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AUTOMATIC VENDING MACHINE USING MCS-8051

Phitsanu Khongsamran
Dr. Kasin ~ Vichienchom(ADVISOR)

2st Semester Education Year 2004

ABSTRACT

This thesis presents an Automatic Vending Machine using MCS-51. This Vending Machine
is controlled by MCS-51 and uses MCS-51 as main control unit.  In the accept coin part, it uses a
Vending Machine product. This thesis project mainly focuses on Vending Machine product solinoil
and MCS-51 in application make it useful for customers. As a result of the experiment, the Automatic

Vending Machine using MCS-51 is surely subjected as design.
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TusunsumuaumaianuveansesimhedumduSogUuuusaluif

TEM EQU G6AH
TEMI EQU 6BH
MEM1 EQU 75H
MEM2 EQU 74H
MEM3 EQU 73H
MEM4 EQU  72H
MEMS5 EQU 7IH
MEM6 EQU  70H
STEP EQU | 3AH
KEEP EQU  3BH
SELL EQU  50H
HEX_VAR EQU  20H
BUFFERI EQU  21H
BUFFER2 EQU  22H
BUFFER3 EQU  23H
O DISPLAYO BIT P20
O DISPLAY1 B e, 1
SELL_PICE1 EQU ~ 30H
SELL PICE2 EQU - 31H
SELL_PICE3 EQU 32H
SELL PICE4 EQU 33H
SELL _PICES EQU 34H
PICE] EQU 40H
PICE2 EQU 41H
PICE3 EQU 42H
PICE4 EQU 43H
PICES EQU 44H
CK_SW BIT P22
CANCEL BIT P23
OK BIT P24
CANCEL_KEY BIT PLO
COPPY SELL EQU SFH
SET LATCH BIT . P22

SALE PR EQU 02EH




Ss1 BIT  SALE PR3

S$S2 BIT  SALE PR.4
SS3 BIT  SALE PRS
SS4 BIT  SALE PR.6
SS5 BIT  SALE PR.7
SOLINOIY1 R EQU  4AH
SOLINOIY2 R EQU  4BH
SOLINOIY3 R EQU  4CH
SOLINOIY1 BIT P25
SOLINOIY2 BIL""2?%
SOLINOIY3 BIT P27

ORG 0000H

LIMP LOOP

ORG 0003

LIMP INT 0
LOOP:

SETB EA

SETB EXO0

MOV P0,#00H

MOV KEEP#12

MOV STEP #00000001B

LCALL CLR LE

MOV MEM 1 ,#00H

MOV MEM2 #00H

MOV MEM3,#00H

MOV MEM4,#00H

MOV MEMS #00H

MOV MEMG6,#00H

MOV SELL,#00

MOV COPPY SELL#00H

MOV HEX_VAR,#00H

MOV AH#OOH

MOV PICE1,#05D

MOV PICE2,#10D

MOV PICE3,#5D

MOV PICE4.#1D



MAIN:

CHK_SW3_l:
CHK_SW4 _1:
CHK_SW5_1:
EXXI 1:
CODE:

MOV
MOV
MOV
MOV
MOV
MOV
LCALL
LCALL
LCALL
MOV
JNB
INB
INB
INB
INB
INB
JNB
AJMP
LIMP
LIMP
LIMP
LIMP
LIMP

PICES #1D
SELL_PICE1,#02D
SELL_PICE2,#05D
SELL_PICE3,#15D
SELL_PICE4,#25D
SELL_PICES,#40D
SHOW
CK_CHECK_PR
PR_COUNT
P3,SALE PR
CANCEL,EXX1 1
CK SW,CODE
P1.3,CHK SW1
P1.4,CHK SW2
P1.5,CHK_SW3_1
P1.6,CHK_SW4 1
P1.7,CHK SW5_1
MAIN
CHK SW3
CHK _SW4
CHK_SWS5
EXX1
INC_SELL _SW

60

.****************************************************************************
s

;CHECK SW SALE

.*************************************
s

CHK_SW1:
LOOP_Sl:

SALEL:

INB
INB
INB
MOV
LCALL
AJMP
MOV
CLR
SUBB

SS1,CHK _EXC

***************************************

OK,SALEI : CONFERM IN SELL

CANCEL,EXX1
ASELL_PICE1
DIS_PICE
LOOP Sl1
ASELL

C

ASELL PICEl

: SOW SELL_PICE1 ON SELL
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MOV SELL,A
DEC PICE1
MOV RO,SELL_PICE1
LCALL CK_INC_SELL
LCALL ROTATE R
LCALL DELAY ls
LCALL LOOP_ON BY
MOV COPPY_SELL,SELL
CHK EXC:  LJMP MAIN
;****************************************************************************
CHK SW2:  INB $S2,CHK EXC
LOOP_S2: INB OK,SALE2 . CONFERM IN SELL
INB CANCEL EXX1
MOV A,SELL_PICE2
LCALL DIS PICE - SOW SELL_PICE2 ON SELL
ATMP LOOP S2
SALE2: MOV ASELL
CLR C
SUBB A,SELL PICE2
MOV SELL,A
DEC PICE2
MOV RO,SELL_PICE2
LCALL CK_INC SELL
LCALL ROTATE R
LCALL DELAY 1s
LCALD LOOP ON BY
MOV COPPY_SELL,SELL
LIMP MAIN
EXX1: SETB O _DISPLAY0
SETB O DISPLAY]1
MOV SELL#00H
MOV A H#OOH
LCALL CK_SELL SEAD
LCALL ROTATE L

