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Abstract

This thesis is a fraction of microcontroller application. By
use the microcontriller to control automatic warehouse model. The
operation is to keep or get. the product in/out from warehouse
nodel. For make an advance and intelligence it will be use with a
database which intelligence. The database know the product which
frequency move in/out from the warehouse. Then this product will
keep in a nearly position. From this it will save time and energy

to move the product
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ANT-32 SPECIFICATION

CPU

CPU CLOCK
INTERNAL MEMORY
EXT.CODE MEMORY
EXT.DATA MEMORY

EXT.CODE & DATA MEMORY

INTERNAL PORT

EXTERNAL PORT . -

BACKUP
CHARGE TIME

LANGUAGE

CONNECTOR

SERIAL INTERFACE
POWER
SIZE

OPTION

.

[

(1]

.0

(1]

*

8032

11.0502 MH_

256 BYTE (RAM)

(U2) 8-32K SELECT 2764,27128,27256 (ROM)
(U3) 8-32K SELECT 6264,62256 (RAM)

(U4) 8-30K SELECT 2764,27128,27256 (ROM)

2864 (EPROM)
6264,62256 (RAM)
12 BIT I/0

USER1 8255 PORT 1/0 24 BIT
USER2 8255 PORT I/0 24 BIT
DATA MEMORY (U3) 52 HOURS

48 HOURS
MCS BASIC-52
ASSEMBLY (BY DOWNLOAD HEX FILE)
16P INTERNAL PORT

26P USER1 PORT

26P USERZ2 PORT

2P POWER SUPPLY

3P SERIAL INTERFACE (RS232)
RS232
5V DC 290 mA (U4 NOT INCLUDE)
5.25" % 3.9"

BATTERY NI-CAD 3.6V 60 mA
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8051 Cross-Assembler (1.3)
PROJECT INS 25 2nd SEMESTER

F800=
FCOO=
0080=
009B=
F800=
FB8O1=
F802=
F803=
FCO0=
FCO1=
FCO2=
FCO3=
002D=
0030=
0020=
0021=
0022=
0023=
0024=
0025=
00F4=
OOF A=
00FD=

W ~N O, b W N

S b W WWW W W W WWWNNNNRNDRNDNDBDNDBRWD & at o oad o oed owr b owd b
- QO W O N O U & WN = O W 0 ~N O WV & WN = O WM~ 0 & WN = O o

(C) 1987, 1988 Binary Technology
Thu. 18-Mar-19393 21:28

;PROGRAM PROJECT.ASM
:BY J.PAYUNGSAK

: W.NIPON

;  K.NARIS

;DESCRIPTION

; FOR CONTROL WAREHOUSE MODEL FROM IBM-PC
i  RsS-232C

;HARDWARE

;  ANT~31 + MOTOR DRIVE AND CONTROL BOARD
;DATE

i 17/3/93

$DATE

$WIDTH 80

$LENGTH 55

$TITLE "PROJECT INS 2S 2nd SEMESTER™

PORTOUT EQU OFBOOH
PORTIN  EQU OFCOOH
CW_0000 EQU 80H
CW_IITI EQU 9BH
PORTMA  EQU PORTOUT
PORTMB  EQU PORTMA+1
PORTMG  EQU PORTMA+2
PORTMCW EQU PORTMA+3
PORTSWA EQU PORTIN
PORTSWB EQU PORTSWA+1
. PORTSWC EQU PORTSWA+2
PORTSWCW EQU PORTSWA+3
HEXBUF  EQU 002DH
KEYBUF  EQU 0030H
BITADD EQU 0020H
SWBUF1  EQU 0021H
SWBUF2 EQU 0022H
SWBUF3 EQU 0023H
M_BUF1 EQU 0024H
M_BUF2 EQU 0025H
BRAT24 EQU OOF4H
BRAT48 EQU OOFAH
BRAT96 EQU OOFDH
SEJECT

Page

1



8051 Cross-Assembler (1.3)
PROJECT INS 2S 2nd SEMESTER

0000
0000

006C
006C

0100
0100
0102
0104
0106
0108
0108

0150
0150
0153
0156
0158
0158
015C
015E
O15F
0160
0162
0164
0166
0168
016A
016C

016F

020100

7A40
7800
DBFE
DAFA
75816C
020150

120334
90F803
7480
FO
90FCO03
7498
FO

E4
F521
F522
F523
F524
F525
F520
1203DF

42
43
44
45
46
47
48
48
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
68
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
88

(C) 1987, 1989 Binary Technology

Page

2

Thu. 18~Mar~1983 21:28

STARTING ROM ADDRESS 0000H

ORG  0000H

POWER_ON:LJMP RES

STACK STARTING ADDRESS

ORG  Q06CH

STACK: DS 30

POWER ON DELAY

ORG  O100H
RES: MOV R2, $40H
RES1: MOV  R3, #0

DJNZ R3, $

DJNZ R2, RESi
MOV  SP, #STACK
LJMP START

PROGRAM START

ORG  O150H

START: LCALL BAUDS

MOV DPTR, #PORTMCW ;INITITIAL PORT

MOV A, #CW_0000 ;PORT 1 FOR CONTROL MOTOR

ffOVX @DPTR, A
MOV  DPTR, #PORTSWCW

MOV A, #CW_IIII ;PORT 2 FOR CHECK POSITION

MOVX @DPTR, A

MAIN: CLR A
MOV SWBUF1, A
MOV SWBUF2, A
MOV SWBUF3, A
MOV  M_BUF1, A
MOV M_BUF2, A
MOV BITADD, A
LCALL GET_CMD ; CALL GET COMMAND
MOVE IN

MOVE GOODS ON LIFT IN TO WARE HOUSE

MOVE_I:



8051 Cross-Assembler (1.3)
PROJECT INS 28 2nd SEMESTER

016F
6171
0174
0175
0178
0179
0178
017E
0181
0182
0183
0185
0186
0188
018A
018D
0180
0183
0195
0186
0198
019A
018C
018F
01A2
01A3
01A4

0O1AS5
0tAS
O1A7
01AA
01AB
O1AE
O1AF
0181
0184
01B7
0188
0183
0188
01BC
O1BE
oico
01C3

7430
90F801
FO
90FCO02
EO
5404
B404F1
90F801
E4

FO
E522
03
4480
F522
120224
120276
90F801
7420
FO
80FCO02
EO
5402
B402F1
90F801
E4

FO

22

7430
90F801
FO
90FC02
EO
5404
B404F1
90F801
E4

Fo
E522
23
4401
F522
120224
120276

90

91

92

93

94

85

96

87

98

23]
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

(C) 1987, 1989 Binary Technology Page 3
Thu. 18-Mar-~1893 21:28
MOV’ A, #30H ;0011 0000
MOV DPTR, #PORTMB ;DRIVE MOTOR IN
MOVX @DPTR, A
MoV DPTR, #PORTSWC ;READ TO CHECK IN LIMIT
MOVX A, @DPTR
ANL A, #$04H ;0000 0100
GJNE A, #04H, MOVE_I ;0000 0100
MOV  DPTR, #PORTMB ;STOP MOTOR
CLR A
MOVX @DPTR, A
MOV A, SWBUF2 ;READ OLD POSITION
RR A ;STEP DOWN 1 POS
ORL A, #80H
MOV SWBUF2, A
LCALL CTRL_UD
{CALL 8TOP_12 ;STOP MOTOR
MOVE_TI1: MOV DPTR, #PORTMB
MOV A, #20H ,0010 0000
MOVX @DPTR, A ;DRIVE MOTOR OUT
MOV DPTR, #PORTSWC
MOVX A, @DPTR
ANL A, #02H
CJNE A, #02H, MOVE_I1 ;0000 0010
MOV DPTR, #PORTMB +STOP MOTOR
CLR A
MOVX G@DPTR, A
RET
H MOVE OuT
s | MOVE GOODS FROM WAREHOUSE ON LIFT
MOVE_O:
: MOV A, #30H ;0011 0000
MOV  DPTR, #PORTMB ;DRIVE MOTOR IN
MOVX @DPTR, A
MOV DPTR, #PORTSWC sREAD TO CHECK IN LIMIT
MOVX A, @DPTR
ANL A, #04H ;0000 0010
CJNE A, #04H, MOVE_O ;#1111 1011
MOV DPTR, #PORTMB ;STOP MOTOR
CLR A
MOVX @DPTR, A
MOV A, SWBUF2 ;READ OLD POSITION
RL A ;STEP UP 1 POS
ORL A, #01H
MOV SWBUF2, A
LCALL CTRL_UD
LCALL STOP_12 ;STOP MOTOR



8051 Cross~Assembier (1.3) (C) 1987, 1989 Binary Technology Page 4

PROJECT INS 28 2nd SEMESTER Thu. 18-Mar-1893 21:28
01C6 138 MOVE_O1:
01C6 90F801 139 MOV  DPTR, #PORTMB
01C9 7420 140 MOV A, #20H ;0010 0000
01CB FO 141 MOVX @DPTR, A ;DRIVE MOTOR OUT
01CC SOFCO02 142 MOV DPTR, $#PORTSWC
01CF EO 143 MOVX A, @DPTR
01D0 5402 144 ANL A, #02H
01D2 B402F1 145 CJNE A, #02H, MOVE_O1 ;1111 1101
0105 S0F801 146 MOV  DPTR, #$PORTMB ;STOP MOTOR
01D8 E4 147 CLR A
01D9 FO 148 MOVX @DPTR, A
O1DA 22 149 RET
150
151 .
152 3 CONTROL LEFT RIGHT
153 sl CONTROL MOTOR TO MOVE LIFT TO THE POSITION
154 ;]I DEFINE IN ROW SWBUF1
155 ;
01DB 90FCO0 156 CTRL_LR: MOV  DPTR, #PORTSWA ;CHECK DIPSW#1
01DE EO 157 MOVX A, @DPTR ;GET DATA ;
O1DF F4 158 CPL A
01E0 4480 159 ORL A, #80H ;BIT 7 NO DATA MUST BE MASK
01E2 B52103 160 CJNE A, SWBUF1, LRi :SWBUF = OFEH
01E5 E4 161 CLR A
O1E6 4121 162 AJMP LR_END ;POSITION OK
01E8 90FCOO 163 LR1: MOV  DPTR, #PORTSWA ;READ POSITION AGAIN
O1EB EO 164 MOVX A, GDPTR
O1EC F4 165 CPL A
O1ED 4480 166 ORL A, #8CH
O1EF B4FFO08 167 CJNE A, #0OFFH, LR2 ;ON SOME POSITION CAN CHECK
01F2 7403 168 MOV A, #03H ;0000 0011
01F4 S0FB801 169 MOV  DPTR, #PORTMB
01F7 FO 170 MOVX @DPTR, A ;IT WILL (====-
01F8 21E8 171 AJMP LR1
O1FA E4 172 LR2: CLR A
01FB 90F801 173 MOV DPTR, #PORTMB
01FE FO 174 MOVX @DPTR, A ;STOP MOTOR
O1FF 90FCO0 175 MOV  DPTR, #PORTSWA
0202 EO 176 ) MOVX A, @DPTR ,READ POSITION
0203 F4 177 cPL A
0204 4480 178 ORL A, #80H ;IF ON CORRECT POSITION
0206 B52105 179 CJNE. A, SWBUF1,LR_CHK ;STOP MOTOR AND SAVE MOTOR STATUS
0209 E4 180 CLR A
020A F524 181 . MOV  M_BUF1, A
020C 4121 182 AJMP LR_END
020E 90FCO0 183 LR_CHK: MOV  DPTR, #PORTSWA
0211 EO 184 MOVX A, GDPTR

0212 F4 185 CPL A



8051 Cross~Assembler (1.3) (C) 1987, 1889 Binary Technology Page 5

PROJECT INS 2S5 2nd SEMESTER Thu. 18-Mar-1983 21:28
0213 4480 186 ORL A, #80H
0215 AS21 187 MOV R1, SWBUF1
0217 99 188 SUBB A, Rt ;COMPARE DIPSW AND SETDATA
0218 20D704 189 JB PSW.7, CTRL_L
021B 7402 190 MOV A, #02H ;0000 0010 ~-->
021D 4121 191 AJMP LR_END
021F 7403 182 CTRL_L: MOV A, #03H ;0000 0011 <~~~
0221 F524 193 LR_END: MOV  M_BUF1, A
0223 22 194 RET ;sRETURN FROM <~---> CONTROL
195 :
196 ;
197 H CONTROL UP DOWN
188 ;i CONTROL MOTOR TO MOVE LIFT TO THE POSITION
198 ;1 DEFINE IN COLUMN SWBUF2
200 H
0224 SOFCO1 201 CTRL_UD: MOV  DPTR, #PORTSWB ;CHECK DIPSW#1
0227 EO 202 MOVX A, @DPTR ;GET DATA
0228 F4 203 CPL A
0229 44C0 204 ORL A, #0COH ;BIT 6,7 NO DATA MUST BE MASK
0228 B52203 205 CJNE A, SWBUF2, UD1 ;SWBUF = ?
022E E4 206 CLR A
022F 4175 207 AJMP  UD_END ;POSITION OK
0231 90FCO1 208 ubD1: MOV  DPTR, #PORTSWB ;READ POSITION AGAIN
0234 EO 209 MOVX A, @DPTR
0235 F4 210 CPL A
0236 44C0 211 ORL A, #0COH
0238 B4FFO8 212 CJNE A, #0FFH, UD2 ;ON SOME POSITION CAN CHECK
0238 740C 213 MOV A, #0CH ;0000 11XX
023D 90F801 214 MOV  DPTR, #PORTMB
0240 FO 215 MOVX G@GDPTR, A ;IT WILL MOVE UP
0241 4131 216 AJMP UD1
0243 E4 217 upn2: CLR A-
0244 90F801 218 MOV DPTR, #PORTMB
0247 FO 218 MOVX @DPTR, A ;8TOP MOTOR
0248 80FCO1 220 MOV  DPTR, #PORTSWB
0248 EO 221 MOVX A, @DPTR ;READ POSITION
024C F4 222 CPL A
024D 44CO 223 ORL A, #0COH
024F B52207 224 CJNE A, SWBUF2,UD_CHK ;IF CORRECT POSITION
0252 E4 . 225 CLR A ;8TOP MOTOR AND SAVE MOTOR STATUS
0253 4524 226 ORL A, M_BUF1
0255 F524 227 MOV  M_BUF1, A
0257 4175 228 AJMP UD_END
0258 E4 229 UD_CHK: CLR A
025A 90F801 230 MOV DPTR, #PORTMB
025D FO 231 MOVX @DPTR, A ;STOP MOTOR
025E 90FCO1 232 MOV  DPTR, #PORTSWB

0261 EO 233 MOVX A, @DPTR



8051 Cross-Assembler (1.3)
PROJECT INS 28 2nd SEMESTER

0262
0263
0265
0267
0268
0268
026D
026F
0271
0273
0275

0276
0278
0278
027D
027F
0281
0284
0285
0286
0288
0288
028C
028D
028F
0292
0295
0297
0298
0288
029C
029E
02A0
02A2
02A4
02A7
02A8
02A8
02AB
02AE
02B0
0282

F4
44c0
AS22
9s
200704
740C
4171
7408
4524
F524
22

E524
B40002
41CA
E524
540F
90F801
FO

E4
F520
90FCO0
EO

F4
4480
B52112
S0F801
740C
5524
F524
FO
7401
4520
5403
F520
80FCO1
EO

F4
44C0
B522DA
7403
5524
F524

234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

- 253

254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
27
272
273
274
275
276
277
278
279
280
281

(C) 1987, 1989 Binary Technology

CPL
ORL
MoV
SUBB
JB
MOV
AJMP
CTRL_D: MOV
UD3: ORL
MOV
UD_END: RET

a
A, #0COH

R1, SWBUF2

A, R1

PSW.7, CTRL_D
A, #OCH

up3

A, #08H

A, M_BUF1
M_BUF1, A

Page 6

Thu. 18-Mar-1883 21:28

;1100 0000

;COMPARE DIPSW AND SETDATA

;0000 1100 Up

;0000 1000 Dn

;RETURN FROM Up-Dn GCONTROL

STOP MOTOR 1, 2

STOP MOTOR M1, M2 WHEN LIFT MOVE TO CORRECT POS.

