




















































































































































































































































































































































































































































































































































































APPENDIX C1 (Continued) 
••••••• T ..... ... 

117 ; 
118 ; EQlWlTES: 
119 ; 

Il991 128 RXFLG EQU 8tH ; RECEIVE FLAG IN RXSTS 
8882 121 SR1FLG EQU 82H ; START BIT IN RXSTS 
8884 122 BFFLG EQU 84H .l BYTE FINISHI:D FLAG IN RXSTS 
8888 123 DATROY EQU 88H ; DATA REfI)Y FLAG IN RXSl S 
8818 124FRAIER EQU 18H ; FJ9tING FLAG IN RXSTS 
l1li28 12'J oc.m. EQU 2al ; ERR(J! FLAG IN RXSTS 
8848 126 lOOIR EQU ; 110 FLAG IN RXSIS 
8888 127 IIFLG EQU 8l1H ; 110 REQtEST FLAG IN RXSTS 
IJ881 128 TXFLG EQU 81H ;TX FLAG IN TXSTS 
8882 129 REQFLG EQU 82H ; REQUEST BYTE FLAG IN TXSTS 
11840 138TI(;()JJT EQU 48H ; TICK SJ1IPLE BIT IN PORT 2 
888lI 131 RXINTL EQU 88H ;RX DESERIALIZER 
8884 132 TICSRT EQU 84H ; TICK INITIALIZATICJ4 
987F 133ASCIISK EQU 7FH ; ASCII I'IfISI( 
8883 13400IC EQU 8JH .; lX TICK 10) I'IfISI( 
8828 135 TXEN) EQU 48D ; TICK CWfT AT 00 IF TX CIflROCTER 
8824 136 STPEII) EQU :s6D ; 1 ICK CWfl AT 00 IF TX DATA 
8884 137 I'IARK EQU 84H ; 191( ruTPUT 
98FB 138 SPACE EQU 8FBH ; SPACE OUTPUT 
8888 139 ZERO EQU IIIlH ; GENERAL CLEfIk 
8888 148 TXINT EQU 88H ; IX INTERRtFT ruTPUT IN ron 2 
l1li28 141 TXBIT EQU 2al ; IX INTEJdU'T BI1 IN STATUS 
l1li28 142 EQU J2D ; TIlER rufSTANT RIll 
983F 143 RSTERR EQU 3FH ; RESET I'IfISI( STATUS 
8848 144 FESTS EQU ; FRAltING ERR(J! BIT IN STArus 
8888 145 OVSTS EQU 8IIH ; EHRQ1 BIT IN STATUS 
Il991 146 I'IKOUT EQU 81H ; I'IARK ruTPUT TO PORl 
88FE 147 SPOUT EQU 8FEH ; SPACE OUTPUT TO PORT 
8888 148 SBIT EQU 88H ; 1 X STAAT BIl FLfJ(j 

8883 149 RXSTS EQU RJ ; RX STArus REGISTER 
8885 158 TXSTS EQU R5 ; TX STATUS REGISTEk 

151 ; 
152 $EJECT 
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LOC IR1 

11987 

8887 D5 
11898 IF 
Il889 F9 
II8IIA 89 _5688 
8891) 62 

11812 FD 
1*135219 
89159AFE 
11817 0418 
11819 8FIIll 

8918 C5 

APPENDIX C1 (Continued) 

SEQ SlUCE STAI El'lENT 

153 ; ***********************************-...**** .. __ *************** 
154 ; 
155 ; RESET VECTOR LOCATION 
156 ; 
157 j ..... ********~*************** ..... 
158 ; 
159 CRG IlIl89H 
168 ; 
161 RESET: SEL 
162 JI'F 
163 ; 

RI:I8 
INn 

; GET INTO RB8 AT RESET 
; GO TO INITIfUZATION 

164 ; ..... * •• 1 .1 •••••• ******** ........ **** .... 1'$ ....... **** ............... 
165 ; 
166 ; 1I1'IER INTERRlFT LOCATION - TII'IER IS SET TO 4 1lll.S HE BAlI) RATE. Tit: 
167 ; RECEIVER III) TRfIISPIITTER ARE SEI<YICED EVERY FOUR 1I1'IER liCKS. ~11fi<E 
168 ;DELAY Lin' IS USED FOR TI"Iffl FII£-lUNIffl. RB1 R1 POINTS Al DELAY 
169 ; CONSTfM' AT INTERRlFT. Id. -1 POINTS Al TI/'IER CONS TOO. 
178 ; 
1~; .................. ~~~*" ............ "~~ 
172 ; 
173 
174 ; 
175 TI"INT: sa 
176 PlOY 
177 PlOY 
178 I«IP 
179 INT1: JT1 
189 PlOY 
181 ; 

1l987H 

RBi 
R7,A 
1tR1 

IN11 

182 ; TICK SAIIPl.E OUTPUT 
183 ; 
184 
185 
186 ; 

P2. Ir«lT neOOT 
P2. ITICOOT 

; INTERRlPl PROCESSING IN RB1 
; SAVE ACCIJl.lAlOR IN R7 
; GET mER CONSTfM' 
; DELAY TO tiEl INTO 11 HIGH 
; WAIT UNTIL 11 IS LOll 
; IHEN La.> COUNTER 

187 ; ................... --........ **** .... **** ........................... .. 
188 ; 
189 ; ~ITTER OUTPUT - 1I~ CRITICfI.. TASKS Da£ FIf6T. DATA BIT OIJTPUl 
1.98 ; PIPELINE/) IN TXSTS BIl 2 IS OUTPUT 101. 
191 ; 
192 ; ........................ 11 ............ **** ......................... ........ 
1!13 ; 
194 TXOUT: PlOY 
195 JB2 
196 fit. 
197 JI1P 
198 IOJT: ORL 
199 ; 

It TXSTS 
~T 
P2,ISPOUT 
ReY 

; GET TIC STATUS 
; TEST PIPELINE/) DATA 
; OUTPUT SPFK:E IF RE~T 
; 00 RECEIVER 
; OUTPUT IIARK IS SET 

289 ; ................................... **** ......................... 11 .. ............ 

291 ; 
282 ; SlfRT OF RECEIVER FL(I,I - RICSIS REGISTER 
283 ; HOLDS RECEIVER STATUS. 
204 ; 
285 ; ........................ '1 •• 11111 .. 1 •• 1111111111 .......... _ ... _ 

286 ; 
287 RCY: sa RB8 ;SWITCH TO RIC BANK 
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APPENDIX C1 (Continued) 

LOC ~ SEQ SOURCE STRTEI'ENT 

981C FB 298 lIlY fl.RXSTS iGET RXSTS 
11811) 1226 289 JB8 RCY1 ; TEST kECEIW:. FLAG 

218 i 8 - f«) ~ I£IIIi RECEIVED 
211 i 1 - POSSIBLE START lilT, DO TESl 

881F 3668 212 JT8 )(tIIT i TEST Rla) IhfUT 
213 i 8 - SPfK:E, SET RlC FLAG 
214 i 1 - IIfIRK, GO CHECK )(tIIT 

8821 4381 215 IR. fl.1RXFLG i SPACE - SET RX FLAG 
8823 III 216 !lOY RlCSTS,A ; RESTtI!E RXSTS 
88248468 217 M )(tIIT i GO IRIllE XIITR 

218 ; 
219 i STARl Bn ,.EST 
228 i 

8826 3238 2'.d. RCY1: JB1 RCYJ iFIRST lEST START Bn ~LAG 
8828 36JJ m JT8 RCV2 ; TEST Rla) Itf'Ul 

22J ; 8 - SPIlL OOD STARl BIT 
224 ; 1 - IIfIRK, BfI) STfWT Bn, IIKlRE 

882ft 4382 225 IR. fl.ISRTFLG i InI) START - SET START Bl T FLAG 
882C III 226 IIOY RlCSTS,A ; RESTtRE RXST5 
882D BEse 227 lIlY R6,IRl(INTL ; SET\JI RX DESERIfUZER 
882F BD84 228 lIlY R5,ITICSRT ; LIB) roc lICK CWfTER 
8831 8468 229 M )(tIIT i GO IRI>lE XlUR 

2J8 ; 
231 ; BfI) START BIT - RESET FLAGS 
232 i 

883353FE 233 RCV2: III. A, INlT RlCFI.G i RESET RECEI~ FLAG 
88J5 fill 2J4 IIOY RXSTS,R i RESTtI!E RXSTS 
8836 8468 235 M )(tIIT ; 00 tRI>LE XIfTR 

236 ; 
237 ; IN "IDDlf CJ= ~ - SfIRE EVERY 4 1 IB TICKS 
238 ; 

.38 ED68 2J9 RCY3: DJNZ R5,)(tIIT ; WAIT lM'IL 4TH TICK 
88JA 80M 248 lIlY 1<5, ITICSRT ; REUB RX TICK WMER 
88JC 5241> 241 JB2 RCV5 ; TEST BYTE FINIstED ftAG 

242 i 8 - "IDDlf CJ= CHIt I:I*T Itu 
243 ;1 - DONE WI1H SlOP BITS 

88JE 97 244 CLR C i CLEAR ~ BEFIE ROTAn: 
88JF 2642 245 JNT8 RCY4 ; 1 EST Rla) IhfUT 
8841 A7 246 CPl. C ; RXD IS 1tARI(, SET CARRY 
8842 FE 247 RCY4: lIlY fl.R6 ; GET DESa<IfLIZER 
884367 248 RRC A ; ROTATE IN to BIT 
11844 fIE 249 lIlY R6,R ; RLSTM DESERIfLI~ 
8845 E668 258 oc )(tIIT ; TEST CARRY ffTER ROTATE 

251 i 8 - "IDDlf CJ= Of< 
252 i 1 - STOP lilT C(IIIIIi NEXT 

11847 FB 25J lIlY fl.RXSTS ; GET RXSTS 
8848 4384 254 IR. A,I8FFLG ; SET BYTE F INIstEJ) FLfIG 
884ft III 255 IIOY RXSTS,A ; REST€RE RXSTS 
8848 8468 256 M )(tIIT ; GO tRI>LE XIfTR 

257 i 

258 ; BYTE FINISJED - DO STOP BIT TEST 
259 ; 

8M) 2668 268 RCV5: JNT8 RC't'8 ; TEST RXD IhfUT 
261 ; 8 - SPfn, INYfLID STOP BIT 
262 ; 1 - IIfIRK, YfLID !liOP lIlT 
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8851 7264 
8853 5JI)f 

Il855 4388 
885753F8 
8859 III 
885A FE 
IIII5B 537F 
IJIl5I) ,.:; 

iI85E 8468 

8068 4319 
11862 9451 

Il964 4328 
91166 9455 

91:168 D5 
11969 FD 
II96A 7283 
II96C 1ft 
IIIl6I) 2393 
II96F SA 
9979 96B8 
11972 FI> 
9973 'J7 
9974 129C 

99762328 
9978 DA 
9979 9681 
997B FI> 
997C 53FE 
997E It) 

997F 94B9 

APPENDIX C1 (Continued) 

SIUC£ STATEPENT SEQ 

263 A, ItIlT FRfIER ; til FRAIIIt«) ~ RESET FLfKl 
264 ; 
265 ;(MRRtft TEST - IF kX DATA REfI)Y STILL SE), (MRRtft ERD 
266 ; 
2b7 RCY6: JB3 RCY9 ; IF DATA READY STILL SET, ~ 
268 Atl. fI, II«IT OYRlRl ; NO OYERRUN, !<ESEl FLAG 
269 ; 
279 ; CLEfil If RXSTS AT IB CtfIPLETE 
271 ; 
272 ~7: 
273 
274 
275 
276 

fI, IOATRD\' ; SET DATA REfI)Y 

fI, ItIlT (RXFLG IR SRT~LG IR BFFLG) 
RXSTS, A ; RESTOR!: RXSTS 
fI, R6 ; fE T DESERIfllZEk r<EG 
fI, IASCfISI( ; IIAI<E IT 7 BIl S 

; RESET OTHER FLAGS 

277 R4, A ; PUT DAm INTO 1ILD1t«) REG 
278 IOIIT ; 00 HffI)LE XIITR 
279 ; 
288 ; BAD STOP - SET FRAflIt«) ERRlR F'LfKl 
~1 ; 
282 RCY8: (l<l fI, IFRAI£R ; SET FRAI'IING ERROR FLfKl 
283 Jl'IP ~6 ; ctWTIU 
284 ; 
285 ; (MRRtft ERRfJ! - SET O~ ~LfKl 
286 ; 
287 RC\'9: IR.. 
288 JIll 
289 ; 

; SET (MRRtft ~LfKl 

;ctWTINtE 

298 ;_1111111 .................. 1111111111 .......... 1111111_ .. . 

291 ; 
292 ; START OF TRIIeIITTER FUll - TRANSIIHThR IS SElNICEJ) EYERY 4 TICKS. 
293 ; TIE TX TICK COUNTER SERl/ES AS THE TX BIl CMTER. TRANSPlIlTER STATUS 
294 ; IS HEU> IN lIE TXSTS REGISTER. 
295 ; 
296 ;*****t .................................................................. 

297 ; 
298 1OI1T: SEI.. RBi ; BE SURE !oE'RE IN RBi 
299 I'IOY fI, TXSTS ; GET TX STATUS 
399 JB3 SRTBIT ; THIS IS START OF STIIn BIT 
391 It«: R2 ; It«: T X TICK crulTER 
392 I'IOY A,11XTIC ; TEST TICK CWfTER 10) 4 
393 fill fbR'l 
394 JNZ REMN ; IF' NON-ZERO, "IDOLE OF BIT 
~ !lOY fI, TXSTS ; ZERO, GET 1 XSTS 
396 CPL A ; COMPLEl'lENT FOR 9 TEST 
397 JB9 004 ; TEST TX FLAG 
388 ;" - NOT TXIt«), ClECK FIR NEW CHR 
399 ; 1 - CURRENTLY IN IB 
319 I'IOY A,11XEll> ; (;1£(;1( FIR 00 OF DATft fIN) SlOP 
3U m. fl,R2 ; ~ WITH etmNT TlCK COlIn 
312 JNZ X1f11 ; tilT OCJ£, ctWTlU 
313 I'IOY fI, TXSTS ; 1)(1£, GET TXSTS 
314 IN. fI, ItIlT TXFLG ; RESET TX FLf«j 

315 I'IOY TXSTS,ft ; RESTlRE TXSTS 
316 JIll I!ETIIIN ;00 EXIT 
317 ; 
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APPENDIX C1lContinuAd\ 
91181 2324 328 XltTl: I«lY A.ISTPEJI) ; UECK FOR SllP BIT TIlE 
8883 DfI J21 XRI.. A.R2 ; ClIffE WITH lICK CWfTER 
11884 968C 322 JNZ 002 ; NOT TIlE. 00 t£XT BIT 

321 ; 
324 i TRfINSItIT ST(JI BIl 
325 ; 

8Il86 FD J26 I«lY A. TXSTS ; 11.1 T)C STRTUS 
88874384 327 OR\.. R, IIfIRK i SETI.f PIPELINE!) STOP BIT 
Il889 II) 328 I'M)\I TXSTS,R i RESTORE 1X STA1US 
888ft 84118 329 ,JPI) RETIJ(N iRET\Rf 

338 i 

m i IN "IOOlE IF OR - 1RRNSl1IT t£XT BIl 
332 i 

8II8C FB ill XI'IT2: I«lY R,Rl i Ii: 1 TX SERIfl.IZER 
8IJ8I) 67 334 RRC R i ROTATE NEXT BIT INTO IBRY 
88IIE iii 335 lIlY Rl,R ; lIB TORE SERIfl.IZER 
88IIF FD 336 lIlY A. TXSTS i I£T TX STRTUS FOR PIPELINE!) DfITR 
11898 FG97 337 Jt XKB ; 00TPU1 R IIIRK IF 1 
lIB! 53FB 338 IN.. A.ISPfI:E iRESET TXDfITR BIT 
11894 II) 339 IfJV TXSTS,A i RES1. TX SlATUS 
8995 84118 348 ,JPI) RETII/N ;00 EXIT 
88974384 341 ~3: OR\.. A, IIfIRK ; SET TXDfITA BIl 
8899 II) 342 lIlY TXSTS,R i RESTORE IX STATUS 
8II9A 84118 343 ,JPI) RETIJ(N ;00 EXIT 

344 ; 
345 ; "fEST REQlEST A.A:l sIIa NOT ClmNTLY TRRN!iftITTIIIJ 
346 i 

889C 32R8 347 004: JB1 XIIT5 i TEST TlC REUST A.A:l 
348 ; e - fII OR IIIITIIIJ IN IItFFER 
349 ; 1 - OR IIIITIIIJ IN BIFFER 

889E Fe 358 lIlY A.R4 i OR IIIlTItIi. IE IT FRlJI IIl.DIIIJ 
II89F AS 351 lIlY R3.R i PUT IN SERIfl.lZER 
IIIlfI8 FD 352 lIlY A. TXSTS ilE TXSTS 
IlIIR1 S3FD 353 IN.. A. ifill REQFLG i RESET REQl£ST FLAG 
1lIIR3 4389 354 ORI.. A.ITXFLG OR SBIT i SET TX AN> START BIl FLAGS 
lI8R5 53FB 355 IN.. A.ISPfI:E i SETlf TXDfITA FOR START BIT 
1lIIR7 II) 356 lIlY TXSTS,R ; RESTORE TXST~ 

357 i 

358 ; TX BtFFER ~TY - SET TXINT PIN III) BI1' 
l59 ; 

8IfIB 8A88 368 lCIIT5: OR\.. P2.ITXINT ; SET TXINT PIN 
88fIfI C5 361 SEL RB8 iSWITCH FOR ~1S 
88AB FF 362 lIlY A.R7 ;IE STS 
M: 4328 363 OR\.. A.ITXBIT i SEl TXINT BIl 
8IlfE RF 364 lIlY R7,R ; RESTORE STS 
88fF 98 365 lIlY STS,A i LOfI) STAl us 

366 ; 
367 i ................... _*********** ......... - .. - ............. 
368 i 

369 i EXIT FOR TIlER IN'TERRIFT ROOTINE POINT 
378 i 
371 ; .111111111111111111111111111111111111111 ......... 1111111111111111111111 

372; 
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LOC OOJ 

8IBIDS 
8881 FF 
8IIB2 93 

8883 53F7 
8IIB5 II) 

IIIiIEI6 EIfI81 
II8B8 8488 

APPENDIX C1 (Continued) 

SEQ 

373 RETURN: sa RBi 
374 II)Y It R7 
375 RETR 
376 i 

i /lICE SIE IE'RE IN RBi 
iRESTO!E R 
i REMN WITH r6T1I!E 

377 i •• 111111111111111111111111111111111111111111111111111111111111111111111 

378 i 

379 i lET !ERE IF INTERRlPT IS FIRST FtI STMT BIT - I1EfIR STMT 1m FI.ffi IN 
388 i TXSTS IN) SETlf TX TICK CIl.NTER. 
381 i 

382 i .11111111111111111111111 .............. 1111111111111111111111111111111II 

m i 

384 SRTBIT: fK. 
385 II)Y 

386 II)Y 

387 JIll 
388 i 

389 $EJECT 

ItItl)T SBIT 
TXSTS,R 
R2.181H 
REMN 

i RESET STMT BIT FLAG IN TXSTS 
i RESTII!E TX STATUS 
i INI TIRLI~ TX liCK CIUflER 
iREMN 
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LOC (BJ 

81l1li 

81l1li D5 
8181 22 
8182 ~ 
8183 F227 
8185 53E8 
8187 963fI 
8189 C5 
818fI 1221 
81IIC 89FF 
8111E F8 
818F S38F 
8111 All 
8112 D5 
8113 B928 
8115 FE 
8116 323E 
81185242 
811A 7246 
811C 924fI 
811E B5 
811F 4414 

8121 F8 
8122 4348 
81.24 All 
8125 2412 

8127 D231 
8129 C5 
812A F8 
8128 4388 
8121) All 
812E B5 
812F 4414 

APPENDIX C1 (Continued) 

SEQ 5(OCE STATEI£NT 

399 ; 
~i~*'~I~II*II~I~II*I~II*II.*~~I~II~II~I~II*II~I~II*I~II*II~I~II*I~II~II*I~II*II~I~II*I~II*II~I~II*I~II~II*I~II*II~I 

392 i 

393 i CQIIAN) RECOONIZER - GET IERE FROI'I IEIF WRITE WITH F1 SET. CONfIII) 

394 i IS Sl~ IN R6. BfU) RA1E SEl..£CTI!* BITS IE EYfI.UATCD RI(JfJ TO WT. 
395 i 1"1-£ FIRST SET BIT FIXN) DETERltII£S Tl£ BfU) RATE. If AN INYALID COllIN) 

396 i IS DETECTED. BOTH F1 fIN) F8 ARE SE1 AND NO ACTltw IS TAKEN. 
397 i TI£ TlB BfU) RATE IXI6TANT IS SET TO 00 CWflS LESS llRI 11£ DESINED 
398 i fUllER. 
399 i 

4l1li i .... 111111 ....... 11111111111111111 ...... 1111111111111.11111111111111III 

481 i 

482 ~ 811K1H 
483 i 

484 CIt): SEL 
485 IN 
486 I(lY 

487 JB7 
488 IN. 
489 JNZ 
418 SEL 
411 JB8 
412 OR!.. 
413 I(lY 

414 IN. 
415 I(lY 

416 CII>1: SEL 
417 I(lY 

418 I(lY 

419 JB1 
428 JB2 
421 JB3 
422 JB4 
423 CPt. 
424 JIF 
425 i 

RBi 
A.D118 
R6.A 
lID 
A.1IIElIH 
~ 
RS8 
CII>2 
PLI8FFH 
A.RXSTS 
A. It«lT 100 IR 
RXSTS.A 
RBi 
RLITlPD* 
A.R6 
8118 
B31111 
B6II9 
B12IIII 
F1 
1H.P1 

i SELECT RBi 
i READ CfIIIfH) 

i SAVE (;(JIlIN) IN R6 
ilF BIT? SET. 10 OPERATI!* 
i TEST Til' 3 BITS 
i IF N!*-ZERO. ERR(R 

i 10 FUWi IN RS8 
i IF BIT 11-1.. OUTPUT PORT 
i IIfIUl P(J(T. SET ALL HIGH 
iGET RXSTS 
; RESET 10 DlkECTI!* FLOO 
; RESTORE RXSTS 
iBfU) RATE W61ANTS IN RBi 
; POINT AT TlB C(J6TANT LOCftTlI* 
i GET COIIIIfN) 
i 118 BfU) SELECTED 
; 3l1li BfU) SELECTED 
i 6l1li BfU) SELECl ED 
i 128Il BfU) SELECTED 
iRESET F1 
i DCJ£. JIIF I:rftCI( TO IlAIN LOCf' 

426 ; P(RT IS SELECTED AS OUTPUT P(RT - SET 10 DIRECl 11* FUWi 
427 i 

428 Cl'l)2: I'KIY 
429 !R. 
438 I(lY 

431 JIF 
432 ; 

A.RXSTS 
A.IIOOIR 
RXSTS.A 
CII>1 

iGET RXSTS 
i SET 10 DIRECTI!* FUWi 
i RESTORE RXSTS 
i CONTIIlJE 

433 ; !ERE WITH EITI£R 10 ~ RESET ERROR catRI) 
434 ; 
435 lID: 
436 
437 
438 
439 
448 
441 
442 i 

JB6 
SEL 
I(lY 

!R. 
I(lY 

CPt. 
JIF 

ERRST 
RS8 
A. RXSTS 
A.IIIRG 
RXSTS.A 
F1 
IINI.P1 

443 i RESET ERR(R COIIRI) 

444 ; 

i IF lilT 6 SET. RESET ERR(R FI.mS 
ilO FUWi IN RXSTS 
iGET RXSTS 
i~T 10 fLOO 
i RESTORE RXSTS 
i RESET F1 
i DC)£, .JI.tF IR:I( TO IIIIN LIXF 
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APPENDIX C1 (Continued) 

LOC IB1 SEQ SCUCE STfITEI£NT 

8131 C5 445 EkRST: SEl. RB8 i STS IN NIIII 
8132 FF 446 lIlY R.R7 iGET STS 
81Jl 533F .... 7 IN.. R.IRSTERR i RESET ERfG FUm 
8135 fF 448 lIlY R7,A iRESTIE STS 
8136 98 .... 9 lIlY STS..A i WI) STATUS 
8117 B5 458 CPl Fl iRESET Fl 
8138 .... 14 451 ,np IRP1 i I)(J£, BACK 10 MIN LOIP 

452 i 

453 i CCIIIN) ~ - SET BOTH Fl fit) Fe 
454 i 

II13A 85 455~: CLR Fe iSET Fe 
813B 95 456 CPl Fe 
81.3C .... 14 457 ,np IN.P1 i I)(J£, BACK 10 MIN LOIP 

458 i 

459 i 118 BfU) CII6TfINTS 
468 i 

em: B954 461 B118: lIlY RL 1-(1741>-21» i WI) 118 BfU) Ql6TfM 
8148 244C 462 ,np mI~ i GO START TIPER 

463 i 

464 i 3811 BfU) CCETMTS 
465 i 

8142 8SJC2 466 83811: lIlY RL 1-(640-21» i WI) l88 BfU) C(J61'fM 
81 .... 244C 467 ,np sm~ i GO STIIRl CIlMER 

468 i 

469 i 68Il BfU) C(J61'fMS 
478 i 

8146 B9E2 471 8688: lIlY RL 1-(320-21» i WI) 68Il BfU) CIItSTfM 
8148 244C 472 ,np mI~ i GO 5111RT cruna 

473 i 

474 i 1288 BfU) InfSTfMS 
475 i 

814ft B9F2 476 B1288: IllY RL '-(161)-21» i WI) 1288 BfU) CIItSTfM 
477 i 

478 i START CIlMTER 
479 i 

814C F9 488 mI~: lIlY R.R1 i GET CWflER InfSTfM 
8140 62 481 lIlY T,A i WI) CIlMTER 
8104£ 45 482 sm CNT i START CIlMTER 
814F 25 483 EN TCNTI i 8RILE 1 lIB INTERRIJITS 
8158 B5 484 CPl Fl i~Fl 
8151 .... 14 485 ,np IN.P1 i I)(J£, BACK 10 MIN WP 

486 i 

487 $EJECT 
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8153 CS 
8154 FB 
8155 F267 
8157 FF 
8158 53DF 
815A IF 
8158 98 
815C 9fF7 
815E D5 
815F 22 
8168 II: 
8161 FD 
8162 4382 
8164 II) 

816:) 4414 

8167 5l7F 
8169 III 
81611 22 
8168 39 
816C 4414 

489 i .111111191 1'1111 "111 ... 911111111111111111111111 1t .. 1111111111I111111 ... 

498 i 

491 i DATA ROOTII£ - Ii. T !ERE WITH IIF ~ITE Willi F1 RESET. THIS ROOTU£ 
492 iFIRST TESTS IF TI£ 110 Am IS SET IN TI£ RXSTS REGI~lER. IF SO, TIE DATA 
493 i IS F~ TI£ OOTPUT fI(IIT. OTI£RWISE. TI£ DATA IS FIJ< TI£ TRANSflITTER fN) 

494 i IS PlII:ED IN 11£ TX IItFFER r/E.G1STER. TI£ TXINT BIT Aft) PIN ARI:: RESET. 
495 i 
496 i ... 11111111111111111111111111111111111111111111111111111111111111111111 

497 i 
498 DATA: SEl. RB8 iDATA IRIllED IIISTLY IN RB8 
499 lIlY A.RlCSTS illET RXSlS 
588 JB7 IOOATA i IF 10 FLOO SET, DATA IN F~ 110 
581 lIlY A.R7 illET STS 
5(12 IK. A.INlTTXBIT i RESET TXINT BIT IN STS 
583 lIlY R7,A iREST~ STS 
584 lIlY STS,A i LOll) STATUS 
585 IK. P2, INlT TXINT i RESET TXINT PIN 
586 SEI.. RBi i~ IN RBi 
587 IN A..DBB i READ DATA 
58B lIlY R4,A i PUT DATA IN TX IItFFER 
58!1 lIlY A.. TXSTS il£1" lXSTS 
518 ~ A..IREQFLG i SET REQlEST Am IN TXSTS 
511 lIlY TXSTS,A i~lXSTS 
512 JIll IN..P1 i BfD: TO IflIN LID' 
~13 i 

514 i 10 DATA ROOTII£ 
515 i 

516 IOOATA: IK. A.. INlT IIFLG iRESET 10 Am 
517 lIlY RlCSTS,A iRES~ RXSTS 
518 IN A..DBB i REfII) 10 DATA FQ DBBIN 
519 OOTL PLA iOO1PUT TO ~T 1 
528 JIll IN..P1 i I)(J£, IIfQ( TO IIfIIN lO(p 

521 i 

522 $EJECT 

All mnemonics copyrighted @ Intel Corporation 1976. 
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LOC II!J 

8288 9fF7 
82(f2 F5 
9293 2388 
8285 III 
9286 f'j 

8287 IF 
8288 D5 
Il289 f£ 
92IIfI I3D84 

828C 0614 
II28E 7612 
8218 2453 
It212 2488 
8214868C 
8216 C5 
8217 FB 
8218 721E 
821A F23C 
821e 448C 

821E 85 
821F 95 
11228 R5 
IJ221 922E 
822l FB 
8224 B235 
11226 FB 

APPENDIX C1 (Continued) 

SEQ SIUCE STRTEI£NT 

521 ; 
524 ; •• _1 .......... _1 ........ 11111111 .. 11111 ... 111 ... 1111111111 ... 11I .. 

5ZI ; 
S26 ; INITIfLlZATIOO - IE !ERE AT RESET. THIS ROOTIt£ RESETS n£ INTERR\PT 
S27 ; 00lPUTS fIN) EtRlLES TIEIt IR) CI.EII!S TIE fFPR(JIRIATE STATUS fIN) MTA 
528 ; REGISTERS. 
529 ; 
538 ; .. 111111111 ....... 1111111111 ............. 1111111111 .. 1111111 .. 111I .... . 

