number is giver 
in Figure 3-1 . 

When the CMFP asserts DTACK to indicate that valid data is on the bus, the processor will latcl 
the data and terminate the bus cycle by negating OS. When either OS or IACK are negated, th• 
CMFP will terminate the interrupt acknowledge operation by driving DTACK high and placing i 
in the high-impedance state. Also, the data bus will be placed in the high-impedance state. ilR 
will be negated as a result of the IACK cycle unless additional interrupts are pending. 

The CMFP can be part of a daisy-chain interrupt structure which allows multiple CMFPs to b• 
placed at the same interrupt level by sharing a common iACK signal. A daisy-chain priorit• 
scheme is implemented with signals IEI and iEC5. IEI indicates that no higher priority device i1 
requesting interrupt service. IEO signals lower priority devices that neither this device nor an· 
higher priority device is requesting service. To daisy-chain CMFPs, the highest priority CMFI 
has its IEI tied low and successive CMFPs have their IEI connected to the next higher priorit 
device's IEO. Note that when the daisy-chain interrupt structure is not implemented, the IEI o 
all CMFPs must be tied low. Refer to 3.2 for additional information. 
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When the processor initiates an interrupt acknowledge cycle by driving IACK and OS, the CMFP 
whose IEI is low may respond with a vector number if an interrupt is pending. If this device does 
not have a pending interrupt, IEO is asserted which allows the next lower priority device to 
respond to the interrupt acknowledge. When an CMFP propagates IEO, it will not drive the data 
bus nor DTACK during the interrupt acknowledge cycle. The timing for an IACK cycle is shown 
in Figure 2-4. Refer to 7.6 for further information. 

CLK 

\-~~~~~~~! 
\.....___ ______ / 

00·07 

2.2.3 Reset Operation 

'--- __________ J 

\ 

'--
Figure 2-4. IACK Cycle Timing 

__ Lf'L 

The reset operation will initialize the CMFP to a known state. The reset operation requires that 
the RESET input be asserted for a minimum of two microseconds. During a device reset 
condition, all internal CMFP registers are cleared except for the timer data registers (TADR, 
TBDR, TCDR, and TDDR), the USART data register (UDR), the transmitter status register (TSR) 
and the interrupt vector register. All timers are stopped and the USART receiver and transmitter 
are disabled. The interrupt channels are also disabled and any pending interrupts are cleared. In 
addition, the general purpose interrupt 1/0 lines are placed in the high-impedance input mode 
and the timer outputs are driven low. External CMFP signals are negated. The interrupt vector 
register is initialized to a $OF. 

2.2.4 Non Multiplexed mode 

!n this mode the MPX input must be set to zero. and the TS68HC901 can be used with a 68000 
:>rocessor type or a 6800 processor type. Refer to figure 7-4, 7-5, 7-8 for the electrical 
;haracteristics. 

Nith a 6800 processor type the DS pin is connected to the E signal of the processor, the DTACK 
>ignal is not used and the CLK must be zeroed. 
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2.2.5 Multiplexed mode 

The CMFP can be used either on a MOTOROLA or INTEL bus type. In this case the MPX pin 
connected to V cc· The following table gives the signification of the different signals used. 
dummy access to the TS68HC901 has to be done before any valid access in order to set up tt 
internal logic of sampling. 

Pin 
MOTOROLA MOTOROLA 

INTEL 
6800 type Multiplexed 

48 ES es cs 

47 E DS RD 

1 R/W R/W WR 

35 Vss AS ALE 
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SECTION 3 
INTERRUPT STRUCTURE 

In a 68000 system, the CMFP will be assigned to one of the seven possible interrupt levels. All 
interrupt service requests from the CMFP's 16 interrupt channels will be presented at this level. 
Although, as an interrupt controller, the CMFP will internally prioritize its 16 interrupt sources. 
Additional interrupt sources may be placed at the same interrupt level by daisy-chaining 
multiple CMFPs. The CMFPs will be prioritized by their position in the chain. 

3.1 INTERRUPT PROCESSING 

Each CMFP provides individual interrupt capability for its various functions. When an interrupt 
is received on one of the external interrupt channels or from one of the eight internal sources, 
the CM FP will request interrupt service. The 16 interrupt channels are assigned a fixed priority 
so that multiple pending interrupts are serviced according to their relative importance. Since 
the CM FP can internally generate 16 vector numbers, the unique vector number which corres
ponds to the highest priority channel that has a pending interrupt is presented to the processor 
during an interrupt acknowledge cycle. This unique vector number allows the processor to 
immediately begin execution of the interrupt handler for the interrupting source, decreasing 
interrupt latency time. 

3.1.1 Interrupt Channel Prioritization 

The 16 interrupt channels are prioritized as shown in Table 3-1. General purpose interrupt 7 (17) is 
the highest priority interrupt channel and 10 is the lowest priority channel. Pending interrupts are 
presented to the CPU in order of priority unless they have been masked off. By selectively masking 
interrupts, the channels are in effect re-prioritized. 

Table 3-1. Interrupt Channel Prioritization 

Priority Channel Description 

Highest 1111 General Purpose Interrupt 7 1171 
1110 General Purpose Interrupt 6 1161 
1101 Timer A 
1100 Receiver Buffer Full 
1011 Receive Error 

1010 Transmit Buffer Empty 
1001 Transmit Error 
1000 Timer B 
0111 General Purpose Interrupt 5 f 151 
0110 General Purpose Interrupt 4 1141 
0101 Timer C 
0100 Timer D 

0011 General Purpose Interrupt 3 1131 
0010 General Purpose Interrupt 2 1121 
0001 General Purpose Interrupt 1 1111 

Lowest OOXJ General Purpose Interrupt 0 !IOI 
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3.1.2 Interrupt Vector Number Format 

During an interrupt acknowledge cycle. a unique 8-bit vector number is presented to the systen 
which corresponds to the specific interrupt source which is requesting service. The format of th1 
vector is shown in Figure 3-1. The most significant four bits of the interrupt vector number are use 
programmable. These bits are set by writing the upper four bits of the vector register which 1: 
shown in Figure 3-2. The low order bits are generated internally by the TS68HC901. Note tha1 
the binary channel number shown in Table 3-1 corresponds to the low order bits of the vector 
number associated with each channel. 

6 5 0 

V7 V6 v~ IV3 IV2 IVI IVO 

V7-V4 The four most s1gn1f1c,1nt bits .ire copied from the vector rcgrster 

IV3-IVO These bits are supplied by the CMFP. They are the binary channel number of the highest priority 
channel that rs requesting interrupt service. 

Figure 3-1. Interrupt Vector Format 

6 5 4 3 0 
Address 17 ~--~--~--~------~--~--~--~ 

I Hex) V7 V6 V5 V~ S 

•Unused bits are read as Lero. 

V7-V4 The upper lour bits of the vector registm are Written by the user. These bits become the most 
s1grnficant four bits of the mterrup! vector number 

SET al MPU writes a one 
CLEARED al MPU writes a zero 

bl Reset 

S In-Service Register Enable. When the S bit 1~ ze, o, the CMFP is in the automatic 
end-of-interrupt mode and the in-service register bits are forced low. When the S bit 
1s a one, the CMFP is in the software end-of-interrupt mode and the in-Service 
register bits are enabled. Refer to 3.4.2 and 3.4.3 for additional information. 
Iron 

SET 
CLEAR to 

a) MPU w~ites a one 
al M PU writes a zero 
bl Reset 

Figure 3-2 Vector Register Format (VR) 

3.2 DAISY-CHAINING CMFPs 

As an interrupt controller, the TS68HC901 CMFP will support eight external interrupt sources 
in addition to its eight internal interrupt sources. When a system requires more than eight 
external interrupt sources to be placed at the same interrupt level. sources may be added to the 
prioritized structure by daisy-chaining CMFPs. Interrupt sources are prioritized internally 
within each CMFP and the CMFPs are prioritized by their position in the chain. Unique vector 
numbers are provided for each interrupt source. 

The TEI and IEO signals implement the daisy-chained interrupt structure. The IEI of the highest 
priority CMFP is tied low and the IEO output of this device is tied to the next highest priority 
CMFP's ITT. The IEI and IEO signals are daisy-chained in this manner for all CMFPs in the chain, 
with the lowest priority CMFP's IEO left unconnected. A diagram of an interrupt daisy-chain is 
shown in Figure 3-3. 
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H1qhest lowest 
Priority Priority 

TS68HC901 1S68HC901 TS68HC9011 

IEI IEO IEI IEO IEI 

I fl(~K 11\CK 11\CK 

IACK _ _.... _____ _.._~ 

Figure 3-3. Daisy-Chained Interrupt Structure 

Daisy-chaining requires that all parts in the chain have a common IACK. When the common JACK is 
3Sserted during an interrupt acknowledge cycle, all parts will prioritize interrupts in parallel. When 
the IEi signal to a CMFP is asserted, the part may respond to the JACK cycle if it requires 
nterrupt service. Otherwise, the part will assert IEO to the next lower priority device. Thus, 
Jriority is passed down the chain via iEi and IEO until a part which has a pending interrupt is 
·eached. The part with the pending interrupt passes a vector number to the processor and does 
1ot propagate IEO. 

3.3 INTERRUPT CONTROL REGISTERS 

CMFP interrupt processing is managed by the interrupt enable registers A and B, interrupt 
pending registers A and B, and interrupt mask registers A and B. These registers allow the 
programmer to enable or disable individual interrupt channels, mask individual interrupt 
channels, and access pending interrupt status information. In-service registers A and Ballow 
interrupts to be nested as described in 3.4. The interrupt control registers are shown in 
Figure 3-4. 

3.3.1 Interrupt Enable Registers 

The interrupt channels are individually enabled or disabled by writing a one or zero, respectively, to 
the appropriate bit of interrupt enable register A llERAI or interrupt enable register B llERBl. The 
Jrocessor may read these registers at any time. 

i/Vhen a channel is enabled, interrupts received on the channel will be recognized by the CMFP 
3nd IRQ will be asserted to the processor, indicating that interrupt service is required. On the 
Jther hand, a disabled channel is completely inactive; interrupts received on the channel are 
ignored by the CMFP. 

/Vr1ting J zoro to a bit of interrupt enable register A or B will cause the corresponding bit of interrupt 
Jend1ng register A or B to be cleared. This will terminate all interrupt service requests for the chan 
1el and also negate IRO, unless interrupts are pending from other sources. Disabling a channel. 
lowever, does not affect the corresponding bit in interrupt in-service registers A or B. So, 1f the 
CMFP is in the software end-of-interrupt mode (see 3.4.3) and an interrupt is in service when a 
channel is disabled, the in-service status bit for that channel will remain set until cleared by 
software. 
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(a) Interrupt Enable Registers llERA and IERBI 

7 6 5 4 3 2 0 

Address 07 RCV XMIT 

IHexl Timer Buffer RCV Buffer XMIT Timer 
GPIP7 GPIP6 A Full Error Empty Error B 

6 5 4 3 0 

Address 09 Timer Timer 
IHexl GPIP5 GPIP4 c D GPIP3 GPIP2 GPIPl GPIPO 

When a bit is a zero, the associated interrupt channel is disabled. When a bit 1s a one, the associated 
interrupt channel is enabled. 
SET al MPU writes a one 
CLEARED al MPU writes a zero 

bl Reset 

(b) Interrupt Pending Registers (.IPRA and IPRBI 

7 6 5 4 3 2 0 

RCV XMIT 
Address OB Timer Buffer RCV Buffer XMIT Timer 

!Hex) GPIP7 GPIP6 A Full Error Empty Error B 

7 6 5 4 2 0 

Address OD Timer Timer 
IHexl GPIP5 GPIP4 c D GPiP3 GPIP2 GPIPl GPIPO 

When a bit is a zero, no interrupt is pending on the associated interrupt channel. When a bit is a one, an 
interrupt is pending on the associated interrupt channel. 
SET al Interrupt is received on an enabled interrupt channel 
CLEARED a) Interrupt vector for the associated interrupt channel is passed during an IACK cycle 

bl Associated interrupt channel is disabled 
cl M PU writes a zero 
di Reset 

(cl Interrupt In-Service Registers OSRA and ISRBI 

7 6 5 4 3 2 0 

Address OF 
RCV XMIT 

Timer Buffer RCV Buffer XMIT Timer 
!Hex) 

GPIP7 GPIP6 A Full Error Empty Error B 

7 6 5 4 3 2 0 

Address 11 Timer Timer 
!Hex) GPIP5 GPIP4 c D GPIP3 GPIP2 GPIPl GPIPO 

When a bit i~ a zero, no. interrupt processing is in progress for the associoted ·interrupt channel. When a 
bit is a one, interrupt processing is in progress for the associated interrupt channel. 
SET a) Interrupt vector number for the associated interrupt channel is passed during an IACK 

cycle and the S bit of the vector register is set. 
CLEARED al Interrupt service is completed for the associated interrupt channel 

bl The S bit of the vector register is a zero. 
cl M PU writes a zero 
di Reset 

Figure 3-4. Interrupt Control Registers (Sheet 1 of 2) 
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ldl Interrupt Mask Registers llMRA and IMRBI 

6 5 4 J 0 

RCV XMIT 
Address 13 Timer Bulfer RCV Bulfer XMIT Timer 

(Hex! GPIP7 GPIP6 A Full Error Empty Error B 

6 5 4 3 0 

Address 15 Timer Timer 
(Hmd GPIP5 GPIP4 c D GPIP3 GPIP2 GPIPl GPIPO 

When a bit 1s zero, interrupts are masked for the associated interrupt channel. When a b1t 1s a one. inter
rupts are not masked for the associated interrupt channel 
SET al MPU writes a one 
CLEARED al MPU writes a zero 

bl Reset 

Figure 3-4. Interrupt Control Registers (Sheet 2 of 2) 

3.3.2 Interrupt Pending Registers 

When an interrupt is received on an enabled channel, the corresponding interrupt pending bit is set 
in interrupt pending register A or B (IPRA or IPR Bl. In a vectored interrupt scheme, this bit will be 
cleared when the processor acknowledges the interrupting channel and the CMFP responds 
with a vector number. In a polled interrupt system, the interrupt pending registers must be read 
to determine the interrupting channel and then the interrupt pending bit is cleared by the 
interrupt handling routine without performing an interrupt acknowledge sequence. 

A single bit of the interrupt pending registers is cleared in software by writing ones to all bit posi
tions except the bit to be cleared. Note that writing ones to IPRA and IPRB ha5 no effect on the 
contents of the register. A single bit of the interrupt pending registers is also cleared when the cor
responding channel is disabled by writing a zero to the appropriate bit of IERA or IERB. 

3.3.3 Interrupt Mask Registers 

Interrupts are masked for a channel by clearing the appropriate bit in interrupt mask register A or B 
(IMRA or !MAB). Even though an enabled channel is masked, the channel will recognize subse
quent interrupts and set its interrupt pending bit. However, the channel is prevented from re
questing interrupt service (IRO to the processor) as long as the mask bit for that channel is cleared. 

If a channel is requesting interrupt service at the time that its corresponding bit in IMRA or IMRB is 
cleared, the request will cease and IRO will be negated, unless another channel is requesting inter
rupt service. Later, when the mask bit is set, any pending interrupt on the channel will be processed 
according to the channel's assigned priority. IMRA and IMRB may be read at any time. 

3.4 NESTING CMFP INTERRUPTS 

In a 68000 vectored interrupt system, the CMFP is assigned to one of seven possible interrupt 
levels. When an interrupt is received from the CMFP, an interrupt acknowledge for that level is 
initiated. Once ah interrupt is recognized at a particular level, interrupts at that same level or 
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below are masked by 68000. As long as the processor's interrupt mask is unchanged, the 
68000 interrupt structure will prohibit the nesting of interrupts at the same interrupt level. 
However, additional interrupt requests from the CMFP can be recognized before a previous 
channel's interrupt service routine is completed by lowering the processor's interrupt mask to 
the next lower interrupt level within the interrupt handler. 

When nesting CMFP interrupts, it may be desirable to permit interrupts on any CMFP channel, 
regardless of its priority, to preempt or delay interrupt processing of an earlier channel's 
interrupt service request. Or, it may be desirable to only allow subsequent higher priority 
channel interrupt requests to supercede previously recognized lower priority interrupt 
requests. The CMFP interrupt structure provides this flexibility by offering two end-of-interrupt 
options for vectored interrupt schemes. Note that the end-of-interrupt modes are not active in a 
polled interrupt scheme. 

3.4.1 Selecting The End-Of-Interrupt Mode 

In a vectored interrupt scheme, the CMFP may be programmed to operate in either the 
automatic end-of-interrupt mode or the software end-of-interrupt mode. The mode is selected 
by writing the S bit of the vector register (see Figure 3-2). When the S bit is programmed to a 
one, the CMFP is placed in the software end-of-structure mode and when the S bit is a zero, all 
channels operate in the automatic end-of-interrupt mode. 

3.4.2 Automatic End-Of-Interrupt 

When an interrupt vector number is passed to the processor during an interrupt acknowledge 
cycle, the corresponding channel's interrupt pending bit is cleared. In the automatic end-of
interrupt mode, no further history of the interrupt remains in the CMFP. The in-service bits of 
the interrupt in-service registers (ISRA and ISRB) are forced low. Subsequent interrupts which 
are received on any CMFP channel will generate an interrupt request to the processor, even if 
the current interrupt's service routine has not been completed. 

3.4.3 Software End-Of-Interrupt 

In the software end-of-interrupt mode, the channel's associated interrupt pending bit is cleared and 
in addition, the channel's in-service bit of in-service register A or B is set when its vector number is 
passed to the processor during an IACK cycle. A higher priority channel may subsequently request 
interrupt service and be acknowledged, but as long as the channel's in-service bit is set, no lower 
priority channel may request interrupt service nor pass its vector during an interrupt acknowledge 
sequence. 

While only higher priority channels may request interrupt service, any channel can receive an inter
rupt and set its interrupt pending bit. Even the channel whose in-service bit is set can receive a 
second interrupt. However, no interrupt service request is made until its in-service bit is cleared. 

The in-service bit for a particular channel can be cleared by writing a zero to its corresponding bit in 
ISRA or ISRB and ones to all other bit positions. Since bits in the in-service registers can only be 
cleared in software and not set, writing ones to the registers does not alter their contents. ISRA and 
ISRB may be read at any time. 
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SECTION 4 
GENERAL PURPOSE INPUT/OUTPUT INTERRUPT PORT 

The general purpose interrupt input/output (1/0) port (GPIP) provides eight 1/0 lines (IQ through 17) 
that may be operated as either inputs or outputs under software control. In addition, these lines 
may optionally generate an interrupt on either a positive transition or a negative transition of the in
put signal. The flexibility of the GPIP allows it to be configured as an 8-bit 1/0 port or for bit 1/0. 
Since interrupts are enabled on a bit-by-bit basis, a subset of the GPIP could be programmed as 
handshake lines or the port could be connected to as many as eight ~xternal interrupt sources, 
which would be prioritized by the CMFP interrupt controller for interrupt service. 

i.1 6800 INTERRUPT CONTROLLER 

"he CMFP interrupt controller is particularly useful in a system which has many 6800-type 
levices. Typically, in a vectored 68000 system, 6800-type peripherals use the autovectorwhich 
:orresponds to their assigned interrupt level since they do not provide a vector number in 
esponse to an IACK cycle. The autovector interrupt handler must then poll all 6800-type 
levices at that interrupt level to determine which device is requesting service. However, by 
ying the IRO output from a 6800-type device to the general purpose 1/0 interrupt port (G PIP) of 
t CMFP, a unique vector number will be provided to the processor during an interrupt acknowl
idge cycle. This interrupt structure will significantly reduce interrupt latency for 6800-type 
levices and other peripheral devices which do not support vector-by-device. 

4.2 GPIP CONTROL REGISTERS 

The GPIP is programmed via three control registers shown in Figure 4-1. These registers control the 
data direction, provide user access to the port, and specify the active edge for each bit of the GPIP 
which will produce an interrupt. These registers are described in detail in the following paragraphs. 

4.2.1 GPIP Data Register 

The general purpose 1/0 data register is used to input or output data to the port. When data is writ
ten to the GPIP data register, those pins which are defined as inputs will remain in the high
impedance state. Pins which are defined as outputs will assume the state (high or low) of their cor
responding bit in the data register. When the GPIP is read, data will be passed directly from the bits 
of the data register for pins which are defined as outputs. Data from pins defined as inputs will 
come from the input buffers. 

4.2.2 Active Edge Register 

The active edge register IAERl allows each of the GPIP lines to produce an interrupt on either a one-
to-zero or a zero-to-one transition. Writing a zero to the appropriate edge bit of the active edge 
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lal GPIP Data Register IGPIPI 

6 
Address 01 

1 HE::xl 
GPIP7 GPIP6 GPIP5 GPIP4 GPIP3 GPIP2 GP:P1 

SET a1 ~..1PU writes a one 
CLEARED al MPU wr1tt::'.:i a Zf_:ro 

lb) Active Edge Register IAERI 

6 4 3 0 

Address 03 I I J I I I Hex 1 ~. _G_P_I P_7____,__G_Pl_P_6 _c__G_P_I P_5_,__G_P_l_P4___.__G_P_I P_3_c__G_P_I P_2___.__G_P 1_P_I ---'---G_P_I P_O_. 

When a bit 1s a zero. interrupts will be generated on the falling edge of the associated input signal Wher, 
a bit 1s a one, interrupts w1!I be generated on the r1s1ng edge at the associated input signal 
SET al MPU writes a one 
CLEARED al MPU writes a zero 

bl Reset 

lei Data Direction Register IDDRI 

6 5 4 3 2 

Address. 05 LGPIP7 I j j j IHexl GPIP6 GPIP5 GPIP4 CPIP3 GPIP2 

0 

GPIPI I~ 

When a bit 1s a zero, the associated I, 0 line 1s defined to be an input When a bit 1s a one, the associated 
1/0 line 1s defined to be an output 
SET al M PU writes a one 
CLEARED al MPU writes a zero 

bl Reset 

Figure 4-1. GPIP Control Registers 

register causes the associated input to generate an interrupt on the one-to-zero transition. Writing< 
one to the edge bit will produce an interrupt on the zero-to-one transition of the correspondtn( 
GPIP line. 

Note: The transition detector is an exclusive-OR gate whose inputs are the edge bit and the in
put buffer. As a result, writing the AER may cause an interrupt-producing transition, 
depending upon the state of the input. So, the AER should be configured before enabling 
interrupts via the interrupt enable registers llERA and IERB). Also, changing the edge bit 
while interrupts are enabled may cause an interrupt on the corresponding channel. 

4.2.3 Data Direction Register 

The data direction register IDD Rl allows the programmer to define 10 through 17 as inputs or out 
puts by writing the corresponding bit. When a bit of the data direction register is written as a zero 
the corresponding interrupt 1/0 pin will be a high-impedance input. Writing a one to any bit of thE 
data direction register will cause the corresponding pin to be configured as a push-pull output. 
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SECTION 5 
TIMERS 

The CMFP contains four 8-bit timers which provide many functions typically required in 
microprocessor systems. The timers can supply the baud rate clocks for the on-chip serial 1/0 
channel, generate periodic interrupts, measure elapsed time, and count signal transitions. In 
addition, two timers have waveform generation capability. 

All timers are prescaler/ counter timers with a common independent clock input IXTAL 1 or XT AL2) 
and are not required to be operated from the system clock. Each timer's output signal toggles when 
the timer's main counter times out. Additionally, timers A and B have auxiliary control signals which 
are used in two of the operation modes. An interrupt channel is assigned to each timer and when 
the aux1l1ary control signals are used, a separate interrupt channel will respond to transitions on 
these inputs 

5.1 OPERATION MODES 

Timers A and B are full function timers wh1c~. 1n addition to the delay mode, operate 1n the pulse 
vV1dth measurement mode and the event count mode. Timers C and Dare delay timers only A brief 
::Jiscussion of each of the timer modes follows. 

5. 1. 1 Delay Mode Operation 

6-11 timers may operate in the delay mode. In this mode, the prescaler is always active. The prescaler 
3pec1f1es the number of timer clock cycles which must elapse before a count pulse is applied to the 
11ain counter. A count pulse causes the main counter to decrement by one. When the timer has 
focremented down to 01 I hexadecimal), the next count pulse will cause the main counter to be 
·eloaded from the timer data register and a time out pulse will be produced. This time out pulse is 
~oupled to the timer's interrupt channel and, 1f the channel is enabled, an interrupt will occur. The 
1me out pulse also causes the timer output pin to toggle. The output will remain in this new state 
mt1I the next time out pulse occurs. 

=or example, if delay mode with a d1v1de-by-10 prescaler is selected and the timer data register is 
oaded with 100 I decimal), the main counter will decrement once every 10 timer clock cycles After 
,000 timer clocks, a time out pulse will be produced This time out pulse will generate an interrupt 1f 
he channel is enabled llERA, IERB) and in addition, the timer's output line will toggle. The output 
1ne will complete one full period every 2,000 cycles of the timer clock. 

f the prescaler value 1s changed while the timer is enabled, the first time out pulse will occur at an 
ndeterminate time no less than one nor more than 200 timer clock cycles. Subsequent time out 
Julses will then occur at the correct interval. 
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If the main counter 1s loaded with 01 (hexadecimal), a time out pulse will occur every time thE 
prescaler presents a count pulse to the main counter. If the main counter is loaded with 00, a timE 
out pulse will occur every 256 count pulses. 

5.1.2 Pulse Width Measurement Operation 

Besides the delay mode, timers A and B may be programmed to. operate in the pulse width mea 
surement mode. In this mode an auxiliary control input is required; timers A and B auxiliary inpu 
lines are T Al and TBI. Also, in the pulse width measurement mode, interrupt channels normall' 
associated with 14 and 13 will respond to transitions on TAI and TBI, respectively. General purpos1 
lines 13 and 14 may still be used for 1/0. A conceptual circuit of the timers in the pulse width mea 
surement mode is shown in Figure 5-1. 

Timer A 
Pulse Width ------~-------! 

Mode 

Timer B 
Pulse Width --------------! 

Mode 

Figure 5-1. Conceptual Circuit of Timers A and B 
in Pulse Width Measurement Mode 

Interrupt 
Channel 

Interrupt 
Channel 

The pulse width measurement mode functions similarly to the delay mode, with the auxiliary contrc 
signal acting as an enable to the timer. When the control signal is active, the prescaler and mai 
counter are allowed to operate. When the control signal is negated, the timer is stopped. So, th 
width of the active pulse on T Al or TBI is measured by the number of timer counts which occL 
while the timer is allowed to operate. 

The active state of the auxiliary input line is defined by the associated interrupt channel's edge bit i 
the active edge register (AERl. GPIP4 of the AER is the edge bit associated with TAI and GPIP3 
associated with TBI. When the edge bit is a one, the auxiliary input will be active high, enabling tr 
timer while the input signal is at a high level. If the edge bit is low, the auxiliary input will be acti\ 
low and the timer will operate while the input signal is at a low level. 
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The state of the active edge bit also specifies whether a zero-to-one transition or a one-to-zero tran
sition of the auxiliary input pin will produce an interrupt when the interrupt channel is enabled. In 
normal operation, programming the active edge bit to a one will produce an interrupt on the zero
to-one transition of the associated input signal. Alternately, programming the edge bit to a zero will 
produce an interrupt on the one-to-zero transition of the input signal. However, in the pulse width 
measurement mode, the interrupt generated by a transition on T Al or TB I will occur on the opposite 
transition as that normally defined by the edge bit. 

=or example, in the pulse width measurement mode, if the edge bit is a one, the timer will be 
3llowed to run while the auxiliary input TAI is high. When TAI transitions from high to low, the 
:imer will stop and, if the interrupt channel is enabled, an interrupt will occur. By having the inter
·upt occur on the one-to-zero transition instead of the zero-to-one transition, the processor will be 
nterrupted when the pulse being measured has terminated and the width of the pulse is available 
'rom the timer. Therefore, the timers act like a divide-by-prescaler that can be programmed by the 
imer data register and the timers' A and B control register. 

~fter reading the contents of the timer, the main counter must be reinitialized by writing to the timer 
fata register to allow consecutive pulses to be measured. If the timer is written after the auxiliary in
iut signal is active, the timer will count from the previous contents of the timer data register until it 
:ounts through 01 (hexadecimal). At that time, the main counter is loaded with the new value from 
he timer data register, a time out pulse is generated which will toggle the timer output, and an in
errupt may be optionally generated on the timer interrupt channel. Note that the pulse width 
neasured will include counts from before the main counter was reloaded. If the timer data register 
s written while the pulse is transitioning to the active state, an indeterminate value may be written 
1to the main counter. 

)nee the timer is reprogrammed for another mode, interrupts will again occur as normally defined 
1y the edge bit. Note that an interrupt may be generated as the result of placing the timer into the 
1ulse width measurement mode or by reprogramming the timer for another mode. Also, an inter
upt may be generated by changing the state of the edge bit while in the pulse width measurement 
1ode . 

. 1.3 Event Count Mode Operation 

1 addition to the delay mode and the pulse width measurement mode, timers A and B may be pro
rammed to operate in the event count mode. Like the pulse width measurement mode, the event 
ount mode also requires an auxiliary input signal, TAI or TBI, and the interrupt channels normally 
ssociated with 14 and 13 will respond to transitions on TAI and TBI, respectively. General purpose 
nes 13 and 14 still function normally. 

1 the event count mode the prescaler is disabled, allowing each active transition on TAI and TBI to 
roduce a count pulse. The count pulse causes the main counter to decrement by one. When the 
mer counts through 01 (hexadecimal), a time out pulse is generated which will cause the output 
gnal to toggle and may optionally produce an interrupt via the associated timer interrupt channel. 
he timer's main counter is also reloaded from the timer data register. To count transitions reliably, 
1e input signal may only transition once every four timer clock periods. For this reason, the input 
gnal must have a maximum frequency equal to one-fourth that of the timer clock. 
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The active edge of the auxiliary input signal is defined by the associated interrupt channel's edg 
bit. GPIP4 of the AER specifies the active edge for TAI and GPIP3 defines the active edge for TB 
When the edge bit is programmed to a one, a count pulse will be generated on the zero-to-one trar 
sition of the auxiliary input signal. When the edge bit is programmed to a zero, a count pulse will b 
generated on the one-to-zero transition. Also, note that changing the state of the edge bit while th 
timer is in the event count mode may produce a count pulse. 

Besides generating a count pulse, the active transition of the auxiliary input signal will also produc 
an interrupt on the 13 or 14 interrupt channel, if the interrupt channel is enabled. Typically, in th 
event count mode, these channels are not enabled since the timer is automatically counting trans 
tions on the input signal. If the interrupt channel were enabled, the number of transitions could t 
counted in the interrupt routine without requiring the use of the timer. 

5.2 TIMER REGISTERS 

The four timers are programmed via three control registers and four timer data registers. Contr 
registers TACR and TBCR and timer data registers TADR and TBDR (refer to Figure 5-1) a1 
associated with timers A and B respectively. Timers C and D are controlled by the control regist1 
TCDCR and the data registers TCDR and TDDR (refer to Figure 5-2). 

:al Timer A Data Register ITADRI 

6 4 3 0 

Address 1 F I D7 D6 D5 D4 D3 D2 Dl DO 
IHexl L. ----'----L---'----'----'-----'----'----' 

SET al MPU writes a one 
CLEARED al MPU writes a zero 

lb! Timer B Data Register ITBDR) 

6 5 4 2 0 

Address 21 I D7 D6 D5 
I Hex) ~. --~--~- ~--L----L----'-----'----'---...J 

D4 D3 D2 Dl DO 

SET al MPU writes a one 
CLEARED al MPU writes a zero 

le) Timer C Data Register ITCDRI 

6 5 4 3 2 0 

Address 23 I D7 D6 D5 D4 D3 D2 01 DO 
IHexl L. ---'----'-----'-----'-----'----''---"'----.J 

SET al MPU writes a one 
CLEARED al MPU writes a zero 

Id) Timer D Data Register ffDDRl 

6 5 4 0 

Address 25 I D7 D6 D5 D4 D3 D2 Dl DO 
IHexl L.----'-----'----'----'----'-----'----'----' 

SET al MPU writes a one 
CLEARED al MPU writes a zero 

Figure 5-2. Timer Data Registers 
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5.2.1 Timer Data Registers 

Each timer's main counter is an 8-b1t binary down counter. The value of the main counter may be 
read at any time by reading the timer's data register. The 1nformat1on read is the value of the 
counter which was captured on the last low-to-high trans1t1on of the DS pin 

The main counter is initialized by writing to the timer's data register. If the timer 1s stopped, data 1s 
loaded simultaneously into both the timer data register and the main counter. If the timer data 
register is written while the timer is enabled, the value is not loaded into the timer until the timer 
counts through 01 (hexadecimal) Writing the timer data register while the timer 1s counting 
through 01 (hexadecimal) will cause an indeterminate value to be loaded into the timer's main 
counter. The four data registers are shown 1n Figure 5-2. 

5.2.2 Timer Control Registers 

Bits in the timer control registers select the operation mode, select the prescale value, and disable 
the timers. Timer control registers T ACR and TBCR also have bits which allow the programmer to 
reset output lines TAO and TBO. These control registers are shown 1n Figure 5-3. 

la) Timer A Control Register ITACRI 

6 3 0 

Address 19 L Reset 
IHexl TAO AC3 AC2 AC1 ACO 

*Unused bits read as zero 

(b) Timer B Control Register ITBCR) 

6 5 3 0 

Address 1B Reset 
IHexl TBO BC3 BC2 BC1 BCO 

... Unused bits read as zero 

Reset TAO/TBO Timer's A and B output lines !TAO and TBOI may be forced low at any time by 
writing a one to the reset location 1n TACR and TBCR, respectively. The output will 
be held low only during the write operation; at the conclusion of the operation, the 
output will be allowed to toggle in response to a time-out pulse When resetting 
TAO and TBO, the remaining bits in the control register must be written with their 
previous value to avoid altering the cperating mode 
SET al End of write cycle which clears the bit 
CLEARED al MPU writes a zero 

bl Reset 

AC3-ACO, BC3-BCO These bits are decoded to determine the timer operation mode 

Figure 5-3. Timer Control Registers (Sheet 1 of 2) 
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Address 1D 
IHexl 

AC3 AC2 AC1 ACO 
BC3 IC2 IC1 ICO Operation Mada 

0 0 0 0 Timer Stopped* 
0 0 0 1 Delay Mode, + 4 Prescaler 
0 0 1 0 Delay Mode, + 10 Prescaler 
0 0 1 1 Delay Mode, + 16 Prescaler 
0 1 0 0 Delay .Mode, + 50 Prescaler 
0 1 0 1 Delay Mode, + 64 Prescaler 
0 1 1 0 Delay Mode, + 100 Prescaler 
0 1 1 1 Delay Mode, + 200 Prescaler 

0 0 0 Event Count Mode 
0 0 1 Pulse Width Mode, + 4 Prescaler 
0 1 0 Pulse Width Mode, + 10 Prescaler 
0 1 1 Pulse Width Mode, + 16 Prescaler 
1 0 0 Pulse Width Mode, + 50 Prescaler 
1 0 1 Pulse Width Mode, + 64 Prescaler 
1 0 Pulse Width Mode, + 100 P rescaler 
1 1 Pulse Width Mode, + 200 Prescaler 

•Regardless of the operation mode, counting 1s inhibited when the timer is stop-
ped. The contents of the timer's main counter is not affected, although any residual 
count in the prescaler is lost. 

SET 
CLEARED 

al MPU writes a one 
al MPU writes a zero 
bl Reset 

lei Timers C and 0 Control Register (TCOCRI 

6 5 4 3 

CC2 CC1 cco DC2 

*Unused bits read as zero 

0 

DC1 DCO 

CC2-CCO, DC2-DCO The bits are decoded to determine the timer operation mode. 

CC2 
OC2 

CC1 
DC1 

cco 
DCO Operation Mode 

0 0 0 Timer Stopped* 
0 0 1 Delay Mode, + 4 Prescaler 
O 1 O Delay Mode, + 10 Prescaler 
0 1 1 Delay Mode, + 16 Prescaler 

0 0 Delay Mode, + 50 Prescaler 
O 1 Delay Mode, + 64 Prescaler 

O Delay Mode, + 100 Prescaler 
Delay Mode, + 200 Prescaler 

*When the timer is stopped, counting is inhibited. The contents of the timer's main 
counter is not affected, although any residual count in the prescaler is lost. 

SET 
CLEARED 

al MPU writes a one 
al MPU writes a zero 
bl Reset 

Figure 5-3. Timer Control Registers (Sheet 2 of 2) 
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SECTION 6 
UNIVERSAL SYNCHRONOUS/ ASYNCHRONOUS 

RECEIVER-TRANSMITTER 

The universal synchronous/asynchronous receiver-transmitter (USART) is a single full-duplex serial 
;hannel with a double-buffered receiver and transmitter. There are separate receive and transmit 
;locks and separate receive and transmit status and data bytes. The receive and transmit sections 
ire also assigned separate interrupt channels. Each section has both a normal condition interrupt 
;hannel and an error condition interrupt channel. These channels can be optionally disabled from 
nterrupting the processor and instead, DMA transfers can be performed using the receiver ready 
ind transmitter ready external CMFP signals. 

5.1 CHARACTER PROTOCOLS 

TheCMFPUSART supports asynchronous and with the aid of a polynomial generator checker ( PGC) 
;upports byte synchronous character formats. These formats are selected independently of the 
jivide-by-one and divide-by-16 clock modes. 

Nhen the divide-by-one clock mode is selected, synchronization must be accomplished externally. 
The receiver will sample the serial data on the rising edge of the receiver clock. In the divide-by-16 
;lock mode, the data is sampled at mid-bit time to increase transient noise rejection. 

<\lso, when the divide-by-16 clock mode is selected, the USART resynchronization logic is enabled. 
This logic increases the channel's clock skew tolerance. When a valid transition is detected, an in
:ernal counter is reset to state zero. Transition checking is then inhibited until state four. Then at 
;tate eight, the previous state of the transition checking logic is clocked into the receive shift 
·egister. 

l.1. 1 Asynchronous Format 

/ariable word length and start/stop bit configurations are available under software control for asyn
;hronous operation. The word length can be five to eight bits and one, one ana one-half, or two 
;top bits can be selected. The user can also select odd, even, or no parity. For character lengths of 
ess than eight bits, the assembled character will consist of the required number of data bits 
ollowed by zeros in the. unused bit positions and a parity bit, if parity is enabled. 

n the asynchronous format, start bit detection is always enabled. New data is not shifted into the 
eceive shift register until a zero bit is received. When the divide-by-16 clock mode is selected, the 
alse start bit logic is also active. Any transition must be stable for three positive receive clock edges 
o be considered valid. Then a valid zero-to-one transition must not occur for at least eight add1-
ional positive clock edges. 

6.1.1.1 WAKE-UP FEATURE. In a typical serial loop multiprocessor configuration, the soft
ware protocol will usually identify the addressee(s) at the beginning of the message. In order to 
permit uninterested MPUs to ignore the remainder of the message, wake-up feature is included 
whereby all further USART receiverflag (and interrupt) processing can be inhibited until its data 
li.ne goes idle. An USART receiver is re-enabled by an idle string of ten consecutive ones or 
during reset. Software must provide for the required idle string between consecutive messages 
and prevent it within messages. 
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6. 1.2 Synchronous Format 

When the synchronous character format is selected, the 8-bit synchronous character loaded in 
the synchronous character register is compared to received serial data until a match is found. On 
synchronization is established, incoming data 1s clocked into the receiver. The synchronous wo 
will be continuously transmitted during an underrun condition. All synchronous characters can 
optionally stripped from the receive buffer. Figure 6-1 shows the synchronous character registE 

Address 27 
I Hex I 

6 

D7 06 D5 D4 D3 D2 01 

Figure 6-1. Synchronous Character Register (SCR) 

0 

DO 

The synchronous character is typically written after the data word length is selected, sin< 
unused bits in the synchronous character register are zeroed out. When parity is enable 
synchronous word length is the data word length plus one. The CMFP will compute and apper 
the parity bit for the synchronous word when a word length of eight is selected. However, if tt 
word length is less than eight, the user must determine the synchronous word parity and wri 
it into the synchronous character register a long with the synchronous character. The CM FP w 
then transmit the extra bit in the synchronous word as a parity bit. 

6.1.3 USART Control Register 

The USART control register (UCRl selects the clock mode and the character format for the recei 
and transmit sections. This register is shown in Figure 6-2. 

6.2 RECEIVER 

As data is received on the serial input line (Sil, it is clocked into an internal 8-bit shift register ur 
the specified number of data bits have been assembled. This character will then be transferred 
the receive buffer, assuming that the last word in the receiver buffer has been read. This transl 
produces a buffer full interrupt to the processor. 

Reading the receive buffer satisfies the buffer full condition and allows a new data word to 
transferred to the receive buffer when it is assembled. The receive buffer is accessed by reading t 
USART data register (UDR). The UDR is simply an 8-bit data register used.when transferring de: 
from the CMFP and the CPU. 

Each time a word is transferred to the receive buffer, its status information is latched into t 
receiver status register (RSR). The RSR is not updated again until the data word in the receive bl 
fer has been read. When a buffer full condition exists, the RS R should always be read before t 
receive buffer (UDR) to maintain the correct correspondance between data and flags. Otherwise. 
is possible that after reading the UDR and prior to reading the RSR, a new word could be receiv 
and transferred to the receive buffer. Its associated flags would be latched into the RSR, ov1 
writing the flags for the previous data word. Then when the RSR were read to access the stat 
information for the first data word, the flags for the new word would be retrieved. 
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Address 29 
I Hex I 

CLK 

6 5 

WL1 WLO 

4 3 0 

ST1 STO PE E/0 WU 

CLK Clock Mode. When this bit is zero, data will be clocked into and out of the receiver and transmitter at the fmqLJency 
of their respective clocks. When this bit is a one, data will be clocked into and out of the receiver and transmitter at 
one sucteenth the frequency of their respective clocks Also, the receiver data trans1t1on resynchrornzat1on logic will 
be enabled. 
SET• -c 16 al MPU wriles a one 
CLEARED• 71 al MPU writes a zero 

bl Reset 

WLO, WL I Word Length. These 1wo blls specify the lenglh of the dala word nxclus1ve of start b11s. slop bits, and parity. 

STD. ST1 

PE 

WL1 

0 
0 

SET 
CLEARED 

WLO Word Lnngth 

0 
1 
0 

a) MPU writes a one 
al MPU writes a Lero 
bl Resel 

8 Bits 
7 Bits 
6 B11s 
5 Bits 

Slart/Stop Bit and Formal Control. These two bits select the number of start and stop bits and also '"""ily 11,,. 
character format 

ST1 STO Start Bits 

0 0 0 
0 1 

0 

•Only used w11h d1v1dc-by- l6 clock mode 

SET al MPU writes a one 
CLEARED al MPU writes a zero 

bl Resel 

Stop Bits Format 

0 Synchronous 
1 Asynchronous 

111 Asynchronous• 
2 Asynchronous 

Panty Enable When this bit 1s zero, no parity check will be made and no parity bit will be computed for 1rrinsm1s
s1on. When this bit 1s a one, panly will be checked by the receiver and panty will he calculated and mscrtPJ during 
data transm1ss1on. Note that parrty 1s not au1ornat1cally appended to the synchronous character for word lengths of 
less than eight bits. In this case, the parity should be written into the synchronous character register along with the 
synchronous word 
SET al MPU wnles a one 
CLEARED al MPU wri1es a zero 

bl Reset 

E!O Even/Odd Parity When this bit is zero. odd parity 1s selected. When this bit is a one. even parity 1s selected 
SET al MPU wriles a one 
CLEARED al MPU writes a zero 

bl Resel 

WU Bit 0 "Wake-up" on idle line. When set, WU enables the wake-up function; it is cleared by ten conse

cutive ones or during reset. WU will not be set if the line is idle. Refer to 6.1.1 1. 

Figure 6-2. USART Control Register (UCR) 
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6.2.1 Receiver Interrupt Channels 

The USART receive section is assigned two interrupt channels. One indicates the buffer fu'11 condi 
tion, while the other channel indicates an error condition. Error conditions include overrun, parit\ 
error, synchronous found, and break. These interrupting conditions correspond to the BF, OE, PE 
and FIS or B bits of the receiver status register. These flags will function as described in 6.2.: 
whether the receiver interrupt channels are enabled or disabled. 

While only one interrupt is generated per character received, two dedicated interrupt channels allov 
separate vector numbers to be assigned for normal and abnormal receiver conditions. When < 

received word has an error associated with it and the error interrupt channel is enabled, an int-errup 
will be generated on the error channel only. However, if the error channel is disabled, an interrup 
for an error condition will be generated on the buffer full interrupt channel along with interrupts pro 
duced by the buffer full condition. The receiver status register must always be read to determini 
which error condition produced the interrupt. 

6.2.2 Receiver Status Register 

The receiver status register contains the receive buffer full flag, the synchronous strip enable, th, 
receiver enable, and various status information associated with the data word in the receive buffer 
l he RS R is latched each time a data word is transferred to the receive buffer. RS R flags cannc 
change again until the data word has been read. The exception is the character in progress fla' 
which monitors when a new word is being assembled in the asynchronous character format. Th 
receiver status register is shown in Figure 6-3. 

OE PE FE 
FIS 
or B M/CIP SS RE Address 2B I BF 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

BF Buffer Full. This bit is set when a received word is transferred to the receive buffer. This bit is cleared when the 
receive buffer is read by accessing the USART data register tUDRI. This bit is read only. 
SET al Received word transferred to buffer 
CLEARED al Receive buffer read 

bl Reset 

OE Overrun Error. An overrun error occurs when a received word is due to be transferred to the receive buffer. but the 
receive buffer is full. Neither the receive buffer nor the RSA is overwritten. The OE bit is set after the receive buffer 
full condition is satisfied by reading the UDR. This error condition will generate an interrupt to the processor. The 
OE bit is cleared by reading the RSA. New data words will not be assembled until the RSA is read. 
SET al Incoming word received and receive buffer full 
CLEARED <i) Receiver status register read 

bl Reset 

PE Parity Error. This bit is set when the word transferred to the receive buffer has a parity error. This bit is cleared when 
the word transferred to the receive buffer does not have a parity error. 
SET al Word in receive buffer has a parity error 
CLEARED al Word in receive buffer does not have a parity error 

bl Reset 

FE Frame Error. A frame error exists when a non-zero data word is not followed by a stop bit in the asynchronous 
character format. The FE bit is set when the word transferred. to the receive buffer has a frame error. The FE bit is 
cleared when the word transferred to the receive buffer does not have a frame error. 
SET al Word in receive buffer has a frame error 
CLEARED al Word in receive buffer does not have a frame error 

bl Reset 

Figure 6-3. Receiver Status Register IRSRI (Sheet 1 of 21 

4-90 



F/S or B 

M or CIP 

F:ound/Search or Break Detect In the synchronous character format this bit can be set or cleared in software 
When the bit 1s a zero, th£~ USART receiver 1s placed in the search mode The 1ncom1ng data is compared to the syn 
chronous character register ISCRI and the word length counter 1s disabled. The Fi S bit will automatically be set 
when a match 1s lound and the word length counter will be enabled An interrupt will also be produced on the 
receive error channel 
SET al Incoming word matches synchronous character 
CLEARED al MPU writes a zero 

b) Incoming word does not match synchronous character 
cl Reset 

In the asynchronous character format, this flag 1nd1cates a break cond1t1on. A break is detected when an all zero 
data word with no stop bit 1s received The break cond1t1on continues until a non-zero data bit is received. The B bit 
1s set when the word transferred to the receive buffer 1s a break 1nd1cat1on. A break condition generates an interrupt 
to the processor This bit 1s cleared when a non-zero data bit 1s received and the break condition has been acknowl 
edged by reading the RSA at least once. An end ol break interrupt will be generated when the bit 1s cleared 
SET al Word 1n receive butter 1s a break 
CLEARED al Break terminates and receiver status register read since beginning ol break cond1t1on 

bl Reset 

Match/Character in Progress In the synchronous character format, this flag indicates that a synchronous character 
has been received. The M bit 1s set when the word transferred to the receive butler matches the synchronous 
character register. The M bit 1s cleared when the word transferred to the receive bu lier does not match the syn
chronous character register 
SET al Word transferred to receive butler matches the synchronous character 
CLEARED al Word transferred to receive butler does not match synchronous character 

bl Reset 

In the asynchronous character format, this llag 1nd1cates that a word 1s being assembled The CIP bit 1s set when a 
start bit 1s detected. The CIP bit 1s cleared when the l1nal stop bit has been received 
SET al Start bit 1s detected 
CLEARED al End ol word detected 

bl Reset 

SS Synchronous Strip Enable When this bit is a one, data words that match the synchronous character register will 
not be loaded into the receive buffer and no buffer full condition will be produced. When this bit is a zero, 
data words that match the synchronous character register will be transferred to the receive buffer and 
a buffer full condition will be produced. 
SET al MPU writes a one 
CLEARED al MPU writes a zero 

bl Reset 

RE Receiver Enable When this bit 1s a zero, the receiver will be 1mmed1ately disabled All flags will be cleared When 
this bit 1s a one, normal receiver operation 1s enabled This bit should not be set to a one until the receiver ciock is 
active 
SET al MPU writes a one 

b) Transmitter is disabled in auto-turnaround mode 
CLEARED al MPU writes a zero 

bl Reset 

Figure 6-3. Receiver Status Register (RSR) (Sheet 2 of 2) 

1.2.3 Special Receive Considerations 

:ertain receive conditions relating to the overrun error flag and the break detect flag require further 
1xplancition. Consider the following examples: 

1) A break is received while the receive buffer is full. 
This does not produce an overrun condition. Only the B flag will be set after the receiver 
buffer is read. 

2) A new word is received and the receive buffer is full. A break is received before the receive 
buffer is read. 

Both the B and OE flags will be set when the buffer full condition 1s satisfied. 
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6.3 TRANSMITTER 

The transmit buffer is loaded by writing to the USART data register IUDRl. The data word will bE 
transferred to an internal 8-bit shift register when the last word 1n the shift register has beer 
transmitted This will produce a buffer empty condition. If the transmitter completes the transm1s 
s1on of the word 1n the shift register before a new word is written to the transmit buffer, an underrur 
error will occur. In the asynchronous character format, the transmitter will send a mark until thE 
transmit buffer 1s written. In the synchronous character format, the transmitter will continuousl1 
send the synchronous character. 

The transmit buffer can be loaded prior to enabling the transmitter. After the transmitter is enabled 
there is a delay before the first bit 1s output. The serial output line ISO! should be programmed to bE 
high, low, or high impedance when the transmitter 1s enabled to force the output line to the desire< 
state until the first bit is shifted out. Note that a one bit will always be transmitted prior to the wore 
1n the transmit shift register when the transmitter is first enabled. 

When the transmitter is disabled, any word currently being transmitted will continue to completion 
However, any word in the transmit buffer will not be transmitted and will remain in the buffer. So 
no buffer empty condition will occur. If the buffer is empty when the transmitter is disabled, th1 
buffer empty condition will remain, but no underrun condition will be generated when the word ir 
transmission is completed. If no word 1s being transmitted when the transmitter is disabled, th1 
transmitter will stop at the next rising edge of the internal shift clock. 

In the asynchronous character format, the transmitter can be programmed to send a break. Thi 
break will be transmitted once the word currently in the shift register has been sent. If the shif 
register is empty, the break command will be effective immediately. An END interrupt will b1 
generated at every normal character boundary to aid in timing the break transmission. The breal 
will continue until the break command is cleared. 

Any character in the transmit buffer at the start of a break will be transmitted when the break is ter 
minated. If the transmit buffer is empty at the start of a break, it may be written at any time durin! 
the break. If the buffer is still empty at the end of the break, an underrun condition will exist. 

Disabling the transmitter during a break condition causes the transmitter to cease transmission o 
the break character at the end of the current character. No end of break stop bit will be transmitted 
Even if the transmit buffer is empty, no buffer empty condition will occur nor will an underrun con 
dition occur. Also, any word in the transmit buffer will remain. 

6.3.1 Transmitter Interrupt Channels 

The USART transmit section is assigned two interrupt channels. One channel indicates a buffE 
empty condition and the other channel indicates an underrun or end condition. These interruptin 
conditions correspond to the BE, UE, and END flag bits of the transmitter status register (TS R). Th 
flag bits will function as described in 6.3.2 whether their associated interrupt channel 
enabled or disabled. 

6.3.2 Transmitter Status Register 

The transmitter status register contains various transmitter error flags and transmitter control bi1 
for selecting auto-turnaround and loop back mode. The TS R is shown in Figure 6-4. 
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BE 

Address 2D 
(Hex) BE 

6 

UE 

5 

AT 

4 3 2 0 

END B H TE 

Buffer Empty. This bit is set when the word in the transmit buffer is transferred to the transmit shift register. This bit 
is cleared when the transmit buffer is reloaded by writing to the USART data register IUDRl. 
SET al Transmit buffer contents transferred to transmit shift register 
CLEARED al Transmit buffer written 

UE Underrun Error. This bit is set when the word 1n the transmit shift register has been transmitted before a new word 1s 
loaded into the transmit buffer. This bit is cleared by reading the TSR or by disabling the transmitter. This bit does 
not need to be cleared before writing to the UDR. 
SET al Transmit shift register contents transmitted before transmit buffer written 
CLEARED al Transmitter status register read 

bl Transmitter disabled 

AT Auto-Turnaround. When this bit is set, the receiver will be enabled automatically after the transmitter has been 
disabled and the last character being transmitted 1s completed. 
SET al MPU writes a one 
CLEARED al Transmitter disabled 

END End of Transmission When the transmitter is disabled while a character 1s being transmitted, the END will be set 
after the character transmission 1s complete. If no word is being transmitted when the transmitter is disabled, the 
END bit will be set immediately. The END bit is cleared by reenabling the transmitter. 
SET al Transmitter disabled 
CLEARED al Transmitter enabled 

B Break. This bit has no function 1n the synchronous character format. In the asynchronous character format, when 
this bit 1s set to a one, a break will be transmitted upon the completion of the transmission of any word 1n the 
transmit shift register A break consists of an all zero data word with no stop bit. When this bit is cleared by soft
ware, the break indication will cease and normal transmission will resume. Note that when B is set, BE cannot be 
set 
SET al MPU writes a one 
CLEARED al MPU writes a zero 

H, L High and Low. These control bits configure the transmitter output ISOI when the transmitter 1s disabled. These bits 
also force the transmitter output after the transmitter is enabled until END 1s cleared 

TE 

H Output State 

0 
0 

0 
1 
0 

High Impedance 
Low 
High 

Loopback Mode 

Loopback mode internally connects the transmitter output to the receiver input and the transmitter clock to the 
receiver clock internally. The receiver clock IRCI and the serial input ISll are not used When the transmitter 1s 
disabled, SO is forced high. 
SET al MPU writes a one 
CLEARED al MPU writes a zero 

Transmitter Enable. When this bit 1s cleared, the transmitter is disabled The UE bit will be,cleared and the END bit 
will be set. When this bit 1s set, the transmitter is enabled The transmitter output will be driven according to the H 
and L bits until transmission begins. A one bit w1!I be transmitted before the transmission of the word tn the transmit 
shift register 1s begun 
SET al MPU writes a one 
CLEARED al MPU writes a zero 

bl Reset 

Figure 6-4. Transmitter Status Register (TSAI 
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6.4 OMA OPERATION 

USART error conditions are only valid for each character boundary When the USART perform~ 
block data transfers by using the DMA handshake lines RR (receiver ready) and TR (transmitte1 
ready), errors must be saved and checked at the end of a block. This is accomplished by enablin~ 
the error channel for the receiver or transmitter and by masking interrupts for this channel. Once. the 
transfer is complete, interrupt pending register A is read. Any pending receiver or transmitter erro 
indicates an error in the data transfer. 
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SECTION 7 
ELECTRICAL CHARACTERISTICS 

This section contains the electrical specifications and associated timing information for the 
TS68HC901 multi-function peripheral. 

7.1 MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee - 0 3 to 7.0 

Input Voltage Vin - 0.3 to 7 0 

Opt~rdt1110 T(•111pt•r.it1.m-' R,mge TA TL to TH 
":-SGBHC901 C 0 to + 70 
TS68HC901 V -40 to +85 
TSGBHC901M -55 to+ 125 

Storage Temperature T stg -65 to 150 

Power D1ss1pation Po 30 

7.2 THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 
Ceramic OJA 40 
Plastic TBD 

7.3 POWER CONSIDERATIONS 

Unit 

v 
v 
'c 

'e 

mW 

Rating 

0 e;w 

This device contains c1rcu1try to protect 
the inputs against damage due to high 
static voltages or electric fields, however, 
1t 1s advised that normal precautions be 
taken to avoid appl1cat1on of any voltage 
higher than maximum-rated voltages to 
this high-impedance circuit. Rel1ab1l1ty of 
operation is enhanced 1f unused inputs 
are tied to an appropriate logic voltage 

level leg, either Vee or GNDI 

The average chip-Junction temperature, T J, in °C can be obtained from: 
TJ=TA+(PQ•8JAl 

Where: 
TA= Ambient Temperature, °C 
8JA =Package Thermal Resistance, Junction-to-Ambient, °C/W 
Po= P1NT+ P1/0 
P1NT=lccxVcc. Watts - Chip Internal Power 
P110= Power Dissipation on Input and Output Pins - User Determined 

"or most applications P1;0< PINT and can be neglected. 

1\n approximate relationship between Po and T J (if P1;0 is neglected) is: 
Po= K ... (T J + 273°Cl 

)olving equations 1 and 2 for K gives: 

K = Po•(T A+ 273°C) +8JA Po2 
Where: 

(1) 

(2) 

(3) 

K is a constant pertaining to the particular part. K can be determined from equation (3) by 
measuring Po (at equilibrium) for a known TA Using this value of K the values of Po and T J 
can be obtained by solving equations ( 1) and (2) iteratively for any value of TA 
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7.4 DC ELECTRICAL CHARACTERISTICS 
(TA= TL to TH Vee= -5 V ±5%,unless otherwise noted) 

Characteristic Symbol Min Max 

Input High Voltage except XTAL 1, XTAL2 V1H 20 Voo•o 3 

Input High Voltage XTAL1, XTAL2 V1H Voo-1 5 Voo+o~ 
Input Low Voltage V1L -0.3 0.8 

Output High Voltage, hrnpt 5TACK ilQH = - 120 µAl VoH 4. ~ -

Output Low Voltage, fxcopt DTACK llQL ~ 2 0 mAI Vol - o~ 

Power Sl1pply Current (Outputs OpP.nl ILL - 3.7 

Input Leakage Current IV1n = 0 to Vccl iu - ±10 
H1-Z Output Leakage Current 1n Flo;it IV0 ut = 2 4 to Vccl !J.OH - 10 

H1·Z Output Lc<lkaqe C1mcnt 1n Flot1t (Vout = 0 5 Vl 1LOL - - to 

DT ACK Outp11t So11rc.e C11rrent IV0 u1=2 4 VI IOH - - 4()() 

D f ACK Output Sink Current IV out= 0 5 V) loL -- 53 

Pull Down Resistor RMPX 1 3 

7.5 CAPACITANCE (TA= 25°C, f= 1 MHz, unmeasured pins returned to ground) 

\nput C;ipac1tanco 

H1·Z Output Capacitance 

Test 
Point 

Characteristic 

+ 5V, 

I CL=100pF 

Figure 7-1. IRQ Test Load 

MMD6150 Or 
Equivalent 

+5V 

MMD7000 Or 
Equivalent 

Figure 7-2. Typical Test Load 
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Symbol Min Max 

C ut 

for all outputs except DT ACK 
CL= 100 pF 
AL =20 kO 
R1=1.90k0 

for lSTACK 
CL= 130 pF 
AL= 6 kO 
Rt =7400 

10 

10 

Unit 

v 
v 
v 
v 
v 

mA 

µ.A 

µA 

µ.A 

µ.A 

mA 

MO 

Unit 

pF 

pF 



7.6 CLOCK TIMING 

Characteristic Symbol Min Max 

Frequency of Operation f 1.0 4.0 

Cycle Time tc;y_c 250 1000 

Clock Pulse Width tCL· tCH 110 250 

Rise and Fall Times tcr. tcf - 15 

30pF 

_Li L------• XTAL1 
Crystal Parameters 

Parallel resonance fundamental mode AT cut 
R5:s150 !l lf=2.8-4.0 MHzl 

30pF 

TS68HC901 

XTAL2 

R5:s300 !l lf=2.0-2 7 MHzl 
CL= 18 pF, CM=0.02 pF, CR=5 pF, LM=96 MHz 
f ltyp1call = 2.4576 MHz 

Figure 7-3. CMFP External Oscillator Components 

--------- XTAL1 

TS68HC901 

--------....i. XTAL2 

Figure 7-3-1. CMFP External Clock Connection 
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MHz 

ns 

ns 

ns 



7.7 AC ELECTRICAL CHARACTERISTICS (Vee= 5.0Voc± 5%, Vss =OVoc· TA=o0 eto 
70°e unless otherwise noted). See figures 7-4 through 7-10. 

4 MHz 8MH~ 
Num Characteristic Unit 

Min Max Min Max 

1 CS, OS Width High 50 - 50 - -

2 R/W, A 1-A5 Valid to Falling CS (Setup) 30 - 20 - ns 

3 Data Valid Prior to Falling CLK 280 - 100 - ns 

4(3) CS, IACK Valid to falling Clock (Setup) 50 - 50 - ns 

5 CLK Low to DTACK Low - 220 - 90 ns 

6 CS, OS or IACK High to DTACK High - 60 - 50 ns 

7 CS, OS or IACK High to DTACK Tri-state - 100 - 100 ns 

8 DTACK Low to Data Invalid (Hold Time) 0 - 0 - ns 

9 CS, OS or IACK High to Data Tri-state - 50 - 50 ns 

10 CS or OS High to R/W, A 1-A5 Invalid (Hold Time) 0 - 0 - ns 

11 (3,5) Data Valid from CS Low - 310 - 180 ns 

12 Read Data Valid to OT ACK Low (Setup Time) 50 - 0 - ns 

13 DTACK Low to OS, CS or IACK High (Hold Time) 0 - 0 - ns 

14 IEI Low to Falling CLK (Setup) 50 - 50 - ns 

15 (1) IEO Valid from Clock Low (Delay) - 180 - 120 ns 

16 Data Valid from Clock Low (Delay) - 300 - 180 ns 

17 IEO Invalid from IACK High (Delay) - 150 - 100 ns 

18 DTACK Low from Clock High (Delay) - 180 - 100 ns 

19(1) IEO Valid from IEI Low (Delay) - 100 - 100 ns 

20 Data Valid from iEI Low (Delay) - 220 - 140 ns 

21 Clock Cycle Time 250 1000 125 1000 ns 

22 Clock Width Low 110 - 55 - ns 

23 Clock Width High 110 - 55 - ns 

24(4) CS, IACK Inactive to Rising Clock (Setup) 100 - 50 - ns 

25 1/0 Minimum Active Pulse Width 100 - 100 - ns 

26 IACK Width High/Minimum Delay between two Pulses 2 - 2 - CLK 

27 1/0 Data Valid from Rising CS or OS - 450 - 350 ns 

28 Receiver Ready Delay from Falling RC - 600 - 200 ns 

29 Transmitter Ready Delay from Falling TC - 600 - 200 ns 

30(6) Timer Output Low from Rising Edge of CS or OS - 450 - 200 ns 
(A & B) (Reset TOUT) 
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4 MHz 8 MHz 
Num Characteristic Unit 

Min Max Min Max 

31 (2) TOUT Valid from Internal Timeout - 2tcLK - 2 tcLK ns 
+ 300 + 300 

32 Timer Clock Low Time 110 - 55 - ns 

33 Timer Clock High Time 110 - 55 - ns 

34 Timer Clock Cycle Time 250 1000 125 1000 ns 

35 RESET Low Time 2 - 1.5 - µs 

36 Delay to Falling INTR from External - 380 - 250 ns 
Interrupt Active Transition 

37 Transmitter Internal Interrupt Delay from Falling 550 - 250 - ns 
Edge of TC 

38 Receiver Buffer Full Interrupt Transition Delay 800 - 400 - ns 
from Rising Edge of RC 

39 Receiver Error Interrupt Transition Delay from 800 - 400 - ns 
Falling Edge of RC 

40 Serial In Set Up Time to Rising Edge of RC 80 - 50 - ns 
(Divide by one only) 

41 Data Hold Time from Rising Edge of RC 350 - 100 - ns 
(Divide by one only) 

42 Serial Output Data Valid from Falling Edge - 440 - 200 ns 
of TC (7 1) 

43 Transmitter Clock Low Time 500 - 250 - ns 

44 Transmitter Clock High Time 500 - 250 - ns 

45 Transmitter Clock Cycle Time 1.05 .,. 0.55 .,. µs 

46 Receiver Clock Low Time 500 - 250 - ns 

47 Receiver Clock High Time 500 - 250 - ns 

48 Receiver Clock Cycle Time 1 05 '· 0.55 , µs 

49 (2) CS, IACK, DS Width Low - 80 - 80 TcLK 

50 Serial Output Data Valid from Falling - 490 - 200 ns 
Edge of TC (7 16) 

51 Cycle Time 1000 - - - ns 

52 Pulse Width, E High 430 - - - ns 

53 Pulse Width, E Low 450 - - - ns 

54 Address, R/W Setup Time Before E 80 - - - ns 

55 CS Setup Time Before E 80 - - - ns 

56 Address Hold Time 10 - - - ns 

57 CS Hold Time 10 - - - ns 

58 Output Data Delay Time (Read) - 250 - - ns 

59 Data Hold Time (Read) 0 100 - - ns 
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4 MHz 8MHz 
Num Characteristic Unit 

Min Max Min Max 

60 Input Data Setup Time (Write) 280 - - - ns 

61 Data Hold Time (Write) 20 - - - ns 

62 Cycle Time 800 - - - ns 

63 Pulse Width OS Low or RD/WR High 350 - - - ns 

64 Pulse Width OS High or RD/WR Low 340 - - - ns 

65 Pulse Width AS/ ALE High 100 - - - ns 

66 Delay AS Fall to OS Rise or ALE Fall to RD/WR Fall 30 - - - ns 

67 Delay OS or RD/WR Rise to AS/ ALE Rise 30 - - - ns 

68 R/W Setup Time to OS 100 - - - ns 

69 R/W Hold Time to OS 10 - - - ns 

70 Address Setup Time to AS/ ALE 20 - - - ns 

71 Address Hold Time to AS/ ALE 20 - - - ns 

72 Data Setup Time to OS or WR (Write) 280 - - - ns 

73 Delay Data to OS or RD (Read) - 250 - - ns 

74 Data Hold Time to OS or WR (Write) 20 - - - ns 

75 Data Hold Time to OS or RD (Read) 0 100 - - ns 

76 CE Setup Time to AS/ALE Fall 20 - - - ns 

77 CE Hold Time to OS, RO or WR 20 - - - ns 

Notes: 

1. IEO only goes low if no acknowledgeable interrupt is pending. If IEO goes low, DTACK and the data bus remain 
tri-stated. 

2. T CLK refers to the clock applied to the CMFP CLK input pin. ICLK refers lo the timer clock signal, regardless of whether 
that signal comes from the XTAL 1 /XTAL2 crystal clock inputs or the TAI or TBI timer inputs. 

3. If the setup lime is not met, CS or IACK will not be recognized until the next falling CLK. 

4. If the setup lime is met (for consecutive cycles), the minimum hold-off time of one clock cycle will be obtained. If not 
met. the hold-off will be two clock cycles. 

5. Althrough CS and DTACK are synchronized with the clock, the data out during a reed cycle is asynchronous to the 
clock, relying only on CS for timing. 

6. Spec. 30 applies to timer outputs TAO and TBO only. 
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7.7.1 AC ELECTRICAL CHARACTERISTICS - READ CYCLES 
(Vee= 5.0Voc± 5 %, Vss = O Voe· TA= TL to TH unless otherwise noted) 

4 MHz 8 MHz 
Num Characteristic Unit 

Min Max Min Max 

1 CS, DS Width High 50 - 50 - -

2 R/W, A 1-A5 Valid to Falling CS (Setup) 30 - 20 - ns 

4(3) CS, JACK Valid to Falling Clock (Setup) 50 - 50 - ns 

5 CLK Low to DTACK Low - 220 - 90 ns 

6 CS, DS or JACK High to DTACK High - 60 - 50 ns 

7 CS, DS or JACK High to DTACK Tri-state - 100 - 100 ns 

8 DTACK Low to Data Invalid (Hold Time) 0 - 0 - ns 

9 CS, DS or JACK High to Data Tri-state - 50 - 50 ns 

10 CS or DS High to R/W, A 1-A5 Invalid (Hold Time) 0 - 0 - ns 

11 (3,5) Data Valid from CS Low - 310 - 180 ns 

12 Read Data Valid to DTACK Low (Setup Time) 50 - 0 - ns 

13 DTACK Low to DS, CS or JACK High (Hold Time) 0 - 0 - ns 

24(4) CS, JACK Inactive to Rising Clock (Setup) 100 - 50 - ns 

~otes: 

I. If the setup time is not met. CS or JACK will not be recognized until the next falling CLK. 

I. If the setup time is met (for consecutive cycles). the minimum hold-off time of one clock cycle will be obtained. If not 
met, the hold-off will be two clock cycles. 

1. Althrough CS and DTACK are synchronized with the clock, the data out during a reed cycle is asynchronous to the 
clock, relying only on CS for timing. 

CLK 

A!W 

RS 1 ~55 

00·07 

Figure 7-4. Read Cycle Timing 
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7.7.2 AC .ELECTRICAL CHARACTERISTICS· WRITE CYCLES 
(Vee= 5.0Voc± 5 %, Vss = OVoc· TA= TL to TH unless otherwise noted) 

4 MHz 8MHz 
Num Characteristic Unit 

Min Max Min Max 

1 CS, OS Width High 50 - 50 - -
2 R/W, A 1 ·A5 Valid to Falling~ (Setup) 30 - 20 - ns 

3 Data Valid Prior to Falling CLK 280 - 100 - ns 

4(3) CS, IACK Valid to Falling Clock (Setup) 50 - 50 - ns 

5 CLK Low to DTACK Low - 220 - 90 ns 

6 CS, OS or IACK High to DTACK High - 60 - 50 ns 

7 CS, OS or iACR High to DTACK Tri-state - 100 - 100 ns 

8 OT ACK Low to Data Invalid (Hold Time) 0 - 0 - ns 

10 CS or OS High to R/W, A 1-A5 Invalid (Hold Time) 0 - 0 - ns 

13 OT ACK Low to OS,~ or IACK High (Hold Time) 0 - 0 - ns 

24(4) CS, iACK Inactive to Rising Clock (Setup) 100 - 50 - ns 

Notes: 

3. If the setup time is not met, CS or IACK will not be recognized until the next falling CLK. 

4. If the setup time is met (for consecutive cycles·), the minimum hold-off time of one clock cycle will be obtained. If no 
met, the hold-off will be two clock cycles. 

CLK 

RIW 

RS1-RS& 

Q0.07 

Figure 7-5. Write Cycle Timing 
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7.7.3 AC ELECTRICAL CHARACTERISTICS - INTERRUPT ACKNOWLEDGE CYCLES 
(Vee= 5.0Voc± 5 %, Vss = OVoc· TA= TL to TH unless otherwise noted} 
See Figures 7-6 and 7-7. 

4 MHz 8 MHz 
Num Characteristic Unit 

Min Max Min Max 

4(3) CS, IACK Valid to Falling Clock (Setup) 50 - 50 - ns 

5 CLK Low to DTACK Low - 220 - 90 ns 

6 CS, DS or IACK High to DTACK High - 60 - 50 ns 

7 CS, DS or IACK High to DTACK Tri-state - 100 - 100 ns 

9 CS, DS or IACK High to Data Tri-state - 50 - 50 ns 

13 DTACK Low to DS, CS or IACK High (Hold Time) 0 - 0 - ns 

14 IEI Low to Falling CLK (Setup) 50 - 50 - ns 

15 (1) IEO Valid from Clock Low (Delay) - 180 - 120 ns 

16 Data Valid from Clock Low (Delay) - 300 - 180 ns 

17 IEO Invalid from !ACK High (Delay) - 150 - 100 ns 

18 DTACK Low from Clock High (Delay) - 180 - 100 ns 

19(1) IEO Valid from ill Low (Delay) - 100 - 100 ns 

20 Data Valid from ill Low (Delay) - 220 - 140 ns 

21 Clock Cycle Time 250 1000 125 1000 ns 

22 Clock Width Low 110 - 55 - ns 

23 Clock Width High 110 - 55 - ns 

24 (4) CS, !ACK Inactive to Rising Clock (Setup) 100 - 50 - ns 

26 IACK Width High/Minimum Delay between two Pulses 2 - 2 - CLK 

~oles: 

IEO only goes low if no acknowledgeable interrupt is pending. If IEO goes low, DTACK and the data bus remain 
tri-stated. 

