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Abstract

This project aim to invent the Automatic Coin Exchange Machine. It will use a micro-
conlroller to control the work. The principle of work is exchanging notes into coins automatically.
There are three types of banknotes 20, 50 and 100 baht that can be exchanged. Each banknote can
be exchanged into only one type of coin; five-baht coin or ten-baht coin. The LCD display shows
the amount of the exchange banknotes and it will be gradually reduced until zero while the coins
are released from the container. The results of the Automatic Coin Exchange Machine can
classify banknotes cotrectly. Also the amount of coins is equal to the amount of the exchange

notes,
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#include<reg51.h>
#include<stdio.h>

sbit E=P3"6; /fenable

sbit RS=P3~7; //registor select
sbit detect bank=P3"4,
sbit sen5=P3*5;

sbit sen1=P1/0;

sbit sen2=P1"1;

sbit sen3=P1"2;

sbit send=P173;

sbit select5=P3°0;

sbit select10=P3"1;

sbit motor10=P0"0;

sbit molor5=P0"2;

sbit motorbank=P0"4;

sbit en2=P0"7;

sbit end10=P176;

sbit end5=FP1"5;

shit detectmotor10=P14,
sbit detectmotor5=P1°7;
char status=0;

int count;

int bath5=0,bath10=0,

int totalmoney=0,show=0;
int xx,x,outcoin=0,roundmotor=0;

unsigned char full5=0,full10=0,sta=0;//end5=1,end10=1 .endl=1,

unsigned char in,buffer[5};
void delay(unsigned int count)

{

for( count = count ; count >0 ; count--);
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void clock {void)// clock 77? led

{ E=1;
delay{500);
E=0;
delay(500);
RS=1;
}
void write (unsigned chara) /777777 led
{ RS-1;
P2=a;
clock();
}
void intlcd(void) /initial led
{ delay(20000);
RS=0;

P2=0x38;//4bit
clock();
RS=0;
P2=0x01;
clock();
RS=0;
P2=0x0c;
clock();
RS=0;
P2-0x06;
clock();

}

void showcointoled(void)

§ RS=0;
P2-0x80;
clock(});
write('M'); //80
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write("0');//81

write{'N'");

write('E");

write("Y");

write('=");

xx=totalmoney;

write(({xx)/100)+0x30);

wrile(((xx%100)/10)}+0x30);

write(((xx%10))+0x30);

write('"); //8A

write(' ');//8B

write(' ');//8C

write(' ');//8D

write{" )://8E

write(' '); //8F

write(' ');/90

write('=");//90

write(' ');//91

write(" ");//92

write(* ");//93
RS=0;
P2=0xc0;
clock();
write(' ');//c0
write(’ );f/cl
write(' *);//c2
write(* ');//c3
write(’ ');//e4
write(' );//c5
write(' ");//c6
write(' );//c7

write(' ');//c8



}

write(" );/c9
write(' ")://ca
write(' );//cb
write(' );f/ce
write(' ");f/ed
write(' )://cE
write(* );//cf
write(" ');/d0
wrile(" );//d1

write(' ');//d2

void invalue(void)

{

count=0;
RS=0:
P2=0x91;
clock();
count=0;

if(select5==0)

{ sta=0;status=0;

iflend5==0)//read sensor end 5 bath if 0 have 1 not have

{ { status=5;sta=0;0utcoin=totalmoney/5;} }// have coin}

else
{ sta=1;}//no have coin 1 to ok change
}
if{select!0==0)
{
sta=0;status=0;
iflend10==0)
{ sta=0;status=10;0utcoin=totalmoney/10;}// have coin
else

{ sta=sta+1;}//no have coin 2 to ok change
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if(sta>=1) //not have coin

{ //show to lcd and clear status all to begin
RS=0;
P2=0xc0;
clock();
if{select10==0)
{write("N');//¢0
write("0'");/fcl
write(’ );//c2
write('1');//c3
write('0");//c4
write(' ');//c5
write("C");//c6
write("0");//e7
write('T")://c8
write('N");//c9
write(' ");//cA
write(' );//cB
write(" ');//cC
write(" ');//CD
write(' ');//CE
write("");//CF
}

if(select5==0)
{write('"N");//cO
write('O');/fel
write(' *);//c2
write('5");//c3
write{’ V);//cd
write('C');//e5
write("O");//c6

write('1");//c7
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}

write('N");//c8
write(" ");//c9

write(' ");//cA
write(' ");//cB

write(' '};//cC
write(' );//CD
write(" "),//CE
write(" ');//CF
}

if{statns==5)

{

status=0;
RS=0;
P2=0xc0;
clock();
write("C');//c0
write('0");//cl
write('I);//c2
write('N');//c3
write(' ");//cd
write(*5);//cB
write('B");//cC
write('A");/fcD
write("T*);//cE
write('H");//c3
write(* *);//c3
write("0');//c3
write("U");//c5
write('T");//c6
write("T");//c7
write('I');//c8

write("N");//c9
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write('G");//cA
write(" ");//cb
write(’ ");/fcc
write(' ');//cd
write(' ");//ce

write(" ');//cf

for(x=0;x<ontcoin;x++)//loop for out coin

{

do{ motor5=0; }
while(detectmotors=—=0);
motorS=1;
totalmoney=totalmoney-5;
showcointoled();
RS=0);
P2=0xc0;
clock();
write("'C");//c0
write("0');//cl
write('1);//c2
write{"N");//c3
write(" ');//c4
write('5');//c5
write("B');//c6
write("'A'");//cT
wrile('T');//c8
write("H");//c9
write('=");//ca
xx=x+1;
write(((xx)/100)+0x30); //cb
write((xx%100)/10)+0x30); //cc
write(((xx%10)+0x30); //ed
wnite(* ):f/ce

