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2539

ABSTRACT

Nowaday technology grown very fast on the world.One application of
technology is the communication board for the deaf .It develope for human who can
not speak with everbody by himself but they can use the somebody of hand or
others for communicate.This application can help them for communicate with peaple
at one easy step. It take microcontroller for manage signal of vioce whiéh storage at
memory equipment. The switch circuit is used to control playback and record this
board and define chanel of voice. Then this board will operate as user command.
Onec the memory which is used to storage voice signal is capable to keep data at
zero voltage. Additionly this board will rerecord new voice signal from user

invention.
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2.2.3.1 V1aysIvey LCD MODULE
PIN SYMBOL LEVEL FUNCTION
1 Vss -— 0 VGND
2 Vce - + 5 V Power Supply
3 Vee --- + V For Liquid Crystal Drive
4 RS H/L Register Select
H:Data Input L:Instruction Input
5 R/W H/L H:Data Read L:Data Write
6 E H Enable Signal (L -> H)
7 DB 0 H/L Data Bus bit 0
8 DB 1 H/L Data Bus bit 1
9 DB 2 H/L Data Bus bit 2




PIN SYMBOL LEVEL FUNCTION
10 DB 3 H/L Data Bus bit 3
11 DB 4 H/L Data Bus bit 4
12 DB 5 H/L Data Bus bit 5
13 DB 6 H/L Data Bus bit 6
14 DB 7 H/L Data Bus bit 7

2.2.3.2 4aMaIv83 LCM

MINN 2.1 UAMVNTYYIUAN 9 V93 LCM

DATA BIT
INSTRUCTION RS | RW | 7 6 s 4 3 2 1 0
CLEAR DISPLAY 0 0 0 0 0 0 0 0 0
CURSOR ATHOME | 0 0 0 0 0 0 0 0 1 *
ENTRY MODE SET 0 0 0 0 0 0 0 1 1D S
DISPLAY ON/OFF 0 0 0 0 0 0 1 D | ¢ | B
DISPLAY SHIFT 0 0 0 0 0 1 | sc | RL | * *
FUNCTION SET 0 0 0 0 1 | oL | N | F . .
SET CGRAM ADD. | 0 0 0 1 CGRAM ADDRESS
SETDDRAM ADD. | 0 0 1 DDRAM ADDRESS
BUSY,ADD. READ 0 1 BF ADDRESS
CGRAM,DDRAM WR 1 0 WRITE DATA
CGRAM,DDRAM RD 1 1 READ DATA
M 2.2 uﬁm‘xgﬂf‘hﬁ"wm LCM
nuazidnvsRazATs
1. CLEAR DISPLAY
RS | R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBl | DBO
0 0 0 0 0 0 0 0 1

AM5UMS CLEAR DISPLAY laoazyitmsiouaionys SPACE adlu

i 4 t 4
DDRAM MaHua tazfimuasdl DDRAM ADDRESS iy o w¥outia CURSOR 9

adu lfidumisdhogavessenin
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dmsufmuash DDRAM ADDRESS Wiifu 0 wfeuita CURSOR 1 lilegi

Aumiidhovugavessenm Tashidoyalu DDRAM lifimsuldeuula

3. ENTRY MODE SET

RS R/W DB7 DB6 DB5 DB4 | DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 1 1D S
I/D = 0 MHUANFANINVYDI CURSOR 4ta2 DDRAM Tiiluuuy DECREMENT
ID=1 MUUANANIVUOI CURSOR 182 DDRAM 1??&1131&'1]'1] INCREMENT

S
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4. DISPLAY ON/OFF

o
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A A 9 [ A a '
=0 Wedivudoyauds @2 CURSOR wzgnidou lifiamieaiua /D

zA8nbsIzgnAY I firnaaw

Muanoumsifisudoyalu DDRAM uauiile

RS | R'W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 0 1 D C B

D=0 fimuald OFF DISPLAY

D =1 fimuali ON DISPLAY

C = 0 Amual¥ OFF CURSOR

C = 1 fimual’ ON CURSOR Tas CURSOR witiuidudalddsnys

B = 0 AmuallimsnsenSufidumis CURSOR

B = 1 fmualiiimsasewsufidumis CURSOR (ﬂszw?mi‘luzﬂﬁ'm?;ﬂn)

5. DISPLAY SHIFT
RS | R'Ww | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 1 S/C R/L * *

[ A a [] 1
S/C = 0 fimuafidou CURSOR mwdiam1a RL T 1 dwmuds
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sic = 1 fmualdidoudonnuuumauaawmufion RL I 1 COLUMN (feun
UTTNA)

R/L = 0 Mnualdinemie lundhe

R/L = 1 Mrualdinemaldnen

6. FUNCTION SET

RS | R/W DB7 DB6 | DBS DB4 | DB3 DB2 | DBI DBO0

0 0 0 0 1 DL N F * *

DL = 0 fimualiimsAadefiu LCD MODULE iHuuuy 4 BIT
DL = 1 fmualimsfAadesy LCD MODULE fhuuy BIT
sdungh msfmuam DL § awnsansei3R DB4 - DB7 Fadisions

fmualiifuuuy 4 BIT dwdnfasn wdminsoWides Sy Lop
MODULE iimsfudeyauyy 4 BIT

N=0 AHUATUIUUTINALYY 1/8 DUTY uag 1/11 DUTY

N=1 fMuaiuIuussiauuy 1716 DUTY

F=0 fmualiddnysiduuuy s *7 por

F=1 fmuabidnsnusidhuuuy 5 * 10 DOT (P38 LCD MODULE hunuy 5+7
Wuny 5 * 7 eguds Aeelitinaes 1y

7. SET CGRAM ADDRESS

RS R/W DB7 DB6 | DBS5S DB4 | DB3 DB2 | DBI DBO

o | O 0 1 CGRAM ADDRESS

Q L. [-] A Q Q 1
AMTUNMIHIMUA ADDRESS Y949 CGRAM o ldvimsfimmualduds msen

o

[ t 4 v
uaz@ou DATA finovintl v2idulUay ADDRESS figmuasnufi

8. SET DDRAM ADDRESS

RS R/W DB7 DB6 | DBS DB4 | DB3 DB2 DB1 DBO

Y 0 1 DDRAM ADDRESS

[ QU [-] A o [-] 1
fmFuNIIMMUA ADDRESS 489 DDRAM (e ldvimsdmualiudr mseu
] } 4 (]
uaz@Wou DATA #aennt sziflulyau ADDRESS fisvuanufi dwnvaves

ADDRESS luudazsoussiinnuuanamatuiing mazsusaysaoussia imifu




30

9. BUSY FLAG AND ADDRESS READ

RS R/W | DB7 DB6 DB5 DB4 DB3 DB2 | DBI DBO

0 0 BF ADDRESS

dmsumssus BF (BUSY FLAG) #9U8nfnam3euveq LCD MODULE
lumssudeya &1 BE = 0 mnedaimieudiezsudeyade 1R undh BE = 1 ninufts
hréalindoy uonaniidadiunssus ADDRESS 489 CGRAM 130 DDRAM &2t
10. WRITE DATA TO DDRAM OR CGRAM

RS R/W | DB7 DB6 DB5 DB4 DB3 DB2 | DB1 DBO

1 0 DATA

dmsumaitsudoyaamionnuiy DDRAM w3e CGRAM Tauiiierms
Wouuds ADDRESS wgnitunionslassaludd andidmuann 1D ludds
ENTRY MODE SET tiavmsiousziilu DDRAM %3e CGRAM fufuh deumi
dafl Simsfmua ADDRESS #iln

11. READ DATA FROM DDRAM OR CGRAM

RS R/W | DB7 { DB6 | DB5 DB4 | DB3 DB2 | DBI DBO

1 1 DATA

o 4 J 1 o A 0 J
dmfumsemdoyanimizen2ws) DDRAM 38 CGRAM lagiiofmasiu
&2 ADDRESS 9zgnifinniealaodaTudd mufidmuanins D lusids ENTRY

