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LAMPIRAN 

Listing Program 

;-----------------------------------------------------------------
Program Mesin Pengatur Antrian 
oleh Galih wibowo Koselan 

5103094033 
30 Juli 2002 

;------------------------------------------------------------~----

. DATA 
ORG 30H 

ANTRIAN DS 1 
DIGIT01 DS 1 
DIGIT02 DS 1 
DIGIT03 DS 1 
DIGIT04 DS 1 
DIGITOS DS 1 
DIGIT06 DS 1 
DIGIT07 DS 1 
DIGIT08 DS 1 
DIGIT09 DS 1 
DIGIT10 DS 1 
DIGITll DS 1 
DIGIT12 DS 1 
DIGIT13 DS 1 
DIGIT14 DS 1 
TANGGAL DS 1 
BULAN OS 1 
TAHUN OS 1 
TAMPUNG01 OS 1 
TAMPUNG02 OS 1 
TAMPUNG03 DS 1 
TAMPUNG04 DS 1 
TAMPUNGOS DS 1 
TAMPUNG06 OS 1 
TAMPUNG07 DS 1 

.CODE 
ORG OOH 
AJMP START 

ORG 50H 

0 ______ -------------------, 
Inisialisasi Awal 

0 ______ -----------------

;Digit 7 Segment untuk tampilan 
;Tanggal dan Bulan 

;Digit Printer Antrian 
;Digit Printer Antrian 
;Digit 7 Segment untuk nomor antrian 

; Digit Printer Pemenuhan 
; Digit Printer Pemenuhan 
; Digit 7 Segment untuk tampilan 
;Tahun 
;Untuk Variabel Tanggal 
;Untuk Variabel Bulan 
;Untuk Variabel Tahun 
; Untuk Variabel Jumlah Antrian 
;Untuk Variabel Jumlah Pelayanan 
;Untuk Variabel Jumlah Pemenuhan 

IA CLR 
MOV 
MOV 

P3.6 ;Matikan Speaker 
RO,#TANGGAL 
BULAN,!!1 

A-I 



MOV TANGGAL,#l 
MOV TAHUN,#l 
MOV TAMPUNG01,#0 
MOV TAMPUNG02,#0 
MOV TAMPUNG03,#0 
MOV ANTRIAN,#O 
MOV DIGIT01,#17H 
MOV DIGIT02,#OBH 
MOV DIGIT03,#lDH 
MOV DIGIT04,#OEH 
MOV DIGIT05,#0 
MOV DIGIT06, #0 
MOV DIGIT07,#07H 
MOV DIGIT08,#OBH 
MOV DIGIT09,#ODH 
MOV DIGITIO,#OEH 
MOV DIGITll, #0 
MOV DIGIT12,#0 
MOV DIGIT13,#OBH 
MOV DIGIT14,#17H 
MOV TAMPUNG07,DIGIT04 
MOV TAMPUNG06,DIGIT03 
MOV TAMPUNG05,DIGIT02 
MOV TAMPUNG04,DIGITOl 
RET 

i--------------
Strobe 

;--------------
STROBE SETB PO.7 ; Mengirim 

NOP ;Mengirim 
NOP 
CLR PO.7 ;Mengirim 
NOP ;Mengirim 
NOP 
JB PO.6,$ ; Mengirim 
RET 

;----------------------------
Inisialisasi Printer 

;----------------------------

Sinyal 
Delay 

Sinyal 
Delay 

Sinyal 

IP MOV A,#27 ;comrnand mode 
ACALL STROBE 
MOV A, #64 ;reset printer 
ACALL STROBE 
RET 

;--------------------
Mode Printer 

;--------------------
BK MOV P2,#lBH ;Batas Kiri 

ACALL STROBE 
MOV P2,#6CH 
ACALL STROBE 
MOV P2,#lO 
ACALL STROBE 
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RET 

BS MOV 
ACALL 
MOV 
ACALL 
RET 

DBS MOV 
ACALL 
MOV 
ACALL 
RET 

RESET MOV 
ACALL 
MOV 
ACALL 
RET 

LF MOV 
ACALL 
RET 

._------------, 
Delay 

._------------, 
DELAY 
DOl 

MOV 
MOV 
DJNZ 
DJNZ 
RET 

P2, #lBH 
STROBE 

P2,#45H 
STROBE 

P2, #lBH 
STROBE 

P2,#OEH 
STROBE 

P2,#lBH 
STROBE 

p2,#46H 
STROBE 

P2,#OAH 
STROBE 

R7,#OFFH 
R6, #OFFH 
R6,$ 
R7, DOl 

9 ______ ---------------------, 
Cetak Nomor Antrian 

9 ______ ---------------------, 
CNA MOV A,TAMPUNG01 

MOV B,#10 
CLR C 
DIV AB 
ADD A,#30H 
MOV DIGIT06,A 
MOV A,B 
ADD A,#30H 
MOV DIGIT05,A 

EscCNA RET 

._---------------------, 
Cetak 

C MOV A,#O 
MOVC A, @A+DPTR 
JZ EscC 
MOV P2 / A 
ACALL STROBE 
INC DPTR 

;Huruf Besar 

;Doub1e Besar 

;Reset Double Besar 

;Line Feed 

;Melakukan Perhitungan sebagai 
; Delay 
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SJMP C 
EscC RET 

0 __________________ _ , 
Cetak Huruf 

i-------------------
CH ADD A,#30H 

MOV P2,A 
ACALL STROBE 
RET 

;-------------------------
Cetak Spasi Dan -

;-------------------------
CS MOV P2,#20H 

ACALL STROBE 
MOV P2,#2DH 
ACALL STROBE 
MOV P2,#20H 
ACALL STROBE 
RET 

i-------------------
Cetak Tahun 

i-------------------
CThn MOV P2,#32H 

ACALL STROBE 
MOV P2, BOH 
ACALL STROBE 
MOV A,DIGIT13 
SWAP A 
ANL A, #OFH 
ADD A,#30H 
MOV P2,A 
ACALL STROBE 
MOV A, DIGIT14 
SWAP A 
ANL A,#OFH 
ADD A,#30H 
MOV P2,A 
ACALL STROBE 
RET 

DB 'Tanggal : ' , 0 KATAl 
KATA2 
KATA3 

DB 'Anda berada pada 
DB 'NO : ' , 0 

"---------------------------, 
Print Nomor Antrian 

i---------------------------
PNA ACALL BK ;Batas 

MOV DPTR, #Kl'.TAl 
ACALL C ;Cetak 
~10V A,DIGITC4 
SWAP A 
ANL A, #OFH 
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ACALL CH 
MOV A,DIGIT03 
SWAP A 
ANL A,#OFH 
ACALL CH 
ACALL CS 
MOV A,DIGIT02 
SWAP A 
ANL A,#OFH 
ACALL CH 
MOV A,DIGITOl 
SWAP A 
ANL A, #OFH 
ACALL CH 
ACALL CS 
ACALL CThn 

ACALL LF ;Line Feed 
MOV DPTR,#KATA2 
ACALL C ;Cetak 

ACALL LF ;Line Feed 
MOV DPTR,#KATA3 
ACALL BS 
ACALL DBS 
ACALL C ;Cetak 
MOV P2,DIGIT06 
ACALL STROBE 
MOV P2,OIGIT05 
ACALL STROBE 
ACALL RESET 

MOV R5,#5 
PNA_01 ACALL LF ;Line Feed 

OJNZ R5,PNA01 
RET 

i-~-------------------------------------

Cetak Nomor Antrian yg Oilayani 
----------------------------------------, 
CNAYD INC ANTRIAN 

MOV R5,ANTRIAN 
CJNE RS,#100,CNAY001 
MOV ANTRIAN,#Ol 

CNAYOOl MOV A,ANTRIAN 
MOV B,#10 
OIV AB 
SWAP A 
ORL A,#OEH 
MOV DIGIT10,A 
MOV A,B 
SWAP A 
ORL A,#ODH 
f"10V DlG:'T09,A 
RET 



