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ABSTRACT

This thesis is the study and invention of “The Transport Robot” moving along the
strip line and stopping at the assigned positibn. In case of facing an obstacle on the strip
line, the robot can stop automatically,and will go again when the obstacle moves away from
the strip line. The actuators of the robot are a 12-volts direct-current motor for driving the
system, a 24-volts direct-current motor for turning a front wheel and a 24- volts direct-
current motor for lifting and carrying the load. The rest of the robot's components are
ultrasonic and phototransistor, sensor, other electronic devices and a microcontroller
MCS-51. The microcontroller MCS-61 is used for controlling the motors, detecting
obstacles, tracking the strip line and transporting the assigned load. The performance
evaluation shows that the gain scheduling control scheme based on the control law has a

much better performance than a Bang-Bang counterpart.
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1SD1400
A0 1@ 28 3 Veop
Al ]2 27 1 REC
A2 3 26 1 XCLK
A3 4 25 [ RECLED
A4 5 24 7 PLAYE
Ab s 23 [1 PLAYL
NC 7 22 [ NC
NC s 21 |3 ANA OUT
A6 T9 20 [ ANAIN
A7 0 19 [ AGC
NC In 18 [ MIC REF
Vssp 112 17 3 MIC
Vgsa 113 16 1 Veea
SP+ 14 15 [ SP-
DIP/SOIC

NOTE: NC means must Not Connect.
211 2.7 usmanisdnendarueas 1SD1400
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dyqrasunareanivefiendnieluled Weniniadeniiavaeedygruiigniduin
Wuld dmsanasinaueaddadlumsyne 1SD1400 Auansneiussazuansdayanisftunis

" 4
Tufindtyeyreuaadledlunssgaliluasei 2.1

Veoa Vssa Vs Vooo AD A1 A2 A3 A4 AS AS AT REC PAYE PLAL RECLED
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Figure 2: Record

- Teee Trec !
e ) A \ ](
| f— Tty Tiep2
RECLED \\ \ /
Ter - JHon Ter Thorn g
AD-A7
MIC
ANA IN
g Trruo ——-‘bl oD
Figure 3: Playback
)
we XXV XX
le————— Taay - - — -
PLATL N y, L /[

FiATE s
5 rNOI.D_j/ Tser HOLD.
/K P

SP+/- WA
™ oo = " Teoo =™ Teoo ™ L T
2) i ]

RECLED
Teom ——}J-d— Teom —>1 1=+—|

1. REC must be HIGH for the entire duration of a playback cyclo.
2. RECLED tunctions as an EOM during playback.
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funAALANSR LWTA (AGC INPUT) 11 19 tﬂum‘ﬂ‘uvgmﬁﬂmuaum?ﬁuﬁmq
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fifunfrantesdygramisBunnainlulasiv uamiteWszAudoynsivnisiuiin
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ﬁmm?ﬁuﬁn?{Lﬁﬂﬂﬁ’ﬁtymﬁmﬁm REC (fluasdns ismanansaaztinistiufinlusemdng

U o - ‘° J i L (]
nmasundy Wandlailaudyguasdngd i REC mawunduasvgasntnezama



o ® . — P~
ANiDNOMANTIY NIeOUNAIIANIZL -

udanstiufinazdudu uandladygrod ¢ REC uasdngefaziininlfudnginun
dsenandeudntuls
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11 PLAYE qzﬁmmﬁmﬁ'ﬂ&’tutqul.'il'quﬂunqﬂdunﬁ’um%" 43U naduNdLaznsEi
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MALANTTAUATY CYIUNTRAUNAL  (PLAYL) 1123 Lﬁaz&ytquﬁuﬂm uldeuan
ARANga Huaeans nesaumasundufiani iy aunddygandian PLAYL luaedn
49 u.ax?:uqmi!’ﬂgau?mﬁﬂ#mioﬂmwﬁmﬁu wazfarnduirgruudsendmndsany

anlulf (ledugacasauniaaundy

deydnmal | winiimef Ain | aflia | ege | wioe Jaule
qm 4
Vi Input Low Voltage 0.8 \
\/ Input High Voltage | 2.4 \
VoL Output Low 0.4 \ IOL=-4.0
Voltage
Vo Output High 24 v IOH =-1.6
Voltage
ICC Vee Current 15 30 mA Vec =565V,
(Operating) : REXT = Q0
lsg Vcce Current 0.5 10 HA
(Standby)
" Input Leakage +1 A
Current
Liro Input Current 13(5 HA Force Vcc
HIGH w/Pull
Down
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drydnmal wisfines fwn | alm | Aige | wise Weuls
qn an
Req Output Load 16 Speaker Load
Impedance
Ruic Preamp In Input 4 9 17 KQ) Pins 17, 18
Resistance
Ranam ANA IN Input 25 3 5 k()
Resistance
Avres Preamp Gain 1 20 23 26 dB | AGC=0.0V
Acger Preamp Gain2 45 -15 dB AGC =25V
Ae, | ANAINtoSP+- | 20 | 22 | 25 | dB "
Gain
Racc AGC Output 25 5 9.5 kKQ)
Resistance
lpren Preamp Out 2 mA | @VOUT=1.0V
Source
loes Preamp In Sink 0.5 mA | @OUT=20V
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[ - ala 4
lulnzraulnzaiaailunsegs MCS-51 iluluinsrauinsaiaaininn 8 in nilginsal

auayuatniely narestraldur misaanudn dwduiudays miseanudardmiuiy

v ]
Tsunsa dasaaav/mady gunsalfudedaysuuveynsu lasanninsa¥rerasluing
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lulmsmaulnranasisandan

o o
lulasrauinsainadnezga MCS-51 ilhaanldwareuedfuandlunisad 2.3

Device |EPROM | ROM RM 16 BIT INTERRUPT
Name Bytes Bytes TIMER/COUNTER

8031 - - 128*8 2 5
8031 AH |- - 128*8 2 5
8031BH |- - 128*8 2 5
8032 AH |- - 256*8 3 6
8051 - 4K*8 128*8 2 5
8051 AH |- 4K*8 128*8 2 5
8051 BH |- 4K*8 128*8 2 5
8052 AH | - 8K*8 256+8 3 6
8751H | 4K*8 - 128*8 2 5
8752H | 8K*8 - 256*8 3 6

o
aeei 2.3 lulasaeuinsanaflumsena MCS-51
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2.2.3.1 lassaFranelureslulasmaulnsainaf MCS-51
TﬂNm"vmmﬂluﬁugqwm‘lﬂmﬂaﬂmamﬂ§mszanCS—51 wefgost  uamly

217 2.11 dsznaudanguinsaline Foil

micandanneludmiuivdesyauin 128 Tusf (Intemal data memory 128 byte)

mdagpuarnaludmFuiullsunsnewis 4 Alalud ( Intemal program memory

4 Kbytes)

-gunsniaauAun1sBume TN (Interrupt Control Unit)

Sakunauasiniunng 16 On 2 4, (Timer/Counter0 and Timer/Counter1)

-wafmmuqumeﬂammqnmuun Full Duplex sanansnfuuazdsdioyaniauild

-wefarunudmiudadaiugunsnintauandiuan 4 wefs nefmay 8 O

ammandygrnnfnaiely

NTo iy
‘—
Bt :: wimukitinem mhmuitn | naiydnom - T1
: 1 1
mimhzinoonm (el P Jnivine
T Y Y
nvieeniooeed nvmgi ol Pl mioym a— T

712,12 Tassedumelusaslilazaauinsainefnssga MCS 51 wef 8051

04 ] -‘ 1 o ) A’
nausasdautsrnausineg eglululazrauinsaafanilusesielili
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MACRO ASSEMBLER PROJECT08 11/10/99 12:41:59 PAGE 1

WIN32 MACRO ASSEMBLER A51 V6.03.08

OBJECT MODULE PLACED IN C:\PROJECT\PROJECT08.0BJ

ASSEMBLER INVOKED BY: A51.EXE C:\PROJECT\PROJECTO08.ASM
OJ(C:\PROJECT\PROJECT08.0BJ) PIN(C:\FSININC) EP LINES PR(C:\PROJECT\PROJECTO08.LST) XR
DB PW(80) RB(0)

LOC OBJ LINE SOURCE
1
2
3 ;MAIN PROGRAME
0000 4 ORGO00OH
5
6
0000 758000 7 BACKT: MOV  P1,#00H :CLEAR MOTOR
0003 1200E0 8 LCALL DEL
0006 D294 9 SETB P14 :MOVE ROBOT
0008 1200E0 10 LCALL DEL
000B ESBO 11 MOV AP3 ;CHECK AVOID
000D 20E019 12 JB ACC.0,AVOID JUMP TO

;SUBPROGRAME AVOID

0010 E5A0° 13 BACK2: MOV AP2 ;CHECK STATION
0012 54E0 14 ANL  A#11100000B

0014 B4E003 15 CJNE A#11100000B,BACK3

0017 020039 16 LUMP  RECV JUMPTO

;SUBPROGRAMERECIEVE

001A ESAQ 17 BACK3: MOV AP2 ;CHECK STATION
001C 20E2E1 18 JB ACC.2,BACK1 ;DON'T CARE IF NOTTHING



001F E5A0Q 19 MOV  AP2 ;CHECK STATION

0021 54A0 20 ANL  A#10100000B
0023 B4AODA 21 CJNE  A#10100000B,BACK1
0026 020086 22 LIMP  TRAN :JUMP TO SUBPROGRAME
TRANMITE

