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LAMPIRAN

Listing Program

Program Mesin Pengatur Antrian
oleh Galih Wibowo Koselan

5103094033
30 Juli 2002

ANTRIAN
DIGITO1
DIGITO2
DIGITO3
DIGITO4
DIGITOS
BbIGITO®6
DIGITO7
DIGITOB
DIGITOS
DIGIT1O
DIGIT11
DIGIT12
DIGIT13
DIGIT14
TANGGAL
BULAN
TAHUN
TAMPUNGO1
TAMPUNGO2
TAMPUNGO3
TAMPUNGO04
TAMPUNGOS5
TAMPUNGO6
TAMPUNGO7

.DATA
ORG
DS
Ds
DS
DS
DS
Ds
DS
DS
bsS
DS
DS
DS
DS
D3
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

.CODE
ORG
AJMP

ORG

;Digit

;Digit
;Digit
;Digit

;Digit
:Digit
;Digit
;Tahun
;Untuk
;Untuk
;Untuk
;Untuk
;Untuk
;Untuk

T N e = S el =l el e e e R 7]

00H
START

50H

MOV

7 Segment untuk tampilan

:Tanggal dan Bulan

Printer Antrian
Printer Antrian
7 Segment untuk nomor antrian

Printer Pemenuhan
Printer Pemenuhan
7 Segment untuk tampilan

Variabel Tanggal

Variabel Bulan

Variabel Tahun

Variabel Jumlah Antrian
Variabel Jumlah Pelayanan
Variabel Jumlah Pemenuhan

pP3.6 ;Matikan Speaker

RO, #TANGGAL
BULAN, #1



MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
RET

; Strobe

Ip MOV

ACALL

MOV

ACALL

RET

BK MOV

ACALL

MOV

ACALL

MOV

ACALL

TANGGAL, %1
TAHUN, #1
TAMPUNGO1, #0
TAMPUNGOZ, #0
TAMPUNGO3, #0
ANTRIAN, #0
DIGITO1, #17H
DIGITO2, #0BH
DIGITO3, #1DH
DIGITO4, #0EH
DIGITOS, #0
DIGITO06, #0
DIGITO7, #07H
DIGITOS8, #0BH
DIGITO9, #0DH
DIGIT10, #0EH
DIGITi1, #0
DIGIT12, #0
DIGIT13, #0BH
DIGIT14, #17H

TAMPUNGO7, DIGITO4
TAMPUNGO6, DIGITO3
TAMPUNGOS5, DIGITO2
TAMPUNGO4, DIGITO1

P0.7

A, 427
STROBE

A, #64
STROBE

P2, #1BH
STROBE

P2, #6CH
STROBE

P2, #10
STROBE

;Mengirim Sinyal High

;Mengirim Delay

;Mengirim Sinyal Low

;Mengirim Delay

;Mengirim Sinyal Low ke Kaki Busy

; command mode

;reset printer

;Batas Kiri
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BS

DBS

RESET

LF

RET

MOV
ACALL
MOV
ACALL
RET

MOV
ACALL
MOV
ACALL
RET

MOV
ACALL
MOV
ACALL
RET

MOV

ACALL
RET

P2, #1BH
STROBE

P2, #45H
STROBE

P2, #1BH
STROBE

P2, #0EH
STROBE

P2, #1BH
STROBE

P2, #46H
STROBE

P2, #0AH
STROBE

R7, #0FFH
R6, #0FFH
R6, $

R7, D01

A, TAMPUNGO1
B, #10

c

AB

A, #30H
DIGITO6, B
A, B

A, #3041
DIGITOS, A

A, #0

A, @A+DPTR
EscC

PZ,A
STROBE
DPTR

;Huruf Besar

;Double Besar

;Reset Double Besar

;Line Feed

:Melakukan Perhitungan sebagai
;Delay



EscC RET

; Cetak Huruf

CH ADD A, #30H
MOV P2,A
ACALL STROBE
RET

Cs MOV P2, #20H
ACALL STROBE
MOV P2, ¥2DH
ACALL STROBE
MOV P2, #20H
ACALL STROBE

RET
; Cetak Tahun
CThn MOV P2, #32H

ACALL STROBE
MOV P2, #30H
ACALL STROBE
MOV  A,DIGIT13
SWAP A

ANL A, #0FH
ADD A, #30H
MOV  P2,A
ACALL STROBE
MOV  A,DIGIT14
SWAP A

BNL A, #0FH
ADD A, #30H

MOV P2,A

ACALL STROBE

RET
KATAL DB *Tanggal : ',0
KATAZ DB "Anda berada pada antrian',O
KATA3 DB NO : ', 0

PNA ACALL BK ;Batas Kiri
MOV DPTR, #KATAL
ACALL C ;Cetak
MOV n,DIGITCAE
SWAP A

ANL A, #0FH



ACALL CH

MOV A,DIGITC3
SWAP &

ANL A, #0FH
ACALL CH

ACALL CS

MOV A,DIGITO2
SWAP A

ANL A, $#0FH
ACALL CH

MOV A,DIGITO1
SWAP A

ANL A, #0FH
ACALL CH

ACALL CS

BRCALL CThn

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

ACALL LF ;Line Feed
MOV DPTR, #KATA3

ACALL BS

ACALL DBS

ACALL C ;Cetak
MOV P2,DIGITO6

ACALL STROBE

MOV P2, DIGITOS

ACALL STROBE

ACALL RESET

MOV RS, #5

PNAO1 ACALL LF ;:Line Feed
DJNZ RS, PNAO1
RET

CNAYD INC ANTRIAN
MOV RS, ANTRIAN
CJNE R5,#100,CNAYDO1
MOV ANTRIAN, #01

CNaYDO1 MOV A, ANTRIAN
MOV B, #10
DIV AB
SWAP A

ORL 4, #0EH
MOV DIGITI10,A
MOV AB

SWAP A

ORL A, #0DH
MOV DICGITO9,A



SEVEN MOV PL,DIGITO7
SETB Pl.3
MOV P1,DIGITOS8
SETB Pl.2
MOV P1,DIGITOS
SETB Pl.1
MoV P1,DIGITIO
SETB P1.0
RET

SEVENQ2 MOV P1l, TAMPUNGO4
SETB PL1.3
MoV Pl ,TAMPUNGOS
SETB Pl.2
MOV Pl, TAMPUNGO6
SETB Pl.1
MOV P1l, TAMPUNGO7
SETB P1.0
RET