0 ______________________________ _ , 
Menampilkan Ke 7 Segmen 

0 ______ -------------------------, 
SEVEN MOV Pl,DIGIT07 

SETB Pl. 3 
MOV Pl,DIGIT08 
SETB Pl.2 
MOV Pl,DIGIT09 
SETB Pl.l 
MOV Pl,DIGITlO 
SETB Pl. 0 
RET 

0 ______ -------------------------, 
Menampilkan Ke 7 Segmen 

0 ______ -------------------------, 
SEVEN02 MOV Pl,TAMPUNG04 

SETB Pl.3 
MOV Pl,TAMPUNG05 
SETB Plo 2 
MOV Pl,TAMPUNG06 
SETB Pl.l 
MOV Pl,TAMPUNG07 
SETB PLO 
RET 

;---------------
Speaker 

0 ______ ---------, 
SPK SETB P3.6 

MOV R5, in 
SPKOl ACALL DELAY 

DJNZ R5,SPKOl 
CLR P3.6 
RET 

0 ______ --------------------------------, 
Costumer Servis Menekan Tombol 

i--------------------------------------
CSMT 

CSMTOl 

EscCSMT 

INC TAMPUNG02 
CLR C 
MOV A,TAMPUNGOl 
MOV Rl,TAMPUNG02 
SUBB A,Rl 
JNC CSMTOI 
DEC TAMPUNG02 
SJMP EscCSMT 
ACALL CNAYD 
ACi'.LL SPK 
RET 

0 ______ ------------------, 
Cek Tombol Bawah 

0 ______ ------------------, 
eTB JB 

DEC 
PO.2,EscCTB 
@RO 

;Cetak Nomor Antrian yg Dilayani 

;BAWAH 
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CJNE RO,#TANGGAL,CTB02 
CJNE @RO,#0,CTB01 
MOV @RO,#31 

CTB01 MOV A,@RO 
MOV B,#10 
DIV AB 
SWAP A 
ORL A,#OEH 
MOV DIGIT04,A 
MOV A,B 
SWAP A 
ORL A,#ODH 
MOV DIGIT03,A 
MOV TAMPUNG07,DIGIT04 
MOV TAMPUNG06,DIGIT03 
MOV TAMPUNG05,DIGIT02 
MOV TAMPUNG04,DIGIT01 
SJMP CTB06 

CTB02 CJNE RO,#BULAN,CTB04 
CJNE @RO,#0,CTB03 
MOV @RO, #12 

CTB03 MOV A,@RO 
MOV B, #10 
DIV AB 
SWAP A 
ORL A,#OBH 
MOV DIGIT02,A 
MOV A,B 
SWAP A 
ORL A,#07H 
MOV DIGIT01,A 
MOV TAMPUNG07,DIGIT04 
MOV TAMPUNG06,DIGIT03 
MOV TAMPUNG05,DIGIT02 
MOV TAMPUNG04,DIGITOl 
SJMP CTB06 

CTB04 CJNE @RO,#0,CTB05 
MOV @RO,#99 

CTB05 MOV A,@RO 
MOV B,#10 
DIV AB 
SWAP A 
ORL A,#OBH 
MOV DIGIT13,A 
MOV A,B 
SWAP A 
ORL A,#07H 
MOV DIGIT14,A 
MOV TAMPUNG07,#2EH 
MOV TAMPUNG06,#ODH 
MOV TAMPUNG05,DIGIT13 
MOV TAMPUNG04,DIGIT14 

CTB06 JNB PO _ 2, * ;Switch dilepas ? 
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ACALL DELAY 
EscCTB RET 

;-----------------------
Cek Tombol Atas 

;-----------------------
CTA JB PO.l,EscCTA ;ATAS 

INC @RO 
CJNE RO,#TANGGAL,CTA02 
CJNE @RO,#32,CTAOI 
MOV @RO,#l 

CTAOI MOV A,@RO 
MOV B, #10 
DIV AB 
SWAP A 
ORL A,#OEH 
MOV DIGIT04,A 
MOV A,B 
SWAP A 
ORL A,#ODH 
MOV DIGIT03,A 
MOV TAMPUNG07,DIGIT04 
MOV TAMPUNG06,DIGIT03 
MOV TAMPUNG05,DIGIT02 
MOV TAMPUNG04,DIGITOI 
SJMP CTA06 

CTA02 CJNE RO,#BULAN,CTA04 
CJNE @RO, 1i13, CTA03 
MOV @RO, #1 

CTA03 MOV A,@RO 
MOV B,lIlO 
DIV AB 
SWAP A 
ORL A,#OBH 
MOV DIGIT02,A 
MOV A,B 
SWAP A 
ORL A,1I07H 
MOV DIGITOl,A 
MOV TAMPUNG07,DIGIT04 
MOV TAMPUNG06,DIGIT03 
MOV TAMPUNG05,DIGIT02 
MOV TAMPUNG04,DIGITOI 
SJMP CTA06 

CTA04 CJNE @RO, #100, CTA05 
MOV @RO,III 

CTA05 MOV A,@RO 
MOV B, #10 
DIV AB 
SWAP A 
ORL A,#OSH 
MOV DIGITI3, .1\. 

MOV A,S 
SWAP A 
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ORL A,#07H 
MOV DIGIT14,A 
MOV TAMPUNG07,t/2EH 
MOV TAMPUNG06,#ODH 
MOV TAMPUNG05,DIGIT13 
MOV TAMPUNG04,DIGIT14 

CTA06 JNB PO.1,* ;Switch dilepas ? 
ACALL DELAY 

EscCTA RET 

0 ________________________ , 
Cek Tombol Enter 

-------------------------, 
CTE JB PO.O,EscCTE ;Cek Tombol Enter 

INC RO 
CJNE RO,#TAHUN+l,CTE02 
MOV RO,UANGGAL 

CTE02 CJNE RO,#TAHUN,CTE03 
MOV TAMPUNG07,#2EH 
MOV TAMPUNG06,lIODH 
MOV TAMPUNG05,DIGIT13 
MOV TAMPUNG04,DIGIT14 
SJMP CTE04 

CTE03 MOV TAMPUNG07,DIGIT04 
MOV TAMPUNG06,DIGIT03 
MOV TAMPUNG05,DIGIT02 
MOV TAMPUNG04,DIGITOI 

CTE04 JNB PO.O, * ;Switch dilepas ? 
ACALL DELAY 

EscCTE RET 

0 ______ ------------------------, 
Cetak Jumlah Pemenuhan 

4 ______ ------------------------, 
CJP MOV A,TAMPUNG03 

MOV B,#10 
CLR C 
DIV AB 
ADD A,#30H 
MOV DIGIT12,A 
MOV A,B 
ADD A,#30H 
MOV DIGITll,A 

EscCJP RET 

0 ______ --------------------------, 
Pengantri Menekan Tombo1 

0 ______ --------------------------, 
PMT INC TAMPUNG03 

CLR c 
1-10'1 A,TAMPlJNG02 
MOV Rl,TAMPUNG03 



A-IO 

SUBB A, Rl 
JNC EscPMT 
DEC TAMPUNG03 

EscPMT RET 

KATM DB 'Antrian yang Memenuhi Panggilan',O 
KATAS DB 'Sebanyak : ',0 

;------------------------------
Print Jumlah Pemenuhan 

;------------------------------
PJP ACALL BK ;Batas Kiri 

MOV DPTR,#KATAI 
ACALL C ;Cetak 
MOV A,DIGIT04 
SWAP A 
ANL A,#OFH 
ACALL CH 
MOV A,DIGIT03 
SWAP A 
ANL A,lIOFH 
ACALL CH 
ACALL CS 
MOV A,DIGIT02 
SWAP A 
ANL A,#OFH 
ACALL CH 
MOV A,DIGITOl 
SWAP A 
ANL A,#OFH 
ACALL CH 
ACALL CS 
ACALL CThn 

ACALL LF ;Line Feed 
MOV DPTR,#KATM 
ACALL C ;Cetak 

ACALL LF ;Line Feed 
MOV DPTR,#KATA5 
ACALL BS 
ACALL DBS 
ACALL C ;Cetak 
MOV P2,DIGIT12 
ACALL STROBE 
MOV P2, DIGITll 
ACALL STROBE 
ACALL RESET 

MOV R5,#5 
PJPOI ACALL LE' ;Line E'eed 

DJNZ R5,PJPOl 
RET 

.-------~----------, 
Cek Tombol 



;------------------
CT JB PO.S,302 

INC TAMPUNGOl 
ACALL CNA 
ACALL PNA 
JNB PO.S,* 
ACALL DELAY 

302 JB PO.4,S03 
ACALL DELAY 
ACALL CSMT 
MOV DIGIT07,#l7H 
MOV DIGIT08,#OBH 
JNB PO. 4, * 
ACALL DELAY 

S03 JB PO.3,S04 
ACALL DELAY 
ACALL CSMT 
MOV DIGIT07,#27H 
MOV DIGIT08,#OBH 
JNB PO.3,* 
ACALL DELAY 

S04 JB P3.I,SOS 
ACALL DELAY 
ACALL PMT 
JNB P3.1,* 
ACALL DELAY 

S05 JB P3.2,S06 
ACALL DELAY 
ACALL PMT 
JNB P3. 2, * 
ACALL DELAY 

S06 JB P3.3,EscCT 
ACALL DELAY 
ACALL CJP 
ACALL PJP 
JNB PO. 3, * 
ACALL DELAY 

EscCT RET 

;---------------------
Program Utama 

;---------------------
START ACALL IA 

ACALL IP 
ACALL DELAY 
ACALL DELAY 

STARTOI JB P3. 0, SLllRT02 
ACALL CTB 
ACALL CTA 

A-II 

;Cek tombol printer 

;Cetak Nomor Antrian 
;Print Nomor Antrian 
;3witch dilepas ? 

