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This thesis present the using of microcontroller to control the mechanical of the vending
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;PROGRAM FOR MASTER COIN

RS EQUP36
ENABLE EQU P2.7
DATA_LCD EQU PO
WDI EQUPLO
BEEPP EQU P2.5

‘  SLED EQUP26
SENSOR EQU P3.2
SOLDl EQU P3.4
SOLD2 EQU P33
: RELAY EQU P26
RELAY EQUP3.5
SEND EQU P3.7
EEPDO EQU P14
EEPDI EQU PLS5
EEPCLK  EQU PL6
EEPCS EQU P17

EEPAD  EQU 02
EEPLSB  EQU 03
EEPMSB  EQU 04
LINE  EQUO03
HOUR  EQU30H
MINUTE  EQU 31H
SEC  EQU32H
DATE  EQU33H
MOUNTH  EQU 34H
YEAR  EQU35H



DAY  EQU36H

HEX MSB EQU 37H
HEX LSB EQU 38H
COIL1 MSB EQU 39H
COIL1 LSB EQU 3AH
COIL2 MSB EQU 3BH
COIL2_LSB EQU 3CH
TPCM  EQU3DH

MIN _CAP EQU 3EH
COUNTER_CAP EQU 3FH

LCD1  EQU40H
LCD20  EQU 53H
TIME_MSB EQU 54H
TIME_LSB EQU 55H
TIME_MSB_CAP EQU 56H
TIME_LSB_CAP EQU 57H
COIN_SEND EQU 58H

; EEPROM EQU
TPC  EQU 63

EETCOIN EQU 62

EELCOIN EQU 61

EETIME EQU 60

; DATA EQU
DELAY_SCAN EQU 07FH

jmmemnnn- BIT EQU :
BEEPF  EQU 00



ORG 0000H

LIMP MAIN

LIJMP DETECT_COIL
ORG 0BH

MOV TLO,#0

MOV THO,#10

CPL WDI

RETI

MAIN:

MOV COIL1_MSB#0
MOV COIL1_LSB,#0
CLR EEPCLK

CLR EEPCS

CALL EEPEN

CLR SOLD1

CLR SOLD2
CLR RELAY
MOV A#100
CALL DELAY_MS
SETB SLED

SETB SENSOR

CALL INIT ;INIT PAGE
CLR ITO



SETB EA
MOV TMOD #0
SETB EX0
SETB ET0
MOV TLO#0
MOV THO#10
SETB TRO
; END OF INIT STATE---------rn-=-

MAIN_PROGRAM:
MOV COIL1_MSB#0
MOV COIL1_LSB#0
MOV EEPAD #TPC
CALL EEPRD
MOV TPCM,EEPLSB
WAITX:

MOV DPTR#L2FROM
CALL INMEM

MOV EEPAD #EETCOIN
CALL EEPRD

MOV DPH,EEPMSB
MOV DPL,EEPLSB
CALL HTOD

MOV COIL2_MSB,R2
MOV COIL2_LSB,R3
MOV A,R2

CALL BCDTOHEX
MOV 50H,HEX_MSB
MOV 51H,HEX_LSB



MOV AR3

CALL BCDTOHEX
MOV 52H,HEX_MSB
MOV 53H,HEX_LSB

MOV EEPAD #EETIME
CALL EEPRD

MOV DPH,EEPMSB
MOV DPL,EEPLSB
CALL HTOD

MOV A,R2

CALL BCDTOHEX
MOV 45H,HEX_MSB
MOV 46H,HEX_LSB
MOV A,R3

CALL BCDTOHEX
MOV 47H,HEX_MSB
MOV 48H,HEX_LSB

MOV LINE#2
CALL SCAN

CALL SHOWTIME
CALL SEND_DATA

ORL P2,#00011111B

CLR P2.1

JNB P2.2,SET_FUNCTION
JNB P2.3,SET_FUNCTION



JNB P2.4,SET_FUNCTION

MOV A,TIME_LSB
CINE A #0,DEC_COUN
MOV A,TIME_MSB
CINE A#0,DEC_COUN
CLR RELAY
MOV MIN_CAP,MINUTE
JMP WAITX

DEC_COUN:
SETB RELAY
CALL COUNTER
JMP WAITX

SET_FUNCTION:
CALL INKEY
MOV B#3
DEC A
MUL AB
MOV DPTR #FUNCTION
IMP @A+DPTR

COUNTER:
CALL TIME_DISPLAY
MOV A,MIN_CAP



T v o ar wm

CINE AMINUTE,DEC_MIN
RET
DEC_MIN:
MOV MIN_CAPMINUTE
MOV A,TIME_LSB
CLRCY
SUBB A,#1
MOV TIME_LSB,A
JC NOBEEP
+ CINE A#2,STEEE
CLR BEEPF
JB BEEPF,STEEE
CALL BEEP
JMP STEEE
NOBEEP:
MOV A,TIME_MSB
SUBB A #0
MOV TIME_MSB,A
STEEE:
MOV EEPAD#EETIME
MOV EEPMSB,TIME_MSB
MOV EEPLSB,TIME_LSB
CALL EEPWR
RET

BEEP:
MOV B #4
SOUND2:
MOV R7#4
SOUNDI1:



L -

MOV R6,#0FFH
SOUNDI:

CPL BEEPP

MOV A #0BFH

DINZ ACC,$

DINZ R6,SOUND1

DINZ R7,SOUNDI11

MOV A,#0FFH

CALL DELAY_MS

DINZ B,SOUND2

SETB BEEPF

RET

FUNCTION:

LJMP FUNCTION1

LIMP FUNCTION2

LJMP FUNCTION3

JMP 0
F3L1: DB "C/T=XX TCOIN = XXXX"
F3L2: DB "1.CLEAR ALL YES.EXIT"
TEST1: DB "0123456789ABCDEF0123"
F2L.1: DB "XX MINUTE PER 1 COIN"
F2L2: DB "1.INC YES.SET MINUTE"
SDATEL2: DB "1.DATE 2.MOUN 3.YEAR"
STIMEL2: DB " 1.HOUR 2.MIN 3.SEC "
F1L1: DB " SET TIME AND DATE "
F1L2: DB "1.TIME 2.DATE 3.END "
CLEAR_D: DB" - "
TEST2: DB "ABCDEFGHIJKLMNOPQRST"
L1IFROM: DB "HH:MM:SS. DD/MM/YY."



L1IFROMC: DB "COIN=0000 TIME=0000"
L2FROM: DB "TIME=XXXX TCOIN=XXXX"
YES NO: DB"YES.=OK NO.=REJECT"

PR DISPLAY TOTAL COIN AND CLEAR ALL
FUNCTIONS3:
MOV DPTR#F3L2
CALL INMEM
MOV LINE#2
CALL SCAN
MOV DPTR#F3L1
CALL INMEM
MOV EEPAD #TPC
CALL EEPRD
MOV DPH,#0
MOV DPL,EEPLSB
CALL HTOD
MOV A,R3
CALL BCDTOHEX
MOV 45H,HEX_MSB
MOV 46H,HEX_LSB
MOV EEPAD #EETCOIN
CALL EEPRD
MOV DPH,EEPMSB
MOV DPL,EEPLSB
CALL HTOD
MOV A,R2
CALL BCDTOHEX
MOV 50H,HEX_MSB
MOV 51H,HEX_LSB
MOV A,R3



ERRK:

CALL BCDTOHEX
MOV 52H,HEX_MSB
MOV 53H,HEX_LSB
MOV LINE#1

CALL SCAN

CALL INKEY
CINE A #1,CHECK_STYES
MOV EEPAD#TPC
MOV EEPMSB,#0

MOV EEPLSB#1

CALL EEPWR

MOV EEPAD#EETCOIN
MOV EEPMSB #0

MOV EEPLSB#0

CALL EEPWR

MOV EEPAD #EELCOIN
MOV EEPMSB #0

MOV EEPLSB #0

CALL EEPWR

MOV EEPAD #EETIME
MOV EEPMSB #0

MOV EEPLSB#0

CALL EEPWR

MOV TIME_MSB,#0
MOV TIME_LSB,#0

JMP FUNCTION3

CHECK_STYES: CINE A #4,ERRK

JMP 0000



R— TIME PER COIN MODE
FUNCTION2:

MOV DPTR #F2L2

CALL INMEM

MOV LINE#2

CALL SCAN

MOV EEPAD #TPC

CALL EEPRD

MOV TPCM,EEPLSB
SHOW_COINP:

MOV DPTR #F2L1

CALL INMEM

MOV DPH,#0

MOV DPL,TPCM

CALL HTOD

MOV A,R3

ANL A #0FOH

SWAP A

ADD A, #30H

MOV 40H,A

MOV A,R3

ANL A #0FH

ADD A #30H

MOV 41H,A

MOV LINE,#1

CALL SCAN
NEW_KEYC:

CALL INKEY .