STOP_12: MOV
CJUNE
AJMP
STOP_: MOV
ANL
MOV
MOVX
CLR
MOV
M1: MOV
MOVX
CPL
ORL
GJNE
MOV
MOV
ANL
MOV
MOVX
MoV
ORL
ANL
MoV
M2: MOV
MOVX
CPL
ORL
CJINE
MOV
ANL
MOV

A, M_BUF1

A, $0OH, STOP_
STOP_OK

A, M_BUF1

; START MOTORt, 2

; DATA TO DRIVE MOTORY1, 2 = Q000

A, $OFH ;0000 1111

DPTR, #PORTMB
@DPTR, A

A

BITADD, A
DPTR, #PORTSWA
A, GDPTR

A

A, #80H

A, SWBUF1, M2
DPTR, #PORTMB

;CLEAR BIT ADDRESS
;START CHECK M1

;M1 ISN’T ON CORRECT POSITION
;M1 OK

A, #0CH ;0000 1100

A, M_BUF1

M_BUF1, A ;SAVE M1 STATUS 00
@DPTR, A ;STOP M1 ONLY

A, #01H

A, BITADD

A, #03H ;0000 0011

BITADD, A JSET M1 FLAG - ’
DPTR, #PORTSWB ;START CHECK M2

A, GDPTR

A

A, #0COH ;0000 1100

A, SWBUF2, M1

A, #03H ;0000 0011
A, M_BUF1

M_BUF1, A

;M2 ISN'T ON CORRECT POSITION

¥



8051 Cross-Assembler (1.3) (C) 1887, 1988 Binary Technology Page 7

PROJECT INS 25 2nd SEMESTER Thu. 18-Mar-1993 21:28
02B4 90F801 282 MOV  DPTR, #PORTMB
02B7 FO 283 MOVX @DPTR, A :STOP M2 ONLY
02B8 7402 284 MOV A, #02H
02BA 4520 285 ORL A, BITADD
02BC 5403 286 ANL A, #03H :0000 0011
02BE F520 287 MOV  BITADD, A :SET M2 FLAG
02C0 7403 . 288 MOV A, $03H :CHECK FLAG = 0000 0011 ?
0262 B520C3 289 CJNE A, BITADD, M1
02C5 E4 290 CLR A :FLAG IS 0000 0011
02C6 90F801 291 MOV  DPTR, #PORTMB
02C8 FO 292 MOVX @DPTR, A :STOP ALL MOTOR 1,2
02CA 22 203 STOP_OK: RET ;STOP MOTOR 1,2 COMPLETE
294 .
295
296 H
297 .l DpeELaY Loop
298 H
02CB 7800 299 DELAY: MOV RO, %OOOH
02CD 7900 300 DELAY1: MOV  R1, #OOH
02CF 7A10 301 DELAY2: MOV  R2, $10M
02D1 DAFE 302 | DJNZ R2, §
02D3 D9FA 303 DJNZ R1, DELAY2
02D5 D8F6 304 DJNZ RO, DELAY1
0207 22 305 RET
306
307 4
308 ;|| REPEAT COMMAND WHICH RECIEVE FROM RS-232
309 |l EX : RECIEVE I11 <FROM Rs-232>
310 : SEND %11 <TO RS-232>
311 ;
02D8 740D 312 EXECUTE: MOV A, #13
02DA 12032C 313 LCALL SBYTE
02DD 7425 314 MOV A, #25H  ;25H = '%’
02DF 12032C 315 LCALL SBYTE
02E2 E522 316 MOV A, SWBUF2
02E4 2430 317 ADD A, #30H
02E6 12032C 318 LCALL SBYTE
02ES E521 319 MOV A, SWBUF1
02EB 2430 320 ADD A, #30H
02ED 12032C 321 LCALL SBYTE
02F0 740D 322 MOV A, #13
02F2 120326 323 LCALL SBYTE
02F5 22 324 RET
325
326 :
327 ;|| GET PARAMETER ROW AND GCOLUMN
328 M

02F6 120324 328 GETR_C: LCALL RBYTE ;GET ROW, COL IN R1, R2



8051 Cross~-Assembler (1.3)
PROJECT INS 2S 2nd SEMESTER

O2F9
02FA
02FD
02FE
O2FF
0301
0304
0305
0307
0308
0308
030C
030E
030F
0311
0314
0315
0317
0318
0318
031C
031E
031F
0321
0323

0324
0327
0329
0328

032C
032F
0331
0333

0334

F9
120324
FA

E9
9431
20D071D
F9
7402
99
20D716
09
8922
EA
9431
20D070D
FA
7406
8A
20D706
0A
8A21
E4
6123
TAFF
22

3088FD
c298
E589
22

3093FD
(oy4:3:)
F598
22

758920

330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
348
350
351
352
353

354 °

355
356
357
358
359
380
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377

(C) 1987, 1889 Binary Technology

Page 8
Thu. 18-Mar-1993 21:28

MOV R1, A :ROW
LCALL RBYTE
MOV R2, A ;COL
CHK_RG: MOV A, R1 . ROW IN A
SUBE A, #31H
JB  PSW.7, CHK_RCt : ROW < 1
MOV R1, A
MOV A, 802
SUBE A, R
JB  PSW.7, CHK_RC1
ING  R1
MOV  SWBUF2, R
MOV A, R2 ; COLUMN IN A
SUBB A, #31H
JB  PSW.7, CHK_RC1 : COL < 1
MOV  R2, A
MOV A, #6
SUBB A, R2 :CcoL > 7
JB  PSW.7, CHK_RC1
ING R2
MOV  SWBUF1, R2
CLR A
AJMP CHK_RC2
CHK_RC1: MOV A, #OFFH
CHK_RG2: RET
.l GET DATA 1 BYTE FROM RS-232
RBYTE: JNB RI, §
CLR RI
MOV A, SBUF
RET
;! SEND DATA 1 BYTE TO RS-232
SBYTE: JNB TI, § :WAIT FOR SEND OK
CLR TI
MOV  SBUF, A
RET

: COMMNUICATION SETUP
H 4800, N, 8, 1

BAUDS: MoV

TMOD, #20H

;TIMER 1 MODE 2



8051 Cross-Assembler (1.3)
PROJECT INS 28 2nd SEMESTER

0337
033A
033D
033F

0340
0342
0344
0346
0348
034A
0348
034C
034E
0350
0352
0354
0356
0358
0358
0358
035E
0361
0364
0367

0368
036A
036C
036E
0370
0372
0373
0374
0376
0378
037A
037C
037E
0380
0381
0383
0386

758852
758DFA
D28E
22

A822
74FD
D804
F522
614E
23

23
6144
A821
T4FE
D804
F521
6158
23
6152
120108
120224
120276
12016F
22

A822
T4FE
D804
F522
6176
23

23
616G
AB21
74FE
D804
F521
6183
23
617A
120108
120224

378
379
380
381
382
383
384
385
386
387
388
388
390
391
382
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425

(C) 1987, 1988 Binary Technology

Page

9

Thu. 18-Mar-1993 21:28

MOV SCON, #52H ySERIAL 8 BIT

MOV TH1, #BRAT48 ;BPS
SETB TR1 ;TIMER 1 ON
RET

CONTROL GOODS ON LIFT TO MOVE IN WAREHOUSE

IN: MOV RO, SWBUF2 ;CHECK Up-Dn
MOV A, #OFDH :PREPARE 1111 1101 FOR ROTATE
IN_1: DJNZ RO, IN_2
MOV SWBUF2, A ;SAVE Up-Dn POSITION SWITCH
AJMP IN_3 ;GOTO CHECK <---> SWITCH
IN_2: RL A
RL A
AJMP  IN_1
IN_3: MOV RO, SWBUF1
MOV A, S#OFEH ;PREPARE 1111 1110 FOR ROTATE
IN_4: DJNZ RO, IN_S
MOV  SWBUF1, A ;SAVE <¢---> POSITION
AJMP  IN_6
IN_5: RL A
AJMP  IN_4
IN_6: LCALL GTRL_LR

LCALL CTRL_UD
LCALL STOP_12
LCALL MOVE_I

RET

; MOVE GOODS IN WAREHOUSE ON LIFT

ouT: MOV RO, SWBUF2 ;CHECK Up-Dn
MOV A, #OFEH

ouT_1: DJNZ RO, OUT_2
MOV SWBUF2, A

;PREPARE 1111 1110 FOR ROTATE

,SAVE Up-Dn POSITION SWITCH

AJMP OUT_3 ;GOTO CHECK <---> SWITCH

ouT_2: RL "~ A
RL A
AJMP  OUT_1
ouT_3: MOV RO, SWBUF1
MOV A, ROFEH
ouT_4: DJNZ RO, OUT_S
MOV  SWBUF1, A
AJMP OUT_6
QUT_5: RL A
AJMP  OUT_4
OUT_6: LCALL CTRL_LR
LCALL CTRL_UD

1SAVE (~=~~> POSITION

;PREPARE 1111 1110 FOR ROTATE



8051 Cross-Assembler (1.3)
PROJECT INS 28 2nd SEMESTER

0389
038C
038F

0390
0393
0396
0399
038C
Q38F

03A0
03A3
03A5
03A6
03A7
03AA
03AB
03AE

03AF
0382
03B4
03B7
03B8
03BB
038BC
03BE
03C1
03c2
03C5
03C6

03C7
03CA

120276
1201A5
22

7521FE
7522FE
120108
120224
120276
22

900438
7800
E8

93
12032C
08
B43EF7
22

120390
74C0
90F801
FO
90FC02
EO
5408
B408F1
E4
90F801
FO

22

120380
7480

426
427
428
429
430
431
432
433
434
435
436
437
438
438
440
441
442
443
444
445
4496
447
448
449
450
451
452
453
454
455
456
457
458
458
460
461
462
463
464
465
466
467
468
469
470
471
472
473

(C) 1987, 1988 Binary Technology Page 10

Thu. 18-Mar-1883 21:28

LCALL STOP_12
LCALL MOVE_O
RET

MOVE WAREHOUSE TO ROW, COL 1, 1

HOME : MOV SWBUF1, #0OFEH ;1111 1110 (=
MOV SWBUF2, #OFEH ;1111 1110 Dn
LCALL CTRL_LR ;CONTROL <(---->
LCALL CTRL_UD ;CONTROL Up-Dn
LCALL STOP_12 ;STOP ON CORRECT POSITION
RET

SEND PROMPT TO IBM-PC

PROMPT: MOV DPTR, #READY

MOV RO, #0

PROMPT1: MOV A, RO

MOVC A, @A+DPTR
LCALL SBYTE

INC RO
CJNE A, #3EH, PROMPT1
RET

MOVE GOODS ON CONVEYER TO LIFT

Cov_I: LCALL HOME

Cov_I1: MoV A, #0COH

;SLIDE CONV IN TO LIFT
MOV DPTR, #PORTMB

MOVX @DPTR, A

MOV DPTR, #PORTSWC

MOVX A, GDPTR

ANL A, #08H

CJNE A, #08H, COV_It ; SW 17 NO DETECT
CLR A ;STOP M3

MOV DPTR, #PORTMB

MOVX @DPTR, A

RET

MOVE GOODS ON LIFT TO CONVEYER

COV_O:  LCALL HOME
*
COV_02: MOV A, #08OH :SLIDE CONV OUT



8051 Cross-~Assembier (1.3)
PROJECT INS 2S 2nd SEMESTER

03CcC
03CF
03D0
03D3
0304
03D6
03Ds
03DA
03DD
03DE

03DF
03DF
03E2
03ES
03E6
03ES
03EC
O3EE
03F1
03F4
03F7
03FA
03FD
O3FF
0402
0405
0408
0408
040E
0410
0413
0416
0419
041C
041F
0422
0425
0428
0428

90F801
FO
90FC02
EO
5410
B410F1
E4
90F801
FO

22

1203A0
120324
F8
B8490E
1202F6
70F1
1202D8
120340
0203DF
B84FOE
1202F6
T70E0
120208
120368
0203DF
B8480OE
1202F6
70CF
1202D8
120390
0203DF
884706
1203AF
0203DF
B85306
1203C7
0203DF
7445

474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
482
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
5186
517
518
519
520
521

(C) 1987, 1988 Binary Technology

MOV DPTR, #PORTMB
MOVX @DPTR, A

MoV DPTR, #PORTSWC
MOovX A, @DPTR

ANL A, #10H

CJINE

CLR A ;
MOV DPTR, .#PORTMB
MOVX @DPTR, A

RET

Thu.