511 ; 
532 ~ 828IIH 
ill; 
5".$4 INIT: IN. P2,I8F7H ; RE5El TXINl PIN 
m EN FLAGS ;BRIl.E INlERRIFTS OOTPUT 
536 II)Y R.IZERO i~A 
537 II)Y RXSTS.A ; ClEf(( RXSTS 
538 II)Y RS.A ; ~ RX TICK CWfiER 
5J9 II)Y R7,A ;~STS 

548 SEL. RBi ; SNITCH IIfN(S 

541 II)Y R6..A i ~ CCH=IflRE STIllE 
542 II)Y TXSTS,IIRIK i SETIF PIPElIt£D IX DATA 
543; 
544 i ... III .... 1111111111111111111111111111111111111111111111111111111111111 

545 i 

546 ; IIUN L.IU' - IBF IR) IIIF ARE IRtlLEJ) IN THIS L.IU'. IF IBf-=L TIl: 
547 i fFPR(JIRIATE aJIRI) ~ DATA ROOTlt£ IS ACCESSED. IF IBF=8. ltD IIIF 
548 i IS TEST8). IF IIIF=L IBF IS TESTED AGAIN. AS SIDf AS 1IIF=8, RXSTS 
549 i IS EXfIIIt£D TO SEE IF DATA IS NAITING ~ OOlPUl IfEH RX DATA 
5S8 i REfI)Y IS SET, F8 IS SET IR) F1 IS CLEARED, IR) TIE DATA IS TRfItSFERREI) 

551 iFRQI TIE RX /W)ING REGISTER INTO DBIIOOT IFTER TESTING F~ ~ 
552 i FLAGS. fIN ~ FLAGS SET ARE TRfItSFERREI) TO TIE SlATUS REGISTER. 
55l ; IF TIE 110 FlfIj IS SET, TIE ~ IS RBI) IR) 11£ DATA TRflNSFERREJ) TO 
554 i DBIIOOT. 
555 ; 
556 i 11111111111111 .... 1111111111 .. 11111111111111111111111111111111111111111 

557 ; 
558 IH.!XI': JNIBF 
559 JF1 
568 JI'P 
561 Cfl>J1: JI'P 
562 1H.P1: JOBF 
56J SEL. 
564 II)Y 

565 JB3 
566 JB7 
567 JI'P 
568 i 

IH.P1 
ell)J1 
DATA 
ell) 
IH.IXI' 
RB8 
R.RXSTS 
RXRDY 
IOFUIi 
IH.!XI' 

; IF IBF=8. nsr IIIF 
i IBF=L TEST F1 F~ aJIRI) 

; F1=8. JlJII TO DATA ROOTIt£ 
iWT-{F-PIIlE CIJIIN) JIJII 
; NAIT OOIL DIIWf IS FREE 
i RXSTS IN RB8 
ilE RXSTS 
; TEST RX DfIlA ~ Fl.ffi 
; TEST 10 FlfIj 

569 i RX DfIlA REfI)Y - TRANSFER TO IlII8WT 
578 ; 
571 RXRDY: CLR 
572 CPt. 
5"/3 CLR 
574 JB4 
5"1S RXRDY1: II)Y 

576 JB5 
577 RXRDY2: II)Y 

F8 
f8 
F1 
RXF 
R.RXSTS 
RXO 
R.RXSTS 

iSET F8 

iRBET F1 
i CIECK FRfltING ~ FlfIj 

;IE RXSTS 
; OECK F~ 0VERR\I4 EJIR(R 

; IE RXSTS AGRIN 
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APPENDIX C1 (Continued) 

LOC (BJ SEQ S!Xm STATBENT 

rl2.7 53C7 578 IN. A. IIIlT (DATRDY ~ FRfIER ~ ll't'RllO i RESET SCIE FUE 
8229 AB 
822ft Fe 
822B 82 
822C 448C 

822E FF 
II22F 4348 
8231 AF 
8232 98 
II23l 4423 

em FF 
8236 43811 
8238 AF 
11239 98 
823A 4426 

823C FB 
823D D28C 
823F 85 
8248 AS 
8241 B5 
8242 537F 
8244 AB 
8245 89 
8246 82 
8247448C 

USER SYIBI.S 
fISCIISK eei'F 
002 8121 
INIT 8288 
tmJT 8881 
RCY2 8833 
REQFLG 8882 
RlCRDY 821£ 
SRTFLG 8882 
TlCENO 8828 
lOfT2 888C 

579 JI)Y RXST5.A ; RESTIJ!E RXSTS 
588 JI)Y A.R4 ; I£T DATA FRCII H!l./) llIi REG 
581 OOT DB&A ; PUT IN DIIBOOT 
S82 JII' IIIJDI ;LOCP 
583 ; 
584 ; FRIIIIIIi ~ FLAG SE. T 
585 ; 
586 Rl<F: JI)Y A.R7 
587 IR. A.1FEST5 
588 JI)Y R7,A 
589 JI)Y 5l5.A 
598 JIll RlCRDY1 
591 i 

iGET ST5 
i!IET fRfllllli ~ FUWi 
;REST~ STS 
i Lrft) STATUS 
iC(IfT11I£ 

592 ; 0't'ERRlIf ~ FLAG SE.T 
593 i 

594 RXO: JI)Y 

595 IR. 
596 JI)Y 

597 JI)Y 

598 JIll 
599 i 

A.R7 
A.IOYSTS 
R7,A 
STS,A 
RXRDY2 

il£T 515 
i SET 0't'ERRlIf ~ FLAG 
; RESTM STS 
; LIR) STATUS 
;C(lfTIII£ 

688 ; 10 FLAG SET - TEST DIRECTION 
681 i 

682 IOFLAG: JI)Y A. RXST5 iGET RXS15 
613 - IIIJDI ; PORT IS OOlPUl - NO !ETION 
684 CLk F8 iRESET Fe 
685 CLR F1 iSET F1 
68fi CPt. F1 
687 IN. A. IIIlT IOFLG i RESET 10 FLAG 
688 JI)Y RXSTS,A ; REST~ RXSTS 
689 IN A. Pi ; RElI) PORT 1 
6111 OOT DBB,fi ; PUT DATA IN DIIBOOT 
611 JIll IK.OCP ;LOCP 
612 i 

613 END 

8118 81lE 81288 81411 8)88 8142 8688 8146 BFFLIi l1li84 
OOJ1 8212 DATA 8153 DATRDY 81188 ~ 81lfI ERRST 8111 
INT1 81188 IODATA 8167 IODIR 8848 ItER 8127 JOFLIIi 823C 
IK.OCP 828C IK.P1 8214 IDJT 8819 OYU 8828 OYSTS 88B8 
RCY3 8838 RCY4 8842 RCY5 fI84I) RCY6 11851 RCY7 88lI5 
k'ESET 8888 RETU!H 8888 IcSTERR 883F Rl<F 822E RlRG 8881 
RXRDY1 822l RXRDY2 8226 RXSTS 8883 SBIT 81188 SPACE 88FB 
SlPEN) 8824 STTJPR 814C TJCOOT 8848 TICSRT 8884 TIIDIf 8828 
TlFLG 8881 TXINT 81188 TXOOT 8812 TXSTS 8l1li5 l'XTJC 8883 
lCItT3 8897 lOtT4 889C lOfT5 8IlA8 ZERO 8888 

ASSEIB.Y InFI.EJE, NO ~ 

All mnemonics copyrighted @ Intel Corporation 1978. 
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00 8188 
FESTS 8848 
JOFLG -RCY 8II1B 
HCY8 Il86II 
RXJNTL 88B8 
SPOOl 88fE 
TI"JNT 11887 
lOtIT 11868 

CII>1 8W 
FRIIU 8818 
IIIRK 8884 
RCY1 8826 
RCY9 8864 
RXO 8235 
SRlBIT Il8B3 
llllIT 8828 
lCIt11 81181 
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APPENDIX C2 

LOC ImJ SEQ 5(OCE STATEIEHT 

1 ; 
2 ; TEST ROOTII£ IIIICH OOTPUTS Tl£ ASCII aRfICTER SET TO M 
3 ; lfII TRfIQIITTER IN) DISPlAYS a. TIE 118138 cam.E fIN 
4 ; CIfM:TERS RECEIVED BY Tl£ lfII RECUVER. 
5 ; 
6 ; IIFUTS: tIlTHIIii 
7 ; OOTPUTS: aRfICTERS TO mm..E 
8 ; CALLS: tIlTHIIii 
9 ; 

48IlIl 18 IRJ 4888H 
8IIOF lllD)E5J EQU IIOFH ; 8253 CIIfTR«. PeRT 
8IIOC 12 CNT8 EQU 80CH ;8253 00 8 ~T 
88E5 1300 EQU eESH i lfII C(IIftI) ~T 

88E5 14 STATUS EQU 8E5H i If'1 STATUS ~T 
88E4 15 D68IN EQU eE4H i lfII D68IN fIO(T 
88E4 16 DIIBOOT EQU eE4H i If'I DIIBOOT ~T 
8828 17 TXINT I:QU 29H i TXINT IIISk 
8881 181JlF EQU 81M i IJlF IIISK 
8IJ82 19IBF EQU 82H i IBF IIISk 
88ED 28STAT51 EQU 8EDH i 8251 STATUS ~T 
88EC 21DATA51 EQU eECH ; 8251 DATA ~T 
8881 22 TXRI>Y EQU 81M ; 8251 TXRI>Y IIISk 

23 i 

48IlIl 3E36 24 ST~T: IIYI A,36H i 8253 CNT8 IDlE I0Il) 
4882 030F 25 OOT ID)E5J i 8253 COOl«l. PeRT 
4884 JEl8 26 IIYI A, 111H iOIYIDE BY 161) 
4fI86 03DC 27 OOT CNT8 i 8253 CNT8 ~T LSB 
4888 lEN 28 IIYI A,8IIH 
488ft 03DC 29 OOT CNT8 i 8253 008 ~T NSB 
48IlC 8628 38 IIYI B,2IIH i INITIALIZE OOTPUT 13 
488E JEl8 31 IIVI A,1IIH ; ClJ.fIIUE C(IIftI) - 1288 BIU) 
4818 031:5 32 OOT 00 i lfIl COlIN) ~T 
4812 DBE5 33 POLU: IN STATUS ; READ lfII STATUS 
4814 E621 34 ANI TXINT III IJlF i TEST TXINT IN) IJlF 
4816 CA1248 35 JZ POLU i NAIT OOIL (1£ IS SET 
4819 DBE5 36 IN STATUS i READ lfII STATUS /&tIN 
481B E681 37 ANI IJlF ; lIAS IT OBF? 
4810 C23848 38 JNZ RX i YES, GO 00 RECEIVER 

39 ; til, IIJST BE TRfIQIITTER 
4828 78 48 lIlY A,B ; GET NEXT IB RR OOTPlIl 
4821 OlE4 41 OOT D68IN i OOTPUT 10 lfIl D68IN 
4823 FE5A 42 CPI 'z' i lIAS IT LAST IB? 
4825 CA3348 43 JZ NEllI i YES, ~1!<Eo. B 
4828 84 44 Ilfl B i OTl£RNISE. INC B 
4829 DBE5 45 PW.2: IN STATUS i TEST IF IBF STILL SET 
40211 E682 46 ANI IBF iTESTIBF 
4821) C22!H8 47 JNZ PW.2 i NAIT OOIL IBF=8 
4838 C31248 48 JtF POLU i BEFIE LOOCIIii AT STATUS /&tIN 

49 ; 
4833 8628 58 NEllI: IIYI B,29H ;RESET REG. B 
4835 C32948 51 JtF PW.2 i GO IIACI( 

52; 
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LOC OOJ 

4838 DllE4 
483ft 4F 
4838 DIE\) 

483D E681 
483F CR3848 
4842 79 
4843 DE 
4845 Cl1248 

ftB.IC SYtIKLS 

EXTERIft. SYtIKLS 

USER SYtIKLS 
til) A 88ES 
f6II A 48ll 
STRT51 A 8IIED 

SEQ 

53 RX: 
54 
55 RX1: 
56 
57 
58 
59 
68 
61; 
6261) 

CNTB A II8DC 
!IF A 8081 
STR1US A 88ES 

APPENDIX C2 (Continued) 

SlUCE STRTEIENT 

IN DBBOOT 
lIlY C,A 
IN STfIT51 
ANI 'OlDY 
JZ RX1 
lIlY fl,C 
OOT DRTfI51 
JIF PCl..U. 

DRTfI51 A 8IEC 
PCl..U. A 4812 
TXINT A l1li28 

; REJI) DBBOOT flit RECEI~ a. 
;SAVE IT IN C 
; REJI) 8251 STR1US 
;TEST 'OlDY 
; MAlT IIfTIL REJI)Y 

;IET a. 
; OOJPUT a. TO aJtS(U 

; 00 TEST IPI fDtlN 

DBBIN A 1JIIE4 
PW.2 A 4829 
'OlDY A_ DBBOOT A_4 

RX A 4838 

All mnemonics copyrighted @ Intel Corporation 1978. 
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INTRODUCfION 

The UPI-41 is a low-cost, single-chip microcom­
puter designed to be used as a uhiversal peripheral 
interface device in a microcomputer system. The 
device is based on a completely self-contained 8-bit 
microcomputer with program memory, data mem­
ory, CPU, I/O, event timer, and clock oscillator, in 
a single 40-pin package. A bus interface is included 
which enables the UPI-41 to be used as a peripheral 
controller in MCS48, MCS-80, MCS-85 and other 
8-bit microcomputer families. The device is de­
signed for keyboard scanning, printer control, dis­
play multiplexing and similar applications which 
involve interfacing peripheral devices to microcom­
puter systems. 

The UPI-41 is fabricated with N-channel MOS tech­
nology and requires only a single 5-volt supply for 
operation. It has IK words of program memory 
and 64 words of data memory on-chip. Both ROM 
(8041) and EPROM (8741) versions are available 
and the two are completely pin compatible. The 
instruction set of the UPI-41 is almost identical to 
that of the MCS48. A single byte data register on 
the UPI-41 interfaces directly to an 8-bit master 
processor bus to handle asynchronous data transfer 
to and from the master system. A separate 4-bit 
register is used to indicate the status of data trans­
fer. Two 8-bit TTL-compatible I/O ports plus two 
single-bit test inputs are available. I/O can be 
expanded further by using the 8243 I/O expander 
device. A separate register in the UPI-41 is used as 
an event counter or interval timer. 

Because it is a complete microcomputer, the 
UPI-41 provides more power and flexibility than 
conventional LSI interface devices. For instance, 
the UPI-41 can be programmed as a peripheral 
interface for any of the low-cost drum or dot 
matrix printers currently on the market. In addi­
tion to controlling the printer, the UPI-41 can 
handle zero suppression, limit-checking, formatting 
and other computations, thereby unburdening the 
master processor. This type of distributed intelli­
gence, made possible by the UPI-4I, greatly en­
hances overall system capability while reducing 
cost and development time. 

This application note describes how the UPI-41 can 
be used to implement an interface to a matrix 
printer. The printer chosen is fairly typical of a 
large class of printers which minimize total system 
cost by reducing the mechanical content at the 
expense of more sophisticated electronic require­
ments. The UPI-4I, with its high degree of capabil-
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ity, is ideal for this type of application. It is sug­
gested that the reader not already familiar with the 
UPI-41 read the "Intel UPI-41 User's Manual" 
before proceeding in this document. 

THE LRC PRINTER 

The LRC Model 7040 printer is a matrix printer 
manufactured by LRC Inc. of Riverton, Wyoming. 
Capable of printing up to 40 columns of alpha­
numeric information, this printer is mechanically 
simple and should be ideal for a variety of applica­
tions such as point of sale terminals and data 
logging. While this note concentrates on the Model 
7040 printer, the techniques discussed should be 
applicable to a variety of similar printers which are 
currently available. 

The printer (Figure 1) consists of four major sub­
assemblies, the frame, the print head, the main 
drive, and the paper handling components. The 
frame is an aluminum extrusion which provides a 
suitable base for mounting the various components 
of the printer. The print head consists of seven 
solenoids which each drive stiff wires to impact the 
paper through the inked ribbon. At the solenoid 
end of the print head these wires are arranged in a 
circular fashion. Where these wires impact the 
printer, however, the wires are arranged in a 
vertical column. To see how this arrangement can 
be used to print alphanumeric characters refer to 
Figure 2. The figure shows a 5 X 7 matrix of 
"dots". The columns are labeled C I through C5; 
the rows are labeled as Row 1 through Row 7. 
Each row corresponds to one of the solenoid­
driven wires. The entire print head assembly is 
moved left to right across the paper so that at T 1 it 
il' over CI, at T2 it is over C2, and so on. If the 
correct solenoids are activated at each of these 
times (TI-Ts) then a character can be formed. 
Figure 2 shows the character "A" formed. At Tl 
solenoids one through five were active, at T2 sole­
noids four and six were active, and so on until the 
complete character was formed. The complete 
character is formed by choosing the correct pattern 
of active solenoids for each of five instants in time. 

The print head is moved across the paper by the 
main drive. The main drive consists of a 24-pole 
synchronous motor which drives a rotating plastic 
drum. The drum has a spiral groove molded into it. 
A pin attached to the print head rests in this 
groove so that as the drum rotates at a constant 
speed the print head is driven back and forth across 
the paper. Printing is accomplished by controlling 



the activation of the solenoids as the print head is 
driven from left to right across the paper. When the 
end of the print area occurs the spiral groove 
reverses the direction of the head motion. A$ the 
left-hand edge of the paper is reached a cam 
attached to the drum activates the HOME micro­
switch and the groove again reverses the motion 
of the head. When the print head is again over the 
print area and travelling in the left to right direc­
tion the microswitch is deactivated. The printer 
controller uses the trailing edge of the signal gener­
ated by the microswitch to initiate the printing of 
a new line of information. 

Paper feed is accomplished· by a second synchro­
nous motor which can be activated to feed paper 
through the mechanism. A switch is provided 
which is activated while the actual line feed is 
occurring. The control logic can use the trailing 

edge of the signal generated by this switch to turn 
off the line feed motor. A version of the printer 
with automatic line feed is available. 

INTERFACE SIGNALS 

The interface signals to the printer consists of a 
pair of wires for each solenoid, a pair of wires for 
each motor (main drive and line feed), a pair of 
wires returning the state of the HOME micro­
switch, and a pair of wires returning the state of 
the LINEFEED microswitch. 

The solenoids must be driven from a 40 ±4 volt 
source. The peak current is approximately 3.6A, 
the average current is approximately O.SA. A 
circuit providing the required drive is shown in 
Figure 3. The output stage, consisting of the 
2N604S Darlington transistor, the IN4002 catch­
ing diode, and the 20-ohm damping resistor, is the 

DIMENSIONS 

.1. DIA HDLE ~ 
3 PLACES 

ALL DIMENSIONS IN INCHES 

Figure 1. LRC Mcxle17040 Printer 
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one suggested by the manufacturer of the printer. 
The input stage is a discrete implementation of a 
DTL gate. Note that the base-emitter junction of 
the 2N6045 will protect the 2N2222A transistor 
from over-voltage on its collector. This circuit has 
several features which are important to the printer 
interface: 

1. All solenoid power (including the power used 
to drive the base of the power transistor) is 
derived from the 40-volt supply. 

2. Disconnecting the drivers from the UPI-41 or 
the loss of the 5-volt supply to the UPI-41 
will result in the solenoids being turned off. 

C1 C2 C3 C4 cs 
ROW7D D • D D 
RoweD. D • D 
ROWS. D D D • 
ROW •••••• 
ROW3. D D D • 
ROWZ. D D D • 
ROW1. D D D • 
Figure 2. 5 x 7 Dot Matrix 

.7K 

,HI'. 1H1" 'HI" 

L _____ _ 

The first feature of the drivers will minimize the 
impact of the printer and its interface on the 5-volt 
supply of the system. The second feature prevents 
the activation of the solenoids erroneously during 
power on/off cycles or during system checkout. 
This is an important point since the solenoids will 
be damaged if left activated continuously. (During 
the debug of the design described in this note 
fuses were added to the solenoid drivers to protect 
them from mishap.) 

The two motors can each be driven as shown in 
Figure 4. The Monsanto MCS-6200 is an optically­
coupled TRIAC which is ideal for driving the small 
synchronous motors in' the printer. Coupled with a 
buffer this part provides a simple means of con­
trolling the motor without sacrificing the isolation 
required for safe and reliable operation. 

Figure 5 shows a UPI-41 used as an interface be­
tween an IntelGD 8085 and an LRC Model 7040 
printer. The drivers which have already been 
described have been used to interface the TTL 
outputs of the 8741 to the levels required by the 
printer. The two contact closure outputs from the 
printer (PAPERFEED and HOME) have been 
filtered and applied to the TESTO and TEST! 
inputs of the UPI-41. Bit 5 of output port 2 has 
been designated as an interrupt pin which will be 
used to request service from the 8085. 

:311 

Figure 3. Solenoid Driver 

.7K 1K 27K 

____ I,J 

10k 

Figure 4. Motor Driver 
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TIMING 

The relative timing of the interface signals to the 
printer is shown in Figure 6. Actual printing com­
mences when the main drive switch signal goes into 
the print ready state. This edge indicates that the 
print head is scanning across the paper in the left 
to right direction and that the printer is ready to 
start the actual printing of characters. When this 
edge occurs the UPI-41 must start transmitting 
pulses to each of the seven solenoids. The timing 
for these pulses is shown on the last line of Figure 
6. A pulse of about 400 microseconds is used to 
generate a dot on the paper; a pause of about 900 
microseconds between these pulses satisfies the 
duty cycle restrictions of the solenoids and pro­
vides a space between dots. Since the printer does 
not provide any feedback to the UPI-41 which 
would indicate the position of the print head, it is 
necessary for the UPI-41 to decide when to fire 
each solenoid based on timing information it main­
tains internally. The specifications of the printer 
allow 310 milliseconds for the print head to 
traverse the print area. The maximum repetition 
rate at which the solenoids can be fired is once 
every 1.3 milliseconds. The maximum number of 
dots that can be printed in the available print area 
is then 310/1.3 = 238. After the last dot has been 
printed the line feed motor can be activated. The 
motor should remain activated until the line feed 
switch makes the off to on to off transition; this 
takes about 200 milliseconds. After the line feed 
motor is deactivated the next time of interest is 
when the main drive signal goes to the inactive 

J 1.26 lINES{SEC 
MAIN 

DIRVEMOTOR 
(INPUT) 180·190 ml 

PRINT READY 
MAIN~~~~~ ~_---J 

(OUTPUTI 31Dms 

FEEO ,:~~g: --1'------' 
(INPUT) 

PAPE;:'~~~ -+ _____ --1 

(OUTPUT) ---l I-- 0.0100 ms MAX 

,.,.. 
·PRINT 
PULSE 

(INPUT) 

·SCALE: 100X 

Figure 6. Printer Timing 

CHARACTER K:======~ BUFFER 

state. At this point the printing of a complete BMGR 

line, including the necessary line feed, has been PSR 

accomplished and the UPI-41 must prepare itself 
for the reactivation of the main drive switch. 
The activation of this switch will indicate that the 
printing of the next line can commence. 

g::~~:r-------------~ 
TABLES 

SOFTWARE 

PRINTER 
SERVICE 
ROUTINE 

l..-__ 

800m, 

HOME 

+40VDC 

L 
I 

} 
TO HAMMER 

DRIVERS 

The software system necessary to drive the LRC 
printer can be thought of as two main parts, each 
with an associated data structure. A block diagram 
of the system is shown in Figure 7. All the items 
shown above the dotted line are associated with 
the BUFFER MANAGER (BMGR) program part. 
All items shown below the dotted line are associ­
ated with a PRINTER SERVICE ROUTINE (PSR). Figure 7. Software Block Diagram 
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The BUFFER MANAGER is responsible for all 
interaction with the master processor (Le., the 
8085 in Figure 5). The data structure associated 
with BMGR is a 40-character buffer which is used 
to store the characters as they are received from 
the master processor. BMGR maintains two 
pointers which are used to access the buffer; these 
pointers are shown as INPUT POINTER and OUT­
PUT POINTER in the diagram and are imple­
mented as UPI41 registers Ro and RI, respectively. 
The input pointer (lNPNT) is kept pointing to the 
last character loaded into the buffer, the output 
pointer (OUTPNT) is kept pointing to the next 
character to be printed. BMGR has two major 
interfaces, the INPUT BUFFER, which is used to 
communicate with the master processor, and the 
register shown in the figure as OUTPUT BUFFER. 
This register, which is implemented with register 
R3 of the UP141, is used to communicate with the 
printer service routine (PSR). A character to be 
printed is placed in the output buffer (OBUF). 
When PSR is ready to print the character it moves 
it from OBUF to its own buffer (PBUF) which is 
labeled as PRINT BUFFER in the diagram. After 
the character is moved the output buffer is over­
written by a predetermined value which indicates 
that PSR has accepted the character. BMGR will 
load a character into the output buffer only if it 
currently is equal to this value. 

The printer service routine utilizes the TIMER to 
keep track of the current position of the print 
head. At the appropriate times it causes the sole­
noid drivers to be pulsed so that the character 
stream it sees in PBUF is printed. Based on the 
contents of PBUF and the contents of ICNT, 
which indicates the active column of the current 
character, PSR looks up the appropriate column 
data to be printed in the character generator tables. 
This data is stored in the HAMMER BUFFER until 
the precise time that it should be presented to the 
hammer drivers via the I/O bits in PORT I. ICNT 
and the HAMMER BUFFER are implemented as 
UPI41 registers 5 and 7, respectively. 

DETAILS OF THE BUFFER MANAGER 

Before BMGR can be discussed in detail, the man­
ner'in which it utilizes the character buffer must 
be understood. Figure 8 shows the operation of the 
buffer while two lines of data are input to the 
UPI41 and subsequently printed. In order to keep 
the discussion manageable, this figure is drawn as if 
the printer were capable of printing only four 
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characters per line. The two lines of characters to 
be printed are: 

ABCD 
1234 

§ -m-D" m-D" :~ ~ 
A "1" 

~ I) ml 

§ m-~ m-:: -B" -r 
HA" "1" "1" 

bl hI .1 

~ MD" m'-He"" '"3"" 
...... ..... Hr' 
OOA" .. ,oo 
el 01 -me" m-~ ~~:: -r -r 

"AN ",00 

~ p ~ moog: m-~: g 
...... Nr 
"A" .. ,-

0) kl .. 

--Ei3Ei=}~ 
~ ~ t==j 

" r) 

Figure 8. Buffer Operation 

It should be noted that the buffer contains 5 bytes, 
one more than the number of print positions. The 
extra byte is a "phantom address" which, when 
pointed to by the output pointer, indicates that 
the section of BMGR which services the printer 
service routine is inactive. This state must be 
allowed because the actual print operation cannot 
begin until the complete line has been input to the 
buffer. If this rule were not enforced, some under­
run protocol would have to be established to 
handle the situation of the input stream from the 
master processor failing to keep up with the print 
head. 

Figure 8a shows the buffer in its initial state. The 
input pointer is set to the last real position in the 
buffer and the output pointer is set to the phan­
tom position. Figures 8b through 8f show the 
operation of the pointers as the characters "A", 
"B", "C", and "D" are loaded. In each case the 



input pointer is incremented to point to the next 
available location and then that location is loaded 
with the character. The position of the output 
pointer is not changed until the last position of the 
buffer has been loaded. When this occurs, the out­
put pointer is set to point at the first character of 
the buffer. The operation of the pointers thus far 
can be described by the following algorithm: 

INITIAL: 

INPOINT:=BUFFER_MAX; 

OUTPOINT:=BUFFER _ MAX+l; 

LOOP: 

IF CHARACTER_AVAILABLE THEN 

BEGIN 

INPOINT:=flNPOINT+ll MOO BUFFER_LENGTH; 

BUFFER(INPOINTI:=CHARACTER; 

IF INPOINT=BUFFER_MAX THEN OUTPOINT:=BUFFER_MIN; 

END; 

GOTO LOOP; 

END; 

Obviously, if this loop were allowed to continue, 
the buffer would be overwritten by the next line of 
text before the first could be printed. This can be 
prevented by modifying the algorithm as follows: 

LOOP: 

IF CHARACTER_AVAILABLE THEN 

BEGIN 

TEMP:=flNPOINT+lI MOD BUFFER_LENGTH; 

IF TEMP<>OUTPOINT THEN 

BEGIN 

INPOINT:=TEMP; 

BUFFERfiNPOINTI:=CHARACTER; 

IF INPOINT=BUFFER_MAX THEN OUTPOINT:=BUFFER_MIN; 

END; 

END; 

GOTO LOOP; 

This modification will "freeze the action" at Fig­
ure 8f until the output pointer is incremented. 
When this occurs the input procedure will immedi­
ately load the input data over the character that 
was just printed (assuming that data is available to 
the procedure at a higher rate than can be printed). 
The defined interface with the printer service rou­
tine allows a character to be removed from the 
buffer and placed in the output buffer whenever 

. the output buffer contains the value placed there 
by the PSR, indicating that it has accepted the 
character that was previously in the output buffer. 
If this value is called EMPTY FLAG then the 
complete buffer handling procedure can be defined 
as follows: 
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INITIAL; 

INPOINT:=BUFFER_MAX; 

OUTPOINT:=BUFFER_MAX+l ; 

LOOP: 

IF CHARACTER_AVAILABLE THEN 

BEGIN 

TEMP:=(iNPOINT+l) MOD BUFFER_LENGTH; 

IF TEMP<>OUTPOINT THEN 

BEGIN 

INPOINT:=TEMP; 

BUFFER(INPOINT):=CHARACTER; 

IF INPOINT=BUFFER_MAX THEN 

OUTPOINT:=BUFFER_MIN; 

END; 

I F OUTPUT _BUFFER=EMPTY _FLAG THEN 

BEGIN 

IF OUTPOINT<=BUFFER_MAX THEN 

BEGIN 

OUTPUT_BUFFER:=BUFFER(OUTPOINT); 

OUTPOINT:=OUTPOINT+l ; 

END; 

END; 

END; 

GOTO LOOP: 

Examination of Figures 8g through 8r will show 
how this algorithm maintains the buffer. If there is 
an open position and a character is available, it is 
placed in the buffer. When a complete line is in the 
buffer, printing is initialized by setting the output 
pointer to BUFFER_MIN. As the last character of 
a line is printed, the output pointer is incremented 
to point at the "phantom location" until the next 
line is completely entered. It should also be noted 
that if the input stream is faster than the print 
operation, then after the last character of a line is 
printed only one character need be input before 
printing can resume (see Figures 81, m, and n). 
Frame r shows that after all available characters 
have been printed the state of the buffer is the 
same as it is initially. This is obviously a desirable 
feature. 