CINE A,#1,CHECK_YESC

INC TPCM




MOV A,TPCM
ORL A#0
JZ COIN_ZERO
CLR CY
SUBB A #21
JNC COIN_ZERO
JMP COIN_INC
COIN_ZERO:
MOV TPCM,#1
COIN_INC:
JMP SHOW_COINP
CHECK_YESC:
CINE A #4NEW_KEYC
MOV EEPAD#TPC
MOV EEPLSB,TPCM
CALL EEPWR
JMP 0000
IN_COIL:
MOV A,COIL1_LSB
CLRCY
ADD A#1
MOV COIL1_LSB,A
MOV A,COIL1_MSB
ADDC A#0
MOV COIL1_MSB,A
MOV DPTR#LIFROMC
CALL INMEM
MOV DPH,COIL1_MSB
MOV DPL,COIL1_LSB
CALL HTOD



MOV A,R2
CALL BCDTOHEX

MOV 45H,HEX_MSB

_ MOV 46H,HEX_LSB

MOV A,R3

CALL BCDTOHEX

MOV 47H,HEX_MSB

MOV 48H,HEX LSB

MOV EEPAD#TPC

CALL EEPRD

MOV R2,#0

MOV R3,EEPLSB

MOV DPH,COIL]_MSB

. MOV DPL,COIL1 LSB
CALL DPMUL

MOV TIME MSB_CAP,DPH
MOV TIME_LSB_CAP,DPL
CALL HTOD

MOV A,R2

CALL BCDTOHEX

MOV 50H,HEX_MSB

MOV 51H,HEX_LSB

MOV A,R3

CALL BCDTOHEX

MOV 52H,HEX_MSB

MOV 53H,HEX_LSB

MOV LINE,#1

CALL SCAN

MOV DPTR#YES_NO
CALL INMEM



MOV LINE,#2

CALL SCAN
CHECK_YES_NO:

CLR P2.0

SETB P2.1

SETB P2.2

SETB P2.3

JNB P2.2,PRESS_YES

JNB P2.3,PRESS_NO

CALL SEND_DATA

MOV A,TIME_LSB

CINE A #0,DEC_COUNK

MOV A,TIME_MSB

CINE A,#0,DEC_COUNK

CLR RELAY

MOV MIN_CAP,MINUTE

JMP CHECK_YES NO
DEC_COUNK:

SETB RELAY

CALL COUNTER

JMP CHECK_YES NO
PRESS_YES:

JNB P2.2,$

SETB SOLD2

MOV A #2FH

CALL DELAY MS

MOV EEPAD #EETCOIN

CALL EEPRD

MOV A,EEPLSB

CLRCY



ADD A,COIL! LSB
MOV EEPLSB,A
MOV A,EEPMSB
ADDC A#0
MOV EEPMSB,A
MOV EEPAD#EETCOIN
CALL EEPWR
MOV A,TIME _LSB_CAP
CLR CY
ADD A,TIME_LSB
MOV TIME_LSB,A
MOV A,TIME_MSB_CAP
ADDC A,TIME_MSB
MOV TIME_MSB,A
MOV EEPAD#EETIME
MOV EEPMSB,TIME_MSB
MOV EEPLSB,TIME_LSB
CALL EEPWR
MOV EEPAD#EELCOIN
MOV EEPMSB,COIL1_MSB
MOV EEPLSB,COIL]_LSB
CALL EEPWR
MOV COIN_SEND,COIL1 LSB
MOV A#1
CALL DELAY SEC
CLR SOLD2
JMP MAIN_PROGRAM
PRESS_NO: '
INB P23,$
SETB SOLDI



MOV A#2
CALL DELAY_SEC
CLR SOLDI
JMP MAIN_PROGRAM
s FrEopkkok DPMJL, SUB **ktsrkks
;IN =DPTR MULTIPLER
;  =R2,R3 MULTIPLICAND
; OUT =DPTR RESULT
; =CARRY FLAG SET WHEN RESULT OVERFLOW
; REG = A,R1,R2,R3,R4,R5,R6,DPTR
DPMUL: MOV R440 ;CLEAR RESULT
MOV RS540
MOV R6#0 ;CLEAR MUL FLAG
MOV RI1#16
DPMULI: MOV AR5 *2
ADD ARS
MOV RS5,A
MOV A,R4
ADDC A,R4
MOV R4,A
JNC DPMUL2 ;NO CARRY
MOV R6,#1 ;OVERFLOW (SET FLAG)
DPMUL2: MOV  A,R3
RLC A
MOV R3,A
MOV AR2
RLC A
MOV R2,A -
JNC DPMUL3
MOV A,RS ;R4R5=R4R5+DPTR



-

ADD A,DPL
MOV R5,A
MOV AR4
ADDC A,DPH
MOV R4,A
JNC DPMUL3
MOV R6,#1

;NO CARRY
;OVERFLOW (SET FLAG)

DPMUL3: DINZ R1,DPMULI

MOV DPH,R4
MOV DPLRS
MOV AR6
MOV C,ACC.0
RET

;LOAD MUL FLAG TO CARRY

; ook ok ok ofe ok ok ok ofe ok EEPRD SUB dedkeoskookok ok ok kokok

; 93C46 READ WORD SUBROUTINE

; IN =R2 ADDRESS (0-63)

; OUT =R3,R4 DATA
;REG=AR2R3 R4
EEPRD: MOV AR2

ANL A#00111111B ;MAKE SURE DATA=6 BIT

ORL A,#10000000B ;OPCODE

SETB EEPCS
SETB EEPDI
LCALL CLOCK
MOV R2#8

EEPRD2: RLC A
MOV EEPDI,C
LCALL CLOCK
DINZ R2,EEPRD2
MOV R2,#8

;CS=1
;START BIT

;OPCODE,ADDRESS

;READ DATA (8 BIT FIRST)



EEPRD4: LCALL CLOCK
MOV C,EEPDO
RLC A
DINZ R2,EEPRD4
MOV R3,A
MOV R2,#8 :READ DATA (8 BIT LAST)
EEPRDS: LCALL CLOCK
MOV C,EEPDO
RLC A
DINZ R2,EEPRDS
MOV R4;A
CLR EEPCS .CS=0
RET
CLOCK: SETB EEPCLK :SYNC CLOCK
NOP
NOP
CLR EEPCLK
NOP
NOP
RET
s EERkERAR* EEPWR SUB **##rrttsx
: 93C46 WRITE WORD SUBROUTINE
.IN =R2 ADDRESS (0-63)
. =R3,R4 DATA
;REG=AR2
EEPWR: MOV AR2
ANL A#00111111B  ;MAKE SURE DATA=6 BIT
ORL A,#01000000B ;OPCODE
SETB EEPCS .CS=1
SETB EEPDI .START BIT



LCALL CLOCK
MOV R2,#8 ;OPCODE,ADDRESS
EEPWR2: RLC A
MOV EEPDI,C
LCALL CLOCK
DINZ R2,EEPWR2
MOV R2#8 :WRITE DATA (8 BIT FIRST)
MOV AR3
EEPWR4: RLC A
MOV EEPDI,C
LCALL CLOCK
DINZ R2,EEPWR4
MOV R2,#8 ;WRITE DATA (8 BIT LAST)
MOV A,R4
EEPWR5: RLC A
MOV EEPDI,C
LCALL CLOCK
DINZ R2,EEPWRS
SETB EEPDO
CLR EEPCS ;CS=0
NOP
NOP
SETB EEPCS ;CS=1 (CHECK STATUS)
NOP
NOP
INB EEPDO,$ ;WAIT FOR BUSY
NOP
NOP
CLR EEPCS ;CS=0
RET