H Speaker

SPK SETB P3.6
MOV R5, #7

SPKO1 ACALL DELAY
DJNZ RS, SPKO1
CLR P3.6
RET

B e e e T e T

CSMT INC TAMPUNGOQ2
CLR C
MCV A, TAMPUNGO1
MOV R1, TAMPUNGG2
SUBB A,R1
JNC CSMTO1
DEC TAMPUNGC 2
SJMP EscCSMT

CsMTO1 BACARLL CNAYD ;Cetak Nomor Antrian yg Dilayani
ACALL SPK
EscC3MT RET

CTB JB P0.2,EscCTB ; BAWAH
DEC @RrRO



CTBO1

CTBOZ

CTBO3

CTBO4

CTBOS

CTBO6

CJINE
CJINE
MOV
MOV
MOV
Div
SWAP
ORL
MOV
MOV
SWAP
ORL
MOV
MOV
MOV
MOV
MOV
SJMP

CJINE
CJINE
MOV
MOV
MOV
DIV
SWAP
ORL
MOV
MOV
SWAP
CRL
MOV
MOV
MOV
MOV
MOV
SJMP

CJINE
MOV
MOV
MOV
DIV
SWAP
CRL
MOV
MOV
SWAP
CRL
MOV
MOV
MOV
MOV
MOV

JNB

RO, $TANGGAL, CTB02
@RO, #0, CTBO1

@RO, #31

A, BRO

B, #10

AB

A

A, #0EH

DIGITO4,A

A,B

A

A, $0DH

DIGITO3,A
TAMPUNGO7, DIGITO04
TAMPUNGO6, DIGIT03
TAMPUNGOS, DIGIT02
TAMPUNGO4, DIGITC1
CTBO6

RO, #BULAN, CTBO4
@RO, #0, CTBO3

@RO, #12

h, @RO

B, #10

AB

A

A, #0BH

DIGITO2,A

A,B

A

A,#07H

DIGITOL,A
TAMPUNGO7, DIGITO04
TAMPUNGO06, DIGITO3
TAMPUNGOS, DIGIT02
TAMPUNGO4, DIGITO1
CTBO6

@RO, #0,CTBOS

QRO, #99

A, @RO

B, #10

AB

A

A, #0BH

DIGIT13,A

a,B

a

A, #07H

DIGIT14,A
TAMPUNGO7, $2EH
TAMPUNGO6, # ODE
TAMPUNGOS, DIGIT13
TAMPUNGO4, DIGIT14

PO.2,* ;Switch dilepas ?
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ACALL DELAY

EscCTB RET

INC
CJINE
CJINE
MOV
CTAOL MOV
MoV
DIV
SWAP
ORL
MOV
MOV
SWAP
CRL
MOV
MOV
MOV
MOV
MOV
SJMP

CTAO2 CJINE
CJINE
MOV

CTAO3 MOV
MOV
DIV
SWAP
CRL
MOV
MOV
SWAP
ORL
MOV
MOV
MOV
MOV
MOV
SJMP

CTAC4 CJINE
MOV

CTROS MOV
MOV
DIV
SWAP
ORL
MOV
MOV
SWAP

P0.1,EscCTA ; ATAS
@RRO

RO, #TANGGAL, CTA02
@RO, #32,CTADL
@RO, #1

A, @RO

B, #10

AB

A

A, $0EH

DIGITO4, A

A,B

A

A, #0DH

DIGITO03,A
TAMPUNGO7, DIGITO4
TAMPUNGO06, DIGITO3
TAMPUNGO5, DIGITO2
TAMPUNGO4, DIGITO1
CTAO6

RO, #BULAN, CTAC4
8RO, #13, CTAO3
8RO, #1

A, @RO

B, #10

AB

A

A, #0BH

DIGITO0Z2,A

A,B

A

A, #07H

bIGITO1l,A
TAMPUNGO7, DIGITO4
TAMPUNGOG6, DIGITO3
TAMPUNGOS5, DIGIT02
TAMPUNGO4, DIGITO1
CTAO6

@RO, #100, CTAOS
@RO, #1

A, @RO

B, #10

AB

A

R, #0BH
DIGIT13,A

A, B

A

A-8



CTAO06

EscCTA

ORL
MOV
MOV
MOV
MOV
MOV

JNB

A, #07H

DIGIT14,A
TAMPUNGO7, #2EH
TAMPUNGO6, #0DH
TAMPUNGOS5, DIGIT13
TAMPUNGQ4, DIGIT14

PO.1,*

ACALL DELAY

RET

CTEO2

CTEO3

JB
INC
CJINE
MOV

CJINE
MOV
MOV
MOV
MOV
SJMP

MOV
MOV
MOV
MOV

JNB

P0.0,EscCTE

RO

RO, #TAHUN+1,CTE02
RO, #TANGGAL

RO, #TAHRUN, CTEQ3
TAMPUNGO7, #2EH
TAMPUNGO6, #0DH
TAMPUNGO5, DIGIT13
TAMPUNGQ4, DIGIT14
CTEO4

TAMPUNGO7, DIGIT04
TAMPUNGO6, DIGITO3
TAMPUNG(0S5, DIGITOZ2
TAMPUNGO4, DIGITO1

PO.0,*

ACALL DELAY

RET

EscCJP

A, TAMPUNGO3
B,#10

C

AB

A, #30H
DIGIT12,A
A, B

A, #30H
DIGIT11,A

INC
CLR
MOV
MOV

TAMPUNGG3
C
A, TAMPUNGOZ

R1, TAMPUNGO3

;Switch dilepas ?

;Cek Tombol Enter

;Switch dilepas ?
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SUBB A,R1

JNC EscPMT

DEC TAMPUNGO3
EscPMT RET

KATA4 DB 'Antrian yang Memenuhi Panggilan',0
KATAS DB 'Sebanyak : ', 0

PJP ACALL BK ;Batas Kiri
MOV  DPTR, #KATA1l
ACALL C ;Cetak
MOV A, DIGITO4
SWAP A
ANL A, $0FH
ACALL CH
Mov  A,DIGITO3
SWAP A
ANL A, #0FH
ACALL CH
ACALL CS
MOV  A,DIGITO2
SWAP A
ANL A, #0FH
ACALL CH
MOV  A,DIGITO1
SWAP A
ANL A, #0FH
ACALL CH
ACALL CS
ACALL CThn

ACALL LF ;Line Feed
MOV DPTR, #KATA4
ACALL C ;Cetak

ACALL LF ;Line Feed
MOV DETR, #KATAS

ACALL BS

ACALL DBS

ACALL C ;Cetak
MOV PZ2,DIGIT12

ACALI, STROBE

MOV P2, DIGITI1

ACALL STROBE

ACALI, RESET

MOV RS, #5

pJpOl ACALL LF ;Line Feed
DJINZ RS, PJPOL
RET

; Cek Tombol



P0.5,302
INC TAMPUNGO1
ACALL CNA
ACALL PNA

JNB P0O.5,*
ACALL DELAY

502 - JB P0Q.4,S03
ACALL DELAY
ACALL CSMT
MOV DIGITO7, #17H
MOV DIGITOS, #0BH
JNB PO.4,*
ACALL DELAY

503 JB P0.3,504
ACALL DELAY
ACALL CSMT
MOV DIGITO7, #27H
MOV DIGITOS8, #0BH
JNB P0.3,*
ACALL DELAY

sS04 JB P3.1,805
ACALL DELAY
ACALL PMT
JNB P3.1,*
ACARLL DELAY

505 JB P3.2,506
ARCALL DELAY
ACALL PMT
JNB P3.2,*
ACALL DELAY

sS06 JB P3.3,EscCT
ACALL DELAY
ACALL CJP
ACALL pJP
JNB PO.3,*
ACALL DELAY

EscCT RET

START ACALL IA
ACALL IP
ACALL DELAY
ACALL DELAY

STARTO1 JB P3.0,3TARTCZ
ACALL CTB
ACALL CTA

;Cek tombol printer

;Cetak Nomor Antrian
;Print Nomoer Antrian
;Switch dilepas ?