The flowcharts for the complete BUFFER MANA­
GER are shown in Figures 9a and 9b. The corre­
sponding code can be found starting at label 
BMGR of the program listings (see appendix). The 
flowcharts follow the algorithm that has been dis­
cussed very closely. Some additions have been 
made to implement logic not associated with the 
buffer. The first difference is that when a byte is in 
the input buffer it is tested to determine whether 
it is a command byte or a data character before 
further action is taken. Only two commands are 
recognized; one to set, and one to reset, the in­
ternal interrupt enable flag. This flag, which is 



implemented as bit zero of PORT2 determines 
whether or not the UPI-41 will assert an interrupt 
to the master processor when it is able to accept 
a new character. Two additional deviations can be 
noted in Figure 9a; the first is that the motor of 
the printer will be turned on whenever a data 
character is received, the second is that if an end of 
line code (i.e., an ASCII line feed) is received, then, 
instead of storing it in the buffer, a mode is en­
tered which fills the remaining buffer locations 
with space characters. This mode is enabled by bit 
one of PORT2. Note that utilizing otherwise 
unused bits of PORT2 for program status allows 
convenient testing and setting by the software and 
also enables external monitoring of the program 
operation. 

Figure 9a. Buffer M.n .... r Flowch.rt 
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The last addition to the algorithm can be seen in 
Figure 9b where instead of going directly back to 
the start of the program after servicing the printer, 
a test is made to determine if the interrupt to the 
master processor should be asserted. This interrupt 
is set if the enable bit is set and there is also room 
in the buffer for at least one more character. After 
this test, control is passed back to the beginning 
ofBMGR. 

Figure 911. Buffar Manager Flowch.rt 

PRINTER SERVICE ROUTINES 

The Printer Service Routine must convert the char­
acters given to it by the Buffer Manager into an 
appropriately timed stream of pulses to the sole­
noids. Because the PSR is extremely tim~­
dependent, it was implemented as an interrupt­
driven routine which is given control when the 
timer overflow occurs. This allows exact timing 
of the solenoid firings without requiring software 
delay loops. If the timing had been generated by 
such loops, synchronization would have been lost 
when the delay loops were interrupted in order to 
service the master processor. 



If a hardware design of a controller for the printer 
were being undertaken, a convenient place to start 
would be to generate a state transition diagram 
which shows all the states that can be entered and 
how control can transfer from state to state. This 
hardware design technique is often useful in soft­
ware design and was, in fact, used to develop the 
PSR. The state diagram of the PSR is shown in 
Figure 10. A total of eight states are necessary to 
implement the printer control function. Before 
discussing this diagram further, each of these states 
must be dermed. 

WPA: 

TPA: 

IPO: 

lCOL: 

The WPA (Wait for Print Area) state is 
the state in which the system waits for 
the input from the printer which indi­
cates that it is ready to start the actual 
printing of data. 

During the TPA (Test Print Area) 
state the system digitally filters the 
signal from the printer to ensure that 
contact bounce is not causing an er­
roneous indication that the print area 
has started. 

Transfer to the IPO (Initialize Print 
Operation) state occurs after the posi­
tioning of the print head over the 
print area has been verified. During 
this state the system initializes itself 
to start printing a line of text. 

The ICOL (Inter Column) state is used 
to time the period between the activa­
tion of the hammers. During this state 
the space between the dots of the 
characters is generated. 

PCOL: During the PCOL (Print Column) state 
the hammers are energized if the par­
ticular character being printed re­
quires a dot in the corresponding posi­
tion. 

ICHAR: The ICHAR (Inter Character) state is 
active between characters on a given 
line. 

WFON: During the WFON (Wait for Feed On) 
state the system waits for the asser­
tion of the feed pulse from the print­
er. This signal indicates that the 
process of feeding paper is occurring. 

WFOFF: The system remains in the WFOFF 
(Wait for Feed Off) until the feed 
pulse goes inactive. This indicates that 
the required paper feed operation has 
been completed. 

The state diagram, in addition to defining the 
allowable states, also dermes how state to state 
transitions can be made. The general structure of 
this diagram shows that PSR is initiated by the 
occurrence of the timer overflow interrupt. When 
the interrupt occurs the contents of the HAMDAT 
(HAMmer DATa) register are immediately trans­
ferred to PORTI which causes the hammer sole­
noids to be activated. Each of the eight possible 
states sets data into the register which should be 
output at the next timer overflow occurrence and 
starts the timer operating in a mode which will 
result in the main program (BMGR) being inter­
rupted at the proper time. The following para­
graphs describe the operation of each of the states 

WPA WAIT FOR PRINT AREA 
TPA TEST PRINT AREA 
IPO INtnALIZE PRINT OPERAnON 
ICOL INTER COLUMN DELAY 
PCOL PRINT COLUMN 
ICHAR INTER CHARACTER DELAY 
WFON WAIT FOR PAPER FEED ON 
WFOFF WAIT FOR PAPER FEED OFF 

cen 1 
C'0 NOT (PAINT_AREAl 
en (PRINT_AREA)a(FILTER()QJ 
C12 (PRINT_AREAJ'(FILTEA-O) 
C:!o (OBUF.-n'_FLAGI 
C23 (OBUF()EMPTY _FLAGI 
.,.. 1 
ca (COL_COUNTe 10I 
Coli (COL_COUNT"'" 
C&3 (08UF( )EMPTY_FLAG) 
C&8 (OBUF-EMPTY _FLAGI 
cae (PAPERFEED-OFF) 
Ce7 (PAPEAFEEOo-ON) 
C70 (pAPERFEED-ON) 
en (PAPERFEED-OFFI 

Figure 10. Print Control State Transition Diagram 
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in detail. The flowcharts of the routines can be 
found in Figure 11. 

The WPA, CPA, and IPO states are all associated 
with the detection of the valid start of the print 
area. The WP A state sets the timer in the event 
count mode so that the edge of the print area 
signal can be detected, the CPA state digitally 
filters this input once it has been detected to 
ensure that noise has not caused a false input, and 
finally, the IPO state initializes the system to start 
the actual printing of data. The flowchart shows 
that the WPA state accomplishes the following 
actions: 

I. Turns off the paper feed motor 
2. Sets the filter count (for the CPA state) 
3. Sets HAMDAT to zero 
4. Sets STATE to one. 

The timer is set to event count with an initial value 
of OFFH. This will cause a timer overflow interrupt 
the next time a negative transition occurs on the 
TEST! input. Since this input is tied to the signal 
from the PRINT AREA switch, this interrupt 
should occur when the start of the print area is 
reached. The WPA state sets the STATE register to 
cause the TPA state to be entered when this inter­
rupt occurs. Each time the TP A (Test Print Area) 
state is activated the software checks to ensure that 
the print area switch is in the proper state; if it is 
not then all the actions of state zero are repeated 
(ex~ePt turning off the motor), since a false start of 
print area has occurred. If the test reveals that the 
print area switch is in the proper state, then the 
filter count is reduced by one and the timer is 
started with an initial value of OFFH, the minimum 
attainable timer increment. The STATE register is 
set to repeat the TPA state unless the filter count 
has reached zero; when this occurs the IPO state is 
selected. The IPO state, which is responsible for 
the initialization of the actual print operation, first 
tests the output buffer register to determine if 
there is any data for it to print. If this test is unsuc­
cessful the printer main drive motor is turned off, 
the TPA state is reinvoked and the timer is started 
in the event count mode so that it can detect the 
next start of print area. At first glance this seems 
somewhat fruitless since the event required cannot 
happen if the motor is not turning. By referring 
back to Figure 9, however, it can be seen that 
BMGR turns on the motor whenever it has a data 
character from the master computer. The reception 
of a character will always allow the PSR to find the 
next print area. If, when the IPO state makes its 
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test, there is data in the output buffer then the 
data is moved to the print buffer and the output 
buffer is set to the empty value. After this is ac­
complished, a counter is set to the number of col­
umns to be printed per character (seven in this case 
- see comment by CGEN label in program listing), 
the STATE register is set to the ICOL state and the 
timer is set to time the intercolumn time. (The 
intercolumn time is the time that elapses between 
each possible column of the character.) Before 
exiting from this state the first column of data for 
the hammbers is generated by the COLUMN rou­
tine and placed in the HAMDAT register. 

The three states already discussed set the printer 
up so that it is ready to print. The next three states 
are repeated sequentially until the entire line of 
data has been printed. The ICOL state is probably 
the simplest of the states. When it is invoked the 
hammers have just been fired by the entry into the 
PSR. All that the ICOL state does is to set the 
timer to time the proper duration of the hammer 
strikes, clear the HAMDAT register, and set the 
STATE register to the PCOL state. The PCOL 
state, only slightly more complicated than the 
ICOL state, first decrements the column count. If 
the end of a character is detected (count equal 
zero), the HAMDAT register is cleared and the 
STATE register is set to invoke the ICHAR state. 
If the end of a character is not detected then the 
COLUMN routine is again used to determine the 
next data to be sent to the hammers and the ICOL 
state is reinvoked. When the ICOL state is active 
two things can happen, depending on whether 
there is more data to print. If there is data in the 
output buffer then a series of actions similar to 
those of the IPO state occur to reinitialize the 
printing of a character; if there is no more data in 
the line then the paper feed motor is turned on, 
HAMDAT is cleared, and the STATE register is set 
to the WFON state. The timer is set for approxi­
mately one millisecond so that the state of the 
paper feed switch can be sampled periodically by 
the WFON and WFOFF states. 

The WFON and WFOFF states continue to set the 
timer to the one millisecond sample rate, the 
WFON state reinvokes itself until the paper feed 
switch input is detected and then it invokes the 
WFOFF state. The WFOFF state reinvokes itself 
until the paper feed switch is detected in the off 
state and then invokes the WP A state. The sole 
purpose of the WFON and WFOFF states is to 
ensure that an off to on to off transition occurs on 



,. ... ____ .. _ ................... ,. ""uu ".1.1 .... .1.1 VJU"'t;t;U~ LU pnIlL 

the next line of data. 

CONCLUSION 

The UPI-41 has been shown to be easily capable of 
controlling the LRC matrix printer with no ex­
ternal logic other than drivers and receivers. The 
program listings which implement the algorithms 
discussed are shown in Appendix A. It should be 
noted that no attempt has been made to minimize 
the amount of code in the program; the emphasis 
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slgmtlcantly reduce the amount of code space 
needed, especially in the printer service routine 
which duplicates much code in each STATE. Even 
with this relatively loose coding the printer control 
function, including the complete character tables, 
easily fit within the memory available in the 
UPI-4I. The extra room in memory could be used 
to implement such extra features as tabulation, 
printing prestored messages, or even limited 
graphic capabilities. The power and flexibility of 
the UPI-41 make such features easy to implement. 



Appendix 
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RET RET RET RET RET RET RET 

TIMIR 
INnRRWT 

RET ~ 
Figure 11. PSR Flowchlrt 
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APPENDIX 

ISIS-II 81148 ASSEMBLER, Vl.l 
LRC PRIm'ER c:afIiU.LER 7/14/7 

IOC IEJ SfIw SOUlCE S'l'Nl.DmNT 

I11III7 
1111116 ssn 
111103 
08112 
1111111 
0111111 

IlIIAII 
FFFE 
FFm 
FFF8 
FFFA 
1111114 

ItIIFF 
1111117 
111I7F 
IIIIBF 
1111111 
1111112 
11811A 

SS~l 
111128 
111118 

SS!J 

1 
2 

~ 
5 
6 
7 
8 
9 

11) 

B 
13 
14 

l~ 

.********************************************************************* , 
, 

UPI -41 LRC plUNTER cnma.LER 

THIS PRlGRAM IMPIatENTS THE CXNl'R)L OF THE 
LRC PRIN1'ER WITH THE UPI-41. IWrA IS INPUT '10 THE 
UPI-41 AS SIX BIT ASCII. ~ ARE PK)VIDED 
'10 . ENABLE OR DISABLE THE GENERATlQiI OF AN 
INTERRUPT wum THE (IUT IS READY 
FOR MODIER IWrA ~. THE INTERRUPT IS OIABLED 
BY OOTPUTING 113H '10 THE CQilTKlL CHANNEL J\ND DISABLED 
BY OOTPUTn«i 11211. WHEN ENABLED THE INTERRUPT 
IS IMPLEMENTf.D AS A FalITIVE OOn«i EDGE QiI P25. 

NOTE: A PI.,/M LIKE IMGII\GE WAS USED '10 CXJ!MENT 
THIS PKlGlWl. NO CCMPILER EXISTS FOR THE UPI-41. 
THE aJ!MERl'S WERE 'HAND CCMPlIED' IN'IO UPI-41 
ASS!JIBLY ~. 

17 
18 
19 
2tJ 
21 • 
22 ;********************************************************************* 
23 
24 
25 
26 ;************************************************************************* 

~~ REXiISTER ASSIGNMml'S 
29 • 
30 ;*************************************************************************~ n 
33 IIAMDM' I 34 STATE 
35 ICNT 
~~ PBUF . 

~ 
41t INl'NT 
41 
42 
43 

R7 
R6 
R5 
R4 
R3 
R2 
Rl 
Rf/J 

44 ;*********************************************************************** 
45 
46 TIMER ElQUATm 

2i i*********************************************************************** 
49 
58 TICK lXlOa 51 TIDI 
52 TflJFF 
53 TIN'mR Ii 
~~ WJ.f . 
56 
57 

1611 
-32111TICK 
-481f/'l'ICK 
-12811n-ICK 
-lIIl1.lI/TICK 
6411/TICK 

58 ;*********************************************************************** 
59 , 
611 , 
61 • 
62 i*********************************************************************** 
63 
64 EHTFLG lXlO 
65 !MAX 
66 PFEm 

U~ 
69 FKlDE 
7tJ ElOL 
H~M 
U~., 
75lfMiii' 
76 BMAX 

~~ 
79 $ 

IIFFH 
07H 
7FH 

Sir 
11211 
IIAH 
1121H 
21tH 
21tH 
18H 
ISH 
3FH 

All mnemonics copyrighted @ Intel Corporation 1978. 
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80 
81 ********************************************************************** 
82 
83 START OF PIllGRAM 
84 

********************************************************************* 85 
86 
87 INITIALIZE, 
88 INITIALIZE AND 00 10 
89 SK;R 

000" 90 0lG 0"H 
""0" 1416 91 RESET: CALL CASEII 
00"2 3479 92 CALL !NIT 
""04 25 93 EN 'lOfl'I 
0B05 24B" 3~ JMP SK;R , <XDE MUST END Nr we 6 

96 
97 .**********************************************************************i , 
98 ; 99 START OF INl'ERRUPl' DRIVEN STATE MllCHINE 

lfl0 ~*****************************************************,****************1 101 
182 1 3 00, 
104 , HAMMERS-1lAMMER$Di\T-
1115 A,IIAMDI\T' 

00 CASE STATE, , 
0007 2F 111J6 TISR: XOl 
IIBII8 37 107 CPL A 
0BIII9 39 108 CX1l'L K1~E BII0A FE 1119 MJV 
000B 030E 11B ADD ~i'CBASE 0000 53 111 JMPP 
000E 16 112 CBASE: DB CASE0 
00"F 24 113 DB CASEl 
1IJ1II10 40 114 DB CASE2 
01111 61 115 DB CASE3 
0111126B 116 DB CASE4 
0B13 7D 117 DB CASE5 
0014 91:. H3 DB CASE~ 0015 AS DB CASE 

120 
121 
122 
123 
124 
125 00, ~E II, FEEDING LINE */ 
126 B FEED=OFF, 
B~ STNl'&ol-

ICNT=FIt:rv 
129 

: ~Il!\~)' 130 in CASE0: 
- END- /* END (p CAsE B */ sng =! ORr. ~NOr' PFEID) , 

133 MJV 
IQll'ldlL'lV 00lA 8004 134 MJV 

Bn~ ~fF 135 MJV ~-136 MJV 
011IF 45 137 STRT 
002" 2300 138 MJV A,'0 
0022 2F 139 XOl A,IIAMDI\T 
0023 93 148 RETR 

141 00, ~* CASEl.ESTING FOR PRINT AREA */ 142 I '1'11=1 
143 00-
144 'STATE=l-
145 ICNT=FItTv-
146 ~RiNMREA), 
U~ ~-
149 

END; , 

11024 4632 150 CASEl: JNT1 C1EIS 

88~ =1 l~~ MJV STATE .1 MJV ICNr1' IL'lV 0112A 23FF 153 MJV A,.-
002C 62 154 MJV ~,A 
01120 ~~ l~ STRT 
"02& 0 MJV A1·0 0030 043E 157 JMP CEND 
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roc OBJ StXl SOUK:E S'l'ATEMENT 

158 EISE DO; 
159 ICNTi=I~l" 
169 IF ICNT=9 ~ STATE=2 EISE STATE=l; 
161 TIME (-1) " 
162 HAMMER$b.'.TA=9 ; 
163 END; 

0932 BE02 164 CIEIS: WJV STATEC·2 
9934 ED38 165 DJNZ ICNT llA 
9936 BE91 166 WJV STATE,U 
9938 23FF 167 CllA: WJV A,t-l 
99JA 62 168 WJV T, 
9938 55 169 STRl' T 
993C 2399 179 WJV A,'9 

171 A,~; END; /*END OF CASEI */ 
993E 2F 172 CIEND: XCII 
903F 93 173 RE.TR 

174 
175 

DO; ~*CASE ~ITIALIZE PRINT OPERATICfi */ 176 
177 I OBUF<> SFLI\G '!HEN 
178 DO; 
179 TIME (HAMMER$OFF) ; 
189 PI3llF=CEUF " 
181 OOUF=EiPiYSFLI\G; 
182 I=!MAX" 
183 ~" 184 l:wrA=ceLll!N (PBUF , I) ; 
185 

A,OOUF ' 
mID; 

9949 FB 186 CASE2: WJV 
9941 D3FF 187 XRL ~~~LG 9943 C655 188 JZ 
9945 23FD 189 WJV A,'THOFF 
9947 62 199 WJV i,A 9948 55 191 STRl' 
9949 FB 192 WJV ~K S94A N:. l~~ WJV 

94B BBFF WJV OBUF: 10f.l'FLG 994D BD97 195 WJV ICNT !MAX 
994F BE93 196 WJV ~13 995154E9 197 CALL 
9953 945F 198 JMP C2mm 

199 EISE DO" 
299 STATE=l" 
291 WAIT~AREA) ; 
292 K710 F" 
293 BAMMER$DP.TA=e ; 
294 

STATE,n; 
mID; 

"955 BE91 295 C2EIS: WJV 
9957 23FF 296 WJV A"-l 9059 62 297 WJV 'fib 99SA 45 298 STRl' 
9958 8A49 299 ORr. K~,INOl' ~ 99SO 2389 219 WJV 

211 ; END; /*END OF CASE 2 * / 
995F 2F 212 C2END: XCII A,1lAMDI\T 
9969 93 213 RE.TR 

214 
DO; ~~HI\MMER OFF CYCLE */ 215 

216 =~"); 217 
218 STATE= " ' 
219 END; /*END'OF CASE 3 */ 

9961 23FE 229 CASE3: WJV A,,~ 
9963 62 221 WJV T,A 
9964 55 222 STRT T 
9965 2399 223 WJV A '9 9967 BE94 224 WJV S~ 9969 2F 225 XCII A, 
996A 93 226 RE.TR 

227 S EJECT 
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LOC OBJ sm SOURCE STATEMENT 

228 , 00; /*CAS~NTING COL I OF CHAR */ 
229 

A,!l'HOFF; 
TIME ( FF); 

~~g~ t~FO Hi CASE4: /!OJ 
WJI/ T, 

006E 55 232 STRT T 
233 1=1-1' 
234 IF I=~ THEN 
235 00; 
236 STATE=5; 
237 HAMMER$DA.TA=0 ; 
238 

ICNT C4Ei1; 
END 

006F m77 239 DJNZ 
0071 BE05 240 /!OJ STATE, 115 
0073 2300 241 WJI/ ~d~o 0075 047B 242 JMP 

243 ELSE 00' 
244 ~. 245 MTA=COLUMN(PBUF,I); 
246 

STATE, 113; 
END; 

0077 BE03 247 C4ELS: WJI/ 
0079 54EIiJ 248 CALL COLUMN 

249 ; END; /* END OF CASE 4 */ 
007B 2F 250 C4END: XCH A,IIAMDA.T 
007C 93 251 Rm'R 

252 ; 00; ~CASE~ INTE.RCHARACTER SPACE */ 
253 

A,!TINTEft 
T (INT CHAR) ; 

0070 23F8 ~~~ CASES: WJI/ 
007F 62 WJI/ T, 
0080 55 256 STRT T 

257 IF OBUF<>EMPTY$FLAG THEN 
258 00' 
259 ' PBUF=OBUF' 
260 OBUF=Fi1P'ii$FLAG; 
261 I=!MAX' 
262 ~. 263 MTA=COLUMN(PBUF,I) ; 
264 

A,OBUF ' 
END; 

0081 FB 265 WJI/ 
0032 03FF 266 XRL ~~Uf'FLG 00 4 C692 267 JZ 
0086 FB 268 WJI/ AsfJUF 0087 AC 269 WJI/ P ,A 
0088 BBFF 270 WJI/ OBUF , IEMl'FLG 
011SA 8007 271 WJI/ ICNT, !MAX 
008C BE03 272 WJI/ STATE,'3 
008E 54E0 273 CALL COLUMN 
0090 049C 274 JMP C5END 

275 ELSE 00; 
276 TIMEJW~); 277 gAP F ; 
278 ~kTA=0; 279 
280 

A,.TLFEE6 
END; 

0092 23FA 281 C5ELS: WJI/ 
0094 62 282 WJI/ T,A 
0095 55 283 STRT T 
0096 9A7F 284 ANL P2dtFEED 0098 BE06 285 WJI/ ST ,116 
009A 2300 286 WJI/ A,1I0 

287 
A,IIAMDA.T' 

END; /* END OF CASE 5*/ 
009C 2F 288 C5ENO: XCH 
0090 93 289 RE.TR 

290 
291 $ FJECT 
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ux: OBJ 

1'l1'l9E 23FA 
01'lA1'l 62 
I'lfrlAl 55 
I'lI'lA2 26A8 
1'l1'lA4 BEI'l7 
I'lI'lA6 1'l4M 

I'llWl BEI'l6 

=~~"" I'lIilAD 93 

I'lI'lAE 23FA 
I'll'lBl'l62 
I'lIiBl 55 
I'll'lB2 3688 
1'l1'lB4 BEI'l0 
1'l0B6 04BA 

illiB8 BErlJ7 
il0BA 2300 
00BC 2F 
00BD 93 

1i100 

01il0 D647 
01102 7636 
61il4 9ABF 
illil6 F8 
il107 3470 

SEQ 

292 
293 

~B~ 
296 
297 
~~~ CA';E6: 
300 
301 

~~ 
304 
305 
306 
307 C6ELS: 
308 
309 U! C6END: 
312 
313 

n~ 
316 
317 
318 
319 
320 CA';E7: 
321 
322 
323 
324 

~~~ 
327 
328 
329 

n! C7ELS: 
332 C7END: 
333 
334 

n~ 
337 

n~ 
340 

SOURCE STATEmNl' 

fICJV 
XCH 
RETR 

fICJV 
fICJV 
XCH 
RETR 

A, t'rui'EEb 
T,A 
T 
C6ELS 
~=,'7 

. 
A, 10 ; 
A,fIAMIlM' 

; 

A,ITLFEE1J 
~,A 
C7ELS 
STATE, 10 
C7END 

STATE, 17; 
A,10 
A,IlAMD!\T 

00; /*CASE 6,WAITING FOR FEED CIiI */ 
TIME (Lnm$FEED) ; 
IF PFS=1 '!HEN 
00· 

'STATE=7; 
END; 

ELS~; 
END; 

flAMMER$MTA=0 ; 
EH>; /*EH> OF CASE 6 */ 

00; I*CA';E 71. WAITING FOR FEED OFF * / 
't.IME(LINE"FEED); 
IF pFS=I!J '!HEN 
00· 

, STATE=riJ· 
END; , 

ELSE 00· 
sTiim=7; 

END· 
~MTA=0· 

END; /*END OF CAsE 7 *1 

END; /* END OF CASE BUx:K */ 

341 ;************************************************************************ 
342 • 
343 • BkiR 
344 
345 
346 
~2~ 
349 
350 
351 
352 
353 
354 

~~~ 
357 
358 

~~a 
361 
362 
363 

TI1IS SEXiMENT cnm¥JI.') THE HANDSHAKING BE'lWEEN THE 
CONl'KlUER AND TIlE MASTER PKlCESSOR • . 

~**************************************.********************************* 

/BI«iR-BUFFER MANl\GER* / 

00; 
IF IBF=FULL THEN 
00· 

iF Tl{PE=MTA 'llIEN 
00; 

M)'IOR=Qi. 
TEMP=m:6Pr(INPNT) ; 

364 BkiR: 
365 

og; 

JNmF 
JFl 
ANI. 
fICJV 
CALL 

100H 
BBPR'l' 
BBCMD 
P2,,~ 
A,lNJlNr 
INCQPl' 

366 
367 
368 
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we OBJ sm SOOBCE STATEMENT 

369 IF TEMP<>OI1l'$l'OlNl' THEN 
370 00· 
371 iN$l'OINT=TEMP • 
372 IF FILL$MJD&a.I 'lllEN 
373 00· 
374 ' TEMP=SPACE; 
F5 EISE 00· 

76 TEMPblNPUT$BUFFER; 
377 INTERRlJPT=OFF; 
378 END; 

F9 IF TEMP=EOL THEN 
80 00; 

381 FILL$MJDE=ON; 
382 TEMP=SPACE; 
383 END· 
384 IF 1'EMP=coNl'RDL$OODE THEN TEMP= I ! I ; 

385 BUFFERMN$l'OlNl'~=TEMP AND 03FH; 
386 IF IN$ INT=BUF ER$MAX 'l1iEN 
387 00; 
388 FILL$!f)il&'OFF; 
389 OO'l'$l'OINT=BUFFER$MIN; 
390 END; 
391 END; 
392 
393 

0109 D9 394 BBLl: XRL A,OOTPNT 
010A C647 395 JZ BBPR'I' 
010C D9 396 XRL A,OUTPNT 
010D AS 397 KJV INPNT,A 
010E 0A 398 IN ~fr.t 010F 3216 399 JBl 
0111 22 400 IN A DBB 
0112 9ADF 401 ANL ~jF(~) 0114 2418 402 JMP 
0116 2320 403 FILL: KJV A'!ffiACE 0118 D30A 404 BBLlA: XRL ~WL 01lA 9620 405 JNZ 
011C 1Wl2 406 OR!. &hl~DE 011E 2428 407 JMP 
0120 D30A 408 BBLIB: XRL ~d,~L 0122 D228 409 JB6 
0124 B228 410 JB5 BBLlC 
0126 2321 411 KJV A'SEXCLAIM 0128 533F 412 BBLlC: ANL A~H 012A Na 413 MJ\I @ A 
0128 F8 414 MJ\I A,INM 
012C D33F 415 XRL ~~ 012E 9647 416 JNZ 
0130 9AFD 417 ANL ~NOl' FKXlE 
0132 B918 418 MJ\I T,'BMIN 
0134 2447 419 JMP BBPRT 

420 EIS~PE IS ca4MAND*/ 
421 I FF; 
422 IF JiilRT0 AND 3)=2 THEN INTENA=OFF; 
423 IF( R1'Il AND 3)=3 'lllEN INTENA=ON; 
424 END; 
425 

0136 22 426 BOCMD: IN A DBB 
0137 9ADF 427 ANL E!t,~NOl' (~) 0139 5303 428 ANL 
0138 323F 429 JBl 
013D 2447 430 JMP BBPRT 
013F 1245 431 BBL2: JB0 BBL3 
0141 9AFE 432 ANL ~wr lNl'ENA 0143 2447 433 JMP 
0145 IWll 434 BBL3: OR!. P2,'INTENA 

435 $ FJECT 
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LOC OBJ Sal 500BCE STATDIm!' 

436 IF 0BUF=tJtPl'Y$FLI\G AND (OOT$POINT<>BMIN tR STATE-
437 00' 

tl IF <Xn'$POINT<=BUFFER$MAX THEN 
00; 

44111 ~~~ 441 END' PO PO 1; 442 
443 DID~ , 
444 

111147 FB 445 BBPRT: K>V A,OOUF 
Rl48 OFF 446 XRL ~f~ 4A 965E 447 JNZ 
1rl14C F9 448 K>V A 0l1l'PNl' 
11114D 0318 449 XRL ~~IN 11114F 9658 45! JNZ 
0151 FE 45 K>V A,STATE 
111152 1113FD 452 ADD ~ 111154 F258 453 JB7 
Ri~8 ~5E 454 JMP BIRr 

455 BBPRTA: K>V A,Ol1l'PNl' 
111159 D25E 456 JB6 Blm' 
USB Fl 457 K>V ~ 1II1SC AB 458 101 ~ IrllSD 19 459 INC 

46111 TJiJU>=lNCQPl' (INFNT) ; 
461 IF TEMP<>ouT$POIRr THEN 
462 00' 
463 fF ~ AND FID>E=OFF TIIEN ~; 
464 END; 
465 END; 
466 END 
467 

11115E F8 468 BIRr: K>V £ 015F 347111 469 CALL 
111161 D9 47111 XRL ~ 111162 C61111rl 471 JZ 

472 BINTA: 
111164 IlIA 473 IN A,P2 
Si2~i1t1rl t~! CPL A 

JBIIJ BIIiR 
111168 326C 476 JBl SETIRr 
11116A 24111111 477 JMP BIIiR 

RifE ~S t~g SETIRr: ~ ~~ 
48111 
481 
482 
483 
484 
485 
486 
487 ; PROCEDURE lNCQPl'(A,CARRY); 
488 ; 00; 
489 ; A=A K>D BUFFER LENG'l'H+BUFFER MIN; 
49111 ; IF A=BUFFER MIN THEN CARRY=lT 
491 ; END; -

1rl171rl 11131111 492 lNCQPl': ADD ~ 111172 0275 493 JB6 
1rl174 83 494 RET 
0175 2318 495 ADJUST: 101 ~,tQPIMIN 111177 A7 496 CPL 
1rl178 83 497 RET 

498 
499 
50111 ; PROCEDURE INIT; 
51111 ; 00; 
5112 0BUF=tJtPl'Y$FLI\G • 
51113 ~INT=soF~+l; 51114 IN INT=BUF ; 
51115 KYlOR=OFF' 
5116 PAPER$FEFil=oFF; 
51117 ~F' 51118 $MASi=OFF; 
51119 BUS$BUFFER=III ; 
511rl , END; 

0179 BBFF 511 INIT: K>V ~ml'FLG 1117B B9411 512 101 "BMAX+l 11170 B83F 513 K>V INPNT BMAX 
017F 2FII 514 K>V A~'IIF6H 1rl181 3A 515 OUTL 
11182 22 516 IN t~ 
111183 83 517 Ri>'r 

518 
519 
521rl 
521 
522 
523 
524 $ EJECT 
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LOC OBJ 

92E9 

R~! ~ 
92E.2 B2E5 
02E4 95 
92E5 531F 
92E7 AC 
02E8 E,7 
02E9 E7 
02EA E7 
02EB 37 
02EC 6C 
92ID 6D 
92EE 37 
92EF 9397 
92Fl B6F9 
02F3 E3 
02F4 2C 
92F5 4320 
92F7 2C 
92F8 83 
92F9 A3 
92FA 83 

Sm SOURCE STATEJmNl' 

525 ********************************************************************** 
526 

~~~ 
529 
539 

~1~ 
533 
534 
535 
536 
537 
538 

~a~ 
541 
542 
543 
544 
545 
546 
547 
548 
549 
559 

COLUMN IS CALLED WI'Di ICNT EQL ro THE CURRENT COLUMN NUMBER 
AND PBUFF ~L ro THE CHARACTER ro BE CONVERl'ED. 
COLUMN RE'lURNS THE APPROPRIATE COLUMN OF M'I~ FlO! THE 
CHARl\CTER GENERATER TABLE. COLUMN IS I.DCATED IN PAGE 2 
FOLIaiING THE FIRST HALF OF THE TABLE. 