write(" ");/fcl



//motor 5bath active

else
if(status==10)
{

status=0;
RS=0;
P2=0xc0;
clock();
write('C');//c0
write("O");//cl
write(']");//¢c2
write{'N");//c3
write('1');//cd
write("0");//cB
write('B");//cC
write("A");//cD
write('T");//cE
write('H");//c3
write(’ ');//c3

write('O";//c3

write("U");//c5

write("T");//c6
write("T");//c7
write('I');//c8
write('N');//¢9
write("G");/lcA
write(" ");//cb
write(' ");//cc
write(" ");/fed
write(' ");/fce

write(' );//cf
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for(x=0;x<outcoin;x++)/loop for out coin

}
status=0;outcoin=0;

}

{ do{ motor10=0;}

while(detecimotor1(0==0);

ffmotor 10bath active

motorl0=1;
totalmoney=totalmoney-10;
showcointolcd();
RS=0;
P2=0xc0;
clock();
write("C");//cD
write("0")://c1
wnite('1);//c2
write('N");//c3
write(' ');//cd
wrile('1');//cS
write("0');//d3
write('B');//c6
write('A');//c7
write("T");//c8
write('H'");//c9
write('=");//ca
xx=x+1;
write(((xx)/100)+0x30); //cb
write(((xx%100)/10)+0x30);//cc
write(((xx%10))+0x30); /fed
write(' ');//ce

write(' *);//cf
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void back_bank(void)
{ motorbank=0;
en2=0;
totalmoney=0,
while(detect_bank); //back
while(!detect_bank); //back until out bank

metorbank=1;

en2=1;
slatus=55;
}
void pass_bank(void)
{

/fdetect coin before keep bank to box

Hcheck money out

sta=0;
iflend5==0)//read sensor end 5 bath if ¢ have | not have
{ sta=0;}/f have coin

else
{ sta=1;}//no have coin 1 to ok change

iflend10==0)
{ sta=0;}// have coin

else
{ sta=sta+1;}//no have coin 2 or 1 1o ok change

/I sta=l;

show=totalmoney; //
if{sta==2) //not enage or end coin no have coin nothave 5 and 10
{ #show to lcd and clear status all to begin

RS=0;

P2=0xc{);

clock();

write(" );//c0

write(" ");//c]
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write(' ");//c2
write(' ";//c3
write('N");//c4
write("O'");//c5
write(* );,//c6
write("C');//c7
write("O");//c8
write('I');//c9
write("N');/fca
write(' ');//ch
write(' ");/fcc
write(' '}:/ed
write(' );//ce
write(' );//ed
status=0;outcoin=0;
back_bank();
}
else /fto keep MONEY TO box
{
motorbank=0;
while(send); //to keep box
white('send); //until out bank to box
delay(30000);delay(30000);delay(30000);
molorbank=1; //end motorbank

}

status=53;

void main(void)

{
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iniled();

HTMOD=0X02; TH1=0XFD;SCON=0X52;TR1=];
delay(30000);delay(30000);delay(30000);

st:

/Hirst recive coin

{/show total money fo lcd

ifl(detect_bank==0)&&(sen5==0) }//bank commin

{

showcointoled();

RS=0;
P2=0xc0;
clock();
write('I"):;//c0
write("N');//cl
write("S");//c2
write("E");/c3
write('R");//cd
write('T'};//c5
write(* ");//d3
write('B');//c6
write('A');//c7
write('N');//c8
write('K');//c9
write("N');//ca
write("O");//cb
write("T");/fcc
write("E");/fed
write(' ");//ce

write(" ");//cf

RS=0;

P2=0xc0;
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clock();
write('B');//c0
write('A");//cl
write('N');//c2
write('K");//¢3
write(' ");//c4
write('C");//c5
write("O");//d3
write('"M");//c6
write(M");//c7
write('1);//c8
write{'N");//c9
write(" ');//ca
write('S");//ch
write('T")://cc
write("A"):/led
write("1');//ce
write(" ");//cf
motorbank=0;
do{
if{(detect bank==1)&&(sen5=—=1))
{  motorbank=1; //delay(1000); //read again

if{{detect_bank==1)&&(sen5==1) )

{ RS=0;
P2=0xc0;
clock();
Herite("B")//c0
fhwrite(C AN/l
Hwrite(NY);//c2
Hwrite{'K"):/c3
Hwrite(" ):/cd
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Hwrite('C");/fes
Hwrite("O');//d3
Hwrite('M');//c6
Hwrite("M):/ic7
Hwerite('1');//c8
Itwrite('N');//c9
fhwrite(” );/lca
Hfwrite('SY);/icb
write('T");//ce
write("'A");/fed
wrile('2")://ce
write(' Y /el
ifl{sen1—0)& & {sen?—1)& & (sen3==1)&&(send==1)) //bank20

{ totalmoney=20; showcointoled();
pass_bank();
}
else

if{(senl==0)&&(sen2=—=0)& & (sen3=—=1)& &(secnd==1)) /bank50
{ totalmoney=50; showcointoled();
pass bank();
}
else
if{(sen1==0)& & {sen2==0)& & (sen3=—=0)& &(secnd=—1)) //bank 100
{ totalmoney=100; showcointoled();

pass_bank(};