} 4 ¥
MODE SET tazm3somusziu DDRAM %39 CGRAM fAdufud feunthidedl §

3MMuA ADDRESS #la
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2A031¥ Chip 8255 Answvdauves AM29f016 inunndesuiiuszdosens
ndyanulumsaoulnsa AM20t016 Fafi
8.1.2 nanmafiamvesldsunsulumsneulnsa
mma‘ns‘fi"lﬁ"ﬁ"|msaaﬂuuum1fu°luehmlmTﬂmnsm’fu"lﬁ'ﬁﬂ"lsaaﬂumm"ls
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y
KEYPRESSED ? N
Yes
v
DEFIND KEY
KEY = RECORD RECORD
? Yes™ | PROCEDURE
No
PLAY R
Yes> |  PROCEDURE
No
¢

37 3.2 Flow Chart 484 Main program



< START >
-~

Defind channel
from keypress

+_

Set Initial 82ss
for connect
am29fo16e6

|

.
NMove data from

am29fOo16 to
adsss

end of

No
channel

Yeos

C=~e

3 1l# 3.3 Flow Chart 484 procedure RECORD
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v
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-
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[

—
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-

Program data
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Yeos
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3UW 3.4 Flow Chart 484 Procedure PLAY
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out row = 1110

rotate left row input colume

Yes—j
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No

Yes—

’

No

Yes—

’

No
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Yes——*r
define
No sw_no(row,col)
- I
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3.2.2 msaammuTilssxnsmﬁa‘h’ﬂumsmnqmm
Tumsesnuuy Tsunsunfuamnsouanld&ao Flow Chart &gl 3.11, 3.12,
uaz 3.13 Musay ﬁ?ﬂuzﬂﬁ 3.11 (4 Main program Tassztausemsnaaing
uazdlefimsnaaindivehnsansmerh  amdumneieslsuashamd
fmua'ld Feornuval@iuTnualngn Ao Tnuamsiudin  Tnuansgundy was
Tnum Reset  TudauvesTnuadafuamnsaefinomsend &gl
3221 Tnuamsiiudin uTnuail I8ienal3ay Flow Char fagui 312
=“milzﬁ'umsﬁnmiﬂaﬁmmwmwx'inzﬁmwmmuﬁﬂgﬂpmw CE dla 318
nanTiudrthedufrfuanudwvesmafedyane CE vouwsns®r  uauile
asans 9oy 18uda31 Channel Huezdesdadedy 1SD2590 dala ATgMT Reset
# I1SD2590 fiowie Set W ISD2590 wieufiszrnu mm’fu‘%wﬁmsdﬁqmﬁm
dumisSuduiiasimatufinasllud 1sp2s00 Tasdumimeiiozdesfmun'ls
arniuda °§Qﬁ1u1sﬂﬁ1u'3m"lﬁ'mnmsﬁw‘inmiingqmaqi’fagamaiuﬁo ISD2590
ym1sdw 90 FTndi Sehldldsasnmaudoyade 1 Swif devms SET M

t 4
v A

Aumdasudunds Sahms SET sdygnuniugy 1SD2590 mudidudai

1. PD =LOW
2. PR=LOW
3. CE =LOW

3.2.2.2 Tmmmsaudyenaudoandy Tulnuail1dieas 13 Flow Chart
ﬁqzﬂﬁ 3.13 ‘A]N1131?'11mﬁ‘ﬁ’N'luTﬂUﬁ'lﬂ'liutjﬂlwz’i’lil:,’ﬁ’lﬂ'liﬂ’Jnf]uﬁ"t’lult’lunm‘llﬂd CE
#la waziloamnsans1vaou 14§31 Channel thizdosdadofy IsD2590 faln §
197G Reset #2 1SD2590 Aiwiite Set 19 1SD2590 wanfazsinnu nntudeiims
'chﬁﬁgﬂyme‘inmﬁm?'uﬁ'uﬁfazﬁmmﬁuﬂﬁ’uﬁ'ﬂgnonmnﬁmm"lﬂ“luﬁa ISD2590
ieins SET sdumissuduuds Sohms SET MAYYIUAIVAW ISD2590
ARl
1. PD =LOW
2. PR =HIGH
3. CE =LOW



( START )

Set Initial
Program
=V
Readkey
procedure
Yes
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Yes Yes Yes
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Toggle Reset
Defind Mode Mode Mode
Mode =
Record ves
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Mode
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Play
Mode
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START

Check CE1 or CE2
From SW_NO

Reset
Mode

Set Initial
ADDRESS

y

SET PD=LOW
P/R = LOW
CE =LOW

Display
"Recording”

C

END

)

U7 3.12 Flow Chart U84 Procedure RECORD
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Check CE1 or CE2
From SW_NO

Reset
Mode

Set Initial
ADDRESS

y

SET PD=LOW
P/R = HIGH
CE =LOW

Display
"PLAYING"

(e )

317 3.13 Flow Chart 494 Procedure PLAY
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< sTART )

Set Initial
- Parameter
- Interrupt routine

Reset Mode

Q Idle Mode >

7UM 3.15 Flow Chart 484 Main Program
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C sTarT >

Readkey
No No No-p
Yes Yjs Yes
Defind Mode Toggle Mode Reset Mode
Mode = Record Yes—» Record Mode

Play Mode

g‘ﬂﬁ 3.16 INTERRUPT 0 SERVICE ROUTINE



( START )
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-

Defind Mode
No—».
Yes Yes
Set Initial Set Channel
Address =1
< Yes Yes
y
Display Set Initial Increase Set Initial
channel Address Channel Address
| )
PD = LOW . .
Sgth = HIGH Display Display Display
CE =LOW channel channel channel
y y
Set PD = LOW Set PD = LOW
End Of P/R = HIGH ~No P/R = HIGH
Message CE =LOW CE =LOW
Yes Vl ’ Y:s
Reset imer = No Set Channel
Mode sec =1
Yes
A 4
Increase
Channel
No—
Yes
y
y
END

51/#1 3.17 PLAY PROCEDURE
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=
i ]

START

./

Reset Mode

Set Initial
Address of Channel

y

Set PD = LOW
P/R =LOW
CE =LOW

Reset Timer

y

Display
"Recording at
channel"

Reset Mode
[
No
L 4
/ END \
\_ J

3.18 RECORD MODE PROCEDURE
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1. MsNAapuUNeMARIMIRMINauYDY ISD2590
2. MINAADINIT Reset ISD2590
3. MINAABIAAADAUNIIAING (key pad )
4. HAMINARBIAYA
41 mInaasaemIMmunNeilNzaNYee ISD2590
4 dyo by ] d o 1 1
iilesnnTassnuilinfiussdoamafudyanauosoendluses q laoud
1 -1 o -1 A g 9 o o 2L W,
azvealinnuenlszuna 10 Ui Flumsnassuinldaimsiuindganandoelag
) [] L ) ¥
SufisdwmiadiSudui 00 0000 0000 ( A0-A9 ) TagldimsTufindygnaudouiiu
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Fufinuaz@unduniny 180/20 = 9 Jui

| duvdaBady | ves | dumiaSudu | vea
CE1=LOW CE2=LOW
00h 1 00h 11
3Eh 2 3Eh 12
7Ch 3 7Ch 13
BAh 4 BAh 14
F8h 5 F8h 15
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1. CE = High
2. P/R = High
3. PD = High
4. PD = Low

5. PD = High

aaTdsunsudosns 1l

Jlckkkdddkkkkk RSTMODE

;PROCEDURE = RSTMODE

1)

RSTMODE: PUSH DPH

PUSH
PUSH
PUSH
PUSH
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

DPL
ACC
00
PSW
P3,#11111111B
A#11111001B ;SET CE
P2ZA
A#11111011B ;SET P/R-
P2ZA
A#11111111B ;SET PD
P2A
A#11111011B
P2A
A#11111111B
P2ZA
PSW
00
ACC
DPL
DPH

Tsunsudi 4.1
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4.3 nINAABIARABNI9TAING ( key pad )

isaninaes WWeonuuulildwesm 1 vod luTas Tusivenwes lnauguaes
aimdaniu Taoin 13 Hudyanawed uaz in 47 dudyananedind fafums
waseaitomhainddalagnnasunsofowsiu T sunsy 1asai

Tsunsuszimssemsnasindudadesiae i e s merm 1 Taend
udrdr Lifimsnaaindlamoveildwesn 1 iy oon

’114msﬂﬂzﬁimt'fﬁy'mztﬁﬂmsz‘?uaztﬁaunw"lw‘i'm?mﬁaﬁaﬁﬂﬁ'mﬁauﬁ'ums
namate 4 af1 9 unarfidang ﬁaﬁuwﬁmnqiﬂuﬁ'ﬂﬂsuﬂsmzﬁﬁauﬂs Bound
wudilgmiiiaty f‘mmﬂ’Jmﬁuﬂﬁé'uﬂznﬁauf:a;ﬂuﬁmmm Interrupt  service

ruotine 0

; ket *** READKEY
;PROCEDURE = READKEY

;START R0=SW_Nd » RI,LRO= TEMP OF ROW
READKEY: PUSH DPH

PUSH bPL

PUSH ACC

PUSH B

PUSH PSW

PUSH 00

PUSH 01

MOV ROW#0

MOV RO, ROW

MOV COL#6

MOV RI1#0F6H ;START OF ROW
LOOP: INC RO

MOV ARI

RL A.