LIMP MAIN

.****************************************************************************
)



CHK SW3: IJNB SS3,CHK_EXC

LOOP S3:  INB OK,SALE3 . CONFERM IN SELL
INB CANCEL,EXX]1
MOV A,SELL_PICE3
AT DIS_PICE . SOW SELL_PICE3 ON SELL
AIMP LOOP_S3
SALE3: MOV A,SELL
CLR 6
SUBB A,SELL_PICE3
MOV SELL,A
DEC PICE3
MOV RO,SELL_PICE3
LCALL CK_INC_SELL
LCALL ROTATE_R
LCALL DELAY 1s
LCALL LOOP_ON BY
MOV COPPY SELL,SELL
LIMP MAIN
;***************************************************************************
CHK SW4: INB SS4,CHK_EX
LOOP S4:  JNB OK,SALE4 . CONFERM IN SELL
INB CANCEL,EXX1
MOV A,SELL_PICE4
LCALL DIS_PICE . SOW SELL_PICE4 ON SELL
ATMP LOOP_S4
SALE4: MOV A,SELL
CLR 6
SUBB A,SELL_PICE4
MOV SELL,A
DEC PICE4
MOV RO,SELL_PICE4
LCALL CK_INC_SELL
LCALL ROTATE R
LCALL DELAY Is
MOV COPPY SELL,SELL
LCALL LOOP ON BY

LIMP MAIN

.****************************************************************************
’
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CHK SW5: INB SS5,CHK_EX
LOOP_Ss: INB OK,SALES ; CONFERM IN SELL
JNB CANCEL,EXX1
MOV A,SELL PICES
LCALL DIS PICE ; SOW SELL_PICES ON SELL
AJMP LOOP_S5
SALES: MOV A,SELL
CLR (@
SUBB A,SELL_PICES
MOV SELL,A
DEC PICES
MOV RO,SELL _PICES
LCALL CK _INC SELL
LCALL ROTATE R
LCALL DELAY 1s
LCALL LOOP_ON _BY
MOV COPPY SELL,SELL
CHK EX: LIMP MAIN
;****************************************************************************
LOOP ON BY:LCALL SHOW ; SHOW ON CONFERM
JNB OK,0K KY ; CONFERM TO BUY AGAIN
JNB CANCEL,NO_BY
LCALL CK _CHECK PR
LCALL PR_COUNT
MOV P3,SALE PR
AJMP LOOP_ON BY
;*******************************>k********************************************
NO BY:
LCALL CK SELL SEAD
LCALL DELAY 1s
OK KY: LIMP MAIN
RET
;****************************************************************************
;Check PRICE
;****************************************************************************
CK_CHECK _PR:MOV SALE_ PR, #00H
CHECK PRI: MOV A,SELL

CINE A,SELL PICE1,CHKI



CHKI: JC CLRI

SETB ss1

LIMP CHECK_PR2
CLRI: CLR ss1

LIMP CHECK_PR2
;****************************************************************************
CHECK_PR2: MOV A,SELL

CINE A,SELL_PICE2,CHK?2
CHK2: i CLR2

SETB $S2

LIMP CHECK_PR3
CLR2: CLR SS2

LIMP CHECK_PR3
;****************************************************************************
CHECK_PR3: MOV A,SELL

CINE ASELL_PICE3,CHK3
CHK3: IC CLR3

SETB $S3

LIMP CHECK_PR4
CLR3: CLR SS3

LIMP CHECK_PR4
;****************************************************************************
CHECK_PR4: MOV A,SELL

CINE ASELL_PICE4,CHK4
CHK4: IC CLR4

SETB Ss4

LIMP CHECK_PRS
CLR4: CLR sS4

LIMP CHECK_PRS
;****************************************************************************
CHECK_PR5: MOV ASELL

CINE A,SELL_PICES,CHKS
CHKS: JC CLRS5

SETB SS5

LIMP EXIT_CHECK_PR
CLRS: CLR SS5

LIMP EXIT_CHECK_PR

EXIT CHECK_PR: RET
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.****************************************************************************
5