;Cek tombol Costumer Servis I 

;Menampilkan ruang 

;Switch dilepas ? 

;Cek tombol Costumer Servis 2 

;Menampilkan ruang 

;Switch dilepas ? 

;Cek tombol Pemenuhan 1 

;Switch dilepas ? 

;Cek tombol Pemenuhan 2 

;Switch dilepas ? 

;Cek tombol Cetak Jumlah 
;Pemenuhan 

;3witch dilepas ? 

:' '; '. P tJ .~ T " l'( A II 1'1 
1...''.t\'..:r .• u~ ... u \\..l\,f)~tk WuiYa ~,1."'"1d.al. 

H """:~aAY\ 
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ACALL CTE 
ACALL SEVEN02 
SJMP STARTOl 

START02 ACALL CT 
ACALL SEVEN 
SJMP STARTOI 



_ " 1 i 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

BCD-To-Seven Segment 
Latch/Decoder/Driver 

The MC 14511 B BCD-to-seven segment latch/decoder/driver is 
constructed with complementary MOS (CMOS) enhancement mode devices 
and NPN bipolar output drivers in a single monolithic structure. The circuit 
provides the functions of a 4-bit storage latch, an 8421 BCD-to--seven 
segment decoder, and an output drive capability. Lamp test (IT), blanking 
(BI), and latch enable (lE) inputs are used to test the display, to tUnl-Qft or 
pulse modulate the brightness of the display, and to store a BCD code, 
respectively. It can be used with seven-segment light-emitting diodes 
(lED), incandescent, fluorescent, gas discharge, or liquid crystal readouts 
either directly or indirectly. 

Applications include instrument (e.g., counter, DVM, etc.) display driver, 
computer/calculator display driver, cockpit display driver, and various Clock, 
watch, and timer uses. 

• low logic Circuit Power Dissipation 
• High-Current Sourcing Outputs (Up to 25 mAl 
• latch Storage of Code 
• Blanking Input 
• lamp Test Provision 
• Readout Blanking on all Illegal Input Combinations 
• lamp Intensity Modulation Capability 
• TIme Share (Multiplexing) Fadlity 
• Supply Voltage Range = 3.0 V to 18 V 
• Capable of Driving Two low-power TTL loads, One low-power 

Schottky TTL load or Two HTlloads Over the Rated Temperature 
Range 

• Chip Complexity: 216 FETs or 54 Equivalent Gates 
• Triple Diode Protection on all Inputs 

MAXIMUM RATINGS' (Voltages Referenced to VSS) 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5to+18 V 

Input Voltage, All Inputs Yin - 0.5 to VDD +0.5 V 

DC Current Drain per Input Pin I 10 rnA 

Operating Temperature Range TA -5510+125 'C 

Power Dissipation per Packaget PD 500 mW 

Storage Temperature Range Tstg -6510+ 150 'c 
Maximum Output Drive Current IOHmax 25 rnA 

(Source) per Output 

Maximum Continuous Output Power POHmax 50 mW 
(Source) per Output :t 

:tPOHmax; 'OH (VDD - VOH) 
... Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: 

Plastic"P and D/DW" Packages: - 7.0 mWI"C From 65"C To 125'C 
Ceramic "l" Packages: -12 mwrc From 100'C To 125'C 

REV 3 
1/94 

',9 Motorola, Inc. 1995 

MC14511B 

•• 

L SUFFIX 
CERAMIC 
CASE 620 

P SUFFIX 
PLASTIC 
CASE 648 

o SUFFIX 
SOIC 

CASE 751B 

OW SUFFIX 
SOIC 

CASE 751G 

ORDERING INFORMATION 

MC14XXXBCP 
MC14XXXBCl 
MC14XXXBDW 
MC14XXXBD 

Plastic 

Ceramic 
SOIC 

SOIC 

TA; - 55' 10 125"C for all packages. 

PIN ASSIGNMENT 

8 ,. 16 Yoo 

C 2 15 f 

IT 3 14 9 
a 

Bl 4 13 a 
f/-;-/b 

lE 5 12 b 
el Ie 

d 
0 6 11 e 

A 7 10 d 

YSS 8 9 e 

DISPLAY 

101 , 1,='I=:I'-/lslbI7!Blql , 
0 1 3 4 5 6 7 8 9 

TRUTH TABLE - 0_ 
LEBI LT D C B • . • e d . f • '"_ X X 0 X X X X , , , , , , , • 
x 0 , x x x x 0 0 0 0 0 0 0 ...... 
0 , , 0 0 0 0 , , , , , , 0 0 
0 1 , 0 0 0 , 0 , , 0 0 0 0 , 
0 , , 0 0 1 1 1 1 1 1 0 0 1 2 
0 , , 0 0 1 1 1 1 , , 0 0 , 3 

0 , , 0 , 0 0 0 , , 0 0 , , 4 
0 , , 0 , 0 1 , 0 1 , 0 , , 5 
0 , , 0 , , 0 0 0 , , , , , 6 
0 , , 0 , , , , , , 0 0 0 0 7 

0 , , , 0 0 0 1 , 1 , , 1 , 8 
0 , , , 0 0 , , , , 0 0 , , , 
0 , , , 0 1 0 0 0 0 0 0 0 0 .. ,,'" 
0 , , , 0 , , 0 0 0 0 0 0 0 .. "" 
0 , , , , 0 0 0 0 0 0 0 0 0 ..-
0 , , , , 0 , 0 0 0 0 0 0 0 .. " .. 
0 , , , , , 0 0 0 0 0 0 0 0 Blank 
0 , 1 1 , 1 , 0 0 0 0 0 0 0 fijank 

1 , , X X X X 

x DontCare 
• Deoend:::; upon the BCD rnde pfl!"VJOUSIy applIed wtlen lE '" 0 

® MOTOROLA 



ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 

Voo 
-55°C 

Characteristic Symbol Vdc 

Output Voltage "0" level VOL 5.0 
Yin = Voo ora 10 

15 

"1" level VOH 5.0 

Yin = Oor VOO 10 
15 

Input Voltage # "O'level Vll 
(Vo = 3.8 or 0.5 Vdc) 5.0 
(Vo = 8.8 or 1.0 Vdc) 10 
(Vo = 13.8 or 1.5 Vdc) 15 

"1' level VIH 
(Vo = 0.5 or 3.8 Vdc) 5.0 
(Vo = 1.0 or B.8 Vde) 10 
(Vo = 1.5 or 13.8 Vdc) 15 

Output Drive Vonage VOH 
(IOH = 0 mAl Source 5.0 
(IOH = 5.0 mAl 
(IOH = 10 rnA) 
(IOH = 15 rnA) 
(lOH =20mA) 
(IOH=25mA) 

(lOH = 0 mAl 10 
(IOH = 5.0 mAl 
(IOH = 10 rnA) 
(IOH = 15 rnA) 
(IOH = 20 rnA) 
(IOH =25mA) 

(IOH =OmA) 15 
(IOH = 5.0 mAl 
(IOH = 10 rnA) 
(IOH = 15 rnA) 
(IOH =2OmA) 
(IOH=25 rnA) 

Output Drive Current IOL 
(VOL = 0.4 V) Sink 5.0 
(VOL = 0.5 V) 10 
(VOL = 1.5 V) 15 

Input Current lin 15 

I nput Capacitance Cin -
Quiescent Current 100 5.0 

(Per Package) Yin = 0 or VOO, 10 
lout = 0 /-lA 15 

Total Supply Current"t IT 5.0 
(Dynamic plus Quiescent, 10 
Per Package) 15 
(Cl = SO pF on all outputs, all 
buffers swttching) 

#NOIse immunITy specified for worst-<:ase input combination. 
Noise Margin for both "1" and "0" level = 