23

24

25 ;SUBPROGRAME AVOID
0029 D295 26 AVOID: SETB P15 :ALARM
002B C294 27 CLR P14 :STOP ROBOT
002D ES5B0 28 AVOID1: MOV  AP3 :CHECK AVOID
002F 20EOFB 29 JB  ACC.0,AVOID1
0032 C295 30 CLR P15 :STOP ALARM
0034 D294 31 SETB P14 :MOVE ROBOT
0036 020000 32 LIMP  BACK1 :RETURN

33

34 :SUBPROGRAME RECIEVE
0039 759000 35 RECV: MOV  P1#00H :STOP ROBOT
003¢ D290 36 SETB  P1.0 ‘SLIDE OUT
003E 1200E0 37 LCALL DEL

0041 EBAD 38 RECV1: MOV  AP2

0043 20E1FB 39 JB ACC.1,RECV1

0046 C290 40 CLR P10 ;STOP SLIDE OU
0048 D292 41 SETB P1.2 :DOWN

004A 1200E0 42 LCALL DEL

004D E5A0 43 RECV2: MOV AP2

004F 20E3FB 44 JB ACC.3,RECV2

0052 C292 45 CLR P12 ;STOP DOWN
0054 D294 46 SETB P14 ;MOVE ROBOT
0056 1200E0 47 LCALL DEL

0059 ES5A0 48 RECVS3: MOV AP2

005B 20E2FB 49 JB ACC.2,RECV3

005E C294 50 CLR P14 ;STOP ROBOT

0060 D293 51 SETB = P13 UP



0062
0065
0067
006A
006C
006F
0072
0075

0077
0079
007C
007E
0080
0083

0086
0089
008B
008E
0090
0093
0095
0098
009A
009C
009F
00A1
00A4
00A6
00A8
00AB

1200E0
ESAD
20E4FB
D291
1200E0
1200D3
120003
C293

ES5A0
20EQOFB
C291
D294
1200E0
020000

759000
D290
1200E0
D296
1200E0
ES5A0
20E1FB
C290
D292
1200E0
ES5A0
20E3FB
C292
ESAD
30E2FB
C296

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

LCALL DEL
RECv4: MOV  AP2
JB ACC.4,RECV4
SETB P1.1
LCALL DEL
LCALL DELAY
LCALL DELAY
CLR P1.3
RECVS: MOV AP2
JB ACC.0,RECV5
CLR P1.1
SETB P14
LCALL DEL
LJMP  BACK1
:SUBPROGRAME TRNASMITE
TRAN: MOV P1,#00H
SETB P10
LCALL DEL
SETB P1.6
LCALL DEL
TRANT: MOV  AP2
JB ACC.1,TRAN1
CLR P1.0
SETB P1.2
LCALL DEL
TRANZ2: MOV  AP2
JB ACC.3,TRAN2
CLR P12
TRANS: MOV  AP2
JNB ACC.2,TRAN3
CLR P1.6

;SLIDE IN

:DELAY 2 SECS

;STOP UP

;STOP SLIDE IN
;MOVE ROBO

;RETURN

;STOP ROBOT
;SLIDE OUT

;ALARM

;STOP SLIDE OUT
;DOWN

;STOP DOWN

;CHECK LIMIT 3
;STOP ALARM



00AD
00AF
00B2
00B4
00B7
00B9
00BC
00BF
00C2

00C4
00C6
00C9
00CB
00CD
00D0

00D3
00D5
00p7
00D9
00DB
00DD
00DF

00EO
00E2
OOE4
OOE6
00E8

D293
1200E0
ESAO
20E4FB
D291
1200E0
120003
120003
C293

ESAO
20EOFB
C291
D294
1200EQ
020000

7800
7970
7A10
DAFE
D9FA
D8F6
22

780F

79FF

DOFE
D8FA
22

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

TRAN4:

TRANS:

SETB
LCALL

MOV
JB

SETB

LCALL
LCALL
LCALL

CLR

MOV
JB
CLR

SETB
LCALL
LJMP

P1.3

DEL

AP2
ACC.4,TRAN4
P1.1

DEL

DELAY
DELAY

P1.3

A P2
ACC.0,TRANS
P1.1

P14

DEL

BACK1

:SUBPROGRAME DELAY 1 SEC

DELAY: MOV
D1: MOV

D2: MOV

D3: DJNZ
DJNZ
DJNZ

RET

RO,#00H
R1,#70H
R2,#10H
R2,D3
R1,.D2
RO,D1

;UP

;SLIDE IN

;DELAY 2 SECS

;STOP UP

;STOP SLIDE IN
;MOVE ROBOT

;RETURN

:SUBPROGRAME DELAY FOR RELATIONSHIP

DEL: MOV

DLY1: MOV

DLYZ2: DJNZ
DJNZ
RET

END

RO,#0FH
R1,#0FFH
R1,DLY2
RO,DLY1



MACRO ASSEMBLER PROJECTO08 11/10/99 12:41:59 PAGE

SYMBOL TABLE LISTING

NAME TYPE VALUE ATTRIBUTES REFERENCES
RECV1..... C ADDR 0041H A 38# 39
P1........ D ADDR 0090H A 792627303135

36 40 41 45 46 50
51565 59 63 64 69
707276778184

858993 97 98
RECV2....... C ADDR 004DH A 43# 44
BACK1....... CADDR 0000H A 7# 18 21 32 66 100
P2........ D ADDR 00AOH A 13 17 1938 43 48

53 617479 82 87
95
RECVS....... CADDR 0059H A 48# 49
BACK2....... CADDR 0010H A 13#
P3........ D ADDR 00BOH A 1128
RECV4. ...... CADDR 0065H A 53# 54
AVOIDT...... CADDR 002DH A 28# 29
BACK3. ...... CADDR 001AH A 15 17#
RECVS. ...... CADDR 0077H A 614 62
TRANT....... CADDR 0093H A 74#75
TRAN2....... CADDR 009FH A 79# 80
ACC........ D ADDR O00EOH A 12 18 29 39 44 49
54 62 75 80 83 88
96

TRAN3. ... ... C ADDR 00A6H A 82# 83



TRAN4. . ... .. C ADDR
TRANS. .. .. .. C ADDR
DELAY....... C ADDR
RECV....... C ADDR
AVOID. ...... C ADDR
D1........ C ADDR
TRAN....... C ADDR
DEL........ C ADDR
D2........ C ADDR
D3........ C ADDR
DLY1....... C ADDR
DLY2....... C ADDR

MODULE INFORMATION: STATIC OVERLAYABLE

CODE SIZE
XDATA SIZE
DATA SIZE
IDATA SIZE
BIT SIZE

END OF MODULE INFORMATION.

00B2H A
00C4H A

00D3H

0039H
0029H
00D5H
0086H
00EOH

00D7H
00D9H
00E2H
OOE4H

233

REGISTER BANK(S) USED : 0

ASSEMBLY COMPLETE. 0 WARNING(S) 0 ERROR(S)

>

> > >» » >

> » >» >»

874# 88
95# 96
57 58 91 92 103#

16 35#
12 26#

104# 108

22 69#

8 10 37 42 47 52
56 657173 78 86
90 99 112#

105# 107

106#

113# 115

114#
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MACRO ASSEMBLER PROTURNOS 03/08/100 18:52:31 PAGE 1

WIN32 MACRO ASSEMBLER A51 V6.03.08

OBJECT MODULE PLACED IN G:\MY DOCUMENTS\PROTURN05.0BJ

ASSEMBLER INVOKED BY: A51.EXE G:AMY DOCUMENTS\PROTURNOQS.ASM OJ(G:WMY
DOCUMENTS\PROTURNO5.0BJ) PIN(C:\FSNINC) EP LINES PR(G:\MY
DOCUMENTS\PROTURNO5.LST) XR DB PW(80) RB(0)

LOC OBJ LINE SOURCE
1
2
3 ;MAINPROGRAME
0000 4 ORG  0000H
0oC7 5 WHEEL EQU  11000111B TWHEEL
0000 75A000 6 MAIN: MOV P2 #00H
0003 ES590 7 MOV APl
0005 54C7 8 ANL A, #199
0007 B4C753 9 CJUNE A, #199 , ADJUST
10
000A D2A2 11 BACKO: SETB P22
000C 120168 12 LCALL DELAY
13
14 ;TURN STEP 1
000F E590 15 BACK1: MOV  AP1
0011 20E003 16 JB ACC.0,BACK2
0014 02007E 17 LUJMP  TURN_L1

