
















































































































































New Products 

MULTI-PROCESSOR MICROSYSTEM supports up to 16 
users on an S-100 bus, and is expanded by adding single 
cards that contain a processor, memory and dual port mem­
ory window. Built around a Z-80A, it supports up to 4 
Winchester 8

11 
hard disks with maximum 96 MB storage, 

with file back-up on cartridge tape drive . The PDOS hard 
disk operating system offers large scale file management 
facilities and user /file security . The System 1 000-MP is 
$25 ,000 with 4 users and 24 MB storage, desk top model 
or 19" rack mount . CQmputer Service Systems Network, 
120 Boylston St., Boston, MA 02116 . Circle 172 

NEW GPIB TRANSCEIVERS provide a 65 % speed-power 
improvement over the TI SN75160 series. The SN75160A 
is a data bus transceiver, the SN75161A and SN75162A are 
management bus transceivers to be used with GPIB control­
lers to provide a complete µP 16-line interface system con­
forming to the IEEE 488 standard . They feature built-in 
terminating resistors on drive outputs; high impedance to 
bus during power down ; an enable control (SN7 5 l 60A 
only) ; 3-state outputs on receivers; hysteresis maximum 
supply current , and 25 ns maximum propagation delay. 
($3-$5/100) . Texas Instruments Inc, Box 225012, M/S 308, 
Dallas , TX 75265. Circle 179 

16 BIT A/D CONVERTER will digitize an analog input sig­
nal in 2µs. It can be configured with ei ther single ended or 
differential inputs with conversion times of 2µs. or 4 µs. 

Options include either a 2µs , .006% or a 5µs , .0007% sample 
and hold in a single ended input configuration. All inputs 
are DTL, TTL compatible. The ADC-1600 is from $2,050 
in 1-9 quantities. Intech, 282 Brokaw Rd , Santa Clara, CA 
95050 Circle 169 

ADC/DAC TEST SYSTEM Through a series of software­
controlled measurements, the system can accurately mea­
sure gain error (%), zero error (% full scale), linearity error 
(% full scale), differential linearity(% fu ll scale), power sup­
ply , rejection ratio , and the accuracy of the internal, voltage 
reference . It has a multi-pro cessor architecture with a Z-80 
µP that controls test calcu lation, display and keyboard 
fun ctions. A 6502 µP contro ls the system's magnetic tape 
mass storage. Data-handling capabili ties of the 1731 ADC/ 
DAC test system include CRT and front-panel pass/fail in­
dicators, manual and automatic binning, parametric mea­
surement test results, and summary screens on the integral 
CRT . Hard-copy output is availab le through a choice of 
IEEE-488 bus, 20-mA current loop , or optional RS-232 . 
1/0 data ports allow connectio n to a computer or calcula­
tor, for statistical analysis. It includes 48K RAM-based 
operating system software, a program library , 5

11 
CRT , 

alphanumeric keyboard , and ADC/DAC family board. 
($32,500) . GenRad, Inc, 300 Baker Ave, Concord, MA 
01742 . Circle178 

LA VEZZf\ 
\ -

CHART . 
SPROCK Eis~·.~~ 
for accura~~ :~:. 
d 

• .· . .. . rive :~-:-.~ .. . \ . · ...... . 
performanc~:~--~-\ .... ~ 

\ ··..... . 
LaVezzi manufactures : -~-~ :·: 
sprockets for demanding ·.-.-:;.:. 
chart applications-from \ ·-.·:-.·. 
computer print-outs to geo- -.._..._ \ 
logical logging devices. Stan•::~-:. -. 
dard sprockets from 0.30" to :.-.:-:.--. 
1.90" . 1/10 " to 1/ 2 -inch pitch; -: 
10 to 50-tooth configuration . 
Metal lie and molded thermo­
plast ics. Recorder drums to 
24 " for superior writing sur­
faces . Immediate delivery . 
Special size sprockets with 
multi-purpose conf igurations 
available. 

..... . ... . ........ .. .. ... . . .. . . 
\ ·· .. -.·. \• \ ... ·.. . .. .. .. ........ . ... -:: ..... -.:. . . ... 

LaVezzi Machine Works, Inc. 
900 North Larc h Avenue 
Elmhurst , Illino is 60126 

(312) 832-8990 

~4 -... 
Our catalog 

tells all! 
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DCS/80 Multibus® 
Development/ 
Control 
System 
$3595 
The DCS/80 is a low cost, industrial quality rack-mou ntable 
Multibus* compatible development/control system. This compact 
unit was designed for h igh reliability, easy maintenance and 
includes dual 8" floppy disks, DCS801 OA CPU, 5-slot (optional 
9-slot) backplane and power supply. A 16k byte system costs $3595. 
Complete systems with in-circuit emu lation (8080/8085/Z80/6800) 
inc lude DCS/80, PROM programmer, printer and CRT for less 
than $12,000 
MULTIBUS HARDWARE - DCS designs and manufactures a 
complete line of Multibus compatib le boards including the 
DCS8010A CPU that can conta in up to 4k RAM, 16k PROM/ROM , 
48 Bits para ll el 1/0, and 2 serial 1/0 ports. 
SOFTWARE - The DCS/80 is CP/M** compatible and the 
software available includes Fortran. Pascal. Process Control Basic, 
"C" Programming Language, cross-assemblers and a PL/M* 
compatib le compiler. 
* Multibus, PL/M Trademark of Intel 
**CP/M Trademark of Digital Research 

Distributed Computer Systems 223 Crescent Street 
Waltham, Ma. 02154 

TOLL FREE 1-800-225-4589 617 899-6619 
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our system inputs. integrates or 
extracts features In real time at up 
to 30 frames per sec. 