; *Exkkekkkk REPER SUB sk okskok ok kk

; 93C46 ERASE WORD SUBROUTINE
; IN =R2 ADDRESS (0-63)
; REG=AR2
EEPER: MOV AR2
ANL A#00111111B ;MAKE SURE DATA=6 BIT
ORL A #11000000B ;OPCODE
SETB EEPCS ;CS=1
SETB EEPDI ;START BIT
LCALL CLOCK
MOV R2#8 ;OPCODE,ADDRESS
EEPER2: RLC A
MOV EEPDLC
LCALL CLOCK
DINZ R2,EEPER2
SETB EEPDO
CLR EEPCS ;CS=0
NOP
NOP
SETB EEPCS ;CS=1 (CHECK STATUS)
NOP
NOP
JNB EEPDO,$ ;WAIT FOR BUSY
NOP
NOP
CLR EEPCS ;CS=0
RET
. #tweranres EEPEN SUB *tsetsts
; 93C46 ENABLE SUBROUTINE
;REG=A,R2



EEPEN: MOV A#00110000B ;OPCODE

SETB EEPCS ;CS=1
SETB EEPDI ;START BIT
LCALL CLOCK

MOV R2#8 :OPCODE,ADDRESS

EEPEN2: RLC A
MOV EEPDIC
LCALL CLOCK
DINZ R2,EEPEN2
CLR EEPCS
RET

EEPDS:
MOV  A,#00000000B ;OPCODE
SETB EEPCS ;CS=1
SETB EEPDI ;START BIT
LCALL CLOCK

MOV R2#8 ;OPCODE,ADDRESS

EEPDS2: RLC A
MOV EEPDIC
LCALL CLOCK
DINZ R2,EEPDS2
CLR EEPCS

jmmmmmmmmmmmm—e FUNCTION 1 SET DATE TIME

FUNCTIONI:
MOV DPTR#FIL1
CALL INMEM
MOV LINE #1
CALL SCAN
MOV DPTRH#FIL2



CALL INMEM

MOV LINE#2

CALL SCAN

CALL INKEY

DEC A

MOV B#3

MUL AB

MOV DPTR#SET_DATETIME

IMP @A+DPTR
SET_DATETIME:

JMP SET_TIME

JMP SET_DATE

JMP 0000

IMP 0

IMP 0

JMP 0
SET_TIME:

MOV DPTR#STIMEL2

CALL INMEM

CALL SCAN

CALL SHOWTIME
IN_TIME:

CALL INKEY
CHECK_HOUR:

CINE A #1,CHECK_MINUTE

MOV A,HOUR

INC A

DA A

MOV B,A

CLR CY



SUBB A ,#24H

JC SET_HOURP

MOV B#0
SET_HOURP:

MOV HOUR,B

CALL WTIME

JMP SET_TIME
CHECK_MINUTE:

CINE A,#2,CHECK_SEC

MOV A,MINUTE

INC A

DA A

MOV B,A

CLR CY

SUBB A ,#60H

JC SET_MINUTEP

MOV B #0
SET_MINUTEP:

MOV MINUTE,B

CALL WTIME

JMP SET_TIME
CHECK_SEC:

CINE A #3,CHECK_SET

MOV A,SEC

INC A

DA A

MOV B,A

CLR CY

SUBB A #60H

JC SET_SECP



MOV B#0
SET SECP:

MOV SEC,B

CALL WTIME

JMP SET_TIME
CHECK_SET:

CINE A#4,SET_TIME

JMP FUNCTION1
SET DATE:

MOV DPTR#SDATEL2

CALL INMEM

CALL SCAN

CALL SHOWTIME
IN_DATE:

CALL INKEY
CHECK_DATE:

CINE A #1,CHECK_MOUNTH

MOV A,DATE

INC A

DA A

MOV B,A

CLR CY

SUBB A#32H

JC SET_DATEP

MOV B#0
SET DATEP:

MOV DATE,B

CALL WTIME

JMP SET DATE
CHECK_MOUNTH:



CINE A#2,CHECK_YEAR
MOV A,MOUNTH
INC A
DA A
MOV B,A
CLR CY
SUBB A #13H
JC SET_MOUNTHP
MOV B #0
SET_MOUNTHP:
MOV MOUNTH,B
CALL WTIME
JMP SET_DATE
CHECK_YEAR:
CINE A,#3,CHECK_SET2
MOV A,YEAR
INC A
DA A
MOV YEAR A
CALL WTIME
JMP SET_DATE
CHECK_SET2:
CINE A#4,SET_DATE
JMP FUNCTIONI
INKEY:
MOV A #1
ORL P2,#00011111B
CLR P2.1
JNB P2.2,SET_DATA
INC A



JNB P2.3,SET_DATA
INC A
JNB P2.4,SET_DATA
ORL P2,#00011111B
CLR P2.0
INC A
JNB P2.2,SET_DATA
INC A
JNB P2.3,SET_DATA
JMP INKEY
SET DATA:
INB P2.2,$
INB P2.3,$
INB P2.4,%
RET
; ek o o ole ok o ohe ok oke HTOD SUB a3k ske ke e e ke e o ok
; HEX TO DECIMAL
;IN =DPTR
; OUT =R1,R2,R3
; REG = A,RO,R1,R2,R3,R4,R5,DPTR

HTOD: CLR A ;CLEAR OUTPUT
MOV RLA
MOV R2,A
MOV R3,A
MOV R4#16 ;SHIFT 16 BIT

HTOD1: MOV A,DPL
RLC A
MOV DPL.A-
MOV A,DPH
RLC A



MOV DPH,A
MOV RS5#3 ;ADD DECIMAL
MOV RO#3 ;INDEX TO R3
HTOD2: MOV A,@RO
ADDC A,ACC
DA A
MOV @RO,A
DEC RO
DINZ R5,HTOD2
DINZ R4,HTODI
RET
 wrkaarrrt® DTOH SUB #+tttttes
; DECIMAL TO HEX
;IN =RI1,R2R3
;,OUT = DPTR
; REG = A,RO,R1,R2,R3,R4,R5,DPTR
DTOH: MOV R4,#16

DTOHI: MOV RS5#3 ;SHIFT & SUB
MOV RO#1 ;INDEX TOR1
CLR C

DTOH2: MOV A,@RO
RRC A
PUSH PSW |
JNB ACC.7,DTOH3
CLR C
SUBB A#30H

DTOH3: JNB ACC.3,DTOH4
CLR C '
SUBB A#03H

DTOH4: MOV @RO,A



INC RO

POP PSW i
DINZ R5,DTOH2
MOV A,DPH
RRC A

MOV DPH,A
MOV A,DPL
RRC A

MOV DPL,A
DINZ R4,DTOHI
RET

SHOWTIME:

MOV DPTR4L1FROM
CALL INMEM

CALL TIME_DISPLAY
MOV A,HOUR

CALL BCDTOHEX
MOV 40H,HEX_MSB
MOV 41H,HEX_LSB
MOV A,MINUTE
CALL BCDTOHEX
MOV 43H,HEX_MSB
MOV 44H,HEX_LSB
MOV A,SEC

CALL BCDTOHEX
MOV 46H,HEX_MSB
MOV 47H,HEX_LSB
CALL DATE_DISPLAY
MOV A,DATE

CALL BCDTOHEX



MOV 4BH,HEX_MSB
MOV 4CH,HEX_LSB
MOV A,MOUNTH
CALL BCDTOHEX
MOV 4EH,HEX MSB
MOV 4FH,HEX LSB
MOV A,YEAR
CALL BCDTOHEX
MOV 51H,HEX MSB
MOV 52H,HEX_LSB
MOV LINE#1
CALL SCAN
RET
SEND_DATA:
SENDTX:
;  SERIAL PORT ( MODE 1) 9600 BAUD Tx
PUSH ACC
SETB SEND
MOV PCON,#00H ; SMOD =0
MOV SCON #40H ; serial (Model)
MOV TMOD,#20H ; Timer (Mode0)
MOV THI1 #0FDH ; buad 9600
SETB TR1
CLRTI
MOV AHOUR
CALL BCDTOHEX
MOV AHEX MSB
ANL A #0FH
ORL A #00H
MOV SBUF,A