STOP M3

Page 11
18-Mar-19983 21:28

JUNTIL SW 18 DETECT

A, #10H, COV_02 ;SW 18 NOT DETECT

H GET COMMAND FROM RS-232

: Irc = MOVE GOODS IN ROW = r,
; Orc = MOVE GOODS FROM ROW =
H H = HOME

; SEND GOODS ON LIFT TO
4 G = GET GOODS ON LIFT TO
H

CoL = ¢
r, COL =

CONVEYER
CONVEYER

c

GET_CMD:
LCALL PROMPT
LCALL RBYTE
MOV RO, A
CJNE RO, #45H, CMD_O
LCALL GETR_C

JNZ  GET_CMD

LCALL EXECUTE

LCALL IN

LJMP GET_CMD

CJNE RO, $4FH, CMD_H
LCALL GETR_C

JNZ  GET_CMD

LCALL EXECUTE

LCALL OUT

LJMP GET_CMD

CJNE RO, $48H, CMD_G
LCALL GETR_C

JNZ  GET_CMD

LCALL EXECUTE

LCALL HOME

LJMP GET_CMD

CJNE RO, #47H, CMD_S
LCALL COV_I

LJMP GET_CMD

CJNE RO, #53H, CMD_ERR
LCALL COV_O
LJMP GET_CMD
CMD_ERR: MOV A, #45H

CMD_I:

CMD_O:

CMD_H:

CMD_G:

CMD_S:

; NO COM

J49H =

(4FH =

; 48H =

3L

0’

Ty

;GET FROM CONV

;SEND TO GONV

MAND



8051 Cross-Assembler (1.3)
PROJECT INS 2S5 2nd SEMESTER

042D 12032C 522
0430 740D 523
0432 12032C 524
0435 0203DF 525
526
527
0438 436F6DED 528
043C G616E642E
0440 2E3E
529
0000= 530

(C) 1987, 1988 Binary Technology

Thu.

LCALL SBYTE ; SEND “E<CR>™
MoV A, #13
LCALL SBYTE

LJMP  GET_CMD

: .COMMAND PROMPT

READY: DB '‘Command..>’

END

Page 12
18-Mar-1993 21:28



8051 Cross-Assembler (1.3)
PROJECT INS 28 2nd SEMESTER

bauds
brat48
chk_rc1i
cmd_g
cmd_o
cov_it
ctri_d
ctri_ud
delay
execute
hexbuf
in_1
in_4
keybuf
1r_chk
m2
main
move_o
out_1
out_4
portin
portmc
portswa
portswcw
prompt1
res
stack
stop_12
swbuf2
ud2
ud_end

= 0334

O0FA
0321
0418
Q3F7
0382
026F
0224
02CB
0208
002D
0344
0352
0030
020E
02A4
015F
01A5
036C
037A
FCO0
F802
FCOO
FCO3
03A5
0100
006C
0276
0022
0243
0275

(C) 1987, 1888

bitadd =
brat96 =
chk_rec2 =
cmd_h =
cmd_s =
cov_o =
ctrl1_1 =
cw_1iiii =
delayl =
get_cmd =
home =
in_2 =
in_5 =
irt1 =
ir_end =
m_bufi =
move_3i =
move_ol =
out_2 =
out_§5 =
portma =
.portmcw =
portswb =
power_on =
rbyte =
resl =
start =
stop_ok =
swbuf3 =
ud3 =

Binary Technology

0020
OOFD
0323
0408
0422
03C7
021F
0088
02CD
03DF
0380
034A
0358
01E8
0221
0024
016F
01C8
0372
0380
F800
F803
FCO1
0000
0324
0102
0150
02CA
0023
0271

brat24
chk_rc
cmd_err
cmd_1i
cov_i
cov_o02
ctri_r
Ccw_o000
delay?2
getr_c
in

in_3
in_6
r2

m1
m_buf2
move_i1
out
out_3
out_§
portmb
portout
portswc
prompt
ready
sbyte
stop_
swbufi
udi
ud_chk

Page 1
Thu. 18-Mar~1993 21:28

= QOF4
= 02FE
= 042B
= 03E6
= 03AF
= 03CA
= 01DB
= 0080
= 02CF
= Q2F6
= 0340
= 034E
= 035B
= O1FA
= 0288
= 0025
= 0190
= 0368
= 0376
= 0383
= F801
= F800
= FCO2
= 03A0
= 0438
= 032C
= 027D
= 0021
= 0231
= 0258
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CPU1

CPU CLOCK?

{NTERNAL MEMORY:

EXT.CODE MEMORY$

EXT.DATA MEMORY?

/
ANT-32 SPECIFICATION

8032

11.0592 MHz

256 BY*E (RAM)

(u2) 8-32K SELECT 2764,27128,27256 (ROM)

(U3) 8-32K SELECT 6264,62256 (RAM)

EXT.CODE & DATA MEMORY? (ua) 8-30K SELECT 2764,27128,27256 (ROM)

INTERNAL PORT!?

EXTERNAL PORT}

BACKUP1
CHARGE TIME3

LANGUAGE?

CONNECTOR?

SERIAL NTERFACE?
POWER?
SI1ZEt

OPTION:

26864 (EEPROM)
6264 ,62256 (RAM)
12 BIT 1/0
USER1 g255 PORT 1/0 24 BIT
USER2 g255 PORT 1/0 24 BIT
DATA MEMORY (QUcD) 52 HOUR
48 HOUR
MCS BAS1C-52
ASSEMBLY (BY DOWNLOAD HEX FILE)
16P INTERNAL PORT
26P  USER1 PORT
26P QSERZ PORT
2P POWER SUPPLY
3p  SERIAL INTERFACE (RS232)
RS232C
sv DC 29PmA (U4 NOT INCLUDE)
5.26" x 3.9"

BATTERY N1-CAD 3.6V 60mA
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CONTROL CODE IN MODE ¢
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0 0 0 0 80
0 0 0 ! 88
0 0 | 0 81
0 0 1 I 89
0 I 0 0 82
0 1 0 I B8A
0 | 1 0 83

0 l ! I 8B
1 0 0 0 90
" 0 0 l 98
1 0 I 0 91
1 0 1 | 89
1 l 0 0 92
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HARDWARE DESCRIPTION
OF THE 8051, 8052 AND 80C51

INTRODUCTION

This chapter presents a comprehensive description of
the on-chip hardware features of the MCS®-51 micro-
controllers. Included in this description are

® The port drivers and how they function both as
ports and, for Ports 0 and 2, in bus operations

o The Timer/Counters

o The Serial Interface

o The Interrupt System

e Reset

¢ The Reduced Power Modes in the CHMOS devices

o The EPROM versions of the 80SIAH, 8052AH,
and 80CS1BH

The devices under consideration are listed in Table 1.
As it becomes unwicldy to be constantly referring to
each of these devices by their individual names, we will
adopt a convention of referring to them generically as
8051s and 8052s, unless a specific member of the group
is being referred to, in which case it will be specifically
named. The “8051s” include the 8051, 805S1AH. and
80CS1BH, and their ROMless and EPROM versions.
The “8052s™ are the 8052AH, 8032AH, and 8752BH.

Figure | shows a functional block diagram of the 8051s
and 8052s.

Table 1. The MCS-51 Family of Microcontroliers

Device ROMiess EPROM ROM RAM 18-bit Ckt

Name Verslon Verslion Bytes Bytes Timers Type
8051 8031 (8751) 4K 128 2 HMOS
8051AH B8031AH 8751H 4K 128 2 HMOS
8052AH 8032AH 8752BH 8K 256 3 HMOS
80CS51BH 80C31BH 87C51 4K 128 2 CHMOS

Special Function Registers

A map of the on-chip memory area called SFR (Special Function Register) space is shown in Figure 2. SFRs marked
by parentheses are resident in the 8052s but not in the 8051s.

Pl

MCS-51
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Figure 1. MCS-51 Architecturat Block Diagram
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HARDWARE DESCRIPTION OF THE 8051, 8052 AND 80C51

§ Bytes
F8 FF
FO B F7
ES EF
E0 ACC E?
D8 OF
Do PSW o7
ce (T2CON) {(RCAP2L) (RCAP2H) (TL2) (TH2) CF
co Cc7
‘88 P BF
8o P3 87
A8 IE AF
A0 P2 A7
08 SCON SBUF oF
90 P1 97
88 TCON TMO0 TLO T THO TH1 8F
60 PO sP DPL DPH PCON a7

Figure 2. SFR Map. (...)Indicates Restdent in 8052, not in 80518

Note that not all of the addresses arc occupied. Unoc-
cupied addresses are not implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have no effect.

User software should not write 1s to these unimple-
nented locations, since they may be used in future
MCS-$1 products to invoke new features. In that case
the reset or inactive values of the new bits will always
be O, and their active values will be 1.

The functions of the SFRs are outlined below.

ACCUMULATOR

ACC is the Accumulator register. The mnemonics for
Accumulator-Specific instructions, however, refer 10
the Accumulator simply as A.

8 REGISTER t

The B register is used during multiply and divide oper-
ations. For other instructions it can be treated as anoth-
er scratch pad register.

PROGRAM STATUS WORD

The PSW register contains program status information
as detailed in Figure 3.

STACK POINTER

The Stack Pointer Register is 8 bits wide. It is incre-
mented before data is stored during PUSH and CALL
executions. While the stack may reside anywhere in on-
chip RAM, the Stack Pointer is initialized to OTH after
a reset. This causes the stack to begin at location OBH.

DATA POINTER

The Data Pointer (DPTR) consists of a high byte
(DPH) and a low byte (DPL). lts intended function s

MCS-51

to hold a 16-bit address. It may be manipulated as a
1o-bit register or as two independent 8-bit registers.

PORTS 0 TO 3

PO. P1, P2 and P} arc the SFR latches of Ports 0, 1, 2
and 3, respectively.

SERIAL DATA BUFFER

The Serial Data Buffer s actually two scparate regis-
ters. a transmit buffer and a recave bufler register.
When data is moved to SBUF, it goes to the transmit
buffer where it is held for serial teansmission. (Moving
a byte 10 SBUF is what initiates the transmission.)
When data 15 moved from SBUF, it comes from the
receive buffer.

TIMER REGISTERS

Register pairs (THO, TLO). (TH1, TL1), and (TH2,
T1.2) are the 16-bit Counting registers for Timer/Coun-
ters 0. 1, and 2, respectively.

CAPTURE REGISTERS

The register pair (RCAP2H, RCAP2L) arc the Cap-
ture registers for the Timer 2 “Capture Mode.” In this
mode, 1n response to a transition at the 8052« T2EX
pin. TH2 and TL2 are copied into RCAPZH and
RCAP2L. Timer 2 also has a 16-bit auto-reload mode,
and RCAP2H and RCAP2L hold the reload vatue for
this mode. More about Timer 2% features in a later
sectidn,

CONTROL REGISTERS

Special Function Regsters 1P, IE, TMOD, TCON,
T2CON. SCON, and PCON contan control and status
hits for the tesrupt system, the Timer/Counters, and
the serial port. They are described in luter sections.
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(MSB) (LS8)
[ ov [ ac ] ro ] ast | Rso | ov ' =1 ¢ |
Y Poeltion Name and Significance Symbol Poslition Name and Sipnificance
cY ‘PSW.? Caury fing. ov PSW.2 Overfiow fag.
AC PSW.S Ausdiary Carry flag. - PSW.1 User definsble Rag.
(For BCO operations.) [ PSW.0 Parity fing.

Fo PSW.S Flag 0 Set/cleared by hardwere each
(Avaitable 10 the user for general instruction cycle (o incicate an odd/
purposes.} even number of “one™ bits in the

RS1 PSW.4 Register bank select control bits 18 Accumulator, i.e., even party.

RS0 PSW.3 0. Set/clesred by software to NOTE:
datormine working regrater bank (see The contents of (RS, RS0) ensbie the working registe banks as
Note). (00—Bark 0 (OOH~O7H)

{0.9)—Bank 1 (OBH-OFH)
(1.0)—Bank 2 (10H-17H)
(1.1)—Bank 3 (18H-1FH)
Figure 3. PSW: Program Status Word Register
ADOM/OATA AEAD
Yee LATCH v
READ 'cc
LATCH INTERNAL
INT BUS = raLune
”x
INT BUS o] &% _@
z:ﬂ( LATCH
LATCH
READ
READ PIN
N 270252-3
2102522 B. Port 1 Bit
A.Port 0 Bit o .
ouTPUT
FUNCTION
ADDR ok
nEAD CONTROL 4 | vemnAL
LATCH " ruLLUe
W B o #2x 9} . __{g]
WRITE LATCH
10 ca O
LATCH
AEAD i ALTEANATE
[} £l T
! FUNCT
2710252-4 uncTIon
C.Port 2 Bit : #0252-5
-ro .r -0, Port 3 Bit

Figure 4. 8051 Port Bit Latches and I/0 Buffers
*See Figure § for details of the internal pullup. .

PORT STRUCTURES AND
OPERATION .

All four ports in the 8031 are bidirectionsl. Each con-
sists of a latch (Special Function Registers PO through
P3), an output driver, and an input bufler.

The output drivers of Ports 0 and 2, and the input buff-
ers of Port O, are used in accesses to external memory.
In this application, Port 0 outputs the low byte of the

-external memory address, time-multiplexed with the

byte being written or read. Port 2 outputs the high byte
of the external memory address when the address is 16
bits wide. Otherwise the Port 2 pins continue to emit
the P2 SFR content.

All the Port 3 pins, and (in the 8052) two Port 1 pins
are multifunctional. They are not only port pins, but
also serve the functions of various special features as

Jlisted on the following page.

MCS-51
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Port Pin Alternate Function
*‘P1.0 T2 (Timer/Counter 2
external input)
*P1.1 T2EX (Timer/Counter 2
Capture/Reload trigger)
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 NTG (external interrupt)
P33 NTT (external interrupt)
P34 T0 (Timer/Counter O external
input)
P3.5 T1 (Timer/Counter 1 extemnal
input)
P38 WH (external Data Memory
write strobe)
P3.7 RD (external Data Memory
read strobe)

*P1.0 and P1.! serve these alternate functions only on
the 8052.

The alternate functions can only be activated if the cor-
responding bit latch in the port SFR contains a 1. Oth-
erwise the port pin is stuck at 0.

1/0 Configurations

Figure 4 shows a functional diagram of a lypical‘)il
latch and 170 buffer in each of the four ports. The bit
latch (one bit in the port’s SFR) is represcnted as a
Type D flip-flop, which will clock in a value from the
internal bus in response to & “write to fatch™ signal
from the CPU. The Q output of the flip-flop is placed
on the internal bus in response to a “‘read latch™ signal
from the CPU. The level of the port pin itself is placed
on the intemnal bus in response t0 & *“read pig” signal
from the CPU. Some instructions that read a post acti-
vate the “read latch™ signal, and others activate the
_ “read pin” signal. More about that Iater.

As shown in Figure 4, the output drivers of Ports 0 and
2 are switchable to an internal ADDR and ADDR/
DATA bus by an intemal CONTROL signal for use in
external memory accesses. During external memory ac-
cesses, the P2 SFR remains unchanged, but the PO SFR
gets Is written to it.

Also shown in Figure 4, is that if a P3 bit latch contains
a 1, then the output level is controlied by the signal
labeled “alternate output function.” The actual P3.X
pin level is always available to the pin's alternate input
function, if any.