1.0 Vdc min @ VOO = 5.0 Vdc 
2.0 Vdc min @ VOO = 10 Vdc 
2.5 Vdc min @ VOO = 15 Vde 

Min 

-
-
-
4.1 
9.1 
14.1 

-
-
-

3.5 
7.0 
11 

4.1 
-
3.9 
-
3.4 
-

9.1 
-
9.0 
-
8.6 

-
14.1 
-
14 
-

13.6 
-

0.64 
1.6 
4.2 

-
-
-
-
-

"The formulas given are for the typical characteristics only at 25"C. 

t To calculate total supply curren! at loads other than SO pF: 

IT(CU = IT(50 pF) + 3.5 x 10-3 (Cl - SO) VOOf 

Max 

0.05 
0.05 
0.05 

-

-
-

1.5 
3.0 
4.0 

-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-

±0.1 

-
5.0 
10 
20 

25°C 125"C 

Min Typ# Max Min Max Unit 

- a 0.05 - 0.05 Vde 

- a 0.05 - 0.05 

- a 0.05 - 0.05 

4.1 4.57 - 4.1 - Vde 
9.1 9.58 - 9.1 -
14.1 14.59 - 14.1 -

Vde 
- 2.25 1.5 - 1.5 

- 4.SO 3.0 - 3.0 
- 6.75 4.0 - 4.0 

Vdc 
3.5 2.75 - 3.5 -
7.0 5.50 - 7.0 -
11 8.25 - 11 -

Vdc 
4.1 4.57 - 4.1 -
- 4.24 - - -
3.9 4.12 - 3.5 -
- 3.94 - - -
3.4 3.70 - 3.0 -
- 3.54 - - -
9.1 9.58 - 9.1 - Vdc 

- 9.26 - - -
9.0 9.17 - 8.6 -
- 9.04 - - -
8.6 8.90 - 8.2 -
- 8.70 - - -

14.1 14.59 - 14.1 - Vde 

- 14.27 - - -
14 14.18 - 13.6 -
- 14.07 - - -

13.6 13.95 - 13.2 -
- 13.70 - - -

mAde 
0.51 0.88 - 0.36 -
1.3 2.25 - 0.9 -
3.4 8.8 - 2.4 -
- ± 0.0000 1 ±0.1 - ± 1.0 /-lAdc 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 /-lAdc 
- 0.010 10 - 300 
- 0.015 20 - 600 

IT = (1.9 /-lAIl<Hz) f + 100 /-lAdc 
IT = (3.8 /-lAIkHz) f + 100 
IT = (5.7 /-lAIkHz) f + 100 

where: IT is in /-lA (per package). CJ. in pF, VOO in Vdc. and f in kHz is input frequency. 

MC145118 
362 
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SWITCHING CHARACTERISTICS' (CL = 50 pF, TA = 25"C) 

Voo 
Characteristic Symbol Vdc Min Typ Max Unit 

Output Rise lime tTLH ns 
tTLH = (0.40 ns/pF) CL + 20 ns 5.0 - 40 80 
'TLH = (0.25 nS/pF) CL + 17.5 ns 10 - 30 60 
'TLH = (0.20 ns/pF) ~ + 15 ns 15 - 25 SO 

Output FaD lime 'THL ns 
tTHL = (1.5 ns/pF) CL + 50 ns 5.0 - 125 250 
tTHL = (0.75 nS/pF) ~ + 37.5 ns 10 - 75 150 
'THL = (0.55 ns/pF) ~ + 37.5 ns 15 - 65 130 

Data Propagation Detay lime tPLH ns 
tpLH = (0.40 ns/pF) ~ + 620 ns 5.0 - 640 1280 
tpLH = (0.25 ns/pF) ~ + 237.5 ns 10 - 250 SOO 
IpLH = (020 ns/pF) ~ + 165 ns 15 - 175 350 

tpHL = (1.3 ns/pF) CL + 655 ns tPHL 5.0 - 720 1440 
tpHL = (0.60 nS/pF) ~ + 260 ns 10 - 290 580 
tpHL = (0.35 nS/pF) ~ + 182.5 ns 15 - 200 400 

Blank Propagation Detay lime tPLH ns 

tpLH = (0.30 ns/pF) ~ + 585 ns 5.0 - 600 750 
tpLH = (025 nslpF) ~ + 187.5 ns /0 - 200 300 

tpLH = (0.15 ns/pF) ~ + 142.5 ns 15 - 150 220 

tpHL = (0.85 ns/pF) ~ + 442.5 ns tPHL 5.0 - 485 970 

tPHL = (0.45 nS/pF) ~ + 177.5 ns 10 - 200 400 

tpHL = (0.35 ns/pF) ~ + 142,5 ns 15 - 160 320 

Lamp Test Propagation Delay lime tpLH ns 

tpLH = (0.45 nslpF) Ct + 290.5 ns 5.0 - 313 625 

tpLH = (025 nslpF) ~ + 112.5 ns 10 - 125 250 

tPLH = (020 nslpF) ~ + 80 ns 15 - 90 180 

tpHL = (1.3 nS/pF) CL + 248 ns tpHL 5.0 - 313 625 

tpHL = (0.45 nslpF) ~ + 102.5 ns 10 - 125 250 
tPHL = (0.35 ns/pF) ~ + 72.5 ns 15 - 90 180 

Setup lime tsu 5.0 100 - - ns 
10 40 - -
15 30 - -

Hold TIme It. 5.0 60 - - ns 
10 40 - -
15 30 - -

Latch Enable Pulse Width tWL 5.0 520 260 - ns 
10 220 110 -
15 130 65 -

• The formulas gIven are for the typical charactenstlCS only. 

ThI"devIc6 ___ protllctiOnclo'Cllitryto Pf'Ot*ctthe~agailMll ~dueto high 'taIic~OI'Mc:trictlelds;JIoIto. 
_.ltls advIsedlhatnormsl ~ be taken to evoId IIPPIlc;atIon of 41f1YYIIftiage hlgharfhanmaximumntl8dVllltagats to IhIa 
hlglHmpeda.-drcuIt.A dcIstruethe hIgII current IIIOde may occur ffVlnandVout_ tIOt ~ to tile range VSS:S IVJn Of 
VOUf}$Voo-

Due tothe~~ ofthIB dn:uIt, damage_ occurlOttIe device IfVDD Is ~andtbe outputa _~to 
Vss and_ ata lOgIcal 1 (See IIexIm\RI) RatIngs). 

un..-d Inputs IIIII.t ~ be tied to an *PfIRIIIrIats lOgIc vaHage lew! (e.g., either Vss or YOO). 
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Input LE low, and Inputs D, BI and LT high. 
f in respect to a system dock. 
All outputs connected to respective Ct. loads. 

20 ns 

A, B, ANDC 

ANY OUTPUT 

50% DUTY CYCLE 

~
VOH 

50% 

--VOL 

Figure 1. Dynamic Po_r Dissipation Signal Waveforms 

20 ns 

INPUTC 

OUTPUTg 

trLH trHL 

(a) Inputs D and LE low, and Inputs A. B, 51 and LT high. 

;------voo 2Ons$ 

LE W% _50_%_-:-___ _ 
- vss 

F
lsu-=l r~ 

INPUTC ~ \..,.-\..-_-_-_-_-_-_-_-_-_- Voo 
. vSS 

---, ----------- VOH 
OUTPUTg ~I..----------VOL 

(b) Input D low, Inputs A. B, BI and LT high. 

LE 

2Ons~50% _20_ns ___ voo 

10% ----VSS 

twL 
(c) Data DCBA strobed into latches. 

Figure 2. Dynamic Signal Waveforms 
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CONNECTIONS TO VARIOUS DISPLAY READOUTS 

Voo 
LIGHT EMITTING DIODE (LED) READOUT 

voo 

COMMON 
CATHOOE LEO 

INCANDESCENT READOUT 

Voo Voo 

-= 

GAS DISCHARGE READOUT 

VOO 

• 

APPROPRIATE 
VOLTAGE 

*'* A filament pre-warm resistor is recommended to reduce filament 
thermal shock and increase the effective cold resistance of the 
filament. 