0017 E£590 18 BACK2: MOV  AP1

0019 20E203 19 JB ACC.2,BACK3
001C 0200A5 20 LJMP  TURN_R1

001F ES590 21 BACK3: MOV AP1

0021 54C7 22 ANL A, #199

0023 B4C703 23 CJINE A, # 199 , BACK4
0026 02000F 24 LJMP  BACK1



0029
002B
002E
0031

0033
0036
0039
003B
003D
0040

0043
0045
0048
004B
004D
0050
0053
0055
0057
005A

005D
0060
0063
0066
0069
006C
006F
0072

E590
20E003
0200CC
E590
20E203
0200F3
E590
54C7
B4C703
02000F

E590
20E003
02011A
ES90
20E203
020141
E590
54C7
B4C7E9
02000F

75A008
120168
20910F
2097FA
75A010
120168
209103
2096FA

25
26
27
28
29
30
31
32
33

35

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

;TURN STEP 2
BACK4: MOV  AP1
JB ACC.0,BACKS
LJMP  TURN_L2
BACKS: MOV  AP1
JB ACC.2,BACK6
LUIMP  TURN_R2
BACKES: MOV  AP1
ANL A, #199
CJINE A, # 199, BACK7
LJMP  BACK1

;TURN STEP 3
BACK7: MOV AP1
JB ACC.0.BACKS8
LUMP  TURN_L3
BACKS: MOV AP1
JB ACC.2,BACKYI
LUMP TURN_R3
BACKS: MOV  AP1
ANL A, #199
CJINEA , # 199, BACK7
LJMP  BACK1

;SUBPROGRAME ADJUST

ADJUST: MOV  P2#08H ;TURN LEFT
LCALL DELAY

CON1: JB P1.1,STOP
JB P1.7,CON1
MOV  P2#10H ;TURN RIGTH
LCALL DELAY

CON2: JB P1.1,8TOP
JB P1.6,CON2



0075 75A000 59 STOP: MOV P2#00H :STOP TURN

0078 120168 60 LCALL DELAY
007B 02000A 61 LJMP BACKO
62
63

64 ;SUBPROGRAME TURN_L1
007E 75A00C 65 TURN_L1: MOV  P2#000011008
0081 120168 66 LCALL DELAY
0084 20900C 67 WAIT_L11: JB P1.0,WAIT_L12 ;CHECKTAP

0087 2097FA 68 JB P1.7,WAIT_L11 ;CHECK LIMIT
008A 75A004 69 MOV  P2#04H ;STOP
008D 120168 70 LCALL DELAY

0090 3090FD 71 WAIT_L10: JNB P1.0.WAIT_L10
0093 75A014 72 WAIT_L12: MOV  P2#00010100B ;RETURN

0096 120168 73 LCALL DELAY
0099 3091FD 74 WAIT_L13: UNB P1.1,WAIT_L13 ;CHECK WHEEL
009C 75A004 75 MOV P2,#04H ;STOP
009F 120168 76 LCALL DELAY
00A2 02001F 77 LJMP BACK3
78
79

80 :;SUBPROGRAME TURN_R1
00A5 75A014 81 TURN_R1: MOV  P2#00010100B
00A8 120168 82 LCALL DELAY
O00AB 20920C 83 WAIT_R11: JB P1.2,WAIT_R12 ;CHECKTAP

00AE 2096FA 84 JB P1.6,WAIT_R11 ;CHECK LIMIT
00B1 75A004 85 MOV  P2#04H
00B4 120168 86 LCALL DELAY

00B7 3092FD 87 WAIT_R10: JNB P1.2,WAIT_R10

00BA 75A00C 88 WAIT_R12: MOV  P2,#000011008 ;RETURN

00BD 120168 89 LCALL DELAY

00CO 3091FD 90 WAIT_R13: JNB P1.1,WAIT_R13 ;CHECK WHEEL
00C3 75A004 91 MOV  P2,#04H ;STOP

00C6 120168 92 LCALL DELAY



00CS8

ooccC
00CF
00D2
00D5
00D8
0oDB
00DE
00E1
O0E4
00E7
00EA
00ED
00FO

00F3
00F6
00F9
00FC
OOFF
0102
0105
0108
0108
010E
0111

0114
0117

02001F

75A00E
120168

20900C
2097FA
75A004
120168
3090FD
75A016

120168
3091FD
75A004
120168
020039

75A016
120168
20920C
2096FA
75A004
120168
3092FD
75A00E
120168
3091FD
75A004
120168
020039

93

94

95

96

97

98

99

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

LJMP BACK3

;SUBPROGRAME TURN_2
TURN_L2: MOV  P2,#00001110B
LCALL DELAY

WAIT_L21: JB P1.0,WAIT_L22 CHECKTAP

JB P1.7,WAIT_L21

;CHECK LIMIT

MOV  P2#04H ;STOP

LCALL DELAY
WAIT_L20: JNB  P1.0,WAIT_L20
WAIT_L22: MOV  P2,#00010110B
LCALL DELAY
WAIT_L23: JNB  P1.1,WAIT_L23
MOV  P2#04H
LCALL DELAY
LIMP BACK6

‘SUBPROGRAME TURN_R2

TURN_R2: MOV  P2,#00010110B
LCALL DELAY

WAIT_R21: JB P1.2,WAIT_R22
JB P1.6,WAIT_R21

MOV  P2#04H

LCALL DELAY
WAIT_R20:JNB P1.2,WAIT_R20
WAIT_R22:MOV  P2,#00001110B

LCALL DELAY
WAIT_R23:JNB P1.1,WAIT_R23

MOV  P2#04H

LCALL DELAY

LJMP BACK6

JRETURN

;CHECK WHEEL
STOP

;CHECK LIMIT

;RETURN

;CHECK WHEEL
;STOP

:CHECK TAP



127
128
129
130 ;SUBPROGRAME TURN_L3
011A 75A00F 131 TURN_L3: MOV  P2,#00001111B

011D 120168 132 LCALL DELAY

0120 20900C 133 WAIT_L31: JB P1.0.WAIT_L32 ;CHECKTAP
0123 2097FA 134 JB P1.7,WAIT_L31 ;CHECK LIMIT
0126 75A004 135 MOV  P2#04H ;STOP

0129 120168 136 LCALL DELAY

012C 3090FD 137 WAIT_L30: JNB  P1.0WAIT_L30

012F 75A017 138 WAIT_L32: MOV P2,#00010111B ;RETURN

0132 120168 139 LCALL DELAY

0135 3091FD 140 WAIT_L33: UNB P1.1WAIT_L33 ;CHECKWHEEL

0138 75A004 141 MOV  P2#04H :STOP
0138 120168 142 LCALL DELAY
013E 020053 143 LJMP BACK9

144

145

146 ;SUBPROGRAME TURN_R3
0141 75A017 147 TURN_R3: MOV P2,#00010111B
0144 120168 148 LCALL DELAY
0147 20920C 149 WAIT_R31: JB P1.2,WAIT_R32 ;CHECK TAP

014A 2096FA 150 JB P1.6.WAIT_R31 ;CHECK LIMIT
014D 75A004 151 MOV  P2#04H
0150 120168 152 LCALL DELAY

0153 3092FD 153 WAIT_R30: JNB P1.2,WAIT_R30

0156 75A00F 154 WAIT_R32: MOV P2,#00001111B ;RETURN

0159 120168 155 LCALL DELAY

015C 3091FD 156 WAIT_R33: JNB P1.1WAIT_R33 ;CHECKWHEEL

015F 75A004 157 MOV  P2#04H ;STOP
0162 120168 158 LCALL DELAY
0165 020053 158 LUMP BACK9

160



161 ;SUBPROGRAME DELAY

0168 780F 162 DELAY: MOV  RO#00FH

016A T79FF 163 D1: MOV  R1,#0FFH
016C D9FE 164 D2: DINZ R1,D2
016E DBFA 165 DJNZ RO,D1
0170 22 166 RET

167 END

MACRO ASSEMBLER PROTURNOS

SYMBOL TABLE LISTING

NAME TYPE VALUE ATTRIBUTES
WAIT_L10..... CADDR 0090H A

BACKO. ...... CADDR 000AH A
P1........ D ADDR 0090H A

WAIT_L20. . ... CADDR QODEH A
WAIT_L11..... CADDR 0084H A
BACK1....... C ADDR O00FH A
P2........ D ADDR 00AOH A

03/08/100 18:52:31 PAGE-

REFERENCES

71#

11# 61
715182127 30
333942455354
57 58 67 68 7.1 74
83 84 87 90 100 101
104 107 116 117 120
123 133 134 137 140
149 150 153 156
104#

67# 68

15# 24 36 48

6 11515559 65
697275818588
9198 102 105 108
114 118 121 124 131
135 138 141 147 151
154 157

2



WAIT_L30..... CADDR 012CH A

WAIT_L21..... CADDR 00D2H A
WAIT_L12..... C ADDR 0093H A
BACK2....... CADDR 0017H A
WAIT_L31..... CADDR 0120H A
WAIT_L22 .. ... CADDR O00E1H A
WAIT_L13..... C ADDR 0099H A
BACK3....... CADDR 001FH A
WAIT_L32..... CADDR 012FH A
WAIT_L23..... CADDR O00OE7H A
BACK4....... CADDR 0029H A
TURN_LT...... CADDR 007EH A
MAIN....... C ADDR 0000H A

WAIT_L33..... CADDR 0135H A
STOP....... CADDR 0075H A

TURN_L2...... CADDR 00CCH A
BACKS. . ..... CADDR 0031H A
WAIT_R10..... C ADDR 00B7H A
TURN_LS. ..... CADDR 011AH A
BACKS6. ...... C ADDR 0039H A
ACC........ D ADDR O00EOH A