Ports 1, 2, and 3 have internal pullups. Port 0 has open
drain outputs. Each 1/0 line can be independently used
as an input or an output. (Ports O and 2 may not be
used as general purpose 1/0 when being used as the

MCS-51

ADDR/DATA BUS). To be uscd as an input, the port
bit latch must contain a !, which turns off the output
driver FET. Then, for Ports 1, 2, and 3, the pin is
pulled high by the internal putlup, but can be pulled
low by an external source.

Port 0 differs in not having internal pullups. The pullup
FET in the PO output driver (see Figure 4) is used only
when the Port is emitting 1s during extcrnal memory
accesses. Otherwise the pullup FET is off. Consequent-
ly PO lines that are being uscd as output port fines are
open drain. Writing a 1 to the bit latch leaves both
output FETs off, so the pin floats. In that condition it
can be used a high-impedance input.

Because Ports 1, 2, and 3 have fixed internal pullups
they are somctimes called “quasi-bidirectional™ ports.
When configured as inputs they pull high and will
soutce current (1IL, in the data sheets) when externally
pulled tow. Port 0, on the other hand, is considered
“yrue” bidirectionsl, because when configured as an in-
put it floats.

All the port latches in the 8051 have Is written to them
by the reset function. If a 0 is subsequently written to &
port latch, it can be reconfigured as an input by writing
altoit

Writing to a Port

In the execution of an instruction that changes the val-
ue in a port latch, the new value arrives at the latch
during S6P2 of the final cycle of the instruction. How-
ever, port latches arc in fact sampled by their output
buflers only during Phase 1 of any clock period. (Dur-
ing Phase 2 the output buffer holds the valuc it saw
during the previous Phase 1). Consequently, the new
value in the port latch won't actually appear at the
output pin until the next Phase 1, which will be at SIP1
of the next machine cycle. See Figure 39 in the Internal
Timing section.

If the change requires a O-to-1 transition in Port1,2,0r
3, an additions] pullup is turned on during SIP1 and
S1P2 of the cycle in which the transition occurs. This is
done to increase the transition speed. The extra pultup
can source about 100 times the current that the normal
pullup can. It should be noted that the internal pullups
are field-cffect transistors, not lincar resistors. The pull-
up arrangements are shown in Figure 5.

In HMOS versions of the 8051, the fixed part of the
pullup is a depietion-mode transistor with the gate
wired to the source. This transistor will allow the pin to
source about 0.25 mA when shorted to ground. In
paraliel with the fixed pullup is an enhancement-mode
transistor, which is activated during S1 whencver the
port bit does a 0-to-1 transition. During this interval, if
the port pin is shorted to ground, this extra transistor
will allow the pin to sourcc an additional 30 mA.



g?

HARDWARE DESCRIPTION OF THE 8051, 8052 AND 80C51

208C PERIODS

vce

ENHANCEMENT MODE FET

1ON MCDE F
- DEPLETION MODE FET

(=

\
6r.>J i -

Vss
270252-6
A. HMOS Configuration. The snhancement mode transistor
is turned on for 2 osc. periods after O makes a O-to-1 transition.
vee  Vee vee
20SC PERIODS
PORT
PN
0 o—-=e
FROM PORT
LATCH
INPUT
DATA
AEAD
PORT PIN
270252-7

B. CHMOS Contiguration. pFET 1is turned on for 2 osc. periods after O
makes a O-to-1 transition. During this time, pFET 1 also turns on pFET 3
through the Inverter to form a latch which holds the 1. pFET 2is also on.

Figure 5. Ports 1 And 3 HMOS And CHMOS internal Puliup Configurations.
Port 2 Is Similar Except That It Holds The Strong Puliup On While Emitting
18 That Are Address Bits! (See Text, “Accessing External Memory".)

In the CHMOS versions, the pullup consists of three
pFETs. 1t should be noted that an n-channel FET
(nFET) 1s turned on when a logical 1 is applied-to its
gute, and is turned off when a logical O is upplied to us
gate. A p-channet FET (pFET) is the opposite: it is on
when its gate sces a 0, and off when its gate sces 3 1.

pFET1 in Figure S is the transistor that is turned on for
2 oscillator periods after a O-to-1 transition 1n the port
latich. While it's on, it tums on pFET3 (8 weak pull-
up), through the inverter. This inverter and pFET fo.m
a latch which hold the 1.

Note that if the pin is cmitting a |, a negutive glitch on
the pin from some external source can turm off pFET3,
causing the pin to go into a float state. pFET2 is a very
weak pullup which is on whenever the nFET is off. in
traditional CMOS style. It's only about 4o the strength
of pFET3. Its function is o restore a 1 o the pin in the
event the pin had a 1 and lost it to a glitch.

Port Loading and Interfacing

The output buffers of Ports 1, 2, and 3 can cach drive 4
LS TIL inputs. These ports on HMOS ver sions can be
driven in 4 normal manaer by any TTL or NMOS cir-
cuit. Both HMOS and CHMQS pins can be driven by
open-collector and open-drain outputs, but note that 0-
to-1 transitions will not be fast. In the HMOS device, if
the pin is driven hy an open-collector output, a 0-to-1
transition will have 1o be driven by the relatively weak
depletion mode FET in Figure S(A). In the CHMOS
device, an nput 0 turns off pullup pFET3, leaving unly
the very weak pullup pFET?2 to drive the tranmton.

In external bus mode, Port O output buffers can each
drive § LS TTL inputs. As port pins, they require exter-
nal pullups to drive any inputs.

MCS-51
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Read-Modity-Write Feature

Some instructions that read a port read the latch and
others read the pin. Which ones do which? The instruc-
tions that read the latch rather than the pin are the ones
that read a value, possibly change it, and then rewrite it
to the latch. These are called “‘read-modify-write” in-
structions. The instructions listed below are read-mod-
ify-write instructions. When the destination operand is
a port, or & port bit, these instructions read the latch
rather than the pin:

ANL (logical AND, c.g.. ANL P1, A)

ORL (logical OR, e.g., ORL P2, A)

XRL (logical EX-OR, e.g., XRL P3, A)

1BC Gump if bit = I and clear bit, €g..
JBC P1.{, LABEL)

CPL . (complement bit, e.g., CPL P3.0)

INC (increment, e.g., INC P2)

DEC (decrement, e.g.. DEC P2)

DINZ (decrement and jump if not zero, €.8.,

DINZ P}, LABEL)
MOV, PX.Y, C (move carry bit to bit Y of Port X)
CLR PX.Y (clear bit Y of Port X)
SETBPX.Y  (set bit Y of Port X)

It is not obvious that the last three instructions in this
list are read-modify-write instructions, but they are.
They read the port byte, all 8 bits, modify the addressed
bit, then write the new byte back to the latch.

The reason that read-modify-write instructions are di-
rected 1o the latch rather than the pin is to avoid 2
possible misinterpretation ‘of the voltage level at the
pin. For example, a port bit might be used to drive the
base of a transistor. When a | is written to the bit, the
transistor is turned on. If the CPU then reads the same
port bit at the pin rather than the latch, it will read the
basc voltage of the transistor and incerpret itasao
Reading the latch rather than the pin will return the
correct value of 1.

ACCESSING EXTERNAL MEMORY

Accesses 10 external memory are of two types: accesses
to extemnal Program Memory and sccesses to eaternal
Data Mﬂmlrr Aceesaes (0 exterual Program Memory
use signsl PSEN (program store enable) an the tead
strobe. Accesses to external Duta Memory use RD or
WR (alternate functions of P3.7 and P3.6) to strobe the
memory. Refer to Figures 36 through 38 in the Internal
Timing section.

Fetches from external Program Memory always use 2
16-bit address. Accesses to external Data Memory can
use cither a 16-bit address (MOVX @DPTR) or an
8-bit address (MOVX @Ri).

MCS-51 -

Whenever a 16-bit address is used, the high byte of the
address comes out on Port 2, where it is held for the
duration of the read or write cycle. Note that the Port 2
drivers use the strong pullups during the entire time
that they are emitting address bits that are Is. This is
during the execution of a MOVX @DPTR instruction.
During this time the Port 2 Iatch (the Special Function
Register) does not have to contain Is, and the contents
of the Port 2 SFR are not modified. If the external
memory cycle is not immediately followed by another
external memory cycle, the undisturbed contents of the
Port 2 SFR will reappear in the next cycle.

If #n 8-bit address is being used (MOVX @Ri), the
contents of the Port 2 SFR remain at the Port 2 pins
throughout the external memory cycle. This will facili-

tate paging.

In any case, the low byte of the address is time-multi-
plexed with the data byte on Port 0. The ADDR/
DATA signal drives both FETs in the Port 0 output
buffers. Thus, in this application the Port 0 pins are not
open-drain outputs, and do not require cxternal pull-
ups. Signal ALE (Address Latch Enable) should be
used to capture the address byte into an external latch.
The address byte is valid at the negative transition of
ALE. Then, in a write cycle, the data byte to be written
appears on Port 0 just before WR is activated, and re-
mains there until after WR is deactivated. In a read
cycle, the incoming byte is accepted at Port O just be-
fore the read strobe is deactivated.

During any access to exiernal memory, the CPU writes
OFFH to the Port O latch (the Special Function Regs-
ter), thus obliterating whatever information the Port 0
SFR may have been holding. If the user writes to Port 0
during an external memory fetch, the incoming code
byte is corrupted. Therefore, do not write to Port 0 if
external program memory is used.

External Program Memory is accessed under two con-
ditons:

1) Whencver signal EA is active; or
2) Whenever the program counter (PC) contans a

number that is larger than OFFFM (1FFFH for the
8052).

This requires that the ROMless versions have EA wired
fow to enable the lower 4K (8K for the 8032) program
bytex to he fetched from external memory.

When the CPU is exccuting out of external Program
Menoty, all X ity o et 7 wie dedicated tooan outjad
function and may not be used for general purpose 1/0.
During external program fetches they output the high
byte of the PC. During this time the Port 2 drivers use
the strong pullups to emit PC bits that are Is.

TIMER/COUNTERS

The 8051 has two 16-bit Timer/Counter registers: Tim-
er 0 and Timer 1. The 8052 has these two plus one
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more: Timer 2. All three can be configured to operate
cither as timers or event counters.

In the “Timer" function, the register is incremented
every machine cycle. Thus, one can think of it as count-
ing machine cycles. Since a machine cycle consists of 12
oscillator periods, the count rate is Y,s of the oscillator
frequency.

In the “Counter” function, the register is incremented
in response to a 1-to-0 transition at its corresponding
external input pin, TO, T1 or (in the 8052) T2. In this
function, the external input is sampled during S5P2 of
every machine cycle. When the samples show a high in
one cycle and a low in the next cycle, the count is incre-
mented. The new count value appears in the register
during S3P1 of the cycle fotlowing the one in which the
transition was detected. Since it takes 2 machine cycles
(24 oscillator periods) to recognize & 1-t0-0 transition,
the maximum count rate is Ya¢ of the oscillator fre-
quency. There are no restrictions on the duty cycle of
the external input signal, but to ensure that a given
level is sampled at least once before it changes, it
should be held for at least one full machine cycle.

In addition to the “Timer™ or “Counter” selection,
Timer O and Timer 1 have four operating modes from
which to select. Timer 2, in the 8052, has three modes
of operation: “Capture,” *“Auto-Relos " and “baud
rate generator.”

Timer 0 and Timer 1

These Timer/Counters are present in both the 8051 and
the 8052, The “Timer" or “Counter” function is select-
ed by control bits C/T in the Special Function Register
TMOD (Figure 6). These two Timer/Counters have

4

four operating modes, which are selected by bit-pairs
(M1, M0) in TMOD. Modes 0, 1, and 2 arc the same
for both Timer/Counters. Mode 3 is different. The four
operating modes are described in the following text.

MODE 0

Either Timer in Mode O is an 8-bit Counter with a
divide-by-32 prescaler. This 13-bit timer is MCS-48
compatible. Figure 7 shows the Mode O operation as it
applies to Timer 1.

In this mode, the Timer register is configured 25 a
13-Bit register. As the count rolls over from all 1s to all
Os, it sets the Timer wterrupt flag TF1L. The counted
input is enabled to the Timer when TR1 = t and either
GATE = Oor INT1 = 1. (Setting GATE = { allows
the Timer to be controtled by external input INTI. to
facilitate pulse width measurements.) TR1 is a control
bit in the Special Function Register TCON (Figure 8).
GATE is in TMOD.

The 13-Bit register consists of all 8 bits of TH1 and the
lower S bits of TL1. The upper 3 bits of TLI are inde-
terminate and should be ignored. Setting the run flag
(TR1) does not cleas the registers.

Mode 0 operation is the same for Timer O as for Timer
1. Substitute TRO, TFO and INTO for the correspond-
ing Timer 1 signals in Figure 7. There are two different
GATE bits, one for Timer | (TMOD.7) and one for
Timer 0 (TMOD.3).

MODE 1

Mode 1 is the same as Mode 0, except that the Timer
register is being run with all 16 bits.

~

{MSB)

[Toate [ et | wm
-

{Ls8)
T wo | oate | et | wm [ wo |
K —

Timer 1
Gating control when set. Timar/Counter “x" is enabled
wm“mlx'muwmﬂ-"mmu
sel When cieared Timer "x” is enabled whensver
“TRx" conirol bit i set.
(72 Timer or Counter Selecior cleared for Timer operation
(nput from intermnal mwndock).s.tlmCoww
operation (input from *Tx" input pin).

v

Timer 0
1} [ Opaersting Mode
0 ° 8-5it Timer/Counter “THx" with “TLx" as 5-bkt
prescater.
0 t 18-bit Timer/Counter “THx" and “TLx" are

ded, there is no P

8-bit auto-reload Timer/Counter “THx™ holds &
vaiue which is 10 be reloaded into “TLx" esch
time # overfiows.

{Temar O) TLO s an 8-bt Timer/Counter
controWed by the standard Timer O control brts.
THO 3 an 8-bet timer only controted by Tumer 1
control bis.

(Timer 1) Taimar/Counter 1 stopped.