¢lse //not bank to back roll feedback
{

totalmoney=0; showcointolcd();

back_bank(),



IR

while(status!=55); //time out

motorbank=1;

dof
showcointoled(}; /show money
//check sensor end coin5 or coinl0
RS=0;
P2=0xc0;
clock();
write('S');//e0
write('E");//cl
write('L");//e2
write('E");//c3
write("C");//c4
write('T");//c5
write(' );//c6
write('Ch;//c7
write("0")://c8
write('T');//c9
write("N');//ca
write(' D;//ch
write('5");//cc
write(","};//cd
write('1");//cE
write("0");//cf
invalue();

}

while(totalmoney>0);} goto st;}
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Features
Compalible with MCS®-51 Producla

BK Byles of In-Syslem Programmable (ISP) Flash Memory
— Endurance: 10,000 Wrlia/Erasa Cycles
4.0V to 5.6V Operating Range

Fully Stallc Operation: 0 Hz to 33 MHz Y ()

» Three-level Program Memory Lock

» 256 x 8-blt Internal RAM

* 32 Programmable O Lines -

* Three 16-blt Timer/Counlers 8-bit

« Elghl Interrupt Sources

+ Full Duplex VART Serlal Channel Microcontrouer
* Low-power [dle and Power-down Modes H

+ Interrupl Recovery lrom Powar-down Mode “ﬂth BK Bytes

* Walchdog Timer In_System

+ Dual Data Pointer

* Power-off Flag Programmable
+ Faet Programming Tima

* FlexIble ISP Programming (Byle and Page Mode) F| aSh

« Green (Ph/Hallde-free) Packeging Optlon

1. Description ATB9S52

The AT89552 is a low-powsr, high-perdormance CMOS B-bit micrecontroller with 8K
bytes of in-system programmable Flash memory. The devica is manufactured using
Almel's high-density nonvolatile memory lechnology and is compatible with the Indus-
try-standard 80CS51 instruction sel and pinoul. The on-chip Flash allows the program
memory o be reprogrammed in-syslem or by a conventional nonvolalile memory pro-
grammer. By combining a versalile 8-bit CPU wilh in-system programmable Flash on
a monolithic chip, the Atmel AT89S52 Is a powerlul microconirofler which provides a
highly-flexible and cosl-ellective soluticn lo many embedded control applicalions.

The AT89S52 provides 1he loflowing slandard features: 8K byles of Flash, 256 byles
of RAM, 32 O lines, Walchdog timer, iwo dala poinlers, three 16-bit timer/counters, a
shx-voclor two-level Interrupl architecture, a full duplex serial porl, on-chip oscillalor,
and clock circuilry. In addition, the ATB3S52 is designed with stalic logic for operalion
down to zero lrequency and suppons two software seleclabls power saving modes.
The Idle Mode stops the GPU while allowing tha RAM, timer/counters, serial porl, and
interrupt system lo continue functioning. The Power-down maode saves the AAM con-
tenis bul freezes the oscillator, disabling all other chip funclions until the next interrupt
or hardware resel.

1919D-MICRO-E08
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2. PIn Conflgurations

21  40-lead PDIP 23 44-lead PLCC
L B scR &
marodi wpvee re §§§§
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P120]3 38§71 Pa 1 {AD1) EEZEEESEREE
PaCjs a7 P02 (AD2) Aonoannonnnn
pradls 36 [P0 (ADD uosn P1EL7 " e T i
mos) #1506 25 [1P04 (AD4) pasoy PLie BO ML (ADS
(aS0) P18 7 34 [1PO.E (ADS) SogPi7hs 7 [0 PaE (ADS
s Prs a1 [ P8 (ADG) AT w 30 [0 FO.7 LADT)
RST® 2 [1Pa7{ADT) (R} PAD G 1 %O EAvPP
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ez 2afiP23 (A1) Eépéé gg""“
XTAL2 ] 18 210 P22 {A0) 2
AL e 220 P21 (A% £ SRS
GHD ) 20 203120 (AR}

2.2 44-lead TQFP

=

oS} PEE ] 331 P4 (ADS)
QEs0) P18 02 22 [3 POS [ADS)
(SO PM.7H3 31 [0 P8 (ADS
RSTL[4 W0(IPOT (ADT)
o) PR s =B Ever
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(TXD)PR1C{7 21 MEATDD
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Block Diagram

3.

P20 - P27

HEGISTER

DUFFER

PROGRAM
LOGIC

STACK
PORTER

TMP

AAM ADDR.
AEGISTER | nau

ALU

INVERRUEY, SERIAL PORT,
AND TIMER BLOCKS

h 4

F 3

Pi10O - PLT

P30 - PAT

e
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4. Pin Description

41

4.2

4.3

4.4

4.5

vce

GND

Port 0

Port 1

Port 2

Supply vellage.

Ground.

Port 0 is an 8-bil open drain bidirectional /O port. As an oulpil posi, each pin can sink sighl TTL
inpuls, When 1s are written lo port € pins, the pins can be used as highimpedanca inputs.

Port 0 can also be conligured lo be the muliplexed low-order address/dala bus during accesses
to extenal program and data memory. In this mode, PO has internal puil-ups.

Port 0 also receives the code byles during Flash programming and oulpuls the code bytes dur-
ing program verilication. External pull-ups are required during program verificatlon.

Port 1 is an 8-bit bidireclional YO port with inlernal pull-ups. The Porl 1 oulput buflers can
sink/source four TTL inpuls. When 1s are written to Pert 1 pins, they are pulled high by the inter-
nal pull-ups and can be used as inputs. As inputs, Port 1 pins that are exlemally being pulled low
will source current (k) because of the intemal pull-ups.