MOTOROLA CMOS LOGIC DATA 

FLUORESCENT READOUT 

VOO 

DIRECT 
(LOW BRIGHTNESS) 

FILAMENT 
SUPPLY 

(CAUTION: Maximum working voltage = 1B.OV) 

UQUID CRYSTAL (LCD) READOUT 

EXCITATION 

VDO 

1/4 OF MC14070B 

(SQUARE WAVE, 
VSSTO VOO) 

Direct de drive of LC~'s not recommended for life of 
LCD readou1s. 
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A 7 

B 1 

C 2 

o 6 

LE5 
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lOGIC DIAGRAM 

13 a 

12 b 

11 c 

10 d 

9 e 

15 f 

14 9 

VOO = PIN 16 
VSS = PIN 8 
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l±l 
SEATING 
PlANE 

1$10.25 (0.010)®1 TI A ®I 

OUTLINE DIMENSIONS 

LSUFFIX 
CERAMIC DIP PACKAGE 

CASE 620--10 
ISSUE V 

PSUFFIX 
PLASTIC DIP PACKAGE 

CASE 648-08 
ISSUE R 

NO= 

NOTES-
1. DIMENSIONING AND TOlERANCING PER 

ANSI Y14.5M, 1982. 
2. CONTROlliNG OIMENSK>N: INCH. 
3, DIMENSION l TO CENTER OF LEAD WHEN 

FORMED PARAllEL 
4. DIMENSION F MAY NARROW TO 0.16 (O.OXl) 

WHERE THE LEAD ENTERS THE CERAMIC 
BOO¥. 

INCHES III.LJIIETERS 
011 l1li IIAX l1li IIAX 

• 0.150 0.785 19.05 19.93 
B 0140 o. 5 6.10 7.49 
C 0200 5.'" 
0 0.015 0.020 0~9 0.50 
E O.OSOBSC 1.27 BSe 
F 0.055 O.(W;S 1.40 1.65 
G O.l00BSC 54BSC 
H 0.008 0.015 021 I 0.38 
K 0.125 0.170 3.18 4.31 
l O~BSC 7.62 BSC 
M O' ". 0'1 15' 
M 0.020 0.04<> 051 1.01 

1. lHMENSlONNG AND TOLERANCING PER ANSI 
Y14.!IA.1982. 

2. CONTROLlIt«i D1MENSKlN: INCH. 
3. DIMENSION l TO CENTER OF LEADS WHEN 

FORMED PARAllEL 
4. OI.tENstON B DOES NOT ItcLUOE MOLD FlASH. 
5. ROUNDED CORNERS DPllOHAL 

INCHES IIUIIETERS 
011 l1li IIAX l1li IIAX 

• 0.740 0.770 1Uo 19.55 
B 0250 0.270 6.35 6.85 
C 0.145 0.175 3.69 .... 
0 0.015 0.021 0.39 0.53 
F 0.040 0.70 1.1)2 tIT 
G 0.100 BSC 254 esc 
H O.OSOBSC 1.27 esc 
J 0.008 0.015 021 0.38 
K 0.110 0.130 280 3.30 
l 0295 0.305 7.50 7.71. 
M O' 10" O' 10· 
S 0.020 0040 051 1.01 
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OUTLINE DIMENSIONS 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 7518--05 
ISSUE J 

!$!O.25(O.o10)®ITI B ®IA®) 

~,--, 
161R R A RIR A R RI. 

OW SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751G--02 
ISSUE A 

L '" l' ;:..:.8X~P -~~ 
fij} 1$10.010 (o.25)®1 B ®) 

11llfH ~ I 8 8 8 ~~. ------L 

JL 1&XC 

MC14511B 
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NOTES: 

NOTES: 
1. DIMENSIONING AND TOlERANONG PER ANSI 

YI4.SM.I982. 
2. CONTROll.ING DWENSION: MUIMETER. 
3. DIMENSIONS A AND B 00 NOT INCLUDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLoPROlRUSKlNO.1S(O.006) 

PER SIDE. 
5. DIMENSION 0 DOES NOT INO..UOE OAMBAR 

PROTRUSION. AllOWABLE DAM8AR 
PROTRUSION SHAlL BE 0.127 (~005) TOTAL 
IN EXCESS OF THE 0 DIMENSION AT 
MAXA4UM MATERIAL CONDITION. 

MIUIIETERS INCHES 
011 IIW MAX MI" MAX 
A 9BO 10.00 0.386 0.393 
B 3'0 '.00 0.150 .157 
C 1.35 1.75 0.05. 0.068 
D 0~5 0.49 0.014 0.019 
F 0 .... 1. .016 .049 
G 127 C 0.050 C 
J 0.19 0.25 0.008 I 0.009 
K 0.10 0.25 0.004 .009 
M 0° P 0° 7° 
P 5BO 6.20 .229 I 02« 
R 025 0.'" .010 0.019 

1 DIMENSIONING AND TOlERANCING PER ANSI 
Y14.!IM. 1982. 

2. CDNTROWNG DIMENSION: MILLIMETER. 
3. DIMENSIONS A AND B 00 NOT INCLUDE MOLD 

PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15(0.006) PER 

SlOE. 
S. DIMENSION 0 DOES NOT INCLUDE DAMBAR 

PROTRUSION. ALLOWABlE OAMBAR 
PROTRUSION SHA.l.lBE 0.13 (0.005) TOTAl IN 
EXCESS OF 0 ~ENSION AT MAXIMUM 
MATERiAl CONOInON 

1II.I.IIETERS INCHES 
011 MIN MAX IIW MAX 
A 1~1 10. O. 0.,(11 
B 7..40 7. 0.292 0 
C 2.35 2.65 0.093 0.1C)4. 
D 0~5 0.49 0.0104 0.019 
F 0.50 0.90 0.020 0.035 
G 1.27 esc 0050BSC 
J 025 0.32 0.010 0.012 
K O}O 0.25 0.004 0.009 
M 0° 7' O' 7° 
P 10.05 10. 0.395 0.415 
R 0.25 0.75 0.010 0.029 
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Features 
• Compatible with MCS-51- Products 
• 4K Bytes of In-System Reprogrammable Flash Memory 

- Endurance: 1,000 WriteJErase Cycles 
• Fully Static Operation: 0 Hz to 24 MHz 
• Three-level Program Memory Lock 
• 128 x B-blt Intemal RAM 
• 32 Programmable VO Lines 
• Two 11HHt Tirner/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 pinou1. The on-chip 
Flash allows the program memory to be reprogrammed in-system or by a conven­
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Rash 
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides 
a highly-flexible and cost-effective soIu1ion to many embedded control applications. 

Pin Configurations 

P15 
Pl.6 

(RXD)P3.0 

NC 
(TXD) 1'3.1 7 
(INTO) P3.2 8 
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Block Diagram 
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----------______ AT89C51 

The AT89C51 provides the following standard features: 4K 
bytes of Flash, 128 bytes of RAM, 321/0 lines, two 16-bit 
timer/counters, a five vector two-level interrupt architecture, 
a full duplex serial port, on-chip oscillator and clock cir­
cuitry. In addition, the AT89C51 is designed with static logic 
for operation down to zero frequency and supports two 
software selectable power saving modes. The Idle Mode 
stops the CPU while allowing the RAM, timer/counters, 
serial port and interrupt system to continue functioning. The 
Power-down Mode saves the RAM contents but freezes 
the oscillator disabling all other chip functions until the next 
hardware reset. 

Pin Description 

vee 
Supply Voltage. 

GND 

Ground. 

Port 0 

Port 0 is an 8-bit open-drain bi-directional 110 port. As an 
output port, each pin can sink eight TTL inputs. When 1 s 
are written to port 0 pins, the pins can be used as high­
impedance inputs. 

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

~rt1 

:>ort 1 is an a-bit bi-</irectionalllO port with internal pullups. 
rhe Port 1 output buffers can sink/source four TTL inputs. 
Nhen ls are written to Port 1 pins they are pulled high by 
he intemal pullups and can be used as inputs. As inputs, 
'ort 1 pins that are extemally being pulled low will source 
:urrent (I'l> because of the internal pullups. 

'ort 1 also receives the low-order address bytes during 
'lash programming and verification. 

'ort 2 

'ort 2 is an 8-bit bi-</irectional 110 port with intemal pullups. 
'he Port 2 output buffers can sink/source four TTL inputs. 
Vhen 1 s are written to Port 2 pins they are pulled high by 
1e internal pullups and can be used as inputs. As inputs, 

Port 2 pins that are externally being pulled low will source 
current (I,d because of the internal 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 @ 

DPTR). In this application, it uses strong internal pull ups 
when emitting 1 s. 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 Rash programming and verification. 

Port 3 
Port 3 is an a-bit bi-</irectional 1/0 port with internal pullups. 
The Port 3 output buffers can sink/source four TTL inputs. 
When 1 s are written to Port 3 pins they are pulled high by 
the internal pull ups and can be used as inputs. As inputs, 
Port 3 pins that are externally being pulled low will source 
current (I,d 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 INT1 (external interrupt 1) 

P3.4 TO (timer 0 external input) 

P3.S Tl (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. 