If the setup time is not met, CS or !ACK will not be recognized until the next falling CLK. 

If the setup time is met (for consecutive cycles), the minimum hold-off time of one clock cycle will be obtained. If not 
met, the hold-off will be two clock cycles. 
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CLK 

DO 07 

Figure 7-6. Interrupt Acknowledge Cycle (IEI Low) 

CLK 

00-07 

Note: CS and IACK mu5t be a function of OS 

Figure 7-7. Interrupt Acknowledge Cycle (IEI High) 
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7.7.4 AC ELECTRICAL CHARACTERISTICS - 6800 INTERFACE TIMING (Vee = 5.0 v DC 
± 5%, Vss = OVoc· TA= 0°e to 70°e unless otherwise noted). See figure 7-8. 

4MHz 8MHz 
Num Characteristic Unit 

Min Max Min Max 

51 Cycle Time 1000 - - - ns 

52 Pulse Width, E High 430 - - - ns 

53 Pulse Width, E Low 450 - - - ns 

54 Address. R/W Setup Time Before E 80 - - - ns 

55 CS Setup Time Before E 80 - - - ns 

56 Address Hold Time 10 - - - ns 

57 CS Hold Time 10 - - ns 

58 Output Data Delay Time (Read) - 250 - - ns 

59 Data Hold Time (Read) 0 100 - - ns 

60 Input Data Setup Time (Write) 280 - - - ns 

61 Data Hold Time (Write) 20 - - - ns 
... . 

® 

R/W 
Al -AS 

i--t---{!57 

t--+--U59 

© i------'=------1 ... ___ _.5, 

~~i~:-----------+----<J 

Figure 7-8. 6800 Interfacing Timing 
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7.7.5 AC ELECTRICAL CHARACTERISTICS- MULTIPLEXED BUSTIMING(Vcc=5.0V[ 
± 5%, Vss = 0 v00 TA= 0°C to 70°C unless otherwise noted). See figures 7-9, 7-10 

Num Characteristic 

62 Cycle Time 

63 Pulse Width OS Low or RD/WR High 

64 Pulse Width OS High or RO/WR Low 

65 Pulse Width AS/ALE High 

66 Delay AS Fall to OS Rise or ALE Fall to RO/WR Fall 

67 Delay OS or RO/WR Rise to AS/ ALE Rise 

68 R/W Setup Time to OS 

69 R/W Hold Time to OS 

70 Address Setup Time to AS/ ALE 

71 Address Hold Time to AS/ALE 

72 Data Setup Time to OS or WR (Write) 

73 Delay Data to OS or RO (Read) 

74 Data Hold Time to OS or WR (Write) 

75 Data Hold Time to OS or RD (Read) 

76 CE Setup Time to AS/ALE Fall 

77 CE Hold Time to OS, RD or WR 

.. 

DATA 
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4 MHz 8MHz 
Unit 

Min Max Min Max 

800 - - - ns 

350 - - - ns 

340 - - - ns 

100 - - - ns 

30 - - - ns 

30 - - - ns 

100 - - - ns 

10 - - - ns 

20 - - - ns 

20 - - - ns 

280 - - - ns 

- 250 - - ns 

20 - - - ns 

0 100 - - ns 

20 - - - ns 

20 - - - ns 

Figure 7-9. Multiplexed Bus Timi 

Motorola Type 



READ TIMING 
© 

ALE (AS pin) 

67 . ® .. 
l'rn (~pin) @) 

67 ® 

~ (R/Wpin) ® @ ® -

ADO-AD7 

WRITE TIMING © 

ALE (AS pin) 

@) ® 

RD IDs pin) 

@) ® ® 

WR (R/W pin) @) 

® ® 
U 

ADO-AD7 

Figure 7-10. Multiplexed Bus Timing - Intel Type 
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17-10 

Note: Active edge is assumed to be the rising edge 

Figure 7-11. Interrupt Timing 

17-10 

Figure 7 -12. Port Timing 
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AC 

iiii 

lllTll 

SI 
(DIVIDE 
BYONE 

MODE DNLVI 

1C 

I· 
@ 

SO (DIVIDE BY I MODE) 

SO (DIVIDE BY 16 MODE) 

I 
I 

® J 
I· 8 i 

., 

Figure 7-13. Receiver Timing 

I-.. ®-itc----
Figure 7-14. Transmitter Timing 
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XTAL 11XTAL2 

INTERNAL TIMEOUT 

Figure 7-15. Timer Timing 

~--~_®_s>----=¥ 

Figure 7-16. Reset Timing 
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7.8 TIMER AC CHARACTERISTICS 

Definitions: 
Error= Indicated time value - actual time value 
tpsc= tCLK x Prescale Value 

Internal Timer Mode: 
Single Interval Error (Free Running) (See Note 2) 
Cumulative Internal Error . 
Error Between Two Timer Reads 
Start Timer to Stop Timer Error. 
Start Timer to Read Timer Error . 

.... ± 100 ns 
....... 0 

. .. ± (tpsc - 4 tCLK) 
... 2tCLK+100 ns to - (tpsc+6 tCLK + 100 ns) 

.· ............ 0 to - (tpsc+ 6 tCLK + 400 ns) 
Start Timer to Interrupt Request Error (See Note 3) . . ..... - 2 tCLK to - (4 tCLK + 800 ns) 

Pulse Width Measurement Mode: 
Measurement Accuracy (See Note 1) .. 
Minimum Pulse Width 

Event Counter Mode: 

.......... 2 tCLK to - (tpsc+ 4 tCLK) 
. .... 4 tCLK 

Minimum Active Time of T Al and TBI . . . . . . . . . . ................ 4 tcLK 
Minimum Inactive Time of T Al and TBI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4 tCLK 

NOTES: 
1. Error may be cumulative if repetitively performed. 
2. Error with respect to tout or IRO if note 3 is true. 
3. Assuming it is possible for the timer to make an interrupt request immediately. 
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SECTION 8 
MECHANICAL DATA AND ORDERING INFORMATION 

This section contains the pin assignments, package dimensions, and ordering information f< 
the TS68HC901. 

PIN ASSIGNMENTS 

R/W cs 
RS1 ~ 

RS2 OT ACK 

IACK 

ti~; c ! vinml~ :ii! 07 

D6 

05 

D4 DI 

•• 03 
03 llC Dl 

RC 02 Vee DI 

MPX oa 
01 NC ~ 

MPX DO TAO TS68HC901 Cl 
TllO 1li 

TAO GNO TCO iii 
TBO CLK TOO iii' 

llTAll g 
TCO iEi •• Tll 
TOO IEO 

XTAL1 IRO v ~!I !!::~!:!:r~•!:: v 
XTAL2 Ali 

ifl 
TBI 

RESET 
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PHYSICAL DIMENSIONS 

:k711 ~ ~~DDDDDDD\f: [ 

Nommal d1menS1ot1 
Tru1911omelnc1I position 

;---,.-~ 63 s ... a. ~ Tij-
48 pins 

DON ' l I A51J F199 [ CB-229 
DAT A JEDfC rn SITHfSC 

52pins 
~ 

DON "''"· -'-='"= 

' CB-522 
CEO D.A.T.A. ~TELESC 
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CB-229 

P SUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 
CSUFFIX 

CERAMIC PACKAGE 

CB-622 

FN SUFFIX 
PLCC 52 



ORDERING INFORMATION 

STANDARD VERSIONS 

Package Type 
Frequency Temperature 

Part Number 
(MHz) Range 

Ceramic DIL 4.0 Q<>C to + 70°C TS68HC901CC4 
5.0 0°c to+ 70°C TS68HC901 CC5 

C Suffix 8.0 0°Cto + 70°C TS68HC901CC8 

Plastic DIL 4.0 0°C to+ 70°C TS68HC901 CP4 
5.0 0°C to+ 70°C TS68HC901CP5 

P Suffix 8.0 0°C to+ 70°C TS68HC901CP8 

PLCC 4.0 0°C to+ 70°C TS68HC901CFN4 
5.0 0°C to+ 70°C TS68HC901 CFN5 

FN Suffix 8.0 0°Cto + 70°C TS68HC901CFN8 

Hi-REL VERSIONS 

In order to fit more closely to customer specific requirements. lHOMSON SEMICONDUCTEUAS 
is proposing different screening levels for its Hi-REL ranges. 

G/B screening : 

B/B screening : 

Available only from lHOMSON SEMICONDUCTEUAS, this quality level, very 
close to the Ml L-STD-883, is a cost effective alternative for customers who 
want to buy Hi-REL devices (low guaranteed AOL). The G/B level is in full 
accordance with the NFC96883 class G. 

Full accordance with the MIL-STD-883 Rev. C, class B (US), the CECC 90,000 
class B (european) and with the NFC96883 class B (French). 

Details on screening procedures for these levels of selection are available on request (please contact 
our sales representatives). 

Package Type 
Frequency Temperature 

Part Number 
(MHz) Range 

Ceramic OIL 4.0 - 40°C to + 85°C TS68HC901VC4 
C Suffix 4.0 - 55°C to + 125°C TS68HC901 MC4 

4.0 - 40°C to + 85°C TS68HC901 VCG/84 
4.0 - 40°C to + 85°C TS68HC901VC8/84 
4.0 - 55°C to + 125°C TS68HC901 MCG/84 
4.0 - 55°C to + 125°C TS68HC901 MCB/84 
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CHAPTER 5 - MICROCOMPUTER 
PERIPHERALS 





MICROCOMPUTER PERIPHERALS SELECTION GUIDE 

Part number Description Technology Alt source CLK freq. Page 
(MHz) 

MK3801-0 Serial Timer Interrupt (STI) Controller - NMOS 2.5 5-3 
MK3801-4 Full duplex USART - Two binary delay timers - 4 
MK3801-6 Two full feature timers - Eight general purpose 6 

lines - Full control of each interrupt channel 

MK3831 MCU - Real time clock - Serial 1/0 - 24 x 8 RAM - CMOS 4.19 5-19 
MK3835 High speed shift clock - Low power CMOS -

TTL compatible 
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h:t•M&i•UI 
COMPONENTS 

---a~ .-,.,~--•-
FEATURES 

o Full duplex USART with programmable OMA control 
signals 

o Two binary delay timers 

D Two full feature timers with 
• Delay to interrupt mode 
• Pulse width measurement mode 
• Ev1:rnt counter mode 

D Eight general purpose lines with 
• Full bi-directional 1/0 capability 
• Edge triggered interrupts on either edge 

D Full control of each interrupt channel 
• Enable/disable 
• Maskable 
• Automatic end-of-interrupt mode 
• Software end-of-interrupt mode 

o 2.5, 4 MHz, and 6 MHz versions available 

INTRODUCTION 

The MK3801 Z80 STI (Serial Timer Interrupt) is a 
multifunctional peripheral device for use in Z80 micro
processor based systems. It is designed to optimize current 
systems by reducing chip count and system costs. By 
providing a USART, four timers (two binary and two full 
function), and eight bi-directional 110 lines with individually 
programmable interrupts, the MK3801 can make sub
stantial improvement to any Z80 based system. 

Control and operation of the MK3801 are provided by 24 
internal registers accessible by the Z80 bus. Sixteen of 
these registers are directly addressable and accessible; 
eight are indirectly addressable. Two of the four timers 
provide full service features, while the other two provide 
delay timer features only. Serial Communication is provided 

Ml<3801 

DEVICE PINOUT 
Figure 1 

TAO 1 Vee 

TBO 2 RC 

TCO 3 SI 

TOO 4 SD 

TCLK 5 TC 

M1 6 Ao 

RESET 7 A, 

lo 8 A, 

1, 9 MK3801 32 A, 

12 10 ZBO-STI 31 WR 

1, 11 CE 

'• 12 29 RD 

1, 13 28 o, 
1. 27 o. 
1, 26 o, 

IEI 25 o. 
INT 24 o, 
IED 23 o, 

IORQ 22 o, 
v •• 21 Do 

by the USART, which is capable of either asynchronous or 
synchronous operation. optional sync word recognition and 
stripping, and programmable OMA control handshake lines. 
Eight bi-directional 1/0 lines provide parallel 1/0 capability 
and individually programmable interrupt capability. The 
interrupt structure of the device is fully programmable for all 
interrupts, provides for interrupt vector generation. 
conforms to the Z80 daisy chain interrupt priority scheme. 
and supports automatic end of interrupt functions for the 
Z80. 
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SIGNAL NAME 

Vss 

~c 

DESCRIPTION 

Ground 
+5 volts(± 5 percent) 
Chip Enable (input, active low) 
Read Enable (Input, active low) 
Write Enable (Input, active low) 

R5 
WR 
Aa-A3 Address Inputs. Used to address one of the internal registers during a read or write 

operation 

~ Data Bus (bi-directional) 
RESET Device Reset (Input, active low). When activated, all internal registers (except for Timer or 

USART Data registers) will be cleared, all timers stopped, USART turned off, all 
interruptsdisabled and all pending interrupts cleared, and all 1/0 lines placed in tri-state 
input mode. 
General purpose 1/0 and interrupt lines 
Interrupt Request (Output, active low, open drain) 

IEI 

Input/Output Request from ZBO-CPU (input, active low). The IORO signal is used in 
conjunction with Ml to signal the MK3801 that the CPU is acknowledging its interrupt. 
Interrupt Enable In, active High 

IEO Interrupt Enable Out, active High 
so 
SI 
RC 
TC 
TAO-TOO 
TCLK 

Serial Output 
Serial Input 
Receiver Clock Input 
Transmit Clock Input 
Timer Outputs 
Timer Clock Input 

M1 ZBO Machine Cycle One (Input, active low) 

PIN DESCRIPTION 

Figure 1 illustrates the pinout of the MK3801. The functions 
of these individual pins are described above. 

INTERNAL ORGANIZATION 

Figure 2 illustrates the MK3801 internal organization, 
which supports the full set of timing, communications, 
parallel 1/0, and interrupt processing functions available in 
the device. 

CPU BUS 1/0 

The CPU BUS 1/0 provides the means of communications 
between the system and the MK3801. Data, Status, and 
Control Registers in the MK3801 are accessed by the bus in 
order to establish dev.ice parameters, assert control, and 
transfer status and data between the system and the 
MK3801. 

Each register in the MK3801 is addressed overthe address 
bus in conjunction with Chip Enable (CE), while data is 
transferred over the eight bit Data bus under control of Read 
(RD) and Write (WR) signals. 

REGISTER ACCESSES 

All register accesses are independent of any system clock. 
To read a register. both CE and RD must be active. The 
internal read control signal is essentially the combination of 

both CE and RD active; thus the read operation will begin 
when the later of these two signals goes active and will end 
when the first signal goes inactive. The address bus must be 
stable prior to the start of the operation and must remain 
stable until the end of the operation. Unless a read operation 
or an interrupt acknowledge cycle is in progress, the data 
bus (D0-D7) will remain in the tri-state condition. 

To write a register, both CE and WR must be active. The 
address must be stable priorto the start of the operation and 
must remain stable until the end of the operation. The data 
must be stable prior to the end of the operation and must 
remain stable until the end of the operation. The data 
presented on the bus will be latched into the register shortly 
after either WR or CE goes inactive. 

INTERNAL REGISTERS 

There are 24 internal registers used to control the operation 
of the STI. Sixteen of these registers are directly 
addressable and accessible. Eight registers are indirectly 
addressable via the Pointer/Vector Register and accessible 
via the Indirect Data Register. 

DIRECTLY ADDRESSABLE REGISTERS 

The Directly Addressable Registers are accessed by placing 
the address of the desired register on the address lines 
(A0 -A3) during a write or read cycle. Figure 3 lists the 
Directly Addressable Registers. 
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INTERNAL ORGANIZATION 
Figure 2 

DATA(B) 

ADDR (4) c 
p 
u 

B 
u 
s 

0 

INTERNAL CONTROL 
LOGIC 

INTERRUpT 
CONTROL 

IEI 

TCLK 

IEO INT 

DIRECTLY ACCESSIBLE REGISTERS 
Figure 3 

ADDRESS ABBREVIATION REGISTER NAME 

0 IDR Indirect Data Register 

1 GPIP General Purpose 1/0-lnterrupt 

2 IPRB Interrupt Pending Register B 

3 IPRA Interrupt Pending Register A 

4 ISRB Interrupt in-Service Register B 

5 ISRA Interrupt in-Service Register A 

6 IMRB Interrupt Mask Register B 

7 IMRA Interrupt Mask Register A 

8 PVR Pointer /Vector Register 
' 

9 TABCR Timers A and B Control Register 
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TIMERS 
C& D 

TIMERS 
A&B 

USART 

TCO 

TOO 

TAO 

TBO 

i.-----SI 

------RC 

1-------;~ so 

-----TC 

GENERAL 
PURPOSE 

1/0 - INTRPT 



DIRECTLY ACCESSIBLE REGISTERS (Continued) 
Figure 3 

ADDRESS ABBREVIATION REGISTER NAME 

A TBDR Timer B Data Register 

B TADR Timer A Data Register 

c UCR USART Control Register 

D RSR Receiver Status Register 

E TSR Transmitter Status Register 

F UDR USART Data Register 

INDIRECTLY ADDRESSABLE REGISTERS 
Figure 4 

INDIRECT ADDRESS ABBREVIATION REGISTER NAME 

0 SCR Sync Character Register 
1 TOOR Timer D Data Register 
2 TCDR Timer C Data Register 
3 AER Active Edge Register 

l 
4 IERB Interrupt Enable Register B 
5 IERA Interrupt Enable Register A 
6 DOR Data Direction Register 
7 TCDCR Timers C and D Control R~ster 

INDIRECTLY ADDRESSABLE REGISTERS 

Indirectly Addressable Registers are addressed by placing 
the indirect address in bits IAO-IA2 of the Pointer /Vector 
Register, as defined in Figure 5. Data may be written to or 
read from the register indicated by these Indirect Register 
Address bits by a write or read access of the Indirect Data 
Register (selected when Ao-A3 are all zero). The indirect 
address bits of the Pointer /Vector Register will remain 
unchanged after an indirect access. Repeated accesses of 
the Indirect Data Register will access the same indirect 
register as long as the indirect address in the 
Pointer /Vector Register remains unchanged. The Indirectly 
Addressable Registers are listed in Figure 4. 

INTERRUPT VECTOR DEFINITION 

Each individual function in the MK3B01 is provided with a 
unique interrupt vector that is presented to the system 
during the interrupt acknowledge cycle. The interrupt vector 
returned during interrupt acknowledge is formed as shown 
in Figure 6. There are 16 vector addresses generated 
internally by the MK3801, one for each of the 16 interrupt 
channels. The three most significant bits of these vector 
addresses correspond to the three most significant bits of 
the Pointer /Vector Register shown in Figure 5. The least 
significant bit of each vector address is always 0. thus 
producing even vector addresses. The remaining 4 bits (IV 1 
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through IV 4) identify each of the 16 interrupt channels 
individually. The lowest priority channel responds with 
0000 for IV4-IV1 respectively. The next higher priority 
channel responds with 0001, and so on in binary order, with 
the highest priority channel responding with 1111. Figure 7 
lists each of the 16 interrupt channels in order of 
descending priority. 

INTERRUPT CONTROL REGISTERS 

The Interrupt Control Registers provide control of interrupt 
processing for all 1/0 facilities of the MK3801. These 
registers allow the programmer to enable or disable any or 
all of the 16 interrupts, provide masking for any interrupts. 
and access to the pending or in-service status of the 
interrupts. Optional End-of-Interrupt modes are available 
under software control. The format of each of the Interrupt 
Control Registers is presented in Figure 8. 

INTERRUPT OPERATION 

The Interrupt Enable Registers enable or disable the setting 
of an interrupt in the Interrupt Pending Registers. A 0 in a 
bit of the Interrupt Enable Registers disables the interrupt 
for the associated channel while a 1 enables the interrupt. 

Once an interrupt is enabled, the occurrence of an 
interrupting condition on that channel will cause the 



POINTER/VECTOR REGISTER (PVR) Port 08 
Figure 5 

INTERRUPT VECTOR 
Figure 6 

V5 VR4 S IA2 IA1 IA0 

corresponding bit in the Interrupt Pending Register to be set. 
This indicates that an interrupt is pending in the MK3801. 

Pending interrupts are presented to the ZBO CPU in order of 
priority (see Figure 1) unless they have been masked off. 
This is done by clearing the bit in the Interrupt Mask 
Register corresponding to the channel whose interrupt is to 
be masked. The channel's interrupt will remain pending 
until the mask bit for that channel is set, at which time the 
interrupt for that channel will be processsed in order of 
priority. 

When an interrupt vector is generated for a pending 
interrupt and passed to the ZBO CPU, the bit in the Interrupt 
Pending Register, associated with the channel generating 
the interrupt, will be cleared. At this time, no history of the 
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S: 

Address of register 
to be accessed vie the IDR. 

In-Service Register 
Enable. 

Vector register bit can 
be used as a control bit. 
It can be written to as a 
user status flag. When the 
VA is read. it is read as 
the value that was last 
written to it by the user .. 

V 5 - V 7 : Upper three bits of 
interrupt vector. 
Written into the VR by 
the user .. 

Always zero 

Vector bits 1 through 4. 
Supplied by the STI based 
upon the interrupting channel. 

3 most significant bits. 
Copied from the Pointer /Vector 
Register (PVRI. (See Figure 5). 

interrupt remains in the MK3801. 

In order to retain historical evidence of an interrupt being 
serviced by the Z80, the In-Service Register may be enabled 
by setting the S-bit in the Pointer/Vector Register (see 
Figure 5). If the In-Service Register is enabled, the bit of the 
In-Service Register corresponding to the interrupting 
channel will be set when the interrupt vector is passed to 
the Z80. At the same time, the Interrupt Pending bit will be 
cleared since the interrupt is now in service. The In-Service 
bit will be cleared on execution of a Return-from-Interrupt 
(H'ED4D') instruction. The In-Service Registers are directly 
addressable, and the In-Service bit for any interrupt may be 
cleared by writing to the In-Service Register if the Return
from-Interrupt instruction is not used. 



INTERRUPT CONTROL REGISTER DEFINITIONS 
Figure 7 

There are sixteen interrupt channels on the STI arranged in 
the following priority: 

PRIORITY 

HIGHEST 

LOWEST 

CHANNE.L 

1111 
1110 
1101 
1100 
1011 
1010 
1001 
1000 
0111 
0110 
0101 
0100 
0011 
0010 
0001 
0000 

INTERRUPT CONTROL REGISTERS 
Figure 8 

ADDRESS 
7 

Indirect A GPIP 
Ports (IERA) 7 

Indirect B GPIP 
Port4 (IERB) 5 

7 

Port7 A GPIP 
(IMRA) 7 

Port& B GPIP 
(IMRB) 5 

7 

Port3 A GPIP 
(IPRA) 7 

Port 2 B GPIP 
(IPRB) 5 

6 

GPIP 
6 

GPIP 
4 

6 

GPIP 
6 

GPIP 
4 

6 

GPIP 
6 

GPIP 
4 

DESCRIPTION 

General Purpose Interrupt 7 (17) 

General Purpose Interrupt 6 (16) 

TimerA 
Receive Buffer Full 
Receive Error 
Transmit Buffer Empty 
Transmit Error 
Timer B 
General Purpose Interrupt 5 (15) 

General Purpose Interrupt 4 (14) 

TimerC 
TimerD 
General Purpose Interrupt 3 (13) 
General Purpose Interrupt 2 (1 2) 

General Purpose Interrupt 1 (1 1) 

General Purpose Interrupt 0 (10) 

INTERRUPT ENABLE REGISTERS 

5 4 3 2 

TIMER RCV RCV XMIT 
A Buffer Error Buffer 

Full Empty 

TIMER TIMER GPIP GPIP 
c D 3 2 

INTERRUPT MASK REGISTERS 

5 4 3 2 

TIMER RCV RCV XMIT 
A Buffer Error Buffer 

Full Empty 

TIMER TIMER GPIP GPIP 
c D 3 2 

1 ~ UNMASKED, 0 ~ MASKED 
INTERRUPT PENDING REGISTERS 

5 4 3 2 

TIMER RCV RCV XMIT 
A Buffer Error Buffer 

Full Empty 

TIMER TIMER GPIP GPIP 
c D 3 2 

WRITINGO CLEAR 
WRITING 1 UNCHANGED 
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ALTERNATE USAGE 

XMIT 
Error 

GPIP 
1 

XMIT 
Error 

GPIP 
1 

XMIT 
Error 

GPIP 
1 

TA (PW-Event) 

TB (PW-Event) 

DMA(TR)TX 
DMA(RR)REC 

0 

TIMER 
B 

GPIP 
0 

0 

TIMER 
B 

GPIP 
0 

0 

TIMER 
B 

GPIP 
0 



INTERRUPT CONTROL REGISTERS (Continued) 
Figure 8 INTERRUPT SERVICE REGISTERS 

ADDRESS 7 6 5 

Port5 A GPIP GPIP TIMER 
llSRAI 7 6 A 

Port4 B GPIP GPIP TIMER 
llSRB) 5 4 c 

TIMER A and B CONTROL REGISTER (TABCR) Port 9 
Figure 9 

TABCR 7 TABCR 0 

AC 3 I AC 2 AC1 AC0 BC3 BC2 BC 1 I BC0 

AC 3 · AC0 ; Timer A 
Control Bits 

BC 3 - BC0 : Timer B 
Control Bits 

The four control bits are used to select the timer mode and 
prescale value, as follows: 

CONTROL BIT DEFINITION 

C3 Cz c, Co 

0 0 0 0 Ti mer Stopped 
0 0 0 Delay Mode, +4 Prescale 
0 0 0 Delay Mode, -c 10 Presca le 
0 0 Delay Mode, -c 1 6 Prescale 
0 0 0 Delay Mode, +50 Prescale 
0 0 1 Delay Mode, +64 Prescale 
0 1 0 Delay Mode, +100 Prescale 
0 1 1 1 Delay Mode, +200 Prescale 

0 0 0 Event Count Mode 
0 0 1 Pulse Width Mode, +4 Presca le 
0 0 Pulse Width Mode, +l 0 Prescale 
0 1 1 Pulse Width Mode, + 1 6 Prescale 

0 0 Pulse Width Mode, +50 Prescale 
0 1 Pulse Width Mode, +64 Prescale 

0 Pulse Width Mode, -Cl 00 Prescale 
Pulse Width Mode, ~200 Prescale 

TIMER A DATA REGISTER AND TIMER B DATA 
REGISTER (TADR. TBDR) Port B & Port A 

J 0 1 J 0 0 J 0 5 J 0 4 J 0 3 J 0 2 J o, [OJ 
TIMERS 

Four timers are available on the MK3801. Two provide full 
service features 1nclud1ng delay timer operation, event 
counter operation, pulse width measurement operation, 
and pulse generation. The two other timers provide delay 
timer features only, and may be used for baud rate 
generators for use with the USART. 

All timers are prescaler/counter timers, with a common 
independent clock input, and are not required to be operated 
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4 3 2 0 

RCV RCV XMIT XMIT 
Buffer Error Buffer Error 

Full Empty 

TIMER GPIP GPIP GPIP 
D 3 2 1 

TIMER C and D CONTROL REGISTER (TCDCR) 
Indirect Port 7 
Figure 10 

TCDCR7 TCDCR 0 

TIMER A CC 2 CC, CC0 TIMER B DC2 DC, DC0 
RESET RESET 

'--v----' 
CC2 - CC0: Timer C 

Control Bits 
OC2 - DC0 : Timer D 

Control Bits 

Three control bits are used to control each timer, as defined 
below: 

CONTROL BIT DEFINITION 

Cz c, Co 
0 0 0 Ti mer Stopped 
0 0 1 Delay Mode, +4 Prescale 
0 0 Delay Mode, + 10 Prescale 
0 1 1 Delay Mode, -c 1 6 Prescale 
1 0 0 Qelay Mode, +50 Prescale 

0 1 Delay Mode, +64 Prescale 
1 0 Delay Mode, +l 00 Prescale 
1 Delay Mode, -c 200 Prescale 

TIMER C DATA REGISTER and TIMER D DATA 
REGISTER (TCDR. TOOR) Indirect, 
Port 2 and Indirect Port 1 

from the system clock. In addition. all timers have a time-out 
output function that.toggles each time the timer times out 

TIMER CONTROL REGISTERS 

The. 4 timers (A,B,C, and D) are programmed via· 2 control 
registers and 4 timer data registers. Timers A and B are 
r.ont:r•lle •.I by a single register (TABCR) and two timer data 

·,11sters iTADR,TBDR). Timers C and Dare controlled by a 
second control register (TCDCR) and two timer data 



registers (TCDR, TOOR) Bits in the control registers allow 
the selection of operational mode, prescale, and control, 
while the data registers are used to read the timer or write 
the time constant register. General Purpose 1/0 Interrupt 
pins 3 (TB) and 4 (TA) are used for timer Band A inputs in 
event and pulse width modes. Figure 9 illustrates the 
Control and Data Register for timers A and B, while Figure 
1 0 illustrates the Control and Data registers for timers C and 
D. 

USART 

Serial Communication is provided by the USART, which is 
capable of either asynchronous or synchronous operation. 
Variable word width and start/stop bit configurations are 
available under software control for asynchronous 
operation. For synchronous operation, a Sync Word is 
provided to establish synchronization during receive 
operations. The Sync Word will also be repeatedly 
transmitted when no other data is available for 
transmission. Operational modes exist to allow stripping of 
all Sync Words received in synchronous operation, and to 
allow the operation of OMA control handshake lines by the 
USART through General Purpose 1/0 Port lines 0 and 1. 
Separate receive and transmit clocks are available, and 

USART CONTROL REGISTER (UCR) Port C 
Figure 11 

UCR7 

1 = _,_ 16 
O _,_ 1 WL1 WL0 ST1 

PARITY 
ENABLED 

ON 1 

separate receive and transmit status and data bytes allow 
independent operation of the transmit and receive sections. 

USART CONTROL REGISTERS 

The USART is provided with 3 control/status registers and 
a data register. The programmer may specify operational 
parameters for the USART via the Control Register, as 
shown in Figure 11. Status of both the Receiver and 
Transmitter sections is accessed by means of the 2 Status 
Registers, as shown in .Figure 12. Data written to the Data 
Register is passed to the transmitter, while reading the data 
register will access data received by the USART. The 
USART Data Register form is illustrated in Figure 13. 

ERROR CONDITIONS 

Error conditions in the USART are determined by 
monitoring the Receive Status Register (Port DI and the 
Transmitter Status Register (Port E). These error conditions 
are only valid for each word boundary and are not latched 
When executing block transfers of data, it is necessary to 
save any errors so that they can be checked at the end of a 
block. In order to save error conditions during data transfer, 
the STI interrupt controller may be used by enabling error 

1 c EVEN 
0 =ODD 

OMA 
CONTROL 
ENABLE 

Enables output signals 
Receiver Ready (Bit 0) 
and Transmitter Ready 
(Bit 1) on the general 
1/0 Port. (See Figure 14) 

Start/Stop bit control (format control) 

ST1 ST0 Start Stop Formats 
Bits Bits 

0 0 0 0 Sync 
0 1 1 1 Async 
·1 0 1 1% Async 
1 1 1 2 Async 

•NOTE: + 16 only 

Word length Control 
WL1 Wl0 \r"Vord length 

0 0 Sbits 
O 1 7bits 
1 O &bits 
1 1 5 bits 
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RECEIVER STATUS REGISTER (RSR) Port D 
Figure 12 

RSR7 

BUFFER 
FULL 

OVERRUN 
ERROR 

PARITY 
ERROR 

FRAME FOLINO/SEARCH MATCH/CHARACTER SYNC STRIP RECEIVER 
ERROR OR BREAK DETECT IN PROGRESS ENABLE ENABLE 

TRANSMITTER STATUS REGISTER (TSR) Port E 
TSR 7 

BUFFER 
EMPTY 

UNDER RUN 
ERROR 

AUTO 
TURNAROUND 

END OF 
TRANSMISSION 

BREAK HIGH LOW TRANSMITTER 
ENABLE 

*Connects transmitter 
output to receiver input. 
In loopback mode. trans
mitter goes high when 
disabled. Also connects 
clocks with TC given 
priority. 

USART DATA REGISTER (UDR) Port F 
Figure 13 

D, 

GENERAL PURPOSE 1/0 CONTROL REGISTERS 
Figure 14 

D, D, 

H 
0 
0 
1 
1 

0 
1 
0 
1 

D, 

Serial Output State 
Hi-Z 
Low("O") 
High 
Loop• 

ACTIVE EDGE CONTROL REGISTER (AER) Indirect Port 3 

1 =RISING GPIP GPIP GPIP GPIP GPIP GPIP GPIP GPIP 
0 =FALLING 7 6 5 4 3 2 1 0 

1 =OUTPUT 
GPIP GPIP GPIP GPIP GPIP GPIP GPIP GPIP 0 =INPUT 

7 6 5 4 3 2 1 0 

GENERAL PURPOSE 1/0 DATA REGISTER (GPIP) Port 1 

GPIP GPIP GPIP GPIP 
7 6 5 4 

TIMER A 
INPUT 

interrupts (Port 5, Indirect) for the desired channel (Receive 
error or Transmit error) and by masking these bits off (Port 
7). Once the transfer is complete, the Interrupt Pending 
Register (Port 3) can be polled to determine the presence of 
a pending error interrupt,. and therefore an error. 

GENERAL PURPOSE 1/0 - INTERRUPT PORT 

The General Purpose 1/0 - Interrupt Port provide.s eight 1/0 
lines that may be operated either as inputs or outputs under 
software control. In addition, each line may generate an 
interrupt on either a positive going edge or a negative going 
edge of the input signal. 

Two of the lines in this port provide auxiliary input functions 
for the timers in the pulse width measurement mode and 
the event counter mode. Two others serve as auxiliary 
output lines for the USART, one indicating the Receive 
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GPIP 
3 

TIMER B 
INPUT 

GPIP 
2 

GPIP GPIP 
1 0 

(TR) (RR) 

Buffer Full condition (RR) and the other indicating the 
Transmitter Buffer Empty condition (TR). These may be used 
as handshake signals for a DMAcontroller or other external 
control circuitry. 

GENERAL PURPOSE 1/0 CONTROL REGISTERS 

The General Purpose 1/0 and Interrupt Port has 2 control 
registers. One allows the programmer to specify the Active 
Edge for each bit that will trigger the interrupt associated 
with that bit. The other register specifies the Data Direction 
(input and output) associated with each bit. The third 
register is the actual data 1/0 register used to input or 
output data to the port. When the USART is pr<?grammed to 
use DMA signals, this overrides the GPIPdata and the DDR. 
The General Purpose 1/0 Control and Data Registers are 
illustrated in Figure 14. 



MK3801 ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Temperature Under Bias ................................................................... -25'C to - lOO'C 
Storage Temperature ........................................................ · ............... -65'C to - 150'C 
Voltage on Any Pin with Respect to Ground ....................... , .............................. -.3 V to T 7 V 
Power Dissipation . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5 W 
Stresses above those listed under '.'Absolute Maiumum Ratings·· may cause permanenr damage 10 the de\ltee This •s a stress rat.mg only and functional operal1on of 

the device at these or any other cond1uon above those mchcated 1n the operational ~t;ons of tih1s specd1cat1on !S no11mphed Ewposure to absolule maximum ratmg 
cond1t1ons for extended periods may affect device rehab1hty 

D.C. CHARACTERISTICS 
TA = 0°C to 70°C, V cc = +5 V ± 5% unless otherwise specified. 

TEST 
SYM PARAMETER MIN MAX UN~ CONDITION 

VIH Input High Voltage 2.0 Vcc+3 v 

VIL Input Low Voltage -0.3 0.8 v 

VoH Output High Voltage ?.4 v loH=-120µA 

Vol Output Low voltage 0.4 v loL = 2.0rnA 

ILL Power Supply Current 180 rnA Outputs Open 

lu Input Leakage Current ±10 µA v,N=OtoVcc 

ILOH Tri-State Output Leakage Current in Float 10 µA Vour=2.4 to Vcq 

ILOL Tri-State Output Leakage Current in Float -10 µA Vour=0.4V 

All voltages are referenced to ground. 

CAPACITANCE 
TA = 25°C, f ~ 1 MHz unmeasured pins returned to ground. 

TEST 
SYM PARAMETER MAX UNIT CONDITION 

CIN Input Capacitance 10 pf Unmeasured 
pins 

CouT Tri-state Output Capacitance 10 pf returned to 
ground 
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A.C. CHARACTERISTICS 
TA 0°C to 70°C. Vee 15 V + 5% unless otherwise noted 

,---~----~-----------------,------~~-----~-----~--~-------

MK3801-0 
SIGNAL SYMBOL PARAMETER MIN MAX 

t\J·A3 TSAR 
& 

TsAw 

THAR 
& 

THAW 

CEWR TwL 

Tww 

TMlRD 

TRDW 

M1 

lORQ 

lEI T SIEI 

THDM1 

TSDW 

THDW 

Address setup time 
prior to falling edge of 
CEWR or CERD 

Address hold time 
after rising edge of 
CEWR or CERD 

80 

0 

CEWR pulse width low 360 
(write cycle) 

CEWR high time 
between write cycles 

CEWR high to CERD 
low 

580 

580 

CERD pulse width low 400 
(read cycle) 

CERD high time 300 
between read cycles 

Rising M1 RD to falling 225 
M1RD 

CERD high to CEWR 
low 

125 

M1 setup time prior to 800 
falling lORQ during 
interrupt acknowledge 

lORQ low time 

Setup to falling lORQ 
during interrupt 
acknowledge 

Setup prior to end of 
4D read on RETl 

Data valid prior to 
rising RD (M1 cycle) 

Data hold time after 
rising RD (M1 cycle) 

300 

140 

100 

65 

0 

Data output delay 400 
from CERD 

Data setup time to 350 
rising edge of CEWR 

Data hold time from 0 
rising edge of CEWR 

Data output delay from 300 
falling IORQ during 
interrupt acknowledge 
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MK3801-4 MK3801-6 
MIN MAX MIN MAX UNIT CONDITION 

30 15 ns 

0 0 ns 

205 175 ns Note 1 

400 300 ns 

400 300 ns 

250 215 ns Note 1 

200 190 ns 

165 95 ns 

100 75 

500 350 ns 

185 170 ns 

80 65 ns 

50 40 ns 

50 45 ns Load 
100 pf 
+ 

0 0 ns 1 TIL load 

250 215 ns 

280 175 ns 

0 0 ns 

185 170 ns 



A.C. CHARACTERISTICS (Continued) 

MK3801-0 MK3801-4 MK3801-6 
SIGNAL SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNIT CONDITION 

ToHVZ Data hold time 0 0 0 ns 
following Ml IORQ 
during interrupt 
acknowledge cycle. 

Tooz Delay to float 150 100 80 ns 

lo-17 TIPW Minimum active pulse 200 100 90 ns 
width 

T1cv Minimum time 200 100 90 ns 
between active edges 

To1w Data valid from rising 600 500 400 ns Load 
CEWR 100 pf 

+ 1 TIL 
RR TORR Delay from rising RC 710 590 545 ns 1TIL 

TR Tom Delay from rising TC 800 645 590 ns 

TAO-TOO To1W Timer output low from 600 500 400 ns Load 
rising edge of CEWR 100 pf 
(A & B)(Reset Tour) + 

Ton Tour valid from 2 tcLK 2 tcLK 2 tcLK 1 TIL load 
Internal timeout +400 +300 +250 ns 

TCLK T,CLKL Low time 130 95 75 ns 

T,CLKH High time 130 95 75 ns 

T1CKC Cycle time 300 2500 200 2500 165 2500 ns 

RESET TRSL Low time for part 3 2 1.6 µS 

reset 

IEO T DIEOH IEO delay from rising 200 130 100 ns Load 
edge of IEI 100 pf 

+ 

T DIEOL IEO delay from falling 200 130 100 ns 1 TIL load 
edge of IEI 

TDIEOM IEO delay from falling 270 190 110 ns 
edge of Ml (interrupt 
occurring just prior to 
Ml) 

rDIEOA Delay to rising IEO 1000 800 600 ns 
from rising IORQ dur-
ing interrupt acknow-
ledge 

TolEOR Delay to rising IEO 500 400 300 ns 
from rising edge of RD 
during ED fetch of 
RETI 

---t---------· -- "--.---- --- I 
INT TDRCI Time delay from 910 760 680 ns 

Receive Clock to 
interrupt from rising 
or falling edge 
of RC 
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A.C. CHARACTERISTICS (Continued) 

MK3801-0 MK3801-4 MK3801·6 
SIGNA~ SYMBOL PARAMETER MIN llll1IJr "1\llW ~ MIN MAX UNIT CONDITION 

Torc1 Time delay from 1460 980 690 ns 
Transmit Clock to 
interrupt from 
rising or falling 
edge of TC 

SI Tss1 Serial in set up time 
to rising edge of RC 80 80 55 r>S 

(Divide by one only) 

THSI Data hold time from 400 350 300 ns 
rising edge of RC 
(Divide by one only) 

so Toso Data valid from falling 420 390 345 ns 100 pf+ 1 TIL 
+ 1 edge of TC load 

so Toso Data valid from 520 490 445 ns 100 pf+ 1 
+16 falling edge of TC TILload 

TC TrcL Low time 650 500 400 ns 

TTCH High time 650 500 400 ns 

Trccv Cycle time 1.5 1.05 .85 µS 

RC TRCL Low time 650 500 400 ns 

TRCH High time 650 500 400 ns 

TRCCY Cycle time 1.5 1.05 .85 µS 

NOTE: 
1. One wa11 state must be inseted when used as a 6 MHz memory mapped device 
2. All AC. measurements are referenced to Vil max .. V1H min., Voe ~O.BV), or ~2.0 V). 
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OUTPUT LOAD CIRCUIT 
Figure 15 

FROMOUTUPT 

TEST 
POINT 

UNOER TEST 0-------<.-----+----< 

TIMING DIAGRAMS 
Figure 16 

r 
'::" 

120 µA 

R1 2.1 K 

CR 1 - CR 4 IN914 OR EQUIVALENT 

CR 1 
CL - See A.C. Characteristics 

"1" "O" 

Timing measurements are made at the following voltages, unless otherwise specified: OUTPUT 
INPUT 
FLOAT 

2.0V 
2.0V 
6V 

o.sv 
o.sv 
0.5V READ CYCLE 

Do-07 -------------------!----< 

TSAR - Address Setup Time for a Read Cycle 
T ORD Data Output Delay from CERO 
T 002 Time to Tri-State Following a Read Cycle 
THAR Required Address Hold Time Following a Read Cycle 
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WRITE CYCLE 
Figure 17 

A,,-A·-~-TSAW-~-w 

Tww CEWR High Time -n-
T SAW = Address Setup Tune for a Write Cycle 
T SDW = Data Setup Time Prior to the End of a Write Cycle 
T HDW = Required Data Hold Time Following a Write Cycle 
THAW = Required Address Hold Time Following a Wrila Cycle 

T- CEWR pulse width low 

INTERRUPT ACKNOWLEDGE CYCLE 
Figure 18 

M"1----.. 

IORO------------------~ 

T1DL IQ!IO Pulse Wid1h I.ow __ 
T SMI = M1 Setup Time prior to IORQ fqr an Acknowledge cycle 
T DOI - Access Time for Vector 
T ooz = Time to Tri-State following a Vector 
T DHVZ = Data hold time folowing M1 IORQ during interrupt acknowledge cycle 
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TIMER A.C. CHARACTERISTICS 

Definitions: 

Error Indicated Time Value - Actual Time Value 

tpsc 0 teLK x Prescale Value 

Internal Timer Mode 
Vee+ 

Single Interval Error (free running) (Note 2) .......................................................... :± 100 ns 
Cumulative Internal Error . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Error Between Two Timer Reads .................................•........................... ± (tpsc f 4 teLK) 
Start Timer to Stop Timer Error ....................................... 2 teLK ' 100 ns to -(tpsc + 6lcLK f 100 ns) 
Start Timer to Read Timer Error ................................................... 0 to -(tpsc + 6 teLK f 400 ns) 
Start Timer to Interrupt Request Error (Note 3) ........................................ -2 teLK to -(4teLK '800 ns) 

Pulse Width Measurement Mode 

Measurement Accuracy (Note 1) ....................................................... 2 teLK to -(tpsc 1 4tcLK) 
Minimum Pulse Width ............................................................................... 4teLK 

Event Counter Mode 

Minimum Active Time of 13• 14 ......................................................................... 4tcLK 
Minimum Inactive Tim11 of 13, 14 ........•............................................................... 4tcLK 

NOTES: 
Error may be cumulative if repetnively performed. 
Error with respect to Tour or INT if no1e 3 is true 

3. Assuming 11 is possible for the timer to make an inte.-rupl requesl 
immediately. 

ORDERING INFORMATION 

PART NO. DESIGNATOR PACKAGE TYPE 

MK3801N-O ZBO-STI Plastic 

MK3801N-4 ZBO-Sll Plastic 

MK3801N-6 ZBO-Sll Plastic 
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MAX CLOCK TEMPERATURE 
FREQUENCY RANGE 

2.5 MHz Oto 70°C 

4.0MHz Oto 70°C 

6.0MHz Oto 70°C 



FEATURES 

i l Real-time clock counts seconds, minutes, hours, date 
of the month, day of the week, month, and year. Ev
ery 4th year, February has 29 days. 

I I Serial 110 for minimum pin count (8 pins) 

I I 24 x 8 RAM for scratchpad data storage 

I I Simple Microcomputer interface 

I I High speed shift clock independent of crystal oscil
lator frequency 

I J Single byte or multiple byte (Burst Mode) data trans
fer capability for read or write of clock or RAM data 

I I TTL Compatible (Vee = 5V) 

I J Low-power CMOS 

I I MK3831 is available with fixed frequency operation 
(4.194304 MHz) and low power operation due to the 
disabling of CKO (Pin 1). 

GENERAL DESCRIPTION 

Many microprocessor applications require a real-time 
clock and/or memory that can be battery powered with 
very low power drain. The MK3835N is specifically 
designed for these applications. The device contains 
a real-time clock/calendar, 24 bytes of static RAM, an 
on-chip oscillator, and it communicates with the 
microprocessor via a simple serial interface. The 
MK3835N is fabricated using CMOS technology, thus 
ensuring very low power consumption. 

The real-time clock/calendar provides seconds, 
minutes, hours, day, date, month, and year information 
to the microprocessor. The end of the month date is au
tomatically adjusted for months with less than 31 days, 
including correction for leap year every 4 years. The 
clock operates in either the 24 hour or 12 hour format 
with an AM/PM indicator. 

The on-chip oscillator provides a real-time clock source 
for the clock/calendar. It incorporates a programmable 
divider so that a wide variety of crystal frequencies can 
be accommodated. The oscillator also has an output 

eKO 1[ElJ8 Vee 
X1/el 2 '. ] 7 SeLK 

MK3835N 
X2 3 I ] 6 110 

GNO 4c j 5 CE 

Figure 1. Pin Out 

PIN DESCRIPTION 

Table 1 

PIN 
NAME DESCRIPTION 3835N 

1 CKO Buffered System Clock Output 
2 X1/CI Crystal or External Clock Input 
3 X2 Crystal Input 
4 GND Power Supply Pin 
5 CE Chip Enable tor Serial 110 Transfer 
6 110 Data Input/Output Pin 
7 SCLK Shift Clock for Serial 1/0 Transfer 
8 Vee Power Supply Pin 

available that can be connected to the microprocessor 
clock input. A separately programmable divider pro
vides several different output frequencies for any given 
crystal frequency. This feature can eliminate having to 
use a separate crystal or external oscillator for the 
microprocessor, thereby reducing system cost. 

Interfacing the CLOCK/RAM with a microprocessor is 
greatly simplified using synchronous serial communi
cation. Only 3 lines are required to communicate with 
the CLOCK/RAM: (1) CE (chip enable), (2) 110 (data 
line) and (3) SCLK (shift register clock). Data can be 
transferred to and from the CLOCK/RAM one byte at 
a time or in a burst of up to 24 bytes. 

TECHNICAL DESCRIPTION 

Figure 2 is a block diagram of the CLOCK/RAM chip. 
Its main elements are the oscillator and divider circuit, 
divider control logic, the real-time clock/calendar, static 
RAM, the serial shift register, and the command and 
control logic. 
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REAL TIME CLOCK 

1/0 

SHIFT 
REGISTER r..~---~ 

EXTERNAL CLOCK INPUT 
I 

X1/CI 

0 

OSCILLATOR 
ANO 

DIVIDERS 

DIVIDER 

CONTROL 

LOGIC 

BUFFER• 
CKO 

COMMAND 
AND 

CONTROL 
LOGIC 

ADDRESS & CONTROL BUS 24 x 8 RAM 

• BUFFER DISABLED IN THE MK3831 

Figure 2. Block Diagram 

The shift register is used to communicate with the out
side world. Data on the 1/0 line is either input or output 
on each shift register clock pulse when the chip is ena
bled. If the chip is in the. input mode, the data on the 
1/0 line is input to the shift register on the rising edge 
of SCLK. If in the output mode, data is shifted out onto 
the 1/0 line on the falling edge of SCLK. 

The command and control logic receives the first byte 
input by the shift register after CE goes active. 
This byte must be the command byte and will direct 
further operations within the CLOCK/RAM. The com
mand specifies whether subsequent transfers will be 
data input or data output, and which register or RAM 
location will be involved. 

A control register provides programmable control of the 
divider for the internal clock signal, the external clock 
signal, the crystal type and mode, and the write pro
tect function. 

The real-time clock/calendar is accessed via seven dy
namic registers. These registers are seconds, minutes, 
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hours, day, date, month, and year. Certain bits within 
these registers also control a run/stop function, 12/24 
hour format, and indicate AM or PM (12 hour mode 
only). These registers can be accessed sequentially in 
Burst Mode, or randomly in a single byte transfer. 

The static RAM is organized as 24 bytes of 8-bits each. 
They can be accessed either sequentially in burst 
mode, or randomly in a single byte transfer. 

POWER UP 

A time base on the crystal input pins is necessary for 
correct power up. This time base can be provided by 
a crystal or it can be derived from another generated 
clock source. It should be noted that a delay exists be
tween power up and the correct power up state of the 
clock and control registers. 

DAT A TRANSFER 

Data Transfer is accomplished under control of the CE 



and SCLK inputs by an external microcomputer. Each 
transfer consists of a single byte ADDRESS/COMMAND 
input followed by a single byte or multiple byte (if Burst 
Mode is specified) data input or output, as specified by 
the ADDRESS/COMMAND byte. The serial data trans
fer occurs with LSB first, MSB last format. 

ADDRESS/COMMAND BYTE 

The ADDRESS/COMMAND Byte is shown below: 

7 6 5 4 3 2 1 0 
~~IRA_M_c_K~l-A4-~A-3~-A2-~-A-1~-A-o~~ 

As defined, the MSB (bit 7) must be a logical 1; bit 6 speci
fies a Clock/Calendar/Control register if logical 0 or a RAM 
register if logical 1; bits 1-5 specify the designated 
register(s) to be input or output; and the LSB (bit 0) speci
fies a WRITE operation (input) if logical O or READ oper
ation (output) if logical 1. 

BURST MODE 

Burst Mode may be specified for either the 
Clock/Calendar/Control registers or for the RAM registers 
by addressing location 31 Decimal (ADDRESS/COM-

I. SINGLE BYTE TRANSFER 

MAND bits 1-5 = logical 1). As before, bit 6 specifies Clock 
or RAM and bit O specifies read or write. 

There is no data storage capability at location 31 in either 
the Clock/Calendar/Control registers or the RAM registers. 

SCLK AND CE CONTROL 

All data transfers are initiated by CE going low. After CE 
goes low, the next 8 SCLK cycles input an AD
DRESS/COMMAND byte of the proper format. An SCLK 
cycle is the sequence of a positive edge followed by a 
negative edge. For data inputs, the data must be valid 
during the SCLK cycle. If bit 7 is not logical 1, indicating 
a valid CLOCK/RAM ADDRESS/COMMAND, the AD
DRESS/COMMAND byte is ignored as are all SCLK cy
cles until CE goes high and returns low to initiate a 
new ADDRESS/COMMAND transfer. See Figure 3. 

ADDRESS/COMMAND bits and DATA bits are input on 
the rising edge of SCLK, and DATA bits are output on the 
falling edge of SCLK. 

A data transfer terminates if CE goes high, and the 
transfer must be reinitiated by the proper AD
DRESS/COMMAND when CE again goes low. The data 
1/0 pin is high impedance when CE is high. 

'°" -····-··· fUlilI1IlfiJlJUlJLJlf1JlJlIUl __ 
crL____ _______ . __ ~ 

• 0--8~I~I~r-£Ll~0 I~ 1.~11~ 
ADDRESS,- COMMAND DATA INPUT /OUTPUT 

II. BURST MODE TRANSFER 

m, __ SlfLJ1J1JUlJ1IlJUUl Jl J1JlIUl_ 

, 0 ---<l: I , I , I , I , I , I ,' c I , I 
ADDRESS COMMAND 

: : >----·---
DATA 1'0 BYTE 1 1-~~o""'A~>A~,c0.o~,=,,°",~N~ 

NOTES 

1 ! Data input sampled while SCLK 1s high 

2) Data output changes on falling edge of clock 
3) Rising edge of fE terminates operation and resets address/command 

Figure 3. Data Transfer Summary 
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DATA INPUT 

Following the 8 SCLK cycles that input the WRITE Mode 
ADDRESS/COMMAND byte (bit 0 = logical 0), a DATA 
byte is input on the rising edge of the next 8 SCLK cy
cles (per byte, if Burst Mode is specified). Additional SCLK 
cycles are ignored should they inadvertently occur. 

DATA OUTPUT 

Following the 8 SCLK cycles that input the READ Mode 
ADDRESS/COMMAND byte (bit 0 = logical 1), a DATA 
byte is output on the falling edge of the next 8 SCLK cy
cles (per byte, if Burst Mode is specified). Note that the 
first data bit to be transmitted from the CLOCK/RAM oc
curs on the falling edge of the last bit of the command 
byte. Additional SCLK cycles retransmit the data byte(s) 
should they inadvertently occur, so long as CE remains 
low. This operation permits continuous Burst Read Mode 
capability. 

DATA TRANSFER SUMMARY 

A data transfer summary is shown in Figure 3. 

REGISTER DEFINITION 

CLOCK/CALENDAR 

The Clock/Calendar is contained in 7 writeable/readable 
registers, as defined below. 

Address Function Range (BCD) 

0 Seconds+Clock Halt Flag 00-59 
1 Minutes 00-59 
2 Hours/AM-PM/12-24 Mode 00-23 or 

01-12 
3 Date 01-28,29, 

30,31 
4 Month 01-12 
5 Day 01-07 
6 Year 00-99 

Data contained in the Clock/Calendar registers is in bi
nary coded decimal format (BDC). 

CLOCK HALT FLAG 

Bit 7 of the Seconds Register is defined as the Clock Halt 
Flag. Bit 7 = logical 1 inhibits the 1 Hz input to the 
Clock/Calendar. Bit 7 is set to logical 1 on power-up to 
prevent counting, and it may be set high or low by writ
ing to the seconds register under normal operation of the 
device. 

AM-PM/12·24 MOOE 

Bit 7 of the Hours Register is defined as the 12 or 24 hour 
mode select bit. When high, the 12 hour mode is select
ed. In the 12-hour mode, bit 5 is the AM/PM bit with logic 
high being PM. In the 24-hour mode, bit 5 is the second 
10-hour bit (20-23 hours). 

TEST MODE BITS 

Bit 7 of the Date Register and Bit 7 of the Day Register 
are Test Mode Bits utilized in testing the MK3835N. These 
bits should be logic O for normal operation. 

CONTROL REGISTER 

The Control Register specifies the crystal mode/frequen
cy to be used, the system Clock output frequency. and 
the WRITE PROTECT Mode for data protection. The Con
trol Register is located at address 7 in the 
Clock/Calendar/Control address space. 

7 6 5 4 3 2 0 

WP C1 CO X4 X3 X2 X1 XO 

CRYSTAL DIVIDER MODE 

X4 and X3 specify the Crystal frequency divider mode 
selected. 

X4 X3 Xtal Mode Primary Frequencies 

0 0 Binary 222, 221 , 220 Hz 
0 1 Microprocessor 8, 5, 4, 2.5, 2, 1.25, 1 MHz 
1 0 Baud Rate 7.3728, 3.6864, 1.8432 MHz 
1 1 Color Burst 3.5795 MHz 

CRYSTAL DIVIDER PRESCALER 

X2, X1, and XO specify a particular prescaler divider selec
tion necessary to generate a 1 Hz frequency for the 
Clock/Calendar. Refer to Table 2 for complete definition. 

SYSTEM CLOCK OUTPUT 

C1 and CO designate the system clock output frequency 
selected. The options are X, X/2, X/4, and - 2 kHz, When 
in the Binary Mode and C1, CO = '1 : the output frequen
cy is 2048 Hz. In any other mode the output frequency 
is - 2048 Hz. Refer to Table 3 for complete definition. 

WRITE PROTECT 

Bit 7 of the Control Register is the WRITE PROTECT 
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Flag, Bit 7 is set to logical 1 on power-up, and it may be 
set high or low by writing to the Control Register. When 
high, the WRITE PROTECT Flag prevents a write opera
tion to any internal register, including the other bits of the 
Control Register. Further, logic is included such that the 
WRITE PROTECT bit may be reset to a logic O by a Write 
operation without altering the other bits of the Control 
Register. 

MK3831 CONTROL REGISTER 

The MK3831 operates with the control register bits 0-6 
hardwired as shown. This results in the operating frequen
cy being fixed at 4.194304 MHz. 

7 6 5 4 3 2 0 

WP 0 0 0 0 0 

CLOCK/CALENDAR/CONTROL BURST MODE 

Address 31 Decimal of the Clock/Calendar/Control Ad-

I ADDRESS COMMAND FORMAT 

6 5 4 0 

I , Wl •· I·· I·· I •· I •0 ~ 

dress space specifies Burst Mode operation. In this mode, 
the 7 Clock/Calendar Registers and the Control Register 
may be consecutively read or written. Addresses above 
address 7 (Control Register) are non-existent; only ad
dresses 0-7 are accessible. 

RAM 

The static RAM is contained in 24 writeable/readable 
registers, addressed consecutively in the RAM address 
space beginning at location 0. 

RAM BURST MODE 

Address 31 Decimal of the RAM address space speci
fies Burst Mode operation. In this mode, the 24 RAM 
registers may be consecutively read or written. Address
es above the maximum RAM address location are non
existent and are not accessible. 

REGISTER SUMMARY 

A Register, Data Format summary is shown in Figure 4. 

II. REGISTER ADDRESS REGISTER DEFINITION POWER 
ON 

7 6 5 4 3 2 1 O r-r----'-r------'io RESET ''°" I 0 I 0 I 0 I 0 I 0 I 0 1:%1 00 "I~'-" ~I _'_'_"_'_~---~ 
MIN/ 1 I o j o j o j o [ o j , [%] oo 59 !~o ~I _rn_M_"-~----~ 

HR 1 1 1 o -1 o 1 o 1 a 1 , 1 o VJ g~-~~ 1 ~!- 1 o tW HR 1 

DATel 1 j o j o Io [ o ! i I 1 L%J 01 ·y~--~~j r, Io l100ATE I 

MONTHLEEI 0 I' I 0 I 0 N 01-12 8±1~~ 

0+ I 0 I 0 I 0 I , I 0 I , l%l 0"{'· I 0 I 0 I 0 I 0 I 0 " 

"'"I , I 0 I 0 I 0 I , I , I 0 t%l '" !~---~---~ 
co"'°' I , I 0 I 0 I 0 I , I , I , N EEJSI '· l'·I'· I'· I '0 1 

RAM 23 ! 1 I ' I , I 0 I , I ' I ,~ ~:rA1 

~R~T ! 1 I , I, I' I ' I ' I' l/;;1 

A2 (MK3B31) 

Figure 4. Microcomputer Clock/RAM Address/Command Register, Data Format Summary 
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CRYSTAL SELECTION 

The wide frequency range of crystals that can be chos
en for the Clock/RAM offers the user a large degree of 
flexibility. To aid in the selection of a suitable crystal, the 
following suggestions should be considered by the user. 
First, the MK3835 offers an output pin that will provide 
a system clock signal at either the crystal frequency, 112 
the crystal frequency, or V4 the crystal frequency. A sys
tem that requires a 4MHz clock initially may operate with 
an 8 MHz clock in the future. By applying 
an 8 MHz crystal to the Clock/RAM, a software change 

l<rAL 

v------..tOi---e----u 
AMPLIFIER AMPLIFIER 

INPUT OUTPUT 
PIN 2 c, c, PIN 3 

GND 

If it Is dltlirable to "tune" the 
oscilletor to a precise frecjuency, 
C2 may be a variable capacitor. 

C2 should be in the range of 
C1 ~C2 s2C. 

For CL= 20 pl 
C1 is typically 30 pl. 

Figure 5. Crystal Connection 

1/0 ----< 

0 

could provide the faster clock. Second, it is well known 
that, for a CMOS part, power dissipation will increase 
in direct proportion with frequency. Using a 1 MHz crys
tal and programming the CKO pin for 2048 Hz will cause 
the MK3835 to draw a minimum of power. (See Figures 
9 and 10). The crystal connection is shown in Figure 
5. If a generated clock signal is to be used as a time 
base, the connection is to Pin 2 (CKI) with Pin 3 left 
floating. 

Frequency Range Specification 

1 MHz - 8.4 MHz Parallel resonance 

F1:1ndamental mode 

CL=20pfto40pf 

AT cut 

Figure 6. Summary of Crystal Specifications 

\ ________ cOMMAN_o ______ / ,__ ___ DATA ___ __, 

INPUT INPUT 

WRITE DATA.TRANSFER (n Bits) 

Figure 7. Input Timing Diagram 
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CRYSTAL FREQUENCY SELECTION 
Table 2 

Crystal Frequency 'xrAL (MHz) 
Divider Mode X4 X3 X2 X1 XO Crystal Frequency Comments 

Binary Mode 0 0 0 0 0 8.388608 Power on condition 
0 0 0 0 1 8.388608 
0 0 0 1 0 4.194304 Hardwired in the MK3831 
0 0 0 1 1 4.194304 
0 0 1 0 0 2.097152 
0 0 1 0 1 2.097152 
0 0 1 1 0 1.048576 
0 0 1 1 1 0.032768 External Clock on Cl only 

Microprocessor Mode 0 1 0 0 0 8.000000 
0 1 0 0 1 5.000000 
0 1 0 1 0 4.000000 
0 1 0 1 1 2.500000 
0 1 1 0 0 2.000000 
0 1 1 0 1 1.250000 
0 1 1 1 0 1.000000 
0 1 1 1 1 0.031250 External Clock on Cl only 

Baud Rate Mode 1 0 0 0 0 7.372800 
1 0 0 0 1 7.372800 
1 0 0 1 0 3.686400 
1 0 0 1 1 3.686400 
1 0 1 0 0 1.843200 
1 0 1 0 1 1.843200 
1 0 1 1 0 0.921600 
1 0 1 1 1 0.028800 External Clock on Cl only 

Color Burst Mode 1 1 0 0 0 7.159040 
1 1 0 0 1 7.159040 
1 1 0 1 0 3.579520 
1 1 0 1 1 3.579520 
1 1 1 0 0 1.789760 
1 1 1 0 1 1.789760 
1 1 1 1 0 0.894880 
1 1 1 1 1 0.027965 External Clock on Cl only 

CLOCK OUTPUT SELECTION 
Table 3 

CKO 
C1 co Output Frequency Comments 

0 0 fxTAL 
0 1 fxTAL +2 Power on condition. Hardwired in the MK3831 with CKO 
1 0 fxTAL -o-4 disabled. 
1 1 =2048 Hz Frequency applies for use with Binary Mode only. Other 

operating modes produce a CKO signal approximately 
equal to 2000 Hz. 
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ELECTRICAL SPECIFICATIONS MK3835N/MK3831N 
ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee relative to GND . . . . . . . . . . . . . . . . . . . . . ................... -0.5 V to + 7.5 V 
Voltage on any pin ........................................................ -0.5 V to + Vee + .5 
Temperature under bias ......................................................... -50'C + 95'C 
Storage Temperature ......................................................... -55°C to+ 125°C 
•stresses greater than those listed under ''Absolute Maximum Ratings'' may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to Absolute 
Maximum Rating conditions for extended periods may affect device reliability. 

DC OPERATING CONDITIONS 
MK3835N-OO/MK3831N-OO O'C s TA s + 70°C, MK3835N-10/MK3831N-10 -40'C s TA s +85°C 

SYMBOL PARAMETER MIN MAX UNIT NOTES 

Vee Supply Voltage 4.5 5.5 v 1 

Vss1 Supply Voltage for Standby 1 3.5 v 1, 7 

Vss2 Supply Voltage for Standby 2 2.5 v 1, 7, 10 

DC ELECTRICAL CHARACTERISTICS 
Vee= 5V ± 10%, MK3835N-OO/MK3831N-OOO'C :5 TA :5 + 70', MK3835N-10/MK3831N-10 -40°C :5 TA :5 + 85°C 

SYMBOL PARAMETER 

lcc1 Power Supply Current 

lcc2 Power Supply Current 

lcc3 Power Supply Current 

lcc4 Power Supply Current 

Ices Power Supply Current - MK3831 

lcc6 Power Supply Current for Standby 1 

lcc1 Power Supply Current for Standby 2 

lu Input Leakage Current, SCLK and CE 

ILO Output Leakage Current, 1/0 Pin 

V1H Logic "1" Voltage, All Inputs except X1. 

VIL Logic "O" Voltage, All Inputs 

VIHX1 Logic "1" Voltage, X1 Input 

VI/OH Output Logic "1" Voltage, 1/0 Pin 

Vl/OL Output Logic "O" Voltage, 1/0 pin 

VCKH Output Logic "1" Voltage, CKO pin 

VcKL Output Logic "O" Voltage, CKO pin 

NOTES: 
~. All voltages referenced to GND. 
2. Crystal/Clock Input frequency = 8.4 MHz, fCKO = 4.2 MHzwith 30 pf load. 
3. Crystal/Clock Input frequency= BA MHz, fcKO = 8.4 MHz with 100 pf load. 
4. Crystal/Clock input frequency = 8.4 MHz, fcKO = 2084 Hz with 30 pf load. 

CAPACITANCE 
TA= 25'C 

SYMBOL PARAMETER 

C1 Capacitance on Input Pin 

C110 Capacitance on 1/0 pin 

Cx Capacitance on X1/C1 and X2 

NOTE: 1,11 
Measured as C = "'A\i' with V = 3 V, and unmeasured pins grounded 

MIN MAX UNIT NOTES 

6.0 mA 2 

10.0 mA 3 

2.0 mA 4 

600 µ.A 5 

1.5 mA 9 

200 µ.A 5 

120 µ.A 5 

-1.0 1.0 µ.A 6 

-10.0 10.0 µ.A 6 

2.2 v 1 

0.8 v 1 

3.9 8 

2.4 v 1 (loH = -100µ.A) 

0.4 v 1(1oL =3.8 mA) 

2.4 v 1(1oH=1.0 mA) 

0.4 v 1(1oL =5.0 mA) 

5. Crystal/Clock Input frequency = 1 MHz, lcKO = 2048 Hz with a 30 pf load. 
6. Measured with Vee = 5.0V, Os;V1 s5.0V, outputs in high impedance state 
7. Applied to pin 8 to retain data during a power fault. 
8. VIHXl spec. applies only to the external clock input configuration. 
9. MK3831 with Crystal/Clock Input frequency= 4.194 MHz. 
10. 0°C:s;TA:s;S0°C. 

TYPICAL MAX UNIT TEST 
CONDITION 

10 pF Note 1 

12 pF Note 1 

2.5 5 pf Note 1 
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AC ELECTRICAL CHARACTERISTICS 
Vee= 5V ± 10%, MK3835N-OO/MK3831N-OO O"C s TA s + 70~ MK3835N-10/MK3831N-10 -40"C s TA s + 85"C 

NUM SYMBOL PARAMETER MIN MAX UNIT NOTES 

1 Ix Crystal frequency 800 8400 kHz 

2 less CE to SCLK1 set up time 1.0 ,,s 1, 6 

3 tses SCLK low set up time to CE! 40 ns 1, 6 

4 lseH SCLK1 to CE! hold time 1.0 ,,s 1, 5, 6 

5 loss Input Data to SCLKI set up time 400 ns 1, 6 

6 lsoH Input Data from SCLKI hold time 200 ns 1, 6 

7 lsoo Output Data from SCLKI delay time 600 ns 1, 2, 3, 6 

8 teoz CE! to 1/0 high impedance 500 ns 1,2,3,6 

9 tswL SCLK low time 1.95 co ,,s 

10 lswH SCLK high time 1.95 co ,,s 

11 fseLK SCLK frequency DC 250 kHz 

12 tsR• tsF SCLK Rise and Fall Time 1 ,,s 4, 6 

13 teR· leF CKO Rise and Fall Time 50 ns 4, 6 

14 tewH CE high time 2.0 ,,s 

NOTES: 
1. Measured at v1H = 2IN or v1L = 0811 and 50 ns rise and fall times on inputs. 
2. Measured at v 0H = 2.4V and v 0L = OAV. 

5. tscH must follow the last rising edge of ScLK during a write cycle in order to 
allow time to complete a write to the internal register. 

3. Load Capacitance = 100 pF 6. All voltages referenced to ground. 
4. tr and tr measured from O.BV to 2.~ 

d~r~ :I SCLK 

1/0 ~< ~ i---------..;.. 

0 7 n·1 

\,_ ___ c_OMMAN_o __ __,/ '-----------:DATA ________ _ 
INPUT OUTPUT 

READ DATA TRANSFER (n Bits) 

Figure 8. Output Timing Diagram 
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ORDERING INFORMATION 

Device Order Number Vee 
MK3835N-OO 

MK3835N-10 

MK3831N-OO 

MK3831N-10 

5 v ± 10% 

5 v ± 10% 

5 v' ± 10% 

5 v ± 10% 

DC and AC Spec Sheet 

Plastic 

Basic Part Number 

le mp Package 

O"C - 70"C Plastic 

-40"C - 85 "C Plastic 

O"C , 70"C Plastic 

-40"C - 85"C Plastic 
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CHAPTER 6 - CRT CONTROLLER 





CRT CONTROLLERS SELECTION GUIDE 

Part number Description Technology Alt source CLK freq. Page 
(MHz) 

EF9345 Single chip alphanumeric and semigraphic HMOS 40 6-3 
display processor - 25/21 rows of 40 or 
80 char. - Multipage memory - Color and B/W 

EF9367 Graphic display coprocessor - Up to 512 x 1024 HMOS 40 6-49 
interlaced - 50160 Hz color and B/W 

EF9369 "Palette" circuit for selection of 16 colors HMOS 28 6-81 
among 4096 - Compatible with all display circuits 

TS68483 High performance display coprocessor HMOS 68 6-97 

TS68494 Palette and serial port controller HMOS 2 48 6-143 
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. EF9345 i•:t•M~i•UI 
COMPONENTS 

--~~- SINGLE CHIP SEMI-GRAPHIC DISPLAY PROCESSOR ·-·-
The EF9345, new advanced color CRT controller, in conjunction with an 

additional standard memory package allows full implementation of the 
complete display control unit of a color or monochrome low-<:ost terminal, 

thus significantly reducing IC cost and PCB space. 

• Single chip low-cost color CRT controller 
• TV standard compatible (50 Hz or 60 Hz) 
• 2 screen formats : 

25 (or 21 I rows of 40 characters 
25 (or 211 rows oi 80 characters 

• On-chip 128 alphanumeric and 128 semi-graphic character generator 
three standard options available for alphanumeric sets. 

• Easy extension of user defined alphanumeric or semi-graphic sets 
I > 1 K characters). 

• 40 characters/row attributes : 
Foreground and background color, double height, double width, blin
king, reverse, underlining, conceal, insert, accentuation of lower case 
characters. 

• 80 characters/row attributes : 
Underlining, blinking, reverse, color select. 

