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Abstract

This project is aimed to study the machine designed to be capable of - how many products in the

refrigerator have been consumed. The data will be transferred into an electronic signal through the

telephone line . And then, the result - would be automatically presented on the LCD —monitor . This

applicant would be applied to individual refrigerator in the hotel rooms. This would be easier to check

the good in any hotel compartments. And it would be useful for the customers, as well
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; Define Port&Pin Name

LCD_EN BIT
High Level)
LCD_RS BIT
MOD 1 BIT
ENTER 1 BIT
LEFT 1 BIT
RIGHT 1 BIT
SW_L1 BIT
SW_L2 BIT
SW R DT BIT
STD 1 BIT
; Define User Register
LCD_ADDR EQU
LCD_DATA EQU
; Main Program.
ORG
MOV
CLR
CLR
MAIN: MOV
MOV
output data
ACALL
subroutine
ACALL
ACALL
LOOP_SW_MOD: MOV
LCALL
MOV
ACALL
MOV
LCALL
MOV
ACALL
MOV
LCALL
MOV
ACALL
MOV
LCALL
MOV
ACALL
MOV
LCALL
MOV
ACALL
WAIT O: MOV
WAIT 1: MOV

Tdsunsuminin (Master)

P3.6

P3.7
P1.4
P1:3
P1.6
Pl1.5
P2.6
P2.5
B2
PY.7

030H
031H

000H

PO, #00000000B
LCD_EN

LCD_RS

P1l, #0FFH
P2, #0FFH

INIT LCD

SET_LCD L1
SET_LCD L2

LCD_ADDR, #045H
SET ADDR_ LCD
A, 51H

PLAY LCD

LCD_ADDR, #047H
SET_ADDR_LCD
A, 52H

PLAY LCD

LCD ADDR, #049H
SET_ADDR_LCD
A, S0H

PLAY LCD

LCD_ADDR, #04CH
SET_ADDR_LCD
A, 53H

PLAY LCD

LCD_ADDR, #04EH
SET ADDR_LCD
A, 54H

PLAY LCD

R3, #OFFH
R4, #0FFH

; LCD Module Enable

(Active

; LCD ModuleRegister Select

Ne Ne Ne

~
NN O
@ o I

o N

.
7

.
’

;8

; For keep LCD Address
; For keep LCD Data

Reset Vector
Clear Databus

~Ne

NSe Ne N

Clear LCD RS

NSk, irfpdt, port
;Set and Clear for

Clear LCD Enable

input

; Call LCD Initial

; Set main monitor
; Set main monitor

line 1
line 2

; ## Set Address OlH##

; ## Set Address

; ## Set Address

; ## Set Address

;## Set Address

O1H##

O1H##

O1H##

OlH##



WAIT 2:

MOD BR:

SW_MOD:

SW_MOD_L1:

SW_MOD L2:

SW_MOD_R:

SW_MOD LE 1%

SW_MOD_LE_10:

SW_MOD_LE:

SW_MOD R 1:

SW_MOD_S:

ACALL

DJNZ
DJNZ
ACALL
ACALL
SJMP

ACALL
JB
LCALL
SJIMP

ACALL
MOV
LCALL
LCALL
CLR
CLR

ACALL

ACALL

ACALL

ACALL

ACALL

ACALL
SJIMP

ACALL

JB
ACALL
MOV
LCALL
SETB
LCALL
ACALL

SJIMP

ACALL
JB

ACALL
MoV
LCALL
CLR
LCALL
SJMP

ACALL
SETB
JB

DELAY 10ms
MOD_1,MOD_BR
R4, WAIT_ 2
R3,WAIT 1

CH L1

CH L2
LOOP_SW_MOD

DELAY 10ms
MOD 1,WAIT 2
SW_MOD
WAIT 0

DELAY 6ms

LCD_ADDR, #07H ; ##% Set Address O8H##
SET ADDR_LCD

LCD_BLINK ; Show Curser room 1
07FH

06FH

DELAY 10ms ;
MOD.1,SW MOD L1 ; Wait pull SW MOD

DELAY 10ms

MOD 1, SW_MOD_LBR ;Check SW MOD
DELAY 10ms

ENTER 1,SW_MOD_S ;Check SW ENTER
DELAY 10ms

RIGHT 1,SW_MOD R ;Check SW RIGHT
DELAY 10ms

LEFT 1,SW MOD LE ;Check SW LEFT
DELAY 6ms

SW_MOD_L2

DELAY 10ms

RIGHT 1,SW MOD L2
07FH,SW MOD R 1
DELAY 10ms

LCD ADDR, #0DH ; ## Set Address O8H##
SET_ADDR_LCD

07FH

LCD BLINK

DELAY 10ms

RIGHT 1,SW MOD_LE_10
LEFT 1,SW_MOD_LE 10
SW_MOD L2

DELAY 10ms
LEFT_1,SW_MOD_L2
07FH, SW_MOD_LE_1
DELAY 10ms
LCD_ADDR, #07H ;## Set Address O8H##
SET ADDR_LCD

07FH

LCD BLINK

SW_MOD_LE_10 jRARR

DELAY 10ms

6FH

ENTER_1,SW _MOD_L2
07FH, SW_MOD_L3



SW _MOD PE:
SW_MOD_PE_O:

SW_MOD_LBR:

SW_MOD_L3:

SW_MOD B1:

SW_MOD L4:

ACALL
ACALL
MOV
LCALL
LCALL
SETB
LCALL
ACALL

SJIMP

SJIMP

ACALL
ACALL
ACALL
MoV
LCALL
LCALL
CLR
SJIMP

MOV
LCALL
MoV
ACALL
MOV
ACALL

MoV
ACALL
Mov
ACALL

MOV
ACALL
MoV
ACALL

MoV
LCALL
MoV
ACALL
MOV
ACALL

MOV

ACALL
MoV

ACALL
LCALL
ACALL
ACALL
ACALL

ACALL

LCD ON
SUCS L1
LCD_ADDR, #ODH
SET_ADDR_LCD
LCD BLINK
07FH

LCD BLINK
DELAY 10ms

;## Set Address O8H##

ENTER 1,SW MOD PE 0

SW_MOD L2
SW_MOD B1

DELAY 10ms
LCD_ON

SUCT L2
LCD_ADDR, #07H
SET ADDR _LCD
LCD.BLINK
O7FH

SW_MOD PE

LCD-ADDR, #044H
SET_ADDR LCD
ICD [DATR, # )
WRCHAR LCD
A,51H

PLAY LCD

ICD DATA, #'. "
WRCHAR LCD
A,528

PLAY LCD

LCD. DATA, #' !
WRCHAR LCD

A, 50H

PLAY LCD

LCD_ADDR, ¥04BH
SET_ADDR_LCD
LCD DATA, %'
WRCHAR L.CD
A;53H

PLAY LCD

LCD-DATA, %'
WRCHAR LCD

A, 54H

PIAY LCD

LCD ON
CLR O7FH

DELAY 6ms
MOD_1,SW_MOD L4
DELAY 6ms
ENTER_1,SW_MOD L4
DELAY 6ms

RIGHT 1,SW_MOD L4
DELAY 6ms

LEFT 1,SW_MOD L4

;Stop Control

;## Set Address O8H##

;## Set Address O47H##
; Hi
P H#

;HH

;## Set Address O047H##
;i
s H#

P H#



e ————

CH L2: MOV  53H,00H
number 1

MOV 54H,00H
number 2

CLR 06EH
sending successive (1)

CLR O6FH
sending successive (2)

CLR 06CH
Line 2

CLR  SW_L2

Line 2

CHECK R:

Signal of Line 2

ACALL DELAY 10ms
ACALL CLR_RING_E
JNB _P1.1,CH L2 CK

ACALL DELAY 10ms

MOV R2, #20
MOV  LCD_ADDR, #0CH
LCALL SET_ADDR LCD

MOV . LCD, DATA, #'X'
ACALL WRCHAR LGD

ACALL  DELAY 100ms
JB|  Pl1.2,CH L2 CK

MOV LCD ADDR, #0CH
LCALL SET ADDR LCD

MOV LCD DATA, #'+’
ACALL WRCHAR LCD
ACALL - DELAY 100ms
JB (B1.D5CHALZ Gk
DJNZ  R2, CHECK_ R
CLR -SW.R DT

to Slave for sending)

DELAY 73:
DELAY 74:

CH_L2_CK:

DELAY SA3:

Send Number O

ACALL DELAY 10ms
MOV . R2,#250

ACALL. DELAY lms

JB  STDul, DEEAY.SA3

DJNZ R2,DELAY 74
AJMP LOOP B2

SETB 06CH
AJMP LOOP_B2

ACALL DELAY 10ms
JB  STD 1,DELAY SA3

ACALL DELAY 10ms

;## Use for room 2
;## Use for room 2

; Define bit for

; Define bit for

; Define bit for Free

;## Select room 2

; Checking Condition

;## Set Address O1H##

P H#

;i

;Checking Ringing

;## Set Address Ol1H##
;##

FHH

;Line 2 Free (Signal

; Each loop = 1 ms

; Wait about 100 ms

;Slave not send

; Wait Slave Stop



data form Slave)
DELAY SA4:
DELAY SAS:
Number 1

Number 1

LOOP_L7:

LOOP_L8:
LOOP L9 1:

send Number 1

DELAY SS4:
DELAY SS5:

Number 2

LOOP_LLA4:

LOOP_LL5:
LOOP_B2:

MOV -

ACALL

DJINZ

AJMP

ACALL
MOV

CJINE
MOV
SJMP

MOV
ACALL
JB

ACALL

MOV
ACALL
JB
DJNZ

AJMP

SETB
MOV

CJINE
MOV
AJMP

MOV
ACALL
JB
SETB
SETB
MOV
LCALL

MOV
ACALL

R2, #250

DELAY 1lms
STD_1,LOOP_L7

R2, DELAY SA4

LOOP B2

DELAY 10ms

A, #0FH

A, P2

A, #0AH, LOOP L8
053H, #00H
LOOP L9 1

053H,A
DELAY 10ms
STD'1,LOOP_L9 1

DELAY_10ms

R2, #250

DELAY. 1lms

STD. 1, LOOP_LLA4
R2, DELAY. SS4

LOOP._B2

06FH

A, #OFH

A, P2

A, #0AH, LOOP LLS
054H, #00H
LOOP_B2

054H,A

DELAY 10ms
STD_1,LOOP_B2
P2.5

P2.7
LCD_ADDR, #0CH
SET ADDR; LCD

; ##100 TIME (Wait

; Wait about 260 ms

; Wait Slave to Send
;Slave not send

;Slave sended Numberl

;Wait Slave stop

;100 TIME

; Each loop = 1 ms

; Wait Slave to Send

;Slave not send

;Slave sended Number?2

; ## Set Address O1H##
; it

;##

MOV
MOV
CLR

LCD DATA, #"!
WRCHAR LCD
LCD_ON

DELAY 10ms
DELAY 10ms

51H, 00H

52H, 00H

50H, 00H

O5EH  ; Define

;## Use for room 1 number 1

;## Use for room 1 number 2
;## Use for room 1 number 3
bit for sending successive (1)



CLR O05FH ; Define bit for sending successive(2)
CLR 05DH ; Define bit for sending successive (3)
CLR 05CH ; Define bit for BUSY Line 1

CLR  SW_L1 ;## Select room 1

ACALL DELAY_lOmS

ACALL CLR RING E

JNB P1.1,LOOP Bl A ; Check Condition of line 1

MOV R2, #20

CH L1 CK: MOV LCD_ADDR, #06H ;## Set Address OlH##
LCALL SET ADDR LCD ; ##
MOV LCD DATA, #'X' ;

ACALL WRCHAR LCD
ACALL DELAY 100ms

JB P1.2,LOOP_Bl A ;Check Ringing Signalline 1
MOV LCD_ADDR,#O6H ;## Set Address OlH##

LCALL SET ADDR_LCD ;H#

MOV LCD_DATA,#‘+' ;H#H

ACALL WRCHAR LCD
ACALL DELAY 100ms

DJINZ  R2,CH L1 CK
CLR SW_R DT ;Line 1 Free (Signal to
Slave for sending)

ACALL DELAY 10ms

DELAY Z1: MOV R2, #250 ; ##250 TIME (Wait data
form Slave)
DELAY 72: ACALL DELAY 1ms

JB STD 1,DELAY SO ; Wait about 100 ms and

check STD=0
DJINZ R2,DELAY_ZZ

AJMP  LQOP Bl ;8lave not send
DELAY SO0: ACALL DELAY 10ms ;when STD=1

MOV A, #0FH ;Slave sended Number O

ANL A, P2

CJINE- A, #0AH, LOOP_LL2
MOV~ _O51H, #00H
LOOP_LL1: ACALL DELAY 10ms ;Waiting when STD=1
JB STD 1,LOOP_LL1
AJMP - LOOP_LL3

LOOP_LL2: MOV  O51H,A
AJMP LOOP LL1

LOOP_LL3: ACALL DELAY 10ms ; when STD=0
MOV R7,#250 ; ##100 TIME (Wait data
form Slave)
DELAY S1: ACALL DELAY 1lms ; Bach loop = 1 ms
DELAY S2: JB STD 1,LOOP_L1 ;Waiting when STD=0
DJNZ R7,DELAY S1 ;Wait Slave to Send Number 1
AJMP LOOP Bl ; Wait about 100 ms
LOOP_Bl1 A SETB O05CH

AJMP LOOP Bl



LOOP L1: ACALL DELAY 10ms ;when STD=1

MOV A, #OFH :Slave sended Number 1
ANL A, P2
CJNE A,#OAH,LOOP_LZ
MOV 052H, #00H

LOOP L1 O0: ACALL DELAY 10ms
JB STD 1,LOOP_L1 O ;Waiting when STD=1
AJMP LOOP_L3

LOOP 12: MOV~ 052H,A
AJMP LOOP_L1_0

LOOP_L3: MOV  R7,#250 ; ##100 TIME
DELAY S4: ACALL DELAY lms
JB STD_1,LOOP_L4
DJNZ R7,DELAY S4 ; Wait Slave to Send Number 2

AJMP LOOP_B1 ;Waiting when STD=0
; Scan SW MOD
LOOP_L4: ACALL DELAY 10ms;when STD=1 Slave not send Number
SETB O5FH
MOV A, #0FH :Slave sended Number 2
ANL A, P2
CJINE A, #0AH, LOOP L5
MOV 050H, #00H

AJMP. - LOOP_B1

LOOP_L5: MOV 050H,A
LOOP_ Bl: ACALL  DELAY 10ms
JB STD_1,L00P Bl

SETB  SW Ll
SETB~ .~ SW_R DT

MoV L.CD ADDR, #06H ;## Set Address
O1H##

LCALL . SET_ADDR LCD ik

MoV 1LCD DATA, #' ! P Hi

ACALL  WRCHAR_LCD

ACALL . LCD_ON

ACALL' ~ DELAY.10ms

ACALL < DELAY 10ms

RET
SET LCD Ll: MOV LCD_ADDR,#00H ; ## Set Address
O1H##

LCALL  SET_ADDR_LCD ;i

MOV 1LCD_DATA, #'R' ;i

ACALL  WRCHAR LCD ;i

MoV LCD DATA, #'0’ ;i

ACALL  WRCHAR LCD H##

MOV LCD _DATA, #'0O’ ;i

ACALL  WRCHAR LCD ;i

MOV LCD DATA, #'M' ;i

ACALL  WRCHAR LCD ;



MOV LCD_ADDR, #07H ;## Set Address

O08H##
LCALL SET_ADDR_LCD P H#
MOV LCD_DATA, #'1° ;i
ACALL WRCHAR LCD ;##
MOV LCD_ADDR, #0DH ;## Set Address
ODH##
LCALL SET_ADDR_LCD s Hi#t
MOV LCD DATA, #'2' P H#
ACALL  WRCHAR LCD P
MOV LCD ADDR, #040H ;## Set Address
04 1H## I
LCALL  SET_ADDR LCD P
Mov LCD_DATA, #'N’ P H#
ACALL WRCHAR LCD P H#
MOV LCD DATA, #'U’ 7 ##
ACALL WRCHAR LCD P HE
MOV LCD_DATA, #'M' P H#
ACALL WRCHAR LCD ;H#
RET
SET LCD 1.2: MOV LCD_ADDR, #045H ; ## Set Address
04 7H##
LCALL [ SET_ADDR LCD ; ##
MOV LCD DATA, #'X'
ACALL WRCHAR LCD
MOV LCD DATA, #' !
ACALL  WRCHAR LCD
MOV LCD DATA, #'X’
ACALL WRCHAR LCD
MOV LCD DATA, #' !
ACALL WRCHAR LCD
MOV LCD_DATA,#'X'
ACALL . WRCHAR LCD
MOV LCD|DATA, #' '
ACALL WRCHAR LCD
MoV LCD DATA,#' '
ACALL WRCHAR LCD
MOV LCD DATA,#'X'
ACALL WRCHAR LCD
MOV Wmy DATA, #'
ACALL WRCHAR LCD
MOV LCD DATA, #'X'
ACALL WRCHAR_LCD
RET
; ————————————————————————————————————————————————————————————————————
INIT LCD: ACALL DELAY 100ms ; Delay
e CLR  LCD RS ; Clear LCD RS Pin
MOV PO,#00111000B ; 8bit Mode
LCALL LCD_CLK
ACALL DELAY 10ms ; Delay
MoV PO, #00111000B ; 8bit Mode
ACALL LCD CLK ; Pulse LCD
Clock
ACALL LCD OFF ; Display Off

ACALL LCD CLR ; Clear Display



MOV PO, #00000110B ; Entry Mode

ACALL LCD CILK ; Pulse LCD Clock
ACALL LCD HOME ; Return Home Display
RET

CLR RING E: SETB P1.0
CLR P1.0
ACALL DELAY 10ms
SETB P1.0

LCD_CLR: CLR LCD RS ; Clear LCD_RS Pin
MOV PO, #00000001B ;- Display Clear
ACALL LCD CLK ; Pulse LCD Clock
RET

