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Assistant Prof. Pichai Kusiriwannich

Academic year 1999

Abstract

Microcontroller technology has been dramatically developed especially in the
family of MCS-51 which, at present, are extensively utilized in number of industries
and others.

The Robot Bug Project is motivated through various applications of the
microcontroller 89C2051 under the family MCS-51. In this project, 89C2051 is
programmed to control the functions of the robot. There is a sensor to detect light
beam from the source. The robot will then move toward along the light source. The
robot can automatically track the light source without stumbling. Through the

coordination work of programmed hardware and software.
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8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
robot64.asm

1 ;¥¥kxxk*x USER RAM * k% kkkx
0000 2 ORG 00H
0000 3 DS 8
0008 4 SYSSTK: DS 30
0026 5 ST_M: DS 1
0027 6 R_TURN: DS 1.
0028 7 L_TURN: DS 1
0029 8 BR_TURN: DS 1
002A S BL_TURN: DS 1
002B 10 SHIFT: DS 1
002C 11 B_SHIFT: DS 5l
002D L V_REF': DS 1
002E 13 BV_REF: DS 1
002F 14 ST_SCAN: DS !
0030 15 OuT: DS 1
0031 16 EXIT: DS 2
0033 17 R_SPEED: DS 1
0034 p £ L_SPEED: DS i
0035 12 NUM1 : DS 1
0036 24U NUM2 : DS 1
0037 21 NUM3 : DS 1
0038 22 NUM4 : DS 1
0039 23 ST_NUM: DS g
003A 24 WALL: DS 1
003B 2P COUNT': DS e
003cC 26 COUNT1: DS 1
003D 27 FLOW: DS 1
003E 28 FLOW1: DS 1
O03F 29 RANGE: DS 1
0040 30 PASS: DS il
31

00BO= 32 INTR BIT P3.0
00B1= 33 oS BIT P3.1
00B3= 34 READ BIT P3.3
00B4= 35 INPUT BIT P3.4
00B5= 36 START BIT P3.5
00B7= 37 MOTOR BIT 3.7
00EO0= 38 CENTER BIT ACC.0
00El= 39 HEAD BIT ACC.1
O0E4= 40 CH1 BIT ACC.4



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
robot64.asm

OOES5S= 41 CH2 BIT ACC.5
O0E6= 42 CH3 BIT ACC.6
00E7= 43 CH4 BIT ACC.7

44

45 ;kxkkdkx START PROGRAM **kkkk &k

46
0000 47 ORG 0000H

48
0000 011D 49 AJMP START_P

59
0003 51 ORG 0003H
0003 819D b2 AJMP INTEO

53
000B 54 ORG 000BH
000B 81A6 oy AJMP INTTO

56
001B B ORG 001BH
001B Al1l05 5d AJMP INET1

ige

60
001D 7800 61 START_P: MOV RO, #0
OO01lF D8FE 62 DJINZ RO, $
0021 |7=81p3 63 MOV SP, # (SYSSTK-1)
0024 7590FF 64 MOV P1, #0FFH
0027 75BO3F 65 MOV P3,#00111111B
002A 7400 66 MOV A, #0
002C F526 67 MOV ST_M,A
002E D2B7 68 SETB MOTOR
0030 C2ZRX 69 CLR MOTOR
0032 F52% 70 MOV BR_TURN, A
0034 F52A 71 MOV BL_TURN, A
0036 F52C 72 MOV B_SHIFT,A
0038 F533 Fa. MOV R_SPEED, A
003A F534 74 MOV L_SPEED, A
003C F52D 75 MOV V_REF,A
O03E F52E 76 MOV BV_REF,A
0040 F52F 77 MOV ST_SCAN, A
0042 F530 78 MOV ouT, A
0044 F531 79 MOV EXIT,A

0046 F535 80 MOV NUM1,A



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
robot64 .asm

0048 F536 81 MOV NUM2, A

004A F537 82 MOV NUM3, A

004C F538 83 MOV NUM4 , A

004E F53D 84 MOV FLOW, A

0050 F53E 85 MOV FLOW1,A

0052 7401 86 MOV A, #1

0054 F527 87 MOV R_TURN, A
0056 F528 88 MOV L_TURN, A
0058 F52B 89 MOV SHIFT,A
005A F540 90 MOV PASS,A

005C 758CCO 91 MOV THO, #256-64
O005F 758ACO0 92 MOV TLO, #256-64
0062 758D38 93 MOV TH1,#256-200
0065 758B38 94 MOV TL1,#256-200
0068 758922 95 MOV TMOD, #022H
006B D288 96 SETB TCON. 0

006D D2AS8 97 SETB IE.O

006F D2AS 98 SETB IE.1

0071 D2AB 99 SETB IE.3

0073 D2AF 100 SETB IE.7

0075 752C64 101 MOV B_SHIFT, #100
0078 519C 102 ACALL CARIB

007A ES52E 103 MOV A,BV_REF
007C 2414 104 ADD A, #20

007E F52D 105 MOV V_REF,A
0080 518F 106 ACALL SET_ADC

0082 753005 107 MOV OUT, #5

0085 753105 108 MOV EXIT, #5

0088 753300 109 MOV R_SPEED, #0
008B 753400 110 MOV L_SPEED, #0

111,

112 skkkkkkx GO TO LIGHT ***xkkkkkkkx
008E 7590FF 113 RUN: MOV P1,#0FFH
0091 C2B4 114 CLR INPUT
0093 E590 115 MOV A,P1
0095 D2B4 116 SETB INPUT
0097 30Ellé6 117 JNB HEAD,R_1
009A E540 118 MOV A, PASS
009C 7012 11.9 JNZ R_1

009E 754001 120 MOV PASS, #1



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
robot64 .asm

00A1 C28E 121 CLR TCON. 6
O0A3 753F64 122 MOV RANGE, #100
00A6 E53D 123 MOV A, FLOW
00A8 7004 124 JNZ $+6

O00AA 053D 125 INC FLOW
00AC 01BO 126 AJMP R_1

O0AE 153D 127 DEC FLOW
00BO E53D 128 R.17% MOV A, FLOW
00B2 7010 129 JNZ R_2

00B4 852690 130 MOV P1,ST_M
00B7 C294 g CLR Pl.4
00B9 859026 132 MOV ST_M, P1
00BC D2B7 133 SETB MOTOR
00BE C2B7 134 CLR MOTOR
00CO0 714E 135 ACALL SHIFT_L
00C2 01D2 136 AJMP R 3

00C4 852690 337 R\ 2 ¥ MOV P1,ST_M
00C7 @g2p5 138 CLR Pay 5
00C9 859026 139 MOV ST_M, P1
00CC D2B7 140 SETB MOTOR
00CE C2B7 141 CLR MOTOR
00DO 710B 142 ACALL SHIFT_R
00D2) 1154, 143 RT3 3 ACALL F_RIGHT
00D4 71D4 144 ACALL F_LEFT
00D6 5162 145 ACALL S_ROL
00D8 E539 146 MOV A, ST_NUM
O0DA 6002 147 JZ S+4

00DC 31CA 148 ACALL M_SIDE
OODE E530 149 MOV A,0UT
00EO0 7002 150 JNZ S+4

OOE2 21A4 151 AJMP E_RUN
O0E4 ES53D 4.52 MOV A, FLOW
O0OE6 B53ES5F 153 CINE A, FLOW1, RUN2
O0OES 7590FF 154 RUN1: MOV P1, #0FFH
O0OEC C2B4 155 CLR INPUT
OOEE E590 156 MOV A,P1
O0F0 D2B4 157 SETB INPUT
O0F2 30E014 158 JNB CENTER,R1_3
O0F5 E540 159 MOV A, PASS

O00F7 6010 160 JZ R1_3



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
robot64.asm

00F9 753C32 le1l MOV COUNT1, #50
O0FC 753F64 162 MOV RANGE, #100
O0FF 754000 163 MOV PASS, #0
0102 753105 164 MOV EXIT, #5
0105 1530 165 DEC ouT
0107 D28E 166 SETB TCON. 6
0109 20B082 167 R1_3: JB INTR, RUN
010C 51F7 168 ACALL CHK_IP
O10E C3 169 CLR &
010F B52D00 170 CJINE A,V_REF, $+3
0112 401E 171 Jc E_R1
0114 D5311B 172 DJINZ EXIT,E Rl
0117 C28E 173 CLR TCON. 6
0119 753005 174 MOV ouT, #5
011C ES53E =75 MOV A, FLOW1
011E 7014 176 JNZ R1_4
0120 74AA 177 MOV A, #100+70
0122 953F 178 SUBB A, RANGE
0124 F533 179 MOV R_SPEED, A
0126 7464 180 MOV A,#100
0128 9538 181 SUBB A, RANGE
012A F53F 182 MOV RANGE, A
012C 7446 3 MOV A,#70
012E '953F 184 SUBB A, RANGE
0130 F534 185 MOV L_SPEED,A
0132 O018E 186 E_R1: AJMP RUN
0134 74AA 187 R1_4: MOV A,#100+70
0136 933%F 188 SUBB A, RANGE
0138 F534 189 MOV L_SPEED,A
013A 7464 190 MOV A, #100
013C 953F 152 SUBB A, RANGE
013E F53F 192 MOV RANGE, A
0140 7446 193 MOV A, #70
0142 953F 194 SUBB A, RANGE
0144 F533 195 MOV R_SPEED, A
0146 018E 196 AJMP RUN

197
0148 7590FF 198 RUN2: MOV P1, #OFFH
014B C2B4 199 CLR INPUT

014D E590 200 MOV A,P1



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
robot64 . asm

014F D2B4 201 SETB INPUT
0151 30E035 202 JNB CENTER,R2_3
0154 853D3E 203 MOV FLOW1, FLOW
0157 308E2F 204 JNB TCON.6,R2_3
015A C28E 205 CLR TCON.6
015C 75310C5 206 MOV EXIT,#5
015F ES53E 207 MOV A, FLOW1
0161 6014 208 JZ R2_4
0163 74AA 209 MOV A,#100+70
0165 953F 210 SUBB A, RANGE
0167 F533 2’1 3s MOV R_SPEED, A
0169 7464 212 MOV A, #100
016B 953F 213 SUBB A, RANGE
016D F53F 214 MOV RANGE, A
01l6F 7446 =t MOV A, #70
0171 95378 216 SUBB A, RANGE
0173 F534 217 MOV L_SPEED, A
0175 2189 218 AJMP R2_3
0177 74AA wiles R2_4: MOV A,#100+70
0179 PB3& 220 SUBB A, RANGE
017B F534 221 MOV L_SPEED, A
017D 7464 VY Mov A,#100
017F 953F %3 SUBB A, RANGE
0181 WH3E 224 MOV RANGE, A
0183 7446 225 MOV A,#70
0185 953F 226 SUBB A, RANGE
0187 F533 227 MOV R_SPEED, A
0189 20B016 228 N2_BS JB INTR,E_R2
018C 51F7 228 ACALL CHK_IP
018E C3 230 CLR @
018F B52D00 51 CJINE A,V_REF, $+3
0192 400E 232 JcC E_R2
0194 D5310B 23% DJINZ EXIT,E_R2
0197 753005 234 MOV OUT, #5
0194 753C32 239 MOV COUNTZ1, #50
019D 753F64 236 MOV RANGE, #100
01A0 D28E 237 SETB TCON. 6
01A2 018E 238 E_R2: AJMP RUN

239

240



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
roboté64.asm

241 ;kkkkxxx RESTART *kkdkkkkkkhdkhkhsk
01A4 759000 242 E_RUN: MOV P1,#0
01A7 859026 243 MOV ST_M, P1
O1AA D2B7 244 SETB MOTOR
01AC C2B7 245 CLR MOTOR
O1AE 752900 246 MOV BR_TURN, #0
01B1 752A00 247 MOV BL_TURN, #0
01B4 752B01 248 MOV SHIFT, #01
01B7 752701 249 MOV R_TURN, #01
01BA 752801 250 MOV L_TURN, #01
01BD 753300 251 MOV R_SPEED, #0
01C0 753400 252 MOV L_SPEED, #0
01C3 753005 253 MOV OouT, #5
254
01Cé B122 255 ACALL DELAY2
01C8 018E 256 AJMP RUN
257
258 shkkkkk Ak khkk kK hhkh
01CA B40503 vl M_SIDE: CJNE A,#00000101B, $+6
01CD BiDE 260 ACALL 1 RIGHT
01CF 22 261 RET
01D0 B40103 262 CJINE A,#00000001B, $+6
01D3 j3pe X ACALL T_RIGHT
01D5 R 264 RET
01D6 B40402 265 CJINE A,#00000100B, $+5
01D9 %11E 266 ACALL T_LEFT
01DB 22 267 RET
268
269 ;hkkkxkk TURN RIGHT **kkxw
01DC 759000 270 T_RIGHT: MOV P1,#0
01DF 859026 271 MOV ST_M, P1
01E2 D2B7 272 SETB MOTOR
01E4 C2B7 273 CLR MOTOR
01E6 752BO1 274 MOV SHIFT, #01
01E9 E538 275 MOV A, ST_NUM
01EB 753300 276 MoV R_SPEED, #0
01EE 75343C 277 MOV L_SPEED, #60
01F1 7191 278 S ACALL F_RIGHT
01F3 71D4 279 ACALL F_LEFT

01F5 5162 280 ACALL S_ROL



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
robot64.asm

01F7 E539 281 MOV A, ST_NUM
01F9 30E1F5 282 JNB ACC+1,T R 1
01FC 759000 283 MOV P1,#0
01FF 859026 284 MOV ST _M,P1
0202 D2B7 285 SETB MOTOR
0204 C2B7 286 CLR MOTOR
0206 752900 287 MOV BR_TURN, #0
0209 752A00 288 MOV BL_TURN, #0
020C 752B01 289 MOV SHIFT, #01
020F 752701 290 MOV R_TURN, #01
0212 752801 291 MOV L_TURN, #01
0215 753300 292 MOV R_SPEED, #0
0218 753400 293 MOV L_SPEED, #0
021B 753005 294 MOV OUT, #5
021E 22 295 RET

296

Dlo7 ;kkxkkkk TURN LEFT ****x%%
021F 759000 298 T_LEFT: MOV P1,#0
0222 859026 299 MOV ST_M, P1
0225 D2B7 300 SETB MOTOR
0227 C2B7 301 CLR MOTOR
0229 752B01 302 MOV SHIFT, #01
022C E539 303 MOV A, ST_NUM
022E 75333C 304 MOV R_SPEED, #60
0231 753400 305 MOV L_SPEED, #0
0234 7191 306 T IL W ACALL F_RIGHT
0236 71D4 307 ACALL F_LEFT
0238 5162 308 ACALL S_ROL
023A E539 30¢ MOV A, ST_NUM
023C 30E3F5 310 JNB ACC.3,T_L_1
023F 759000 311 MOV P1,#0
0242 859026 32 MOV ST_M, P1
0245 D2B7 313 SETB MOTOR
0247 C2B7 314 CLR MOTOR
0249 752900 315 MOV BR_TURN, #0
024C 752A00 316 MOV BL_TURN, #0
024F 752B01 317 MOV SHIFT, #01
0252 752701 318 MOV R_TURN, #01
0255 752801 319 MOV L_TURN, #01

0258 753300 320 MOV R_SPEED, #0



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
robot64.asm

025B 753400 321 MOV L_SPEED, #0
025E 753005 322 MOV OuT, #5
0261 22 323 RET
324
325 ;¥¥*kkk*x START ROLER *% %%+
0262 E529 326 S_ROL: MOV A, BR_TURN
0264 6005 327 Jz S+7
0266 C3 328 CLR c
0267 B5270E 329 CJINE A,R_TURN, $+17
026A C3 330 CLR c
026B B53302 331 CINE A,R_SPEED, $+5
026E 4178 332 AJMP $+10
0270 5004 333 JNC $+6
0272 0529 334 INC BR_TURN
0274 4178 335 AJMP S+4
0276 1529 336 DEC BR_TURN
0278 E52A 337 MOV A, BL_TURN
027A 6005 338 Jz S+7
027C g3 3239 CLR e
027D B5280E 340 CJINE A,L_TURN, $+17
0280 C3 341 CLR c
0281 B53402 342 CJINE A,L_SPEED, $+5
0284 418E 343 AJMP $+10
0286 5004 344 JNC S+6
0288 052A 345 INC BL_TURN
028A 418E 346 AJMP S+4
028C 1§RA 347 DEC BL_TURN
028E 22 348 RET
349
350 ;Rkkkkkx START ADC **kkkkx
028F C2B1 351 SET_ADC: CLR CS
0291 C2B5 8B 2 CLR START
0293 00 353 NOP
0294 D2B5 354 SETB START
0296 D2B1 355 SETB CS
0298 752B01 356 MOV SHIFT, #1
029B 22 357 RET
358
359 ;Xkkkkkdk CARIB **xkkdkx

029C 714E 360 CARIB: ACALL SHIFT_L



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
robot64.asm

029E 7590FF 361 MOV P1,#0FFH
02A1 C2B4 362 CLR INPUT

02A3 E590 363 MOV A,P1

02A5 D2B4 364 SETB INPUT

02A7 30EOQF2 365 JNB CENTER, CARIB
02AA 518F 366 ACALL SET_ADC

02AC 714E 367 CARIBO: ACALL SHIFT_L

02AE 7590FF 368 MOV P1, #0FFH
02B1 C2B4 369 CLR INPUT

02B3 E590 370 MOV A,P1

02B5 D2B4 371 SETB INPUT

02B7 20E111 372 JB HEAD, CARIB1
02BA 20BOEF 373 JB INTR, CARIBO
02BD 51F7 374 ACALL CHK_IP

02BF C3 A75 CLR .