INB TL$

CLR TI

MOV A #1

CALL DELAY_MS

MOV A,HEX_LSB

ANL A #0FH

ORL A #10H

MOV SBUF,A

INB TL$

CLRTI

MOV A#1

CALL DELAY_MS
;SEND HOUR

MOV AMINUTE

CALL BCDTOHEX

MOV A,HEX_MSB

ANL A #0FH

ORL A#20H

MOV SBUF,A

JNB TL$

CLR TI

MOV A #1

CALL DELAY_MS

MOV A,HEX_LSB

ANL A #0FH

ORL A #30H

MOV SBUF,A

INB TL$

CLR TI

MOV A #1



CALL DELAY_MS
MOV A,DATE
CALL BCDTOHEX
MOV A,HEX_MSB
ANL A #0FH

ORL A #40H

MOV SBUF,A

JNB TL$

CLR TI

MOV A#1

CALL DELAY_MS
MOV A,HEX_LSB
ANL A #0FH

ORL A #50H

MOV SBUF,A

JNB TI$

CLR TI

MOV A#1

CALL DELAY_MS
MOV A,MOUNTH
CALL BCDTOHEX
MOV AHEX_MSB
ANL A #0FH

ORL A #60H

MOV SBUF,A

JNB TL$

CLR TI

MOV A#1

CALL DELAY MS
MOV A HEX_LSB



ANL A #0FH

ORL A #70H

MOV SBUF,A

INB TI$

CLR TI

MOV A#1

CALL DELAY_MS
MOV A,YEAR
CALL BCDTOHEX
MOV A,HEX_MSB
ANL A #0FH

ORL A,#080H
MOV SBUF,A

INB TL$

CLR TIL

MOV A #1

CALL DELAY MS
MOV A,HEX_LSB
ANL A #0FH

ORL A,#090H
MOV SBUF,A

INB TL$

CLR TI

MOV A #1

CALL DELAY MS
MOV DPH,#0
MOV DPL,COIN_SEND
CALL HTOD

MOV A,R3

CALL BCDTOHEX



MOV A,HEX_MSB
ANL A #0FH

ORL A#0AOH
MOV SBUF,A

JNB TL$

CLR TI

MOV A #1

CALL DELAY_MS
MOV AHEX_LSB
ANL A #0FH

ORL A,#0BOH
MOV SBUF,A

JNB TL$

CLR TI

MOV A #1

CALL DELAY_MS
MOV A,COIL2_MSB
CALL BCDTOHEX
MOV A,HEX_MSB
ANL A #OFH

ORL A,#0COH
MOV SBUF,A

JNB TLS$

CLR TI

MOV A#1

CALL DELAY MS
MOV A,HEX_LSB
ANL A #0FH

ORL A #0D0H
MOV SBUF,A



INB TI$
CLR TI
MOV A#1
CALL DELAY_MS
MOV A,COIL2_LSB
CALL BCDTOHEX
MOV AHEX_MSB
ANL A #0FH
ORL A #0EOH
MOV SBUF,A
IJNB TI$
CLRTI
MOV A#1
CALL DELAY MS
MOV A,HEX_LSB
ANL A #0FH
ORL A #0FOH
MOV SBUF,A
JNB TI$
CLR TI
MOV A #1
CALL DELAY MS
POP ACC
RET

DETECT _COIL:
JNB SENSOR,$
MOV A #7FH
CALL DELAY ‘MS
MOV SP#09H
MOV 08H,#LOW IN_COIL



MOV 09H,#HIGH IN_COIL
RETI
BCDTOHEX:
;INPUT ACC
PUSH ACC
SWAP A
ANL A #0FH
ADD A #30H
MOV HEX_MSB,A
POP ACC
ANL A #0FH
ADD A #30H
MOV HEX_LSB,A
RET
TIME _DISPLAY:
MOV R2#81H ;read time from rtc
CALL RTC_READ_CH ;READ SECOUND
MOV SEC,R3 |
MOV R2#83H
CALL RTC_READ CH ;read minute
MOV MINUTE,R3
MOV R2#85H ;read HOUR
CALL RTC_READ CH
MOV HOUR,R3
RET
DATE_DISPLAY:
MOV R2#87H
CALL RTC_READ CH ;DATE
MOV DATE,R3
MOV R2#89H



CALL RTC_READ CH ;MOUNTH
MdV MOUNTH,R3
MOV R2,#8DH
CALL RTC_READ_CH ;YEAR
MOV YEAR,R3
RET
RTC_DATA EQU P13
RTC_CLK EQU Pl.1
RTC_RST EQU P1.2
RTC_WRITE_CH:
CLR RTC_CLK ;low CLK line
CALL DELAY
SETB RTC_RST ;high RST line
CALL DELAY
MOV AR2 ;write COMMAND byte
CALL RTC_WRITE_8BIT
MOV AR3 ;and DATA byte
CALL RTC_WRITE 8BIT
CLR, RTC _RST ;low RST line
CALL DELAY
RET
; Transfer 8-bits data to DS1202
; IN: A =data
RTC_WRITE 8BIT:
MOV R4#08H ;8 bits to transfer
WRSBIT1:
RRC A
MOV RTC DATA,C
SETB RTC_CLK ;Rising edge clock
CALL DELAY



CLR RTC_CLK
CALL DELAY
DINZ R4,WR8BIT1
RET
; Perform READ Command and read parameter byte from DS1202 RTC
; IN: R2=COMMAND
; OUT: R3 =DATA
RTC_READ_CH:
CLR RTC_CLK ;low clk line
CALL DELAY
SETB RTC _RST ;high RST line
CALL DELAY
MOV AR2 ;writt COMMAND byte
CALL RTC_WRITE_8BIT

MOV R4#8 ;then read DATA byte
CLR A
RD_CH1:CLR RTC_CLK
CALL DELAY
MOV C,RTC DATA
RRC A
SETB RTC_CLK
CALL DELAY
DINZ R4,RD_CHI1
MOV R3,A

CLR RTC_RST  ;lowRST line
CALL DELAY
RET

DELAY:



NOP ;delay

RET

WTIME:

MOV R2,#8EH

MOV R3,#00H

CALL RTC_WRITE_CH

MOV R2,#80H

MOV R3,SEC ;SEC

; MOV R3#00

CALL RTC_WRITE CH

MOV R2,#82H

MOV R3,MINUTE ;MIN
CALL RTC_WRITE_CH

MOV R2,#84H ;HOUR
MOV R3,HOUR

CALL RTC_WRITE_CH

MOV R2#86H ;DATE
MOV R3,DATE

CALL RTC_WRITE_CH

MOV R2,#88H ;MOUNTH
MOV R3,MOUNTH

CALL RTC_WRITE_CH

MOV R2,#8CH ;YEAR
MOV R3,YEAR

CALL RTC_WRITE_CH

MOV R2,#8EH

MOV R3#80H

CALL RTC_WRITE_CH

RET



SCAN:
PUSH DPH
PUSH DPL
PUSH 00
MOV A #80H
:SET LINE
CLRRS
CINE R3#1,LINE2
MOV DATA_LCD,#80H
JMP XLINE
LINE2:
MOV DATA_LCD #0COH
XLINE:
CALL EPLUSE
MOV B#20
MOV RO#40H
L1:
MOV A,@RO
CALL WRITE
INC RO
DINZ B,LI
POP 00
POP DPL
POP DPH
RET
INMEM:
; DPTR IS OFFSET DATA TO 40 => 53H (16)
;  PUSHDPH
. PUSHDPL
MOV R2,#20



MOV RO,#40H
IN1: MOV A#0
MOVC A,@A+DPTR
MOV @RO,A
INC DPTR
INCRO
DINZ R2,IN1
:  POPDPL
; POPDPH
RET
WRITE:
PUSH ACC
SETB RS
POP ACC
MOV DATA_LCD,A
CALL EPLUSE
CALL WAITBF
RET
EPLUSE: SETB ENABLE
PUSH ACC
MOV A #01
CALL DELAY MS
CLR ENABLE
POP ACC
RET
WAITBF:
PUSH ACC
MOV A #4
CALL DELAY_MS
POP ACC



LIRS

RET
INIT:
CLR RS
MOV DATA_LCD #01
MOV DATA_LCD,#38H ;DISPLAY 5*7 DOT 1 LINE
CALL EPLUSE
CALL WAITBF
MOV DATA_LCD #0FH
CALL EPLUSE
CALL WAITBF
MOV DATA_LCD #6
CALL EPLUSE
CALL WAITBF
MOV DATA_LCD#1
CALL EPLUSE
CALL WAITBF
MOV DATA_LCD #80H
CALL EPLUSE
CALL WAITBF
RET
$INCLUDE "DELAY.ASM"
END
O
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.PROGRAM FOR SLAVE COIN
LINE EQU 03
RS EQUP33
ENABLE EQU P3.7
DATA_LCD EQU P1
SEND EQU P3.2
DELAY_SCAN EQU 07FH
ORG 0000H '
JMP STARTX
ORG 0023H JNTER VECTOR RX TX
PUSH ACC
PUSH 00
MOV RO#30H
MOV A,SBUF
PUSH ACC
ANL A #0FOH
SWAP A
ORL 00,A
POP ACC
ANL A #0FH
ORL A #00110000B
MOV @RO,A
CLR RI
POP 00
POP ACC
RETI
STARTX:
CLR SEND
MOV PCON#OOH  ;SMOD 0
MOV SCON#50H