The MIP-3/V is designed for your 
most demanding. high-perform­
ance process control and 
instrumentation. 

"PDP is reg. trademark of 
Digital Equipment Corp. 

•• I•• FROM THE INDUSTRY LEADER IN HIGH-SPEED 
• A/ Ds. ARRAY AND DISPLAY PROCESSORS 

COMPUTER DESIGN AND APPLICATIONS, INC. 
377 Elliot Street/Newton, MA 02164 (617) 964-4320 Telex 922521 CDANEW 
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EXATRON'S 
RS-232C STRINGY/FLOPPY 
MASS STORAGE SYSTEM. 

Mini-disk speed, capacity and 
reliability for only $349.50. 

• Standard RS-232C communications link 
• Built-in operating system 
• Two file management structures : ASCII and binary 
• Three baud rates available: 300, 1200 and 9600 
• Busy/ready handshaking supported 

Call our HOTLINE ... 
(800)-538-8559 
In California, 
Call (408)-737-7111 

Gexatron 
Exatron, inc. 
181 Commercial Street 
Sunnyvale, California 94086 
(408)-737-7111 

Circle 51 on Reader Inquiry Card 
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Z8000 BIBLE. This 950-pg. " Z8000 Assembly Language 
Programming" paperback by Lance Leventhal, Adam 
Osborne and Chuck Collins is the most comprehensive 
Z8000 tutorial and reference manual published to date. It's 
also easy to read . Each of its 1 7 chapters are well-structured 
in a multiple, inverted-pyramid style. Chapters cover as­
sembler features, instruction set descriptions (378 pgg. 
alone!), simple programs and loops, character coded data 
and code conversion, arithmetics, tables/lists, subroutines, 
1/0, interrupts, use of 8010 MMU with 8001, problem 
definition/program design , debugging/testing, documenta­
tion and even projects. This comprehensive handbook be­
longs in the library of every Z8000 designer. $19 .99 plus 
shipping. Osborne/McGraw-Hill , 630 Bancroft Way, Berke­
ley , CA 94710. 415/548-2805. 

8W POWER SUPPLY , contained on a 4 .5" X 6.5" card, sup­
plies +5 at 800 mA , +12 at 150 mA , - 5 and - 12 at 150 
mA. This general purpose power supply can also serve as a 
companion to the M-80 Intelligence Microcomputer. It in­
cludes a standard 22 pin edge connector, and 115 VAC and 
power line switch which can be connected to the board 
with the supplied connectors. The PS-80 is available in kit 
form ($35) or assembled and tested ($60) . Miller Tech­
nology, 16930 Sheldon Rd , Los Gatos, CA 95030 

Circle 208 

CRT WITH DETACHED KEYBOARD offers 11 special 
function keys - 22 functions with the shift key . These can 
be programmed to the users requirements via 256 bytes of 
onboard RAM. The unit also features a 25th status and 
message line, baud rates between 50 and 19,200, a line 
drawing character set with 15 special graphic characters 
and a 128 displayable ASCII character set. A split screen 
with line lock allows lines of copy to be held on the screen 
while scrolling other lines for editing. Model 950 is $1195, 
qty discounts available, delivery in first quarter 1981. 
TeleVideo, Inc, 249 Paragon Dr, San Jose , CA 95131. 

Circle 209 

X.25 NETWORK PROCESSOR . This packet processor 
switches packet transmissions between X.2 5-compatible 
computers, terminals and other digital devices. Operating a~ 
switching nodes in a packet network , each M3216 XPRO 
can support aggregate data rates to 300Kbits/sec, up to 
36,000 call connections/hour, packet rates to 800 packets/ 
sec, up to 1,5 00 virtual circuits (on 64 channels), async 
terminal rates to 9600 bits /sec, and sync terminals rates to 
64Kbits/ sec . Three M3216s can attach to a single Tran 
M3201 Network Processor , each operating independently, 
handling both time division switched and packet switched 
data simultaneously for an aggregate data rate of up to 1.25 
million bits/sec. The M3216 XPRO starts at $50,000, 90 
days ARO .Tran Telecommunications Corp, 2500 Walnut 
Ave , Marina del Rey , CA 90291 Circle 215 