02C0 B52E02 376 CJINE A,BV_REF,N_CARIBO
02C3 41AC 377 AJMP CARIBO

02C5 40E5 378 N_CARIBO:JC CARIBO

02C7 F52E Sui MOV BV_REF,A
02C9 41AC 380 AJMP CARIBO

02CB 714E 381 CARIB1: ACALL SHIFT_L

02CD 7590FF 382 MOV P1, #0FFH
02D0 C2B4 383 CLR INPUT

02D2 E590 384 MOV A,P1

02D4 D2B4 385 SETB INPUT

02D6 20E011 386 JB CENTER, E_CARIB
02D9 20BOEF 387 JB INTR, CARIB1
02DC 51F7 388 ACALL CHK_IP

02DE C3 389 CLR G

02DF B52EQ2 390 CJINE A,BV_REF,N_CARIB1
02E2 41CB 391 AJMP CARIB1

02E4 40ES5 392 N_CARIB1 :JC CARIB1

02E6 F52E 393 MOV BV_REF, A
02E8 41CB 394 AJMP CARIB1

02EA 852690 395 E_CARIB: MOV P1,ST_M

02ED C295 396 CLR Pl.5

02EF 859026 397 MOV ST_M,P1

02F2 D2B7 398 SETB MOTOR

02F4 C2B7 399 CLR MOTOR

02F6 22 400 RET
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401
402 j¥x%xxxx* READ LIGHT INPUT **#*%x%
02F7 7590FF 403 CHK_IP: MOV P1, #0FFH
02FA (C2B1 404 CLR Cs
02FC C2B3 405 CLR READ
02FE 00 406 NOP
02FF E590 407 MOV A,P1
0301 D2B3 408 SETB READ
0303 C2B5 409 CLR START
0305 00 410 NOP
0306 D2B5 411 SETB START
0308 D2B1 412 SETB Cs
030A 22 413 RET
414
415 jRxxdxxx SHIFT MOTOR SENSOR ***%%%%
030B E526 416 SHIFT_R: MOV A,ST_M
030D 20E416 417 JB ACC.4,0FF_SR
0310 D52B12 418 DJNZ SHIFT, E_ON_SR
0313 E52C 419 MOV A,B_SHIFT
0315 600F 420 Jz OFF_SR
0317 F52B 421 MOV SHIFT, A
0319 852690 422 MOV P1,ST_M
031C D294 423 SETB Pl1.4
031E 859026 424 MOV ST_M, P1
0321 D2B7 425 SETB MOTOR
0323 C2B7 426 CLR MOTOR
0325 22 427 E_ON_SR: RET
428
0326 D52B24 429 OFF_SR: DJNZ SHIFT,E_OFF_SR
0329 7464 430 OFF_SRO: MOV A, #100
032B C3 431 CLR C
032C B52C0C 432 CJINE A,B_SHIFT,OFF_SR2
032F 752B01 433 OFF_SR1: MOV SHIFT, #1
0332 852690 434 MOV P1,ST_M
0335 C294 435 CLR P1.4
0337 859026 436 MOV ST_M, P1
033A 22 437 RET
033B 40F2 438 OFF_SR2: JC OFF_SR1
033D 952C 439 SUBB A,B_SHIFT

033F F52B 440 MOV SHIFT,A
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0341 852690 441 MOV P1,ST_M
0344 C294 442 CLR P1.4
0346 859026 443 MOV ST_M,P1
0349 D2B7 444 SETB MOTOR
034B C2B7 445 CLR MOTOR
034D 22 446 E_OFF_SR:RET
447
034E E526 448 SHIFT_L: MOV A,ST_M
0350 20E516 449 JB ACC.5,0FF_SL
0353 D52B12 450 DJINZ SHIFT, E_ON_SL
0356 E52C 451 MOV A,B_SHIFT
0358 600F 452 JZ OFF_SL
035A F52B 453 MOV SHIFT,A
035C 85260 454 MOV P1,ST_M
035F D295 455 SETB P1.5
0361 859026 456 MOV XM, P1
0364 D2B7 457 SETB MOTOR
0366 C2B7 458 CLR MOTOR
0368 22 459 E_ON_SL: RET
460
0369 D52B24 461 OFF_SL: DJNZ SHIFT,E_OFF_SL
036C 7464 462 OFF_SL0O: MOV A, #100
036E C3 463 CLR C
036F {H5280C 464 CJINE A,B_SHIFT,OFF_SL2
0372 752B01 465 OFF_SL1: MOV SHIFT, #1
0375 852690 466 MOV P1,ST_M
0378 C295 467 CLR P1.5
037A 859026 468 MOV ST_M, P1
037D 22 469 RET
037E 40F2 470 OFF_SL2: JC OFF_SL1
0380 952C 471 SUBB A,B_SHIFT
0382 F52B 472 MOV SHIFT,A
0384 852690 473 MOV P1,ST_M
Q387 €295 474 CLR P1.5
0389 859026 475 MOV ST_M,P1
038C D2B7 476 SETB MOTOR
038E C2B7 477 CLR MOTOR
0390 22 478 E_OFF_SL:RET

479



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
robot64 .asm

? 480 ;¥*%xkkxk CONTROL MOTOR (FORWORD) **
0391 E526 481 F_RIGHT: MOV A,ST_M
0393 20E016 482 JB ACC.0,OFF_FR
0396 D52712 483 DJINZ R_TURN, E_ON_FR
0399 E529 484 MOV A,BR_TURN
039B 6012 485 Jz OFF_FRO
039D F527 486 MOV R_TURN, A
039F 852690 487 : MOV P1,ST_M
03A2 D290 488 SETB P1.0
03A4 859026 489 MOV ST_M, P1
03A7 D2B7 490 SETB MOTOR
03A9 C2B7 491 CLR MOTOR
03AB 22 492 E_ON_FR: RET
493
03AC D52724 494 OFF_FR: DJNZ R_TURN, E_OFF_FR
O3AF 7464 495 OFF_FRO: MOV A,#100
03B1 C3 496 CLR G
03B2 B5290C 497 CJINE A,BR_TURN, OFF_FR2
03B5 ¥§2701 498 OFF_FR1: MOV R_TURN, #1
03B8 852690 499 MOV P1RAST M
03BB C290 500 CLR P1.0
03BD 859026 501 MOV ST_M, P1
03C0 22 502 RET
03C1 40F2 503 OFF_FR2: JC OFF_FR1
03C3 PB2a 504 SUBB A,BR_TURN
03C5 F527 505 MOV R_TURN, A
03C7 852690 506 MOV P1,ST M
03CA C290 HQ7 CLR B0
03CC 859026 508 MOV ST_M,P1
03CF D2B7 509 SETB MOTOR
03D1 C2B7 510 CLR MOTOR
03D3 22 B E_OFF_FR:RET
5 1%
03D4 E526 513 F_LEFT: MOV A,ST_M
03D6 20E216 514 JB ACC.2,0FF_FL
03D9 D52812 515 DJNZ L_TURN, E_ON_FL
03DC E52A 516 MOV A, BL_TURN
03DE 6012 517 Jz OFF_FLO
03EO0 F528 518 MOV L_TURN, A
03E2 852690 519 MOV P1,ST_M

03E5 D292 520 SETB P1.2
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03E7 859026 521 MOV ST M, P1
03EA D2B7 522 SETB MOTOR
03EC C2B7 523 CLR MOTOR
O3EE 22 524 E_ON_FL: RET
525
O03EF D52824 526 OFF_FL: DJNZ L_TURN, E_OFF_FL
G3F2 7464 527 OFF_FLO: MOV A,#100
03F4 C3 528 CLR c
03F5 B52A0C 545 CJINE A, BL_TURN, OFF_FL2
03F8 752801 530 OFF_FL1: MOV L_TURN, #1
03FB 852690 5 2 MOV P1,ST_M
Q3FE C292 D32 CLR Pl.2
0400 859026 533 MoV ST_M,P1
0403 22 534 RET
0404 40F2 535 OFF_FL2: JC OFF_FL1
0406 952A 536 SUBB A, BL_TURN
0408 F528 a3 7. MOV L_TURN, A
040A 852690 538 MOV P1,ST_M
040D C292 a5 CLR B1l2
040F 859026 540 MOV ST_M,P1
0412 D2B7 541 SETB MOTOR
0414 C2B7 542 CLR MOTOR
0416 22 543 E_OFF_FL:RET
544
545 j¥¥%x%xxkx CONTROL MOTOR (REVERSE) **
0417 E526 546 R_RIGHT: MOV A,ST M
0419 20E116 547 JB ACC.1,0FF_RR
041C D52712 548 DJNZ R_TURN, E_ON_RR
041F E529 549 MOV A, BR_TURN
0421 6012 550 Jz OFF_RRO
0423 F527 551 MOV R_TURN,A
0425 852690 552 MOV P1,ST_M
0428 D291 253 SETB Pl .X
042A 859026 554 MOV ST M, P1
042D D2B7 555 SETB MOTOR
042F C2B7 556 CLR MOTOR
0431 22 557 E_ON_RR: RET
558
0432 D52724 559 OFF_RR: DJNZ R_TURN, E_OFF_RR

0435 7464 560 OFF_RRO: MOV A,#100
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0437 C3 561 CLR c
0438 B5290C 562 CINE A,BR_TURN, OFF_RR2
043B 752701 563 OFF_RR1: MOV R_TURN, #1
043E 852690 564 MOV PlL,ST_M
0441 C291 565 CLR Bl
0443 859026 566 MOV ST_M,P1
0446 22 567 RET
0447 40F2 568 OFF_RR2: JC OFF_RR1
0449 9529 569 SUBB A, BR_TURN
044B F527 570 MOV R_TURN, A
044D 852690 57 s MOV Pi,8T_M
0450 C291 572 CLR Pl.1
0452 859026 543 MOV ST_M, P1
0455 D2B7 574 SETB MOTOR
0457 C2B7 555 CLR MOTOR
0459 22 576 E_OFF_RR:RET
577
045A E526 578 R_LEFT: MOV A,ST_M
045C 20E316 B¥9 JB ACC.3,0FF_RL
045F D52812 580 DJINZ L_TURN, E_ON_RL
0462 E52A 581 MOV A, BL_TURN
0464 6012 582 JZ OFF_RLO
0466 F528 583 MOV L_TURN, A
0468 852690 584 MOV P1,8T_M
046B D293 585 SETB =1 43
046D 859026 586 MOV ST_M, P1
0470 D2B7 587 SETB MOTOR
0472 C2B7 588 CLR MOTOR
0474 22 589 E_ON_RL: RET
590
0475 D52824 591 OFF_RL: DJNZ L_TURN, E_OFF_RL
0478 7464 &6 2 OFF_RLO: MOV A,#100
047A C3 5943 CLR c
047B B52A0C 594 CINE A,BL_TURN, OFF_RL2
047E 752801 599 OFF_RL1: MOV L_TURN, #1
0481 852690 596 MOV Pl, ST _M
0484 C293 597 CLR Pl.3
0486 859026 558 MOV ST_M, P1
0489 22 599 RET

048A 40F2 600 OFF_RL2: JC OFF_RL1
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048C 952A 601 SUBB A, BL_TURN
048E F528 602 MOV L_TURN, A
0490 852690 603 MOV P1,ST_M
0493 C293 604 CLR P1.3
0495 859026 605 MOV ST_M, P1
0498 D2B7 606 SETB MOTOR
049A C2B7 607 CLR MOTOR
049C 22 608 E_OFF_RL:RET
609
610 j¥**xx%%kx EXTERNAL INTERUPT ****
049D 753B06 611 INTEO: MOV COUNT, #06
04A0 753400 612 MOV WALL, #0
04A3 D28C 613 SETB TCON. 4
04A5 32 614 RETI
615
616 j¥**kk%k% TNTERNAL INTERUPT ***%
04A6 COEO 617 T NEZDO : PUSH ACC
04A8 CODO 618 PUSH PSW
04AA E5BO 619 MOV A,P3
04AC 4405 620 ORL A,#00000101B
04AE COEO 621 PUSH ACC
04B0 75BO3F 622 MOV P3,#00111111B
04B3 C090 623 PUSH 2
04B5 7590FF 624 MOV P1,#0FFH
04B8 C2B4 625 CLR INPUT
04BA E590 626 MOV A,P1
04BC D2B4 627 SETB INPUT
04BE 423A 628 ORL WALL, A
04CO0 D53B39 629 DJNZ COUNT, E_INTTO
04C3 (C28C 630 CLR TCON. 4
04C5 EB53A 631 MOV A,WALL
04C7 33 632 RLC A
04C8 C538 633 XCH A, NUM4
04CA 33 634 RLC A
04CB C538 635 XCH A, NUM4
04CD 33 636 RLC A
04CE C537 637 XCH A, NUM3
04D0 33 638 RLC A
04D1 C537 639 XCH A, NUM3

04D3 33 640 RLC A
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04D4
04D6
04D7
04D9
04DA
04DC
04DD
04DF
04E2
04E4
04E7
04EA
04ED
04FO0
04F3
04F6
04F9
04FC
04FE
0500
0502
0504

0505
0507
0509
050C
050F
0512
0514
0516
0518

0519
051B
051D
051F
0521

€536
25
€536
23
C535
33
C535
753900
T4FF
B53503
433901
B53703
433904
B53603
433902
B53803
433908
D0SO
DOBO
DODO
DOEOQ
30

CoDOo
COEO
D53C08
753C32
D53F02
C28E
DOEOQ
DODO
32

7E50
7F0Q
DFFE
DEFA
o

641
642
643
644
645
646
647
648
649
650
6 i
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680

(C) 1987, 1989 Binary Technology

E_INTTO:

JENERERS, »

E_INTT1:

;*'k‘k'fcir*'a‘(

DELAY :
DLY1:

XCH
RLC
XCH
RLC
XCH
RLC
XCH
MOV
MOV
CJINE
ORL
CJNE
ORL
CJINE
ORL
CJINE
ORL
POP
POP
RO
POP
RETI

PUSH
PUSH
DJNZ
MOV
DJNZ
CLR
POP
POP
RETI

A, NUM2
A
A, NUM2
A

A,NUM1
A

A,NUM1

ST _NUM, #0

A, #O0FFH

A,NUM1, $+6
ST_NUM, #00000001B
A,NUM3, $+6
ST_NUM, #00000100B
A,NUM2, $+6
ST_NUM, #00000010B
A,NUM4 ,E_INTTO
ST_NUM, #00001000B
Pl

P3

PSW

ACC

PSW

ACC

COUNT1, E_INTT1
COUNT1, #50
RANGE, E_INTT1
TCON.6

ACC

PSW

DELAY TIME **%%%*

MOV
IOV
DJNZ
DJNZ
RET

R6, #50H
R7,40
R7,3
R6,DLY1
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0522 7D0A 681 DELAY2: MOV R5,#10
0524 7E00 682 DLY2_1: MOV R6, #0
0526 7F00 683 DLY2_2: MOV R7,#0
0528 DFFE 684 DJNZ R7:5
052A DEFA 685 DJNZ R6,DLY2_2
052C DDFe6 686 DJINZ R5,DLY2_1
052E 22 687 RET

688

689

0000= 690 END
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Features

¢ Compatible with MCS-51™ Products

° 4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

¢ Fully Static Operation: 0 Hz to 24 MHz

* Three-Level Program Memory Laock

* 128 x 8-Bit Internal RAM

« 32 Programmable I/O Lines

¢ Two 16-Bit Timer/Counters

¢ Six Interrupt Sources

¢ Programmable Serial Channel

* Low Power Idle and Power Down Modes

Description
The ATB9C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel’s high density nonvolatile memory technology
and is compe..iible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

(continued)
Pin Configurations AR
e\ 2N
P1.0 1] 40| vee
Lol ¥ A 2 39} :P0.C (ADO)
Bl 2 1 ot 38 PO 1 (AD1)
P13 (] 4 37 |1 P0.2 (AD2)
P1.4L]s5 36 [ P0.3 (AD3)
P1.511]6 35|73 P0.4 (AD4)
P1 67 34| pPo s (ADS)
P1 7i18 33|+ PO € (ADG)
RST |9 32 (P07 (ADTy
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PQFP/TQFP . (TxD3 P31 o1 30 | ALE/PROG
- B {(INTO) P3.21]12 29 | PSEN
d0o00 (INT1) P3 31]13 28 |1P2.7 (A15)
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aaz>g 90 o (RD) P37 17 22|59P2.3 (A1)
< ‘ XTAL2 (7] 18 23 |1 P22 (A10)
) ! XTALY 0] 19 221 P2 1 (Ag)
P15 i 33 {TP0.4 (ALY GND '} 20 21 1. P20 (AB)
P16 2 32 '9Po s (aD5)
P17 i3 3172 P06 (ADG) PLCC
RS 14 S0 WPQFY (AU
FHXDY P30 s 29 [ EA/VPP ild
NG i!e 28 {UNC 000
(TXD) P2 27 [ 1ALE/PROCG LS
(INTO) 26 | PSEN INDEX e o N oo
(INTT) 25 1, P2.7 (A15) CORNER o et D060
T0) 24 1 1P2.6 (A14) Q {1
Al 23 P25 (A13)
1234 %6 e Y202 0 ;P04 (AD4)
i . PO 5 (ADS)
P06 (ADS)
PO 7 (ADT)
(XD EAIVEP
NG
(TXD; “ALE/PROG
(1T o, PSEN
HT
(70
ITYy ¢
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g-Bit

Microcontroller
with 4K Bytes

Flash

AT89C51
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT8SC51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware resect.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port O

Port O is an 8-bit open drain bidirectional /O port. As an
output port each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal pul-
lups.