Figure 6. TMOD: Timer/Counter Mode Controf Reglister

MCS-51
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osc +12
cY-o0
ot Tt TH1  _
= ! (8} | (e8e) TF1 INTERRUPT
l CONTROL
T1PIN
TR
GATE
INTUPIN
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Figure 7. Timer/Counter 1 Mode 0: 13-Bit Counter
(MS8) 4 {LSB)
v [ i | 10 | R0 | & T [ o | mo |
Symbol Posttion Name and Significance Symbol Posttion Name and Significance
TF1 TCON.7 Timer 1 overfiow Flag. Set by €1 TCON.3 Inteerupt 1 Edge flag. Set by hardware
hardware on Timet/Counter ovesfiow. when exiernal intecrupt edge
Cleared by hardware when processor detected. Cleared when miaerrupt
vectors 1o mierrupt routine. processed.
TR TCONS Timer 1 Run control bit. Set/cleared 13} TCON.2 tnterrupt 1 Type control bit Set/
by software 10 turn Timer/Counter on/ cloared by softwere 1o spectly falung
off. edge/iow level iriggered exiemal
TFO TCONS Timer 0 ovediow Flag. Set by interrupts.
hardware on Timer/Counter averfiow. €0 TCON.1 interrupt O Edge flag. Set by hardware
Cleared by hardware when processor when external mterrupt edge
veciors t0 internupt routine. detected. Cleared when interrupt
TRO TCON.A Tirmer 0 Run controt brt, Set/cleared processed
by software 1o trn Taimar/Calsnter on/ iTo TCON.O Interrupt O Type contect bit Set/
oft. clesred by software 10 specy faling
e edge/iow level tnggered exiermal
. intercupts.
Figure 8.TCON: Timer/Counter Control Register
MODE 2 Timer 0 in Mode 3 establishes TLO and THO as two

Mode 2 configures the Timer register as an 8-bit Coun-
ter (TL1) with sutomatic reload, as shown in Figure 9.
Overflow from TL1 not only scts TF1, but also reloads
TL1 with the contents of TH1, which is preset by soft-
ware. The reload leaves TH1 unchanged.

Mode 2 operation is the same for Timer/Counter 0.

MODE 3

Timer 1 in Mode 3 simply holds its count. The effect is
the same as sctting TR1 =" 0.

MCS-51

scparate counters. The logic for Mode 3 on Timer O is
shown in Figure 10. TLO uses the Timer 0 control bits:
C/T, GATE, TRO, INTO, and TFO. THO is locked into
a timer function (counting machine cycles) and takes
over the use of TR1 and TF1 from Timer 1. Thus, THO
now controls the “Timer 1" interrupt.

Mode 3 is provided for applications requiring an extra
8-bit timer or counter. With Timer 0 in Mode 3, an
8051 can look like it has three Timer/Counters, and an
8052, like it has four. When Timer 0 is in Mode 3,
Timer | can be turned on and off by switching it out of
and into its own Mode 3, or can still be used by the
serial port as a baud rate generator, or in fact, in any
application not requiring an interrupt.
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A RELOAD
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Figure 9. Timer/Counter 1 Mode 2: 8-Bit Auto-Reload
osc 12 21gsc
Vi2iosc ————1‘
ciieo g
— ,.:/ “‘:;:, TR INTEARUPT
Y — L :
CONTROL
TRO
GATE
INTO PIN
112155 oL ““.‘:' ™ INTERRUPT
CONTRCL
TRt
\; 270262-11

Figure 10. Timer/Counter 0 Mode 3: Two 8-Bit Counters

Timer 2

K Table 2. Timer 2 Operating Modes
Timer 2 is a 16-bit Timer/Counter which is present
only in the 8052. Like Timers O and 1, it can operate RCLK + TCLK|CP/RL2|TR2 Mode
cither as a timer or as an event counter. This is sclected :
by bit C/T2 in the Special Function Register T2CON |- g (1’ : }m éz'p‘:'::'m
(Figure 11). It has threc operating modes: “capture,” 3 X 1 |Baud Rate G
“auto-load” and “baud rate generator,” which are se- aud Rate Generator
lected by bits in T2CON as shown in Table 2. X X 0 j(off)

MCS-51
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(MS8) (LSB)

Twe | exrz | Aok | Tax [ exene | 2 | cT2 | cerAiz |
Symbol Position Name and Significance

TF2 T2C00N.7 Twner 2 overtiow flag set by a Timer 2 overtiow and must be cleared by software

TF2 vkl not be sat when ather ACLK = 10or TCLK « 1,

Timer 2 oxternal flag set when efther a caplure or relosd i caused by a negatve
transition on T2EX and EXENZ = 1 When Timer 2 interrupt enabled, EXF2 = 1

EXF2 T2CONS

clsared by sottware.
ACLX T2CON.S

TG T2CON.4
T2CON.3

EXEN2

TRz T2CON2
C/TZ  T2CONA

cP/RZ  T2CONO

will cause the CPU 10 vector 1o the Timer 2 interrupt routine. EXF2 must be

Receve clock flag Whan set, causes the senai port 10 use Timar 2 overiow
Nuslovm:mdocthuodn|u\d3.ﬁax « 0 causes Tiner 1 overfiow
10 be used for the receive clock. "
Transmit clock f1ag. When set, causes the senal port 10 use Timer 2 overfiow
Mos'oﬂulummlclodnhrmdn!um:l.fcu( = 0 causes Timer 1

overfiows 10 be used for the ransmit clock.

Timer 2 external enable fiag. When set. stiows a captute o reload Lo occur 83 8
nwﬂolamoﬂiv-nnwonon'lzsxwfmz‘-nolboimum”cbaun
serial port. EXEN2 = 0 causes Timexr 2 10 ignore events st T2EX.

Stert/slop control for Tamer 2 A fogic 1 slarts the tmex.

Timer or counter select. (Timer 2)
0 = Internsl imer {(OSC/12)
1 = External event counter (faliing 9dge triggered).

Capture/Reload flag Whaen set, capf L
T2EX H EXEN2 ~ 1 When cleared, aulo-retoads will occur sther with Timer 2

will ocour on y at

8t T2EX when EXEN2 = 1 When edher ARCLK

Timer 2 overflow,

or negal
« 106 TCLK = 1, this bit 15 sgnored and the umer s forced 10 auto-reioad on

Figure 11, T2CON: Timer/Counter 2 Control Register

In the Capture Mode there are two options which are
sclected by bit EXEN2 in T2CON. If EXEN2 = 0,
then Timer 2 is a 16-bit timer or counter which upon
overflgwing sets bit TF2, the Timer 2 overflow" bit,
whichican be used to generate an interrupt. If EXEN2
= {, then Timer 2 still does the above, bu with the
added feature that a 1-t0-0 transition at extcnal input
T2EX causes the current value in the Timer 2 registers,
TL2 and TH2, to be captured into registers RCAP2L
and RCAPZH, respectively. (RCAP2L and RCAP2H
are new Special Function Rcgisters in the 8052.) In
addition, the transition at T2EX causes bit EXF2 in
T20O0N to be set, and EXF2, like TF2, can generate an
interrupt.

The Capture Mode is illustrated in Figure 12.

In the auto-reload mode there are again two options,
which are selected by bit EXEN2 in T2CON. If
EXEN2 = 0, then when Timer 2 rolls dver it not only
scts TF2 but also causes the Timer 2 registers to be
reloaded with the 16-bit value in registers RCAP2L
and RCAP2H, which arc preset by software. If EXEN2
= 1, then Timer 2 still does the above, but with the

MCS-51

added feature that a 1-to-0 transition at external input
T2EX will also trigger the 16-bit reload and set EXF2.

The auto-reload mode is illustrated in Figure 13.

The baud rate generator mode is selected by RCLK =
| and/or TCLK = 1. It will be described in conjunc-
tion with the serial port.

SERIAL INTERFACE

The serinl port is full duplex, meaning it can transmit
and receive simultaneously. It is also reccive-buffered,

ling it can cC reception of & second byte
before a previously received byte has been read from
the reccive register. (However, if the first byte still
hasn't been read by the time reception of the second
byte is complete, one of the bytes will be lost). The
serial port receive and transmit registers are both ac-
cessed at Special Function Register SBUF. Writing to
SBUF loads the fransmit register, and reading SBUF

accesses a_physically scparate receive register.
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Figure 12. Timer 2 in Capture Mode

The serial port can operate in 4 modes:

Mode 0: Serial data enters and exits through RXD.
TXD outputs the shift clock. 8 bits are transmitted/re-
ceived: 8 data bits (LSB first). The baud rate is fixed at
1712 the oscillator frequency.

Mode 1: 10 bits are transmitted (through TXD) or re-
ceived (through RXD): a start bit (0), 8 data bits (LSB
first), and a stop bit (1). On receive, the stop bit goes
into RB8 in Special Function Register SCON. The
baud rate is variable.

Mode 2: 11 bits are transmitted (through TXD) or re-
ceived (through RXD): a start bit (0), 8 data bits (LSB
first), 8 programmable 9th data bil, and a stop bit (1).
On Transmit, the 9th data bit (TB8 in SCON)ﬁun be
assigned the value of 0 or 1. Or, for example, the parity
bit (P, in the PSW) could be moved into TBS. On re-
ceive, the 9th data bit goes into RB8 in Specis! Functon
Register SCON, while the stop bit is ignored. The baud
“rate is programmable to either as OF /o4 the oscillator
frequency.

Mode 3: 11 bits are transmitted (through TXD) or re-
cewved (through RXDY): a start bit (0), 8§ data bits (LSB
first), a programmable 9th data bit und a stop bit (1). In
fact, Mode 3 is the samc as Mode 2 in all respects
except the baud rate. The baud rate in Modc 3 is vari-
able.

in all four modes, transmission is initiated by any in-
struction that uses SBUF as a destination register. Re-
ception is mitiated in Mode O by the condition Rl = 0
and REN = L. Reception is initiated in the other
modes by the incoming start bit if REN = 1.

Multiprocessor Communications

Modes 2 and 3 have a special provision for multipro-
cessor communications. In these modes, 9 data bits are
received. The 9th one gocs into RBS. Then comes a
stop bit. The port can be programmed such that when
the stop bit is received, the scrial port interrupt will be
activated only if RBS = 1. This feature is enabled by
setting bit SM2 in SCON. A way to use this festure in
multiprocessor systems is as follows.-

When the Ppre or wants (o tr it a block of
data to one of several slaves, it first sends out an ad-
dress byte which identifics the target slave. An address
byte differs from a dsta byte in that the 9th bitis 1 inan
address byte and 0 in a data byte. With SM2 = 1, no
slave will be intcrrupted by a data byte. An address
byte, however, will interrupt il slaves, so that each
slave can examine the received byt and see if it is being
addressed. The addressed slave will clear its SM2 bit
and prepare 1o receive the data bytes that will be com-
ing. The slaves that weren't being addressed leave their
SM2s set and go on about their business, ignoring the
coming data bytes.

SM2 has no cffect in Mode O, and in Mode | can be
used to check the vatidity of the stop bit. In a Mode |
reception, if SM2 = 1, the reccive interrupt will not be
activated unless a valid stop bit is received.

Serial Port Control Register

The serial port control and status register is the Special
Function Register SCON, shown in Figure 14. This
register contains not only the mode selection bits, but
also the 9th data bit for transmit and receive (TBS and
RB8), and the scrial port interrupt bits (T1 and RI).

MCS-51
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Figure 13, Timer 2 in Auto-Reload Mode

(MS8 (LS8)

rsm)]smlsuzlneu[m[naa]n[ A

Where SMO, SM1 specity the seriel port mode, as follows:

8MO SM1 Mode Description Beud Rate

0 0 o shiftregister  foac /12

(] 1 1 B8-bit UART vanable

1 [] 2 9-bit UART foec./64
or
foec./32

1 1 3 9-bit UART variable

* SM2 enables the multiprocessor

communication featurs in Modes
2end 3. InModd 20r 3, SM2 s

36t to 1 then Ri will not be
activated if the recsived 8th deta

bit (RB8) w O. In Mode 1, f SM2 LY
= 1 then R will not be activaied

« Yos ia the 9th data bit that wilt be
transnvtted n Modes 2 and 3. Set or
clear by software as dessed.

¢ RBS inModes 2 and 3, is the Sth data b

that was received. in Mode 1, if SM2
= 0, ABA is the stop bit that was
1eceived. in Mode 0, RBS is not used.

o TI istransmitinterrupt fag. Set by
hardwere at the end of the Bth tet hme
in Mode 0, or at the begnning of the
stop bit in the other modes, in any
socig! ransn ission. Must be cloared
by softwere.

* Ri 13 receive inlernupt flag Set by
hardware el the end of the 8th bt sme

i & valid st0p bit was not
toceived. In Mode 0, SM2 should in Mode 0, or hattway through the slop
be 0. bit kme i the oiher modes. n any o
e REN enabies sorial roception. Set by sarisi reception (except see SM2).
sottware 10 enable reception. Must be cleared by software.
Clear by software 10 dsabie
recepiion.
Figure 14. SCON: Serial Port Controt Reglster
Baud Rates

The baud rate in Mode 0 is fixed:

Oscillator Frequency

Mode 0 Baud Rate = m
The baud rate in Mode 2 depends on the value of bit
SMOD in Special Function Register PCON. 1f SMOD
= 0 (which is the value on reset), the baud rate /4, the
oscillator frequency. If SMOD = 1, the baud rate is
Yas the oscillator frequency.

MCS-51

2SMOD
Mode 2 Baud Rate =

X (Oscillator Frequency)

In the 8051, the baud rates in Modes 1 and 3 are deter-
mined by the Timer 1 overflow rate. In the 8052, these
baud rates can be determined by Timer 1, or by Timer
2, or by both (one for transmit and the other for re-
ceive).
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Using Timer 1 to Generate Baud Rates

When Timer | is used as the baud rate generator, the
baud rates in Modes | and 3 are determined by the
Timer | overflow rate and the value of SMOD as fol-
fows:

Modes 1, 3

2SMOD
Baud Rate =

X (Titmer 1 Overflow Rate)

The Timer | interrupt should be disabled in this appli-
cation. The Timer itself can be configured for either
“timer" or “counter” operation, and in any of its 3
running modes. In the most typical applications, it is
configured for “timer” operation, in the auto-reload

mode (high nibble of TMOD = 0010B). In that case,
the baud rate is given by the formula

Modes 1, 3

2SMOD il
Baud Rate = Oscillator Frequency

X
32 12x {256 — (TH1))

One can achieve very low baud rates with Timer | by
leaving the Timer 1 interrupt enabled, and configuring
the Timer to run as & 16-bit timer (high mbbie of
TMOD = 0001B), and using the Timer 1 interrupt to
do a 16-bit software reload.

Figure 15 lists various-commonly used baud rates and
how they can be obtained from Timer 1.