—

MOV TH1,#0FDH

MOV TMOD #20H

SETB TRI1

MOV IE#90H

CALLINIT ;INIT PAGE
STARTY:

MOV DPTR#L1FROM

CALL INMEM

MOV 40H,30H

MOV 41H,31H

MOV 43H,32H

MOV 44H,33H

MOV 48H,34H

MOV 49H,35H

MOV 4BH,36H

MOV 4CH,37H

MOV 4EH,38H

MOV 4FH,39H

MOV LINE#1

CALL SCAN

MOV DPTR#L2FROM

CALL INMEM

MOV 4EH,3AH

MOV 4FH,3BH

MOV 43H,3CH

MOV 44H,3DH

MOV 45H,3EH

MOV 46H,3FH

MOV LINE,#2

CALL SCAN



JMP STARTY
CLEAR D: DB" "
TEST1: DB "0123456789ABCDEF"
TEST2: DB "ABCDEFGHIJKLMNOT"
L1IFROM: DB "HH:MM. DD/MM/YY"
L2FROM: DB "TC=0000 LCOIN=00"
SCAN:

PUSH DPH

PUSH DPL

PUSH 00

MOV A #80H
;SET LINE

CLR RS

CJNE R3,#1,LINE2

MOV DATA_LCD #80H

JMP XLINE
LINE2:

MOV DATA_LCD#0COH
XLINE:

CALL EPLUSE

MOV B#20

MOV RO0,#40H

L1:

MOV A,@R0O

CALL WRITE

INCRO

DIJNZ B,L1

POP 00

POP DPL

POP DPH



RET

INMEM:

; DPTR IS OFFSET DATA TO 40 ==> 4FH (16)

b

.
2

.
b

PUSH DPH
PUSH DPL
MOV R2,#16
MOV RO#40H

IN1: MOV A#0

MOVC A,@A+DPTR
MOV @R0,A
INC DPTR
INC RO
DINZ R2,IN1

POP DPL

POP DPH
RET

WRITE:

PUSH ACC

SETB RS

POP ACC

MOV DATA_LCD,A
CALL EPLUSE
CALL WAITBF
RET

EPLUSE: SETB ENABLE

PUSH ACC

MOV A,#01

CALL DELAY MS
CLR ENABLE
POP ACC



RET

WAITBF:

PUSH ACC

MOV A #4

CALL DELAY MS
POP ACC

RET

INIT:

$INCLUDE "DELAY.ASM"

CLR RS
MOV DATA_LCD #01
MOV DATA_LCD#38H
CALL EPLUSE

CALL WAITBF

MOV DATA_LCD#0FH
CALL EPLUSE

CALL WAITBF

MOV DATA_LCD#6
CALL EPLUSE

CALL WAITBF

MOV DATA_LCD#1
CALL EPLUSE

CALL WAITBF

MOV DATA_LCD #80H
CALL EPLUSE

CALL WAITBF

RET

END

U

;DISPLAY 5*7 DOT 1 LINE
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:PROGRAM FOR CONTROL SOLINOID
PULSE EQU P3.7
CONT EQU P3.0
STATS EQU P3.1
KEYl EQU P1.0
KEY2 EQU Pl.l

COUNTER EQU 30H
ORG 0000

somcmmmmmmmeenen INIT STATE
SETB PULSE
CLR CONT
MOV COUNTER,#0
CLR STATS
MOV A,#100
CALL DELAY MS
SETB STATS
CALL DELAY MS
CLR STATS
CALL DELAY MS
SETB STATS
CALL DELAY MS
CLR STATS

START:
SETB PULSE
JB PULSE$
JNB PULSE,$ -
SETB STATS
MOV A#100



CALL DELAY_MS
CLR STATS
INC COUNTER
MOV A,COUNTER
CINE A #8,START
SETB CONT
CONT1:
SETB KEY1
SETB KEY2
JNB KEY1,0
JNB KEY2,0
JMP CONT1
;PROGRAM DELAY TIME
;USED REGISTER A
;SUB DELAY_SEC AND DELAY_MS
;PROGRAM BY TEERAPON AND TEAM , KMITL
DELAY_MS:
;MOV ANC CALL 1.085X 3 uS
PUSH ACC ;2.170138889 uS
PUSHB ;2.170138889 uS
MOV B#231  ;2.170138889 uS
DD:
DJNZ B,$ ;500 uS AT 11.0592 MHZ
DINZ B,$ ;500 uS AT 11.0592 MHZ
DINZ ACC,DD ;2.170138889 uS
POP B ;2.170138889 uS
POP ACC ;2.170138889 uS
RET ;2.170138889 uS
DELAY_SEC:
PUSH ACC



PUSHB
MOV B,A

DDD:
MOV A #246
CALL DELAY MS ;250 mS
CALL DELAY_MS ;500 mS
CALLDELAY_MS ;750 mS
CALL DELAY_MS ;1000 mS
DINZ B,DDD
POP B
POP ACC
RET

END
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Features

s Compatible with MCS-51™ Products

* “2K Bytes of Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

2.7V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-Level Program Memory Lock

128 x §-Bit Internal RAM

15 Programmable [/O Lines

Two 16-Bit Timer/Counters

e

Six interrupt Sources 8-Bit
Programmable Serial UART Channel
- On-Chip Analog Gomparator Microcontroller
|+ Low Power Idle and Power Down Modes With 2K Bytes
Description Flash

The AT83C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
1 2K Bytas 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. By combining AT8902051
i a versatile 8-bit CPU with Flash on a monolithic chip, the Atme!l AT83C2051 is a pow-

erful microcomputer which provides a highly flexible and cost effective solution to
y many embedded control applications.

The AT83C2051 provides the following standard features: 2K Bytes of Flash, 128
bytes of RAM, 15 /O lines, two 16-bit timer/counters, a five vector two-level interrupt
sarchitecture, a full duplex serial port, a precision analog comparator, on-chip osgillator
and clock circuitry. In addition, the AT89C2051 is designed with static logic for opera-
tion down to zero frequency and supports two software selectable power saving
.modes. The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial
port and interrupt system to continue functioning. The Power Down Mode saves the
RAM contents but freezes the oscillator disabling all other chip functions until the next
hardware reset.

' Pin Configuration

PDIP/SOIC
-/

RSTANPP O 1 20 (O vee

(RXD) P3.0 (] 2 19 D P17

(TXD) P3.1 4 3 18 [ P1.6

XTAL2 O] 4 17 5 P15

XTAL1 O 5 16 [T P1.4

(INTO) P3.2 O3 6 15 - P1.3

(NTT) P33 37 14 3 P1.2
(TO) P3.4 3 8 13 |3 P1.1 (AIN1)
Ty P35 9 12 |3 P1.0 (AINO)

GND ] 10 113 pa7

03680-B~12/97

ATMEL w18
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Pin Description

Vee

Supply voitage.
GND

Ground.

Port 1

Port 1 is an 8-bit bidirectional I/O port. Port pins P1.2 to
P1.7 provide internal pullups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 aiso serve as the positive input
(AINO) and the negative input (AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
buffers can sink 20 mA and can drive LED displays directly.
When 1s are written to Port 1 pins, they can be used as
inputs. When pins P1.2 to P1.7 are used as inputs and are
externally pulled tow, they will source current (I;) because
of the intemal pullups.

Port 1 aiso receives code data during Flash programming
and verification.

Port 3

-Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional {/O
pins with internal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a general purpose I/O pin. The Port 3 output buffers can
sink 20 mA. 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 (l;) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C2051 as listed below:

Port Pin
P3.0

Alternate Functions

RXD (serial input port)
P3.1 TXD (serial output port)

P32 INTO (external interrupt 0)
P3.3 INT1 (external interrupt 1)
P34 TO (timer 0 external input)
P3.5 T1 (timer 1 external input)

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

RST

Reset input. Al /O pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine cycles
while the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.
XTAL1

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

AImEY

XTAL2 B
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 feft
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 internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voitage high and low time specifications must be
observed.