Port O also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bicirectional I/0O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from cxternal program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application it uses strong internal pullups

R A A S N AT L B A N T AR E R U A RO ATS 9 C 5 1

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bidirectional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin l Alternate Functions
P3.0 | RXD (serial input port)
P3.1 | TXD (serialoutputpor)
P32“ INTo (external interrupt 0)
P33 | INTI(externalinterruptl)
. P34 v~y TO (timer O external input) -
P35 | T1(imertexemalinpu)
P36 | WA (external data memory wrile strobe)
P37 AD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Fiash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disabie bit has no
effect if the microcontroller is in external execution mode.
PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

AFECTRTRS RO

AEEL
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AUTREL

R AR A LR R 2RI R R

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each rachine

cycle, except that two PSEN activations are skipped during
each access to external data memory.

EANpp -

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program execu-
tions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes ldle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
Y| XTALD
C1 T
o Y Ie—-—— .y
o - GND

Nole:  C1,C2 =30 pF 10 pF for Crystals

= 40 pF £ 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

There are no requirements on the duty cycle of the external " - XTAL2
clock signal, since the input to the internal clocking circuitry T
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.
EXTERNAL
OSCILLATOR ~——---——{ XTAL1
In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by GND
software. The content of the on-chip RAM and all the spe- g
cial functions registers remain unchanged during this o 4
mode. The idle mode can be terminated by any enabled =
interrupt or by a hardware reset.
Status of External Pins During Idle and Power Down Modes
Mode | Program Memory ALE PSEN PORTO PORT1 PORT2 t PORT3
Idle i Internal 1 1 Data Data Data Data
Idle - External 1 1 Float Data Address Data
Power Down Internal 0 0 Dala Data Dala ’ Data
Power Down \‘ External 0 0 Float Data Data [ Dala

ATE3CS51
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Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before V¢ is
restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes

A PR L0 el Y g e

: AT89C51

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

When lock bit 1 is programmed, the logic level at the EApin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properiy.

Program Lock Bits ‘ Protection Type
| LB1 | LB2 | LB3 |
1 | U U | U | Noprogram lock features.
2 P u U i MOVC instructions exccuted from external program memory are disabled from felching code
i ! . bytes from internal memory, EA is sampled and latched on reset, and further programming of the
i I Flash is disabled.
3 l P | U Same as mode 2, also verily is disabled.
4 i P 7 Same as mode 3, also external exccution is disabled. i

Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vce) program enable signal. The low voltage program-
ming modc provides a convenient way to program the
AT89C51 inside the user’'s system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
fow-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

: Vpp = 12V {! VPP = SV

Top-Side Mark ATB9C51 i AT89C51
‘v‘ XXXX XXXX-5
1 y vww ‘ yyWV\’
1‘ - pm———— gl ool BRI s S —— ..,“ﬁ,,, e SR e .
| Signature (030H)=1EH | (030H)=1EH
| (031H)=51H | (031H)=51H
j (032H)=FFH | (032H)=05H

The AT839C51 code memory array is programmed byte-by-
byte in eithcr programming mode. 7o program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

AEL

Programming Algorithm: Before programming the

ATB89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the AT89C51, take the follow-

ing steps.

1. Input the desired memory location on the address
lines. -

Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.

4. Raise EANVpp to 12V for the high-voltage programming
modec.

5. Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
cntire array or until the end of the object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-

cate the end of a write cycle. During a write cycle, an

attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle

has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can alsc
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

w P
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Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1"s. The chip erase operation must be executed

before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H,

031H, and 032H, except that P3.6 and P3.7 must be pulled
to a logic low. The values returned are as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Flash Programming Modes

Mode RST | PSEN | ALE/PROG EANpp P26 ' P27 | P36 | P37
Write Code Data Ho | L AW '/ H/12v L H '\ H | H
' \—/ ! ‘ ’\
Read Code Data | b H O H L L | H
N i | E. . . .o F : e B W 4
Wiite Lock | Bit- 1 i L {4 \. . Hn2v H Ho | 1
DX ‘ ‘ ‘ !
| : ‘
| Bit-2 H o L H/12V H H o, L | L
‘ Bit- 3 H ! H/12v H L i H ¢ L
| i —»-\ ,/—- i
| ! ! o
| | 1 | h
Chip Erase S L : ) H/12V Hoeo L b b
| | R T | |
i ! : ‘ :
Read Signature Byle PoH | b H ' H L Lo L L |

Nole: 1. Chip Erase requires a 10-ms PROG pulse.
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Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
AT89C51 ? AT89CS51 2
appR, AL AT by Vee |—] aooR. 2L AT py Veo | ——
OOOOH/OFFFH PGM OOOOH/OFFFH PGM DATA
P20 - P23 PO |€¢-—- DATA P2.0 - P23 PO |-» (USE 10K
A8 - Al1 A8 - Al1 PULLUPS)
—————» P26 ———» P2.6
SEE FLASH ’ -y P27 ALE <-—--- PROG SEE FLASH Coee—ep P27 ALE (<4 -
PROGRAMMING— PROGRAMMING —
MODES TABLE | ~ % P3.6 MODES TABLE = —— % P3.6 oV
e} s P37 "
R - xTAL2 EA |4 —— V,/Vop - XTAL2 EA |€--——
324 MHz | L 324 MHz =
C] @y [ iy
T = ; g™
o ~N\
Lol XTAL1 RST |« —— V,, < -@ eI XTALY AST |4 —— Vi
L] GND PSEN 1 @-—{ GND PSEN | —~
| | !
Flash Programming and Verification Characteristics
TA =0°C to 70°C, VCC =50+10%
Symbal | Parameter | Min Max Units
Vpp(!) I Programming Enable Voltage J 11.5 125 V
Ipp“) Programming Enable Current : 1.0 mA
oLl | Oscillator Frequency ! 3 24 MHz
lAVGL [ Address Selup to 5ﬁ6@ Low | 48{CLCL 3
LGHAX | Address Hold After PROG 48lc oL :
2nA S AN\ S i A - - N
l()VGL " Data SG[Up lo PROG Low 48{CLCL
[GHDX | Data Hold After 5@% 48tCLCL
tEHsH P P27 (EiNA_BAEE) High to Vpp 48‘CLCL
ISHGL ! Vp;) Selup lo 59@@ Low 10 us
(GHSLU) Vep Hold Alter PROG 10 us
- PROG Width 1 110 us
tavov Address lo Data Valid 48tc oL
lrLav ENABLE Low to Data Valid 48te oL
oz Daa Flow Aler ENABLE o oo
lgHBL PROG High to BUSY Low : 1.0 us
twe Byte Write Cycle Time | 2.0 ms
Note: 1. Only used in 12-volt programming mode.
4-35
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Fiash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

P10 - P17 . PROGRAMMING | | VERIFICATION
P20 - P23 T ADDRESS — ADDRESS  ————
: | .
|

g < tavav

T DATA N it DATA OUT |~

|
at

PORT 0

“* lovar  lanox
lavaL < ™ < g

: | _ e
ALE/PROG T :
; | |
t - b e b
SHGL < taan lanst
S Ve 1 loGIC1 )

BAl,, i i LOGIC 0

|
' e ;
P2.7 | e | leav -+ < B * - lenaz
(ENABLE) l e ——
> -

P3.4 e NIV N
(RDY/BSY) . BUsY . "READY

Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)
., PROGRAMMING . VERIFICATION

- P ! L2 : !
FLD = Tir T v - w4 ADRRESS oy W - e LRRESS a8 T

P20 - P23

i = < tavav
219G X : A ‘ » :
PORT 0 2o\ T Bkt € AlNnUT o
e toval tamox * %
tavaL ™ = Y~ {ahax
ALE/PROG B\ PR O ¢ EYSNY 7 A
et latan™ >
) 5 LOGIC 1
EANpp NN E e\ 2 ~GICO.~Ap £
lensi ; ‘ S, < lgnoz

p2.7 leigyt—» s

(ENABLE)

tGHBL N
P3.4 . _—
(RDY/BSY) : BUSY . READY
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Absolute Maximum Ratings*

Operating Temperature ..........ccooeeveveveereennne. -55°C lo +125°C "NOTICE:
Storage Temperature ..........cccceevveeeeeveneennen -65°C to +150°C

Vollage on Any Pin

Y1 RT-T-TeT:Tel d (o] € (o] VTl NRNN———————— -1.0V to +7.0V

Maximum Operating Voltage.. ... issmmmsisimsssmassssosss 6.6V

DC Qulput Cufrenti:smammsmesnnemammemssssaasss 15.0 mA

DC Characteristics

Ta =-40°Cto 85°C, Vg = 5.0V + 20% (unless otherwise noted)

AT89C51

Stresses beyond those listed under “Absolute

-Maximum Ralings” may cause permanent dam-

age to the device. This is a stress raling only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Symbol Parameter Condition 1 Min Max Units
Vi ! Input Low Vollage (Except EA) j -0.5 0.2 Vee- 0.1 v
W | Input Low Voltage (EA) .\ [ ws | oavgo3 v
.Y[H - 7 ) j,[AnBEI ngh Vollage W 1 »SExcept XTAL1 FKST) O 2 VCC + 0 9 “ V(E(_;i(j)s____ '“\"/;7
Vi l npuHighVoliage | (XTAL1,RST) 07V | Vegr05 V.
VoL | Output Low Vonage(” (Porls 1.2 3) lop=1.6mA 0.45 Vv
\;ou 7 : Output Low Vollage M } lcv)l_v;é.2 mA 740N - \ ;).V;va V o V~ N
! (PorlO ALE, PSEN) g Va.2Y). 2 T | &
v::p - f Output H|ghw\ﬁ/ovll-;g‘;e ,,j,,,,, IOH—-GO uA VCC—SV! 10% 2.4 v
‘ (Ports 1,2,3, ALE, PSEN) E (e W = T EV
\;OH1 o i Outvptvn Hlé;hVVoItrz;g;e 1.7 ) = ~800 uA VCC 5V 10%7 oy 74*74_7;4“\;44“
' (Port 0 in External Bus Mode) n \ o
| | ! IOH = -300 uA 7 A\A . e _\{»_“;
| ,‘ lon = -80 uA | v
i i Logical 0 Input Cu-rrvenl(VPorls V1 2,3 f Vin 04JV ! 7 i - ) —507 N —;;#7
- T Logioal 1 10 rrisiiey Curenr i 'v.N =2V, VCC =5V 1 10% =@ oo T
 l(Pots123) , » el v/ o
I ! Inpul Leakage Currem (Port O [:A) ‘ 0.45 < VlN < VCC ‘ ' 110 uA
FRST . Reset Puldoun Fesisto 0 v O ) A I/ A
Cio . Pm Capacnance | Test Freq. =1 MHz, Ty = 25°C ] i 1 pF i
e Firone: Sy B b Woce, 12wt o ¢ T |
' Idie Mode, 12 MHz ! 5 mA |
Power Down Moae'?! [ Vg =6V 100 7 uA ;
Ve =av 40 CuA
Notes: 1. Under steady state (non-transié;i)z;}xdilions, loL must be externally limited as follows:

Maximum g per port pin: 10 mA
NMiaximum | per 8-bit port:

Port 0: 26 mA

Ports 1, 2. 3: 15 mA
Maximum total I for all cutput pins: 71 mA

Il 1o exceeds the test condition. Vo
than the listed tesl conditions.

2. Minimum Vg for Power Down is 2V,

may exceed the related specification. Pins are not guaranteed to sink current greater
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AC Characteristics

(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN =100 pF; Load Capacitance for all other
outputs =80 pF)

External Program and Data Memory Characteristics

|
|

Symbol : Parameter 12 MHz Oscmator 16 to 24 MHz Oscillator Units
' ‘Min | Max M Max
MeLeL Oscillator Frequency 0 24 MHz
lLHLLA — ALE PuIse delh o 127 2.lCL>(;L—4Ov B - B ns .
i | Address Valid to ALE Low a3 Ceetd ns
Wax | Address Hold Aller ALE Low 4 lole20 ons
lLLlV o [ ALE Low to Valid lnstrucuon Iﬁ » N | » 233 ‘ - 7 ”41¢LCL~65 . ns” A
g .MmeEEENmW B —— 3 08
ey | PSEN Pulse Width 205 3eLeL-20 ns
by | PSEN Lowlo Valid Instruction In EN 145 NN G5 | ns
tpxIx Input lnstruchon Hold Aﬁe;r_ij—s—é—r\l“ i O - ! 0 . Mr;s_ “
tex1z Input Instruction Float After PSEN G-V, 59 —0 . tCLCL1O ~I ns~
- 'lpsgaxg;aa&g;vam - 8 oy 3" et o 6s
iy | Address to Vaiid Insiruction In N> 312 A Sigeuss | ns
[p’L:V/;Z - PSEN Lov lo Address Float [ 10> E 10 ns
teL {ﬁapubewam o 200 a0 \l | s
e | WRPuseWidh 400  BloLeL-100 ] ns
tl’-_?LDV 7 ' RD Low lo Véhd Data In 7 2527 2 W ; 57tCLCLV-90 ns
’@;g‘“ﬁsgzmmA@ﬂm e IS 2D 1 % A[[WoX - s
lRHDz N ‘ Data FIoaTAHer RD il 97 . ZLCLCL-ZS rlls.
oy | ALE LowtoValidDataln G\ Bl 150 s
Do "“3i£§;ss&305h5Eiigxn N 585 9loic 165 ns
“'ILWL " ALE Low to BD or WPL(;W o 200 300 ST,iLCLARO . 3toLeL+50 ns
| Addross to D or WA Low 203 N/
7 1f)vv/)< . Data Valid to WR |ransmon 23 v iCLCL-IéO A ns -
loww  Dala Valid to WR High 433 A1 20 s
lWHQX . Data Hold Alter WA 38 ' LCLCL».?OW ns
L,_\[/_‘Z K ﬁfD—iLow o Address Floal 7 0 0 ns
Wit K BD or WA High to ALE High 43 123 leLe-20 loLeL+2s ns

4-38

AT89CS1




|
D TR o
ALE ¢ ' 7 o
RN S s T
AVLL | 1 ;T L LIV |
- : o e e i B
PSEN | .
‘ | ! ~lpxay—»
i | > ot ! i
| ‘ A tpxiz oo
b tax > | i o ]
| I Do lexix > |
- e e [~ R BRI e O ! L
PORTO = A0-A7  1:— = INSTRIN [ . ==y T -
L‘ tAVIV >
e m D PR | [ - - [ . - . - - S— -
PORT2 T e A8-A15 A A8 - A15
1

External Data Memory Read Cycle

A ILHLL”"’;
ALE I, i\, &2 £377) o
J I VYT
! oS i A, o v . e e . -
PSEN ,
. %= Loy RV ; 1
! T3 tHLRH -
< - lgw > i
1 :

RD

|
o laoy o H oz

o tAVL ; ! i
g tnpaz 4o e i { t
e > o RHDX
. - | Yy 1 sl f N o .
PORT 0 - A0 - A7 FROM RI OR DPL : & w DATA IN + - " AO - A7 FROM PCL  INSTR IN
T e <
tAVDV ' . E
PORT 2 . P2.0 - P27 OR A8 - A15 FROM DPH . A8 - A15 FROM PCH
sigmmm
i e D DD ks E E“ 4-39
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External Data Memory Write Cycle

e A g |
|

ALE ; U J o
j o b
PSEN __" B o )
e towe “:‘“'tWLWH' -
i

o tax I
< Aay e tovwx ™ 4 » < wpax
i tavwi =i
PORT 0 ' A0 - A7 FROM RIOR DPL.| ' DATA OUT |- - A0 - A7 FROM PCL - INSTR IN