MOV RIA

L™ §



SET_NO4:

NEXT:

ANL A#OFH
CIR CY

SUBB A#0FH

JZ EJECT
MOV ARI

ORL A#OFOH
MOV RILA
MOV PLRI
MOV ARl

ORL A#0FOH
MOV PLA
MOV APl  ;INPUT COL
SWAP A

CPL A

ANL A#0FH

JZ LOOP
CINE A#4,SET_NO4
MOV A#3
SIMP NEXT
CINE A#8NEXT
MOV A#4 '
MOV ROW,RO
MOV COL.A
DEC RO

PUSH ACC

MOV ARO
MOV B#4

MUL AB

POP B

ADD AB

60
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MOV SW_NO,A
SIMP ENDPRO
EJECT: MOV SW_NO#00H
ENDPRO:  POP 01
POP 00
POP PSW
POP B
POP ACC
POP DPL
POP DPH
RET
Tusunsudl 4.2
4.4 prmanestigatie
wamsnaaesmgalasldTlsunsuil 43  swdiuldhd Inssnummnsadou
Tosunsumuguldnsumaithmned1dm13 TaoluTusunsudl Tnsemaransong
Tnuavesmstudinnsadundu1d, munsadengosvesdeyaifodld 2 deelng) uaz

unazyelnaeziisn 10 Youdn

CPU "8051.TBL"
HOF "INT8"

;******* ok o 3k e ok 2 o3 e sk e sk sk 3 sk sk "

;MCS-51 INTERNAL REGISTERS

B: EQU OFOH ;B REGISTER

ACC: EQU OEOH ;ACCUMULATOR

PSW: EQU ODOH ;PROGRAM STATUS WORD
IPC: EQU OB8H ; INTERRUPT PRIORITY

P3: EQU 0BOH ;PORT 3

IEC: EQU 0A8H ;INTERRUPT ENABLE

P2: EQU 0AOH ;PORT 2

SBUF: EQU 99H ;SEND BUFFER
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SCON: EQU 98H ; SERIAL CONTROL

Pl: EQU 90H ;PORT 1

TH1: EQU 8DH ;TIMER 1 HIGH

THO : EQU 8CH ;TIMER 0 HIGH

TL1: EQU 8BH ;TIMER 1 LOW

TLO: EQU 8AH ;TIMER 0 LOW

TMOD: EQU 89H ; TIMER MODE

TCON: EQU 88H ; TIMER CONTROL
PCON: EQU 87H ; POWER CONTROL REGISTER
DPH - EQU 83H ;DATA POINTER HIGH
DPL: EQU 82H ;DATA POINTER LOW
SP: EQU 81H ; STACK POINTER

PO: EQU 80H ;PORT 0
;MCS-51 INTERNAL BIT ADDRESSES

CY: EQU OD7H ; CARRY FLAG

AC: EQU 0D6H ;AUXILIARY-CARRY FLAG

FO: EQU O0D5SH ;USER FLAG 0

RS1: EQU 0D4H ;REGISTER SELECT MSB

RSO: EQU OD3H ;REGISTER SELECT LSB

ov: EQU 0D2H ;OVERFLOW FLAG

P: EQU O0DOH ;PARITY FLAG

PS: EQU O0BCH ;PRIORITY SERIAL PORT
PT1: EQU 0BBH ;PRIORITY TIMER 1

PX1: EQU 0BAH ;PRIORITY EXTERNAL 1

PTO: EQU O0B9H ; PRIORITY TIMER O

PXO0: EQU 0B8H ;PRIORITY EXTERNAL O

EA: EQU OAFH ;ENABLE ALL INTERRUPT

ES: EQU OACH ;ENABLE SERIAL INTERRUPT
ET1: EQU 0ABH ;ENABLE TIMER 1 INTERRUPT
EX1: EQU 0AAH ; ENABLE EXTERNAL 1 INTERR
ETO: EQU OASH ;ENABLE TIMER 0 INTERRUPT
EXO0: EQU OA8H ;ENABLE EXTERNAL 0 INTERR
SMO : EQU 09FH ;SERIAL MODE 0

SM1: EQU 09EH ;SERIAL MODE 1

SM2: EQU 09DH ; SERIAL MODE 2

REN: EQU 09CH ;SERIAL RECEPTION ENABLE
TB8: EQU 09BH ; TRANSMITT BIT 8

RBS8: EQU 0SAH ;RECEIVE BIT 8

TI: EQU 099H ; TRANSMIT INTERRUPT FLAG
RI: EQU 098H ;RECEIVE INTERRUPT FLAG
TFZX: EQU 08FH ;TIMER 1 OVERFLOW FLAG
TR1: EQU 08EH ;TIMER 1 RUN CONTROL BIT
TFO: EQU 08DH ;TIMER 0 OVERFLOW FLAG
TRO: EQU 08CH ;TIMER 0 RUN CONTROL BIT
IE1: EQU 08BH ;EXT INTERR. 1 EDGE FLAG
IT1: EQU 08AH ;EXT INTERR. 1 TYPE FLAG
IEO: EQU 089H ;EXT INTERR. 0 EDGE FLAG
ITO: EQU 088H ;EXT INTERR. 0 TYPE FLAG

;******************************************************

;BYTE VARIABLE OF PROGRAM

.
7

Talsunsudi 4.3 Tsunsunifuauysal



AA: EQU 08H
ROW: EQU AA+]
COL: EQU AA+2
SW_NO: EQU AA+3
MODE NO: EQU AR+4
SUBMODE: EQU AA+5
HOUR: EQU AA+6
MINUTE: EQU AA+7
SECOND: EQU AA+8
HUND: EQU AA+9
YEAR: EQU AA+10
MONTH : EQU AA+11
DAY: EQU AA+12
bound: equ aa+1l3
EOM: EQU AA+14
MEMSCAN: EQU AA+15
; EXTERNAL PORT

; LCD MODULE
LCD: EQU 8000H
WRCOMLCD: EQU LCD
RDCOMLCD: EQU LCD+1
WRDATLCD: EQU LCD+2
RDDATLCD: EQU LCD+3

63

;WRITE COMMAND TO LCD
;READ STATUS FROM LCD
;WRITE DATA TO LCD
;READ DATA FROM LCD

skhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkhkhkhhkhhkhhkkhhkhkdkhhkhhkhkhkhkhkkkhkkkkx

THIS program test for record AND PLAY version 2 USE
and display via LED

; ISD2590*2

external interrupt 0 for TRIG PROGRAM

STARTPRG:

ORG
LJMP
ORG
CLR
LJMP
ORG
LJMP
ORG
LJMP

ORG
MOV
LCAL
LCAL
MOV
MOV
MOV
LCAL
PUSH
SWAP
ORL
MOV
POP
INC
CJINE

0000H
STARTPRG
0003H
EX0
INTO R -
000BH
TIMERO R
0013H
INT1 R

0100H
SP, #30H
L RSTMODE
L INITMCS
R1,#1
RO, #07H
A, #0H
L DELAY.3S
ACC
A
A, RO
P2,A
ACC
A
A, #10,AAA

;address of INTO

;Jmp to INTO service routine
;address of TIMERO

;Jmp to TIMERO serviec routine
;address of INT1

;jmp to INT1 service routine
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AUN1:

INTO R:

REREAD:

NEXTKEY1:

NEXTKEY2:

NEXTKEY3:

NOACT2:

NOACT :
NOACT1:

MOV
DJINZ
LCALL

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
SJMP

PUSH
PUSH
PUSH
LCALL
MOV
CJINE
SJMP
CJINE
LCALL
SJMP
CJINE
LCALL
SJMP
LCALL
LCALL
LCALL
MOV
INC
MOV
SJMP
MOV
SETB
POP
POP
POP
RETI

A, #0
R1,AAAA
DELAY.3S

BOUND, #0
MODE_NO, #1
HOUR,, #00H
MINUTE, #00H
SECOND, #00H
HUND, #00H
YEAR, #80H
MONTH, #01H
DAY, #01H

SUBMODE, #1
SW_NO, #1
ROW, #3
COL, #4
P1,#0F1H
PO, #0FFH
P2, #0FFH

P3,#11111100B

PCON, #1
AUN1

PSW
DPL
DPH
READKEY
RO, SW_NO

RO, #0, NEXTKEY1

NOACT2

RO, #11,NEXTKEY2

RSTMODE
NOACT2

RO, #12,NEXTKEY3

TOGGLE
NOACT2
RSTMODE
DELAY.3S
CH_MODE
A, BOUND
A
BOUND, A
NOACT1
BOUND, #0
EXO

dph

DPL

PSW

jREkkkkkkkhkkhkkkhhkkk
; SET TIME DATA

jhkkkkkkkkkkk RSTMODE ***kkhkhkhkhkhkhkkkkkhhkkk

= RSTMODE
jRhkkdkhkhkhhhhkhkkhkhkhhhhhhkhhhhhkhhhkhkhkhkhkkkkhkkk &

; PROCEDURE

-
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RSTMODE: PUSH DPH

PUSH DPL
PUSH ACC

PUSH 00

PUSH PSW

MOV  P3,#11111100B

MOV A, #11111001B ;SET CE
MOV  P2,A _

MOV A, #11111011B ;SET P/R-
MOV  P2,A

MOV A, #11111111B ;SET PD
MOV  P2,A

MOV A, #11111011B

MOV  P2,A

MOV A, #11111111B

MOV  P2,A

POP  PSW

POP 00

POP  ACC

POP  DPL

POP  DPH

RET

’-************ TOGGLE ***k*kxkkkkkkkkhkkhkkkk

;i PROCEDURE = TOGGLE

;for toggle mode number for define mode of operation
’-******************************************

TOGGLE : PUSH DPH

PUSH DPL
PUSH ACC
PUSH 00

PUSH PSW

MOV RO, #1
CHECKl: LCALL READKEY

MOV A, SW_NO

CJNE A, #12, NORMAL

INC RO

LCALL DELAY1S

CIJNE RO, #5,CHECK1

MOV  A,MODE_NO

CJNE A, #1, TOGGLE1

INC A

MOV  MODE_NO,A

SJMP TOGGLE4
TOGGLELl: CJNE A,#2,TOGGLE3

DEC A

MOV  MODE_NO,A
TOGGLE4: LCALL DISPMODE

LCALL DELAY1S

LCALL DELAY1S

SJMP TOGGLE3
NORMAL: MOV A, SUBMODE

CJNE A, #3, TOGGLE2

MOV  SUBMODE, #1

SJMP TOGGLE3
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TOGGLE2: INC A
MOV  SUBMODE,A
TOGGLE3: MOV A, SUBMODE
LCALL DISP CH
LCALL DELAY.3S

POP PSW
POP 00
POP ACC
POP ' DPL
POP DPH
RET

;Rkkkkkkkkkkk CHECK SUB MODE ***kkkikkkkhsk

; PROCEDURE = CH_SUB
;check sub of playing mode by see from submode
;******************************************
CH_SUB: PUSH DPH

PUSH DPL

PUSH ACC

PUSH 00

MOV A, SUBMODE

CIJNE A,#1,SUB1

LCALL MAINPLAY

SJMP ENDSUBMD

SUB1: CIJNE A, #2,SUB2
LCALL TITLE ; SUBMODE = 2 TITLE MODE PLAYING
SIJMP ENDSUBMD

SUB2: CIJNE A, #3, ENDSUBMD
LCALL SCAN ; SUBMODE = 2 SCAN MODE PLAYING

SJMP ENDSUBMD
ENDSUBMD: MOV EOM, #1

CLR EX1
POP 00
POP ACC
POP DPL
POP DPH
RET

 pkkkkkkkkkkkk CH MODE ***khkkhkhkhhhhkhhhdhkk

; PROCEDURE = CH_MODE
;for define track number of memmory
;******************************************
CH_MODE: PUSH DPH
PUSH DPL
PUSH ACC '
PUSH 00
MOV A,MODE_NO
CJNE A, #2,CH MODE1
LCALL RECMODE
SJMP CH_MODE2
CH_MODE1l: LCALL CH_SUB
CH_MODE2: POP 00

POP ACC
POP DPL
POP DPH

Tusunsufl 4.3 Tusunsuatiuauysel @e)



RET

shkkkkkkkkkkk MATNPLAY **kkkkkhkhkkhkkkhhhk

; PROCEDURE = MA
; for play back
;**************
MAINPLAY: PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
LCALL
MOV
RECHK : SETB
MOV
CJNE
LCALL
MOV
CJINE
SJMP
NEXTCHK1: CJNE
SJMP
NEXTCHK2: CJNE
LCALL
SJMP
NEXTCHK3: LCALL
LCALL
CLR
LCALL
MOV
SJMP
ENDMAIN: POP
POP
POP
POP
POP
POP
RET

ckkkkkkkkkkkk P
'

INPLAY
sound at ch_no
hkhkkhkkhkkhkkhkkkhkhkkhkkhkkhkkkkkkk
DPH

DPL

ACC

00

01

02

PLAYMODE ;SUBMODE = 1 PLAYING MODE
EOM, #1

EX1

A, EOM

A, #1, ENDMAIN
READKEY

RO, SW_NO

RO, #0,NEXTCHK1
RECHK

RO, #12,NEXTCHK2
RECHK

RO, #11,NEXTCHK3
RSTMODE
ENDMAIN
RSTMODE
DELAY.3S

EX1

PLAYMODE

EOM, #1

RECHK

02

01

00

ACC

DPL

DPH

LAYMODE **kkkkhkkkhkkhhkhhhhkhkhk

; PROCEDURE = PLAYMODE

;for play back

;**************

PLAYMODE: PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
MOV
MOV
DEC
MOV
MOVC

sound at ch_no
khkkkhkkhkkhkkhkhhkhhkhkkhkkhkkhkhkkkkkk
DPH

DPL

ACC

00

01

02
P3,#11111101B
A,SW_NO

A

DPTR, #TABLE_CH
A, @A+DPTR
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MOV PO,A

MOV A,SW_NO

DEC A

RL A

RL A

RL A

RL A

ORL A,#0FH

PUSH ACC

PUSH ACC

PUSH ACC

MOV B,#11110011B ;SET PD & P/R-
POP ACC

ANL A,B

MOV P2,A

MOV B,#11110010B ;SET CE
POP ACC

ANL A,B

MOV P2,A

MOV B,#11110011B ;CLEAR CE
POP ACC

ANL A,B

MOV P2,A

POP 02

POP 01

POP 00

POP ACC

POP DPL

POP DPH

RET

;hkkkkkkkkkkkx TITLE PLAYBACK *hkkkhkkkkkdsk

; PROCEDURE = TITLE
skkkkkkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhkk

TITLE: PUSH DPH

PUSH DPL

PUSH O0OOH

PUSH O01l1lH

PUSH 02H

MOV SECOND, #0

MOV RO, #10 ; LOOP

MOV R1,#1 ; CHANNEL
TITLEL: SETB TRO

MOV  SW_NO,R1
LCALL PLAYMODE
TITLEZ: LCALL READKEY
MOV  R2,SW_NO
CJNE R2,#0,RESET
MOV A, SECOND
CINE A,#5,TITLE2

CLR TRO
MOV SECOND, #0
INC R1

LCALL, RSTMODE
LCALL DELAY.3S
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DJNZ RO,TITLE1l
SJMP ENDTITLE

RESET : LCALL RSTMODE
ENDTITLE: POP 02H
POP 01H
POP OOH
POP DPL
POP DPH
RET

jkkkkkkkkkxk SCAN FOR PLAY BACK **kkkkkkkkkkk
; PROCEDURE = SCAN -
;*******************************************
SCAN: PUSH DPH