********************************************************************** 

OR; 2E9H 
PROCEDURE COLUMN (PRINT$BUFFER, ICNT) ; 
DO; 

FLAG9=NOT PRINT$BUFFER(5); 
PRINTSBUFFER[UJ=0 • 
TEm'=1* (PBUF+l -100 
IF FLAG9=OFF 
DO; 

TEm'=MP3 (TEMP) • 
PRINT$BUFFER [51 =1; 

END' ELSE DO' 
T~-MP2 (TDIP) ; 

END; 

~~~ CDLUMN: !llJV 
CLR 
JB5 
CPL 
ANL 
WJV 
RL 

~~PBUF 
NOOE.'l' 
F9 
A,LUIFH 
PI:SUF,A 
A 

END; 

553 
554 
555 NOOE.T: 
556 
557 
558 
559 
560 
561 
562 

~~i 
565 
566 
567 
568 
569 
579 

RL A 
A 
A 
A,PBUF 
A,ICNT 
A 

~M~ 
A,@A 

~:i~~ 
A,PBUF 

571 PAG2: 
572 

RL 
CPL 
ADD 
ADD 
CPL 
ADD 
JF9 
WJVP3 
XCH 
ORL 
XCH 
RE.T 
WJVP 
RE.T 

A,@A 

~1i 
575 
576 
577 ********************************************************************** 
578 
579 
589 
581 
582 
583 
584 
585 
586 
587 
588 
589 
599 
591 
592 
593 
594 
595 
596 
597 
598 
599 

CHARACTER GENERATER TABLES. 
THE FIRST HALF OF THESE TABLES IS IN PAGE 2. FOLIaiING THIS HALF 
IS THE COLUMN SUBROUTINE. THE SECOND HALF OF THE TABLE IS 
IN PAGE 3. THE PLACEMENT OF THESE TABLES IS ro TAKE 
ADVANTAGE OF THE MCS-41 WJVP AND !llJVP3 INSTRllCTlOOS. 

THE CllARACTERS ARE FORMED BY A SEVEN BY SEVEN MATRIX 
OF oors. EACH DOT PC6ITlOO CORRESPONtIS 
ro ONE HALF THE NORMAL DOT SPACING OF THE LRC PRINTER. 
ro PREVENT EXCEEDING 'l'HE "BANIWIDl'H" OF THE SOLENOIDS 
THE CHARACTERS ARE FORMED SO THAT THE SAME SOLEN>ID IS 
NUl' ENERiIZED TWICE IN SOCCESSION. COOSTRUCTING THE 
TABLE IN THIS MANNER ALIaiS THE FORMATlOO OF A CHARACTER IN ONLY 
4 PRINT COLUMNS SINCE THREE OF THE oors WILL APPEAR BETWEEN 
NORMAL COLlHi PC6ITlOOS. 

THE CCH1ENT FIELD OF THE TABLE ~ THE BIT PATTERN OF THE 
CHARACTERS. THE SPACING OF THE PRINTER CHARACTERS CAUSES 
DISroRl'IOO OF THE CHARACTERS BUT THE PATTERN IS STILL DISCERNABLE. 

698 *********************************************************************** 
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roc OBJ sm SOURCE STATDIENl' 

6111 
11211J0 6112 OIC 21111" 

6113 
6114 

1121111 fie 6115 IE IICH ** [AT] 
112111 22 6116 IE 220 * * 112112 41 6117 IE 418 * * 112113 58 6118 IE 588 ** * 112114 III 6119 DB 1118 * 112115 48 6111 IE 48" * * 112116 1111 611 IE 1111" 

612 
112117 IIF 613 DB IIFH **** [A] 
112118 111 614 DB 111" * 112119 24 615 DB 248 * * 11211A 411 616 DB 411" * 112118 24 617 IE 248 * * 11211C 111 618 IE 111" * 11211D IIF 619 IE IIF" **** 6211 

621 
11211E 7F 622 DB 7FH ******* [8] 
11211F 1111 623 IE 1111" 
112111 49 624 IE 49" * * * 11211 1111 625 IE 1111" 
11212 08 626 IE 1188 * 11213 55 627 IE 55H * • • * 
11214 22 ~~B IE 220 * * 
11215 3E 6311 IE 3EH ***** [C) 
11216 41 631 DB 418 * * 
S~U ~! g~~ IE 

IE Ull * * 11219 1111 634 DB 1111" 
* 112lA 41 635 IE 418 * 11218 22 n~ IE 220 * * 

1121C 7F 638 DB 7FH ******* [0] 
112lD 1111 639 DB 1111" 
S~~ a~ ~1! DB 418 * * DB 1111" 
112211 1111 642 DB 1111" 
11221 41 643 IE 418 * * 11222 3F. 644 IE 3EH ***** 645 
11223 7F 646 IE 7FH ******* [Ej 
11224 1111 647 IE 1111" 
11225 49 648 IE 498 * * * 11226 1111 649 DB 1111" 
11227 49 6511 DB 49" * * * 11228 1111 651 DB 1111" 
11229 41 652 DB 418 * * 653 
1122A 7F 654 DB 7FH ******* [F) 
0228 1111 655 IE 1111" 
1122C 48 656 DB 488 * * 11221> 1111 657 IE 1111" 
11218 48 658 IE 488 * * 1122F 1111 659 IE 1111" 
11230 411 660 DB 40" * 661 
11231 3E 662 DB 3EH ***** [G) 
11232 41 663 DB 418 * * 0233 IIf 664 DB 110" 
0234 4 665 IE 418 * * 0235 114 666 IE 048 * 0236 41 667 IE 418 * * 11237 26 668 IE 26" ** * 669 

670 $ EJECT 
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;~~ ~~ ~U DB 088 * DB 00H 
* 023C 08 675 DB 08H 

0230 00 676 DB 00H 
023E 7F 677 DB 7FH ******* 678 
023F 00 679 DB 00H [IJ 
0240 41 680 DB 4lH * * 0241 00 681 DB 00H 
0242 7F 682 DB 7FH ******* 0243 00 683 DB 00H 
0244 41 684 DB 4lH * * 0245 00 685 DB 00H 

686 
0246 02 687 DB 02H * [J] 
0247 01 688 DB IIlH * 0248 00 689 DB 110H 

* 0249 I'll 690 DB 0lH 
024A 00 691 DB 00H 
0248 01 692 DB 0lH * 024C 7E 693 DB 7EH ****** 694 

******* 0240 7F 695 DB 7FH [K] 
024E iJ0 696 DB 00H 
024F 04 697 DB 04H * 0250 14 698 DB 14H * * 0251 22 699 DB 22H * * 0252 41 700 DB 4lH * * 0253 00 701 DB IlIlH 

702 
11254 7F 7113 DB 7FH ******* [L] 
0255 110 7114 DB IlIlH 
11256 In 7115 DB IlIH * 11257 Illl 7116 DB IlIlH 
11258 III 7117 DB IllH * 11259 Illl 7118 DB IlIlH 
1l25A III 709 DB IllH * 710 
1125B 7F 711 DB 7FH ******* [M] 
025C 40 712 DB 41lH * 
1l2~D ill Hi DB 

iRU * 02 E 8 DB ** 025F 20 715 DB 20H * 0260 40 716 DB 40H * 0261 3F 717 
718 

DB 3FH ****** 
719 

0262 7F 720 DB 7FH ******* [N] 
0263 20 721 DB 21lH * 0264 10 722 DB 11lH * 0265 08 723 DB 1l8H * 0266 04 724 DB 1l4H * 11267 110 725 DB 01lH 

******* 0268 7F 726 DB 7FH 
727 

***** 0269 3E 728 DB 3EH [0] 
026A 41 729 DB 4lH * * 
S~~ ~! B! 

DB 
DB !!It * * 0260 110 732 DB IlIIH 

1l26E 41 733 DB 4lH * * 026F 3E 
B3 

DB 3EH ***** 
11270 37 736 DB 37H *** ** [P] 
0271 IIlIll 737 DB IIIIIH 
111272 48 738 DB 48H * * 111273 0111 739 DB IlIIIH 
0274 111111 74! DB 
1Il275 48 74 DB !RU * * 0276 30 742 

743 
DB 3111H ** 

0277 3E 744 DB 3EH ***** [0] 
1Il278 41 745 DB 4lH * * 0279 IIlIll 746 DB IIlIIIH 

* 1Il27A 41l 747 DB 411H 
11278 illS 748 DB 1l5H * * 1Il27C 42 749 DB 42H * * 1l27D 3D 750 DB 3DH * **** 
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we OBJ SEQ SOUBCE STATEMENT 

751 
027E 7F 752 DB 7FH ******* (R] 
827F 88 753 DB II * * S~H! as ~~~ DB 

DB 
0282 04 756 DB 048 * 
8283 4A 757 DB 4AH * * * 
8284 31 758 75 

DB 318 * ** 
0285 32 760 DB 328 * ** (S] 
8286 49 761 DB 49H * * * 
I~H~ tB 

762 DB 
763 DB flJBH 4 H * * * 

02890" 764 DB flJfIJH 
028A 49 765 DB 49H * * * 
flJ28B 26 U~ DB 26H ** * 

768 
028C 40 769 DB 4fIJH * (T] 
028D flJ8 770 DB 0fIJH 

I~I~ ~~ 771 DB 4fIJH * 
772 DB ~m ****** 

82 0 40 F3 DB * 
11291 08 74 DB flJfIJH 
flJ292 48 H~ DB 4f1JH * 
8293 7C 777 DB 7CH ***** (U] 
flJ294 flJ2 778 DB flJ28 * 
I~~~ 11 779 DB 

1m 
* 

780 DB 
0297 01 781 DB * 
"298 02 782 DB flJ28 * 
0299 7C 783 DB 7CH ***** 

784 
029A 78 785 DB 78H **** (V] 
829B 04 786 DB 048 * 
f629C 02 787 DB flJ28 * 
029D 01 788 DB 018 * 
029E 02 789 DB 028 * 
029F 84 790 DB 048 * 
II2AfIJ 78 791 DB 78H **** 

792 
****** 02Al 7E 793 DB 72M (W] 

02A2 01 794 DB 018 * 
0~02 ~u DB 028 * o 4 OC DB fIJCH ** 
02A5 02 797 DB 028 * 
02A6 01 798 DB 018 * 
flJ2A7 7E 799 DB 7EH ****** 

80fIJ 
* * 02A8 41 801 DB 418 (X] 

02A9 22 802 DB 228 * * 
02AA 14 803 DB 148 * * 
02AB 08 804 DB !fll * 
02AC 14 805 DB * * 
02AD 22 806 DB 228 * * 
02AE 41 807 DB 4.18 * * 

808 
02AF 40 809 DB UH * (Y] 
0280 20 810 DB 20H * 
I~~ t~ 811 DB ~~ * 

812 DB **** 
0283 0 813 DB UH * 
0284 20 814 DB iSII * 
0285 40 n~ DB * 

817 $ EJECT 
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ux: OBJ S~ SOURCES~ 

0286 41 818 DB 4lH * * [Z] 
0287 02 819 DB 028 * 0288 45 820 DB 45H * * * 0289 08 821 DB 08H * 02BA 51 822 DB 5lH * * * 02BB 20 823 DB 20H * 02BC 41 824 DB 4lH * * 825 
0280 7F 826 DB 7F11 ******* [Il 
02BE 00 827 DB 00H 
02BF 41 828 DB 4lH * * 02C0 00 829 DB 00H 
02Cl 41 830 DB 4lH * * . 
02C200 831 DB 00H 
02C3 41 832 DB 4lH * * 833 

[\] 02C4 40 834 DB 40H * 02C5 20 835 DB 20H * 
~~~ jR ~j~ DB UI! * DB * 02C8 04 838 DB 04H * 02C9 02 839 DB 028 * 02CA 01 840 DB 0lH * 841 
02C8 41 842 DB 4lH * * []] 
02CC 00 843 DB 00H 
02CD 41 844 DB 4lH * * 02CE 00 845 DB 00H 
02CF 41 846 00 4lH * * 0200 00 847 DB 00H 

******* 0201 7F 848 DB 7F11 
849 

0202 00 850 DB 00H [UA] 
0203 04 851 DB 04H * 0204 08 852 DB !I * 0205 10 853 DB * 0206 08 854 DB 08H * 0207 04 855 DB 04H * 02D8 00 85~ DB 00H 

85 
0209 01 858 DB 0lH * U 0201\. 00 859 DB 00H 
020B 01 860 DB 0lH * 02DC 00 861 DB 00H 
020001 862 DB 0lH * 02DE 00 863 DB 00H 
020F 01 864 DB 0lH * 865 

866 
867 
868 
869 ********************************************************************** 
870 
871 S'l:ARl' OF SECOND HALF OF CGEN TABLE 
872 
873 *********************************************************************** 
874 

0300 875 ORG 30111H 
876 
877 

0300 00 878 DB 00H [ ] 
0301 00 879 DB 00H 
0302 00 880 DB 00H 
0303 00 881 DB 00H 
0304 00 882 DB 00H 
0305 00 883 DB 00H 
0306 00 884 DB 00H 

885 
0307 00 886 DB 00H [!] 
0308 00 887 DB 00H 
0309 00 888 DB 00H 
030A 70 889 DB 700 * ***** 030B 00 890 DB 00H 
030C 00 891 DB 00H 
0300 00 892 DB 00H 

893 
894 $ EJECT 
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I.OC OBJ S~ SOUlCE STATE74ENl' 

030E 011 895 DB 00H [n] 
030F 20 896 DB 20H * 
0~10 411 R~~ DB asu * 01100 DB 
0312 2il 899 DB 20H * 0313 40 900 DB 411H * 0314 ilil 9il1 DB ililH 

9il2 
* * [I] 0315 14 9il3 DB 148 

il316 il0 9il4 DB IIilH 
0~17 7F 9115 DB 7FH .*.**** 
II 18 0il 9il6 DB ililH 
11319 7F 9il7 DB 7FH ******* il31A illl 9118 DB illlH 
1131B 14 9il9 DB 14H * * 9111 

[$] il31C 1111 911 DB IIilH 
il310 32 912 DB 32H * ** 
sn~ ~~ ~u DB 49H * * * DB 36H ** ** 
il3211 49 915 DB 49H * * * il321 26 916 DB 26H ** * il322 0il n~ DB ililH 

il323 51 919 DB 5lH * * * [t] 
0324 il2 92il DB il2H * 
S~~~ a3 ~~~ DB a3ll * * * DB * 
U~~ ~ ~~~ DB ISH * * * DB 211H * 0329 45 ~25 DB 45H * * * 26 
032A 26 927 DB 26H ** * [&] 
032B 49 928 DB 49H * * * il32C Iii 929 DB 1ilH * il32D 49 93il DB 49H * * * il32E 26 931 DB 26H ** * 032F ill 932 DB illH * il3311 il5 933 DB ilSH * * 934 

['] 11331 00 935 DB ililH 
11332 ilil 936 DB ililH 

n~~ ~ n~ DB 18H * DB 2H * 0335 40 939 DB 40H * 0336 il0 94il DB ililH 
il337 0il ~n DB illlH 

943 
0338 1C 944 DB 1CH *** [(] 
0339 22 945 DB 22H * * 
S~~ a~ 946 DB 4lH * * 947 DB illlH 
1133C 1111 948 DB 110H 
11330 1111 949 DB 110H 
1133E 110 95il DB illlH 

951 
033F 00 952 DB 110H [l] 
113411 IIil 953 DB IIilH 
11341 1111 954 DB IIilH 
11342 1111 955 DB II11H 
"~43 41 956 DB 4lH * * il 44 22 957 DB 22H * * 11345 1C ~~3 DB 1CH *** 
11346 49 9611 DB 49H * * * [*] 
11347 22 961 DB ' 22H * * 
Sjt3 ,9 ~~~ DB 1CH *** DB 77H *** *** II 4A 1C 964 DB 1CH *** 034B 22 965 DB 22H * * 034C 49 966 

967 
DB 49H * * * 

0340 118 968 DB il8H * [+] 
1134E 118 969 DB 0SH * 
0~4F 118 970 DB ilSH * II 511 3E 971 DB 3EH ***** 0351 08 972 DB 08H * 11352 118 973 DB 08H * 0353 118 974 DB IISH * 
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8355 Be 
~/U 1JI:j ItIItII:I [,] 
977 DB 668 

I~~~ If ~~~ DB 1m * DB 
6 5866 986 DB 668 ** 6359 66 981 DB 668 
635A IHI 982 DB 66H 

983 
* [-] U5B 64 984 DB 648 

035C 64 985 DB 648 * 03SD 64 986 DB 648 * 035E 04 987 DB 648 * 03SF 04 988 DB 048 * 0360 64 989 DB 648 * 6361 64 ~~! DB 648 * 
992 

0362 00 993 DB 66H [.] 
0363 fl0 994 DB 008 

I~~~ If ~~~ DB 1m * DB 
0366 00 997 DB 06H 
0367 06 998 DB 608 
0368 00 

1Ua 
DB 068 

0369 01 1601 DB 018 * [I] 
036A 02 1002 DB 02H * 
n~ 13 1063 DB 04H * 1004 DB 0SH * 0360 10 1605 DB 1f1lH * 036E 20 lB06 DB 208 * 636F 40 1007 DB 4118 * 
0370 10 

11l1l8 
* *** 1069 DB 1DH (Ill 

11371 22 1ill6 DB 22H * * 
I~H a~ 1611 DB 458 * * * 1012 DB IlSH * 11374 51 1613 DB 518 * * * 6375 22 1014 DB 22H * * 6376 5C 

lRU 
DB SCH *** * 

6377 Illl 11117 DB 1168 
* 

[1] 
0378 21 III 18 DB 218 * 
n~l ~, lR~a DB 40H * DB 7FH ******* 
I~~ If lS~~ DB 

DB 1m * 0370 00 1023 DB 1l0H 
1024 

037E 23 1025 DB 238 ** * [2] 
1l37F 44 11126 DB 448 * * 11386 01 1027 DB 0lH * "381 48 11128 DB 488 * * 0382 01 lB29 DB 618 * 0ra3 48 11l31l DB 488 * * Il 84 31 10~1 DB 318 * ** III 2 
111385 42 1633 DB 42H * * [3] 
"386 III 1034 DB 018 * 
n8~ if ln~ DB ~m * * DB * 11389 56 11137 DB 5f1lH * * IllSA 29 11138 DB 298 * * * 1l38B 46 tI~a DB 468 ** * 

11lU $ &JECT 

All mnemonics copyrighted C> Intel Corporetion 1976. 
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IJJC CJBJ SE{I SOURCE S'IM'EMENT 

038C 04 1042 DB 04H * [4] 
038D 08 1043 DB 08H * 038E 14 1044 DB 14H * * 038F 2fJ 1045 DB 20H * 11390 SF 1046 DB 5FH ***** * 
0391 011l 1f147 DB 011H 
0392 04 1048 DB 04H * 1f149 
0393 72 1050 DB 728 * *** [5] 
11394 III 11151 DB IIlH * 11395 51! 11152 DB 511H * * 0396 01 11153 DB 1I1H * 11397 411 11154 DB 40H * 11398 11 1055 DB llH * * 11399 4E 11156 DB 4EH *** * 11157 
fl39A 17 11158 DB 17H *** * [6] 
1139B 21 1059 DB 2lH * * 
n~5 a~ in! DB 411H * DB 09H * * 1139E 411 1062 DB 411H * 1139F 119 11163 DB 119H * * IlJA11 46 11164 DB 46H ** * 11165 
03Al 411 1066 DB 411H * [7] 
1Il3A2 011 11167 DB IIIIH 
113A3 47 11168 DB 478 *** * 113A4 118 11169 DB 118H * 03A5 511 111711 DB 511H * * IlJA6211 1071 DB 211H * 0JA7 40 11172 DB 40H * 11173 
113A8 36 11174 DB 36H ** ** [8] 
83A9 49 1875 DB 49H * * * 113AA 88 1876 DB 811H 
IlJAB 49 11177 DB 49H * * * 113AC 1111 11178 DB III1H 
113AD 49 11179 DB 49B * * * 83AE 36 1880 DB 36H ** ** 1081 
83AF 30 1882 DB 30H ** [9] 
83B11 48 11183 DB 4BH * * 83B1 Bl 1884 DB 0lH * 83B2 48 1885 DB 4BH * * 83B3 Bl 1886 DB IIlH * 83B4 42 1887 DB 428 * * 83B5 3C 11188 DB 3CH **** 11189 

10911 
83B6 00 1891 DB 00H [:] 
03B700 1092 DB 00H 
11368 00 1093 DB 00H 

* * 03B9 14 11194 DB 14H 
03BA 08 11195 DB III1H 
113BB 110 1096 DB 011H 
03BC 08 11197 DB III1H 

1098 
[, ] 0361) 00 1099 DB 00H 

0]BE 00 111111 DB 110H 
03BF Bl 11111 DB IIlH * 113C0 112 1102 DB 1128 * 83Cl 14 1103 DB 14H * * 03C200 1104 DB 00H 
03C300 1105 DB 80H 

1106 
113C4011 11117 DB 110H [<] 
03C5 08 1108 DB IIBH * 03C6 14 1109 DB 14H * * 03C7 22 11111 DB 228 * * 03C8 41 1111 DB 4lH * * 03C900 1112 DB 0811 
03CA 110 1113 DB 110H 

1114 
83CB 80 1115 DB 011H [=J 
0JeC 14 1116 DB 14H * * 
=~u 1117 DB II 1118 DB * * 03CF 08 1119 DB 110H 
liD 14 11211 DB 14H * * 0301 011 1121 DB 110H 

All mnemonics copyrighted @ Intel Corporation 1976. 
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LOC OBJ sm SOURCE STATEMEtiIT 

1122 
83D2 81'1 1123 DB I'lI'lH [>] 
1'l3D31'l1'l 1124 DB I'lI'lH 

* I~ ~~ 1F5 DB 418 * 1 26 DB 22H * * 1'l3D6 14 1127 DB 14H * * 1'l3D7 1'18 1128 DB 1'l8H * 1'l3D8 1'11'1 IB3 DB 1'l8H 
1'l3D9 1'11'1 1131 DB 81'lH [?] 
830!\. 21'1 1132 DB 21'lH * 
I~ a~ IB~ DB a~ * DB * * I'lJDD 48 1135 DB 48H * * 1'l3OB 31'1 1136 DB 31'lH ** I'lJDF 1'11'1 IB~ DB 1'l8H 

1139 END 

All mnemonics copyrighted @ Intel Corporetlon 1978. 
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INTRODUCTION 

Many microprocessor systems require the real-time con­
trol of a peripheral device such as a printer, keyboard, or 
alpha-numeric display, etc. These medium speed but still 
real-time tasks can be rather mundane, til!le-consuming, 
and require a fair amount of system software overhead. 
Of course, any time spent by the main processor in servic­
ing these I/O devices is unavailable for other, possibly 
more important, tasks. This processor burden can largely 
be removed by isolating the real-time portion of the task 
to a dedicated peripheral-control processer. 

Until recently, this approach was usually not cost effec­
tive due to the large number of components required by 
the dedicated processor: CPU, RAM, ROM, I/O, etc. To 
help make the approach more cost effective, Intel bor­
rowed the I/O processing concepts found in many main­
frame and minicomputers; put all the hardware in one 
package; and introduced a family of Universal Peripheral 
Interface c('ntrollers-the UPI-4IATM family. The basic 
family consists of the 804IA and the 8741A. These two 
devices are essentially single-chip microcomputers with a 
standard microprocessor bus interface. They have on­
chip RAM, ROM (804IA) or EPROM (874IA), CPU, 
timer/counter, and I/O. Using one of the UPI family, the 
designer simply codes his custom or proprietary 
peripheral control algorithm into the UPI device itself 
rather than the main system software. The UPI device 
then takes over the peripheral control task while the host 
processor simply issues commands and transfers data. 
More information on the UPI family is available in the 
documents referenced opposite the table of contents. 

Illustrating the UPI concept as both design examples 
and actual products, a number of pre-programmed 
804IAs are available. These devices are the 8278 
Keyboard/Display Controller, the 8294 Data Encryption 
Unit, the 8292 GPIB Controller, and the 8295 Dot Matrix 
Printer Controller. Data sheets for these devices are 
found in the Peripheral Design Handbook and their 
source listings (except for the 8294) are available in Insite, 
Intel's User's library. This application note deals with 
the 8295. 

THE 819S 

The 8295 Dot Matrix Printer Controller is a device 
specifically designed to interface microprocessors to the 
LRC 7040 Series of dot matrix impact printers. It offers 
complete solenoid and motor drive timing and contains 
an on-chip 7 x 7 character generator accommodating 64 
ASCII characters. An on-chip FIFO buffers up to 40 
ASCII characters before printing. Character density, 
width, and print intensity are all programmable. Three 
programmable tabulations and two general purpose out­
puts are also provided. Four data transfer methods are 
possible: polling, interrupt-driven, and Direct Memory 
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Access (DMA) are available when in parallel data 
transfer mode and asynchronous serial is available in 
serial mode. The data transfer mode is hardware 
selectable. 

Let's first look at the LRC printer itself and its interface 
to the 8295. 

THE LRC 7040 PRINTER 

The LRC Model 7040 printer is manufactured by LRC, 
Inc. of Riverton, Wyoming. Capable of printing 40 col­
umns of characters at a speed of 1.25 lines/sec, the 7040 is 
mechanically simple and is ideal for point-of-sale or data 
logging terminals. 

It is an impact printer whose print head consists of seven 
solenoids which each drives a stiff wire to impact the 
paper through an inked ribbon. While the wires are ar­
ranged in a circular fashion at the solenoid end, they 
form a vertical column at the ribbon impact point. 
Characters are formed by firing the solenoids to form a 
5 x 7 or 7 x 7 matrix of "dots" (impacts of the wires). 
Figure I shows how the character A is formed using a 
7 x 7 matrix. The columns are labeled CI thru C7 and the 
rows RI thru R7. The print head moves left to right across 
the paper so at time n, the head is over column CI. If the 
correct solenoids are activated at each time Tx for each 
column Cx, the character is formed. 

·'000.000 
··00.0.00 
·'0.000.0 
·'.00000. .5.0.0.0. 
··.00000. 
·'.00000. 
Figure I. Character A in 7 x 7 .'ormal 

The print head is moved across the paper by the main 
motor drive. The main motor drive consists of a 24-pole 
synchronous motor which drives a rotating plastic drum. 
The drum has a spiral groove molded into it and a pin on 
the print head rests in the groove so that the print head 
traverses the paper as the drum rotates. Characters are 
printed by firing the solenoids during the left-to-right 
traverse. At the end of the print area, the spiral groove 
reverses the direction of the print head returning it to its 
home position. 



A HOME microswitch riding on a cam attached to the 
plastic drum provides the only feedback as to the print 
head position. When the print head is in its home resting 
position the HOME switch is inactive. To start a print 
cycle, the main motor drive is activated which starts the 
print head motion. As the print head reaches the begin­
ning of the print area, the cam activates the HOME 
switch as a signal to the printer controller to commence 
firing the solenoids. The controller then activates the 
solenoids as appropriate for each character in the line. 
The print area is defined as the 3lOms immediately after 
HOME goes active. Solenoid timing is the responsibility 
of the controller; the printer mechanism supplies no 
character -position information. 

After the line is printed and the print head has traversed 
right to left, the HOME switch is deactivated. This transi­
tion signals the controller to turn off the main motor 
drive since the home position has been reached. A new 
print cycle may start immediately if data is ready. 