WAIT_R20..... CADDR 0105H A
WAIT_R11..... C ADDR 00ABH A
BACK7....... CADDR 0043H A
WAIT_R30..... CADDR 0153H A
WAIT_R21..... C ADDR O00F9H A
WAIT_R12..... CADDR 00BAH A
BACKS....... CADDR 004BH A
WAIT_R31..... CADDR 0147H A
WAIT_R22 .. ... C ADDR 0108H A
WAIT_R13..... C ADDR 00COH A
BACKS. ...... C ADDR 0053H A

WAIT_R32..... C ADDR 0156H A

137#

100# 101

67 72#

16 18#

133# 134
100 105#
74%#
1921#77 93
133 138#
107#

23 27#

17 65#
6#

140#

53 57 59#
29 O8#

28 30#

87#

41 131#
3133# 110 126
16 1928 31 40 43

120#

83# 84
35 39# 47
153#
116# 117
83 88#
40 42#
149# 150
116 121#
90#

43 45# 143 159
149 154#



WAIT_R23 . .... CADDR 010EH A 123#

TURN_R1...... C ADDR 00A5H A 20 81#

ADJUST ... ... C ADDR 005DH A 951#

WAIT_R33..... CADDR 015CH A 156#

TURN_R2...... CADDR 00F3H A 32 114#

TURN_RS3...... CADDR 0141H A 44 147#

DELAY....... CADDR 0168H A 12 52 56 60 66 70
7376 8286 89 92

99 103 106 109 115
119 122 125 132 136
139 142 148 152 155

158 162#
CON1....... C ADDR 0063H A 53# 54
CON2....... C ADDR 006FH A 57# 58
D1........ CADDR 016AH A 163# 165
WHEEL. . ..... N NUMB 00C7h 548922233435
) 46 47
D2........ C ADDR 016CH A 164#

MODULE INFORMATION: STATIC OVERLAYABLE
CODESIZE = 369 -—
XDATASIZE = - -
DATASIZE = — -
IDATASIZE = == -
BITSIZE = w—m =
END OF MODULE INFORMATION.
REGISTER BANK(S) USED : 0

ASSEMBLY COMPLETE. 0 WARNING(S) 0 ERROR(S)
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ASCII Character Codes

ASCIl Character Codes

b7—=1{ 0 0 (] [} 1 1 t 1
b6—~| 0 0 1 1 0 ] 1 1
bS—=i o0 1 (] 1 [ 1 1
by g o [t {23« s]els
0 0 0 0 0 NUL{ DLE| sP 0 @ P * P
0 0 0 I I SOH| DC1 ! 1 A Q [ q
0 0 1 0 2 STX|DC2| - 2 B R b t
0 0 ] l 3 ETX|DC3| # k] C S c s
0 | 0 0 4 EOT|DC4} s 4 D |T d t
0 1 0 ! S ENQ|NAK| & s E U c u
0 1 ! 0 6 ACK|SYN| & [ F v f v
0 I 1 I 7. BEL | ETB| - 7 G Wl g w
I 0 0 0 8 BS [CAN| ¢ 8 H X h x
I 0 0 ! 9 HT |EM ) 9 I vy i y
1 0 I 0 10 LF JsuB| » : J z j 2z
{ 0 | l I VT |ESC| + : K [ k |
! t 0 0 12 FF |[Fs ‘ <j L A 1 |
I 1 0 ! 13 CR | GS - = M 1. m )
{ { I 0 14 SO [RS . > N * n ~
I [ s st just vt 2rlol_- | olpeL
NUL Null DCl Device control |
SOH Start of heading DC2  Device control 2
STX Start of text DC3  Device control 3
ETX End of text DC4  Device control 4
EOT  End of transmission NAK  Negative acknowledge
ENQ Enquiry SYN -Synchronous idie
ACK  Acknowledge ETB  End of transmission block
BEL Bell oralarm CAN  Cancel
BS Backspace . ‘EM End of medium
HT  Horizontal tabulation ' SUB - Substitute
LF  Line feed ESC  Escape
VT  Venrtical tabulation Fs File separator
FF  Form feed GS  Group scparator
Q@R Carriage return RS Record separator
*SO  Shift out us Unit separator
. 8] Shift in SP Space
DLE Datalink escape DEL Delete
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8031AH/80S1AH

Table 1. MCS%-51 Instruction Set Description

‘ ARITHMETIC OPERATIONS

LOGICAL OPERATIONS (CONTINUED)
Mnemonic Description Byte Cyc Mnemonic Destination Byte Cyc
ADD A.Rn Addregister to ORL A.@R: OR indirect RAM 1o
Accumulalor 1 1 Accumulator 1 1
ADD A direct Add direc! byte to ORL A wdata OR immediate data 10
Accumulator 2 1 Accumulator a2 1
ADD A.@Ri Addindirect RAM to ORL  direct.A OR Accumulator to
Accumulator 1 1 direct byle 2 1
ADD  A.xgata Add immediate data o ORL  direct.adata OR immediate datato
Accumulator 2 1 ! direct byte 3 2
ADDC A.Rn Addregisterto | 4 XRL A.Rn Exciusive-OR register to
Accumulator with &L\‘o"\i 1 A Accumulalor 1 1
ADDC A direct: Add direct byleto A XRL A direct Exclusive-OR direct
with Carry flag 2 1 byte 10 Accumutator 2 1
ADDC A @Ri Add indirect RAM to A XRL A @Ri Exclusive-OR indirect
with Carry flag 1 1 RAMto A 1 1
ADDC A.xdala Add immediate data lo XRL A xdata Exclusive-OR
A with Carry tag 2 1 immediate dajalq A 2 1
SUBB A.Rn Subtract register from A FXAL  direcl.A Exclusive-OR Accumu-
: with Borcow 1 1 . 1ator to direct byte 2 i N
SUBB A.direct Subtract direct byte XAL direct.rdata  Exclusive-OR im-
from A with Borrow 2 1 mediate Cata 10 direct 3 2
SUBB A.@Ri Subtract indirect RAM CLR A Clear Accumyiator 1 1
from A with Borrow 1 1 CPL A Complement
SUBB A.r0ata Subtract immed data Accumulator 1 1
from A with Borrow 2 1 RL A Rotate Accumutator Lett 1 1
INC A Increment Accumutator 1 1 ALC A Rotate A Lett througn
INC Rn Increment register 1 1 the Carry flag 1 1
iINC direct increment direct byte 2 1 RR A Rotate Accumulator.
INC @Ri Increment indirect RAM 1 1 Right 1 1
INC DPTR increment Data Pointer 1 2 RRC A Rotate A.Right through
DEC A Decrement Accumutator 1 1 Carry flag 1 1
DOEC Rn Decrement register - 1 1 SWAP A Swap nibbles within the
DEC  direct Decrement direct byte 2 1 Accumulator t 1
DEC @Ri Decrement indirect
RAM R 1 DATA TRANSFER
MUL  AB Muttiply A & B T 4 Mnemonic Description Byte Cyc
owv AB Divide Aby B 4 MOV ARn Move register 1o
(o7 A Decimal Adjust : .
Accumutator 1 1
Accumulator L MOV  Adirect Move direct byte to
LOGICAL OPERATIONS . Accumulator !
MOV A @Ri Move indirect RAM to
Mnemonic Destination Byte Cyc| | Accumutator 1 1
ANL  ARn AND register to MOV Asdata Mov immediaie data to
Accumulator 1o et . 1+ ACCumulator 2 1
ANL  Adirect AND direct byte to MOV ‘RnA T Move Accumulator to
. . Accumulator 1 fegister i
ANL  A@Ri AND indirect RAM to MOV Rndirect  Move direct byte to
Accumulator 1 ' register z 2
ANL  Addata AND immediate data to MOV  Rn.#data Move immediate data to
Accumulator 2 1 register 2 1
ANL  direct,A AND Accumutator lo MOV  direct.A Move Accumulator to
direct byte 2 1 direct byte 2 1
ANL direct.#data AND immediale dalato MOV direct,Rn Move ragister 10 direct
. direct byte 3 2 byte 2
ORL  ARn OR registet to MOV direct.direct Move direct byte to
Accumuiator 1 1 direct 3 2
ORL  A.,direct OR direct byle to MOV  direct.@Ri  Move indirect RAM to
Accumutator 2 1 direct byte z2 2




ntel

B8031AH/8051AH

Teble 1. (Cont.)