In addition, P1.0 and P1.1 can ba conligured to be the timer/counter 2 external count input
(P1.0/T2) and the timer/counier 2 trigger inpul (P1.1/T2EX), respectively, as shown in the lollow-
ing table.

Porl 1 also receives Ihe low-order address byles during Flash pregramming and verification.

Port Pin Allernate Functlons

P1.0 T2 (external count inpat lo TimerCounler 2), clock-out

P11 TZEX (TimerfCounter 2 capluredreload lrigger and difection control)
P15 MOSI {used for In-Syslem Programming)

P16 MISO {used for [n-Syslem Programiming)

P1.7 SCK (used for In-Sysiem Programming}

Port 2 is an 8-bil bidirectional ¥O port with internal pull-ups. The Port 2 output bullers can
sinksourca lour TTL inputs. When 1s are writlen lo Porl 2 pins, they are pulled high by the inter-
nal pull-ups and can be used as inpuls. As inpuls, Port 2 pins that are exiemally being pulled low
will source curment (k) because of the intemal pull-ups.

Port 2 emils the high-order address byte during felches rom extarnal program memory and dur-
ing accesses to exlernal dala memory that use 16-bil addresses (MOVX @ DPTR). In this
application, Port 2 uses strong inlernal pull-ups when emitting 1s. Duing accesses 1o external
dala memory that use 8-bit addresses (MOVX @ RI), Porl 2 emils Ihe contents of the P2 Special
Function Register.

Port 2 also receives the high-order address bits and some control signals during Flash program-
ming and verification.
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4.6

4.7

4.8

Port3

RST

ALE/PROG

Port 3 Is an 8-bil hidirectional I/O port with internal pull-ups. The Port 3 output bullers can
sink/source four TTL inputs. When 1s are wrilten to Port 3 pins, they are pulled high by the inler-
nal pull-ups and can be used as inpuls, As inpuls, Port 3 pins thal are extemally being pulled low
will source current (I, ) becauss of the pull-ups.

Port 3 receives some contrel signals for Flash programming and verification.

Pon 3 also serves the functions of various spacial lealures of the AT89552, as shown in the fol-
lowing table.

Port Pin Alternate Funcllons

P20 RXD {serial Input porl}

Pa.1 TXD (serial outpul port)

Fa.2 TNTO {extarnal Inlerupt 0)

P3.3 TNTY (external Inlerupt 1)

P3.4 TO (timer © exlernat input)

P35 T1 (imer 1 externatl input)

P3.6 WH (external dala memory write strobe)
P37 AD (extemal data mamory read strobe)

Reset inpul. A high on this pin for two machine cyclas while the oscillator is running resets the
davice. This pin drives high for 98 oscillator periods alter the Waichdog times oul. The DISRTO
bit in SFR AUXR {address 8EH) can be used to disable this lealure, In the delault slate of bil
DISRTO, the RESET HIGH out leature is enabled.

Address Lalch Enable {ALE) is an output pulsa for latching Ihe low byte of the address during
accesses lo external memory. This pin is also Yhe program pulse input (PROG) during Flash
programming.

In normal operation, ALE is emitted at a constant rale of 1/6 the oscillator frequency and may be

used lor extemal timing or clocking purposes. Nots, however, that one ALE pulse is skipped dur-
ing each access 1o exlemal dala memory.

Il desired, ALE operation can be disabled by selting bit 0 of SFR localion 8EH. With the bit sel,
ALE s aclive only during 2 MOVX or MOVC Insiiuction. Otherwise, the pin is weakly pulled high.
Selting the ALE-disable bit has no elfect if ihe microconirofler is in exlernal execution mode.
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4.9

4.10

4.1

4.12

PSEN

XTAL1

XTAL2

71

ATNET, s

Program Store Enable (PSEN) is the read sirobe to extemal program memory.

When the ATB3S52 is execuling code from extemnal program memory, PSEN is activaled iwice
each machine cycle, excep! that two PSEN activations are skipped during each access lo axter-
nal data memory.

Exiornal Access Enable. EA must be sirapped to GND In order lo enable the device to letch
code from external program memory locations slarting al 0000H up to FFFFH. Note, however,
that if fock bit 1 is programmed, EA will be internally latched on reset.

FA should be slrapped to V. for internal program exaculions.
This pin also receives the 12-voli programming enzbla vollage (Vip) during Flash programming.

inpul to the inverting oscillator amplifier and input to the intemnal clock operaling circuil.

Outpul from the inverting oscillator amplifier.
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LM124

LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

B WIDE GAIN BANDWIDTH : 1.3MHz

B INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

M LARGE YOLTAGE GAIN : 100dB

3 VERY LOW SUPPLY CURRENT/AMPLI :
375pA

B LOW INPUT BIAS CURRENT : 20nA

H LOW INPUT OFFSET VOLTAGE : 5mV max.
{for more accurate applications, use the equiv-

alent parts LM124A.LM224A-L M324A which
feature ImV max )

M LOW INPUT OFFSET CURRENT : ZnA

B WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V TO +30V
DUAL SUPPLIES : 1.5V TO 215V

DESCRIPTION

These circuils consist of four independent, high
gain, internaRy frequency compensaled operation-
al amplifiers. They operate from a single power
supply over a wide range of voltages. Operation
from spiit power supplies is also possible end the
low power supply current drain is independent of
the magnitude of the power supply voitage.