PUSH DPL

PUSH O0OH

PUSH 01H

PUSH 02H :

MOV  A,SW_NO

MOV  RO,MEMSCAN

CJNE A,#1,SCAN1

CIJNE RO, #10, SCAN2

MOV  MEMSCAN, #1

SJMP SCAN3

SCAN2: INC RO
MOV MEMSCAN, RO
SCAN3: MOV A,MEMSCAN ;DISPLAY MEMSCAN

LCALL DISP_CH
lcall delayls
SJMP ENDSCAN
SCANL : CJNE A, #2,ENDSCAN
MOV A, MEMSCAN
MOV  SW _NO,A
LCALL DISP_CH
lcall delayls
LCALL PLAYMODE
MOV SECOND, #0
SETB TRO
WAIT2: MOV A, SECOND
CJIJNE A, #8,WAIT2
CLR TRO
SJMP ENDSCAN
ENDSCAN: CLR EX1
MOV EOM, #1

POP 02H
POP 01H
POP 00H
POP DPL
POP DPH
RET

;Xkkkkkkkkkxk RECMODE ***kkkkkkkkhkkkkkkhhkk

; PROCEDURE = RECMODE

;for play back sound at ch_no
;******************************************
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RECMODE:

REREC:

REREC2:

REREC3:

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
MOV
MOV
MOV
MOV
DEC
MOV
MOvVC
MOV
MOV
DEC
RL
RL
RL
RL
ORL
PUSH
PUSH
PUSH
MOV
POP
ANL
MOV
MOV
POP
ANL
MOV
MOV
POP
ANL
MOV
SETB
MOV
MOV
CJINE
LCALL
SJMP
LCALL
MOV
CJINE
LCALL
CLR
POP
POP
POP
POP
POP
POP
RET

DPH

DPL

AcC

00

01

02
P3,#11111110B
MINUTE, #0
SECOND, #0
A,SW_NO
A

DPTR, #TABLE_CH

A, @A+DPTR
PO,A
A,SW_NO

el i

ACC
B,#11110011B
ACC

aA,B

P2,A

B, #11110001B
ACC

A,B

P2,A

B, #11110000B
ACC

A,B

P2,A

TRO

A, SECOND
PO,A

A, #10H, REREC2
RSTMODE
REREC3
READKEY

A, SW_NO

A, #11,REREC
RSTMODE

TRO

02

01

00

ACC

DPL

DPH

;i SET PD

;SET P/R-

;SET CE

; TEST
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;********************** READKEY kkhkkkhkhkkkkkhkkkkkkkk

; PROCEDURE = READKEY
;*****************************************************
;start RO=SW NO , R1,R0= TEMP OF ROW
READKEY: PUSH DPH
PUSH DPL
PUSH ACC
PUSH B
PUSH PSW
PUSH 00
PUSH 01
MOV ROW, #0
MOV RO, ROW
MOV COL, #6
MOV R1, #0F6H ; START OF ROW
LOOP: INC RO
MOV A,R1
RL A
MOV R1l,A
ANL A, #0FH
CLR CYy
SUBB A, #0FH
JZ EJECT
MOV a,rl
ORL a,#0foh
MOV rl,a
MOV P1l,R1
MOV A,R1
ORL A, #0FO0H
MOV Pl,A
MOV A,P1 ;input col
SWAP A
CPL A
ANL A, #0FH
JZ LOOP
. CIJNE A, #4,SET_NO4
. MOV A,#3
SJMP NEXT
« SET _NO4: CJNE A, #8,NEXT
MOV A, #4
NEXT: MOV ROW, RO
MOV COL, A
DEC RO
PUSH ACC
MOV A,RO
MOV B, #4
MUL AB
POP B
ADD A,B
MOV  SW _NO,A
SJMP ENDPRO
EJECT: MOV SW_NO,#OOH
ENDPRO: POP 01
POP 00
POP PSW
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;timer run = pluse
;EA=1

;ES=0

;ET1=1

;EX1=0

;ETO0=1

;EX0=0

;Select balnk 0

;PT1=0 PX1=1 PTO0=1 PX0=0
;set falling edge type for INTC

;Time 0 enable
;Time 1 enable

;TimeO=mode 1, counter, GATE=1
;Timel=mode 1, counter, GATE=1

khkkkkkkkkkkk

;LOOP FOR DISPLAY
;low byte for control code

;limite of row display

POP B

POP ACC

POP DPL

POP DPH

RET
;************ INITIAL MCS51 khkkkhkkkhkkhkkkkkkk
; PROCEDURE = INITMCS .
;****************************************
INITMCS: CLR TRO

SETB EA

CLR ES

CLR ET1

CLR EX1

SETB ETO

SETB EXO

CLR RSO

CLR RS1

MOV IPC,#00000110B

SETB ITO

SETB IT1

CLR TRO

CLR TR1
; initial timer/counter

MOV TMOD, #51H

MOV TH1, #0FFH

MOV TL1, #0FEH

MOV THO,#37H

MOV TLO, #0AFH

RET
;************* DISPMODE
; PROCEDURE = DISPMODE
;*******************************************
DISPMODE: PUSH O0OH
- PUSH 01lH

PUSH O02H

PUSH O03H

PUSH ACC

MOV R4, #3

MOV RO, #07H

MOV  A,MODE_NO

CIJNE A,#1,DISPrec
DISPplay: MOV R1, #2655
DISPS: MOV R2,#5

MOV R3, #255

MOV A,#0
DISP1: PUSH ACC

RL A

RL A

RL A

RL A

ORL A,RO

MOV P2,A
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DISP3:

DISPrec:
DISP6:

DISP2:

DISP4:

ENDDISP:

POP
INC
DJINZ
DJNZ
DJNZ
DJINZ
SJMP
MOV
MOV
MOV
MOV
PUSH
RL
RL
RL
RL
ORL
MOV
POP
INC
DJINZ
DJNZ
DJINZ
DJNZ
MOV
POP
POP
POP
POP
POP
RET

73

ACC

A

R3,DISP3
R2,DISP1
R1,DISPS
R4 ,DISPplay
ENDDISP
R1,#255
R2,#5 ;limite of row display
R3,#255
A,#5

ACC

A

A

A

A

A,RO

P2,A

ACC

A

R3,DISP4
R2,DISP2
R1,DISP6
R4 ,DISPrec
P2, #0FFH
ACC

03H

02H

01H

00H

;Rkkkkkkkkkkkk DELAY 0.5 SECOND **kkkkkhkkkk
; PROCEDURE = DELAY1S

,-*******************************************

DELAY1S:

DELAY1S1:
DELAY1S2:
DELAY1S3:

PUSH
PUSH
PUSH
PUSH
PUSH
MOV
MOV
MOV
DJNZ
DJINZ
DJINZ
POP
POP
POP
POP
POP
RET

DPH

DPL

00H

01H

02H

RO, #8 ;n second RO = n*l0
R1,#199 ;delay 100 ms
R2,#250 ;delay 500 us
R2,DELAY1S3

R1,DELAY1S2

RO,DELAY1S1

02H

01H

00H

DPL

DPH

skkkkkkkkkkxkx DELAY 0.5 SECOND **kkkkkkkkk
= DELAY.5S

; PROCEDURE
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shkkkkhhkkkhhkhkkkhhhkhhhhkhhhhhkhhhkhhhhhhhdhk
DELAY.5S: PUSH OOH

PUSH O01H

PUSH O02H

PUSH ACC

MOV RO, #4 ;n second RO = n*10
DELAYS1l: MOV R1,#199 ;delay 100 ms
DELAYS2: MOV R2,#250 ;delay 500 us