Figure 1. Oscillator Connections

c2
—I———— XL
D
ci T
—)——e— XxTALI1
GND

Note: G1,C2 =30 pF 10 pF for Crystals

= 40 pF £ 10 pF for Ceramic Resonators

Figure 2. Extemnal Clock Drive Configuration

NC ———— 1 XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
i———— GND
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Pin Description

Vee

Supply voltage.
GND

Ground.

Port 1

Port 1 is an 8-bit bidirectional /O port. Port pins P1.2 to
P1.7 provide internal pullups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
(AINO) and the negative input (AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
buffers can sink 20 mA and can drive LED displays directly.
Whaen 1s are written to Port 1 pins, they can be used as
inputs. When pins P1.2 to P1.7 are used as inputs and are
externaily pulled low. they will source current () because
of the intemal pullups.

Port 1 also receives code data during Fiash programming
and verification.

Port 3

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional /O
pins with internal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a general purpose /O pin. The Port 3 output buffers can
sink 20 mA. 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
puiled low will source current (1) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C2051 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)

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

RST

Reset input. All 1/0 pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine cycles
while the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.
XTALA

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

AIMEL

XTAL2 .
Output from the inverting osciltator 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 quanz
crystal or ceramic resonator may be used. To drive the -
device from an external clock source, XTAL2 should be leit
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.

Figure 1. Oscillator Connections

c2

—I———e—— XTAL2
+
O

c1 T
—}l—e 1 XTAL1
L4 GND
i

e

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

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

NC —— 1 XJAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
GND
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‘ ATMEL

‘Special Function Registers

A map of the on-chip memory area called the Special Func-  User software should not write 1s to these unlisted loca-
tion Register (SFR) space is shown in the table below. tions. since they may be used in future products to invoke
Note that not all of the addresses are OCCUpied. and unoc- new features. In that case, the reset or inactive values of
cupied addresses may not be implemented on the chip.  the new bits will always be 0.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-

, nate effect.

Table 1. AT89C2051 SFR Map and Reset Values

OF8H OFFH
I
OFOH 8 OF7H
00000000
,  OE8H 0EFH
OEOH ACC ~ 0E7H
00000000
,  OD8H 0DFH
) 0DOH PSW 0D7H
00000000 _ ]
0C8H OCFH
0COH 0C7H
0BsH P 0BFH
' XXX00000
' 0BOH P3 0B7H
11111111
0ASH IE 0AFH
0%X00000
OACH 0A7H
98H | SCON SBUF 9FH
00000000 | XXOOOKXXX
90H P1 97H
11111111
g8H | TCON TMOD TLO L1 THO TH1 8FH
g 00000000 | 00000000 | 00000000 | 00000000 | 00000000 | 00000000
' 80H sp DPL DPH PCON | 87H
00000111 | 00000000 | 00000000 0XXX0000

418 AT89C2051 S
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Restrictions on Certain Instructions

The AT89C2051 and is an economicai and cost-effective
member of Atmel's growing family of microcontrollers. It
contains 2K bytes of flash program memory. It is fully com-
patibie with the MCS-51 architecture, and can be pro-
grammed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind when
utilizing certain instructions to program this device.

All the instructions related to jumping or branching shouid
be restricted such that the destination address falls within
the physical program memory space of the device, which is
2K for the ATB9C2051. This should be the responsibility of
the software programmer. For example, LIMP 7EOH would
be a valid instruction for the AT89C2051 (with 2K of mem-
ory), whereas LJMP S00H would not.

1. Branching instructions:
LCALL, LUMP, ACALL, AJMP, SUMP, JMP @A+DPTR

These unconditional branching instructions will execute
correctly as fong as the programmer keeps in mind that the
destination branching address must fall within the physical

- boundaries of the program memory size (locations 00H to
7FFH for the 89C2051). Violating the physical space limits
may cause unknown program behavior.

CJNE [...], DINZ [...], JB, JNB, JC, JNC, JBC, JZ, JNZ With
these conditional branching instructions the same rule
above appties. Again, violating the memory boundaries
may cause erratic execution.

For applications involving interrupts the normal interrupt
service routine address locations of the 80C51 family archi-
tecture have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of intemal data mem-
ory. Thus, in the AT89C2051 the stack depth is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is exter-
nal PROGRAM memory execution. Therefore, no MOVX
[...] instructions should be included in the program.

A typicai 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned.above. Itis the responsibility of the controller user to
know the physical features and limitations of the device
being used and adjust the instructions used correspond-
ingly.

AlMEL

Program Memory Lock Bits

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

Lock Bit Protection Modes(!

Program Lock Bits
LB1 LB2 | Protection Type
1 U U No program lock features.
2 P U Further programming of the Flash
is disabled.
3 P P Same as mode 2, also verity is
disabled.
Note: 1. The Lock Bits can only be erased with the Chip Erase
operation. ’
Idle Mode

In idle mode, the CPU puts itself to sieep 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
interrupt or by a hardware reset.

P1.0 and P1.1 should be set to 0’ if no external pullups are
used, or set to "1’ if external pullups are used.

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

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 vaiues 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 Vg is
restored to its normal operating level and must bé held
active long enough to allow the oscillator to restart and sta-
bilize.

P1.0 and P1.1 should be set to '0’ if no external pullups are
used, or set to-'1’ if external pullups are used.
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Programming The Flash

The AT89C2051 is shipped with the 2K bytes of on-chip
PEROM code memory array in the erased state (i.e., con-
tents = FFH) and ready to be programmed. The code mem-
ory amray is programmed one byte at a time. Once the array
is programmed, to re-program any non-blank byte, the
entire memory array needs to be erased electrically.

Internal Address Counter: The AT89C2051 contains an
internal PEROM address counter which is always reset to
000H on the rising edge of RST and is advanced by apply-
ing a positive going pulse to pin XTAL1.

Programming Algorithm: To program the AT89C2051,
the following sequence is recommended.

1. Power-up sequence:
Apply power between V¢ and GND pins
Set RST and XTAL1 to GND

2. Setpin RST to'H’
Set pin P3.2 to'H’

3. Apply the appropriate combination of ‘H’ or 'L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of the
programming operations shown in the PEROM Pro-
gramming Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1.0 to
P1.7.

5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM array
or the lock bits. The byte-write cycle is self-timed and
typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V to
logic 'H' level and set pins P3.3 to P3.7 to the appropiate
levels. Output data can be read at the port P1 pins.

8. To program a byte at the next address location, pulse
XTAL1 pin once to advance the internal address counter.
Apply new data to the port P1 pins.

9. Repeat steps 5 through 8, changing data and advancing
the address counter for the entire 2K bytes array or until
the end of the object file is reached.

10.Power-off sequence:
set XTAL1 to 'L’
set RST to 'L’

Turn V¢ power off

Data Polling: The AT89C2051 features Data Polling to
indicate 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 data on P1.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated..

4-20

Ready/Busy: The Progress of byte programming can aiso
be monitored by the RDY/BSY output signal. Pin P3.1 is
pulled low after P3.2 goes High during programming to indi-
cate BUSY. P3.1 is pulled High again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been

programmed code data can be read back via the data lines

for verification:

1. Reset the intemal address counter to 000H by bringing
RST from 'L to 'H'.

2. Apply the appropriate control signals for Read Code data
and read the output data at the port P1 pins.

3. Pulse pin XTAL1 once to advance the intemal address
counter.

4. Read the next code data byte at the port P1 pins.

5. Repeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the

lock bits is achieved by observing that their features are

enabled.

Chip Erase: The entire PEROM array (2K bytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all “1"s in the Chip
Erase operation and must be executed before any non-
blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(000H) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 89C2051

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. Ptease contact your local
programming vendor for the appropriate software revision.

AT89C2051 e ————————————ssss
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Flash Programming Modes

Mode RST/VPP P3.2/PROG P3.3 P3.4 P3.5 P3.7
1 Write Code Data{V®® 12V L H H H
~
«| Read Code Datal! H H L L H
Write Lock Bit - 1 12V ' H H H
N
Bit-2 12v H H L L
-~
Chip Erase 12V 2 H L L L
~
Read Signature Byte H H L L L L
Notes: 1. The internal PEROM address counter is reset to 000H on the rising edge of RST and is advanced by a positive pulse at
XTAL 1 pin. ~ - .

2; Chip Erase requires a 10-ms PROG pulse. ’ ) L
3. P3.1is pulled Low during programming to indicate RDY/BSY.