ORDER CODE

P
TS30P14

{Thin Shrink Small Outline Package)

PIN CONNECTIONS (lop view)

Part T ture Package
Number mp " D P
LM124 S55°C, +125°C . - .
L2224 404G, +105°C . . *
LM324 0*C, +70°C . . *
Example : LM24N

N = Dl In Ling Package {DF)

D = Small Culing Package (50) - 250 2FO0K 1 Tape & Faal {OT)

P = Thin Srwink Small Oulline Package (TSSO0P) - only araabie in Tape
aRsw (°T)

odpet 1 ]
e bt § 2 [
Ny b 1 3 [
et 4 [

e et it 2 S ]
mewgrpa2 & [
ot 7 [

N5
P

IR
] 0 evetnghpas
] 12 Mot lopu £
:]u\ba-
) % bonamertrg gt 3
] 5 imutg ety
[] & oupt)
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LM124-1M224-L M324

SCHEMATIC DIAGRAM (1/4 LM124)

04
% an
r\;m ’_(le ()
Y
BOWA
E Wh 9% 7m TR QND
ABSOLUTE MAXIMUM RATINGS
Symbel Paramater LMi2d Lm224 LMY24 Unit
Voo |Supply vollage +180r32 v
Vi |ingd Vollage 03 ip+22 v
Ve | DifferenBal ingut Volage ¥ +32 v
Py |Poveer Dissipatian N Sulfix 500 500 500 o]
D SuMix 400 400 W
Outpt Short-cirou Duration 2 Innite
b |inpul Curent B 50 60 &0 mA
Toger | Opearting Free-air Temperature Range S50 +126 | 4016 +108| O +70 '
Tsig  |Stomge Temparature Range -85 10 +150 c

B Mwmlﬂmmmmﬂuwuvﬂ, o Ve
bVWm-mm LA/ ﬂwmmnmu-uwmmmm
dnwlﬂde

e e

aggain ior Iopul vorage higher Than ALV,



LM124-LM224-LM324

ELECTRICAL CHARACTERISTICS
Vo' = +5Y, Yoo = Ground, Vg = 1.4V, Ty, = +25°C (unless otherwise specified}

Symbol

Parmmeler

Min

Typ. Max Unit

Vio

\npua Ofiset Vollage - note
Tamo = +25°C

Toetn € Taraty 5 Vo
LM324

mV

[ -]

Input Offset Currant
Tamp = +25°C

Ton € Tame S Tran

inpt Bias Current - note 2)
Tanty = 425°C
Tain 5 Tamd € Tmax

Large Signal Voliage Gain
Veet = HI5V, Ry = 2K, Vi, = 1.4V In 1.4V
Tarn = +25°C
T S Tarws = Timax

B3

100 VimV

SVR

Supply Vellage Rejection Ratio (R, < 100}
Veg! = B o 20V
Tompy = #25°C
TmSTm ST“

il

1o

Supply Cursnt, all Amp, rio load
Tomp = +25°C Vg = +5V
Voo = +30V

Vor = +5V

Vg = +30V

Tow s Tamis < T

0.7 12
18 3 mA
D8 12
1.6 3

Inpul Common Mode Voltage Range
Voo = 430 - note
Tamp = +25°C
Tmia % Tamn < Tomx

Vec-is| ¥
Voo 2

Cammon Mode Rejection Raso (R, £ 10ki2)
Tamp ™ +26°C
Town S Tty € Trax

Oulput Curent Source (\y = +1V)
Voo = ¢ 15V, V= 42V

Outpat Sink Curert (Vg = -1V)
Veop = +15V. Vo= +2V
Vg = $15V, Vp = 402V

8%
13

Vo

Voo = 3V
Tamty = +25'C
Tom S Tamd % Tar
Tamp = +25'C
Trin % T = T
Vg = +5V. Ry = 2}
Taop = +25°C

Twin = Tamx STm

Ry = 202

Ry = 10k

wh NYgN
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LM124 LM224 1 M324

Symbol Paramasler Min. Typ. Max Unit
Low Level Outpa Valtage (R, = 10k3)
Voo | Tam=+26C 5 20 v
T € Tamps S Tymar P
Siew Rake
SR Voe = 16V. V, = 0.5 1 3V, R = k02, € = 100pF, unity Gain 04 Vi
Gain Bandwidh Product
GBP |y = 3V, 1 = 100Hz Vi, = 10mV, A = 2402, G, = 100pF 13 WHz
™D Total Harmanio DivorSon %
= 1kHz, A, = 2008, Ry = 2k0), V, = ZVpp, C; = 100pF. Ve = 30V 0.013
Equivalent Input Naise Volkage nV
n F= 1kHz, Ry = 1000, Vo = 30V 40 e
DVig | Inpit Offsat Voliage Orif 7 o |pwre
Dby, |Wnput Ofiset Carrent DrR 10 20 |paC
Channel Separabion - note 1}
Voo |7z < s 20mHz 120 -

Yy 1AV, P = O, BV < W = 3V, 0 < ¥, = V' - 15V
mwgwuﬂdhnmunﬁimsﬁymﬁtnﬁpﬂuldhﬂ:dhuﬁlnmmm

T o S S TR R S o . T el e
O A e g Pt gt i s i e e e i Tt
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ULN2003 LNEAR NTEGRATED CRCUI

HIGH VOLTAGE AND HIGH CURRENT
DARLINGTON TRANSISTOR ARRAY

DESCRIPTION

The ULN2003 Is a moncithic high voltage and high ourent
Darfrygion lransislor amays. N conaisls of seven NPN dadinghon
pais [l fedhwes high-volage ouipits wih common-Calhods
damp @Gode ki swilching inductive toads, The collector-oument
rating of a single danngion pair i 500mA. The darlinglon pairs
may be partieled for highes cument capability. Apphtations nclude
relzy drivers hammer thivers, kynpdivers display drivers{LED ga3
discharge) e deivers, and logic buffers.