DELAYS3: DJNZ R2,DELAYS3
DJIJNZ R1,DELAYS2
DJNZ RO,DELAYS1

POP ACC
POP 02H
POP 01H
POP 00H
RET

;R kkkkkkkkkkx DELAY 0.3 SECOND **kkkkkkkkkx
; PROCEDURE = DELAY.3S
jhE Kk kkkkkkkkhhkkhhkkkhhhhhkkhhhhkhhhhkhhxk*

DELAY.3S: PUSH O0OH

PUSH O1H

PUSH O2H

MOV RO, #3 ;n second RO = n*10
DELAYS13: MOV R1,#199 ;delay 100 ms
DELAYS23: MOV R2,#250 ;delay 500 us

DELAYS33: DJNZ R2,DELAYS33
DJNZ R1,DELAYS23
DJNZ RO,DELAYS13

POP 02H
POP 01H
POP 00OH
RET

;¥**xxx%k%x*x*x AREA OF INTERRUPT SERVICE ROUTINE **%*%%%%%x
TIMERO R: PUSH DPH

PUSH DPL

PUSH ACC

PUSH B

PUSH PSW

MOV A, HUND

ADD A #1

DA A

MOV HUND,A

CIJNE A, #25,TIMEO2

MOV HUND, #0

MOV A, SECOND

ADD A #1

DA A

MOV SECOND, A
CJIJNE A, #60H,TIMEO2
MOV SECOND, #0
MOV A,MINUTE

ADD A#1
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TIMEQO:

TIMEOl:

TIMEO2:

INT1 R:

DA
MOV
CJINE
MOV
MOV
ADD
DA
MOV
CJNE
MOV

MOV
MOV
DIV
MOV
CJUNE
MOV
ADD
DA
MOV
CJINE
MOV
SJMP

MOV
ADD
DA
MOV
CJNE
MOV

MOV
ADD
DA
MOV
CJUNE
MOV
MOV
ADD
DA
MOV
MOV
MOV
POP
POP
POP
POP
POP
RETI

PUSH
PUSH
PUSH
PUSH
PUSH

A

MINUTE, A
A,#60H, TIMEO2
MINUTE, #0
A,HOUR

A,#1

A

HOUR, A
A,#24H, TIMEO2
HOUR, #0

A,MONTH

B, #2

AB

A,B
A,#0,TIMEOO
A,DAY

A #1

A

DAY, A
A,#31H, TIMEO2
DAY, #1
TIMEO1

A,DAY

A,#1

A

DAY, A

A, #32H, TIMEO2
DAY, #1

A,MONTH
A #1

A
MONTH, A
A,#13,TIMEO2
MONTH, #1
A,YEAR

A, #1

A

YEAR,A
THO, #37H
TLO, #0AFH
PSW

B

ACC

DPL

DPH

DPH
DPL
ACC
B

PSW
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jkkkkkkkkkkkk*k DISP CH

LCALL RSTMODE

MOV

POP
POP
POP
POP
POP
RETI

EOM, #0

PSW
B

ACC
DPL
DPH

kkkkkkkkkkkk

; PROCEDURE = DISP_CH
; A = NUMBER FOR DISPLAY

;*******************************************

DISP CH:
TABLE CH:
 STOP:

PUSH
PUSH
PUSH
PUSH
PUSH
DEC
SWAP
ORL
MOV
POP
POP
POP
POP
POP
RET

DFB
DFB

END

00H
01H
02H
03H
ACC
A

A
A,#07H
P2,A
ACC
03H
02H
O1H
O0OH

0OH, OFH, 1FH, 2EH, 3EH, 4DH, 5DH, 6CH
7CH, 8BH
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Tulnsneulnsaaes ATMEL AT89C51

Features

Compatible with MCS-51™ Products

4 Kbytes 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 VO 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 4
Kbytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel's high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by
a conventional 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.

(continued)
PDIP/Cerdip

Pin Configurations

Pr.od b vee
Pl.1C]2 (3 PO.0 (ADO)
P23 B PO.t (AD1)
P1ad4 D Po.2 (AD2)
Pi4C]s D PO.3 (AD3)
P1.5c]e b PO.4 (AD4)
P1.8c]? b P0.5 (ADS)
P1.7d 8 b Po.8 (ADS)
RST (] 9 :;:_1 (ADT7)
(RXD) PS.0 N EXIVeP
PQFP/'I'QE{AA (TXD) P3.1 ] ALE/PHOT
R (INTD) P3.2 PSEN
g2 <e (TRTT) P3.3 D P2.7 (A15)
INDEX hateted (T0) P3.4 b P2.6 (A14)
CORNER :,'_!'!t?uu:;z; (T1) P35 2 P2.5 (A13)
' tianaz>oana (WR) P3.8 D P2.4 (A12)
w A0000nannna. (RD) P3.7 p P23 (A1)
44,42, 40,38, 4 XTAL2 B P2.2 (A10)
P1.5 ] thithettrtes 33 [3P0.4 (AD4) XTALL P P2.1 (%)
Pr.oC]2 32 [3P0.6 (ADS) oND [ P2.0 (A8}
P1.70]3 31 OP0.6 (ADS)
RST (] 4 30 DPO.7 (ADT)
(RXD) P3.0 5 20 M EAIVPP
NC(] e 28 MINC
(TXD) P3.1] 7 27 [ALE/PROO
(IRTD) P3.2] 8 28
(TNTT) P33 ® 28 ;P2.7 (A15}
(T0) P3.4 ] 10 24 [1P2.6 (A14)
(T1) P35 11 23 P2.5 (A13)

PEEN
1p2.7 (A15)
P2.8 (At4)
DP2.5 (A13)

L
3

8-Bit
Microcontroller
with 4 Kbytes
Flash
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Block Diagram
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Description (Continued)

The AT89C51 provides the following standard features: 4
Kbytes of Flash, 128 bytes of RAM, 32 /O lines, two 16-bit
timer/counters, a five vector two-level interrupt architec-
ture, a full duplex serial port, on-chip oscillator and clock
circuitry. 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/count-
ers, serial port and interrupt system to continue function-
ing. 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/0 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-im-
pedance inputs.

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

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

Port 1

Port 1 is an 8-bit bidirectional I/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 extemally being pulled low will source
current (L) because of the intemal pullups.

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

Port 2

‘Port 2 is an 8-bit bidirectional 1/0 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 extemnally being pulled low will source
current (L) because of the intemal pullups.

Port 2 emits the high-order address byte during fetches
from extemal program memory and during accesses to
external data memory that use 16-bit addresses (MOVX

@ DPTR). In this application it uses strong intemnal pullups
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 /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 intemal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (liL) 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 (senal output port)

P3.2 INTO (extenal interrupt 0)

P3.3 INT1 (extenal interrupt 1)

P3.4 TO (timer 0 extenal input)

P35 T1 (timer 1 external input)

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

Port 3 also receives some control signals for Flash pro-
gramming and programming 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 extemal 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 extemal
timing or clocking purposes. Note, however, that one ALE
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
during a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no ef-
fect if the microcrontroller is in external execution mode.
PSEN

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

(continued)
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Pin Description (Continued)

When the AT89C51 is executing code from extemal pro-
gram memory, PSEN is activated twice each machine cy-
cle, except that two PSEN activations are skipped during
each access to extemal data memory.

EANep

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

EA should be strapped to Vcc for intemal program execu-
tions.

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

XTAL1

Input to the inverting oscillator amplifier and input to the
intemal dock 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 extemal dock 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 extenal clock signal, since the input to the intemnal
clocking circuitry is through a divide-by-two flip-fiop, but
minimum and maximum voltage high and low time specifi-
cations must be observed.