• Programmable roll-up, roll down, and cursor display 
• On-chip R, G, B, I video shift registers 
• Easy synchronization with external video source : on-chip phase compa

rator. 
• Address/data multiplexed bus directly compatible with standard micro-

computers such as 6801, 6301, 8048, 8051. 
• Addressing space: 16 K x 8 of general purpose private memory. 
• Easy use of any low cost memory components : ROM, SAAM, DRAM 
• Upward compatible with EF9340/41 chip set. 

MODEM 
EFG7515 ~ EFB7513 
EF7910 

TYPICAL APPLICATION 
Low cost personal terminal 

2Kx8to16Kx8 
memory 

I 
EF9345 

1 

L 
~ 

D 
MCU //llL1Mttttftf¢¢i1] 

EF6801 
~ 

TS6301 
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HMOS2 

SINGLE CHIP SEMI-GRAPHIC 
DISPLAY PROCESSOR 

CASES 

PSUFFIX 
PLASTIC PACKAGE 

CB-521 

• FN SUFFIX 
SURPICOP 

(PUISTIC CHIP-CARRIER) 

PIN ASSIGNMENT 

Vss 40 ADMO 

BE 39 ADM1 

WE 38 ADM2 

ASM 37 ADM3 

HVS/HS 36 ADM4 

PC/VS 35 ADM5 

B 34 ADM6 

G 33 ADM7 

R 32 AMS 

10 31 AM9 

HP 11 30 AM10 

CLK 12 29 AM11 

SYNC IN 13 28 AM12 

AS 14 27 AM13 

OS 15 26 cs 
R/W 16 25 AD7 

ADO 17 24 A06 

AD1 18 23 AD5 

AD2 19 22 AD4 

Vee 20 21 A03 



AD(0:7) 

BLOCK DIAGRAM 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- - - - - - - - - - -I 

R3 
8 

MPU ACCESS 

-----

I 
I 
I 
I 
I 

I 
I 
I 
I ~ 

_____ I~ 
-----1 

I 
I 
I 
I 
I 
I 

f
<t 
0 

TRANSCODER 

I 
I_ ADDRESS UNIT 

AM(8:13) ADM(0:7) 
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8 

ROW BUFFER 
120 x 8 

+5V -

ATTRIBUTEf--+l::J--+ 
LOGIC 

MAT 

PAT 

I 
I 
I 
I 
I 
I 
I 

1------r::-R::-Fs:-:H-:-, GE~,~~~~OR I 
1 ___________ 1 

ASM OE WE CLK 

HP 

HVS/HS 

PC/VS 

-SYNC. IN 



MAXIMUM RATINGS 

Rating Symbol Value 

Supply voltage vec 0.3 to 7.0 

Input voltage Vin" - 0.3 to 7.0 

Operating temperature range TA 0 to 70 

Storage temperature range Tstg -55to150 

Max power d1ss1pat1on Porn 0.75 

"With respect to Vss 

ELECTRICAL OPERATING CHARACTERISTICS 
(Vee= 5.0V ±5%, Vss =O, TA =Oto 70°e1 I 

Characteristic 

Unit 
Stresses above those hereby listed may cause 
permanent damage to the device. The ratings 

v are stress ones only and functmnal operation 

v of the device at these or any cond1t1ons bey-
and those 1nd1cated in the operational sections 

'e of this specification 1s not implied. Exposure 

'e 
to maximum ratmg conditions for extended 
perrods may affect device reliability. Standard 

w MOS circuits handling procedure should be 
used to avoid possible damage to the device 

Symbol Min Typ M" Unit 

,_s_u_P_P_ly_v_o_lt_ag_e ____ ---------------------+--Vee 4_75 5.25 V 

rl_n~pu_t_l_o_w_v_o_lta~g_e __________________ , __ _,_ __ V~l~L~ _ _,_ __ -_o_.3 _ _,_ ____ ____, __ o_.8 _ ____, ____ ~------' 

Input high voltage etK v1H 2.2 Vee V 
other inputs Vee 

Input leakage current 10 µA 

Output high voltage (llodd = 500 µA) 2.4 v 

Output low voltage l1oad =4 mA; AD(0:7), ADM(0.7}, AM(8:13) 
IJoad = 1 mA other outputs 

0.4 
v 

._,___ ________ _ 
Power d1ss1patwn 250 mW 

Input capacitance Cin 15 pF 
.____----------------------------+-----------+------+----

ITS I -~-----~----------------10 µA Three state (off state) input current 
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MEMORY INTERFACE 

Vee= 5.0 v ± 5 %, TA= 0° to+ 70°C. 
Clock: f;n = 12 MHz; duty cycle 40 to 60 % ; tr, tf < 5 ns 
Reference levels: V1L = 0.8 V and V1H = 2 V, VoL = 0.4 V and VQH = 2.4 V. 

I dent. 
Characteristic Symbol Min Typ number 

1 Memory cycle time 'ELEL - 500 

2 Output delay time from CLK rising edge (ASM, OE, WE) 'o - -
3 ASM high pulse width 'EHEL 120 -

4 Memory access time from ASM low 1ELDV - -

5 Output delay time from CLK rising edge 'DA - -
I ADMI0:71, AM(8:13l I 

6 Address setup time to ASM 'AVEL 30 -

7 Address hold time from ASM 'ELAX 55 -
8 Address off time 'CLAZ - -

9 Memory hold time 'GHOX 10 -

10 Data off time from OE toz - -

11 Memory OE access time 'GLDV - -

12 Data setup time (write cycle) 'DVWL 30 -

13 Data hold time {write cycle) 'WHQX 30 -

14 WE pulse width 'WLWH 110 -

Test load 

Test 
point ADM(0:71, AM(8:13) 

R 

WE 

1N916 
or equiv. c 

RL 

R 

MEMORY INTERFACE TIMING DIAGRAM 
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AD(0:7) 

100 pF 

1 Kn 

4.7 Kn 

Max Unit 

- ns 

60 ns 

- ns 

290 ns 

80 ns 

- ns 

- ns 

80 ns 

- ns 

60 ns 

150 ns 

- ns 

- ns 

- ns 

Other 
outputs 

50 pF 

3.3 Kn 

4.7 Kn 



MICROPROCESSOR INTERFACE 

EF9345 is MOTEL compatible. It automatically selects 
the processor type by using AS input to latch to state of 
the OS input. 
No external logic is needed to adapt bus control signals 
from most of the common multiplexed bus microproces
sors. 

EF9345 

AS 

OS 

R/W 

MICROPROCESSOR INTERFACE TIMING AD(0:7), AS, OS, R/W, CS 
Vee= 5.0 ± 5 %, TA= 0° to+ 70°e, CL= 100 pF on AD(0:7) 

6801/6805CT INTEL Family 

timing 1 timing 2 

AS ALE 
DS,E,¢2 RD 

R/W WR 

Reference levels : V1 L = 0.8 V and V1 H = 2 Von all inputs; VoL = 0.4 V and VoH = 2.4 Von all outputs. 

I dent. Characteristic Symbol Min 
number 

1 Cycle time icvc 400 

2 DS low to AS high (timing 1) IASD 30 

DS high or R/W high to AS high (timing 2) 

3 AS low to OS high (timing 1) IASED 30 

AS low to OS low or R/W low (timing 2) 

4 Write pulse width 'PWEH 200 

5 AS pulse width 'PWASH 100 

6 R/W to OS setup time (timing 1) IRWS 100 

7 A/W to OS hold time (timing 1) IRWH 10 

8 Address and CS setup time IASL 20 

9 Address and CS hold time 'AHL 20 

10 Data setup time (write cycle) tosw 100 

11 Data hold time (write cycle) IOHW 10 

12 Data access time from OS (read cycle) tooR -

13 OS inactive to high impedance state time (read cycle) 'OHR 10 

14 Address to data valid access time 'Ace -

MICROPROCESSOR INTERFACE TIMING DIAGRAM 'I 
(6801 / 6805CT) 

(i) 
OS 

AS 

R/W 

WRITEC ~-Y.::C.::L;:E ______ __; 

ADl0:7) 

READ CYCLE 
---------~ 

@ 

AD(0:71 
® 
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Typ Max Unit 

- - ns 

- - ns 

- - ns 

- - ns 

·- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 150 ns 

- BO ns 

- 300 ns 



MICROPROCESSOR INTERFACE TIMING DIAGRAM 2 (INTEL type) 

READ CYCLE 

•eve 

AD(0,7) -~------------< 

1ACC 

WRITE CYCLE 

ALE (Pin AS) 

AD(0,71--------------< 
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VIDEO INTERFACE R, G, B, I, HP, HVS I HS, PC I VS 
Vee = 5.0 v ± 5 %, TA= 0° to • 70°C, CLK duty cycle= 50 %, CL= 50 pF 
Reference levels : V 1 L = 0.8 V and V 1 H = 2.2 V on CLK input. V 0 L = 0.4 V and VoH = 2.4 V on all outputs. 

Set up time A, G, B, I to HP 

Hold time R, G, 8, I from HP 

Output delay from CL K edge 

CLK 

R,G,8,1, 
40 char/row 

HP 

R,G,B,I, 
80 char/row 

HVS/HS 
PC/VS 

INPUTCLK 

CLK 

Characteristic 

to 

ISU 

to 

to 

to 

Reference level V1L = 0.8 V, V1H = 2.0 V 

Characteristic 

CLK high pulse width 

CLK low pulse width 
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Symbol Min Typ Max 

1SU 10 - -

1HO 50 - -

to - - 60 

10 

to 

Symbol Min Unit 

tpwcH 30 ns 

tpwcL 30 ns 

Unit 

ns 

ns 

ns 



! 
0 

VERTICAL AND HORIZONTAL SYNCHRONIZATION OUTPUTS ICLK = 12 MHz! 

!---:--------___ 6~"" -------- --------i 
! 4.Sµs 4.5µ.s; 

HORIZONTAL SYNCHRO 

HVS-~~~~~~~~~--i 
---i -1 

Odd frame 1 /2 pulse : Even frame 1 /2 pulse J 

R.G.B,I 

VERTICAL SYNCHRO 

NON INTERLACED 

HVS ITGS4 = 1) 

TGSQ =0 

TGSQ = 1 

VS ffGS4 =0) 

INTERLACED 

Even frame 

HVS ITGS4 = 1) 

Odd frame 

Vol 

2 lines 

40 char./row 
80 char.trow 

Blanking 25 Imes 

25 lines 

-----------~--------

32 µs I 

I 
H blanking I Margin 

10µs t 6µs 

9.96 µs i 6 µs 

Margin I H blanking 

.6 ,,. _L~f· 
~04µs 

312 lines(TGSo =Ol ~I 

Margin 16 lines page 250 lines 

10 linas 210 lines 14 lines 3 lines 

I ---- - - -LILJLJLrlj 
I 

----------------------------------~ 

W,.:;_ 312.5 lines (TGSo = 0) 
-----+~-~------~~~~-----

I _____ ___, 
262.5 lines ITGSQ = 1) 

Even frame -

VS (TC'.S4 =0) 

~- ~ 



EF9345 PIN DESCRIPTION 

All the input/output pins are TTL compatible. 

MICROPROCESSOR INTERFACE 

NAME PIN N' FUNCTION DESCRIPTION 
TYPE 

AD(0:7) 1/0 17-19 Multiplexed These 8 bidirectional pins provide communication with the micro-
21-25 Address/Data processor system bus. 

bus 

AS I 14 Address Strobe The falling edge of this control signal latches the address on the 
AD(0:7) lines, the state of the Data Strobe IDS) and Chip Select 
(CS) into the chip. 

OS I 15 Data Strobe When this input is strobed high by AS, the output buffers are 
selected while OS is low for a read cycle (RiW = 1). 
In write cycle, data present on AD(0:7) lines are strobed by R/W 
low (See Timing Diagram 2). 
When this input is strobed low by AS, R/W gives the direction of 
data transfer on AD(O :7) bus. OS high strobes the data to be written 
during a write cycle (R/W = 0) or enables the output buffersduring 
a read cycle (R/W = 1 ). (See Timing Diagram 1). 

R/W I 16 Read I Write This input determines whether the internal registers get written or 
read. A write is active low ( "0"). 

cs I 26 Chip Select The E F9345 is selected when this input is strobed low by AS. 

MEMORY INTERFACE 

ADM(0:7) 1/0 40-33 Multiplexed Lower 8 bits of memory address appear on the bus when ASM is 
Address/Data high. It then becomes the data bus when ASM is low. 

bus 

AM(8:13) 0 32-27 Memory These 6 pins provide the high order bits of the memory address. 
Address bus 

5E 0 2 Output Enable When low, this output selects the memory data output buffers. 

WE 0 3 Write Enable This output determines whether the memory gets read or written. 
A write is active low I "O"). 

ASM 0 4 Memory This signal cycles continuously. Address can be latched on its falling 
Address Strobe edge. 
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VIDEO INTERFACE 

NAME PIN 
TYPE 

No FUNCTION DESCRIPTION 

R 0 7 Red These outputs deliver the video signal. They are low during the ver-
G 0 8 Green tical and horizontal blanking intervals. 
B 0 9 Blue 

I 0 10 Insert This active high output allows to insert R:G:B in an external video 
signal for captioning purposes, for example. It can also be used as a 
general purpose attribute or color. 

r---· 
HVS/HS 0 I 5 Sync. Out This output delivers either the composite synchro (bit TGS4 = 1) 

or the horizontal synchro signal (bit TGS4 = 0). 

PC/VS 0 6 Phase Comparator/ When TGS4 = 1, this signal is the phase comparator output. When 
Vertical Sync TGS4 = 0, this output delivers the vertical synchro signal. 

SYNC IN I 13 Synchro In This input allows vertical and/or horizontal synchronizing the 
EF9345 on an external signal. It must be grounded if not used. 

HP 0 11 Video Clock This output delivers a 4 MHz clock phased with the R, G, B, I signals. 

OTHER PINS 

CLK I 12 Clock Input E xterna1 TTL clock input. (Nominal value: 12 MHz, duty cycle: 
50%). 

vss s 1 Power Supply Ground. 

Vee s 20 Power Supply + 5 v. 
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GENERAL OPERATION 

The EF9345 is a low cost, semigraphic, CRT controller. 

It is optimized for use with a low cost, monochrome or 
color TV type CRT (64 µs per line, 50 or 60 Hz refresh 
frequency). 

The E F9345 displays up to 25 rows of 40 characters or 25 
rows of 80 characters. 

The on·chip character generator provides a 128 standard, 
5 x 7, character set and standard semigraphic sets. 

More user definable (8 x 10) alphanumeric or semigraphic 
sets may be mapped in the 16K x 8 private memory ad
dressing space. 

These user definable sets are available only in 40 charac
ters per row format. 

MICROPROCESSOR INTERFACE 

The EF9345 provides an 8-bit, address/data multiplexed, 
microprocessor interface. 

It is directly compatible with popular (6801, 6805CT, 
8048, 8051, 8035 ... ) microprocessors. 

REGISTERS 

The microprocessor directly accesses 8 registers : 

• RO : Command/status register 
• R 1, R2, R3 : Data registers 
• R4, R5 } : Each of these register pairs points into the 

R6, R7 private memory. 

Through these registers, the microprocessor indirectly ac
cesses the private memory and 5 more registers : 

• ROR, DOR : Base address of displayed page memory 
and of used external character generators. 

• PAT, MAT, TGS : Used to select the page attributes 
and format, and to program the timing generator option. 

PRIVATE MEMORY 

The user may partition the 16K x 8 private memory ad
dressing space between : 

• pages of character codes (2K x 8 or 3K x 8), 
• external character generators, 
• general purpose user area. 

Many types of memory components are suitable : 

• ROM, DRAM or SRAM, 
• 2K x 8, BK x 8, 16K x 4 organizations, 
• Modest 50ff ns cycle time and 250 ns access time is 

required. 

40 CHARACTERS PER ROW : CHARACTER CODE 
FOR MA TS AND A TIRIBUTES 

Once the 40 characters per row format has been selected, 
one character cQde format out of three must be chosen : 
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• 24-bit fixed format : 
All the attributes are provided in parallel. 

• 8/24-bit compressed format : 
All the attributes are latched. 

• 16-bit fixed format : 
Some parallel attributes, others are latched. 

The 16-bit fixed format is compatible with EF9340/41 
CRT controller. 

Character attributes provided : 

Background and foreground color (3 bits each). 
Double height, double width, 
Blinking, 
Reverse, 
Underlining, 
Conceal, 
Insert, 
Accentuation of lower case characters 
3 x 100 user definable character generator in memory 
8 x 100 semi-graphic quadrichrome characters. 

80 CHARACTERS PER ROW FORMAT: CHARACTER 
CODE FORMAT AND ATTRIBUTES 

Two character code formats are provided : 

• Long (12 bits) with 4 parallel attributes: 

- Blinking, 
- Underlining, 
- Reverse, 
- Color select. 

• Short ( 8 bits) : no attributes. 

TIMING GENERATOR 

The whole timing is derived from a 12 MHz main clock in
put. 

The RGB outputs are shifted at 8 MHz for the 40 charac
ter/row format and at 12 MHz for the 80 character/row. 

Besides, the user may select ; 

• 50 Hz or 60 Hz vertical sync. frequency, 
• Inter laced or not, 
• Separated or composite vertical and horizontal sync. 

outputs. 

Furthermore, a composite sync. input allows, when it is 
required; 

• An on-chip vertical .resynchronization, 
• An on-chip crude horizontal resynchronization, 
• An off-chip high performance horizontal resynchroni

zation by use of a simple external VCXO controlled by 
the on-chip phase comparator. 



MEMORY ORGANIZATION 

LOGICAL AND PHYSICAL ADDRESSING 

The physical 16-Kbyte addressing space is logically parti
tioned by EF9345 into 40-byte buffers (Figure 1). More 
precisely, a logical address is given by an X, Y, Z triplet 
where: 

• X = (0 to 39) points to a byte inside a buffer, 
• Y = (0, 1 ; 8 to 31) points to a buffer inside a 1 Kbyte 

block, 
• Z = ( 0 to 15) points to a block. 

Obviously, 1 K = 210 = 1024 cannot be exactly divided 
by 40. Consequently, any block holds 25 full buffers and 
a 24-byte remainder. Provided that the physical memory 
is a multiple of 2 Kbytes, the remainders are paired in such 
a way as to make available : 

• a full buffer (Y = 1) in each even block, 
• a partial buffer (Y = 1 ; X = 32 to 39) in each odd 

block. 

FIGURE 1 - MEMORY ROW BUFFER 

y 

x 
0 32 39 

l DISTRICT l 
0 1 

0 
1 
8 

1 
0 
1 
8 

1 
0 
1 
8 

1 
0 
1 
8 

1 
0 

} BLOCKO{ 
11 Kbytel 

~ DISTRICT !l 

x 

H 
120-BYTE ROW BUFFER 80-BYTE ROW BUFFER 

• Row buffers lay inside a district. 
• At two or three successive block addresses (modulo 4). 
• First block address is even. 

POINTERS 

Each X, Y and Z component of a logical address is binary 
encoded and packed in two 8-bit registers. Such a register 
pair is a pointer (Figure 2). EF9345 contains two pointers: 

• R4, R5 : auxiliary pointer, 
• R6, R7 : main pointer. 

R5 and R7 have the same forinat. Each one holds an X 
component and the two LSB'~ of a Z component. This 
packing induces a partitioning of Z in 4 districts of 4 
blocks each. 

R5, R7 points to a block number in a district. R4 and R6 
have a slightly different format : Each one holds a Y com
ponent and the LSB of the district number. But R6 holds 
both district MSB. 

Figure 3 gives the logical to physical address transcoding 
scheme performed on chip. 

FIGURE 2 - POINTER AUTO INCREMENTATION 

Y =10,1 ;8to31) 

I d1 I d'1 I dO I 4 I 3 I 2 11 lo R6 

MAIN 
X "'Oto39 POINTER 

I bO I bl 5 4 3 2 11 lo R7 

Y' = (0, 1 ; 8 to 31 I 

-i-id'Oi413 l2 1 1 10 R4 

X' =Oto39 

I b'Oi b'1 I 4 3 11 Io 

X incrementation 
Modulo 40 
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Y incrementation 
Modulo 24 

R5 

AUXILIARY 

POINTER 

Z =(Oto 15) 

Z incrementation/ 
decrementation 

Modulo 4 on the 
block number only 



DATA STRUCTURES IN MEMORY 

A page is a data structure displayable on the screen up 
to 25 rows of characters. According to the character code 
format, each row on the screen is associated with 2 (or 3) 
40-byte buffers. This set of 2 (or 3) buffers constitutes a 
row buffer (Figure 1 ). The buffers belonging to a row buf
fer must meet the following requirements: 

• they have the same Y address, 
• they have the same district number, 
• they lie at 2 (or 3) successive (modulo 4) block addres-

ses in their common district. 

Consequently, a row buffer is defined by its first buffer 
address and its format. 
A page is a set of successive row buffers : 

• with the same format, 
• with the same district number, 
• with the same block address of first buffer. This block 

address must be even. 
• lying at successive (modulo 24) Y addresses. 

Consequently, a page should not cross a district boundary. 
General purpose memory area may be used but should res
pect the buffer or row buffer structure. See Figure 2 for 
pointer incrementation implied by these data structures. 

MEMORY TIME SHARING (See Figure 4) 

The memory interface provides a 500 ns cycle time. That 
is to say a 2 Mbyte/s memory bandwidth. This bandwidth 
is shared between : 

• reading a row buffer from memory to load the internal 
row buffer (up to 120 bytes once each row), 

• reading user defined characters slices from memory (1 
byte each µs), 

• indirect microprocessor read or write operation, 
• refresh cycles to allow DRAM use, with no overhead. 

A fixec allocation scheme implements the sharing. 

Notes on Figure 4. 

1. Dummy cycles are read cycles at dummy addresses. 

2. RFSH cycles are read cycles performed by an 8-bit 
auto-incrementing counter. Low order address byte 
ADM(0:7) cycles through its 256 states in less than 
1 ms-

3. The microprocessor may indirectly access the memory 
once every µs, except during the first and the last line 
of a row, when the internal buffer must be reloaded. 

During these lines, no microprocessor access is provided 
for 104 µs ; this hold too when no user defined character 
slices are addressed. 

FIGURE 4 - MEMORY CYCLE ALLOCATION 

-4------- 40 µs ____ _, ____ 24 µs _____., 

_r ____ _ 

312 I 262 -t----~-------------; 
TV LINES 

ACTIVE 
DISPLAY 

TIME J £g~1~!s 
____ j_ ___ ~-~-~ 

INACTIVE LINE 
I 

RFSH: OUM I µP µP 

I I 
LAST ROW LINE uos I LO LO LO 

I 
Fl AST ROW LINE uos I 

I 
LO AFSH µ? 

OTHER ROW LINE 
I uos I µ? AFSH µ? 

4--1µ.s-~ 1 µ.s___.. 

------40µs .....___ 24 µ.s----. 
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I ONE AOW=10TV LINES 

MEMORY CYCLE 

OUM : dummy cycle 

µ.P; indirect access to memory 

AFSH : refresh cycle 

UOS: slice read cycle 

LO : read cycle to load the internal 
row buffer. 



FIGURE 3 - LOGICAL TO PHYSICAL ADDRESS TRANSCODING PERFORMED ON·CHIP 

z 1010151 y (0,1 ;81031) X (01039) 

LOGICAL ADDRESS 3 1 lo 14 3 I 2 I 1 I 0 I 14 13 12 11 lo I 
TRANSCODlf'IG ---------

PHYSICAL ADDRESS I 13 112 111 i 10 I 9 8 I 7 I s 5 14 13 i 2 11 10 AM 

X andY PHYSICAL ADDRESS AM (3 :10) 

CONDITION 10 9 8 7 6 5 4 3 

X5 =o bO Y4 Y3 Y2 Y1 YO X4 X3 
y;;. 8 

X5 =1 bO 0 0 Y2 Y1 YO Y4 Y3 

YO =O bO 0 0 X5 X4 X3 0 0 

JbO =O 
X3 0 0 I Xs X4 0 0 

y < 8 YO =1 
bO = 1 I 0 0 I X5 X4 0 0 

SCREEN FORMAT AND ATTRIBUTES 

The screen format and attributes are programmed through 
5 indirectly accessible registers : ROR, TGS, PAT, MAT 
and DOR. IND command allows accessing these registers. 
TGS is also used to select the timing generator options 
(see Screen Format Table). 

ROW AND CHARACTER CODE FORMAT PAT7; 
TGS(6:7) 

Two row formats and 5 character code formats are available 
but cannot be mixed in a given screen. DOR register inter· 
pretation is completely row format dependant and is dis· 
cussed in the corresponding 40 char/row and 80 char/row 
section. 

SCREEN PARTITION· PAGE POINTER ROR 
(See top of the Screen Format Table) 

The screen is partitionned into 3 areas : 

• the margin, 
• the service row, 
• the bulk of remaining rows. 

MAT(0:3) declares the color of the margin and the value 
iM of its insert attribute. 
ROR register points to the page to be displayed and gives 
the 3 MSB's of the Z address : Zo = 0 implicitly ; the page 
block address must be even. YO R gives the first row 
buffer to be displayed at the top of the bulk area. The 
next row buffers to be displayed are fetched sequentially 
by incrementing the Y address (modulo 24). This address 
never gets out of the origin block. Incrementation of YO R 
by the microprocessor yields a roll up. 

SERVICE ROW: TGS5 · PATo 

The service row is displayed for 10 TV lines on top of the 
screen and does not roll. Following TGS5, it is fetched 
from the origin block at either Y = 0 or Y = 1. The Y = 1 
is a partial row buffer. It can be used only with variable 
40 char.trow and an 8 byte attribute file. The service row 
may be disabled by PATo = O ; it is then displayed as a 
margin extension. 

BULK: TGSo; PAT(h2); MAT7 

It is displayed after the service row for 200 or 240 TV 
lines according to TGSo. Each row buffer is usually dis
played for 10 TV lines. However, MAT7 = 1 doubles this 
figure. Then every character appears in double height 
(double height characters are quadrupled). 

PAT1 = 0 and/orPAT2 = Odisablesrespectivelytheupper 
120 lines and/or the lower 80/120 lines of the bulk. 
When disabled, the corresponding TV lines are displayed 
as a margin extension. 

CURSOR MAT(4:6) 

To be displayed wjth the cursor attributes, a character 
must be pointed by the main pointer (RS, R7) and MATS 
must be set. The cursor attributes are given by MAT(4:5) : 

• Complementation : 
the R, G and B of each pixel is logically negated. 
R,G,B - R,G,ii 
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• Underline: 
the underline attribute of this character is negated. 

• Flash: 
the character is periodically displayed with, then with
out, its cursor attributes (50 % I 50 % ; :::: 1 Hz). 

FLASH ENABLE (PAT5) -CONCEAL ENABLE (PAT3) 

Any character flashing attribute is a "don't care" when 
PA Ts= 0. When PA Ts= 1, a character flashes if its flash
ing attribute is set. It is then periodically displayed as a 
space (50 % I 50 % ; :::: 0.5 Hz). 

PAT3 is a "don't care" for 80 char./row formats. When any 
40 char./row format is in use : 

• if PAT3 = 0, the conceal attribute of any character is a 
don't care, 

• if PAT3 = 1, the conceal attribute of each character is 
interpreted : a .concealed character appears as a space 
on the screen. 

INSERT MODES: PAT(4:5) 

During retrace, margin and extended margin periods, the I 
output pin delivers the value of the insert margin attribute. 
I= iM = MAT4. 

During active line period, the I output state is controlled 
by the Insert Mode and i, the insert attribute of each 
character. The I output pin may have several uses : (See 
figure below) : 

• As a margin/active area signal in the active area mark 
mode. 

• As a character per character marker signal in the charac
ter mark mode. 

• As a video mixing signal in the two remaining modes, 
provided that EF9345 has been vertically and horizon
tally synchronized with an external video source : the I 
pin allows mixing RGB outputs (1=1) and the external 
video signal (1=0). This mixing can be achieve by 
switching or ORing. It may occur for the complete cha
racter window (Boxing Mode) or only for the foreground 
pixels (Inlay Mode). 

Video outputs during active periods 

CHAR. LEVEL OUTPUTS 
INSERT MODE 

i PIXELS 111 I R,G,B 121 

ACTIVE AREA MARK - - 1 x 
0 - 0 x 

CHARACTER MARK 1 1 x -

0 - 0 BLACK 
BOXING 1 - 1 x 

0 - 0 BLACK 

INLAY BACKGND 0 BLACK 
1 FOREGND 1 x 

TIMING GENERATOR OPTIONS: TGS(0:4) 

TGS(O:l) select the number of lines per frame: 

TGS1 TGSo 

0 0 

0 1 

1 0 

1 1 

LINES 

312 

262 

312.5 

262.5 

} NON INTERLACED 

} INTERLACED 

NOTES·: 
(11 PIXEL TYPE 
- : Don't care 

FOREGND: A foreground pixel is: 

•Any pixel of a quadrichrome character. 
•A pixel of a bichrome character generated from a "1" in 

the character generator cell. 

(21 RGB OUTPUTS 

X : Not affected 

BLACK: forced to low level. 

When they are out of phase, the line period is lengthened 
by 1 clock period(:::: 80 ns). 

TGS4 controls the SYNC OUT pins configuration : 

TG84 

1 

0 

HVS/ HS PC/VS 

COMPOSITE SYNC PC 

HSYNC OUT VSYNC OUT 

r-----------------------------
1 
I 
I 
I ~ 

The composite incoming SYNC IN signal is separated into SYNC IN-l>D---..i D 01---.......,~D 

2 internal signals : 

• Vertical Synchronization In (VSI), 
• Horizontal Synchronization In (HSI). 

TGS3 enables VSI to reset the internal line count. SYNC 
HVS/HS+-C:J+-t 

HS 
vs 

IN input is sampled at the beginning of the active area of CLK-Kl---t>I 
each line. When the sample transits from 1 to 0, the line 
count is reset at the end of the current line. 

TGS2 enables HSI to control an internal digital phase lock 
loop. HSI and on-chip generated HS Out are considered as 
in phase if their leading edges match at ± 1 clock period. 

I L----------------------------
PC is the output of the on-chip phase comparator. 
An external VCXO allows a smoother horizontal phase 
lock than the internal scheme. 
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SCREEN FORMAT TABLE 

MEMORY '!" 

.. o _______ 3_9..,¥ ?.~~n~K ORIGIN 

0 .0: 
MARGIN 

TG% ,-----------
SERVICE ROW 

-·--------~--~ 
8 

BULK 
~).#·1----Y_O_R_IG_l_N __ ~ 

'"====::!;====1---------,.,.- Y ORIGIN+ 1 YOR-1-
YOR + 1 ___... ~---------! I I 31 ______ _ 

+ I 
I 
I 
\ 

\ 

', .............. ____ .,.,..,,,,. 

CHAR CODE PAT7 

40 CHAR LONG 0 

40 CHAR VAR 0 

40 CHAR SHORT , 
80 CHAR LONG 0 

80 CHAR SHORT 0 

INSERT MODE 

INLAY 

BOXING 

CHARACTER MARK 

ACTIVE AREA MARK 

CURSOR DISPLAY MODE 

FIXED COMPLEMENTED 

FLASH COMPLEMENTED 

FIXED UNDERLINED 

FLASH UNDERLINED 

TGS7 TGSs 

0 0 

0 , 
0 0 , 1 

1 0 

PAT5 PAT4 

0 0 

0 1 

1 0 

1 , 

MAT5 MAT4 

0 0 , 0 

0 , 
, , 

I i '-~ ,/ 

7 6 5 

• 
I 

I 
1 

6 

ROR (r = 7) 

l Origin row address 

~---. YOR =(8 to31) .. Block origin (even) 

~ Service row select 
~-------• 1 (Y = 1/0) 

• 
5 4 

4 0 

I 

TGS (r= 1) 

525/625 lines 

Interlaced 

Horizontal resync enable 

Vertical resync enable 

Sync out pins configuration 

l 1 : Composite sync + 
phase comparator 

0 : V sync + H sync 

PAT (r= 3) 

!T~ 
Service row enable 

Upper bulk enable 

Lower bulk enable .. Conceal enable 

Flash enable 

6 4 3 2 , 0 

MAT (r= 2) 

11 --..- l~_-. __ L-.. Margin color l L_ • Margin insert 

: 
Cursor display enable 

_ Double height .. 
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NOTI : PROGRAMMING BIT VALUE 

1 =True 
O =False 



40 CHAR/ROW CHARACTER CODES 

To display pages in 40 character per row format, one out 
of three character code formats must be selected : 

• Fixed long (24 bits) code : all parallel attributes. 
• Fixed short (16 bits) code: mix of parallel and latched 

attributes. 
• Variable (8/24 bits) code : all latched attributes. 

Fixed short and variable codes are translated into fixed 
long codes by EF9345 during the internal row buffer 
loading process. The choice of the character code format 
is obviously a display flexibility/memory size trade off, 
left up to the user. 

FIXED LONG CODES 

This is the basic 40 char./row code. Each 8 pixels x 10 li
nes character window. on the screen is associated with a 

3-byte code in memory, namely the C, B and A bytes 
(Figure 5). A row on the screen is associated with a 120 
byte row buffer in memory. 

3-byte code structure 
1. C7 is a don't care. Up to 128 characters may be addres

sed in each set. Each user definable set holds only 100 
characters : C byte value ranges from 00 to 03 and 20 
to 7F (hexa). 

2. 8(4:7) give the type and set number of the character. 

3. All the bichrome characters have the same attributes 
except that alphanumerics may be underlined, semi
graphics cannot. Accentuated alphanumerics allow or
thogonal accentuating of any one of the 32 lower case 
ROM characters with any of 8 accents (see Figure 19). 

BICHROME CODE 

6 5 4 3 2 

FIGURE 5 - 40 CHAR/ROW FIXED LONG CODES 

QUADRICHROME CODE 

o 

L-"--"---'---'--L ..LI m__,_I H__,__I .....JI B BYTE 

T ~T L1nsert 

~ Double heigth 

Conceal 

Double width 

.., type and set 

I N I e1 1 G1 1 R1 I Bo 1Go 1 Ro I A BYTE 
'-;--'=:::!:::::;;;!=1-.-'::::::!:~~ l '-------. Background color Co 

'-------~ ... Flash (Blink) 

'-----------~• Foreground color C1 

L------------~~ Negative (Reverse video) 

TYPE AND SET 

CODE : 8(4:7) 

7 6 5 4 

1 0 
0 1 1 

0 0 u 
N 
D 

0 E 
0 R 

1 
1 L 

I 
N 

0 0 E 

1 0 
1 0 1 1 

1 x x 

NOTA : Programming bit value 
1 =True 
0 =False 

NUMBER OF CHARACTER 

PER SET 

C(0:6J 

128 standard mosaics 
32 strokes 

128 alphanumerics 

Accentuated lower case alpha 

100 alpha UDS 

100 semi-graphic UDS 
100 semi-graphic UDS 

8 sets of 100 

quadrichrome character 
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65432 o 

T~~,_, ~ Low Resolution 

Subset index 
(low resolution only) 

Set number 

4 COLOR PALETTE 
I I I I 

SET SET CELL 

NAME TYPE LOCATION 

G10 

G11 
SEMI-GR. 

Go B ON-CHIP 
I ROM 
c 
H 

G20 ALPHA R 
G21 0 

M 
G'o E 

G"10 
G'11 

SEMI-GR. EXTERNAL 
MEMORY 

Co 
to QUADRICHROME 

07 



4. Bichrome and quadrichrome characters use two diffe
rent coloring schemes. 

For bichrome characters. character code byte A defines 
a two color set by giving directly two color values (Fi
gure 6). The negative attribute exchanges the two values. 
Each bit of the slice byte selects one color value out of 
two. 

The "A" byte in a quadrichrome character code defines 
an ordered 4 color set (Figure 7). When more than 4 
bits are set, higher ranking bits are ignored. When 
less than 4 bits are set, the color set is completed with 
implicit "white" value. The slice byte is shifted 2 

bits at once at half the dot frequency (::: 4 MHz). 
Each bit pair designates one color out of the 4 color 
sets. 

Quadrichrome characters allow displaying up to 4 dif
ferent colors (instead of 2) in any 8 x 10 window at 
the penalty of an halved horizontal resolution. 
By programming the R attribute in byte B, one may 
chose to keep the full vertical resolution (1 slice per 
line) or to halve it (each slice is repeated twice). In any 
case, it is possible to change the color set freely from 
window to window and to mix freely all the character 
types. So, fairly complex pictures may be displayed at 
low memory cost. 

FIGURE 6 - COLORING WITH BICHROME CHARACTERS 
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FIGURE 7 - COLORING WITH QUADRICHROME CHARACTERS 
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Handling long codes 

The KRF command allows an easy X. Y random access or an X sequential access to/from the microprocessor 
from/to a memory row buffer (Figure 8). 

FIGURE 8 - FIXED LONG CODES IN MEMORY 120 BYTE ROW BUFFER 
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VARIABLE CODES 

In many cases, successive characters on screen belong to 
the same character set and have the same attributes. 
Variable codes achieve memory saving by storing B and 
A bytes only when it is required by exploiting the C7 bit. 

C7 = 1 This is a long 3-byte code. 
Character set and attribute values are completely rede
fined by B and A bytes. 

Cl = 0 Th is is a short 1-byte code. 
Character set and attributes value are identical to the 
previous code. 

A further saving comes from the fact that an accentuated 
alphabetic character is, more often than not, followed by 
a not accentuated alphabetic character. 
So, G2Q or G21 sets are processed as one-shot escape with 
return to Go. For normal operation, variable codes should 
obey the following rules : 

• the first character code of any row (X = 0) should be 
long, 

• a character code may be short when it has the same 
attributes as the previous character code and belongs 
to the same set. 
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However: 

- any code belonging to G2Q or G21 must be long and 
must be repeated if the character is double width, 

- a code belonging to Go following a G2o or G21 code 
may be short. 

Handling the variable codes 

During the display process, a row of variable code should 
be laid in an 80/120 byte row buffer. The first buffer holds 
the C bytes. The second buffer holds the B, A file provi
ding up to 20 long codes per row. (Figure 10).1 n the excep
tionnal case when this is not enough, the second buffer 
overflows in the third one. Every code may then be long. 
Variable codes can almost always achieve a memory saving 
over long fixed codes and can never be worse. 

The KRV command gives a very easy sequential access to/ 
from a row buffer from/to the microprocessor. This com
mand automatically updates the C byte and the B, A file 
pointers (the last one when C7 is set). 



FIGURE 9 - EXPANSION/COMPRESSION MOVE 
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Random access to a variable code is obviously not as easy. 
The EXP, KRE are CMP commands are designed to faci
litate this task (Figure 9). 

The EXP command translates a full row of variable codes 
into a row of expanded codes. Expanded codes are 
generally not displayable but very similar to the long 
codes. 

KRE gives a random access to an expanded code and 
makes it appear as a regular long code. 

The CMP command translates a full row of expanded code 
into a row of variable codes and minimizes the file size in 
the process. 

These commands use a buffer pair as working area. 
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FIGURE 10 - VARIABLE COOES IN MEMORY 
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FIXED SHORT CODES • G'11 and quadrichrome sets cannot be reached, 
These fixed 16-bit codes are compatible with EF9340/41 
display controllers. They achieve memory saving by 
another way. They may be easier to handle than variable 
codes. The penalty is in lesser display capabilities : 

• some attributes are latched and can be changed only 
while displaying a space (delimiter code). 

The KRG command allows an easy access from/to an 
80-byte row buffer in memory to/from the microproces
sor (Figure 11 ). Figure 12 gives the fixed short to fixed 
long translation process which occurs for each row - while 
loading the internal row buffer - before display. 

• accentuated character sets are no longer available: accen
tuated characters must be individually provided by the 
character generators, 

FIGURE 11 - FIXED SHORT CODES IN MEMORY BO BYTE ROW BUFFER 
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FIGURE 12 - FIXED SHORT CODE TO FIXED LONG CODE TRANSLATION 
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NOTES 

11 Translation process 

The translation process operates through 3 elementary operations : 

: Don't care 
: Insert 

m : Conceal 
F : Flash 

N : Negative 
U : Underline 
X : Character code 
DEL : Delimitor 

• Field-to-field : a character code or an attribute value (i.e: Co. flashing) is directly loaded from short to long code. 

L : Double width 
H : Double height 
Co : Background color 
C1 : Foreground color 

D Latched attribute 

• Field-to-constant the decoding of a short code forces the value of the equivalent long code attribute. For example, semigraphic short characters forces normal size 
(H = 0, L = 0) attributes. 

• Latched attributes: at the beginning of each row, these attributes are reset(no underline, not concealed, no insert, black background). Then, they keep their current 
value until modified by either a field to field or field to constant operation. • 

2/ EF9340/41 compatibility 

It is binary code compatible with few exceptions : 
• flashing attribute is negated, 
• A7 is negated in delimitors. 

It is also display compatible with 2 exceptions concerning the underlining : 
• an alphanumeric belonging to G'o may be underlined, 
• any alphanumeric following a semigraphic cannot be underlined. 



USER DEFINED CHARACTER GENERATOR IN ME
MORY: DOR REGISTER in one 40-byte buffer (Figure 131. However, 5 bytes of a 

low resolution quadrichrome cell are enough to fill up the 
window. In this case, 8 character cells can be packed in 
one 40-byte buffer. 

With 40 char./row, the elementary window dimensions on 
the screen are 10 slices x 8 pixels. Thus, a character cell 
holds 10 bytes in memory and 4 character cells are packed 

FIGURE 13 - PACKING UDS CELLS IN MEMORY 
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NT*= 5 k +NT 
k =subset index 



The cells of one given character set should belayed in one 
block. 
Up to 100 character cells may be addressed in each set (or 
200 for low resolution quadrichrome only). The location 
in memory, where to fetch the sets in use, are declared by 

DOR register (Figure 14). For each type of set, it gives the 
MSB(s) of the Z block address. EF9345 reads the Z LSB(s) 
in the B byte of the (equivalent) long code. As usual, the 
character code is read in the C byte. NT is derived from 
the TV line rank in the row and the double height status. 

FIGURE 14 - UOS FETCH TO OISPLAY 
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LOADING USER DEFINED CHARACTER SET 

Before loading a character set into RAM, the user must : 

• Assign a name to the set : 
- G'o, G'10 or G'11 for bichrome characters. 
- From QO to Q7 for quadrichrome characters. 

• Assign a character number to each character belonging 
to this set . character numbers range from 0 to 3 and 
32to127. 
It is binary coded into 7 bits C(0:6) - C(0:6) will be 
loaded later on into a C byte character code in order to 
display the character. 

UDSSET Z ADDRESS 

# 87 86 85 Z3 Z2 z, Zo 

G'o 1 0 0 DOR3 DOR2 DOR1 DO Ro 

G'11 1 0 1 DOR5 DOR5 DOR4 B4 

Oo-07 1 1 x DOR7 BS 83 84 

• A pointer to a character slice in memory is then manu
factured from : 
- the character number C(0:6) 
- the slice number NT(0:3) 
- the block number assigned to the set Z(0:3). 

Figure 15 shows how to proceed with the auxiliary pointer 
and the OCT command. 

Note: 
The main pointer may be also used. When sequentially 
accessing. slices of a given character, auto incrementation 
is helpless. 
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FIGURE 15 - ACCESSING A CHARACTER SLICE IN MEMORY USING OCT COMMAND WITH AUXILIARY POINTER 
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ON.CHIP CHARACTER GENERATOR 

• Go set is common to 40 and 80 char./row modes (Fi
gure 16 and Figure 25). 

• G10 isthestandardmosa'icsetforvideotex (Figure 17). 
• G11, G20 and G21 cannot be reached from the 16-bit 

short fixed codes (Figure 18 and Figure 19). 

DISPLAYING THE ATTRIBUTES 

1. For normal operation, a double height and/or double 
width character must be repeated in memory in two 
successive Y and/or X positions. The user may other
wise freely mix any character size. 
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2. The attributes are logically processed in the following 
order: 

• Underline or underline cursor : foreground forced on 
the last slice (NT= 9). 

• Flash : background periodically forced on the whole 
window (~ 0.5 Hz). The phase depends on the negative 
attribute. 

• Conceal : background forced permanently on the who
le window. A concealed character neither blinks nor is 
underlined. 

• Negative : exchange the background and foreground 
color values when set. 

• Coloring. 
• Complemented cursor mode. 
• Insert : black color forced when required. 

3. Basic pixel shift frequency: fCLK x 2/3 = 8 MHz. 
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FIGURE 16 - Go ALPHANUMERIC CHARACTER SET IN 40 CHARACTER/ROW MOOE - Ef9345 
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FIGURE 18 bio - Go ALPHANUMERIC CHARACTER SET IN 40 CHARACTER/ROW MOOE - EF9345 R003 
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FIGURE 18 tar - Go ALPHANUMERIC CHARACTER SET IN 40 CHARACTER/ROW MODE - EF9345 ROOS 

C6 0 0 0 0 1 1 1 1 

C5 0 0 1 1 0 0 1 1 

C4 0 1 0 1 0 1 0 1 

C3 C2 C1 CO 

~o o f--.+---10 o 1 • I II B 1111 
1---1-0 -0 0-+---11 •••••••• 

1---1-0 -0 1-1----10 I II 11 m 1111 m 
1---1-0 -0 1-1----11 II m a m 1111 • m 
1---1-0 -1 0-1----10 •••••••• 

i--+-0 --t-1 0-1--11 •••••••• 

i--+-0 --t-1 1 -1--10 •• 1111 •••• 

•••••••• i--+---t--1--1 

1---t---11 0 ---t---10 0 •••••••• 

i--+-1 -0 0-+---11 •••••••• 

0 1 1 1 

1---1-1 -0 1 -1----10 •••••••• 

1---1-1 --t-0 1 -+---11 •••••••• 

-1 -1 0--0 •••••••• 

1---1-1 -1 0-1----11 •••••••• 

1---1-1 -1 1-1----10 •••••••• 

'----'---'1 1 .___.____., 1 •••••••• 

6-30 



FIGURE 17 - G10 SEMI GRAPHIC CHARACTER SET 
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FIGURE 18 - G11 STROKE SET 
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FIGURE 19 - G20 and G21 ACCENTUED CHARACTER SETS FOR 9345 
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FIGURE 19 bis - G20 and G21 ACCENTUED CHARACTER SETS FDR 9345 - R003 
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FIGURE 19 tor - G20 and G21 ACCENTUED CHARACTER SETS FOR 9345 - R005 
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80 CHAR/ROW CHARACTER CODES 

To display pages in 80 character per row format, one of 
two character code formats must be selected : 

• Long ( 12 bits) code : 4 parallel attributes and large on-
chip 1024 semigraphic character set, 

• Short (8 bits) code : no attribute, no semigraphic set. 

Both formats address the on-chip Go set (128 characters 
6 x 10). None allows UDS addressing. 

LONG CODES 

Each 6 pixels x 10 lines character window on the screen 
is associated with a 12-bit code in memory, namely a C 
byte and an attribute nibble A (Figure 10). C7 bit desi
gnates the set. 

• Alphanumeric set : C7 = 0. 
C(0:6) designates one out of 128 alphanumeric charac
ters in the GQ on-chip set. This set is common to the 
40 char/row format, with the 2 right most columns 
truncated (see Figure 25). 
A(0:3) gives 4 parallel attributes. 

• Mosaic set: C7 = 1. 
A( 1 :3) and C(0:6) address a dedicated mosaic character. 
Each of these address bits controls the foreground/back
ground status of a 3 pixels x 2 lines sub-window : fore
ground when the bit is set. 

AO provides a color select attribute. 

FIGURE 20 - 80 CHAR/ROW CHARACTER CODE 
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~ 
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ALPHANUMERIC CHAR CODE 

SHORT CODES 

N =Negative 
F =Flash 
U =Underline 
D =Color set 

128 ALPHANUMERICS 
In Go set. 

0 

They are derived from the long code by giving a 0 implicit 
value to each bit of the A nibble : positive, not underlined, 
not flashing. 

PACKING THE CODES IN MEMORY 

Long codes are paired. A pair is packed in a 3-byte word. 
Therefore, the 80 codes of a row fill a 120-byte row 
buffer (Figure 21). The left most position on the screen is 
even. Its corresponding C byte is at the beginning of the 
first buffer. The next position on the screen is odd. Its 
corresponding C byte is at the beginning of the second 
buffer. Both nibbles are packed in the third buffer. With 
short codes, the same scheme yields 80-byte row buffers. 
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ACCESS TO THE CODES IN MEMORY 

KR L command transfers 12 bits from/to the R 1 and R3 
registers to/from memory. The read modify write oper
ation, necessary to write the A nibble in memory, is 
automatically performed provided that the A nibble is 
repeated in the R3 register (Figure 22). Dedicated auto
incrementation is also performed when required. 

KRC command does a similar job for the short codes (Fi
gure 23). 

A very simple scheme allows the microprocessor to trans
code an horizontal screen location into a pointer (Figure 
24). The joint use of this scheme with the dedicated com
mand alleviates all the packing/unpacking troubles. 



PACKING 2 COO ES 
IN 3 BYTES 
IN MEMORY 
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FIGURE 21 - 80 CHAR/ROW CODE PACKING 
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FIGURE 22 - KRL COMMAND : SEQUENTIAL ACCESS TO LONG CODES 
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I 
I \ 

I 

" 
I 

' ' I I 
\ I 

I 

' I , 
y .l•J: B + 1 odd ...-. odd position 

lAl B +2 
4 3 0 

RJ N F U D N F G--oJ 
The A nibble should be repeated. x 

FIGURE 23 - KRC COMMAND SEQUENTIAL ACCESS TO SHORT CODES 

KRC command 
..,.._ D district number 

Al c 
R2 -

R3 -

R4 -

RS -

I-I~ 
/ ~\ 

I I 
I I 

B (even) 

R6 D, y 

R7 B,X 

. , 
I I \ / ~ , 

I•J: B + 1 (odd) 

1 
T 
x 

6-37 

B (even) 

B + 1 

B +2 



FIGURE 24 - TRANSCODING AN HORIZONTAL SCREEN LOCATION INTO A R7 POINTER 

6 4 3 0 6 5 4 3 0 

I b1 I X5 I X4 I X3 I X2 I X1 I XO I bO I 
~ 

Character position (0 to 79) 

Rotate right I bO I b1 I X5 I X4 I X3 I X2 I x 1 I XO I 

DISPLAYING THE ATTRIBUTES - DOR REGISTER 

Short code and mosa"ic characters are not flashing, not un
derlined and "positive". 
The attributes are processed in the following order : 

• Underline or underlined cursor : foreground is forced 
on the last slice (NT= 9). 

• Flash : background is periodically (0.5 Hz - 50 %) for
ced on all the window. The phase depends on the nega
tive attribute. 

6 4 3 2 0 

DOR ;1 I B1 I Gi I Ri I io j Bo 1 Go I Ro j 

C1 : Co 
I 
I 
I 

-0=1-1-D=O
I 
I 

The pixel shift frequency is fcLK ( 12 MHz). 

l X = (0 to 39) 

Block parity 

• Color select : a "positive" character is displayed with 
a background color same as the margin color. The fore· 
ground color is selected in DOR register by the 0 attri
bute. 

• Negative : when the character is negative, background 
and foreground colors are exchanged. In complemen
ted CURSOR position, these colors are complemented. 

• Insert : the 0 attribute selects one insert value in DOR 
register. This attribute is then processed up to the cur
rent insertion mode (see screen format and attribute 
insert section). 

BACKGND FOREGND 
D N i 

COLOR COLOR 

0 0 CM Co iO 

0 1 Co CM iO 

1 0 CM c, i1 

1 1 c, CM i1 
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FIGURE 25 - Go ALPHANUMERIC CHARACTER SET IN 80 CHARACTER/ROW MODE - EF9346 

C3 C2 C1 co 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

C7 

C6 

C5 

C4 

0 0 0 0 0 0 0 0 

0 0 0 0 1 1 1 1 

0 0 1 1 0 0 1 1 

0 1 0 1 0 1 0 1 

11111111 
11111111 
11111111 
11111111 
11111111 
111111!11 
11111~11 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
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FIGURE 26 bis - Go ALPHANUMERIC CHARACTER SET IN 80 CHARACTER/ROW MODE - EF9346 R003 

C7 0 0 0 0 0 0 0 0 

C6 0 0 0 0 1 1 1 1 

C5 0 0 1 1 0 0 1 1 

C4 0 1 0 1 0 1 0 1 

CJ C2 Cl co 

0 0 0 0 11111111 
0 0 0 1 11111111 
0 0 1 0 11111111 
0 0 1 1 11111111 
0 1 0 0 11111111 
0 1 0 1 11111111 
0 1 1 0 11111111 
0 1 1 1 11111111 
1 D 0 0 11111111 
1 0 0 1 11111111 
1 0 1 0 11111111 
1 0 1 1 11111111 
1 1 0 0 11111111 
1 1 0 1 11111111 
1 1 1 0 11111111 
1 1 1 1 11111111 
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FIGURE 25 ter - Go ALPHANUMERIC CHARACTER SET IN 80 CHARACTER/ROW MOOE - EF9345 R005 

CJ C2 Cl co 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 0 I 1 

0 I 0 0 

0 1 0 1 

0 1 1 0 

0 1 I 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

C7 

C6 

cs 
C4 

0 0 a 0 0 0 0 0 

0 0 a 0 1 I 1 I 

0 0 I I a a 1 1 

0 1 a 1 a 1 0 1 

11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 
11111111 

6-41 



MICROPROCESSOR ACCESS COMMANDS 

A microprocessor bus cycle may transfer one byte from/ 
to the microprocessor to/from a directly addressable regis
ter. These registers provide an indirect access: 

• to/from 5 on-chip indirect registers: ROR, DOR, MAT, 
PAT and TGS. 

• to/from the private memory. 

Due to address/data multiplexing, a bus cycle is a 2 phase 
process (see Timing diagram 1 or Timing diagram 2). 

ADDRESS PHASE 

The falling edge of AS latches to AD(0:7) bus state and 
CS signal into the temporary A address register IF igure 

26). 

• A(0:2) = i 
This register index designates one out of 8 direct access 
registers Ri. 

• A3 =XOR 
This is the execution request bit. 

• A(4:7) = ASN 
This is the Auto-Selection Nibble. 

8 

• AB= LCS 
This is the latched value of CS input pin. 

EF9345 is selected when the following condition is met: 
ASN = 2 (Hexa) and LCS = 0. 

Therefore, E F9345 is mapped in the hexadecimal micro
processor addressing space from XX20 to XX2F, where 
XX is up to the user. When EF9345 is not selected, its AD 
bus pins float and no register can be modified. 

a 

--------- --- ADDRESS 

REGISTER 

L (Temporary) 

Registre index 

.... I ________ !~ Auto select nibble 
~----;• Execution request (XQR) 

(compared to 0010) 

'------------- LCS (Latched CSI 

FIGURE 26 - DIRECT ACCESS REGISTERS 

R1 6 COMMAND 

DATA REGISTER 
R2 CODE P~R I (write only) 

REGISTERS I 
RO 

R3 STATUS 

REGISTER 

I~ AUXILIARY 

a (Raad only) 
R4 I D' I I Y' I 

V sync status 

RS B' X' I POINTER R17 
I I LX8 IX'= 391 

LXm IX• 39) 

R6 D ly I~ 
Alarm 

MAIN 

J 
Busy 

R7 B x POINTER 
I I 
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DATA PHASE - REGISTERS 

When EF9345 is selected and while AS input is low, the 
R j register is accessed. 
RO designates a write-only COMMAND register or a read
only STATUS register. 
R 1 to R7 hold the arguments of a command. They are 
read/write registers. 
R 1, R2, R3 are used to transfer the data. 
R4, R5 hold the Auxiliary Pointer (AP). 
R6, R7 hold the Main Pointer (MP). 
(See memory organization ; Pointer section for pointer 
structure). 

COMMAND REGISTER 

This register holds a 4-bit command type and 4 bits of 
orthogonal parameters (see COMMAND TABLE). 

Type 

There are 4 groUps of command : 
• The IND command which gives access to on-chip 

resources, 
• The fixed format character code transfer commands, 
• The variable character code handling commands, 
• The general purpose commands. 

Parameters 

R/W : Direction 
1 :toDATAregisters(R1,R2,R3) 
0 : from DAT A registers. 

r: Internal ressource index (see Figure 27) 

I : Auto-incrementation 
1 : with post auto-incrementation 
0 : without auto-incrementation. 

p : Pointer select 
1 : auxiliary pointer 
0 : main pointer 

s, S : Source, destination select 
01 : source : MP ; destination : AP 
10 : source : AP , destination : MP 

a, a : Stop condition 
01 : stop at end of buffer 
10: no stop. 

STATUS REGISTER 

This is a read-only, direct access register. 

57 : BUSY BUSY is set at the beginning of any com· 

S6 :Al 

S5: LXm 

S4: LXa 

53: 

mand execution. It is reset at completion. 

LXm or LXa is set when respectively the 
main pointer or the auxiliary pointer holds 
X = 39 before a possible incrementation. 

The alarm bit 56 is set when LXm or LXa 
is set and an incrementation is performed 
after access. 

Gives the MSB value of R 1 · 

S2 : Gives the vertical synchronization signal 
state. 
This is maskable by the VRM command. 

S1 =SO= 0 Not used. 

S3 to S6 are reset at the beginning of any command. 

The COMMAND TABLE shows every command able to 
set, each of these status bits, after completion. 

FIGURE 27- INDIRECT ON-CHIP RESOURCE ACCESS 

Al 

R2 

RJ 

R4 

R5 

R6 

R7 

x 

4 3 

o !Rm[ [ 1ND coMMAND 

~ 

L ' Register 

0 ROM(*) 
1 TGS 

2 MAT 

3 PAT 

4 DOR 

5 -

6 -

7 ROR 

•Note: A slice in 40C only can be read from the internal character generator. The slice address must be initialized in R6, R7. 

R7 
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NOTES ON COMMAND EXECUTION 

1. The execution of any command starts at the trailing 
edge of DS when (and only when) : 
· EF9345 has been selected, 
- XOR has been set, 
at the previous AS falling edge. 

This scheme allows loading a command and its argument 
in any order. For instance, a command, once loaded, may 
be re-executed with new or partly new arguments. 

2. At power on, the busy state is undeterminated. 
It is recommanded to load first a dummy command 
with XOR = 1 before any effective command. 

3. While Busy is set, the current command is under execu
tion. Register access is then restricted . 

Register access with XOR = 0 
- Read ST A TUS is effective. 
- Write COMMAND or any other register access are inef-

fective. 

That is to say, the microprocessor reads undetermined va
lues and may not modify a register. 

Register access with XOR = 1 
- Read STATUS or write COMMAND are effective, 
- Access to other registers is ineffective. 

However, the previous command is aborted and the new 
command execution launched (with an initial state unde
termined for registers and memory locations handled by 
the aborted command). 

4. Execution suspension 

The execution of any command (except V RM, VSM) is 
suspended during the last and first TV line of an active 
row. This is because the memory bus cannot be allocated 
for microprocessor access during this 104 µs period. 
This holds too for internal resource access because on
chip data transfer uses internal data memory bus. 

IND COMMAND (See figure 27) 

This command transfers one byte between R 1 and an in
ternal resource. The r parameter designates one on-chip 
indirect register. 

FIXED FORMAT CHARACTER CODE ACCESS: KRF, 
KRG,KRL KRC 

Each of these commands is dedicated to transfer one com
plete character code between DATA registers and memory. 
MP is exclusively used. 

KR F transfers 24 bits. 
KRG transfers 16 bits. 
KRL transfers 12 bits. 
KRE transfers 8 bits. 

Code packing, pointer and data structures are explained 
in the corresponding character code section. 

When auto-incrementation is enabled, MP is automatical
ly updated after access so as to point to the next location. 
This location corresponds to' the next right position on 
screen. When last position (X = 39) is accessed, LXm is 
set. When last position is accessed with auto-incrementa
tion, alarm is also set. MP is then pointing back at the 
beginning of the row : there is no automatic Y incremen
tation. 

VARIABLE CODE HANDLING COMMANDS : KRV 
EXP, CMP, KRE 

An overview on these commands is given in "handling the 
variable codes" (40 char.trow section). 

KRV uses R5 to point the attribute file. LXa is set when 
this file is full (the last attribute pair has been accessed). 

EXP and CMP use MP and R5 in the same way as KRV. 
Furthermore, R4 points to a working double buffer. 
These two commands process a whole row buffer and stop 
either at the end of the row buffer or when the file over
flows. In the last case, the alarm bit is set. 

KRE uses MP to point to a buffer and R4 to point to a 
working double buffer. R5 is unused. In other respects, 
KRE is identical to KRL. 

For these commands, R4(5:7) hold the LSB's block ad
dress of the working buffer W. 

6 4 3 0 

I Zo 1 z, 1 z2 j y R4 

~---zw YW 

ZW3 is given by bit 6 of R6. 

GENERAL PURPOSE ACCESS TO A BYTE - OCT 

This command uses either MP or AP pointer. 
When MP is in use, an overflow yields to a Y incrementa
tion. 

MOVE BUFFER COMMANDS: MVB, MVD, MVT 

These are memory to memory commands which use R 1 as 
working register. 
MVB transfers a byte from source to destination, post-in
crements the 2 pointers and iterates until the stop condi
tion is met. MVD and MVT are similar but work respecti
vely with 2 byte word and 3 byte word. That is to say, 
MVB works on buffers, MVD on double buffers and MVT 
on triple buffers. If the parameter a= 1, the process stops 
when either source or destination buffer end is reached. 
If the parameter a = 0, the process never stops until abor
ted. In this case, main pointer overflow yields to a Y incre
mentation in MP. So, a whole block or page may be initia
lized. 

MISCELLANEOUS COMMANDS : INY, VRM and VSM 

INY command increments Y in MP. 

VRM and VSM respectively reset and set a vertical syn
chronization status mask. When the mask is set, status 
bit S2 remains at 0. When the mask is reset, status S2 
follows the vertical sync. state : it is reset for 2 TV lines 
per frame and stays at 1 during the remaining period. 
It becomes readable by the microprocessor from the 
status register. After power on, the mask state is unde
termined. 
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.,, 

.;. 
U1 

TYPE 

INDIRECT 

40 CHARACTERS· 24 BITS 

40CHARACTERS·16 BITS 

80 CHARACTERS. 8 BITS 

80 CHARACTERS -12 BITS 

40 CHARACTERS VARIABLE 

EXPANSION 

COMPRESSION 

EXPANDED CHARACTERS 

BYTE 

MOVE BUFFER 

MOVE DOUBLE BUFFER 

MOVE TRIPLE BUFFER 

CLEAR PAGE 141·24 BITS 

CLEAR PAGE 141·16 BITS 

VERTICAL SYNC MASK SET 

VERTICAL SYNC MASK RESET 

INCREMENT Y 

NO OPERATION 

: Pointer select 
1 : auxiliary pointer 
0: main pointer. 

s, S : Source, destination 
01 : source ==MP ; destination "'AP 
10: source== AP ; destination= MP 

a, a : Stop condition 
01 : stop at end of buffer 
10: no stop 

; Indirect register number. 

MEMO 

IND 

KRF 

KRG 

KRC 

KRL 

KRV 

EXP 

CMP 

KRE 

OCT 

MVB 

MVD 

MVT 

CLF 

CLG 

VSM 

VRM 

INY 

NOP 

COMMAND TABLE 

CODE PARAMETER STATUS 

7 6 5 4 3 2 1 0 Al UC,,, LX0 R17 

1_.l_OJ_O_[_O Rii'i _]_ r J_ OJ_OJ_OJO 

0 0 0 

0 0 0 

0 1 0 

0 1 0 

0 0 1 

0 1 1 

0 1 1 

0 0 0 

0 0 1 

1 1 0 

1 1 1 

1 1 1 

0 0 0 

0 0 0 

1 0 0 

1 0 0 

1 0 1 

1 0 0 

0 R/W 0 0 I x x 
0 R/W 0 1 I x x 
0 R/W 0 0 I x x 
1 R/W 0 0 I x x 
0 R/W 0 0 I x x 
0 0 0 0 0 x 0 

1 0 0 0 0 x 0 

1 R/W 0 0 I x x 
1 R/W p 0 I x x 
1 s s a a 0 0 

0 s s a a 0 0 

1 s s a a 0 0 

0 0 1 0 1 x x 
0 0 1 1 1 x x 
1 1 0 0 1 0 0 

1 0 1 0 1 - -

1 0 0 0 0 0 0 

1 0 0 0 1 - -

: Not affected 
W : Used as working register 
PW (ZW, YW): Working buffer 
X : Set or Reset 
XF : X Fife 
I : Pointer incrementation 
D : Data 
MP : Main pointer 
AP : Auxiliary pointer. 

0 0 

0 0 

0 0 

0 0 

x x 
x 0 

x 0 

0 0 

x 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

- -

0 0 

- -

ARGUMENTS EXECUTION TIME 111 

R1 R2 R3 R4 R5 R6 R7 WRITE READ 

D __[_ - _J_ - -i-1 MP 2 3.5 

c 
A• 

c 
c 
c 
c 
c 
c 
D 

w 
w 
w 
c 
A• 

-

-

-

-

B A - -1 MP 4 7.5 

B• w - -] MP 5.5 7.5 

- - - _I MP 9 9.5 

- A - -I MP 12.5 11.5 

B A - XFI MP (2) 3 + 3 + j 3.5 + 6· j 

B A PW XFj MP 131 < 247 -

B A PW XFi MP 131 < 402 -
B A PW _I MP 4 7.5 

- - AP I MP 4 4.5 

- - AP I MP 1212 +4.n -

- - AP T MP 121 2 + 8.n -
- - AP l MP (212+12.n -

B A - -I MP < 4700 l1Kcode) -

B• w - -I MP < 5800 11 K code) -
- - - - I - - 1 -
- - - -1- - 1 -

- - - - : y - 2 -

- - - -l- - 1 -

(1) Unit : 12 clock periods <:::::: 1 µs) without possible suspension. 
(2) n : total number of words ~ 40 ; j = 1 for long codes, j = 0 

for short codes. 
(3) Worst case {20 long codes + 20 short codes). 

(4) These commands repeat KRF or KRG with Y incrementation 
when X overflows. When the last position is reached in a row, 
Y is incremented and the process starts again on the next row. 
These commands stop only with abort. 



INTERFACE WITH EF6805CT 

K ;:> PORTC A0(0:7) 
~ 

EF6805CT EF9345 

SC1 AS 

E OS 

SC2 R/W 

IOS cs 

MINIMUM APPLICATION WITH 2K x 8 MEMORY 

One page memory terminal in 16-bit fixed format or 24-bit compressed format. 

J\. 
y D0-07 

,----, 

k:== ~ 74LS .!'. 
ADM (0:7) 373 AO-A7 y 

~ 
RAM 

EF9345 2K xB 
ET2128 

ASM .... cs 

AM (8:10) 

vi A8-A10 

OE .... OE 
WE WE 

6-46 



TYPICAL APPLICATION WITH BK x 8 DYNAMIC OR PSEUDO-STATIC RAM 

Multipage term(nal with possibility of multiple user definable character sets. 

ADM 10 71 I'< t> DO·D7 

t> AO·A7 

EF9345 
RAM 

8 K x 8 

ASM CE 
OE OE 
WE ..... WE 

AM (8012) ~ A8-A12 

MAXIMUM APPLICATION WITH 16K x 8 MEMORY 

Multipage terminal with user definable character sets and buffer areas . 

"'~ 
. ll 

"7 ,., DO-D3 
ADM IOo71 N 

:or- D4·D7 -v :;~ 
~5 A 
UJ" v AO-A7 

=t> 
a:" 
0 x 

AM (8013) ON 
<( 

,----, r-
A8M D Q D Q CAS 

~ " ... DRAM EF9345 "' "' ..J ..J 16K x 4 " ~ " s !::! 
CK CK 

y I-' '--4-
RAS 

WE w 
OE G 

CLK 

1 1 
12 MHz 

J CLOCK 
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DIN 

A51F 
CEI 

DIN 

CEI 

PHYSICAL DIMENSIONS 

D.A.T.A JEDEC 

M0-047-AC 
DAT.A JEDEC 

ORDERING INFORMATION 

EF9345 XX RYYY 
'-.,.-.' '-.,.-.' 

I~ 

(1) Nominal dimension 

(2) True geometrical position 

40 pins 

' F-119 CB-182 

SHELESC 

44?ins 

' CB-521 
SITELESC 

Character generator 

Package: P 
FN 
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CB-182 

P SUFFIX 
PLASTIC PACKAGE 

CB-521 

FN SUFFIX 
SURPICOP 

(PLASTIC CHIP-CARRIER) 

ADM7 

AMS 

AMS 

AM10 

AM11 

AM13 

cs 



=-~~--•-
This GOP is a true high resolution graphic display processor. which con· 

rains all the functions required to process vector generation at a ver'.1 ~:~h 
speed and to generate all the timing signals required for interfacing interlaced 
or non interlace<! video data on a raster scan CRT display compatible with 
·525 line or the CCIR 625 line standards. 

The GOP's main features are : 

- Selectable resolutions in black and white or color : 
Vertical resolution : 525 line monitor (208 or 4161. 625 line monitor 
(256 or 5121. 
Horizontal resolution : 256, 320*, 384*, 512, 640*, 768*, 1024, full 
screen. (*I with external PROM. 
High speed vector plot well suited to animation· 4 types of lines. 
Multiplexed address and refresh for 16K or 64K dynamic RAMs. 
No I imitation on the number of selectable memory planes (colors, grey 
levels or any other attributesl 
Multipage application capability 
On-chip full ASCII character generator (961 · maximum alphanumeric 
screen density : 170 x 57 · programmable sizes and orientations 
Direct interfacing with the monitor through the composite synchro and 
blanking signals 
Automatic allocation of display memory in refresh, write, dump, and 
display cycles 
light pen registers and control signals 
Three types of interrupt requests 
Fully static design 
TTL compatible 1/0 
Single+ 5 volt supply. 

TYPICAL APPLICATION 

ADDRESS BUS IA.BJ 

PROCESSOR DATA BUS (D.BI 

• 8 

I 
I 
I 

~-~---J, VIDEO 1 

- !~J~J 
'---Comom-~•.•_•_•Y~"'-"-'0 __ ~ .. I ~VIDEO 

- \OUTPUTS 

Light pen 
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EF9367 

MOS 
IN· CHANNEL, SILICON -GATE) 

CK 
DADS 
DAD4 
DADJ 
DAD6 
MSLO 
MSL2 

FMAT 
AO 
At 
A2 
AJ 

iRQ 
ow 
DIN 
VB 
e 

R/W 

GRAPHIC DISPLAY 
PROCESSOR (GDPI 

CASE CB-182 

PSUFFIX 
PLASTIC PACKAGE 

PIN ASSIGNMENT 

Vee 
OA01 
OA02 
DADO 
MSL1 
MSL3 

7 SYNC 
8 DO 
9 

EF9367 
01 
02 
03 
04 

13 05 
14 06 
15 07 
16 BLK 
17 MW 
18 WO 

X9 19 ALL 
vss 21 LPeK 



MSLO 

M~DL3 '\,..-..j Address 

I controller 

and 
X9-+---; buffers 

DADO<==l L •D 
DAD6 

DW---1 I I 
"' Buffers u. 
0 DIN 

SYNC 

BLK 

MW Buffers 

ALi 

VB 

I I XLP 

I YLP 

r=J Light 

pen 

I I control 

Synchro 

and 

display 

controller 

j 
CK FMAT WO 

I 
I 

LPCK 

BLOCK DIAGRAM 

I I x I r I v I 

r-~;;~ 
[o~~~;v] 

Character 
generator 

Decoding 
and 

contml 

Vector 
generator 

I CMD J 
1 STATUS 1 

i--- CTRLl. ] 

I CTRL2 I 

Buffers DO to 07 

1: • l ~1w 
AOtoA3 

I~------

Buffers ~ IRO 



GENERAL DESCRIPTION 

Developed using NMOS technology, the GDP is an 
intelligent raster scan video display controller, fully pro
grammable via an eight-bit microprocessor bus. Besides 
all the timing logic functions required to generate the video, 
sync and blanking signals, the GDP includes two hardwired 
display processors : a vector and a character generator. 

This unique feature allows an ultrafast screen writing 
speed (the 1024 dot diagonal may be written in less than 
1.4 ms) at almost no microprocessor processing cost. 