;Cek tombol Costumer Servis 1

;Menampilkan ruang

;Switch dilepas ?

;Cek tombol Costumer Servis 2

sMenampilkan ruang

;Switch dilepas ?

;Cek tombol Pemenuhan 1

;Switch dilepas ?

;Cek tombol Pemenuhan 2

;Switch dilepas ?

;Cek tombol Cetak Jumlah
; Pemenuhan

;Switch dilepas 7

i o4 W PLRIT K A A M
Lpaversag aous Widva riandals
i G W oA B AY A




STARTOZ2

ACALL
ACALL
SJIMP

ACALL
ACALL
SJaMp

CTE
SEVENQ2
STARTO1

CT
SEVEN
STARTO1
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

BCD-To-Seven Segment
Latch/Decoder/Driver

The MC145118B 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—{o—seven
segment decoder, and an output drive capability, Lamp test (LT), blanking
(BN, and latch enable (LE) inputs are used to test the display, to tum—off or
puise 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 dispiay driver, cockpit display driver, and various tlock,
watch, and timer uses.

+ [ow Logic Circuit Power Dissipation
» High—Current Sourcing Outputs (Up to 25 mA)
» Latch Storage of Code
+ Blanking Input
+ Lamp Test Provisicn
+ Readout Blanking on all lilegal Input Combinations
» Lamp Intensity Modulation Capabifity
Tirne Share (Multiplexing) Facility

MC14511B

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

D SUFFIX
SOIC
CASE 7518

ORDERING INFORMATION

SOIC
CASE 751G

MC14XXXBCP
MC14XXXBCL
MC14XXXBDW S0I1C
MC14XXXBD S0IC

Ta = - 55° to 125°C for all packages.

Plastic
Ceramic

DW SUFFiX

PIN ASSIGNMENT
« Supply Voltage Range =3.0Vto 18 V
» Capable of Driving Two Low—power TTL Loads, One Low—power BL1e 16 {1 Vpp
Schottky TTL Load or Two HTL Loads Over the Rated Temperature cfz 15 {1
Range ) . ﬁq 3 14 _'] g 2
s Chip Complexity: 216 FETs or 54 Equivalent Gates _ f I q I b
» Triple Diode Protection on all inputs B 4 1 [la . I"_l .
LE} 5 12(0b -
MAXIMUM RATINGS* (Voltages Referenced to Vgg) 0o 6 1 fe
Rating Symbol Value Unit Al ? 0hd
| -
DC Supply Voltage VpD 0510+ 18 \Y ves ] 8 ofle
Input Voltage, All Inputs Vin -05toVpp+05 | V
Dcce t Drai Input Pi II 10 mA DISPLAY
urrent Drain per input Pin
perinp [ O S e I 2 ) e 0 R 1 |
Operating Temperature Range Ta ~55to+ 125 °C o = P i = A (=
1 3 4 5 6 7 8 8
Power Dissipation per Packaget Pp 500 mw 0 2
p TRUTH TABLE
Storage Temperature Range Tstg ~65to + 150 C . oo
Maximum Output Drive Current l0HmMax 25 mA LE|SILT|O C B Ata b c d e f 9 Ciwpiey
X|X|jo|x X Xx xXt1 1 1 + 1 1 1 a
(SOUV@) per OUtpUt X[oe1}Px X x X{e o 0o 0 ©0 0 O Blank
Maximum Continuous Output Power POHmax 50 mw I RIPEEE R R LR
{Souree) per Output + JHUE I EEEEE R
oy1{1}{0 1 o 0Dj0 1 1 0 0 1 1 4
P OHmax = IoH (VDD ~VoH) HHHI BRI R R
*Maximum Ratings are those values beyond which damage to the device may occur. aj1f+1jo0 3+ 1 119 1 1 0 @ g 0 7
Memperature Derafiog TR IR
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C elffiyy 8 v efg 8 8 o 2 8 0%
Ceramic “L" Packages: ~ 12 mW/°C From 100°C Ta 125°C o{1{1]1 t © 0j0 0 0 0 0 0 O] Bax
ay1] 1 18 1J]0o o 0o 0 0O 0 0 Blamk
011})1 1 1 1 g1 © 0o 0 & 0 0 Biank
o]j1]1 1 1 1 1 [+] 0 1} c ¢ o o Biank
1111 X X X X - N
X =Don't Came

REV 3
1/94

* Denends upon the BCD oode previousty applied whwen LE = 0

‘D Motorola, Inc. 1995

@ MOTOROLA



ELECTRICAL CHARACTERISTICS (valtages Referenced to Vgg)

Voo -55°C 25°C 125°C
Characteristic Symbol { Vdc Min Max Min Typ # Max Min Max Unit
Qutput Voltage “0" Level VoL 50 — 0.05 — 0 0.05 —_ 0.05 Vdc
Vin=VpporQ 10 -— 0.05 — 0 0.05 - 0.05
15 — 005 — 0 0.05 —_ 0.05
“1" Level VOH 50 41 — 41 4.57 — 4.1 -— vdc
Vin =0 or Vpp 10 9.1 — 9.1 9.58 - 9.1 —
15 141 — 4.1 14.59 — 14.1 _—

Input Voltage # “0* Level VIL vde
(Vo =3.8 or 0.5 Vdc) 50 _ 1.5 —_ 225 1.5 — 1.5
{Vp =8.80r1.0Vdc) 10 — 3.0 — 4.50 3.0 — 30
(Vo = 13.8 or 1.5 Vdc) 15 — 40 — 6.75 40 — 4.0

“1” Level ViH Vde
Vo = 0.5 or 3.8 Vdc) 5.0 35 - 35 275 — 35 —
{Vo = 1.0 or 8.8 Vdc} 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r13.8 Vvdc) 15 11 — 11 8.25 — 11 -

Cuiput Drive Voltage VOH Vdc

(oH = 0 mA) Source 5.0 41 — 41 4.57 — 41 —_
(loH = 5.0 mA) - — — 424 — — -
(ioH = 10 mA) 39 - 39 412 — 35 —
(flon = 15mA) — — — 394 — — —
floH =20 mA) 34 — 34 3.70 — 30 —
(loH = 25 mA) — — — 354 —_ — —
{lon = 0 mA) 10 9.1 — 9.1 9.58 — 9.1 — vdc
{loq = 5.0 mA) — — — 9.26 —_ —_ —
{fon =10 mA) 90 — 90 917 — 8.6 —
(ioH = 15 mA) — - — 9.04 - - -
(ioH =20 mA) : 8.6 — 86 8.90 — 8.2 —
{lon =25 mA) — — — 8.70 - — —
{(IoH = 0 mA) 15 14.1 — 141 14.59 — 14.1 - Vdc
(loH =5.0 mA) - — - 14.27 — — —
{'OH = 10 mA) 14 — 14 14.18 — 136 —
(loH = 15mA) — — - 14.07 - _ —
(loH = 20 mA) 13.6 — 13.6 13.95 — 13.2 —
{loH = 25 mA) — — — 13.70 — — —