DAT A CONVERTER allows the attachment of a wide 
variety of peripheral equipment to an IBM System/34 com­
puter. The unit sends and receives EBCDIC data via IBM 
binary sync protocol , performs all error-checking functions , 
translates the data to ASCII, and outputs it in serial async 
ASCII format to and from user-attached devices. Data may 
be transmitted at user selectable rates of 75, 110 , 150, 300, 
600, 1200, 2400, 4800, 9600, or 19 ,200 Hz. Other async 
data format options with BAC-34 include parity (even, odd, 
or none), stop bits (1, 1 Vi, or 2), and data bits (6, 7, or 8). 
KMW Systems Corp, 8307 Highway 71 West, Austin , TX 
78735 Circle 214 
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Continued from page 54 

MCS-51 Macro Assembler 
Keyboard/Display Control with 
Intel MCS-51 Microcomputers 
IS I S- I I MCS - 51 MAC RO ASSEMB L ER V l . 0 
OBJECT MODULE PLACE D IN F O KBD51 HEX 
ASSEMB L ER I NVOKED BY F l ASM5 1 KBD~ l SRC 

LDC OD.J 

OOAO 
008 0 
009 0 
OOF O 

0000 
OOFF 

0 0 00 
0000 

0 008 
0 0 04 
0004 

FFFB 
0004 
0000 

OOFF 

OOOF 

REG 

REG 
REG 
REG 
REG 
OOOE 
OOOF 

0.020 

0020 
0000 

0021 
0022 
0023 

0024 
00.:!5 
0020 

LINE 

b 
7 
8 
9 

10 
11 
1 2 
l J 
14 
15 
lb 
1 7 
18 
19 
~ 

2 1 
~ 

~ 

~ 

~ 

a 
v 
~ 

~ 

~ 

J l 
~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

w 
41 
G 
43 
« 
45 
% 
Q 
~ 

" ~ 
5 1 
~ 

~ 

~ 

" M 
~ 

~ 

" w 
bl 
~ 

~ 

M 
~ 

M 
~ 

~ 

M 

SOURCE 

5TITLE l ' KEYBOAR D/ DISP LAY CONTROL WITH INTEL MCS - 51 MI CROCOMP UTERS') 

i ................................................. *** ................................. ... 

SYSTEM CONFIGURATION EQUATES . 

P !NPUT EGU 
PDI G IT EGU 
PSGMNT EGU 
INPMSK EOU 

P 2 
PO 
Pl 
OFOH 

, PORT USED TO SC AN F OR KE Y CLOSURES 
, USED TO ENABLE CHARACTERS ANO STROBE ROWS OF KEYBOARD 
, USED TO TURN ON SEGMENTS OF CURRENTLY ENABLED 0 I G lT 
, DEFINES BITS USED AS INPUT 

POSLOG EGU OOH 
NEGLOG EGU OFFH 

CHRPOL EGU 
SEGPOL EGU 

CHARNO EGU 
NROl.IS EGU 
NCDLS EOU 

TICK EOU 
DEBNCE EOU 
BLANK EOU 

ESCAPE EOU 

ENCMSK ECJU 

POSL OG , DEFINES WHETHER OUTPUT LINES AR E ACTIVE H I OR LOW 
POSLOG ; \ FOR DRIVING CHARACTERS ANO SEGMENT PATTERNS 

8 ; NUMBER OF DIGITS IN DI SPLAY 
, ROWS OF KEYS <L ESS THAN OR EQUAL TO CHAR NO l 
, LESSER DIMENS I ON OF KEYBOARD MATRI X 

- :5 , INTERRUPT INTERVAL "" :5+256 USEC 
4 , NUMBER OF SUCESSIVE SCANS BEFORE KEY CLOSURE ACC EPTED 
OOH ; OUTPUT CODE TO BLANK ALL DISPLAY SEGMENTS. 

, ( WOULD BE 20H IF ASCII DECODING ROM USED OR OFH I F 
, 7447-TYPE SEVEN-SEGMENT DECODER EXTERNAL TO 8 751 I 

OFFH , ESCAPE PATTERN MONITORED BY PRINT ROUTINE 

OFH ; SELECTS WHI CH BITS ARE RELEVANT TO ENCACC SUBROUTINE 

' ***** *** •••••••••• ***** * ************* •• ****** *** •••••• ** *** 
BANK 0 REGISTER DECLARATION . 

NEXTPL EGU R 7 , KEEPS TRACK OF NEXT CHARACTER POSITION TO BE WR ITTEN 

. ** * *** * ••*************** ************ ••••••••••••••••••• ** ** 
BANK 1 REGISTER ALLOCATION : 

ROTPAT ECJU 
ROTCNT ECJU 
L ASTKY EOU 
CURDIG EGU 
? LASTKV DATA 
? CURDI G DATA 

R4 
R5 
Rb 
R7 
l b O 
170 

USED TO HOLD INPUT PATTERN BEING ROTATED THROUGH CY 
COUNTS NUMBER OF BITS ROTATED T HROUGH CY 
HOLDS KEY POSITION OF LAST KEY DEPRESSION DETECTED 
HOLDS POSITION OF NEXT CHARACTER TO BE DI SPL AYED 
OCTAL DIRECT BYTE ADDRESS OF LASTKY REGISTER 
OCTAL DIRECT BYTE ADDRESS OF CURDIG REGISTER 