The ULN2003 has a 2.7k0 seies base resislor for each
daingion par for opersiion direcly with TTL or 5Y CMOS
davices.

FEATURES

* 500mA raled caiector curreni(Single outpul)
* High-voltage outpuls: 50V

* Inguts pomprafibale wilh various types of gt
* Relay driver application

LOGIC DIAGRAM

MPUT B

DIP-16

27}

SCHEMATIC{EACH DARLINGTON PAIR}

FE
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ULN2003

LNEAR NTEGRATED CRCUT

ABSOLUTE MAXIMUM RATINGS(Ta=25)

Characlerislic Symbol Yahie Unit
(Collelor-Emiiter Yollage VCE 50 v
Inpan Voltage Vi 30 A
Peak Colleclor Curmenl lo 500 mA
Tolal Emifler-terminal 10K 500 mhA
[Power Dissipation Pd 950 Tamb=25°C my
495 Yamb<B5C m¥Y
[Operaling Temperature Topr -}~ 85 ht
IS% Temperalre Tﬂg 85 -~ +15D °r
Kote: Ab volalge vakses are wilh repedl lo the emilletfsubstral { E, unless ol noled
ELECTRICAL CHARACTERISTIC S{Ta=25°C unfess atherwise specifed)
Test
Characleristio figure Symbol Test Conditions Min Typ | Max | Unils
YCE=2Y, lc=200mA 24
On-state Input Yoltage L] VKOH} | VCE=2V le=250mA 2.7 W
YCE=2V lc=300m# 3
=2 Jc=100mA 0.9 1.4
Callecior- Emitler Saturation S le
5 {VCESAT)|1I=350uA fc=200mA 1 13 v
Vollage
11=500uh kc=350mA 12 1.6
1 VCE=50V IFD 50
Collector Culofl Curment lcex WA
2 VCE=SDV =0, Ta=TFC 100
Clamp Forward VoRage 8 YF IF=350mA 1.7 2 v
Off-state Input Cusrent 1 | morr [VCEESOVIE=S00mA, 50 | &
i et Ta=70°C M
fnpul Cuenl 4 ] Vi=3.85v 0.85 1.35 mA
VR=50Y 50
Clamp Reverse Currenl 7 IR 2A
VR=50V, Ta=70°C 100
InpaA Capacdance - (o) V1=0,I= 1MHz 15 25 pF
| {4 ation ime, low-to-
ropa). ' detay time, a LH 025 q s
high-fevel outpul
P Hon time, .
LR ] £ B e oas | 1 1S
to-tow-evel oulput
Hiy ef Vi L
oievetoulput Vohage aNe| 10 | vom  |Ve=s0v,to=a00ma Vs-20 mv
syitching
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ULN2003

LNEAR NTEGRATED CRCUTII

TEST CIRCUITS
Open VCE
Open
D —
ICEX

Figure 1 ICEX Tesl Circuit

Open VCE

o

Open VCE

Vi

—
ICEX

Figure 2 ICEX Tes| Cirouil

Open

"(_"“L Open

Vi

Figure 4 lifon) Test Crcuit

Open Open
HFE=<
1
1 ViE Tlc
Note: I is fixed for ing VCE{sal) vasiable for

medsuring HFE.

Figwe 5 HFE YCE(sal) Test Ciram Frgure 6 ¥i(on) Test Cacuit
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SHARP

PCB17XJOO0OF Series

PC817XJ0O000F
Series

*4-channe} package Lype is also avoilable.
{model No. PCB47XJBOCOF Serles)

B Descriplion
PCe17XJ0000F Serles contains an IRED opiically
coupled to a phololransisior.
It is packaged in a 4pin DIP, available in wide-lead
spacing option and SMT guliwing lead-lorm option.
Input-ouiptn isolalion vollage(rms) is 5.0kV.
Colleclor-emilter vohage is 80V and CTR is 50% lo
600% at inpul current of SmA.,

M Features

1. 4pin DIP package

2. Double transfer mold package {ldeal for Flow Solder-
ing)

3. High collector-emitter voltage (Vceo:80V)

4. Curient transler ratio (CTR : MIN. 50% al lr=5 mA,
Vee=5V)

5. Several CTR ranks available

6. High isolalion voltage between input and cuiput
(Via:q"m]. : 50 kV)

7. Lead-free and RoHS directive compliant

DIP 4pin General Purpose
Photocoupler

MW Agency approvals/Compliance

. Recognized by UL1577 {Doubla protection isolation),
lila No. E64380 {as model No. PCB17)

2. Package resin : UL flammabiiity grade
{94V-0)

H Applications

1. 1O isolation lor MCUs (Micro Coniroller Unils)

2. Noise suppression in switching circuits

4. Signal iransmission betwaen circuits of dillerent po-
tenlials and impedancas
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SHARP PCB17XJO00OF Series
H Internal Conneclion Diagram
(D Anode
O @ @ Cathode
(@) Emitler
@ ® @ collector
H Outline Dimensions {Unit : mm)

1. Thiough-Hole [ex. PC817XJO00OF]
Aank mark

Ancdo mark l F Idenlificaion mark
313 Data code
l:_‘ 1‘; \ f‘ /_“_.f,
1ol (e Tl e .
PCB17 ;ﬂh
@[J' BHARP <