The GDP is particularly well-suited to all applications 
in which the display memory is not directly addressed by 
the MPU. This feature allows a total asynchronism between 
the MPU an<I the GDP memory cycles and preserves the 
whole MPU memory addressing space. 

MAXIMUM RATINGS 

Rating Symbol 

Nevertheless, where direct exchange between the micro
processor and the memory is necessary, the on-chip allocation 
controller will allow this exchange without display inter· 
ference. 

The GDP is programmable using 11 internal registers 
occupying 16 consecutive addresses. These registers can also 
be modified by the GDP's hardwired processors while a 
command is being executed. 

Note : A summary of data codes and registers is given in 
the Register address table. Hexadecimal values are subscripted 
16 and the register bits are numbered as follows : 

MSB ~' -7__,__6_.__5__,__4_.__3__,__2_.____,__o__,i LSB 

Value Unit 

Supply voltage Vee -0.3 to+ 7.0 v The GDP inputs are protected against high 
static voltages and electric fields ; nevertheless, 
normal precautions should be taken to avoid 
voltages above the limit values on this high 
impedance circuit. 

Input voltage V;n -0.3 to+ 7.0 v 
Operating temperature TA 0 to+ 70 oc 

Storage temperature Tstg -55to+150 oc 

STATIC ELECTRICAL CHARACTERISTICS (Vee· 5 V ± 5 %, Vss • 0, TA• 0 to 70° C unless otherwise noted) 

Characteristic 

Input high voltage except CK 

Input high voltage CK 

Input low voltage 

Input leakage current (Vin= 0 to 5.25 V, Vee= max) 

Output high voltage ll1oad•-100µA, Vcc··min) 

Output low voltage (I load"' 1.6 mA, Vee"' min} 

Supply current 

Capacitance IV;n • O. TA • 25° C, f • 1.0 MHz) 

Test point 

IRQ 

4.75 v 

Symbol Min Typ Max Unit 

V1H Vss+ 22 - Vee v 
V1HCK Vss+3.5 - Vee v 
VIL Vss -o.3 - Vss + o.8 v 
fin - 1.0 2.5 µA 

VoH Vss + 2.4 - - v 
VOL - - Vss + o.4 v 
Ice - 80 - mA 

Cjn, Cout - - 12 pF 

TEST LOADS 

ALL OTHER OUTPUTS 

Test point 

c 

C•40pF 
C• 130 pF for 00-07 
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4.75V 

RL • 2.2 K 

1N916 
or Equiv. 

1N4148 

or Equiv. 



DYNAMIC OPERATING CONDITIONS 

(V DD • 5,0 V ± 5 %, Vss • OV ; TA • Oto+ 70° C unless otherwise noted) 

Time (nsl Symbol Min Max 

Clock period tCK 560 

CK pulse width, low tCKL 330 

CK pulse width, high tCKH 190 

CK low to valid DAD CKLDAD 320 

CK hjg_h to valid DAD CKHDAD 180 

CK low to valid SYNC CKLSYNC 300 

CK low to valid BLK CKLBLK 310 

CK low to valid VS CKLVB 500 

CK low to valid ALL CK LALL 300 

CK low to valid MSL CKLMSL 300 

CK low to valid OW CKLDW 310 

CK low to valid MFREE low CKLMFRL 330 

CK low to valid MFR EE high CKLMFRH 500 

CK low to valid DIN CK LOIN 310 

CK low to valid I RO CKLIRO 1500 

CK low to valid WHITE CKLWHI 530 

E pulse width, low lEL 450 

E pulse width, high lEH 430 

Address pre-setup time !AS 160 

Address hold time tAH 10 

Data pre-setup time (write I tDsw 195 
Data setup time (read I tDDR 320 

Data hold time (readJ tDHR 10 

I RO release time t1R 1600 

LPCK hia!' to WHITE h!s_h (if command OSJ.1;J LPHW 1600 

LPCK h.ill_h to IRO low LPHIRO 1600 

LPCK h.ill_h hold time lLPCKH 150 

CK and E rise times tr 20 

CK and E fall times tf 20 

CLOCK AND OUTPUT CHARACTERISTICS 
I 

CK 3.5 V CK 3.5 VI 
CK ~v 2.Jlr \ e ; I O.BV o.sv I 

I I I I 
4-+ ..\-j. ,, 

" 
Outputs 

\o.4V 
2.4/ \ 

IRO RELEASE TIME 

2.2 v 

e I 
I 'IA ~I I'" 

!:2.4V 
IAQ 

I 
I 

6-52 



MICROPROCESSOR BUS, WRITE ACCESS 

E" 

1AS 

AO ... A3 

R/W 

DO ... 07 

MICROPROCESSOR BUS, READ ACCESS 

E 

'AS 

AO ... A3 

R/W 

•ooR 

DO ... 07 

SYNCHRONOUS SIGNALS WITH CK INPUT 

CK 

DAD 

SYNC 
BLK 
VB 
ACT 
MSL 
ow 
MFREE 
DIN 
IRci 
WHITE 

LIGHT PEN SIGNALS 

LPCK 

WHITE= 
MW+ ALL 

TRQ 

'CKL 

CKLDAD 

CKL ... 

'EL 'EH 

'AH 

•osw 

'E_L 'EH 

'AH 

tOHR 

tcK 

tcKH 

CKHDAD 

tLPCKH 

LPHW 

LPHIRQ 
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Display memory 

control 

Display memory 

addressing 

Synchronizing 

and 
blanking 

DIN 

DW 
MW• 

MSLO 
to MSL3 

X9 
DADO 

to 
DAD6 

ALL 

SYNC 

BLK 

VB 

--~ 

( 

< 

~ 

PIN DESCRIPTION 

Power supplies 

vcc 

r~ 

< 

---EF9367 

~ 

J J 1 .. ., 
Clock Operating parameters 

> 
J 

DO, .. D7 

AO, .. A3 

Rliiii 

E 

IRQ 

LPCK 

•This pin outputs two items of data multiplexed by signal ALL. 
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POWER SUPPLY, CLOCK AND OPERATING PARAMETERS 

NAME 
PIN N' FUNCTION OESCR IPTION 

TYPE 

Vss s 20 Power supply Ground 

Vee s 40 Power supply + 5 v 

CK I 1 Clock Master. clock. All internal processor states are modified on the falling 
edge of this signal. The whole circuit logic is static and the cycle of 
this clock needs only to be ajusted according to the shape and accuracy 
the synchronizing signals should feature. 
DAD memory address multiplexing signal. If CK is low, low addresses 
(or row addresses for the memory) are those that are output on DAD. 
The frequency of CK is a multiple ofthe image refresh frequency : 
- interlaced scanning: f (CK) = f (1/2 frame) x (625 or 525) x 96 
- non-interlaced scanning: f (CK)= f (frame) x (312 or 262) x 96. 

FMAT I 8 Format This pin is connected to Vee. Vss. CK or CR and sets the number of 
monitor and image lines : 
Vee : 625 line monitor, interlaced synchronization, 512 lines displayed 
CK : 525 line monitor, interlaced synchronization, 416 lines displayed 
CK : 525 line monitor, non-interlaced synchro, 208 lines displayed 
Vss : 625 line monitor, non-interlaced synchro, 256 lines displayed. 

WO I 23 Write only When WO is high, memory refresh nor display no longer exist. The 
hard wired write processors may operate without being interrupted. 
The ALL signal is always high. 

SYNCHRONIZING AND BLANKING SIGNALS 

SYNC 0 34 Video monitor Video monitor line and frame synchronization signal. For example, if 
synchronizing CK is at 1.5 MHz and FMAT is high, signal SYNC is to CCIR 625 line 

50 Hz standard. 
This output is independent of input WO and Jf register CTRL 1. 

BLK 0 25 Blanking This signal is high apart from the display window (writing or refresh). 
It is always high if bit 2 in register CTRL 1 is high, but it is not affected 
by the WO input. 

VB 0 16 Vertical blanking This signal is not affected by WO and register CTR L1. High during 
vertical blanking. 

DISPLAY MEMORY ADDRESSING SIGNALS 

DADO 37,39, Display address Addresses that are multiplexed by the CK signal. Provided for the 
to 0 38,4 automatic refresh· of the 16 K or 64 K dynamic memories. 

DADS 3,2,5 

X9 0 19 Memory address 
Horizontal pointer extension bit for write operations (horizontal resolu-
tions greater than 512). 

MSLO 6,36 Memory select Pixel write select signals (see section : Display memory configuration.) 
to 0 

MSL3 7,35 

--
ALL 0 22 Access to all This signal makes it possible to discriminate between the collective 

memory units memory accesses to all chips (display, refresh or erase), and the memory 
accesses to a single pixel for vector or character writing purposes. 
This signal is low for collective access. 
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DISPLAY MEMORY CONTROL SIGNALS 

NAME PIN No FUNCTION DESCRIPTION 
TYPE 

DIN 0 15 Display in Selection of the memory data code corresponding to the display screen 
in the 'off' condition (active when high). For a black-and-white display 
(1 bit per pixel), DIN may directly be the storage entry data. 

ow 0 14 Display write Display memory write signal. 
Active when low. 

MW 0 24 Memory This pin outputs MF REE and WHT'fE signals which are externally de· 
available multiplexed by signal ALL :MF REE =MW +ALL ;WHITE =MW +ALL 

Memory free IMFREE) : 
Signal low during the next memory idle period following the OF 16 

command. 
This signal allows exchanges between the microprocessor and the X and 
Y flagged memory segment without affecting the display. 

Forcing to white level (WHITE) : 
Forces white ievel on video signal, for use of the light pen. 
Active when low. 

MICROPROCESSOR BUS SIGNALS 

00·07 1/0 
33 Data bus 1/0 buffers opening is controlled through E, and the related direction 
to 
26 through R/iiii. 

AO·A3 I 9 Address bus Address of the register involved in microprocessor access. 
to 
12 

R/W I 18 Read/write signal Read/write signal. Write when low. 

E I 17 Enable Bus exchange synchronizing and enabling signal. 

IRQ 0 13 Interrupt request Interrupt request towards the microprocessor, programmable through 
register CTRL 1. Open drain output. 

LIGHT PEN OPERATING SIGNALS 

LPCK I 21 Light pen Light pen input. When the mechanism is set, a rising edge loads into 
strobe registers X LP and YLP the current display address and sets the XLP 

register's LSB high. 
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REGISTER DESCRIPTION 

X ANDY REGISTERS (Addresses : 8 16 , 9 16 , A16 , B16 I 

The X and Y registers are 12-bit read-write registers. They 
indicate the position of the next dot to be written into the 
display memory. They have no connection at all with the 
video signal generating scan, but they point the write address, 
in the same way as the pen address on a plotter. 

These 2 registers are incremented or decremented, prior 
to each write operation into the display memory, by the 
internal vector and character generators, or they may be 
directly positioned by the microprocessor. 

This 2 x 12 bit write address covers a 4096 x 4096 point 
addressing splice, Only the LSBs are used here, since the 
maximum definition of the picture actually stored is 512 x 
1024 pixels (picture elements). 

In practice, the GDP assumes that it has a memory space 
of 1024 x 512 (FMAT = Vee or CK) or 1024 x 256 
(FMAT = Vss or CK) anddisableswritingoutsidethisspace, 
unless bit 3 of CTRL 1 is set. 

The above features along with the relative mode descrip
tion of all picture component elements make it possible to 
automatically solve the great majority of edge cut-off pro
blems. 

DEL TAX AND DELTAY REGISTERS (Addresses :516 , 

1,. ). 
The DEL TAX and DELTA Y registers are 8-bit read-write 

registers. They indicate to the vector generator the projec
tions of the next vector to be plotted, on the X and Y axes 
respectively. Such values are unsigned integers. The plotting 
of a vector is initiated by a write operation in the command 
register (CMD). 

CSIZE REGISTER (Address : 3 16 I 

The CSIZE register is an 8-bit read-write register. It 
indicates the scaling factors of X and Y registers for the 
symbols and characters. 98 characters are generated from a 
5 x 8 pixel matrix defined by an internal ROM. In the 
standard version, it contains the alphanumeric characters in 
the ASCII code which may be printed, together with a 
number of special symbols. 

MSB p Q LSB 

Each symbol can be increased by a factor P(X) or O(Y). 
These factors are independent integers which may each vary 
from 1 to 16 and which are defined by the CSIZE register. 
The symbol generation sequence is started after writing the 
ASCII code of the symbol to be represented in the CMD 
register. 

CTRL 1 REGISTER (Address : 116 ). 

The CTR L 1 register is a 7-bit read-write register. through 
which the general circuit operation may be fed with the 
required parameters. 

Bit O : When low, this bit inhibits writing in display memory 
(equivalent to pen or eraser up). 
When high, this bit enables writing in display memory 
(pen or eraser down). 
This bit controls the DW output. 

Bit 1 : When low, this bit selects the eraser. 
When high, this bit selects the pen. 
This bit controls the DIN output. 

Bit 2 : When low, this bit selects normal writing mode 
(writing apart from the display and refresh periods, 
which are a requirement for the dynamic storages) 
in display memory. 
When high, this bit selects the high speed writing 
mode : the display periods are deleted. Only the dy
namic storage refresh periods are retained. 

Bit 3 : When low, this bit indicates that the 4096 x 4096 
space is being used (the 12 Xand Y bits are significant) 
When high, this bit selects the cyclic screen operating 
mode. 

Bit 4 : When low, this bit inhibits the interrupt triggered by 
the light pen sequence completion. 
When high, this bit enables the interrupt. 

Bit 5 : When low, this bit inhibits the interrupt release by 
vertical blanking. 
When high, this bit enables the interrupt. 

Bit 6 : When low, this bit inhibits the interrupt indicating 
that the system is ready for a new command. 
When high, this bit enables the interrupt. 

Bit 7 : Not used. Always low in read mode. 

CTRL2 REGISTER (Address: 2 16 ) 

The CTR L2 register is a 4-bit read/write register. through 
which the plotting of vectors and characters may be denoted 
by parameters. 

Bit 0, 1 : These 2 bits define 4 types of lines (continuous, 
dotted, dashed, dash-dotted). 

Bit 2 : When low, this bit defines straight writing. 
When high, it defines tilted characters. 

Bit 3 : When low, this bit defines writing along an horizontal 
line. 
When high, this bit defines writing along a vertical 
line. 

Bit 4, 5, 6, 7 : Not used. Always low in read mode. 
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CMD COMMAND REGISTER (Address : 016 I 

The CM D register is an B-bit write-only register. Each 
write operation in this register causes a command to be 
executed, upon completion of the time necessary for 
synchronizing the microprocessor access and the GDP's 
CK clock. 

Several types of command are available : 

- vector plotting 
- character plotting 
- screen erase 
- light pen circuitry setting 
- access to the display memory through an external 

circuitry. 
- indirect modification of the other registers (commands 

that make it possible for the X, Y, DEL TAX, DEL TAY, 
CTRL 1, CTRL2 and CSIZE registers to be amended or 
scratched). 

STATUS REGISTER (Address 016 or F16 ) 

The STATUS register is an B-bit read-only register. It is 
used to monitor the status of the executing statements 
entered into the circuit, and more specifically to avoid the 
need for modifying a register that is already used for the 
command currently executing. 

Bit 0: When low, this bit indicatesthata light pen sequence 
is currently executing. 
When high, it indicates that no light pen sequence 
is currently executing. 

Bit 1 : This bit is high during vertical blanking. It is the 
VB signal recopy. 

Bit 2 : When low, this bit indicates that a command is 
currently executing. 
When high, this bit indicates that the circuit is 
ready. for a new command. 

Bit 3 : This bit when low indicates that registers X and Y are 
pointing within the assumed memory space. 
This bit is obtained by applying the logical 0 R func
tion to the unused most significant bits of registers 
X and Y. 
If FMAT = Vee or CK, the assumed memory space 
is 1024 x 512. 
If FMAT = Vss or CK, the assumed memory space 
is 1024 x 256. 

Bit 4 : When high, this bit indicates that an interrupt has 
been initiated by the completion of a light pen run
ning sequence and that this interrupt has been ena
bled by bit 4 in CTRL 1 register. 

Bit 5 : When high, this bit indicates that an interrupt has 
been initiated by vertical blanking and that this 
interrupt has been enabled by bit 5 in CTRL 1 register. 

Bit 6 : When high, this bit indicates that an interrupt has 
been initiated by the completion of execution of 
a command and that this interrupt has been enabled 
by bit 6 in CTR L 1 register. 

Bit 7 : When high, this bit indicates that an interrupt has 
been initiated. It is the logic OR of bits 4, 5 and 6 
in STATUS register. The iRO output state is always 
the opposite of the status of this bit. 

Note : Bits 4, 5, 6 and 7 are reset low by reading the STA
TUS register at address 016 . Reading at address F16 does 
not modify their state. 

XLP AND YLP REGISTERS (Addresses C16 and D16 ) 

The XLP and YLP registers are read-only registers, with 
7 and 8 bits respectively. Upon completion of a light pen 
running sequence, they contain the display address sampled 
by the first edge appearing rising on the LPCK input. The 
use of such registers is discussed in section : Use of light pen 
circuitry. 

NOTES: 

1 . All internal registers may be read or written at any time 
by the microprocessor. However, the precautions out
lined below should be observed : 

Do not write into the CM D register if execution of 
the previous command is not completed (bit 2 of 
STATUS register). 

Do not alter any register if it is used as an input pa
rameter for the internal hardwired systems (e.g. : modi
fying the DEL TAX register while a vector plotting se
quence is in progress). 

Do not read a register that is being asynchronously 
modified by the internal hardwired systems (e.g.: reading 
the X register while a vector plotting sequence is in 
progress may be erroneous if CK and E are asynchronous). 

2. On powering up, the writing devices may have any 
status. Before entering a command for the first time, it 
is necessary to wait until all functions currently underway 
are completed, which information can be derived from 
the STATUS register. 
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SYSTEM OPERATING PRINCIPLE 

DISPLAY MEMORY CONFIGURATION 

Assume a V x H pixel picture. Assume that each pixel 
is able to adopt 2b different states. A V x H x b bit display 
memory is thus required. 

In those applications where H features a high value, 
the video signal frequency exceeds the maximum frequency 
of memory read access. 

Example : H = 512 with a television line frequency : the 
pixel succession period on the video signal is 83 ns. 

It is mandatory that a line of H dots be cut into h ad
joining segments of n bits each, read at the same time 
in the display memory, and thereafter converted to serial 
form to produce the video signal. h memory accesses per 
line are necessary. Each access loads b n-bit shift registers. 
The memory contains V x h x b n-bit words. 

{ b memory planes 

1 through 

b planes 

--.-+----------1 
~ 1 pixel 

v v· 

( 
denoted by 

bbits 

x x 
x 

bbits 

H 

V x h address 

Video signal 
on b bits 

1 memory plane= 
V x h n-bit words 

b n-bit 
shift registers 

The EF9367 is designed for the following stored image 
formats : 

v 
v· 
H 
H 
h 

512 or 256 (50 Hz) 
416 or 208 (60 Hz) 
hxn 
1024 or lower multiples of 64 
64 

n 16, 8, 4, 2, 1 (or any value below 16 using exter
nal PROM encoding) 

b any value (addressing is same for all memory pla
nes, management of these planes is eMternal to 
the GDP). 

In so far as the overflow tests are concerned, the circuit 
assumes that it still has the maximum memory space for 

Memory cycle clock 

..;- n 

GDP 

Dot 
frequency 

clock 

X (1024). ThetestforY is effected in the following memory 
spaces: 

512 if FMAT =Vee or CK 
256 if FMAT = Vss or CK 

512 or 256 vertical resolution: the displayed space is iden
tical to the space in memory (unless a greater memory capa
city is de! iberately selected). 

416 or 208 vertical resolution: the displayed space is smaller 
than the memory space. 

lines not displayed are displayable using an external adder 
to dejustify the display addresses (this arrangement may be 
used for smooth roll-up/roll down. 
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DAD AND MSL OUTPUT STATUS TABLES 

The internal counters which address the display memory 
are made up of : 

- 6 horizontal address bits (h = 64) 
ho .. h1.h2,h3,h4,h 5 lbo= LSB) 

- 9 vertical address bits (V.;;; 512) 
t, Vo. V,, V2, V,, V4, V 5 , Vo, V1 

FMAT •Vee or CK 

,.......~--1-~-M~S_L~--1 X9 DAD 
ALLCK 0 

0 0 
1--1---< Xo 

0 1 

1 ·2 3 0 1 2 3 4 5 6 

X1 X2 V 1 X91---+-l---+-+--+-+----I 
V 1 V 6 Vs V4 V, V2 t 

1 0 Xs X7 Xo Xs X4 X3 YI 
t is here the LSB. It denotes the line parity and changes r-;+-1 Xo x, X2 Y 2 x. 
every frame because of interlaced scan. Within a same frame, Y • Y 1 Y • Y s Y • Y 3 Yo 
V 0 denotes the LSB. 

The write address is made up of the LSBs of the X and 
Y internal registers. 

X0 , X1, X2, X3, X4 , X5 , X6 , X7, X8 .X9 
Y0 , V 1, Y2. Y,, Y4, Ys. Y6 , Y,, Y8 

The GDP produces addressing signals in the sequences 
shown in the tables opposite : 

FMAT=V55orCK 

'"=~-1--~-M~S_L_~~X•r--,--..---.-D_A~D..--..,.--..--1 
ALLCK 0 1 2 

o. 0 
f--i- Xo X, X2 

0 1 

3 0123456 

1 x91---+-+--i.-+---1--+-----1 
v, v. v, v. v, v, v, 

1 0 X8 X7 X6 X5 X4 X3 Y0 

r-t-- X0 X, X2 1 X9l---4-+--4-+---l--+-----I 
1 1 Y7 Y6 Y5 Y4 Y3 Y2 Y1 

DESCRIPTION OF DISPLAYABLE FORMATS 

NON INTERLACED SCANNING 

256 x 512 or 208 x 512 pixel formats (H = 512, n = 8) 

Input FMAT must be low or connected to CK. 
The memory is made up of 16 K bytes per memory plane. 
The byte address is made up of 14 bits which are output 
on two runs on the DAD pins. The three MSLO, MSL 1, 
MSL2 outputs are used to select one pixel out of the eight 
featuring the same address. They issue the number of the 
pixel, encoded on three bits. MSL3 is high, and is not used. 

256 x 384 or 208 x 384 pixel formats (H = 384, n = 6) 

Input F MAT must be low or connected to CK. 
The memory is organized as 16 K words x 6 bits. 

The signals produced by the chip in the sequence indicated 
for the 256 x 512 format are transcoded externally as shown 
in the opposite diagram. 

256 x 320 or 208 x 320 pixel formats (H = 320, n = 5) 

The same schematic as for 384 horizontal resolution should 
be used with a memory organized in 5 bit words. 
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YI/YO 

PROM 
256x8 

CK.ALL 

Bit 

address 

Word 

address 

256 x 256 or 208 x 256 pixel formats (H = 256, n = 4) 

Input FMAT must be low or connected to CK. 
The memory is made up of 16 K words x 4 bits. The word 
address is made up of 14 bits which are output in two runs 
on the DAD pins. One of the four chips is selected by deco· 
ding pins MSL 1 •and MSL2 (that leads to ignore X0 : 

the X computation space is changed to 2048 pixels and ho· 
rizontal overflow deteCted at 512 pixels). 



INTERLACED SCANNING 

512 x 1024or416x1024pixel formats (H = 1024, n = 161 

Input FMAT must be connected to Vee or CK. 
The memory comprises 32 K words x 16 bits, organized in 
two blocks of 16 K words each. 

The signals produced by the circuit in the sequence indica· 
ted for the 512 x 512 format are combined externally as 
shown at the end of the data sheet. 

512 x 768 or 416 x 768 pixel formats (H = 768, n = 121 

Input FMAT must be connected to Vee or CK. 
The memory comprises 32 K words x 12 bits, organized in 
two blocks of 16 K words each. 

The signals produced by the chip in the sequence indicated 
for the 512 x 512 format are transcoded externally as shown 
in the diagram below. 

Y2 

Xo 

x, 

PROM 

256 x 8 

h'5 

h'o 

Y1/YO 

512 x 640 or 416 x 640 pixel formats (H = 640, n = 10) 

The same schematic as below should be used with a memory 
organized in 10 bit words. 

512 x 512 or 416 x 512 pixel formats (H = 512, n =Bl 

The FMAT input should be tied to Vee or CK. The memo
ry is made up of V x h bytes ~ 32 K bytes per memory plane. 

The byte address is made up of 15 bits : 

14 are output in 2 runs on the DAD pins for the purpose 
of using 16 K x 1 bit dynamic RAMs, 
the 15th one is output on pin MSL3. 

The 3 MSLO, 1 and 2 outputs allow to select one pixel 
out of the 8 featuring the same address, for pixel-to-pixel 
write applications. They issue the number of the involved 
pixel, encoded on 3 bits. 

Bit 
address 

Word 
address 
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MEMORY OPERATION SEQUENCE 

ALONG ONE FRAME 

Apart from the window where the memory is used for display purposes exclusively, write operations may be performed, 
except during 3 refresh periods. 

Vertical blanking 

Display 
period 

Vertical blanking \\ 'Pf 
~ 

w 

The three period types, D, W and R, respectively, are 
indicated outside the circuit through the BLK and ALL 
signals: 

BLK ALL 

D 0 0 

w 1 1 

R 1 0 

R 

R 

D 

" 

The refresh of dynamic RAMs is automatically performed 
by the GDP. Durihg display, the memory is entirely refreshed 
each 4 lines (256 accenes). 
During vertical blanking, 3 refresh cycles of 4 lines each are 
executed. 

D : display 

w : write 

R : refresh 

Exceptions: 
If bit 2 in register. CTRL 1 is high (high speed write), the 
display period is suppressed and 19 refresh cycles of 4 
lines each are executed during one frame. 

- As long as the WO input is high, the circuit is set to write 
mode, and BLK retains the same outline as it has under 
normal operating conditions. 

In these two cases, executing codes 04 16 , 06 16 , 07 16 

and OC 16 triggers a complete D sequence for a high
speed scan of all addresses. This lasts two frames if 
FMAT is high (or tied to CK) and one frame if FMAT is 
low (or tied to CK). 
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SYNC 

.,, 

.;, 
"' 

FRAME SEQUENCE - 525 LINE SYNCHRONIZATION 

_l I I I !TTl I I I I 1\f' I I I lnl I I I I I '11' I I I I I I I I I I I lnl I I I IJll I I I 1;,rl I I I I 
FMAT •CK 

odd frame 

I I I I nil I I I I 1~)1 I I I IJfl I I I I I lfll I I I I I I I I I I I ~ 11 I I I bl I I I l;:I I I I Ir 
FMAT •CK even frame 

~jl I I I 1;,d I I I I I 'Jsl I I I I I I I I I I I liJI I I I IJJl I I I lf?I I I I I 

TVlinenumber ,,,,,,l•l•l•l1l l++H I l++H 11 H~H+++H++l I lml244H !2<112491~12511 1~+++21 
VB r----i (~ f 

BLK(if ~~ bit 2 in 
CTRL1•0) 

ALL (if 
bit 2 in 
CTRL1•01 

:f~f----uulJlr-f~~J---um.ruff 
1.. ..1 1.. ..1 1------.J 

Refresh Refresh Display Refresh 

~;;~:~1 h,..,,...,,.,,--fj---,,..,,...,,...,,..-f~ f-,,..,,..,,.,.--(f 
CTRL1• 1) • LI LI LI LI .. LI LI LJ u .. . LJ LJ u LI , 

I"' .. 1 1.. .I 1.. ..1 i.----j 
Refresh Refresh Refresh Refresh 

Note : ALL signal high denotes write periods. 



SYNC 

O> 

t 

FRAME SEQUENCE - 625 LINE SYNCHRONIZATION 

I I I I nil I I I I rff1 I I I lnl I I I I I yrl I I I I I I I I I I I ~;I I I I 'u' I I I '1:' I I I r 

FMAT =Vss 

oc1d tram• I I I r 
I I I I nil I I I I 1))1 I I I l;rl I I I I I lfll I I I I I I I I I I I V ;I I I I ':JI I I I l;,d I 

FMAT •Vee 
even frame 

I I I I rrn1 I I I I ljJI I I I '11' I I I I I 'n' I I I I I I I I I I I Ir:' I I I lf:I I I I 1551 I I I r 

TVlinenumber I •l+l•l•l•l 1l l++H I HDl2BH 111++H++H++l I l••++•l l•Hl2B+•H 1+++121 
VB r---, <~ 

~;~~ ;1~1 f-------i n n n n n n n n n r( (n n .-----? f 
eTRL1•0) U U U U U U U U U U)}J U LI 

ALL(if 
bit 2 in 
eTRL1•0) 

f11..n.Juu-ir---uu-uu-'~~JLJ1.f1JlJii 
I " ., j I .. ., I i.----------.1 

Refresh Refresh Display Refresh 

~~~ i~ h ............. rif-....., ,..., ..., .--{~ ..... ......... .----! h .............. .-(f 
eTRL1• 1) • LI LI LI LI .. LI LI LI LI _, u LI u LI . . LI u u LI ' 

I" •I I • .,I !.---.\ '4--------.j 
Refresh Refresh Refresh Refresh 

Note : fil signal high denotes write periods. 



COMPOSITE SYNC AROUND FRAME SYNC 

T : CK input period (667 ns in typical application where TV line duration is 64 µs) 

SYNC 

SYNC 

SYNC 

48T 

VB 

Arr 
BLK 
WHITE 

Vertical sync pulses 

End of odd frame Beginning of even frame 

End of even frame Beginning of odd frame 

Note: If FMAT is low or tied to CK, the pattern of the second line is repeated for each frame. 

DETAILED LINE DIAGRAM 

96 T 

23 T 64 T 
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HARDWIRED WRITE PROCESSOR OPERATION IN DISPLAY MEMORY 

The hardwired write processors are sequenced by the, 
master clock CK. They receive their parameters from the 
microprocessor bus. They control the X, Y write address, 
and the DIN, OW, MW and IRO outputs. 

These harwired processors operate in continuous mode. 
In the event of conflicting access to the display memory, 
the display and refresh processors have priority. 

Since command decoding is synchronous with the 
CK master clock, any write operation into the (CMD) 
command register triggers a synchronizing mechanism which 
engages the circuit for a maximum of 2 CK cycles when the 
E input returns high. The circuit remains engaged throughout 
command execution. 

No further command should be entered as long as bit 2 
in STATUS register is low. 

VECTOR PLOTTING 

The internal 0vector generator makes it possible to modify, 
within the display memory, all the dots which form the 
approximation of a straight line segment. All vectors plotted 
are described by the origin dot and the projections on the 
axes. 

The starting point co-ordinates are defined by the X, Y 
register value, prior to the plotting operation. 
Projections onto the axes are defined as absolute values 
by the DEL TAX and DEL TAY registers, with the sign in 
the command byte that initiates the vector plotting process. 

The vector approximation achieved here is that established 
by J. F. BRESENHAM ("Algorithmforcomputercontrolof 
a digital plotter"). This algorithm is executed by a hardwired 
processor which allows for a further vector component dot 
to be written in each CK clock cycle. 

During plotting, the display memory is addressed by the 
X, Y registers, which are incremented or decremented. 

On completion of vector plotting, they point to the 
end of this vector. 

All vectors may be plotted using a•'Y of the following 
line patterns : continuous, dotted, dashed, dash-dotted, 
according to the 2 LSBs in register CTR L2. 

Irrespective of such patterns, the plotting speed remains 
unchanged. The "pen down-pen up'.' statement required 
for plotting non-continuous lines is controlled by the 
OW output. 

For a specified non-continuous line plotted vector, 
defined by DELTAX, DELTAY, CTRL2, CMD, the DW 
sequencing during the plotting process is always the same, 
irrespective of vector origin and of the nature of previous 
plots. This feature guarantees that a specified vector can 
be deleted by plotting it again after moving X and Y to the 
starting point, and complementing bit 1 in register CTRL1. 

Since the vector plotting initiation command defines 
the sign of the projections onto the axes, all vectors may 
be plotted using 4 different commands. 

For increased programming flexibility, the system 
incorporates 16 different commands, supplemented by a set 
of 12B commands which make it possible to plot small 
size vectors by ignoring the DEL TAX and DEL TAY registers. 

Such commands are as follows : 

• Basic commands 

!ololo!1!o!xlxl 1 

I l. DEL TAX sign I O if positive 
L.;., DEL TAY sign I 1 if negative 

• Commands which allow ignoring the DEL TAX or 
DEL T AV registers by considering them as of zero value. 

!0!0!0!1!ojxlxlol 

a~ TAY ignored, DEL TAX> 0 

1 DEL TAX ignored, DEL TAY >O 

1 0 DEL TAX ignored, DEL TAY <O 

1 1 DELTAYignored,DELTAX<O 

Note : Bits 1 and 2 always have the same sign meaning. 

These 8 codes may be summarized by the following diagram : 

K 
110 

6 

K 

010 
2 

)\ 
Origin 

100 
4 

~ 
000 

0 

• Commands which allow ignoring the smaller of the two 
DEL TAX and DEL TAY registers, by considering it as 
being equal to the larger one, which is the same as 
plotting vectors parallel to the axes or diagonals, using a 
single DELTA register. 

Same direction codes as above. 

• Commands in which the two registers DEL TAX and 
DEL TAY may be ignored by specifying the projections 
through the CMD register (0 to 3 steps for each projec· 
tion). 

l1lxlxjxjxjxjxjxj 
~~~ 

6X tiY L 
(Unsigned integer values) Same direction code 

as previously 
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EXAMPLE 'PLOTTING A DOTTED VECTOR 

CMD = 13 16 
Origin: 

CTRL1 =0316 

Corresponding to 
- Basic command, 

·DEL TAX <O 
·DELTAY>O 

Pen down 

~ DELTAX = 17 10 

Projections: 
DEL TAY= 13'° 

CTRL2 = 116 Dotted vector : 
2 dots on, 
2 dots off. 

Plotting cycle sequence: (It is assumed that the vector generator is not interrupted by the display or refresh cycle). 

CK 

x 
y 

Bit 2 of 
STATUS 

!RO 
if bit 6 
of CTRL=: 1 

D 

I I I I I I I I I I I I I I I I I I I I I I I I I I 

1 °l 0 l 0 l 0 l 0 l 0 l%l~1~1~1a1~1®1~1~1n1~1~1M1n1u1n1•1•1•1•1•1 75 75 75 75 75 75 76 77 77 78 79 80 80 81 82 83 83 84 85 86 86 87 88 88 88 88 88 

11111111111111111111111 

I I I I I I I I I I I I I I I I I I I I I 
/ ' Actual plot 

Sync Initialization 

y 

H~ 
End 

i= " 1--
Dots "or 
are modi 

itin" and "end" 
fied 

I I I I 

"''{ ~Origin 

Display shows : • unmodified dot 

o dot on 

75 

JO 

mm x 
47 

DEL TAX 

Note: 

Plotting a vector with DEL TAX =DEL TAY= O writes the 
dot X, Y in memory. It occupies the vector generator for 
synchronization, initialization and one write cycle. 
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CHARACTER AND SYMBOL GENERATOR 

The character generator operates in the same way as the 
vector generator, i.e. through incrementing or decrementing 
the X, Y registers, in conjunction with a OW output control. 

It receives parameters from the CSIZE,CTRL2 and CMD 
registers. The characters plotted are selected, according to 
the CM D value, out of 98 matrices (97 8-dot high x 5-dot 
wide rectangular matrices, and one 4 dot x 4 dot matrix) 
defined in an internal ROM. Two scaling factors may be 
applied to the characters plotted using X and Y defined 
by the CSIZE register.The characters may be tilted, according 
to the content of register CTRL2. 

Basic matrix 

Upon completion of a character writing process, the X 
and Y registers are positioned for writing a further charac
ter next to the previous one, with a 1 dot spacing, i.e. Y 
is restored to its original value and X is incremented by 6. 

'\ End Origin / 
Unchanged 
Altered dots }ifCMD=41 16 lintheROM 

standard version) 

x Computed dots, not defined into the ROM (not modifi
able). 

Scaling factors 

Each individual dot in the 5 x 8 basic matrix may be 
replaced by a P x Q size block. 

P X co-ordinate scaling factor 
Q : Y co-ordinate scaling factor 

The character size becomes 5P x SQ. Upon completion 
of the writing process, X is incremented by 6P. The CK 
clock cycle count required is 6P x SQ. 

P and Q may each take values from 1 through 16. 
They are defined by the CSIZE register. Each value is 
encoded on 4 bits, value 16 being encoded as Q16 • 

In register CSIZE, P is encoded on the 4 MSBs and Q on 
the 4 LSBs. 

Among the 97 rectangular matrices available in the 
standard ROM, 96 correspond to CMD values ranging from 
20 16 to 7F 16 , and the 97th matrix to OA 16 . In the standard 
version, these values correspond to the 96 printable charac
ters in the ASCII set. The 97th character is a 5P x SQ 
block which may be used for deleting the other characters. 

The 98th code (08 16 ) is used to plot a 4P x 4Q graphic 
block. It locates X, Y, without spacing for the next symbol. 
Such a block makes it possible to pad uniform areas on the 
screen. 

~ 
0 Modified dots 
x Computed dot 

not defined in 
ROM (not modifiable) 

Origin End 

Tilted characters 

All characters may be modified to produce tilted characters 
or to mark the vertical co-ordinate with straight or tilted 
type symbols. Such changes may be achieved using bits 2 and 
3 in register CTR L2. 

Note : Scaling factors P arid Qare always applied within 
the co·ordinates of the character before conversion. 

Character deletion 

A character may be deleted using either the same command 
code or command code OA 16 . In either case, bit 1 in regis
ter CTRL 1 should be inverted, the origin should be the 
same as prior to a character plotting operation, as should 
the scaling factors. 

Note : Vector generator and character generator operate 
in similar ways : 

VECTOR CHARACTER 

Dimensions DEL TAX, DELTAY CSIZE, tilting 

DW modulation Type of line Character code 

USE OF LIGHT PEN CIRCUITRY 

A rising edge on the LPCK input is used to sample 
the current display address in the XLP and YLP registers, 
provided that this edge is present in the frame immediately 
following loading of the OS 16 or 09 16 code into the CMD 
register. 

Here, the frame origin is counted starting with the VB 
falling edge. With code 0816 , the MW output recopies 
the BLK signal from the frame origin up to the rising edge 
on the LPCK input, or when VB starts rising again, if the 
LPCK input remains low for the entire frame. With code 

0916 , the MW output is not activated. 
The YLP addre9S is 8-bit coded since there are 256 display 

lines in each frame. The XLP address is 6-bit coded since 
there are 64 display cycles in each line_ 

These 6 bits left-justified in register XLP indicate the 
number of the segment (h = 0 to 63) to which the point in
dicated by the light pen belongs. 
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The address sampled into XLP corresponds to the 
current memory cycle. Dots detected by the light pen were 
addressed in the memory during the previous cycle. Hence, 
1 should be subtracted from bit 2 in XLP register where the 
light pen electronic circuitry does not produce any addi
tional delay. 

If the rising edge on input LPCK occurs while VB is low, 
then the LSB in XLP is set high. This bit acts as a status 
signal which is reset to the low state by reading register 
XLP or YLP. 

The rising edge first received (LPCK or VB) sets bit 0 in 
STATUS register high. An interrupt is initiated if bit 4 in 
CTR L1 is high. 

When commands 08 16 or 0916 have been decoded, bit 2 
of the status register goes high (circuit ready for any further 
command) and bit 0 goes low (light pen operating sequence 
underway). 

SCREEN BLANKING COMMANDS 

Three commands (04 16 , 06 16 , 0716 ) will set the whole 
display memory to a status corresponding to a "black 
display screen" condition. Another command (OC 16 ) may 
be used to set the whole memory to a status other than 
black (this condition being determined by bit 1 in register 
CTRLl). 

The 4 commands outlined above use the planned scanning 
of the memory addresses achieved by the display stage. 
The X and Y registers are not affected by commands 04 16 
and OC 16 . Hence, the time required is that corresponding 
to one frame (FMAT = 0 or CK) or two frames (FMAT = 
1 or CK). The time corresponding to the completion of the 

frame currently executing when the CMD register is loaded, 
should be added to the above time. 

For the screen blanking process, the frame origin is 
counted starting with the VB falling edge. 
The only signals affected here are the OW output, which 
remains low when VB is low, and the DIN output which is 
forced high where the 0416 , 0616 and 07 16 commands are 
entered. 

Such commands are activated without requiring action 
by WO input or bit 2 in register CTRLl. While these 
commands are executing, bit 2 in STATUS register remains 
low. 

EXTERNAL REQUEST FOR DISPLAY MEMORY ACCESS (MW OUTPUT) 

On writing code OF 16 into the CMD register, the MW 
output 1s set low by the circuitry, during the next free 
memory cycle. 

Apart from the display and refresh periods, this cycle 
is the first complete cycle that occurs after input E is 
reset high. 

During this cycle, those addresses output on DAD and 
MSL correspond to the X and Y register contents : OW is 
high, ALL is high. 

Should the memory be engaged in a display or refresh 
operation, (which is the case when ALL is low), then this 
cycle is postponed to be executed after ALL is reset high. 
The maximum waiting time is thus 64 cycles. 

The MW signal may be used e. g. for performing a read 
or write operation into a register located between the 
display memory and the microprocessor bus. 

INTERRUPTS OPERATION 

An interrupt may be initiated by three situations denoted 
by internal signals : 

• Circuit ready for a further commaRd 
• Vertical blanking signal 
• Light pen sequence completed. 

These three signals appear in real time in the STATUS 
register (bits 0, 1, 2). Each signal is cross-referenced to a 
mask bit in the register CTRLl (bits 4, 5, 6). 

If the mask bit is high, the first rising edge that occurs 
on the interrupt initiating signal sets the related interrupt 
flip-flop circuit high. 

The outputs from these three flip-flop circuits appear in 
the STATUS register (bits 4, 5, 6). If one flip-flop circuit 

is high, bit 7 in the STATUS register is high, and pin IRQ is 
forced IQw. 

A read operation in the ST ATU§ register at address 0 1 6 

resets its 4 MSBs low, after input E is reset high (a read at 
address F16 maintains their value). 

The three interrupt control flip-flops are duplicated to 
prevent the loss of an inte~rupt coming during a read cycle 
of the ST A TUS register. 

The status of bits 4, 5 and 6 corresponds to the interrupt 
control flip-flop circuit output, before input E goes low. 

An interrupt coming during a read cycle of the STATUS 
register does not bppear in bits 4, 5 and 6 during this read 
sequence, but during the following one. However, it may 
appear in bits 0, 1, 2 or on pin I RO. 
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TABLE 1 - REGISTER ADDRESS 

ADDRESS REGISTER REGISTER FUNCTIONS Number 

Binary of 
Hexa Read Write 

A3 A2 A1 AO R/W=1 R/W=o bits 

0 0 0 0 0 STATUS CMD 8 

0 0 0 1 1 CTR L 1 (Write control and interrupt control} 7 

0 0 1 0 2 CTR L 2 (Vector and symbol type control) 4 

0 0 1 1 3 CSIZE (Character size) 8 

0 1 0 0 4 Reserved -
0 1 0 1 5 DEL TAX 8 

0 1 1 0 6 Reserved -
0 1 1 1 7 DEL TAY 8 

1 0 0 0 8 x MSB& 4 

1 0 0 1 9 x LSBs 8 

1 0 1 0 A y MSB• 4 

1 0 1 1 B y LSBs 8 

1 1 0 0 c XLP (Light-pen! Reserved 7 

1 1 0 1 D YLP (Light-pen) Reserved 8 

1 1 1 0 E Reserved -
1 1 1 1 F STATUS Reserved 8 

Reserved : These addresses are reserved for future versions of the circuit. In read mode, output buffers 1'0-07 force 
a high state on the data bus. 

0 0 0 0 0 

0 0 0 1 1 

0 0 1 0 2 

0 0 1 1 3 

0 1 0 0 4 

0 1 0 1 5 

0 1 1 0 6 

0 1 1 1 7 

1 0 0 1 9 

1 0 1 0 A 

1 0 1 1 B 

1 1 0 0 c 

1 1 0 1 D 

1 1 1 0 E 

1 1 1 1 F 

TABLE 2 - COMMAND REGISTER 

Set bit 1 of CTRL1 : 
Pen selection 

Clear bit 1 of CT~L 1 : 
Eraser selection 

Set bit 0 of CTRL 1 : 
Pen/Eraser down selection 

Clear bit 0 of CTRL 1 : 
Pen/Eraser up selection 

Clear screen 

X and Y registers reset to 0 

X and Y reset to 0 and clear screen 

Clear screen, set CSIZE to code "minsize" 
All other registers reset to 0 
(except XLP, YLPI 

Light-pen initialization 

5 ~ 8 block drawing 
(size according to CSIZE) 

4 x 4 block drawing 
(size according to CSIZE) 

Screen scanning ; 
Pen or Eraser as defined by CTR L 1 

X register reset to O 

Y register reset to 0 

Direct image memory access request 
for the next free cycle. 

@ 

A a 

B R 

c s 

D T 

E U 

F V 

G W 

H X 

I y 

J z 

K [ 

L \ 

M I 
N t 

0 -
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SMALL VECTOR OEFINITION : 

b7 bs b5Tb4 b3 b2 b1 bO l 
1 iflx~ ~YI Directionl 

Dimension 

/:;)(or f:1y 
0 0 
0 1 
1 0 
1 1 

Direction 

Vector length 

0 step 
1 step 
2 steps 
3 steps 



OTHER REGISTERS 

STATUS REGISTER (Read only) 

HIGH = light·pen sequence ended / These 3 bits are not latched 
HIGH= vertical blanking (idem on pin VB) d k 
HIGH= ready for a new command; LOW= busy \ an not mas ed 
HIGH= pen out of display window (logical OR of the 6 MSBs of the X and Y registers) 
HIGH =light-pen sequence ended I RO (if enabled) ( These 3 bits are reset after a read 
HIGH= vertical blanking I RO (if enabled) cycle of the status reg,ister at 
HIGH = ready for a new command I RO (if enabled) address 0 16 . 

I RO : logical OR of bits 4,5,6 ; HIGH when I RO output is low. 

CONTROL REGISTER 1 (Read/Write) 

HIGH= pen down; LOW= pen up (control DW output) 
HIGH= pen ; LOW= eraser (control DIN output) 
HIGH =high speed write: no video (BLK output is high, mini. of memory refresh cycles) 

'----~ HIGH= cyclic screen (memory display write even if bit 3 of the status register is high) 
HIGH= enable end of the light pen sequence I RO / 

'------... HIGH= enable VB IRO \Interrupt masks 
'--------- HIGH= enable ready for a new command IRO 

'----------- Not used (0 for reading) 

CONTROL REGISTER 2 (Read/Write) 

bl bO Type of vectors 

Type of vectors 

HIGH 0 tilted character 

HIGH 0 character on vertical 
axis 

0 
0 
1 
1 

0 -- continuous 
1 ---- - - - dotted 
0 --- dashed 
1 - · - - dotted-dashed 

Types of character orientations 

X,Y Final 
Initial I 
regi.s~er ~ X, '. ;egister 
pos1t1on positron 

bJ = 0, b2 = 0 
CSIZE = 1116 

... 
• 
b3 = 0, b2 = 0 
CSIZE = 2216 

• b3 = 0, b2 = 1 
CSIZE = 11 16 

6-71 

bJ = 1, b2 = 0 
CSIZE=11 16 

b3 = 0, b2 = 1 
CSIZE = 2210 

2 dots on, 2 dots off 
4 dots on, 4 dots off 

10 dots on, 2 dots off, 
2 dots on, 2 dots off. 

I: 
b3 = 1, b2 = 1 
CSIZE = 11 16 



C-SIZE REGISTER (Read/Write) 

p Q 

P: Scaling factor on X axis 
Q: Scaling factor on Y axis 

P and Q may take any value between 1 and 16. This value is given by the leftmost or 
rightmost 4 bits for P and Q respectively. Binary value (OJ means 16. 

X AND Y REGISTERS (Read/Write) 

IX1XIX1Xl3J2J1JoJ 

l1lsls'413l2!1iol 

The 4 leftmost MSBs are always 0. 

XLP and YLP REGISTERS 

l Status bit indicating if a rising 
edge has been applied on LPCK 
during the first complete frame 
following light-pen initialization. 
This bit is reset by a read on 
XLP or YLP. 

always 0 

~---~.,. 6 bit XLP value 
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MSBs 

LSBs 

l 
8 bit YLP value 



ASCII CHARACTER GENERATOR 15 x 8 matrixl 

b7 a o o o o o 
b6 0 1 0 1 1 1 1 
b5 1 1 0 0 1 1 
MO 1 0 1 0J1 

bb2b1b0 

0000 111111 
0001 1111111 
0010 111111 
0011 111111 
OlOO 111111 
OlOl 111111 
0110 111111 
0111 111111 
1000 111111 
1001 111111 
lOlO 111111 
1011 111111 
1100 111111 
1101 111111 
1110 111111 
1111 111111 
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EXAMPLE OF A MONOCHROME APPLICATION: 512 x 512 or 416 x 512 

l 3 to 8 decoder E 

lllllIIII 

ltittiiii_ 
~CAS1kj~1 

- ~ ALL --
CAS2 ~ MSL3 MSLO to 2 Bor16bit 

microprocessor bus 

07 
._ --" 

to Data 
DO :_ ONE MEMORY PLANE AS j.- ai 1---1-___,,__-1 I

i-~ \ 
to j.- ~ ,___,__ ....... ___. 

AO !--- ;;i !---+--+-~ 
512 x 512 bits 

DADS 
to 

DADO 

A3 
to 
AO V" 

J Address 
l\r----~ 

2 x 8 ( 16-K bit chips) j.-
GDP 

Dour ----------

l 

Q 
Composite 

video output 

8-bit shift 
register 

Video 
mixer 

J 

j.-._. I R/W 

-----+--+---!OW IRQ t-------
i-----+--+---1 DIN E: 1------

BLI< Cl< SYNC 

L_ 

• Generator h 
L.__o_f_1_.s_M_H_z _c1_oc_k_s__.:__J 

12 MHz crystal 
high-speed clock 

Note: FMAT •Vee : 612 x 612 resolution· 50 Hz 625 llne Interlaced ocennlng 
FMAT •Cl< : 416 x 612 rnolutlon -60 Hz 626 line interlaced scanning. 
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EXAMPLE OF A COLOR APPLICATION: 208 x 512 or 256 x 512 

Eight colours may be obtained from the three basic colours red (A), green (G), blue (B) 

r 3 to 8 decoder E }'-------------------

l l :TLLT1 rxmn-D y '-1 I( 
8 AB A 

MEMORY PLANES Vn 3 IDENTICAL i r I7 f/ 

/i a /, B t;:f 8 or 16 bit 

[ 

r-
-~ microprocessor bus ALL MSLO to 2 

07 
to 

I~ DO 

"' 7 DAD6 r 7 l 1/ c::I 7 ~'---'-"'----L~------~---'---' RAS 

MEMORYPLANE R 
256 x 512 bits to l.Y 

s. ... 
~ 

to 
DADO 

~ +- A3 
to [\--AO 

8 x 116 K-bit chips) 

3 IDENTICAL 
REGISTERS 

A6 1-,--

DIN 1--'-----1-------'--

R/Wi.-1----1-------l-~ 
DouT 8 

8 

L-
GOP 

r-+- CK 
R/W...__ 

IROJ-
E ..__ 

DIN 6W SYNC 

'---'----'-'-'1.w~ 
'---"-----!--_,_. ~ !!. 3 IJl---'--_w 

~ 
f---

f---

'----+----+--+-! ~- ~- ~ ' ~~~l:==::J IC-------~ 

.___ [ 
8-bit shift 

register 

,.L 

R G B Synchro 

Generator b 
of 1.5 MHz clocks ...______, 

fr 12 MHz crystal l high-speed clock 

Note: FMAT = Vss : 256 x 512 resolution· 50 Hz 625 line non interlaced scanning 
FMAT =CK · 208 x 512 resolution· 60 Hz 525 line non interlaced scanning. 
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XQ 

EXAMPLE OF A MONOCHROME, MULTIPAGE APPLICATION: 512 x 1024 or 416 x 1024 

(See page JO for MUX command law) 

x1 x3 E 

4 to 16 decoder 

RAS 

2 PAGES 

1512 x 1024) or (416 x 10241 

16 x (64 K-bit chips) 

AO 
to 14--T--....-" I 
A7 

Sor 16bit 
microprocessor bus 

Data 

Address 

R/W 14---+-

IRQI---+-

E14---+--
Control 

CAS 

DIN 
DouT 

~~~----~~--~----~~-::ow 

Note: 

Video 

mixer 

Generator of 1.5 MHz clocks 

24 MHz crystal 

high-speed clock 

FMAT = Vee 

FMAT = CK 

512 x 1024 resolution - 50 Hz 625 line interlaced scanning 

: 416·x 1024 resolution - 60 Hz 525 line interlaced scanning. 
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EXAMPLE OF A MONOCHROME, MUL TIPAGE APPLICATION: 512 x 640 or 416 x 640 

(See page 30 for PROM encoding) 

b2 b1 bo _H 
'---~~-4~10_1_o~sc_o~d-•c~o-d_•'~~-~~-E-' ~-K--+H""""'.=====------, l 

i---:f" ALL MSLO 

o 14----f--iMSL 1 

c..'::: ~ :f j""" MSL2 

...-- ~ ~v 
.-~i~ 

DAD0-5 
rl 

Sor 16 bit 

microprocessor bu 

~ 
H X9 00-07 v----.-~), 
t-iDAD6 

AO-A3 

GDP 
2 PAGES 

(512 x 640) 0, (411;; x 640) 

10 x (64 K-bit chips) 

DouT 

DIN 1<1f+14----1~==-----1--1 

DW~;-----t--::=:==-----t--1 
MUX~~ A 7 l<lt..._1--+---il--i</: r 

CASI++- L; PAGE 

~ CMD 

l I IIITJI ~ 

DIN 

ow 
MSL3 

BLK 

J 

R/W~ 
-
IRQ 

-
E 

SYNC I--

CK 

J 10-bit shift registe< H-tl--+--+-+--+----' D ~Page selection].-.+-J 

[ , ..... ,.' '""?: b 
Composite 

video 

4-

Note: FMAT = Vee 

FMAT = CK 

Video 

mixer 

15 MHz crystal 

high-speed clock 

: 512 x 640 resolution - 50 Hz 625 line interlaced scanning. 

: 416 x 640 resolution -60 Hz 525 line interlaced scanning. 
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MUX COMMAND LAW 

Following table indicates MUX command principles. 

~lactad Ml,JX input Output 

Raad~cles Write cycles Address bit Comment 
RAS CAS RAS CAS 

DAD6 DAD6 DAD6 DAD6 Ao NoMUX 

DAD5(h0 ) DAD5 DAD4(X.,) DAD5 ·A, 

DAD4(h1 ) DAD4 DAD3(Xsl DAD4 A, 
These six 

DAD3(h2 ) DAD3 DAD2(X•) DAD3 A, 
MUXare 

DAD2(h,) DAD2 DAD1(X7 ) DAD2 
driven 

~ 

DAD1(h4 ) DAD1 DADO(X8 ) DAD1 As 
identically 

DADO(hsl DADO x. DADO Ao 
byCMD1 

MSL3 PAGE MSL3 PAGE A, Driven 

byCMD2 

PROM CODING PRINCIPLES 

The PROM coding consists in the use of the 10 horizon' 
tal address bits (Xo, - - - -, Xo) to access the 640 pixels 
(organized in 64 segments of 10 pixels each}. 

The 4 bits (bo, b1, b2 , b3 ) are coding decimal numbers. 
Parity is maintained by BCD coding ; Xo signal is therefore 
not coded inside the PROM and provides directly bo. 

Example : Considering the pixel with decimal abscissa 
X = 378 (17A in hexadecimal). Thispixelisinsidethe38th 
segment (h = 37 dee. or 25 hex.) with an abscissa x = 8. 

One·of-ten chip selection 

~ 

~ 

One-of-64 segment selection 

~ 

bo 
b, 
b, 

b, 

ho 

h1 

h, 

h, 

h. 

hs 

The binary number 0101111010 (17A hex.) must be enco
ded into 1001011000 (258 hex.). 

This principle allows transcoding of all horizontal address 
values. Transcoding must only be active (PROM selection) 
during write cycles (ALL = 1) when horizontal addresses 
are output (RAS). 

Note : This transcoding system may be adapted to other ho
rizontal resolutions as 320, 384, 768. Horizontal resolutions 
are multiples of 64. 

----

PROM ~ 

~ 
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CSUFFIX 
CERAMIC PACKAGE 

DIN 

A51F 
CEI 

PHYSICAL DIMENSIONS 

CB-182 

ill 

o .• u.A. JEDEC 

6·79 

PSUFFIX 
PLASTIC PACKAGE 

(1) Ncmlnlldlm1n1lon 
~2) True geometrlctl position 

40,, .. 

' F-119 CB·182 

SITElESC 
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The E F9369 single chip palette provides a low cost, yet remarkable enhance
ment for any low to mid-range color graphics application. It allows display· 
ing up to 16 different colors, each of these colors being freely selected out 
of 4096 preset values. EF9369 contains a 16 register color look-up table, 
three 4-bit DIA converters and a microprocessor interface for color loading. 

• On chip color look-up table 
• 4096 color palette ( 16 colors selected from 4096) 
• On-chip three 4-bit resolution video DACs with "Y law correction 
• Dot rate up to 30 Megadots per second 
• Marking bit for inlay purpose 
• Versatile microprocessor interface : 

directly compatible with address/data multiplexed 8-bit microproces
sor bus such as 6801, E F6805CT, 8051... 
directly compatible with non-multiplexed 8 or 16-bit microprocessor 
bus (6809, 6502, 68008 ... ). 

• Single 5 V supply 
• H MOS 2 technology. 

TYPICAL APPLICATION 

MICROPROCESSOR-

,.... _ _.._ _ _,DIGITAL 

VIDEO 

CRT 
CONTROLLER 

DOT CLOCK 

BLANKING 

.----""'---ANALOG 

EF9369 
COLOR 

PALETTE 

SYNC 

>':~V-ID_E_O_,_, [ MO'"'"] 
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Ef 9369 
SINGLE CHIP COLOR PALETTE 

CB-520 

Vss 

vDDC 

SMI 

cc 

CA 

CB 

M 

ADO 

Vee 

RESET 

AD1 

AD2 

AD3 

AD4 

HMOS2 
SINGLE CHIP 

COLOR PALETTE 

CASES 

PSUFFIX 
PLASTIC PACKAGE 

• FN SUFFIX 
PLCC 28 

PIN ASSIGNMENT 

28 HP 

27 P3 

26 P2 

25 Pl 

24 PO 

23 BLK 

22 AS 

21 R/W 

20 DS 

10 19 cso 

11 18 Cs 

12 17 AD7 

16 AD6 

14 15 ADS 



MAXIM!Jl\1. RATINGS 

. Roting Symbiil ··v.11u1 

Supply voltage Vee• -0.3 to 7.0 

Input vOltage V1n* -0.:i to 7.0 

Operating temperature range TA 0 to 70 

Storage temperature range Tng -56to150 

Max povvar di11ipation Pom 0.45 

*With respect to Vss 

ELECTRICAL OPERATING CHARACTERISTICS 
1vcc = s.ov ± 5 %, Vss = o, TA= o to 10°c1 l 

Characteristic 

Supply voltage 

Analog supply wltage 

Analog supply .cu~rent 

Input low voltage 

Input high voltage 

Input leakage current 

Output high voltage li1oad • - 500 µA) 

Output low voltage ll1oed • 1.6 mA) 

Pow8r di11ipation 

Input capacitance 

Three state (off atate) input currant 

Test load for digital output 

Test 
point 

R 

c 
RL 

R 

RESET 

All other inputs 

1N916 
or equiv. 

AD(0:7) 

100 pf 

1 KO 

4.7 KO 

8·82 

Unit. 

v 
v 
•e 

•e 

w 

Symbol 

Vee 

Vooe 

iooe 

V1~ 

V1H 

ljn 

VoH 

VOL 

Po 

Cin 

ITSI 

St-. above those hara by listed may causa 
permanent dlma~ to the device. The ratln91 

·.are stress ones only and functional operation 
of the .'device at these or any condidons bay· 
ond t.hose indicated in the operational sections 
of this specification Is not Implied. Exposure 
to maximum rating conditions for extended 
periods rriay affect device reliability. Standard 
MOS circuits handling procedure should ba 
used to avoid poalble damage to the device. 

Min Typ Mox Unit 

4.75 5 5.25 v 

- Vee TBD v 

- 20 - mA 

-0.3 - 0.8 v 
3 - Vee v 
2 - vee 
- - 20 µA 

·2.4 - - v 

- - 0.4 v 

- 250 - mW 

- - 15 pf 

- - 10 µA 

Test load for analog output 

Test:n ,.. ~"I i •oo<n 

M 

50pf 

3.3 Kn 

4.7 Kn 



MICROPROCESSOR INTERFACE TIMING ADI0:7), AS, OS, R/W, CS, CSO 
Vee= 5.0 ± 5 %, TA= 0° to+ 70°C, CL= 100 pF on AD(0:7) 
Reference levels: V1L = 0.8 V and V1H = 2 Von all inputs; VoL = 0.4 V and VoH = 2.4 Von all outputs. 

I dent. Characteristic 
number 

Symbol Min Typ 

1 Cycle time •eve 400 -

1b OS pulse width high time 1PWEX 200 -

1c OS pulse width low time (Timing 3) 'PWEL 100 -

2 OS low to AS high (timing 1) 'ASD 30 -

OS high or R/W high to AS high (timing 2) 

3 AS low to OS high (timing 1 I tASED 30 -

AS low to OS low or R/W low (timing 2) 

4 Write pulse width 'PWEH 200 -
5 AS pulse width 'PWASH 100 -

6 R/W to OS setup time (timing 1) 'RWS 100 -
6b R/W, AS, CS, CSO to OS setup time (timing 3) 100 -
7 R/W to OS hold time (timing 1) 1RWH 10 -
8 Address and CS, CSO setup time 'ASL 20 -

9 Address and CS, CSO hold time 'AHL 20 -

10 Data setup time (write cycle) •Dsw 100 -
11 Data hold time (write cycle) 'DHW 10 -
12 Data access time from OS (read cycle) 'DDR - -

13 OS inactive to high impedance state time (read cycle) 'DHR 10 -
14 Address to data valid access time 'ACC - -

TIMING DIAGRAM 1 - MULTIPLEXED MODE - MOTOROLA TYPE ISMI = Vss) 

DS 

AS 

R/W 

cs 
cso 

WRITE CYCLE 

ADl0:71 
~~~~~~~~~~ 