-
Figure 3. Programming the Flash Memory Figure 4. Veniying the Flash Memory
sV 5V
AT89C2051 ‘l' AT89C2051 T
ROYBSY <—— P3.i Veo p— Vee ||
— PGM PGM
PROG ——» P32 Pl &— o Vi —> P32 P1 > DATA
lf' — P3.3 r——h P3.3
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» Flash Programming and Verification Characteristics
" Tp=0°Cto 70°C, Vg = 5.0 % 10%

i| symbol Parameter Min Max Units
Vep Programming Enable Voitage 1.5 12.5 v
lpp Programming Enable Current 250 uA
tovaL Data Setup to PROG Low 1.0 us
lGHDX Data Hold After PROG 1.0 us
v | tensm P3.4 (ENABLE) High to Vpp 1.0 us
tsHGL va Setup to PROG Low 10 Hs
taHsL Vpp Hold After PROG 10 us
teLeH PROG Width 1 110 s
teLav ENABLE Low to Data Valid 1.0 us
' tenaz Data Float After ENABLE 0 1.0 us
taHBL PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
I taHH RDY/BSYA to Increment Clock Delay 1.0 us
[ | b Increment Clock High 200 ns
Note: 1. Only used in 12-voit programming mode.
Flash Programming and Verification Waveforms
' PORT 1 JT‘ DATA IN j——— DATA OUT
E " tovar  temox
i P3.2
(PROG) /
tsHoL e—taya—i" * tansL
RST oA Ve 1. NLOGIC 1
Vee) S SR ¥ T ToY A
i
— —t 1
- *—tensn teray Pl * tenoz
P34
ENABLE)
( taHaL —* ‘
P3.1__ i
(RDY/BSY) BUSY READY
tw " b
XTALA ) toHiH /—\L
(INCREMENT
ADDRESS)

422
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t Absolute Maximum Ratings*

3

¥

Storage Temperature

Maximum Operating Voltage

DC Output Current

Operéting Temperature .........coeeeeeeseecserens

_Voltage on Any Pin
with Respect to Ground

-55°C to +125°C

-65°C to +150°C

-1.0V to +7.0V

6.6V

.. 25.0 mA

DC Characteristics
! Tp = -40°C to 85°C, Vg = 2.0V to 6.0V (unless otherwise noted)

*NOTICE:

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating onty and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low Voltage -0.5 0.2 Vge-0.1 v
Vi Input High Voltage (Except XTAL1, RST) 0.2Vgc+0.9 Vee+ 0.5 v
Vi Input High Voltage (XTAL1, RST) 0.7 Ve Vec+ 05 \
L VoL Output Low Voltage(!) loL =20 mA, Vec =5V 0.5 v
(Ports 1, 3) lop =10 mA, Vgo=2.7V
Vo Output High Voltage lon = -80 A, Ve =5V = 10% 24 \Y
(Ports 1..3) lop = -30 pA 0.75 Ve v
log=-12pA 0.9 Vee \
" Logical 0 Input Current Viy = 0.45V -50 pA
(Ports 1, 3)
b Logical 1 to 0 Transition Current | Vyy =2V, Veo =5V = 10% 750 HA
(Ports 1, 3)
Iy Input Leakage Current 0<Vyy<Vee +10 HA
(Port P1.0, P1.1)
Vos Comparator Input Offset Voltage | Voo =5V 20 u\"
Veum Comparator Input Common 0 Vee v
Mode Voitage
RRST Reset Pulldown Resistor 50 300 KQ
Cwo Pin Capacitance Test Freq. = 1 MHz, Ty = 25°C 10 pF
lee Power Supply Current Active Mode, 12 MHz, V¢ = 6V/3V 15/5.5 mA
Idle Mode, 12 MHz, V¢ = 6V/3V 51 - mA
P1.0&P1.1=0Vor Ve
Power Down Mode(® Vee =6V P1.0& P1.1=0V or Vg 100 pA
Vec=3VP1.0&P1.1=0VorVee 20 BA
Notes: 1. Under steady state (non-transient) conditions, loL must be externally limited as follows:

Maximum I per port pin: 20 mA

Maximum total I for all output pins: 80 mA .
if 1o, exceeds the test condition, Vg may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum Ve for Power Down is 2V,

AlmEL
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External Clock Drive Waveforms

0.45v

External Clock Drive

Symbol Parameter Voo = 27Vt 6.0V Ve = 4.0V to 6.0V Units

' Min Max Min Max

L ela Oscillator Frequency 0 12 0 24 MHz
toroL Clock Period 83.3 41.6 ns
torex High Time i 30 15 ns
tciex Low Time " a0 . _ 15 ns
toLeH Rise Time 20 20 ns

| toMeL Fall Time 20 20 ns

- e o e

424 AT89C2051 s e———————————————
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4

Serial Port Timing: Shift Register Mode Test Conditions

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

AC Testing Input/Output Waveforms(!)

Voo~ 05V 02 Vg + 09V

TEST POINTS
02 Vg - 0.1V

0.45V

Note: 1. AC Inputs during testing are driven at Vg - 0.5V for
a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at Vyy min. for a logic 1 and Vy_
max. for a logic 0.

Float Waveforms(?)

oL

Timing Reference
Points

Vo

Symbol Parameter 12 MHz Osc Variable Oscillator Units
Min Max Min Max
baxL " Serial Port Clock Cycle Time 1.0 12teLeL us
.‘va{q Output Data Setup to Clock Rising Edge 700 10to c-133 ns
tyax Output Data Hold After Clock Rising Edge 50 2to o -117 ns
txHOX input Data Hold After Clock Rising Edge 0 0 ns
txHoV Clock Rising Edge to Input Data Valid 700 l 10tg e -133 ns
8
* Shift Register Mode Timing Waveforms
4 INSTRUCTION o (PR S e N I S RN P
; ALE LU i n e e
——rtax
cLocK : P S S B N N
tovxH e—n | [
| — — box
JWRITE TO SBUF, O IX A PX 2 X3 X 2 X8 X e X7 7
v ; A
OUTPUT DATA
_CLEARRI |
v
INPUT DATA

- 0.1V

+ 03V

Note: 1. For timing purposes, a port pin is no longer float-
ing when a 100 mV chdnge from load voitage
occurs. A port pin begins to float when 100 mV
change frothe loaded Vouy/Voy level ocours.

ATmEL
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AT89C2051
TYPICAL ICC - ACTIVE (85°C)
20
‘ Vee=6.0V
1 15 7 -
C 10 "1 1 i

—
{ Vee=3.0v

[
0
0 6 12 18 24
FREQUENCY (MHz)
AT89C2051

TYPICAL ICC - IDLE (85°C)

Vce=6.0V

BN T WS

» 3
[N SSRN E E—
3
'
©
Q
<

0
0 3 6 12
FREQUENCY (MHz)
AT89C2051

TYPICAL ICC vs. VOLTAGE- POWER DOWN (85°C)

10 /

H 7 !
A 5 /
0
3.0V, 4.0v 5.0V 6.0V
Vece VOLTAGE

Notes: 1. XTAL1 tied to GND for I (power down)
2. P1.0and P1.1 = Vggor GND
3. Lock bits programmed
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I
Ordering Information

. Speed Power
(MHz) Supply Ordering Code Package Operation Range
' 12 2.7V to 6.0V AT89C2051-12PC 20P3 Commercial
AT89C2051-12SC 208 (0°C to 70°C)
3 AT839C2051-12P! 20P3 Industrial
AT89C2051-12SI 208 (-40°C to 85°Cy
AT89C2051-12PA 20P3 Automotive
AT89C2051-12SA 20S (-40°C to 105°C)
24 4.0V to 6.0V AT89C2051-24PC 20P3 Commercial
AT89C2051-24SC 20S (0°C to 70°C)
AT89C2051-24PI 20P3 Industrial
AT89C2051-24SI 20S (-40°C to 85°C)
Package Type
20P3 20 Lead. 0.300" Wide, Plastic Dual In-iine Package (PDIP)
208 20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)

AlmEL
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Features

‘s .Compatible with MCS-51™ Products.-

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

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

128 x 8-Bit Internal RAM |

32 Programmable /O Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serlal Channel 8-Bit

Low Power Idle and Power Down Modes

Pescription Microcontroller
1

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K WIth 4K Bytes
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel's high density nonvolatile memory technology FlaSh
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 AT89C51
Flagh on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
F’.provides a highly flexible and cost effective solution to many embedded control appli-

; cations.