04t | 350

b |3

w

B BioK 1Y --EA

Product mass : approx. 0.23g

Anode mark

W, \

2. SMT Guliwing Lead-Form [ex. PC817X1J000F]

Product mass : approx. 0.22g

3. Wide Through-Hole Lead-Form [ex. PCB817XFJ000F]

Rank mark Facwry idenulication mark
Anoda mark
2|2 Daie mde
e o VUL g
71 |’n"|;'"n [y =
T L) A L S ) gﬂ
@ PCE17 (. @ |4
| maare oY
s B
& 6521 a
- i
7622 4,593

Product mass : approx. 0.23g

4. Wide SMT Gullwing Lead-Form [ex. PC817XFPJOOF)

Anode mark F ideniication mark
T |n f
Daig code
1-1-"?3 [} : rALTOTH
et S ljtlr:ﬂj%— 3
@ |t|pceir ([ ® %
= sHaRP B
i 657 23,
7.62%° o 458
' g 1h t i %
g; S o
Al | i
| £ fesin 0.6
0.75= 10.9624 075"
12,08

Product mass : approx. 0.22g
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SHARP PC817XJ0000F Series
Date code (2 digit)
1s1 digit 2nd digil
Year of production Monih of production
AD. Mark AD Mark Month Muork
1990 A 2002 P January 1
1991 B 2003 R February 2
1992 [ 2004 S March 3
1993 D 2005 T April 4
1994 E 2006 U May 5
1995 F 2007 v June 6
1996 H 2008 W Tuky 7
1997 ) 2009 X Augusl 8
1998 K 2010 A Seplember 9
1999 L 201t B Oclober O
2000 M 2012 c November N
2001 N : : December D
tepoals in a 20 year cydle
Factory identlification mark and Plating material
Factory identification Mark Counlry of origin Flaling material
no mark
. Japan SnCu (Cu: TYP. 2%)
‘ Indonesia SnBi (Bi : TYP. 2%)
A | China SnCu (Cu : TYP. 2%)*

" Upto Dale code “T4" (Agril 2005), SaBil{Bi : TYP. 2%).
=* This (wiory marking is for ideotificstion parpose oaly.
Pleast covkant the focal SHARP saics roproscnlative 30 s e actorsd stais of the

prodoctian.
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SHARP PC817XJO00OF Seties
H Absolute Maximum Ratings (T,=25'C)
Paramelcr Symbot Rating Unit
Forward current I 50 mA
5 "I Peak forward current (Y] 1 A
Z1 Reverse volinge Ve 6 v
Power dissipation P 0 mw
Collectoremiller volage {  Vero 80 v
2| Fmino-collector vollage{  Vero 6 v
3 Collector current Ic S0 mA
Colkector power diasipalion Pc 150 mW
Tolal power dissipation Pu 200 mw
2 Isolation vollage Vi tray 50 [}
Opersting lemperalure T |-30Wws+100] °C
Siorage temperalure Tay |-55t04125| °C
*! Soldering lemperature Tt 260 °C
*} Pulse widihs | (0ps. Dty ratlo : 0.001
2 40 GORRIL AT ot mimee, f=t0i1z
2 Fur I8
W Electro-optical Characteristics T~25C)
Parnmeier Synbol Conditions MIN. TYP. MAX, Unit
Forward voltape Ve Tr=20mA - 1.2 14 A\’
B | Peak forward vollage Viat Trm=0.5A - - .0 v
,g- Reverse cument Ye-4Y - - 10 pA
Terminal capacitance G V-0, ~1kHz ol 230 pF
5 | Collector dark carrent Ieso Yer=30V, Ip-0 - - 100 nA
£} Coltectar-¢mitier breakdowm vabape | BVoeo 1=0.1mA, I=0 80 I - v
8 Emitier-collectar breskdown voltge | BVeco Ie=10pA, =0 6 — - A4
# | Collector current Ie=SmA, Yoe=3V 25 - 300 mA
& | Collector-emities seoratioa volaee | Vg oy I=20mA, fe=1mA ] 0.1 0.2 v
g Isolation resistance Riso DC500V, 40 to 60%RH 5«10 | 1x10M - Q
£ Floaling capacilance Cr V=0, f-IMHz - 0.6 1.0 pF
% Cut-off frequency [ V=3V, Ic=2mA, R -1009, -3dB0 - R0 - kHz
& | Response ime ':':l::x : V=2V, le-2mA, Ri=1002 = ‘; :: ::
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FUJITSU

FUJITSU TAKAMISAWA
COMPONENT CATALOG
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POWER RELAY

2 POLES—5A LOW PROFILE TYPE

FTR-F1 SERIES

B FEATURES

» Low profile power refay {(height 16.5 mm) employing

upique consltruction

DPST/DPDT 5 A, TV-3 raling available
o Higher Isolation by employing reinforced insulalion con-

struction

Insulation distance: 8 mm {betlween coll and contact)
Dieleclric strength: 5 kV {between coil and contact)
Surge strength: 10 kV (between coil and contact)