ALEIPROG 

Address Latch Enable output pulse for latching the low byte 
of the address during accesses to external memory. This 
pin is also the prograrn 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 

AlmEl 3 



AlmEL 
tulse is skipped during each access to external Data 
~emory. 

'desired, ALE operation can be disabled by selling bit 0 of 
iFR location BEH. With the bit set, ALE is active only dur-
19 a MOVX or MOVC instruction. Otherwise, the pin is 
leakly pulled high. Selling the ALE-disable bit has no 
ffect if the microcontroller is in external execution mode. 

'SEN 

'rogram Store Enable is the read strobe to external pro­
ram memory. 

"hen the ATB9C51 is executing code from external pro­
ram memory, PSEN is activated twice each machine 
vcle, except that two PSEN activations are skipped during 
ach access to external data memory. 

AlvPP 

xternal Access Enable. EA must be strapped to GND in 
rder to enable the device to fetch code from external pro­
ram memory locations starting at OOOOH up to FFFFH. 
lote, however, that if lock bit 1 is programmed, EA will be 
Iternally latched on reset. 

1\. should be strapped to Vcc for internal program 
~ecutions. 

his pin also receives the 12-voH programming enable volt­
ge (Vpp) during Flash programming, for parts that require 
2-volt Vpp. 

TAL1 

!put to the inverting oscillator amplifier and input to the 
temal clock operating circuit. 

TAL2 

utput from the inverting oscillator amplifier. 

Iscillator Characteristics 
r AL 1 and XT Al2 are the input and output, respectively, 
, an inverting amplifier which can be configured for use as 
1 on-chip oscillator, as shown in Figure 1. Either a quartz 
ystal or ceramic resonator may be used. To drive the 
wice from an external clock source, XT Al2 should be left 

unconnected while XTAL 1 is driven as shown in Figure 2. 
There are no requirements on the duty cycle of the external 
clock signal, since the input to the internal clocking circuitry 
is through a divide-by-two flip-flop, but minimum and maxi­
mum 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 Idle 
should not be one that writes to a port pin or to external 
memory. 

Figure 1_ Oscillator Connections 

C2 .. 
" 

C1 
--', 

1 

I 

XTAL2 

XTAL1 

GND 

Note: C1, C2 = 30 pF ± 10 pF for Crystals 
= 40 pF ± 10 pF for Ceramic Resonators 

tatus of External Pins During Idle and Power-down Modes 
lIIode Program Memory I ALE I PSEN I PORTO I PORT1 i PORT2 PORT3 

die Internal i _1~+-~-+ Data I ... Data 

:'--.-1 :;::-'~~:..-~+-~ 1_. -i~ __ ! .:::::::._t :: 
Data Data 

.~ 

Address I Data I 
----

i~-;;;-Data 
I ------- -----

'ower-down I External 0 0 Float Data Data . Data 
. . ... ~ 
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... ------_~ ______ AT89C51 

Figure 2. External Clock Drive Configuration 

NC -----1 

EXTERNAL 
OSCILLATOR ----I 

SIGNAL 

1 
Power-down Mode 

XTAL2 

XTALl 

GND 

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-<:hip RAM. The reset should not be activated before Vcc 
is restored to its normal operating level and must be held 
active long enough to allow the 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 
additional features listed in the table below. 

In the power-down mode, the oscillator is stopped, and the 
instruction that invokes power-down is the last instruction 
executed. The on-<:hip RAM and Special Function Regis-

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

Lock Bit Protection Modes 
Program Lock BHs 

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 internal memory, EA is sampled and latched on reset, 
and funtler programming of the Flash is disabled 

3 p P U Same as mode 2, also verlfy is disabled 

4 p P P Same as mode 3, also external execution is disabled 

AlmEL 5 
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ogramming the Flash 
l AT89C51 is normally shipped with the on-chip Flash 
mory array in the erased state (that is, contents = FFH) 
I ready to be programmed. The programming interface 
:epts either a high-voltage (12-volt) or a low-voltage 
d program enable signal. The low-voltage program­
Ig mode provides a convenient way to program the 
~9C51 inside the user's system, while the high-voltage 
gramming mode is compatible with conventional third­
ly Flash or EPROM programmers. 

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

Vpp = 12V Vpp=5V 

p-Side Mark AT89C51 AT89C51 

xxxx xxxx-5 

yyww yyww 

~nature (030H) = 1EH (030H) = 1EH 

(03tH) = 51H (03tH) = 51H 

(032H) =F FH (032H) =05H 

! AT89C51 code memory array is programmed byte-by­
e in either programming mode. To program any non-
1k byte in the on-chip Flash Memory, the entire memory 
st be erased using the Chip Erase Mode. 

)grammlng Algorithm: Before programming the 
19C51 , the address, data and control signals should be 
up according to the Flash programming mode table and 
ure 3 and Figure 4. To program the AT89C51, take the 
)wing steps. 

Input the desired memory location on the address 
lines. 

Input the appropriate data byte on the data lines. 

Activate the correct combination of control signals. 

Raise EAN pp to 12V for the high-voltage program­
mingmode. 

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

AT89C51 

and data for the enti re 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 wril1en datum on PO.7. Once the write cyde 
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 ba~k 
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 eras~ electrically 
by using the proper combination of control slgnal~ an~ by 
holding ALEIPROG low for 10 ms. The code array IS written 
with all "1"s. The chip erase operation must be executed 
before the code memory can be re-programmed. 

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

(030H) = 1 EH indicates manufactured by Atmel 
(031 H) = 51H indicates 89C51 . 
(032H) = FFH indicates 12V programming 
(032H) = OSH indicates SV programming 

Programming Interface 
Every code byte in the Flash array can be writt~n and th~ 
entire array can be erased by using the ap~opnale ~bl­
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. 
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Flash Programming Modes 
Mode RST PSEN ALEIPROG EANpp P2.6 P2.7 P3.6 P3.7 

Wr~e Code Data H L Hl12V L H H H 
~ 

Read Code Data H L H H L L H H 

Wr~eLock Bit - 1 H L Hl12V H H H H 
~ 

Bit - 2 H L Hl12V H H L L 
~ 

Bit - 3 H L Hl12V H L H L 
~ 

Chip Erase H L (1 ) Hl12V H L L L 
~ 

Read Signature Byte H L H H L L L L 

Note. 1. Chip Erase reqUires a 10 ms PROG pulse. 

Figure 3. Programming the Flash Figure 4. Verifying the Flash 

+5V +5V 
AT89C5l 0 AT89C5l 0 

ADDR. 
AO - A7 

P1 Vee ADDR. 
AO - A7 

P1 vee 
OOOOH/OFFFH PGM OOOOHlOFFFH 

PO P2.0 - P2.3 PO - DATA P2.0 - P2.3 
AS - All AS - All 
,- P2.6 1- P2.6 

SEE FLASH 
I 

P2.7 ALE SEE FLASH P2.7 ALE - PROG I 

PROGRAMMING"; PROGRAMMING --j 
P3.6 MODES TABLE P3.6 MODES TABLE 

.V,H 
P3.7 P3.7 -. XTAL2 EA ------ V,JVpp --, .. ------- XTAL2 EA 

I, 

3-24 MHz 1 - 3-24 MHz -, , =-.-j e--- ; i .-----, 
.L , 

: 

c. I 

-' ----~- XTAL1 RST - V'H -~----, --------+. XTAU RST ------VIH 

e- GND PSEN GND PSEN 
I i 

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

P1.0 - P1.7 
P2.0 - P2.3 

PORT 0 

ALE/PROG 

EANpp 

P2.7 
~-~-

(ENABLE) 

P3.4 
(RDYtBSY) 

PROGRAMMING VERIFICATION 
-.; ADDRESS I - -~ I ADDRESS 

, ~~---'- ... -"'~----

-~ ,.- 'AVOV 
'I i --- .~~-~~~-~-- .. --- I :...~~ ~ .~.--. , 

~--- -·~·--·-t··1 DATA IN :-+--·---1 DATA OUT I~··~~--
I ,------.. I , ., 

t ~ " r- .. "~ 1:=--.1 .. i i 

I:::. r~;, ,,:",-~~. J: i ---Ili----
: Vpp .. r- 'LOGIC l' . 

--~··----··-··"'I- - - - - - - -- - - - - - t-----t LOGlc-or---···-··f-----··· 
------------~--------------T------------l------------- ------

, I., iii t 
-----tooj ,r4------ EHSH i , ,-----+' ~ ._--- E a 
i· ','ElOV .-.. ;",.- ,H Z 
I ~_._. __ ~ __ • ____ .. _i._. I ___ ~ .. ~ ... ~._ ... 