DATA TRANSFER (CONTINUED)

Mnemonk Description Byte Cyc
MOV  direct¥data Move immediate data to

direct byte 3 2
MOV  @RiA Move Accumutator to

indirect RAM ] 1
MOV  @Ridirect Move direct byte to

indirgct RAM 2 2
MOV  @Ri.ndala Move immediate data to

indirect RAM 2 1
MOV  DPTR,¥data16 Load Data Pointer with

a 16-bit constant 3 2
MOVC A.@A+DPTR Move Code byte relative

toDPTR oA 1 2
MOVC A @A+PC Move Code byte relative

toPCloA 1 2
MOVX A @Ri Move External RAM (8-

bit addr) 1o A 1 2
MOVX A .@DPTR Move External RAM (16~

bit addr) to A 1 2
MOVX @Ri,A Move A to External RAM

(8-bit addr) 1 2
MOVX @OPTR.A Move A 10 Externat RAM

{16-bit addr) T2
PUSH duect Push direct bylte onlo

stack 2 2
POP  direct Pop direct byle from

stack 2 2
XCH ARn Exchange regisier with

Accumulator 1 1
XCH  Adirecl Exchange direct byte

with Accumulator 2 1
XCH A@R Exchange ingirect RAM

with A 1 1
XCHD A.@Ri Exchange low-order

Digitind RAM w A T
BOOLEAN VARIABLE MAN!IPULATION
Mnemonlc Desacription Byte Cyc
CLR C Clear Carry flag 1 1
CLR bit Clear direct bit 2 1
SETB C Set Carry flag 1 1
SETB  bil Set direct Bit 2 1
cePL C Complemcnt Carry flag 1 1
cPL bit Complement direc! bit 2 1
ANL  Cobit AND direct bitto Carry

flag 2 2
ANL C.1bit AND complement of

direct bitto Carry 2 2
ORL  C/bit CR direct bit to Carry

fiag 2 2
ORL  C.1bit OR complement of

direct bit to Carry 2 2
MOV  C/bit Move direct bit to Carry

fiag 2 1
MOV bit.C Move Carry flag to

direct bit 2 2

PROGRAM AND MACHINE CONTROL

Mnemonic Description Byte Cyc
ACALL addr1y Absolute Subroutine
Cal! 2
LCALL addr16 Long Subroutine Cali 3 2
RET Return from subroutine 1 H
RETI Return from Interrupt 1 2
AJMP addr11 Absolute Jump 2 2
LUMP  addr16 Long Jump 3 2
SIMP  rel Short Jump (relative
8ddr) 2 2
JMP  @A+«DPTR  Jumpindirect relative to
the OPTR 1 2
Jz rel Jump if Accumulator is
Zero 2 2
JINZ rel Jump if Accumutator is
Not Zero 2 2
JC rel Jumpif Carry'flag is set 2 2
JNC  rel Jump if No Carry flag 2 2
JB bit.rei Jump if direct Bit set 3 2
JNB bit.rel Jump if direct Bit Not
sel 2
JBC  bitsel Jump if direct Bit is sel
& Clear bit 3 2
CJUNE A.direct.rel Comparedirectto A &
Jump if Not Equal 3 2
CJNE A.zdatarel Comp.immed, oA & :
Jump if Not Equal 3 2
CJUNE ARn.edatarel Comp,immed, to reg &
Jump it Not Equal 3 2
CJUNE @Ri.#data.rel Comp, immed, toind, &
Jump if Not Equal 3 2
DJNZ Rn.rel Decrement register &
Jump if Not Zero 2 2
DJNZ direct;rel Decrement direct &
Jump if Not Zero 3 2
NOP No operation 1 1
Noles on data addressing modes:
An —Working register RO-R7
direct  —128 internal RAM locations, any /0 port,
control or status register
@Ri —Indirectinternal RAM location addressed by
register RO or R1
#data  —8-bit constantincluded in instruction
#data16 —16-bit constant included as bytes 2 & 3 of
instruction ‘
bit — 128 software flags, any I/0 pin, control or
slatus bit

Notes on progrem sddressing modes:

addr16 —Destination address for LCALL & LIMP may
be anywhere within the 64-K program
memory address space

Addr11 —Destination address for ACALL & AJMP wili be
within the same 2-K page of program
memory as the first byte of the folloving
instructior .

rel —SJMP and all conditiona! jumps include an 8-

bit otfset byte, Range is +127-128 byles relative
to first byte -of the following instruction

All mnemonics copyrighted © tntel Corporation 1979
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Table 2. Instruction Opcodes in Hexadecimal Order

Hex Number Mnemonic Operands Hex  Number Mnemonlc Operands
Code of Bytes Code of Byles ’
00 1 NOP 33 1 RLC A
01 2 AJMP code addr M 2 ADDC A.xdata
02 3 LImp code addr 35 2 ADDC A.data addr
03 1 RR A 36 1 ADDC A.@R0O
04 1 INC A 37 1 ADDC A.@R1
05 2 INC, data addr 38 1 ADDC A.RO
06 1 INC @R0 39 1 ADDC A.R1
07 1 INC @R1 3A 1 ADDC AR2
08 1 INC RO 38 1 ADDC AR3
09 1 INC R1 3C 1 ADDC A R4
0A 1 INC R2 30 1 ADDC A.RS
o8 q INC R3 3E 1 ADDC A.RE
oC 1 INC R4 3F 1 ADDC AR7
oD 1 INC RS 40 2 JC code addr
0E 1 INC R6 41, 2 AJMP code addr
OF 1 INC R7 42 2 ORL data addr,A
10 3 Jac bit addr, code adar 43 3 ORL dala addr.#data
n 2 ACALL code ador 44 2 ORL A.#data
12 3 LCALL code ador 45 2 ORL A.data addr
13 1 BRC A 46 1 ORL A.@RO
14 1 DEC A 47 1 ORL A.@R1
15 2 DEC data addr 48 1 ORL A.RO
16 1 DEC @R0 49 1 ORL AR
17 1 DEC @R 4A 1 ORL A.R2
18 H DEC RO 48 1 ORL A.R3
19 1 DEC R1 4C 1 ORL A R4
1A 1 DEC R2 40 1 ORL ARS
18 1 DEC R3 4E 1 ORL ARG
1C 1 DEC R4 4F 1 ORL A.R7
1D 1 DEC RS 50 2 JNC code addr
1E 1 DEC R6 51 2 ACALL code addr
1F 1 DEC R7 52 2 ANL data addr, A
20 3 JB bit addr, code adar 53 3 ANL data addr #data
21 2 AJMP code addr 54 2 ANL A #data
22 1 RET 55 2 ANL A.data addr
23 1 RL A 56 1 ANL A.@R0
24 2 ADD A.rdata s7 1 ANL A@R1
25 2 ADD A.dala agdr 58 1 ANL A.RO
26 1 ADD A.@RO 59 1 ANL AR1
27 1 ADD A.@R1 SA 1 ANL AR2
28 1 ADD A.RO 58 1 ANL A.R3
29 1 ADD AR sC 1 ANL A.R4
2A 1 ADD AR2 5D 1 ANL AR5
28 1 ADD A.R3 5E 1 ANL A.R8
2C 1 ADD AR4 SF 1 ANL A.R?
20 1 ADD A.RS 60 2 JzZ code addr
2E 1 ADD A.R6 61 2 AJMP code addr
2F 1 ADD AR7 62 2 XAL data addr.A
30 3 JNB bit addr, code adar 63 k) XRL data addr,&dala
a1 2 ACALL code addr 64 2 XRL A, #data
32 1 RETI 65 2 XRAL A.data addr
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Table 2. (Cont.)

Hex Number Mnemonic Operands Hex Number Mnemonic Operands
Code ofByles Code ofByles
66 1 XRL A, @RO 99 1 suss AR1
67 1 XRL A.@R1 9A 1 suss AR2
68 1 XRL A.RO S8 1 suss A.R3
69 1 XRL A.R1 9C 1 suss A.R4
6A 1 XRL A.R2 . 0] 1 suBs A.RS
68 1 XRL A.R3 SE 1 susB A.R6
6C 1 XARL A.R4 gF 1 sSuBB AR7
6D 1 XRL A.RS A0 2 ORL C./bit addr
6E Al XRL AR6 Al 2 AIMP code addr
6F 1 XRL A.R7 A2 2 MOV C.bit addr
70 2 JNZ code addr A3 1 INC DPTR
7 2 ACALL code addr A4 1 MUL AB
72 2 ORL C.bit adar AS reserved
73 1 JMP @A+DPTR A6 2 MOV @RO0, data addr
74 2 MOV A.¥data A7 2 MOV @R1.data addr
75 3 MOV data adgr.dcata A8 2 MOV RO.data addr
76 2 MOV @RO.*gata AS 2 MOV R1.data addr
77 2 MOV @R1.rcala AA 2 MOV R2.data acdr
78 2 MOV RO.#data AB 2 MOV R3.data addr
78 2 MOV R1.agaia AC 2 MOV Ré.data adar
1A 2 MOV R2.sdaia AD 2 MOV RS.data adar
78 2 MOV R3.#data AE 2 MOV R6.data adgr
C 2 MOV R4 cqatu AF 2 MOV R7.data adar
0 2 MOV R5.xdats 80 2 ANL C./bit agar
7E 2 MOV R6.sdaza B1 2 ACALL code agdr
7F 2 MOV R7.xdata 82 2 CPL bit agar
80 2 SJmp code addr 83 H CPL [
81 2 AJMP « code addr B4 3 CJUNE A.tdata.code adar
82 2 ANL C.bit agor B5 3 CJUNE A.data addr.code addr
83 1 MOvVC A.@A-PC 86 2 CUNE @RO0.#0ata.cooe addr
84 1 Div AB 87 3 CJNE @R1.¢data.code addr
85 3 MOV data acdr ocata addr 88 3 CJUNE RO0.#data,code adar
86 2 MOV data addi.@R0O 89 3 CJUNE R1.#data.code adar
67 2 MOV data addr.@R1 BA 3 CJNE R2.#data,code addr
88 2 MOV Gata addr.RO B8 3 CJUNE R3.#data,code addr
89 2 MOV data addr.R1 8C 3 CJUNE R4 #data code addr,
BA 2 MOV data addr.R2 80 3 CJUNE RS.kdata,code addr
88 2 MOV data addr,R3 BE 3 CUNE R6.#data,code addr
8C 2 Mov dala addr.R4 8F 3 CJNE R7.kdata.code addr
8D 2 MOV data addr.R5 co 2 PUSH data agdr
8E 2 MOV data addr.R6 Cit 2 AJMP code addr
8F 2 MOV data addr.R/ c2 2 CLR bit agdr
o] 3 MOV DPTR.xdata C3 : CLR C
g1 2 ACALL code addr C4 1 SWAP A
92 2 MOV bit addr.C Cs 2 XCH A.data adar
93 1 MOvC A.@A-DPTR (o] : XCH A.@RO
94 2 suss A.ndata c7 i XCH A@R1
95 2 suss A.data agar Ccs 1 XCH ARO
96 1 suss A @R0O o} 1 XCH A.R1
97 1 suss A @R1 CA 1 XCH AR2
-] 1 suss A.RO cs 1 XCH A.R3
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Table 2. (Cont.)