.CHECK PRODUCT
;****************************************************************************
PR_COUNT:
PRI1: JNB SS1,PR2
MOV A,PICE1
CINE A #00H,PR2
CLR SS1
PR2: JNB SS2,PR3
MOV A,PICE2
CINE A#00H,PR3
CLR SS2
PR3: JNB SS3,PR4
MOV A,PICE3
CINE A #00H,PR4
CLR SS3
PRA4: JNB SS4,PR5
MOV A,PICE4
CINE A#00H,PRS
CLR SS4
PRS5: JNB SS5,PR_EXT
MOV APICES
CINE A#00H,PR_EXT
CLR SS5
PR _EXT: RET
;****************************************************************************
;SHOW
;****************************************************************************
SHOW: SETB O DISPLAYO
SETB O DISPLAY1
MOV DPTR#DATA
MOV HEX VAR,SELL
LCALL HEX2DEC
MOV A,BUFFER3
MOVC A,@A+DPTR
MOV PO,A
CLR O_DISPLAY0

ACALL DELAY 10ms



SETB O _DISPLAYO

SETB O_DISPLAY1
MOV DPTR#DATA
MOV A,BUFFER2
MOVC A,@A+DPTR
MOV PO,A
CLR O_DISPLAY!1
ACALL DELAY_10ms
RET
;****************************************************************************
.HEX2DEC
;****************************************************************************
HEX2DEC: ~ MOV AHEX VAR
MOV B,#100
DIV AB
MOV BUFFER1,A
MOV AB
MOV B,#10
DIV AB
MOV BUFFER2,A
MOV BUFFER3,B
MOV A #0H
MOV HEX_ VAR #00H
RET

-****************************************************************************
i}

;INTERRUP COUNTER

.****************************************************************************
s

INT 0: CLR EA
CLR EX0
MOV A,SELL
INC A
MOV SELL,A
JNB P3.2,$
SETB EA
SETB EXO0

RETI



s sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk skskok sk sk sk sk sk sk sk skosk sk sk sk sk skoskokok sk skosk sk sk skt sokokokoskokok skokoekoskok
5

CK SELL SEAD:SETB O_DISPLAYO

SETB O _DISPLAY1
MOV A,COPPY SELL
MOV B,#10 ;10
DIV AB
MOV SOLINOIY1 R,A
MOV AB
MOV B,#5
DIV AB
MOV SOLINOIY2 RA ;5
MOV SOLINOIY3 R,B ;1
MOV A#0H
LCALL CLR LE
MOV A,SOLINOIY1 R

SEADI: CINE A#00H,SEADI 1
MOV A,SOLINOIY2 R
AJMP SEAD2

SEADI1 1: DEC A
MOV P0,#01000000B
LCALL DRIVE LE
ACALL DELAY 100ms
LCALL CLR LE
ACALL DELAY s
ACALL DELAY 1s
AJMP SEADI

SEAD2: CINE A#00H,SEAD2 2
MOV A,SOLINOIY3 R
AJMP SEAD3

SEAD2 2: DEC A
MOV P0,#00100000B
LCALL DRIVE LE
ACALL DELAY 100ms
LCALL CLR_LE
ACALL DELAY 1s
ACALL DELAY s

AJMP SEAD2



SEAD3: CINE
AIMP

SEAD3 3:  DEC
MOV
LCALL
ACALL
LCALL
ACALL
ACALL
AIMP

SEAD EX: MOV
RET

.****************************************************************************
s

. INC MONEY BY SELL

.****************************************************************************
5

CK_INC_SELL: CLR
MOV
ADD
MOV
DIV
MOV
MOV
MOV
ADDC
MOV
DIV
MOV
MOV
MOV
ADDC
MOV
DIV
MOV
MOV
MOV
ADDC
MOV
DIV

A #00H,SEAD3_3
SEAD_EX
A
P0,#00010000B
DRIVE_LE
DELAY_100ms
CLR LE
DELAY 1s
DELAY 1s
SEAD3
SELL,#00H

@

AMEMI1

ARO

B.#10

AB

TEM,MEM2

MEM2,A

MEM1,B Al
A,TEM ;10
B#10

AB

TEM,MEM3

MEM3,A

MEM2,B

A,TEM ;100
B,#10

AB
TEM,MEM4

MEM4,A

MEM3,B

A TEM ;1000
B,#10

AB
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MOV
MOV
MOV
ADDC
MOV
DIV
MOV
MOV
MOV
MOV
RET

TEM,MEM5
MEMS5,A
MEM4,B

A, TEM
B.,#10

AB
TEM,MEM5
MEM6,A
MEMS5,B
RO#00h
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;10000

.****************************************************************************
5

INC SELL SW:SETB

AA:

SETB
ACALL
MOV
MOV
SETB
SETB
MOV
MOV
MOV
MOVC
MOV
CLR
ACALL
SETB
SETB
MOV
MOV
MOVC
MOV
CLR
ACALL
DINZ
MOV
SETB
SETB

O _DISPLAYO0
O _DISPLAY1
DELAY 1s
DPTR#DATA
RO#0AH

O _DISPLAYO
O DISPLAY1
BUFFER2,72H
BUFFER3,73H
A72H
A,@A+DPTR
PO,A

O DISPLAY1
DELAY 10ms
O_DISPLAYO0
O DISPLAY1
DPTR #DATA
A73H

A @A+DPTR
PO,A

O DISPLAYO
DELAY 10ms
RO,AA
RO#0AH

O DISPLAYO
O DISPLAY1

; SHOW LATER NO CALL RO

;10



BB:

picel:

pice2:
pice2_1:

pice3:
pice3 1:

ACALL
SETB
SETB
MOV
MOV
MOV
MOV
MOVC
MOV
CLR
ACALL
SETB
SETB
MOV
MOV
MOVC
MOV
CLR
ACALL
DINZ
MOV
SETB
SETB
ACALL

MOV
LCALL
INB
AJMP
ACALL
MOV
LCALL
INB
AJMP
ACALL
MOV
LCALL
JNB

DELAY 1s
O_DISPLAYO
O_DISPLAY1
DPTR #DATA
BUFFER2,74H
BUFFER3,75H
A74H
A,@A+DPTR
PO,A
O_DISPLAY1
DELAY _ 10ms
O _DISPLAYO
O DISPLAY1
DPTR #DATA
A75H

A, @A+DPTR
PO,A

O _DISPLAYO
DELAY_ 10ms
R0O,BB
RO,#08H

O DISPLAYO
O DISPLAY1
DELAY 1s

APICE1

DIS PICE
CK_SW,pice2
picel
DELAY Is
A,PICE2
DIS_PICE

CK _SW,pice3
pice2 1
DELAY s
A,PICE3

DIS PICE
CK_SW,pice4

i

100
1000
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pice4:
pice4 1:

pice5:
pice5_1:

pice EX:

.****************************************************************************
L

DIS_PICE:

AJMP
ACALL
MOV
LCALL
JNB
AJMP
ACALL
MOV
LCALL
INB
AJMP
ACALL
LIMP

MOV
DIV
MOV
MOV
MOV
SETB
SETB
MOV
MOVC
MOV
CLR
ACALL
SETB
SETB
MOV
MOV
MOVC
MOV
CLR
ACALL
SETB
SETB
RET

pice3 1
DELAY s
A,PICE4

DIS PICE
CK_SW,pice5
pice4 1
DELAY s
APICES

DIS PICE

CK SW,pice EX

piceS5_1
DELAY 1s
MAIN

B,#10
AB
BUFFER2,A
BUFFER3,B
DPTR #DATA
O_DISPLAYO
O _DISPLAY1
A,BUFFER2
A,@A+DPTR
P0,A

O _DISPLAY
DELAY 10ms
O_DISPLAYO
O DISPLAY1
DPTR #DATA
A,BUFFER3
A,@A+DPTR
PO,A
O _DISPLAYO
DELAY 10ms
O DISPLAYO
O DISPLAY1

- 168
o]

; SHOW

pice 1
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.****************************************************************************
5

; RETURN COIN CANCEL

.****************************************************************************
s

ROTATE L: MOV RO,KEEP
MOV STEP,#00000001B
ROTATE L I:
MOV ASTEP
SWAP A
CLR C
RLC A
INC NEXT L
MOV STEP,#10000000B
DINZ RO,ROTATE L 1
LCALL CLR LE
RET
NEXT L: SWAP A
MOV STEP,A
MOV PO,A
LCALL DRIVE LE
LAt DELAY_100ms
AIMP ROTATE L 1

-****************************************************************************
s

; KEEP COIN OK

.****************************************************************************
- |

ROTATE R: MOV RO,KEEP
ROTATE R_I:
MOV A,STEP
CLR C
RRC A
INC NEXT R
MOV STEP,#00010000B
DINZ RO,ROTATE R 1
RET
NEXT R: MOV STEP,A
MOV P0,A
LCALL DRIVE_LE
LCALL DELAY_100ms

ATMP ROTATE R 1



CLR_LE: MOV

DRIVE LE:  SETB
NOP
CLR
NOP
RET

73

PO,#00H
SET LATCH

SET_LATCH

.****************************************************************************
s

: Dummy Delay time 2C_DELAY, LCD_DELAY, 10m, 100m, 1s

.****************************************************************************
>

DELAY 100ms: MOV
DELAY_ 100ms_1: MOV
DELAY 100ms_2: NOP
NOP
DINZ
DINZ
RET
DELAY 10ms: MOV
DELAY 10ms_1: MOV
DELAY 10ms_2: NOP
NOP
DINZ
DINZ
RET
DELAY _ls: MOV
DELAY 1s_1: ACALL
DINZ
RET