READ CYCLE 
~~~~~~~~~~ 

AD(0:7) 

'PWEX 1b 

INPUT DATA 
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Max 

-

-
10000 

-

-

-

-

-
-

-
-

-

-

-

150 

80 

300 

® 

@ 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



TIMING DIAGRAM 2 - MULTIPLEXED MODE. INTEL TYPE ISMI = Vssl 

READ CYCLE 

RD !Pin OSI 

WR (Pm R/Wl 

cs 
cso 

ADI0:71--------------< 

ts 
cso 

ADI0:71--------------< 

'CYC 

® 
lDDR 

ADDRESS I)------< 

® 
'ACC 

'PWEH 
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TIMING DIAGRAM 3 - NDN-MUL TIPLEXED MODE (SMI , Vccl 

AS 

OS 

R!W ---------

cs 
cso 

WRITE CYCLE 
A0(0:7) 

READ CYCLE 

AD(0:7) 

1PWEX 

•Dsw 10 

INPUT DATA 

'DOR 12 
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DIGITAL VIDEO SIGNALS· HP, P(0:31, BLK, M, RESET 
Vee= 5.0 ± 5 %, TA= 0°C to+ 70°C, CL= 50 pF on M. 
Reference levels: V1L = 0.8 V and V1H = 2 Von all inputs; 

VoL = 0.4 V and VQH = 2.4 Von all outputs. 

Characteristic Symbol 

HP clock period tp 

HP high pulse width 'PWEH 

HP low pulse width 'PWEL 

BLK and P(0:3) set up time to HP tsu 
BLK and P(0:3) hold time from HP 'HO 

M output delay from HP •o 
RESET high pulse width tPWRL 

Min 

58 

25 

25 

5 

10 

-
400 

TIMiNG DIAGRAM 4 

HP 

8LK 

PO 

P3 

M 

'PWEH 'PWEL 

'HO 
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EF9369 EF9369-30 
· Unit 

Max Min Max 

1000 33 1000 ns 

- 13 - ns 

- 13 - ns 

- 5 - ns 

- 10 - ns 

45 - 30 ns 

- 400 - ns 

•o 



ANALOG VIDEO OUTPUTS· CA, CB, CC 
Voce= 5 v. TA = 0° to+ 70°C, CL= 20 pF, AL = 100 kn 

TABLE 1 

Binary input 
Analog output (V) 

Min Typ Max 

Low level 0000 - 0.8 -
0001 - 1.18 -
0010 - 1.28 -
0011 - 1.36 -

0100 - 1.42 -
0101 - 1.47 -
0110 - 1.52 -
0111 - 1.56 -
1000 - 1.60 -
1001 - 1.63 -
1010 - 1.66 -
1011 - 1.69 -
1100 - 1.72 -
1101 - 1.75 -
1110 - 1.78 -

High level 1111 - 1.80 -
Note: 
The internal A/0 converters deliver on CA, CB and CC outputs 16 levels with 'Y law correction (-y = 2.8). The typical 
transfer characteristic is given by : 

N __L Vooc 
v = !151 2.0 . - 5- • 0.16 Voce 

Where N is the binary input value. 

The typical analog video output impedance is 300 n for EF9369-30 and 400 n for EF9369. 

Characteristic Symbol Min Typ Max Unit 

CA, CB, CC outputs from HP 80 ns 

TIMING DIAGRAM 5 

HP 

PIO:J) 

CA, CB, CC 
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VIDEO 
INPUTS 

PO 
P3 

HP 

BLK 

RESET 

BLOCK DIAGRAM 

ADDRESS/CONTROL BUS 

DATA/ADDRESS BUS 

8 

16 

COLOR CA CB 
INDEX 

DECODER FIELD FIELD 

4 4 

cc 

BUS 
CONTROL 

I-
iii 
(!) 
z 

FIELD i2 
a: 
<( 
:;; 

4 

OUTPUT REGISTERS 

DAC 
CONTROLLER 
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PIN DESCRIPTION 

MICROPROCESSOR INTERFACE 

All the input/output pins are TTL compatible. 

NAME 
PIN 

TYPE 
No FUNCTION DESCRIPTION 

AD(0:7) 1/0 8-11-14 Multiplexed These 8 bidirectional pins are to be connected to the micro-
15- 17 address/data bus processor system bus. 

SMI I 3 Interface When this input is connected to Vee. the EF9369 is in the 
mode non multiplexed mode. 
select When this input is connected to Vss (ground), the EF9369 

is in a multiplexed mode to provide a direct interface with 
either Motorola or Intel type microprocessor. 

AS I 22 Address In non-multiplexed mode, this input selects either the address 
strobe register (AS= 1) or the data register (AS= 0) to be accessed. 

In multiplexed mode, the falling edge of this control signal 
latches the address on the AD(0:7) lines, the state of the 
Data Strobe (OS) and Chip Select lines (CS, CSO). When 
using Intel type microprocessor, this input must be connected 
to the ALE control line. 

OS I 20 Data In non-multiplexed mode, this active high control signal 
strobe enables the AD(0:7) input/output buffers and strobes data 

to/from the E F9369. This signal is usually derived from the 
processor E (l/>2) clock. 

In multiplexed mode, the input is strobed by the falling edge 
of AS. The strobe value selects either Motorola or Intel type. 
When using an Intel type microprocessor. OS mustbeconnec-
ted to the RD control line. With a Motorola type microproces-
sor. OS must be connected to E(l/>2) clock. 

RiW I 21 Read/Write This control signal determines whether the EF9369 is read 
(R/W = 1) or written (R/W = 0). When using Intel type micro-
processor, this input must be connected to the WR control line. 

cs I 18 Chip Select CS must be low and CSO must be high to select the EF9369. 
cso 19 In non-multiplexed mode, the EF9369 remains selected as long 

as the selection condition is met. 

In multiplexed mode, the selection condition is latched when 
AS is low. 
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VIDEO INTERFACE 

NAME PIN No FUNCTION DESCRIPTION 
TYPE 

P(0:3) I 24. 27 Pixel inputs These four TTL compatible inputs are strobed by HP into 
the color index register to address the color look-up table. 

HP I 28 Dot clock The rising edge of this input latches the P(0:3) and BLK 
inputs into the EF9369 and the data out of the color look-up 
table into the output registers. 

M 0 7 Marking This output is synchronised by HP and delivers the marking 
bit value from the color look-up table. 

CA 0 5 Color These three analog high impedance outputs deliver the color 
CB 6 outputs signal levels from the internal D/ A converters (DAC). The 
cc 4 delay between CA, CB, CC outputs and the latched valueP(0:3) 

is one HP clock period plus toA (see Timing Diagram 5). 

BLK I 23 Blanking A high level on this input forces the CA, CB, CC and M out· 
puts to low level. 

RESET I 10 Reset This active high input forces the CA, CB, CC, outputs to low 
level until the next microprocessor access to the device. 

OTHER PINS 

Vee s 9 Power supply +5 v. 

Vooc s 2 Analog power Povver supply for the internal DACs. This input can be con-
supply nected to Vee. 

Vss s 1 Power supply Ground. 
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FUNCTIONAL DESCRIPTION 

EF9369 contains a 16 register Color-Look Up Table 
(CLUT). Each of these 13-bit register holds three 4-bit 
color fields CA (0:3), CB (0:3) and CC (0:3) and a mar
king bit M. 

These registers can be accessed (read or write) by the mi
croprocessor through the microprocessor interface. These 
registers are also read by the video process : a 4-bit pixel 
value and a clock must be provided at pixel rate to the 
P(0:3) and HP input pins. These signals may be delivered 
either by 4 video shift registers and the shifting clock of 
a bit map CRT controller or by an alphanumeric or semi
graphic CRT controller. The pixel value, after clock re
synchronisatioffr is used as a color index : it selects one 
out of the 16 CLUT registers. Each color field of the 
selected register is converted to an analog signal and deli
vered to one of the CA, CB or CC output. The marking 
bit is directly routed to the M output. When the CA, CB 
and CC outputs are used as RGB analog signals, one co
lor out of 4096 is associated to each pixel value. In short 
this process freely maps a 16 color index set into a 4096 
cQ\or set. 

MICROPROCESSOR INTERFACE 

The 8-bit microprocessor interface gives access (read or 
write) to the CLUT which is addressed as a 32 byte ta
ble. The 13-bit color register# N (N = 0 to 15) is access
ed at address 2N and 2N + 1. Even address holds CA (0:3) 
and CB (0:3), odd address holds CC (0:3) and M (see 
fig. 1). 

EF9369 provides two bus modes through the SMI pro
gramming pin : 

• Multiplexed mode for address/data multiplexed 8-bit 
microprocessor bus. 

• Non-multiplexed mode for non-multiplexed 8 or 16-
bit microprocessor bus. 

MULTIPLEXED MOOE (SMI connected to Vss) 

In this mode, EF936_9 can be directly connected to po
pular address/data multiplexed microprocessor, either 
Motorola type (6801, EF6805CT ... ) or Intel type (8048, 
8051, 8088 .. ). In this last case the EF9369 AS, OS and 
R/W inputs must be connected respectively to the ALE, 
RD and WR microprocessor control lines. 

FIGURE 1 - CLUT ADDRESSING 

Color Look-Up Table (CLUT) CLUT Byte Address Register Index 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 # 

CB3 CB2 CB1 CBO CA3 CA2 CA1 CAO x x x 0 0 0 0 0 
0 

x x x M CC3 CC2 CC1 cco x x x 0 0 0 0 1 

CB3 CB2 CB1 CBO CA3 CA2 CA1 CAO x x x 0 0 0 1 0 
1 

x x x M CC3 CC2 CC1 cco x x x 0 0 0 1 1 

.<, 

CB3 CB2 CB1 CBO CA3 CA2 CA1 CAO x x x 1 1 1 1 0 
15 

x x x M CC3 CC2 CC1 cco x x x 1 1 1 1 1 

X =don't care. 
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In this mode, E F9369 maps into the microprocessor ad
dressing space as 32 C LUT byte address. Random access 
to one byte takes one cycle : on the falling edge of the 
AS input, EF9369 latches AD (0:7) into the on-chip ad
dress register, the OS and chip select lines into dedicat
ed flip-flops. The strobed value of OS allows recognition 
of Intel or Motorola type for further processing. (See 
pin description section and microprocessor timing dia
grams for details). When the EF9369 chip select lines 
enable selection, the addressed byte is accessed during 
the data phase of the cycle. 

NON MULTIPLEXED MODE (SMI connected to Vccl 
In this mode EF9369 can be directly connected to any 
8 or 16-bit, non multiplexed, microprocessor bus (6800, 
6809, 6502, 68008 ... ). 

This mode provides an indirect, auto-incremented addres
sing scheme. E F9369 maps into the microprocessor ad
dressing space as 2 byte address only. AS is used to select 
one out of 2 registers : 

• the write only address register (5 bits) addressed when 
AS= 1. 

• the read/write data register (8 bits) addressed when 
AS=O. 

Random access to a CLUT byte takes two bus cycles : 
1/ Load the CLUT address into the address register. 
2/ Access (read or write) the value in the data register. 

After each access to the data register, the address regis
ter is automatically incremented modulo 32. This scheme 
allows sequential addressing to the CLUT without ad
dress rnioading, the complete CLUT can so be reloaded 
in 33 bti'l ,.::ycles. 

VIDEO PROCESS 

The CRT controller sends to EF9369 a pixel value on 
pins P (0:3), a pixel rate clock on HP input and a blank
ing signal on pin BLK. The pixel value is latched into 
the color index register by the rising edge of HP. The 
color index register selects one register in the CLUT. 
The color fields of the selected register are routed to 3 
DACs and M is directly routed to the M digital outout. 
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After impedance matching, the CA, CB, and CC outputs 
can be used to drive a RGB analog color monitor. Alter
natively one of these outputs can be used to drive a 
monochrome monitor thus providing up to 16 gray levels. 
The marking digital output can be used to drive analog 
video switches, thus providing video overlay facility on 
a color per color basis. 

The blanking input forces the analog outputs and the M 
output to low level thus allowing the beam to be swit
ched off during retrace intervals. 

NOTES 

1. Each 4 bit-0/A converter is "'( corrected in order to 
linearize the luminance driven on the ~reen versus the 
digital value. The typical digital to voltage conversion 
law is given table 1. The output voltages are propor
tionnal to the analog supply voltage V ooc. When 
required, setting Voce allows a gain adjustment. But 
in most applications, Vooc and Voo can be derived 
from the same supply through independent decoupling. 

2. CA, CB and CC are high impedance outputs (500 Q 

typical) which require proper adaptation in most 
applications. lHOMSON SEMICONDUCTORS TEA 
5114 provides such a 1 V - 75 Q low cost adaptation. 
(See fig. 2). 

3. As the CLUT is shared between microprocessor access 
and video access, a low level is forced on the CA, CB, 
CC and M outputs during any chip select periods. To 
avoid to spoil the screen with black strokes it is re
commended to access the CLUT from the micropro
cessor only during the retrace periods. 

4. RESET - This input forces CA, CB, CC and M outputs 
to a low level until the next microprocessor access. 
At power on or at the beginning of a session RESET 
allows to keep a clean black screen until proper ini
tialization. 



INTERFACE WITH 6800/6809 TYPE MICROPROCESSOR 

0(0:7) K .)1 AD(0:7) 

AO 
AS 

6800 
6809 EF9369 
6502 

~ ADDRESS A(0:15) Cs 
DECODER 

E OS 

R/W R/W 

INTERFACE WITH EF6805CT 

K ~ PORTC AD(0:7) 

1 
., 

cso 

EF6805CT EF9369 

SC1 AS 

E OS 

SC2 R/W 

IDS Cs 
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EF9369 

FIGURE 2 - TYPICAL 1 V • 7611 VIDEO INTERFACE 

P1~~~~~~~~-

P21261~~~~~~~~• 

P31211~~~~~~~~• 

FROM 
CRT CONTROLLER 

6811 

68'1 

6811 

TO 
MONITOR 

NOTE : Each digital or analog ground must be separately connected to EF9369 pin 1. (See AN-059). 
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i I: [•Lj~i·l~I 
COMPONENTS --;if.-. 

--~ .. ~--•-
ADVANCE INFORMATION 

The TS68483 is an advanced color graphic processor that 
drastically reduces the CPU software overhead for all graphic tasks 
in medium and high range graphic applications such as business 
and personal computer, industrial monitoring system and 
CAD systems. 

• Fully programmable timing generator. 
• Alphanumeric and graphic drawing capability. 
• Easy to use and powerful command set: 

- VECTOR, ARC, CIRCLE with dot or pen concept and 
programmable line style, 

- Flexible area fill command with tiling pattern, 
- Very fast block move operation, 
- Character drawing command, any size and fonts available. 

• Large frame buffer addressing space (8 megabyte) up to 
1 6 planes of 2048 x 2048. 

• Up to 256 color capabilities. 
• Mask bit planes for general clipping purpose. 
• Frame buffer can be built with standard 64K or 256K DRAM or 

Dual-Port-Memories (Video-RAM). 
• External Synchronization capability. 
•On chip video shift registers for Dot rate less than 15 Megadots/s. 
• 8 or 16-bit bus interface compatible with market standard 

microprocessors. 
• HMOS 2 technology. 
• 68 - pin PLCC package. 

HOST 
MICROPROCESSOR 

SYSTEM 
MEMORY 

,--- --------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SYNC 

I DISPLAY 
I MEMORY I 

l_ - - - - - - - - - - - - - - J 

G MONITOR 

TYPICAL 
APPLICATION 
Figure 1.1 
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TS68483 

HMOS2 

ADVANCED GRAPHIC 
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CONTROLLER 

CB-523 

CB-710 

CASES 

FN SUFFIX 
PLCC 68 

E SUFFIX 
LCCC 68 

PIN ASSIGNMENT 
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1.1 INTRODUCTION 

SECTION 1 
GENERAL OPERATION 

THOMSON SEMICONDUCTEURS TS68483 is an advanced color graphics controller chip It is directly compatible with 
most popular 8 or 16-bit microprocessors 

Its display memory, containing the frame buffer and the character generators, may be assembled from standard 
dynamic RAM components, 

On-chip video shift registers and fully programmable Video Timing Generator allow the TS68483 to be used in a wide 
range of terminals or computer design 
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TS68483 PIN DESCRIPTION 

MICROPROCESSOR INTERFACE 

Name 

0(0 15) 

A(O 7) 

OS 

PIN 
Type 

1/0 

N° Function 

6-18-~fa bus 
22·24 

37-30 Address bus 

29 Address Enable 

26 Data strobe 

Description d 
These sixteen b1d1rect1onal pins provide commun1cat1on with either an 8or1ibiihQSt 
m1croprocessor data bus 

These eight pins select the internal register to be accessed The address can be latched 
by AE for direct connection to address/data multiplexed m1croprocessor busses 

When TS68483 1s connected to a non-multiplexed microprocessor bus, this input 
must be wired to VCC 
For direct connectron to a multiplexed m1croprocessor bus, the falling edge of AE 
latches the address on A (0 7) pins and the CS input With an Intel type m1croprocessor 
AE 1s connected to the processor Address Latch Enable (ALE) signal 

Active low 
- In non-multiplexed bus mode. BS low enables the b1d1rect1onnal data buffers and 
latches the A(0:7) lines on its high to low transrt1on. Data to be written are latched on 
the rrsrng edge of this signal 
- In multiplexed bus rnode, this signal low enables the output data buffers during a 
read cycle. With Intel microprocessors. this pin rs connected to the RD signal 

~·--·-+-l--r-2-8----+-R-e-ad_/_W_c-ite----+-------· 
- In non-multiplexed bus mode, this signal controls the direction of data flow through 
the b1d1rect1onal data buffers 

25 Chip select 

- In multiplexed bus mode. this signal low enables the 1nputdata buffers. The entering 
data are latched on its rising edge. With Intel microprocessors. this pin 1s connected to 
the WR signal 

This input selects the TS68483 registers for th. e current bus cycle. A low level J 
corresponds to an asserted chip select 
In multiplexed mode, this input 1s strobed by AE 

~l-=_IR_0 ___ ~0-~_3_8_~_1_nt_e_cc_up_t_R_e_q_ue_s_t _-r_T_h_1s active-low open drain output acts to interrupt the microprocessor 

MEMORY INTERFACE 
----, 

Name 
PIN 

N' Function Description Type 

ADM(O 15) 1/0 44·51 Address/Data These multiplexed pins act as address and data bus for display memory interface 
53·60 Memory 

CYS 0 65 Memory Cycle Start The falling edge of this output indicates the beginning of a memory cycle 

Y(O 2) 0 62·64 Memory Address These outputs provide the least significant bits of the Y logical address 

B(O 1) 0 66·67 Bank number These outputs provide the number of the memory bank to be accessed during the 
current memory cycle 

CYF(O 1) 0 68.1 Memory Cycle Status These outputs indicate the nature of the current memory cycle (Read. Write. Refresh 
Display). 

VIDEO INTERFACE 

~ 
PIN 

Name 
Type 

N' Function Description 

P(O 3) 0 39-42 Video Shift Register These four pins correspond to the outputs of the internal video shift registers 
Outputs 

PC/HS 0 5 Phase comparator/ This output can be programmed to provide either the phase comparator output or the 
Horizontal sync horizontal sync signal. 

HVS/VS 0 4 Composite or This output can be programmed to provide either the composite sync signal or the 
Vertical sync vertical sync. signal. 

SYNC IN I 3 External Sync This rnput receives an external composite sync. signal to synchronize TS68483 
Input This input must ge grounded 1f not used 

BLK 0 2 Blanking This output provides the blanking interval information 

OTHER PINS 

Name 
PIN 

N' Function Description I Type 

vcc s 52 Power supply + 5 V supply 

VSS s 19 Ground Ground 

CLK I 43 Clock Clock input 
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1.2 TYPICAL APPLICATION BUILDING BLOCKS (See figure 1.1.) 

In a typical application using TS68483. a host processor drives a display unit which drives in turn a color CRT monitor. 

The display unit consists of four hardware building blocks: 

- an TS68483 advanced graphics controller, 
- a display memory (dynamic RAM). 
- a display memory interface. comprising a few TTL parts, 
- a CRT interface or CRT drivers. 

For enhanced graphics. the CRT interface may include a color look-up table circuit such as EF9369. For high pixel rate 
(over 15 Mp1xels/s). the CRT interface must include high speed video shift registers. 

The display memory interface and organization are discussed in full details in the User's Manual. 

1.3 TS68483 FUNCTIONS 

All the TS68483 functions are under the control of the host microprocessor via 24 directly accessible 16-bit registers. 
These registers are referred to by their decimal index (RO - R23). See figure 1.2 
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COMMAND, DRAWING ATTRIBUTES 

VIDEO 
TIMING 
GENERATOR 

SHORT RELATIVE "REGISTER 

DESTINATION 
POINTER 

AUXILIARY GEOMETRIC 
ARGUMENTS 

SOURCE 
POINTER 

FIGURE 1.2. - REGISTER MAP 
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1. Video timing and display processor (R4 to R 10) 
The video timing generator is fully programmable: any popular horizontal scanning period from 20 µs to 64 µs may be 
freely combined with any number of lines per field (up to 1024). The address of the display viewport (this part of the 
display memory to be actually displayed on the screen) is fully programmable. The display processor provides the 
display dynamic RAM refresh (see video timing generator section for details). 

2. Drawing and access commands (RO to F13. R12 to R23) 
The 16 remaining registers are used to specify a comprehensive set of commands. The highly orthogonal drawing 
command set allows the user to "draw· in the display memory such basic patterns as lines. arcs. polylines. polyarcs. 
rectangles and characters. Efficient procedures are available for either area filling and tiling or line drawing and 
texturing. Lines may be drawn with a PEN in order to get thick strokes. Any drawing is specified in a 2" x 2" drawing 
coordinate system. 

To access the display memory, the host microprocessor has an indirect. sequential access to any "window". Access 
commands can be used to load the character generators as well as to load or save arbitrary windows stored in the frame 
buffer. 

1.4 DATA TYPE DEFINITIONS 

PIXEL: this is the smallest color spot displayable on the CRT. 

PEL: a Picture Element is the coding of a PIXEL in the display memory. The TS68483 can handle 4 different PEL formats: 

- 4 color bits - short 
- 4 color bits + 1 mask bit - short masked 
- 8 color bits - long 
- 8 color bits + 1 mask bit - long masked 

DRAWING COORDINATES: (See figure 1.3.) 
The drawing .commands are specified and computed in a 213 x 2' 3 cyclical coordinate system. The drawing coordinates 
are clipped and mapped into the 2 11 x 211 display memory addressing space. Further clipping to the actual frame buffer 
size may be performed by the user designed memory interface. 

y 

2" --...---------..... 

2"1-----...... 

2" 

\ 
\ 

2" 
\ 

\ 
x 

y 

BA/-,.....-.---. 

BANK 3 

,M ~~g ---.,, .,,. 

.~~NGPELS 
._ ___ ..... _.,..

2 ~SHORT PELS 

x 

FIGURE 1.3. - CYCLICAL DRAWING COORDINATES TO DISPLAY MEMORY MAPPING 

DISPLAY MEMORY: 
This is the private memory dedicated to the display unit. This memory is addressed as four banks of 4-bit plane each. 

BIT PLANE: 
Each bit plane has a maximum capacity of 211 x 211 bits. A byte wide organization of each bit plane is required. 
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MEMORY ADDRESS (See figure 1 4.) 
In order to address one bit in the display memory. the user must specify: 
- A bank number (2 bits) B = 0 to 3 
- A bit plane number (2 bits) Z = 0 to 3 
- A Y address (11 bits) Y = 0 to 2047 
- An X address ( 11 bits) X = 0 to 2047 

MEMORY WORD: (See figure 1.4.) 
A 32-bit memory word can be either read or written during each memory cycle (8 CLK periods). one byte at a time in 
each bit plane in the addressed bank. The memory bandwidth is in the 6 to 8 Mbytes/s range. 

y 

BANK 0 BANK 1 BANK 2 BANK 3 

x 

THE MEMORY WORD 4 BANKS OF 4-BIT PLANES EACH 

FIGURE 1.4. - THE DISPLAY MEMORY ADDRESSING SPACE 

VIEWPORT: 
This is any rectangular array of pels located in the display memory. 

FRAME BUFFER 
This is the biggest viewport which can be held in the display memory. The frame buffer maps a window at the origin of 
the drawing coordinates. A short pel frame buffer may be located in any bank. A long pel frame buffer must be located in 
the "bank 0. bank 1" pair 

DISPLAY VIEWPORT: 
This is the viewport which is displayed on screen. 

MASK BIT PLANE: 
When masked pels are used. a mask bit plane must be associated to a frame buffer. Mask bit planes may be located in any 
plane of bank 3. 

CELL 
A CELL is any pattern stored in the display memory as a rectangular array of bit mapped elements. The drawing of any 
CELL may be specified with a scaling factor. 

CHARACTER: 
This is a one bit per element CELL. It may be stored in any bit plane. then colored and drawn in a frame buffer by use of 
PRINT CHARACTER command. 

OBJECT: 
This is a one short pel per element CELL. It may be drawn or loaded in a frame buffer. A source mask bit may be 
associated to each element. An OBJECT may then be printed in another location by use of a PRINT OBJECT command. 

PEN: 
This 1s the pattern which is.repeatedly drawn along the coordinates defined by either a LINE or an ARC command. 

The PEN may be a DOT (single pel). a CHARACTER or an OBJECT. 
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2.1. INTRODUCTION 

SECTION 2 
COMMANDS 

The command set is strongly organized 1n five subset or command types. 

DRAWING COMMANDS 
- LINEAR (line, arc) 
- AREA (rectangle, trapezium, polygon, polyarc) 
- PRINT CELL (print character. print obiect) 

ACCESS COMMANDS 

CONTROL COMMANDS (move cursor. abort) 

The commands are parametered: this means that any command can be executed with options freely selected out of a 
given option set This option set is common for any command of a given type. For example, any drawing command may 
be parametered for destination mask bit use. 

COMMAND SET STRUCTURE 

Command Drawing mode Type Group 

Line Up to the pen Linear 
Arc 

Rectangle Monochrome Area 
Trapezium Drawing 
Polygon 
Polyarc 

Print char Bichrome Cell 
Print object Polychrome 

Load v1ewport - Access 
Save v1ewport 
Modify v1ewport Management 
Move cursor - Control 
Abort 

FIGURE 2.1. - COMMAND SET STRUCTURE 

The command code also defines the command type and its parameters. A command is completely defined when a 
value has been set for each of its arguments. 

These arguments are: 

- the geometric arguments given in the drawing coordinate system for every drawing command. They are 
automatically mapped into the destination frame buffer: 
- the parametric values are the values required by the selected parameters: 
- the attribute values are the other values required by a drawing command: colors or scaling factors for example; 
- the display memory addresses. 
The command code is specified in register RO. Before initiating a command execution, each argument must be specified in 
its dedicated register: - an Xd, Yd drawing coordinate pair for example, is always located in registers R14, R15. 

The monitoring of a command execution is done by reading the status register R12 or using the IRO signal. 

2.2. POINTERS AND GEOMETRIC ARGUMENTS 

Pointers are used to specify main geometric arguments and display memory addresses. 

6-105 



2.2.1. Display memory address 

A bit in the display memory is addressed by: 

- a bank number B = 0 to 3 
- a plane number Z = 0 to 3 
- an X address X = 0 to 2047 
- a Y address Y = 0 to 2047 

2.2.2. Destination pointer: registers R 14 to R 1 7 

This pointer gives the coordinate (Xd, Yd) and dimension (DXd, DYd) of either a line or a window in the drawing 
coordinate system. These drawing coordinates are easily mapped into a PEL DISPLAY MEMORY address. 
(X. Y) coordinates are clipped to 11 bits in order to get the Xd. Yd destination pel addresses. 

A bank number Bd must be explicitly provided to address a destination frame buffer. When long pels are used, Bd must be 
even. 

When masked pels are used, the destination mask plane number Zd (implicitly in bank 3) must also be provided. 

2.2.3. Source pointer: registers R20 to R23 

A source cell such as a character, a pen or an object. is addressed by the source pointer in the display memory. 

A source pointer specifies: 

- a bank number Bs = 0 to 3 
- a Ys address Ys = 0 to 2047 
- an Xs address; this address is a byte address so that the 3 LSBs are not specified Xs = 0 to 255 
- a cell dimension DXs, OYs 
- a bit plane address Zs. 

When a character is addressed, Zs gives the plane number into the bank Bs. When an object is addressed Zs gives the 
source mask plane number in the bank 83. 
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R14 

A15 
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R20 
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FIGURE 2.2. - POINTERS 

15 14 I 13 1 12 11 10 

Bd 1-1 Yd 

13-bit pos1t1ve value 

Zd 1-1 
13-brt positive value 

I [f-1-1-1-1 DYd 

Sign ~---------~ ~---------~ 

Absolute value 

I If 1-1-1-1 DXd 

Sign ~---------~ 

Absolute value 

Pel 
address 

1
} :~~8ress 

==Zs=i=i==i=i=i==i =====X=s=====i 

Bs 
I 1-1 Ys 

13-bit positive value 

8-bit positive value 

llf l-1-1-1 DYs 

Sign '-----------~. ,----------" 

Absolute value 

11 -bit positive value 

NOTE Sign value:• S = 0 pos1t1ve 
• S = 1 negative + absolute value 
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2.2.4. Notes 

1 The TRAPEZIUM command makes a special use of R21. In this case, R2 l holds an X 1 drawing coordinate which has 
the same format as Xd. 

2. The ARC and POLY ARC commands require two extra geometric parameters (RAD and STOP). They are specified in 
the drawing coordinates system and stored in registers R18. R19. 

3. Any drawing command may be parametered to use short incremental dimensions, DXY in register R 13 instead of the 
standard DXd, DYd in the "R 16. R 17" register pair. (See figure 2 3) 

4. The access commands use the destination pointer location as a data buffer. The memory addresses and dimension of the 
access viewport are then specified in the source pointer, independently of the data transfer. 

5. DXd, DYd and DYs may specify a negative value. In this case, they must be coded by a sign (0 =positive, 1 =negative) and 
an 11-bit absolute value. 

4 

dy dx 

dx, dy = - 7 to + 7 (sign + absolute value) 

FIGURE 2.3. - SHORT DIMENSION REGISTER R13 

2.3. DESTINATION MASK AND SOURCE MASK 

A mas.k bit may be associated to any pel stored in the display memory. 

2.3.1. Destination mask use (DMU) 

Any drawing command may be parametered for destination mask use. In this case, any destination pel cannot be 
modified when its mask bit is reset 

In other words: 

When the destination mask use (DMU) parameter is set: 
- a pel may be modified when its mask bit is set 
- a pel cannot be modified when its mask bit is reset 

When the destination mask use (DMU) parameter is cleared: 
- a pel may be modified. independently of its mask bit value. 

This provides a very flexible clipping mechanism not restricted to rectangular windows. (See destination pointer section 
for destination mask bit addressing). 

2.3.2. Source mask use (SMU) 

A PRINT OBJECT command may be para metered for source mask use. In this case. the source mask bit associated with 
any source pel is read first When its mask bit is cleared. a source pel is considered as transparent. (See source pointer 
section for source mask bit addressing). 

In other words: 

When the SMU parameter is set. the color of a destination pel. mapped by a given source pel, may take this source color 
value only when this source bit mask 1s set The destination pel keeps its own color value when the source bit mask is 
cleared. 

When the SMU parameter is cleared, a source pei color may be mapped into destination pe! color independently of the 
source bit mask value 

The source bit mask acts as a TRANSPARENCY /OPACITY flag which is enabled by SMU. A PRINT OBJECT command 
may be independently parametered by both SMU and DMU. This provides a very powerful tiling, print ob1ect or mo.ve 
mechanism. 
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2.4. DRAWING ATTRIBUTES 

The general drawing attributes are the colors. the drawing mode. and the scaling factor 

2.4.1. Colors: registers R1 and R2 (See figure 2.4.) 

Two 8·b1t color values. CO and C1. may be specified in registers R1 and R2. The low order 4-bit nibble of a color value is 
drawn in an even bank. The high order color nibble is drawn 1n an odd bank. When long pels are used. banks 0 and 1 are 
generally addressed as the frame buffer. When short pels are used. any bank may hold a frame buffer. In this case. the bank 
parity selects the color nibble used. (See destination pointer section for bank addressing). 

~7 .._I _6 ..... I _s ..... 1 _4_.l._3_1.__..._I _1 _.___,! R 1. R2 

L~::::::: 
FIGURE 2.4. - COLOR REGISTER 

2.4.2. Drawing mode: register RO 

The drawing mode defines the transforms to be applied to the pels designated by the drawing commands. There are 
three drawing modes. 

2.4.3. Monochrome mode 

Any AREA drawing command. RECTANGLE for instance. defines through its geometric arguments an active set of 
destination pels. that is to say a set of µels to be modified. 

When DMU = 1. this active set is further reduced by the masking mechanism to only these destination pels with a bit 
mask set. 

The active destination pels are then modified according to two elementary transforms coded in RO. 

COLOR TRANSFORM: 
The color value C of each active pel is modified according to one color transform selected out of four: 

- 00 - printed in CO: C - CO 
- 01 - printed in C1: C - C1 
- 1 O - printed in "transparent"· C - C 
- 11 - complemented: C - C. 
This yields to a reversible marker mode. 

MASK BIT TRANSFORM: 
The destination mask bit of each active pel is modified according to one mask transform selected out of four 
- 00 - reset bit mask: M - 0 
- 01 - set bit mask: M - 1 
- 10 - no modification: M - M 
- 11 - complement bit mask: M - M. 
This scheme allows the color bits and the mask bit of any pel belonging to the active set to be modified independently 
The color transform is performed first. 

2.4.4. Bichrome mode 

A PRINT CHARACTER command is more complex because it involves two different active sets· FOREGROUND and 
BACKGROUND. 
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The FOREGROUND is that set of destination pels printed from set elements in the character cell. The BACKGROUND is 
made of all the remaining pels belonging to the destination window. 

When DMU = 1. the FOREGROUND and BACKGROUND are further reduced by the destination masking mechanism. 
(See figure 2.6). 

A bichrome drawing mode is defined by 4 elementary and independent transforms: (see figure 2.5) 

- a color transform } - a mask transform 

- a color transform } -la mask transform 

For the FOREGROUND PELS 

For the BACKGROUNG PELS 

BACKGROUND FOREGROUND 

-~-~...,__. _ _. _ _._ ...... I_ ...... _ _, REGISTER RO 

T1 I {OO:C-CO I co~ HIJ 
.._ ______ _.1--;.;.M,..A.;;.SK;.;.._ _ _.~ {g7 ~:? 

10: M-M 
11:M-M 

FIGURE 2.5. - DRAWING MODE REGISTER AO 

BACKGROUND FOREGROUND 

~~ 
4 0 

l l l 1 
- - x x x x Monochrome 

x x x x x x x x Bichrome 

1 0 - - 1 0 - - Polychrome 

SUMMARY 
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(Xd, Yd) Dxd > 0 (Xs. Ys) 
SET ELEMENT • 1 

x ~_.~~~~ ..... ....::::;,_....,.~~x 

DYs<O 

MASK BIT~ 1 

MASK BIT~ 0 

DESTINATION WINDOW CHARACTER CELL 

iXd. Yd) 

FIGURE 2.6. - PRINT CHARACTER COMMAND 

2.4.5. Polychrome mode 

A print object command defines a source window through the source pointer: 
When SMU = O. any pel of this window is active, mapped and clipped to the destination window dimension. 

When SMU = 1. only pels which have a source mask bit set are active, mapped and clipped to the destination window 
dimension. 

In both cases, when DMU = 1, the active source pels are further reduced by the destination masking mechanism. 

Both mask transforms must be programmed at "NO MODIFICATION" for correct operations. (See figure 2.5). 

2.4.8. The linear drawing command case 

A LINE or ARC drawing command may be executed in any drawing mode depending on the PEN. 

When the pen is a DOT. this pel is printed at each active coordinate according to monochrome mode. 

When the pen is a CELL. this cell is printed at each active coordinate. In the bichrome mode when the cell is a character, 
and in the polychrome mode when the cell is an object. 

For each active coordinates, the active destination set is defined by the cell dimensions (DXs. DYs). 

NOTE: when the cell is an object. SMU is not programmable and is implicitly set. A calculated coordinate is active when the 
rotated LSB linear texture bit in (R3) is set. 
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2.4.7. Scaling factor and cell mappin.g: (See figure 2.7 et 2.8). 

Any cell may be printed with a scaling factor. 

This scaling factor is an integer pair Sx. Sy = 1 to 16. 

This scaling factor is interpreted with the PRINT CHARACTER. PRINT OBJECT and LINEAR commands when the pen is 
a cell. The AREA or ACCESS or LINEAR (DOT) commands are never scaled. 

The LINEAR (PEN) command should be used with a scaling factor of 1 because the pen is clipped at DXs. DYs. 

The scaling factor is first applied to the source cell before mapping and drawing. The drawing and mapping is 
processed with sign bit of DYd and DYs values. (See figure 2.8). 

Xs. Ys 

Xs. Ys 

15 14 13 12 11 10 

R1l..__..__sLx _ _.__...__...__s~Y--'"--' 

DXs> 0 

DXs > 0 
-----..-~x 

FIGURE 2.7. - SCALING FACTOR 
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t-·i:--1-~ 
DYd > 0 I 

I 
I 
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Xd. Yd DXd > 0 

y 

--- -, 
I 
I 
I 
I 

Xd. Yd DXd > 0 

SX or SY 

0 0 0 1 

0 0 1 0 

I 
I 
I 

1111 

0000 

,,., x 

x 

FIGURE 2.8 - CELL MAPPING VERSUS DYd, DYs SIGN 

Note: 
- DXs is always positive 
- The DYs sign mirrors the eel! 
- DXd must be positive with a PRINT CELL command 
- DXd and DYd may get any sign with a LINEAR 
DRAWING command. If a pen is used. these signs are 
then irrelevant to the pen drawing. The pen is mapped 
with positive increment values. 

DYd 
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2.5. COMMAND SET OVERWIEW 

2.5.1. Linear drawing 

LINE (Xd, Yd, DXd, DYd). ARC (Xd, Yd, DXd. DYd. RAD. STOP). 

The curve may be drawn with any pen and with any linear texture (register R3). For each set of computed coordinates. 
R3 is right rotated and the pen is printed when the shifted bit is set. 

2.5.2. Area drawing 

RECT (Xd. Yd. DXd, DYd) 

TRAPEZIUM (Xd. Yd. DXd, DYd. X 1) 

POLYGON (Xd. Yd, DXd. DYd) 

POLYARC (Xd, Yd, DXd. DYd. RAD. STOP) 

Either RECT or TRAPEZIUM allows to draw directly all the pels inside the boundary. 

Any other closec;l boundaries may be filled by a 3-step process: 
1. The mask bits inside a boundary box must be reset by a RECT command. 
2. A sequence of mixed POLYGON and POLY ARC commands describing the closed boundary sets the mask bits of the 
pels inside this boundary. 

3. This area may then be painted by a RECTANGLE command defined for a bounding box. with destination masking. It 
may also be tiled by use of a PRINT CELL command. 

Note: the mask bit of any pel lying on the boundary itself is not guaranteed to be set by step 2. 

2.5.3. Print cell commands 

PRINT CELL (Xd. Yd. DXd. DYd; Xs. Ys. DXs. DYs) 

The cell addressed by Xs. Ys. DXs. DYs is scaled then printed at location Xd. Yd and clipped at the dXd. dYd dimensions. 

When dXd. dYd is much larger than DXs. DYs the command may be parametered for repeat drawing. 

These commands may also be parametered for destination mask use. 

Further more the PRINT OBJECT command may be parametered for source mask use. 

These commands have a wide range of applications: text drawing. area tiling. print or move objects. scale and move 
view ports. 

Note: an underlined cell is drawn when the MSB of R23 is set. 

2.5.4. Access commands 

- LOAD VIEWPORT (Xs. Ys. DXs. DYs). 
- SAVE VIEWPORT (Xs. Ys. DXs. DYs). 
- MODIFY VIEWPORT (Xs. Ys. DXs. DYs). 

These commands provide sequential access to a viewport in a frame buffer from the microprocessor data base. 

Data are transferred to/from the display memory. word sequentially. 

The R14 to R17 registers are used as a two memory word FIFO (memory word is 8 short pels. i.e. 4 bytes). 

The source pointer (R20 - R23) is used to address the viewport for all access commands. 

When long pels are used. the command must be executed once more when the bank number in R20 has been updated. 
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2.5.5. Command execution 

Each on-chip 16-bit register has four addresses. One address is used for plain read or write. The other addresses are 
used to initiate command execution automatically on completion of the register access. 

This scheme allows the command code and its arguments to be loaded or modified in any order. An incremental line 
drawing command. for example. may be executed again and again with successive incremental dimensions and whithout 
need to reload ·the command code itself. 

As soon as a command execution is started, the FREE bit is cleared in the STATUS register. This bit is automatically set 
when the execution is completed. 

The commands are generally executed only during retrace intervals. However full time execution is possible when either 
the display is disabled or video RAM components are used. 

2.5.6. Status register (See figure 2.9). 

This register holds four read-only status bits: 
- FREE: this status bit is set when no execution is pending 
- VS: vertical synchronisation state 
- SEM: this status bit is set when the FIFO memory word is inaccessible to the microprocessor du~ing a viewport 
transfer 
- NSEM: this status bit is set when the FIFO memory word is accessible to the microprocessor during a viewport 
transfer. 

Each of these status bits is maskable. The masked status bits are NORed to the IRQ output pin. 

15, 14, 13, 12 11 10 

MASK NSEM 

._ ___ .,NSEM 

._ ______ MASK SEM 

._-------1 .. SEM 

"-----------MASK VS READ ONLY ._ ___________ .,. vs 

'---------------MASK FREE 

'-----------------FREE 

R12 

FIGURE 2.9. - STATUS REGISTER 

6·114 



3.1. INTRODUCTION 

SECTION 3 
MICROPROCESSOR INTERFACE 

The TS68483 is directly compatible with any popular 8 or 16-bit host microprocessor; either Motorola type (6809, 
68008. 68000) or Intel type (8088, 8086). 

The host microprocessor has direct access to any of the twenty four 16-bit on-chip registers through the 
microprocessor interface pins: 

- 0(0:15): 16 bidirectional data pins. 
- A(0:7): 8 address inputs. 
- AE, OS, R/W, CS: 4 control inputs 

The twenty four registers are mapped in the host addressing space as 256 byte addresses. (See figure 3.2) 

- A(1 :5) select one out of 24 registers. 
- AO selects the low order byte (AO = 1) or the high order byte (AO = 0) of the selected register. 
- A(6:7) provide the command execution condition. 

The host microprocessor bus may be either 8 or 16-bits wide and may be address/data multiplexed or not 

The two flags MB and BW in the CONFIGURATION register R10 allow the data bus size and multiplexed/non-multiplexed 
organization to be specified. (See figure 3.1 ). 

NON 

MUX 

MUX 

CONF. REG. TS68483 PINS 

TYPE OF MPU BUS 
-

R/W BW MB AE OS AO 

16-bit (68000) 0 0 1 
DDS or 

R/W 0 ms 

8-bit (68008) 1 0 1 Os R;W AO 

16-bit (8086) 0 1 ALE Ri5 WR 0 

-
8-b1t (8088) 1 1 ALE RD WR ADO 

FIGURE 3.1. - MPU SELECTION 

I A 7 I A6 I A5 I A4 I A3 I A2 I A 1 I AO I 

T L high/low byte address 

'----------1..-., 16-bit register address 

• Execution condition 

A(17J 0(815) 

A(1:7) 0(8:15) 

A(1:7) 0(0:7) 

A0(1:7J A0(8:15) 

AD(1:7J A0(0:7) 

.. I _15_.l.__1_4_.__1_3 ..... _1 2 ..... .__1_1 ..... _1 o ..... .._g_.l _ _. _ _. _ _. _ _.l _4_,.__..__2 ..... I _1 _.._ ... I Byte addressing 

AO~ 0 AO~ 1 

FIGURE 3.2. • ON-CHIP ADDRESS AND BYTE PACKING 
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3.2. HARDWARE RECOMMENDATIONS (See timing diagrams 1 and 2). 

AO-PIN: 
1. When using a 16-bit data bus. the AO input pin must be grounded. No single byte access can be performed. 

2. In order to conform with the high byte/low byte on-chip packing. the AO input pin must be inverted when using an 
8-bit bus Intel type microprocessor (8088 for example). 

A(1 :7). D(0:7). D(8:15) pins: 
1. With any 8-bit data bus. the D (0:7) and D (8: 15) pins must be paired in order to demultiplex the low order data bytes. 
and the high order data bytes. 

2. When using address/data multiplexed bus. the D (0:7) pins are paired with A (0:7) in order to demultiplex data from 
address. 

AE. DS. R/W. CS: 
See pin description. 

3.3. SOFTWARE RECOMMENDATIONS 

1. The CONFIGURATiON register R 10 must be first initialized. 

The BW 15 flag is interpreted by the bus interface to recognize an 8-bit/16-bit data bus. 

The MB and BW 15 flags are used to decide when to initiate a command execution. 

2. Each register byte has 4 addresses in the microprocessor memory map. These 4 addresses differ only by A(6:7). This 
scheme allows a 68008 programmer to read or write any data type (byte. word. long word) and automatically initiate or 
not a command execution at the end of this transfer. The transfer lasts one. two or four bus cycles. 

A 68000 programmer is restricted to only word and long word data types. (See figure 3.3). 

ADDRESS DATA TYPE TRANSFER 

EXECUTION CONDITION 

A7 A6 

0 0 No Exec 

0 1 Exec after a bus cycle 

1 0 Exec after 2 bus cycles 

1 1 Exec after 4 bus cycles 

NOTE: Word transfer must respect word boundary. 
Long word transfer must respect long word boundary. 
•Not available with 8088 MPU type. 

8-bit data bus 

Any type 

1 byte 

1 word 

1 long word• 

FIGURE 3.3. - COMMAND EXECUTION CONDITION 
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16-bit data bus 

A'"/ type 

1 word 

1 long word 

ILLEGAL 



cs 

R/W 

UOS or LDS 

TS68483 

EF68008 

TS68483 

FIGURE 3.4. • INTERFACE WITH EF68000/68008 MPU 
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cs 
DIO 7) 

R5 

A(1:7) WR 

8086 

AO 

TS68483 

8088 

TS68483 

FIGURE 3.5. - INTERFACE WITH 8086/8088 MPU 
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SECTION 4 

THE VIDEO TIMING GENERATOR 

RAM REFRESH AND DISPLAY PROCESS 

4.1. INTRODUCTION 

The Video Timing Generator is completely synchronous with the CLK input. which provides a pixel shift frequency ( 12 to 
15. MHz) The Video T1m1ng Generator· 

- delivers the blanking signal (BLK). the horizontal (HS) and vertical (VS) synchronization signals on respective ouput 
pins. 
- schedules the memory time allocated to the display process. dynamic RAM refresh and command execution. 
- is fully programmable 
- can be synchronized with an external composite video sync signal connected to the SYNC IN input 

4.2. SCAN PARAMETERS (See table 1 and timing diagram 5) 

4.2.1. Timing units 

The time unit of any vertical parameter is the scan line. 

The time unit of any horizontal parameter is the memory cycle. which is 8 periods of the CLK input signal. 

These two parameters are internally programmed: 

- Horizontal sync pulse duration = 7 cycles 
- Vertical sync pulse duration = 2.5 lines. 

4.2.2. Blanking interval 

The blanking interval starts: 

- at the leading edge of the vertical sync pulse. Vertical blanking interval actual duration 1s 2.5 lines more than the 
programmed value. 
- two cycles before the leading edge of the horizontal sync pulse. The actual horizontal blanking interval duration is 3 
cycles more than the programmed value. 

NOTE: During the programmed blanking interval. the video output pins P(0:3) are forced low 

4.2.3. Porch and margin color 

During the porch interval. the programmable margin color is displayed on the P(0:3) outputs. 

The display process may be disabled by setting DPD flag. This will be interpreted as a porch extension. 

4.2.4. Memory time sharing (See figure 4.1) 

The Video Timing Generator allocates memory cycles to either the display process. RAM refresh or command 
execution. In this respect the scan lines per field are splif between: 

- the DWY displayable lines. 

When VRE = 0. Video RAMs are not used. 

The DWY x DWX cycles in the display interval are allocated to the display process when it is enabled (DPD = 0) When the 
display process is disabled. these cycles are allocated as for non displayable lines. 

When VRE = 1, one cycle per display line is allocated to the display process. Other cycles are allocated as for non 
displayable lines. The last period of the BLKX signal may be used to load the internal video RAM shift register 

- the non displayable lines. In one out of nine non displayable lines. DWX cycles are allocated to the refresh process when it 
is enabled (RFD = 0). 

- In Float cycle. an external X address must be provided. The Y address is still provided on ADM(0:7) and Y(0:2). while 
ADM)8:15) are in high impedance state. 
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4.2.5. Command access ratio 

This allocation scheme leaves about 50% of the memory bandwidth for command access when programming a 
standard TV scan. This ratio drops to the 30% range when a better monitor is in use (32 µs out of 43 µs displayable per 
line, 360 lines out of 390 for a 60 Hz field rate). The higher resolution means more memory accesses in order to edit a 
given percentage of the screen area. In this case Video RAMs are very helpful to keep 90% of the memory bandwidth 
available for command access. 

4.3. DISPLAY PROCESS 

The Video Timing Generator allocates memory cycles to the Display Processor in order to read the Display Viewport 
from memory. The Display Viewport upper left corner address is programmable through DIB, YOR and XOR. The display 
viewport dimensions are related to the display interval of DWY lines by DWX cycles per field. 

4.3.1. Y addresses 

When INE = 0. the fields are not interlaced. The Y Display Viewport address is initialized with YOR at the first displayable 
line then decremented by 1 at each scan line. The Display Viewport is thus DWY pel high. 
When INE = 1. the fields are interlaced. The Y Display V1ewport address is initialized as shown in the table below. It is then 
decremented by two at each scan line. The viewport is thus 2 x DWY pel high 

EVEN FIELD ODD FIELD 

YOR EVEN YOR YOR +1 

YOR ODD YOR -1 YOR 

Y Display V1ewport address 1rnt1allzat1on when INE=1 

4.3.2. X addresses and MODX flags 

The X Display Viewport address is initialized with XOR at the first displayable cycle of each displayable line. It is then 
incremented at each subsequent cycle according to MODX flags. 

MODX1 MODXO X INCR VIDEO SHIFT REGISTER MEMORY CYCLE TYPE 

0 0 +1 INTERNAL READ 

0 1 '1 EXTERNAL DUMMY READ 

1 0 +2 EXTERNAL DUMMY READ 

1 1 - EXTERNAL FLOAT 

- In internal mode. the Display Viewport is 8 DWX pel wide. The on-chip video shift register are used. 

- In Dummy read, the memory is read but the on-chip video shift registers are not loaded, instead they retain their 
margin color. External video shift registers are presumed to be loaded by either 8 pels or 16 pels per cycle according to 
the programmed increment value. 

- In Float cycle, an extenal X address must be provided. The Y address is still provided on ADM(0:7) and Y(0:2). while 
ADM(S: 15) are in high impedance state. 

NOTE: See Memory Organization and Memory Timing for further details on the memory cycles. 

4.3.3. The Video RAM case (VRE = 1) 

In this case, the last cycle of the horizontal blanking interval is systematically allocated to the display process for DWY 
scan lines per field. 

This cycle bears the scan line address, the bank number and the X address which is always XOR. 

MODX must be programmed to use external shift register (Dummy read). 
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4.3.4 PAN and TILT 

The host can tilt or pan the Display Viewport through the frame buffer by modifying YOR or XOR arguments. Panning 
is performed on 8 pel boundaries. 

4.4. DYNAMIC RAM REFRESH 

No memory cycles are explicity allocated to the RAM refresh when RFD = 1. 

When VRE = 0 and DPD = 0, the Display Process is supposed to be able to over-refresh dynamic components. This can 
be done by careful logical to component address mapping. During the remaining non displayable lines. the Display 
V1ewport address continues to be incremented: Y address on each line according to INE. X address initialized by XOR 
then incremented according to MODX. This Display viewport address is allowed to address the memory for DWX cycles 
in only one line out of nine for refresh purposes. 

When VRE = 1 or DPD = 1. any line is processed as a non displayable line with respect to the refresh process. 

4.5 .. CONFIGURATION AND EXTERNAL SYNCHRONIZATION 

The R 10 register holds eight configuration flags.' Six of these flags are dedicated to the Video Timing Generator. 

- SSP: this flag selects the synchronization output pin configuration: 

- NPC. NHVS. NBLK: these three flags invert the PC/HS. HVS/VS and BLK outputs respectively. (Ex.: When NBLK = 1 
blanking is active high). 

The SYNC IN input pin provides an external composite synchronization signal input from which a Vertical Sync In (VSI) 
signal is extracted. The SYNC IN signal is sampled on-chip at CLK frequency. Its rising sampled edge is compared to the 
leading edge of HS. A PC comparison signal is externally available (see SSP and NPC flags). 

VSIE: this flag enables VSI to reset the internal line count. 

HSIE: this flag enables the rising edge of SYNC IN to act directly on the Video Timing Generator. When the leading edge 
of HS does not match at 1 clock period a rising edge of SYNC IN, one extended cycle is performed (nine clock periods 
instead of eight). 

OUTPUT PINS 

FLAG 

PC/HS HVS/VS 

SSP ~ 1 HS vs 

SSP ~ 0 PC HVS 
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NAME NUMBER OF BITS MINIMUM REGISTER DESCRIPTION FUNCTION VALUES 

DWY 10 1 R9 Number of display lines per field 

INE 1 - RS Interlace Enable when INE = 1 

BKY 5 1 RS Number of lines in vertical blanking - 2.5 Vertical scan 

FPY 5 1 R7 Number of lines in vertical front porch 

BPY s 3 R6 Number of lines in vertical back porch + 2.5 

H 6 19 R6 Number of double cycles per iine 

FPX 4 3 RS Number of cycles in horizontal front porch 
Horizontal scan 

BKX 4 4 RB Number of cycles in horizontal blanking - 3 

DWX 7 3 R7 Number of cycles of the display window 

XOR s - R4 
X. Y and bank logical address in the display 

YOR 11 - R5 memory of the display viewport 
upper left corner. Display process 

DIB 2 - R4 

MODX 2 - R9 Selection of the X addressing mode 

MC 4 -- R4 Margin color 

RFD 1 - R7 RAM refresh disable when RFD = 1 

DPD 1 - R7 Display process disable when DPD = 1 Memory time 
sharing 

VRE 1 - RS Video RAM enable when VRE ""' 1 

NOTE: One cycle = 8 periods of CLK clock. 

TABLE 1. 
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SECTION 5 

MEMORY ORGANIZATION 

5.1. INTRODUCTION 

The display memory is logically organized as four banks of 4-bit planes. Thus a bit address in the display memory is 
given by the quadruplet: 

- B = bank number. from 0 to 3 
- Z = plane number. from 0 to 3 
- X = bit address into the plane. from Oto 2047 
- Y = bit address into the plane. from 0 to 2047. 

In one memory cycle (8 CLK periods). the controller can access a memory word. This 32-bit memory word holds one byte 
from each plane in a given bank. In order to address this memory word. the controller supplies: 

- B(0:1): binary value.of the bank number 
- X(3:10): binary value of the word address 
- Y(0:10): binary value of the word address. 

Z and X(0:2) are not supplied. They give only a bit address in a memory word. 

5.2. MEMORY CYCLES 

24 pins are dedicated to the memory interface. 

- ADM(0:15): these 16 bidirectional pins are multiplexed three times during a memory cycle (see Timing Diagram 3): 
·TA: address period. Output of the X(3:11) and Y(3:11) address 
· TO: even data period. The even Z bytes are either input or output 
· T1: odd data period. The odd Z bytes are either input or output. 

- Y(0:2): three LSB Y address output pins (non-multiplexed) 

- B(0:1 ): two bank address output pins (non-multiplexed) 

- CYS: Cycle start strobe output (non-multiplexed). 

CYS is at CLK/8 frequency. A CYS pulse is delivered only when a command, display or refresh cycle is performed. 

- CYF(0:1 ): Two cycle status outputs (non-multiplexed). Four cycle types are defined: 
· Command read 
· Command write 
· RAM refresh 
· Display access. 

Because several options may be selected for RAM refresh and display access by the MODX and VRE flags (see Video 
Timing Section). there are more than four memory cycle types (see Timing Diagram 3 and Table 2). 

5.3. DISPLAY MEMORY DESING OVERVIEW 

The display memory implementation is application dependant. The basic parameters are: 

- the number of pixels to be displayed Nx.Ny 
- the number of bits per pel 
- the vertical scanning frequency. which must be picked in the 40 Hz to 80 Hz range (non interlaced) or in the 60 Hz to 
80 Hz range (interlaced). 

This yields a rough estimate of the pixel frequency. When the pixel frequency is in the 12 to 15 MHz range and 4 bits per 
pixel or least are required. the on-chip video registers and standard dynamic RAM components may be used. When 
higher pixel rates or up to 8 bits per pixel are required. the designer must provide external shift registers. Video RAM 
components may also be considered. 

In either case. the user must design: 

- A memory block. This is the hardware memory building block. It includes the video shift registers if on-chip VSR 
cannot be used. It implies a RAM component choice. 
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- An Address Mapper. which maps the logical address into hardware address: block selection. Row Address (RAD). 
Column Address (CAD). 
- A memory cycle controller. This controller monitors the CYF and CYS output pins from TS68483 and block address 
from the Mapper. It provides: 
· The CLK signal to the TS68483 and a shift clock SCLK when external video shift registers are used 
· RAS. CAS. OE. R/W signals to the memory blocks 
· RAD and CAD Enable signals to the Mapper. 

5.3.1. Frame buffer (See figure 5.1.) 

A byte wide organization of each bit plane is required. Obviously a bit plane must contain the Display Viewport size. A 
straight organization implements only one bit plane per block. 

It may be cost effective to implement several bit planes per block. Two basic schemes may be used: 

- One block. one Z: several bit planes. belonging to different banks. but addressed by the same Z. share a given block. 
There is little time constraint if any. 

- One block. two Z: two bit planes. belonging to the same bank share a given block. In this case. this block must be accessed 
twice during a memory cycle. This can be solved by two successive page mode accesses. 

ADM(8 15) ADM(0:7) 

8(T0) 8(T0) 

so-. 

Z3 Z2 21 20 

ONE BLOCK-ONE Z 

ADM (8:15) ADM (0:7) 

(TO. T1) 0 Page mode 

Z3 22 Z1 20 

ONE BLOCK-TWO Z 
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TYPICAL BLOCK SIZE 

ONE BLOCK-ONE BIT PLANE 

ONE BLOCK-TWO BIT PLANES 

COMPONENTS: 
64K BITS: 16K x 4 or 64K x 1 
256K BITS: 32K x 8. 64K x 4. 256K x 1 
VIDEO RAM: 64K x 1. 64K x 4 

16K x 8 32K x 8 

512 x 256 512 x512 

256 x 256 512x256 

FIGURE 5. 1. - FRAME BUFFER ORGANIZATION 

OUTPUT PINS 
MODX 

MULTIPLEX~D ADM 

FUNCTION FLAGS 

CYF1 CYFO 
1 0 

TA TO 

1 0 COMMAND READ - Y, X ZO, Z2 

1 1 COMMAND WRITE - Y. x ZO. Z2 

0 1 DISPLAY 0 0 Y, X ZO, Z2 
0 1 Y. x -

0 0 REFRESH 1 0 Y. x -
1 1 Y. Hi-Z -

Refresh: dummy read cycle 1s performed. 

4 0 

64K x 8 256K x 8 

1024x512 204B x 1024 

512x512 -

CYCLE TYPE 

T1 

Z1, Z3 READ 

Z1. Z3 WRITE 

Z1. Z3 READ 
- DUMMY READ + 1 

- DUMMY READ + 2 
- FLOAT X 

a_I ...... __....._.._....__...___.~ ......... 

11 _ ___..__....._.._....__...___.~ ......... 
A MEMORY WORD 

ADMS MULTIPLEXED PINS 

TA ADDRESS PERIOD 

TO: EVEN Z BYTE PERIOD 

T1: ODD Z BYTE PERIOD 

2_I ...... __....._.._....__...___.~ ......... 

3_1 _.___..___..__.___.._....._....._~ 

X(0:2J 

TABLE 2. - MEMORY CYCLE TYPES 

15 14 13 12 11 10 9 B 

10 x 3 

z = 2 0 

Z=3 0 

HIGHER BYTES 

10 

FIGURE 5.2. - THE MULTIPLEXING SCHEME 
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6.3.2. Masking planes 

Masking planes are very useful for general purpose area filling or clipping. It may be practical to use one or two planes 
smaller than the color bit plane if they cyclically cover a frame buffer. 

The masking planes must be in bank 3. 

5.3.3. Objects and characters 

Objects may be located in unused parts of the frame buffer. 

Character generators can be implemented in any plane of any bank. They can also be implemented in ROM. In this case. 
plane Z • 1 or 3 offer relaxed access time requirements. 

6.4. EXAMPLES 

Figure 5.3. gives the schematic for a 512 x 384 non interlaced application. A CLK signal in the 13 to 15 MHz range 
should produce a 50 to 60 Hz refresh rate. The on-chip video shift registers may be used if no more than four bits per 
pixel are required. One 64K x 8 memory block may be implemented using either eight 64K x 1 or two 64K x 4 
components. One memory block holds two 512 x 384 color bit planes. 
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BANK ENABLE 
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~ 
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1 "'8 ZO!Z2 

~ >' 0 

64K x B ~~ 
~MEMORY-.. 

64K x 8 

ADDRESS 

• •I J •• RAS 
CAS 
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WE 

64K x 8 MEMORY BLOCK 

BANK 0 384 

2 BIT MAP PLANE 

BANK 3 { 
}

_.ONE BLOCK THROUGH PAGE MODE 

128 SPARED AREA 

14-----512 ---~ 

FIGURE 5.3. - MEMORY ORGANIZATION FOR 512 x 3B4 APPLICATION 
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6.1. MICROPROCESSOR INTERFACE 

SECTION 6 

TIMING DIAGRAM 

TS68483 has an eight bit address bus and a sixteen bit data bus. Little external logic is needed to adapt bus control 
signals from most of the common multiplexed or non-multiplexed bus microprocessors. 

Microprocessor interface timing: A(0:7), 0(0:15), AE, OS. CS, RfN 
Vee= 5.0 V ± 5%, TA= TL to TH. CL= 100 pf on 0(0:15) 
Reference levels: VIL = 0.8 V and VIH = 2 V on all inputs 

VOL = 0.4 V and VQH = 2.4 V on all outputs 

UNMUXMODE 

Id. Characteristic Min. Max. Unit numb. 

1 Address set up time from CS 30 - ns 

2 Data strobe width (High) 150 - ns 

3 AS set up time from CS 0 - ns 

4 Data strobe width-low (Read cycle) 240' - hs 

5 Address hold time from DS 0 - ns 

6 Data access time from CS (Read cycle) - 210 ns 

7 DS inactive to ·high impedance state (Read cycle) 10 100 ns 

8 R/W set up time from DS 20 - ns 

9 DS width-low (Write cycle) 110 - ns 

10 CS set up time from D'S active (Write cycle) 0 - ns 

11 Data in set up time from DS active (Write cycle) 10 - ns 

12 Data in hold time from DS inactive (Write cycle) 30 - ns 
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AS (MPU) 

R/W ----------...... 

DATA IN 
0(0:15) 

WRITE CYCLE 
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Microprocessor interface timing: A(0:7), 0(0:15). AE. OS, CS. Rflii 
Vee= 5.0 V ± 5%. TA= TL to TH. CL= 100 pF on 0(0:15) 
Reference levels: V1L = 0.8 V and V1H = 2 V on all inputs 

VOL = 0.4 V and VOH = 2.4 V on all outputs 

MUXMODE 

Id. Characteristic numb. 

1 AE width high 

2 Address set up time to AE inactive 

3 Address and CS hold time to AE inactive 

4 CS set up time to AE inactive 

5 DS and R/IN high 

6 DS width-low (Read) 

7 R/IN width-low (Write) 

8 Data access time from DS (Read) 

9 Data in set up time from R/IN inactive (Write) 

10 DS inactive to high impedance state (Read) 

11 Data in hold time from R/IN inactive (Write) 

12 AE inactive to DS active 

13 AE inactive to R/IN active 

14 DS inactive to AE active 

15 R/IN inactive to AE active 

16 R/W inactive to next address valid 

17 DS inactive to next address active 

18 Data in set up time from R/IN active (Fast write cycle) 
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Min. Max. Unit 

90 - ns 

55 - ns 

55 - ns 

40 - ns 

150 - ns 

240 - ns 

110 - ns 

- 210 ns 

150 - ns 

10 100 ns 

30 - ns 

20 - ns 

20 - ns 

10 - ns 

10 - ns 

100 - ns 

100 - ns 

10 - ns 



MUX MODE 

AE 

cs 
0 

@ 
BS 

© 
CD 

R/W @ 0 0 0 @ 

A/D A 

READ CYCLE 

AE ----..J 

cs -~-----~ 

BS 

R/W --1----------1-----~li----0---1_,.. 

0----1..i---.@ 

FAST WRITE A 

WRITE CYCLE 

6-133 



6.2. MEMORY INTERFACE 

ADM(O: 15). B(O: 1 ). CYF(O 1 ). Y(02). CYS 
Vee= 5.0 V ± 5%. TA= TL to TH 
CLK duty cycle = 50%. period T 
Reference levels: VIL = 0.8 V and V1H = 2 V. VOL = 04 V and VOH = 24 V 

IDENT 
CHARACTERISTIC 

NUMBER 

1 TCLK dock period 

2 Memory cycle time (T = 8 X TCLK) 

3 Output delay time from CLK 

4 Output data Hl-Z time from CLK 

5 Output hold time from CLK 

6 Input data hold time from CLK (read cy_c!e) 

7 Input data set up time from CLK {read cycle) 

8 lnput data Hl-Z time from CLK 

NOTE: All timing is referenced to the rising edge of CLK. (See timing diagram 3) 
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MIN MAX UNIT 

66 166 ns 

- - ns 

- 40 ns 

- 40 ns 

10 - ns 

20 - ns 

30 - ns 

- TCLK ns 



! ... 
Cll 

CLK 

CYS 

8(01) 

CYF{O 1) 

Y(02) 

ADM{O 15) 
WRITE CYCLE 

ADM{O 15) 
READ CYCLE 

ADM(015) 

MEMORY INTERFACE 
--~~~~~~--~~~~~-(D~~~~~~~~~~~~~-+! 

A{X.Y) 

A(X.Y) 

,
/ \ 

\ 

x 

DUMMY READ CYCLE A(X.Y) 

DISPLAY 
FLOATING 

CYCLE 

ADM{07)-------< A{Y) 

------·~ 

' ADM(815) ---·-J">----------------------------



6.3. VIDEO INTERFACE 

PO, P1, P2, P3, BLK, HVS/VS, PC/HS 
Vee= 5.0 V ± 5%, TA= TL to TH, CLK duty cycle= 50% 
Reference levels: V1 .L = 0.8 V and V1H = 2 V, VOL = 04 V and VQH = 24 V, CL = 50 pF 

TIMING DIAGRAM 4. 

CLK 

P(031---t--------,. 
BLK 
HVS/VS 

PC/HS 

[""' NUMBER 

1 

I 2 

3 

4 

5 
~. I 

----0----

CHARACTERISTIC 

TCLK CLK period 

CLK high pulse width 

Output delay from CLK rising edge 

CLK low pulse width 

Output hold time 

MIN TYP 

66 83 

28 -

- -

28 -

10 -

6-136 

MAX UNIT 

166 ns 

- ns 

40 ns 

- ns 

- ns 
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SYNCHRONIZATION SIGNAL OUTPUTS 

2T 1T ·~ "~ c " "' fti '"' ~SYNC 

BLKX 

Pi03) MARGIN MARGIN 

BKX FPX DWX-----------

vs r 25-~ 1 2 5 LINES 1 NON INTERLACED 

{NHVS ~ 1)HVS _ ----- ---- EXAMPLE 
BKY+FPY+OWY+BPY ~ 525 

------------ EVEN FIELD: BKY+FPY+DWY+BPY LINES ------------;~o---

4-BKY ------ DWY ~ BPY----1
1 
L----

VS ,---2-~ L~N~~ 2.5 LINES l INTERLACED 

INHVS ~ 1 I HVS 
EXAMPLE 

BKY+FPY+DWY+BPY = 312 
FOR 625 LINES 

~-----------ODD FIELD: BKY+FPY+DWY+BPY+1/2 LINES------------..-.--

FPY-

--------
DWY .. r:-ru BPY--1 LIL 



MAXIMUM RATINGS 

Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and 
function pl operation of the device at these or any conditions beyond those indicated in the operational sections of this 
specification is not implied. Exposure to maximum rating conditions for extended periods may affect device reliability. 
Standard MOS circuits handling procedure should be used to avoid possible damage to the device. 

RATING SYMBOL VALUE UNIT 

r---
Supply voltage Vee" -0.3 to 7.0 v 

Input voltage Vin" - 0.3 to 7.0 v 

Operating temperature range TA TL to TH oC 

TS68483C 0 to 20 

TS6B483V -40to+85 

TS68483M - 55 to+ 125 

Storage temperature ran·ge Tstg - 55 to + 150 oe 

Max power dissipation Porn 1.5 w 
• With respect to Vss 

ELECTRICAL CHARACTERISTICS 

(Vee = 5.0 V ± 5%. Vss = 0, TA =TL to TH) (unless otherwise specified) 

CHARACTERISTIC SYMBOL MIN TYP MAX UNIT 

Supply voltage Vee 4.75 5 5.25 v 

!nput low voltage VIL -0.3 - 0.8 v' 

Input high voltage VIH 2 - Vee v 

Input leakage current lin - - 10 µA 

Output high voltage (lioad - - 500 µA) VoH 2.4 - - v 

Ouput low voltage 
l1oad - 4 mA: AOM(O: 15) VOL - - 0.4 v 
l1oad = 1 mA: other outputs 

Power dissipation Po - 800 - mW 

Input capacitance Cin - - 15 pF 

Three state (off state) input current 1Ts1 - - 10 µA 
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6 4 3 2 0 

MODE 

Odd bank co Even bank 

Odd bank Cl Even bank 

0181 DIBO MARGIN COLOR 

YOR 

BPY 

RFD FPY 

Don't care. 
- Used or not according to the command 



! ..,. 
0 

7 .2. COMMAND TABLE 

CODE PARAMETERS 
TYPE MNEM 

7 6 5 4 3 2 1 a RO R1 

L DOT LINE DU a a a a 0 DMU SP SAU x x 
I 

N PEN LINE PU a a a POL PEN DMU SP SRU x x 
E 
A 

DOT ARC DAR a o 1 0 0 DMU SP SRU x x 
D R PEN ARC PAR 0 0 1 POL PEN DMU SP SRU x x 
R 
A RECTANGLE REC 1 1 1 1 0 DMU SP SRU x x 
w A 

I R TRAPEZIUM TRA 0 1 0 1 0 DMU SP SRU x x 
N E POLYGON FLL 0 1 a 0 BEG DMU SP SRU x x 
G A 

s POLYARC FLA 0 1 1 0 BEG DMU SP SAU x x 
c PRINT CHARACTER PCA 1 0 1 1 REP DMU SP SRU x x 
E 

PVS 0 0 SMU REP DMU 1 SRU x x 
L 1 

PRINT OBJECT 
L PVF 1 0 1 0 REP DMU 1 SRU x x 

LOAD VIEWPORT LDV 1 1 1 0 XFT 0 0 INC 

ACCESS SAVE VIEWPORT SAV 1 1 1 0 XFT 0 1 INC 

MODIFY VIEWPORT RMV 1 1 1 0 XFT 1 0 INC 

UP-DOWN MOVE UDM 1 1 0 0 0 1 DWN SRU 

CURSOR LEFT-RIGHT MOVE LRM 1 1 0 1 LEF 0 0 SRU 

DIAGONAL MOVE COM 1 1 a 1 LEF 1 OWN SAU 

CONTROL 
NO OPERATION NOP 1 1 a 0 0 0 0 0 

DMU=1 
SP-1• 
SRU= 1 
PEN-0 
PEN= 1 

BEG-1 

INC=O 
INC= 1 

REP= 1 

SMU=1 
DWN=1 
LEF= 1 

ABORT BAT 1 

Destination mask use. 
Short pel; long pel when SP=O. 
Short relative register use (A13). 
The pen is a single pel. 

1 1 1 1 1 1 1 

POL=O: the pen is the character cell addressed by the source pointer. 
POL= 1: the pen is the object associated with a source mask addressed 
by the source pointer. 

: Initiate a polygon or polyarc filling. 
This parameter should be reset only when the second drawing is not identical 
to the first one (Ex: first polygon. then polyarc). 

; The source pointer is not auto-incremented. 
: XFT = 1: the source pointer is auto-incremented. X direction first. 

XFT""' 0: The source pointer is auto-incremented or auto-de.cremented. Y direction first. 
: The cell is stepped and repeated through the destination window. 

When REP=O. only one cell is printed. 
: The source mask is used. 
: The cursor is moved down (up if DWN=O). 
: The cursor is m.oved left (right if LEF=O). 

ARGUMENTS POINTERS END COMMAND EXECUTION TIME 

R2 R3 

x x 
x x 
x x 
x x 
x 
x 
x 
x 
x 

R13 R18 R19 R14 R15 R16 R17 R20 R21 R22 R23 CURSOR POSITION !NIT LOOP Per 

x x x x x Xd+DXd Yd+DYd 5T 4T DOT 

x x x x x x x x x Xd+DXd Yd+DYd 5T CELL+4T CELL 

x x x x x x x XF YF 15T 10T DOT 

x x x x x x x x x x x XF YF 15T CEll+IOT CELL 

x x x x x Xd Yd+DYd 10T 4T 

x x x x x x Xd+DXd Yd+DYd 10T AREA 

x x 4T MEMORY x x x Xd+DXd Yd+DYd 10T WORD {NOTE 1) 
x x x x x x x XF YF 15T 

x x x x x x x x x Xd+DXd Yd 

x x x x x x x x X Xd+DXd Yd 4T 6T 
MEMORY 

WORD 

x x x x x x x x X Xd+DXd Yd 

x x x x x x x x Xs Ys 2T 5T 

x x x x x x x x Xs Ys 2T 4T 
MEMORY 

WORD 

x x x x x x x x Xs Ys 2T 10T 

x x x x Xd Yd+DYd 3T 

x x x x Xd+DXd Yd 3T 

x x x x x Xd+DXd Yd+DYd 4T 

1T 

1T 

NOTE: With PVF command. any pel with color different from O has its source mask implicitly set and 
used. In other words. pels with color value 0 are transparent. 
- DXd. DYd. and DYs are signed values. 
- DXs is always positive. 
- T = memory cycle = 8 CLK clock periods. 
- For execution time. add to the short pel loop in the table: 
• 1T if DMU=1 
• 1T if SMU-1 
· 2T if long pen are used 
· 2T if mask printing is required. 
Command execution is performed only out of the display periods. 
NOTE 1: for FLL and FLA commands. add 4T and BT respectively per pet belonging to the b~undary. 



SECTION 8 

MECHANICAL DATA AND 
ORDERING INFORMATION 

8.1. MECHANICAL DATA 

68 pins 

DIN 

' CB-710 
CEI 0.A.T.A. JEDEC SITELESC 

6-141 

CB-523 

FN SUFFIX 
PLCC68 

CB·710 

E SUFFIX 

LCCC68 



8.2. ORDERING INFORMATION 

PACKAGE lYPE TEMPERATURE RANGE PART NUMBER 

PLCC 
O"Cto+70"C TS68483CFN 

FN Suffix 

LCCC -40" C to+ 85° C TS684483VE 
E Suffix -56°Cto+125° C TS 684483ME 
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TS68494 

--~~·-·- PALETTE AND SERIAL PORT CONTROLLER 

ADVANCE INFORMATION 

The TS68494 single chip color palette can be used in any low to mid 
range color graphics application to provide up to 256 colors freely selected 
between 4096 values. 

Moreover, the TS68494 integrates a serial port controller for dual port 
video-RAM. 

Powerful and cost effective graphics and text application may be achieved 
with THOMSON-SEMICONDUCTEURS Graphics processor family 
(TS68483/68493) and TS68494 chip set. 

Main features : 

• One chip color look-up table 
• 256 colors 8 bits/pixel) between 4096 
• Up to 35 Mpixels/sec 
• Three on-chip 4-bit video DACs 
• RS-343A compatible video outputs 
• Serial port controller for dual port video-RAM 
• Logical operation between pixel value and programmable masks 
• Horizontal zoom and panning capability 
• Standard microprocessor interface, TS68000 compatible 
• Single 5V supply 
• 44 pin PLCC and 48 DI L packages 

GAP 

TYPICAL APPLICATION 

SYSTEM BUS 

PICTURE 
MEMORY 

SYNC 

TS68494 f ONITOj 

6-143 

HMOS2 

CASES 

CB-521 

• PLCC44 

CB-229 

PLASTIC PACKAGE 

PIN ASSIGNMENT 

GND NC 
GND 

DO R 
01 G 
02 HVS 
03 BLK 
04 DCLK 

05 sea 

06 SC1 
07 SOEO 
~ SOE1 

AO SOE2 
i5S SOE3 

R/W NC 
GND HP 
Vee TM87 
Vee fMB6 

TMA7 TM85 
TMA6 TM84 

TMA5 TM83 
TMA4 TM82 
TMA3 TM81 
TMA2 TMBO 
TMA1 TMAO 



DIGITAL 
VIDEO 
INPUTS 

BLOCK DIAGRAM 

FROM MICROPROCESSOR 

0(0,7) i5'fACi( AO OS Rf'ii 

VIDEO SHIFT REGISTERS 

COLOR LOOK-UP 

MEMORY 

256 x 12 

R G· B -----------ANALOG COLOR OUTPUTS 

6-144 

8 

MICROPROCESSOR 
INTERFACE 

MODE REGISTER 

ADDRESS 
REGISTER 

VIDEO 

TIMING 

GENERATOR 

Voo 

GND 

HP 

1---+-'-l-l- Sci'EI0:31 

I---+-+•~ SCI0:11 



FRAME BUFFER INTERFACE 

Name Pin No. No. 
Function 

type PLee DIP 

sea 0 38 41 Serial port 
SCl 37 40 Shift clock 

SOEO 0 36 39 Serial output 
SOEl 35 38 Enable 
SOE2 34 37 
SOE3 33 36 

TMAI0:7) 23·16 25-18 Pixel value 
TMBI0:7J 24-31 26-33 Inputs 

VIDEO INTERFACE 

Name Pin No. No. 
type PLCC DIP 

Function 

HP 32 34 Pixel clock 

DCLK 0 39 42 HP/8 

40 43 Blanking 

41 44 Composite synch. 

R 0 43 46 Color output 
G 42 45 

44 47 

MICROPROCESSOR INTERFACE 

Name Pin No. No. 
Function 

type PLee DIP 

Dl0:7) 1/0 3-10 3-10 Data bus 

AO 12 12 Address 

i5S 13 13 Data Strobe 

RiW 14 14 Read/Write 

OT ACK 0 11 11 Data transfer 
Acknowledge 

OTHER PINS 

Pin No. No. 
Name 

PLeC DIP 
Function 

type 

Vee s 15 16·17 Power supply 

Vooe s 1 Analog power 
supply 

GND s 2 1·2-15 Ground 

NOTE : Pin No. 35 in DIP package in not connected. 

Description 

These two clocks, with inverted phase, shift data out of video· RAM serial 
ports during the active display period. 

Shift rate can be programmed at HP/8, HP/4 or HP/2 according to the Mode 
Register programming. 

These signals are used to control the video-RAM serial port outputs in order 
to multiplex one to four outputs to the same bus. 

In non multiplexed mode the 8 bit pixel value is fed to TMA (4: 7) , 
(Respectively pixel bit 6, 4, 2, 0) and TMB (4: 7) (Respectively pixel 
bit 7, 5, 3, 1 ) at pixel clock rate (HP) 

·In multiplexed mode, TMA(0:7) and TM8(0:7) are multiplexed in 
order to load the internal shift registers. During each cycle of eight 
HP clock periods, these sixteen lines are multiplexed four times to 
provide the value of eight pixels. 

Description 

This clock controls the internal shift registers operation and the 
internal Timing Generator. 

This clock is the pixel clock HP divided by eight. It can be used as a basic 
clock by a Video Timing Generator of a graphics processor. 

This active low input forces the R,G,B analog output to blank level. 

This input ls sampled by the rising edge of the DCLK clock. 

These three analog outputs deliver the color signals from the internal DACs. 
The synch. information is delivered on the Green signal (RS-343A standard). 

Description 

These eight bidirectionnal lines are connected to the microprocessor 
data bus. 

During a microprocessor access, this line selects the higher byte (AO= 0) 
or the lower byte (AO= 1) of a register. 

This active low input selects the TS68494 for a microprocessor access. 

This control signal determines whether the TS68494 is read (RiW= l) or 
written (R/W=O). 

This active-low open drain output signals the completion of a bus cycle 

Description 

+5 v. 

Power supply for the internal DACs. 
+ 5 V for RS-343A standard. 
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FUNCTIONAL DESCRIPTION 

MICROPROCESSOR INTERFACE 

The TS68494 is directly compatible with TS68000 micro
processor family and can be easily interfaced with most of 
the other standard microprocessor families such as 6809, 
8086 (Figure 1). 

Data transfer between the TS68494 and the micropro
cessor is made by logical 16-bit words through an 8-bit 
data bus. The microprocessor has access to seven internal 
registers. 

Write access 

During a write operation, a 16-bit word contains a 12-bit 
data field and 3-bit address field. The address field selects 
the register to be accessed (Figure 2). 

As the higher byte (AO = 0) contains the address, it must 
be loaded first. 

12 

Al1:191 
ADDRESS 

-y DECODER 

TS68008 
AO 

R/W 

OT ACK 

010:71 

LOS 

A 12:231 
ADDRESS 
DECODER 

Al 
TS68000 

RIW 

DTACK 

IA. 
0(0:71 

Data written to the color register is loaded into the color 
look·up memory at the location pointed by the Color 
Address Pointer (CAP). When bit IW is set in the Mode 
Register, the CAP is automatically incremented after each 
access to the lower byte (AO= 1). 

Read access 

Before any read operation, the Read Address Register 
(RAR) must be initialized. 

When the contents of RAR is different from 0, the 
register pointed by RAR can l:Je read by the microproces
sor at address AO = 1. 

When RAR = 0, the color look-up memory location 
pointed by the Color Address Pointer (CAP) can be read 
by the microprocessor. Each 12-bit word of the color 
look-up memory can be read at address AO = 0 and 
AO = 1. When bit IR is set in the mode register, the CAP is 
auto-incremented after each access to address AO= 1, thus 
allowing sequential access to the color look-up memory. 

cs J i5S 

AO 
TS68494 

~ 
RIW 

OT ACK 

010:71 

cs) 05 

AO 
TS68494 

~ 
RIW 

OT ACK 

J.. 
0(0:71 

FIGURE 1 - INTERFACE WITH TS68000 FAMILY 
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REGISTER ADDRESSING - Write operation 

AO= 0 AO= 1 

15 0 

I I 11 I 
ADDRESS DATA FIELD 

FIELD 

0 0 1 COLOR ADDRESS POINTER ICAP) 

0 1 READ ADDRESS REGISTER IRAR) 

0 1 1 MODE REGISTER (MRI 

1 0 0 OR REGISTER 

1 0 1 AND REGISTER 

1 1 0 PAN REGISTER IPRI 

1 1 1 RESERVED 

COLOR REGISTER ADDRESSING - Write operation 

AO=O 

0 

12 BIT DATA FIELD 

LOOK UP MEMORY ADDRESS IS IN CAP 

REGISTER ADDRESSING -Read operation 

A0=1 

DATA FIELD 

REGISTER AODRESS'l'IO, 0, 0) IS IN RAR 

COLOR REGISTER ADDRESSING - Read operation 

AO=O 

0 

12 BIT DATA FIELD 

COLOR REGISTER ~DDRESS=IO, 0, 0) IS IN RAR 

LOOK UP MEMORY A OD RESS IS IN ADDRESS IS IN CAP 

FIGURE 2 - REGISTER ADDRESSING 
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REGISTER DESCRIPTION 

MODE REGISTER-MR 

r x T 0 T IR }w T z T p T 1 
'-..-' 

L PICTURE MEMORY CONFIGURATION: 
1,2,4 MEMORY PLANE PER MEMORY BLOCK 

AND/OR REGISTERS 

PIXEL VALUE REGISTER 

AND REGISTER 

OR REGISTER 

COLOR MAP ADDRESS 

READ ADDRESS REGISTER-RAR 

PAN REGISTER-PR 

x 

COLOR ADDRESS POINTER-CAP 

HORIZONTAL PAN ENABLE 

HORIZONTAL ZOOM ENABLE 

COLOR MAP ADDRESS REGISTER: 
AUTO-INCREMENTATION IN WRITE ACCESS 

COLOR MAP ADDRESS REGISTER: 
AUTO-INCREMENTATION IN READ ACCESS. 

0 

0 

REGISTER SELECTED FOR READ ACCESS 

POSITION OF THE FIRST DISPLAYED 
PIXEL (MODULO Bl 

0 

COLOR LOOK-UP MEMORY ADDRESS 
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COLOR REGISTER 

AO=O 

VIDEO PROCESS 

The pixel value received by the TS68494 is logically 
AN Ded and 0 Red with the AND and 0 R registers. The 
result is used to address the color look-up memory. 

The 12-bit word at the output of the memory is latched 
into the color output register. Each 4-bit field is fed to the 
respective DAC which delivers the analog signal confor
ming to RS-343A standard (Figure 3). 

R 

TS68494 G 

AO=! 

Zoom operation 

R 
I 

The zoom mode is active when bit MR3 is set ln the mode 
register. Except for the DCLK signal, all the clocks gene
rated by the TS68494 Timing Generator are divided by 
two. 

Pan operation (MR2 = 1) 

This mode allows horizontal scrolling from 0 to 7 pixels, 
through the Pan Register PR. 

TO MONITOR 

FIGURE 3 - RS343-A COMPATIBLE VIOEO INTERFACE 
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OPERATING MODES 

The TS68494 provides four different operating modes, 
depending on the frame buffer organization. 

Non multiplexed mode (MR1=1, MRO = 1) 

In this mode, the 8-bit pixel value present on TMA(4:7) 
and TMB(4:7) inputs is latched on the rising edge of HP 
clock. After AND and OR operations, it addresses the 
color look-up memory (Figure 8). 

Memory organization 

With the three multiplexed modes, the frame buffer must 
be organized into blocks of video-RAMs. Each block 
provides eight serial ports outputs, which deliver after 
each shift operation the information for eight consecu
tive pixels, one bit/pixel. 
According to the memory type used and the size of the 
screen, a memory block may contain one, two or four 
memory bit planes. For example, a block made of two 
64K x 4 video-RAMs can contains one plane of 1 a24 x 512, 
two planes of 512 x 512 or four planes 512 x 256 
(Figure 4). 
The timing generator outputs SC (a: 1), SOE (a: 3) are 
enabled by the BLK signal. 

ONE BLOCK/ONE PLANE 

ONE BLOCK/TWO PLANES 

ONE BLOCK/FOUR PLANES 

VIDEO-RAM 
INTERNAL SHIFT REGISTERS 

p • y 

Multiplexed mode a (MR1 = 0, MRa = 0) 

In this mode, each memory block contains only one 
memory bit plane. The serial outputs of the four memory 
blocks hofdfng the even planes are multiplexed to 
TMA(a:7) lines. Those of the memory blocks holding the 
odd planes are multiplexed to TMB(a:7) lines (Figure 5). 

During each cycle of eight pixel clock periods, the TMA 
and TMB inputs are multiplexed four times. The multi· 
plexing process is achieved through the Shift Output 
Enable signals SOE(a:J) provided by the TS69494. The 
Serial Shift Clocks for the video-RAM serials ports sea 
and SC1 are provided by the TS68494 by dividing the 
pixel clock by eight. 

Multiplexed mode 1 (MR1 =a, MRO = 1) 

Each memory block contains two memory bit planes. 
Only SO Ea and SOE 1 are used to multiplex two blocks. 
The shift clocks SCa and SC1 delivered by the TS68494 
are obtained by dividing the pixel clock by four (Figure 6). 

Multiplexed mode 2 (MR1 = 0, MRO = 0) 

Each memory block contains four memory bit planes. 
Only SOEa signal is used. The Shift Clock Sea is 
obtained by dividing the pixel clock by two (Figure 7). 

256 BITS/ROW 

r., i 
f TT_;L] 

A MEMORY PLANE 
ONE BIT/PIXEL 

pO P1 P2 Po P4 PS PS P ~~~~~ 

I l-.PLANE NUMBER 

~PIXEL NUMBER IN A PLANE 

FIGURE 4 - MEMORY BLOCK ORGANIZATION 
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sco 

SC1 

HP 

sco 

SC1 

So'Eo 

SO'E1 

~2 

SoEJ 

TMA 

PLANE 
0 8 8 

PLANE 
4 

PLANE 

6 

S0e2 SoEJ 

sco 

SC1 

PLANE 

PLANE 
3 

8 8 
PLANE 

5 

T.MAl0:71 TMBl0:71 

_J \ 

' I \ 
\_J 

\_) 
\_J 

_J \_J 
TN·1.6 x TN.O x TN.4 x TN.2 x TN.6 

FIGURE 5 - MULTIPLEXED MODE 0 
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PLANES PLANES 

sco 0-2 sco 1-3 

8 8 
SoEO !:OEo 

PLANES PLANES 

SC1 
4-6 

SC1 
5-7 

soe1 SOE1 
TMAl0:7) TM8(0:7) 

SoE3 

TMA TN-1.6 X TN.O x TN.4 x TN.2 

FIGURE 6 - MULTIPLEXED MODE 1 
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sco 

HP 

sco 

SCl 

Weo 
S0e(1:3) 

TMA 

HP 

TM 

SCO:l 
SciEI0:3l 

PLANES 
0-4-2-6 

soeo 

sco 

TMAI0:71 

PLANES 

1-5-3-7 

Weo 
TMB(0:7) 

___ 1_N_-1_.s __ JX~---TN_._o __ Jx~ __ T_N_._4 __ JX~---TN_._2__.~ 

FIGURE 7 - MULTIPLEXED MODE 2 

FIGURE B - NON MULTIPLEXED MODE 
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MAXIMUM RATINGS 

Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and 
functional operation of the device at these or any conditions beyond those indicated in the operational sections of this 
specification is not implied. Exposure to maxim1MT1 rating conditions for extended periods may affect device reliability. 
Standard MOS circuits handling procedure should be used to avoid possible damage to the device. 

Rating Symbol Value Unit 

Supply voltage Vee• +0.3to +7.0 v 

Input voltage V1n* -0.3 to +7.0 v 

Operating temperature range TA 0 to+ 70 oe 

Storage temperature range Tstg -55to+150 oe 

Maximum power dlnlpatlon Pom +1.5 w 

• With respect to GND 

ELECTRICAL OPERATING CHARACTERISTICS 

(V cc= 5.0 V ± 5 %. Vss = 0. TA= 0 to + 70° Cl (Unless otherwise specified) 

Charectari1tic Symbol Min .Typ Mox Unit 

Supply voltage Vee 4.75 5 5.25 v 

Analog supply voltage Vooe - 5 - v 
Input low voltage V1L 0.3 - 0.8 v 

Input high voltage V1H 2 - Vee v 
Input leakage current V10 - - 10 µA 

Output high voltage li1oad = - 500 µA) VoH 2.4 - - v 

Output low voltage 
l1oad =4 mA 

VoL - - 0.4 v 

Power dissipation Po - 700 - mW 

Input capacitance e1n - - 15 pF 

Three state loff state) Input current ITSI - - 10 µA 

6-154 



MICROPROCESSOR INTERFACE 

Microprocessor interface timing: 
Vee= 5.0 V ± 5 %. TA= 0°to 70°C. CL= 100 pf on 0(0:7), CL= 130pf and RL= 500oon 0TACK 
Reference levels: V1 L = 0.8 V and V1 H = 2 V on all inputs. 

VoL = 0.4 V and VQH = 2.4 Von all outputs 

No. Ch•recteristic Min. 

1 OS low (write cycle) 60 

2 i5S high 60 

3 AO set up time to 00 0 

4 AO hold time from OS 10 

5 R/W set up time to 00 0 

6 R/W hold time from 6S 10 

7 Data set up time (write) 50 

8 Data hold time I read) 0 

9 ~delayfroml5!! so+ 
PP(6THP 

-(2)1 

10 DTACK high from OS 110 

11 M low (read cycle) 120 

12 i5i'ACK low from i5S (read) 100+5 HP 

13 Data delay from OT ACK (read) -
14 Data hold time from 15§' 10 

15 Cycle time 70+8 HP 

6·155 

Max. Unit 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

30 -

- ns 



TIMING DIAGRAM 1 - MICROPROCESSOR INTERFACE 

AO 

2 

R/W' 

010:7) 

WRITE CYCLE 

(0 
0 

AO 

G 
i5S 

0 0 

R/W 

0 e 
i5i'AcR 

@ 
010:7) 

READ CYCLE 

6-156 



DIGITAL VIDEO SIGNALS 

Vcc=S.0±5%. TA=0°to+ 70°C.CL= 50pF onDCLK,SC(0:1),SOE(0:3) 
Reference levels: V1L = 0.8 V and V1H = 2 Von all inputs. 

VOL = 0.4 V and VoH = 2.4 Von all outputs. 

No. Characteristic 

1 HP clock period 

2 HP high pulse width 

3 HP low pulse width 

4 HP rise and fall time 

5 Timing generator output delay from HP 

6 SOE low pulse width 

7 BLK, HV5 set up time to DCLK 

8 TMA, TMB set up time to SOE 

9 TMA, TMB hold time from SOE 

10 TMA(4:7), TM8(4:7) set up time to HP 

11 TMAl4:7), TMBl4:7) hold time from HP 

6-157 

Min. Max. Unit 

33 125 ns 

10 - ns 

10 - ns 

- 5 ns 

- 28 ns 

THP - ns 

60 - ns 

.2 - ns 

12 - ns 

5 - ns 

5 - ns 



HP 

50(0:11 

S0E(0:31 

TMA.TMB 

OCLK 

HP 

OCLK 

TMA(4:71. 

TMB(4:71 

0 

TIMING DIAGRAM 2 ·-DIGITAL VIDEO SIGNALS 

9 

MULTIPLEXED MODES 0, 1, 2, 

0 0 

NON MULTIPLEXED MODE 3 
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ANALOG VIDEO OUTPUTS 

Vooc; 5 V, TA; 0°to + 70°C 

MIN 
R.8 
TYP MAX MIN 

G 
TYP MAX 

1----4--2-.2--+----+---+-2_.1_1_ .... __ -tr,------_______ ~00~ WHITE 

7.5 % 

0.88 ------- ----- BLACK 

o" 
1-----

1--~~+-~~+-~~+-~~+-~~-+-~~~ 

1.46 

0.76 1.35 f------ BLANK 

- 40% 
0.76 f-------_,___,_ _____ .;_ ___ SYNCH. 

HP 

TIMING DIAGRAM 3 

No. Characteristic Min. Max. Unit 

1 delay from HP (50 %) - 30 ns 

2 1 /2 LSB settling - 15 ns 

3 Rise and fail time 110 % -90 %1 - 10 ns 

Test load 

I 40pF 
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... 0.A.T.A. 

M0-047-AC ...... 

PHYSICAL DIMENSIONS 

CB-521 

• 
PLCC44 

004 

007 

Cl-521 
llTILllC 

6-160 

OLCK 

sco 
SC1 

soeo 
SOE1 

SOE2 

SOE3 

HP 
TMB7 
TMB6 

TMB5 



CHAPTER 7 - DIGITAL SIGNAL 
PROCESSING ICs 





DIGITAL SIGNAL PROCESSING ICs SELECTION GUIDE 

Part number Description Technology Number Page 
of pins 

TS68930 High speed general purpose digital signal HMOS 48 7-3 
and arithmetic processor with on-chip RAM 
ROM, multiplier, alu. accumulators and 1/0 

TS68931 ROMless version of TS68930 HMOS 84 7-3 

TS68950 Modem transmit analog interface CMOS 28 7-55 

TS68951 Modem receive analog interface CMOS 28 7-69 

TS68952 Modem transmit/receive clock generator CMOS 28 7-93 

7-1 



7-2 



TS68930 • TS68931 
PROGRAMMABLE SIGNAL PROCESSOR 

ADVANCE INFORMATION 

The TS68930/1 (Programmable Signal Processor) is a high-speed 
general purpose signal and arithmetic processo'r With on-chip 
memory, multiplier, ALU, accumulators and I/Os. It is organized in 
a parallel/pipeline structure to execute simultaneously one ALU, 
function, multiplication, two reads and one write operation and 
associated address calculation every 160 ns. 

• Parallel/pipeline Harvard architecture 
• 3 data-bus structure 
• 3 data types : 16-bit real, 32-bit real 

: 16 + 16-bit complex number 
• 2 versions : TS68930 (internal ROMsl 48-pin 

: TS68931 (external ROMsl 84-pin 
• Pipeline complex multiplier 
• 2 x 128 x 16-bit RAM 
• 512 x 16-bit coefficient ROM 
• 32-bit instruction bus 
• 64 k x 32-bit external program space 
• 68000 family compatibility 
• Dual external buses : local/system 

TYPICAL APPLICATIONS 

• Adaptive processing 
• Complex numbers 
• Digital filtering 
• Fast Fourier transform 
• Voice grade communication systems 
• High-speed modems 
• Speech processing 
• Audio Frequencies 
• Sonar/radar 
• Image processing 
• Robotics 
• Graphics processing 

7.3 

HMOS2 

PROGRAMMABLE 
SIGNAL PROCESSOR 

CASE C8·229 

TS68930 
P SUFFIX 

PLASTIC PACKAGE 

TS68931 
E SUFFIX 
LCCC84 

PIN ASSIGNMENT 

03 
02 
01 
DO 
BE3 
BE4 
850 
BS! 
852 

10 A11 
11 vcc 
12 A10 
13 A9 
14 AB 
15 AD7 
16 AD6 
17 ADS 

R!W 18 31 AD4 
SRM AD3 

sos AD2 
cs ADI 
R5 ADO 

REID BES/BA 
IRQ 8E6/DTACK 
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LOCAL INTERFACE 

Name 
Pin Pin nb. 

Type TS68930 

D 10 151 110 45-4B 
1-11 

A IB 111 0 35.37,39 

OS 0 17 
RIW 0 1B 

CLKOUT 0 16 

SYSTEM INTERFACE 

Name Pin Pin nb. 
Type TS68930 

AD 10 71 110 27-34 

cs I 21 

RS I 22 

sos I 20 

SR/W I 19 

OT ACK 0 25 

BA 0 26 

IRQ 0 24 

Pin nb. 
TS88931 

6-21 

45-48 

27 

2B 

26 

Pin nb. 
TS68931 

35-42 

31 

32 

30 

29 

43 

44 
34 

SECTION 2 
PIN DESCRIPTION 

Function Dqcrlptlon 

Data bus Can be concatenated or separate D I0:7l, D 18:15) 

Address bus High order addresses for local interface 

Data Strobe Synchronizes the transfer 

Read/write Indicates the current bus cycle state 

Clock output The frequency of CLKOUT is one half the frequency of the input clock or 
crystal 

Function DHcriptlon 

System data bus The data exchanges between the processor and a master via a mailbox 

°' is the function of this bus It is also used to generate the addresses of an 
local address bus external RAM 

Chip Select Used by a master to gain access to the mailbox and system bus 

Register Select Used by a master to gain access to the mailbox and system bus 

System Data Strobe Synchronizes the transfer on the system bus 

System Read/Write Indicates the current system bus cycle state 

Data Transfer Indicates that the processor has recognized 11 is being accessed 
Acknowledge 

Bus Available Indicates availability of system bus to master 

Interrupt Request Handshake signal sent to the master to gain access to the mailbox 

EXTERNAL BRANCH CONDITIONS 

Name Pin Pin nb. Pin nb. Function Deacrlptlon Type TS68930 TS68931 

BS 1021 I 42-40 49-51 Branch on State External conditions. Can be programmed on a high or low state 

BE 13 61 I 44 53 Branch on Edge External conditions ~ing edge is memorised and reset when tested 
43 52 BE5 shares pin with BA 
26 44 BE6 shares pin with DTACK 
'5 43 

OTHER PINS 

Name Pin Pin nb. Pin nb. Function Deacrlptlon Type TS68930 TS68931 

EXT AL I 15 25 Clock Crystal input pin for internal oscillator or input pin for external oscillator 

XTAL I 14 24 Clock Together with EXTAL it is used for the external 25 MHz crystal 

VDD I 3B 23-65 Power supply 

vss I 13 22-64 Ground 

RESET I 23 33 Reset 

INSTRUCTION INTERFACE (TS68931 only) 

Name Pin Pin Function Ducriptlon 
Ty~e nb. 

I 10,311 110 1-5 Instruction Instruction bus - 32-bit data 
56-63 Address/data bus Instruction address - {116 - 131) 
56-84 Coefficient ROM External coefficient ROM address - {16 - 1151 10-blt 

address bus (9-b1t address+ output enable signal} 

HALT I 54 Halt Signal Halts the processor. This signal freezes the program counter and loop counter 

IN CYCLE 0 o5 !nstruct1on 160 ns in REAL mode 
cycle clock 320 ns in CPLX/DBPR Mode 
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OPERATING MODES 

Ruource 

Mode register 

CONTROL BLOCK 

Resource 

Instruction ROM 

Instruction register 

Program Counter 

Sequencer 

Return Address Register 

Loop Counter 

PROCESSING BLOCK 

Resource 

P1pel1ne Mult1pher 

Barrel Shifter 

Arithmetic logic Unit 

Saturation 

Status 

Accumulators 

F1fo 

Empty Fifo 

Replace Code register 

Transfer register 

SECTION 3 
SUMMARY OF BASIC HARDWARE 

Paragraph 
N" 

5.1 

Paragraph 
N" 

5-2-1 

5-2-2 

5-2"3 

5-2-4 

5-2-5 

Paragraph 
N" 

5-3-1 

5-3-2 

5-3-3 

5-3-4 

5-3-5 

5-3-6 

5-3-7 

5-3-8 

5-3-9 

Symbol 

MODE 

Symbol 

IROM 

IR 

PC 

SEO 

RAR 

LC 

LCI 

LCR 

LCD 

Symbol 

MULT 

M, N 
p 

BS 
ALU 

D 

SAT 

STA 

A 
B 

F 

EF 
RC 

Function 

2-bit register defining the operating mode lreal/complex/double precision). 

Function 

1280 x 32-bit word read-only-memory containing program code and imme
diate data. 

32-btt register contaming instruction. 

16-bit register containing address of pr'Jgram memory. 

The sequencer can test directly 16 conditions programmed on a high or low 
state. 
l6-b1t register for saving program counter in case of subroutine call. 

15-b•t register contaming a control word for automatic loop. It is divided as 
follows 

4-bit register containing the number of 1nstruct1ons to be executed m the loop. 

8-bit register containing the number of loops 

3-bit register containing the number of instructions between declaration and 
start of the loop 

Function 

16 x 16 - 32 parallel p1pehne multiplier + 16-bit adder/substractor to exe
cute complex multiplications. 

2 x 16-bct registers containing multiplier operands. 

2 x 16-bit register containing multiplier result. 

Variable 0 - 15-bit right shift, left shift, right rotation barrel shifter. 

2 port 16-bit arithmetic logic urnt. 
5 possible sources, 4 possible destinations, 27-functions. 
Works on 32-bit in 2 cycles 

ALU output register. 

Flag. Indicates saturation mode 

15-bit register containing status of ALU, mode, status of address calculation 
urnts 

2 x 16-bit accumulator 

2 x 16-bit accumulator. 

4 x 16-bit first in first out register 

Flag.Indicates that the fifo 1s empty'; can be set by software. 

6-b1t register allowing replacement of ALU operation code by a data coming 
from l-BUS. 

2 x 16-b1t register providing direct transfer between L·BUS and Z·liiUS. 
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MEMORY BLOCK 

Resource 
Paragraph Symbol Function No 

~-RAMs 5-4-1 XAAM 2 x 128 x 16-bit word random access memories containing data 
YRAM 

Data ROM CROM 512 x 16-bit word read only memory containing coefficients or constants 

Address Calculation Units 54.3 XACU 2 x 7-bit arithmetic untts providing incrementation, decrementat1on, auto-
YACU matic loop of address 

I 
XACU rs dedicated to XRAM 
YACU is dedicated to YRAM. 

"EcAcu 12-bit arithmetic unit providing incrementation, decrementation of address 
Sha;ed between CROM and ERAM /external RAM) 

Prnnters 544 XO, Xl 2 x 7-blt registers used for indirect addressing of XAAM. 
x Supplementary register used for circular addressing. 

YO, Yl 2 x 7-bit registers used for indirect addressing for YAAM 
y Supplementary register used for circular addressing 

CO, Cl 2 x 9-bit registers used for indirect addressing of CROM. 

EO, El 2 x 12-bit registers used for indirect addressing of EAAM 

XRAM Circular Flag 5.4.5 XC Flag Indicates the frcular addressing mode for XAAM 

YRAM CJrcular Flag YC Flag. Indicates the circular addressing mode for YAAM. 

INPUT /OUTPUT BLOCK 

Reaource Paragraph Symbol Function No 

Access Mode Register 5.5 AMA 7·bit register defining the access mode on the 2 external buses (local and 
system) 

lnpu! Register 64 AIN 3 x 8·b1t shift register. 
Mailbox input. 

Output Register ROUT 3 x 8-bit shift register 
Mailbox output 

Ready Out Internal 6·5 RDYOIN Flag used in the protocol to indicate which processor has access to the mailbox 
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4.1. INTERNAL ARCHITECTURE 

4.1.1. Parallel processing 

SECTION 4 
ARCHITECTURE 

The processor internal architecture is organized around the following blocks : 
- the arithmetic logic unit and its associated working registers 
- the multiplier 
- the 3 memories and their associated address calculation units 
- the transfer register 
- the 1/0 unit. 

All these blocks can work simultaneously and independently. 

4.1.2. Three-bus structure 

To avoid memory access bottlenecks the processor architecture includes 3 data buses. Two read buses(L-BUS 
and R-BUS) continuously feed the operating units. Thus making it possible to load the ALU and the multiplier 
with the two operands simultaneously. The write bus (Z-BUS) is used to transfer the results back into the RAMs 
(internal or external). 

4.1.3. Wide instruction word 

The 32-bit wide instruction format allows the processor to execute the following operations in 1 instruction cycle: 
- Read two operands !from internal or external memories) 

Execute an ALU operation 
Start a multiplication 
Use the result of the multiplication started 2 cycles before 
Write a result in internal/external memory 
Post-modify 3 pointers independently 
Store data into the transfer register. 

4.1.4. Pipeline (cf. fig. 4.1.l 

The figure 4. 1 outlines the overlap ot the instruction pretetch and execution as well as the p1pel1ned data operation 

By using a pipeline structure, the processor performs efficiently on all digital signal processing algorithms. For 
example the result of a multipl1cat1on started at instruction IN will be available at IN+ 2. That will not prevent 
from starting a new multiplication at IN + 1 which in turn will be available at IN+ 3, etc ... in effect, giving a 
multiplier throughput of 1 mult1pl1cation every cycle. 
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INSTRUCTION CYCLE 

PROGRAM COUNTER ..... 

INSTRUCTION -
XAAM ADDRESS 

CROM ADDRESS 

A-BUS DATA A 

L·BUS DATA K 

MULTIPLIER INPUT M K 

MUL TIPLIEA INPUT N A 

MUL TIPLIEA OUTPUT P A.K 

ALU OUTPUT B+A.K 

YAAM ADDRESS 

Z-BUS DATA B+A.K 

FIGURE 4.1.A. ·PIPELINE DELAY 

E>ample READ AIXRAMI, READ KICAOMI, MULTIPLY A and K, ADD BIACCUMULATORI, WAITE RESULT A.K + B INTO YRAM. 

7-13 



INSTRUCTION CYCLE 

PROGRAM COUNTER N N+l N+2 N +3 N+4 

INSTRUCTION N N+l N+2 N+3 N+4 

XRAM ADDRESS N N+l N+2 N+3 N+4 

CROM ADDRESS N N+l~ N+2 N+3 N+4 

A-BUS DATA N N+l N +2 N+3 N+4 

L-BUS DATA N N+l N+2 N+3 N +4 

MULTIPLIER INPUT M N N+l N+2 N+3 N +4 

MULTIPLIER INPUT N N N+l N+2 N+3 N +4 

MULTIPLIER OUTPUT P N N+l N +2 

ALU OUTPUT N N+l N+2 

YRAM ADDRESS N N+l N+2 

Z-BUS DATA N N + 1 N+2 

FIGURE 4.1.B. - PIPELINE THROUGHPUT 

Example The operation A.K + B !described in fig. 4.1.A. I is executed every cycle 
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4.2. EXTERNAL ARCHITECTURE 

The TS68930 is provided with two external buses: 
- the system bus: ADO-AD7 
- the local bus: D0-015. 
The processor is a stave on the system bus. 
The processor is a master on the local bus. 

SYSTEM BUS 

ADO AD? 

cs. H5 

SR/W 

SYSTEM 

___ .,. 

___ .,. 
___ ..,. 

---· 
~---

,,,._ __ _ 

r------, 

TS68930 

L _____ ....J 

4-- ... D0-015 

---+ AB·ll 

___ ... R!W 

___ ..,. 5S 

LOCAL 

The main use of the system bus is for the processor to exchange information with a general purpose 
microprocessor or another TS68930 in a multiprocessor environment. 

The informations are exchanged through a mailbox with a flag (iROl indicating to the master (the other processor) 
that it can gain access to the mailbox. 

LOCAL BUS 

The main use of the local bus is for the processor to exchange information with an external memory, a 
peripheral. a data converter or another TS68930 in a multiprocessor environment. All these external circuits 
are defined as slaves. 

The processor is the master of its local bus. i.e it generates the address and control signals which direct the 
exchange on the local bus. This bus is a direct extension of the internal structure and all external circuits 
connected on it. work in exactly the same way as the internal operating units. 
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SECTION 5 
FUNCTIONAL DESCRIPTION 

5.1. OPERATING MODES 

The processor provides three operating modes set by programming, each mode representing a different data 
type: 
- REAL = 16-bit data 
- COMPLEX ICPLX) = 2 x 16-bit data 
- DOUBLE PRECISION (DBPRl = 32-bit data. 

The modes are made transparent to the programmer as all operating units and all working registers are provided 
with the right length. 

Main differences between real mode and complex or double precision mode: 

al In complex and double precision mode the memory space is reduced by half as all operands are 32-bit long (cf. 
format below). 

bl The instruction cycle time is doubled 1320 ns instead of 160 nsl as all operations are made sequentially. 

even address odd address 

LOWER UPPER DOUBLE PRECISION 

REAL IMAGINARY COMPLEX 

&.2. CONTROL BLOCK 

&.2.1. Instruction ROM: IROM 

The instruction ROM has a capacity of 1280 x 32 .. bit in the MCU version. It can be extended to 64 K x 32-bit in 
the MPU version. 

5.2.2. Program counter: PC 

The program counter is 16-bit wide, 11 bits are used in the MCU version. 

&.2.3. Sequencer: SEQ 

The sequencer increments the program counter except in case of sequence jump which are listed below: 
al immediate branch 
bl computed branch 
cl jump to subroutine . J (cf 5_2.4.I 
dl return from subroutine 
el automatic loop l (cf 5.2.5.l 

In case of immediate branch the PC is loaded with an immediate value whereas in case of computed branch the 
PC is loaded with a value coming from the accumulators (A, Bl, the FIFO !Fl or the transfer register (T). 
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The sequencer can test directly 16 conditions programmed on a high or low state: 

BRANCH NEVER/ALWAYS EXTERNAL CONDITIONS 

STATUS CONDITIONS - BSO-BS2} E I · _ BEJ-BE6 xterna pins 
- SR Sign !Reali 

SI Sign (Imaginary) 
CR Carry !Reali 

The falling edges of BE3-BE6 are memorized internal
ly and reset when tested by the branch instruction. 

Cl Carry (Imaginary) 
Z Zero 
OVF Overflow 
MOVF Memorized overflow 

The external test conditions ijre used to synchronise 
different processes or as a ready input flag in 
multiprocessor system. 

The memorized overflow (MOVF) is reset when tested MAILBOX FLAG 
by the branch instruction. - RDYOIN Internal mailbox flag 

5.2.4. Return address register : RAR 

The JSR instruction allows one level of subroutine nesting with automatic saving of the PC on to the return address 
register (RA R). 

Multiple level of subroutine nesting can be implemented in RAM using either of the two pointers as stack pointer. 