[ e Ry oo |

PORT 2+ P20 -P27 ORAS- A5 FROMDPH - A8 - A5 FROM PCH

External Clock Drive Waveforms

4 ke . s
- - -

- %

-

'y

‘ -~ Aeuox = >
Voo - 0.5V —iff g B0
..,.,‘7", 0.7 VCC - ,4: 2

tonel

toeen >

—e 0.2 Ve - 0.1V
045V~

toex -

toroL o e -4

External Clock Drive

Symbol Parameter Min Max i Units

lCLCL Clock Period

leHex I High Time 15

lCLCX Low Time 15

S5 !
7

lCLCH ! Rise Time

teHeL " Fall Time 20 ‘ ns

Mool | Oscilator Frequency NI/ = Qi) | MHz
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Serial Port Timing: Shift Register Mode Test Conditions
(Voo =5.0 V £20%,; Load Capacitance = 80 pF)

Symbol i Parameter 12 MHz Osc : Variable Oscillator ; Units
} Min | Max i Min Max 1
. ' Serial Port Clock Cycle Time 10 T - Lous
lQuxH Oulput Data Setup to Clock Rising Edge ¢ 700 © 10tgLeL-133 ns
txnax Output Data Hold After Clock Rising Edge © 50 ! ! o117 § ns
txHD X - Input Data Hold After Clock Rising Edge (N 0 i f ns
LHDV Clock Rising Edge to Input Dala Valid 700 10t LcL-133 ‘ ns
Shift Register Mode Timing Waveforms
INSTRUCTION 4 5 U 7 i N
ALE | | R A A T I b
cLoCK P | N SR 1
WRITE TO SBUF e A= 3 TPAR e AN 6 T T
v > . A
OUTPUT DATA ey a7 IR SETTI
CL;ARRI o ~v1}!:i;r)- V VAI:ID / ) 'VAAL:I-D' VALID - \/AL!D N 'V;_:LIID' VALID v;‘:j_lonf
v 'S
INPUT DATA SET RI
AC Testing Input/Qutput Waveforms(!)  Float Waveforms(")
_ =3V - 5 e B e S
Voc - 0.5V 0.2V + 08V - Yloan® O & Vgm0V
TEST POINTS VLOAL) Timing Reference
Points
045V - — A & WAk Vioao™ O™ = Vo ron
Note: 1. AC Inputs during testing are driven al Vg - 0.5V for - Nole: 1. For timing purposes, a port pin is no longer floating

a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at Vi min. for a logic 1 and V_
max. for a logic 0.

when a 100 mV change from load voltage occurs.

A

port pin begins to float when 100 mV change from

the loaded Vo/Vo level occurs.
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Ordering Information

T P T A

Speed Power ! §
(MHz) Supply ’ Ordering Code i Package Operation Range
12 5V + 20% AT89C51-12AC i 44A | Commercial
ATB9C51-12JC 44J | (0°C to 70°C)
ATBIC51-12PC 40P6 :
ATB9C51-12QC ~44Q i
AT89C51-12A1 T aan ; Industrial
‘ AT8SC51-12J1 44J (-40°C o 85°C) l
3 AT89C51-12P 40P6 ‘
AT8IC51-12Ql 44Q 1 !
ATB9C51-12AA a4A Automotive
AT8IC51-12JA 444 i (-40°C to 105°C)
AT89C51-12PA 40P6 |
AT8IC51-12QA 44Q i
16 5V+20% . AT89C51-16AC Taan " Commercial
i ATBYC51-16JC 44y (0°C t0 70°C)
| AT89C51-16PC 40P6 i
AT89C51-16QC 44Q !
 ATBICS1-16AI " aan -~ ndustrial
AT89C51-16JI 44 (-40°C 1o 85°C)
AT89C51-16P 40P6
AT89C51-16Ql 44Q :
 ATBICS51-16AA 44A T automolive
AT89C51-16JA 44J (-40°C to 105°C)
AT89CS51-16PA 40P6
AT8IC51-16QA 44Q
20 5V+20%  ATBYCHI-20AC L a4 " Commercial
. AT89C51-20JC 444 (0°C t0 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20A1 a4 T ndustrial
AT89CS 1-20J1 444 (-40°C to 85°C)
AT89C51-20P! 40P6
AT89C51-20Q 44Q
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I National Semiconductor o

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

General Description

The ADCO801, ADCO0802, ADCO0803, ADC0804 and ® Differential analog voltage inputs ‘

ADC0805 are CMOS 8-bit successive approximation A/D  m Logic inputs and outputs meet both MOS and TTL voit-
converters that use a differential potentiometric ladder— age level specifications o

similar to the 256R products. These converters are de- @ Works with 2.5V (LM336) voltage reference

signed to allow operation with the NSC800 and INS8080A On-chip clock generator .
derlvatl\/_e‘comrol bus with THI-STA'TE® oulput_ latches di- 0V to 5V analog input voltage range with single 5V
rectly driving the data bus. These A/Ds appear like memory supply

locations or 1/0 poits to the mlcroprocessor_and no inter- No zero adjust required

fa,;'"g l°9'|° . "fEdec:; s = 0.3" standard width 20-pin DIP package
Differential analog vollage inpuls allow increasing the com- 20-pin molded chip carrter or small outline package

mon-mode rejection and offsetting the analog zero input , ‘ .
voltage value. In addition, the voltage reference input can Operates ratiometrically or with 5 Vpg, 2.5 Vpg, or ana-

B R

BEERA
$08020V/¥08000V/£08000V/208000V/108000Y

be adjusted to allow encoding any smaller analog voltage log span adjusted voltage reference
span to the full 8 bits of resolution. ige .
Key Specifications .« «
Features m Resolution 8 bits
m Compalible with 8080 uP derivatives—no interfacing | Total 9"‘°f . +1,LSB, £%, LSB and +1 LSB
logic needed - access time - 135 ns m Conversion time « 100 ps
m Easy interface to all microprocessors, or operates c
“stand alone”
Typical Applications
v
A T £
| s Ve 20
e 19 ||
3 CLKR
}—————————p O ¥R q 10k TRANSDUCER
pam—— ) L e | w817 resoLuTion
— 1l om & | overany Desiren
v 12 ANALOG INPUT
ANY 3¢ 086 VOLTAGE RANGE
u <:>: L il (s AD SEE SECTION 24.1
3l 1] o2
< ] o083
Ls 16
b " o VRee/2 g—o:::"s:cnl‘mn - =L
oet 241
AL 10
L« <+ oeo 0 GNO
7 TUM/S671-1
gos0igtertace Error Specification (includes Full-Scale,
Zero Error, and Non-Linearity)
& |————m-->0f Full-
Part Scale | VREF/2=2.500Vpc | VRer/2=No Connection
] j t t:
oo - Number Adjusted (No Adjustments) (No Adjustments)
w9 m ADCO801| + 1/, LSB
8048,
£rc. lo¢———| ifTR ADC0802 +1,LSB
: ADCO0803 | +1,LSB
DATA
ADC0804 +1LSB
ADCO0805 +1LSB
TL/H/5671-31

2-19



ADC(0801/ADC0802/ADC0803/ADC0804/ADC0805

Absolute Maximum Ratings otes 14 2)

If Military/Aerospace specified devices are required,
Semiconductor Sales
Office/Distributors for availability and specifications.

please contact the National

Supply Voltage (Vcc) (Note 3)
Voltage ’
Logic Control Inputs
At Other Input and Outputs
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Electrical Characteristics

~0.3Vto +18V
—0.3V-to (Voo +0.3V)

6.5V

260°C ADCO0801/02/03/04LCJ

ek ADC0801/02/03/05LCN
ADCOBO4LCN

o ADC0802/03/04LCV

215°C ADC0B02/03/04LCWM

220°C Range of Voo

Storage Temperature Range’
Package Dissipation at Tp =25°C
ESD Susceptibility (Note 10)

—65°Cto +150°C

Operatihg Ratings (votes 14 2)

Temperature Range

875 mw

800V

TMINSTAS Tiax

ADCO0801/02LJ, ADC0802LJ/883 —55°C<Tp< +125°C

—40°C<Tpa< +85C
—40°C<Tp< +85C
0°C<TA< +70°C
0°C<TA< +70°C
0°C<TA< +70°C
4.5Vpcto6.3 Voc

The following specifications apply for Voc=5 Vpe, TMiINS TAS< Tmax and foLx= 640 kHz unless otherwise specified.

Parameter Conditions Min Typ Max Units
ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. ny LsB
. (See Section 2.5.2) 4
ADCO0802: Total Unadjusted Error (Note 8) VREF/2=2.500 Vpc +Y, LSB
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. ny LS8
(See Section 2.5.2) 2
ADC0804: Total Unadjusted Error (Note 8) VREF/2=2.500 Vpg 4 +1 LS8
ADCO805: Total Unadjusted Error (Note 8) VRer/2-No Connection 1 LSB
VReF/2 Input Resistance (Pin 9) ADC0801/02/03/05 2.5 8.0 . kN
ADCO0804 (Note 9) 0.75 11 kQ
Analog Input Voltage Range (Note 4) V(+) or V(—) Gnd-0.05 Vcc+0.05 Vpe
DC Common-Mode Error Over Analog Input Voltage +Vie R LS8
Range
Power Supply Sensitivity Vec=5 Vpc £ 10% Over + Ve + LSB
Allowed V|n(+) and Vin(-) %
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Veec=5 Vpg and Ta=25°C unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Tc Conversion Time foLk =640 kHz (Note 6) 103 114 1S
Tc Conversion Time (Note 5, 6) 66 73 1/fcik
foLk Clock Frequency Veec=5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 60 %
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS=0 Vpg, foLk= 640 kHz
tw(wR)L Width of WR Input (Start Pulse Width) CS=0 Vpg (Nole 7) 100 ns
tacc Access Time (Delay from Falling CL=100 pF 135 200 ns
Edge of RD to Output Data Valid)
tiH toH TRI-STATE Control (Delay CL=10pF, R =10k . 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twi tRi Delay from Falling Edge v 300 450 ns
of WR or RD to Reset of INTR
Cin Input Capacitance of Logic 5 7.5 pF
Control Inputs
Cout TRI-STATE Output 5 7.5 pF
Capacitance (Data Buffers)
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]
Vin (1) Logical 1" Input Voltage Vee=5.25Vpe 2.0 15 Voc
(Except Pin 4 CLK IN)
¥




»
. i § . O
AC Electrical Characteristics (continued) R A C N ST Q
The following specifications apply for Vcc = 5Vpg and Ty < Ta < Tpax. unless otherwise specified. 8
—
Symbol I Parameter I Conditions ] Min ] Typ I Max l Units ;
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] 8
Vin(0) " ] “Logical “0" Input Voltage Vee=4.75 Vpg ' | tos” Voc Q
(Except Pin 4 CLK IN) s ' S
v (1) Logical “1" Input Current Vin=5 Vpc 0.005 1 rADC ;
(All Inputs) - (w]
- O
Iin (0) Logical ““0" Input Current ViN=0Vpc -1 —0.005 ) rADC o
* (All Inputs) : » ] =4
w
CLOCK IN AND CLOCK R ;
Vi+ +CLK IN (Pin 4) Positive Going 2.7 3.1 35 * Voc 8
Threshold Voltage ' i : 8
Vi— * CLK IN (Pin 4) Negative . : 1.5 1.8 2.4 . Voc o
5 B : te -
Going Threshold Voltage ;
VH "'CLK IN (Pin 4) Hysteresis ' 0.6 1.3 2.0 Vpe 8
(V1+)—=(V1-) S
. =]
Vour (0) Logical “0" CLK R Output 10=3860 pA 0.4 Voc 2
Voltage Vec=4.75Vpc
Vout ()| *Logical *“1" CLK R Output lo=—360 pA 2.4 . ¥ Voc
Voltage * Vee=4.75Vpe
DATA OUTPUTS AND INTR
Vout (0) | Logical “0" Output Voltage . “ ;
" Data Outputs : lout=1.6 MA, Vec=4.75Vpg : 0.4 Vpc
INTR Output ’ lout=1.0mA, Vcc=4.75Vpg 0.4 Vboc
Vour (1) Logical “1" Output Voltage lo=—360 pA, Vcc=4.75Vpc 2.4 Voc
Vout (1) -|  Logical *“1" Output‘Voltage lo=—10 pA,Vcc=4.75Vpg 4.5 Voc
lout TRI-STATE Disabled Output Vout=0Vpc -3 rADC
| Leakage {All Data Buffers) Vour=5Vpc . 3 rApc
IsouRce Vourt Short to Gnd, Tp=25°C 4.5 6 mApc
ISINK Vourt Short to Vg, Ta=25°C 9.0 16 mApc
POWER SUPPLY
lcc Supply Current (Includes foLk =640 kHz,
Ladder Current) VRep/2=NC, To=25°C
and CS=5V :
' ADC0801/02/03/04LCJ/05 ’ 11 ) 1.8 mA
ADCO804LCN/LCV/LCWM 1.9 2.5 mA
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.
Note 2: All voltages are measured with respect to Gnd, unless otherwise spacified. The separate A Gnd point should always be wired to the D Gnd.
Mote 3: A zener diodo exists, internally, from Vicc to Gnd and has a typical breakdown voltage of 7 Voc. ’ -
Note 4: For Vin(—)2 Vin(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward =
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vg supply. Be careful, during testing at low Vg levels (4.5V),
as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near full-scale. The
spec allows 50 mV forward bias of either diode. This means that as long as the analog Vin does not exceed the supply voltage by more than 50 mV, the output
code will be correct. To achieve an absolute 0 Vpg to 5 Voc input voltage range will therefore require a minimum supply voltage of 4.950 Vpg over temperature
variations, initial tolerance and loading.
Mote 5: Accuracy is guaranteed at fo k. = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be
extended so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns.
Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The
start request is internally latchod, see Figure 2 and section 2.0.
Note 7: The TS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams).
Note 8: None of these A/Ds rcquires a zero adjust (see soction 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 5.
Hote 9: The Vpgr/2 pin is the cenler point of a two-resistor divider connected from Vcc to ground. In all versions of the ADC0801, ADC0802, ADC0803, and
ADC0805, and in the ADCOB04LCJ, each resistor Is typically 18 kil. In all versions of the ADC0804 except the ADC0O804LCJ, each resistor is typically 2.2 kQ.
Hote 10: Human body model, 100 pF discharged through a 1.5 kQ reeistor.
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S| Typical Performance Characteristics "t g3 Sy
(=3
< -
~ R
v -
4 : Delay From Falling Edge of e T
8 Logic Input Threshold Voltage RD to Output Data Valid CLKIN Schmitt Trip Levels =~
vs. Supply Voltage vs. Load Capacitance vs. Supply Voltage
0 P p 1
e 8
s z ! ] ~55°C < Tp < +125°C sl 3
« 2 ] 1 z 4] g
Q = 11— t—1 &
® ] P 400 |——— @ Vi, 1A
g = ] A ] T :
O 2 16 L E S
Q z > A1 a 55°C< Ta < +125°C
<| & I 3 ” g
~ x 15 [—t—- a 2 RN
S| 5 B =
2
® E i1 | 200 ’4 ; g Vo | et
Q e -— x —t=1"]
Q a a3 « B
[&] ~“ 100 15 ]
< 450 45 500 5.25 5.50 0 200 400 600 800 1000 , 450 475. 500 525 5.50
=X ),
!C—’ Vee - SUPPLY VOLTAGE WDC' LOAD CAPACITANCE (pF) & Ve = SuppPLY VGLTAEE.(.Vgc) - . s
(] .
(6}
(] s
< n
Full-Scale Errorvs Effect o¢ Unadjusted Offset Error
fcLk vs. Clock Capacitor Conversion Time vs. VRefp/2 Voltage
1000 —. T ] 16 Tt —rrrrry
x—1 Te= 1MoLk Vipn(+) = Viy(-)=ov.
I 7 14 - ASSUMES Vs = 2 mV. {114
\R =ipk 3 = (] THIS SHOWS THE NEED 11
R0k N ] S "2 [~} FORAZEROADLIF +1H
\ NN\ = 2 I\ _THE SPAN IS REDUCED. T
z \ ! & Voo =45V =4 "
3 \ § 4 4 E 3
o \ = — .
I~ « Vg w 6 1
< \ Veg = 5.0V 2
= 20K \ g, ol ,
\ * YRV ’
\ \ J N 2
N S
100 0 (]
10 100 1000 0 60 80 10 120 140 0.01 0.1 1.0 5
CLOCK CAPACITOR (pF) Tc. CONVERSION TIME () -  VRgp2(vpg)
0
I
I
Output Current vs Power Supply Current Linearity Error at Low
Temperature vs Temperature (Note 9) - VRer/2 Voltages
[ 73 1.
[Vec = 5voe S L I L R
II EREN Y, = w[zs},;lr Aocosol L.\ 2Vpeer) ]
7 £ 2 =TT ] g 266
= DATA QUTPUT = Cc= =2 5 [ ey
z [ BUFFERS | || z Ancoat 7 C_ f”"'_ 3 | zero Ano FuLL. |
= s ¥ ERE 15 4ncnan",,“”"”‘ 7l 5 = SCALE ADJUSTED)
H IsouRce 1 3 == v.ﬁ'ﬁ_ﬂ_gans e a5y~ g .
< 5 = VouT ~24 Vg > 12 _60_:_5‘&__ - S 05 1 58 VA.I.UE (mV) L
3 )L‘ N1 § - < cc'.’;V: — E 22 4.88 -l-—l_ 19.53 4
2 4 ~ | 2 08 (—H—-Vee = sy T < uzaits) MOBITS) 877 (ggirg)
£ | = I P 7/ e\
o x T ] = oo
3 = 2 04 foLK = 640 ki - -
j ik | i it |
2 | Vour-84vqg 8 U L]l 0
-50 -25 0 25 50 75 100 125 W% 02 80 %5 oz ° 1 PR X1
Ta - AMBIENT TEMPERATURE (°C) Ta - AMBIENT TEMPERATURE (°C) VREF/2 VOLTAGE (Vpg)
TLIH/5671-2
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TRI-STATE Test Circuits and Waveforms

tin ti4, CL=10pF ton ton, CL=10 pF
vee
1,
Ve j_' - vee
W 1] 50% L]
3 oo — |10% GND
: M .
v
oata " i — Ve
ouTPUTS oUTPUTS
= = N ———————— VoL
' 1,=20 ns _ =20 ns TL/H/S6T1-3