R7,#100 : Do 100 times

R6,#0E6H ; Each loop =1 ms

R6,DELAY 100ms 2
R7,DELAY 100ms_1

R7.#10 : Do 100 times

R6,#0E6H ; Each loop = 1 ms

R6,DELAY 10ms 2
R7,DELAY 10ms 1

RS5,#100 ; Do 100 times
DELAY 10ms
R5,DELAY 1s 1

.****************************************************************************
s

DATA: DB 3FH,06H,5BH,4FH,66H,6DH,7DH,07H,7FH,6FH

END
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FAIRCHILD
ESEE A [ NEIES TR 1

MM74HC573
3-STATE Octal D-Type Latch

General Description

Tre NMT4E high sp=ed ocial Daype it ui‘
advanced silicon-gate P-well CMOE lechnoogy. Th
sess the nigh noze immunity and low pv*wr-' £
of standard CMOS imegrated airouits, as we'l
b drive 18 LS-TTL loads. Cue 1o F% Iar«:— cuf pu
capabi iy and the 3-STATE feature, these devices are ide-
ally suited for interfac ng with bus lines in @ bus organ zec
systerm.

Wiken the LATCH EMABLEILE! input = HIGH the O oubk
puts w follow the O inpuis. Whan the LATSR ERABLE
goes LOW, data 31 the D inputs will be retaned at the out-
puts untit LATS "“-mBLE retusns HIGH again, When z
HIGH log o level is applied to the QUTPUT CORNTROL &C
input alf au .pu.s g0 tc & ~1GH impedanoe siate, regardless
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cf wh3at signals are presen: atthe olher inputs and the siate
of the storage elemeniz.
The 74T logiz family is speea, funstion and pincut com-

patibie with the
protested from
dode camps to W,

standars 74LE log o famoy Al inputs sr
amage dus to siatic dis
and ground.

Features

B Typical cropagstion cela
W YWide operating volizge rangs:
B Low inpus currssnt: 1 pA maximum

B Low quiescent current 80 p& maxirours [T4HT Ser
B Conmpaticle with bus-oriented systerms

B Qutput drive capability: 15 LE-TTL loads

y: 18 s

RN

2ic Buats

charge t\' stermal

Ordering Code:

Order Mumber | Package Numbser Fackage Description
MMTEHCETIWN M2IE O-Lezd Bmal Dullne integrated Circudt (SOIC), JEGEC MS-015, 0.300 Wide
MMT2HCETAES 2050 20-Lesd Sma’ Qutline Package (SCP), BRI TYPE Il 5.3mm Wide
MMTSHC 5?35‘41TC MTCZD 20-Lead Thin Sorink Small Qutling Package (TZSOF], JCDE\.- WMO-1583, 4 4mm Wide
MMTSHCETIN INZ08 20-Leszd Flastic Dua-In-Line Package (FDIF JEDEC WE-0C1, D200 Woe
Cayvices aizo avaiah e in Taps ang Resl Spectys by apoending e suty afee “X" 12 the croizrng code
Connection Diagram Truth Table
LATIH A
Ve W a0 CeB W B3 L0 HU EMABLE Jutput Lateh Diata Suiput
SO LT L K RGN EE N EE I L Contral Enabie
L o x =
] [ B o
& 10 * {0 fi ™ \DE} ut '1! \?” L i L L
; i o L b 0z
| . =
; H X A Z
! Howm HIGH Lavs
i Lome LU Ly
ﬁ.‘\ e . i_ - | - 4 ] th - Qi w Lot 3l cutput Seftore sizage-siate Inpul Condions more e shed,
il Z = Hign impedancs
¥ w Dot Care
1 i 3 4 3 t i ] ) 10
UTRNT 4D D A &3 s &2 D BD GND
TIMTEOL
Top View
202000 Fairchild Senviconductor Corgorasion DE00S212 waw farchicse ig
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Absolute Maximum Ratings:ce

{Niote 20

Supply Veltage (% -0.8 1o +7.0V
D nput Votags Vol 1.5 w0 Voo +1.5%
D0 Cutpet Woltsge NWour) =05 w0 Wep +0EY
Clamp Diode Current [, 1o 0 A
DC Cutpoet Current, per pin {igyr! +35 A
DC Vo or GRD Current perponiioz) E
Swrage Temperaturs Range (T -z} Coie +1807C

Power Dissipation {Fal
{Mote 3} 00 mW
5.2, Package only SO0 mW

Lead Tempsrature {70
ng 10 secencs; Wla) 17 9

DC Electrical Characteristics inoe= 2

Recommended Operating
Conditions

Min Max Units
Supply Voltage Veg) 2 g i
O Ingut or Output Voliage ] W
(Wis Wour)
Cpersting Terperaiure Range (Tay  —40 422 o
input Rise or Fall Tirces
bl WVoo=2.0V 00 =S
W 4 B 508
W GOV 00 ns
Hots 10 Alzsciube are TNOIe NI NES BEFONd wWhoh oNme