Paper feed is accomplished with a second synchronous 
motor and a PFEED (Paper Feed) microswitch. In the 
quiescent state, the PFEED switch is inactive. Activating 
the paper feed motor drive starts the line feed cycle. The 
switch becomes active at some point during the cycle 
(typically about 48ms later) and is deactivated when the 
cycle is complete. The controller uses the active-to­
inactive transition to remove the paper feed motor drive. 
The paper feed operation is independent of the print cycle 
so the two could occur simultaneously. Figure 2 shows 
the timing required by the printer for a print cycle fol­
lowed by a line feed. 

CHARACTER SET 

1-800m'-------j 

MAINMOTOR~ 
DRIVE 

1
_310m'-j 
_leo· 190m. I 

I 

1--200m.----Io I 

L 
--j r .. m• 

.-----,L 
PFEED---------~ 

Figure 2. LRC 7040 Motor Drive Timing 

Solenoid timing determines the location of any given 
"dot" and its intensity. The LRC 7040 printer specifica­
tion states a 400JLS maximum solenoid "ON" time and a 
1.3ms typical period. Since the print area is 3lOms "long;' 
this timing allows a total of 240 dots (310ms/1.3ms per 
dot) in one row or 40 characters on a 5 x 7 matrix with a 
one dot space between characters. While 5 x 7 characters 
have acceptable readability, their distinctness and format 
can be improved with a 7 x 7 matrix, however, 40 7 x 7 
characters translate to 320 dots per row or a 0.97ms 
solenoid period. This violates the solenoid duty cycle spec 
if the solenoids are fired for every column. The best way 
to get around this dilemma and still retain the improved 
readability of the 7 x 7 format is to simply fire the 
solenoid every other column. The 8295 uses this technique 
and the "every-other" column spacing is reflected in 
Figure I. The 8295 character set is included in Figure 3. 

HaxCoda Print Char. Hax Coda Print Char. Hax Coda Print Char. Hax Coda Print Char. 

20 space 30 0 40 @ 50 P 
21 I 31 1 41 A 51 Q 
22 .. 32 2 42 8 52 R 
23 # 33 3 43 C 53 S 
24 $ 34 4 44 0 54 T 
25 % 35 5 45 E 55 U 
26 & 36 6 46 F 56 V 
27 37 7 47 G 57 W 
28 ( 38 8 48 H 58 X 
29 ) 39 9 49 I 59 y 

2A . 3A : 4A J 5A Z 
28 + 38 ; 48 K 58 [ 
2C 3C < 4C L 5C \ 
20 - 3D = 40 M 50 ) 
2E 3E > 4E N 5E T 
2F I 4F ? 4F 0 5F -

Figure 3. 8295 Character Set 
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829S/Printer Interface 

It's the job of the 8295/Printer interface to convert the 
ITL-compatible outputs of the 8295 to the motor and 
solenoid drive levels. Since the printer side of the 8295 is 
independent of the system side, this same 8295/Printer 
interface is used for all examples discussed in the later 
sections. 

For solenoid drive, the 8295 supplies seven solenoid out­
puts, Si thru S7, plus a solenoid strobe, STB. STB 
modulates the SI-S7 outputs externally to supply the ac­
tual solenoid "ON" time. This time is software program­
mable. Figure 4 shows the recommended SI-S7/STB 
gating. 

SOLENOID 
INPUT 

n·OFF) 
IO-ON) 

• s. 

ST. 
S1 

Sii 

55 

54 

.... 
53 

52 

51 

iiOT 

I~TO" DRIVERS -
f"igure 4. Solenoid and Motor Gating 

+ ... 

• n< 

1H114 

Figure S. Solenoid Driver 
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The solenoids must be driven from a 40 ± 10070 volt 
source. The peak current is approximately 3.6A, the 
average current is approximately O.5A. A circuit pro­
viding the required drive is shown in Figure 5. The output 
stage, consisting of the 2N6045 Darlington transistor, the 
IN4002 catching diode, and the IOO-ohm damping 
resistor, is the one suggested by the manufacturer. The in­
put stage is a discrete implementation of a DTL gate. 
Note that the base-emitter junction of the 2N6045 pro­
tects the 2N2222A transistor from overvoltage on its col­
lector. This circuit has several features which are impor­
tant to the printer interface: 

I. All solenoid power (including the power used to drive 
the base of the power transistor) is derived from the 
4O-volt supply . 

2. Disconnecting the drivers from the 8295 or the loss of 
the 5-volt supply to the 8295 results in the solenoids 
turning off. 

The first feature of the drivers minimizes the impact of 
the printer and its interface on the 5-volt supply. The sec­
ond feature prevents the activation of the solenoids er­
roneously during power on/off cycles or during system 
checkout. This an important point since the solenoids will 
be damaged if left activated continuously. The fuses is 
series with the solenoids help protect them from mishap. 

The two motors can each be driven as shown in Figure 6 . 
The Monsanto MCS-6200 is an optically-coupled TRIAC 
which is ideal for driving the small synchronous motors 
in the printer. Coupled with a buffer this part provides a 
simple means of controlling the motors without sacrific­
ing the isolation required for safe and reliable operation. 

These driver circuits were borrowed from the Intel ap­
plication note AP-27 "Printer Control With the UPI-4I~' 
(The 8295 development was inspired by the success of the 
AP-27 design.) Other solenoid and motor driver circuits 
are described in the LRC Interface Guide available from 
the manufacturer. 

+ ... 

1NI14 1N114 

~TOR 
DRIVE 

(I-OFF) 
I1>ON) 

27< 

Figure 6. Motor Driver 



01 

02 

03 

04 

05 

06 

pin to a logic low state. After power on it is 
automatically set high. 

Clear GP2. Same as the above but for GP2. 

Set GP1. Sets GP1 pin to a logic high state, 
inverse of command 00. 

Set GP2. Same as above but for GP2. In· 
verse command 01. 

Software Reset. This is a pacify command. 
This command is not effective immediately 
after commands requiring a parameter, as 
the Reset command will be interpreted as a 
parameter. 

Print 10 characters/in. density. 

Print 12 characterslin. density. 

07 Print double width characters. This com· 
mand prints characters at twice the normal 
width, that is, at either 17 or 20 characters 
per line. 

OS· Enable DMA mode; must be followed by 
two bytes specifying the number of data 
characters to be fetched. Least significant 
byte accepted first. 

09 Tab character. 

OA Line feed. 

OB· Multiple Line Feed; must be followed by a 
byte specifying the number of line feeds. 

OC Top of Form. Enables the line feed output 
until the Top of Form input is activated. 

OE" 

OF· 

10· 

11 

12· 

07·03 

0 
0 
0 
0 
0 
0 
0 
0 

-- _ ..................... ..,. .. .... 
enables the printer to start printing. 

Set Tab #1, followed by tab position byte. 

Set Tab #2, followed by tab position byte. 
Should be greater than Tab #1. 

Set Tab #3, followed by tab position byte. 
Should be greater than Tab #1. 

Print Head Home on Right. On some 
printers the print head home position is on 
the right. This command would enable nor· 
mal left to right printing with such printers. 

Set Strobe Width; must be followed by 
strobe width selection byte. This com· 
mand adjusts the duration of the strobe 
activation. 

02 01 DO 
Solenoid on 

(,.Is) 

0 0 0 200 
0 0 1 240 

0 0 2S0 
0 1 1 320 

0 0 360 
0 1 400 

0 440 
4S0 

·parameter(s) required 

Hgure 7. 8295 Command Set 

8295 Command Software 

The software control of the 8295 is very straightforward. 
The host processor simply issues ASCII characters to the 
8295. The printable characters, 20H thru 5FH, are stored 
in the on-chip FIFO for printing while the non-printable 
codes, OOH thru 12H, serve as 8295 commands. (Codes 
13H thru IFH are treated as no-ops.) The 8295 command 
set is shown in Figure 7. Note that some of the commands 
require an extra byte or two of information (parameters). 
These additional parameters must follow the command 
otherwise data and parameters might be confused. Com­
mands and data may be mixed at any time although while 
the data is stored in the FIFO, commands take effect im­
mediately. Commands do not "pass-thru" the FIFO. 

All printable characters are entered into the FIFO. The 
FIFO is printed when either a Carriage Return command 
is received or the FIFO becomes full. In either case, the 
FIFO is printed, however there is no automatic line feed 
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unless the printer happens to be so equipped mechanical­
ly. Thus, a Line Feed command should be issued after 
each Carriage Return or after the last character to fill the 
FIFO. The FIFO is printed as soon as the character that 
filled it is accepted. If the character immediately follow­
ing this filling character is a Carriage Return, the 8295 ig­
nores it to prevent a useless print cycle. 

Some commands clear the FIFO. The Carriage Return 
command effectively clears the FIFO since it causes the 
FIFO contents to be printed. The character density and 
width commands also clear the FIFO however they do 
not print its contents; the FIFO size is adjusted by these 
commands. Obviously, a 10 chrlin density with double 
width printing would not allow 40 characters per line. The 
8295 recognizes this fact and modifies internally the 
FIFO size limits. The FIFO size is modified according to 
the table below. For example, if the density is 10 charlin, 
single width printing, the 8295 accepts only 33 printable 



characters before starting a print cycle. Since these com­
mands take effect as soon as they are accepted, this 
prevents mixing different character densities or widths on 
a given line. Any such commands must precede the data 
for a line. 

DENSITY WIDTH 
12 SINGLE 
12 DOUBLE 
IO SINGLE 
IO DOUBLE 

BUFFER SIZE 
40 
20 
33 
17 

The Software Reset command clears the FIFO, resets the 
density to 12 chr/in and selects single width printing. It 
does not effect the solenoid strobe width, the tab posi­
tions, or the general purpose outputs. This command 
should be issued only when the 8295 is expecting a com­
mand or data. Issuing it when the 8295 is expecting a 
parameter causes it to be interpreted as the parameter 
and not the intended software reset. 

A hardware reset causes the 8295 to default into the 
following states: 

I. Clears the FIFO 
2. GPI and GP2 set high 
3. 12 chr/in density 
4. single width prining 

5. 320l's strobe width 
6. tab positions indeterminate. 

Parallel Interfaces 

The 8295 has the option of using serial or parallel com­
munication with the main processor. The choice must be 

OUTPUT STATUS REGISTER 

made early in the design cycle since it is a hardware, nOl a 
software, selection. Let's look at the parallel options first. 

In parallel mode, the 8295 has the traditional 
microprocessor bus interface: data, control, elC. The 
parallel mode is selected by not grounding the IRQ/SER 
pin. To the main processor, the 8295 in parallel mode ap­
pears as two registers: the Input Data register and the 
Output Status register. The main processor writes com­
mands and data into the Input Data register while it reads 
the 8295 status from the Output Status register. 

The Output Status register format is shown in Figure 8. 
The Input Buffer Full bit (lBF) indicates whether the 8295 
has accepted the previous command or data byte. IBF is 
automatically set when the host processor writes to the 
8295 and it is reset when the 8295 accepts the data or 
command. If IBF = I, no writes to the Input Data register 
are allowed. Only when IBF = 0 maya Input Data register 
write be done. The DMA Enable bit (DE) is set whenever 
the 8295 is performing DMA data transfers. When the 
specified number of transfers has been made, the DE bit 
is cleared. Since DMA cycles are usually transparent 10 

the main processor, the DE bit tells the processor when 
the DMA block transfer is complete. 

The processor does not always have to read the Output 
Status register, checking IBF, before loading the Input 
Data register. An interrupt output (IRQ) pin is available 
to interrupt the processor whenever the 8295 is ready to 
receive new data or commands. The fact that IRQ is set 
implies that IBF=O, so it's not necessary for the pro­
cessor to read the 8295 status when interrupted; it can 
just write the next byte. 

L....-_ NOT USED 

IBF-INPUT BUFFER FULL 

NOT USED 

DE-DMA ENABLE 

NOT USED 

Jo"igure 8. Output Status Register .'ormat 
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Figure 9 shows the system schematic for using the 8295 in 
polled-parallel mode in an 8085A system; ie the IRQ line 
is not used. The 8085A/8295 interface is standard as for 
any Intel peripheral. CS is decoded from the high-order 
address lines. RD and WR are the 8085A read and write 
control lines. RESET is the system reset. 

Example 8085A polling software is shown in Figure 10. 
This routine simply outputs the print buffer starting at 
the location pointed to in PRTSRT. The system software 
builds the buffer, terminates it with a OFFH character, 
and loads PRTSRT before calling PRINT. 

PRINT is not very efficient with respect to processing 
time. Since the 8295 does not accept data while in a print 
or line feed cycle, if the buffer contained more printable 
characters than the FIFO size, the processor would sit in 
the PRT2 loop during the 800ms print and 200ms line 
feed cycles. That is obviously not too efficient. The ob­
vious way around this problem is to restrict the buffer 
size to less than that of the FIFO however this could com­
plicate the system software since more buffer building is 
required. A better approach is to use interrupts. 

By connecting the 8295's IRQ output to one of the 8085A 
RST interrupt inputs (dotted line in Figure 9), the pro-
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cessor is interrupted only when the 8295 is able to take 
another character. Figure 11 shows such interrupt-driven 
software assuming the RST 6.5 interrupt input is used for 
IRQ. 

To further enhance the bus efficiency and processor 
overhead at the expense of slightly more complex hard­
ware, use the 8295 DMA interface. This DMA interface is 
compatible with the 8257 DMA Controller. With such an 
interface ail that's necessary is for the processor to load 
the DMA Controller with the print buffer starting ad­
dress and write the Enable DMA command and length 
parameters into the 8295. The 8295 does the rest by re­
questing data directly from memory thru the DMA Con­
troller. It keeps track of the number of characters to re­
quest. As long as there are characters remaining to be 
transferred, the DE bit in the OutpUt Status register is set. 
After the last byte is transferred into the 8295, the DE bit 
is reset and the IRQ is made active. Either event is used to 
tell the processor that DMA is complete and the 8295 is 
ready for the next block. It is not necessary to restrict the 
DMA block size to 40 characters, the Enable DMA com­
mand parameters allow for up to 65k byte block sizes. 
The block size given the 8295 must reflect both data plus 
commands and parameters . 
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.. 22 .. .. " AI 
AD7 11 "D1 
ADI II ADI 

ADS 11 AOS 

A04 I. AOI 

AD3 15 AO:l 
AOJ ,. ADZ 

ADt 13 ADt 

ADG 12 ADD 

:I ClI' 
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Figure 9. 8295 Parallel Interface 
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A5t189 : Fl: 95F10. SRC TITLE( '8295 AP NOTE rIGURE 10') 

1515-I I 8889/8885 I'IflCRO A5SE/1BlER, X198 tU)llE 
8295 lIP IIITE FIGURE 18 

LOG OIlJ 

2008 
08112 
8831 
8831 

1 $1'1(11)85 

2 ; 

SOURCE S fAT~NT 

:3 ; SYSTEM EQUHTb 
4 P~%RT EQU Ci:000H 
5 IBF EQU 02H 
b 5TS~ EQU 31H 
7 I>ATA95 EQU 31H 
8 ; 
:3 

18 ; 
ORG 

;POIN1ER STORflGE 
.; IB1- ~LftG MASK 
; 8295 STATUS RI:GlSm: I'IJRT 
; 8295 DfrlA ~UlSTER P(J(l 

U .; PRINT BUFFER WTPUT SlIlROOTlNE - THIS ROUTINE PRINl S TIle I:Ilfi'ER 
12 ; SlA.~TING AT THE POINTER STORED AT PRTSR r. HIE ~:OUT INE RETIlmS IH.N 
13 .; A 0FFH IS FE.TCHED fROM 'IHE BUFFER. 
14.; 

2838 E5 15 PRINT: PUSH H ; SAVE HL 
2831 C5 16 PUSII B ;SAVE B(; 
2032 2RD028 17 LHLD PRTSRl ;6ET BUFFlR POINTEk 
2035 7E 18 PRT1: MOY A,f1 ; GET CflARACTER FRUN BUFFER 
2836 47 19 !lOY B,A ; SAVE 11 IN B 
2037 FEFF 20 CPI lifFFH .; IS IT THE B\.f~ER OO? 
2039 CfI4A28 21 JZ rEXlI ; YES, GO EXIT 
283C DB31 22 PRT2: IN 5T595 .' NO, k1:fID 8295 S 1 ATUS 
203E E682 23 fWl II:IF ; LOOK AT IBF FLAG 
~ C23C28 24 JNZ PRT2 ; WAIT UNTIL IBF=lI 
2843 78 25 I'KlY A,B ; I.:ECOYER MlRACTER 
2844 D331 26 OUT DATA95 .' OUTPUT TO 8295 
2846 23 27 INX H ; BUI'IF' BUFFER PO 1 NTER 
2047 C33~8 28 J1'1P PRfl ; GET NEXT CflARACTE~ 

29 ; 
284A C1 30 PEXlT: POP B ; ~ESTORE Be 
2048 E1 31 POP H , RES TORE. til 
204C 1.'9 32 RET .,Rl:.llRN 

:n; 
34 Ell> 

PlIIlIC 5Vt1IIOL5 

EXTERNAL SYi'IBOLS 

USER S'mBOLS 
DATA95 A 0031 IDF A iI882 PEXIT A 204A PRINT A 2030 PRT1 A 2035 PRT2 A 203C PR'/SRT A 2000 
ST595 A 0831 

Figure 10. 8085A/8295 Polling Subroutine 

All mnemonics copyrighted @ Intel Corporation 1978. 
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~~ If' !flTE FIGURE 11 

LOC OSJ 

29D8 
8982 
8831 
8831 

8834 

8934 C33828 

2838 

20~ E5 
2031 F5 
2832~ 
2835 7E 
2836 FEFF 
2838 CA4529 
2038 D331 
2830 23 
283£ 22De28 
2841 F1 
2842 E1 
2843 FB 
2844 C9 

2045 3E8A 
2847 38 
2848 C34128 

PlJBl.IC SVIIIOLS 

EXTERIfi.. SYIIBOLS 

USER SYIIRS 

SEQ 

1 $lQ)S5 
2 ; 

SOURCE STATEMENT 

:1 ;~YST~ EQUATES 
4 PRTSRT EQU 28D0H 
S IBF EQU 82H 
6 5TS95 EQU 31H 
7 DATA95 EQIJ l1H 
8 ; 
9 ; 

,POINTER STORAGE 
; lBF FLAG Ifl~K 
; 8295 5Tf1TUS REGISTER POI!'I 
; 8295 DATIt REGISTER PORl 

18 ; RST6.:5 INTERRIJ'T VECTOR LOCATION - JIJI1P TO PRINTER SIJBROllTlNE 
11 ; 
12 ORG 34H 
13; 
14 RST65: .IMP PRINT .; GO 10 PRINT ROlITINE 
1S; 
16.; 
17 ORG 28::.8H 
11l i 

19 ; PRINTER OUTPUT SUBROUTINE FOR INTERRUPT -DRIVEN SYSTEPI - OUTPUTS 
28 ; CHR POIlITED AT BY PRTSRl IF CfiR IS 0FFH, THE BLlFFJ:R 1 S COI'IPLm 
21 ; AN) THE RST6.:5 INTERRUPT IS MASKED. 1HE PlAIN PROGRAM MUST liNItA:¥. 
22 ; RST6. :5 flFTER IT BUILL'S A NEW BUFFER ~INT BUFFER srnlus IS REFLECT~D 
23 ; TO TIE IflIN PROGRAI'I BY TIlE RST6. ~ I'IA'.J.: Bll IN RIll INSTRUCTION. 
24 ; 
25 PRINT PUSH H ; ~AYE HL 
26 PUSH PSW ; SAYE PSW 
'<.7 LHLD PRTSRT ; GI: T BUFFER POIN·, ER 
2S I'IOV A,11 ,liET NEXT CHR 
29 CPI 8FFH ,lEST If BlH~R CM'LETE 
39 J2 EXIT ; YES, GO EXIi WITH 1<51 I1ASKED 
31 OI.JT DATR9:5 ; NO, OUTPUT CIIR TO 8295 
32 INX H ; 8IJfl POINTER 
33 SHlD PRTSRT ; RESTORE POINTER 
34 fORTi: Pf1l PSW .; RESTORE PSI! 
35 POP H .;REST~{ fL 
::>6 1:1 ;RE-ENABLE INTI:RRUPTS 
37 RET ; REHJRN 
38; 
39 EXIT: IfYI A,8fiH ; I'IASK RST6. 5 
40 Sill ; SET INTERRUPT !!ASK 
41 J~ PRTl ; GO EXIT WITH IIASK IN PLACE 
42 ; 
43 Etli 

DRTA95 R 8831 EXII A 2845 IBF A 8882 PRINT A 2838 PRTi A 2841 PRTSRT A 2808 RS165 A 11934 

Figure II. 8085A/8295 Interrupt-Driven Software 

All mnemonics copyrighted Cl Intel Corporation 1978. 
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Figure 12. 8295/DMA Interface 



fISI'I88 :Fl:95FB. SRC TIllE('8295 AP NOfE FIGURE 13') 

ISIS-II S888I8885 MACRO ASSEMBLER, X10& 
8295 AP I«lTE riGURE 13 

IIODIJLE Prof 1 

LOC OBJ 

21i130 3£07 
2032 I):B~ 
2(j34 til 
2035 D336 
<:1iI37 7A 
2938 me 
293A 3EFF 
203C D33i' 
293E 3EBF 
2948 Dm 
2942 1688 
2044 CD5420 
2947 51 
2948 1.:1>5429 
2948 59 
204C CD5420 
204F 3E0F 
2051 m8 
2053 C9 

2054 1>1120 
2{j56 1::692 
2958 C2S420 
2058 7A 
205C D320 
205E C9 

PUBlIC SYI'IBOLS 
EXTERNAL SYI1BOL5 
OC--ER SYI1BOLS 

SEQ SOURCE STA I"EI'ENT 

1 $1IOOS5 
2 ; 
3 ; S','STEI1 l:QUATES: 
4 "0DE57 EQU 38H 
5 CH3AOR EQU 36H 
6 CHJfC EQU :S7H 
7 IBF EQU 02H 
8 STS95 EGO 28H 
9 DATA95 EQU 2CH 

10., 
11 
12 , 

ORG 2030H 

; 8257 CONTROL PORT 
; 8257 CHl fI)R PORT 
; 8257 CH3 TC PORT 
; I BF IIfISI( 

; 8295 STRIUS PORT 
; am DI1TA PORT 

13 ,Dm-oRIYEN PRINT ROOTINE - HIE MAIN f'ROGRAI'I CALLS THIS 5UBROUT INE 
14 ,AFTER WILDING A PRINT BUFFER AND TESTlr«i THE &295 DE BIT FOk 
15 .' COIRETICII OF THE LAST [I/fI It.OU( ·IRfltiFER. THE STARTING ADDRESS 
16 ; OF THE PRINT BlfFER IS PASSED IN THE DE REGISTER PAIR, THE COUNT IN SC. 
17: 
1S PRINT: /lVI 
19 OOT 
29 ItOY 
21 OOT 
22 f10II 
23 OUT 
24 
2'5 
26 

/lVi 
OUT 
I1YI 
OUT 
/IV I 

A,97ft 
I1ODES7 
A,E 
Ctt~ 
A,Ii 
CH3fC)f( 
A, ilFHI 
I.:H:::TC 
A,0BFH 
CH3TC 
D.,0SH 

27 
28 
29 
30 

CALL OUT95 

31 

36 
~7 , 
3SOUT95 
19 
40 
41 
42 
43 
44, 
45 

rm 
CALL 
I1O't' 
CftLL 
I1YI 
OUT 
RET 

IN 
tlNI 
JHZ 
I'I(lV 
OOT 
RET 

I:ND 

D,e 
01.1195 
D, B 
OUT95 
A,0FH 
1lJI.:oE57 

51595 
lBF 
ooT95 
H,D 
DATft~5 

; D ISfIIL[ DI1A (,l!3 

i 8257 CONTROL PORT 
i GEl ffiR LSB 
; 8'67 CH3 ADR P~ I 
i ~l ADR I1S8 
i 8257 CI13 AI>k PORT 
: /1AI(E CH3 ·Ie fFfFH 
; 8257 (;II:> ·1 C PORT 
.: Df'IA DIRECrION IS 1'IE1tlR\' READ 
.' e2 (5 Ctl3 TC PORT 
,EIRILE DItA rotIANII 10 8295 
; OUTPUT I 0 82~5 
; GET LSB OF COUNT 
; OOlPUT TO 8295 
; GET I'ISB OF COUNT 
i OUTPUT TO 8295 
.: ENABLr: CH3 liM 
i 82:1f' CONTRIl. PORT 
: RETUI<N 

; REOO 8295 STATUS 
,LOOK AT IBF FLAG 
; WAIT UNTIL l~=lI 
,GET MTA 
; OUTPU"I fO 8295 POIi:T 
;~ 

Figure 13. 8295 DMA Subroutine 

All mnemonics copyrighted «> Intel Corporation 1978, 
11-12 



Figure 12 illustrates an 8257/8295 interface ·and Figure 13 
shows example software for handling the system. This 
software assumes that the 8295 is doing the counting of 
the transfers hence the Terminal Count of the 8257 DMA 
channel is loaded with the maximum value while the 8295 
receives the actual block size. The 8295 simply stops mak­
ing requests once the requested number of transfers have 
been made. 

Serial Interface 

In addition to the parallel interface options, the 8295 sup­
ports a "stand-alone" serial interface. In this mode, the 
only communication with the main processor is via a 
serial link. This configuration is perfect for remote 
printer applications; only three wires are required com­
pared to 12 or 13 for the parallel interfaces. 

The serial mode is envoked by simply grounding the 
IRQ/SER pin. See Figure 14. The internal 8295 software 
interrogates this pin upon power-on and reconfigures the 
function of several pins if it's grounded. The DACK/SIN 
pin becomes the serial data input (SIN) and the DR­
Q/CTS pin becomes the hardware data holdoff, Clear­
to-Send. The lower three Data Bus pins become the Baud 
Rate Select inputs. Note that it is necessary to ground CS 
and WR, and pull RD high. This enables the "input" 
direction of the Data Bus pins so that the 8295 may read 
the baud rate. All standard baud rates from 110 to 4800 
baud are accommodated. 

BAUD 
RATE 

SELECT 

10K 

""'1. Pin 13 "'n12 

1251A USART 

+5V 

huclA ... 

". '50 
300 
600 

"00 
"00 +5V .... 
'BOO 

-= 

After power-on the 8295 looks at IRQ/SER and if it's 
grounded, the data bus pins are read to determine the 
baud rate. Data from the serial input is requested by 
lowering CTS. CTS stays low until during the eight bit of 
the serial data character at which point it goes high (inac­
tive). After the character is assembled and interpreted, 
CTS again goes active to request the next character. The 
8295 does not check for parity and characters with in­
valid start bits or framing errors (stop bit wrong polarity) 
are ignored. CTS is normally connected to the UART's 
CTS input. An inactive CTS holds off the UART 
transmitter from transmitting characters. 

In serial mode, the command and data definitions still 
apply as in parallel mode. Commands and data may be 
mixed although commands take effect immediately when 
received. 

Figure 15 shows example software to drive an 8251A Pro­
grammable Serial Interface when connected to an 8295. 
This software is similar to Figure 10 except it assumes that 
the 8251A has the same I/O port addresses as the 8295 
had in Figure 9. Note that the TXE (Transmitter Empty) 
flag is used to load data into the 8251A transmitting both 
characters in the transmitter (the transmitter is double 
buffered) if CTS goes inactive. The TXE flag allows only 
one character at a time in the transmitter so CTS going 
inactive simply finishes off the current character. The 
8295 accepts only one character at a time. 

40 vcc 

21 VPP 

12 DO 

13 D1 

14 
D2 

15 
D3 

18 
D4 

17 
D5 

" DB 
,. D7 

I iffi 
8 CS 

10 
WR 

38 IRQ/SER 

20 
VSS 

PFEED 

HOME 

MOT 

PFM 

STB 

12115 57 
56 

55 

s.-
53 
52 
51 

PRINTER 
INTERFACE 

38 TXD~----~~------~ SIN 

37 CTS 

Figure 14. 8295 Seriallnterfaee 
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fISIMI : F1: 95F15. SRC TITlE ('8295 AI' NOTE FlGURI:. 15') 

ISIS-II 888818985 PIRCRO ASSEI'IBlER, X198 
8295 AI' NOTE FIGtH 15 

rm.U rAGE 1 

LOC IlIJ 

2IlD8 
l18li4 
8831 
8831 

2838 

2838 E5 
2831 C5 
2832 2fI)828 

28J5 7E 
2836 47 
2837 FEFF 
2839 CIMA28 
283(; 1J831 
283E E684 
2&48 CA3C28 
2843 l8 
2844 1>331 
2If46 23 
2847 C33528 

284A Cl 
284B E1 
284C C9 

PIElIC SYtI!Il.5 

USER SVtaLS 

SEQ 

1 mJI)85 

2 .' 