Figure 15. Timer 1 Generated Commonly Used Baud Rates

. Timer 1
Baud Rate fosc SMOD Relosd =
C/T|Mode|'yoo | .
Mode 0 Max: 1 MHZ | 12 MHZ X X X X
Mode 2 Max: 375K 12 MHZ 1 X X X
Modes 1, 3: 62.5K 12 MHZ 1 (] 2 FFH
19.2K 11.059 MHZ 1 0 2 FDH
9.6K 11.059 MHZ| O 0 2 FOH
4.8K 11.059 MHZ} O 0 2 FAH
2.4K 11.059 MHZ 0 0 2 FéH
1.2K 11.059 MHZ 0 0 2 EBH
137.5 11.986 MHZ| O 0 2 10H
110 6 MHZ 0 0 2 72H
110 12 MHZ 0 0 1 FEEBH

Using Tinler 2,10 Generate Baud Rates

fn the 8052, Timer 2 is selected as the baud rate genera-
tor by setting TCLK and/or RCLK in T2CON (Figure
4

11). Note then the baud rates for transmit and reccive
can be simultancously different. Setting RCLK and/or
TCLK puts Timer 2 into its baud rate generator mode,
as shown in Figure 16.

HOTE: OOC. PR, B SVIDED BY 2. NOT 12

VX CLOCK
SETICTOR
“TaseR I
] XA
CONTROL
[

meuwmm

270252-14

Figure 18, Timer 2 in Baud Rate Generator Mode

MCS-51



} -15

intel

HARDWARE DESCRIPTION OF THE 8051, 8052 AND 80C51

The baud rate gencrator mode is similar to the suto-re-
load mode, in that a rollover in TH2 causes the Timer 2
registers to be reloaded with the 16-bit vatue in registers
RCAP2H and RCAP2L, which arc presct by software.

Now, the baud rates in Modes 1 and 3 are determined
by Timer 2's overflow ratc as follows:

Timer 2 Overflow Rate

Modes 1, 3 Baud Rate = 16

The Timer can be configured for either “timer” or
“counter" operation. In the most typical applications, it
is configured for “times" operation (C/T2 = 0). “Tim-
er” operation is a little different for Timer 2 when it's
being used as a baud rate generator. Normally, as a
timer it would increment every machine cycle (thus at
Y, the oscillator frequency). As a baud rate gencrator,
however, il increments every state time (thus at % the
oscillator frequency). In that case the baud rate is given
by the formula

:!do‘jjﬁkl't 3_ Oscillator Freguency
aud Rate = 1 $536 — (RCAPZH, RCAP2L)]

where (RCAP2H, RCAP2L) is the content of
RCAP2H and RCAP2L taken as a 16-bit unsigned in-
teger. |

Timer 2 as a baud rate generator is shown in Figure 16.
This Figure is valid only if RCLK + TCLK = lin
T2CON. Note that a rollover in TH2 does not sct TF2,
and will nct generate an interrupt. Therefore, the Timer
2 interrupt does not have to be disabled when Timer 2
is in the baud rate generator mode. Note too, that if
EXEN?2 is set, a 1-to-0 transition in T2EX will set
EXF2 but will not cause a reload from (RCAP2H,
RCAP2L) to (TH2, TL2). Thus when Timer 2 is in use
as 2 baud rate generator, T2EX can be used as ag extra
external interrupt, if desired.

1t should be noted that when Timer 2 is running (TR2
= |) in “timer” function in the baud rate generator
tmode, one should not try to read or write TH2 or TL2.
Under these conditions the Timer is being incremented
every state time, and the results of a read or write may
not be accurate. The RCAP registers may be read, but
shouldn't be written to, because a write might overlap a
reload and cause write and/or reload errors. Turn the
Timer off (clear TR2) before accessing the Timer 2 or
RCAP registers, in this case.

More About Mode 0

Serial data enters and exits through RXD. TXD out-
pists the shift clock. 8 bits are fransmitted/received: 8
dita bits (LSB first). The baud rate is fixed at Y\ the
oscillator frequency.

Figure 17 shows a simplified functional diagram of the
serial port in Mode 0, and associated timing.

MCS-51

Transmission is initiated by any instruction that uses
SBUF as a destination register. The “write to SBUF”
signal at S6P2 also foads a 1 into the 9th position of the
transmit shift register and telis the TX Control block to
[ ¢ 8 tr ission. The internal timing is such
that one full machine cycle will elapse between “write
to SBUF,” and activation of SEND.

SEND ecnables the output of the shift register to the
alternate output function line of P3.0, and also enables
SHIFT CLOCK to the alternate output function linc of
P3.1. SHIFT CLOCK is low during S3, $4, and S5 of
every machine cycle, and high during S6, S1 and S2. At
$6P2 of every machine cycle in which SEND is active,
the contents of the transmit shift register are shifted to
the right one position.

As data bits shift out to the right, zeroes come in from
the left. When the MSB of the data byte is at the output
position of the shift register, then the | that was initial-
ly loaded into the 9th position, is just to the left of the
MSB, and all positions to the left of that contain zeroes.
This condition flags the TX Control block to do one
fast shift and then deactivate SEND and set TL. Both of
these actions occur at S1P1 of the 10th machine cycle
after “write to SBUF.”

Reception is initiated by the condition REN = 1 and
Rl = 0. At S6P2 of the next machine cycle, the RX
Control umt writes the bits 11111110 to the receive
shift register, and in the next clock phase activates RE-
CEIVE.

RECELVE enasbles SHIFT CLOCK to the alternate
output function line of P3.1. SHIFT CLOCK makes
transitions at S3P1 and S6P1 of every machine cycle.
At S6P2 of every machine cycle in which RECEIVE is
active, the contents of the receive shift Tegister are shift-
ed to the left one position. The value that comes in
from the right is the value that was sampled at the P3.0
pin at $5P2 of the same machine cycle.

As data bits come in from the right, 1s shift out to the
left. When the O that was initially loaded into the right-
most position arrives at the leftmost pusition in the shift
vegister, it flags the RX Control block to do one last
shift and load SBUF. At SIP1 of the 10th machine
cycle after the write to SCON that cleared RI, RE-
CEIVE is cleared and Rl is set. .

A

More About Mode 1

Ten bits are transmitted (through TXD), or reccived
(through RXD): a start bit (0), 8 data bits (LSB first),
and a stop bit (1). On receive, the stop bit goes into
RBS in SCON. In the 8051 the baud rate is determined
by the Timer 1 overflow rate. In the 8052 it is deter-
mined cither by the Timer | overflow rate, or the Timer
2 overflow rate, or both (one for transmit and the other
for receive).

Figurc 18 shows a simplified functional diagram of the
serial port in Mode 1, and associated timings for trans-
mit receive.
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Figure 17. Serlal Port Mode 0
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Figure 18. Serial Port Mode 1. TCLK, RCLK and Timer 2 are Present In the 8052/8032 Only.

Transmission is initiated by any instruction that uses times are synchronized to the divide-by-16 counter, not
SBUF as a destination register. The “write to SBUF” to the “write to SBUF™ signal).

signal also loads a 1 into the 9th bit position of the '
transmit shift register and flags the TX Control unit The transmission begins with activation of SEND,
that a transmission is requested. Transmission actually which puts the start bit at TXD. One bit time later,
commences at S1P1 of the machine cycle following the DATA is activated, which enables the output bit of the
next rollover in the divide-by-16 counter. (Thus, the bit transmit shift register to TXD. The first shift pulse oc-

curs one bit time after that.

MCS-51
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As data bits shift out to the right, zeroes are clocked in
from the left. When the MSB of the data byte is at the
output position of the shift register, then the 1 that was
inttially loaded into the 9th position is just to the left of
the MSB, and all positions to the left of that contain
zeroes. This condition flags the TX Control unit to do
one last shift and then deactivate SEND and set TI.
This occurs at the 10th divide-by-16 roliover after
“write to SBUF."

Reception is initiated by a d d {-to-0 tr ion at
RXD. For this purpose RXD is sampled at a rate of 16
times whatever baud rate has been established. When a
transition is detected, the divide-by-16 counter is imme-
diately reset, and 1FFH is written into the input shift
register. Resetting the divide-by-16 counter aligns its
rollovers with the boundaries of the incoming bit times.

The 16 states of the counter divide each bit time into
16ihs. At the 7th, 8th, and 9th counter states of each bit
time, the bit detector samples the value of RXD. The
value accepted is the value that was seen in at least 2 of
the 3 samples. This is done for noise rejection. If the
value accepted during the fint bit time is not 0, the
receive circuits are reset and the unit gocs back to look-
ing for another 1-to-0 transition. This is to provide re-
jection of false start bits. If the start bit proves valid, it
is shifted into the input shift register, and reception of
the rest of the frame will proceed.

As data bits come in from the right, 1s shift out to the
ieft. When the start bit arrives at the leftmost position
in the shift register, (which in mode | is a 9-bit regis-
ter), it flags the RX Control block to do one last shift,
foad SBUF and RBS, and set RI. The signal to load
SBUF and RBS, and to set RI, will be gencrated if, and
only if, the following conditions are met at the time the
final shift pulse is generated.

1) Rt = 0, and &
2) Bither SM2 = 0, or the received stop bit = 1

If either of these two conditions is not met, the received
frame is ircetrievably lost. If both conditions are met,
the stop bit goes into RBS, the 8 data bits go into
SBUF, and RI is activated. At this time, whether the
above conditions are met or not, the unit gocs back to
looking for a 1-t0-0 transition in RXD.

More About Modes 2 and 3

Eleven bits are transmitted (through TXD), or received
(through RXD): a start bit (0), 8 data bits (LSB first), a
programmable 9th data bit, and a stop bit (1). On trans-

mit, the 9th data bit (TB8) can be assigned the value of
0 or 1. On receive, the 9th data bit goes into RB8 in
SCON. The baud rate is programmable to cither ', or
Yes the oscillator frequency in Mode 2. Mode 3 may
have a variable baud ratc gencrated from cither Timer |
or 2 depending on the state of TCLK and RCLK.

Figures 19 and 20 show a functional diagram of the
scrial port in Modes 2 and 3. The receive portion is
exactly the same as in Mode 1. The transmit portion
differs from Mode | oaly in the 9th bit of the transmit
shift register.

Transmission is initiated by any instruction that uscs
SBUF as a destination register. The “write to SBUF”
signal also loads TB8 into the 9th bit position of the
transmit shift register and flags the TX Control unit
that a transmission is requested. Transmission com-
mences at SIP1 of the machine cycle following the next
roliover in the divide-by-16 counter. (Thus, the bit
times are synchronized to the divide-by-16 counter, not
10 the “'write to SBUF™ signal.)

The transmission begins with activation of SEND,
which puts the start bit at TXD. One bit time later,
DATA is activated, which enables the output bit of the
transmit shift register to TXD. The first shift pulse oc-
curs one bit time after that. The first shift clocks a |
(the stop bit) into the 9th bit position of the shift regis-
ter. Thereafter, only zeroes are clocked in. Thus, as
data bits shift out to the right, zeroes are clocked in
from the left. When TB8 is at the output position of the
shift register, then the stop bit is just to the left of TBS,
and all positions to the left of that contain zeroes. This
condition flags the TX Control unit to do one last shift
and then deactivate SEND and set TL. This occurs at
the 11th divide-by-16 rollover after “write to SBUF.”

Reception is initiated by a detected 1-10-0 transition at
RXD. For this purpose RXD is sampled at a rate of 16
times whatever baud rate has been established. When a
transition is detected, the divide-by-16 counter is imme-

Qialcly reset, and 1FFH is written to the input shift
“Tegister.

Al the 7th, 8th and 9th counter states of each bit time,
the bit detector samples the value of RXD. The value
uccepted is the value that was seen in at least 2 of the 3
sumples. If the villue accepted during the first bit time
is aot 0, the receive circuits are reset and the unit goes
back to looking for another 1-to-0 tramsition. If the
start bit proves valid, it is shifted into the input shift
register, and reception of the rest of the frame will pro-
ceed,

MCS-51
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Figure 19. Serlal Port Mode 2
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Figure 20. Serlal Port Mode 3. TCLK, RCLK, snd

Tiner 2 are Present in the 8052/8032 Onty.
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As data bits come in from the right, s shift out to the
feft. When the start bit arrives at the leftmost position
in the shift register (which in Modes 2 and 3 is a 9-bit
register), it flags the RX Control block to do one last
shift, load SBUF and RBS, and set RI. The signal to
load SBUF and RB8, and to sct RI, will be generated if,
and only if, the following conditions are met at the time
the final shift pulsc is generated:

1) Al = 0, and
2)EithorSM2-00fmerooeived9mdaubit— 1

If either of these conditions is not met, the received
frame is irretcievably lost, and RI is not set. If both
conditions are met, the reccived 9th data bit goes into
RBS, and the first 8 data bits go into SBUF. One bit
time later, whether the above conditions were met or
not, the unit goes back to looking for a 1-to-0 transition
at the RXD input. ,

Note that the value of the received ;top bit is irrelevant
to SBUF, RBS, or RI.

INTERRUPTS

The 8051 provides 5 interrupt sources. The 8052 pro-
vides 6. These are shown in Figure 21.

The External Interrupts INTO and INT1 can cach be
cither level-activated or transition-activated, depending
‘on bits 1TO and IT1 in Register TCON. The flags that
actually generate these interrupts are bits 1EO and IEl
in TCON. When an external interrupt is generated, the
flag that generated it is cleared by the hardware when
the service routine is vectored to only if the interrupt

<
D eid
sounces
L
o owiown
270252-19

Figure 21. MCS®-51 Interrupt Sources

MCS-51

was transition-activated. If the interrupt was level-acti-
vated, then the external requesting source is what con-
trols the request flag, rather than the on-chip hardware.

The Timer O and Timer 1 Interrupts are genersted by
TFO and TF1, which are set by a rollover in their re-
spective Timer/Counter segisters (except see Timer O in
Mode 3). When a timer interrupt is generated, the flag
that generated it is cleared by the on-chip hardware
when the service routine is vectored to.

The Serial Port Interrupt is generated by the logical OR
of RI and TL. Neither of these flags is cleared by hard-
ware when the service routine is vectored to. In fact,
the service routine will normally have to determine
whether it was RI or TI that generated. the interrupt,
and the bit will have to be cleared in software.

In the 8052, the Timer 2 Interrupt is gencrated by the
logical OR of TF2 and EXF2. Neither of these flags is
cleared by hardware when the service routine is vec-
tored to. In fact, the service routine may have to deter-
mine whether it was TF2 or EXF2 that generated the
interrupt, and the bit will have to be cleared in soft-
ware.

All of the bits that generate interrupts can be set or
cleared by software, with the same result as though it
had becn set or cleared by hardware. That is, interrupts
can be generated or pending interrupts can be canceled
in software.

(MSB) {LS8)

[ea] = [er2] es Tert [ex1] £vo] exo)

Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables .

Symbol  Position Function

EA iE7 Gisables st sterrupts HEA = 0,no
interrupt wil be scknowledged. ¥ EA
= 1, aach NterTupt source 13
Indadualty dot dby
setung or cleanng i enable bt

- ie6 reserved.

€T2 €S Tirmer 2 starrupt snabie bit.