SUCT L2: ACALL CH L2

JB == 06CH;8UCT| L5

MOV LCD ADDR, #04BH

ACALL SET_ADDR LCD

JB' = 06FH,SUCT L3

MOV. LCD DATA,%'2’
ACALL WRCHAR LCD

SUCT_LL2: MOV LCD_ADDR, #04DH
ACALL SET ADDR LCD
MOV LCD DATA, #'?2"
ACALL WRCHAR LCD
SJMP  SUCT_B2

SUCT 13: MOV LCD ADDR, #04BH
ACALL SET ADDR LCD
MOV —LCD_DATA,#'S’
ACALL WRCHAR LCD
MOV " A, 53H
ACALL PLAY LCD
SUCT L4: MOV ~ LCD_ADDR, #04DH
ACALL SET ADDR_LCD
MOV . LCD_DATA,#!$!
ACALL WRCHAR LCD
MOV  Ay54H
ACALL PLAY LCD
SJMP SUCT B2

SUCT L5: MOV  LCD_ADDR, #04BH

ACALL SET ADDR_LCD

MOV  LCD DATA, #'B’ ##
ACALL WRCHAR LCD P
MOV  LCD_DATA, #'U’ ; H#
ACALL WRCHAR_LCD s H#
MOV  LCD_DATA, #'S' ; ##
ACALL WRCHAR LCD P H#

MOV LCD_DATA, #'Y’ P H#



ACALL WRCHAR_LCD
SUCT B2: RET
SUCS_L1: CLR  6EH
ACALL CH 11
JB 05CH, SUCS_L5
MOV  LCD ADDR, #046H
ACALL SET ADDR_LCD
JB 05FH, SUCS_L2

MOV LCD DATA,#'?’
ACALL WRCHAR LCD

SUCS_LL2: MOV LCD _ADDR, #048H
ACALL SET ADDR LCD

MOV LCD DATA,#'?"
ACALL WRCHAR LCD

SUCS_LL3: MOV LCD ADDR, #044H
ACALL SET _ADDR_LCD

MOV  LCD-DATA, #'?2’
ACALL WRCHAR LCD
SJMP | SUCT B2

SUCS_12: MOV | LCD ADDR, #046H
ACALL SET_ADDR_LCD
MOV  LCD DATA, #'S’
ACALL WRCHAR_LCD
MOV A, 52H
ACALL PLAY ICD
MOV LCD ADDR, #048H
ACALL SET ADDR_LCD

SUCS_L3: MOV - |LCD DATA, #'S'
ACALL WRCHAR LCD
MOV A, 50H

ACALL PLAY LCD

MOV LCD ADDR, #044H

ACALL SET_ADDR LCD
SUCS_L4: MOV LCD DATA, #'S"

ACALL WRCHAR LCD

MOV~ - A, 51H

ACALL PLAY LCD

SIMP. SUCS B2

SUCS_L5: SETB 6EH
MOV  LCD ADDR, #045H
ACALL SET_ADDR_LCD

MOV  LCD DATA, #'B’ ; ##
ACALL WRCHAR_LCD ;
MOV  LCD _DATA, #'U' ; #
ACALL WRCHAR_LCD ;
MOV ~ LCD DATA, #'S' ; #
ACALL WRCHAR_LCD ;
MOV  LCD DATA, #'Y' ;
ACALL WRCHAR_LCD

MOV  LCD _DATA, #' ' ; #H

ACALL WRCHAR LCD
SUCS_B2: RET



PLAY LCD: CINE A, #00H,LOOP_C1
MOV LCD DATA, #'0’
ACALL  WRCHAR_LCD
AJMP  LOOP_CB

IEE e
LOOP_C1l: CJINE A, #01H, LOOP_C2
MoV LCD _DATA,#'1'

ACALL  WRCHAR LCD
AJMP  LOOP C8

’-****
LOOP_C2: CJINE A,#02H, LOOP_C3
MOV LCD DATA, #'2"

ACALL WRCHAR LCD
AJMP  LOOP_C8

Rk
LOOP_C3: CJINE A, #03H, LOOP_ C4
MOV LCD_DATA, #'3"

ACALL  WRCHAR LCD
AJMP  LOOP C8

iy * % % %
LOOP_C4: CJINE - A, #03H,LOOP_C7
MOV LCD_DATA, #'E’

ACALL = WRCHAR LCD
AJMP - LOOP_C8

;****
LOOP_C7: MOV LCD_DATA, #'N’
ACALL  WRCHAR LCD
LOOP_C8: RET
; ___________________________________________________________________

1 Len el
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LCD_CIK: SETB LCD EN ; Pulse Clock to LCD_EN

ACALL LCD_DELAY

CLR LCD_EN

ACALL LCD_DELAY

LCD _HOME: CLR LCD_RS ; Clear LCD_ RS Pin
MOV PO, #00000010B ; Return Home
ACALL LCD_CLK ; Pulse LCD Clock
RET

LCD_OFF: CLR LCD_RS ; Clear LCD_RS Pin
MOV PO, #00001000B ; Display Off
ACALL LCD_CLK ; Pulse LCD Clock

RET



LCD _ON: CLR LCD RS ; Clear LCD_RS Pin
MOV PO, #00001100B ; Display On
ACALL LCD_CLK
RET
; LCD Cursor On
LCD_BLINK: CLR LCD RS ; Clear LCD RS Pin
MOV PO, #00001111B ; Display Cursor and Blink
ACALL LCD _CLK ; Pulse LCD Clock

RET

; Set LCD Address
RiETi/iPe LCD_ADDR

SET_ADDR LCD:CLR LCD RS
MOV A;LCD ADDR
SETB ACC.7

Clear LCD_RS Pin
Move LCD ADDR to ACC.
Set bit ACC.7

Ne Ne Ne “e N

MOV PO, A Move to DATABUS
ACALL LCD_CLK Pulse LCD Clock
RET

; Write Character to show LCD
; I/P:LCD_DATA

WRCHAR LCD: SETB LCD_RS ;. Set" ILCD_RS Pin
MOV PO, LCD_DATA ; Move LCD DATA to DATABUS
ACALL LCD_CLK ; Pulse LCD Clock
ACALL LCD_ON ; Display On
RET

; Write Line of 16 Character from ROM

2T /P DPTR : Locate ROM Address
WRLINE LCD: MOV RO, #0 ; Clear loop counter
WRLINE_LCDal:
SETB LCD_RS ; Set LCD RS Pin
CLR A ; Clear ACC.
MOVC A, @A+DPTR ; Move data from @DPTR to ACC.
MOV PO,A ; Move ACC. to DATABUS
ACALL LCD_CLK ; Pulse LCD Clock
INC DPTR ; Increase Pointer
INC RO ; Increase loop counter
CJNE RO, #16,WRLINE_LCD_ 1 ; Do until 16 times
ACALL LCD_ON ; Display On

RET



; Dummy Delay time LCD DELAY, 10m, 100m, 1s

LCD_DELAY: MOV R7,#002 ; Do 2 times
LCD DELAY 1: MOV  R6, #0E6H ; Bach loop = 1 ms(E6)
LCD DELAY 2: NOP

NOP

DJNZ R6,LCD DELAY 2
DJNZ R7,LCD DELAY 1

RET
e e e e T e T el N o S A R e S Y P o
DELAY 10ms: MOV R7,#010 ; Do 10 times
DELAY 10ms_1: MOV  R6,#0E6H ; Each loop = 1 ms (E6)
DELAY 10ms_2: NOP

NOP

DJNZ R6,DELAY 10ms 2
DJNZ R7,DELAY 10ms_1

RET
DELAY 100ms: MOV  R7,#100 ;Do 100 times(100)
DELAY 100ms_1: MOV — R6,#0E6H 7 Bach loop = 1 ms (E6)
DELAY 100ms_2: NOP

NOP

DJNZ R6,DELAY 100ms 2
DJINZ R7,DELAY 100ms 1

DELAY 1s: MOV '« RS, #100 ;Do 100 times
DELAY 1s 1: ACALL DELAY 10ms
DJNZ R5,DELAY 1s 1

DELAY 50ms: ACALL DELAY_10ms
ACALL DELAY 10ms
ACALL DELAY 10ms
ACALL DELAY 10ms
ACALL DELAY 10ms

DELAY 30ms: ACALL DELAY 10ms
ACALL DELAY 10ms
ACALL DELAY 10ms

DELAY 1ms: MOV  R6, #0E6H ; Each loop = 1 ms
DELAY 1lms_1: NOP

DJNZ R6,DELAY 1lms_1

DELAY 2ms: ACALL DELAY 1lms
ACALL DELAY lms
RET



DELAY 6ms: ACALL DELAY 2ms
ACALL DELAY 2ms
ACALL DELAY 2ms
RET

END
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DSP_NUMO
DSP_NUM1
DSP_NUM2
DSP_NUM3
DSP_NUM4
DSP_NUM5
DSP_NUM6
DSP_NUM7
DSP_NUMS8
DSP_NUM9
DSP_NUMA
DSP_NUMB
DSP_NUMC
DSP_NUMD
DSP_NUME
DSP_NUMF
RING SIGB
CON_SIGB
HAND SIGB
SW_ROOM
SW_DT
SW_OPEN RE
ERROR 1
ERROR 2
ERROR- 3
SEND 0
SEND_1
SEND 2
SEND 3
SEND_4
SEND_5
SEND_6
SEND 7
STOP_SEND

; Main Program.