DATA RAM ALLOCATION 

DSEG 
ORG 

FLAGS · OS 
CLOSURE BIT 
NREPTS OS 
KE YLOC OS 
KBOBUF : OS 

ROELAY : OS 
SEGMAP · OS 
STACK : OS 

, FOLLOWING BYTE ALLOCATION REFER S TO ON-CHIP CA TA RAM: 
20H ; llAM ALLOCATION BEGINS AFTER REG JSfER BANK 1 

ALLOCATE 8 SOFTWARE FLAGS IN 805 1 BIT ADDRESS SP ACE 
FLAGS. 0 DEFINE FLAG TO MONilOR KEY DETECTIONS 

KEEPS TRACK OF SUCCESSIVE READS OF SAME KEYSTROKE 
INCREMENTED AS SUCCESSIVE KEY LOCATIONS SCANNED 
CARRIES POS ITION OF OEBOUNCED KEY FROM REFRESH ROUT I NE 

, \ BACK TO BACKGROUND PROGRAM 
, NON- ZERO WHEN DELAY IN PROGRC:::SS 

CHARNO ; BASE OF REGISTER ARRAY FOR DISPLAY PATTERNS 
lOH f STACK STORAGE DECLARATION ( 16- BYTE ALLOC/\T!ON) 

; *** * •• * ** *. ** * *. * * •• * ** ** * * * ** **. *** ****** * * *. ** *** ** •• ** * * 
NOTE THAT LASTKY, CURDIG, AND CLOSURE RETAIN STATUS INFORMATION FROM 
ONE INTERRUPT TO THE NEXT . ALL OTHER REGISTERS MAY BE USED IN 
THE USER ' S OWN INTERRUPT SER VIC ING ROUTINE 

L DC OBJ 

000 0 
000 0 0200F6 

0008 
0008 758CFB 
OOOE 12001 2 
0 01 1 32 

00 12 COEO 
0014 CODO 
0 0 16 7 50008 
0019 7 590 00 
OO l C EF 
0 0 10 :2 4 50 
OO lF 83 
0 0 2 0 F SBO 
0 022 7 425 
0024 2 F 
0 02:5 FB 
0026 8690 

0028 7004 
002A E:5AO 
002C F4 
0020 :54FO 
002F 7008 

0031 £522 
0033 240 4 
0035 F522 
0037 8014 

0039 33 
003A FC 
003e soon 

0030 0200 

0 0 3F E:522 
0041 CE 
0042 6E 
0043 6003 

0045 752104 
0048 0522 
OOIM EC 
004B OOEC 
004 0 OF 
004E BF081A 
0051 E4 
0052 FF 

LINE SOURCE 

70 
7 1 
7 2 
7 3 
7 4 
75 
lb 
77 
78 
79 
8 0 
8 1 
82 
S J 
84 

; **** ************•* **** ** *************** ** *** ** ** *** ******** 
RESET AND INTERRUPT VECTOR S 

CSEG 
ORG OOOOH 
JMP. SYS _ I NIT 

ORG 
MOV 
CAL L 
RETI 

OOOBH 
THO, # TICK 
REFRESH 

, TIMER 0 OVERFLOWS AUTOMATIC ALLY CALL LDC OOOBH 
, RELOAD TI MER I NT ER VAL 

, RETUR N ANO RESTORE INTERRUPT LOGJC 

I *** **•*********** ********** ** * * tt tt * *********** ••********* 
8 5 +1 t>EJECT 

8 6 REFRESH 
8 7 SUBROUT I NE TO MUL TIP LE X SEVEN - SEGMENT DI SPL AYS 
88 EACH CALL CAUSES THE NEXT CHARACTER TO BE D ISPLAYED. 
89 ACC OR DI NG TO THE CON TENTS OF THE SEGMAP REGISTER ARR AY 
9 0 REFRESH SHOUL D BE CALLED AT LEAST EVERY MSEC OR SO 
9 1 
~ 

~ 

M 

" % 
n 
~ 

" 100 
101 

· ~ 1m 

·~ 105 

·~ IW 
100 
I~ 

110 
111 
112 
113 
114 
115 
1 lb 
117 
118 
119 
I~ 

121 
I~ 

I~ 

·~ I~ 

1a 
IV 
128 
I~ 

I~ 

131 
I~ 

1m 
IM 
l~ ,. 
·~ I~ 

·~ 
·~ 141 
IG 
10 
I« 
145 
!% 
lU 
IU 

I" 
I~ 

151 
152 

·~ I~ 

19 
lM 

NXTLOC 

SCANS 

SCAN6 ; 