« Plaslic sealed relay
# Pin configuration compatible lo VB/FBR620

o UL, CSA, VDE, SEMKO, BS| recognized
« Conforms to FIMKO, IMQ, DEMKO (under approval)
« Environmenlally friendly cadmium free contact type is

avaifable

B ORDERING INFORMATION
FTIR-FI A A 005 V

Exampte
[Examplel @ B @ @ © W
{a) Series Name FTR-F1: FTR-F1 Serles
{b) | Contact Airangement A 1 2 form A (DPST-NO)
[ 12 form € (DPDT)
{c) | Coll Type A : Slandard type (0.53 W)
D : Righ sensilive type {0.4W)
(d) | Nominal Vollage o5 5VDC 012: 12VDC
006 :6VvDC 024: 24 VvDC
003 :9VDC 048: 48 VDC
(e) { Conlaci Malerlal/TV Type ¥ : Goid plale sliver alloy (slandard type}
T : Gold piste silver alloy (TV-3 raling type, only standard make type)
{n Custom Designation To be assigned custom specification
Ordering Cods: Actual Marking:

FTR-F1AADO5Y F1AADOSYV
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FTR-F1 SERIES

B SAFETY STANDARD AND FILE NUMBERS

UL508, 873 (File No. E63614)

C 22.2 No. 14 (File No. LR40304-30/ LR107822)
VDE 0435, 0631, 0700, 0860 (File No. 11035-4940-1019)

Type Nominal voltage

Contact raling

TV-Reling [FTR-F1AA{)T| 51048 VDC

TV-3 120VAC

/6 HP 125 VAC 1/4 HP 260 VAC
6A 24 VDC/250 VAC resislive
Pllot duly R 300

Standard/
sansitive

FTR-F1CA{)¥] 510 48 VDC

Same as sbove withoul TV-3
2A 250VAC Inductive (PF=0.4)

B SPECIFICATIONS

Item Standard Type | Sensilive Typo TV-3 Rallng Type

Contact Arrangament 2 form A {DPST-NO), 2 foim C (DPDT) 2 form A {DPST-NO)

Materal Gold plate sitver alloy

Sty Single

Resistance {Initial} Maximum100 mit {at 1 A 6 VDC)

Ratlng {resistive) 5 A 250 VAC/24 VDC

Maximum Carrylng Current | 7 A

Maximum Swilching Rating 1.250 V120 W

Maxmum Swiiching Voltage | 400 VAC 300 VDOC

Maximum Swilching Current | & A

Minlmum Switching Load*! 10 mA 5 VDC

Maximum {nrush Current — 51 A 120 VAC {at lamp load)
Coll Neminal Power (al 20°C)} 053 W 04w 0.53W

Operate Power (at 20°C) 0.26 W 0.225W 0.26W

Operating Temperature -40°C to +75°C {no frost) (refer to the CHARACTERISTIC DATA}
Time Value | Operate (al nominal vottage) | Maximum 15 ms

Ralease {at nominal voltage)| Maximum 5 ms
Insulaion | Reslstance (at 500 VDC) Minimum 1.000 M2

Dielectric | betweon open contacks 1,000 VAC 1 minute {3,000 VAC between ad)acent conlacts)

Strengih | s nrsen co and contcts| 5,000 VAC 1 minute

Surge Strength 10,000 V {al 1.2 x 50 us)
Life Machanical 2 x 107 operations minimum

Electrical | Contact Rating [ 1 = 10° operations minimum

Lemp Load — | 2.5 % 10% ops. minimum

Othet Vibration Misoperation 10 lo 55 Hz (double ampiftude of 1.65 mm)

Reslstance | epgirance 10 10 55 Hz (double amplitude of 3.3 mm)

Shack Misoparalion 100 nvs? (11 £ ms)

Reslstancs | gngurance 1,000 m/s? (6 £1 ms)

Woeighl Approximalely 12 g

1 Minimun switching loads mentloned above are reference values. Please perform the confimmation lest with the actual load
before production sinca reference values may vary according to swilching frequencles, environmentat condilions and

expecled rellability levels.
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H COIL DATA CHART
MODEL Noininal Coll resistance] Must operate | Must release
Standard Type TV-3 Rating Type voltage (£10%) voltage veoltage
FTR-F1 (C. A)ADO5 V FTR-F1AADOS T 5vDC 47 0 3.5vDC 0.6 vDC
FTR-F1 (C, A)ADD6 V FTR-F1AADOE T 6VDC 680 4.2VvDC 0.6 vDC
FTR-F1 (C,A)ADDAY FTR-F1AADDO T avDC 165 O 6.3VDC 0.8VDC
FTR-F1 ({C,A)AD12V FTR-F1AAD12 T 12vDC 2700 84 VDC 1.2vDC
FTR-F1{C, A)AD24 V FTR-F1AAD24 T 24 VDC 11000 16.8 VDC 24VDC
FTR-F1 {C, AJAD4B Y FTR-F1AAQ48 T 48 VYDC 4,400 O I3BVDC 48 VvDC
Note: All values In ihe lable are measured at 20°C.
Sensltive Type
MODEL Nominal Coll resistance! Mustoperate | Mustrelease
Standard Type voltage {110%) voltage voltage
FTR-F1 (C. A) D005 V s8VDC 620 3.75VDC 0.6 VDC
FTR-F1 (C, A) DOOB V 6 VDC 900 4.5VDC 0.6 VDC
FTR-F1 (C. A} D009 V SvDC 202 1 6.75 VDC 0.9 vDC
FTR-F1(C,A) D012V 12VDC 360 9.0vDC t.2vDC
FTR-F1{C,A)DO24 V 24VDC 1440 © 18.0VDC 24 VDC
FTR-F1 {C, A) D048 V 48 VDC 5760 2 365.0VDC 48 VDC
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B DIMENSIONS

® Dimensions

® Schematics
{BOTTOM VIEW)

® PC board mounting
hole layout

(BOTTOM VIEW)
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