MAIN:

ORG
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
CLR
CLR
CLR

ACALL
MOV
ACALL
MOV
MOV
ACALL

0000H

Tilsunumede (Slave)
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

PO, #00000000B
P1,#11101111B
P3, #00001111B

P2, 40FFH
30H, #00H
31H, #00H
36H, #00H
32H, 400H
33H, #00H
37H, #00H
34H, #00H
ERROR_1

ERROR_2

ERROR_3

CH Al 10
34H,32H
GAL, L1 1
30H,A
34H,A
LOOP_WO

001111118
00000110B
01011011B
01001111B
01100110B
01101101B
01111101B
00000111B
01111111B
01101111B
01110111B
01111100B
00111001B
01011110B
01111001B
01110001B
P1.
21 .
Rl
P3.
P3.
Ples
61H
62H
63H
OE4H
78H

74H

72H

0B8H
0B4H
0B2H
0D8H
OFOH

QR Q@ NW

; 1=CLOSE, 0=0PEN

; Reset Vector
; Clear Databus
;s Clear status all devices

; Set input

; Data number 1
; Data number 2
; Data number 3

; RAW Data 1
; RAW Data 2
; RAW Data 3

; For CaLculus

;  check Raw data

; Calculat Data number 1

~e

Show data number 1



MOV 34H, 33H

ACALL
MOV
MOV
ACALL
MoV
ACALL

LOOP_Al:
ACALL
JB
JNB
JB
LCALL
SJMP

LOOP_B2:
ACALL
SJMP

CH SIG:
ACALL
ACALL
JB
JNB
JB
SJMP

RING SIG:
CLR

RING SIG 1:
ACALL
JB

RING SIG 2%
ACALL
JNB
ACALL
SETB

CAL L1 2
31H,A

34H, A
LOOP_WO

PO, #01001001B
WR_7

DELAY 3ms
RING_SIGB,LOOP B2
CON_SIGB, LOOP B2
HAND SIGB,LOOP B2
CH Al 1 &
LOOP_Al

CH_SIG
LOOP_Al

CLR_RING
DELAY 3ms
RING_SIGB,RING_SIG
CON_SIGB, CONDI SIG
HAND SIGB,HAND SIG
CH_SIG Bl

SW_ROOM

CH AL [E
RING _SIGB,RING SIG 1

CH Al 1

CON SIGB,RING SIG 2
DELAY 3ms

SW-ROOM

RING_SIG_ 2 P:

ACALL
JB
SJMP

HAND SIG:
ACALL
CLR

HAND SIG 1:
ACALL
JB

CH/AL 1

HAND SIGB,RING SIG 2 P

CH_SI6 Bl

CH AN
SW_ROOM

&3 )i
CON_SIGB,HAND SIG 1

HAND SIG 1 1:

ACALL
JNB
SETB
ACALL
JNB

CH A1 1

CON_SIGB,HAND SIG 1 1

SW_ROOM
CH Al 1

RING_SIGB,HAND SIG 1 P

from hand set

ACALL

CLR_RING

HAND SIG 1 P:

ACALL
JNB

CH Al 1

CON_SIGB,HAND SIG_1 P

; Calculat Data number 2

; Show data number 2
; Show data for interval

; Delay and check all signal
; Check ringing signal

; Check condition signal

; Check handing signal

; Use Time 7 ms

. 1@ RET

;Wait untill handing or stop ring
;wait the line is hight

;turn off line from telephon set

;wait telephon set hand set
7 S RET

;Check condition

;Check ringing signal error

;Claer ringing signal error



ACALL

JB HAND SIGB,HAND SIG 1 P

EHAA

SJMPCH_SIG Bl

CONDI_SIG:
ACALL
ACALL

LOOP_SEN:
ACALL
JNB
ACALL
JNB
ACALL

CH_SIG Bl:
SETB
SETB
ACALL
RET

SEND_DATA:
CLR
ACALL
MoV
ACALL
MOV
ACALL
MOV
ACALL
10y
ACALL
MOV
ACALL
SETB
MOV
ACALL
ACALL

GHINT-T
SEND DATA

CH Al 1

CON_SIGB, LOOP SEN

CH Al 1

CON_SIGB, LOOP_SEN

CH Al 1

SW_ROOM
SW_DT
DELAY 2ms

SW_DT
DELAY CH

R, #00H

Ss_00

34H,32H
gf 11 T
30H, A

SS_00

34H, 33H
Cal=3T P
31H,A

SS_00

SW_DT

PO, #01001001B
CH.AL 1
CLR_RING

SEND DATA Bl:

RET
CLR_RING:
SETB
ACALL
CLR
ACALL
SETB
RET

DELAY CH:
ACALL
ACALL
ACALL
ACALL
ACALL
ACALL
ACALL
ACALL
ACALL
ACALL
RET

SS_00:
CJNE
Mov
ACALL

b3.2
DELAY 3ms
P3.2
DELAY 3ms
P3.2

CH Al )
DELAY 3ms
CH Al 1
DELAY 3ms
CHAl 1
DELAY 3ms
CH Al 1
DELAY 3ms
CH Al 1
DELAY 3ms

A, #00H, S 0
PO, #SEND_0
DELAY CH

;1o RET

;for sending signal

;Claer ringing signal error

;Claer ringing signal error

;For Delay 50ms

;Delay Or Delay And Check



SJMP
S 0:

SEND DATA Bl P

CJNE
MOV
ACALL
SJMP

CJNE
MOV
ACALL
SJIMP

CJNE
MOV
ACALL
SJMP

MOV
ACALL

A, #01H,S 1

PO, #SEND_1
DELAY CH

SEND DATA B1 P

A, #02H,S 2

PO, #SEND_2
DELAY CH

SEND DATA Bl P

A, #03H,S_3
PO, #SEND_3
DELAY CH

SEND DATA Bl P

PO, #SEND_4
DELAY CH

SEND_DATA Bl P:

MOV
ACALL
RET

CH Al 1:

MOV

CH Al 11:

JB
ACALL
DJNZ
SJMP

CH Al 10:

MOV
ANL
MOV
ACALL
ACALL
MOV
ANL
CJNE
ORL
MOV

CH Al 12:

MOV
ANL
MOV
ACALL
ACALL
MOV
ANL
CJINE
ORL
MOV

CH Al 1 Bl:

RET

CAL Td 1%

MOV
MOV
JNB

CAL, @1

PO, #STOP_SEND
DELAY CH

40H, #06H

P1.0,CH Al 10
DELAY 1ms
40H,CH Al 11
CH Al 1 Bl

A, #01CH

A, P2

50H,A

DELAY 1lms
DELAY 1ms

A, #01CH

A, P2
A,50H,CH Al 10
A,32H

32H,A

A, #0EOH

A,P2

50H,A

DELAY 1ms
DELAY 1lms

A, #0EOH

A,P2
A,50H,CH Al 11
A,33H

33H,A

A, #00
2FH, 34H
7RH, CAL Al

;Check Door Condition

S ROVR IS

; 6ms

;check BIT 2



JNB
CAL C2:
JNB
SJMP
CAL Al:
INC
SJIMP
CAL A2:
INC
SJMP
CAL A3:
INC
CAL Bl:
RET
CAL L1 2:
MoV
MOV
JNB
CAL 2Cl:
JNB
CAL 2C2:
JNB

CAL 2Al:
INC
SJMP
CAL 2A2:
INC
SJMP
CAL 2A3:
INC
CAL 28§
RET

LOOP_WO:
MOV
CJINE
MOV
ACALL
SJMP

LOOP_W1:
CJINE
MOV
ACALL
SJIMP

LOOP_W_2:
CJINE
MOV
ACALL
SJMP

LOOP_W_3:
CJINE
MOV
ACALL
SJMP

LOOP_W_6:

7BH, CAL A2
7CH, CAL A3
CAL Bl

CAL Cl

CAL €2

A, #00

2FH, 34H
7DH, CAL, 2A1
7EH, CAL_2A2

7FH, CAL_ 223

SJMP CAL 2B1

A
CAL268%

A
CAL_2c2

A, 34H

A, #00H, LOOP W1

PO, #DSP NUMO
WR"7
LOOP B1

A, #01H, LOOP.W 2

PO, #DSP NUM1
WR_7
LOOP_B1

A, #02H, LOOP_W_3

PO, #DSP_NUM2
WR_7
LOOP_B1

A, #03H, LOOP_ W _6

PO, #DSP_NUM3
WR_7
LOOP_B1

;check BIT 3

;check BIT 4

;20us— 36us

;check BIT 2
; cheClon Ty 3

;check BIT 4

;20us— 36us

;For only Starting

; /1@Rt/DLgIT™ O

% Put‘digited

3 out Digit 2

; out Digit 3



CJINE A, #04H,LOOP W 7

MOV PO, #DSP_NUM6 ; out Digit 6
ACALL WR_7

SJMP LOOP B1

LOOP W_7:
MOV PO, #10110110B
ACALL WR_7

LOOP B1:
ACALL DELAY 1s
MOV PO, #00H

ACALL WR_7
ACALL DELAY 1s
RET

WR 7:
SETB P1l.4
ACALL DELAY 10ms
CLR Pl.4
RET

DELAY 50ms:

LCALL DELAY 10ms

LCALL DELAY 10ms

LCALL DELAY 10ms

LCALL DELAY 10ms

LCALL DELAY 10ms

RET
DELAY 300ms:

LCALL DELAY 100ms

LCALL DELAY 100ms

LCALL DELAY 100ms

RET )
DELAY 10ms:

MOV R7,#010 ; Do 10 times
DELAY 10ms 1:

MOV R6, #0E6H ; Each loop = 1 ms
DELAY 10ms_2:

NOP

NOP

DJNZ R6,DELAY 10ms 2
DJNZ R7,DELAY 10ms_1
RET

DELAY 100ms:

MOV R7,#100 ; Do 100 times
DELAY 100ms 1:

MoV R6, #0E6H ; Each loop = 1 ms
DELAY 100ms 2:

NoP

NOP



DJNZ R6, DELAY 100ms_2
DJNZ R7,DELAY 100ms_1

DELAY 1s:

MOV R5, #100 ; Do 100 times
DELAY 1s 1:

ACALL DELAY 10ms

DJNZ R5,DELAY 1s 1

RET

DELAY 30ms LCALL DELAY 10ms
LCALL DELAY 10ms
LCALL DELAY 10ms

DELAY 250ms:

MOV R7,#250 ; Do 250 times
DELAY 250ms_1:

MOV R6, #0E6H ; Each loop = 1 ms
DELAY 250ms_2:

DJNZ R6,DELAY 250ms 2

DJNZ R7,DELAY 250ms 1

DELAY 1ms:

MOV R6, #0E6H ; Each loop = 1 ms
DELAY 1lms 1:

NOP

NOP

DJNZ R6,DELAY 1ms 1

DELAY 2ms:
ACALL DELAY 1lms
ACALL DELAY 1ms
RET

DELAY 3ms:
ACALL DELAY Ims
ACALL DELAY 1lms
ACALL DELAY 1ms
RET
END
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DM74LS04

General Description

performs the logic INVERT function.

August 1986
Revised March 2000

Hex Inverting Gates

This device contains six independent gates each of which

Ordering Code:

Order Number | Package Number Package Description
DM74LS04M M14A 14-Lead Small Outiine Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
DM74LS04S) M14D 14-Lead Smal Outhine Package (SOP), EIAJ TYPE 11, 5.3mm Wide
DM74LS04N N14A 14-Lead Plastic DualHn-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Connection Diagram

V]n AS Y6 A5

11 172 12 i

Devices akso avallable in Tape and Reel. Spectly by appending the suffix letter “X" to the ordering code.

Function Table

Y=A
Y3 M va
L t 4 Input Output

A Y
L H
H L

H = HIGH Logic Leve!

L = LOW Logic Level

».
=
»
2
<
b3
»

© 2000 Fairchild Semiconductor Corporation

DS006345 www.fairchildsemi.com
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DM74LS04

Absolute Maximum Ratingsote 1)

Note 1: The "Absolute Maximum Ratings” are those values beyond which

Supply Voltage 7V the safety of the device cannot be guarantsed. The device should not be
ioput Vlage Fi | Zr et v ke o i
Operating Free Alr Temperature Range 0°Cto +70°C  The™ ded Operating Conditions” table will define the conditions
Storage Temperature Range _65°Clo+1500 ™ actual device operation.
Recommended Operating Conditions
Symbol Parameter Min Nom Max Units
Vee Supply Voltage 475 5 5.25 \
Vin HIGH Level Input Voltage 2 Vv
V. LOW Level Input Voltage 0.8 Vv
lon HIGH Level Output Current -0.4 mA
lov LOW Leve! Output Current 8 mA
Ta Free Air Operating Temperature 0 70 €
Electrical Characteristics
over recommended operating free alr temperature range (unless otherwise noted)
Typ
Symbol Parameter Condlitions Min (Note 2) Max Units
v, Input Clemp Voltage Veg=Min, |, =—18 mA 15 v
Von HIGH Level Vg = Min, lop = Max, - ™
Output Voltage Vi =Max
Vou LOW Levet Ve = Min, oy = Max, 0.35 05
Output Voltage Vi=Min \
lop =4 MmA, Ve = Min 0.25 0.4
h Input Current @ Max Vee = Max, Vi =7V 0.1 mA
Input Voltage
hn HIGH Level Input Current Voo = Max, Vy=2.7V 20 pA
he LOW Level Input Current Veg = Max, V= 0.4V -0.36 mA
los Short Circuit Output Current Ve = Max (Note 3) -20 -100 mA
leen Supply Current with Outputs HIGH Vee =Max 1.2 24 mA
lecL Supply Current with Outputs LOW Veg = Max 38 6.6 mA
Notas 2: Al typicals are at Vg = 5V, Ty = 25°C.
Note 3: Not more than one output should be shorted at a tme, and the duration should not exceed one second.
Switching Characteristics
at Voo =5V and To=25°C
R =22
Symbol Parameter C =15pF Cy =50pF Units
Min Max Min Max
Proj tion Delay Time
i Lovifwsn Le\):e) Output 3 1 5 a e
oL Propagation Delay Time L 10 7, 49
HIGH-to-LOW Level Output

www.fairchildseml.com 2




Physical Dimensions inches (milimeters) unless otherwise noted

0.223-0.244

(5.191-5.19‘)/0 T
wui 4 TETTY g/_L/l

R

= <1}

2.150-8.157
Eane-3s%)
0.610-0.620 0.053 —0.089
0253 —0.508) xase—> r‘ H.3s-17%)
B® MAX TYP * 8.504—0.000
ML LEADS r 3 (8.182-0.2%4)
L ' /A |

0.014-08.020 1yp

&

seans
' f NN
0.008-0.010 )
#3585 8
.00

{0.2-0.259) 0.018—-0.008 e ~
P aL s eworam #’r" ddae "\
0.192) TYPALL LEADS — o™
ALL LEAD TIPS My
14-1 ead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
Package Number M14A
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DM74LS04

1A TYR ===

10.2:0.1 ——¢

5.2:0.1
Eﬂ | s
\ ]
U EEER
3 ALLLEAD TIPS
PlNﬂlDENT.J ) i
ALL LEADTIPS
2.1 MAX.— (&ST0]c] —1.8+0.1

0 35-051

|

DIVMENSIONS ARE IN MILUMETERS

NOTES:

A. CONFORMS TO EIAJ EDR-7320 REGISTRATION,
ESTABLISHED IN DECEMBER, 1968.

B DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD
FLASH, AND TIE BAR EXTRUSIONS.

M14DRevB1

D

[&Jor2 @ [c]Al

Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

—_—

Il
£ 10

e TN

LAND PATTERN RECOMMENDATION

FOLCTSIPIS Y
\ L____JCL%

\._’
—
TYP
GAGE PLANE
0°-8°TYP
ot
o.so;msA—* L— \_
e SEATING PLANE

DETAIL A

14-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
Package Number M14D
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Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

0.1350.085
347 z0.77)

D.]45 -0.280
{3.523-5.099)

0.740-0.770
1889-19.5)

0.25010.810
(6.350£0.234)

.

.05
208 4 Tr
| T /'\ OFTIONAL

Iy,

0.020 Y
(0.508)
wmy 01250150
(3073-3.019

0.04-0.023 -
= il

Q'ZC'TW
L~

r"

; 0.075+8.015
o R T FTE )
.100:0.010
@Sz
e

OPTION B2

0.300-0.320
(1.620-8.28) 0.065

[ —\

850480 0.008-0.016

0.288
N)—>
N

+0.040
—0.818

0.325

NAMTY N

14-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or syslems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with

instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the

user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected fo cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.falrchildseml.com

www.fairchildsemi.com
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@ MOTOROLA

OCTAL TRANSPARENT LATCH
WITH 3-STATE OUTPUTS;
OCTAL D-TYPE FLIP-FLOP

SN54/74L.S373
SN54/74L.S374

WITH 3-STATE OUTPUT

The SN54/74L.S373 consists of eight latches with 3-state outputs for bus
organized system applications. The flip-flops appear transparent to the data
(data changes asynchronously) when Latch Enable (LE) is HIGH. When LE is
LOW, the data that meets the setup times is latched. Data appears on the bus
when the Output Enable (OE) is LOW. When OE is HIGH the bus output is in

" the high impedance state.