iy Badngs

Hofe 2: Unissso SCHages ane relEreniss 10 GIours
v

Mot 3 Fower o *W" package: -

SN WerDErAtur e Jergting — g
12 MNHC from S z

rent iy, foyee 3N fy) DI0UF t0r TAMOS a1t ngner vItage and soine S0V v

: T =280 Ta= =40 by BSC | Ty =-55 to 125°C
Symbacd Parametier Candislong Voo Unize
Typ Guarantasd Limits
Win FErimum HiGh Lewsl Inpu 2.8 1.5 1.8 1 W
Wrltage L5 18 ERE 318 i
5.0 432 L2 4.2 W
Vi raximum LW Leves inpul B2 3.8 3.5 )
vallage 35 1. 1.3 i
1.8 1.8 3 )
Nep Mirimum 5iGE Level Cutput [V =t o7 W
wallage Howerl = 20 p& 2.0% za 1.3 1.9 t9 's.I
.5 4. 42 24 B4 W
Ly 632 &3 2.9 53 W
25 4 354 27 W
3.0W 83 534 5.2 W
Wi, At LoV Lavel Qutpul
Wallage R G 0.1 d.1 e8] W
B &} (e a1 2.1 W
.00 [ 0.t g 2.1 ]
2.3 fard E2¢€ 023 o< W
a0 G.2 L2t .23 o2 W
liy BAacimarm irout Surment &0 0.3 10 i3 A
lmz Kaaximam 2-5TATE Suiput
Lessage Surment S0 0.5 5.0 0 p
lro FAaeinam QUiessErt Supply Wiy =Yoo 20 BRC
Curmart frr= O A a0 .2 30 160 pA
Alen Quiesgerd Tuppy Turnent Ve = S8 QJE 1.3 1.5 1.8 24 (RE
per irput Fin Wipg = 28 LE L& e 1.0 t.1 &
or 244 (kale 4 SATM Ce EE e 37 s
Mole & Fooa power Guooly of SV £10% 10 werstoNIe sulput voitages (o 300 Ve b onzur for BC at 2.8V, Thus ne & B0 yalues 25000 02 Uokd when
gesignrg Wi thl supply, WOrShoane Wy Ind Wy OICUM & W w 55V ang 4.5 respectively. 3T st ans imyage Iur

ez shauid be used.
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Philips Semiconductors Product specification
PNP general purpose transistors BC556; BCS3T7
FEATURES PINNING
o Low current (max. 100 mA} PIN DESCRIPTION
+ Low voltage (max. 85 V). 1 amittar
2 base

APPLICATIONS 3 collector
« General purpose switching and amplification.
DESCRIPTION 1 .

) 3
PNP transistor in a TO-92; SOT54 plastic package. 3 =
NPN complements: BC546 and BC547. — 2

|

AR

Fig.1  Simplified outline (TC-92; SOTo4)
and symbol.

LIMITING VALUES
In accordance with the Absalute Maximum Rating System {IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. | UNIT

Vego collector-base voltage open emitter

BCh5G - -80 Y

Ch57 - -50 v

Veeg collector-emitter voltage open base

BChh5 - -5

BChAT - 45
Veso emitter-hase voltage open collector - -5 W
I collector current (DC) - -100 mé
low peak collector current - =200 mA
lay peak base current - =200 mA
Pt total power dissipation Tamp $25°C -~ 500 miv
Tag storage temperature 55 +150 oG
2F junction femperature - 180 e
Tamb aperating ambient temperature 65 +150 C




94

PNP general purpose transistors BC556; BC557
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Risja thermal resistance from junction fo ambient | note 1 250 KW
Note
1. Transistor mounted on an FR4 printed-cireutt board.
CHARACTERISTICS
T;=25°C unless otheraise specified. .
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
g collector cut-off current le=0; Vg =30V —=t-1 % (<15 |nA
le=0; Vea=-30V, T;=150°C - = | A
lzag gmitter cut-off current =0 =6V - - =100 [nA
hez DC current gain lo = =2 mA; Voo =5V,
BC555 see Figs 2,3 and 4 125 = | [475
BCAST 126 (-~ |800
BCRARGA 1250011 | 280
BCEhaB; BCEATE 220 |- |475
BCAA/C 420 1= 800
Verea: collector-emitter saturation v = =10 md; |5 =-0.5mA - -60 |-300 |mV
voltage o =-100 mA; s = -5 mA = |-180 |-880 [mv
Veeest base-emitter saturation voltage |1z =-10mA; |z = -0.5 mA; note 1 - -750 |- my
| ==100 m&; |5 = -hmA; note 1 - =930 |- my
Vs base-emitter voltage lp==2mh Yoz =-5V: note 2 -600 |-650 |-750 |mY
lo==10mk& Yoz = -5V note 2 - - =320 [mV
C collector capacitance le=1=0Veg=-10¥, f=1NHz |- 3 - pF
Ce emitter capacitance lz=1,=0;Veg =05V, f=1MHz |- 0 |- |pF
fr transition frequency lo==10mA; Vge =-5 Vi f=100MHz [ 100 |- |- [MHz
F noise figure lp==200 pA Vg =BV, Ry = 2k2; |- 2 10 [dB
f=1kHz;B= 2011 Hz
Notes

1. Vages decreases by about -1

1.7 Vi with increasing temperature.

2. Vag decreases by about -2 mVIK with increasing temperature.
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PNP general purpose transistors BC556; BC557

MEHTZE
500
2=
200
[ et . ';";:E=—5‘
= S
™.
]
N

100 k\

oL X -

iz J -10 -10 - ima -t

BIS56A.
Fig.2 DC current gain; typical values.
MEHTIT
400
hzg
el 1
200 1
\\
200 h
b

100 \\

3 5

-1g-2 —gt -1 -0 -102 Iz tred) -0t

BCE568; BCSSTE.