Timing Diagrams (Al timing is measured from the 50% voltage points)

START
CONVERSION

WA jz « %
ey
wi |-
—{ WAL |— “BUSY" *
_DATA IS VALID IN
ACTUAL INTERNAL “NOT BUSY” OUTPUT LATCHES
STATUS OF THE » !
CONVERTER .
e 1708 gLk < INTERNAL Tg
(LAST DATA WAS READ)
T 14
(LAST DATA WAS NOT READ) ] INT ASSERTED

[

V2T
Output Enable and Reset INTR
NTR RESET
iNTR H‘R
[ \ — |- /
B N R L v
NOTE
DATA - - TRISTATE®
TS — — = — — = —|— i = ——— e - — - —— -
—e!{ tACC |=—
—{ YH. 0K
) . _— . TL/H/S6T1-4
Note: Read strobe must occur 8 clock periods (8/1cy k) after assertion of interrupt to guarantee reset of INTR.
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications (continued)

o

[

vMA
100,
a0z
8502,
€Tc

AW

6800 Interface

DATA

I e
——

Absolute with a 2.500V Reference

O—— Vil

O——viut-)

Ve

VRer

Voo
(O]

0

T
0

*For low power, see also LM385-2.5

ADJ

Zero-Shift and Span Adjust: 2V <V y<5V

Ratlometric with Full-Scale Adjust

Vee
Vo)
XOR 0
oo o
! N
L vee |
> Vint) R o
. ] 2n !
=i f !
- l ~ | S |
] = | A
am 1 ~'_ w |
] 1L [}
5a
! P Lo
it Vaer [ V= N
= i 0PTIONAL
e 8 ADJUST
Note: before using caps at Vi or Vpee/2, =
see section 2.3.2 Input Bypass Capacitors..
Absolute with a SV@eference
«
Vee*V
oo e
o
trm———n
! I
oO—— v Vee s i
+ ; L |
At = -
<
£ | § |
oy 1 —3m |
1 WL |
[ S
[ S |
O— Vit verf— 0 1 :
=
e —d
0PTIONAL
#3 ADIUST

Span Adjust: OV<Vy<3V

6550
oc vee
T (s Vel
. Vit Vee - I
Vin + =5 5 Vint Vee -
- ::|n Vin b
d 104f g
= - < b
L iy 3
A/0 - - <
r 1 v
| 172 L350 |
Vinl-t Ve T S Ban |
2 2 r "
[P E oS0 4 | vkt Vaeen ::l rmm
1uf AOy
$ETS ZERO SETS VOLTAGE 3PAN I =
CODE VOLTAGE e | | seesecrionza | L
Vv VWA =
u 0 IR R S
1vp = = %
11 2 26R0 AoJ =
= TL/H/5671-8
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Typical Applications (continueq)

Directly Converting a Low-Level Signal

Vin() vee

Vin

M) ——o

s2mv e
oL VN " I
72358
h 36
vint) Vagen? "
e 4 Fs
30 T 1uf A0l
24k e - =
14 Vo O—ANWN DAL AN
100
Vos
0 Abl 10

VReF/2=256 mV

1mV Resolution with p.P Controlled Range

VRer/2=128 mV
1LSB=1mV

Ve
5Vpel

T

A pP Interfaced Comparator

cc
15Vpe)
O——vints) Vee
.
' T 10uF
- A0
o— Vit Vagel2 —-1

For: ViN(+)>Vin(-)
Output=FFpgx
For: ViN(+)<Vn(-)
Output=00pgx

VoacsVins(Vpac+ 256 mV)
4 Vinte) Yeg
+
Vin I 104F
AlD
8.8IT DAC
T2 HI5EA
2500 Vg s
MICRO-DACTM
oacosn o] Vint) MG
h +
DATA — —
ot 0<Vpac<25V = T

Digitizing a Current Flow

———e lL0AD

(2A FULL SCALE)

100 >
ZERO
ADJ

—vp VRer

Vee 0.1
15Vl O—F—" VWA
100
Vint-) Vee
240k
AlD

Veo
j’ Vgl

=
T

120%

LM136

TL/H/5671-6
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Typical Applications (continued)

Self-Clocking Multiple A/Ds % External Clocking
NC O——r cLk A fouk
kR —> ] ciem
AD )
1’ .
an Jen
<
fouk P—— K
LK
. HCO—— ik R
5

100 kHz <fc < 1460 kHz

ADC0801/ADC0802/ADC0803/ADC0804/ADCO805

AD #2
*Use a large R value >l cLkim
to reduce loading
at CLK R output. 4
IF MORE THAN § ADOITIONAL
A/D1, USE A CMOS BUFFER (NOT T2()
b L 4
Self-Clocking in Free-Running Mode 1P Interface for Free-Running A/D
-
O——{ V(4 CLxR
(44
O—— vyt i —fo Y " oot
= 001
CLKIN ;’—
RESET
188 pF
44 A 2 1STAGE
I BINARY CTR
SVERESEY Lol KT PP cnsanac
10k Vor®
W TR 143 4
AD
L] START® CLKIN
——0 150 pF
: ; ; READY
= o
“After power-up, a momentary grounding
b of the WR input is needed to guarantee operation. _’ e tfig )
*vo! | I PREVENTS RO
DURING A/D
OATA UPDATE

— T~

f
02x Vig )

RESET RESET

Operating with “Automotive” Ratiometric Transducers

Vee
5 vpe) .
¢ Ratiometric with Vgeg/2 Forced
HEE 5 Voel
Voc!
L X0R
v
X0R 208 Vinte) vee .
= ikt vee
" . 10uF
2680 @] V- ‘ l » <
A = T 10uF
AD —
» ADcoaos ™ = - é,.
A/D <
= = 112 LM388A
Vags?
" LI vee ;' W
s Vin(-) Vv, Py
[+ ADJ L neeR

1\1.; - = " 4
Tuf S
*VIN(=)=0.15 Vg = l i

15% of Ve <Vypr<85% of Vo =
TL/H/5671-T
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Typlcal Applications (continued)

uP Compatible Differential-Input Comparator with Pre-Set Vos (withor without Hysteresis)

= g 1
m - :
RO \ i
c
wsa ourrut ] 4 \;ul
Oo—AVmt" on) ] A .
! 0 ;
I L i ! ™
A |
]
]
172 LMISIA ! S vy
l 2t 3N (]
i L L
O—Vint-! Vaer? B 1 L = o
% s
[\—g 1" |
T 4 i | < Vi (0A Yoy
= = II 112 COARE > B
———— —_— R

*See Figure & to select R value
DB7="1" for Vin(+)> Vin(=) + (VRer/2)
Omit circuitry within the dotted area if
hysteresis is not needed

Handling + 10V Analog Inputs

— Vee
| Vg
w'
LT
ANV vint Vee
+
. Wef

Yy L I

’ =
L <’ Ao
Vinl=)

*Bockman Instruments # 694-3-R10K resistor array

Low-Cost, uP Interfaced, Temperature-to-Digital Converter

% vee
% « Vgl
P.
T In
q e "
AM Vgt v
(i vv'I‘ I tc 1=
iin i il
an
$Vpe
- 106
MIN > ¢—] Vinl-] VRerR Ta MAX
Tas (1) REF A

wP Interfaced Temperature-to-Digital Converter

Vee
5 Vgc)
; i
AAA
VWA~
Ta 100¢
AA- Vinll Voo
(€5 Lo
238V @ 25°C, . +
10 mVeKi s
10 4F

TAMIN S g——] Vinl
ADJ

*Cocunt values shown are for 0°C<Tas +128°C

Can calibrate each sensor to allow easy replacement, then

A/ can be calibrated with & pre-set input voltage.

AD

Ve

TL/H/5671-8

908000V/708000V/808000V/3OSOOGV/ 108000V
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Handling +5v Analog Inputs

Vee
(8 Vpe)

ﬂ " ‘
— ——
TL/H/5671-33

*Beckman Instruments # 694-3-R10K resistor array

ADC0801/ADC0802/ ADCOB03/ADC0804/ADCOL0.

M1P Interfaced Comparator with Hysteresis
Vigl+) mss (D87)
+
Vin 088 [—p ourryr
= A/D
Vigt-) VRer/2, j
*VReF
e ! cLk [ J
m—o_Jo—> ,

Rrp I

VA~

1] PN

il

TL/H/5671-35

Analog Self-Test for a System

o—
Vini)
O—
00—
(]
SYSTEM | O— CHANNEL
oc TEST ANALOG A/D
POINTS | O] MUX
€04051
o—
o—
_L_. Vinl-)
= e e — |
l‘ 1' C cnanneL
SELECT

FROM QUTPUT

PORT OF up TL/H/5671-36

Typical Applications (Continued) -

Read-Only Interface

uP BUS

e
Lm 8 DATA
LU RD A/D
WR —— INTR
¥ ]

8" \_____/—
AD A 4
DATAIS STARTS NEW

ouTtPur CONVERSION

TL/H/5671-34
Protecting the Input
Vee
(€] Yoo)

15 Voc

opP

AMP

o—

=15 Voo

Diodes are 1N914
Vv (=)
ca TL/H/5671-9

A Low-Cost, 3-Decade Logarithmic Converter

Vinle
MV -V > -1y

A/D

“Viingee o
(18mvpp) VaesR

“VMAXger
10 vpg) ©

+

ForT

*LM389 transistors TL/H/5671-37

A, B,C, D = LM324A quad op amp




Typical Applications (ontinued)

3-Decade Logarithmic A/D Converter

A, B,C, D= LM324A
172 L

“Vin 3
(-10mV TO-10V) Vint

3¢ Pedipooioat v 4

5671-34

«

Multiplexing Differential Inputs

N 5671-9

|
|
|

fc=20 Hz

)
CHANNEL
DIFFERENTIAL
MUx

CD4082

<
Vint

Vint-)

e
£

{ Uses Chebyshev implementation for steeper roll-off
e unity-gain, 2nd order, low-pass filter .L—— Vint-)
¢ Adding a separate filter for each channel increases
K system response lime if an analog multiplexer
is used

Output Buffers with A/D Data Enabled

11

FROM DUTPUT
PORT OR P

8 CHANNEL

SELECT

IR

[ C!Fh (3]
. 10,7

s DATA BUS

L] —:E—-O RD*

AlD

DATA OUT

TRISTATE?
BUFFERS

DATAD
ar—e TRISTATE® i
n;—i)o_o L A j SUFFERS WA p—1———Q ¥R

?n Tc!

*A/D output data is updated 1 CLK psriod
prior to assertion of INTH

—

TL/H/5671-10

*Allows output data to set-up at faling edge of C3

Increasing Bus Drive and/or Reducing Time on Bus

T0ur
DATA BUS

§0800QV/¥08000V/£08000V/208000V/108000V
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ADC0801/ADCOBO2/ADCOBO3/ADC0804/ADC0805

I

Typical Applications (Continued)

Sampling an AC Input Signal

SAMPLE

AND

FILTER

v by Wt vy
n
o LF8
8070 8048
(-0 RTR f——p
B 5w A0
LOW-PASS, MULTIPOLE CONTROL [N
ALTER

-[— Vint)
L Mmoo

—re]—

=" — RO

Note 1: Oversample whenever possible [keep s > 2i(—60)] to eliminate input frequency folding
(aliasing) and to allow for the skirt response of the filter. % "

Note 2: Consider the amplitude errors which are introduced within the passband of the filter.

70% Power Savings by Clock Gating

f «
CLK
840 kiz CLKIN

Ve

7 i
o 4 a i um e
K 7 CLK g mnuces | €K g

ToAD ,_ _;_ NTR

2

p14]]

14 14c2
1 74c04

ToAD (Complete shutdown takes = 30 seconds.)

Power Savings by A/D and VReg Shutdown

o Veo
(5Vpel

#P CONTROL

A/D DATA OUTPUT

CMOS T0 DATA
BUFFER sus

TL/H/5671-11
*Use ADC0801, 02, 03 or 05 for lowest power consumption.

Note: Logic inputs can be driven to Ve with A/D supply at zero volts.

Butfer prevents data bus from overdriving output of A/D when in shutdown mode, J
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Functional Description |

.0 UNDERSTANDING A/D ERROR SPECS |

A perfect A/D transfer characteristic (staircase waveform) is
shown in Figure 1a. The horizontal scale is analog input
voltage and the particular, points labeled are in.steps of 1
LSB (19.53 mV with 2.5V tied to the VRgg/2 pin). The digital
output codes that correspond to these inputs are shown as
p—1,D, and D+ 1. For the perfect A/D, not only will center-
value (A—1, A, A+1,. .. .)analoginputs produce the cor-
roct output ditigal codes, but also each riser (the transitions
potwoen adjacent output codes) will be located 1, LSB
away fiom each center-value. As shown, the risers are ideal
and have no width. Correct digital output codes will be pro-
vided for a range of analog input voltages that extend ¥,
LSB from the ideal center-values. Each tread (the range of
analog input voltage that provides the same digital output
code) is therefore 1 LSB wide. . : i

Figure 1b shows a worst case error plot for the ADC0801.
All center-valued inputs are guaranteed to produce the cor-
rect output codes and the adjacent risers are guaranteed to
be no closer to thw center-value points than +1, LSB. In

Transfer Function

DIGITAL OUTPUT CODE
-

R B

A-1 A
ANALOG INPUT (Vi)

>

Transfer Function

L -
N

o

L e :
. ¥ '1|

\

|

i

DIGITAL OUTPUT CODE
°
Ll

n

A-1 A A+l
ANALOG INPUT (Vi)

Transfer Function

DIGITAL OUTPUT CODE
-

1
r 2
{
H I
(N e | ’
. H s
A-1 A A+l
ANALOG INPUT (Vyy)

c) Accuracy = ', LSB
FIGURE 1. Clarifying the Error Specs of an A/D Counverter

other words, if we apply an analog input equal to the center-
value * v, LSB, we guarantee that the A/D will produce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more than 4, LSB.

The error curve of Figure 1c shows a worst case error plot
for the ADC0802. Here we guarantee that if we apply an
analog input equal to the LSB analog voltage center-value
the A/D will produce the correct digital code.