Hex Number Mnemonlc Operands Hex Number Mnemonic Operands
Code of Byles Code of Bytes
CccC 1 XCH A.R4 E6 1 MOV A.@R0
CD 1 XCH A.RS E7 1 MOV A.@R1
CE 1 XCH A.R6 ES8 1 MOV A.RO
CF 1 XCH A.R7 E9 1 MOV A.R1
DO 2 POP data addr EA 1 MOV A.R2
D1 2 ACALL code addr EB 1 MOV A.R3
D2 2 SET8 bit adadr EC 1 MOV AR4
D3 1 SETB o] ED 1 MOV A.RS
D4 1 DA A EE 1 MOV A.R6
D5 3 DJUNZ cala addr,code addr EF 1 MOV A.R7
D6 1 XCHD A.@RO Fo 1 MOVX @DPTR.A
D7 1 XCHD A @R1 F1 2 ACALL code addr
[o1:} 2 DJUNZ R0.code addr F2 1 MOVX @R0.A
D9 2 DJUNZ R1,code ador F3 1 MOvVX @R1,A
DA 2 DJINZ R2.code addr F4 1 CPL A
[o]:} 2 DJNZ R3.code adar Fs 2 MOV data addr,A
DC 2 DUNZ R4,code addr F6 1 MOV @RO0.A
DD 2 DINZ RS,code addr F7 1 MOV @R1A
DE 2 DJUNZ R6,code adaor F8 1 MOV RO.A
DF 2 DIUNZ R7.code addr F9 1 MOV R1,A
EO 1 MOVX A.@DPTR FA 1 MOV R2.A
E1 2 AIMP code addr F8 1 MOV R3.A
E2 1 MOvVX A.@RO FC 1 MOV R4.A
E3 1 MOvVX A.@R1 FD 1 MOV RS,A
E4 1 CLR A FE 1 MOV R6,A
ES 2 MOV A,data addr FF 1 MOV R7.A
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A #data ads | OGRO|©R1| RO | R1 | Rz | R3 | R¢ | R5 | R6 | RY
MOV 4, 74 data |E5 adB E6 |E7 |E8 |E9 |EA |EB |EC .|ED |EE |EF
MOV ad8, |F5ad8 (75ad8 |85ad8ads|86a |87a [88a |8% [8A [8B |8C 8D |[BE |8F
data d8 |d8 |d8 |d8 |ad8 |ad8 |ad8 |ad8 {ad8 |ads
MOV @Ro, | F6 76 data | A6 ad8
MOV @R1, | F7 77 data | A7 ad8
MOV RO, |F8 78 data { AB ad8
MOV R1, |F9 79 data [A9 ad8
MOV R2, |FA 7A data | AA ad8
MOV R3, |FB 7B data | AB ad8
MOV R4, |FC 7C data | AC ad8
MOV R5, |FD 7D data | AD ad8
MOV R6, |FE 7E data | AE ad8
MOV R7, |FF 7F data | AF ad8
XCH A, C5 ad8 Cé |C7 |C8 [C9 (CA |CB |CC |CD |CE |(CF
XCHD A, D6 |D7
PUSH ed8 CO0 ads
POP ead8 DO ads

MOV DPTR,#mn 80 m n

MOV C,bit A2 bit

MOV bis,C 92 bit

mmsﬁaéwﬁem'iTauz'huﬂagaﬁwdwmméwmwan

A @DPTR 6RO @R1
MOVX 4, EO E2 E3
MOVX @DPTR, Fo
MOVX @Ro, F2
MOVX @Ri, F3
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©A+DPTR @A+PC
MOVC A, 93 83
mnesiaidemeadinedad
A | #data | ads |@Ro|@R1| Ro | Rt | R2 | R3 | R¢ | R5 | R6 | R

ADD A, 24 data |25 ad8 |26 |27 |28 |29 |2a |2B |2c |2 |2 |oF
ADDC A, 34 data |35 ad8 (36 |37 |38 |39 |3A [3B |3c |aD |[3E |3F
SUBB A, 94 data |95 ad8 |96 |97 |98 |99 |9A 9B [oc |9D |9E |goF
INC 04 05 adg |06 |07 |08 |09 |0a |0B {oc {oD |oE |oOF
DEC 14 15 ad8 {16 |17 |18 (18 [1A [1B [1Cc [1D [1E |1F

INC DPTR A3

MUL AB A4

DIV AB 84

msesKEidemeasin 8 a
A #data ad8 |@R0O{@R1| RO | R1 | Rz | R3 | Ra | B5

ORL A, 44 data 45 ads |46 |47 |48 |49 |4A |4B |4C |4D
ANL A, 54 data 55 adg |56 |57 |58 |59 |5A |[sB |sC |sD
XRL A, |. |64data 65 ads 66 |67 |68 |69 |6A |6B |6C |6D
ORL ad8, |42 43 ad8 data
ANL ad8, {52 53 ad8 data
XRL ad8, |62 63 ad8 data
CLR E4
CPL F4
RL 23
RLC 33
RR 03
RRC 13
SWAP  |C4
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c bit /bit
ORL C, 72 bit A0 bit
ANL C, 82 bit BO bit
SETB D3 D2 bit
CLR C3 C2 bit
CPL B3 B2 bit

mﬂnﬁaﬁ'wﬁemsns:Iamuau‘%’unT:Jsunsuzﬁau

I adsg RO R1 R2 R3 R4 R5 R6 R7
IENZ _,rel J D5 ad8rel |D8rel [Dg rel [DArel |DBrel |DC 1el | DD rel | DE rel DF re]
CINE A, #data,rel |B4 data rel JC  rel 40 rel
CINE A, ads, rel B5 ad§ rel JNC rel 50 rel
CINE @RO, #data , rel | B data ra . JB bit,rel 20 bit re]
CJNE @R1, #data , rel |B7 data rel—’ JNB bit rel 30 bit rel
CJNE RO, #data, rel |Bg data rel JBC bit,rel 10 bit rel
CINE R1, #data »rel | B9 data rel JZ rel 60 rel
CINE R2, #data,rel |Ba data rel JINZ rel 70 rel
|CINE R3, #data, rel ~|BB data re] SIMP rel 80 rel
CINE R4, #data » rel | BC data re] LIMP mn 02 mn
CJNE RS, #data »rel [ BD data re} LCALL mn lé mn
CINE RS, #data , re] BE data rel JMP @A + DPTR 73
|CINE RY, #data , rel | BF domm re] RET 22
RETI 32
NOP 00
byte 1 byte 2

AJMP adi11

al0a%a8 00001

a7 ab a5 a4 a3 a2 al a0

ACALL adi1t

al0da%a8 10001

a7 ab a5 a4 a3 a2 a1 a0
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Features

* Compatible with MCS-51™ Products

* 4K Bytos of in-System Reprogrammable Flash Memory
-~ Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