~ STitTEllliT 

3 ,S{5T~ EQUATES 
4 PRTSRT EQ/J 290eH 
5 Tl<E EQU 94H 
6 ST551 EQU 31H 
7 DflTA51 EQU 31H 
8 i 

9 (RG 28J8H 
18 ; 

,POINTER S TORfIGE 
, 1 XE FLffi IIIU 
'3251 :,TftTUS REGISTER PORT 
; 8251 OATA REGISIEP I'Iln 

11 ; ~INT BlFFER OOTf'UT SUElkOOTINE - THIS RiAJTlt£ f'~INTS THE ElUI'HR 
12 ; STARTING ftT THE POINTER ST(~ AT FRTSRT. [HE ROOflNE RElURNS WHEN 
13 i A !lFFH 15 FETOEO fR(fl THE BtHER 
14 i 

15 PRINT: PUSH H .' Sil't'E HL 
16 PUSI{ B ,SfI't'E Be 
17 LHLD PRTSRT ; GE. T BlFFER POINTER 
18 PRTL /tOY Itt! ,GET CHARACTER f~ BlfFER 
19 PlOY B,A ; SflYE iT iN B 
28 CPI !lFFH .' IS IT TIE BlFFEIi: 00';' 
21 JZ PEXIT i YES, GO EXIT 
22 PRT2: IN 5T551 .' NO, IlEAD 8251 STHTIJS 
23 flU TII,[ ; Lin: AT 'Ix[ fUIG 
24 JZ PRT2 i IIIIT UNTIL TXE=1 
25 lIlY ItS ; RECOVER Ctft1fICTER 
26 OOT DF:TA51 ; OUTPUT TO ~1 
27 INX H ; 81.Jf' BUFFER PO INTER 
28 JItP PRTl i IE NEXT ClIARfICTEk 
2S; 
38 PEXIl: I'(f) B i ~'ESTORE Be 
31 Pffl H ;RESTLM: HL 
32 RE1 iRETIMI 
33 i 

34 EN) 

DflTA51 A 8831 PEXIT A 284A PRINl fI 2838 PRTl A 2835 PRT2 A 283C PR1SR1 ft £'9D9 51551 A 8831 
Tl<E A l18li4 

Figure IS, 82SlA Subroutine 

All mnemonics copyrighted @ Intal Corporation 1978. 
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Figure 16. 8295 Flow Chart 

8295 SOFTWARE 

For those readers using the 8295 as a design example for 
UPI software, the flow charts for the program are shown 
in Figure 16 and the 8295 source listing is included as 
Appendix A. (Machine readable source listings are 
available through Insite, the Intel User's Library.) As an 
aid to understanding this software, the following obser­
vations can be made: 

I. The 8295 uses only Register Bank O. The function of 
registers R6 and R7 is determined by the mode. In 
parallel mode they are concantenated to form the 16 
bit DMA count register. In serial mode, R6 is a 
counter during character reception. 

11-15 

2. Characters and commands are input from the Input 
Data register via the INPUT subroutine. The routine 
defines the input mode, fetches the data, and stores it 
in R2. If the DMA mode is enabled, the block count in 
R6 and R7 is decremented by the DECR routine each 
time a data transfer occurs until the count is 
exhausted. 

3. Characters are decoded by routine P6A which also 
detects any illegal characters by the INPUT routine. 
RO is assigned as the character buffer pointer and R4 
is designated as the buffer size limit. The commands 
which affect the buffer size will affect RO and R4. 



w'''''' Jump laDle. Ine command routines are easy to 
understand from the listing hence they are not includ­
ed in Figure 16 but simply referenced. 

5. Register R3 is the bit-oriented command register. Each 
bit of R3 represents an operating mode. This defini­
tion is shown below. 

SOLENOID STROlE TIME 

L...-___ RIGHT JUSTIFIED FLAG 

L-----10CHAIIN FlAG 

L-_____ DOUILEWIDTH FLAG 

'-------- DIIA MODE FLAO 

'--------- SElUAL MODE FLAG 

6. After the character buffer has reached its limit 
(RO = R4) or a CR character is received, the contents 
of the buffer are printed. Subroutine PRINT loads RO 
with the address of the character to be printed and R2 
serves as an index to keep track of the current column 
within the character. Subroutine CHAR determines 
which ASCII table is accessed by setting or clearing 
flag FO. 

11-16 

. 
the 32 characters on Page 1 or 2 of the Program 
Memory ASCII table. The column index, R2, is then 
added to the result to address the current column. 
Each character is represented by 7 bytes. R2 indexes 
thru each byte to select the appropriate solenoid 
information. 

8. Subroutine COLS fetches the solenoid on-time and 
off-time constants from a table starting at location 
OF8H. The time is represented by a hex number which 
is used as a loop counter in a software timing loop. No 
character input is allowed while printing is in progress. 

CONCLUSION 

The 8295 is an excellent example of what can be done 
with the UPI41A family. As a printer controller, it com­
pletely relieves the main processor of all the real-time 
tasks associated with the control of the printer plus 
valuable system ROM space is not required to store the 
ASCIl-to-dot matrix conversion table or the timing soft­
ware since it's all done in the 8295 itself. As a UPI design 
example, the 8295 illustrates the variety of data transfer 
interfaces available. If the 8295 itself does not fit your 
printer controller requirements, feel free to modify the 
8295 software contained in this application note or that in 
AP-27 and program your own 8741A. 
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APPENDIX A 

IISIM8 : F1: 8295. SRC 
ISIS-II 1I:S-48IIJ>I-41 IKRO 1ISSEIIl.ER, Y2. 8 
LRC 7848 SERIES PRINTER COORIUER SIlm COOE 

PAGE 1 

LOC I8J SEQ SIlm STRTEIENT 

1 $10)42 T1TLE('LRC 7848 SERIES PRINTER COORIllER SIUCE COOE') 
2 
3;""'", ........ "", .. ___ ...... __ • __ 

4 ;.. 8295 - LRC 7848 SERIES PRINTER C(Iffl9.LER .. 
5 ;.. REY. 8 FII! m CllllR:TER IIlTRIX •• 6; ___ ... ___ .. 

7 
8 
9 

18 ; COPYRIGHT (C) 1978 
11 ; INTB. Clf<P(l!RTlON 
12 ; 3865 BIIERS RYE. 
13 ; SfWTR ClfIiR, CR. 95851 
14 
15 
16 
17 ;-...... ----... - ..... ", ...... __ ..... 
18 .o" PAGES CONTRINS TIE IrIITIRLIZRTlON SEIllEtIL TIE OOTPUTINi .. 
19 ; .. IF DATR TO TIE S!l.ENIOI)5, TIE SERIAL IJf'UT ROOTIIE, TIE .. 
2B ; .. PII'ER FEED ROOTINE, IN> THE. SlUNIOO FIRETlIE ROOTINE •• 
21 ;----.-... _ .... _ •••• ,,_. 

22 
23 $EJECT 

ISIS-II 1I:S-48IIJ>I-41 IKRO RSSEJB..ER, Y2. 8 
LRC 7848 SERIES PRINTER UIfTROU.ER SIlm COOE 

PAGE 2 

LOC I8J 

24 
25 
26 

SIlm STRTEIENT 

27 ; .... - .. - ....... , .................... _ ••••• _ •• 
28;" .. 

; REGISTER RSSIIHENT TIIIlE .. .. 
31 ;--",., .............. , ................. ,"', ....... . 
32;" .. 
33 ;.. R8 1Jf'UT IIIFFER POINTER .. 
34 ;.. R1 ~ STII!f&: .. 
35 ;.. R2 ~ STIIIfMiE .. 
36 .o" R3 COllIN) REGISTER .. 
37 ;.. R4 IIIFFER SIZE .. 
38 ;" R5 TEII'IJ9Y ST£MlE F~ I>EUIY ROOTlNE •• 
39 ;.. R6 LOll (JiI)ER DIll aum:R " 
4B ;" R7 HIGH (JiI)ER DIll aum:R " 
41 ;" TIlER TBI'IMIRY STIIIfMiE " 

43 ; ............ _ .... _ •• ____ ......... " .. _ 

44 
45 
46 $EJECT 

All mnemonic. copyrighted @ Intel Corporation 1978. 
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ISIS-II ~-48IIP1-41 IKRO ASSEJIIlER, Y2. 8 
LRC 7848 SERIES PRINTER CIJlTRILllR SW!CE COOE 

J 

LOC ~ SEQ SW!CE STRTEI£NT 

47 ;---***._ .......... 11111111111-

48 ;** ** 

49 ; ** RfII ASSIIHENT lfIILE ** 

58;** ** 
51 ; ___ ** .. 111 ............ 11111111111111 __ 

52 ;** ** 

53;** RfII IIlDRESS fll(;T1(11 ** 
54;** ** 
55;** 118-87H REGISIER IIfH( 1 ** 
56;** 88-14H PROORfII STID: ** 
57 ;** 15-17H Till POSITI(II STORE ** 

58;** 18-4811 CIIIIIVER BtFFER ** 
59 ;** ** 
68 .;-_-... 11111 ....... 11111111 ... 111111111111111111 

61 
62 SEJECT 

1515-II ~-48II.I'1-41 IfICRO ASSEIIIlER. V2. 8 
LRC 7848 SERIES PRINTER CIJITR!llER sru«:E COOE 

4 

LOC ~ SEQ 5(UCE STRTEI£NT 

63 
64 .;**-_ •• ___ •• 11111111111111 .. 1111 .. _ 

65;** ** 

66 .; ** CMIfH) REGISTER DEFINITI(II ** 

67 ;** ** 
68 .;*_* __ **_11111 ... 111111111111111111111111111111111 

~;** ** 

78;** 81T 7 SERIIl. IDlE FUll ** 
71 ;** 81T 6 DIll IDlE FUll ** 

72;** 81T 5 DWI.E WIDE FUll ** 
73 .;** 81T 4 32 COLlII6Il.ll£ ** 
74 ;** BIn RIGIT JUSTIFIED PRINT ** 
75;** BITS 2. L 0 IM>ICRTE SIl.EIIIID (II TIlE ** 
76 ;** ** 
77 ; .... 11111 .................. 1111111111._1111111111111 .... _ 

78 SEJECT 

All mnemonica copyrighted @ Intel Corporation 1978. 
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::KJiUl«lLO Jm1 cnt.N I 

I181III ;'9 ORG Il89H 
90 
81 

98Il8 92 82 INIT· OUT DB8,A iSET IEF 
99919A 8:5 IN P"P2 .i (''HECK SERIAL STRAP 
98112 B;/98 84 .ISS PARA 
l19li4 8883 as PlOY R3,183I1 i SET SERIAL !:IlT IN 00 
!l9Il6 949E 86 JIf' ClF1 
11988 9fI8F 87~fl· ANI.. P2,.e8FH 
9IIIIfI F5 83 EN FlftGS 
il9IlB E5 89 EN [)If! 

IIiI9C B803 9€1 !'IO'~ R3,19311 
989E 27 91 ClPi· CLR A ; CL!:AR OMA BUSY FLAG 
!l99F 99 92 1'101,' STS, A 
0019 BC49 9] CLEF:!" MOil R4,1I4011 i INITIALIZE litHER 
!!e12 8818 94 flOAIN MOil Re.II1SH . INITIflLIZE ~'OINTER 
0014 27 9S ClR A ; ReSET STACK "ill SfIIIE TAB~ 
991~ 1)7 96 110'.' PSIol. t1 i 5TAC~ = 9. ALL FL~jS = 9 
0016 ;414 97 DECO CALL II*'I..IT 
9(118 3428 9S ClLL 1'6A ; [{CODE DATA 
9tl1;1 FC 9S 1'10\1 P,.R4 
0018 I.lS 190 :·~t A,1:'9 
001C %16 11)1 IN: DECO 

1v." 
001E Fr. 11:13 PRINT !'lOY A,R~ 

001F C8 104 DEC ~'e ,lOCAlE LAST C"lIRACTER INPUT IF R. J. 
8829 7224 105 .JK· ON .: CI£CI< FOR RH.iHT JUSl. 
8822 b'818 186 MO',I Fle,l18ft .; fiJI INT FRO!! HIE ORIGIN 
0024 3At:F 197 ON ANI. F'2, '!lITH ; TURN DRIVE 1'I01UR ON 
0026 4626 198 NHQI1E. INTi NHorIE ; WAIT FOR HOI'IE SWITCH 
0028 2349 199 MOV fl,149H ; STALL 
882A 54F8 11!l CftL WAIT 
982C BA96 111 xrER· I'[Iv 112 .. l86Ii ; 10 (;1.4... IItJEX 
I.l!la FB 112 I'fO\l A,R3 . CIIECK FOR RJ 
002F 7233 1B JB? CHfIt' iRJ TRUE 
99318A99 114 PlOY 112, I9IIH ,INDEX F~ /GIl. PRIN1IIIl 
9933 F9 11~ tHAR: I'!OY A,A ,FETCIl D~TER 
8834 85 116 Cl~: F!l i HI DETERIIlNES 111101 DfMJ::TER TfIllE 
00;5 8238 117 .185 PROE 
993795 118 CPL F!l 
8938 S4E9 119 PAIJE: CllLL XS2 i FETCH COl... FRa'I.' AELE 
!l!IJA A9 129 110\1 R1,A 
11938 FB 121 110\1 A,R3 ; DIECK FOR O. W. 
003C 1:I23F 122 J85 NOTS 
1193E 95 123 (''PL ~!l ; F!l INDICATES O. W IIOOE 
IIII3F F"9 ·124 ooTS: PlOY A,R1 
91148 1478 125 CfLL FIRE iPRINl In.. 
9942 FB 1..."6 110\1 A,R3 iCf£CK RJ 
9943 7241> 12? JB3 rap 
8IM5 2386 128 lIlY A,1Q6H 
9947 IlA 12') XRI. A,J/2 
91148 1A 139 It¥: 1"2 
9949 9633 131 .JNZ CIIAR ; F1UNl NEXT COl.. . 
994B !l452 132 JIf' LSTC1.4.. 
91140 27 B3 RJP: CtR A i ClECK RJ, FIkE COlS. IN REVERSE ORDER 

All mnemonics copyrighted ~ Intel Corporation 1878. 
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1515-II PJ;S-48IlfHl IR:RO ASSEIIBlER, Y2. 9 PRlE 6 
LRC 7949 SERIES PRINTER ClJNTR(UER SW1CE COOE 

LOC OOJ SEQ SW1CE STAIDENT 

994E DA 134 l/Rl A,R2 
994F CA 135 DEC R2 
9Il59 9633 136 JNZ CIfIR 
99S2 B6S6 137 LSTCOl.: JF9 A4 
9954 1489 138 CfLL COL8 
9956 237F 139 A4: IIJY A,I7FH ; ClEAR STB & DATA PINS 
9958 39 149 OUTL Pl,A 
99592319 141 IIJY A,I19H 
9958 54F8 142 CfU WAIT 
995{l FB 143 IIJY A,R3 
995E 7264 144 JB3 RJ2 
9960 FC 145 IIJY A,R4 
096118 146 INC R9 ; INCR POINTER 
8062 9467 147 m> CK 
0964 2317 148 RJ2: IIJY A,117H 
0966 CS 149 DEC R9 ; DECR POINTER 
0967 D8 158CK' XRL A,Re 
096S 962C l:il JHZ XFER ; WEllI1N F~ rEXT ClRt 
996A 566A 152 HM: JT1 fD'IE : SENSE IfJI£ LOW? 
II96C 2329 153 I'lIY A,I28H ; !>TFl.L 
006E 54F8 154 CAlL WAIT 
80711 SAl11 155 ~ P2.. 119H ; STOP DRIVE II)T~ 
8972 9412 156 JI'P IOlIN ; NEXT L11£ 

lS7 
8974 FB lSS DttAIN IIJY A,RJ ; EXIT IF SERIFI. IO)E 

9975 F27A 159 J1l7 SERROR ; SERIFI. CIll EI<R~ 
9977 D677 168 11Iltf: JrUBF INBUF ; WAIT F~ DttA PARfIIS. 
8979 22 161 IN A,1)88 
897A 93 162 SERROR: RETR 

161 
164 
165 

0078 B67F 166 FIRE' JFII SGLE 
897D 99 167 IN A,Pl ; C'. lot RIll PREYIru5 CIX.. 
897£ S9 168 fH. A,Rl 
897F 39 169 SGLE OUTL Pl,A ,OUTPUT TO set. 
8988 FB 1711 COLS: IIJY A,RJ ,A GETS ON TIlE 
9981 43FS 171 OR!. A, 19F8H 
8983 A3 172 IIJYP A,@A 
8984 530F 173 fH. A,1eFH 
8986 8988 1,4 ORL Pl, I8IlH ; STROBE 5(lOO IDS 
8988 54Fe 175 CFl.L WAIT 
898A 997F 176 Ali. Pl, 17FH iliiSABLE Sll.. STRl1lE 
898C FB 177 IIJY A,R3 ,A GET IFf mE 
898D 43F8 178 ORL A, 1eF8H 
008F A3 179 IIJYP A,@A 
l1li99 47 188 sw A 
8991 539F 181 fH. A,IIIFH 
9993 2B 182 XCH A,R3 
9894 9299 183 JB4 C19 
0096 2B 184 XCH tl,R3 
9997 949(; 185 JI'IP CON 
0099 2B 186 CHI XCH A,R3 
899A 9396 18i' fill) A, I96H .: INCREASE BIAS FOR 111111 
999C 86A3 188 CON JFII SING ; SKIP IF SINGU 

All mnemonics copyrighted @ Intel Corporation 1978. 
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ISIS-II ~-48II.f1-41 IIACRO ASSEII!lER. Y2. 8 
LRC 7Il48 SERIES PRINTER COfiRIllER sooa COO[ 

LOC IIIJ 

8Il9E 8314 
88fII) 29 
88R1 19 
88fI2 29 
8IlRJ W8 

8IlR5 9ABF 
99R78R 
88R8 F2R7 
99RR 8908 
88f£ BR89 
99RE 89 
99RF 74[9 
9881 8R 
9882 F2R7 
9884 BE93 
89B6 EEB6 
l18li8 ERCE 
89SR 8R48 
88BC BE06 
iIIlBE EEBE 
Il!IC8 74[9 
I!9C2 74[9 
1lIlC4 8R 
1lIlC5 37 
88C6 F2R7 
IlIlC8 F9 
IlIlC9 F7 
IlIlCR 537F 
IIIICC Aft 
IlIlCD 9J 

IlIlCE 74[9 
8IlOO 74[8 
II1II)2 BEIl3 
IIIID4 EED4 
IIIID6 88 
II1II)7 8R 
8!lD8 5389 
88DfI 49 
9IlD8 67 
iI80C R9 
8800 84B8 

88DF 9RF£ 
88E1 B98R 
88E3 2388 
88E5 54F8 

SEQ 

189 
198 
191 
19l 
193 SIIIl· 
194 
195 

SOlRCE STRIDENT 

fW 
XCII 
0UTl 
XCII 
JIP 

R..114H 
R..Ri 
P1.R 
R..Ri 
WRIT 

; fI)D 7 TO (FfTlIE IF D. W. 
; SAVE PREVIOUS m.. 
; SAVE PREVIOUS ca.. 

196 ; **--* .. _***_ .... *-*-** 
197; SERIRl ROOTINE, ASSElB..ES TIE DESIRED DATR FRtJI TIE 
198; SERIRl IIftT All) PI.RCE TIE DATR IN TIE fK:CtIU.RT~ 

199 ; -**-**** .. _-***_ .. **--*-*** .. * 
28Il 
281 CTS: IN.. P2,1Il8FH ; REQl.EST ICTS 
282 11£. IN R,P2 ;LOOP OOIL SlRRT BIT FWf> 
283 JB7 11£ 
204 lIlY R1.18 ; RESET TEIf' REG 
285 IIO't' R2, 189M ,SET INDEX 
286 IN R.P1 • BIAS 
287 CRlL II!IT ; WRIT 1/2 CYCLE 
288 IN R,P2 • ClECK F~ START BIT 
289 JB7 11£ .' WRtJ«l Slft11T BIl 
219 lIlY R6 .. I83H 
211 LZ: DJNZ R6,LZ 
212 C(WT: ()JNZ R2. LORD i URi TIE EI!ilT BITS 
213 m. P2,I4liH i DISi'IBLE /CTS 
214 I'KlY R6, I86H ; BIRS 
215W14: DJNZ R6,W14 ; WRIT 
216 Cfl.L ~IT 

217 CALL /lilT 
218 IN iI .. P2 
219 CPL R ; ClECK 5TOfo BIT 
228 JB7 11£ ; IIRfJIl STOP BIT 
221 11)1,' R,R1 
m I1I..C R 
~., 

r!~.) IN.. R,I7FH 
224 I'KlY R2..R 

"'5 RETR 
226 
227 
228 Uft) CRlL /lilT ; DELR'r' 1 CVf.LE 
229 CRlL /lilT 
239 I(IY R6,I83H 
231 L1: DJNZ R6.L1 
232 10' 
233 IN iI .. P2 ' INPUT SERIRl BIT 
234 IN.. R.188H illRS/( BIT 
235 ll1L R,Ri ,fIOO PREYIOOS BITS 
236 RRC R 
237 lIlY Rio A 
238 JI'f' coIn ;FINISH .100 
2J9 
248PF: IN.. P2.1OFEH ;t'fIl)T~ON 

241 lIlY RLI8fII 
242 P3C. lIlY R..1888H 
243 CfI.L WRIT 

All mnemonics copyrighted @ Intel Corporetlon 1976. 
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1515-II 1I:S-4MP1-41 IHRO AS!iE/IIlER, Y2. 8 PRlE 8 
lRC 7848 SERIES PRINTER CIIflRlllER srua COOE 

LOC (8J SEQ srua STATEIENT 

88E7 E9E3 244 IIJNZ RLP3C 
88E9 F8 245 1T8: I10Y A.R8 ; DELAY CIIflIWT =flFF POINTER (1811 TO 4111) 
88EA26EA 246 lTi .lNT9 IT1 
88EC 54FS 247 ClLL IIIIT ; DELAY =1IIS TO 2. 5IIS 
OOf.I J6E9 248 JT8 1T8 
99F92JF3 249 lIlY A.l8FlH ; STALL 
99F254F8 258 CALL IIIIT 
99F48A81 251 IR Pl, I81H ; PF IIJT~ OFF 
... 6 93 252 PlF' RETR 

253 
99F8 254 ~ 8F8H ; SOL '* TIlE Cl*STIWTS 
89F8 D4 25S DB 8D4H .; 2IIWS '* TIlE 
88F9 C5 256 DB 8C5H ;248 
88FA B6 'Z57 DB 8B6H ;288 
98FB A7 258 DB 1lA7H ;328 ;DEFIILT 
99FC 98 259 DB 98H ;36(1 

88FJ) 89 269 DB 89H ;488 
88FE 7ft 261 DB 7fIf ;448 
99FF 68 262 DB 68H ·488 

263 
264 
26.S ;**********.· ............. 111111111111 JIIII J 111111111".11111'+' 

266; PRlE 1 IIf'UTS, DECOOES. III) EXECUTES COIIN)5 III) DATA. 
267 ;****"J**.***_*_*_* ___ ~ ___ 
268 

9100 26~ ~ 100II 
8109 88 279 ID' 
8191 B5 271 DB (S01 AN> 1lFFH) ,ADDRESS F~ SET OOTPUT 1 
8192 B2 272 DB (502 III) 8FFH) ;502 
8183 IJ8 273 DB (ROt III) 8FFH) ,ROt 
811.14 B8 274 DB (R02 III) 8FFH) ;RQ2 

9195 BE 275 DB (RESET III) 8FFH) ; RESET 
8186 ft8 276 [is (S32 IN) 8FFH) ;832 
8187 E4 277 DB (P.48 III) 8FFH) ;840 
8188 EA 278 DB (iii« III) 8FFH) ,DII>E 
8189 C9 279 DB (SDI'fI fill) OFFH) ; SDfII 
91011 fill 288 D8 (SSOL III) 8FFH) ; SSOL 
8111B 88 281 ()8 (SlF III) 8FFH) ;SI..F 
8181: 81 282 fiB <It.!' AN> 8FFH) ;II.F 
8100 84 283 DB <TOF fill) 8FFH) ;TOF 
811lE DE 284 DB (CR III) 8FFH) ;CR 
8181' 72 285 DB (Tl fill) 8FFH) ;T1 
8118 72 286 DB <T2 fill) 8FFH) ;T2 
11111 72 287 Il8 m fill) 8FFH) ;n 
8112 F9 288 DB 011 III) 8FFH) ;RJ 
8113 A8 289 Il8 (SSOL III> 8FFH) ; SSOI.. 

298 
291 
292 

8114 FB 293 11f'1.I1 lIlY A.RJ 
8115 F226 294 JS7 YIE 
8117 37 29'5 CPL R 
8118 [)21C 296 J86 IDlECR 
811R 8R48 297 IR Pl, I48H ; SET DRQ F~ DIll 
811C OC1C 298 I«JDECR: JNIBF IO.'lECR ; S/IlREI) BY PfIRII.LEL & 1),"Ii 

All mnemonics copyrighted @ Intel Corporation 1976. 
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ISI!>-1l IICS- 4811J'1-41 IIACRO ASSDRER.. Y2 0 Pfl(j£ 9 
lRC 71148 SERIES PRINTI:I< CONTROllER SOURCE CODE 

lOC 08J SEQ SOURCE STATE~UT 

81ft 22 299 IN A,OOB 
811F 537F 300 RUl fl,l7FH 
8121 All 381 l'!Oy R2,A 
0122 3462 382 CALL [JECR ; O~C [J"'l COUNT FOR [J1Ifl & PflRfllli 
8124 FA 31B I'IOY ff, R2 ; DATA STORE[) IN A & R2 
8125 93 384 RETR .; f<:11 $, ~'E5TORE FLfIf'£ 
8126 84A5 385 liME. JI'f CT~ ; SERIAL USE SlRIAL IIf'UT ROUTlIE 

386 
8128 NED 387 P6R· CALL Sf'CR .' CHECK FOR SPECIAL CASE CR 
812A 024E 388 186 Cf:ECK5 
812C 8258 389 JBS fJflTA ; CHECK FOR VAL!() CHAR 
812E D309 319 XRL A,109H .'IA8 ~ 
fI1J8 9656 311 JNZ CI'IO ; COItIANI) 
8132 8915 312 TAB: MOY Rl· U5H .' [:1 (jETS Tf1B[I 1 
8134 BA113 :m 1'101,1 R2.·193H 
8136 ~1 314 P6BB I'll)',' A,I:!Rl .' CHECK TP.B 
8137 F24D 315 JB7 TERROf-' .' LIMIT TfiB TO f;t1fil< 
8139 D240 316 JB6 TERROR 
8138 37 317 CPl A 
813C 17 318 INC A 
8130 6S 319 Af'D Ii. flO 
813£ Fl 328 PlOY A..@Rl .' A GET TAB lOC. 
813F E645 321 me P6RA ; ~ lNO WHICH TAB 
8141 19 :522 HlC Rl 
8142 EA36 323 DJNZ 1<2, PCBS 
8144 FC 324 SFn' 1'10'1 A,R4 .' EXCEEI! ALL TAB .• FILL IN [;LfiNI(S 
8145 Ali Q5 f'6Afi: I'IO!J R2 .. A 
8146 88'&1 326 RTflE!· 1'1011 @R9 .. 12011 
8148 1S 327 INC R8 
8149 ~A 328 MOY A .. R2 
814A DB Q9 i<:RL A,RO ; FILL HI U-ANKS 
9148 9646 :n9 JUZ RTAS 
fI141) 93 331 TERRG" RETR 

332 
814E B25S :m CHECKS: JB'5 SEND 
8159 Ffl 334 DATA 11()\/ A,R2 
9151 A0 33S I'IOV @Re,A 
8152 18 336 INC R8 
0153 54£0 337 CALL PEON i SET SPECIAL FLOO FOR LAST DATA CImlCTER 
8155 93 338 SEN!): kETP. 

:$39 
8156 8914 348 00: 1'1011 1<1,114H ; R1 EQ INDEX 
81!l8 FA 341 P7C: "Oil A,R2 ;A GETS C/'II) 

0159 17 342 INC A 
81511 D9 343 XRl A,Ri 
815B C668 344 12 FOlINO il'lA1CH ) 
8151> E9S8 345 DJNZ Ri .• P7C 
81:iF 93 346 RETR 

347 
8160 F9 348 rOlJN): ~ A,Ri 
8161 B3 349 JI'fP @fI i JIJI'IP III>IRECT TO CIID RruTIP£ 

3Se 
11162 FE 351 DECR: IIO'v' A..R6 
816:S 967Il 352 JNZ L~ i DEC R6, R7 AS REG. PAIR. RET (Jj II 
8165 4F 353 OR!. A,R7 

All mnemonics copyrighted @ Intel Corporation 1976. 
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ISIS-II ":S-48II.f'I-41 IIACRO ASSEIIIlER. ~'2. II 
LRC 7848 SERIES PRINTER C(JflRll.LER S(m;E COO[ 

PRiE 19 

LOC m.I 

9166 966F 
8168 2B 
9169 '538F 
9168 28 
8161: 99 
81611 8A29 
916F CF 
9179 (;[ 
9171 9J 

9172 17 
9173 5393 
9175 9315 
91n 62 
91713 J414 
817A 8318 
917C A9 
91,'0 42 
917E 29 
917F Ai 
9188 93 

9191 85 
9182 248ft 

9184 97 
9185 A7 
8186 248ft 

9188 85 
9189 95 
918A F69C 
918C 8693 
918E 3414 
9199 ~ 
!!191 C698 
8193 l40F 
!!195 F69C 
9197 8698 
!!199 EA93 
8198 93 
!!19C 8ft 
8191) 3293 
819F 93 

91118 3414 
!!1A2 28 

SEQ SIlJRCE STAIDENT 

J54 JNZ N1ST 
3SS XCH 11.1"1 
3'36 All. A,IeeFH 
357 XCH A.R} 
358 If.JIr' STS.A 
J'59 (Rl P2. 12911 ; ENft&I ~ !!1Tf.I!IJPT ~'l" 

J68 ~T: DEC R7 
361 LAPS: DEC k6 
362 RETR 
36:: 
364 
36'5 , ..................... _* 
366 ; catIfN) LOO< l., TABlE. 
367 ; ........ "._ ......... n •• _ ... 