Qutput Drive Current foL mAdc
(VoL =04V) Sink 50 0.64 — 0.51 0.88 - 0.36 -
(VoL=05V) 10 1.6 — 1.3 225 — 09 —_

(VoL =15V) 15 42 - 34 88 - 24 -

Input Current lin 15 — +0.41 — +0.00001 | 101 — +1.0 pAdc

Input Capacitance Cin — — — — 5.0 7.5 _ - pF

Quiescent Current lsD 50 — 5.0 — 0.005 5.0 — 150 pAdc
(Per Package) Vi, =0 or Vpp, 10 — 10 — 0.010 t0 —_ 300
fout =0 pA 15 — 20 — 0.015 20 — 800

Total Supply Current**t 3 o 5.0 IT={19 pAMH2) f+ Ipp uAdc
(Dynamic plus Quiescent, 10 tr = (3.8 pA/kHz) f + ipp
Per Package) 15 it = (6.7 pAfKHz) f + Ipp
{C = 50 pF on all outputs, all
buffers switching)

#Noise immunity spedified for worst—case input combination.
Noise Margin for both “1” and “0" levet =
1.0 Vdc min @ Vpp = 5.0 Vdc
2.0 Vdc min @ Vpp = 10 Vdc
2.5 Vdc min @ Vpp = 15 Vde
** The formulas given are for the typical characteristics only at 25°C.
+To cailculate total supply current at loads other than 50 pF:
H(CL) = 1(50 pF} + 3.5 x 10-3 (C{_ -~ 50) Vppf
where: It is in pA (per package), €y in pF, Vpp in Vdc, and f in kHz is input frequency.

MC145118 MOTOROLA CMOS LOGIC DATA
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SWITCHING CHARACTERISTICS* (C| = 50 pF, T = 25°C)

VoD
Characteristic Symboi Vde Min Typ Max Unit
Cutput Rise Time tTLH ns
tTeH = (040 ns/pFY C + 20 ns 50 — 40 80
tyiH =(0.25ns/pF) C + 175 ns 10 — 30 60
trLH = (0.20 nsipF) G + 15 ns 15 - 25 50
Cutput Fall Time HL ns
tTHL = (1.5 ns/pF) C_ + 50 ns 50 — 125 250
tTHL=(0.75 ns/pF) C_ + 375 s 10 — 75 150
tTHL = (0.55 ns/pF) G+ 375 ns 15 — 65 130
Data Propagation Delay Time tPLH ns
tpH = (040 ns/pF) C_ + 620 ns 5.0 — 640 1280
tpLH = {0.25 ns/pF) Cy + 237.5ns 10 - 250 500
tpLH = {0.20 ns/pF) C + 165 ns 15 — 175 350
tpHL = (1.3 ns/pF) C + 655 ns tPHL 5.0 — 720 1440
tpr = (0.60 ns/pF} C_+ 260 ns 10 — 290 580
tpHL = (035 nsipF) G+ 1825 ns 15 - 200 400
Blank Propagation Delay Time tPLH ns
tpLH = (0.30 ns/pF)} C + 885 ns 50 —_ 600 750
tpLH = (0.25 ns/pF) G + 187.5 ns 10 — 200 300
tpLH = (C.15 nsfpF) C_+ 142.5ns 15 - 150 220
tpHL = (085 ns/pF} CL + 4425 ns PHL 50 — 485 970
tpHL = (045 nsipF) C + 177.5 ns 10 — 200 400
tpHL = (0.35 ns/pF) C| + 142.5ns 15 — 160 320
Lamp Test Propagation Delay Time tPLH ns
tpr H = (0.45 ns/pF) C +290.5ns 50 — 313 625
tpLH = (0.25 nsipF) C + 1125 ns 10 - 125 250
tprH = (0.20 ns/pF) C_+ 80 ns 15 — 90 180
tpHL = {1.3 ns/pF) C_+ 248 ns teHL 5.0 — 313 625
tPHL = {0.45 nsipF) C_+ 1025 ns 10 — 125 250
tpHL = (0.35 nsipF) G + 725 ns 15 — 90 180
Setup Time tsu 5.0 100 — — ns
10 40 — -
15 30 _ —
Hold Time th 50 60 — — ns
10 40 — —_
15 30 — —
Latch Enable Pulse Width twi 50 520 260 — ns
10 220 110 —_
15 130 65 -

* The forrnulas given are for the typical characteristics onty.

This device contains protection circuitry to protect the inputs againat damage dus o high Slatic voltages or electsic fields; how-
ever, K is advised that normal precautions, be taken to aveid application of any valtage higher than maximurh rated voltages to this
high-impedanca circult. A déstruttive high cunient made may occur if Vip ahd Vo are not congtrainad to the range Vg < (Vi of

Vout) < Voo

Dug to the sourcing capability of this circuit, damage can occur to the devics i Vpp Is spplied, and the putputs are shorted to

Vgg and are ata logicel 1 {See Meximum Ratings).

Unvzsed inputs must always be tiad to an approgtiate logic vaitage level (o.q., sither Vgg or Vpp).

MOTOROLA CMOS LOGIC DATA
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input LE low, and inputs D, Bl and LT high.
fin respect to a system clock.
All cutputs connected to respective C(_loads.

20ins
VoD
A B,ANDC

Vss

50% DUTY CYCLE

VoH
ANY OUTPUT M
Vou

Figure 1. Dynamic Power Dissipation Signal Waveforms

20 ns 20ns
0% Voo
INPUT C 50%
10%
[ Vss
PLH tPHL
ok | Vo
OUTPUT g X% %
VoL
tTLH rHL

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

20ns
vpD
" 50%
I Vss
VDD
INPUTC
Vss
VoH
OUTPUT g \
VoL

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

20 ns
20ns
VoD

LE 50%
10%

Vsg
twi

{c) Data DCBA strobed into latches.

Figure 2. Dynamic Signal Waveforms
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364

MOTOROLA CMOS LOGIC DATA



CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT

Vbp
l
COMMON
CATHODE LED
— 0NN
oy ¥— — =17V
4
i
= Vss =
INCANDESCENT READOUT
Voo Voo
1
'—-.. "
'.—
(s
._4 W
-
—eq k> — —

||I
<
oW
o
|l

GAS DISCHARGE READOUT

APPROPRIATE
) VOLTAGE

Ly IH_#&_]

—

= Vg5

** A filament pre—warm resistor is recommended to reduce filament

thermal shock and increase the effective cold resistance of the
filament.

VoD
|
I [ COMMON T “—
K ANODE LED ——

’..-.—

I.__

o

+—

o =

H

= Vs§
FLUORESCENT READOUT
VoD
/
'—-—K DIRECT
(LOW BRIGHTNESS)
— o
_. a4
+—4
a /\'
FILAMENT
SUPPLY
= Vgs = Vsg OR APPROPRIATE
VOLTAGE BELOW Vss.