Idle Mode

in idle mode, the CPU puts itself to sleep while ali 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 cydles before
the intermal reset algorithm takes control. On-chip hard-

Figure 1. Oscillator Connections

c2
—)I——I— XTAL2
L]
ct
] I XTAL1
_I__—-— GND

Notes: C1, C2 = 30 pF £ 10 pF for Crystals
=40 pF 1 10 pF for Ceramic Resonators

Figure 2. Extemal Clock Drive Configuration

NG ——— 1 XTAL2
EXTERNAL
OSCILLATOR ——— XITAL1
SIGNAL

Status of External Pins During Idle and Power Down

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Intemnal 1 1 Data Data Data Data
Idle Extemnal 1 1 Float Data Address Data
Power Down | Intemnal 0 0 Data Data Data Data
Power Down | External 0 0 Float Data Data Data

4 AT89C51 meeses——eee—————
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ware inhibits access to intemal RAM in this event, but ac-
cess to the port pins is not inhibited. To eliminate the pos-
sibility of an unexpected write to a port pin when Idle is
terminated by reset, the instruction following the one that
invokes Idle should not be one that writes to a port pin or
to extemal 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 values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-
chip RAM. The reset should not be activated before Vce

Lock Bit Protection Modes

is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart 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 ad-
ditional 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
powered up without a reset, the latch initializes to a ran-
dom value, and hoids that value until reset is activated. It
is necessary 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

LB1 LB2 LB3 Protection Type

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 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 P P

Same as mode 3, also extemal 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
(Vcc) 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 coiventional third
party Flash or EPROM programmers.

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

Vpp= 12V Vppa 5V
AT89C51 AT89C51
Top-Side Mark 000K X00X-5
yyww yyww
(030H)=1EH (030H)=1EH
Signature (031H)=51H (031H)=51H
{032H)=FFH (032H)=05H

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

Programming Algorithm: Before programming the
AT89C51, the address, data and control signals should be
set up according to the Flash programming mode table
and Figures 3 and 4. To program the AT89C51, take the
following steps.

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

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

3. Activate the comrect combination of control signals.

4. Raise EA/Vpp to 12 V 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 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 Poliing to indi-
cate the end of a write cycle. During a write cycle, an at-

AINEL 5
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Programming the Flash (Continued)

tempted read of the last byte written will resuit in the com-
plement of the written datum on PO.7. Once the write cy-
cle has been completed, true data are valid on all outputs,
and the next cycle may begin. Data Polling may begin any
time after a wiite 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 in-
dicate BUSY. P3.4 is pulled high again when program-
ming 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 en-
abled.

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 writ-
ten with all “4"s. The chip erase operation must be exe-
cuted before the code memory can be re-programmed.

Flash Programming Modes

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

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

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

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

Programming Interface

Every code byte in the Flash amay can be written and the
entire array can be erased by using the appropriate com-
bination of control signals. The write operation cyde is
selftimed 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 re-
vision.

ALE/ EA/
Mode RST PSEN PROG Vpp P28 P27 P36 P37
Wite Code Data H L HA2ViD L H H H
Read Code Data H L H H L L H H
Wite Lock Bit- 1 H L H/2v H H H H
Bit- 2 H L % Hn2v H H L L
Bit-3 H L - HM2V H L H L
Chip Erase H L Hi12v H L L L
Read Signature
Byto - H L H H L L L L

Notes: 1. The signature byte at location 032H designates
whether Ve = 12 V or Vpp = 5 V should be used to

enable programming.

2. Chip Erase requires a 10 ms PROG pulse.

6 AT89CH1 mes——————
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Figure 3. Programming the Flash

+5V

AT89C51

Figure 4. Verifying the Flash

+5V
ATB9CS51 T AT89C51 T
ADDR. 20 - AT o, Vee appr. A0 AT o, Veo
OOOOH/OFFFH PGM OOOOH/OFFFH PGM DATA
P20 - P23 PO DATA P20 - P23 PO |-» (USE 10K
A8 - A11 AB - A11 PULLUPS)
——»| P26 —>»| P26
SEE FLASH —»} P27 ALE |¢—— PROG SEE FLASH ——p P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE —®{ P36 MODES TABLE —¥| P36
oV,
——» Paz —»{ P37
XTAL 2 EA l¢— V,\Vee Py XTAL 2 EA
424 MHz | L 424 MHz I
-y & }—t
1 | XTAL 1 RST |&—— V, 1 XTAL 1 RST [¢—— Vi
f GND PSEN 1 f GND PSEN

Flash Programming and Verification Characteristics
TA=21°C 10 27°C, Ve = 5.0 £ 10%

-

Symbol Parameter Min Max Units

vept? Programming Enable Voltage 1.5 125 v

tppt" Programming Enable Current 1.0 mA

1/tcLeL Oscillator Frequency 4 24 MHz

taveL Address Setup to PROG Low 48toLeL

teHAX Address Hold After PROG 48tcLeL

toveL Data Setup to PROG Low 48tcLcL

taHDX Data Hold After PROG 48tcicL

tEHSH P2.7 (ENABLE) High to Vpp 48tCLCL

tsHaL' Vpp Setup to PROG Low 10 us

torst’” | Vep Hold After PROG 10 us

toLGH PROG Width 1 110 ps

tavav Address to Data Valid 48tCLCL

teLav ENABLE Low to Data Valid 48tcLce

tenqv Data Float After ENABLE (i} 48tcicL

tGHBL PROG High to BUSY Low 1.0 us

twe Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-volt programming mode.

AIMEL
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Flash Programming and Verification Waveforms - High Voltage Mode

PROGRAMMING
P10 - P1.7
P20-P23 — | ADDRESS
PORT 0 .L_’ DATA IN ‘_j
tm. ‘GDX
tavaL torax
ALE/PROG
SHGL ‘—-'G.G{—" tG’lSL
= A N ] ' LOGIC 1
ANV T LOGIC 0
‘—
P2.7 b taav
(ENABLE)
toe —
P34
(RDY/BSY)

91

L

VERIFICATION
) ADDRESS
[+ twvav

DARR OUT p———

Flash Programming and Verification Waveforms - Low Voltage Mode

P10 - P17
P20 - P23

PORT 0O

ALE/PROG

EAV,e
P2.7
(ENABLE)

P34 __
(RDY/BSY)

PROGRAMMING VERIFICATION ‘
———{ poress i‘@—
— Lwav
‘t DATA IN 4[ (DATA OUT p———
tﬂBL ‘G-DX
taveL torax
taraL ety —
LOGIC 1
o ___weicol _______ .. ...
: "'—tEPSH tE\.Qv M t— teraz
taraL —
BUSY READY
twe

AT89C51 me————————s————————
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Absolute Maximum Ratings*

i . *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Operating Temperature................... -55°C to +125°C mum Ratings” may cause permanent damage to the device.
o o This Is a stress rating only and functional operation of the
Storage Temperature...........c..c.o.... -65°C to +150°C device at thess or any other conditions beyond those indi-
Votage on Any Pin cated in the operational sections of this specification s not
y N implied. Exposure to absolute maximum rating conditions
with Respect to Ground ................... 1.0Vtio+7.0V for extended periods may affect d rellabity.
Maximum Operating Voltage .............ccccoeevenee 66V
DC Output Current 15.0mA
D.C. Characteristics
Ta =-40°C to 85°C, Vcc = 5.0 V £ 20% (unless otherwise noted)
Symbol Parameter Condition Min Max Units
ViL Input Low Voitage (Except ﬁ) -0.5 0.2 Vee-0.1 \'
ViLt Input Low Voktage (EA) 05 0.2 Vcc-0.3 \
Vin Input High VoRage (Except XTAL1, RST) 0.2Vcct0.9 Vect+0.5 \';
ViH1 Input High Voltage (XTAL1, RST) 0.7 Vee Vcct0.5 \'
Output Low Voltage'" -
Voo (Ports 1.2.3) lot=1.6 mA 0.45 v
Low Vonagg“) -
Vot (Port 0, ALE, PSEN) lo = 32mA 0.45 v
| lon=-60pA, Vec =5V 10% 24 \'
Output High Voltage —
Vor (Pons 123, ALE. PSEN) lon = -25 IJA 0.75 Vee \'
lon = -10 pA 0.9 Vee \Y
. lon =800 pA, Vec =5V 10% 24 \'
Output High Voltage
Vo (Port 0 in External Bus Mode) ot = -300 pA 0.75 Vee v
lon =80 pA 0.9 Vee \'
Logicat 0 Input Current _
I (Ports 1,2.3) Vin=045V 50 pA
Logicat 1 to 0 Transition =
n Current (Ports 1,2,3) Vin=2V -850 A
Input Leakage Current
u (Poit 0, EA) 0.45 <ViN <Vcc 10 A
RRST Reset Puldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 pF
Active Mode, 12 MHz 20 mA
e Power Supply Current idle Mode, 12 MHz 5 mA
Vec=6V 100 pA
D ()
Power Down Mode Voo =3V © WA

Notes: 1. Under steady state (non-translent) conditions, lo..
must be exdemally limited as follows:
Maximum lou per port pin:10 mA
Maximum lo per 8-bit port:
Port 0:26 mA
Ports 1,2, 3:15 mA

[
Maximum total IOL for ail output pins:71 mA
If IOL 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 VCC for Power Downls 2 V.