Pin Configurations PoiP

‘(continued)

1
2
3
4
L
]
7
8
9

PQFP/TQFP

————— Vdcocoo
\\ aeaacZSatad

ll‘3l2‘1l°3 Jl:'il' 34

VPV IVIVIOD
NannNnNR
oLpwarmE~N

-

>

L]

] 33 [3P0.4 (AD4)
2 32 [3P0.S (ADS)

3 31 3 Po.6 (ADS)

4 30 [3P0.7 (AD7)
(RXD) P3.0 (] 2% YEAIVPP
NCC s 28 [INC

(TXDY Pa.t ] 7
(ATH) P3.2 8
®
1
1

g 27 :ALEFP'R'O‘G
(R ra.a%
(T0) P34

28 t:w:.r (A15)
[ 24 QP2.8 (A14)
(T Pa.s 1 23 QP2.5 (A13)

13, 415147719 %202 22
guuuduth
aQe=Na

zz
a

18 (1P0.4 (AD4)
[P0.5 (ADS)
[DP0.6 (ADE)
[9P0.7 (AD7)
D EAIVPP
INC

D ALE/IFRDY
D PSER
P27 (A15)
[DP2.8 (A14)
:m.s (A13)

4

XTALC]

0265F-A~12/97
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. P00 - PO P20 - P27
t AAAAAAAA AAAAAAAL
e e
Vee ! YYYYYYYY YYVYYVYYY
: [ PORT 0 DRIVERS ] [ PORT 2 DRIVERS ]
GND 7 Y Y 3 7'y
T Do ‘
- ¥ i
= . RAM ADDR. PORT 0 PORT 2
' . REGISTER RAM LATCH LATCH FLASH
: k y A '
f :
N I
: y Y
' A A
: i i
B i i :
. . Y v :
: PROGRAM ,
‘ 8 STACK :
ACC ADDRESS |l¢—— !
: REGISTER POINTER REGISTER I
; b
i
: oo
: . 3 v oo
. < BUFFER  [— ’
: TMP2 TMP1 L
f rC :
: ALY INCREMENTER [®
: INTERRUPT, SERIAL POAT, :
; AND TIMER BLOGKS :
. A4 \
' T PROGRAM :
‘ paW | COUNTER [¢—»
z | =
‘ r'y | ;
*  PSEN <] ;
ALEPROG 4—— TMING | \\srrucrion v 4 OPTR :
EX / V,p ——P| CONTROL REGISTER :
RST ——Pj :
. f A 4 A .
: i PORT 1 PORT 3
: l LATCH LATCH :
H 1 A :
: | i :
! osc 4 h :
; l PORT 1 DRIVERS | LDI PORT 3 DRIVERS l :
: ! AAAXAXA2 AXAaiaax ;
e oo B B B B B
+—i[]i— YYYYVYYYY YYYYYVYYY
T T P10 - P17 P3.0 - P3.7
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The AT89CS51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 /0 lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
gcuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
"serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee

Supply voltage.

GND

Ground.

Port 0

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 internal pul-
Jups.

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 YO port with intemal pullups.
The Port 1 output buifers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (ly ) because of the internai 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 pullups.
The'Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from 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

AImEL

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

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

Port 3

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

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

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

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

RST
Reset input. A high on this pin for two machire 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 puise input (PROG) during Flash
programming.

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

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing 2 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.
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When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cygle, except that two PSEN activations are skipped during
each access to external data memory.

EANpp _

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

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

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

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

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ2 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

tlock signal, since the input to the internal 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
interrupt or by a hardware reset.

AImEL

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

Figure 1. Oscillator Connections

c2
_-)|——.—_|
R
c1 T
*—)—eo—

XTAL2

XTAL1

GND

ol

Note: Ci1,C2

=30 pF £ 10 pF for Crystals
= 40 pF + 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC - XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
GND

Status of External Pins During Idle and Power Down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
idle Intemal 1 1 Data Data Data Data
idle External ) 1 1 Float Data Address’ Data
Power Down Internal 1 o Data Data Data Data
Power Down External 0 Float Data Data Data
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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
QAM. The reset should not be activated before V¢ is
restored to its normal operating level and must be held
dctive 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 table below:

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

; Program Lock Bits Protection Type
1 LB1 | LB2 | LB3
1 U U U 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.
3 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
XXXX XOX-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. 7o program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mods.

AMEL -

Programming Algorithm: Before programming the

ATB9C51, 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 puiled 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 observing that their features are enabled.
Chip Erase: The entire Flash array is erased electrically
by using the proper combination of controi signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1”s. The chip erase operation must be executed
before the code memory can be re-programmed.

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

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

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

(032H) = FFH indicates 12V programming
(032H) = O5H 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 automaticaily time itself to
completion.

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

Flash Programming Modes

Mode RST PSEN ALE/PROG EANpp | P26 | P2.7 | P36 | P37
Write Code Data H L H/12V L H- H H
j V
Read Code Data H H H L L H H
{4 Write Lock Bit-1 | H L Hr2v H H H H
. v *
) Bit-2 H L H2v H H L L
V
Bit- 3 H L HA2V H L H L
v
Chip Erase ' H L " H12v H L L L
V
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10-ms PROG pulse.
434 AT89C51 musss———————————




Figure 3. Programming the Flash

AT89C51

Figure 4. Verifying the Flash

~5V

-5V
AT89C51 © AT89C51 o
aoDR. A% A7yl by Ve b—o ADDR. A AT oy Voo |——
OOOOQH/OFFFH PGM OOOOH/OFFFH PGM DATA
P20 - P23 PO DATA P2.0 - P23 PO |- (USE 10K
A8 - A11 A8 - Al1 . PULLUPS)
——» P26 — P26
SEE FLASH | —» P27 ALE }¢—— PROG SEEZ FLASH | —»{ P27 ALE |[¢——
PROGRAMMING— PROGRAMMING~—i :
MODES TABLE | ——¥ P3.6 MODES TABLE l—_’ P3.6 | v
[ ———»{ P37 —»{ P37 T "
. - XTAL2 EA |¢—— Ve . XTAL2 A |le—o
) ‘e |
] {
324 MHz | < 8-24 MHz | -
3+ T e—;
= T = i -
¢ | ! i l
; i i |
3 xTAL1 RST |¢— Vv, o——] xTALr RST [—— Vi
e o—1 GND PSEN |—— e— GND PSEN |——
' - _ = _
Flash Programming and Verification Characteristics
Tp=0°Cto 70°C, Vg = 5.0 £ 10%
Symbol Parameter Min Max Units
Vppl? Programming Enable Voltage 11.5 12.5 \"
' tpp(® Programming Enable Current 1.0 mA
LY T
1fcLeL Oscillator Frequency 3 24 MHz
'] taval Address Setup to PROG Low 48t oL
taHAX Address Hold After PROG 48tcLcL
tovaL Data Setup to PROG Low 48tCLCL
tGHOX Data Hold After PROG 48tCLCL
tEHSH P27 (ENABLE) ngh to Vpp 481’0[_0[_
tsHGL Vep Setup to PROG Low 10 us
tans Vpp Hold After PROG 10 us
tavav Address to Data Valid 48tci oL
teLav ENABLE Low to Data Valid 48tchL
tenqzs Data Float After ENABLE 0 48t oL
taHeL PROG High to BUSY Low 1.0 s
twe Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-volt programming mode.
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Flash Programming and Verlflcatlon Waveforms - High Voltage Mode (Vpp = 12V)
P10 - P1.7 L PROGRAMMING . | | __ VERIFICATION
P2.0 - P2.3 — ADDRESS = _ADDRESS

— o tvav

L]

i PORT 0 _ ( DAAN
. L over tGHDX e ' j
I taveL > > tanax !
ALE/PROG TN\ /i
t «—> - t '
. SHGLi b e | fanst |
_ - ATV T Logic 1l
' BANee el lMOElCOl .
t |
—> i s H—1 -~
P2.7 | e v — T ez
i (ENABLE) A P N/
: ’ lope, —>  — '
P34 -
(RDY/BSY) | BUSY READY
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Eh,Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)

P10 - P17 _ PROGRAMMING : | __VERIFICATION
P20 - P2.3 ——————( ADDRESS ) ADDRESS >
— tavav
PORT 0 - OAA N ) (DATA OUT _p—————
b E | .
1 e terox "—:]
b tavar tarax
ALE/PROG . ‘
- P
t tsweL —toLen—"
' — LOGIC 1
EANee 77 e d_____YOGIC O i ______
. +—teysy terqy —M i tenaz

—
i (ENABLE) A

P34 __ ' ;
(RDY/BSY) ‘ BUSY READY
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