Next to each transfer function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes'the quantization uncertain-
ty of the A/D. For example the error at point 1 of Figure 1a
is + 14 LSB because the digital code appeared Y LSB in
advance of the center-value of the tread. The error plots
always have a constant negative slope and the abrupt up-
side steps are always 1 LSB in magnitude. o
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Functional Description (Continued)
2.0 FUNCTIONAL DESCRJPTION '

The ADG0801 series contains a circuit equivalent of the
256R network. Analog switches are ‘sequenced by succes-
sive approximation logic to match the analog difference in-
put voltage [Vin(+) — Vin(=)] to a corresponding tap on
the R network. The most significant bii is tested first and
after 8 comparisons (64 clock cycles) a digital 8-bit binary
code (1111 1111 = full-scale) is transferred to an output
latch and then an interrupt is‘a‘sseﬂed (INTR makes a high-
to-low transition). A conversion in process can be interrupt-
ed by issuing a second start command. The device may be
operated in the free-running mode by connecting INTR to
the WR input with TS=0. To ensure start-up under all pos-
sible conditions, an external W& pulse is required during the
first power-up cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
as the CS input and WR input‘remain low, the A/D will re-
main in a reset state. Conversion will start from 1 to 8 clock
periods after at least one of these inputs makes a low-to-
high transition. wEE

—

A functional diagram of the A/D converter is shown in F,;.
ure 2. All of the package pinouts are shown and the major
logic control paths are drawn in heavier weight lines. .
The converter is started by having CS and WR simulta.
neously low. This sets the start flip-flop (F/F) and the result.
ing *“1” level resets the 8-bit shift register, resets the Inter.
rupt (INTR) F/F and inputs a “1" to the D flop, F/F1, which
is at the input end of the 8-bit shift register. Internal clogk
signals then transfer this 1" to the Q output of F/F1, The .
AND gate, G1, combines this “1" output with a clock signal
to provide a reset signal to the start F/F. | the set signal g
no longer present (either WR or CS is a *“1") the start F/F g
reset and the 8-bit shift register then can have the “1»
clocked in, which starts the conversion process. If the set
signal were to still be present, this reset pulse would have
no effect (both outputs of the start F/F would momentarily
be at a “1" level) and the 8-bit shift register would continug
to be held in the reset mode. This logic therefore allows for
wide CS and WR signals and the converter will start after at
least one of these signals returns high and the internal
clocks again provide a reset signal for the start F/F. '

“1'= RESET SHIFT REGISTER

“0"= BUSY AND QUIESCENT STATE «
INPUT PROTECTION
FOR ALL LOGIC INPUTS
INPUT X o
TO INTERNAL
CIRCUITS —
BV =30V
ESET
i FIF 1
I START F/F l
ciks
START CONVERSION
MsB o N

20
Vee (VRep) O——
3

4

IF RESET = 9~

9 LADDER
VReF/2 AND

SAR
LATCH

8817
SHIFT Aarrr

DECODER

Rie®
(NOTE2) REGISTER | RESET

A A A LA

DAC
] ViouT) T

A TTT1T1

CTLKA

1

LE D
LATCH 1

Y v ¢

a

1 TRISTATE®
Ving) OUTPUT LATCHES

XFER

SET

—}trx g0
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12 13 14 15 16 17 18
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Lss

| 5

lJ CORV. COMIT, o
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2 o
AD RESET

Note 1: T3 shown twice for clarity.
Note 2: SAR = Successive Approximation Register.

FIGURE 2. Block Diagram
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Functional Description (Continued)

Alter the “1” is clocked through the 8-bit shift register
hich completes the SAR search) it appears as the input to
the D-type latch, LATCH 1. As soon as this “1" is output
from the shift register, the AND gate, G2, causes the new
oglal word to transfer to the TRI-STATE output latches.
when LATCH 1 is subsequently enabled, the Q output
makes & high-to-low transition which causes the INTR F/F
10 sot. An inverting buffer then supplies the INTR input sig-
nal.

Note that this SET control of the INTR F/F remains low for
g8 of the exlernal clock periods (as the internal clocks run at
v of the frequency of the external Qo_ck). If the data output
18 continuously enabled (CS and RD both held low), the
INTH output will still signal the end of conversion (by a high-
to-low transition), because the SET input can control the Q
output of the INTR F/F even though the RESET input is
constantly at a “1” level in this operating mode. This INTR
output will therefore stay low for the duration of the SET
wgnal, which is 8 periods of the external clock frequency
(assuming the A/D is not started during this interval).

Whon operating in the free-running or continuous conver-
sion mode (INTR pin tied to WR and CS wired low—see
also soction 2.8), the START F/F is SET by the high-to-low
wansition of the INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
1o go low. As the latch enable input is still present, the Q
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resulting TNTR output
pulse to only a few propagation delays (approximately 300
ns). ’

when data is to be read, the combination of both CS and
TD being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-
t:t cigital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
12L togic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output En-
alro labals. In addition, these inputs are active low to allow
an easy interface to microprocessor control busses. For
non-microprocessor based applications, the CSinput (pin 1)
¢an be grounded and the standard A/D Start function is
ctianed by an active low pulse applied at the WR input (pin
3) and the Output Enable function is caused by an active
iow pulso at the RD input (pin 2).

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

Tha A/D has additional applications flexibility due to the
enalog differontial voltage input. The Vin(—) input (pin 7)
can Lo usod to automatically subtract a fixed voltage value
tiem tha input reading (tare correction). This is also useful in
4 mA-20 mA current loop conversion. In addition, common-
™ado nolso can be reduced by use of the differential input.
f:\.a umoe Intorval between sampling Vin(+) and Vin(—) is 4-
Y3 tlock poriods. The maximum error voltage due to this

va tpischaRge | '“"’.(V
- |7
Vin(-)
= L

slight time difference belween the input voltage samples is
given by:

4.5
AVg(MAX) = (Vp) (R7fcm) (f-c—l:; )

where:
AV is the error voltage due to sampling delay
Vp is the peak value of the common-mode voltage
fem is the common-mode frequency

As an example, to keep this error to 1/, LSB (~ 5 mV) when
operating with a 60 Hz common-mode frequency, fcm, and
using a 640 kHz A/D clock, fcLk, would allow a peak value
of the common-mode voltage, Vp, which is given by:

_ [8Vemax) (for]
(2mrtem) (4.5)

or
(5 x 1079) (640x10%)
P~ T (6.28) (60) (4.5)
which gives S
Vp=19V.

The allowed range of analog input voltages usually places
more severe restrictions on input commoqmode noise lev-
els. %

An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voltage).

2.3 Analog Inputs
2.3.1 Input Current

Normal Mode

Due to the internal switching action, displacement currents
will flow at the analog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 3.

| 1PEAK ™ _Va_
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\ K
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A CHARGE | ifl
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™
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r=ron CsTRAY = 5 kil X 12 pF = 60 ns

FIGURE 3. Analog Input Impedance
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Functional Description (Continued)

The voltage on this capacitance is switched and will result in
currents entering the ViN(+) input pin and leaving the
Vin(=) input which will depend on the analog differential
input voltage levels. These current transients occur at the
leading edge of the internal clocks, They rapidly decay and
do not cause errors as the on-chip comparator is strobed at
the end of the clock period.

Fault Mode

If the voltage source applied to the Vin(+) or VIn(=) pin
exceeds the allowed operating range of Vg + 50 mV, large
input currents can flow through a parasitic diode to the Vee
pin. If these currents can exceed the 1 mA max allowed
Spec, an external diode (1N914) should be added to bypass
this current to the Vg pin (with the current bypassed with
this diode, the voltage at the ViN(+) pin can exceed the
Vec voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resist-
ances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the Vin(+)
input voltage at full-scale. For continuous conversions with
a 640 kHz clock frequency with the ViN(+) input at 5V, this
DC current is at a maximum of approximately 5 pA. There-
fore, bypass capacitors should not be used at the analog
inputs or the Vger/2 pin for high resistance sources (> 1
k). If input bypass capacitors are necessary for noise filter-
ing and high source resistance is desirable to minimize ca-
pacitor size, the detrimental effects of the voltage drop
across this input resistance, which is due to the average
value of the input current, can be eliminated with a full-scale
adjustment while the given source resistor and input bypass
capacitor are both in place. This is possible because the
average value of the input current is a precise linear func-
tion of the differential input voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input cur-
rents setlle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series resis-
tor (< 1 kQ) for a passive RC section or add an op amp RC
active low pass filter. For low source resistance applica-
tions, (< 1 k), a 0.1 rF bypass capacitor at the inputs will
prevent noise pickup due to series lead inductance of a long
wire. A 1009} series resistor can be used to isolate this ca-
pacitor—both the R and C are placed outside the feedback
loop—from the output of an op amp, if used.

2.3.4 Noise

The leads to the analog inputs (pin 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5 k(). Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
Create analog scale errors as these capacitors will average
the transient input swilching currents of the A/D (see sec-
tion 2.3.1.). This scale error depends on both a large source

resistance and the use of an input bypass capacitor. This
error can be eliminated by doing a full-scale adjustment of
the A/D (adjust VRgg/2 for a proper full-scale reading—see
section 2,5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vbc, 2.5 Vpg or an adjusted
voltage reference. This has been achieved in the design of
the IC as shown in Figure 4.
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>
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FIGURE 4. The VREFERENCE Design on the IC
Notice that the reference voltage for the IC is either Y, of
the voltage applied to the Ve supply pin, or is equal to the
voltage that is externally forced at the VREF/2 pin. This al-
lows for a ratiometric voltage reference using the Voo sup-
ply, a 5 Vpg reference voltage can be used for the Vee
supply or a voltage less than 2.5 Vpc can be applied to the
VREF/2 input for increased application flexibility. The inter-
nal gain to the Vggr/2 input is 2, making the full-scale differ-
ential input voltage twice the voltage at pin 9. ;

An example of the use of an adjusted reference voltage is to
accommodate a reduced span—or dynamic voltage range
of the analog input voltage. If the analog input voltage were
to range from 0.5 Vbc 10 3.5 Vp, instead of OV to 5 Vpg,
the span would be 3V as shown in Figure 5. With 0.5 Voc
applied to the Vin(=) pin to absorb the offset, the reference
voltage can be made equal to Y, of the 3V span or 1.5 Vpg.
The A/D now will encode the Vin(+) signal from 0.5V to 3.5
V with the 0.5V input corresponding to zero and the 3.5 Voc
input corresponding to full-scale. The full 8 bits of resolution

are therefore applied over this reduced analog input voltage
range.
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Functional Description (continued)

*Add if VRer/2 < 1 Vpg with LM358
to draw 3 mA to ground.

SV I v () MAX
Lo Qsv)

Vint+)

F Vit MIN SPAN = 3V
r, (0sv)
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a) Analog Input Signal Example

&
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9
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= (1.5 Vpg)
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ZERO-SHIFT SPAN 2R LuF R
A0l ADS
Y TU/M/S6T1-16
b) Accommodating an Analog Iinput from b

0.5V (Digital Out = = 00yg) to 3.5V
(Digital Out=FFygx)

FIGURE 5. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital output
code. The ADCO0805 is specified particularly for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion applications, both the initial value and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter. For VRgp/2
voltages of 2.4 Vpc nominal value, initial errors of +10
mVpc will cause conversion errors of +1 LSB due to the
gain of 2 of the Vrgg/2 input. In reduced span applications,
the initial value and the stability of the Vggg/2 input voltage
become even more important. For example, if the span is
reduced to 2.5V, the analog input LSB voltage value is cor-
respondingly reduced from 20 mV (5V span) to 10 mV and
1 LSB at the Vpgr/2 input becomes 5 mV. As can be seen,
this reduces the allowed initial tolerance of the reference
voltage and requires correspondingly less absolute change
with temperature variations. Note that spans smaller than
25V place even tighter requirements on the initial accuracy
and stability of the reference source.

In general, the magnitude of the reference voltage will re-
Quire an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for ref-
erences if the ambient temperature changes are not exces-
sive. The LM336B 2.5V IC reference diode (from National
Semiconductcr) has a temperature stability of 1.0 mV typ
(6 mV max) over 0°C<Ta<+70°C. Other temperature
fange parts are also available.

2.5 Errors and Reference Voltage Adjustments
2.5.1 Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, ViN(MIN), is not ground,
a zero offset can be done. The converter can be made to
output 0000 0000 digital code for this minimum input voltage
by biasing the A/D V|y(—) input at this Vinygwiny value (see
Applications section). This utilizes the differential mode op-
eration of the A/D.

The zero error of the A/D converter relates to the location
of the first riser of the transfer function and can be mea-
sured by grounding the V|y (=) input and applying a small
magnitude positive voltage to the Vy (+) input. Zero error
is the difference between the actual DC input voltage that is
necessary to just cause an output digital code transition
from 0000 0000 to 0000 0001 and the ideal 1/, LSB value
(2 LSB = 9.8 mV for VRgr/2=2.500 Vpg).

2.5.2 Fuil-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage that is 114, LSB less than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the Vrer/2 input (pin 9 or the Vg supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110to 1111 1111,

60800QV/$08020V/€08000V/20800AV/10800AV
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Functional Description (continued)

2.5.3 Adjusting for an Aibitrary Analog Input Voltage
Range
If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input sig-
nal that does not go to ground) this new zero reference
should be properly adjusted first. A V|y(+) voltage that
equals this desired zero reference plus 4, LSB (where the
LSB is calculated for the desired analog span, 1 LSB = ana-
log span/256) is applied to pin 6 and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
00HEgx to 01HEx code transition.
The full-scale adjustment should then be made (with the
proper Vin(—) voltage applied) by forcing a voltage to the
Vin(+) input which is given by:
V -V
Vin (+) fs adj = Vyax—1.5 [ Muarx — Vil |
256

where:

Vmax=The high end of the analog input range
and

Vmin=the low end (the offset zero) of the analog range.
(Both are ground referenced.)

The VRer/2 (or V) voltage is then adjusted to provide a
code change from FExex to FFygx. This completes the ad-
justment procedure.

2.6 Clocking Option
The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The

CLK IN (pin 4) makes use of a Schmitt trigger as shown in
Figure 6.

%
CLKR
18

R foLk =

1
11RC
cLk ] l>o | - R=10kQ
4

TL/H/S671-17
FIGURE 6. Self-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D convert-
er clock inputs from a single clock R pin of 1 converter, are
allowed. For larger clock line loading, a CMOS or low power
TTL buffer or PNP input logic should be used to minimize
the loading on the clock R pin (do not use a standard TTL
buffer).

2.7 Restart During a Conversion

If the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is reset and a new con-
version is started. The output data latch is not updated if the

conversion in process is not allowed to be completed, there-
fore the data of the previous conversion remains in thig
latch. The INTR output simply remains at the “1" level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, to ensure circuit opera-
tion. In this application, the CS input is grounded and the
WR input is tied to the TNTR output. This WR and INTR
node should be momentarily forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussmg also
greatly adds to the stray capacitance of the data bus.

There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows’ down the response time, éven though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capaditive load% can be driven (see typxcal
characteristics curves).

At higher CPU clock frequencies time can be ex&ended for
I/0 reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
buffers (low power Schottky such as the DM74LS240 series
is recommended) or special higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Supplies

Noise spikes on the V¢ supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter Vcc pin and values of 1 pF or greater are
recommended. If an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regw- |
lator for the converter (and other analog circuitry) will greatly |
reduce digital noise on the Vg supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satlsfactory for |
breadboarding this A/D converter. Sockets on PC boards
can be used and all logic signal wires and leads should be
grouped and kept as far away as possible from the analcg
signal leads. Exposed leads to the analog inputs can cause |
undesired digital noise and hum pickup, therefore shielded ;
leads may be necessary in many applications.

T AR TR 0 SR R ok DL 2014 5 B o




o
arci
1§

aly £

§ 3
s 3

v S a4

o

fFunctional Description (Continueq)

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
poth be returned to digital ground. Any VReg/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ng should be returned to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
convorter. Zero errors in excess of ¥, LSB can usually be
wacod to improper board layout and wiring (see section
2.5.1 for measuring the zero error).

4.0 TESTING THE A/D CONVERTER

Thore are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
xnown analog input voltage to the converter and use LEDs
10 display the resulting digital output code as shown in Fig-
we 7.

For ease of testing, the Vrer/2 (pin 9) should be supplied
wih 2,560 Vpc and a Vg supply voltage of 5.12 Vpc
should be used. This provides an LSB value of 20 mV.

1 a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpg (5.120- 1Y, LSB) should be applied to
the Vin(+) pin with the V(=) pin grounded. The value of
tho VRer/2 input voltage should then be adjusted until the
a@gital output code is just changing from 1111 1110 to 1111
1111. This value of VRer/2 should then be used for all the
tosts. off

The digital output LED display can be decoded by dividing
tho B bits into 2 hex characters, the 4 mosit significant (MS)
and the 4 least significant (LS). Table | shows the fractional
tnary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS" and “VLS" columns in
Table I, the nominal value of the digital display (when
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FIGURE 7. Basic A/D Tester
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VRer/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (in hex). the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
fect A/D converter. The effects of quantization error have to
be accounted for in the interpretation of the test results.