AMEL 9
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A.C. 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 Osciliator 16 to 24 MHz Oscillator
Symbol Parameter Min_ Max Min Max Units
1ftcrcL | Osdillator Frequency 0 24 MHz
LHLL ALE Pulse Width 127 2tcLcL-40 ns
taviL | Address Valid to ALE Low 28 tCLCL-13 ns
tLLAX Address Hold After ALE Low 48 tCLCL-20 ns
tLuv ALE Low to Valid Instruction In 233 ACLCL-65 ns
tupL | ALE Low to PSEN Low 43 torLeL-13 ns
tLpH | PSEN Pulse Width 205 3teLeL-20 . ns
tpuv PSEN Low to Valid Instruction In 145 3tcLcL-45 ns
texIx Input Instruction Hold After PSEN 0 0 ns
tpxiz Input Instruction Float After PSEN 59 tcLcL-10 ns
tpxav | PSEN to Address Valid 75 torcL-8 ns
taviv Address to Valid Instruction In 312 StoLeL-55 ns
triaz | PSEN Low to Address Float 10 10 ns
tRiRH | RD Pulse Width 400 6tcicL-100 ns
twwH | WR Pulse Width 400 6tcLcL-100 i ns
triov | RD Low to Valid Data In 252 StcLoL-90 ns
tripx | Data Hold After RD 0 0 ns
trHpz | Data Float After RD 97 2tcLcL-28 ns
tupv | ALE Low to Valid Data In 517 BICLCL-150 | ns
tavov Address to Valid Data In 585 AHCLCL-165 ns
tuw. | ALE Low to RD or WR Low " 200 300 3tcicl-50 3toLcLts0 ns
tavwL | Address to RD or WR Low 203 AtoLcL-75 ns
{ tavwx | Data Valid to WR Transition 23 tcrcL-20 ns
1 taww | Data Valid to WR High 433 TicLoL-120 ns
twiax | Data Hold After WR 33 tcLeL-20 ns
triaz | RD Low to Address Float 0 0 ns
twr | RD or WR High to ALE High 43 123 tereL-20 teLcL+25 ns

10 AT89C51 me—————————sssss—
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External Program Memory Read Cycle

i — v
ALE . ,
»l
N * torpn
t '
TS D A tw !
PSEN ' tuv  p T .
[ texa
~ je—to a7
t toxiz
toxx—>1  |e—
PORT O — AD - A7 ——K INSTRIN_ D> AD - A7
- by —— >
PORT 2 A8 - A15 X AB-AlS
External Data Memory Read Cycle
e —
ALE . :
— b
PSEN o —— o
fe— tRirH —>
fe— by, —
RD bty ax— | — 1 t
e— by —] . IR » lripv RHDZ
RLAZ — tRHD)(
PORT 0 ~—k AD - A7 FROM RI OR DPLX K DATA IN A0 - A7 FROM PCL — INSTR IN
tawm
tAVW
PORT 2 P20 - P2.7 OR A8 - A15 FROM DPH XA - A15 FROM PCH

AmE}
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External Data Memory Cycle

ALE JF:LML__" { if— y

o by
PSEN N
— tow —e—taown —
WR t 1
tavs tavwx - +— barax
— tavwn
PORT 0 __ K AD - A7 FROM RI OR DPL DATA OUT__ ] (AD - A7 FROM PCL ~INSTR IN
tavwe.
PORT 2 :£ P20 - P27 OR A8 - A15 FROM DPH ¢~ AB - A15 FROM PCH

External Clock Drive Waveforms

1. 4
o5V e tonex tercr — forex — tone
:Fowcc : |
—— 0.2 Vgg- 0.1V 'v j ,;L_
0.45v —— N —

e terex
+ torcl
External Clock Drive

Symboi Parameter Min Max Units
ifterct | Oscillator Frequency 0 24 MHz
tcLeL Clock Period 416 : ns
tcHeX High Time 15 ns
tcLex Low Time 15 ns
tcLen Rise Time 20 ns
tcHeL Fall Time 20 ns

12 AT89C51 mssssssssse————
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Serial Port Timing: Shift Register Mode Test Conditions

(Vcc = 5.0 V 1 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symbol Parametsr Min Max Min Max Units
baxe Serial Port Clock Cyde Time 1.0 12tcLcL us
tQvxH Output Data Setup to Clock Rising Edge 700 10tcLeL-133 ns
txHax Qutput Data Hold After Clock Rising Edge 50 2tcLcL-33 ns
tXHOX Input Data Hold After Clock Rising Edge 0 0 ns
XHOV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns

Shift Register Mode Timing Waveforms

INSTRUCTION [ 0 [ -1 1 -2 |

ae _ LIy

—C]

CLOCK L L L L L LT L
tavn
—o{ f— bowax
WRITE TO SBUF o 1 IX 2 X3 X a4 X5 X8 X 7
v — t.

OUTPUT DATA th [ boox B v serml
L CLEARR | P T T TR T Y i T T
INPUT DATA SETRI

AC Testing Input/Output Waveforms "

Voor O8V——  _33 Voo + 0.9V
< TEST POINTS
. 02 V. - 0.1V AN
045V —— cc
Note: 1. AC Inputs during testing are driven at Vcc - 0.5V fora

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

“oF

Fioat Waveforms "

Viewo' OV A4 NV o
Timing Reference
In

:» Points
Vioan OV Vg * 0V

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 a 100 mV change
from the loaded Vor/Vor leve! occurs.

VLOAD

Note:

AIMEL 13




Ordering Information

AlmEL

Speed Power ] )
(MHz2) Supply Ordering Code Package Operation Range
12 5V +20% ATB9C51-12AC 44A Commercial
ATB9C51-12JC 44) (0°C to 70°C)
AT89C51-12PC 40P6
ATB9C51-12QC 44Q
AT89C51-12Al 44A Industrial
ATB9C51-12J1 44J (40°C to 85°C)
AT89C51-12P| 40P6
AT89C51-12Q1 44Q
AT89C51-12AA 44A Automotive
ATBIC51-12JA 44 (40°C to 125°C)
AT89C51-12PA 40P6
ATB9C51-12QA 44Q
5V£10% AT89C51-12DM 4006 Military
ATB9C51-12LM 441 (-55°C to 125°C)
AT89C51-12DM/883 4006 Military/883C
AT89C51-12L.M/883 441 Class B, Fully Compliant
(-55°C to 125°C)
16 5V 120% AT89C51-16AC 44A Commercial
AT89C51-16JC 44) (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q .
AT89C51-16Al 44A Industrial
AT89C51-1641 44 (~40°C to 85°C)
AT89C51-16P 40P6
AT89C51-16Ql 44Q
AT89C51-16AA 44A Automotive
ATBIC51-16JA 44J (40°C to 125°C)
ATB9C51-16PA 40P6
ATBIC51-16QA 44Q
20 5V £20% ATBIC51-20AC 44A Commercial
ATB9C51-20JC 44) (0°C t0 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-201 44 (40°C to 85°C)
AT89C51-20P 40P6
AT89C51-20Ql 44Q
14 AT89C51 meesse———
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Ordering Information

Speed Power ] .
(MHz) Supply Ordering Code Package Operation Range
24 5V +20% AT89C51-24AC 44A Commercial
ATB89C51-24JC 44) (0°C to 70°C)
AT89C51-24PC 44P6
AT89CS51-24QC 44Q
AT89CS51-24A! 44A Industrial
AT89C51-24J1 44J (~40°C to 85°C)
AT89C51-24PI 44P86
AT89C51-24Q1 44Q
Package Type
A4A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
4008 40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
“J 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
A4L 44 Pad, Non-Windowed, Ceramic Leadiess Chip Carrier (LCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Infine Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

AIMEL
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