Fig.3 DC current gain; typical values.
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PNP general purpose transistors BC556; BC557

MEHTZE

7
)
i

.
&

400 AN

200 AN

s =l -1 -10 -132 L 22

BLSSTC.

Fig.4 D current gain; typical values.
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PNP general purpose transistors BC556; BC557
PACKAGE OUTLINE
Plastic single-ended leaded {through hole} package; 3 leads SOT54
=1 AN [———-F- &

P et

Y| =k
| ' | =g —-— [e]
i Y/ I

|

|

d—L1———h]

i 25 & mm

CIMENSIONS {mm are the original dimensions})

UNIT | A B | by c o d E e | ey L | L

am | 32 048 045 | 48 1.7 42 ] saa | var | BE| 2
Ul os0 | w40 040 | 44 14 g | 77 * 127 | °7
Note
1. Terrinal dimensicas within this zons are uncontroliad fo aliow for fow of plastic and terminal imegularities
QUTLINE REEEREMCES EUROPEAN P—
YERSION IEC JEDEC EIAd PROJECTION 5
SOTS 7042 5643 Eﬂ-@ 57-02-28
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PNP general purpose transistors BC556; BChA/

DEFINITIONS

Data sheet status
Objective speciication | This data shest contains target or goal specifications for product development,
Preliminary specification | This data sheet contains prefiminary data; supplementary data may be published later.

Praduct specification This data shest contains final product specifications.
Limiting values
Liniting values given are in accordance with the Absalute Maximum Rating System (IEC 134). Stress above oneor

more of the limiting values may cause pemanent damage to the device. These are siress ratings only and aperaton
of the device at these or at any other conditions abiove those given in the Characteristics sections of the specification
is not implied. Exposur toliniting valuss for exiended periods may affect device reliabilty.

Application information
Where application infarmation is given, it s advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in ife support appliances, devices, o systems where malfunction of these
products can reasonably be expected fo result in personal injury. Phillps customers using or selling these products far
use in suich applications do 5o at their own risk and agree to fully indemnify Prvlips for any damages resulting from such
improper use or sale.
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[— ULN2001A-ULN2002A
YI;; ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

» SEVEN DARLINGTONS PER PACKAGE

« OUTPUT CURREMT &00mA PER DRIVER
{B00DMA PEAK)

-« OUTPUTVOLTAGE 50V

« INTEGRATED SUPPRESSION DIODES FOR
INDUCTIWVE LOADS

« OUTPUTS CAM BE PARALLELED FOR
HIGHER CLURRENT

« TTUCMOS/FMOSIDTLCOMPATIELE INPUTS

« INPUTS PINNED OPPOSITE QUTPUTS TO ORDERING HUMBERS: ULN20012/24/34/ 4
SIVPLIFY LAYOUT

DIP16

SO16

ORDERING NUMBERS: ULNZOOG2DA0ME4D
DESCRIPTION

The ULN20014, ULN2002A, ULN2003 and
ULN2004A are high voltage, high current dariingtan ‘
arrays each containing seven open collector dar- PIN CONNECTION
lingten pairs with common emitters. Each channel
rated at 500mA and can withstand peak currenis of
500mA. Suppression disdes are included for induc-
tive load driving and the inputs are pinhed opposie

Sl : 18 OUT 1
the outputsto simplify baard layout. !
gr:.ﬁourvergronsmterfauetcali common logicfami- % 5 OUT 2
ULANZ0014 E?{g?l Purpose, OTL, TIL, PMOS iN 3 14 OUT 3
e BV il
MAD0ZA 14-28% PMCS ;
ULH20024 14-25% PMOS W & 13 OUT 4
ULN2D034 | B TTL, CMOS
ULKZ0024 | 6-15Y CMOS, PMOS IN § 12 out s
These varsatile devices are ussfulfor driving a wide w
range of loads including sclenoids, relays DC mo- L L
tors, LED displays filament lamps, thermal print-
headsand high power buffers. IN 7 1o out 7
The ULN2001A/2002A/2003Aand 2004A are sup- AEE
ced in 16 pi : wi GNU sm“m"F
plied in 16 pin plastic DIP packages with a copper | ¥ WHEELING DICOES
leadframe to reduce thermal resistance. They are
available also in small outline package (SO-16] as S-197%41

ULN2001D/2002D/20030:2004D.