(CAUTION: Maximum working voltage = 18.0 V)

LIQUID CRYSTAL (LCD) READOUT

EXCITATION
(SQUARE WAVE,
Vpp Vgg TO Vpp)
/ /
iy
—4
1/4 OF MC140708
ey
P—{
= Vgs

Direct dc drive of LCD’s not recommended for life of

LCO readouts.
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LOGIC DIAGRAM

D—‘_D—<{>-13a
AT—[>°J
. &j LD’_::D—{>—1213
L -
l»—& ’_D’_‘F_D—\{>»11c
81> 3 1 1 F_]}—~{>-md
b:E} {>UM zZD"_:S:>~—<{>—9e
1>
= >—_j Do Pt
] LT3—D—j 9
D6

Vpp = PiN 16
Vgs =PINS
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OUTLINE DIMENSIONS

L SUFFIX
CERAMIC DIP PACKAGE
CASE 620-10
ISSUE V

C L—>

EEEWWJ !
. i
e ot
_— Sl M
F:l“: G ‘JL—J 16 PL

D 1spL [@lo2s000@]T]e ©]
[@ozs o®[ T[4 ®]

HOTES:
1

. DIMENSIQNING AND TOLERANCING PER

2,
3

4.

ANSI Y14,5M, 1952.

CONTROLLING DIMENSION: INCH.
DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL

DIMENSION F MAY NARROW TO (.76 (6.030)
WHERE THE LEAD ENTERS THE CERAMIC
BODY.

BN | OMAX ] BN ) MAX
0750 | 0785 | 1905 | 19.93
0240 | 0205 ] 610 | 749

01 | oo | 038 | o5

0.050 8SC 127 BSC

0.055 1 0065 | 140 [ 165
0100 BSC 54 BSG
0008 [00M5 | 021 ] 038
0425 | 0470 | 318 | 4.3t
0.300 8SC 7.62 BSC

ﬂ"] 15° CI"I 15°

002 { 0040 | 051 101

Z‘f‘*:ﬁ‘ﬂmuﬂﬂ’]_i

P SUFFIX
PLASTIC DIP PACKAGE
CASE 648-08
ISSUE R

MO My i

n s—r
B
Y

\_{s
PR e ()
by e

HL ~K J e
D16 PL
(@] 0250010)@] T[ A @]

NOTES:

wn

o

. DIMENSIONING AND TOLERANCING PER ANS!

Y14.50, 1962,

. CONTROLLING DIMENSION: INCH.

DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.
CMENSKON B DOES NOT INCLUOE MOLD FLASH.

. ROUNDED CORNERS OPTIONAL

INCHES

5

MIN | MAX

| MAX | MON
0740 | 0.770 | 1880 | 1955
0250 | 0.770 | 635

0045 | 0.475 | 363 | a4

00154 0021 | 033 ) 053
0040 | 070 | 102 | 177
0.100 BSC 234 85C

0.050 8SC 1.27 BSC
0004 | 0015 f 021

0110 | 0130 | 28

0295 | 0305 | 750 | M4
9° 10° 0° 10°

T FFERRRRF

0020 | 0040 | 0.5t 1.04
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OUTLINE DIMENSIONS

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 7518-05
ISSUE J
EEEEEE L S
16 %
ParL
4§ |@leasweon®s O

D 8
_ _T;H_H_H_H_
G

NOTES:
1. DIMENSIONING AND TQIERANCING PER ANSI
Y14.5M, 1982
. CONTROLLING DIMENSION: MILLIMETER.
. DIMENSIONS A ANO B DO NOT INCLUDE
MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSHON 0.15 {0.006)
PER SIDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 {0.005) TOTAL

[N

N EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION,
MILLIMETERS INCHES
L TR
980 | 1000 | 0386 | 0393
K"I I ‘-“-—RX‘S"/ B ] 3r0 ] apo|ot50] 015
¢ | 135 | 175 [oost | ooee
= _'J c fl D1 0351 049 L oot ) o0tg
(1 F| 040 f 125 0016 | 0.049
EJsame = 1 s % % G| 1218sC 0050 BSC
PLANE ’JL‘ ! I M Ay S 018 ] 025 | uees § 0009
K 0.10 .25 | 0.004 L0039
D 16p [] 051 75| o°] 7°
P | 560 | 620 [ 0220 | 0244
F@0-25(0-010)®1T]B@A@] R | 025 | 050 | 0610 § 0019
DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751G-02
ISSUE A
«NHAAAHHA o ¥
+ N SMENSIONING AND TOLERANGING PER ANSI
[B-] | =P 2, CONTROLLINE DMENSION: MLLNETER,
3 DIMENSIONS A AND B DG NOT INCLUDE MOLD
¥ [ﬂ0.010(0,25)®| B ®| PROTRUSION.
1 HEH H H H H H 8 4, WUMWLDPROm|m0,15(0,M)PER

JL- 16x D L [:_ffg

& 0.010(0‘25)®lT|A ©|B®[ ﬂ L_
F

4 +
3 ¢

SEATING

14X G K BiaNe

o

DIMENSION B DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMEAR
PROTRUSION SHAit BE 0.13 (0.005) TOTAL IN
EXCESS OF D DIMENSION AT MAXIMUM
MATERIAL CONDITION.

[ T wnumerers | mcHes

INTAE T ENT]
A | 1015 | 1045 [ 0400 | ant
B 749 7.80 § 0202 | 0.299
c | 235 | 3651 0085 | 0004
D 0335 049 | 0.014 | 0018
[3 050 090 | 0.020 | 0.035
G| 177BSC | pO0BSC
1] 025 | 037 | G [ ootz
W | 010 | 025 [ oo [ 0600
N 0° i° 4° ie
{1005 [ 0.5 | 039 [ 9415
R 1 o0z | or5 [ ogio [ 0o

MC14511B
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Features

« Compatible with MCS-51" Products

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

Fuily Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

128 x 8-bit intemal RAM

32 Programmable VO Lines

Two 16-bit Timer/Counters

Six interrupt Sources

Programmabie Serial Channel

Low-power ldie and Power-down Modes

Description

The AT89CS51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high-density nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monclithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.

Pin Configurations POIP
P10 1 e
P12 36 [1PO.0 (AD0)
P23 28] PO.1 (ADY)
P.a]s I P02 (ADD)
Palls 260703 (ADG)
P157]8 3657 P0.4 (ADM)
P67 24 |1 PO.5 (ADS}
s 3317 P06 (ADG)
RST {9 21 P07 (A7)
PQFP/TQFP D) F30 ] 10 2} Enee
moy P 05 AEPROG
I3 scame T P32 12 29| PSEN
~ & go88 NT) P33 13 Bl P27 M5
Ee L (o) P3.a )14 P26 (A4
Tosm2 eze2 NP3S ]S 26| P2.5 (AY:
tacriybeses PASCHE I S
A pa7 17 P2 wl - JEAY))
YTeE858 xTaz 18 ZzLezzANg
XTALI 2] 19 2Z[NP2.1(A8)
P15t 3301PO.4(ADY) Gno |20 a1 Eezoan
Pe32 32 [1P0.5 (ADS)
P1703 31 A Pe.6 (ADG)
AsTOj4 20[1P0.7 (ADT) PLCC
XDy P300S 2901 EAnrP
NCU6 28[NC srae
mxDiP3tg7 27 QALEFROG o929
(INTO) Pa20]8 26 [1PF5EN «m N o 85:‘;‘;
(NTI) F33L)8 aspPR7 (A15) traazsgeds
myPastn 231P25(A13) pr5clz OF T T Taahpos ane
________ a o P68 381 POS (ADS)
PLT |9 37 [0 PO.6 (ADG)
TR e mEmruon
sLfpooLen e (RXD) PA.0 [ 11 35 [ Eavep
kB gg28:cy® NG | 12 NG
- === (TXO) P31 713 331 ALEFPROG
(INTD) P32 {14 321 PSEN
(NT1)P337]15 31 |1 PR7 (A15)
(TO) P34 |16 0[: P26 (A14)
TY P35 317, 29| P25 (A13)
-~ o~
o o~ had ~
£5d3 £
gg""  2ESLE

Y

8-bit
Microcontroller
with 4K Bytes
Flash

AT89C51

Rev. 0265G-02/00



3lock Diagram
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The AT8B9C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the ATBIC51 is designed with static logic
for operation down to zerc frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timet/counters,
serial port and interrupt system to confinue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscilfator disabling all other chip functions until the next
hardware reset.