The SN54/74L.S374 is a high-speed, low-power Octal D-type Flip-Flop fea-
turing separate D-type inputs for each flip-flop and 3-state outputs for bus ori-

OCTAL TRANSPARENT LATCH
WITH 3-STATE OUTPUTS;
OCTAL D-TYPE FLIP-FLOP

WITH 3-STATE OUTPUT

LOW POWER SCHOTTKY

J SUFFIX
ented qpplications. Abuffered Clock (CP) and OutputEnable (OE) is common CERAMIC
to all flip-flops. The SN54/74L.S374 is manufactured using advanced Low CASE 732-03
Power Schottky technology and is compatible with all Motorola TTL families.

e Eight Latches in a Single Package
e 3-State Outputs for Bus Interfacing
e Hysteresis on Latch Enable N SUFFIX
o Edge-Triggered D-Type Inputs PLASTIC
G A CASE 738-03
o Buffered Positive Edge-Triggered Clock
e Hysteresis on Clock Input to Improve Noise Margin
¢ Input Clamp Diodes Limit High Speed Termination Effects
DW SUFFIX
PIN NAMES LOADING (Note a) soIC
HIGH LOW CASE 751D-03
Dp—-D7  Datalnputs 0.5 U.L. 0.25U.L.
LE Latch Enable (Active HIGH) Input 0.5U.L. 0.25 U.L.
cP Clock (Activa HIGH going edge) Input 0.5 U.L. 0.25 U.L.
OE Output Enable (Active LOW) Input 05U.L. 025 U.L. ORDERING INFORMATION
= 65(25)U.L. | 15(7.5)U.L.
Op=0C7 ~ Dutpus (NReg) (4R 9) SNS4LSXXX)  Ceramic
SN74LSXXXN  Plastic
NOTES:

a) 1 TTL Units Load (U.L.) = 40 pA HIGH/1.6 mA LOW.

b) The Output LOW drive factor is 7.5 U.L. for Military (54) and 25 U.L. for Commercial

(74) Temperature Ranges. The Output HIGH drive factoris 25 U.L.
65 U.L. for Commercial (74) Temperature Ranges.

SN74LSXXXDW SOIC

for Military (54) and

CONNECTION DIAGRAM DIP (TOP VIEW)

SN54/74LS373
Vcc O7 D7 Dg Op Os Ds Dy 04 LE

[201[19][s8 ][] (16 1[5 1[1a 111 [r2] [ ]

b

(L2 [ s flsfts LeflzI{ste L]

OE Op Dp Dy Oy 0Op D2 D3 O3 GND

SN54/74L8374
Vec Or D7 Dg Os O5 D5 Dy O4 CP

(]9 [re ][] 1] [1s][14][1e1[ 2] [ ]

)

8|17 | 68| 28 I IR A SR

NOTE:

The Flatpak version OE Op Dp Dy Oy Op Dy D3 O3 GND
has the same pinouts

(Connection Diagram) as

the Dual In-Line Package.

FAST AND LS TTL DATA
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SN54/74LS373 ¢ SN54/74LS374

TRUTH TABLE
LS373 LS374
Dp LE OE On Dn LE OE Op
H H L H =
L H L L L I L
X L L Qg X H zt
X X H zr
H = HIGH Voitage Level
L = LOW Voltage Level
X = Immaterial
Z = High Impedance
* Note: Contents of flip-flops unaffected by the state of the Output Enable input (—O—E).
LOGIC DIAGRAMS
SN54LS/74LS373
® 0 g ® ® O e,
Loo Dy %S Ea Dy Ds Dg lf7 GND=PIN 10
o | Up JHo LN Ho - D _ DN (O =PINNUMBERS
LATCH Q- (o] = Q Q- Q}— Q Q Q
ENABLE LG G G r‘ G G G —I G —l G
LE
Ot | ¥ 2l S A
oy | iE l i; [ é [ ;
0>
0o 01 o, 03 04 | 05 | 06 07
® — W (< ® ® ®
SN54LS/74LS374
® ® @ ® ®
@ Do D1 1%/ D3 Da Ds Ds I D7
ol g & . & & )\
CP D CP D CP D CP D CP D CP D CP D CP D
Q Q Q Q Q. Q Q Q Q Q Q Q Q Q Q Q
| | l | | ; | | |
OE
0 | oo | o | o og | o4 | o5 | o5 07
® ® ® ® ® ®
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 54 45 5.0 5.5 \
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °c
74 0 25 70
IoH Output Current — High 54 -1.0 mA
74 -28
loL Output Current — Low 54 12 mA
74 24
FAST AND LS TTL DATA
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SN54/74LS373 « SN54/74L.S374

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voitage for
ViH Input HIGH Voitage 20 \" All Inputs
5 it LOW Veiia 54 0.7 Vv Guaranteed Input LOW Voltage for
L - g 74 0.8 All Inputs
Vik Input Clamp Diode Voltage -0.65 | -15 V| Vec=MN, ljy=-18mA
54 24 3.4 A Vee = MIN, IoH = MAX, ViN = ViH
54,74 0.25 0.4 % loL=12mA Ve =Vee MIN,
VoL Output LOW Voltage VIN =V or VIH
74 035 | 05 v loL =24 mA per Truth Table
lozH Output Off Current HIGH 20 pA Vee =MAX, Voyt=27V
lozL Output Off Current LOW -20 pA Vee =MAX, Voyt =04V
20 Vee = MAX, ViN=2.7V
K Input HIGR Current L e =
0.1 mA Veec =MAX, VIN=7.0V
L Input LOW Current -04 mA Ve =MAX, VN =04V
los Short Circuit Current (Note 1) -30 ~-130 mA | Voc =MAX
lcc Power Supply Current 40 mA Vee = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C, Vee =5.0V)
Limits
Ls373 LS374
Symbol Parameter Min | Typ | Max | Min | Typ | Max | Unit Test Conditions
fmAx Maximum Clock Frequency 35 50 MHz
tPLH Propagation Delay, 12 18 s
tPHL Data to Output 12 18
CL =45pF,
tPLH Clock or Enable 20 30 18 28 o ( R =667Q
tPHL to Output 18 30 19 28
tpzH 15 28 20 28
tpzL Output Enable Time 25 38 21 o8 ns
tpHZ : 12 20 12 20 5y
tpLz Output Disable Time 15 25 15 25 ns CL =5.0pF
AC SETUP REQUIREMENTS (Tx = 25°C, Vee =5.0V)
Limits
LS373 LS374
Symbol Parameter Min Max Min Max Unit
tw Clock Pulse Width 15 15 ns
ts Setup Time 5.0 20 ns
th Hold Time 20 0 ns

DEFINITION OF TERMS
SETUP TIME (ts) — is defined as the minimum time required HOLD TIME (th) — is defined as the minimum time following

for the correct logic level to be present atthe logicinput prior to the LE transition from HIGH-to-LOW that the logic level must
LE transition from HIGH-to-LOW in orderto be recognized and be maintained at the input in order to ensure continued
transferred to the outputs. recognition.

FAST AND LS TTL DATA
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SN54/74LS373

AC WAVEFORMS

w w—>

—> tPLH 1 PHL
OUTPUT
Figure 1
OE 13V 1.3V 13V
tpzt. tprz VoH
Vout 13V 1.3V 13V
VoL 0.5V
4 05V j_
Figure 2 Figure 3
ACLOAD CIRCUIT
Vee
. SWITCH POSITIONS
SYMBOL swi SW2
o tpzH Open Closed
tpzL Closed Open
T0 OUTPUT tprLz Closed Closed
UNDER TEST tpHZ Closed Closed
[
50kQ
H: ct SW2

* Includes Jig and Probe Capacitance.

Figure 4

FAST AND LS TTL DATA
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SN54/74LS374

AC WAVEFORMS

W = i~ =
cp 13V %13V 13V OE 13V 13V
+::‘ tpzL tPLz
Vout 13V =13V
3— VoL
05V
Figure 6
el
L ¥ 2VoH
"t——= 13V
05V
Figure 7
AC LOAD CIRCUIT
Vee
w SWITCH POSITIONS
SYMBOL SWi1 sw2
SWi tpzH Open Closed
tpzL Closed Open
UNDER TEST tpHZ Closed Closed
[
5.0kQ
i[ vy SW2
* Includes Jig and Probe Capacitance.
Figure 8

FAST AND LS TTL DATA
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Features

 Compatible with MCS-51™ Products

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

Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

128 x 8-bit Internal RAM

32 Programmable /O Lines

Two 16-bit Timer/Counters

Six 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 1o be reprogrammed in-system or by a conven-
tional 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 applications.