In this case the RAR is used as the last level of nesting. 

5.2.5. Loop counter: LC 

a) The efficiency of executing repeated calculations often encountered in Digital Signal Processing is considerably 
improved by using the loop counter since the instructions for counter increment and range check are no longer needed. 

This counter can implement a loop of up to 16 instructions repeated 256 times with a delay of up to 8 instructions. 

b) DESCRIPTION: 

LCI Instruction Loop Counter : 4-bit 
Counts the number of instructions to be executed in the loop 

LCR Repeat Loop Counter: 8-bit. 
Gives the number of times the loop will be repeated. 

LCD Delay Loop Counter: 3-bit. 
Gives the delay between the declaration and the start of the loop. 

cl USE: 

A loop is declared by loading the instruction loop counter and the delay loop counter with a constant ONI Instruc
tion) and LCR with a constant or a variable ONI or OPDI instruction). 

The loop counter contents can be saved ISVR instruction) with the following format: 

17 18 19 

14 13 12 

LCD 
I 

14 13 12 

20 21 

11 10 

11 10 

LCI 

I 

22 23 

Asserting HALT will freeze the state of the LC. 

Asserting RESET will reset the LC. 

24 
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25 26 27 

LCR 
I 

28 29 30 31 

I-BUS 

LOOP 
COUNTER 

Z-BUS 



6.3. PROCESSING BLOCK 

6.3.1. Multiplier 

al The multiplier executes a 16 x 16 .... 32-bit signed multiplication fMJfV instruction cycle with a delay of 2 cycles 
independently of the operating mode. 

The number representation is signed 2's complement and the result format for the 3 modes is shown in figure 5.3.1. 

bl USE: 

The multiplier is always active. To start a multiplication the two operands are loaded into the two input 
registerslM, NL 

The multiplication will be repeated every cycle until one or both operands are changed. The processor offers the 
possibility of loading the two input registers independently. 

The result is available in the product register IPI two cycles later. 

cl COMPLEX MULTIPLICATION: 

The processor executes a complex multiplication: 
IA+jBI. lC+jOI - AC - BO+ j lAO+BCl 
every 320 ns thanks to an internal 80 ns clock. 

As it can be seen from the equation the complex multiplication can generate an overflow. In this case the 
multiplier overflow IOVFMI is memorised inside the status register. 

di NOTES: 

No provision is made for the operation 8000 x 8000 (hexadecimal). 
If this condition arises the product will be 8000 (hexadecimal). 

After changing modes the product P is calculated following the new mode. 

The signal HALT (cf. Input/output! will inhibit the loading of the product register P. 

DBPR MODE ~ x 16 - 31 

31 30 

REAL MODE 16 x 16 - 16 

31 30 16 15 

P30 P29 P15 P14 j.-1 
ROUNDING 
ladding 1 TO BIT 14 

16 AND TRUNCATION! 

I P'15 I gives 16-BIT RESULT 

COMPLEX MODE 16x16 - 16 real 
16 x 16 - 16 Imaginary 

REAL PART 
after rounding 

IMAGINARY PART 
after rounding 

FIGURE 5.3. 1. • MULTIPLICATION OUTPUT REGISTER IPI FORMATS 
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5.3.2. Barrel Shifter (BS) 

All shift and rotation operations are performed at the L-side (left) ALU input. The operand can come from two sources: 
- LBUS 
- P (product register) 

There are two types of shift and rotate operations: 

11 The operations which are part of the ALU code: 
- arithmetic shift right by 1 IASRI 
- logical shift right by 1 (LSRI 
- aflthmetic shift lelt by 1 IASLI 
- logical shift left by 1 ILSLI 
- logical shift right by 8 ILSRBI 
- logical shift left by 8 (LSLBI 
- rotate right by 1 !RORI 

21 The operations which are implemented through dedicated instructions: 
ASA 10-+ 151 arithmetic shift right by N 0.:; N .:; 15 
LSR (0 -+ 151 logical shift right by N 
LSL IC -+ 151 logical shift left by N 
ROA 10 -+ 151 rotation right by N 

Note: 
In double precision the shift operations are not executed on 32 bits, but on 2 x 16-bit as the barrel shifter is a 16-bit unit. 
In complex mode the shift operations are executed on the real and imaginary parts. 

5.3.3 ALU 

The ALU inputs are called L'Side (Left) and A-Side !Right). 

There are two possible sources on the L-Side: 
• L BUS 
• P (multiplier output). 

There are two possible :murces on the A-Side: 
• R BUS 
• Accumulators A or B. 

The selection between A or B is made by the lield ALU destination (refer to operating codes). If the ALU destination 
field is B then the ALU source is B. In all other cases A will be used. 

The ALU output is called D. 

There are four possible destinations for D: 
• Accumulator A 
• Accumulator B 
•FIFO 
• Z-BUS (no working registers are modified). 

ALU CODES 
There are 27 ALU codes. The list 1s shown in figure 7.9. 

5.3.4. Saturation mode (SAT) 
If the saturation mode is set (SAT flag) the circuit will behave as follows: 
• Positive overflow = ALU result is forced to 7FFF (hexadecimal) 
• Negative overflow= ALU result is forced to 8000 (hexadecimal) 

The saturation mode does not apply to the double precision mode. 
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5.3.5. Status register: STA 

a) DESCRIPTION 

15 14 13 12 

SA SI CR Cl 

11 10 

OVF MOVF AOVF OVFM EF SAT MODE xc YC 

CONDITION CODE REGISTER (CCR): 

SR Sign (real) 

SI Sign {imaginary) 

CR Carry (real) 

Cl Carry (imaginary) 

z Zero 

OVF Overflow 

MOVF Memorised overflow 

AOVF Advanced overflow 

OVFM Overflow (Multiplier) 

STATE REGISTER 

EF Empty FIFO 

SAT Saturation mode flag 

MODE Operating mode 
12 bits) 

XC XRAM 

YC YRAM 

bl USE 

Set if the msb of the ALU result is 1. Cleared otherwise. 

Set if the msb of ALU imaginary result is 1. Cleared otherwise. 

Set if a carry is generated out of the msb of the operand for arithmetic and 
shift operations. Cleared otherwise. 

Set if a carry is generated out of the msb of the imaginary part for arithmetic 
and shift operations. Cleared otherwise. 

Set if the result equals zero. In complex mode it is equivalent to the imaginary 
and real parts being both zeros. 

Set if there was an arithmetic overflow. 
This implies that the result is not representable in the operand size. 
In complex mode it is equivalent to the overflow of the imaginary or real part. 

Set as overflow. Reset when tested by a branch instruction. 

Exclusive or of bit 14 and bit 15 of the ALU. 
Set if there was an arithmetic overflow on half capacity (15 bits in real/com
plex mode, 31 bits in double precision mode). Cleared otherwise. 

Set if the multiplier adder/substractor has overflowed. Only meaningful for 
complex multiplication. Cleared otherwise. 

Set if the Fl FO is empty. 
Cleared otherwise. 

Set if the PSI is in saturation mode. 
Cleared otherwise. 

Real, complex or double precision. 

Circular addressing mode flag. 

Circular addressing mode flag. 

The status can be saved !instruction SVR). 

The condition code register can be read (in OPIN instruction) and it can be loaded from a RAM via L-BUS (ALU 
code LCCRI without passing through the ALU. 

The state register can be programmed by an INI instruction. 
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5.3.6. Accumulators: A,B 

a) The processor provides two distinct accumulators (A and B). In real mode they are 16-bit long. In complex and 
double precision mode they are 32-bit long. 

bl Changing modes, changes the length of the accumulator and the relation between the words described below. 

CHANGING MODES 

IMAG COMPLEX 

REAL 

UPFCfl LOWER DOUBLE PRECISION 

REAL REAL 

REAL IMAG. COMPLEX 

UPPER LOWER DOUBLE PRECISION 

It must be noted that the imaginary (respectively lower) part of the word remains unmodified when switching to 
real mode. 

5.3.7. FIFO: F 

al FUNCTION 

Highly pipelined algorithms require a series of pipeline registers between the ALU output and the memories in order 
to store intermediate results. 

This is precisely the function of the 4 x 16-bit first-in first-out !FIFO) register. 

bl DESCRIPTION 

It is a 4 x 16-bit deep register that becomes 2 x 32-bit in complex and double precision modes (cf. format below). 

cl USE 

When the Fl FO is full it becomes impossible to write into it. 

When the FIFO is empty a status bit (EFI is set. 

This bit can also be set by program mat ion. 

di NOTE 

In real mode, a result loaded at instruction IN into an empty FIFO will be available for transfer to the RAM at IN +2. 
In all other cases it will be at IN+ 1. 

REAL IMAGINARY UPPER 

REAL REAL LOWER 

REAL IMAGINARY UPPER 

REAL REAL LOWER 

REAL COMPLEX DOUBLE PRECISION 
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6.3.8. Replace coda ragistar: RC 

a) FUNCTION 

The function of this register is to control the ALU by a data coming from the memories via L-BUS instead of an 
instruction. In other words it allows the data to take control of program sequencing without using test instructions. 

For this reason it can be said that the instructions are data controlled. 

bl DESCRIPTION 

It is a 6-bit register with the following format : 

15 14 13 
L-BUS 

RC 

14 13 12 
I-BUS 

BIT 1-5 = ALU code is substituted by this value 

BIT 0 = 0 Destination of ALU output accumulator A 
= 1 Destination of ALU output = accumulator B 

c) USE 

This register is controlled by three ALU codes : 

ALU code Function 

RCA Load ALU control code in RC 

ACE Execute ALU control code contained in RC 

ACER Execute ALU control code contained in RC 
Load new ALU control code in RC 

5.3.9. Transfer register: T 

al FUNCTION 

12 

11 

It is a bidirectionnal register standing between L-BUS, and Z-BUS. 

It can be a source and a destination to both buses. 

Among its numerous uses, it can perform the function of : 
• Loop back to the multiplier in one cycle 
•Temporary register between memory and ALU 
•Temporary register between memory and multiplier 
• Operations between accumulators 
• Memory to memory transfer. 
• Saving program counter. 

bl DESCRIPTION 

11 

10 

10 

It is a 16-bit register extended to 32 bits in complex and double precision mode. 

cl USE 

The relation between the 32-bit and the 16-bit word in case of mode switching is identical to the accumulators relation. 

In branch instruction the register can be used to save the PC. 

When the mode is complex the PC (16-bit) is saved into the real part of the register. when the mode is DBPR the 
PC is saved into the upper part of the register. 

T can also be used as a source of the PC: 

When the mode is complex the PC is loaded with the real part of the register. when the mode is DBPR the PC is 
loaded with the upper part of the register. 
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6.4. MEMORY BLOCK 

6.4.1. Data memorlaa: XRAM, YRAM, CROM 

The processor architecture allows the connection of four memories: 

• 2 internal RAMs 
XRAM 128 x 16-bit 
YRAM 128 x 16-bit 

• 1 internal data ROM separated from the program ROM 
CROM 512 x 16-bit 
In the microprocessor version this ROM is external. 

• 1 external memory 
ERAM 4 K x 16-bit 
This external memory is accessed in a single cycle I 160 ns) in exactly the same way as the internal memories. 
Moreover·it does not require any "glue" parts to be connected to the processor. 

Notes: 

1. In complex and double precision modes all data are 32-bit long. Hence the available memory space is divided by two. 

2. The instruction set allows any combinations of simultaneous use of th.a mamoriee ; the only restraints are : 
- Reading and writing in the same RAM in the same cycle. 
- Accessing CROM and ERAM simultaneously. 

6.4.2. Addressing modes 

The processor provides four addressing modes: 
• Indirect addressing with post modification. 
• Direct addressing. 
• Immediate addressing. 
• Circular addressing mode (also called virtual shift mode). 

6.4.3. Address calculation units: ACU 

Combining these four addressing modes and the processor 3-bus structure implies the need to generate at 
each instruction cycle three different addresses. To realise these functions each memory is associated with 
an address calculation unit: 
- XRAM with XACU 
- YRAM with Y ACU 
- CROM or ERAM with ECACU. 
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5.4.4. Pointers: XO. X1, YO, Y1, CO, C1, EO, E1, X. Y 

Indirect addressing is the most commonly used addressing mode in vector or signal processing. For this reason 
the processor offers a large number of pointers(10): XO, X1. YO, Y1. CO, C1. EO, E1 + X and Yforcircular mode. 

Each memory can be addressed by two pointers and pointers can be increased ( + 1) decreased ( - 1) or held ( + 0) 
independently. 

They can also be loaded with new addresses (constants or computed values) and saved in case of context switching 
(cf. format below). 

15 

XO,X 1, YO, Yl 

15 

'~-x~1.__x~1 _x_,_1 _x~~.__x~x~--~~__._,_~-~~~.J co.c1 
15 11 

~i•_x_.__,_x_.___,_,__,__.__...._~--'--'-~-'--~~__, EO,El 

X = undefined 

15 

Z-BUS 

5.4.5. Circular adressing mode 

al FUNCTION 

This feature is used to simulate the function of a shift register without moving the data stored. It is particularly useful 
in filtering and convolution functions. 

bl DESCRIPTION 
XO : lower limit 
Xl : upper limit 
X : current address 
(respectively YO, Yl, Y for YRAMl 

The algorithm can be described as follows: 

1. ADDRESS: ADDRESS + 1 (post-incrementation) 
IF ADDRESS GREATER THAN UPPER LIMIT THEN ADDRESS = toWER LIMIT 

2. ADDRESS: ADDRESS - 1 (post-decrementation) 
IF ADDRESS SMALLER THAN LOWER LIMIT THEN ADDRESS = UPPER LIMIT 

cl USE 

Programming the circular addressing mode is done independently of the operating modes (real, complex or double 
precision), in the following way. With reference to the instruction OPCODE: example XRAM. 

1. Initialization instruction ONll 
Circular addressing bit set (K7 = 1) 
Load XO with lower limit. 

2. Initialization instruction UNI) 
Circular addressing bit set (K7 = 1) 
Load Xl with upper limit. 

3. INI or OPDI instruction 
Load X with current address (a value between XO and X1). 

After the first instruction the circular addressing mode is effective. 

From now on the programmer has access only to pointer X and Xl. All instructions referencing pointer XO will now 
physically reference pointer X. 

To gain access again to pointer XO the programmer goes back to the normal mode by an initialisation instruction. 

d)FLAGS 

When a RAM is in the circular addressing mode, a flag IXC, YCl is set inside the status. 
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5.4.6. ODD/EVEN addresses 

a) In complex and double precision modes the processor automatically generates the two addresses of the word 
(even then odd). 

even address 
odd address 

COM PL EX WORD 

rea! part 
imaginary part 

DBPR WOAD 

lower part 
upper part 

The processor offers the possibility to inverse this order by writing a 1 into the ADOF bit (refer to OPCODE). 
ADOF 
0 even followed by odd 
1 odd followed by even. 

bl USE 

This feature is made available independently or simultaneously for XRAM and YRAM. 

With reference to OPCODE. 

XRAM 
Initialization instruction !INll 
- select complex or double precision mode 
- select pointer XO or X 1 and load it with J constant 
- select ADOF bit as wanted (Q or 1 I. 
YRAM 
Initialization instruction !INll 
- select complex or double precision mode 
- select pointer YO or Yl and load it with K constant 
- select ADOF bit as wanted (Q or 11. 

5.5. ACCESS MODE REGISTER: AMR 

al DESCRIPTION 

This register defines the processor external access modes. 
Its contents can be initialized with a constant and saved into memory, (cf. format below). 

It is a 7-bit register each bit being defined as shown below: 

FE/SE :Fast exchange/slow exchange on local bus 
SL/PS : Slave/pseudo-slave on system bus 
SB/CB :Concatenated or separate local bus 
T/M :Local bus control signal types 
DTACK/BE6 :BE6 pin redefinition 
BA/BE5 :BE5 pin redefinition 
MASK :Allows the AMR to be masked by the external halt (microprocessor version only). 

BA DTACK j S8 SC Fl' 
MASK 

BE5 BE6 M CB PS SE 

13 14 15 16 17 18 19 
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BIT 0: FE/SE 

0 FAST EXCHANGE 

SLOW EXCHANGE 

external access in 160 ns 11 cycle) 

external access in 320 ns 12cyclesl. 

The slow exchange mode: 
• Can only be used in the real mode. 
• The circuit automatically repeats the instruction which defines the external transfer. 
•The control of the multiplier, ALU, ACUs, loop counter is the responsibility of the programmer who must take 
into account the repetition of the instruction. 

BIT 1: SL/PS 

0 = Slave 
1 = Pseudo Slave. 

A pseudo-slave processor can address an external RAM using the system bus (AOO-A07) as address lines for its 
own local bus. Consequently the system bus is no more available for exchanging data between the pseudo
slave processor and the bus master. 

The pseudo-slave processor behaves differently from a slave processor since in case of exchange it must 
relinquish this bus to the master following an exchange protocol. (Reference to 1/0) 

BIT 2: SB/CB 

0 = Separate bus 
1 = Concatenated bus. 

The local bus can be used as two independent 8-bit buses ID0-07), IDB-015) or a single 16 bit-bus ID0-0151. 

BIT 3: TIM 

0 = Control pulses Read IRDl and Write IWRl are generated 
1 = Control pulses data strobe IDS) and Read/Write IR/WI are generated. 

The local bus supports the two main types of interchange signal: 
•A slave processor, a data converter such as the MAFE, a 68000peripheral, etc. requiring a data strobe and a 
read/write pulse. 
• The standard bytewide RAM requiring a read and a write pulse. 

BIT 4: OTACK/BE6 

0 = DTACK Indicates transfer acknowledge on the system bus to insure 68000 family compatibility. 
1 = BE6 External test condition. 

BIT 5: BA/BES 

0 = BA BUS available. Indicates to the master that the pseudo-slave is not using the system bus for 
generating addresses on local bus. 

1 = BE5 External test condition. 

BIT 6: MASK ITS68931 only) 

0 = AMR is not masked. When an external halt is applied to the processor the AMR register does not 
change. 

1 = AMR is masked. When an external halt is applied to the processor the AMR register cha~s to the 
following state: FAST EXCHANGE, PSEUDO-SLAVE, CONCATENATED BUS, RD and WR control 
pulses. 

This bit can be modified by the programmer even while the HALT is asserted. 
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5.6 RESET 

The reset signal has the following effects on the different blocks on the circuit : 

SEQUENCER 
PC, LC cleared to zero. 
IA loaded with NOP instruction. 

STATUS: 
•REAL mode 
• no saturation 
•empty FIFO (EF = 1) 
• memorised overflow (MOVFl = 0. 

X or YRAM 
• no circular addressing mode. 

AMR 
• Fast exchange 
• Slave 

• Concatenated bus 
•RD and WR 
• BE6 
• BE5. 

RESET must be maintained for a minimum of 3 clock cycles (480 nsl to be effective. 

5.7 HALT ITS68931 only) 

The external halt signal will freeze the program counter and the loop counter. The instruction register can then 
be loaded from an external source. This signal is used for system development. If the MASK bit= 1 It will force 
the AMR into the following state: FAST EXCHANGE, SLAVE, SEPARATE BUS, RD and WR control pulses. 
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6.1. DUAL-BUS INTERFACE 

SECTION 6 
INPUT/OUTPUT 

In order to permit a maximum versatility the processor interface provides two buses : 
- the system Bus ADO-AD7 
- the local Bus D0-05. 

This dual-bus interlace allows the processor to be used in the following ways : 
a) a microprocessor peripheral (fig. 6.A.) 
b) a slave of another processor (fig. 6.B.) 
c) a stand-alone unit connected to a peripheral or a data converter !fig. 6.C.) 
d) a processor and its external memory (fig. 6.D.) 
e) an intelligent peripheral connected to a general purpose microprocessor (fig. 6.E.) 

These are some examples of the possibilities offered by the dual-bus interface. In addition very sophisticated 
multiprocessor machines can be built based on the principle of tree hierarchy (fig. 6.F.). In effect each processor 
becomes nested in the multiprocessor machine in the same way as subroutines are nested in a program tree. 

00·07 AOO-AD7 00-07 -------1--.i AOO-A07 
DATA DATA 

R/W, os. cs. RS Riw, os. cs. RS 
HOST TS68930 

IRQ, DTACK 
TS68930 14----iRO-R-----1 TS68930 

HOST SYSTEM BUS TS68930 
IFULL MASTER! (SLAVE) 

FIGURE 6.A. - HOST /TS68930 FIGURE 6.B. - TS68930/TS68930 

00-015 00-015 
DATA 8 or 16 DATA 16 

AD0-7 4 K x 16 
R/W, OS AD, WR, A8-A11 

TSSS9JO 1---A-D_D_R_E_S_S _ _,~ :~~1RAL TS68930 
ADO-AD7 

~AM 

TS68930 ---'L"'O"'C"-A'-'L'-'B"'U"'S'-_,~ IPERI PH ERAL TS68930 
LOCAL BUS RAM 

FIGURE 6.C. - TS68930/PERIPHERAL FIGURE 6.0. · TS68930/RAM 

00-07 AOO-A07 DATA 16 

HOST 
AD, WR, A8·A11 

RAM 

Riw. os. cs. RS 

<TEMPOR~~~TMASTERl __ _::S:.:.Y"'S"'TE"'M"-"'B"'-US"--1PsE~s;g~~&ve) TS6893o--.::.LO::;C:::A.::L'-'B::.:U::.:S:___.~RAM 

FIGURE 6.E. - TEMPORARY MASTER/PSEUDO·SLAVE 
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SYSTEM 
BUS 

P = Processor TS68930/TS68931 

p 

BIT 
MAP 

8 

p 

18 

RAM 

p 

8 

p 

18 

RAM 

GRA
PHICS 
CON-

TROLLER 

p 

B 

p 

18 

RAM 

p 

p 

8 

p 

RAM 

p 

p 

p 

18 

PERI PH 
CON· 
TROC 

p 

p p 

18 18 

DAC ADC 

MB = MAILBOX 

FIGURE 6.F. - MULTIPROCESSING MACHINE 
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6.2. MASTER/SLAVE 

The processor is a master on its local bus and a slave on its system bus. There are times where the processor 
needs to access an external RAM and for that purpose will use the system bus to generate the addresses. 

In this case this circuit prevents the master from using the bus freely and for that reason is called a pseudo-slave. 
Since the master can only gain access to the bus temporarily it is now defined as a temporary master. 

It is the programmer who decides whether the processor should behave as a slave or a pseudo-slave. 

This is done by programming the Access Mode Register. 

That gives four different types of processor configurations: 

PSI type Definition 

SLAVE ISL! Its system bus is used to exchange data with a full master. 

PSEUDO-SLAVE !PSI Its system bus is also used to generate addresses for its local exter· 
nal memory. 

FULL-MASTER IFMI It has complete mastership of its k>cal bus. 

TEMPOAAAY·MASTEA ITMI Its local bus is shared with another processor which uses it to 
generate addresses. 

These exchange type can be summarized to three possible connections: 
1) Full master ... slave 
21 Full master ... memories or peripherals 
3) Temporary master ... pseudo-slave. 

Connection 1 (with reference to fig. 6.A .. 6.8.): 

The data is exchanged through a mailbox and the exchange follows the mailbox protocol. 

Connection 2 (example 6.C .. 6.0., 6.E.l: 

The exchange is equivalent to reading and writing of data into locations or registers. 

Connection 3 !example 6.E.l: 

The data is exchanged through a mailbox and the exchange follows the mailbox protocol. 

8.3. LOCAL BUS PIN DESCRIPTION 

00-07 J 08-0l5 16-bit data bus can be concatenated or separate. 

TS88930 AB-A 11 J 4 address bits. 

~ R/W I WR'l OS / RD J Control bits. Can be chosen among 2 sets. 

lADO-A07l] Additional address bits. 

~ = data strobe. Synchronizes the transfer. 
R/W = indicates the direction of data. 
RD = read clock pulse. 
WR = write clock pulse. 

The bus can take the form of two independent 8-bit buses or a single 16-bit bus. 

There are four address bits lAB-A 111 which are sufficient to address many slaves without requiring additionnal circuitry. 

The address bus can be extended to 12 bits lAOO-A071 to access an external memory. 

If a peripheral is too slow to answer in one instruction cycle the processor can be programmed into a slow 
exchange mode. This mode is particularly useful for peripherals such as data converters, or the dedicated 
analogue interface circuit fabricated by THOMSON for modem applications. (The MAFE: Modem Analog 
Front-End). 
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SEPARATION OF LOCAL BUS 

The processor offers the possibility of dividing the local bus DO-D15 into two independent 8-bit buses. This 1s 
used when a pseudo-slave monopolizes the bus to generate its own RAM addresses (fig. 6.3.) on DO-D7. By 
separating the bus, the processor can remain a full-master on D8-D 15 even while being a temporary master on 
DO-D7, and it does not require the use of a bus transceiver on DO-D7. 

The selection between the 2 x 8-bit buses is made by the addresses A 10-A 11. 

TS68930 
MASTER 

D8-D15 

TS68930 
~~-r~~~PSEUDO 

AD0·7 SUWE 

TO OTHER 
SLAVES 

RAM 

FIGURE 6.3. - SEPARATE LOCAL BUSES 

6.4. SYSTEM BUS AND MAILBOX 

ADO-AD7 = 8-bit data bus. 

ADO-AD? 

cs 
RS 

SR/W 

sos 
DTACK 

BA 

IRO 

TS68930 

A11 

0 

0 

1 

1 

~I = Mailbox control signal. Also used by master to gain access to bus. 

System Read/Write J 
System data strobe. Generated by external circuit (master) 

A 10 

0 

1 

0 

1 

Handshake signal. Used by the master to gain access to mailbox land busl. 
Data acknowledge. Compatibility with 68000 family. 

SELECTION 

00-07 

08-015 

08-015 

08-015 

SR/W 
sos 
i1m 
i5iACK 
BA = Bus available. The PSI is not currently using the system bus to generate addresses. 

MAILBOX 

The mailbox is comprised of two sets of registers: RIN and ROUT. 

RIN (3 x 8-bit shift register). 

This register is read internally on the upper byte of L-BUS IL8-L15) and written externally from the system bus. 

After each write operation (commanded by the external masted or slave read operation the data is shifted by 1. 

ROUT 13><8-bit shift registerl. 

This register is written internally with the upper byte of the Z-BUS IZS-15) and read externally on the system bus 
by the external master. After each master read operation or slave write operation the data is shifted by 1. 
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6.5. MAILBOX PROTOCOL 

DO-D15 

R/W 

l5S 

AB 

example A9 

BSO 

TS68930 

MASTER 

ADO-AD7 

SR/W 

Si5S 

cs 
RS 

IRQ 

TS68930 

SLAVE 

MAILBOX 

L-BUS 

RIN 

ROUT 

Z-BUS 

This protocol is hardwired on the slave side and programmed on the master side. The mailbox is included in the 
slave. The two slave address pins ICS, RS) are directly connected to two roaster address lines. 

Therefore, the slave is seen as two external memory locations by the master which will address it by generating 
an external address directly or indirectly (pointer ED or E1l. 

By addressing the location 00 the master echoes the IRQ to the slave and accesses the mailbox. 

By addressing the location 01 the master releases the bus. 

The complete protocol is explained below. 
MASTER 

Detects IRQ = O 
lone of its external test conditions) 

+ 
Apphes cs = a. RS = 0 

I 

1f pseudo-slave 

Detects IRO = 

~ 
MAILBOX ACCESS 
(3 reads and 3 writes maximum) 
END OF MAILBOX ACCESS 
Applies CS = 0, RS = 1 

SLAVE 
MAILBOX IS AVAILABLE 

Asserts IRQ, RDYOIN 

detects ~ _ 
CS= 0 RS = 0 

lrhe processor is put in Halt state 
~nd releases the system bus 

+ 
Negates IRO 

Detects + 
CS=O RS= 

+ 
[

Internal Halt disappears. The processor 
If pseudo·slave resumes program and 

takes back control of the bus 

+ negates RDYOIN 
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SIGNAL MEANING 

RDYOIN 

Internal flag indicating the property of the mailbox. 
0 = Slave has access to the mailbox 
1 = Master has access to the mailbox. 

al RDYOIN is set by the slave and reset by the master. That means that the slave gives the mailbox to the master 
when it finishes using it and vice-versa. In no case can the master or the slave request the mailbox, it can only wait 
for the other to give it back. 

bl From the slave point of view, RDYOIN is a flag : 
- tested by a branch instruction 
- set by an initialization instruction. 

IRQ 

Handshake signal used by the master to gain access to the mailbox; 

al iRQ is asserted by the slave to indicate the availability of the mailbox (at the same time as RDYOINI. 

bl The master (after testing il'ic:il knows that it can access the mailbox but does not know if it has access to the 
bus (since it does not know if the slave is behaving as a pseudo-slave I. 
It requests the bus by generating the address CS = 0, RS = 0. 

cl The slave internal 110 sequencer answers back by negating iRO. The master has now full control of the bus and 
the mailbox. 
When the master has completed the exchange it generates the address CS = 0, RS = 1 and the slave internal 
110 sequencer resets RDYOIN. 

HALT (internal) 

The internal halt has the following effects on the circuit : 
- the program is stopped at the end of the current instruction; the program and loop counters are frozen 
- a NOP is generated on the instruction bus 
- no more addresses are generated on the system bus. 

6.6. INSTRUCTION BUS (TS68931 onlyl 

For the TS68931, CROM (512 x 16-bit) and IROM (64k x 32-bitl are external. They are read using the I-BUS. on 
which are multiplexed: 
- the 16-bit instruction ROM address 
- the 9-bit coefficient ROM address+ 1 Output Enable bit (ENCROM) 
- the 32-bit instruction code. 

In order to synchronize the exchanges, an additional signal is generated: INCYCLE. 
It is the internal instruction clock. 

Data from CROM are read on the local bus. 
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6.7. APPLICATION EXAMPLES 

TS88930 

DO-D7 

D8-D15 

A11 
A10 

A9 

AS 

OS/RD 

ADO-AD7 

Towards 
general purpose ----+! 
microprocessor 

A11 A10 A9 A8 

1 0 x x 

0 x x x 

MAFE 

RAM 

11 

MAFE 

DO-D7 

~---ics1 
,_..__._, cso 
t-+--....iRS1 

t-+---MRSO 

OS R/W 

A0.A10 

RAM 
2Kx 16 

12x2Kx8) 

FIGURE 6.7A - CONFIGURATION EXAMPLE: TS68930 +RAM+ MAFE 
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To wards 
l purpose genera 

micro processor 

All A10 

0 1 

0 1 

1 0 

A9 

0/1 

1 

x 

! f l 
BSO-BSl TAO 

D8-D15 0 
~ 

"\ 
r-vl ADO-AD7 

DO-D7 K v 
TS68930 TS68930 

AB-All (1) 

t- ~ CS, RS 

os. A9 
ADOAD7 R/W SDS, SR/W 

¥2 _,,. 
2 

4 

SOS, SR/W TAO 

~ 
1--

A[)(),AD7 

" ~ B. lfS 

AB 

TS68930 
(2) 

RAM 1Kx16 

~ D8-D15 

': 
[)(),D7 

~ 
..,, 

A(}A9 
ADO-AD7 AO-A9 

cs 
AlO oe WE 

1 t 

AB 

1 TS68930 
(1) 

0/1 TS68930 
(2) 

x RAM 

FIGURE 618. - CONFIGURATION EXAMPLE: 3 TS68930 +RAM 
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MAFE 

...._ 
OB-015 I\, 00-07 

B 
,, 

00-07 K'" ... 
BS. RiW _£ 155, CS1. RSI 

2 2 
R/W, CSO, RSO 

AB-A11 J 
'\ 

"""" 
'\ 

TS88930 TS68930 

-"' 
(1) 

A00-AD7 

Q cs. RS 
BSO BSl BS2 

..__ _,,,. sos 
SR/W 

IRO 

J 

TS68930 
_A, 121 

-J AOO-AD7 

2 CS, RS 
All, AB 

1--- S5S 
2 SR/W 

-
IRQ 

J 
TS68930 

L (3) 
II'-- -A00-A07 ,, ~ 

..L.2 
Ali?AlO 

cs. RS 

2 sos AB-A11 ~ SR/W 
Ri5. ,...., 

IRQ WR 

1 
11 AlO A9 AB 2 

16 
A 

1 0 x x MAFE DE, WE 14 
0 1 0/1 1 TS68930 

(1) '- AO-A7 AB-All t-..J 
0 1 1 0/1 TS68930 

00-015 ~ (2) v 
0 0/1 1 TS68930 1 

(3) 
RAM 

4kx 16 .... 
FIGURE 6 7.C. - CONFIGURATION EXAMPLE: 4 TS68930 + MAFE +RAM 
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D·bus 

TS 
68931 

131-10 

D0-015 

16 

CROM 
512x16 

9 

LATCH 
F373x2 

16-115 10 

8 

TO OTHER 
PERIPHERALS 

OE CROM 

EN CROM 

LA 

I-BUS 

8 6 

INSTRUCTION 

ROM 
IROM 

(64Kx32) 

FIGURE 6.7.0. - I-BUS INTERFACE (TS68931) 
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Type 

SECTION 7 
INSTRUCTION SET 

Mnemonic Operation 

Calculat.1on, instruction with indtrect OPIN This instruction refers to operands 1nd1rectly 
addres1ng addressed 

Calculation, instruction with direct OPDI The operand sourcmg the L·BUS 1s directly 
addressing addressed 

Calculat1on, instruction with immediate OPIM An immediate operand is read on A-AUS 
operand 

General shift ASR The operand sourcing the L-BUS can be 
Instruction ASL shifted/rotated by 0 -. 15 bits 

LSR 
ROR 

lrnrned1ate branch SRI Conditional I unconditional 
Instruction branch to direct address 

Computed branch BRC Conditional I unconditional 
Instruction branch to computed address 
Data transfer SVR This instruction is used to save register contents 
Instruction in external or internal RAM 
ln111alization and control instruction INI Pointers, access mode register, loop counter, 

mode initialization 

INSTRUCTION SET LANGUAGE DEFINITIONS 

LDT 

R SAC 

L SRC 

SL 

SH 
Al.U DST 

ALU CODE 

LDM 

LDN 

Z SRC 

Z DST 

ZT 

ACE 

AY 

AX 

BRA 

FT 

SVPC 

JDST 

KOSl 

MODE 

SAT 

ADOF 

J7 

J constant 

K7 

K constant 

Load L-BUS source into transfer register T 

A-BUS sourr.e 

L-BUS source 

ALU input selection - left side 

ALU input selection - right side 

ALU output destination 

ALU codes 

Load L-BUS source into multiplier input M 

Load H"BUS source into multiplier input N 

Z-BUS source 

Z-BUS dest1nat1on 

Load Z-BUS mto transfer register T 

Post incrementation: pointers CROM or ERAM 

Post incrementation: pointers YRAM 

Post incrementation: pointers XRAM 

Branch address source 

False I True condition 

Save program counter 

Dest1nat1on register for J constant 

Destination register for K constant 

Operating mode 

Saturation flag 

Even I odd flag 

YRAM circular addressing mode flag 

8-bit constant used to 1nit1alize registers 

XRAM circular addressing mode flag 

12-bit constant used to initialize registers 
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Number of cycles 

REAL CPLX 
DBPR 

1 2 

1 2 

1 2 

1 2 

2 2 

2 2 

1 2 

1 2 



7.1. OPERATING CODE FORMATS 

Bit Field Operation• and codes 

0 
OP CODE 00 

1 

2 LDT 0-NO LOAD. 1-LBUS - T 

3 
R SRC 

00 01 10 11 
4 [XO] IEOJ [YO] [Y1J --
5 

000 001 010 011 100 101 110 111 
6 L SRC [XO] [XI] IYOJ RIN T [E11 [CO] !Cl] 
7 

8 SL 0-LBUS I 1-P 

9 SR 0-RBUS I 1-A/B !REFER TO ALU DST) 

10 
11 
12 ALU CODE CF. SPECIAL TABLE 
13 
14 

15 
ALU DST 

00 01 10 11 
16 D F A B 

17 
000 001 010 011 100 101 110 111 

18 Z SRC 
19 D F A B T CCR - -

20 LDM 0-NO LOAD I 1-LBUS - M 

21 LON 0-NO LOAD I 1-RBUS - N 

22 ACE 00 01 10 11 
23 +0 +I - -I 

24 
AV 00 01 10 11 

25 +0 +I - -I 

26 AX 00 01 10 11 
27 +O +I - -I 

26 000 001 010 011 100 101 110 111 
29 Z DST 

NONE ROUT [YO] [Vil IEOJ [Ell [XO] [XI] 
30 

31 ZT 0-NO LOAD I 1-ZBUS - T 

FIGURE 7.1. - OPIN: CALCULATION INSTRUCTION WITH INDIRECT ADDRESSING 

Bit Field Operations and codes 

0 
1 OP CODE 010 
2 

3 
R SRC 

00 01 10 11 
4 [XOJ [EOJ IYOJ [Y1J 

5 
000 001 010 011 100 101 110 111 

1 L SRC x - y RIN T E - c 
8 Z SRC 0-D I 1-F 

9 SR 0-RBUS I 1-A 

10 
11 
12 ALU CODE CF. SPECIAL TABLE 
13 
14 

15 ALU DST 0-F I 1-A 

16 MSB 
17 
18 
19 
20 LBUS 
21 DIRECT 
22 

ADDRESS 
23 
24 
25 
26 
27 LSB 

28 0000 0010 0100 0110 1000 1010 1100 1110 
29 Z DST 

NONE ROUT [YOJ [VII IEOJ !Ell [XO] LCR 
30 0001 0011 0101 0111 1001 1011 1101 1111 
31 XO XI YO Yl EO E1 co Cl 

FIGURE 7.2. - OPDI: CALCULATION INSTRUCTION WITH DIRECT ADDRESSING 
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OPERATING CODE FORMATS (Continued) 

Bit Field Operations end codea 

0 
1 
2 OP CODE 01110 
3 
4 

5 ()()() 001 010 011 100 101 110 111 6 LSRC 
7 lXOI lX11 [VOi RIN T [E11 lCOJ lC11 

8 SL 0-LBUS I 1-P 

9 SR 0-RBUS / 1-A 

10 
11 
12 ALU CODE CF. SPECIAL TABLE 
13 
14 

15 ALU DST 0-F / 1-A 

16 MSB 
17 
18 
19 
20 
21 
22 
23 IMMEDIATE 
24 VALUE 
25 
26 
27 
28 
29 
30 
31 LSB 

FIGURE 7.3. - OPIM: CALCULATION INSTRUCTION WITH IMMEDIATE OPERAND 

Bit Field Operation• end codes 

0 
1 
2 OP CODE 01111 
3 
4 

5 ()()() 001 010 011 100 101 110 111 6 LSRC x - y RIN T E - c 7 

8 SL 0-LBUS / 1-P 

9 ALU CODE 00 01 10 11 
10 ASR LSL LSR ROR } 11 SHIFT 

NOTE: When LSR, ASR, ROR 
12 VALUE 0000 0001 ..... 1111 shift value is complemented to 2 
13 0 1 ..... 1& 
14 

15 ALU DST 0-F / 1-A 

16 MSB 
17 
18 
19 
20 

LBUS 21 
22 DIRECT 

23 ADDRESS 

24 
25 
26 
27 LSB 

28 
29 
30 
31 

FIGURE 7.4. - ASR, LSL, LSR, ROR: SHIFT INSTRUCTIONS 
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OPERATING CODE FORMATS !Continued) 

Bit Field Operations and codes 

0 
1 OP CODE 100 
2 
3 BRA --+o:1R. 1-RAR 

1--~4~-+-FT~~~~--~-+--O-_F_A_L-SE-.-l--T-R_U_E~~~~--~~~~~~~~~~~--~~~~~~---~ 

1--~5~-+~~~~~---+-~~~--~~~~~~--~~ ~-.. ~~~~~~~~~~~~~ .. ~-~ 

6 
7 
8 

COND REFER TO SPECIAL TABLE 

1----,9~-+~S~V~P~C~~~~~J-O--N-O~SV~PC~.-1--~PC~-~R-A~R~~~~~--~~~~~~~~~~~~~~--~--

10 MSB 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 

28 
29 
30 

BRANCH 
ADDRESS 

AX 

Z DST 

31 ZT 

Bit Field 

0 
1 OP CODE 
2 
3 
4 FT 

5 
6 COND 7 
8 
9 SVPC 

10 
11 
12 
13 
14 
15 

16 
17 BRANCH 
18 SOURCE 
19 

20 
21 
22 
23 
24 
25 

26 AX 
27 

28 
29 Z DST 
30 
31 ZT 

LSB 

00 01 10 11 
+0 +1 - -1 

000 001 010 011 100 101 110 
NONE - CYOJ CY1] - - CXOJ 

0-NO LOAD. 1-ZBUS - T 

FIGURE 7.5. - BRI: IMMEDIATE BRANCH INSTRUCTION 

Operations and codes 

1010 

0-FALSE, 1-TRUE 

REFER TO SPECIAL TABLE 

0-NO SVPC. 1-PC - RAR 

000 001 010 011 100 101 110 
- F A B T - -

00 01 10 11 
+O +1 - -1 

000 001 010 011 100 101 110 
NONE - CYOJ CY1J - - CXOJ 

0-NO LOAD, 1-ZBUS - T 

FIGURE 7.6. - BRC: COMPUTED BRANCH INSTRUCTION 
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[X1] 

111 
-

111 
CX1J 

l 

--



OPERATING CODE FORMATS (Continued) 

Bit Field Operation• and cod" 

0 
1 
2 
3 OP CODE 011000 4 
5 

6 0000 0001 0010 0011 0100 0101 0110 0111 
7 XO XI YO YI EO El co Cl 

l Z SRC 1000 1~ ~o 1~1 ~ 
1101 1110 1111 

AMR STA - -
10 

11 
12 
13 
14 
15 
16 MSB 
17 
18 
19 
20 ZBUS 21 
22 DIRECT 

23 ADDRESS 

24 
25 
26 
27 LSB 
28 

000 001 010 011 100 101 110 111 29 Z DST 
30 NONE ROUT y - E - x -
31 ZT 0-NO LOAD, 1-ZBUS - T 

FIGURE 7.7. - SVR: DATA TRANSFER INSTRUCTION 

Bit Reid Operations end codes 

0 OP CODE 11 1 

2 
000 001 010 011 100 101 110 111 3 J DST 

4 AMR LCD YO YI - RDYOIN EF NONE 

5 
000 001 010 011 100 101 110 111 6 K DST XO XI LCl-LCR NONE EO El co Cl 7 

8 MODE 00 01 10 11 
9 - REAL DBPR CPL.X 
10 SAT 0 NO SATURATION MODE 1 SATURATION MODE 
11 ADOF 0 NO INVERSION 1 INVERSION LSB ADDRESS X/Y RAM 
12 J7 J7 0 YRAM NORMAL MODE 1 YRAM CIRCULAR ADDRESSING MODE 
13 
14 
15 
16 J CONSTANT 17 
18 
19 JO 
20 Kii 
21 
22 
23 
24 K7 0 XRAM NORMAL MODE 1 XRAM CIRCULAR ADDRESSING MODE 
25 
26 K CONSTANT 
27 
28 
29 
30 
31 KO 

FIGURE 7.8. - INI: INITIALIZATION AND CONTROL INSTRUCTION 
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7.2. ALU CODES 

MNEMO· Function 

ADD A+B 

ADDC A+ B + CARRY 

ADDS B + A/16 

ADDX B + A• (COMPLEX CONJUGATE! 

AND A.B 

ASL CARRY []--c==J-o 
ASR ~CARRY 

CLR CLEAR 

COM COMPLEMENT A 

COM COMPLEMENT B 

LCCR LBUS - CCR 

LSL CARRY D----c==J- 0 

LSLB LSL BYTE 

LSR 0 ~CARRY 
LSRB LSR BYTE 

NOP 

OR A AB 

RCE EXECUTE RC 

RCER EXECUTE RC I LOAD NEW CODE 

RCR LOAD RC 

ROR r1 ~CARRY 

SBC A+ ii+ CARRY 

SBCR A+ B +CARRY 

SET 

SUB A+B+1 

SUBR A+ B + 1 

TRA TRANSFER A 

TRA TRANSFER B 

XOR A@B 

* Affected bit. 

Notes: 

11 A/B refer to ALU inputs fRESP. LSIOE/RSIDEI not to accumulators A/B 

21 In ASL the Carry bit is equivalent to exclusive ·or of bit 14 and 15. 
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SR SI 

* * 
* * 
* * 
* * 
* * 
* * 

* * 
0 0 

* * 
* * 
* * 
* * 
* * 
* * 
* * - -

* * 
* * 
* * 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

CR Cl z OV MO AO CODE F VF VF 

* * * * * * 00010 

* * * * * * 00011 

* * * * * * 00001 

* * * * * * 01010 

0 0 * 0 - * 01110 

* * * * - * 01011 

* * * 0 - * 01111 

0 0 1 0 - 0 10011 

0 0 * 0 - * 10110 

0 0 * 0 - * 11000 

* * * * * * 01001 

* * * 0 - * 11011 

* * * 0 - * 11001 

* * * 0 - * 00111 

* * * 0 - * 11010 

- - - - - - 00000 

0 0 * 0 - * 01101 

* * * * * * 10001 

* * * * * * 10000 

10010 

* * * 0 - * 10111 

* * * * * * 00101 

* * * * * * 01000 

0 0 0 0 - 0 11100 

* * * * * * 00100 

* * * * * * 00110 

0 0 * 0 - * 10100 

0 0 * 0 - * 10101 

0 0 * 0 - * 01100 



7.3. TEST CONDITIONS 

TRUE CONOITION FALSE CONDITION CODE 

BE3 ND BE3 0100 

BE4 NO BE4 0010 

BES NO BES 0011 

BE& NO BE& 0001 

BRANCH 
ALWAYS BRANCH NEVER 0000 

BSD NO BSD 1100 

BS1 NO BS1 1101 

BS2 NO BS2 1110 

Cl NOCI 1010 

CR NOCR 0110 

MOVF NO MOVF 1011 

OVF NO OVF 0111 

RDYOIN NO RDYOIN 1111 

SI NO SI 1001 

SR NO SR 0101 

z NO Z 1000 
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SECTIOr~ 8 
PERFORMANCE EVALUATION 

1 RANSVLRSAL F-11_ TER 
IN COEFf'ICIEN!S1 111 

TIME {µsl 

------------+-----------< 
HEAL 0160"'N 
COMPLEX 0.320 x N 
ADAPTIVE: REAL 0 320x N 
ADAPTIVE. CMPLX 0 640 )( N 
BIQUAO FILTER_4_CccO~E~f~F------+---0~9~60~-----I 

1240 samples) 
132-bit result) 

FFT 
IRAOIX 2 QIF algorithm) 121 13) 

64 POINT COMPLEX 
12B POINT REAL 
256 POINT COMPLEX 

121 

1nit1aliza11on, context switching p1pel1ne 
RAM 
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270 
2000 
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SECTION 9 
ELECTRICAL SPECIFICATIONS 

9.1. MAXIMUM RATINGS 

Rating Symbol Value 

Supply voltage Vee· -0.3 to 7.0 

Input voltage v,n· -0.3to70 

Operating temperature range TA Oto 70 

Storage temperature range Tstg -55 to 150 

Ma)(. power d1ss1patcon Pomax 3 

• With respect 10 Vss 

9.2. DC ELECTRICAL CHARACTERISTICS 

Unit 

v 
v 
'e 

'e 

w 

Stresses above those hereby listed may 
cause permanent damage to the device 
The ratings are stress ones only and 
funcuonal operation of the device at 
these or any cond1tt0ns beyond those 
indicated in the operational sections of 
this specificatton 1s not implted. Expo
sure to maximum rating cond1t1ons for 
extended periods may affect device 
reliability. Standard MOS circuits han
dling procedure should be used to avoid 
possible damage to the device. 

V cc = 5.0 V ± 5 % , V ss = 0, TA = 0 to + 70°C I Unless otherwise specified) 

Characteristic Symbol Min Typ 

Supply voltage Vee 4.75 5 

Input low voltage VIL -0.3 -

Input high voltage V1H 2.4 -
Input leakage curren1 1,n - -

Output high voltage 01oad = -300 ,Al VQH 2.7 -
Output low voltage (l1oad = 3 2 mAI Vol - -
Power dissipation Po - 1.5 

Input capacitance Cin - 10 

Three state toff statel input current 'rs1 - -

9.3. AC ELECTRICAL SPECIFICATIONS - CLOCK AND CONTROL PINS TIMING 

(Vee= 5.0 V :t 5 %, TA'~ 0° to+ 70°C; see figure 9 1.) 

OUTPUT LOAD ~- 50 pF + DC characteristics I load 

Max 

5.25 

0.8 

Vee 

10 

-
0.5 

-
-
10 

REFERENCE LEVELS: V1L: 0.8 V V1H: 2.4 V 
Vol: 0.8 v VoH: 2.4 v 

tr. tf,,; 5 ns for input signals 

Characteristic Symbol Min Typ Max 

External clock cycle time tcex 40 160 

External clock fall time tfex 5 

External clock rise time tr ex 5 

EXT AL to eLKOUT high delay tcoh 25 

EXT AL to CLKOUT low delay teal 25 

CLKOUT rise time tear 10 

CLKOUT fall time tcof 10 

CLKOUT to OS, RD. WR low tdsl 5 

eLKOUT to OS. RD. WR high tdsh 5 

Control inputs set-up time (BSO .. BS2, BE3 ... BE6, Reset, halt) tsc 20 

Control inputs hold time (BSO .. BS2. BE3 . . BE6, Reset, halt) the 10 

CLKOUT to control output low (IRQ, BAI tdlc 50 

CLKOUT ·10 control output high (BA) tdhc 50 

7-46 

Unit 

v 
v 
v 

,A 

v 
v 
w 
pF 

,A 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



EXT AL 

CLKOUT 

~11f_ 
RESET, HALT 

IRQ, BA 

INTERNAL CLOCK OPTION 

tcex 

tdsl 

FIGURE 9.1. - CLOCK AND CONTROL PINS TIMING 

A crystal oscillator can be connected acrossXTAL and EXTAL. The frequency of CLKOUT: tc/2 is half the crystal 
fundamental frequency. 

Cl 
EXTAL r.----.. 1-1 

TS68930 

C2 

XTAL r.---r.---tJ-1 
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9.4. AC ELECTRICAL SPECIFICATIONS - LOCAL BUS TIMING 

(Vee= 5.0 V ± 5 %. TA=()<> to+ 70°C; see figure 9.2.) 

Cherecterladc 

RD, WR, AS pulse width 

address hold time 

data set-up time, write cycle 

data hold time, write cycle 

data set-up time, read cycle 

data hold time, read cycle 

address valid to WA, AS, AO low 

ADDRESSES 

R/W 

DO-D15 
DATA OUT 

DO-D15 
DATA IN 

Symbol 

tpw 

IAH 

•osw 

'DHW 

•osR 

IOHA 

lARW 

lARW 

Min. 

1/2 IC· 15 

10 

25 

10 

20 

5 

1/2tc-40 

'PW 

tpw 

tpw 

FIGURE 9.2. - LOCAL BUS TIMING DIAGRAM 
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Mex. Unit 

1/2 IC ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

•Dsw 1DHW 

DATA OUT 

'DSR 1DH8 

DATA IN 



9.5. AC ELECTRICAL SPECIFICATIONS ·SYSTEM BUS TIMING 

(Vee= 5.0 V ± 5 %, TA= 0° to+ 70°e; see figure 9.3 ) 

Cherect•rl•tlc Symbol 

SOS pulse width •spw 

SR/W, CS, AS set-up time 'SAW 

SR/W. CS. RS hold after SOS high 1SAH 

data set-up tune, read cycle •sosR 

data hold time, read cycle •soHR 

data se:-up time, write cycle •sosw 

data hold time, write cycle •soHW 

SOS low to OT ACK low toSLDT 

SDS high to DTACK high• 1DSHDT 

SOS high to IRQ high 1DSHIR 

• OTACK is an open drain output test load include AL:::: 820 0 Bt Vee 

ISPW 

'SAW 

g1w. cs. 
RS 

ADO-AO? 
DATA IN 

ADO-AD? 
DATA OUT 

ID SLOT 

OT ACK 

Min. 

60 

20 

5 

20 

5 

-

10 

-
-

'SOSA 

DATA IN 

DATA OUT 

FIGURE 9.3. - SYSTEM BUS TIMING DIAGRAM 
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Max. Unit 

- ns 

- ns 

- ns 

- ns 

- ns 

35 ns 

50 ns 

50 ns 

50 ns 

50 ns 

tSAH 

'SOHR 

'SDHW 

'DSHDT 



9.6. - AC ELECTRICAL SPECIFICATIONS - INSTRUCTION BUS TIMING 

(Vee= 5.0 V ± 5 %, TA= 0° to+ 70°e; see figure 9.4.) 

CLKOUT 

INCYCLE 

10131 

DO-D15 

Characteristic 

CLKOUT high to INCYCLE high 

CLKOUT low to INCYCLE low 

CLKOUT high to address valid 

I-BUS address hold 

Instruction valid 

Instruction hold 

CROM data set-up time 

CROM data hold time 

tc/2 

11ASW 

IROM 
CROM 

Symbol Min 

t1NCH 5 

tu~i;_L 5 

t1~w 

t1AHW 20 

tnsR 20 

111HR 10 

tos.R tc/2 -40 

tDHR 5 

tc/2 

111sR 111HR 

DATA Instruction 

FIGURE 9.4. - I-BUS TIMING DIAGRAM 
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Max Unit 

15 ns 

15 ns 

40 ns 

40 ns 

ns 

ns 

ns 

ns 

DATA CROM 



10.1. - PIN ASSIGNMENTS 

123 
124 
125 
126 
127 
128 
129 
130 
131 

10 
11 
12 
13 
14 
15 

DO 
Dl 
D2 
D3 
D4 
D5 

SECTION 10 
PIN ASSIGNMENTS AND 

MECHANICAL DATA 

CLKOUT 

65 
R/W 

SRtW 

SDS 

cs 
RS 

TS68930 

D3 

02 

Dl 

DO 
BEJ 

BE4 

BSO 

BSl 

BS2 

All 

vcc 
AlO 

A9 

AB 

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

ADl 

ADO 

BE5/BA 

BE6/DTACK 

48-Pin Dual-in-Line Package 

84· Terminal Chip Carrier (LCCCI 

7-51 

8E3 
8E4 

850 
851 
852 
All 
AlO 
A9 
AB 
8E518A 
8E61DTACK 
AD7 
AD6 
AD5 
AD4 
AD3 
AD2 
ADl 
ADO 
IRQ 
RESET 



TS68931 84-Pin Grid Array (see table 10-1 Pin Assignments) 

L *. -·-· _. :::-t• K ·•-•+-•;· ·- . -t J it 1'i n H 

G :.::: 1-=1::: F 

E ·-··- ·- -D ·--- ~ c ·-·-- t. -0- ·-B +-•-*-• •H-
A .. ._. - _._._.:<!>-

2 3 4 5 7891011 

TABLE 10-1 PIN ASSIGNMENTS 

Al 122 B11 BSD F9 BE6/DTACK K2 D6 
A2 120 Cl 126 FlO AD4 K3 D7 
A3 119 C2 124 Fl 1 BES/BA K4 010 
A4 117 cs 116 Gl 13 KS 013 
AS 114 C6 VSS G2 14 K6 01S 
A6 vcc C7 113 G3 12 K7 EXT AL 
A7 112 ClO BE4 G9 AD7 KS R/W 
AS 19 Cll BSl GlO ADS K9 cs 
A9 17 Dl 12S G11 A06 KlO RESET 
AlO 16 02 127 Hl DO K11 ADO 
A11 BE3 010 BS2 H2 01 L1 OS 
Bl 12S 011 All HlO A02 L2 OS 
B2 123 E1 131 H11 ADJ L3 09 
B3 121 E2 130 J1 02 L4 011 
B4 11S E3 129 J2 04 LS 014 
BS 11S E9 AlO JS 012 L6 CLKOUT 
B6 110 E10 A9 J6 vss L7 XTAL 
B7 111 El 1 AS J7 vcc LS i5S 
B8 IS Fl IS JlO IRQ L9 SR/W 
B9 IN CYCLE F2 10 Jl 1 AOl L10 sos 
BlO HALT F3 11 Kl 03 Ll 1 Rs 
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10.2 .• PACKAGE DIMENSIONS 

l>'N 

A51J 

'" 0.A.f.A. 

CB-221 

TSl8ll30 
p SUFRX 

PLASTIC PACKAGE 

JIDfC 

7-53 

48,.. 

' f199 CB-229 
SITILlK 



Package Type 

Plastic DI L 
P Suffix 

Ceramic DI L 
C Suffix 

LCCC 
E Suffix 

PGA 
R Suffix 

SECTION 11 
ORDERING INFORMATION 

Temperature Range 

o•c 10 • 10°c 
-40°C to • 85°C 

o•c to. 10°c 
-40°c to • s5°c 

o•c to • 10°c 
-40°C to+ 85°C 

0°C to + 70°C 

Part Number 

TS68930CP 
TS68930VP 

TS68930CC 
TS68930VC 

TS68931CE 
TS68931VE 

TS68931CR 

As the TS68930 is a programmable circuit, a special ordering procedure has to be used. In order to get information 
about this procedure as well as the customer ordering sheet, please contact our sales representatives. 
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TS68950 

--~~- MODEM TRANSMIT ANALOG INTERFACE ·-·-MOSTEK 

DATA SHEET 

The TS68950 is a transmit (Tx) analog front-end circuit designed 
to implement high speed voice-grade modems up to 19200 bps 
according to the CCITT V.22, V.26, V.27, V.29, V.32 and V.33 
recommendations or the BELL 212A, 208 and 209 standards. 
This circuit is particularly suited to work with the TS68951 receive 
(Rx) analog front-end circuit, the TS68952 clock generator and the 
TS68930/31 digital signal processors (DSPs). 

Main features 
- Two-channel digital to analog converter (DAC) for Tx and echo

cancelling signals. 
- 6th-order low-pass filter (switched-capacitor filter with output 

continuous-time smoothing cell). 
- Programmable attenuation over a 22 dB range with 2 dB steps. 
- Direct interface with MPU standard 8 bit bus. 
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CMOS 

MODEM TRANSMIT 
ANALOG INTERFACE 

CASE CB-68 

P SUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 
C SUFFIX 

CERAMIC PACKAGE 

05 

06 

07 

E 
RiW 

cso 
CS1 

RSO 

RS1 

J SUFFIX 
CERDIP PACKAGF 

PIN ASSIGNMENT 

04 

D3 

02 

D1 

DO 

TxCCLK. 

CLK 

v+ 

EEO 

10 ATO 

11 EXI 

12 AGND 



";" 
DSP 

U1 

"' 

>68930.31 

DO:D7 

r 
I 
I 
I 

LOCAL BUS 

e 
RfW 
CSO/CS1 

RSO/RS1 

CTRL 

I 
I 
L-

ADDRESS REGISTER 
ARC 

-yyc~-

---

B BIT DATA BUS 

ADDRESS 

--6- --0- -6- --6-
y- DGND AGND y+ 

')V 
~ ATT 

+-------j 

XI 

I 
I I I EEO 

CONTROL 
REGISTER 

RC4 

- - ,!!68~0- ..J 

ID 
!""'. 
0 
(') 
;o:c 
0 
> 
C> 
:u 
:I> 
!!: 



Name No. 

D5-D7 1-3 

4 

R/W 

CSO-CS1 6-7 

RSO-RS1 8-9 

DGND 10 

TEST 11 

v- 12 

AGND 13 

EXI 14 

ATO 15 

EEO 16 

v+ 17 

CLK 18 

TxCCLK 19 

00-04 20-24 

PIN DESCRIPTION 

Function 

8 bit data bus inputs giving access to Tx, estimated echo, control and address registers. (With pins 
20-24). 

Enable input. Data are strobed on the positive transitions of this input. 

Read/write selection input. Internal registers can be written when R/W = 0. Read mode is not used. 

Chip select inputs. The chip set is selected when CSO = 0 and CS 1 = 1. 

Register select inputs. Used to select DIA input registers or control/address registers in the write 
mode. 

Digital ground= 0 V. All digital signals are referenced to that pin. 

Test input. Used to reduce testing time. 
That pin must be connected to DGND in all applications. 

Negative power supply voltage = -5 V ± 5% 

Analog ground:::: 0 V. 
Reference point for analog signals. 

Programmable analog input tied to filter or attenuator input according to the AC4 register content. 

Analog transmit output. 

Analog echo cancelhng output. 

Positive power supply voltage: +5 V ± 5%. 

1.44 MHz clock input. Used for internal sequencing. 

Transmit conversion clock input. Must be derived from CLK. 

See pins No. 1-3. 
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FUNCTIONAL DESCRIPTION 

The TS68950 is a transmit analog interface circuit 
dedicated to voice-grade MODEMs, telephony and 
speech applications. The TS68950, the TS68951 
(receive analog front-end circuit) and the TS68952 
(clock generator) constitute an analog front-end chip 
set useful for implementation of synchronous MOD
EMs operating on two or four wires according to the 
CCITT V.26, V.26 bis, V.27, V.27 bis, V.27 ter and 
V.29 recommendations or BELL 208 and 209 stan
dards, or in two wires full-duplex according to CCITT 
V.22, V.22 bis or BELL 212A (split band) and CCITT 
V.26 ter and V.32 (echo cancelling). 
By receiving digital samples from a DSP like the 
TS68930/31, the TS68950 delivers two analog sig
nals: the transmitted (Tx) signal that will be sent on 
the line and the estimated echo signal that will be 
subtracted from the received (Rx) signal on the 
TS68951 Rx chip. 
The digital Tx and estimated echo samples are con
verted to analog during the low state and the high 
state of the TxCCLK clock, respectively. 

MAIN FUNCTIONS (See block diagram) 

12 bit digital to analog converter multiplexed on 
two channels. 

• Tx signal sample and hold running with Tx sam
pling frequency TxCCLK. 

• Tx low-pass filter with continuous-time 
smoothing. 

• Programmable attenuator from 0 to -22 dB with 
2 dB steps. 

• Estimated echo sample and hold running with Tx 
sampling frequency TxCCLK. 

OSP INTERFACE SIGNALS 

The TS68950 interfaces to the signal processor via 
an 8 bit data bus (only used in writing mode), two 
chip select lines, two register select lines, a read/ 
write line and an enable line. 

Data bus (DO-D7) - The write only data lines allow 
the transfer of data from the DSP to the TS68950. 
Input buffers are high-impedance devices. 

Enable (E) - The enable pulse (E) is the basic timing 
signal that is supplied to the TS68950. All the other 
signals are referenced to the leading and trailing 
edges of the E pulse. 
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Read/Write (R/W) - This signal is generated by the 
DSP to control the direction of data transfers on the 
data bus. A low level state on the TS68950 read/ 
write line enables the input buffers and data is trans
ferred from the DSPtothe TS68950on the E signal if 
the circuit has been selected. The device is unse
lected when a high level signal is applied to the R/W 
pin. 

Chip Select (CSO, CS1 )- These two input signals are 
used to select the chip. CSO must be low and CS1 
must be high for selection of the device. Data 
transfers are then performed under the control of 
the enable and R/W signals. The chip select lines 
must be stable for the duration of the E pulse. 

Register Select (RSO, RS1) - The two register select 
lines are used to access the different registers inside 
the chip. For instance these two lines are used in 
conjunction with the internal control register ARC to 
select a particular register RC4. The register select 
lines must be stable when the E signal is low. 

CLOCK INTERFACE BETWEEN TS68950 AND 
TS68952 

The TS68950 receives two clock lines from the Clock 
Generator TS68952. 

Master clock sequencing (CLK) 

The typical frequency is 1.44 MHz but the recur
rence frequency must be an exact multiple of the 
terminal clock frequency. The Tx DPLL included in 
the clock generator circuit (TS68952) operates by 
adding or subtracting pulses to a 2.88 MHz internal 
clock. This corresponds to phase leads or phase lags 
of about 350 ns duration. To ensure correct device 
operation, clock synchronization must be done 
immediately after the negative-going transition of 
T xCCLK clock. 

NORMAL 

LEAD 

LAG 

Transmit Conversion Clock (TxCCLK) 

The conversion clock TxCCLK must be derived from 
the master clock CLK. Three nominal values are pos
sible: 9.6 kHz, 8 kHz and 7.2 kHz. 9.6 kHz is the 
highest allowable frequency. To run properly the 
TxCCLK clock must be a .submultiple of CLK/5: 



TxCCLK x 5 x N = CLK (with N integer) 

This is ensured when using the TS68952 clock 
generator. 
The sampling clock of the switched capacitor filter 
section is obtained by dividing the CLK frequency by 
five and performing internal synchronization on the 
leading edges of TxCCLK. 
The Tx samples are converted from digital to analog 
during the low state of TxCCLK. The estimated echo 
samples are converted during the high state of 
TxCCLK. 

INTERNAL CONTROLS 

Power-on 
The chip contains internal power-on reset logic to 
initialize the RC4 control register in order to avoid 
undesirable signal transmission on the telephone 
line. 

Internal addressing 

RSO RS1 Access 
320 ns cycle 

number 

0 0 TR1 transmitted sample register 2 

0 1 
TR2 estimated echo sample 

2 register 

1 0 ARC address register 1 

1 1 RC4 control register (if addressed 1 
by ARC) 

Sample registers (TR1 and TR2) 
TR1 is the transmitted sample register and TR2 the 
estimated echo sample register. TR1 and TR2 store 
two's complement 12 bit data (DACO to DAC11 ). As 
indicated below, writing each sample requires two 
cycles. 

First 
cycle 

Second 
cycle 

07 06 06 04 03 02 01 DO 

1o;c1o:c1o~clo~cl x x x x 

DAC DAC DAC DAC DAC DAC DAC DAC 

11 10 9 6 5 4 

An internal flip-flop is used to select the first or the 
second byte. It advances one count on the positive
going edge of the E pulse when the sample registers 
are selected (CSO = 0, CS1 = 1 and RSO = 0). When 
the sample registers are disabled, the latch is reset 
on any E positive-going edge. Both TR1 and TR2 
registers are sampled by the DAC on the falling edge 
of TxCCLK. Therefore their contents must remain sta
ble during this edge. 
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Control register (RC4) 

The RC4 control register has twodifferentfunctions. 
Its four most significant bits give the transmit atten
uator gain following the table below. 

D7 06 D5 D4 D3 D2 D1 DO RC4 REGISTER 

ATT ATT ATT ATT - EM2 EM1 -

4 3 2 1 Attenuation (dB) 

0 0 0 0 0 

0 0 0 1 2 

0 a 1 a 4 

0 0 1 1 6 

a 1 a 0 8 

0 1 0 1 10 

0 1 1 a 12 

0 1 1 1 14 

1 0 a 0 16 

1 0 0 1 18 

1 0 1 0 20 

1 0 1 1 22 

1 1 0 0 Infinite 

1 1 0 1 Infinite 

1 1 1 0 Infinite 

1 1 1 1 Infinite 

Depending on the EM 1 and EM2 states in the RC4 
register. the programmable analog input (EXl)can be 
connected to the filter input or to the transmit atten
uator input. 

D7 D6 D5 D4 D3 D2 D1 DO 

ATT ATT ATT ATT 

4 3 

EM2 EMl 

0 

0 

RC4 REGISTER 

EXI INPUT 

disabled 

transmit filter input 

0 transmit attenuator input 

disabled 

Following power-up, all RC4 bits are preset at one, 
EXI input is disabled and the transmit signal is can
celled. 

DO and D3 bits are not used in the RC4 register. 



Address register (ARC) 

The address register stores 3 bits (05, 06 and 07). 
Among the 8 possible addresses, only one is used 
inside the TS68950 (RC4 address). 

07 06 05 04 03 02 01 DO 

RC 4 I 1 I 1 I x x x x I x I 
X: don't care 

The address of the ARC register is automatically 
increased by one each time the control register is 
accessed. This allows indirect or cyclical addressing 
to RC4. 

EEO OUTPUT WAVEFORM 

The EEO output is not valid during S/H sampling. 
The output presents at this time the S/H offset vol
tage. 
This offset voltage appears at the 24th CLK period 
after rise transition of TxCCLK and disappears at the 
31th. 

Waveform 

CLK L.fl_ __ _ 
0 1 

TxCCLK 
sample 

Offset Voltage 

EEO 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

DGND digital ground to AGND analog ground - 0.3to +o.3 v 

v+ supply voltilge to OGND .or AGND ground - 0.3 to+ 7 v 

v- supply voltage to DGND or AGND ground -7to+0.3 v 

Voltage at any digital input or output VI DGND - 0.3 to v+ +0.3 v 

Voltage at any analog input or output Vin v- - 0.3 to v+ + 0.3 v 

Analog output current 1out -1010+10 rnA 

Power dissipation Ptat 500 mW 

Operating temperature range 1amb 0 to+ 70 'c 
Storage temperature range 1stot -65to+150 'c 

Pin teinperature (soldering 10 s.) 1sold +260 'c 
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Stresses above those listed under "Maximum 
Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other condi
tions beyond those indicated in the operational sec-

ELECTRICAL OPERATING CHARACTERISTICS 

Characteristic 

Positive Supply Voltage 

Negative Supply Voltage 

v+ Operating current 

v- Operating current 

D.C. AND OPERATING CHARACTERISTICS 

tions of this specification is not implied. Exposure to 
maximum rating conditions for extended periods 
may affect device reliability. Standard CMOS hand
ling procedures should be employed to avoid possi
ble damage to device 

Symbol Min Typ Max Unit 

v+ 4.75 5.25 v 
v- - 5.25 -5.0 -4.75 v 
1+ 15 mA 

,- -15 mA 

Unless otherwise noted, electrical characteristics are specified over the operating range. Typical values are given 
for v+ = + 5 V, v- = - 5 V and lamb = 25°C. 

DIGITAL INTERFACE 

Parameter Symbol Min Typ Max Unit 

Input low level voltage VIL 0.8 v 

Input high level voltage VrH 2.2 v 

Input low level current 11L -10 10 µA 

DGND < v 1 < VrLmax 

Input high level current 

V1Hmin < Vr < V+ 
lrH -10 10 µA 

ANALOG INTERFACE. EXI PROGRAMMABLE INPUT 

Parameter Symbol Min Typ Max Unit 

Input voltage swing Vin -2.5 + 2.5 v 

Input current 1in -10 +10 µA 
(Input Tx filter selected) 

Input capacitance Cin 
t Input ATI selected) 

f < 50 kHz 50 pF 
f > 50 kHz 20 pF 

Input resistance Rin 20 kO 
i Input ATT selected) 

ANALOG INTERFACE, ATO TRANSMIT OUTPUT 

Parameter Symbol Min Typ Max Unit 

Output DC offset Vos -250 + 250 mV 

Load capacitance CL 50 pF 

Load resistance AL 1200 0 

Output voltage swing Yout -2.5 + 2.5 v 
AL> 1200 0 
and CL< 50 pF 

Output resistance Rout 5 0 
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ANALOG INTERFACE. EEO ESTIMATED ECHO OUTPUT 

Parameter Symbol Min Typ Max Unit 

Output DC offset Vos -100 + 100 mV 

Load capacitance CL 50 pF 

Load resistance AL 10 kO 

Output voltage swing Vout -2.5 + 2.5 v 
RL > 10 kO and 
CL< 50 pF 

Output resistance Rout 350 500 650 0 

DAC TRANSFER CHARACTERISTICS 

Parameter Symbol Min Typ Max Unit 

Converter resolution 12 B•t 

Nominal output peak to peak amplitude Vout (max) 5.0 v 

Least significant bit amplitude LSB 1.2 mV 

Integral linearity error -1 + 1 LSB 

Differential linearity error -0.7 + 0.7 LSB 

TRANSMIT FILTER TRANSFER CHARACTERISTICS (see annexe 1) 

Parameter Symbol Min Typ Max Unit 

Absolute passband gain at 1 kHz GAR 0 dB 

Gain relative to gain at 1 kHz GAR 
without sin x/x correction of DAC sampling 

Below 3100 Hz -0.5 0.2 dB 
3200 Hz -3 dB 
4000 Hz - 36 dB 
5000 Hz to 12000 Hz -46 dB 
12000 Hz and above - 50 dB 

Absolute delay 
600 Hz to 3000 Hz OAR 160 680 µs 

ATTENUATOR TRANSFER CHARACTERISTICS 

Parameter Symbol Min Typ Max Unit 

Absolute gain at 0 dB nominal value An 0 dB 

Attenuation relative to nominal value RAT -5.0 + 0.5 dB 

Maximum attenuation BAT 40 dB 
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GENERAL TRANSFER CHARACTERISTICS (from DATA BUS to ATO) 

Parameter Symbol Min Typ Max Unit 

ATO absolute gain at 1 kHz GAx -0.5 0 + 0.5 dB 

ATO psophometric noise 100 µV 

ATO positive power supply rejection ratio. 
Vac ·- 200 mVpp 40 dB 
f = 1 kHz 

ATO negative power supply rejection ratio. 
Vac ::.~ 200 mVpp 40 dB 
f = 1 kHz 

Signal to harmonic distorsion ratio (psophometric band) 60 dB 

GENERAL TRANSFER CHARACTERISTICS (from DATA BUS to EEO) 

Parameter Symbol Min Typ Max Unit 

EEO absolute gam at 1 kHz GAX -0.5 0 + 0.5 dB 

EEO psophometric noise 100 µV 

EEO positive power supply rejection ratio. 
V ac = 200 mVpp 40 dB 
f= 1 kHz 

EEO negative power supply rejection ratio. 
Vac = 200 mVpp 40 dB 
f ~ 1 kHz 
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 

I dent 
Characteristic 

number 

1 Cycle time 

2 Pulse width, E low level 

3 Pulse width, E high level 

4 Clock rise and fall time 

5 Control signal hold time 

6 Control signal set-up time 

1 Input data set-up time 

8 Input data hold time 

CSO-CS1 
RSO-RS1 
R/W 

00-07 

Notes: 

2 

0 

FIGURE 1 - BUS TIMING 

Symbol 

1eve 

twEL 

1WEH 

'r·'t 

1HCE 

1scE 

'soi 

1HDI 

© 

1. Voltage levels shown are VL < 0.4 V, VH > 2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.2 V, unless otherwise specified. 
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Min Max Unit 

320 ns 

180 ns 

100 ns 

20 ns 

10 ns 

40 ns 

120 ns 

10 ns 

3 



CLOCK TIMING CHARACTERISTICS 

I dent 
Characteristic Symbol Min Typ Max Unit 

number 

1 CLK clock period Pc 695 ns 

2 CLK phase leading clock period PcL 348 ns 

3 CLK low level width twcL 150 ns 

4 CLK high level width 1WcH 150 ns 

5 CLK rise and fall time 1Rc· 1Fc 100 ns 

6 TxCCLK rise and fall time 1RT· 1FT 100 ns 

7 TxCCLK delay time 1oc 20 130 ns 

CD® 
0 © 

CLK ~ y 
® 0 ® 

LK 't 
t 

TxCC 

© 

FIGURE 2 - CLOCK TIMING 
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TS68951 
MODEM RECEIVE ANALOG INTERFACE 

DATA SHEET 

The TS68951 is the receive section of a MODEM analog front-end. 
The MODEM consists of TS68950/51/52 analog front-end chip sets and 
TS68930/31 digital signal processor; it is able to run voice-grade applica
tions, which conforms to CCITT V.22/BIS, V.26/TER, V.27, V.29, V.32 and 
V.33 recommendations as well as BELL 212A, 208 and 209 standards. 

Main features 

• Programmable band-pass filter. 
• Back channel rejection filter (selected by programming) 
• Reconstruction filter (selected by programming) 
• Continuous-time anti-aliasing and smoothing filters 
• Programmable gain amplifier (from 0 dB to 46.5 dB with 1.5 dB steps) 
• 12 bit A/D converter with asynchronous multiplexing of two 

plesiochronous channels (one channel for echo cancellation) 
• Carrier level detector with programmable threshold. 
• Digital interface: 8 bit bi-directional data bus, 6 bit control bus. 
• Dual power supplies +5 V and -5 V 
• Designed to operate with TS68950 transmit unit and TS68952 clock 

generator. 

PIN ASSIGNMENT 

D5 28 

D6 27 

D7 26 

E 
R/W 24 

cso 23 

CS1 22 

RSO 21 

RSl 20 

DGND 10 19 

EEi 11 18 

AGC1 12 17 

RFO 13 16 

v- 14 15 
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SCF : Switched-capacitor filter 

CTF : Continuous-time filter 

SCFl : Rx band-pass filter 
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SCF2 : Back-channel rejection filter 

SCF3 : Reconstruction filter 
L _______ _ 
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DATA S: 
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PIN DESCRIPTION 

Name No Description 1------1----------·_j_ _______________ _ 

Data bus 
'-----'------+--------- - ----·-----~---------~-- ------------------------ ------1 

1------1----
R/W 

Enable input Enables selection rnputs 
Active on a low level for read operation 
Active on a positive edge for write operation 

------------------
Read/write Selection input. Read operation is selected on a high level 
Write operation is selected on a low _le_ve_I __ _ 

'--c_s_o_-c_s_1_j_ __ 6_-7 _ _j__c_h_:'P_s_e_le_c_t i_nc_pu_t_s._T_h_e_c_h'c_P set is selected when ESQ= 0 and CSl ----' 1 

t_R_S_O_-R_S_1_J_ __ B_-9 _ __l_R_e-"g-is_te_c_s_el_ec_t_'n_:p_u_ts_. _Select the register involved 1n a read or write operation 

L_D_G_N_D _ _j__1_o __ __l_D __ i_::_g'_'a_l_::_g_rn_u_nd_._A_ll_d_:'9=--"-"-I s--"ignals are referenced to this pin 

EEi +;1 Estimated echo input. When operating rn echo cancelling mode, this signal is added to the reception band
pass filter output I----- ___________________________ _J 

AGC1 12 Analog input of the automatic gain contra! amplifier and of the carrier level detector 
1---------f------1----------------- ---------· 

RFO 13 Reception filter analog output. Designed to be connected to AGC1 input through a 1 µF non polarised 

l------+-------L-ca_:p __ a_c,_10_' __________________________________ ___, 

v- 14 Negative power supply_ V - ::0 - 5 V ± 5%. 

AGND 15 Analog ground. All analog signals are referenced ___ 10 __ 1_h_is_p_m ______________ __j 

'---R_A_I _ _j__1_6 _ ___)_R_e_c_ei_ve_an_,_lo_g_i_n_pu_t_. A_n_,_1o_g_i_np_u_1_1,_ed_1_0_1h_e_1_co_n_s_m_is_s_io_n_11_ne_. _____________ ~ 

LEI 

CD1 

AGC2 

17 

18 

Local echo input. Analog input subtracted from the receive anti-aliasing filter output. 

This pin must be connected to the analog ground through a 1 µF non polarised capacitor, in order to 
cancel the offset voltage of the carrier level detector amplifier 

-------------------------------" 
19 This pin must be connected to the analog ground through a 1 µF non polarised capacitor. in order to 

'------+-------"- ___ cance~_the offset voltage of the AGC amplifier 

V+ 
i------:---

C LK 

20 Positive power supply V+ :::: + 5 V ± 5% 

21 Master clock input. Nominal frequency 1.44 MHz 
·------------------------~ 

RxCCLK 22 Receive conversion clock 

TxCCLK 23 Transmit conversion clock 
l---------+---------l------------------------------------1 

00-04 24-28 Data bus. 
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FUNCTIONAL DESCRIPTION 

The TS68951 is a receive analog interface for voice
grade MODEM. It is able to perform the receive 
interface function for three types of synchronous 
MODEM: 
• Four-wire or two-wire half duplex MODEM. 
• Two-wire full duplex band-split MODEM. 
• Two-wire full.duplex echo cancelling MODEM. 

Four-wire or two-wire half duplex MODEM and 
two-wire band-split MODEM 
In these modes of operation, EEi input must be tied 
to the analog ground. The analog signal treatment of 
receive input is shown in figure 1. 
Programming requirements: 
• Band-pass filter cut-off frequencies. 
• Back channel rejection filter(presence or absence 

according to the application). 
• SCF1 or SCF2 output as input of CTF2. 
• AGC gain. 
•Carrier level detector threshold. 

The receive samples are coded at RxCCLK rate and 
can be read from receive register (RR1 ). 

Two-wire echo cancelling MODEM 
This mode of operation uses the full capabilities of 
the TS68951. The analog treatment of receive input 
is shown in figure 2. The echo cancelling operation 
is achieved by means of subtraction ofthe LEI signal 
from the output of CTF1 duplexer and addition of the 
EEi signal to the output of SC1. 
After the local echo reduction by the duplexer the 
resultant signal consists of the receive signal plus 

Addressed control 

register 
07 06 05 

RC3 0 1 0 

RCS 1 0 0 

RC& 1 0 1 

X: don't care 

the echo signal generated by the transmission line 
mismatch: this undesirable signal is then cancelled 
at the output of the Rx band-pass filter. 
Programming requirements: 
• Band-pass filter cut-off frequencies. 
• SCF1 output as input of S/H2. 
• Output of S/H2 as input of SCF3 and output of 

SCF3 as input of CTF2. 
• AGC gain. 
• Carrier level detector threshold. 
Residual signal samples from S/H2 output are 
coded at TxCCLK rate and can be read from receive 
register 2 (RR2), hence the signal processor may 
correlate them with the transmit samples to update 
the coefficients of the filter that generates the esti
mated echo. 
The receive signal samples are coded at RxCCLK 
rate and can be read from receive register 1 (RR1 ). 

FUNCTIONAL SPECIFICATIONS 

Bus and Registers Control 
For any operatiQ!Linvolving bus and regist~ the 
chip select bits CSO and CS1 must be valid (CSO =O 
and CS1=1). 
The seven internal registers are divided in four write 
only registers and three read-only registers. 

Write operation 
There are three control registers (RC3, RC5, RC6) 
and one address register (ARC) which can be writ
ten; but only ARC can be directly addressed. 
The control registers are indirectly addressed by the 
word contained in ARC according to table 1. 

Word contained in ARC 

04 03 02 01 DO 

x x x x x 

x x x x x 

x x x x x 

TABLE 1 

When a write operation is selected (refer to table 3) 
the data present on the bus are strobed on a positive 
edge of E and the content of ARC is incremented. 

Note: Addresses of RC3 and RC5 are separated by 
two increments. 

Read operation 
There are two 12 bit receive registers (RR1. RR2) 
and a 1 bit carrier detector register (CDR). 

RR2 contains the coded samples of the residual sig
nal and RR1 the coded samples of the receive signal. 

The active bit of CDR is D7: DO to D6 are forced to 0. 
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When the RMS value of CTF2 output is greater than 
the programmed threshold, bit 7 of CDR is set. The 
nominal response time of the carrier detector to a 
signal settlement or removal is 1.78 ms. 

When a read operation is selected (refer to_table 3) 
the data are sent to the bus on a low level of E; a high 
level on E sets the output bus drivers in a high 
impedance state. 

As the bus hasonly8bits, the content of RR1 or RR2 
must be read in two cycles. The four less significant 
bits are transferred in the first cycle and the eight 
most significant bits are transferred in the second 
cycle according to the format, table 2. 



07 06 05 04 03 02 01 DO 

First cycle RRx3 RRx2 RRxl RRxO 0 0 0 0 

Second cycle ARxl 1 RRx10 RRx9 RRx8 RRx7 RRx6 RRx5 RRx4 

TABLE 2 

An internal latch selects the first or the second byte 
an!J is automatically incremented on a positive edge 
of E when one of the receive registers is addressed. 
This latch is·not reset at power-on, so it needs to be 

RSO RS1 

reset before the first read operation: reset occurs on 
any positive edge of E for any operation, provided 
none of the receive registers is addressed; the first 
byte is selected when reset. 

Operation RIW 
t-------

0 Write control register addressed by ARC 

0 0 Write address register (ARC) 

0 Read receive register 2 (RR2) (Residual signal sample) 
------~----~~~~~~~~----! 

0 0 Read receive register 1 (RR1) (Receive iignal sample) 
f----------~~-t-~~----t--~~~--t~~~~~~~~~~~~~~~~~---··------------~ 

Read carrier detector register (CDR) 
~·-

RR1 and RR) output code: 
The output crnh~ 1~ • .t 2·s complement delivering 
values from - 2048 up to+ 204 7. Since the conver
ter codes voltage between - V ref and+ V ref , the 
theoretical decision voltage corresponding to code C 
can be computed as follows: 

Ve= 2C+ 1 

4095 
Vref 

wh"'" V ref is the reference voltage of the A/D 
converter, V ref nominal value is2.5 Vand C 
1s the algebraic value of code C. 

Example: 
A"urne the output code is the hexadecimal value 
$SB 1; the algebraic value of this code C = - 1871 
therefore Ve= - 2.283 V. 

CONTROL REGISTERS DESCRIPTION 

Power-on 
The control H~q1~;ters <Jre r1ut 1111t1,t111t~d ;Jt powt)r 011; 

TAAL I 3 
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they 1nust tw 1111t1,il1/t·d 1111111 1nfi1p.ir11 IH !111•· 1,..1,1 
ing any word frorn flH: (J\!lplll r1·~11:,11·r:. 

Register RC3 
The content of RC3 sets the - 3 dB cut-off frequen
cies of SCF1 receive band-pass filter, determines 
the presence or the absence of SCF2 back channel 
rejection filter and of SCF3reconstruction filter, and 
selects receive signal path to the second filtering 
section; without echo- cancelling the output of 
SCF1 or SCF2 is selected, with echo corn0<,llinq the 
output of S/H7 1s selected 

The band pa~'~' frltt)r co11~.1:.t~. of d ~)01 order ell1pt11 
low· pass filti~r ,md of <J :?nd 01d1!r l11yh-pass f1llt:r 
whose cut off fn~que11c1es can bt~ programmed by 
(LP1, LP2)and(HP1, HP2) respect1v.,ly, (refer table 4). 

The rejection filter is present when REJ bit is high. 

The reconstruction filter is present when REC bit is 
high. 

S/H2 outptit 1s '.-.i·lt'cted when SIA bit is high 



07 06 06 04 03 02 01 DO 
HP2 HP1 LP2 LP1 REJ S/A REC 

~-

0 x 
1 I 0 
I 1 

I 

0 
0 
1 
1 

0 
1 
0 
1 

0 
0 
0 

!---·--+--+-----+-· -+---+---

l l l 
X: don't care 

x 
x 
x 
x 

x 
x 
x 

x 
x 

l 

RC3 REGISTER 

LOW-PASS FILTER 

Sampling frequency 
(kHz) 

72 
144 
288 
288 

- 3 dB Cut·off freq. 
(Hz) 

800 
1600 
3200 
3200 

HIGH-PASS FILTER 

Sampling frequency 
(kHz) 

36 
72 

144 

- 3 dB Cut-off freq. 
(Hz) 

250 
500 

1600 

HIGH-PASS AND REJECTION FILTER 

Sampling 
freq. (kHz) 

72 
144 

()o~.oloC111d 

St•lrn 111d 

Deselected 
Selected 

TABLE 4 
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-3 dB Cut-off 
freq. (Hz) 

800 
2200 

S/H2 SELECTION 

Rejected band 
(Hz) 

370-470 
800-1600 

RECONSTRUCTION FILTER SELECTION 

(Sampling frequency:::;: 288kHzl 



Register RC5 
The content of RC5 sets the gain of the AGC ampli
fier between O dB and 46.5 dB with 1.5 dB steps. 

07 06 05 04 03 

0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 

0 0 1 0 0 

0 0 1 0 1 

0 0 1 1 0 

0 0 1 1 1 

0 1 0 0 0 

() 1 0 0 1 
·-- ----· 

II 1 () 1 () 

" I {I I I 

II I I {I " 
() ' I () 1 

I-----
0 1 1 1 0 

0 1 1 1 1 

1 0 0 0 0 

1 0 0 0 1 

1 0 0 1 0 

1 0 0 1 1 
I----

1 0 1 0 0 
I----

1 0 1 0 1 

1 0 1 1 0 

1 0 1 1 1 

1 1 0 0 0 

1 1 0 0 1 
1---- . . ---

1 I ' () 1 " 1----
1 I II I ' 1----
1 1 1 0 0 

1 1 1 0 1 

1 1 1 1 0 

1 1 1 1 1 

X: don't care 

02 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

' 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 
: 

x 

x 

x 

x 

x 

TABLE 5 
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Note: The AGC loop control is performed by the 
signal processor. 

01 DO RCS 

AGC gain (dBi 

x x 0 

x x 1.5 

x x 3 

x x 4.5 

x x 6 

x x 7.5 

x x 9 

x x 10.5 

x x 12 
---1 

x x 13.5 
··--

·: x ,,, 
-

' ](,', 

·' x '" 
x x 1 ! I ~ 1 

--
x x 21 

x x 22.5 

x x 24 

x x 25.5 

x x 27 

x x 28.5 
--- ·-· 

x x 30 
-· ------· 

x x 31.5 
·- ---

x x 33 

x x 34.5 

x x 36 

x x 37.5 

x x 39 

' -
x x 40.5 

x x 47 

' x x. •l l ~) 

x x 4~l 

J 
--1 

x x 46.5 



Register RC6 
The content of RC6 sets the carrier level detector 
threshold. (Refer to table 6). 

07 06 05 04 03 

0 0 0 x x 

0 0 1 x x 

0 1 0 x x 

0 1 1 x x 
1 0 0 x x 

- ·-- - -
1 () 1 x x 
I I 0 x x 

I 1 1 x x 
-- - - ---·· -

02 

x 

x 

x 

x 

x 

x 

x 

x 

TABLE 6 
X duri't Ct.lrn 

CLOCK 
The master clock CLK, the receive conversion clock 
(RxCCLK) and the transmit conversion clock 
(TxCCLK) are generated in the TS68952 clock gene
rator. There are three possible frequencies for the 
conversion clocks: 7.2 kHz, 8 kHz and 9.6 kHz. 
The frequency of RxCCLK and TxCCLK is controlled 
by two independant Digital Phase Locked Loops 
(DPLL). TxCCLK can be synchronised on an external 
Terminal Clock(TxSCLK) or on the Rx bit rate clock; 
in these cases 350 ns discrete phase shifts occurs 
on CLK and TxCCLK synchronously with TxCCLK 
rw\jatrve edge with a repetition rate of 600 Hz, 800 
Ht or 1000 Hz according to the programmation of 
RC1 c:ontrol registm in the TS68952. 

AGC and CLO AMPLIFIERS 

The AGC consists of two cascaded amplifiers A1 and 
A2, fig. 3. AC coupling is obtained from C1 and C2 
external capacitors. C2 can be used as an auxiliary 
input for performing an analog loop located after 
echo cancellation. The carrier level detector (CLD) 
amplifier A3 also needs an external capacitor C3. 

7-78 

The threshold values are grouped by pair; values 
belonging to each pair have 2.5 dB separation which 
allows the signal processor to perform software 
hysteresis. 

01 DO RC6 

Threshold (dBm) 

x x -29.85 

x x - 27.35 

x x -36.65 

x x -34.15 

x x -46.75 

x x -44.25 

x x -46.75 

x x -44.25 

A/D CONVERSION 
The A/D converter is a 12 bit resolution, 8 bit min
imum integral linearity, monotonic converter. The 
input voltage ranges from - 2.5 V to+ 2.5 V; and the 
conversion time is better than 50 µs. 

ASYNCHRONOUS MULTIPLEXING 

Samples on the output of S/H 1 and S/H2 are 
converted respectively at RxCCLK frequency and 
TxCCLK frequency. Since RxCCLK and TxCCLK are 
plesiochronous, the order of conversion is deter
mined by an asynchronous logic. The output register 
RR1 and RR2 are respectively loaded on the nega
tive edge of RxCCLK and TxCCLK. 

ANALOG GROUND 

FIGURE 3. Rx AMPLIFIERS SCHEMATIC 



ELECTRICAL SPECIFICATIONS 
The electrical specifications are given for operating temperature range (0°C, 70°C). 

MAXIMUM RATINGS 

Rating Symbol Value Unit 
r------------------+---------+---------+---~·---·--~ 

Supply voltage between v+ and AGNC or DGND -0_3 to+ 7 v 

Supply voltage between V and AGND or DGND - 7 to+ 0.3 v 

Voltage between AGND and DGND -0.3 to+ 0.3 v 

Digital input voltage DGND-0.3 to v+ +0.3 v 

Dtg1tal output voltage DGND· -0.3 to V + +0.3 v 
f---------------------1-----~·---+-----------l--------~·---l 

Digital output current - 20 to+ 20 mA 

Analog input voltage v Vcc-0.3 to v+ +o.3 
f------------------+----------+---------1-------------1 

Analog output voltage 

Analog output current 

f'"wer dissipation 

( J~1•·r at1ng temperature 

r ~,19 
... ~'~-~~---

POWEcR SUPPl.ILS 
DGNL> Af',NIJ 11 V 

Characteristic 

Positive power supply 

Negative power supply 

Positive supply current (receive signal level 0 dBm) 

Negative supply current (receive signal level 0 dBm) 

DIGITAL INTERFACE 
Control inputs 
v,,ltages referenced to DGND = 0 V 

Characteristic 

! ow level input voltage 

High level input voltage 
!-----------------

Low level input current DGND < v 1 < 0.8 V 

High level input current 2.2 V < v 1 < v+ 

DATA BUS 
Voltages ri~li!rr:nu~d lo !H;N() () V 

Characteristic 

1--
Low level input voltage 

High level input voltage 

Low level output voltage lloL ::;:· 2.5 mA) 

High level output voltage (loL = 2.5 mA) 

High impedance output current 
(when E lS high and DGND < v, < v+) 

1 

7.79 

Vcc-0.3 to v++o.3 v 

-10to+10 mA 

500 mW 
-+- -----------,--- -----· -----1 

0 to ! 70 ' "C 

....... 

Symbol Min Typ Max Unrt 
-+ 

v+ 4.75 - 5.25 v 

v- -5.25 - -4.75 v 

1+ - - 20 mA 
------1 

1- ... 20 -- mA 

Symbol Min Typ Max Unit 

VIL - - 08 v 
-------1 

VIH 22 - - v 
- -------1 

VIL -10 -- 10 µA 

VIH -10 - 10 µA 

Symbol Min Typ Max Unit 

VIL - - 0.8 v 

VIH 2.2 - - v 

VOL - - 04 v --
VOH 24 - I - v 

-

1oz -50 - 50 µ/\ 

·--



ANALOG INTERFACE 
All voltages referenced to AGND = 0 V 

Characteristic Symbol 

Input voltage EEl,LEl,RAI Vin 

Input current EELLEl,RAI (- 2.5 V <Vin< 2.5 V) 1in 

Input resistance AGC1, AGC2 Rin 

Input resistance CD1 Rin 

Output voltage RFO CL= 50 pF, AL= 1 kO Vout 

Output resistance RFO Rout 

Load resistance AFO RL 

Load capacitance RFO CL 

BUS TIMING CHARACTERISTICS 
(See foot notes 1 and 2 on timing diagrams) 

Characteristic ·--~----- T
1
. Symbol 1 

!1l 'eve 
(2) ) tw~ l l 

r:y, 11• !lltH' 

131 'wrn ...c 

Min 

-2.5 

-1 

1.5 

0.7 

-2.5 

-

1 

-

Min 

370 

180 

100 

Typ 

-

-

-

-

-

-

-

-

Typ 

___________ 1_4_) _j.__1,,_· tf. --l------1---

Max Unit 

2.5 v 
1 µA 

- kn 

- kn 

2.5 v 
2 n 

- kn 

50 pF 

Max Unit 

ns 

ns 

ns 

20 ns 

Control signal hold'' _m_e _____________ l5_14 _1_,_H,.,.C.,,E_.,__ __ 10_--+---~----!--n-s_-l 

Control signal set-up time (6) tscE 40 

Input data set-up time (7) t501 120 

Input data hold time 

Output data set-up time 
11 TIL load and CL= 50 pF) 

Output high impedance delay time 
11 TIL load and CL= 50 pF) 

(8) 1HDI 10 

19) 

'soo 
(10) 

RECEPTION CHARACTERISTICS 

PERFORMANCE OF THE WHOLE RECEPTION CHAIN (input RAI or LEI. output RR1) 

Characteristic Symbol Min Typ 

Gain 
(AGC gain= 0 dB, RxCCLK = 9600 Hz, Vin""775mV 0 ff,f = 2000 Hz) G -0.5 

Total harmonic distortion 
{AGC gain= 0 dB, RxCCLK = 9600 Hz, Vin::::775mVeff, f = 2000 Hz) TD 

-· -·-

Equivalent !lMS 1H11~· I 
(AGC \.1<1111 O dtl, llAI L ! 1. I I I 11rnl 1\l AC_iNUi 

Note N01se depends on AGC gain value. 

PERFORMANCE OF THE RECEPTION SUB-CHAIN (from RAI input to S/H2 input) 

150 

80 

Max 

0.5 

-58 

1.2 

Parameter Symbol Min Typ Max 

ns 

ns 

ns 

ns 

ns 

Unit 

dB 

dB 

Unit 
'------------------------1..----+-----+----+-·----'----.f 

Total distortion TD ·-72 dB 
IRxCCLK = 9600 H,, vm = 1.6 veff· f = 2000 H,) 
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WRITE OPERATION 

(i) 

READ OPERATION 

0 

E 

0 Q ® 

CSO-CSl 
RSO-RSl 
R/W 

0 -
DO-D7 

Notes: 
1. Voltage levels shown are V1L < 0.4 V, V1H > 2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.2 V, unless otherwise specified. 
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RECEIVE BAND-PASS FILTER AND REJECTION FILTER (input RAI, output RFO) 

Characteristic Symbol Min Typ Max Unit 

Low-Pass filter (Fs=288kHz) 

Reference gain Gref -0.5 - 0.5 dB 
(Vin~ 775 mVeff• f ~ 1800 Hz) 

Relative gain to Gref Grel 
0 Hz < f < 3000 Hz -0.4 - 0.3 dB 
f ~ 3200 Hz -3 - 0.3 dB 
f > 6250 Hz - - -60 dB 

Group propagation delay time lgp - - 300 µs 
If~ 1800 Hz) 

Group propagation delay time distortion lgpd - - 360 µs 
(600 Hz< f < 3000 Hz) 

High-Pass filter (Fs=72kHz) 

Reference gain I Gref -0.5 - 0.5 dB 

1---~Jn 775 rnVpff· I 1800 Ht) 
-----

Ht·l~l11Vf' q;1111 tr I r,r1·I 
u fl1. I !( HHl 0.4 - 0.3 dB 
I '1!Hlll1 3 - 0.5 dB 
I 111()!11 -25 dB 

' 
'" >Iii> l'I <Jfl.llj,J\I Jl1 d1·i.iy t11n1• j !J ~I 

I 
50 µs 

ii 1 HOil l!:I 

I I 
I 

I 
- ·-

l;r(Jup µrup.iq.1\1llr1 it(•l.iy t1!llf! d1slort1on Tgpd - - 450 µs 
(600 Hz< f · '.WOO Ht) 

High-Pass filter and rejection filter (Fs =72kHz) 

Reference gain Gref -1 - 0 dB 
{Vin= 775 mVeff· f = 1800 Hz) 

Relative gain to Gref Grel 
f '"" 100 Hz - - -25 dB 
f ~ 370 Hz - - -27 dB 
390 Hz< f < 450 Hz - - -30 dB 
f~470Hz - - -27 dB 
f ~ 900 Hz - - 0 dB 

!------ -
Group propagation delay time lgp - - 75 µs 
11 1 BOO Hz) 

(;roup propagation delay time distortion Tgpd - - 1400 µs 
(!JOO H1 < f < 3000 Hz) 

Note: The measurement frequencies are integer sub-multiples of filters sampling frequencies. 
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RECONSTRUCTION FILTER 

Characteristic Symbol Min Typ 

Reconstruction filter ifs 288kHz) 

Reference gain Gref -0.3 -
(Von = 775 mV elf• I = 2000 Hz) 

Relative gatn to Gref Grel 
0 Hz< f < 2900 Hz -0.4 -
I= 3100 Hz -3 -
f > 6000 Hz - -

Group propagation delay time Tgp - -
If= 1800Hz) 

Group propagation delay time distortion (600 Hz< f < 3000 Hz) Tgpd - -

Whole reception filtering chain (input RAI or LEI, output RFO) 

Reference gain Gref -0.5 
(Von = 775 mV elf· f = 2000 Hz, RC3 = $AO) 

Noise on RFO Nrfo -
(RAI, LEI, EEi tied to AGNO 250 Hz< f < 3200 Hz) 

PERFORMANCE OF RESIDUAL SIGNAL CHANNEL AND A/D CONVERTER 
(input EEi. output RR2) 

Characteristic Symbol Min 

Input voltage (peak to peak) Vin -
A/D converter resolution Resh -

Analog increment LSB -
Integral linearity error Eil -16 

Differential linearity error Edi -0.7 

Offset voltage Vos -100 

AGC AMPLIFIER AND AID CONVERTER (input AGC1, output RR1) 

Characteristic Symbol Min 

Relative gain to programmed gain Grel 
0 dB <; AGC <; 24 dB -0.5 

25.5 dB<; AGC <; 46.5 dB -1 

Offset voltage Vos -70 

CARRIER LEVEL DETECTOR (input AGC1, output CDR) 

Characteristic Symbol Min 

Relative threshold to programmed gain Trel 
0 dB < AGC < 24 dB -0.5 
25.5 dB <; AGC <; 46.5 dB -1 

Hysteresis ':!Yst 2 

Input offset voltage Vos 
1st threshold pair -1 

2nd threshold pair -2 

3rd threshold pair -3 

Detection delay time Tdd 1 
O mVetf to 775 mVeff transition 
or 775 mV eff to 0 Veff transition 
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-

-

Typ 

-
-
1.2 

-

-

-

Typ 

-
-
-

Typ 

-
-

-

-
-
-
-

Max Unit 

0.3 dB 

0.3 dB 
0.3 dB 

-60 dB 

300 µs 

440 µs 

0.5 dB 

300 µVeff 

Max Unit 

5 v 
---

12 Bit 

- mV 

16 LSB 

0.7 LSB 

100 LSB 

Max Unit 

0.5 dB 
1 dB 

70 LSB 

Max Unit 

0.5 dB 
1 dB 

3 dB 

1 mV 
2 mV 
3 mV 

3 ms 
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-2.5 
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0. 
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-20. 

-30. 

-40. 

-50. 

-60. 
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-130. 

o. 
-.1 

-.2 

-.3 

-.4 

-.5 

-.6 

-.7 

-.8 

-.9 

-1 

0 . 1. 2. 3. 4, 

Rx LOW-PASS FILTER TYPICAL RESPONSE ANO LIMITS CHART (Fs=288kHz) 

F REOUENCY (kHz) 

0. 5. 10. 15. 20. 25. 

Rx LOW·PASS FILTER TYPICAL RESPONSE AND LIMITS CHART (Fs=288kHz) 

0. 1. 

FREQUENCY (kHz) 

2. 3. 4. 

Rx LOW-PASS FILTER TYPICAL GROUP DELAY TIME AND LIMITS CHART (Fs=288kHz) 
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.5 .75 

Rx HIGH-PASS FILTER TYPICAL RESPONSE AND LIMITS CHART (Fs --72kHz) 

FREQUENCY (kHz) 
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1. 

Rx HIGH-PASS FILTER TYPICAL GROUP DELAY TIME AND LIMITS CHART IFs=72kHz) 
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(HP ANDREJ.: Fs=72kHz, LP: Fs=288kHz) 
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J SUFFIX 
CERDIP PACKAGE 

A51E 

PHYSICAL DIMENSIONS 

CB-132 

~ ~.' / ~~1'' 
., ... ',' ' 

ALSO AVAILABLE 
C SUFFIX 

CERAMIC PACKAGE 

" '" 

0,2 
O,J 

21 

111 Norrunald•mensoon 

P SUFFIX 
PLASTIC PACKAGE 

12) Truegeomemcalpa&<tlon 

28,,,. 

' F 144 CB-132 
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TS68952 
MODEM TRANSMIT/RECEIVE CLOCK GENERATOR --~~•~•~111111 .......... iiiiiiiiilliiiiiii 

DATA SHEET 

The TS68952 generates all the clock frequencies needed to implement 
standard voice-grade MODEMS up to 19200 bps according to the CCITT 
V.22, V.26, V.27, V.29, V.32 and V.33 or BELL 212A, 208 and 209 recom· 
mendations. 

It can be associated with the TS68950 and the TS68951 to give a 
MODEM Analog Front·End Chip Set. 

Main features: 

• Independent Tx and Rx clock generators with Digital Phase Locked 
Loops IDPLLsJ. 

• Tx DPLL synchronization on external terminal clock or internal Rx clock. 
• Four external clocks available (plesiochronous on Tx and Rx channels): 

bit rate clock, baud rate clock, sampling clock and multiplexing clock. 
• Chip programming and control via a standard 8 bit bus. 

BLOCK DIAGRAM 

TERMINAL CLOCI<: 

T~ SCLK --, 
ANALOG -- CL< 

FAONT·ENO ---[._!-----------, 

TS6119JO 
OR TS689Jl I 

I 
I XTAL2 

L---6--.&------~~~------J 
OGNO V + 
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COMMUNICATIONS PRODUCTS 

SILICON GATE 
CMOS 

MODEM TRANSMIT /RECEIVE 
CLOCK GENERATOR 

CASE CB-132 

P SUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 
C SUFFIX 

CERAMIC PACKAGE 

J SUFFIX 
CERDIP PACKAGE 

PIN ASSIGNMENT 

D5 28 04 

D6 27 03 

07 26 D2 

E 25 01 

Riw 24 TxCCLK 

cso 23 TxCLK 

CS1 22 AxCLK 

RSO 21 AxCCLK 

RS1 20 AxACLK 

TO 10 19 AxMCLK 

TxSCLK 11 18 TxMCLK 

DGND 12 17 
. 

v 
XTAL1 13 16 TxRCLK 

XTAL2 14 15 CLK 



PIN DESCRIPTION 

Name No. Description 

05-07 1 ·3 Data bus inputs to internal re9isters 

E 4 Enable input. Data are strobed on the posit1ve transitions of this input 

R/W 5 Read/Write selecti~n input. lnterrial registers can be written when R/W = 0. Reading mode is 
only used for Rx analog front-end chip 

CSO-CS1 6-7 Chip Select inputs. The chip set is selected when CSO = O and CS 1 = 1 

RSO-RS1 8-9 Register Select inputs. Used to select address or·control registers 

TO 10 Test Output. Must be left open 

TxSCLK 11 Tiansmit Synchronizing Clock input. Normally tied to an external terminal clock. When this 
pin is tied to a permanent logical level, transmit DPLLfree-runs or can be synchronized to the 

receive clock system. 
OGNO 12 D191tal ground= 0 V. Afhfig1tal signals are referenced to this pin 

XTAL1 13 Crystal oscillator or pulse ge'nerator input 

XTAL2 14 Crystal oscillator output 

CLK 15 1.44 MHz Clock output. Useful for Tx and Rx analog front~end chips 

TxRCLK 16 Transmit baud Rate Clock output 

v· 17 Pos1t1ve power supply voltage ::::: + 5 V ± 5 % 

TxMCLK 18 Transmit Multiplexing Clock output 

RxMCLK 19 Receive Multiplexing Clock output 

RxRCLK 20 Receive baud Rate Clock output 

RxCCLK 21 Receive ConverSio·n Clock output 

RxCLK 22 Receive bit rate Clock output 

TxCLK 23 Transmit bit rate Clock output 

TxCCLK 24 Transmit Conversion Clock output 

01-04 25-28 Data bus inputs to internal registers (DO is not used) 

FUNCTIONAL DESCRIPTION Front-End that also includes the TS68950 transmitting 
analog interface and the TS68951 receiving analog 
interface. 

The TS68952 is a purely digital circuit that synthesises 
all the frequencies requested to implement synchro
nousvo1ce-grade MODE Ms from 1200 bps to 19200 bps. 
It consists of two clock generators using Digital Phase 
Locked Loops (DPLLs). Frequency programming and 
DPLL updating can be obtained through four control 
registers accessed by indirect or cyclical addressing. 

This circuit is a part of a three chip Modem Analog 

INTERNAL 
2.88 MHz CLOCK 

DPLL OUTPUT 

LEAD 

POWER-UP INITIAL CONDITIONS 

Following power-up, the eight transmit and receive 
clock outputs are undefined and may deliver any fre
quencies. Control registers RC1 and RC2 must be prop
erly programmed to obtain the wanted operation. 

LAG 

FIGURE 1 - DPLL LEAD AND LAG 
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CLOCK GENERATION 

Master clock is obtained from either a crystal tied 
between XTAL 1 and XTAL2 pins or an external signal 
connected to the XTAL 1 ptn; in this case, the XTAL2 pin 
should be left open. Clock frequency nominal value is 
5.76 MHz, but 512 MHz and 5.40 MHz frequencies are 
also specified for particular applications. 
The different transmit (Tx) and receive (Rx) clocks are 
obtained by frequency division in several counters and 
output selection through digital multiplexers. They can 
be synchronized on external signal via two independent 
digital phase locked loops (DPLL). 

TRANSMIT DPLL 

As shown on figure 1, the TxDPLL operates by adding or 
subtracting pulses to a 2.88 MHz internal clock, with a 
reference frequency that is a submultiple of the pro
grammed "rate clock" frequency. This corresponds to 
phase leads or phase lags of about 350 ns duration, 
more precisely, two master clock periods 
The Tx DPLL can be synchronized on an external termi
nal clock tied to TxSCLK pin or on the receive bit clock 
RxCLK internally generated from the RxDPLL It can 
also free-run without any phase shift, when the TxSCLK 
input is tied to a fixed logical level 

TRANSMIT CLOCKS 

The TS68952 delivers four synchronous Tx clocks: 

• a bit clock, TxCLK, whose frequency equals the bit 
rate of the MODEM, 

• a baud clock, TxRCLK, whose frequency equals the 
baud rate of the MODEM, 

• a conversion clock, TxCCLK, that gives the sampling 
frequency of the Tx converter, 

• a multiplexing clock, TxMCLK, usable when several 
terminals are multiplexed on a single physical link. 

The frequencies of these four clocks are programmable 
through RC1 and RC2 control registers. Their cyclical 
ratio is exactly 1 . 2, except for the 16.8 kHz frequency 
whose cyclical ratio is slightly modulated around 1 : 2, 
and their relative phase locking is ensured without user 
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intervention, by periodic reset of the counters. 

Immediate phasing of these clocks on the synchroniz
ing external TxSCLK or internal RxCLK clock can be 
obtained through bit 7 of RC8 register. The content of 
this register is automatically cleared after phasing 
completion. 

The TS68952 also delivers, on pin CLK, a 1.44 MHz 
clock that is synchronous with the Tx clock system and 
will be used as the main clock of the TS68950/51 
analog interface circuits 

RECEIVE DPLL 

RxDPLL phase shifts are performed by addition and 
subtraction of pulses from an internal 1.44 MHz clock 
under the control of RCS register. Two modes of 
operation are provided: 

• a coarse phase lag whose amplitude has been 
loaded into RC7 register, can be controlled by one bit 
of RC8 register. This mode is useful for a fast syn
chronization of the RxDPLL. The phase lag is 
obtained by suppressing a variable number of pulses 
at the input of the counters, 

• a fine phase shift with lead or lag amplitude equal to 
two master clock periods, can be controlled by two 
bits of RCS. This mode corresponds to normal opera
tion. The phase shifts are obtained by addition or 
suppression of pulses as indicated in figure 1. 

RC8 register is automatically cleared when the pro
grammed phase shift is completed. Simultaneous pro· 
gramming of Tx and Rx control bits of this register has to 
be avoided. 

RECEIVE CLOCKS 

The TS68952 delivers lour Rx clocks with the same 
nominal frequency values as their Tx counterparts: 

• a bit clock RxCLK, 
• a baud clock RxRCLK, 
• a conversion clock RxCCLK, 
• a multiplexing clock RxMCLK. 

The Rx and Tx output clocks are plesiochronous. 



BIT CLOCK FREQUENCY PROGRAMMING (Tx AND Rx) 

RC1 REGISTER 

07 06 05 04 03 02 01 OUTPUT FREQUENCY (kHz} 

HB4 HB3 HB2 HB1 HR3 HR2 HR1 Fa~ 5.76 MHz Fa~ 5.40 MHz Fa~ 5.12 MHz 

0 0 0 0 19.2 

0 0 0 1 16.8 

0 0 1 0 14.4 

0 0 1 1 12.0 

0 1 0 0 9.6 

0 1 0 1 7.2 6.4 

0 1 1 0 6.4 

0 1 1 1 6.0 

1 0 0 0 4.8 

1 0 0 1 3.2 3.0 

1 0 1 0 2.4 , 0 1 1 1.2 

1 1 0 0 0.6 

1 1 0 1 0.6 

1 1 1 0 0.6 

1 1 1 1 0.6 

Fa ~ crystal oscillator frequency 

RATE CLOCK FREQUENCY PROGRAMMING (Tx AND Rx) 

RC1 REGISTER 

07 06 05 04 03 02 01 OUTPUT FR EOUENCY (kHz} 

HB4 HB3 HB2 HB1 HR3 HR2 HR1 Fa~ 5.76 MHz Fa~ 5.40 MHz Fa~ 5.12 MHz 

0 0 0 2.4 2.t 33 

0 0 1 2.0• 

o. 1 0 1.6'" 1.5 

0 1 1 1.2 

1 0 0 0.6 

1 0 1 0.6 

1 1 0 0.6 

1 1 1 0.6 

Note: Phase shift frequency of Tx DPLL is 600 Hz except for l*l 1000 Hz and for(**) 
2000 Hz. 
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CONVERSION CLOCK FREQUENCY PROGRAMMING (Tx AND Rx) 

RC2 REGISTER 

07 06 05 04 03 02 01 OUTPUT FREQUENCY (kHz) 

HM3 HM2 HM1 HS2 HS1 '1_THR - Fa= 6.76 MHz Fa= 5.40 MHz Fa= 6.12 MHz 

0 0 9.6 9.0 8.533 

0 1 8.0 7.5 

1 0 7.2 

1 1 7.2 

MULTIPLEXING CLOCK FREQUENCY PROGRAMMING (Tx AND Rx) 

RC2 REGISTER 

07 06 05 04 03 02 01 OUTPUT FREQUENCY (kHz) 

HM3 HM2 HM1 HS2 HS1 HTHR - Fa= 5.76 MHz 

0 0 0 1440 

0 0 1 288 

0 1 0 12 

0 1 1 9.6 

1 0 0 7.2 

1 0 1 4.8 

1 1 0 2.4 

1 1 1 1.2 

Tx SYNCHRONIZATION SIGNAL PROGRAMMING 

RC2 REGISTER 

07 06 05 04 03 02 01 

HM3 HM2 HM1 HS2 HS1 HTHR - SYNCHRONIZATION SIGNAL 

0 RxCLK 

1 TxSCLK (note 1) 

Note: 1 - TxDPLL free-runs if there is no transition on this input. 

Tx CLOCK GENERAL RESET 

RCS REGISTER !notes 2,3) 

07 06 05 04 03 02 01 RESETTING TRANSITION 

MPEJSPRlAvRej_VAlllNITl- l -
1Jol o}oJoI l Next negative-going transition on synchronization clock 

Note: 2 - RCS register is cleared after the programmed control operation is completed. 

Note: 3 - INIT bit is only used for test purpose, 
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Rx CLOCK PHASE SHIFT PROGRAMMING 

RCS REGISTER lnote 21 

D7 D6 D5 D4 D3 D2 D1 

MPE SPR AVRE VAL INIT - - ACTION ON Rx DPLL 

0 1 0 0 0 Phase lag of programmed amplitude 

0 0 0 1 0 Phase lag of two main clock periods 

0 0 1 1 0 P~ase lead of two main clock periods 

Rx CLOCK PHASE SHIFT AMPLITUDE PROGRAMMING 

RC7 REGISTER 

D7 D6 D5 D4 D3 D2 D1 PHASE SHIFT IN DEGREES 

SP5 SP4 SP3 SP2 SP1 - - 1200 bauds"' 1600 bauds 
NUMBER OF MASTER CLOCK 

PULSES SUPPRESSED 

0 0 0 0 0 1.5 2 20 

0 0 0 0 1 3 4 40 

0 0 0 1 0 4.5 6 60 

0 0 0 1 1 6 8 80 

0 0 1 0 0 7.5 10 100 

0 0 1 0 1 9 12 120 

0 0 1 1 0 10.5· 14 140 

0 0 1 1 1 12 16 160 

0 1 0 0 0 13.5 18 180 

0 1 0 0 1 15 20 200 

0 1 0 1 0 16.5 22 220 

0 1 0 1 1 18 24 240 

0 1 1 0 0 19.5 26 260 

0 1 1 0 1 21 28 280 

0 1 1 1 0 22.5 30 300 

0 1. 1 1 1 24 32 320 

1 0 0 0 0 22.5 30 300 

1 0 0 0 1 45 60 600 

1 0 0 1 0 67.5 90 900 

1 0 0 1 1 90 120 1200 

1 0 1 0 0 112.5 150 1500 

1 0 1 0 1 135 180 1800 

1 0 1 1 0 157.5 210 2100 

1 0 1 1 1 180 240 2400 

1 1 0 0 0 202.5 270 2700 

1 1 0 0 1 225 300 3000 

1 1 0 1 0 247.5 330 3300 

1 1 0 1 1 270 360 3600 

1 1 1 0 0 292.5 3900 

1 1 1 0 1 315 4200 

1 1 1 1 0 337.5 4500 

1 1 1 1 1 360 4800 

(*) 2400 bauds: multiply by two. 600 bauds: divide by two. 
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DATA BUS CONTROL address is stored in the 3 bit ARC register. After each 
write operation to a control register, the ARC register 
value is automatically increased by one. This allows 
cyclical addressing of the eight registers of the MODEM 
chip set 

Six signals control the access from the bus to the inter
nal registers according to the table and the timing dia
gram given below. Control registers are written using an 
indirect addressing mode where the internal 

R/W cso CS1 RSO RS1 E ACCESSED REGISTER 

,_o_,_o_,__1 -+-1-+-0-+~S=o--+--A_d_dr_e_ss_r_e~g1_sr_e_r A_RC _________ _ 

0 0 1 1 t J Control register whose address is in ARC 

BUS TIMING DIAGRAM 

R/W, CSO, CS 1 x x RSO, RS1 

DATA BUS x INPUT I x D1 : D7 DATA I 
VALID I 

I 
I 

ENABLE E \ l 
I 
I DATA STROBING 

DATA FORMAT 

DATA LOADED IN ARC 

07 D6 D5 

ARCJ ARC2 ARC1 ADDRESSED REGISTER 

0 0 0 RC1 r---r--- -- j--------------, 
0 0 1 RC2 

1----1----+-------t---------------1 
1 1 0 RC7 

---- t-----1 ----t----------------, 
1 1 1 RCS 
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MAXIMUM RATINGS 

RATING MIN. MAX. 

v+ supply voltage to DGNO ground -0.3 v 7V 

Voltage at any input or output DGND -0.3 V v• + o.3 v 

Current at any output -20mA 20 mA 

Power dissipation 500mW 

Operating temperature range 0°C 70 °C 

Storage temperature range -65 °C + 150°C 

OPERATING RANGE 

Ambient temperature v· DGND 

0°c::::;;1 mb::::;;+10°c + 5.0 v ± 5 % ov 

ELECTRICAL OPERATING CHARACTERISTICS 

Unless otherwise noted, electrical characteristics are specified over the operating range. Typical values are given 
for v· = 5.0 v and lamb = 25 °C. 

CHARACTERISTIC SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 
-

Power dissipation 

Positive supply current 1• 5.0 mA 

Digital interface 

Input low level voltage V1L 0.8 v v 

Input high level voltage V1H 2.2 v 

Input low level current l1L OGND ~ V1 ::::;; V1L max -10 10 µA 

Input high level current llH V1H min::::;; V1::::;; V+ -10 10 µA 

Output low level current Vol IQ= 2.5 mA 04 v 

Output high level current ~H IQ= - 2.5 mA 2.4 v 

Crystal oscillator interface 

Input low level voltage V1L 1 5 v 

Input high level voltage V1H 3.5 v 

Input low level current l1L DGND-::;:; V1,::;;; VJL max - 15 µA 

Input high level current l1H V1H min ,::;;; V1 ~ V" 15 µA 
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TIMING CHARACTERISTICS 

CHARACTERISTIC 

Control signals set-up time 

Control signals hold time 

Data-in set-up time 

Data-in hold time 

Enable signal low level width 

CONTROL SIGNALS 
CSO,CSl 
RSO, RS1 
R/W 

ENABLE SIGNAL 
E 

DATA BUS 
01 '07 

SYMBOL 

•scE 

'HCE 

tsrn 
IHOI 

'WE 

2.2 v 

0.8 v 

1SCE 

CONOITIONS MIN. TYP. 

Data bus access 

ES(), CS1, RSO. RS1, R/Wto E 40 

CSO, CS1, RSO, RS1, A/W to E 10 

01 07 to E 120 

01 07 to E 10 

E 180 

1WE lHCE 

2.2 v 

0.8 v 

tsD1 
..+--i- tHDI 
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INPUT 
DATA 
VALID 

2.2 v 

0.8 v 

MAX. UNIT 

ns 

ns 

ns 

ns 

ns 



TIMING CHARACTERISTICS (continued) 

CHARACTERISTIC SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Clock wave forms 

,_M_a_1_n_cl_o_ck_p_e_ri_od ______ ~---+--X_TA_L_1_1_n~pu_1 ______ __,__1s_o_+-1_7._3_.6-+----+--"•--1 

Main clock low level width twCL XTAL 1 input 50 ns 

Main clock high level width twcH XTAL1 input 50 ns 

Main clock rise time ----+-'~R~C ___ +-__ XT_A __ L_1_1_np_u_1 ______ ----+----+- _so_-+--_ns _ _, 

Main clack fall time tFC XTAL1 input 50 ns 

,_C_lo_c_k_o_ut_p_u_t d._e_la._y_t __ im_e __ ~--t-~DC _--+-~11 clock outputs CL ~ 50 e~ ___ __,_ __ _,_s_o_o _ __,'--_n_s----1 

Clock output transition time trc All clock outputs CL~- 50 pF 100 

MAIN CLOCK 
INPUT 

XTAL 1 

1.5 v 

1RC 

CLOCK OUTPUTS 
19 CLOCKS) 

3.5 v 

PC 

twcH 

IFC-ao-+--+..._-'_D_C__,~ 

2.2 v 

0.8 v 
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DSP 

TS68930 
or TS68931 

CTRL 

Tx AND Rx 
CLOCKS 

TERMINAL CLOCK 

TYPICAL APPLICATION 

TxANALOGINTERFACE~A_T_O-'-~--. 

TS68950 

8 SITS 

Rx ANALOG INTERFACE 

TS68951 
TS68952 

CLOCK GENERATOR 
Tx AND Rx 

CLOCKS 

T T 

MODEM ANALOG FRONT-ENO CHIP SET 

NOTE: ~Digital ground 

7 Analog ground 
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ALSO AVAILABLE 

CSUFFIX 
CERAMIC PACKAGE 

PHYSICAL DIMENSIONS 

CB-132 

PSUFFIX 
PLASTIC PACKAGE 

JSUFFIX 
CERDIP PACKAGE 