September 1983 116
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SCHEMATIC DIAGRAM

EACH DRVER ; . 89

Series ULMN-20018
{gach drivar)

3 COM

i) QT

1 i .

‘ r !
% LIt

: L"E%w.,b{“}»-q |

%

Lo i e il g —
EACH DRIVER e 5 1008

Series ULM-20034
{each driver)

INO—g—— -

i

- oam

osp ot il

&

{ k0 Ikl

1 . S %““)——»L‘ﬁ . :

i

| TR * o R Wil S
EACH DRIVER — S

Series ULN-20024
{each driver)

EACH DIVER

Series ULN-20045

{each driver)

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vo Dutput Yalkage 50 W
Wi Input Voltage {for ULN2002A/D - 200340 - 200448/0) 3
ls Continuous Collectar Current 500 M

Is Continuous Base Current 25 ma
Tams Operating Ambisnt Temperaturs Range - 20to 85 o
Tem Storage Temperaiurs Range — 5510 150 =
T Junetior Temperature 150 °C
THERMAL DATA
Symbol Parameter DiP16 S018 Unit
Ren s Thermal Resistance Junction-ambiznt Max. 7 100 TN

208
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tams = 25°C unless otherwise specified)

Symbol Paramester Test Conditions Min, Typ. Bas. Unit | Fig.
leex Dutput Leakage Current Ve = S0V 50 [TP=Y 1a
Tams = 70°C, Wge = 50V 10D IR ta
fN = BY 5C0 e th
cE = 50%, V= 1Y IR th
Collector-emitier Saturation ig = 100ma, lg = 250pA 08 W 2
Yaoltage - = 200 ma, Ig = 350pA 1.1 W 2
o = Z50mA, Iz = SDOpA 1.3 ks 2
liony Input Current for ULKM20624 V) = 17V 0.82 ma 3
for ULNZ0838 V) = 3.85Y 0.83 T 3
for WLNZOG44, M = 5 Q.23 miA 3
W= 12V 1 Wi 3
lam Input Current Tame = 70°C, lg = 500pA 0 85 Y "
Yo lrput Yoliage Ve = 2V W 5
for ULMNZ0024A
lo = 200mA 13
for ULN20034
lo = 200m& 2.4
lg = 250mA 27
lg = 200ma& 3
for ULM20244
le = 125m& &
lg = 200mA B
for=275mA 7
lo = 350mA 8
nFe DC Forward Current Gain for ULM2081A
Moe = 2V, Io = 350mA 100G 2
C Input Capacitance 15 25 pFE
trid Turn-on Delay Time 0.5 Wito 0.5 Vg 0.25 1 e
(oo Turr-off Delay Time 0.5 %% 0.5 \Vg N5 1 pe
in Clamp Diods Leakage Current Mr =S80V ' 50 e g
Tame = 7072, Wy = 50V 14D 15 8
YWe Clamg Dinde Forward Yoltage iz = 3E0mMA 1.9 2 W T

4
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS

Figure 1a.

Figure 1h.

% -8I27

feex
el
5~5726
Figure 2. Figure 3.
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@ % §CE§
5. 1380
Figure 4, Figure 5.
N
Figure 6. Figure 7.
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Ir
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Collector Current versus Input Current

v

(&l |
Tj=25°C

500

400 /
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00 /

el 4 /
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200 300 4806 500 ib{uAd

g 108

Figure 10: Peak Collector Current versus Dty

Cycle
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Figure 9: Collector Current versus Saturation
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DiP16 PACKAGE MECHANICAL DATA

1

O A IO R N T 0 T [ g e

mm inch
DI,
BHN, TYP. MAX. MIN TYP. MAX.
a1 0.51 0.020
3 0.77 1.6% G.03¢ 0.0E5
b 8.5 0.520
It 0.2s 0.010
o 20 0787
E 85 0.335
e 2.54 £.100
&3 17.78 0.700
F 7.1 0.280
| 5.1 0.20
L 33 0130
ps 1.27 0050
cud
=] -
hes” b1
it
Z 4
| 1
D
[0 0 O 5 0 5N IS0 0 0 T
#
D o

B8

3
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

S016 PACKAGE MECHANICAL DATA

i mm inch
BN, YR, NMAX. MIN. TYP. MAX,
A 1.75 C.DE9
a1 0.1 .25 4.004 0.009
a2 1.6 0.063
by 0.25 .48 £.014 0.O18
It Q.19 8.25 8.007 0.010
C 3.5 R
T 45 {typ.)
D 9.8 10 C.386 0.394
E 5.8 £.2 8.228 0.244
& T 0.050
e3 .88 0.350
F 3.8 4.0 £.150 0157
L 0.4 1.27 g.016 0.050
] 462 0.024
S & {max.}
L ( G ,

i e R e

.

T oo o000