ACC 
P SW 
PSW, # 0000 10008 
PSGMNT , #B L ANK 
A , CUROIG 

, SAVE CPU REGISTERS AFFECTED BY SERV I CE ROUTI NE 

SELECT REGISTER BANK 1 
T URN OFF ALL SEGMENT DR IVERS 
LOAD POSITION CO , 1 , 2. ) OF DI GIT TO DISPL AY 

PUSH 
PUSH 
MOV 
MOV 
MOV 
ADD 
MOVC 
MOV 
MOV 
ADO 
MOV 
MOV 

A, # CHRSTB - ( S+3) ADD DI SPLACEMENT TO STROBE ENCODING TABLE 
TRANSLATE I NTO DIGIT- ENABL E PATT!::.RN A , @A+PC 

POI GIT , A 
A , #SEGMAP 
A . CURO JG 
RQ, A 
PSGMNT. @RO 

ENERGIZE THE NE XT CHARACTER TO BE DI SPLAYED 
L OAD BASE OF REG ISTER ARR AY 
ADD CURDIG DISPL ACMENT INTO SEGMAP ARRAY 
STORE INTO INDEX REGI STER TO AC CESS PAT TERN 
COPY CHARACTER BIT PATTERN TO SEGMENT PORT 

THE NEXT CHARACTER IS NOW BEING DISPLAYED. 
THE KEYBOARD SCAN ROUTINE IS INTEGRATED INTO THE DI SPLA Y SCAN 
WITH THE CURRENT ROW ENERGIZED, CHECK IF THERE ARE AN Y INPUTS. 

HOV ROTCNT, #NCOLS 
MDV A , PI NPUT 
CPL 
ANL A , tt INPMSK 
JNZ NXTLOC 
NO KEY l S NOW DOWN 50 
MDV A , KEVLOC 
ADO A . #NCOLS 
MDV KEYLOC, A 
SJMP SCAN6 

, SET UP FDR ( NCOLS) LOOPS THROUGH ' NXTLOC' 
; LOAD ANY SWITCH CLOSURES 
; ANY CLOSURES DETECTED ARE NOW ONE BITS 
; MASK- OUT J / 0 BITS NOT USED FOR RETURN LINES 
; - IF ANY KE YS ARE DEPRESSED IN THf:. ENABLED ROW 

THE KEYLOC COUNT MAY BE UPDATED DIRECTLY 

ROTATE BITS THROUGH THE CY WHILE INCREMEN1:ING KEYLOC. 

RLC 
MOV 
JNC 

A 
ROTPAT, A 
SCANS 

; SAVE SHIFTED BIT PATTERN 
; ZERO BIT IN CY INDI CATE S KEV NOT DOWN 

AT THIS POINT A CONTACT CLOSURE HAS BEEN DETECTED AT THE KEY POS ITION 
INDICATED BY THE CONTENTS OF KEYLOC . 
THE FOLLOWING CODE OEBOUNCES THE KEY AND 
WRITES ITS POSITION INTO VARIABLE KBDBUF . 
MODIFI CATI ONS TO THE KEYBOARD SCANNING ALGORITHM CSUC H AS THE I NCLUS I ON 
OF A SHIFT, CONTROL , OR MOOE KEY IN THE KEY MATRIX ITSELF) 
SHOULD BE MADE AT THIS POINT , DEFORE THE DEBOUNCE LOGIC _BEGINS. 
FOR EXAMPL E . KEYLOC COULD BE COMPARED AGAINST THE POSITION OF ANY MODE 
KEYS, WITH A FLAG BIT SET IF THERE IS A MATCH. 
OR. BY COMPARING KEYLOC AGAINST THE LAST KEY DEBOUNCED. 
TWO - KEY ROL LOVER COULD BE SENSED AND PROCESSED IMMEDIATELY 

SETO CLOSURE ; MARK THAT CURRENT SCAN DETECTED A KEY 
SEE IF THE POSITION OF THIS KE V MATCHES THAT OF PREV IOUS KEY SENSED 

MOV 
XCH 
XRL 
JZ 

A, KEYL OC 
A , LASTKY 
A , LASTKY 
SC AN~ 

, CURRENT KE V POSITION 
, SWAP WITH PREVIOUS KEV POSITION 

A DIFFERENT KE V WAS READ ON THIS CYCLE THAN ON THE PREVIOUS CYCLE 
SET NREPTS TO THE OEBOUNCE PARAMETER FOR A NEW COUNTDOWN. 

MDV NREPTS, #DEBNCE 
INC KE VLOC 
MOV A, ROTPAT 
DJNZ ROTCNT , NXTLOC 
INC CUR DIG 
CJNE CUROIG, # CHARNO, SCAN9 
CLR A 
MOV CUROIG, A ; RESET DISPLAY DIGIT INDEX 

Continued on next page 
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LDC OBJ 

0053 F522 
0055 100004 
0058 7EFF 
005A 8009 

005C E521 
005E 6005 
0060 D52102 
0063 BE23 

0065 E524 
0067 6002 
0069 1524 
0069 DODO 
0060 DOEO 
006F 22 

0070 80 
0071 40 
0072 20 
0073 10 
0074 0 8 
0075 04 
0076 02 
0077 01 

0078 7400 
007A 7825 
007C 7FOB 
007E F6 
007F OB 
0080 DFFC 
0082 22 

0083 FB 
0084 EF 
0085 2425 
ooa1 ca 
0088 F6 
0089 OF 
OOBA BF0802 
OOBD 7FOO 
OOBF 22 

0090 7820 
0092 18 
0093 C6 
0094 8825FB 
0097 7FOO 
0099 22 

009A 540F 
009 C 9000A1 
009F 93 

LINE 

1"7 
158 
159 
100 
101 
102 
103 
104 
105 
100 
107 
168 
109 
170 
171 
172 
173 
174 
175 
170 
177 
178 
179 
180 
181 
182 
183 
184 
185 
180 
187 
188 
189 