~~~· 
soa- ' i ' , I ' _u_•--:_T"":-~'11--tl 

I 177mOll Q2 .. "' 

: f ::~;~~:=~~l~ ;-=-t ,,, 
DIN ' A51E F 144 CB-132 

CEI 0.A.T.A. JEDEC SITElHC 
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CHAPTER 8 - DATA COMMUNICATIONS ICs 





--~~-•-•-MDSTEK 

FEATURES 

[~ 100% compatible with Ethernet and IEEE 802.3 
specifications 

D Data packets moved by block transfers over a 
processor bus (on-board OMA controller 24-bit linear 
address space) 

D Butter management 

[] Packet framing 

D Preamble and Cyclic Redundancy Check (CRC) 
insertion 

D Preamble stripping and CRC verification 

0 General 16-bit microprocessor bus interface com
patible with popular processors (68000, 8086, 
Z8000, LSl-11) 

[J Cable fault detection 

CJ Multicast logical address filtration 

lJ Collision handling and retry 

D Scaled N-channel MOS VLSI technology 

D 48-pin DIP 

[J Single 5-volt power supply 

LJ Single phase TTL level clock 

D All inputs and outputs TTL compatible 

D Completely compatible with companion Serial Inter
face Adapter (SIA) chip MK68591/2. 