* Three-Level Program Memory Lock

128 x 8-Bit internal RAM

32 Programmable I/O Lines

Two 16-Bit Timer/Counters

$ix interrupt Sources

Programmable Serial Channel

Low Power Idle and Power Down Modes

Description

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

IMEL

8-Bit
Microcontroller
with 4K Bytes
Flash

cations. ,
{continued)
Pin Configurations PDIP
PRYR
P1.oC]t 40 3 vee
Pt.1 ]2 30 [0 Po.0 (ADOY
P1.2]3 36 [0 PO.1 (AD1)
P1.3ac}a 37 gpo.z (AD2)
P1.4c]s6 36 |5 Po.3 (AD3)
Pi.s5] e 36 ) P0.4 (AD4)
P1.ec]7 34 b po.5 (ADS)
P1.7C]8 33 |3 P0.6 (ADS)
RST (] 0 3z b pPo.7 (AD7)
(RXD) P3.0 ¢ 10 31 b EA/VPP
PQFP/TQFP (TXD) P3.1J 11 30 [ ALE/PROGT
fnpaseend (INTD) P3.20 12 29 ) PEEN
acaa (INTT) Pa.ag 13 26 B P2.7 (A15)
L (T0) P3.4J 14 27 3 P2.6 (A14)
INDEX €D N O (3O e e (T1) P3.6] 16 26 5 P2.6 (A13)
CORNER R IENCTS S Prp (WR) PS.GE 18 26 b P2.s (A12)
\ aaafoz>aald (RD) P37 17 24 b1 P2.3 (A11)
XTAL2 (] 16 231 p2.2 (A10)
440392 403038450334 XTAL1 ] 19 22 1 P2.1 (A9)
P15 1 33 [ P0.4 (AD4) GND 20 21 3 P2.0 (AB)
P12 32 PP0.6 (ADS)
P1.7 03 31 9 P0.6 (ADS) PLCC
[3E=1" 30 [IPO.7 (AD7) R
(RXD) P3.0 5 29 YEA/VPP g.n’-‘gg
NC 8 28 NG
(TXD) Pa.1J 7 27 (JALE/PROG Lees
(INT%) P3.2] 6 26 [OPSEN INDEX Mt aN~O 3O~ N
(INYT) p3.ac] e 25 F3p2.7 (A18) GORNER - o bedaa
{(T0) P3.4 10 24 [OP2.8 (A14) \ nacoaZ>acoda
{Tt) P3.5 1 23 [OP2.6 (A13)
12'%14'510'718' 9202122 1 P0.4 (AD4)
1 P0.5 (ADS)
e~qn000rNaxy P0.6 (ADS)
an g NN PD.7 (ADT)
o OVaooaan
k=TI [ EArvee
ceecy pNC
=T cCcet [0 ALE/PROT
3 PSEN
P27 (A15)
P28 (A14)
17 2917P2.5 (A13
18'92021292% 2% 62744 | !

AT89C51

0265F-A-12/07

4-29
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Block Diagram

P00 - PO.7 P20 - P27
] L]
: PORT 0 DRIVERS PORT 2 DRIVERS :
GND ! 7 Y y ;
1 :
[l 1]
L : :
— 1] 1]
= RAM ADDR. PORT 0 PORT ;
' REGISTER RAM LATCH WC,f FLASH :
1] [}
: r :
‘ :
; :
: 4 4 H
5 s
: 4 5
H PROGRAM H
B STACK
; ACC ADDRESS :
: REGISTER POINTER REGISTER '
' " :
: :
: :
: y ;
: < ;
: T™P2 TMP1 - BUFFER :
' H
H H
3 :
l : PC ;
: ALU INCREMENTER ;
L] L}
1 1
: INTERRUPT, SERIAL PORT, ;
: AND TIMER BLOCKS :
: PROGRAM :
: pSw COUNTER :
H H
= s
' PSEN <——] :
MEPROG 4—— TMNG | nstrucTion OPTR :
EA / Vpp —+®| CONTROL | REGISTER 4 :
1 ] 1
RST — !
s a
' PORT 1 PORT 3 '
5 LATCH LATCH ;
[ I
: :
: :
; PORT 1 DRIVERS PORT 3 DRIVERS
] X »
R N -----------‘-----i--I.-i--i-‘i--i-i—-i --------- i -i-.I.-i.-I--i-i.i- ----------------------------- :
P1.0 - P1.7 P30 - P3.7

h

430 AT89C51 msssssessssssssss—— e ——



EEEEEssssesssesssmn A T89C 51

The AT83C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT83C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The ldie Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port0

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

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

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

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

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

Port 2

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

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

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

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

Port 3

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

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

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer O external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (éxternal data memory read strobe)

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

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

ALE/PROG

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

In normal operation ALE is emitted at a constant rate of 1/8
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to extemal Data Mem-
ory.

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

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



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

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

EANVpp _

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

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

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

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the intemal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled

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

Figure 1. Oscillator Connections

Cc2
-—~—~)I————I—— XTAL2
L]
Cc1 I
*—) XTAL1
i onD

Note: C1,C2 =30 pF £ 10 pF for Crystals

= 40 pF + 10 pF for Ceramic Resonators
Figure 2. Extemal Clock Drive Configuration

NG ~—————— XTAL2
EXTERNAL i
OSCILLATOR XTAL1
SIGNAL

GND

v L

interrupt or by a hardware reset.

Status of External Pins During Idle and Power Down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idie Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down Internal 0 0 Data Data Data Data
Power Down External 0 0 Float Data Data Data

4-32 AT89C51 R
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Power Down Mode

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

Lock Bit Protection Modes

Program Memory Lock Bits

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

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

Program Lock Bits Protection Type
LB1 LB2 LB3
9] 9] y) No program lock features.
2 P U U MOVC instructions executed from external program memory are disabled from fetching code

bytes from internal memory, EA is sampled and latched on reset, and further programming of the
Flash is disabled.

P P U Same as mode 2, also verify is disabled.

P P P Same as mode 3, also external execution is disabled.

Programming the Flash

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

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

Vpp =12V Vpp= 5V
Top-Side Mark AT89C51 AT89C51
XXX x0¢-5
yyww yyww
Signature (030H)=1EH {030H)=1EH
(031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

- AINEL

Programming Algorithm: Before programming the

AT89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

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

ing steps.

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

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage programming
mode.

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

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle

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

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.
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Program Verify: if lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by cbserving that their features are enabled.
Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/ G low for 10 ms. The code array is written
with all “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

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

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

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

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

Programming Interface

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

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

Flash Programming Modes

Mode RST PSEN ALE/PROG ﬁNpp P26 | P27 | P36 | P3.7
Write Cade Data H L HA2v L H H H
~_
Read Code Data H L H H L L H H
Write Lock Bit-1 H H/12v H H H H
v
Bit-2 H L H/12v H H L L
~_
Bit-3 H L H/12v H L H L
v
Chip Erase H L ) H/12v H L L L
~_
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10-ms PROG pulse.
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Figure 3. Programming the Flash

AT89C51

Figure 4. Verifying the Flash

' +5V +5V
AT89CS51 AT89C51
ooogDH[/)oRFFF:O o o e _T ooo%Dch?#FF:o I e e ;P];M DATA
v P2.0 -P23 PO je— oM o P20 - P23 PO —»gtslil}gg)
P26 —»{ P26
SEE FLASH | ——»{ P27 ALE l¢—— PROG SEE FLASH | —p{ P2.7 ALE
PROGRAMMING PROGRAMMING
MODES TABLE { P3.6 MODES TABLE | —¥| P3.8 Vi,
Pa.7 ——»{ P3.7
—————— XTAL2 EA j[¢—— VNV, —————— XTAL2 EA
324 MHz | 324 MHz |
] 1]
XTAL RST [¢—— Vi, XTAL1 RST |¢— Vy,
GND PSEN GND PSEN
1 L

&

~ Flash Programming and Verification Characteristics

- Ta=0°Cto70°C, Vee = 5.0+ 10%

“ Symhol Parameter o ~ Min Max Units
Vel Programming Enable Voitage 11.5 12.5 v
1ppt" Programming Enable Current 1.0 mA
Moo Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48t oL
tanax Address Hold After PROG 48t o1

| tovaL Data Setup to PROG Low 48ty o

| teHoX Data Hold After PROG 48tc o1
tensH P2.7 (ENABLE) High to Vpp 48tc o
taHaL Vpp Setup to PROG Low 10 us
tans? Vpp Hold After PROG 10 ps
toLeH PROG Width 1 110 us-
tavav Address to Data Valid 48t o
terqv ENABLE Low to Data Valid 48tc o
tenaz Data Float After ENABLE 0 48tc oL
tamsL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.
4.35
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Flash Programming and Verification Waveforms - High Voitage Mode (Vpp = 12V)

P10 - P1.7 PROGRAMMING VERIFICATION
+— tavav
PORT O < DATA N J DATA OUT
>ty tonox ¢
tavor toHax
ALE/PROG
tsnet e e
— A _Ver
EANVpp . el LOGIC O .
‘-—
P2.7 e tay — je—  tenaz
(ENABLE)
toveL— [+
P34
(RDY/BSY) BUSY READY
— tye —>

Flash Programming and Verification Waveforms - Low Voitage Mode (Vpp = 5V)

P10 - P17 PROGRAMMING VERIFICATION
P20 - P23 - ADDRESS -j[\ ADDRESS
— twvav
PORT 0 DATA IN J DATA OUT P
tovat  teox
taveL (¢ * touax
ALE/PROG
s tawar—>
—— LOGIC 1
EAVpp /4 A oo loGiCO) L oo
- e
P2.7 tensH taqv Pl 'evaz
(ENABLE)
o teHe —*
3.4
(RDY/BSY) BUSY READY
twe
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Absolute Maximum Ratings*