. 190 
191 +l 
192 
193 
194 
195 
190 
197 
198 
199 
200 
201 
202 
203 
204 
205 
200 
207 
208 
209 
210 
211 
212 
213 
214 
215 
210 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
2 4 2 
243 
2 44 
245 
2 4 0 
247 
2 48 
2 49 
250 

SOURCE 

MOV KEYLDC , A ; RESET KEY POSITION COUNT 
JBC CLOSURE, SCAN7 ; JUMP IF ANY KEYS WERE DETECTED g. CLEAR FLAG 
MDV LASTKV, •OFFH ; CHANGE <LASTKV) WHEN NO KEYS ARE DOWN 
SJMP SCANS 

THE FOLLOWING CODE SEGMENT IS EXECUTED BY THE KEYBOARD SCANNING ROUTINE 
AFTER ALL DISPLAY CHARACTERS HAVE BEEN REFRESHED IF A KEY IS DEPRESSED 
LOOK AT NREPTS : IF ALREADY ZERO , DO NOTHING ; ELSE DECREMENT NREPTS 
IF THIS RESULTS IN ZERO. MOVE LASTl'.Y INTO l(.BDBUF . 

SCAN7 . MDV A, NREPTS 
SCANS ,Jl ; IF ALREADY ZERO 

DJNZ NREPTS, SCANS ; DECREMENT COUNT a. BRANCH IF RESUL T I S NOT ZERO 
MDV KBDBUF. LASTKY 

THE INTERRUPT-DR IVEN PORT ION OF THE ' DELAY ' UTILITY DECREMENTS RAM 
LOCATION ' RDELA Y ' ONCE PER DISPLAY SCAN UNLESS VALUE JS ALREADY ZERO. 

SCANS: MDV A, RDELAY 
SCAN9 
RDELAY 
PSW 

JZ 
DEC 

SCAN9: POP 

CHRSTB : 

SEJECT 

POP 
RET 

DB 
DB 
OB 
DB 
DB 
DB 
DB 
DB 

ACC 

; OUTPUT BIT PATTERN TABLE TO ENABLE DNE-OF-CHARNO CHARACTERS 
C 1 00000008 XOR CHRPOL I 
COIOOOOOOB XOR CHRPOLI 
<001000008 XOR CHRPOL I 
C000100008 XOR CHRPOLl 
(000010008 XOR CHRPOLl 
<000001008 XOR CHRPOLl 
C00000010B XOR CHRPOLl 
I 000000010 XOR CHRPDLl 

THE UTI L ITV SUBROUTINES BELOW I MPLEMENT FUNCTJ ONS COMMONLY USED IN 
KEYBOARD/DISPLAY APPLI CATIONS. THEIR USE JS DEMONSTRATED JN THE 
" TEST " ROUTINE AT THE ENO OF THE LISTING. 

; ******* ***** *** **. ****** *** ** ** **. ** * * •• * * * ** ***** **** *** * * 
CLEAR : 

FILL : 

CLRl : 

WDISP : 

WRITES ' BLANK ' CHARACTERS INTO ALL DISPLAY REOISTERS . 
RETURNS WITH NEXTPL SET TD LEFTMOST CHARACTER POSITION 
ENTRY POINT " FILL " WRITES ACC SEGMENT PATTERN TO ALL DISPLAY POSITIONS 

MDV A, #BLANK 
MDV RO, #SEOMAP 
MDV NE XTPL. # CHARNO 
MDV 
INC 

!RO, A 
RO 

OJNZ NEXTPL. CLR 1 
RET 

; STORE THE BLANK CODE 
; POINT TO NEXT CHARACTER TO THE LEFT 

WRITES BIT PATTERN NOW IN AC C INTO NEXT CHARACTER POSITION 
OF THE DISPLAY I NEXTPLI . ADJUSTS NEXTPL POINTER VALUE 
RESULTS IN DISPLAY BEING FILLED LEFT TO RIGHT . THEN RESTARTING 

MDV RO, A 
MDV A, NEXTPL 
ADD A, #SEGMAP 
XCH A, RO 
MDV t:RO, A 
INC NEXTPL 
CJNE 
MO~ 

WDISP I : RET 

NEXTPL. # CHARNO , WDISPl 
NE XTPL. # 0 

; ** ***** * * *** ***** ****** * ** ** ** *** * * * *. *. ** *. **** *** ****. * *. 
RENTRY · 

SUBROUTINE TO ENTER ACC CONTENTS INTO THE RIGHTMOST DIGIT 
AND SHIFT EVERYTHING ELSE ONE PLACE TD THE LEFT 

MDV RO , #SEGMAP+CHARNO 
RENTR l DEC RO ; POINT TO PREVIOUS CHARACTER 

XCH 
CJNE 
MDV 
RET 

A, !RO 
RO, #SEGMAP , RENTR 1 
NEXTPL. • O , RESET POSITION POINTER 

I ** * *** ** *** *** * * ** ********* *** * ** * * ** * * ** * * *** * **** **** * ** * , 
ENCACC : 