Pin Description

vCC
Supply voltage.

GND
Ground.

Port 0

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

Port G may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and dafa 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.

Port 1

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

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

‘ort 2

Yort 2 is an 8-bit bi-directional 1/0 port with internal pullups.
‘he Port 2 output buffers can sink/source four TTL inputs.
Vhen 1s are written to Port 2 pins they are pulled high by
e internal pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses o
external data memory that use 16-bit addresses (MOVX @
DPTRY). In this application, it uses strong internal pullups
when emitting 1s. During accesses to external data mem-
ory that use B-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 bi-directioniaf /0 port with intemaf pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are putled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulied iow will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the ATB9C51 as listed below:

PortPin | Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P32 iINTO (external interrupt 0}
P3.3 iNTT (external interrupt 1)
}_ESA TO (timer 0 external input)
P35 T1 (timer 1 external input)
P36 WR (external data memory write strobe) T
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 osdillator is running resets the device.

ALE/PROG

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

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE

AIMEL 3
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ulse is skipped during each access to external Data
lemory.

desired, ALE operation can be disabled by setting bit 0 of
FR location 8EH. With the bit set, ALE is active only dur-
g a MOVX or MOVC instryction. Otherwise, the pin is
eakly pulted high. Setting the ALE-disabie bit has no
ect if the microcontroller is in extenal execution mode.

SEN

rogram Store Enable is the read strobe to extemal pro-
‘am memory.

/hen the AT89C51 is executing code from extemal pro-
ram memory, PSEN is activated twice each machine
/cle, except that two PSEN activations are skipped during
ach access to external data memory.

AIVPP

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

A should be strapped to V¢ for internal program
xecutions.

his pin also receives the 12-volt 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
ternal clock operating circuit.

TAL2
utput from the inverting oscillator amplifier.

Iscillator Characteristics

TAL1 and XTAL2 are the input and output, respectively,
“an inverting amplifier which can be configured for use as
1 on-chip osciilator, as shown in Figure 1. Either a quartz
ystal or ceramic resonator may be used. To drive the
wice from an external clock source, XTAL2 should be left

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the intemal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

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

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemnal 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. Osciliator Connections

c2
.__H___I_J
1
o3 XTALA1

XTAL2

GND

1

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

= 40 pF % 10 pF for Ceramic Resonators

tatus of External Pins During Idle and Power-down Modes

ode Program Memory ALE PSEN PORTO PORT1 | PORT2 | PORT3
dle Internal 1 1 Data Data : Data Data
dle External 1 1 Float Data _ Addlf?ﬁ Data
>ower-down Internal - o 0 Data | Data Data Data
ower-down N | Exterina“I A 0 ; 0 Flc;;t Data o Data Data
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Figure 2. External Clock Drive Configuration

NC ——————{ XTAL2
EXTERNAL

OSCILLATOR XTAL1
SIGNAL

GND

-

Power-down Mode

n the power-down mode, the oscillator is stopped, and the
nstruction that invokes power-down is the last instruction
xecuted. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before V¢
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be feft unpro-
grammed (U) or can be programmed (P} to obfain the
additional features listed in the table below.

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

Program Lock Bits
[T LB2 LB3 | Protection Type
1 U U u No program lock features
2 P 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 disabied
P P Same as mode 2, also verify is disabled
P p P Same as mode 3, also external execution is disabled

AIMEL
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ogramming the Flash

2 AT89C51 is normally shipped with the on-chip Flash
mory array in the erased state (that is, contents = FFH)
| ready to be programmed. The programming interface
epts either a high-voltage (12-volt) or a low-voltage
¢) program enable signal. The low-voliage program-
g mode provides a convenient way to program the
B3C51 inside the user's system, while the high-voltage
gramming mode is compatible with conventionat third-
ty Flash or EPROM programmers.

> 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 Vep =5V
p-Side Mark AT89C51 AT89C51
XXX 0XX-5
yyww yyww
gnature {030H) = 1EH (030H) = 1EH
(031H) =51H (031H) =51H
{032H) =F FH (032H) = 05H

» ATBICS51 code memory array is programmed byte-by-
8 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.

ygramming Algorithm: Before programming the
39C51, 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
fines.

Input the appropriate data byte on the data lines.
Activate the correct combination cf control signals.

Raise EA/Vp, to 12V for the high-voltage program-
ming mode. .

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 ATBIC51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle
has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

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

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

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

(030H) = 1EH indicates manufactured by Atmel

(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming

(032H) = 05H indicates 5V programming

Programming Interface

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

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

AT89C51 ssesssssss———————————————————
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Flash Programming Modes

[Mode RST | PSEN ALE/PROG EANpp | P26 | P27 | P36 | P37
Write Code Data Ho| L HA2V L H H H
—~
Read Code Data H L H H L L H H
Write Lock Bit - 1 H H/12v H H H
—~_
Bit -2 H L H/12v H H L L
-~
Bit - 3 H L H/12V H L H L
N
Chip Erase H L ) H/12V H L L L
—~
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
AT89C51 o AT89CS1 o
1 - i
appR, A0 AT by Voo [t appR, A AT e
QOOOH/OFFFH OOOOH/OFFEH
P20 - P23 PO |4 E%: P20 - P23 PO [ (UsSE 10K
A8 - A1l A8 - Al1 PULLUPS)
——pl P26 [ P2.6
SEE FLASH = — | P27 ALE L— PROG SEE FLASH % ——» P27 ALE [¢——
PROGRAMMING — PROGRAMMING — ;
MODES TABLE , ——#®| P36 MODES TABLE | ——»f P3.6 oV
_——» P37 L P37 "
- 1 XTAL2 EA [t VNeo @ XTAL2 EA [¢—-
|
324 MHz | = 324 MHz | =
e e
o= T T
.
! l‘ |
LN | L
—e— ——— XTAL1 RST [¢— V, @ ——+— XTAUT RST {&-—— Vy
e—{ GND PSEN |— & | GND PSEN
| -