ES €4 Senal Port mterrupt enable bl

ET1 €3 Timer 1 interrupl enabio b

EXt €2 Extarnat werrupt 1 enable bit.

€70 €1 Timer O interrupt enable brd

€X0 €0 External interrupt 0 snable bit.

tser soltware shoutd never writs 13 t0 unimpismented bits,
mncamnym-ybousodmlulunncsst products.

1

Figure 22. IE: Interrupt Enable Register
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Each of these interrupt sources can be individually en-
abled or disabled by setting or clearing & bit in Spec 1l
Function Register IE (Figure 22). IE contains also a
global disable bit, EA, which disables all interrupts at
once.

Note in Figure 22 that bit position 1E.6 is unimple-
mented. In the 80S1s, bit position IE.S is also unimple-
mented. User software should not write 1s to these bit
positions, since they may be used in future MCS-51

products.

Priority Level Structure

Each interrupt source can also be individually prc-
grammed to one of two priority levels by setting or
clearing a bit in Special Function Register 1P (Figure
23). A low-priority interrupt can 1self be interrupted
by a high-priority interrupt, but not by another low-pri-
ority interrupt. A high-priority interrupt can’t be inter-
rupted by any other interrupt source.

MSB)_ - S8l
[Z ] =Jprz[pserifexi]erojpxo

Pronty bit = 1 assigns high priosity.
Prionty bit = 0 assigns low pronaty

Symbol Position Function

— [ reserved

- p) 1eserved
P12 PS5 Timer 2 interrupt prionty bet.
PS [ X} Sariat Port imerrupt pnonty bit.
PTH ®3 Tiener 1 nnterrupt prionty bit.
(23} P2 External mierrupt 1 pnorty bit.
PYO Py Tumér O snterrupt prionty bR.
PX0 w0 Extornal nterrut 0 pronty bith

User sottware should never wie 13 10 unanplemented bus,
ommmbouudnw-MCS-S‘l procucts

Figure 23. IP: Interrupt Priority Register

If two requests of different priority levels are received
simultancously. the request of higher priority level is
serviced. If requests of the same priority level are re-

ceived simultanccusly, an internal polling sequence de-
termines which request is serviced. Thus within each
priority level there is a second priority structure deter-
mined by the polling sequence, as follows:

Source Priority Within Level
1 IEO (highest)
2 TFO

3. IE1

4, TF1

5 R +Tl

6

TF2 + EXF2 (lowest)

Note that the “priority within level” structure is only
used to resolve simultaneous requests of the same priori-
ty level. -
The 1P register contains 8 ber of unimpl ted
bits. 1P.7 and 1P.6 arc vacant in the 8052s, and in the
8051s these and IP.S are vacant. User software should
not write 1s to these bit positions, since they may be
used in future MCS-51 products.

How Interrupts Are Handled

The interrupt flags are sampled at S5P2 of eve..
chine cycle. The samples are polled during the fuliow
ng machine cycle. The 8052's Timer 2 interrupt cycle
is different, as described in the Response Time Section.
If one of the flags was in a sct condition at S5P2 of the
preceding cycle, the polling cycle will find it and the
interrupt system will generate an LCALL 1o the appro-
priate service routine, provided this hardware-generat-
ed LCALL is not blocked by any of the following con-
ditions:
1. An interrupt of equal or higher priority level is al-
ready in progress.
2. The current (polling) cycle is not the final cycle in
the execution of the mstruction in progress.

3. The instruction in progress is RETI or any write to
the LE or [P registers.

Any of these three conditions will block the generation
of the LCALL to the interrupt service routine. Condi-
tion 2 ensures that the instruction in progress will be

aots LATCHED
ACTIVE

issP2l 88 '
AN A 2% A a) i
U L L O e Ak
M- Pty p— 8 58
. WTEARUPTS LONG CALL TO INTERRUPT ROUTINE
ARE POLLED INTERRUPT
WTERRUPT INTERRUPT VECTOR ADORESS

This is the tastest possibie tesponss when C2 s the tina cycie of an nstruction other than RETI or an access to IE of P,

270252-20

Figure 24. Interrupt Response Timing Diagram
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completed before vectoring to any service routine. Con-
dition 3 ensures that if the instruction in progress is
RETI or any access to IE or IP, then at lcast one more
instruction will be executed before any interrupt is vec-
tored to.

The polting cycle is repeated with each machine cycle,
and the values polled arc the values that were present at
S5P2 of the previous machine cycie. Note then that if
an interrupt flag 15 active but not being responded to for
one of the above conditions, and ts not still active when
the blocking condition is removed, the denied interrupt
will not be serviced. In other words, the fact that the
interrupt flag was once active but not serviced is not
remembered. Every polling cycle is new.

The polling cycle/LCALL sequence is illustrated in
Figure 24.

Note that if an interrupt of higher priority level goes
active prior to SSP2 of the machine cycle labeled C3 in
Figure 24, then in accordance with the above rules it
will be vectored to during C5 and C6, without any in-
struction of the lower priority routine having been exe-
cuted.

Thus the processor acknowledges an interrupt request
by executing a hardware-generated LCALL to the ap-
propriate servicing routine. In some cases it also clears
the flag that generated the interrupt,-and in other cases
it doesn’t. It never clears the Serial Port or Timer 2
flags. This has to be done in the user’s software. It
clears an external interrupt flag (1EO or 1E1) only if it
was transition-activated. The ‘hardware-generated
LCALL pushes the contents of the Program Counter
onto the stack (but it does.not save the PSW) and re-
loads the PC with an address that depends on the
source of the interrupt being vectored to, &s shown be-
fow.

Vector
Songe Address
IE0 0003H
TFO 000BH
IEY 0013H
TR 0018H
R+ TI 0023H
TF2 + EXF2 002BH

Exccution proceeds (rom that location until the RETI
instruction is encountered. The RETI instruction in-
forms the processor that this interrupt routine is no
longer in progress, then pops the top two bytes from the
stack and relosds the Program Counter. Execution of
the interrupted program continues from where it left
off.

Note that a simple RET instruction would also have
returned execution to the interrupted program, but it
would have left the interrupt control system thinking
an interrupt was still in progress.

MCS-51

External Interrupts

The external sources can be programmed to be level-ac-
tivated or transition-activated by sctting or clearing bit
IT! or ITO in Register TCON. If ITx = 0, external
interrupt x is triggered by a detected low at the INTx
pin. If ITx = 1, external interrupt x is edge-triggered.
In- this mode if successive samples of the INTx pin
show a high in one cycle and a low in the next cycle,
interrupt request flag IEx in TCON is set. Flag bir 1Ex
then requests the interrupt.

Since the extemal interrupt pins are sampled once each
machine cycle, an input high or low should hold for at
least 12 oscillator periods to ensure sampling. If the
external interrupt is transition-activated, the external
source has to hold the request pin high for at’ least one
cycle, and then hold it low for at least one cycle o
ensure that the transition is seen so that intcrrupt re-
quest flag IEx will be sct. [Ex will be automatically
cleared by the CPU when the service routine is called.

If the external interrupt is level-activated, the external
source has to hold the request active until the requested
interrupt is actually generated. Then it has to deacti-
vate the request before the interrupt service routine is
completed, or else another interrupt will be generated.

Response Time

The INTO and INTI levels are inverted and latched
into the interrupt flags 1EO and IE1 at S5P2 of every
machine cycle. Similarly, the Timer 2 flag EXF2 and
the Serial Port flags RI and TI are set at S5P2. The
values are not actually polled by the circuitry until the
next machine cycle.

The Timer 0 and Timer 1 flags, TFO and TF, are set at
S5P2 of the cycle in which the timers overflow. The
values are then polled by the circuitry in the next cycle.
However, the Timer 2 flag TF2 is set at S2P2 and is
polled in the same cycle in which the timer overflows.

If a request is active and conditions are right for it to be
acknowledged, a hardware subroutine call to the re-
quested service routine will be the next snstruction to be
exccuted. The call itselfl takes two cycles. Thus, a mini-
mum of three complete machine cycles elapse between
uctivation of an external interrupt request and the be-
ginning of execution of the first instruction of the serv-
ice routine. Figure 24 shows interrupt response timings.

A longer response time would result if the request is
blocked by one of the 3 previously listed conditions. If
an interrupt of equal or higher priority level is already
in progress, the additional wait time obviously depends
on the nature of thg other interrupt’s service routine. If
the instruction in progress is not in its final cycle, the
additional wait time cannot be more than 3 cycles, since
the longest instructions (MUL and DIV) are only 4
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cycles long, and if the instruction in progress is RETI
or an access to [E or IP, the additional wait time can-
not be more than § cycles (a maximum of onc morc
cycle to complete the instruction in progress, plus 4
cycles to complete the next instruction if the instruction
is MUL or DIV).

Thus, in s single-intertupt system, the responsc time is
always more than 3 cycles and less than 9 cycles.

SINGLE-STEP OPERATION

The 8051 interrupt structure allows single-step execu-
tion with very little software overhead. As previously
noted, an interrupt request will not be responded to
while an interrupt of equal priority level is still in prog-
ress, nor will it be responded to after RET] until at
Jeast one other instruction has been executed. Thus,
once an interrupt routine has been entered, it cannot be
re-entered until at least one instruction of the interrupt-
ed program is executed. One way to use this feature for
single-stop operation is to program one of the external
interrupts (say, INTO) to be level-activated. The service
routine for the interrupt will terminate with the follow-

ing code:

JNB P3.2$ WaitHere Tilt INTO Goes High
JB  P3.2§ Now Wait Here Till it Goes Low
RETI -Go Back and Execute One Instruction

Now if the INTO pin, which is also the P3.2 pin, is held
normally low, the CPU will go right into the External
Interrupt O routinc and stay there unti} TNTO is pulsed
(from low to high to fow). Then it will execute RETIL,
go back to the task program, executc one instruction,
and immediately re-enter the External Interrupt O rou-
tine to await the next pulsing of P3.2. One step of the
,mk program is executed each time P3.2 is pulsedg

RESET

The reset input is the RST pin, which is the input to a
Schmitt Trigger.

A reset is accomplished by holding the RST pin high
for at least two machine cycles (24 oscillator periods),
while the oscillator is running. The CPU responds by
generating an internal resct, with the {iming shown in
Figure 25.

The external reset signal is asynchronous to the internal
clock. The RST pin is sampled during State S Phase 2
of every machine cycle. The port pins will maintain
their current activites for 19 oicillator periods after 2
togic | has been sampled at the RST pin; that is, for 19
to 31 oscillator periods after the external reset signal
has been applicd to the RST pin. -
While the RST pin is high, ALE and PSEN are weakly
pulled high. After RST is pulled low, it will take 1 to 2
machine cycles for ALE and PSEN to start clocking.
For this reason, other devices can not be synchronized
10 the internal timings of the 8051.

Driving the ALE and PSEN pins to 0 while reset is
active could cause the device to go into an indetermi-
nate state.

The internal reset algorithm writes Os to all the SFRs
except the port latches, the Stack Pointer, and SBUF.
The port latches are initislized to FFH/ the Stack
Pointer to 0TH, and SBUF is indeterminate. Table 3
lists the SFRs and their reset values.

The internal RAM is not affected by reset. On power
up the RAM content is indeterminate.

12 0SC. PERIODS —]
|ss|sc|sv|sz|ss|s4|ss]ss|s:|sz |ss|s4|ss|ss| st|s2|s3|se]|

e [TITITTLILY:

e
SAMPLE ST SAMPLE ST
3

INTERNAL RESET SIGNAL
(-

I

LI

-

INST XAWRX INST XAD:ORX INST XADDRX INST XADORX INST XA

1
e——11 OSC. PERIODS 19 OSC. PEROOS —

270252-33

Figure 25. Reset Timing
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Table 3. Reset Values of the SFRs

'POWER-ON RESET

For HMOS devices when Vo is turned on an automat-
ic reset can be obtained by connecting the RST pin 10
Ve through a 10 pF capacitor and to Vs through an
8.2 K0 resistor (Figure 26). The CHMOS devices do
not require this resistor aithough its presence does no
harm. In fact, for CHMOS devices the external resistor
can be removed becausc they have an internal pulldown
on the RST pin. The capacitor value could then be re-

When power is turned on, the circuit holds the RST pin
high for an amount of time that depends on the capaci-
tor value and the rate at which it charges. To ensure a
valid reset the RST pin must be held high long enough
1o allow the oscillator to siart up plus two machine

On power up. Vcc should rise within approximately
ten milliseconds. The oscillator start-up time will de-
pend on the oscillator frequency. For a 10 MHz crystal,
the start-up time is typically 1 ms. Fora 1 MHz crystal,
the start-up time is typically 10 ms.

With the given circuit, reducing Voc quickly to O caus-
es the RST pin voltage to momentarily fall below OV.
However, this voltage is internally limited and will not

NOTE:
The poit pins will be in a random state until
the oscillator has started and the internal reset
algorithm has written 1s to them.

Powering up the device without a valid reset could
cause the CPU 1o start exccuting instructions from an

Figure 26. Power on Reset Circuit

MCS-51

te location. This is because the SFRs, spe-
cifically the Program Counter, may not get properly

POWER-SAVING MODES OF

For applications where power consumption is critical
the CHMOS version provides power reduced modes of
operation as a standard feature. The power down mode
in HMOS devices is no longer 8 standard feature and is

CHMOS Power Reduction Modes

CHMOS versions have two power-reducing odes,
1dle and Power Down. The input through which back-
up power is supplied during these operations is VCC.
Figure 27 shows the internal circuitry which imple-
ments these features. In the Idle mode (IDL = 1), the
oscillator continues to run and the Interrupt, Serial
Port, and Timer blocks continue to be clocked, but the

SFR Name Resst Value
PC 0000H
ACC 00H
B 00H
PSW O0H
sP O7H
OPTR Q0o duced to { uF.
PO-P3 FFH
1P (8051) XXX000008
1P (8052) XX0000008
{E (8051) 0XX000008
IE (8052) 0X0000008
TMOD 00H cycles.
TCON 00H
THO 00H
TLO 00H
TH1 00H
TLY 00H
TH2 (8052) 00H
TL2 (8052) 00H
RCAP2H (8052) 00H harm the device.
RCAP2L (8052) 00H
SCON 00H
SBUF Indoterminate
PCON (HMOS)’ OXXXXXXXB
PCON (CHMOS) 0XXX00008
£ indeter
vee _initiatized.
e T — OPERATION
[ 3]
RST being phased out.
wn{
ves
=
270252-21
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clock signal is gated off to the CPU. in Power Down
(PD = 1), the oscillator is frozen. The Idle and Power
Down modes are activated by setting bits in Special
Function Register PCON. The adress of this register
is 87H. Figure 26 details its contents.