H H H PDIP
Pin Configurations
Bt

m.ogs 40 VCC
PLI02 39 {1 P0.0 (ADO)
P23 38 JP0.1 (AD1)
P304 37 QP0.2 (AD2)
P14T]5 38 0 P0.3 (AD)
P1506 35 {1P0.4 (AD4)
P1607 34 P03 (ADB)
P1708 33 [1P0.6 (ADS)
RSTL]8 2 {1P0.7 (AD7)

PQFP/TQFP (RXD) P20 T 10 = phEavpe

= (TXD) P31 T 1 2 [ ALEPROG

| B« (NTD) P3.2[{12 29 3 PSEN

o a § é 8 g (NT7) Pa.3C}13 28 P27 (A13)

EE a4 = (T0) Pa.a 114 27 [1P2.6 (A14)
3,‘3@:828‘?‘1“{"’- T1) Pas]1s 28 [1P25 [A13)
iiaaazZSEECE (WR) Pas 16 25{1P2.4 (A12)
oonnonnnonn (D) Pa7 ] 17 24 F1P23 (A1)

/ 339353332433 XTAL2(]18 23[1P22 (A10)
XTALY 18 22 [JP2.1 (A9)
P1.5001 33 [1P0.4 (AD4) GNDEN 21 Bp20 (a8
P18 02 32 {1 P0.5 (AD5)
P1.7003 31 [1P0.6 (AD6)
RSTC4 30 1PD.7(AD7) PLCC
(RXD)P3.0[]5 29 E‘E‘ZNPP
NCOs 28 NC 5 uale
(TxD)P3.1 7 27 [ ALE/PROG §993
(INT0) Pa2 {8 26 JPSEN vTmMaN=-0 _Qo-an
(INT) P33 |0 25 [ P2.7 (A15) Eaiaaa2SBERR
(To) Pa.4 [} 10 24 [1P2.8 (A14) NNN000nnnnn
O wn T MmN - -

(T PasE 230P25 (A19) PL5L[7 P R M ET
NpxhSEE eSS RS R0 (ALS)
(RpEpEpEgEpagapspsgugs) P1.7C]® 37 [1P0.6 (ADS)
@Ry -D0Q =D RST C] 10 38 0 P0.7 (AD7)
@ < &

&Egﬁwogggﬁg (RXD) P3.0C{ 11 35 D EA/VPP
o SN
z|2 23228 NC O] 12 as NG
e (TXD) P3.1 C}13 33 [J ALE/PROG
(NTO)P3.2 14 321 PSEN
(INT1)P3.31|15 31 [0 P2.7 (A15)
(To)P3.4 ] 18 30 1 P2.8 (A14)
TIPSOy o o a0 g 08N L29[0P25(a13)
- v~ N N N N NN NN
oo UOUOUooy
© 5 S =q
g8d3328588¢
Ea k& ggo=ca
zI2 <<zzz

-
=
m
F

Ty ®)

8-bit
Microcontroller
with 4K Bytes
Flash

AT89C51
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Block Diagram

P00 - PO.7 P2.0 - P27
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- :
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GND ! 4 T )
; :
Ll A A :
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: REGISTER RAM LATCH AU FLASH ,

: y 2 y y 5
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT8SC51 is designed with static fogic
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

vccC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional 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 P0Q has internal
pullups.

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

Port 1

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

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

Port 2

Port 2 is an 8-bit bi-directional /O port with intemal 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 intenal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external 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 @ RlI), 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 bi-directional I/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 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 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 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE

AIMEL -
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pulse is skipped during each access to external Data
Memory.

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.

EA/VPP

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

EA should be strapped to V for internal program
executions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp. 3

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
interrupt or by a hardware reset.

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

Figure 1. Oscillator Connections

c2
—)I—I— XTAL2
]
C1
* ) | XTAL1
GND

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

= 40 pF + 10 pF for Ceramic Resonators

Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
ldle Internal 1 1 Data Data Data Data
ldle 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 AT89C51 e
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Figure 2. External Clock Drive Configuration

NC ——— 1 XTAL2

EXTERNAL
OSCILLATOR XTAL1
SIGNAL
GND

.

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-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
terminated. 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 restarnt and
stabilize.

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
additional features listed in the table 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 properiy.

Program Lock Bits
LB1 LB2 LB3 Protection Type
1 U U U No program lock features
2 P ] U MOVG instructions executed from extemnal ‘program memory are disabled from
2 . fetching code bytes from intemal 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
4 P Same as mode 3, also external execution is disabled

AIMEL 8
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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 X00X-5

yyww yyww
Signature (O30H) =1EH (030H) =1EH

(031H) =51H (031H) =51H

(032H) =F FH (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.

Programming Algorithm: Before programming the

AT89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figure 3 and Figure 4. To program the AT89C51, take the

following steps.

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

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

Activate the correct combination of control signals.

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

5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write eycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

w

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 wiite 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.

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

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

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values retumed are
as follows.

(080H) = 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.

6 AT89C51 me—————————
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Flash Programming Modes

Mode RST | PSEN ALE/PROG EANp, | P26 | P27 | P3.6 | P3.7
Write Code Data H L H/12v L H H H
TN
Read Code Data H L H H L L H H
Write Lock Bit - 1 H L H/12v H
TR
Bit-2 H L H/12v H H L L
=
Bit- 3 H n H/12v H L H L
R
Chip Erase H L ) H2V H L L L
N\ /A
Read Signature Byte H L H H L L & L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
AT89C51 T ATB9C51
ADDR. 20 A7.0 . Vo ADDR. &liz: P1 Veo st sl
OOOOH/OFFFH OOQOH/OFFFH PGM
P20 - P23 PO je—= FOM P20 - P23 PO |-» (USE 10K
A8 - Al1 A8 - A1l PULLUPS)
——» P26 —»| P2.6
SEE FLASH ——» P2.7 ALE l4&—— PROG SEE FLASH — P27 ALE
PROGRAMMING PROGRAMMING —
MODES TABLE | —»| P3.6 MODES TABLE | —»| P36 b
— P37 ——»{ P37 g
o XTAL2 EA l&—— V,NV;p F_I_ XTAL2 EA
3-24 MHz | I 3-24 MHz |
o XTAL1 RST J&—— V,, ® XTAL1 RST f¢— Vj
‘{— GND PSEN i— GND PSEN

-
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp=12V)

b PROGRAMMING VERIFICATION
: ; s
P20 - P23 — ADDRESS L—‘f ADDRESS
*+— twav
PORT 0 q DATA IN (DATA OUT p——
“ovel  tenox [
tAVGL t(_.‘,}me
ALE/PROG
st * e—toLen—>
Do T e d M TIUEREE RO e
ENNppe s R e SRR T B s Tseleunles e o o e
P2.7 > teLav ~— EHOZ
(ENABLE)
taneL —
P34
(RDY/BSY) BUSY READY
twe

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

P1.0 - P1.7 PROGRAMMING VERIFICATION 3
P20 - P23 ADDRESS L—‘:F ADDRESS
“— lavav
PORT 0 DATA IN 3 (_DATA OUT &————
N
R OveL Wiakox (=31
taval. tanax
ALE/PROG N
forL el gtz ]
ey LOGIC 1
EANpp XXV 9, . NN LOGICO [~ L
—1 t
p2.7 K teLqu -~ 7 fenaz
(ENABLE)
laHBL =
P3.4
(RDY/BSY) BUSY READY
twe

8 AT89C51 e —
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Flash Programming and Verification Characteristics
T, =0°C 10 70°C, Vo = 5.0 £ 10%

Symbol Parameter Min Max Units
Vpp!" Programming Enable Voltage 11.5 125 \'
Ipp” Programming Enable Gurrent 1.0 mA
Woic Oscillator Frequency 3 24 MHz
i Address Setup to PROG Low 48t 1

Bt Address Hold After PROG 48tq oL

tovaL | Data Setup to PROG Low 48t oL

taniog Data Hold After PROG 48t o

o P2.7 (ENABLE) High to Vpp 48tc oL

Bt Vpp Setup to PROG Low 10 s
taps Vpp Hold After PROG 10 ps
teiais PROG Width 1 110 s
tavav Address to Data Valid 48tcic

i ENABLE Low to Data Valid 48t o

tenaz Data Float After ENABLE 0 48tc oL

(i PROG High to BUSY Low 1.0 bs
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.

AIMEL




Absolute Maximum Ratings*

AIMEL

Operating Temperature.............o..oo.oovvn........ -55°C 10 +125°C "NOTICE:
Storage Temperature................c.oooveeeennne... -65°C to +150°C

Voltage on Any Pin

with Respect to Ground .............cocoeevvuvvemeennn.n. -1.0V to +7.0V

Maximum Operating Voage ............ccooovvvmeeevoo 6.6V

DC Output Current ..., 15.0 mA

DC Characteristics

Tp =-40°C t0 85°C, V¢ = 5.0V + 20% (unless otherwise noted)

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

Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) -0.5 0.2Vge- 0.1 \Y
Vi Input Low-voltage (EA) 0.5 0.2V¢;-0.3 "
Vin Input High-voltage (Except XTAL1, RST) 0.2V +0.9 Veg+ 0.5 Vv
Viu Input High-voltage (XTAL1, RST) 0.7 Ve Ve + 0.5 \"
Vo Output Low-voltage™ (Ports 1,2,3) loL=1.6 MA 0.45 \%
Output Low-voltage(”
Vous (Pokf: G ———Psé’N) low =32 mA 0.45 v
lon =60 A, Ve =5V + 10% 24 \Y
Output High-voltage
Vo (Pors 128 ALE,gﬁ‘E_N) DD o il b
lopy =-10 pA 0.9 Voo %
lor =800 pA, Voo = 5V + 10% 24 v
Output High-voltage _~ v
Vorn (Port 0 in External Bus Mode) = SOTE 975 Vec
oy =-80 LA 0.9 Vg \Y
by Logical 0 Input Current (Ports 1,2,3) Vi = 0.45V -50 HA
In (L;’gn'cﬂ ’2'3)0 EiiarGavrent Viy = 2V, VCC =6V £ 10% 650 pA
) Input Leakage Current (Port 0, EA) 0.45 < Viy < Ve 110 pA
RRST Reset Pull-down Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Gurrent
: Idle Mode, 12 MHz 5 mA
cc
Ve =6V 100 nA
Power-down Mode®
Veg =3V 40 RA