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

P10 - P17 __ PROGRAMMING | . VERIFICATION
P2.0 - P23 T ool ADDRESS b ADDRESS  —-~——

PORT 0 s —— 1 DATAOUT |
toHox [« | 1' i
1 > lamax ‘J |
ALE/PROG A F
E!‘—"_’Tl‘ tansL ]
_ Ve ol Tlioecr L
EANge I . fee---olO@ICO L
! | B
;- . e t
p2.7 | | oy ~ o B
(ENABLE) ] | S
tamae *7 o ‘ ’
P 3,4L_ U E U
(RDY/BSY) I BUSY . READY

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

PROGRAMMING ‘ | VERIFICATION
P1.0 - P1.7 } _ |
P20 - P23 — | ADDRESS |~ ADDRESS -
- } — r“ lvav
PORTO ' DAAIN —— DA OUT |—
s toe lorox ' '
‘AVGL('—’E * % anax |
ALEPEOG T e -
e E
oL e g o |
- Q@G
CANee T loEcel R
—™ -t ‘ ‘ — ;ﬁ_t
P27 A T .2 B o A
(ENABLE) A ‘ | _f
et = ' ‘
P34 S
(ROY/BSY) - BUsY - READY
e twe —*




Flash Programming and Verification Characteristics
Ta=0°Cto 70°C, Vg = 5.0+ 10%

Symbol Parameter Min Max Units
Veel" Programming Enable Voltage 115 12.5 Vv
Ipat! Programming Enable Cument 1.0 mA
MecL Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48t. o

taHAx Address Hold After PROG 48t o

tovar Data Setup to PROG Low 48t e

taHox Data Hold After PROG 4Btoie

teusn P2.7 (ENABLE) High to Vp 48tc o1

tsaL Vpp Setup to PROG Low 10 s
tans ! Vpe Hold After PROG 10 us
taLeH PROG widih 1 110 Hs
tavov Address to Data Valid 48tcier

teav ENABLE Low te Data Valid 48to o

teraz Data Float After ENABLE 0 48te o

tamaL PROG High to BUSY Low 1.0 s
twe Byte Write Cycle Time 20 ms

Note: 1. Only used in 12-volt programming mode.
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Absolute Maximum HatinJgE*

" Operating TEMpPerature.............o.........o...... 55°C 10 +125°C *NOTICE:  Stresses beyond those listed under “Absolute
‘ Maximum Ratings” may cause permanent dam-
Storage Temperature............cccocvecverecersanneenas -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground.........c.coveeieneeacennnena. -1.0V to +7.0V operational sections of this specification is not
) impfied. Exposure to absolute maximum rating
Maximum Operating Voltage ........cccoeccecrecrenmrececeerecenae 6.6V conditions for extended periods may affect device
reliapility.
DG Output Cumrent ... reeccercereneecenees 15.0 mA
DC Characteristics
T, =-40°C to 85°C, V¢ = 5.0V 1 20% (unless otherwise noted)
Symbol Parameter Condition Min Max Units
Ve Input Low-voitage (Except EA) 05 0.2 V- 0.1
\ Input Low-voltage (EA) -0.5 0.2 Vge-03 v
Vi ] Input High-voitage {Except XTAL1, RST) 0.2 Ve + 0.8 Voc+ 0.5 v
Vi Input High-valtage (XTALY, RST) 0.7 Voo Veg+ 05 v
Voo Output Low-voltage'™ (Ports 1,2,3) lou= 1.6 mA 0.45 v
Output Low-voltage™ _
Vo (Port 0, ALE, PSER) lo.= 3.2 mA 0.45 v
lon = ~60 pA, Ve = 5V £ 10% 24 | v
Output High-voltage -
Vot (Ports 1,23, ALE, PSEN) ion = 26 pA 0.75 Ve v
low = 10 pA 0.9V v
IEEE——
lowt = -BO0 PA, Ve = 5V £ 10% 2.4 v
Output High-voltage .
Vo {Port 0 in External Bus Made) lon = -300 A .- 075 Ve L v
Em =-80 M 0.5 Vm v
Iy Logical 0 Input Current (Ports 1,2,3) | V= 0.45V 50 WA
»—mu__“__‘g_____i
Logical 4 to O Transition Current _ _
I (Ports 1,2.3) V=2V, VCC =5V 10% -650 RA
Iy Input Leakage Current (Port 0, EA) 0.45 < Vg < Vo +10 pA
I
RAST Reset Puil-down Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 oF
Active Mode, 12 MHz a 20 l mA
Power Supply Cuirent
Idie Mode, 12 MHZz 5 mA
l —— Tﬁ
Power-down Mode@ — —]
Neoov ] T
Notes: 1. Under steady state {non-transient} conditions, lo, must be externally limited as follows:

Maximum g, per port pin: 10 mA
Maximum |, per 8-bit port: Port 0: 26 mA
Ports 1, 2, 3: 15 mA
Maximum total |, for alf output pins: 71 mA
If 1o, exceeds the test condition, Vi, may exceed the related specification. Pins are not guaranteed to sink cumrent greater
than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

10 AT89C51 e ———
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\C Characteristics

nder operating conditions, load capacitance for Port 0, ALE/PROG, 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
oo Oscillator Frequency 0 24 MHz
LHLL ALE Puise Width 127 2 40 ns
AL Address Valid to ALE Low 43 torc-13 ns
L Lax Address Hoid After ALE Low 48 ter e 20 ns
v ALE Low 1o Vatid Instruction In 233 At o 65 ns
LLPL ALE Low to PSEN Low 43 toro~13 ns
PLPH PSEN Pulse Width 205 3ty 20 ns
PLIV PSEN Low to Valid Instruction In 145 3ty o 45 ns
i Input Instruction Hold After PSEN 0 0 ns
exiz Input Instruction Float After PSEN 59 terc-10 ns
oxAY PSEN to Address Valid 75 to -8 ns
AVIV Address to Valid Instruction In 312 Ste c -55 ns
PLAZ PSEN Low to Address Float 10 10 ns
ALAH RD Pulse Width 400 Btgy ¢ ~100 ns
LW WA Puise Width 400 Btey o ~100 ns
aLDV RD Low to Valid Data In 252 Btgy g 80 ns
AHDX Data Hold After RD 0 0 ns
AHDZ Data Float After RD 97 2ty 28 ns
LLDV ALE Low to Valid Data In 517 8t o -150 ns
AVDV Address to Valid Data In 585 Oto o 165 ns
LWL ALE Low to RD or WR Low 200 300 3t -850 3tg o +50 ns
AVWL Address to RD or WR Low 203 4ty o, -75 ns
VWX Data Valid to WR Transition 23 e 20 ns
QVWH Data Valid to WR High 433 Tlerc-120 ns
WHOX Data Hold After WR 33 tec-20 ns
ALAZ RD Low to Address Float 0 0 ns
WHLH RD or WR High to ALE High 43 123 teror-20 toLo +25 ns
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cternal Program Memory Read Cycle