In the HMOS devices the PCON register only contains
. SMOD. The other four bits are implemented only in
. the CHMOS devices. User software should never write
1s to unimplemented bits, since they may be used in
future MCS-51 products.

IDLE MODE

An instruction that sets POCOM.0 causes that to be the
last instruction executed before going into the Idle
mode. In the Idle mode, the internal clock signal is
gated off to the CPU, but not to the Interrupt, Timer,
and Serial Port functions. The CPU status is preserved
in its entirety: the Stack Pointer, Program Counter,
Program Status Word, Accumulator, and all other reg-
isters maintain their data during Idle. The port pins
hold the logical states they had st the time 1dle was
activated. ALE and PSEN hold at logic high levels.

There are two ways to terminate the Idle. Activation of
any enabled interrupt will cause PCON.O to be cleared
by hardware, terminating the ldle mode. The interrupt
will be serviced, and following RETI the next instruc-
tion 10 be executed will be the one following the in-
struction that put the device into Idle.

270252-22

Figure 27. Idle and Power Down Hardware

(MSB) (L58)
rsuool-l-l-lanlm:olpol o |

Symbol Poasition Name and Function

SMOD PCON.7 Double Baud rate bit. When setios 1
and Timer 1 is used 1o generate baud
rate, and the Senal Port s used in
modes 1,2,0r3

- PCON.G (Resorved)

—_ PCONS {Reserved)

- PCONA  (Reserved)
GF1 PCONI  General-purpose flag bt
GFO PCON.2 General-purpose flag bit.

PO PCON.Y Power Down bit. Setting this bit

e power down 3
oL PCON.O 1dle mode bil. Setting this bit acivates
wie Mode OPeraton.

It 18 ar@ written 10 PD and IDL at tha same tme, PO takes
pracedence. The resel vatue of PCON is (OXXX0000).
InmeSmVuPOONmmoeruhs
SMOD. The other four bits are implemented only in the
CHMOS devices. User software shouid never write 18 10

ummmmymmdhw.ucs-
51 products.

Figure 28. PCON: Power Control Register

The flag bits GFO and GF1 can be used to give an
indication if an interrupt occusred during normal oper-
ation or during an Idle. For example, an instruction
that activates Idle can also sct onc or both flag bits.
When Idle is terminated by an interrupt, the interrupt
service routine can examine the flag bits.

The other way of terminating the Idie mode is with a
hardware reset. Since the clock oscillator is still run-
ning, the hardware reset nceds to be held active for only
two machine cycles (24 oscillator periods) to complete
the reset.

The signat st the RST pin clears the IDL bit directly
and asynchronously. At this time the CPU resumes
program exccution from where it left off; that is, at the
instruction following the one that invoked the Idle
Mode. As shown in Figure 25, two or threc machine
cycles of program execution may take place before the
internal reset ajgorithm takes control. On-chip hard-
ware inhibits access to the internal RAM during this
time, but access to the port pins is not inhibited. To
climinate the possibility of unexpected outputs at the
port pins, the instruction following the one that invokes
Idie should not be one that writes to a port pin or to
external Data RAM.

POWER DOWN MODE

An instruction that sets PCON.1 causes that to be the
last instruction exccuted before going into the Power
Down mode. In the Power Down mode, the on-chip
oscillator is stopped. With the clock frozen, all func-

MCS-51
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Table 4. EPROM Versions of the 28051 and 8052

Device | EPROM | EPROM VPP Time Required to
Name Version | Bytes Type Program Entire Array
8051 (8751) 4K HMOS | 21.0v 4 minutes
B8051AH | 8751H 4K HMOS | 21.0V 4 minutes
80C51BH | 87C51 4K CHMOS | 12.75V 13 seconds
8052AH | 8752BH 8K HMOS | 12.75V 26 seconds
tions are stopped, but the onchip RAM and Special Program Memory Locks

Function Registers are held. The port pins output the
values held by their respective SFRs. ALE and PSEN
output lows.

The only exit from Power Down for the 80CS1 is &
hardware reset. Reset redefines all the SFRs, but does
not change the on-chip RAM.

In the Power Down mode of operation, VCC can be
reduced to as low as 2V. Care must be taken, however,
10 ensure that VCC is not reduced before the Power
Down mode is invoked, and that VCC is festored to its
normal operating level, before the Power Down mode is
terminated. The reset that terminates Power Down also
frees the oscillator. The reset should not be activated
before VCC is restored to its normal operating level,
and must be held active long enough to allow the oscil-
lator to restart and stabilize (normally less than 10
msec).

EPROM VERSIONS

The EPROM versions of these devices are listed in Ta-
ble 4. The 8751H programs at VPP = 21V using one
50 msec PROG pulse per byte programmed. This re-
sults in a total programming time (4K bytes) of approx-
imately 4 minutes.

The 8752BH and 87C51 -use the faster “Quick-Pulse™
programming™ algorithm. These devices program at
VPP = 1275V using a scries of twenty-five 100 ps
PROG pulses per byte programmed. This results ina
total programining time of spproximately 26 seconds
for the 8752BH (8K bytes) and 13 seconds for the
87CS1 (4K bytes).

Detailed procedures for programming and venfying
each device are given in the data sheets.

EXPOSURE TO LIGHT

It is good practice to cover the EPROM window with
an opaque label when the device is in operation. This is
not so much to protect the EPROM array from inad-
vertent erasure, but to protect the RAM and other on-
chip logic. Allowing light to impinge on the silicon die
while the device is operating can caus< logical malfunc-
tion.

MCS-51

In some microcontroller applications it is desirable that
the Program Memory be secure from software piracy.
Intel has responded to this reed by implementing 8
Program Memory locking scheme in some of the MCS-
§1 devices. While it is impossible for anyone to guaran-
tes absolute security against all levels of technological
sophistication, the Program Memory locks in the MCS-
51 devices will present a formidable barrier aganst ille-
gal readout of protected software.

One Lock Bit Scheme on 8751H

The 8751H contains a lock bit which, once pro-
grammed, denies electricul access by any external
means to the on-chip Program Memory. The cffect of
this lock bit is that while it is programmed the internal
Program Memory can not be read out, the device can
not be further programmed, and it can ot execute ex-
ternal Program Memory. Erasing the EPROM array
desctivates the lock bit and restores the device's full
functionality. It can then be re-programmed.

The procedure for programming the lock bit is detailed
in the 8751H data sheet.

Two-Level Program Memory Lock Scheme

The 87C51 and 8752BH contain two Program Mcmory
locking schemes: Encrypted Verify and Lock Bits.

Encrypted Verify: These devices implement & 32-byte
EPROM array that can be programmed by the custom-
er, and which can then be used 10 encrypt the program
code bytes during EPROM verification. The EPROM
verification procedure is performed as usual. except
that each code byte comes out X-NORed with onc of
the 32 key bytes. The key bytes are gone through in
sequence. Therefore, to read the ROM code, one has to
know the 32 key bytes in their proper sequence.

Unprogrammed bytes- have the value FFH. Therefore,
if the Encryption Array is left unprogrammed all the
key bytes have the value FFH. Since any code byte
X-NORed with FFH leaves the code byte unchanged,
leaving the Encryption Array unprogrammed in effect
bypasses the encryption feature.
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Lock Bits: Also on the chip are two Lock Bits which
can be left unprogrammed (U) or programmed (P) to
obtain the following features:

Bit2 | Bitd Additional Features
U U None
V] P o Externally fetched code can not
access intemal Program Memory.
e Further programming disabled.
P V] (Reserved for Future definition.)
P P o Externally fetched code can not
access intemnal Program Memory.
o Further programming disabled.
7 e Program verification is disabled.

When Lock Bit 1 is programmed, the logic level at the
EA pin is sampled and latched during reset. If the de-
vice is powered up without a reset, the latch initializes
0 a random value, and holds that value until reset is
activated. It is necessary that the tatched value of EA
be in agreement with the current logic level at that pin
in order for the device to function properly.

ROM Protection

The 8051AHP and 80CS1BHP are ROM Protected
versions of the 8051AH and 80CS1BH, respectively. To
incorporate this Protection Feature, program verifica-
tion has been disabled and external memory accesses
have been limited to 4K. Refer to the data sheets on
these parts for more information.

ONCE Mode

The ONCE (“on-circuit emulation™) mode facilitates

testing and debugging of systems using the device with-

out the device having to be removed from the circuit.

The ONCE mode is invoked by:

1. Pull ALE low while the device is in reset and PSEN
is high; .

2. Hold ALE low as RST is deactivated.

While the device is in ONCE mode, the Port 0 pins go
into a float state, and the other port pins and ALE and
PSEN are weakly pulled high. The osciliator circuit
remains active. While the device is in this mode, an
emulator of test CPU can be used to drive the circuit.
Normal operation is restored after 8 normal reset is
Sapplied.

THE ON-CHIP OSCILLATORS

HMOS Versions

The on-chip oscillator circuitry for the HMOS
(HMOS-I and HMOS-11) members of the MCS-51 fam-
ily is « single stage lincar inverter (Figure 29), intended
for use as a crystai-controlled, positive reactance ascil-
lator (Figure 30). In this spplication the crystal is oper-
ated in its fundamental response mode as an inductive
reactance in parallel resonance with capacitance exter-
nal to the crystal.

L [

Voo

270252-23

Figure 29. On-Chip Oscillator Circuitry in the HMOS Versions of the MCS®-51 Famlly

MCS-51
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270252-24

Figure 30. Using the HMOS On-Chip Osclitator

The crystal specifications and capacitance values (Ct
and C2 in Figure 30) are not critical. 30 pF can be used
in these positions at any frequency with good quality
crystals. A ceramic resonator can be used in place of
the crystal in cost-sensitive applications. When a ce-
ramic resonator is used, C1 and C2 are normally select-
od 1o be of somewhat higher values, typically, 47 pF.
The manufacturer of the ceramic resonator should be

consulted for recommendations on the values of these
capacitors.

In general, crystals used with these devices typically

have the following specifications:
ESR (Equivalent Series Resistance)  see Figure 31
Cp (Shunt Capacitance) 7.0 pF max.
Cp (Load Capacitance) 30pF 23 pF
Drive Level 1MW

Frequency, tolerance and temperature range are deter-
mined by the system requirements.

A more in-depth discussion of crystal specifications, ce-
ramic resonators, and the selection of vaiues for C1 and
C2 can be found in Application Note AP-185, “Oscilla- _
tors for Microcontrollers,” which is included in the
Embedded Control Applications Handbook.

To drive the HMOS parts with an external clock
source, apply the external clock signal to XTAL2, and
ground XTALL, as shown in Figure 32. A pullup resis-
tor may be used (to increase noise margin), but is op-
tionsl if VOH of the driving gate exceeds the VIH MIN
specification of XTAL2.

500 1
400 -
S
¢ 30+
[ 4
9 200 +
100 A
e} § ¥ 4
4 8 172 18
CRYSTAL FREQUENCY In MMz
270252-34

Figure 31. ESR vs Frequency

MCS-51
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Figure 32. Driving the HMOS MCS®-51
Parts with an Externai Clock Source
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CHMOS VERSIONS

The on<chip oscillator circuitry for the 80C51BH,
shown in Figure 33, consists of a single stage linear
inverter intended for use as a crystal-controlled, posi-
tive reactance oscillator in the same manner 3s the
HMOS parts. However, there arc some important dif-
ferences.

One difference is that the 80CS1BH is able to turn off
its oscillator under software control (by writing a | t0
the PD bit in POON). Another difference is that in the
80CSIBH the internal clocking circuitry is driven by
the signal st XTALI, whereas in the HMOS versions it
is by the signal at XTAL2.

The feedback resistor Ry in Figure 33 consists of paral-
leled n- and p- channel FETs controlled by the PD bit,
such that Ry is opened when PD = 1. The diodes D1
and D2, which act as clamps to VCC and VSS, are
parasitic to the R¢ FETs.

“The oscillator can be used with the same external com-
ponents as the HMOS versions, as shown in Figure 34.
Typically, C! = C2 = 30 pF when the feedback cle-
tment is a quartz crystal, and C1 = C2 = 47 pFwhena .
ceramic resonator is used.

To drive the CHMOS parts with an external clock
source, apply the external clock signal to XTALL, and
jeave XTAL2 flost, as shown in Figurc 35.

TO WTERNAL
THENQ CKTS

o>

XTALY G_

al

270252-26

Figure 33. On-Chip Oscitiator Clreuitry in the CHMOS Versions of the MCS®-51 Famity
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Figure 35. Driving the CHMOS MCS®-51
Parts with an External Clock Source

The reason for this change from the way the HMOS
part is driven can be scen by comparing Figures 29 and
33. In the HMOS devices the internal timing circuits
are driven by the signal at XTAL2. In the CHMOS
devices the internal timing circuits are driven by l{le
signal at XTAEL

MCS-51

Figure 34. Using the CHMOS On-Chip Osciilstor

INTERNAL TIMING

Figupes 36 through 39 show when the various strobe
and port signals are clocked internally. The figures do
not show rise and fall times of the signals, nor do they
show propagation delays between the XTAL signal and
events at other pins.

Risc and fall times are dependent on the external load-
ing that each pin must drive. They are often taken to be
something in the neighborhood of 10 nsec, measured
between 0.8V and 2.0V.

Propagation delays are different for different pins. For
a given pin they vary with pin loading, temperature,
VCC, and manufacturing lot. If the XTAL waveform is
taken as the timing reference, prop delays may vary
from 25 to 125 nsec.

The AC Timings section of the data sheets do not refer-
ence any timing to the XTAL waveform. Rather, they
relate the critical edges of control and input signals to
each other. The timings published in the data sheets
include the effects of propagation delays under the
specified test conditions.
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‘ﬂln‘l STATE 2| STATE 3 "Aﬁl\ﬂl‘l‘!. STAVE 6 | STATE § STATE 2
riinaimimimieienin minininininlinin

XTAL:
ALE:
Bt DATA DATA CaTA- l—
— rcL pcL rct
N our v our LA out
" PCH OUT PCH OUT PCH OUT
270252-20
Flgunse.ExtormlPrognmuomowFotchu
|tmu tu'rultmn mu“nnu‘mma :urulluns
nlnlnln pilezlminimin mininininin
XTAL: k
ALE:
—]

SN
=3 PCL OUT ¥
O: "

mw_.\ 8 EXTERNAL
‘ﬂ‘ OPLORA M PLOAT ‘ PLOAT
. | our | [ I~ N
. PCH OR PCH OR
ra: 2 8PR 0PH OR P2 SFR OUT 1 870
270252-30

Figure 37. External Data Memory Read Cycle
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STATE 1 | STATE 2| STATE 3 |STATE 4 ‘ﬂl‘l’l L
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Figure 38. External Data Memory Write Cycle
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Figure 39. Port Operation
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