For a higher speed test system, or to obtain plotted data, a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digi-
tal words. '

A basic A/D tester that uses a DAC and provides the error
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction feature is available to read the diffsrence voltage,
“A-C", directly. The analog input voltage can be supplied
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog input
(X axis). g

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the Y0-bit DAC is
incremented. This provides Y4 LSB steps for the 8-bit A/D
under test. If the results of this test are automatically plotted
with the analog input on the X axis and the error (jn LSB's)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
internal limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and storss the results
of 16 successive conversions, then returns to the user's
program. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an 170 device by using the i70 R
and 70 W strobes and decoding the address bits A0 —
A7 (or address bits AB — A15 as they will contain the
same 8-bit address information) to obtain the CS input. Us-
ing the 1/0 space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
cnly be input to the accumulator. To make use of the addi-
tional meniory reference instructions, the A/D should be

mapped into memory space. An example of an A/D in I/0

space is shown in Figure 10.
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Functional Description (continued)

ANALOG INPUT o

VOLTAGE

DIGITAL
INPUT

8BIT
A/D
UNDER TEST

DAC1000
1087
DAC

DAC1000
108IT
DAC

A/D UNDER
TEST

VANALOG OUTPUT

100X ANALOG
ERROR VOLTAGE

OIGITAL
| ouTPUT

FIGURE 9. Basic “Digital” A/D Tester

L TL/H/S6T1-19

: 8
TABLE I. DECODING THE DIGITAL OUTPUT LEDs
OUTPUT VOLTAGE ~
FRACTIONAL BINARY VALUE FOR JFENTER VALUES.
HEX BINARY .WITH
VRer/2=2.560 Vpc
MS GROUP LS GROUP VMS GROUP* | VLS GROUP'
F 1 T4 1 15/16 15/256 4.800 0.300
E 1 1 1 0 7/8 7/128 4.480 ' 0.280.
D 1 104 1 13/16 13/256 4.160 0.260. "
(o} 1 1 0 0 3/4 3/64 3.840 0.240
B 10 1 1 11/16 11/256 3.520 0.220
A 1 0 1 0 5/8 5/128 3.200 0.200
9 1 0 0 1 9/16 9/256 2/880 0.180
8 10 0 0 1/2 1/32 2/560 0.160 |
7 o 1 1 1 7/16 7/256 2.240 0.140
6 0o 1 1 o0 3/8 3/128 1.920 0.120
5 0o 1 0 1 5/16 2/256 1.600 - 0.100
4 01t 0 o 1/4 1/64 1/280 0.080 |
3 0 0 1 1 3/16 3/256 0.960 0.060..
2 0 0 1 o0 1/8 1/128 0.640 0.040
1 0 0 0 1 1/16 1/256 0.320 0.020
0 0 0 0 o 0 43/ !
*Display Output = VMS Group + VLS Group




——

AR RN AR

L)

i 0300
0302
0303
0304

Note 1: *Pin numbers for the DP8228 system controller, others are INSB080A.
Note 2: Pin 23 of the INS8228 must be tied to + 12V through a 1 k2 resistor to generate the RST 7

Functional Description (continued) ¢ "4
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instruction when an interrupt is acknowledged as required by the accompanying sample program.

FIGURE 10. ADC0801-INS8080A CPU Interface

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE

C30003
°

210002

310004
7D

FE OF
CA1301
D3 EO
FB

00
C30F 01

DB EO
77

23
C30301

RST 7:
L]
S,

START:

RETURN :

LOOP:

CONT:
e
(User programto

process data)
L]

LD DATA:

JMP LD DATA

LXI H 0200H

LXI SP 0400H
MOVA, L
CPIOFH

JZ CONT

OUT EOH

EI

NOP

JMP LOOP

INEOH
MOV M, A
INXH

JMP RETURN

; HLpairwill point to ‘

; data storage locations

s Initialize stack pointer (Note 1)
; Test #of bytes entered

s If#=16. JMP to

; user program

; Start A/D

; Enable interrupt

; Loopuntilendof

; conversion

; Load data into accumulator
; Store data
; Increment storage pointer

Note 1; The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack.

21
9 2: All addross used were arbitrarily chosen.
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must drive capacitive loads larger than 100 pF....,

Functional Description (continued)

The standard control bus signals of the 8080 TS, RD and - _
WR) can be directly wired to the digital control inputs of the -«
A/D and the bus timing requirements-are met to allow both -
starting the converter and outputting the data onto the data _
bus. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or - -

4.1.1 Sample 8080A CPU Interfa

Program B b
The following sample program and associated hérdware
shown in Figure 10 may be used to input data from the
converter to the INSB0B0A GPU chip set.(comprised of the
INSBOBOA microprocessor, the INS8228 system controller
and the INS8224 clock generator). For simplicity, the A/D is
controlled as an 170 device, specifically an 8-bit bi-direction-
al port located at an arbitrarily chosen: port address, EO. Tho

cing Circuitry én"dv_‘r )

TRI-STATE output capability of the A/D eliminates the.need .- ---dummy address._.respective!y. A sample interface program

for a poripheral interface device, however address decoding .:

e o ptrned g oo P SheTh ot I3
(st ity FREBI 20 FERASN B Y R
‘.

It is important to note that in systems where the A/D con. '
verter is 1-of-8 or less 1/0 mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
.{A0_to A7) can be directly used as TS inputs—one for each
/O device. i
4.1.2INS8048 Interface |
The INS8048, interface technique with the ADC0801 serieg
(see Figure 11)'is simpler than the 8080A CPU interface,
There are 24 170 lines ‘and three test input lines in the 8048,
With these extra /0 lines available, one of the I/0 lines (bit
0 of port 1) is used as the chip select signal to the A/D, thug
- ‘eliminating, the use of an external address decoder. Bug
control signals RD, WR and INT of the 8048 are tied directly
to the A/D. The 16 converted data words are stored at on.
chip RAM locations' from 20 to 2F (Hex). The RD and WR
signals are generated by reading from and writing into a

is still required to generate the appropriate TS for the con-

verter. e
17
{40 20 I+ T
. g 10uF \
oY ool Sose Voo N ’
. 13 i
- DB :l’ o1 =, .
L DRe— om2 3 «
Dl [ r_" Yosy
[T DL Mo
4 o8s ::: . M oss 5
oos )¢ 2 oes -
INSSS pgy | Ulosr Avcesar
160 pF
1
s 2 Ry fep
10 3, 4
WR ¢ rid b CLKIN - -
T |e i*TR Y. )"
Ry - I, [N G [ ; s
o f— >l &5 A .
- : 10
¢ 0
S + ANALOG —1":!(') ARE LA 4
T - =
e INPY Vinll =
meoon e s TR )

1

is shown below.

i,

FIGURE 11. INS8048 Interface

SAMPLE PROGRAM FOR FIGURE 11 INS8048 INTERFACE

TL/H/5871=21

04 10 JMP 10H 7., : Programstarts at addr 10
ORG 3H
04 50 JMP 50H s Interrupt jump vector e
'ORG 10H s Main program :
99 FE ANL P1, #0FEH ; Chip select )
81 MOVX A, @Rl ;Read inthe 1st data
N \ ;toreset the intr b A
89 01 START : . +ORL Pl, #1 s Set port pinhigh,
B8 20 f o, MOV RO, #20H s Data address
B9 FF MoV R1l, #0FFH s Dummy address
BA 10 MoV R2, #10H ; Counter for 16 bytes
23 FF AGAIN: MoV A, #0FFH - 3 Set ACC for intr loop
99 FE ANL P1l, #OFEH s Send CS (bit 0 of P1)
91 MOVX @R1, A ; Send WR out
05 EN I ; Enable interrupt
96 21 LOOP: JNZ LOOP ;Wait for interrupt
EA 1B DJNZ R2, AGAIN s If 16 bytes are read
00 NOP ;8otouser'sprogram
00 NOP ’
o ORG 50H i ‘ : W
81 INDATA: MOVX A, @Rl s Input data, CSstill low 2
AC MOV @RO, A ; Store inmemory o 4
18 INC RO ; Increment storage counter i
8901 ORL PL, #1 ;Reset CSsignal o ik
27 CLR A ; Clear ACC to get out of asalt {f
93 RETR s the interrupt loop ol ;
2-40 k
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Functional Description (continued)
4.2 Interfacing the Z-80

Tho Z-80 control bus is slightly different from that of the’ '

8080. General RD and WR strobes are provided and sepa-
rato memory request, MREQ, and I/0 request, TORQ, sig-
nals are usad which have to be combined with the general-
1zod strobes to provide the equivalent 8080 signals. An ad-
vantage of operating the A/D in 1/0 space with the Z-80 is
that the CPU will automatically insert one wait state (the RD
and WR strobes are extended one clock period) to allow
more time for the 1/0 devices to respond. Logic to map the
A/D in /0 space is shown in Figure 13. :

RO AD 2 U

[TRT AlD
WR 3

*R

MMI4C32 TL/H/5671-23
FIGURE 13. Mapping the A/D as an I/0 Device -
for Use with the Z-80 CPU

Additional 1/0 advantages exist as software DMA routines
are avallable and use can be made of the output data trans-
for which exists on the upper 8 address lines (A8 to A15)
during 170 input instructions. For example, MUX channel
soloction for the A/D can be accomplished with this operat-
Ing mode.

4.3 Interfacing 6800 Microprocessor Derlvatives
(6502, 8tc.) 7

The control bus for the 6800 microprocessor derivatives
doos not use the RD and WR strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
bo derived fom the ¢2 clock. All I/0 devices are memory
mapped in the 6800 system, and a special signal, VMA,
indicates that the current address is valid. Figure 14 shows
aninterface schematic where the A/D is memory mapped in

the 6800 system. For simplicity, the CS decoding is shown °

using ', DMB092. Note that in many 6800 systems, an al-

ready décoded 475 line is brought out to the common bus at
pin 21. This'can beé tied directly to the TS pin of the A/D,
provided that no other devices are addressed at HX ADDR:
4XXX or BXXX. ‘

The following subroutine performs essentially the same

function as in the case of the 8080A interface and it can be
called from anywhere in the user's program.

. In Figure 15the ADC0801 series is interfaced ta the M6800

microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MC6821 Peripheral Interface Adapter, (PIA).
Here the TS pin of the A/D is grounded since the PIA is
already memory mapped in the M6800 system and no T3S
decoding is necessary. Also notice that the A/D output data
lines are connected to the microprocessor bus under pro-

" gram control through the PIA and therefore the A/D RD pin

can be grdunded. .
A sample iniedace program equivalent to the previous one

" is shown below Figure 15. The PIA Data and Control Regis-
" ters of Port B are located at HEX addresses 8006 and 8007,

respectively. i

. 5.0 GENERAL APPLICATIONS

The following applications show some interesting uses for
the A/D. The fact that one particular microprocessor is used
Is not meant to be restrictive. Each of these gpplication cir-
cuits would have its counterpart using any icroprocessor
that is desired. o

5.1 Multiple ADC0801 Serles to MC6800 CPU Ihlérface

To transfer analog data from several channels t‘B a single
microprocessor system, a multiple converter scheme pre-
sents several advantages over the conventional multiplexer
single-converter approach. With the ADC0801 series, the
differential inputs allow individual span adjustment for each
channel. Futhermore, all analog input channels are sensed
simultaneously, which essentially divides the microproces-

~ sor's total system servicing time by the number of channels,

since all conversions occur simultaneously. This scheme is
shown in Figure 16.

— TR0 (4)°(D]**

‘o@——q R ) (5]
10k

AAA.

YWy

ANALOG O
INPUTS

ViN
Vine-)
AGND
VREF2
{0 Gno

UN IR N/

A/0

[,
D

20
Vee

19 . AsC
cu.xu,—.—l L—— owm l”,

080 -—-——bn 00 33 (N
081 01 (32) (23]
082 ——y‘s 02 (31 (R)
083 P> 03 () [A)
084 [ 04 23 (32}
08s Tz—_' 05 (20) (30

086 f-———— 06 1) ([}
087 . 07 26) (I}

b qa2a2 34

2 3
—o<}—< A13 (23) [N
3

Rote 1: Numbers in parentheses refer to MC6800 CP! pin out.

2 Numbor or letters in brackets refer to standard M6800 system common bus code.

——4 A4 (24) (M)

4
172 OMs0s2 L—Oq-* A1S @28) (23]

5
[ e VA (8) (EJ

GND (ul WKy
41424

TL/H/S671-24

FIGURE 14. ADC0801-MC6800 CPU Interface
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Functional Description. aninig ;"

2 '

0010 DF 36
0012. .. CE002C
0015 .. FFFFF8
0018 . B75000
001B OE '
001C 3E
001D . DE34
001F ..8C 02 OF
0022 2714
10024 B7:50 00
. 0027 08 Py
0028 DF 34
002a 20 FO .
~ .7002C - - ..DE 34
002E . B65000 -+
0031 A700
0033 3B A
0034 0200
0036 0000
0038 . CE0200
003B " DF 34
003D - DE38
003F " "39 -
Note 1: In

TENPL 1B

" U CONVRT. . . WAI

INTRPT . .. LDX

DATAIN .. =~ SIX
. LDX
" sTX
STAA
CLI

LDX

‘CPX

. BEQ

o, . STAA
o ovono INX
: STX
BRA

LDAA
STAA
RTI

" TEMP2 FDB

ENDP . IDX
. STX

LDX

wet ! ppg

Ay

“4s002¢”

TEMP2

.. $FFF8
~.$5000

TEMPL -

#8020F
ENDP

§5000 .

TEMP1
CONVRT
TEMPL:
$5000
X ..

$0200

- $0000 '
- #$0200

TEMP1
TEMP2

Chbas ot g lare

RS

i Wai{ for interru_pt

' SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU,INTEBFACE '
. i Save contentsofX
- 3 Upon IRQ low CPU

s Jumps to 002C
; Start ADCO801

s Is final data st.,ore«_i?

. s Restarts ADC0801

-:;Read data

;3Store itatX

; Starting ad

ty

s data storage

¢Reinitialize

dress for

TEMPL

i

... +Return from subroutine

; To'user's program
order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in thé user's program.
3 2 P . o B e

18

>
. | 19
. h
10k
"~A'
10 s il Ve 'Z'EOEV
260D © okl
gl ] = 18 10,
/77 SOfWR DBO >
4 17 1,
CLKIN - DB1 e —
50 INTR .DB2 12:
6 A/D 15 13,
ANALOG - Vi) : DB3 = =
INPUTS O : ViN() 084 = ';;
150 0F ™ A GND 08§ >
P O-'-'g VREFR 086 :f 1ﬁ=
J; o ano 0B7 ”:

1]f

FIGURE 15. ADC0801-MC6820 PIA Interface

cet

CB2

PBO
PB1
PB2
PB3

PBS
P86
PB7

PIA

..

TUHIS6
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e SAMPLE PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTERFACE

§ 0010 . CEO0038~ " DATAIN ©LDX #30038  ; Upon IRQ low CPU
0013  FFFFF . . STX $FFF8 ; jumps to 0038
% 0016 . B68006 ... LDAA 'PIAORB i Clear possible IRQ flags
g 0019 - 4F CLRA - P
? 001A * B7 8007 _ 'STAA PIACRB o ;T
i 001D B7 80 06 . . STAA PIAORB ; Set Port B as input
Lo 0020  OE._ ... . ‘ CLI Com g @
& 0021 .. C6'34 - - . .._LDAB #$34 _
0023 * 863D | LDAA #$3D i i
0025 F78007 '~ CONVRT "STAB PIACRB ; Starts ADCO8OY
0028 "' B78007 STAA PIACRB i
002B ' 3E . - WAI ; Wait for interrupt
002¢ DE40 LDX TEMPL -
002E 8C020F : CPX #$020F ; Is final data stored?
0031 270F P BEQ ENDP .
0033 08 y : INX .. ;
0034 DF 40 i : STX TEMPL
0036 20 ED - ' BRA CONVRT
0038 DE 40 INTRPT LDX TEMPL S — h «
0034 .B6 8006 n_._ LDAA PIAORB ; Read data in
003D A700 = STAA X ol ; Store it at X
003F 3B ' RTI i .
0040 0200 TEMP1 FDB . $0200 ; Starting address for
& ) ; data storage
0042 CE 0200 ENDP LDX ' #$0200 ; Reinitialize TEMP1
0045 DF 40 : \ “STX TEMP1
0047 39 RTS ; Return from subroutine
’ PIAORB . EQU $8006 ; Touser's program
PIACRB - EQU $8007 -

1

$08090V/+¥08000Y/€08004V/20800QV/10800QV

The following schematic and sample subroutine (DATA IN)
may be used to interface (up to) 8 ADC0801's directly to the
MC6800 CPU. This scheme can easily be extended to allow
the Interface of more converters. In this configuration the
converters are (arbitrarily) located at HEX address 5000 in
the MC6800 memory space. To save components, the
clock signal is derived from just one RC pair on the first
converter. This output drives the other A/Ds.

All the converters are started simultaneously with a STORE
Instruction at HEX address 5000. Note that any other HEX
address of the form 5XXX will be decoded by the circuit,
pulling all the TS inputs low. This can easily be avoided by
using a more definitive address decoding scheme. All the
lnterrupts are ORed together to insure that all A/Ds have

completed their conversion before the microprocessor is in-
torrupted.

Tho Subroutine, DATA IN, may be called from anywhere in

CPU, starts all the converters simultaneously and waits for -
the interrupt signal. Upon receiving the interrupt, it reads the
converters (from HEX addresses 5000 through 5007) and
stores the data successively at (arbitrarily chosen) HEX ad- -
dresses 0200 to 0207, before returning to the user's pro-
gram. All CPU registers then recover the original data they
had before servicing DATA IN.