3613 
369 
379 T1. 
371 T2 
372E: 
373 
374 
375 STAll 
376 
3n 
:m 
379 
388 
J81 
382 
31B 
394 II..F': 
385 
J86 
387TIF: 
388 
389 
399 
391 SlF: 
392 
:m LF. 
J94 
395 
396 
397 
398 1'1£"fI: 
399 
498 
41!1 
482 P12C: 
403 P128: 
484 
41!5 
4!l6 
487 SSII.: 
488 

. A = ~ !F CII.l JI.JI> IN CII) lAlllE 
;R=F.l~9 

INC A 
IN. A.193H 
flll) A, I1SH 
If.JIr' T. f.l 
au I,*,UT 
flll) A, 11SH 
If.JIr' Pi,A 
IIOV A. T 
XCII A,Rt 
!'IO't' @R1.A 
I1ETP 

Ct.R Fil 
JIll LF 

ClR C 
CPI. C 
.JIF LF 

CLR F9 
CPI. F9 
JC P12B 
JF9 P12A 
CfU IIf'UT 
lIlY R2,A 
JZ P12C 
ClLL PF 
JC P128 
JF8 P12C 

; 11=8, 1, (II: 2H 
; IIISK SI~IFlawr BI1S 
. ACClJt " 15,16, (R 17H -(RIll LOCATlCflS FIJi' TfIIS) 
; ~ ST(Rf(£ FIJ! TAB 

.10. TlPLE LIIE FEEJ) 

• T!.'f' IF FCRI'I 

;LFUTF 

; SIIili LIIE FEEJ) 

.oLFUTIF 

.SIIili LF 

DmZ 1!2. P12A ; DEeR. 1 IF 1IIES 
RET!! 
IN 1I.P2 
181 P12A 
RETR 

CfU IIf'IIT ; FETCH so.. (W TIlE 
XCH II.R3 
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-- -- - """' .... l-l: ~IHltl'l:.Nr 

91A153F8 499 1ft. A, I8fSlt ; CLEAI1 PREY. Slt. TII£ 
8tA568 418 ft)I) A/R3 
81A6 28 411 XCH A/R3 
81A7 93 412 !/ETR 

413 
81AS FB 414 BJ2 1m A,RJ ; 32 CIRi.'OCTER BI.fFEI1 
81A!J 4318 415 (R 1I.118H 
81AB53DF 416 1ft. A.18DFH 
81f() AB 417 IllY ~,R 

81RE Be39 418 IIJY R4, .39H ; 33 CIIlI1. lUtE 
81S8 8412 419 Jlf' Ri/IIN 

428 
8182 8A84 421 502: (R P2, I84H ,SET G02 
8184 93 422 RETR 

423 
8185 8R88 424 501: OR!. P2, I88H i SET 001 
81B7 93 425 RETI1 

426 
81B8 9AFB 427 R02: 1ft. P2/18FBH .' RESET G02 
81BR 93 428 RETR 

429 
81BB 9AF7 439 ROt· 1ft. P2,I8F7H iRESET G01 
81BD 93 431 RETF 

432 
81BE 89FF 433 RESET: (R pt,18FFH .' HESET PIIlT 1 
81C9 23BF 434 1m R,18BFH 
81C2 3fI 435 roll P2,A ; RESET ron 2 
81C3 FB 436 PlOY II.R3 i RESET CII) EXCEPT F~ SERIAl. & SOL 
81C45387 437 AIL A,I87H 
81C6 AB 438 1m 113· A 
81e7 848E 439 JII' CLRl ; ClEAR STS & RESET STlD< 
81C9 1474 448 SllttA: CfLL DlflIII 
81CB RE 441 1m R6,A • LOll) DIIA CWfTERS 
81CC 1474 442 CfLL DIfIIN 
81CE 9fIlF 443 AIL P2,18DFH ; ClEAR INT PIN 
81D8 IF 444 1m R7.·R 
81014E 445 (R 1I.R6 
8102 C662 446 JZ llECR 
81J)4 3462 447 CALL DECR 
811)6 2B 448 XCH II.R3 
81D7 4348 449 (Jt'l A.148H ; SET DIIA FLAG 
81D9 2B 458 XCH R,k3 
81DR 2318 451 I'JJY R,I18H . SET FLAG FII! TELL IIlST DIfI 011 
810C 98 452 1m STS,R 
8100 93 453 RETR 

454 
81DE 42 455CR: 1m II.T ; ClECK 8111X+l FLRi 
81DF DB 456 l!RL II.MDH ; IF BlfF PRINTED flJTO, III CR. 
81E1 9644 457 JNZ SPRl 
81£393 458 RETR 

459 
460 

81E4 FB 461 848: 1m II.R3 ; 48 ClHRCTER BtFFER 
81E5 53CF 462 1ft. II.I8CFH 
81£7 AB 463 II)\.' R3,A 
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ISIS-II !f;5-4811J>1-41 IIICRO RSSBIILER. V2.8 
LRC 7848 SERIES PRINTER C!IITRIllER SIU1CE COOE 

PH 12 

LOC I&T 

1llE8 8418 

IllEA 2329 
IllEC 48 
Il1EJ) III 
Il1EE 8818 
81F8 Fe 
81F1D2F6 
81F3 BC2A 
81F5 93 
81F6 BC2C 
81F89::: 

81F9 FB 
Il1FR4J88 
81FC III 
Il1fI) 93 

113E8 

8JE822 
8JE143F8 
8ER3 
8JE4 AE 
IlJE5 1F83 
II3E7 EFE7 
8JE9 EEE5 
8JEB 8A 
8JEC 93 

83ED [lJllD 
II3EF 96F5 
83F1 J4[lE 

9JFJ IIAFF 
8JF5 FR 
8JF662 
83F7 93 

&8 

&882 
8JF9 84 
83FR 48 
8JFB if 
83FC 8E 
IJ3FI) 86 
8JfE 82 

SEQ 

464 JIll 
465 
466 
467 
468 llIa· IllY 
469 IR 
478 IllY 
471 IllY 
4n IllY 
473 JB6 
474 IllY 
475 REW 
476 )(8. IllY 
477 RETR 
478 

R.12IIH ; DWIlE WII.'lE PRINT IDlE 
R. RJ .' SET [lW BIT 
RJ,R 
R8.I18H i CLEAR BtFfER POIKIER 
A.R4 
X8 
R4, I2AH ; J2 CHfI!. BtFfER 

R4.12CH ; 48 CIIlR. BtFfER 

479 IlJ: 
488 

IllY R. R3 ; SET RJ BIT IN CIt) 

IR R,188H 
481 IllY 111, R 
482 RETR 
483 
484 
48S 

486 ;---•••••••••• ----. 
487; IIIIT SU!R RIll TI£ ~TR CUlSTANTS fR: IN PH 3 488 ;_t_t.**_. ___ _ 
489 
498 (J'6 

491 
492 IIIIT· IN 
493 OR\. 
494 I!OI/P 
495 IllY 
496 LlXJ'l· IKIY 
497 LIU'2· [l.)NZ 
498 [lJNZ 
499 IN 
508 RETI! 
SIll 
SII2 spcp. iOIL 
593 JNZ 
594 CIU 
585 lIlY 
596 XCR. lIlY 
597 lIlY 
598 REW 
599 
518 IJ!G 
511 
512 DB 
513 DB 
514 DB 
515 DB 
516 DB 
517 DB 
518 DB 

R. DeB ,CI£CI( llS8 ~ BUI) RATE 
R.IM!FBtl 
R,~ 

R6,A 
117.18311 ; 25US PER LIXF PAIR 
R7,LOIJ>2 
R6.UXI'1 
fI~P2 

R. I8IlH ; CI£CK CR Fl.fIG, F.<IT IF TRI.( 

XCR 
CR 
R2.18FFH ; 00 RlT EXfCUTF ".. noW: 
R.R2 
T.A 

3F8H 

II82H ; 118 BfU) 

884H .158 
48H ;J118 
1fH ;688 
IIEH ;1288 
II6H ; 24118 
82H ;4888 
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ISIS-II 11:5-4811.1'1-41 IR:RO ASSEIIIl.ER, Y2. 8 
LRC 7848 SERIES PI1INTER ctWTROLLER 5OO!CE COOE 

PIllE 13 

LOC OS'} 

83FF 82 

82E8 
!l2E1l SJ1F 
!I2E2 R9 
82E3 E7 
82E4 E7 
I!2E5 69 
82E669 
!l2E7 69 
82E86A 
!l2E9 B6F5 
82EB EJ 
!l2EC 83 
82EJ) FC 
82EE D8 
82EF 96F4 
82F1 2J8I) 

82FJ 62 
82F493 

82F5 RJ 
82F685 
82F7 83 
82F8 BOO6 
82FA EDFR 
82FC 07 
92FD 96F8 
82FF 93 

8288 

829IJ 41 
8281 JF 
8282 62 
8283 JF 
8284 62 
8285 JF 
8286 43 

8287 78 
82811 6F 

SEQ 

519 
529 

5ruICE STRTEIENT 

DB 82H 

521 • "''''** ...... **--.. _--_.-
522; OTID TIIlN CIIIR TII!L.E, IfIIT fit) X52 ROOTII£5 EXISTIN P&2 523 ;-.-___ • ______ .. 

524 
S2S ~ 2£811 
S26 XS2 1M. R,11fH ; FIN) & IIDJUST r:III!.ACTER IIIlI:X 
527 lIlY In,A ; In TIl'\.. Y IrIlEX BY -: 
528 RL R 
529 I1\.. A 
SJ8 fI)I) A,1n 
531 fI)I) !tin 
532 fI)I) A,1n 
5:13 fI)I) A.P2 ,fI)I) ca.J~ IIIlEX TO ~TER IN>EX 
534 JFe ME 
5JS II}YPJ fUR 
SJ6 RET 
537 PEON: lIlY A.R4 ; SET SPEClfI. CR FLoo IF LAS1 CIIlR 15 [lATA 
5J8 XI1\.. R,R8 
5J9 JNZ FSPA 
548 lIlY A,18I)H 
541 lIlY r.R 
542 FSI'II: RETR 
543 
544 
545 PIIlE3: If.JYP A,@fI 
546 CLR Fe 
547 RET 
S48 IfIIT: lIlY R5,186H 
549 coox: DJNZ RS, C(N( • 4IIUS PER cwrr OF In 
558 DEC A 
551 .IHZ IfIIT 
552 RETR 
5SJ 
554 
55S 
5S6 ; •• - ..... _-•••••• - •• - .. -
557; CHfIRfK:TER TII!L.E IN POOE 2. 
558; IISB IS 1Gt«m). [lATA ItlBTEJ) 
559 ; SEE EXIII'lE (R) 

5611 ; ----•• - .. - •••••••••••• 
561 
562 ~ 28IIH 
563 
564 DB 41H ;@ 
565 D8 JFH 
S66 DB 62H 
567 DB JFH 
568 DB 62H 
569 DB JFH 
578 DB 4311 
571 
572 DB 7IIH 
S7J DB 6FH 
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ISIS-II ";S-481LfI-41 IIICRO ASSE/IilER, Y2. II Pru: 14 ISIS-II IICS-48ILf1-41 I!ACRO ASSEIIIll.ER, Y2. 0 PWJE 15 
LRC 7949 SERIES PRINTER ~TRlllER 5O.RCE COOE LRC 7949 SERIES PRINTER COOTlnLER ~ COOE 

LOC (ljJ SEQ SOlEE STATEPIENT LOC 08! SEQ S~CE STATEPIENT 

9209 58 574 DB '3BH --*---t- 9239 iF 629 l>8 7FH .;H 
82IlR 3F 575 DB 3FH -*---- 92311 77 639 DB 7i'H 
829B 58 576 DB SBH --*--*- 9238 7F 631 DB 7FH 
~6F 577 DB 6FH --*--- 923C 77 632 DB 77H 
9290 79 578 DEl ~ --- 9230 7F m DB 7FH 

579 923E ee 634 DB 90H 
928E JE 589 DB JEH i8 635 
Il29F' 41 581 DB 41H 923F 7F 636 DB ;'FH ,I 
9219 3E 582 DB 3EH 9249 3E 637 DB 3EH 
9211 77 583 DB 77H 9241 7F 638 DB 7FH 
9212 JE 584 DB 3EH 8242 911 639 DB OOH 
9213 77 SS5 DB 77H 9243 7F 649 DB 7FH 
8214 49 586 DB 4911 9244 3E 641 DB 3EH 

587 9245 7F 642 DB ;'FH 
9215 41 sse DB 41H iC 643 
9216 3E 5.'39 liB 3EH 0246 71) 644 DB 7DH ,J 
8217 IF 590 DEl 7FH 8247 7E 645 DB 7EH 
9218 JE 591 (.08 JEH 9249 7F 646 DB 7FH 
9219 7F 592 DB 7FH 9249 7E 647 DB ?EH 
821A JE 593 liB JEH 924R 7F 648 DB 7FH 
9218 5D 594 DB 5I)H 9248 7E 649 DB 7EH 

595 924C 81 659 DB 91H 
921C ::IE '596 DB ]EH ,Ii 651 
8211i 41 597 liB 41H 9240 911 6'52 DB 9IIH ,K 
821E 3E 598 DB 3EH 1!24E 7F 6~3 liB iFH 
9'21F 7F' 599 DB 7FH 924F 6F 654 DB 6FH 
9228 3E 689 DB JEH 9259 77 655 DB 77H 
0221 7F 691 DB 7FH 9251 58 656 DB SBH 
9222 41 692 DB 41H 8252 7D 657 D8 7DH 

603 0253 3E 658 DB JEH 
0223 00 694 DB 9IIH oE 659 
8224 7F' 695 DB iFH 11254 911 669 DB 9BH 
9225 36 696 DB 36H 11255 7F 661 DB 7FH 
9226 7F 697 DB 7FH 11256 7E 662 DB 7EH iL 
9227 36 69S DB 36H 8257 iF 663 DB 7FH 
11228 7F 699 DB 7FH 92'j8 7E 664 DB 7EH 
8229 JE 619 DB JEH 9259 7F 665 DB 7FH 

611 II25R 7E 666 liB 7EH 
922R 911 612 DB 9BH ,F W 
9228 7F 6B DB iFH B25B 49 668 DB 4EIH ." 822C 37 614 DB 37H B2SC 3F 669 D8 3FH 
B22l> 7F 615 DB 7FH II25D ::w 679 D8 ~ 
822E 3, 616 DB 37H 925E 67 671 D8 67H 
922F 7F 617 DB 7FH ~ ::w 672 DB ~ 
8239 3F 618 DB 3FH B268 3F 67J DB 3FH 

619 9261 49 674 DB 49H 
8231 41 628 DB 41H oG 675 
8232 JE 621 D8 3EH 9262 2B 676 DB 2IIH 
1.1233 7F 622 DB lFfl 9263 ::w 677 D8 ::WH iN 
8234 3E 623 DB 3EH 9264 6F 679 DB 6FH 
8235 78 624 DB 7BH B265 77 679 DB 7i'H 
8236 JE 625 DB JEH 9266 7B 688 DB 7811 
823759 626 DB 5911 9267 7D 681 DB 7DH 

627 0268 92 6S2 DB 92H 
9238 1.18 628 DB 9IIH 693 
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1515-II ..:s-4811J'1-41 IIIQO ASSEIIBlER. Y2.!l PIa 16 1515-11 II:S-48IIJ'I-41 IIIQO ASSEIIII..ER. Y2. II PfK£ 17 
lllC 71l4!J SERIES PRIHID' COORil.LER 5!JJRCE COOE lRC 784Il SERIES PRINTER cmTRW.ER 5OO!CE COOE 

lOC 08J SEQ 500RCE STATEI1ENT lOC OO-J SEQ 5OO!CE STATEI£NT 

8269 41 684 DB 41H ;0 739 
Il26A 3E 685 DE: 3EH Il29fI 87 749 ['08 11711 ,Y 
Il268 7F 686 DB 7FH !l29B 7B 741 DB 7BH 
II26C 3E 687 DB 3EH 1129C 7D 742 DB 7DH 
1126D 7F 688 DB 7FH Il29D 7E 743 DB i'EH 
Il26E 3E 689 DB 3EH 1129E 7D 744 DB 7DH 
Il26F 41 699 ()6 41H Il29F 7B 745 DB 7BH 

691 82A0 ~7 746 D8 11711 
112711 119 692 r.e Il9H 747 
11271 7F 693 DB lFH .r !I2A1 91 748 DB Il1H 
11272 37 694 08 J7H ~'A2 7E 749 DB 7EH 
8273 7F 695 DB i'FH !l2A3 ;T! 75!J DB 7DH 
11274 37 696 D8 1711 Il2A4 73 7'51 DB 73H 
11275 7F 697 DB 7FH !k"ll5 ;li t52 DB 7DH 
11276 4F 698 1)(1 4FH 1l2f16 7E 753 DB 7EH ,W 

699 92A7 9t 754 DB 9tH 
11277 41 7Il9 DB 41H ;Q ~ .. 'j 

11278 JE 7111 1)(1 JEH 82A8 3E 756 DB JEH ;ii 
11279 7F 7Il2 08 7FH !l2ft9 50 "?57 08 50H 
1127A 3F 7lB DB 3FH 82AA 61! 7'.iS 1)(1 6BH 
827B 7A 7Il4 r.e 7AH 92AB ,.., .. 759 DB 77H 
1127C 3D 7!l5 1)(1 3J)H Il2AC 6B 769 r.e 6BH 
1127D 42 7Il6 DB 42H !J2fI) 50 761 DB 50H 

;'07 e;.'AE 3E 762 r.e 3EH 
1127E IlIl 7IlG D6 IlIlH ;~ :'63 
1127F 7F 7Il9 DB 7FH tt2RF :;F 764 D8 3FH ,y 

Il28Il 37 7111 DB 3711 iI2B9 SF 765 D8 5FH 
Il281 7F 711 r.tl 7FH ~'E:l 6F 766 DB 6FH 
Il282 33 712 DB 33H Il2B2 79 767 r.e 71lH 
8283 7D 713 DB 7DH 1!2B3 6f 768 D8 6FH 
Il284 4E 714 DB 4EH i.l2B4 SF 769 DB SFH 

715 92B5 3F 770 f.tl 3flf 
Il285 4D 716 DB 4DH ~S 771 
Il286 36 717 DB 36H Il286 JE 772 1)(1 3EH 
8287 7F 718 DB i'FH 8287 7D m 00 7DH 'Z 
Il28Il 36 719 DB 36H 02B8 ]A 774 00 3RI 
Il289 7F 72Il 00 7FH 8£"'89 77 77S 00 77H 
Il28R 36 721 DB 36H lI28A 2E 776 OIl 2EH 
Il288 59 722 DB 591-1 Il2BB SF 777 00 SFH 

723 02BC JE 778 OIl JEH 
928C 3F 724 DB 3FH m 
Il280 7F 725 DB 7FH Il280 89 ;'00 00 9IlH . [ 
Il28E 3F 726 OIl 3FH !l2BE IF ;'131 DB 7FH 
Il28F 49 727 1)(1 4!JIf ,T Il2BF JE 782 D8 3EH 
Il299 3F 728 00 3FH 1l2f'..9 7F 78] OIl 7FH 
Il291 7F 729 00 7FH !J2C1 3E 784 00 JEH 
Il292 3F 73!J 00 3flf Il2C2 7F 785 OIl 7FH 

m !J2C3 7F 786 DB ;'FH 
9293 91 m DB Il1H ,U om"':' 

iOf 

Il294 7E 733 DB 7EH fIL't4 3F 78S 08 3FH .' \ 
Il295 7F 734 DB 7FH Il2C5 SF 789 DB SFH 
Il296 7E 735 DB 7EH !J2CJ) 6F 799 D8 6FH 
9297 7F 736 DB 7FH !J2C7 77 791 OIl 7tH 
Il298 7E 737 DB 7EH Il2C8 7B 792 1)(1 7BH 
Il299 111 738 DB Il1H 112(:9 7D 793 r.e 7DH 
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ISIS-II MCS-481UPI -41 I'IACRO ASSEI'IDLER, V:!. 8 PAGE 18 ISIS-II 11CS"48IUPI-41 PIACRO AS5E1t31..ER, Y2.9 PAGE 19 
lRC 7048 SERIES PRINTER CONTRtLlER ~CE COOE lRC 7948 SERIES PRINTER C(JlTROLlER SOlRCE CODE 

lOC OBJ SEQ SOURCE STATEl£NT lOC OBJ SEQ SO\J1CE STATEI'ENT 

92CA 7E 794 DB 7EH 9311 7F 849 DB 7FH 
.,95 8312 SF 859 00 9FH 

92CB 7F 796 DB 7FH ; ] 8m 7F 851 DB 7FH 
82CC 7F .,97 DB 7FH 8314 7F 852 DB 7FH 
92CD 3E 798 D3 lEH 853 
92CE 7F 799 DB 7FH 8315 68 854 DB 6BH ;1 
92CF 3£ 899 00 lEIt 8316 7F 855 DB 7FH 
8209 7F 801 Oil 7FH 8317 90 856 DB 99H 
9201 89 892 DB 98H 9318 7F 857 DB 7FH 

883 9319 99 858 DB II9H 
8202 77 894 DB 77H 931A 7F 859 DB 'lFH 
92036F !IllS 00 6FH 8318 68 869 DB 6811 
921)4 5F 886 DB :ifH 861 
920529 887 DB 28H 831C 4D S62 DB 4DH ;$ 

92D6 5F 898 DB 5fH 931016 863 DB 36ft 
821>76F 889 DB 6FH 931E 7F 864 DB 7FH 
€l2DB 77 810 DB 77H 8J1F 88 865 DB 9911 

811 8329 IF 866 DB 7FH 
82D9 7E 812 DB 7EH 8321 16 86'1 DtI :S6H 
92DA IF 813 OB 7FH 8322 59 BCB DB 59H 
92D8 7E 814 DB 7EH 869 
92DC IF 815 [lB iFH 8323 9E 879 DB €lEH ; ;~ 

82DD 7[ 816 DB i'EH 8324 7D 871 DB 7DH 
92DE 7F 817 DB 7FB 8125 9B 872 DB IIIH 
92DF 7E 818 DB 7EH 8126 77 87:> DB 77H 

819 9327 68 B74 DB 68H 
b'2Il 11328 51' 875 DB 5FH 
821 11329 38 876 DB 38H 

822 ; ******oJ.**** .. ***************_***** 877 
82J j CHAR. TABLE (Jl PflGE : 1IJ2A 49 878 DB 49H ;& 
824 , I1SB IS IGNORED.· DATA INVERTED 1132B 36 879 DB 36ft 
825 ' SEE EXAl'IPlE (A) IN PAGE 2 OF ROIl 1132C IF 889 DB 7FH 

826 ; ****************~,****_*t,******l'*'f'*~ 8l2D 'P 881 00 37H 
827 832E SA 882 DB 5AH 

9391l 828 OPG 300II 1Il2F 7D 883 OIl 7DH 
829 11311l 72 884 DB 7211 

1I199 i'F 830 DB 7FH ; BlAN< 885 
11381 IF 831 00 ?At 11311 7F 886 DB 7FI1 ., , 
1I192 7F 832 DB 7FH 1IJ32 7F 8Il7 DB 7FH 
93113 7F 833 00 lFH 93lJ 7F 888 DB 7FH 
11394 7F 834 DB 7FH IIlJ49F 889 DB 9FH 
IIl1l5 7F 835 DB 7FH 11m 7F 89Il bII 7FH 
93116 IF 836 DB ;'FH 9336 7F 891 DB 7FH 

837 9337 IF 892 DB 7FH 
93117 7F 838 DB lFH ; ~ 893 
9398 7F 839 DB lFH 1Il38 7F 894 DB 7FH 
IIl1l9 7r 849 DB 7FH 9339 6J 895 DB 6lH ; ( 

IIl1lA 9:! 841 os 92H 93lA 51) 896 DB 5DH 
939B 7F 842 DB 7FII mB 3E 897 DB 3EH 
IllOC 7F 843 DB 7FH 9llC 7F 898 DB 7FH 
931lD 7F 844 DB IfH 9llD 7F 899 DB 7FH 

845 93JE 7F 999 DB 7FH 
939E 7F 846 DB 7FH 981 
9l1lF 7F 847 DB 7FH 1IJ3F 7F 91112 DB 7FH ; ) 

9319 SF 848 DB 9FH 11348 7F 9113 DB 7FH 
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LOC IIIJ SEQ stOCE STfI1EI£NT LOC IIIJ SEQ stOCE STRTEJENT 

8341 7F 984 DE 7FH 83717F 959 DB 7FH 
8342 3E 985 DB 3EH 8372 3A 968 DB 3fII 
834351) 986 DB ~I 8373 77 961 DB 77H 
11344 63 9117 DB 63H 11374 2E 962 DB 2EH 
11345 ~ 9118 DB 7FH 11375 7F 963 DB 7FH 

!lII9 11376 41 964 DB 41H 
11346 77 9111 DB 7711 i* !Hi5 
834751) 911 DB SOH 8377 7F 966 DB 7FH i1 
B348 6a 912 DB 6111 11378 5E 967 DB 5EH 
1134914 913 DB 14M 8379 7F 968 DB 7FH 
B34II 6B 914 DB 6BH II37R l1li 969 DB IIllH 
B348 51) 915 DB SOH II37B 7F m DB 7FH 
II34C 77 916 DB 77H 1137C 7E m DB 7EH 

917 II37D 7F 972 DB 7FH 
11340 77 918 DB 77H i+ 973 
B34E 7F 919 DB 7FH 1137E 51; 974 DB 5tH ;2 
II34F 77 9211 DB 77H 1137F 38 975 DB 3IIH 
l135li 49 921 DB 4911 11389 7E 976 DB 7EH 
8351 77 922 DB 77H 11381 37 977 DB 3711 
11352 7F 923 DB 7FH 11382 7E 978 DB 7EH 
11353 77 924 DB 7711 11383 37 979 DB 3711 

925 11384 4E 988 DB 4EH 
11"354 7F 926 DB 7Fl1 i. 981 
11355 7F 927 DB 7111 11385 3/) 982 DB 3DH ;3 
8356 7F m DB 7FH 11386 71: 983 DB 7EH 
11357 7E 929 DB 7EH 11387 l' 984 DB 2FH 
8358 79 9311 DB 79H 11388 ,,[ 985 DB 7EH 
113597F 931 DB 7FH 11389 2F 986 DB 2FH 
II35A 7F 932 00 7FH II38A 56 987 DB 56H 

933 11388 39 988 DB J9H 
835B 7B 934 DB i'BH i- 989 
1Il5C 7F 935 DB ~H 1138C 78 9!111 DB 78H ;4 
11351> 7B 936 DB 7BH 11381) 77 m DB 77H 
IIlSE 7r 937 DB 7FH II38E 6B m DB 6BH 
II3:JF 4'B 938 00 7811 II38F SF 993 DB SAl 
113611 7r 939 DB 7FH 83!lII 29 994 DB 2eH 
11361 78 9411 DE 78H 11391 7F 995 DB 7FH 

941 9392 78 996 00 7\IH 
11362 7F 942 DB 7FH i. 997 
8363 7F 943 DB 7FH 11393 81) 998 DB IIDH i5 
8364 7F 944 D8 7FH 1IJ94 7E m DB 7EH 
11365 7E 945 00 tal 8395 2F 1I11III DB 2FH 
8366 7F 946 DB 7FH 11396 7E 1l1li1 DB 7EH 
113677F 947 DB 7FH 8397 3F 1l1li2 DB 3FH 
11368 7F 948 DB 7FH 8398 6E 1l1li3 (l8 6EH 

949 8399 31 1l1li4 DB 31H 
11369 7E 9511 DB i'EH i/ 1l1li5 
II36fI 7D 951 DB 7DH 1IS9A 79 1l1li6 DB 79H ;6 
11368 78 952 DB 78H 9398 76 1l1li7 DB 7Qf 
936C 77 ~3 DB 7711 II39C 6f 1_ DB 6fH 
II3Q) 6f 954 DB ~H 11391) 56 1l1li9 DB 56H 
836E SF 955 DB 5FH 1139E 3F 111111 DB 3FH 
836f 3F 956 DB 3FH rmF 76 11111 DB 7611 

957 83AII 79 1812 DB 79H 
8370 41 958 DB 41H ill 1913 

An mnemonica copyrtghted «lIntel Corporation 1978. 
11-32 



1515-11 ~S-48/1..PI-41 IlACRO ASS[I'tBl.ER, '~2. 9 PAGE 22 1515- II 1I:S-48IlPI-41 IflCRO ASSEItlLER, Y2.9 PW.lE 23 
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8JA1 3F 1014 DB 3FH ;7 1969 
83A2 7F 191~ DB 7FH 9JD2 7F 1978 DB 7FH .i) 
8~3 38 1916 DB 381-1 9JD3 7F 1071 DB 7FH 
03A4 17 1917 DB 77H 9JD4 3E 1072 DB 3EH 
03A5 2F 1918 DB 2FH 9JDS 51) 1973 DB SDH 
83A6 SF 1919 DB SFH 831)6 6B 1974 DB 6EH 
03A7 3F 1029 DB 3FH 8JD7 77 1075 00 77H 

1021 0JD8 7F 1076 1)8 7FH 
83A8 49 1922 DB 4911 ;$ 1077 
03A9 J6 1023 DB 36H 0JD9 7F 1978 DB 7Ft{ i? 
93AA 7F 1024 DB ?HI 930A 51' 1979 DB 5FH 
93AB 36 1025 DB 36H 9D 3F 1888 DB 3FH 
!IE 7F 1026 DB 7FH 8JDC 7A 1881 DB 7fii 
93AD 36 1027 DB 36H 8300 37 1882 DB 37H 
83AE 49 1928 DB 4911 93DE 4F 1883 DB 4F1: 

1929 83Df IF 1884 DB 7FH 
83AF 4F 1930 DB 4FH ;9 1885 
93E9 37 1931 DB 37H 1886 00 
9381 7F 1932 DB lFH 
8382 36 1833 DB 36H 
9383 ID 11334 DB 7DH 
9384 3B 1835 DB 3BH 
83115 47 1036 DB 47H 

1037 
8386 7F 1838 DB 7fH 
0387 7F 1939 DB 7FH ,; : 
8388 IT 1049 DB 7Ftt 
9389 63 1041 DB 6BH 
93BR 7F 1942 DB 7FH 
8388 7F 194:> DB 7F1I 
03BC 7F 1044 DB 7FH 

1045 
83ED 7F 1046 00 7FH ; ~ 

83BE 7F 1047 DB 7H: 
93BF 7E 1048 DB lEH 
03C8 69 1949 DB 6911 
93C1 7F 1958 DB 7FH 
83C2 7F 1951 00 7Ft{ 
83C3 7F 1052 DB 7FH 

1953 
83C4 7F 11154 DB 7FH .;( 

83C5 77 1955 DB 77H 
93C6 6B 1956 DB 6IlH 
93C7 51) 1857 DB SOH 
93C$ 3E 1958 DB ~H 

83C9 7F 1859 DB 7FH 
83CA 71' 1968 l>B lFH 

1961 
9D 6B 1962 DB 6BH ,-
83CC 7F 1963 DB 7FH 
83CD 6B 1964 DB 6BH 
93CE 7F 1965 DB 7FH 
93CF 6B 1966 DB 6BH 
93D8 7F 1967 DB 7FH 
9JD1 6B 1868 DB 6BH 

All mnemonica copyrighted @) Intel Corporation 1976. 
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INTRODUCI10N 

This Application Note discusses how the new Intel family 
of S volt EPROMs and ROMs can be used with micro­
processor systems. The pinout evolution and philosophy 
are explored in detail, which leads directly to system archi­
tecture. Particular emphasis will be placed on the pitfaIls 
of bus contention and the microprocessor/memory inter­
face. Finally, an actual printed circuit board layout is 
presented. 