Notes: 1. Under steady state (non-transient) conditions, lo must be externally limited as follows:

Maximum I, per port pin: 10 mA

Maximum lo,_per 8-bit port: Port 0: 26 mA

Ports 1,2, 3: 1I5mA

Maximum total I, for all output pins: 71 mA
If I, exceeds the test condition, VoL may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

10 AT89C51 mme—————————
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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

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
1oL Oscillator Frequency 0 24 MHz
Y ALE Pulse Width 127 2t 40 ns
taviL Address Valid to ALE Low 43 torc-13 ns
Yax Address Hold After ALE Low 48 toLcL-20 ns
tiy ALE Low to Valid Instruction In 233 Mg o -65 ns
thisp ALE Low to PSEN Low 43 tercl-13 ns
toipy PSEN Pulse Width 205 Bt 20 ns
toii PSEN Low to Valid Instruction In 145 Bto 45 ns
to Input Instruction Hold After PSEN 0 0 ns
tpxiz Input Instruction Float After PSEN 59 tore-10 ns
toxav PSEN to Address Valid 75 ) ns
taviv Address to Valid Instruction in 312 StoicL-55 ns
toiaz PSEN Low to Address Float 10 10 ns
v RD Pulse Width 400 Btor o -100 ns
Bt WR Pulse Width 400 Btcyc-100 ns
taioy RD Low to Valid Data In 252 Bt 90 ns
terox Data Hold After RD 0 0 ns
trupz Data Float After RD 97 21o1c1-28 ns
hiov ALE Low to Valid Data In 517 8t; 1 -150 ns
tavov Address to Valid Data In 585 e cL-165 ns
towe ALE Low to RD or WR Low 200 300 Btore-50 3t o +50 ns
tavwL Address to RD or WR Low 203 Aty 75 ns
tavwx Data Valid to WR Transition 23 tercr-20 ns
tavwh Data Valid to WR High 433 Tlo 120 ns
twhax Data Hold After WR 33 toeL-20 ns
thiaz RD Low to Address Float 0 0 ns
twhn RD or WR High to ALE High 43 123 torer 20 torcL+25 . ns

ATmEL
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External Program Memory Read Cycle

Yy —
ALE L
I " b i tPLPH
tavie ¢ AN tw
— Wp e—
PSEN o ) teuv
texa
[t texiz
tAx fe
texix —
PORT 0 > A0-A7 —~K INSTRIN }p > ro-a7 >
[ by ———»
PORT 2 X AB- Al5 ., S

External Data Memory Read Cycle

__.twl/

tLHLL——h
ALE /; )
PSEN
—— luov
—— tLLWL —>
RD e WIS
< tAVLL_" tRLAZ__’

tanpz

tRHDX

POHT O >—KA0 - A7 FROM RI OR DPLK 3

—
< DATA IN

A0 - A7 FROM PCL INSTR IN

<

tavwe

e oy — S

PORT 2 X

12

P2.0 - P27 OR A8 - A1

5 FROM DPH

D

A8 - A15 FROM PCH




External Data Memory Write Cycle

t—
ALE

PSEN

PORT 0

PORT 2

— L bwHLH

AT89C51

— lwe —fe—tywy —>

~\J

—1 ax RS
le— LaviL —» tavwx i — 1+ twhax
— tavwn —»
> A0 - A7 FROM RiI OR DPL DATA OUT X >A0 - A7 FROM PCL>—<INSTR IN

IR v tAVWL 9 gy

i

P2.0 - P2.7 OR A8 - A15 FROM DPH

[

A8 - A15 FROM PCH

External Clock Drive Waveforms

0.45V

External Clock Drive

0.2 Vgo- 0.4V

[+ tonex
‘——

1+ tcho

tercL

Symbol Parameter Min Max Units
Merer Oscillator Frequency 0 24 MHz
toreL Clock Period 416 ns
tonex High Time 15 ns
toLex Low Time 15 ns
teren Rise Time 20 ns
tenoL Fall Time 20 ns

ATmEL
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Serial Port Timing: Shift Register Mode Test Conditions

{(Vee = 5.0 V +20%,; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator Units
Symbol Parameter Min Max Min Max
ek Serial Port Clock Cycle Time 1.0 1200 ps
tavxH Output Data Setup to Clock Rising Edge 700 10t ¢ -133 ns
trax Output Data Hold After Clock Rising Edge 50 2t o -117 ns
tyHox Input Data Hold After Clock Rising Edge 0 0 ns
txHov Clock Rising Edge to Input Data Valid 700 10tg c -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION | o] | 1 | 2 | | 4 | 5 | 6 | 7 | 8 |
ALE 1L Ao L KROARNANWHTAZAL T TINN U T P M g
- e
CLOCK / P T 1NN L_T 1]
QVXH r—:» l‘— txri‘.)x
WRITE TO SBUF, 0 L7772 | T & ¢ \s_ < 7
v 1t
OUTPUT DATA terow [ T SETTI
_ CLEARRI |
v
INPUT DATA

AC Testing Input/Output Waveforms(!

V- 0.5V
S 0.2 Vg + 0.9V

TEST POINTS
0.2 Vge - 0.1V

0.45V

Note: 1. AC Inputs during testing are driven at Vee- 0.5V fora
logic 1 and 0.45V for a logic 0. Timing measurements
are made at V,, min. for a logic 1 and V, max. for a

logic 0.

oL” 0.1V
\Y Timing Reference
G Points
Vioan™ 2V ot oV
Note: 1. 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 V/V(, level occurs.
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Ordering Information

Speed Power
(MHz2) Supply Ordering Code Package Operation Range
12 5V + 20% AT89C51-12AC 44A Commercial
AT89C51-12JC 44J (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12J1 44y (-40°C to 85°C)
AT89C51-12P| 40P6
AT89C51-12Ql 44Q
16 5V +20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44 (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16J1 44J (-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Q1 44Q
20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44) (0°C to 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20A] 44A Industrial
AT89C51-20J1 44J (-40°C to 85°C)
AT89C51-20P} 40P6
AT89C51-20Ql 44Q
24 5V +20% AT89C51-24AC 44A Commercial
AT89C51-24JC 444 (0°C to 70°C)
AT89C51-24PC 40P6
AT89C51-24QC 44Q
AT89C51-24Al 44A Industrial
ATB9C51-24J) 449 (-40°C to 85°C)
AT89C51-24P) 40P6
AT89C51-24Q! 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (T QFP)
444 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600” Wide, Plastic Dual Inline Package (PDIP)
‘ 44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

AlmEL
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Packaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-026 ACB

12.21(0.478
PIN1ID 11.75(0.458)

0.45(0.018)

0.80(0.031) BSC L J 0.30(0.012)
T ]

! 10.10(0.394)
3.50(0388) °0
i 1.20(0.047) MAX
0.20(.008)
.09(003)

107
7
” L 0.75(0.030) _0.15(0.006)
0.45(0.018) "0.05(0.002)

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)

JEDEC STANDARD MS-018 AC
.045(1.14) X 45°  PINNO. 1 045(1.14) X 30°-45° 545 305)
IDENTIFY L_{ |=— oarz09)
R B
656(16. : :
i (167 §30(16.0)
650(16.5) 1 o150
022(819) | - e 1021(.533)
7026(.660 / . ‘
(860) "~y E e LSS ~013(.330)
T ?‘D‘Dﬁ‘;/l___i 043(1.09)
.050(1.27) TYP ? 043(1.
" je—— o .500(12.7) REF SQ 1020(508)
.120(3.05)

-090(2.29)
.180(4.57)
165(a.19)
.022(.559) X 45° MAX (3X)
%ﬂfﬁ@ﬂﬂ%—f
-]

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

2.07(52.6) d
2.04(51.8) PN
.

-

—r

-566(14.4)
.530(13.5)

i )
i—-— 1.900{48.26) REF -::1 c o

220(5.59)

.005(.12
MAX -—_} r.— ( MI—;\J)
Pwim 09) _’ "7 i
: g "015(.381)
325(3.18) L S g .“. 022(.559)
.110(2.79) .041(1.04) e
090(2.29) 830(16.0)
” 590(15.0)
9 Rer
.012(.305) &
008(203) "L

.680{17.5
- Sioten

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

13.45 (0.525) g
12.95 (0.506)

PIN 11D

0.80 (0.031)BSC
1
}—

10.10 (0.394)

550(0.388) °°
r 2.45 (0‘.096) MAX
0.17 (0.007)
0.13 (0.005)

o
7
_.J L- %:-3%&%3 Eo.zs (0.010) MAX

Controlling dimension: millimeters
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