« Y ™
ALE e o o
‘ | P T
oy @ T’ﬁi* R TTY
o S A A & S Y SR SR R
PSEN | S . A .
: i Y .
tLLAX : ﬁ 1 PXIZ ~<A~—~P§
H toxix—+ k- |
S — . A e .
PORT O o A0-AT F—IJMJL_‘J_ A0 - A7 R
l}"“u* tA\VIV - >,
PORT 2 A o meas
cternal Data Memory Read Cycle
i
ALE N
— twhn
PSEN
le— 15) iy —
o tuwe -
=Ta' -
o ry—— . T
“ * ‘RLDV AHDZ
fe—— tavi —» traz- N )
—» RHDX
PORT 0O F@D - A7 FROM RI OR DPL KDATA lN?1 AQ - A7 FROM PCL INSTR IN
- Lavw, ————
tavoy —— et}

-

P2.0 - P27 OR A8 - A15 FROM DPH

PORT 2

X A8 - A15 FROM PCH

AT89C51 messss S S———
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xternal Data Memory Write Cycle

F tL——]
ALE N t—x_—/
™ twhin

PSEN _ ~ N\ /

f—— tywr ——pe—twwn —
WR 2
WHR be——t 1 ax h
fe—tav —, tavwx 1 twhox
E—_‘oku —
PORT © D—W(Io - A7 FROM RI OR DPL DaTA OUT X A0 - A7 FROM PCL>—CINSTR IN
e fbw,. ——*

PORT 2 j(_ P20 - P2.7 OR A8 - Al5 FROM DPH P AB - A15 FROM PCH

xternal Clock Drive Waveforms

. i I |
‘ k—‘ —— ;
E._H_ te | ; , tenex 4 ‘
V.. - 05V —— HeX ! oien —> * o
cc " ST T T ! I m—— %
T 1
A N Iy i~
02 Ve 0.1V e —+
045V —— S N
—loex —*

xternal Clock Drive

symbol Parameter Min Max Units

Aorel Oscillator Frequency 0 24 MHz

sLeL Clock Period 416 ns

SHEX High Time 15 ns N
sLex Low Time 15 —T ns

‘LCH Rise Time 20 ns

HCL Fall Time | 20 ns

ATMEL 1
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Serial Port Timing: Shift Register Mode Test Conditions

Ve = 5.0V +20%,; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator Units
Symbol Parameter Min Max Min Max
by xe Serial Port Clock Cycle Time 1.0 12t oL us
tavxn Qutput Data Setup to Clock Rising Edge 700 10t o -133 ns
txnax Qutput Data Hold After Clock Rising Edge 2o o117 ns
tyrox Input Data Hoid After Clock Rising Edge o 0 ns
tyrov Clock Rising Edge to Input Data Valid 700 105, ¢ -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION ] o] | 1 [ 2 | | 4 | 5 | 6 i 7 i 8 |
ALE [ 1L T pEEEE o reru gy
b
GLoCK [ L . J LI L J L1
tQVXH -
—] fe— t)mlox
WRITE TO SBUF, 0 1 2 3 5 6 7
v — [t
OUTPUT DATA tov [ XHOX sern
_ CLEARRI N 4
[ 2
INPUT DATA

AC Testing Input/Output Waveforms'"

Voo~ 08V =202 Vgg + 0.8V — '
" TEST POINTS
02 V.- 01V
045V ——— e T —

Jote: 1. AC inputs during testing are driven at V¢ - 0.5V fora
logic 1 and 0.45V for a jogic 0. Timing measurements
are made at Vy, min. for a logic 1 and V;_ max. fora
logic 0.

1
Float Waveforms("
VLOAD+ oV T ‘f VOL- 0.1V
v 7 Timing Reference
LoAp Points
Vioap OV - I PR

Note: 1. For timing purposes, a port pin is no lenger floating
when a 100 mV change from load voltage occurs. A
port pin begins to float when 100 mV change from

the loaded Voi/Vq_level occurs.

a AT89C51 e —————
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Ordering Information

Speed Power _
{(MHz) Supply Ordering Code Package Operation Range !
12 5V + 20% AT89C51-12AC 44A Commercial
ATB9C51-12JC 44 {0°C to 70°C)
ATBIC51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
ATB9CS1-12J1 44 {-40°C to 85°C)
AT89C51-12PI 40P6
ATBIC51-12Q0 44Q
16 5V +20% AT89C51-16AC 44A Commercial
ATBIC51-16JC 44) (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89CS51-164( 444 (-40°C to 85°C)
AT89C51-16PI 40P6
ATB9C51-16Ql 44Q
20 5V + 20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44) (0°C to 70°C)
AT89CS51-20PC 40P6
AT89C51-20QC 440
AT89C51-20Al 44A Industrial
AT89C51-20J1 44 (-40°C to B5°C)
ATBIC51-20P| 40P6
ATB9C51-20Ql 44Q
24 5V + 20% AT89C51-24AC 44A Commercial
AT89C51-24JC 44J (0°C to 70°C)
AT89C51-24PC 40P6
AT89C51-24QC 44Q
ATBICS1-24Ai 44A Industrial
ATBICS1-24JI 44 (-40°C to 85°C)
ATBICS51-24P% 40P6
AT89C51-24Q1 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
444 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
| 440 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

ATEL
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ackaging Information

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

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12.21{0.478)
T1750458) sQ

0.45(0.018)
{ 8.30(0.012)

10.10(0.394)
i 90588 o2

'
0. 20( 008)
0.09(003) ' Illl!llillllllllillilil

4__ 0.75(0.030} 0.15(0.006) |
""ﬁﬁﬁﬁa‘ 0.05(0802)

1.20(0.047) MAX

Controlling dimension: millimeters

44, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

045(1.14) X 45°  PINNO.1 D45(1.14) X 30° - 45° 515 305)

TIFY |
1. jé'.’?i;:::]_ﬁ ~ mait:é)
Eﬂ .55.(5(157)&:'F 1 sa0160)
d E50{165) j 580(15.0)
oxmy |2 021¢533)
B26(560) ; Leespizn B350
1 HeasraS? | 00
1 " | e
.050(1.27) TYP [ S . S | 1 .043(1.09)
lw— 1.500(12.7) REF 5Q ‘ = -020(508)
;_j 120(3.05)

: 090(229)

{ _180(4.57)

T e
@’

022( 559) X 45° MAX (3X)

m [

g

40P86, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Milimeters)

2.07(52.6)
2.04(51.8)

jes(Ea.ﬂ
j 35

_—:1 b— 090(2 29)
1.900¢{48.26) REF

220(5 59) 005( 127)
MIN
SEATING
1.65
!61 14.09) g?;( 381;
1256. 18’ —”~ 022(.559)
065(1.65)
Kl 1og2 79; 041(1.04) 0r3%6)
090(2.29) £30(16.0]
r 590(15.0)
0 Re
012(,305) B
008(203)
690(17.5)
BI(155)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Miillimeters and (Inches)*

JEDEC STANDARD MS-022 AB
. 1345(0525) o0
T 12.851(0.508) ‘

PIN 11D —.

— 0.50 (0.020)
0.80 {0.031) BSC —— == ‘F 0.35 (0.014)
= =1
[ =
10.10 {0.394)
2.90 (0.386) sQ
— 2.45 {0.096) MAX
0 '
0.17 {0.007) 7
0.13(0.005)
@y y _ !
= 03004 4 [}
1.03 (0.041
= = 786630 - 0.25 (0.010) MAX

Controlling dimension: millimeters
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