PINOUT EVOLUTION 

As EPROM/ROM technology has evolved, there are 
often periods of confusion over EPROM and ROM pin­
outs, as ROM density usually leads EPROM density by a 
factor of two, but ultimately users want any given EPROM 
to have a ROM compatible part. As we have seen, after the 
2716 16K EPROM was introduced, a new ROM pinout 
emerged and "triumphed" over an earlier "standard." 
The reason this ROM pinout change occurred is that as 
codes stabilize in user's systems and equipment, many 
users opt for the less expensive ROMs, which are mask 
programmable devices. At the same time, users often use 
the highest available density ROM so they combine 
modular firmware and minimize device count. Of course, 
many users never do go to the ROM stage with their equip­
ment, preferring to minimize inventory levels and utilize 
standard designs that can be customized for final equip­
ment configurations, but they always want the capability 
to do so if desired. 

In addition, over the past few years, the development of 
microprocessors has been intimately entwined with both 
ROMs and EPROMS. 

The 1702A and its ROM counterpart, the 1302, were com­
pletely adequate to support the requirements of the 4004 
series of microprocessors. In order to support the S volt, 
3MHz 808SA and SMHz 8086, it is desirable to use a com­
patible device such as the IntelS volt 2716, whose 4S0ns ac­
cess time is compatible with the microprocessor re­
quirements. Some high performance versions of these pro­
cessors may require selected versions of the 2716 (such as 
the 2716-1 with tACC= 3SOns, or the 2716-2 with 
tACC= 39Ons) depending on the actual system configura­
tion. 

Summarizing these events since the introduction of the In­
tel 1702A, which was the first EPROM, we can postulate 
the following hypothesis: at any point in time, the present 
EPROM determines the pinout for the next generation 
ROM. And, if the subsequent larger density EPROM is 
not ROM compatible, the ROM will change. Also, it can 
be seen that ROMs and EPROMs must evolve along with 
microprocessor developments-so memory performance 
does not limit system performance. 

The devices which are discussed in this Application Note 
represent an extension of the S volt compatible family to 
32K bit and 64K bit densities, while improving perfor­
mance as discussed above. It also follows that the pinout 
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for the 32K devices must be derived from the 2716 in order 
to maintain socket compatibility. This 16K to 32K pinout 
evolution is shown in Figure I. 

Figure 1. 16K EPROM Determines 
32K ROM Pinout 

SYSTEM ARCHITECfURE 

As higher performance microprocessors have become 
available, the architecture of microprocessor systems has 
been evolving, again placing demands on memory. For 
many years, system designers have been plagued with the 
problem of bus contention when connecting mUltiple 
memories to a common data bus. There have been various 
schemes for avoiding the problem, but device manufac­
turers have been unable to design internal circuits that 
would guarantee that one memory device would be "off" 
the bus before another device was selected. With small 
memories (SI2x8 and '1 Kx8), it has been traditional to con­
nect all the system address lines together and utilize the dif­
ference between tACC and teo to perform a decode to 
select the correct device (as shown in Figure 2). 

..... ssr __ ---, ,---- r-----, ,----- r----

DAT. 

Figure 2. Single Control Line Architecture 



_______ w __ .... ~ ~ ........... Illl"lu ... nJ~essors, out tne 11080 
processor required that the corresponding numbers be 
reduced to tACC = 4SOns and teo = I2Ons. This allowed a 
substantial improvement in performance over the 4004 
series of microprocessors, but placed a substantial burden 
on the memory. The 2708 was developed to be compatible 
with the 8080 both in access time and power supply re­
quirements. A portion of each 8080 machine cycle time 
had to be devoted to the architecture of the system 
decoding scheme used. This devoted portion of the 
machine cycle included the time required for the system 
controller (8224) to perform its function before the actual 
decode process could begin. 

Let's pause here and examine the actual decode scheme 
that was used so we can understand how the control func­
tions that a memory device requires are related to system 
architecture. 

The 2708 can be used to illustrate the problem of having a 
single control line. The 2708 has only one read control 
function, chip select (CS), which is very fast (teo = 12Ons) 
with respect to the overall access time (tACC = 4SOns) of 
the 2708. It is this time difference (33Ons) that is used to 
perform the decode function, as illustrated in Figure 3. 
The scheme works well and does not limit system perfor­
mance, but it does lead to the possibility of bus contention. 

BUS CONTENTION 

There are actually two problems with the scheme described 
in the previous section. First, if one device in a multiple 
memory system has a relatively long deselect time, and a 
relatively fast decoder is used, it would be possible to have 
another device selected at the same time. If the two devices 
thus selected were reading opposite data; that is, device 
number one reading a HIGH and device number two 
reading a LOW, the output transistors of the two memory 
devices would effectively produce a short circuit, as Figure 
4 illustrates. In this case, the current path is from V cc on 
device number one to GND on device number two. This 
current is limited only by the "on" impedance of the MOS 
output transistors and can reach levels in excess of 200mA 
per device. If the MOS transistors have a lot of "extra" 
margin, the current is usually not destructive; however, an 
instantaneous load of 400mA can produce "glitches" on 
the V CC supply - glitches large enough to cause standard 
TTL devices to drop bits or otherwise malfunction, thus 
causing incorrect address decode or generation. 

The second problem with a single control line scheme is 
more subtle. As previously mentioned, there is only one 
control function available on the 2708 and any decoding 
scheme must use it out of necessity. In addition, any in­
advertent changes in the state of the high order address 
lines that are inputs to the decoder will cause a change in 
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Figure 3. Single Line Control Architecture 
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Figure 4. Results of Improper Timing when OR Tying 
Multiple Memories 

the device that is selected. The result is the same as before 
- bus contention, only from a different source. The 
deselected device cannot get "off" the bus before the 
selected one is "on" the bus as the addresses rapidly 
change state. One approach to solving this problem would 
be to design (and specify as a maximum) devices with tOF 
time less than teo time, thereby assuring that if one device 
is selected while another is simultaneously being 
deselected, there would be some small (20m) margin. Even 
with this solution, the user would not be protected from 
devices which have very fast teo times (teo is specified as a 
maximum). 

The only sure solution appears to be the use of an external 
bus driver/transceiver that has an independent enable 
function. Then that function, not the "device selecting 
function," or addresses, could control the flow of data 
"on" and "off" the bus, and any contention problems 
would be conrmed to a particular card or area of a large 
card. In fact, many systems are implemented that way -
the use of bus drivers is not at all uncommon in large 
systems where the drive requirements of long, highly 
capacitive interconnecting lines must be taken into con­
sideration - it also may be the reason why more system 
designers were not aware of the bus contention problem 



until they took a previously large (multicard) system and, 
using an advanced microprocessor and higher density 
memory devices, combined them all on one card, thereby 
eliminating the requirement for the bus drivers, but ex­
periencing the problem of bus contention as described 
above. 

THE MICROPROCESSORIMEMORY 
INTERFACE 

From the foregoing discussion, it becomes clear that some 
new concepts, both with regard to architecture and perfor­
mance are required. A new generation of two control line 
EPROM devices is called for with general requirements as 
listed below: 

1. Complete ROM pin and function compatibility. 

2. A power control function that allows the device to 
enter a low-power standby mode when deselected. This 
function can be used as the primary device selecting func­
tion, independent of the output control. 

3. Capability to control the data "on" and "off" the 
system bus, independent of the device selecting function 
identified above. 

4. Access time compatible with the high performance 
microprocessors that are currently available. 

Now let's examine the system architecture that is required 
to implement the two line control and prevent bus conten­
tion. This is shown in the form of a timing diagram (Figure 
5). As before, addresses are used to generate the unique 
device selecting function, but a separate and independent 
Output Enable (OE) control is now used to gate data "on" 
and "off" the system data bus. With this scheme, bus con­
tention is completely eliminated as the processor deter­
mines the time during which data must be present on the 
bus and then releases the bus by way of the Output Enable 
line, thus freeing the bus for use by other devices, either 
memories or peripheral devices. This type of architecture 
can be easily accomplished if the memory devices have two 
control functions, and the system is implemented accor­
ding to the block diagram shown in Figure 6. It differs 
from the previous block diagram (shown in Figure 2) in 
that the control bus, which is connected to all memory 
Output Enable pins, provides separate and independent 
control over the data bus. In this way, the microprocessor 
is always in control of the system; while in the previous 
system, the microprocessor passed control to the particular 
memory device and then waited for data to become 
available. Another way to look at it is, with a single control 
line the system is always asynchronous with respect to 
microprocessor/memory communications. By using two 
control lines, the memory is synchronized to the processor. 
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Figure 6. Two Control Line Architecture 

TERMINOLOGY 

Some of the terminology applied to the functions of the 
Intel 5 volt compatible family may be confusing or un­
familiar to many EPROM/ROM users, so the various 
terms are defined here. Actually, the nomenclature was 
developed by various standards groups and is reiterated 
here to avoid confusion as we begin a detailed discussion 
of the devices themselves. 

First of all, Chip Enable (CE) must be defined, as it is the 
primary device selection pin. By agreed standards, that 
function which substantially affects power dissipation is 
called CEo Any memory device that has a CE function has 
both an active and standby power level associated with it. 

Output Enable (OE) is the signal that controls the output. 
The fundamental purpose of OE is to provide a completely 
separate means of controlling the output buffer of the 
memory device, thereby eliminating bus contention. 

Chip Select (CS) is a signal that gets logically ANDed with 
addresses. In a completely static device, CS must remain 
stable throughout the entire device cycle, and its function 
is equivalent to Output Enable (OE). 



THE NEW INTEL FAMILY 

Figure 7 shows the new Intel 5 volt compatible family of 
EPROMs and ROMs. In order to take advantage of the 
modular compatibility offered by the family, the func­
tional compatibility of device pins IS, 19 and 21 must be 
understood. (Shaded area in Figure 7.) 

First, we must examine the compatibility of the two oldest 
EPROM members of the 5 volt family - the SK (2758) and 
the 16K (2716). 

Pin 21 (Vpp) is normally connected to Vee for read only 
applications of both devices, and pin 19 is either at GND 
(Vld for the SK 2758 or connected to AIO for the 16K 
2716. Further details on either of these devices can be 
found in Section 9 of the 1977 Edition of the Intel Memory 
Design Handbook, or Section 4 of the 1975 Intel Data 
Catalog. 

The 32K (4Kx8) devices, which have identical pinouts for 
both the ROM and EPROM, will now be discussed. Pin 18 
is CEo Pin 19 is AIO, while pin 20 is 00. As was pointed out 
before, Output Enable is the function which allows in­
dependent control of the data "on" and "off" the output 
bus. As Figure 7 indicates, Vpp (the programming voltage 
for the 2732 EPROM) is now multiplexed with OE on pin 
20. Pin 21 becomes All, which is the additional address bit 
that is required as the density increases from 16K to 32K. 

Pin 21 is the only pin that requires any special considera­
tion when designing a system to accept the SK, the 16K, or 
the 32K device. With the 8K and the 16K devices, pin 21 
must be connected to Vee, while with the 32K and higher 
density devices, it must be connected to All. This is easily 
accomplished by making sure the printed circuit trace links 
all pin 21's together as though they were an address line 
and allowing for a jumper that will connect pin 21 to either 
Vee or All at the edge of the array (this technique can be 
seen in the "Printed Circuit Board Design" section and in 
Figure 8). Connecting the pin 21's together in this manner 
is acceptable as the read current requirement for V pp is 
4mA maximum per device - low enough to be handled by 
a signal trace, but too high for an address driver to provide 
directly. 

The highest density member of the family is a 64K ROM 
which is also shown in Figure 7. In order to maintain total 
compatibility it is packaged in a standard 2S-pin package. 

It may seem as though the 28 pin package is not compatible 
with the rest of the family, but referring again to Figure 7, 
note that the lower 24 pins are identical to the 24 pin 8K, 
16K and 32K devices. To allow for total compatibility 
within the family: printed circuit boards must be laid out 
to accommodate 28 pin sites; a jumper must be included to 
accommodate pin 21 as shown in Figure S, and when using 
64K devices, CS2 (Pin 26) must be mask coded active high. 
This compatibility can also be seen graphically in Figures 9 
and 10. The upper portion of the figure shows how 24 pin 
devices are used in the 28 pin sites. The two control lines 
(CE and OE) remain unchanged as discussed earlier, and Al2, 
the next address bit required for a 64K bit device, is 
connected to pin 2 of the 2S pin site. The lower portion of 
the figure illustrates the use of 28 pin devices. Address bit 
Al2 is already connected to the right pin, and the chip 
selects (CSI and CS2) are connected to the Vee power 
distribution grid. This configuration would require that 
both CSI and CS2 be coded active high. 

;-------zi1 
l : 

An -----1"'--.. 
L-~-+ __ ~~~~~~+-~. 

32K Bit Density and Higher 

"'11--<> . 
Vee 

,---{ 
c 

BK and 16K Density Devices 

:-------.1 
1 : 

Figure 8. Pin 21 Connections for Various Density Devices 

Figure 7. 5 Volt EPROM/ROM Compatible Family 
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OR 32K 
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I - I I -
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24 Pin Devices and 28 Pin Sites 
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Vcc _ 
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_A12 CSt _ A12 CS,_ _ A12 CS, _ - - / - ~ / - -- CS 2 - - CS 2 - - CS 2 ... 
(Vee )- (Vee) (Vee) - m - m - m - m - m - m -28 PIN m -28PIN m -28 PIN m 
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28 Pin Devices and 28 Pin Sites Figure 9. 
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CSI; CS2 should be coded active high in order to preserve 
total compatibility. 

To summarize, the selection of a 28 pin package for 64K 
devices has several benefits of importance to present and 
future system designs: 

I. Two line control philosophy (separate CE and OE 
functions) is preserved at the 64K bit level. 
2. 64K EPROM compatibility is allowed for by maintain­
ing a pin for the Vpp function. 
3. The next generation (I28K bit ROM) must be in a 28 
pin package. 

If CS2 (pin 26) is mask coded to be active high and con­
nected to Vee, and the jumper provision for pin 21 is in­
cluded on the card as described above, any member of the 
family can be plugged into the same socket - I K, 2K, 4K 
or 8K bytes - without any card modification or redesign. 
In addition, future devices of higher density will fit in the 
same pinout. 

PRINTED CIRCUIT BOARD DESIGN 

The Icc waveform for the 2332 and the 2364 is shown in 
Figure 10. The supply current, Icc, has three segments that 
are of concern to the system designer - the standby level, 
active level and the transient peaks that are produced on 
the rising and falling edges of Chip Enable. The transient 
currents must be suppressed by properly selected decoupl­
ing capacitors. High quality, high frequency ceramic 
capacitors of small physical size with low inherent induc­
tance should be used. In addition, bulk decoupling must be 
provided, usually near where the power supply is con­
nected to the array. The purpose of the bulk decoupling is 
to overcome the voltage droop caused by the inductive ef­
fects of the PC board traces. Electrolytic or tantalum 
capacitors are suitable for bulk decoupling. The following 
capacitance values and locations are recommended for the 
2332 and 2364: 

I. A O.I/LF ceramic capacitor between Vee and GND at 
every other device. 

2. A 4.7/LF electrolytic capacitor between Vee and GND 
for each eight devices. 

A printed circuit board layout for a total array of 16 
devices is shown in Figure II. This printed circuit layout 
incorporates a power supply distribution system such that 
the power supply and ground traces on the PC board are 
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ing capacitors. Provisions are included for all address in­
puts, output enable inputs, data outputs and decoded chip 
enable inputs. The O.I/LF capacitors referred to above are 
included for every other device (indicated by the legend 
C2) while the bulk decoupling capacitor is shown at the up­
per left-hand corner (indicated by the legend CI). The 
layout consists of four rows of four 28-pin device sites each 
and embodies all of the concepts explained above. Note 
that pins 28, 27 and 26 are all connected to Vee. This re­
quires that when ordering mask programmed 2364 64K 
ROMs, the order must specify that CSI and CS2 be coded 
active HIGH. The single jumper provision discussed in the 
previous section is also included at the upper lefthand cor­
ner of the array (indicated by A, B, and C). Pad B is con­
nected to pin 21 of all devices in the array; pad A should be 
connected to the A II address driver and pad C is connected 
to Vee. For use with 32K bit or larger devices, a jumper 
must be installed between pads A and B; for use with the 
2716 (16K) or the 2758 (8K), the jumper must be installed 
between pads Band C. 

A full size (2x) artwork film is included on the last page of 
this Application Note. The entire array, or segments of it 
can be photographed and used directly as part of a system 
board. 

Icc 
(mA) 

60 
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20 

o 

I I I 
t ~ 100ns/DIV 
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Figure 10. Typical Icc Current vs Time 
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INTRODUCTION 

The following brief note is Intended to answer the 
simpler questions on crystal specifications and their 
operation with the various Intel components. First, a 
theoretical explanation of the crystal is given to aid the 
user in understanding crystal operation. This includes a 
discussion of the parameters necessary for proper 
specification to the vendor. Following this section are 
explanations of the various crystal-capacitor configura­
tions seen in the Intel User's Manuals and data sheets; 
why they are suggested for proper crystal operation and 
what might happen If they weren't there. 

The final section of this note provides a list of sug­
gested crystal specifications, suppliers, and part 
numbers for the highest frequency crystals possible for 
the various Intel components that require them. In no 
way does this list represent the only crystals or sup­
pliers available. This section Is conveniently preceded 
by a discussion of problem areas that may result if a 
user Is using the wrong crystal required for the compo­
nent. 

CRYSTAL OPERATION - BRIEF THEORETICAL 
EXPLANATION 

Understanding Crystal Oparatlon 

Crystals are piezoelectric devices which transform 
voltage energy to mechanical vibrations and voltage 
oscillations. The frequency of the crystal is largely 
dependent on its thickness, with thinner crystals pro­
ducing a higher frequency. 

Crystals are generally specified as being series or 
parallel resonant, but all crystals are in actuality both. 
Vendors supply crystals as series or parallel resonant 
based on the desired frequency and the crystal's rela­
tive ability to generate the frequency in that mode. On a 
conceptual basis, when using a crystal as series reso­
nant, its output is in phase with its input, whereas using 
the crystal as parallel resonant will result in a phase 
shift from its input to output. 

Different LSI components prefer different crystals due 
to the nature of their internal oscillator design. In 
general, Intel bipolar components have a non-inverting, 
bidirectional drive oscillator, whereas NMOS com­
ponents use an inverting oscillator. Non-inverting oscil­
lators prefer series resonant crystals (as the series reso­
nant crystal has 0 degree net phase shift), while Invert­
ing oscillators prefer crystals which are parallel reso­
nant. Since a crystal has both a series and parallel 
operating frequency, many times any crystal will seem 
to work when connected to a component. 

When giving the specifications to a crystal vendor for a 
crystal, it Is helpful to understand its equivalent circuit 
as shown in Figure 1. The Impedance of this circuit 
(neglecting R to simplify matters for conceptual pur­
poses) can be calculated and plotted against frequency 
(Figure 2). This frequency-impedance plot illustrates the 
two different operating modes of crystal. Ws (series 
resonance) occurs when the impedance (reactance) is 
zero and wp (parallel resonance) occurs when the im­
pedance goes to infinity and appears inductive. 

13-3 

I I I 

L ~ R 
r----' " 

~. 

( 
SHUNT CAPACITY DUE TO 
WIRE LEADS AND HOLDER 

Flgu .. 1 

INHERENT IN CRYSTAL 

Z C11SC+SI.)llSCt; -Koil-w,1t WHERE w, • 1tJ1:C 
so tilt + SL + 11SCS· wCJ.oiI--WpI) Wp • 1~ 

INDUCTIVE 

... 

WHERE CUp - W. IS VERY SMALL - 320-310 ppm APPROX. 

F ...... Z 

When operating at series resonance (wsl the equivalent 
circuit of the crystal becomes a simple resistor Rs 
(Figure 3; remember, R was neglected In the Impedance 
calculation). This Rs value must be specified to the 
crystal vendor when buying a crystal. 

This parameter becomes a problem with lower fre­
quency or overtone crystals (thicker, more reSistance) 
and a buffer that doesn't have sufficient gain to drive 
those crystals (I.e., loop gain becomes less than 1). 
Overtone crystals also have Rs problems as their Rs is 
associated with the fundamental frequency of the 
crystal, not the 3rd harmonic or overtone. The 8224 is 
particularly sensitive to Rs with 27 MHz overtone ap­
plications. 

R. 
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Conversely, if operating at wp (parallel resonance), the 
crystal appears inductive in the circuit (Figure 4). Since 
the crystal appears inductive, any changes in reactance 
that the crystal sees will have the effect of pulling the 
frequency of the crystal. As a result of this, the amount 
of load capacitance seen by the crystal in the circuit 
configuration becomes important. This load capaci· 
tance, CL, is the dynamic capacity of the total circuit 
measured across the terminals of the crystal. The 
amount of this capacitance should always be specified 
to the crystal vendor if the crystal will be operating at 
parallel resonance. 

----------~~------~II~------------
CL (NOT c.) 

Figure 4 

CIRCUIT CONFIGURATIONS FROM VARIOUS 
MANUALS/EXPLANATIONS 

Series 10 pF CapaCitor Included (Figure 5) 

This additional capaCitor is recommended at times to 
debias the crystal. Due to the component's internal cir­
cuit, a small DC bias may exist across the crystal which 
would strain the crystalline structure. It is also provided 
for trimming the frequency of the crystal to compensate 
for the loading effects of the component. 

" l 
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Figure 5 

Parallel 20 pF CapaCitors to Ground (Figure 6) 

Crystals can oscillate at several different frequencies, 
each emanating from a different direction of vibration in 
the crystal. For a crystal to oscillate during startup in its 
fundamental frequency, it is best for the crystal to see 
the slew rate (Figure 7) of the pulse provided from the 
oscillator to be as close to the operating frequency as 
possible. 

These 20 pF capaCitors act as a high frequency filter to 
create a slew rate closer to the fundamental frequency 
of the crystal. As can be guessed, lower frequency 
crystals are more susceptible to the problem of not 
starting up in the fundamental frequency. 

CapaCitors are placed on both sides of the crystal as 
some components have bidirectional drive buffers (i.e., 
112 of cycle drive from one side, other half from opposite 
side). A crystal that needs these extra 20 pFs to ground 
will be characterized by starting up at a 3rd or 5th har­
monic instead of the fundamental frequency. The CL 
specifications in the specification section takes into 
consideration these extra 20 pF capacitors required for 
some Intel components for proper operation. 

" I II 
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Figure 7 

Tank Circuit 

On some Intel components, provision is made for a tank 
circuit. This is for the use of an overtone crystal; Le., one 
that is working at a harmonic (generally its 3rd). The tank 
Circuitry is a filter to bypass the lower and higher, un­
wanted frequencies to ground while appearing "open" 
to the desired frequency. It is necessary to use tank cir­
cuits and overtone crystals when in the 25+ MHz range 
and above. Fundamental crystals are difficult to make In 
this frequency range as the crystal must be thinner for 
higher frequencies. 

A circuit that has been used for the 8224 In 27 MHz over­
tone crystal applications is shown In Figure 8. 

This filter can be approximated through formulas where 
afterwards it will be necessary to tweak the component 
values for optimization. The formula used to get the 
original component values Is: 

1 
f = ---y-'-- where f = overtone frequency 

2" L,C, 

8224 

XTAL1j-"::...5 -----, 
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,. _--r 
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Figure I 
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Precise Timing Applications 

For applications where precise timing is required, using 
an external drive could produce better results. The ac­
curacy of the component clock over temperature will be 
as accurate as the external drive. It is difficult to guar­
antee the temperature stability of the output frequency 
of the Intel component as fabrication process param­
eters vary, causing large ranges of input impedance and 
hence a large range of loading for the crystal. 

WHAT IF I USE A CRYSTAL OTHER THAN 
SPECIFIED? 

Series vs. Parallel 

As discussed in the theoretical section, all crystals have 
a series and parallel operating mode. Placing a series 
crystal on a device requiring a parallel (I.e., there Is an in­
verting oscillator between the two inputs) will force the 
crystal to oscillate in Its parallel mode (and vice versa). A 
system with the wrong crystal will exhibit its clock fre­
quency shifted a small percentage (about 320 to 350 
parts per million) from the specified crystal frequency. 
When using the wrong crystal, any attempts to trim the 
frequency to its specified value by using small parallel 
(series If series crystal) variable capacitors will cause 
the crystal to stop oscillating, as predicted by theory. If 
the correct crystal Is being used, trimming can be done. 

In applications where accuracy is not Important, series 
crystals are sometimes substituted for parallel in the 
circuit. For Instance, the 8048 has been characterized to 
be compatible with the series color burst TV crystal 

(3.579545 MHz). If this crystal Is used, a small frequency 
shift will occur, as noted above. 

Insufficient Drive Level 

The drive level specified is the maximum amount of 
power that is expected for the crystal to dissipate. If the 
crystal can't handle this level, frequency drift may occur 
or possible fracture of the crystal. In other words, if the 
crystal used cannot handle the oscillator drive level, 
long term reliability problems may occur. 

Rs Too High 

The higher Rs is, the higher the drive capability of the 
oscillator has to be to get the crystal to oscillate. Too 
much Rs may result In the oscillator not being able to 
drive the crystal; i.e., the loop gain is less than one. 
Overtone applications are particularly sensitive to this 
as thicker crystals are used (lower fundamental fre­
quency, more resistance). 

SPECIFICATIONS 

Intel Component Crystal Requirements 

The following is a list of suggested specifications for 
crystals to be used with Intel components. In most in­
stances the upper frequency limit is given, with excep­
tions being footnoted. 

Component Process Component Crystal Fundamental Upper Limit 
(Function) DIYlde By Type Overtone Frequency 

1. 4201A (Clock Generator) CMOS - Series f 5.185 MHz 

2. 8035148149,8748 NMOS 15 Parallel f 6.0 MHz 
(8-Blt CPU) 

3. 874818035-8 (8-Blt CPU) NMOS 15 Parallel f 3.6 MHz 

4. 804118741 (Universal NMOS 15 Parallel f 6.0 MHz 
Peripheral Interface) 

5. 8085A (8-Blt CPU) NMOS 2 Parallel f 6.25 MHzl6.144 MHz(l) 

6. 8085A-2 (8-Bit CPU) NMOS 2 Parallel f 10.0 MHz 

7. 8202 (Dynamic RAM Controller) Bipolar - Series f 25 MHz 

8. 8224 (8080A Clock Generator) Bipolar - Series flo 27 MHzl18.432 MHz(2) 

9. 8284 (8086 Clock Generator) Bipolar 3 Series f 24 MHzl15 MHz(3) 

Additional suggested specifications: 

Frequency Tolerance: ± 0.005% (up to the user) 
CL (Load Capacitance): = 20-35 pF (not necessary when specifying series) 
Rs (Equivalent Series Resistance): <75 ohms 
Cs (Shunt Capacitance): <7 pF 
Drive Level: <10 MHz crystal 10 milliwatts 

>10 MHz crystal 5 milliwatts 

Nota: 1. 6.144 MHz is commonly used as convenient baud rates can be generated lrom this lrequency. 
2. "Z1 MHz Is max. 18.432 Is common crystal used which gives maximum clock rate lor 808OA. Fundamental crystal should be used lor the 

18.432 MHz application. 

3. Used lor either a 8 or 5 MHz output clock, respectively. 
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Holder specifications are up to the user. A standard 
popular one that provides ample lead length Is HC·33/U 
(0.750"W x 0.765"H, 1.5" lead length with spacing of 
0.486") and can be used for frequencies up to 4 MHz. 
After 4 MHz a smaller holder can be used such as HC· 
18/U (0.435"W x 0.530"H, 1.5" lead length with spacing 
of 0.192"). All crystals listed In the following table will fit 
in the HC·33/U holder. Other standard holders are 
available. 

Suggested Suppliers, Part Numbers 

The following are two vendors (which are among many) 
that supply crystals to the specifications given earlier 
and their part numbers (given in order of frequency). The 
user should make sure that the holder type associated 
with these part numbers Is acceptable In their applica· 
tion. 

f Parallell Crystek(l) CTS Knight, 
Series Corp. Inc. 

3.6 MHz P .. .. 
5.185 MHz S CY8A .. 
6.0 MHz P .. MP060 
6.144 MHz P .. MP061 
6.25 MHz P .. MP062 
10.0 MHz P .. MP10A 
15.0 MHz S CY15A MP150 
18.432 S CY19B· MP184· 
24.0 MHz S .. MP240 
25.0 MHz S .. MP250 
27.0 MHz S (overtone) CY27A MP270 

'Inlel also supplies a cryslal numbered 8801 for Ihls application . 
• 'Conlacl vendor wllh Ihe approprlale specifications. 

Nol •• : 1. Address: l000Cryslal Orlve, Fort Meyers, Florida 33901 

2. Address: 400 Reimann Ave., Sandwich, Illinois 

(2) 
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The user is not limited to these vendors or frequencies. 
The frequency chosen by the user should take Into con· 
sideratlon convertibility to desired baud rates and the 
system timings that must be met. 

In summary, to obtain a crystal for the user's applica· 
tlon, It Is necessary to give the crystal vendor the follow· 
ing information: 

Series or parallel 
Fundamental or overtone 
Rs (series), Cs (shunt) 
CL If parallel 
Drive Level 
Frequency tolerance 
Holder type 

For a select few crystals, vendor numbers were given for 
two different vendors. With the above Information, most 
vendors can make the desired crystal whether or not 
they have It as a standard part. 