TRANSLATE LEAST SIGNIFICANT NIBBLE OF A INTO HEX CHARACTER 8 IT PATTERN : 

ANL A , #ENCMSK 
MDV DPTR , #DGPATS 
HOVC A, IA+DPTR 

LDC OBJ 

OOC6 201FFD 
OOC9 7480 
OOCB C523 
OOCD 9000D2 
OODO 93 
0001 22 

0002 4F 
OOD3 10 
0004 4E 
OOD5 24 
OOD6 17 
OOD7 18 
CODS 19 
OOD9 23 
CODA 14 
0008 15 
OODC 16 
OODD 22 
OODE 11 
OODF 12 
OOEO 13 
OOEl 21 

OOE2 11C6 
OOE4 119A 
OOE6 1190 
OOEB 22 

OOE9 E50E 
OOEB 30E7FD 
OOEE 22 

OOEF F524 
OOFl E524 
OOF3 70FC 
OOF5 22 

OOF6 75812C 
OOF9 7 50FOO 
OOFC 7523FF 
OOFF 752200 
0102 1178 
0104 C200 
0106 758901 
0109 758CFB 
01oc D2eC 
OlOE 75A882 

LINE 

310 
311 
312 
313 
314 
31" 
310 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
330 
337 
338 
339 
340 
341 
342 
3 4 3 
344 
345 
340 
347 
348 
349 
350 
351 
352 
3'3 
354 
355 
350 
357 
358 
359 
300 
361 
362 
303 
304 
365 
300 
367 
308 
309 
370 
371 
372 
373 
374 
375 
370 
377 
378 
379 
380 
381 
382 
383 
384 
385 
380 
387 
388 
389 
390 
391 
392 
393 
394 
395 
390 
397 
398 
399 
400 
401 
402 
403 

SOURCE 

LEGENDS : 

ECHO : 

THE INTERRUPT DRIVEN KEYBOARD SCANNER . 
RETURNS ONL V AFTER A NEW KEYSTROKE HAS BEEN DE BOUNCED WITH I TS ENCODED 
VALUE !RATHER THAN ITS POSITION IN SWITCH MATRIX > IN THE ACCUMULATOR 

JD l(.BDBUF 7 . s WAIT AT THIS INSTRUCTION UNTIL NEW KEY READY. 
MDV A, #80H KBDBUF WILL DE HARKED AS CLEAR 
XCH A. KBDBUF LOAD BUFFER VALUE 
HOV DPTR, #LEGENDS LOAD DATA POINTER WITH KEY ENCODING TABLE BASE 
MOVC A, l:A+OPTR OBTAIN BYTE REPRESENTJNQ ME Y SIGNIFICANCE 
RET 

LOOK-UP TABLE SHOWING KEY MATRIX LEGENDS FOR PROTOTYPE KEYBOARD 
PHYSICAL KEV LAYOUT IS DRAWN JN THE COMMENT FIELDS. 
DIT6-BIT4 ARE BEING USED TO ENCODE ME Y TYPE IN THIS CASE · 

BIT4 INDICATES REGULAR DECIMAL DIGITS , 
DJT5 I NDICATES RIGHT-COLUMN FUNCTION KEYS, 
BIT6 INDICATES PUNCTUATION MARKS ( * ANO # > 

DB 4FH 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

!OH 
4EH 
;!4H 
17H 
18H 
19H 
23H 
14H 
15H 

DB 16H 
DB 22H 
DB 1 lH 

PDIQIT. 4,.,.> 1 

PDIGIT. 5&-,. ) 4 

PDIGIT. 6••) 7 

PDIGIT. 7••> * 

0 

8 9 

0 

(1) 

<2> 

<3> 

( 4 ) 

DB 
DB 
DB 

12H 
13H 
21H 

v 
PINPUT. 7 PtNPUT . 6 PINPUT. 5 PJNPUT. 4 

READ KEYSTROKE I NPUT AND PRINT CORRESPONDING DIGIT TO DISPLAY 

CALL KB DIN 
CALL ENCACC 
CALL RENTRY 
RET 

i * ***** * •• * ** ••• ** ** * ** *** ********** * ** *. *. * *** ** ***** * *** *** 
HOLD : 

DELAY : 

SUBROUTINE CALLED WHEN KE Y IS KNOWN TO DE DOWN 
WILL NOT RETURN UNTIL KEY IS RELEASED. 
CNOTE THAT " LASTKY" IS DIRECTLY ADDRESSED FROM ALTERNATE REGISTER DANK) 

MDV A , ?LASTKY ; < LASTKY) =oOFFH IFF NO KEYS DOWN 
JNB AC C. 7. HOLD 
RET 

SUBROUTINE HANGS UP FOR THE NUMBER OF COMPLETE DISPLAY SCANS EQUAL 
TO THE CONTENTS OF THE ACCUMULATOR WHEN CALLED. 