Operating TOMPerature................ccweereeeerensens -55°C to +125°C *NOTICE:  Stresses beyond those listed under "Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature..........cccoovecceecrnennenns -85°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground ..........ccceeivinnnnicsinninnne -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage............cccccvnirnnncnnnieninnenne 8.6V conditions for extended periods may affect device
reliability.
DC Output CuITent.........ccooveeeernrreeneinreeernrecsseeressenesees 15.0 mA
DC Characteristics
Ta =-40°C to 85°C, V¢ = 5.0V £ 20% (unless otherwise noted)
Symbol Parameter Condition Min Max Units
Vi Input Low Voltage (Except EA) -0.5 0.2 Vge- 0.1 v
Vil Input Low Voltage (EA) -0.5 ,02Vee-03 v
Vi Input High Voltage (Except XTAL1, RST) 0.2Vec +0.9 Voo + 0.5 v
Vi1 Input High Voltage (XTAL1, RST) 0.7 Vee Vee + 0.5 v
Voo Output Low Voltage" (Ports 1,2,3) loL = 1.6 mA 0.45 v
VoLt Output Low Voltage(!) oL =32mA 0.45 v
(Port 0, ALE, PSEN)
Vou Output High Voltage lon = -60 HA, Voo =5V + 10% 24 v
(Ports 1,2,3, ALE, PSEN) lon = -25 A 075 Vo v
lon =-10 pA 09 Vee \
Vo1 Output High Voltage lon =-800 pA, Vo =5V £ 10% 24 v
(Port 0 in External Bus Mode) lon = -300 pA 0.75Vee v
lOH =-80 pA 0.9 Vee \Y
" Logicatl O Input Current (Ports 1,2,3) Vin = 0.45V -50 pA
I Logical 1 to O Transition Current Vi =2V, VCC = 5V £ 10% -650 HA
(Ports 1,2,3)
Iy Input Leakage Current (Port 0, EA) 0.45 <V < Ve +10 HA
RRST Reset Pulidown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ty =25°C 10 pF
lee Power Supply Current Active Mode, 12 MHz 20 mA
Idle Mode, 12 MHz 5 mA
Power Down Mode® Vee =6V 100 HA
Ve =3V 40 HA
Notes: 1. Under steady state (non-transient) conditions, Ig; must be externally limited as follows:

Maximum lg_ per port pin: 10 mA

Maximum lg, per 8-bit port: Port 0: 26 mA

Ports 1,2, 3: 15 mA
Maximum total I for all output pins: 71 mA
if I exceeds the test condition, Vo, may exceed the related spacification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum Vg for Power Down is 2V.

—————_m
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AC Characteristics

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

External Program and Data Memory Characteristics

Symbol Parameter 12 MHz Osclilator 16 to 24 MHz Oscillator Units
Min Max Min Max
MeLeL Oscillator Frequency 0 24 MHz
tih ALE Pulse Width 127 2tey o 40 ns
taviL Address Valid to ALE Low 43 teLe-13 ns
tLiax Address Hold After ALE Low 48 toLcL-20 ns
tuv ALE Low to Valid Instruction In 233 4to oL 65 ns
tLeL ALE Low to PSEN Low 43 toLc-13 ns
teLPH PSEN Pulse Width 205 3te 020 ns
tpLy PSEN Low to Valid Instruction In 145 ) 3toLcL45 ns
toxix input Instruction Hold After PSEN 0 0 ns
texiz Input Instruction Float After PSEN 59 toLel-10 ns
texav PSEN to Address Valid 75 toLe-8 ns
taviv Address to Valid Instruction In 312 5teLeL 55 ns
tpLaz PSEN Low to Address Float 10 10 ns
tRLRH RD Pulse Width 400 6tcLcL-100 ns
twLwH WR Pulse Width 400 6teLc-100 ns
trLDV RD Low to Valid Data In 252 5to o =90 ns
tRHDX Data Hold After RD 0 0 ns
trHDZ Data Float After RD 97 2t o128 ns
tiov ALE Low to Valid Data In 517 BteLcy-150 ns
tavoy Address to Valid Data in 585 Hey o185 ns
tuwl ALE Low to RD or WR Low 200 300 3tey o 50 3te oL +50 ns
tavwi Address to RD or WR Low 203 dtoLc-75 ns
tavwx Data Valid to WR Transition 23 toLc-20 ns
tavwH Data Valid to WR High 433 TtoLcl-120 ns
twhax Data Hold After WR 33 toLeL-20 ns
triaz RD Low to Address Fioat 0 0 ns
twHLH RD or WR High to ALE High 43 123 toLeL-20 toLcL*25 ns
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External Program Memory Read Cycle

AT89C51

i —
ALE { S N
tPLF’H
t ¢ > »
aviL e tuv
PSEN N " teuv N AN
‘.—.
¢ tPLAZ tPXIZ
tiiax
toyax—»  Je—
PORT 0 K As-AT INSTRIN D> ao-Ar >
ety ———|
PORT 2 < A8 - A15 X AB-A15
External Data Memory Read Cycle
tu—
ALE N
- bwhLH
PSEN / . /
e fyov |
le— tR) rH —
— tyw —
RD et ax —> | N —
— tps — . . trov trHDz
RLAZ — trHDx
PORT 0 __>-KA0 - A7 FROM Ri OR DPLK K DATA IN A0 - A7 FROM PCL>—< INSTR IN
) taw »
tAVIJ\I
PORT 2 X P2.0 - P2.7 OR A8 - A15 FROM DPH > A8 - A15 FROM PCH

AIMEL
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External Data Memory Write Cycle

tLHLL—"
ALE /F ' /

- L
PSEN ‘ /
- tLLWL _"—'tWLWH —¥
WR e—t ax ) N ¢
e— tave —) tavwx -~ —» [ byax
— tavwn —]
PORT 0 _ > AD - A7 FROM RI OR DPL patA oUT X A0 - A7 FROM PCL>—<INSTR IN

—— taym. ——

PORT 2 X P2.0 - P2.7 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

External Clock Drive Waveforms

terex
— toroL
0.45V L
” tcLCL .
External Clock Drive

Symbol Parameter Min Max Units
Mool Oscillator Frequency o 24 MHz
teLeL Clock Period 416 ns
teHex High Time 15 ns
toLex Low Time 15 ns
tcLcH Rise Time 20 ns
tceL Fall Time 20 ns
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- Serial Port Timing: Shift Register Mode Test Conditions

(Vee = 5.0 V £ 20%; Load Capacitance = 80 pF)

Symbol Parameter 12 MHz Osc Variable Oscillator Units
Min Max Min Max

txixL Serial Port Clock Cycle Time 1.0 12tcrcL us

tavxH Output Data Setup to Clock Rising Edge 700 10to o133 ns

tyxHax Output Data Hold After Clock Rising Edge 50 2to o117 ns

txHox Input Data Hold After Clock Rising Edge 0 0 ns

txHov Clock Rising Edge to Input Data Valid 700 10ter o133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION [ 0 | 1 | 2 | 3 | 4 | 5 [ 6 [ 7 | 8 !
ALE HHJL_[L_]I__]L_JI_JULJLJHLJLJL_JUI—H—JL—'
— »
cLock - o O Y s Y s Y s Y s O
VXH
—] fe— turax
WRITE TO SBUF ~__ o0 [ X 1 2 X 3 X4 X5 X 8 X T~
—p] |<—t
OUTPUT DATA txHoy s——’, XHDX sern !
l;CLE:\R Rl |
INPUT DATA

AC Testing Input/Output Waveforms(?)

Voc- 0.8V 0.2 Vg + 0.9V

TEST POINTS
0.2 Vg - 0.1V

0.45v

Note: 1.
a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at V min. for a logic 1 and V,_
max. for a logic 0.

—

AC inputs during testing are driven at Vo - 0.5V for  Note: 1.

Float Waveforms("

Vg - OV

Timing Reference
Points

Vioso

- 6.1V vV, + 01V

For timing purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs. A
port pin begins to float when 100 mV change from
the loaded Vou/Vo level occurs.



Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range

12 5V +20% AT8SC51-12AC 44A Commercial
AT89C51-12JC 44J (0°C to 70°C)
AT89C51-12PC 40P86
AT88C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT88C51-12J1 44J (-40°C to 85°C)
AT89C51-12P! 40P8
AT83C51-12Ql 44Q
AT89C51-12AA 44A Automotive
AT89C51-120A 44J (~40°C to 105°C)
AT89C51-12PA 40P8
AT89C51-12QA 44Q

16 5V+20% AT89C51-18AC 44A Commercial
AT89C51-16JC 44) (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT8SC51-184J1 44J (40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Ql 44Q
AT89C51-16AA 44A Automotive
AT89C51-16JA 444 (<40°C to 105°C)
AT89C51-16PA 40P8
AT89C51-16QA 44Q

20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44J (0°C to 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT8SC51-20At 44A Industrial
AT89C51-20J1 44J (-40°C to 85°C)
AT89C51-20P1 40P86
AT89C51-20QlI 44Q




*  Ordering Information

' Speed Power
(MHz) Supply Ordering Code Package Operation Range
24 5V +20% ATBI9C51-24AC 44A Commercial
AT89C51-244C 44) (0°C to 70°C)
AT89C51-24PC 44P6
AT89C51-24QC 44Q
| AT89C51-24Al 44A Industrial
* AT89C51-24J] 444 (-40°C to 85°C)
; AT89C51-24PI : 44P8
AT89C51-24Q1 44Q
y
Package Type
4A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
4J 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Infine Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)
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