5.2 Auto-Zeroed Differentlal Transducer Amplitier
and A/D Converter

"The differential inputs of the ADC0801 series eliminate the

need to perform a differential to single ended conversion for
a differential transducer. Thus, one op amp can be eliminat-
ed since the differential ‘o single ended conversion is pro-
vided by the differential input of the ADC0801 series. |n gen-
eral, a transducer preamp is required to take advantage of
the full A/D converter input dynamic range.

18 the user's program. Once called, this routine initializes the

R
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Functional Description (continueq)
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Note 1: Numbers in parentheses refer to MC6800 CPU pin out.

Note 2: Numbers of letters in brackets refer to standard M86800 system common bus code.

o &

ADDRESS |
0010
0012
0015
0018
001B
001C
001D
0020
0022
0025
0027
0029
002A
002C
002E
002F
0031

" FIGURE 16. Inferfacing Multi
SAMPLE PROGRAM FOR FIGURE 76 INTERFACING MU

HEX CODE

DF 44
CE 00
FF FF
B7 50
OE

3E

CE 50
DF 40
CE 02
DF 42
DE 44
39

DE 40
A8 00
08

DF 40
DE 42

_DATAIN
24
F8
00
00

00

INTRPT

. MNEMONICS
STX .. TEMP
LDX #$002A
STX $FFF8
STAA $5000
CLI
WAI
LDX #$5000
STX INDEX1
LDX #8$0200
STX INDEX2
LDX TEMP
RTS
LDX INDEX1
LDAA X
INX
STX INDEX1
LDX INDEX2

ple A/Ds In an MC6800 System .
LTIPLE A/Ds IN AN MC6800 SYSTEM
3 COMMENTS

§
—oq—q Ats 25)[33)

; Save Contentsof X
s Upon IRQ LOW CPU

; Jumps to 0024

;StartsallA/D's

;Wait for interrupt

; Reset both INDEX
;land2tostarting

;addresses

TLIH/5671-26

i Return from subroutine

; INDEX1 — X

iReaddatain fromA/D at X
s Increment X by one

s X — INDEX1
; INDEX2 — X

Fu

Notc

For
the
pre:
whc
sub:
ess
for

- obv
the
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Functional Description (continued)

SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

ADDRESS HEX CODE MNEMONICS COMMENTS

0033 A7 00 STAA . X. . ; Storedataat X .

0035 8C 0207 ‘CPX #$0207 ; Have all A/D's beenread?
0038 2705 BEQ RETURN ; Yes : branch to RETURN
003A 08 INX s No: increment X by one
003B DF 42 STX INDEX2 ; X — INDEX2

003D 20 EB BRA INTRPT ; Branchto 002A .

003F 3B v RETURN RTI

0040 5000 ' INDEX1 FDB $5000 5 Starting address for A/D
0042 02 00 INDEX2 FDB $0200 : Starting address for data storage
0044 0000 TEMP ' FDB $0000 :

'

N

Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointér' must be dimensioned in the user's program.

For amplification of DC input signals, a major system error is

the input offset voltage of the amplifiers used for the

preamp. Figure 17 is a gain of 100 differential preamp
whose offset voltage errors will be cancelled by a zeroing
subroutine which is performed by the INSB080A microproc-
essor system. The total allowable input offset voltage error

for this preamp is.only 50 pV for 4 LSB error. This would -

obviously require very precise amplifiers. The expression for
the differential output voltage of the preamp is:

Vo = [Vin(+)=Vin(-)] [1 + ﬂg] =

R1
(LY s — 8 S
SIGNAL GAIN
(Vos, — Vosy — Vosg £ IxRx) (1 + %)
\ y s 2L
DC ERROR TERM GAIN

where Iy is the current through resistor Rx. All of the offset
error terms can be cancelled by making *1xRx= Vos1 +
Voss — Vosz. This is the principle of this auto-zeroing
scheme.

The INS8080A uses the 3 1/0 ports of an INS8255 Pro-

gramable Peripheral Interface (PP!) to control the auto zero-
ing and input data from the ADC0801 as shown in Figure 18.
The PPl is programmed for basic |/O operation (mode 0)
with Port A being an input port and Ports B and C being
output ports. Two bits of Port C are used to alternately open
or close the 2 switches at the input of the preamp. Switch

SW1 is closed to force the preamp’s differential input to-be
zero during the zeroing subroutine and then.opened and
SW2 is then closed for conversion of the actual differential
input signal. Using 2 switches in this manner eliminates con-
cern for the ON resistance of the switches as they- must
conduct only the input bias current of the input amplifiers.

Output Port Bis used as a succegsive appgoximation regis-
ter by the 8080 and the binary scaled resistors in series with

each output bit create a D/A converter. During the zeroing-

subroutine, the voltage at V increases or decreases:as re-

.quired to make the differential output voltage équal to zero.

This is accomplished by ensuring that the voltage at the
output of A1 is approximately 2.5V so that a logic “1"” (5V)

on any output of Port B will source current into node Vy thus
raising the voltage at Vx and making the output differential:

more negative. Conversely, a logic “0" (0V) will pull current
out of node Vx and decrease the voltage, causing the differ-
ential output to become more positive. For the resistor-val-
ues shown, Vyx.can move *12 mV with a resolution of 50

RV, which will null the offset error term to ¥, LSB of full- -

scale for the ADC0801. It is important that the voltage levels

- that drive the auto-zero resistors be constant. Also, for sym-

metry, a logic swing of OV to 5V is convenient. To achieve
this, a CMOS buffer is used for the logic output signals of

- Port B and this CMOS package is powered with a stable 5V

source. Buffer amplifier A1 is necessary so that it can
source or sink the D/A output current.
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Functional Description (Continued)

Aviy

V)
S| Ving-) 28V - ==

Vinge) 228V e =5

v

P Vinty

AAA, %

-1y

o —

826 e

=] Vin-)

Vaeen2

Veo

FROM OUTPUT .
FORY 8 BUFFER
(FIGURE 16)

FROMOUTPUT
PORT C
(FIGURE 13)

Note 1: R2 = 49.5 R1 c
Note 2: Switches are LMC13334 CMOS analog switches.

Note 3: The 9 resistors used in the auto-zero section can be +5% tolerance.

FIGURE 17. Gain of 100 Differential Transducer Preamp
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FIGURE 18. Microprocessor Interface Circultry for Differential Preamp
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A flow chart for the zeroing subroutine is shown in Figure
79. It must be noted that the ADC0801 series will output an
all zero code when it converts a negative input [Vin(—) =
Vin(+)]. Also, a logic inversion exists as all of the 1/0 ports
are buffered with inverting gates.

Basically, if the'data read is zero, the differential output volt-
age is negative, so a bit in Port B is cleared to pull Vx more
negative which will make the output more positive for the
next conversion. If the data read is not zero, the output volt-
age is positive so a bit in Port B is set to make Vyx more
positive and the output more negative. This continues for 8
approximations and the differential output eventually con-
verges to within 56 mV of zero.”

The actual program is given in Figure 20. All addresses
used are compatible with the BLC 80/10 microcomputer

system. In particular: ]
Port A and the ADC0801 are at port address E4
Port B is at port address E5
Port C is at port address E6
PPI control word port is at port address E7
Program Counter automaticaliy goes to ADDR:3C3D upon
acknowledgement of an interrupt from the ADC0801

6.3 Muitiple A/D Converters in a Z-80 Interrupt
Driven Mode" -

In data acquisition systems where more than one A/D con-
verter (or other peripheral device) will be interrupting pro-
gram execution of a microprocessor, there is obviously a
need for the CPU to determine which device requires servic-
ing. Figure 21 and the accompanying software is a method
of determining which of 7 ADC0801 converters has com-
pleted a conversion (INTR asserted) and is requesting an
interrupt. This circuit allows starting the A/D converters in
any sequence, but will input and store valid data from the
converters with a priority sequence of A/D 1 being read first,
A/D 2 second, etc., through A/D 7 which would have the
lowest priority for data being read. Only the converters
whose INT is asserted will be read.

The key to decoding circuitry is the DM74LS373, 8-bit D
type flip-flop. When the Z-80 acknowledges the interrupt,
the program is vectored to a data input Z-80 subroutine.
This subroutine will read a peripheral status word from the
DM74LS373 which contains the logic state of the INTR out-
puts of all the converters. Each converter which initiates an
interrupt will place a logic “0" in a unique bit position in the
status word and the subroutine will determine the identity of
the converter and execute a data read. An identifier word
(which indicates which A/D the data came from) is stored in
the next sequential memory location above the location of
the data so the program can keep track of the identity of the
data entered.

START ZEROING
SUBROUTINE
CLOSE SW1 .
OPEN SW2

INITIALIZE SAR
BIT POINTER
REG B=X 80

!

INITIALIZE SAR
CODE INREG C
REGC=X7F

!

OUTPUT FIRST ~
SAR CODE
=X'80

&
<

START A/D AND
READ DATA

“OR”REG BWITH °
REG C TO CLEAR
BITINPORT B
WHEN REAPPLIED

*

SHIFT “1” IN REG B
RIGHT YO POINT TO
NEXTBIT

OPEN SW1
CLOSE sw2

ISREG 8
ZERO?

PREAMP IS ZEROED

AND PROPER INPUT

CONVERSIONS CAN
BE DONE

“EXCLUSIVE-OR”

REG B WITHREG C

TO SET NEXT BIT
IN PORT B

OQUTPUT NEW SAR

CODE TOPORT D

TL/H/5671-28

FIGURE 19. Flow Chart for Auto-Zero Routine

2-47

$08000V/¥08000V/£08000V/208000V/108000Y



ADCO0801/ADC0802/ADC0803/ADC0804/ADCO0805

3D00 3E90 MVI 90 . 5]
3D02 D3E7 Out Control Port . +; Program PPI
3D04 2601 MVIHOL . Auto-Zero Subroutine Foua0 o nn
3D06 7C MOV A,H 2 u g 21
3D07 D3E6 ourcC ;Close SWlopen SW2 i jyp'.
3D09 0680 MVI'B 80 ;Initialize SAR bit pointer.. ., -
3DOB  3E7F ~MVI A7F ;Initialize SARcode . ... ...,
3DOD  4F MOV C,A Return ' v e
3DOE D3E5 SOUTB , ;Port B=SARcode .. . . -
3D10 31AA3D  LXI SP 3DAA Start ; Dimension stack pointer,
3D13  D3E4 OUT A ‘ ;StartA/D. . o ao oo
3D15 FB IE B s e, ey
3D16 00 NOP Loop ; Loop until INT asserted s
3D17 C3163D JMP Loop » el N
3D1A  7A MOV A,D Auto-Zero v L
3D1B €600 ADI 00 ’ —
3D1D CA2D3D JZSetC Test A/D output dat.a tor zero -
3D20 78 MOV A,B Shift B e
3D21 F600 ORI 00 ° ; Clear carry " 5,
3D23 1F . RAR ;Shift *1"inB right one place
.3D24 . FEOO CPI 00 - :IsBzero?Ifyeslast _ o
3D26 CA373D JZDcone % approximation has been made
3D29 47 "MOVB,A | 7 i
3D2A  C3333D - JMP New C R S L
3D2D 79 MOV A,C Set C “ ey
3D2E  BO ORA B Set bit inC that is 1n same .
3D2F 4F MOV C,A ,positid‘n as -1 inB e '
3D30 .-C3203D JMP ShiftB R 4
3D33. A9 XRAC | New C iClear BitinCthatisin ™ ** "V
3D34 C30D3D  JMPReturn ;same positionas "1 inB * ¢
3D37 47 MOV B, A Done ; then output new SAR code, * *'*
Snsay " 7C MOV A,H :Open SW1, close SH2 then "
3D39 EE03 XRI 03 ;proceed with' program Preamp ‘
3D3B  D3E6 our C i 15 now zeroed. R R
3D3D J Normal I
L]
° '
Program for processing
proper data values : 'y .
3C3D DBE4 INA Read A/D Subroutine ;Read A/D'data = ~ ° . -~
3C3F  EEFF XRI FF 7 ' ; Tvert data o
3C41 57 MOVD,A y i i
3C42 178 MOV A,B 1 IsBReg=0? If not stay e
3C43  EBFF ANI FF ; in auto zero subroutine: ' -
3C45 C21A3D JNZ Auto-Zero R TN il T
3C48 C33D3D  JMP Normal 2. el b

Note: All numerical values are hexadecimal representations.

FIGURE 20. Software for Auto—Zeroed Dmerentlal A/D :

5.3 Multiple A/D Converters in a Z-80® Interrupt Driven
Mode (Continued)

The following notes apply:

1) It is assumed that the CPU automatically performs a RST
7 instruction when a valid interrupt is acknowledged (CPU
is in interrupt mode 1). Hence, the subroutine starting ad-
dress of X0038.

2) The address bus from the Z-80 and the data bus to'the Z-
80 are assumed to be inverted by bus drivers.

3) A/D data and identifying words will be stored in sequen-
tial memory locations starting at the arbitrarily chosen ad-
dress X 3E00.

4) The stack pointer must be dimensioned in the main pro-
gram as the RST 7 instruction automatically pushes the
PC onto the stack and the subroutine uses an additional
6 stack addresses.

5) The peripherals of concern are mapped into I/O space
with the following port assignments:

HEX PORT ADDRESS PERIPHERAL
00 MM74C374 8-bit flip-flop
01 A/DA1
02 A/D2
03 A/D3
04 A/D4
05 A/D5
06 A/D6
07 A/D7

This port address also serves as the A/D identifying word in
the program.
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OBJ CODE

FIGURE 21. Muitiple A/Ds with Z-80 Type Microprocessor

TEST

NEXT

LOAD

DONE

INTERRUPT SERVICING SUBROUTINE

SOURCE

STATEMENT
PUSH HL
PUSH BC
PUSH AF
LD (HL) ,X3E00
LD C, X01
OUT X00, A
INA, X00
LDB,A
LDA,C
CP, X08
JPZ, DONE
LDA,B
RRA
LDB,A
JPC, LOAD
INCC
JP,TEST
INA, (C)
XOR FF
LD (HL),A
INCL
LD (HL),C
INCL
JP,NEXT
POP AF
POP BC
POP HL
RET

COMMENT r
: Save contentsof all registers affected by
; this subroutine. :
; Assumed INT mode 1 earlier set.
s Initialize memory pointer where data will be stored.
s Cregister will be port ADDR of A/D converters.:
; Load peripheral status word into 8-bit latch.
; Load status word into accumulator.’
; Save the status word.

. ;Test tosee if thestatusof all A/D's have

; been checked. If so, exit subroutine

Test a singlebit in status word by looking for

a"l" to be rotated into the CARRY (an INT

is loadedasa"1"). If CARRY is set then load -
;contents of A/D at port ADDR in C register.

; If CARRY is not set, increment C register to point
:tonext A/D, thentest next bit instatus word.

; Read data from interrupting A/D and invert

; the data.

;s Store the data

; Store A/D identifier (A/Dport ADDR).

; Test next bit instatus word.
:Re-establishall registers as they were
; before the interrupt.

; Return to original program

e
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Ordering Information

N

TEMP RANGE 0°C TO 70°C - 0°C TO 70°C - 0°CTO70°C |~ —40°CTO +85¢
£, Bit ‘ e ADCOBO1LCN ..
Adjusted =t y o :
£, Bit ADC0802LCWM ' . ADC0802LCV ADCOB02LCN :

ERROR : s o
Unadjusted i ’ i “
11/, Bit ADCO0803LCWM + ADC0803LCV ' /ADCO8BO3LCN 4
Adjusted . e ) o ‘ i
+1Bit ADCO0804LCWM + ADC0804LCV ADC0804LCN ADCOB05LCN 7
Unadjusted % ' '
PACKAGE OUTLINE M20B—Small Outline V20A—Chip Carrier N20A—Molded DIP

(

TEMP RANGE - —40°CTO +85°C —55°CTO +125°C
: ” + ¥, Bit Adjusted ADCO0801LCJ , ADCo801LJ
ERROR 11, Bit Unadjusted ADCO0802LCJ 't ADCO0802LJ,
+ 4 Bit Adjusted ADCO803LCJ - ADCOSOZLJ/BE}S
1 1Bit Unadjusted ADC0804LCJ : o
PACKAGE OUTLINE J20A—Cavity DIP J20A—Cavity DIP
1 3 .
Connection Diagrams _
L e
ADC080X ADCO080X
Dual-In-Line and Small Qutline (SO) Packages Molded Chip Carrier (PCC) Package
& (| 3
CS—1 20=Vec (OR Vier)
RD=j2 19}=CLKR
WR—{3 18 }~DBO0 (LSB)
CLKIN— 4 17}=081
INTR—{5 16 f~DB2
Vin(#) =16 15}=D83
V(=) —7 14{~084
AGND—{8 13}=DB5
Veer/2—19 12 {=DB6 & IE T e
DGND—10 11}=—DB7 (MSB) ¥z &
40 o > >$ <

TL/H/5671-30

See Ordering Information
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