-- r i f-··! 
~HBL -1 ... 

- ------+ 
BUSY READY 

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

8 

P1.0 - P1.7 
P2.0 - P2.3 

PORT 0 

ALE/PAOG 

E.AJvpp 

P2.7 
(ENABLE) 

P3.4 
(RDY/BSY) 

PROGRAMMING 
------J---'-~A::..:D=D.::.R=E::.cSS==--

VERIFICATION !----i _ .... A.,..D.."DRESS 

-+! r-- 'AVOV 

DATA IN , 
~---~--------~---- I 

'. ~L.L L ~' , • ., 'OVG 'GHDX " .. L 
'AVGL~ '4-.~ 'GHAX 

i ., , t G ~~-----.. '------------ ': 

SH l,., ~_f. ._.~ 
I ,. 'GLGH . 

i 

; DATA OUT ~----.-
~--'---"-----/I 

. ~ . . .. . ..~r--- . .~. LOGIC -W.-~-. ..~~ _ ... 
L __ c:":'c/L"-- /; _____________ ...: ______ !-99!~ ll_l- _______________ . __ ,.-

tElOV -~ ,.- " 
r I I 

-.--.~.~.~ -~ ----- - - ---------- - - +----- _ .. 

A , , 

!-----! , 

tnHBL -----tJ>j ... -.. -
I 

BUSY READY 

........... 'we -----.. 
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Flash Programming and Verification Characteristics 
TA '" O°C to 70°C, Vcc '" 5.0 ± 10% 

Symbol Parameter Min 

V (1) pp Programming Enable Voltage 11.5 

I (1) pp Programming Enable Current 

1 t'tclCl Oscillator Frequency 3 

tAVGl Address Setup to PROG low 4BtcLCL 

~HA~ Address Hold After PROG 48lcu:L 

IovGl Data Setup to PROG Low 48hcL 

~HOX Data Hold After PROG 48fcLCL 

leHSH P2.7 (ENABLE) High to Vpp 48fcLCL 

tSHGl Vpp Setup to PROG low 10 

~ (1) HSl V pp Hold After PROG 10 

~lGH PROGWidth 1 

tAVOV Address to Data Valid 

lelov ENABLE low to Data Valid 

tEHQZ Data Float After ENABLE 0 

~HBl PROG High to BUSY Low 

'wc Byte Write Cycle Time 

Note. 1. Only used In 12-volt programming mode. 

AlmEl 

Max 

12.5 

1.0 

24 

110 

48tCLCL 

4BtcLCL 
48tCLCL 

1.0 

2.0 

Units 

V 

rnA 

MHz 

IJS 

IJS 

IJs 

IJS 

ms 
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Absolute Maximum Ratings* 
I 
i Operating Temperature .................................. _55°C to + 125°C 

Storage Temperature ..................................... _65°C to +150°C 

Voltage on Any Pin 
with Respect to Ground ..................................... -1.0V to +7.0V 

Maximum Operating Voltage ............................................ 6.6V 

DC OUtput Current ...................................................... 15.0 rnA 

DC Characteristics 
TA = -40°C to 85°C, Vee = s.ov ± 20% (unless otherwise noted) 

Symbol Parameter Condition 

VL Input Low-lIOItage (Except EA) 

VL , Input Low-lIOItage (EA) 

'NOTICE: Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam­
age to Ihe 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 
impfied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

Min Mal( Units 

-O.s 0.2Vee- 0.1 V 

-o.S 02 Vee-0.3 V 

V'H Input High-IIOItage (Except XTAl1, RS1) 0.2 Vee + 0.9 Vee + O.S V 

V1H1 Input High-IIOItage (XTAL 1, RS1) 0.7 Vee Vee + 0.5 V 

Va. Output Low-YOItage(') (Ports 1.2,3) Ia.: 1.6mA 0.45 V 

Va., 
Output Low-YOItage(l) 

1a.: 3.2mA 0.45 V 
(Port 0, ALE. PSEN) 

IOH: -60 "A, Vee: SV:t 10% 2.4 V 

VOH 
Output Higll-lIOItage 

IOH: -25 "A 0.75 Vee V 
(Ports 1,2,3, AlE, PSEN) 

IOH: -10"A 0.9 Vee V 

IOH: -BOO \lA, Voc: SV:t 10% 2.4 V 

VOH' 
Output Higll-loOltage 

IOH: -3OOpA 0.75 Vee V 
(Port 0 in External Bus Mode) 

IOH:-60pA 0.9 Vee V 

I .. logical 0 Input Current (Ports 1,2,3) VIN : OA5V -50 pA 

In. 
Logical 1 to 0 Transition Current 

VIN : 2V, vee: 5V:t 10% -650 pA 
(Ports 1,2,3) 

lu Inpulleakage Current (Port 0, EA) 0.45 < V .. < Vee ±10 pA 

RRST Reset Pufl-<lown Resistor 50 300 Kll 

CIO Pin Capaci1ance Test Freq. : 1 MHz, TA : 25°C 10 pF 

Active Mode, 12 MHz 20 rnA 
Power Supply Current 

Idle Mode, 12 MHz S rnA 
Icc 

100 Vee: BV pA 
Power-down Mode(2) 

Vee: 3V 40 pA 

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

10 

Maximum lOt per port pin: 10 rnA 
Maximum 10l per 8-bit port: Port 0: 26 mA 
Ports 1, 2, 3: 15 rnA 
Maximum total 10l for all output pins: 71 rnA 
If 10l exceeds the test condition, Val may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

2. Minimum Vee for Power-down is 2V. 
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~C Characteristics 
Inder operating conditions, load capacitance for Port 0, ALEIPROG, and PSEN = 100 pF; load capacitance for all other 
utputs = 80 pF. 

:xternal Program and Data Memory Characteristics 
12 MHz Oscillator 16 to 24 MHz Oscillator 

Symbol Parameter Min Max Min Max Units 

1/lcLcL Oscillator Frequency 0 24 MHz 

ItHLL ALE Pulse Width 127 2iclCL-40 os 

tAVLL Address Valid to ALE Low 43 IctcL-13 ns 

lteAX Address Hold After AlE Low 48 IctcL-2O ns 

Ituv ALE Low to Valid Instruction In 233 41cLCL-65 ns 

ItLPL ALE Low to PSEN Low 43 IcLCL-13 os 

t.LPH PSEN Pulse Width 205 3lctCL -20 os 

t.uv PSEN Low to Valid Instruction In 145 31ctCL-45 ns 

t.XIX Input Instruction Hold After PSEN 0 0 ns 

t.XIZ Input Instruction Float After PSEN 59 !eLCL -10 os 

t.XAV PSEN to Address Valid 75 IctCl-8 os 

IAVIV Address to Valid Instruction In 312 51ctCL-55 ns 

t.LAZ PSEN Low to Address Float 10 10 ns 

!"LAH RD Pulse Width 400 61ctCl-100 os 

IwLWH WR Pulse Width 400 61ctCl-100 ns 

!"LDV RD Low to Valid Data In 252 51ctCL-90 ns 

!"HDX Data Hold After RD 0 0 ns 

> Data Float After RD 97 2icLCL-28 ns ~AHOZ 

'LLOV ALE Low to Valid Data In 517 BtcLCL-150 ns 

-AVQV Address to Valid Data In 585 9icLCL-165 ns 

i.lWl ALE Low to RD or WR Low 200 300 3IctCL-SO 3IcLCL+SO ns 

'AVWL Address to RD or WR Low 203 41ctCL-75 ns 

ovwx Data Valid to WR Transition 23 IctcL-2O ns 

oVWH Data Valid to WR High 433 71ctcL-120 os 

WHQX Data Hold After WR 33 IcLCL-2O ns 

flLAl RD Low to Address Float 0 0 ns 

WHLH RD or WR High to ALE High 43 123 IctCl-2O IcLCL+25 os 

11 



:xternal Program Memory Read Cycle 

.. -
ALE 

PSEN 

PORTO 

-.. - --- - --------- --~ t
PlPH tAvLL t4 ---- .;..--- ------+-----t-j tLlIV 

f -------"';1 tLlPL 1 .... -_- II 

--- t-- -~- -- ,~ tPlIV /' 
I I ,------ -----

I r- t !-tPXAv,-.i

1 

,----., PLAZ tl ' 
t ' PXIZ .. -----llAX I----~ I I. 

i , tpXIX-o.! 4- : 
-------- , -------jl : . I U --

--f AO-A7 ,: INSTRIN 1 -- ' ,_ AO-A7 
---------j i I -------- I ------

!-o-i
4-- t AVIV ~; 

- ---------------- I 

PORT 2 1---- ~-M5 ~-M5 

Idernal Data Memory Read Cycle 

~LL-------

ALE 
--to _tWHLH 

lu.ov f--~LRH--
<t------tLLwL --

--luAx-
I+--tAVLL-

~ tRUJ\( ..--. tRHDZ 

t RLAZ - ,. - ---0 ..... ~ tRHDX 

PORT 0 =>- AO - A7 FROM RI OR DPL - DATA IN ~ AO - A7 FROM peL INSTR IN 

t AVWL 

tAVDV 

PORT 2 ---./ P2.0 - P2. 7 OR AJj - A 15 FROM DPH AJj - A15 FROM PCH 
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External Data Memory Write Cycle 

tLHLL----. 