MDV 
DELAY1 . MDV 

JNZ 
RET 

RDELAY, A 
A , RDELAV 
DELAY! 

SVS_INIT : 
CPU AND PERIPHERAL CONTROL REOISTER INITIALIZATION 

MDV SP , #STACK- I 
MDV ?C URCIO, # 0 
MDV l(.80BUF. #OFFH 
MDV KEYLOC , •o 
CALL 
CLR 
MDV 
MDV 
SETS 
MDV 

CLEAR 
CLOSURE 
TMQO, #01H 
THO, #TICK 
TRO 
IE. #100000108 

; UTILITY FOR SETTI NG INITIAL DISPLAY REGISTERS 

CONFIGURE TIMER 0 AS 16- DIT FREE- RUNNING TIMER 
LOAD INTERRUPT RATE VALUE 
START TIMER 0 RUNNJNQ 
ENABLE TIMER 0 INTERRUPT REQUESTS 

THE REMAININQ CODE SHOWS HOW TO ACCESS THE SUBROUTINES ABOVE 
IT IS INTENDED FOR DEMONSTRATION PURPOSES ONLY-
FEW END USERS WANT NAMES POPP ING UP ON THE IR CALCULATOR SCREENS. 
THE TEST SEQUENCE IS TO CHECK FOR ANY NEW KEYSTROKES DETECTED. 
TRANSLATE EACH KEYSTROKE INTO A SEGMENT PATTERN, 
AND WR ITE IT INTO THE APPROPRIATE DISPLAY REGISTER . 
SPECll\L ROUTINES ARE INVOKED WHEN THE FOUR BUTTONS 
ON THE RIGHT - HAND SIDE OF THE PROTOTYPE KEYBOARD ARE PRESSED · 
TESTt - FILLS DISPLAY REQISTERS WITH SEQUENTIAL DIGITS FROM ' O ' , 
TEST2 - WRITES WRITES A STRINQ OF CHAR AC TERS ONTO THE DISPLAY , 
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Continued from page 54 

segment pattern is written to PSGMNT, 
and the keyboard return lines are read 
by PlNPUT. The user may initially 
assign these logical port names in any 
manner he pleases. 

By way o f example (Fig 4) , the 
breadboard used to develop and debug 
this software used a 4x4 matrix of 
simple single-pole pushbuttons and an 
eight character common-cathode LED 
display with right-hand decimal point. 
We defined PDIGIT as eight-bit port 0 , 
PSGMNT as port 1 , and PINPUT as 
port 2 . We used 75491 and 75492 
current buffers as drivers. These buf­
fers are logically non-inverting in that 
high-level inputs turn a segment or 
character ON ; therefore , the segment 
and character polarity (SEGPOL and 
CHRPOL, respectively) were initially 
set to POSLOG (positive logic). 

PDIGIT is the eight bit port used to 
enable , one at a time , the individual 
characters of an eight-digit seven-seg­
ment display , while also strobing the 
rows of the keyboard. The highest 
order bit , BIT7 , enables the leftmost 
character and the bottom row of the 
keyboard; BIT4 enables the top row of 
the 4x4 keyboard and the fourth 
character; BITO enables the rightmost 
character . BIT3-BITO could also st robe 
a 4x8 keyboard. Access ing a look-up 
table called CHRSTB accommodates 
the enabling of one bit (active high or 
low). This technique takes about four 
bytes more ROM than a technique of 
rotating a one through a field of zeros 
in the accumulator an appropriate 
number of times , but it allows some 
additional flexibility : if the drivers 
being used have a combinatorial in ­
put (as in the 7545x family of high­
current , high-voltage drivers), the 
CHRSTB table could provide encoded 
outputs. For example , six bits o f 
buffered output could enable nine 
digits - 001001 , 001010 , 001100 , 
010001 , 010010 , 010100 , 100001 , 
100010 , 100100 . If the 1/0 lines need 
to be conserved or if many digits must 
be displayed, yo u co uld ad d an exte rn al 
decoder to the system. 

You cou ld reali ze easily some of 
the more complex funct ions li sted in 
Table I by linking together o ther 
utilities. Fig 5 shows how the various 
subrou tines interre late. Several of the 
low leve l utilities are accessed by higher 
levels, as well as being accessible to the 
main program itself. The short test 
program was included in Table 1 to 
echo key depressions as they were de­
tected and to invoke four demonstra­
tion subroutines. 
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FLEX CIRCUITS FOR 
DISK DRIVES, PRINTERS 

• Single and double-sided designs 
• Reduce assembly costs, inspection time 
• Reduce interconnect weight and volume 
• Improve wiring accuracy and circuit 

performance 

From design to volume production, quality 
flexible circuitry from Buckbee-Mears Company 

BUCKBEE-MEARS COMPANY bmc 
Precision Components Group 

NASHUA DIVISION 
100 NORTHEASTERN BLVD 

NASHUA, NEW HAMPSHIRE 03060 
(603) 883-5541 
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