DESCRIPTION 

The MK68590-LANCE™ (Local Area Network Con
troller tor Ethernet) is a 48-pin VLSI device that simpli
fies the interfacing of a microcomputer or a 
minicomputer to an Ethernet Local Area Network. This 
chip operates in a local environment that includes a 
closely coupled memory and microprocessor. The 
LANCE uses scaled N-channel MOS technology and 
is compatible with several microprocessors. 

LANCE is a trademark of Thomson Components ~ Mostek Corporation. 
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MK68590 (P,N) 
LOCAL AREA NETWORK 

CONTROLLER FOR ETHERNET 

Figure 1. MK68590 

Vss 48 Vee 
DAL07 47 DA LOB 

DAL06 46 DAL09 

OAL05 45 DAL10 

DAL04 44 DAL11 

DAL03 43 DAL12 

DAL02 42 DAL13 

DAL01 41 DAL14 

DA LOO 40 DAL15 

READ 10 39 A 16 

INTA 11 38 A 17 

DALI 12 MK68590 37 A 18 

DALO 13 36 A 19 

DAS 14 35 A20 

EiMDIBYTE 15 34 A 21 

BM1 IBUSAKO 16 33 A22 

HOLOIBUSRQ 17 32 A 23 

ALE/ AS 18 31 RX 

HLDA 19 30 RENA 

Cs 20 79 TX 

ADR 21 28 CLSN 

R"EADY 22 27 RCLK 

RESET 23 26 TENA 

Vss 24 25 TCLK 

Figure 2. LANCE Pin Assignment 



PIN DESCRIPTION 

DALOO-DAL15 
(Data/Address Bus~ . 
Input/Output Three State. The time multiplexed Ad
dress/Data bus. These lines will be driven as a bus 
master and as a bus slave. 

READ 
Input/Output Three State. Indicates the type of opera
tion to be performed in the current bus cycle. When it 
is a bus master, LANCE drives this signal. 

LANCE as bus slave: 
High - The chip places data on the DAL lines. 
Low - The chip takes data off the DAL lines. 

LANCE as bus master: 
High - The chip takes data off the DAL lines. 
Low - The chip places data on the DAL lines. 

INTR 
(Interrupt) 
Output Open Drain: When enabled, an attention sig
nal that indicates the occurrence of one or more of the 
following events: a message reception or transmission 
has completed or an error has occurred during the 
transaction; the initialization procedure has completed; 
or a memory error has been encountered. Setting INEA 
in CSRO (bit 06) enables INTR. 

DALI 
(Data/Address Line In) 
Output Three State. An external bus transceiver con
trol line. When LANCE is a bus master and reads from 
the DAL lines, DALI is asserted during the data portion 
of the transfer. 

DALO 
(Data/Address Line Out) 
Output Three State. An external bus transceiver con
trol line. When LANCE is a bus master and drives the 
DAL lines, DALO is asserted during the address por
tion of a read transfer or for the duration of a write 
transfer. 

DAS 
(Data/Strobe) 
Input/Output Three State. Defines the data portion of 
the bus transaction. DAS is driven only as a bus master. 

BMO,BM1 orBYTE,BUSAKO 
(Byte Mask) 
Output Three State. Pins 15 and 16 are programmable 
through bit (00) of CSR3 (known as BCON). Asserting 
RESET clears CSR3. 

f BCON = 0 
PIN 16 = BM1 (Output Three State) 
PIN 15 = BMO (Output Three State) 
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BMO, BM1 Byte Mask. Indicates the byte(s) of a bus 
transaction to be read or written. The BM lines are 
ignored as a bus slave and assume word transfers only. 
The LANCE drives ttw BM lines only when it is a bus 
rnaster. Byte selection occurs as follows: 

Whole Word Low Low 
Low High 
High Low 
High High 

Byte of DAL 08 - DAL 15 
Byte of DAL 00 - DAL 07 
None 

If BCON = 1 
PIN 16 = BUSAKO (Output) 
PIN 15 = BYTE (Output Three State) 

BYTE. An alternate byte selection line. Byte selection 
occurs when the BYTE and DAL (00) lines are latched 
during the address portion of the bus transaction. 
BYTE, BMO and BM1 are ignored when LANCE is a bus 
slave. There are two modes of ordering bytes depend
ing on bit (02) of CSR3, (known as BSWP). This 
programmable ordering of upper and lower bytes when 
using BYTE and DAL (00) as selection signals is re
quired to make the ordering compatible with various 
16-bit microprocessors. 

BSWP = 0 BSWP = 1 

BYTE DAL(OO) BYTE DAL(OO) 

Low 
Low 
High 
High 

Low 
High 
High 
Low 

Low 
Low 
High 
High 

Low 
High 
Low 
High 

Whole Word 
Illegal Condition 
Upper Byte 
Lower Byte 

BUSAKO. The OMA daisy chain output. 

HOLD/BUSRQ 
(Bus Hold Request) 
Input/Output Open Drain. LANCE asserts this signal 
when it requires access to memory. HOLD is held low 
for the entire bus transaction. This bit is programma
ble through bit (00) of CSR3 (known as BCON). In the 
daisy chain OMA mode (BCON = 1) BUSRQ is assert
ed only if BUSRQ is inactive prior to assertion. Bit (00) 
of CSR3 is cleared when RESET is asserted. 

CSR3(00) BCON = 0 
PIN 17 = HOLD (Output Open Drain) 

CSR3(00) BCON = 1 
PIN 17 = BUSRQ (Output Open Drain) 
BUSRQ will be asserted only if PIN 17 is high prior 
to assertion. 

ALE/AS 
(Address Latch Enable) 
Output Three State. Used to demultiplex the DAL lines 
and define the address portion of the bus cycle. This 



pin is programmable through bit (01) of CSR3. As ALE, 
the signal transitions from high to low at the end of the 
address portion of the bus the address portion of the 
bus transaction and remains low during the entire data 
portion of the transaction. As AS, the signal transitions 
from low to high at the end of the address portion of 
the bus transaction and remains high throughout the 
entire data portion of the transaction. The LANCE drives 
the ALE/AS line only as a bus master. 

CSR3(01) ACON = 0 
PIN 31 =ALE 

CSR3(01) ACON = 1 
PIN 31 =AS 

HLDA 
(Bus Hold Acknowledge) 
Input. A response to HOLD indicating that the LANCE 
is the Bus Master. HLDA stops its response when HOLD 
ends its assertion. 

cs 
(Chip Select) 
Input. When asserted, CS indicates LANCE is the slave 
device of the data transfer. CS must be valid throughout 
the data portion of the bus cycle. 

ADR 
(Register Address Port Select) 
Input. When CS is asserted, ADR indicates which of the 
two register ports is selected. ADR must be valid 
throughout the data portion of the bus cycle. 

ADR 

Low 
High 

READY 

PORT 

Register Data Port 
Register Address Port 

Input/Output Open Drain. When the LANCE is a bus 
master, READY is an asynchronous acknowledgement 
from external memory that will complete the data trans
fer. As a bus slave, the chip asserts READY when it has 
put data on the bus, or is about to take data off the bus. 
READY is a response to DAS. READY negates after 
DAS negates. Note: If DAS or CS deassert prior to the 
assertion of READY, READY cannot assert. 

RESET 
Input. Bus reset signal. Causes LANCE to cease oper
ation and to enter an idle state. 

TLCK 
(Transmit Clock) 
Input. Normally a free-running 10 MHz clock (crystal
controlled within 0.01% accuracy). 

TENA 
(Transmit Enable) 
Output. Transmit Output Stream Enable. A level 
asserted with the transmit output bit stream, TX, to ena
ble the external transmit logic. 
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RCLK 
(Receive Clock) 
Input. Normally a 10 MHz square wave synchronized 
to the receive data and present only while receiving an 
input bit stream. 

CLSN 
(Collision) 
Input. A logical input that indicates that a collision is 
occurring on the channel. 

TX 
(Transmit) 
Output. Transmit output bit stream. 

RENA 
(Receive Enable) 
Input. A logical input that indicates the presence of data 
on the channel. 

RX 
(Receive) 
Input. Receive input bit stream. 

A16-A23 
(High-Order Address Bus) 
Output Three State. The additional address bits neces
sary to extend the DAL lines to produce a 24-bit ad
dress. These lines will be driven only as a bus master. 

vcc 
Power supply pin. +5 VDC ±5 percent. 

VSS 
Ground. O VDC. 

FUNCTIONAL CAPABILITIES 

The LANCE interfaces to a microprocessor bus charac
terized by time-multiplexed address and data lines. Typi
cally, data transfers are 16 bits wide but byte transfers 
occur if the buffer memory address boundaries are odd. 
The address bus is 24 bits wide. 

The Ethernet packet format consists of 64-bit pream
ble, a 48-bit destination address, a 48-bit source ad
dress, a 16-bit type field, and from a 46 to 1500 byte 
data field terminated with a 32-bit CRC. The packets' 
variable widths accommodate both short-status com
mand and terminal traffic packets and long data pack
ets to printers and disks (1024-byte disk sectors, for 
example). Packets are spaced a minimum of 9.6 µsec 
apart to allow one node enough time to receive back
to-back packets. 

The LANCE operates in a minimal configuration that 
requires close coupling between local memory and a 
processor. The local memory provides packet buffering 



for the chip and serves as a communication link be
tween chip and processor. During initialization, the con
trol processor loads the starting address of the 
initialization block plus the operating mode of the chip 
via two ports that can access four control registers into 
LANCE. The host processor talks directly to LANCE 
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MICROPROCESSOR 

• MK68200 
• MK68000 
• 18086 
• Z8000 
• LSl-11 
• T-11 

LOCAL AREA 
NETWORK 

only during this initial phase. All further communications 
are handled via a Direct Memory Access (DMA) 
machine under microword control contained within 
LANCE. Figure 3 shows a block diagram of the LANCE 
and SIA device used to create an Ethernet interface for 
a computer system. 

1".fATA 
CONTROLLER FOR 

~ 
SERIAL 

I-A - - ETHERNET INTERFACE 

2.;.;.DDRESS 
ADAPTER 

(LANCE) (SIA) 

POWER ~ 
LOCAL 
MEMORY 

NETWORK INTERFACE MODULE 

Figure 3. Ethernet Local Area Network System Block Diagram 
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FUNCTIONAL DESCRIPTION 

SERIAL DATA HANDLING 

LANCE provides the Ethernet interface as follows. In 
the transmit mode (since there is only one transmission 
path, Ethernet is a half duplex system), the LANCE 
reads data from a transmit buffer by using DMA and 
appends the preamble, sync pattern (two ones after al
ternating ones and zeros in the preamble), and calcu
lates and appends the complement of the 32-bit CRC. 
In the receive mode, the destination address, source 
address, type, data, and CRC fields are transferred to 
memory via DMA cycles. The CRC is calculated as data 
and transmitted CRC is received. At the end of the pack
et, if this calculated CRC does not agree with a 
constant, an error bit is set in RDM1 of the receiver 
descriptor ring. In the receive mode, LANCE accepts 
packets under four modes of operation. The first mode 
is a full comparison of the 48-bit destination address 
in the packet with the node address that was 
programmed into the LANCE during an initialization cy
cle. There are two types of logical addresses. One is 
a group type mask where the 48-bit address in the pack
et is put through a hash filter in order to map the 48-bit 
physical addresses into 1 of 64 logical groups. This 
mode can be useful if simultaneously sending packets 
to all of one type of a device on the network. (i.e., send 
a packet to all file servers or all printer servers). The 
second logical address is a multicast address where 
all nodes on the network receive the packet. The last 
receive mode of operation is the so called "promiscu
ous mode" in which a node will accept all packets on 
the cable regardless of their destination address. 

COLLISION DETECTION AND IMPLEMENTATION 

The Ethernet CSMA/CD network access algorithm is 
implemented completely within LANCE. In addition to 
listening for a clear network cable before transmitting, 
Ethernet handles collisions in a predetermined way. 
Should two transmitters attempt to seize the network 
cable at the same time, they will collide, and the data 
on the network cable will be garbled. LANCE is con
stantly monitoring the Collision (CLSN) pin. This sig
nal is generated by the transceiver when the signal level 
on the network cable indicates the presence of signals 
from two or more transmitters. If LANCE is transmitting 
when CLSN is asserted, it will continue to transmit the 
preamble (collisions normally occur while the pream
ble is being transmitted), then will "jam" the network 
for 32 bit times (3.2 microseconds). This jamming en
sures that all nodes have enough time to detect the col
lision. The transmitting nodes then delay a random 
amount of time according to the "truncated binary back
off" algorithm defined in the Ethernet specification to 
minimize the probability of the colliding nodes having 
multiple collisions with each other. After 16 abortive at
tempts to transmit a packet, LANCE will report a RTRY 
error due to excessive collisions and step over the trans-
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mitter buffer. During reception, the detection of a colli
sion causes that reception to be aborted. Depending 
on when the collision occurred, LANCE will treat this 
packet as an error packet if the packet has an address 
mismatch, as a runt packet (a packet that has less than 
64 bytes), or as a legal length packet with a CRC error. 

Fatal error reporting is provided by LANCE through a 
microprocessor interrupt and error flags in CSRO. 
Significant error conditions are late collision on received 
data, transmitter on longer than 1518 bytes, missed 
packet, and memory error (in which the memory did not 
respond, READY did not assert, to a memory cycle 
request). 

Additional errors are reported through bits in the 
descriptor rings (on a buffer by buffer basis). Receive 
error conditions include framing, CRC and buffer errors, 
and overflow. Transmit descriptor rings have error bits 
indicating buffer, underflow, late collision, and loss of 
carrier. Additionally, transmit descriptor rings have a bit 
indicating that the transmitter has unsuccessfully tried 
to transmit over a busy communication link. 

Transmit descriptor rings also have nine bits reserved 
for a Time Domain Reflectometry counter (TDR). On the 
occurrance of a collision, the value in the TDR will give 
the number of system clocks until the collision, which 
can be used to determine the distance to the fault. 

BUFFER MANAGEMENT 

A key feature of the LANCE and its DMA channel is the 
flexibility and speed of communication between the 
LANCE and the host microprocessor through common 
memory locations. The basic organization of the buffer 
management is a circular queue of tasks in memory 
called descriptor rings, as shown in Figure 4. These 
rings control both transmit and receive operations. Up 
to 128 tasks may be queued on a descriptor ring for ex
ecution by the LANCE. Each entry in a descriptor ring 
holds a pointer to a data memory buffer and an entry 
for the data buffer length. Data buffers can be chained 
or cascaded to handle a long packet in multiple data 
buffer areas. The LANCE searches the descriptor rings 
to determine the next empty buffer. This enables it to 
chain buffers together or to handle back-to-back pack
ets. As each buffer is filled, an "own" bit is reset, sig
naling the host processor to empty this buffer. 

MICROPROCESSOR INTERFACE 

The parallel interface of LANCE has been designed to 
be "friendly", or easy to interface, to many popular 16-bit 
microprocessors. These microprocessors include the 
MK68000, Z8ooo, 8086, LSl-11, T-11, and MK68200 (the 
MK68200 is a 16-bit single chip microcomputer 
produced by Mostek, the architecture of which is mo
deled after the MK68000). LANCE has a wide 24-bit 
linear address space when in the Buster Master Mode, 



allowing it to OMA the entire address space of the above 
microprocessors. LANCE uses no segmentation or 
paging methods. As such, LANCE addressing is closest 
to MK68000 addressing, but is compatible with the 
other microprocessors. When LANCE is a bus master, 
a programmable mode of operation allows byte 
addressing, either by employing a Byte/Word control 
signal (much like that used on the 8086 or the Z8000) 
or by using an Upper Data Strobe/Lower Data Strobe 
much like that used on the MK68000, LSl-11 and 
MK68200 microprocessors. A programmable polarity on 
the Address Strobe signal eliminates the need for 
external logic. LANCE interfaces with multiplexed and 

LANCE CSA REGISTERS 

demultiplexed data busses and features control signals 
for address/data bus transceivers. 

After the initialization routine, packet reception or trans
mission, transmitter timeout error, a missed packet, or 
memory error, LANCE generates an interrupt to the host 
microprocessor. 

The cause of the interrupt is ascertained by reading 
CSRO. Bit (06) of CSRO, INEA, enables or disables 
interrupts to the microprocessor. In a polling mode, BIT 
(07) of CSRO is sampled to determine when an inter
rupt causing condition occurred. 

RECEIVE BUFFER 

POINTER TO INITIALIZATION 
BLOCK 

RECEIVE DESCRIPTOR RINGS 

INITIALIZATION 
BLOCK 

MODE OF OPERATION 

PHYSICAL ADDRESS 

LOGICAL ADDRESS FILTER 

POINTER TO RECEIVE RINGS 

NUMBER OF RECEIVE ENTRIES 

POINTER TO TRANSMIT RINGS 

NUMBER OF TRANSMIT ENTRIES 

ADDRESS OF RECEIVE BUFFER 0 

BUFFERDSTATUS 

BUFFER 0 BYTE COUNT 

• 
• 
• 
N 

N 

N 

TRANSMIT DESCRIPTOR RINGS 

ADORES$ OF TRANSMIT BUFFERS 0 

BUFFER 0 STATUS 

BUFFER 0 BYTE COUNT 

• 
• 
• 
N 

N 

N 

Figure 4. LANCE Memory Management 
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LANCE INTERFACE DESCRIPTION 

ALE, DAS and READY time all data transfers from the 
LANCE in the Bus Master mode. The automatic adjust
ment of the LANCE cycle by the READY signal allows 
synchronization with variable cycle time memory due 
either to memory refresh or to dual port access. Bus 
cycles are a minimum of 600 ns long and can be 
increased in 100 ns increments. 

READ SEQUENCE 

At the beginning of a read cycle, valid addresses are 
placed on DALOO-DAL15 and A16-A21. The BYTE Mask 
signals (BMO and BM1) become valid at the beginning 
of this cycle as does READ, indicating the type of cy
cle. The trailing edge of ALE or AS strobes the 
addresses AO-A15 into the external latches. Approxi
mately 100 ns later, DALOO-DAL15 go into a three state 
mode. There is a 50 ns delay to allow for transceiver 
turnaround, then DAS falls low to signal the beginning 
of the data portion of the cycle. At this point in the cy
cle, the LANCE stalls waiting for the memory device to 
assert READY. Upon assertion of READY, DAS makes 
a transition from a zero to a one, latching memory data. 
(DAS is low for a minimum of 200 ns). 

The bus transceiver controls, DALI and DALO, control 
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the bus transceivers. DALI signals to strobe data toward 
the LANCE and DALO signals to strobe data or addres
ses away from the LANCE. During a read cycle, DALO 
goes inactive before DALI goes active to avoid "spiking" 
of bus transceivers. 

WRITE SEQUENCE 

The write cycle begins exactly like a read cycle with the 
READ line remaining inactive. After ALE or AS pulse, 
the DALOO-DAL15 change from addresses to data. DAS 
goes active when the DALOO-DAL15 are stable. This 
data remains valid on the bus until the memory device 
asserts READY. At this point, DAS goes inactive, 
latching data into the memory device. Data is held for 
75 ns after the negation of DAS. 

LANCE INTERFACE DESCRIPTION - BUS SLAVE 
MODE 

The LANCE enters the Bus Slave Mode whenever CS 
becomes active. This mode must be entered whenever 
writing or reading the four status control registers 
(CSRO, CSR1, CSR2, and CSR3) and the register ad
dress pointer (RAP). RAP and CSRO may be read or 
written to at any time, but the LANCE must be stopped 
(CSRO bit 02) when CSR1, CSR2, or CSR3 is to be writ
ten to or read. 



MK68590 ELECTRICAL SPECIFICATION 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias ....................................................... -25°C to +125°C 
Storage Temperature .......................................................... -65°C to +150°C 
Voltage on Any Pin with Respect to Ground ......................................... -0.3 V to + 7 V 
Power Dissipation ....................................................................... 2.0 W 
Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operational sections of this specification Is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS 
TA=0°C to 70°C, Vee= +5 V ±5 percent unless otherwise specified. 

SYMBOL PARAMETER 

VIL 

V1H 

Vol @ loL = 3.2 mA 

VoH @ loH = -0.4 mA 

l1L @ V;n = 0.4 to Vee 

CAPACITANCE 
F=1 MHz 

SYMBOL PARAMETER 

C1N 

CouT 

C10 

AC TIMING SPECIFICATIONS 

MIN 

-0.5 

+2.0 

+2.4 

MIN 

TA = 0°C to 70°C, Vee = +5 V ±5 percent, unless otherwise specified. 

TEST 
NO. SIGNAL SYMBOL PARAMETER CONDITIONS 

1 TCLK TTCT TCLK period 

2 TCLK TTCL TCLK low time 

3 TCLK TTeH TCLK high time 

4 TCLK TTCR Rise time of TCLK 

5 TCLK TTCF Fall time of TCLK 

6 TENA TTEP TENA propagation delay after the CL= 50 pf 
rising edge of TCLK 

7 TENA TTEH TENA hold time after the rising edge CL= 50 pf 
of TCLK 
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MAX UNITS 

+0.8 v 
Vee +0.5 v 

+0.5 v 
v 

±10 µA 

MAX UNITS 

10 pf 

10 pf 

20 pf 

MIN TYP MAX 
(ns) (ns) (ns) 

99 101 

45 55 

45 55 

0 8 

0 8 

95 

5 



AC TIMING SPECIFICATIONS (Continued) 
TA = 0 °C to 70 °C, V cc = +5 V ±5 percent, unless otherwise specified. 

Ir
-~---~-----~--------------------~------~---------,----~--~ 

TEST MIN TYP MAX 
NO. SIGNAL SYMBOL PARAMETER CONDITIONS (ns) (ns) (ns) 

8 TX TX data propagation delay after the 
rising edge of TCL.K 

CL=50 pf 95 

f----------+-----+-----+- -------------------+-------+----+-------+-----< 
9 TX 

c-------t-------+------c 

TX data hold time after the rising 
edge of TCLK 

CL=50 pf 5 

118 10 RCLK I T RCT RCLK period 85 
f---------+--------j-·-·- -------------------+--------+-----+----+-------+ 

11 RCLK T RCH RCLK high time 38 
-------------~ ---------+----+----+--------< 

12 RCLK T RCL RCLK low time 38 
r-----1-----+------+------------------+---~---+----+-----+---------+ 

13 RCLK T RCR Rise time of RCLK 0 

14 RCLK T RCF Fall time of RCLK 0 

15 RX T RDR RX data rise time 0 
r-----1 

16 RX T RDF RX data fall time 0 

17 RX T RDH RX data hold time (RCLK to RX 5 
data change) 

18 RX 

19 RENA 

20 RENA 

21 CLSN 

22 A/DAL 

T RDS RX data setup time (RX data stable to 
(See Note) the rising edge of RCLK) 

TRENH 

TooFF 

RENA low time 

RENA hold time after 
rising edge of RCLR 

CLSN high time 

Bus master driver disable after rising 

See 
Note 

120 

40 

80 

0 

8 
------j 

8 

8 

8 

50 
edge of HOLD 

f-------!----+----t------------------------+---------+-----+---+-------j 
23 A/DAL 

24 HLDA THHA 

25 RESET TRW 

Bus master driver enable after falling 
edge of HLDA 

Delay to falling edge of HLDA from 
falling edge of HOLD (bus master) 

RESETpulse width low 

26 A/DAL T CYCLE Read/write, address/data cycle time 
r---------1--------+------t-------

27 A T XAS Address setup time to the falling edge of 
ALE 

28 A 

29 DAL 

30 DAL 

31 DAL TRDAS 

Address hold time after the rising edge 
of DAS 

Address setup time to the falling edge 
of ALE 

Address hold time after the falling 
edge of ALE 

Data setup time to the rising edge 
of DAS (bus master read) 

NOTE: TRDS (min)= TRCT - 25 ns. Therefore, TACT= 100 ns when TADS (min)= 75 ns. 
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AC TIMING SPECIFICATIONS (Continued) 
TA= O"C to 70"C, Vee= +5 V ±5 percent, unless otherwise specified. 

TEST MIN TYP MAX 
NO. SIGNAL SYMBOL PARAMETER CONDITIONS (ns) (ns) (ns) 

32 DAL TRDAH Data hold time after the rising edge of 0 
DAS (bus master read) 

33 DAL TooAS Data setup time to the falling edge 0 
of DAS (bus master write) 

34 DAL Twos Data setup time to the rising edge 200 
of DAS (bus master write) 

35 DAL TwoH Data hold time after the rising edge 35 
of DAS (bus master write) 

36 DAL Tsoo1 Data driver delay after the falling edge (CSR 0,3, RAP) 400 
of DAS (bus slave read) 

37 DAL Tsoo2 Data driver delay after the falling edge (CSR 1,2) 1200 
of DAS (bus slave read) 

38 DAL TsRoH Data hold time after the rising edge 0 35 
of DAS (bus slave read) 

39 DAL TswoH Data hold time after the rising edge 0 
of DAS (bus slave write) 

40 DAL Tswos Data setup time to the falling edge 0 
of DAS (bus slave write) 

41 ALE TALEW ALE width high 120 150 

42 ALE ToALE Delay from rising edge of DAS to 70 
the rising edge of ALE 

43 DAS Tosw DAS width low 200 

44 DAS TADAS Delay from the falling edge of ALE to the 80 130 
falling edge of DAS 

45 DAS TRIDF Delay from the rising edge of DALO to the 15 
falling edge of DAS (bus master read) 

46 DAS TROYS Delay from the falling edge of READY Taryd= 75 250 
to the rising edge of DAS 300 ns 

47 DALI TROIF Delay from the rising edge of DALO to 15 
the falling edge of DALI (bus master read) 

48 DALI TRIS DALI setup time to the rising edge 135 
of DAS (bus master read) 

49 DALI TRIH DALI hold time after the rising edge 0 
of DAS (bus master read) 

50 DALI TRIOF Delay from the rising edge of DALI to the 55 
falling edge of DALO (bus master read) 

51 DALO Tos DALO setup time to the falling edge 110 
of ALE (bus master read) 

52 DALO TROH DALO hold time after the falling edge 35 
of ALE (bus master read) 

53 DALO Twos1 Delay from the rising edge of DAS to the 35 
rising edge of DALO (bus master write) 
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AC TIMING SPECIFICATIONS (Continued) 
TA = O"C to 70°C, Vee = +5 V ±5 percent, unless otherwise specified. 

TEST MIN TYP MAX 
NO. SIGNAL SYMBOL PARAMETER CONDITIONS (ns) (ns) (ns) 

54 cs TesH CS hold time after the rising edge of DAS 0 
(Bus slave) 

55 cs Tess CS setup time to the falling edge of DAS 0 
(Bus slave) 

56 ADA TSAH ADA hold time after the rising edge of 0 
DAS (Bus slave) 

57 ADA TSAs ADA setup time to the falling edge of 0 
DAS (Bus slave) 

58 READY TARYD Delay from the falling edge of ALE 80 
to the falling edge of READY to insure a 
minimum bus cycle time (600 ns) 

59 READY TsRDS Data setup time to the falling edge of 75 
READY (Bus slave read) 

60 READY TRDYH READY hold time after the rising edge 0 
of DAS (Bus master) 

61 READY TsR01 READY driver turn on after the falling (CSR 0,3, RAP) 600 
edge of DAS (Bus slave) 

62 READY TsR02 READY driver turn on after the falling (CSR 1,2) 1400 
edge of DAS (Bus slave) 

63 READY TsRvH READY hold time after the rising 0 35 
edge of DAS (Bus slave) 

64 READ TsRH READ hold time after the rising 0 
edge of DAS (Bus slave) 

65 READ TsRS READ setup time to the falling 0 
edge of DAS (Bus slave) 

8·11 



I 

TEST 
POINT 

0.4mA 

IN9140R EQUIVALENT 

CR, c, = 100pf min@ 1 MHz 

NOTE: This load is used on DALOO through DAL15, READ, DALI, DALO, DAS, BMO, BM1, ALE/AS, A16 through A23, TENA, and lX. 

FROM OUTPUT 
UNDER TEST 

Figure 5. Output Load Diagram 

Vee 

NOTE: This load is used on open drain outputs INTA, HOLD/BUSRQ, and READY. 

Figure 6. Open Drain Output Load Diagram. 
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NOTE: Timing measurements are made at the following voltages unless otherwise specified. 

Figure 7. Serial Link Timing Diagram - SIA Interface Signals 
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NOTE: The Bus Master cycle time will Increase from 
a minimum of 600 ns In 100 ns steps until 
the slave device returns READY. 
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I 

Figure 8. LANCE Bus Mast!!r Timing Diagram 
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FEATURES 

[j Compatible with Ethernet and IEEE-802.3 
Specifications 

lJ Crystal-controlled Manchester Encoder/Decoder 

[l Manchester Decoder acquires clock and data 
within six-bit times with an accuracy of ±3 ns. 

D Guaranteed carrier and collision detection squelch 
threshold limits 

Carrier/collision detected for inputs more 
negative than -275 mV 
No carrier/collision for inputs more positive 
than -175 mV 

[j Input signal conditioning rejects transient noise 
Transients <10 ns for collision detector 
inputs 
Transients < 20 ns for carrier detector 
inputs 

LJ Receiver decodes Manchester data with up to ±20 
ns clock jitter (at 10 MHz) 

0 TTL-compatible host interface 

C Transmit oscillator accuracy ±0.01% (without 
adjustments) 

GENERAL DESCRIPTION 

The MK68591/2 Serial Interface Adapter (SIA) is a 
Manchester Encoder/Decoder compatible with Ether
net and IEEE-802.3 specifications. In an 
Ethernet/IEEE-802.3 application, the MK68591/2 inter
faces the MK68590 Local Area Network Controller for 
Ethernet (LANCE") to the Ethernet transceiver cable, 
acquires clock and data within 6 bit-times and decodes 
Manchester data up to ± 20 ns phase jitter at 10 MHz. 
SIA provides both guaranteed signal threshold limits 
and transient noise suppression circuitry in both data 
and collision paths to minimize false start conditions. 

LANCE is a trademark of Thomson Components - Mostek Corporation. 

8-17 

Ml<68591 /2(P,J,N) 
SERIAL INTERFACE 

ADAPTER (SIA) 

CLSN Collision+ 

RX Collision-

RENA Receive+ 

M 
RCLK K Receive 

TSEL 6 Test 
a 

GND 1 5 Vcc1 

GND2 9 
1 

Vcc2 

x, I PF 

x, 2 RF 

TX GND 3 

TCLK Tran5mit+ 

TENA Transmit-

Figure 1. Pin Assignments 
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Figure 2. Typical Ethernet Node 



Receive Data (RX) Manchester Receive + 
Receive Clock (RCLK) Decoder 

Receive 
Carrier Present (RENA) 

. , 

i Collision 
Collision Collision (CLSN} ,.__ 
Detect 

Collision . 
~ Transmit Data (TX) Manchester Transmit 

0 Transmit Enable (TENA) Encoder Transmit 

Transmit Clock (TCLK) 

Figure 3. MK68591/2 Block Diagram 

PIN DESCRIPTION TX Transmit (input). TTL compatible input. 
When TENA is high, signals at TX meet
ing setup and hold time to TLCK will be 
encoded as normal Manchester at 
Transmit + and Transmit -. 

CLSN 

RX 

RENA 

RCLK 

Collision (output). A TTL active high 
output. Signals at the Collision ± termi
nals meeting threshold and pulse width 
requirements will produce a logic high 
at CLSN output. When no signal is 
present at Collision ±, CLSN output will 
be low. 

Receive Data (output). A MOS/TTL 
output, recovered data. When there is 
no signal at Receive ± and TEST is 
high, RX is high. RX is actuated with 
RCLK and remains activated until end 
of message. During reception, RX is 
synchronous with RCLK and changes 
after the rising edge of RCLK. 

Receive Enable (output). A TTL active 
high output. When there is no signal at 
Receive ± and TEST is high, RENA is 
low. Signals at Receive± meeting 
threshold and pulse width requirements 
will produce a logic high at RENA. 
When Receive ± becomes idle, RENA 
returns to the low state synchronous 
with the rising edge of RCLK. 

Receive Clock (output). A MOS/TTL 
output recovered clock. When there is 
no signal at Receive ± and TEST is 
high, RCLK is low. RCLK is activated af
ter the third negative data transition at 
Receive ±, and remains active until end 
of message. When TEST is low, RCLK is 
enabled. 

TENA 

TX High: Transmit + is negative with 
respect to Transmit - for first 
half of data bit cell. 

TX Low: Transmit + is positive with 
respect to Transmit - for first 
half of data bit cell. 

Transmit Enable (input). TTL compat
ible input. Active high data encoder ena
ble. Signals meeting setup and hold 
time to TCLK allow encoding of Man
chester data from TX to Transmit + and 
Transmit -. 

TCLK Transmit Clock (output). MOS/TTL 
output. TCLK provides symmetrical high 
and low clock signals at data rate for 
reference timing of data to be encoded. 
It also provides clock signals for the 
controller chip (MK68590 LANCE) and 
an internal liming reference for receive 
path voltage controlled oscillators. 

Transmit + Transmit (outputs). A differential line 
Transmit - output. This line pair is intended to oper

ate into terminated transmission lines. 
For signals meeting setup and hold time 
to TCLK at TENA and TX Manchester 
clock and data are outputted at Trans
mit +/Transmit-. When operating into 
a 78!1 terminated transmission line, sig
nalling meetings the required output 
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Receive + 
Receive -

Collision + 
Collision -

TSEL 

RF 

PF 

levels and skew for both Ethernet and 
IEEE-802.3 drop cables. 

Receiver (inputs). A dillerential input. 
A pair of internally biased line receivers 
consisting of a carrier detect receiver 
with ollset threshold and noise filtering 
to detect the signal, and a data recov
ery receiver with no olfset tor Man
chester data decoding. 

Collision (inputs). A differential input. 
An internally biased line receiver input 
with offset threshold and noise filtering. 
Signals at Collision ± have no ellect on 
data path functions. 

Transmit Mode Select. An open collec
tor output and sense amplifier input. 

TSEL Low: Idle transmit state Trans-
mit + is positive with 
respect to Transmit -. 

TSEL High: Idle transmit state Trans
mit + and Transmit - are 
equal, providing "zero" 
dillerential to operate 
transformer coupled 
loads. 

When connected with an RC network, 
TSEL is held low during transmission. 
At the end of transmission, the open col
lector output is disabled, allowing TSEL 
to rise and provide a smooth transmis
sion from logic high to "zero" dilleren
tial idle. Delay and output return to zero 
are externally controlled by the RC time 
constant TSEL. 

Biased Crystal Oscillator. X1 is the in
put and X2 is the bypass port. When 
connected tor crystal operation, the sys
tem clock which appears at TCLK is hall 
the frequency of the crystal oscillator. X1 

may be driven from an external source 
of two times the data rate. 

Frequency Setting Voltage Controlled 
Oscillator (V col Loop Filter. This loop 
filter output is a reference voltage tor the 
receive path phase detector. It also is a 
reference for timing noise immunity 
circuits in the collision and receive ena
ble path. Nominal reference Vco gain 
is 1.25 TCLK frequency MHz/V. 

Receive Path V co Phase Lock Loop 
Filter. This loop filter input is the con
trol tor receive path loop damping. 
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TEST 

Frequency of the receive V co is inter
nally limited to transmit frequency ± 
12%. Nominal receive Vco gain is 0.25 
reference Vco gain MHz/V. 

Test Control (input). A static input that 
is connected to Vee for normal 
MK68591/2 operation and to ground tor 
testing of receive path function. When 
TEST is grounded, RCLK and RX are 
enabled so that receive path loop may 
be functionally tested. 

High Current Ground 

Logic Ground 

Voltage Controlled Oscillator Ground 

High Current and Logic Supply 

Voltage Controlled Oscillator Supply 

FUNCTIONAL DESCRIPTION 

The MK68591/2 Serial Interlace Adapter (SIA) has three 
basic functions. It is a Manchester Encoder/line driver 
in the transmit path, a Manchester Decoder with noise 
filtering and quick lock-on characteristics in the receive 
path, and a signal detect/converter (10 MHz differen
tial to TTL) in the collision path. In addition, the SIA pro
vides the interlace between the TTL logic environment 
of LANCE and the differential signaling environment in 
the transceiver cable. 

TRANSMIT PATH 

The transmit section encodes separate clock and NRZ' 
data input signals meeting the set up and hold time to 
TCLK at TENA and TX, into a standard Manchester II 
serial bit stream. The transmit outputs (Transmit 
+I Transmit -) are designed to operate into terminat
ed transmission lines. When operating into a 780 ter
minated transmission line, signaling meets the required 
output levels and skew tor both Ethernet and 
IEEE-802.3. 

Transmitter Timing and Operation 

A 20 MHz fundamental mode crystal oscillator provides 
the basic timing reference in the SIA. It is divided by 
two to create the transmit clock reference (TCLK). Both 
20 MHz and 10 MHz clocks are fed into the Manchester 
Encoder to generate the transitions in the encoded data 
stream. The 10 MHz clock, TCLK, is used by the SIA 
to internally synchronize transmit data (TX) and transmit 

*Non-Return-to·Zero 



TX---_.~ 

TENA---_.~ 

TCLK 
(10 MHz) 

20 MHz CJ 

MANCHESTER 
ENCODER 

osc 

Figure 4. Transmit Section 

TRANSMIT I± 

enable (TENA). TCLK is also used as a stable bit-rate 
clock by the receive section of the SIA and by other 
devices in the system (the MK68590 LANCE uses TCLK 
to drive its internal state machine). The oscillator may 
use an external 0.005% crystal or an external TTL level 
input as a reference. Transmit accuracy of 0.01% is 
achieved (no external adjustments are required). 

TENA is activated when the first bit of data is made 
available on TX. As long as TENA remains high, sig
nals at TX will be encoded as Manchester and will ap
pear at Transmit+ and Transmit-. When TENA goes 
low, the differential transmit outputs go to one of the 
two idle states defined below: 

• TSEL High: The idle state of Transmit +/Transmit -
yields "zero" differential to operate transformer 
coupled loads (see Figure 14a). 

• TSEL Low: In this idle state, Transmit + is positive 
to Transmit - logical high (see Figure 14b). 

RECEIVE PATH 

The principle function of the receiver is the separation 
of the Manchester encoded data stream into clock and 
NRZ data. 

Input Signal Conditioning 

Before the data and clock can be separated, it must be 
determined whether there is "real" data or unwanted 
noise at the transceiver interface. The MK68591/2 SIA 
carrier detection receiver provides a static noise mar
gin of -175 to -275 mV for received carrier detection. 
These DC thresholds assure that no signal more posi
tive than -175 mV is ever decoded and that signals 
more negative than -275 mV are always decoded. 
Transient noise of less than 10ns duration in the colli
sion path and 20 ns duration in the data path are also 
rejected. 

This signal conditioning prevents unwanted idle noise 
on the transceiver cable from causing "false starts" in 
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the receiver. This helps assure a valid response to 
"real" data. 

The receiver section, shown in Figure 6, consists of two 
data paths. The receive data path is designed to be a 
zero threshold, high bandwidth receiver. The carrier 
detection receiver has an additional bias generator. Only 
data amplitudes larger than the bias level are interpret
ed as valid data. The noise rejection filter prevents noise 
transients of less than 20 ns from enabling the data 
receiver output. The collision detector similarly rejects 
noise transients of less than 10 ns. 

Receiver Section Timing 

Receive Enable (RENA) is the "carrier present" indi
cation established when a signal of sufficient amplitude 
(V1Dcl and duration (tRPWRl is present at the receive 
inputs. Receive Clock (RCLK) and Receive Data (RX) 
become available after the third negative data transition 

RX 

RCLK 

RENA 

MANCESTER 
DECODER 

DATA 
RECEIVER 

NOISE 
,_ __ _, REJECT 

FILTER 

Figure 5. Receiver 

at Receive +/ Receive - inputs, and stay active until 
the end of a packet. During reception, RX is syn
chronous with RCLK, changing after the rising edge of 
RCLK. 

The receiver detects the end of a packet when the nor
mal transition on the differential inputs cease. After the 
last low-to-high transition, RENA goes low and RCLK 
completes one last cycle, storing the last data bit. It then 
becomes and remains low (see Receive End of Packet 
Timing diagrams). When TEST is low, RCLK continues 
to run, tracking data (if available) or synchronize with 
TCLK. 

Receive Clock Control 

To insure quick capture of incoming data, the receiver 
phase-locked-loop is frequency locked to the transmit 
oscillator and it phase locks to incoming data edges. 
Clock and data are available within 6 bit times (accurate 
to within ±3 ns). The SIA will decode jittered data o1 
up to ±20 ns (see Figure 7). 



40MHz PHASE 
RX a D Vco DETECTOR 

RCLK 

RENA 
CLOCK 
GATING 

NOISE 
REJECT 
FILTER 

+ 

Figure 6. Receiver Section Detail 

Differential 1/0 Terminations 

The differential input for the Manchester data (receive 
±)is externally terminated by two 40.2Q±1% resistors 
and one optional common mode bypass capacitor. The 
differential input impedance Z10F and the common 
mode input Z1cM are specified so that the Ethernet spe
cification for cable termination impedance is met us
ing standard 1% resistor terminators. The Collision ± 
differential input is terminated in exactly the same way 
as the receive input (see Figure 8). 

Collision Detection 

The Ethernet Transceiver detects collisions on the 
Ethernet and generates a 10MHz signal on the trans
ceiver cable (Collision +/ Collision -). This collision sig
nal passes through an input stage which assures signal 
levels and pulse duration. When the signal is detected 
by the SIA, the SIA sets the CLSN line high. This con
dition continues for approximately 190ns after the last 
low-to-high transition on Collision +/ Collision - . 
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±20ns 
MAXIMUM 

JITTER 

+20ns 
MAXIMUM --.J 

JITTER I 

±5ns 
ALLOWABLE 

SAMPLING ERROR 

i.---50ns-----J.-J 

Figure 7. Maximum Jitter Impact On Sampling 
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Vee 

R, • 1 CLSN 
5100 

2 RX 

3 RENA 

R, 
3KO 4 RCLK 

c, 5 TSEL 
680 pF 

6 GND1 

7 GN0 2 
':' 100 pF 20 MHz 

PARALLEL 

~ 
8 x, 

MODE CJ CRYSTAL 
50 pF x, 
0.005% ACCURATE 

10 TX 

11 TCLK 

12 TENA 

NOTES: 
1. Connect R1, R2, C1 for O differential nontransmit Connect to ground for logic 

1 differential nontransmit. 
2. Pin 20 shown for normal device operation. 
3. Nodes A and B may be connected directly to ground for proper decoder 

operations, or to the common mode bypass C4 and C5. Some direct cou
pled transceivers require C4 and C5 to ground for proper operation. 

COLLISION + 24 

COLLISION - 23 

RECEIVE+ 22 

RECEIVE - 21 

'I'm 20 

Vcc1 19 

Vcc2 16 

PF 17 

RF 16 

GN03 15 

TRANSMIT + 14 

TRANSMIT - 13 

Figure 8. MK68591/2 External Component Diagram 

TSEL 
(PIN 5) 

TSEL LOW 

TSEL 
(PIN 5) 

TSEL HIGH 

Figure 9. Transmit Mode Select (TSEL) Connection 
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ABSOLUTE MAXIMUM RATINGS• 
Storage Temperature. 
Temperature (Ambient) Under Bias. 
Supply Voltage to Ground Potential Continuous. 
DC Voltage Applied to Outputs for High Output State 
DC Input Voltage (Logic Inputs). 
DC Input Voltage (Receive/Collision). 
Transmit ± Output Current. 
DC Output Current, Into Outputs. 
DC Input Current (Logic Inputs). 

. . -65 to +150°C 
.. Oto70°C 

. .......... +70V 
.. -0.5 to +Vee max 

+5.5V 
. ...... -6 to +6 V 

. .. -50 to +5 mA 
100 mA 

.. ±30 mA 
*Stresses above those listed under ':Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and funct1onal operation 
of the device at these or any other condition above those indicated in the operational sections of this specil1cation 1s not implied. Exposure to absolute maximum 
rating condit1ons for extended periods may affect device reliability. 

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE The following conditions apply unless otherwise 
specified: 
TA = 0 to 70°C, Vee = 5.0 V± 10 percent, MIN = 4.5 V, MAX = 5.5 V, period of crystal oscillator (T oscl = 50 ns 

Parameters Description Test Conditions Min Typ Max Units 

VoH 
Output High Voltage RX, RENA, 

10 H ~ -1.0 mA 2.4 3.4 v CLSN, TCLK, RCLK 

VOL 
Output Low Voltage RCLK, TCLK, RENA, 'oL ~ 16 mA, 0.36 0.5 v 
RX, CLSN, TSEL 

'oL ~ 1 mA 0.25 0.4 

VoD 
Differential Output Voltage ] Vo RL ~ 78 Q 550 670 no mV 
(Transmit +I - (Transmit -) VO Figure 19 -550 -670 -no 

VoD OFF Transmit Differential Output Idle Voltage RL ~78 Q Figure 19 -20 0.5 20 mV 

1oD OFF Transmit Differential Output Jdle Current TSEL ~ HIGH -0.5 ±0.1 0.5 mA 

VCMT Common Mode Output Transmit Voltage Figure 19 0 2.5 5 v 

VODI 
Differential Output Voltage Imbalance RL ~ 78 0 

5 20 mV 
(Transmit ±)I : v 0 I - , VO I I 

VIH Input High Voltage TTL 2.0 v 

11H !nput High Current TTL Vee ~ Max. v 1N ~ 2.1 v +so µA 

VIL Input Low Voltage TTL 0.8 v 
11L Input Low Current TTL Vee ~ Max, v 1N ~ 0.4 v -270 -400 µA 

VIRD Differential Input Threshold (Rec Data) Figure 20 -25 0 +25 mV 

V1Dc Differential Input Threshold (Carrier/Collision ±) Figure 20 -175 -225 -275 mV 

1cc Power Supply Current tosc ~ 50 ns 125 180 mA 
tosc ~sons, TA~ Max 160 

V1s Input Breakdown Voltage v1 = +5.5 (TX, TENA, TEST) 1 1 ~1 mA 5.5 v 
V1c Input Clamp Voltage llN ~ -18 mA -1.2 v 

1sco 
RX, TCLK, CLSN, RENA, RCLK 

-40 -80 -150 mA Short Circuit Current 

RIDF Differential Input Resistance Vee~ Oto Max 6k 8.4k 13k ohm 

RICM Common Mode Input Resistance Vee ~ o to Max 1.Sk 2.1k 7.Sk ohm 

VICM Receive and Collision Input Bias Voltage 11N ~ O 1.5 3.5 4.2 v 

11LD Receive and Collision Input Low Curent VIN ~ -1 V -0.6 -1.06 -1.64 mA 

llHD Receive and Collision Input High Current VIN ~ 6 V +0.4 +0.6 +1.10 mA 

11HZ Receive and Collision Input High Current Vee ~ o, v 1N ~ +6 v 0.4 1.28 1.86 mA 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE The following conditions apply unless otherwise specified: 
TA= 0 to 70°C, Vee = 5.0 V±10 percent, MIN = 4.5 V, MAX= 5.5 V, Tosc = 50 ns 

# Signal Parameters Description Test Conditions Min Typ 

RECEIVER SPECIFICATION 

1 RCLK tRCT RCLK Cycle Time 85 100 

2 RCLK tRCH RCLK High Time 38 50 

3 RCLK tRCL RCLK Low Time 38 50 

4 RCLK tRCR RCLK Rise Time 2.5 

5 RCLK tRCF RCLK Fall Time 2.5 

6 RX tRDR RX Rise Time CL ~ 50 pF 2.5 

7 RX tRDF RX Fall Time Figure 17a 2.5 
(See note) 

f-8-+_R_X ___ -+~tR~D=H~---+-R_X_H_o_ld_T_i_m_e_(_R_C_L_K_t_o_R_X_C_h_a_ng_e__,) 5 8 

Max Units 

118 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 9 RX tRDS RX Prop Delay (RCLK to RX Stable) 8 25 
~R-E--N-A·~---+-t~D~P~H __ _,__R_E_N_A_1_u_rn_-O_n_D_e_la_y_(V_1_o_c_M_a_x_o_n_-+-F-ig-u-re_s_1_0_,_16_a_,_a_n_d_2_0--+-----+--5-0-+---80--+---n-s-~ 

11 RENA 

12 RENA 

13 Rec ± 

14 Rec ± 

Receive ± to RENAH) 

RENA Turn-Off Delay (V10c Min on 
Receive ± to RENAL) 

RENA Low Time 

Receive ± Input Pulse Width to 
Reject (lnput<Vioc Min) 

Receive ± Input Pulse Width to Turn
On (lnput>Vioc Max) 

15 RCLK tRLT Decoder Acquisition Time 

COLLISION SPECIFICATION 

16 Coll .'0 

17 Coll± tcpwo 

18 Coll± tcPWE 

19 Coll± tcPWN 

Collision Input Pulse Width to Reject 
(lnput<Vioc Min) 

Collision Input Pulse Width to Turn
On (Collision ± Exceeds v10c Max) 

Collision Input to Turn-Off CLSN 
(lnput<Vioc Max) 

Collision Input to Not Turn-Off CLSN 
(Input> v10c Min) 

20 CLSN tcPH CLSN Turn-On Delay (VIDC Max on 
Collision ± to CLSNH) 

21 CLSN tcpo CLSN Turn-Off Delay (V1oc Min on 
Collision ± to CLSNL) 

TRANSMITTER SPECIFICATION 

Figures 11 and 20 265 

Figure 11 120 200 

Figures 16a and 20 30 

Figures 16a and 20 45 30 

Figure 10 390 

Figures 16b and 20 18 

26 18 

80 117 

117 

Figures 15. 16b. and 20 33 

133 

22 TCLK tTCL TCLK Low Time 45 50 

23 TCLK tTCH TCLK High Time tosc ~ 50 ns 45 50 

24 TCLK tTCR TCLK Rise Time Figures 17b and 18 2.5 

25 TCLK tTCF TCLK Fall Time 2.5 

300 ns 

ns 

20 ns 

ns 

450 ns 

10 ns 

ns 

ns 

160 ns 

50 ns 

160 ns 

55 ns 

55 ns 

ns 

ns 

f-26-+_T_X_._T_E_N_A_+-tT~D~S~·-tT~E=S'+-T_X_a_n_d_T_E_N_A_S_e_tu_p_T_i_m_e ___ ___, Figures 13, 14a, 14b, and r--5--+-_1_.1_-+----+-n_s _ __, 

27 TX, TENA tTDH• tTEH TX and TENA Hold Time 17b 5 -1.1 ns 

28 TX ± tTOCE Transmit ± Output, (Bit Cell Center 

r--+-----+----+--to_E_dg_e_) ____ ~ ____ ___,Figures t4a, 14b, and 19 r--4_9·_5___, __ 5_o_-+-_5_o_.5_+--_n_s _ __, 
29 TCLK tao 
30 TX± 

31 TX± 

32 TX± 

NOTE: 

TCLK High to Transmit ± Output 

Transmit ± Output Rise Time 

Transmit ± Output Fall Time 

Undershoot Voltage at Zero Differen
tial Point on Transmit Return to 
Zero (End of Message) 

20 through 80 percent 
Figure 19 

Figure 14a 

Assumes equal capacitance loading on RCLK and RX. 
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80 100 ns 

2 4 ns 

2 4 ns 

-100 mV 



RECEIVE I 

(MEASURED 
DIFFERENTIALLY) 

RENA 

ACLK 

RX 

-j 100 ns I-
I I o I 

* PULSE WIDTH OF 2' 45 ns IS ALWAYS RECOGNIZED. 
HOWEVER, PULSE WIDTH OF "'> 20 ns IS REJECTED. 

RECEIVE l 
(MEASURED 
DIFFERENTJALL Y) 

RENA 

RCLK 

RX 

Figure 10. Receiver Timing - Start of Packet 

Figure 11. Receiver Timing - End of Packet (Last Bit ~ 0) 
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RECEIVE -'
(MEASURED 
DIFFEAENTIALL Y) 

RENA 

RCLK 

RX 

Figure 12. Receiver Timing - End of Packet (Last Bit = 1) 

TCLK _J ' f 2ov \,__ __ __, 
~soos--l,____-J..-J2• c----29 

TENA 2.0V t 
-! 2• 

TRANSMIT ± TSEL HIGH 
(MEASURED----------------

DIFFERENTIALLY) I 
-670mV - - - - - ~'--'---' 

I 
I 
I 
I 
I 
I 
I 
I 

\,__ _ _,! 

I 
1'----+----J 
I 
I 
10 
I 
I 
I 

BIT CELL 
BOUNDARY 

BIT CELL 
CENTER 

Figure 13. Transmitter Timing - Start of Transmission (TSEL Low, TSEL High) 
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TCLK 

TENA 

TRANSMIT± 
(MEASURED 

DIFFERENTIALLY) 

CASE 2 
(LAST BIT == 1) rxY/ll ~ 

TRANSMIT ± 
(MEASURED 

DIFFERENTIALLY) OV)\.....__l___.J:J:t..J-· 
CELL CELL 

~-----..... 

TCLK 

TENA 

TRANSMIT ± 
(MEASURED 

DIFFERENTIALLY) 

Figure 14a. Transmitter Timing - End of Transmission (TSEL High) 

TSEL (LOW)-------------------------------------· 
CASE2 w 

(LAST BIT '"' 1) TX 

TRANSMIT i 
(MEASURED 

DIFFERENTIALLY) 

~ 
I-BIT CELL --l 

;....--1---------------------~ 

Figure 14b. Transmitter Timing - End of Transmission (TSEL Low) 
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RECEIVE± 
(MEASURED 

DIFFERENTIALLY) 

COLLISION OV 
PRESENCE± 

"' PULSE WIDTH OF -26 ns IS GUARANTEED TO BE 
RECOGNIZED: HOWEVER, PULSE WIDTH OF ,..,;; 10ns IS 
REJECTED 

Figure 15. Collision Timing 

COLLISION± 
(MEASURED 

DIFFERENTIALLY) 

7~~~~)---"k------:#-----~ ~D.fr:.!:)~-~.,_-~--+-~~~-.,_-~ 
i~i1::~ i~f7~~ 

13 

RENA 
20--~-i .... """"----

_ - "ov CLSN • 

Figure 16a. Receive ± Input Pulse Width Timing Figure 16b. Collision ± Input Pulse Width Timing 

RCLK TCLK 

RX TX 

Figure 17a. RCLK and RX Timing Figure 17b. TCLK and TX Timing 
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DEVICE 
UNDER 
TEST I 50 pF 

DEVICE 
UNDER 
TEST 

TRANSMIT+ 

BQ ~ RL ~ 7 

TRANSMIT-

Figure 18. Test Load For RX, RENA, and TCLK Figure 19. Transmit ± Output Test Circuit 

RT~ 80.41l 1% 

..-----~+ 

1------.~---i>""'O-~ 

DEVICE 
UNDER 
TEST 

Figure 20. Receive ± and Collision ± Input Test Circuit 
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CHAPTER 9 - SURFACE MOUNTED DEVICES 





LCCC SELECTION GUIDE 

6800 MICROPROCESSORS 

EF6802 
EF6809 

6800 PERIPHERALS 

EF6821 
EF6840 
EF6850 
EF6854 

68000 MICROPROCESSORS 

I TS68000 I 
. TS68008 . 

68000 PERIPHERALS 

MK68230 
TS6BHC901 

CRT CONTROLLER 

TS68483 

LCCC 28 

0 
CB-707 

• • • 

68HC200/68200 • ROMLESS MCU 

MK6BHC200/68200 

MK68HC200E/68200E 

LCCC 44 

0 
CB-708 

• • 

• 
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LCCC 52 

<> 
CB-709 

• 

• • 

• 

LCCC 68 

0 
CB-710 

• 

• 

• (84) 

Page 

1-3 
1-111 

2-3 
2-15 
2-31 
2-41 

3-3 
3-95 

4-3 
4-59 

6-97 

3-265 



PLCC SELECTION GUIDE 

6800 MICROPROCESSORS 
EF6802 
EF6803 
EF6803U4 
EF6809 
EF6809E 

6800 PERIPHERALS 

EF6821 
EF6840 
EF6850 
EF6854 

68000 MICROPROCESSORS 

I TS68000 I 
. TS68008 . 

68000 PERIPHERALS 

MK68230 
MK68901 
TS68HC901 

CRT CONTROLLER 

EF9345 
EF9369 
TS68483 
TS68494 

PLCC 28 

CB-520 

• • • 

• 
68HC200/68200 ROMLESS MCU 

MK68HC200/68200 
MK68HC200E/68200E 

PLCC 44 • CB-521 

• • • • • 

• 

• 
• 

9-2 

PLCC 52 

·tJJl!J) 
CB-522 

• 

• • • 

• 

PLCC 68 

~ 
CB-523 

• 

• 

• (84) 

Page 

1-3 
1-27 
1-67 
1-111 
1-151 

2-3 
2-15 
2-31 
2-41 

3-3 
3-95 

4-3 
4-29 
4-59 

6-3 
6-81 
6-97 
6-143 
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SURFACE MOUNTED DEVICES: today's 
solution for state-of-the-art system designs. 

Today's trend toward light weight system designs 
with high component density allows Surface Mounting 
Technology to revolutionize manufacturing in 
the Electronics industry. 

Reduction in board assembly cost by as much as 40% 
and in board size by as much as 50% is a goal that 
can be reached through! the utilization of Surface 
Mounted Devices: 
Active Semiconductors ISO IC'sl · SO Discretes 
and Chip carriers as well as passive resistors and 
capacitor chips. 

Today system designers can select package outlines 
that meet state-of-the-art weight/space ratio 
requirements while enhancing electrical performance. 

By 1990, through widely accepted data, one can 
foresee above 50% of the world wide demand to be 
Surface Mounted Devices. 

Epoxy Molding 
Compound 
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Included in the THOMSON SEMICONDUCTEURS family 
of Surface Mounted Devices are integrated circuits 
ISOB · S0281, Plastic Leaded Chip Carriers IPLCCI from 
18 to 84 pins, Leadlen Ceramic Chip Carrier's ILCCCI 
from 20 to 68 pads, as well as discrete diodes and 
transistors in SOT 23 IT0-2361. 

Capacitor chips are also available in THOMSON LCC. 
Compared to conventional types THOMSON SC's SMD 
have the following features: 
• Compact design enabling high packing density and 
significant reduction in board size and weight, for 
instance in consumer electronics, telecommunications 
and automotives. 
• Easy and low cost handling through automated high 
speed pick and place machinery. 
• Mounting capability on both sides of all types of 
substrates (Ceramic or PC boards! using all current 
methods, such as wave soldering reflow and vapor 
phase technics. 
• Same electrical characteristics (same dice) as 
conventional packages, with improved high frequency, 
high speed switching performances due to lower lead 
inductance and capacitance. 
• Optimized way to package VLSI circuits by utilizing 
plastic chip carrier along with SO packages, leading to 
a major advantage over chip and wire assembly 
processes. 

Output lead 

- Lead frame: spot plated copper 
- Die attach: silver filled compound 
- Wire bonding: Thermosonic ball bonding of 

golf wires 
- Encapsulation: high performance non inflammable 

epoxy 
- Lead coating: 40/60 Sn-Pb solder dipping. 



MOUNTING METHODS 

PLCC and LCCC may be mounted on either PC boards 
or substrates, employing different soldering methods. 

Reflow process 
• This method permits the soldering of all components 
in a single operation. In this case, solder cream is used 
either by screen printing or employing a pneumatic gun. 
After the application of solder cream the components 
are mounted and the circuit is guided through an 
infrared or convection oven which allows the solder 
to melt. 
In order to avoid solder spreading risks and to position 
the components, the board should be pre-screen printed 
with an insulating material. 

T°C 

-60 s 

fusion 

pre-heating 

• An other way to solder coat the board is to dip it into 
a soldering bath or through wave soldering. Then, flux 
is applied by a brush or immersion and the components 
are placed. 

The soldering is done by reflow through an oven 
as above. 
The result obtained by both methods is identical. 
However, in this case, a complete tinning of the circuit 
is necessary. 

Wave soldering process 
The components are glued to substrate by means of 
an insulated glue. The board is dipped in flux and then 
goes through the wave soldering process. 

Hot air soldering 
In this system, the soldering iron must be replaced by 
a hot air nozzle. Employing this method, 
an improvement in solder temperature control 
is achieved. 
It is also easy to correct some soldering failures 
with this method. 

Heated collet 
This method is used for rework and soldering PCC 
on the versus side of the board after wave solder. 

Vapor phase soldering lVPS) 
This method uses the heat of the vapor of a boiling 
inert fluorinated fluid. Soldering is accomplished 
by either screening tin layers or by electroplating 
solder paste. 
Components are then mounted in appropriate locations 
and soldered to the circuit by dipping it into the vapor 
of boiling inert fluorinated fluid. 
The main advantages of this method are: 
• Uniform workpiece temperature whatever the 
difference in size of the components involved 
• Accurate temperature without any elaborate control 
(temperature of boiling inert fluid) 
• Dipping time may be very short and as a consequence 
better soldering results are obtained 
• Soldering takes place in an oxygen-free atmosphere 
which permits: 
- to use less active soldering flux, and 
- to avoid soldering flux oxidation (easy cleaning 
of remaining flux). 

Remarks 
Various types of high speed automatic mounting 
equipments for passive and active devices are available 
contributing to considerable reduction in production 
costs. 

THERMAL CHARACTERISTICS 

Thermal performances of SMD are dependent upon 
substrate material, size, mounting process, chip area, 
die attach and lead frame material characteristics. 

150 

50 

0 

For PLCC, copper is selected in order to improve the 
thermal characteristics. Therefore thermal resistance 
approaching that of a conventional Fe Ni 42 OIL can be 
obtained. 

- Cu lead frame 

- - _ Fe Ni lead frame 

PLcc 

50 (pin count) 

Junction-ambient air thermal resistance. components reported on classical PC board (FR 4, 1.3 mm thickness, 50 x 50 mm size). 

Allowable power dissipation can reach 350 mW 
according to device type, refer to data sheet. 
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