ALE -- I+-lwHLH 

+-- UWl tWlWH -

WR -lu..Ax~ 
~tAVLL--iO lavwx- r -- r tWHOX 

f4"'- taVWH --+ 

PORT 0 =>- AO - A7 FROM RI OR DPl DATA OUT K AO - A7 FROM Pel INSTR IN 

tAVWL 

------ P2.0 - P2.7 OR AB - A15 FROM DPH AB - A15 FROM PCH 
~ 

PORT 2 

~xternal Clock Drive Waveforms 

0.45V--·· 

r·-- fcHcx ----.1 
I'. LHCX --':.'1 ,-' J ~ ~lCH ~ ~ ----., 

Vee - 0.5V *-1-. / " 'I. _ ' i /---- I 
/ . 0.7 Vee -'Ie- ' -r --T-. 

" .... 1 ,,'1 ,i 

/ ; I ,/ 

t~--h~X-:: 
~-.. -- fcLCL 

02 Vee - 0.1V 

xternal Clock Drive 
.ymbol Parameter Min Max Units 

ItcLCL Oscillator Frequency 0 24 MHz 

::lCl Clock Period 41.6 ns 

:HCX High Time 15 ns 

~lCX Low Time 15 ns 

;LCH Rise Time 20 ns 

;HCl Fall Time 20 ns 
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Serial Port Timing: Shift Register Mode Test Conditions 
(V CC = 5.0 V ± 20%; Load Capacitance = 80 pF) 

Symbol Parameter 

tXLXL Serial Port Clock Cycle Time 

IaVXH Output Data Setup to Clock Rising Edge 

tXHQX Output Data Hold After Clock Rising Edge 

tXHOX Input Data Hold After Clock Rising Edge 

txHoV Clock Rising Edge to Input Data Valid 

Shift Register Mode Timing Waveforms 

INSTRUCTION 
ALE 

CLOCK 

,WRITE TO SBUF, .. 
OUTPUT DATA 

, CLEARRI , .. 
INPUT DATA 

AC Testing Input/Output Waveforms(l) 

Vee - O.sv--
c--'- 02 Vee + 0.9V ~ , 

TEST POINTS 

0.4SV - ... ----
__ 02 Vee - O.lV 

- ____ - -0 __ " __ "-------

~ote: 1. AC Inputs during testing are driven at Vcc - O.SV for a 

14 

logic 1 and 0.4SV for a logic O. Timing measurements 
are made at V,H min. for a logic 1 and V'L max. for a 
logicO. 

AT89C51 

12MHzOsc Variable Oscillator Units 

Min Max Min 

1.0 12tcLcL 

700 H1lcLcc 133 

50 2tcLcL-117 

0 0 

700 

6 

Max 

~s 

ns 

ns 

ns 

1 OIcLcL -133 ns 

7 

5 x::::JCX 7 7 
SETTI t 

Float Waveforms(l) 

VLOAO+ O.lV ~ -~VOL- O.lV 

V LOAO -__ Timing Reference 
Points 

V LOAD - O.1V ~ .. 
---' 

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 Vat/VOL level occurs. 
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Ordering Information 
Speed Power 
(MHz) Supply Ordering Code PacIcage Operation Range , 

12 5V±2O% AT89C51-12AC 44A Commercial 

AT89C51-12JC 44J (O°C to 70°C) 

AT89C51-12PC 40P6 

AT89C51-12QC 440 

AT89C51-12A1 44A Industrial 

AT89C51-12JI 44J (-40°C to 85°C) 

AT89C51-12PI 40P6 

AT89C51-1201 440 

16 5V±2O% AT89C51-16AC 44A Commercial 

AT89C51-16JC 44J (O°C to 70°C) 

AT89C51-16PC 4OP6 

AT89C51-16QC 440 

AT89C51-16AI 44A Industrial 

AT89C51-16JI 44J (-40°C to 85°C) 

AT89C51-16PI 4OP6 

AT89C51-16Q1 44Q 

20 5V±2O% AT89C51-2OAC 44A Commercial 

AT89C51-2OJC 44J (O°C to 70°C) 

AT89C51-2OPC 40P6 

AT89C51-2OQC 440 

AT89C51-2OAI 44A Industrial 

AT89C51-2OJI 44J (-40°C to 85°C) 

AT89C51-2OPI 4OP6 

AT89C51-2OQ1 440 

24 5V±2O% AT89C51-24AC 44A Commercial 

AT89C51-24JC 44J (O°C to 70°C) 

AT89C51-24PC 40P6 

AT89C51-24QC 440 

AT89C51-24AI 44A Industrial 

AT89C51-24J1 44J (-40°C to 85°C) 

AT89C51-24PI 4OP6 

AT89C51-2401 440 

Package Type 

44A 44-lead, Thin Plastic Gull Wing Ouad Flatpack (TOFP) 

44J 44-lead, Plastic J-Ieaded Chip Carrier (PLCC) 

4OP6 40-Iead, 0.600' Wide, Plastic Duallnline Package (PDIP) 

44Q 44-Iead, Plastic Gull Wing Quad Flatpack (POFP) 
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)ackaging Information 

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad 
Flatpack (TQFP) 
Dimensions in Millimeters and (Inches)' 
JEDEC STANDARD MS.Q26 ACB 

1 '2.2'(0.<78) sa 11.75(0.458) 

080(0.031) esc -L_ 
.-

0.45(0.018) _f 0.30(0.012) 

~ 
I , 

~ __ ~ 10.10(0.394) sa 
i 19'9O(0.386) 

ll_ '[ j- 1.20(0.047) MAX 

0.20(.008) 7 4----
o:u9[.OO3)-l-i J ~~mmlJll'l h ; 

I \" ::-n ,; 0.75(0.030) 0.15(0.008) J 
--, ~ 0.45(0.018) 0.05(0.002) 

Controlling dimension: millimeters 

40P6, 40-lead, 0.600' Wide, Plastic Duallnline 
Package (PDIP) 
Dimensions in Inches and (Millimeters) 

I- 2.07(52.6) ---.;;:;l 
1_ _ _ 2.04(51.8) __ '3:'1 

DOu' .566(1 •.• ) 

---=r3
.
5

) 

I ---I f- .090(2.29) 
t-- 1.000(48.26) REF ---l MAX 

.220(5.59) ---1 t-- .005(.127) 

~;1-tmi1T@-.-l MIN 

!j[f lf11I .065(1.65) 
.'6'('.09~ 1 JL .015(.381) 
.125(3.18) I-- .022(.559) 

.065(1.65) .014(.356) 
.110(2.79) .041(1.04) 

.090(229) .630(16.0) 

i:5OO(15:ii)j 
.012(.305) -ii lJ REF 
.008(.203) 

I .690(17.5) I 
r-- .610(15.5) ~ 

AT89C51 

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC) 
Dimensions in Inches and (Millimeters) 
JEDEC STANDARD MS-<l18 AC 

440, 44-lead, Plastic Quad Rat Package (PQFP) 
Dimensions in Millimeters and (Inches)· 
JEDEC STANDARD MS.Q22 AS 

PIN 11D --

~ 13 .• 5(0.5~sa-" 
; 12.95 (0.506) ! 

10.10(0.394) so 
9.90 (0.386) 

----------i 
I, 

0.50 (O.Ol!ll) J 0.35 (0.01.) 

-I 

-. 2.'5 (0.096) MAX 

Q I' 
:li§ l~~~l J_L. ___ }b'GDTIf, ; 

f·C>···· ." , ~ .. 'rl 
1.0~(OcO.,) 0.25 (O.DIO) MAX 
0.78 (0.030) 

Controlling dimension: millimeters 
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