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Abstract

This thesis is the presentation about “A TAP WATER USAGE MONITOR™ by
modified a convenience water meter to provide cleetric pulse signals. By using a reed
switch and 5 voltage source. Due to the force from a permanent magnet attached to the
fan of water meter, The reed switch turn on/off the voltage source, And then , this electric
pulse signals is taken to control quantity of using water can digital display.

By limiting quantity of water and days in each month.
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#include<regs|.h>
ftinclude<string.h>
#include<iZe h>
#include<led(ji).h>
#define DS1307 1D 0xDO
sbit relay=P375;

sbit sensor=P374;

shit mode=P3"3;

shit up=[*3~2;

sbit down=P3"1;

shit set=P3"0;

unstgned char stop=0xft;

unsigned char Digit[4];

Main Program

/ Moduleifunction i2¢ bus
/f Module function LCD

/1 Befinc constant DS1307_1D

unsigned char ASCII[10]={0x30,0x31,0x32,0x33,0x34,0x35,0x36,0x37,0x38,0x39 } ;// ASCIL 0-9

unsigned char modeselect;
unsigned int vatueV;

unsigned char ValueVI[5];

unsigned char sec,min,hour,day,date,month,year,control;  // For keep Date and Time
b y

unsigned char DISBUF{6];

unsigned char DISBUT2{6];

unsigned int minsct,hourset,dateset,monthset, yearset:

unsigned char Date_Set[6],Time_Sctf4]; // Value for set Date and Time to be off relay

void Show _LCD{()

J
|

Display LCIHOxB0,"Volume= "};

Display LCD{OxCO,&Digit{0]);

Display LCD{0xC1,&Digit[1])

Display LCD{0xC2.".");

Display LCD{OxC3,&Digit[2]);

Display LCD{0xC4,&Digit[3]);

Display LCD{OxCS," ™)



Display I.CD{0xC6,"LM");

}

void Convert{unsigned int dat)

!
unsigned int temyp;
Digit[0]=ASCII[da1/1000];
temp=dat%1000;
Digitl 1]=ASCH[temp/100];
temp=temp%100;
Digit[2]=ASCII[temp/10]:
Digit[3]1=ASCII[temp%10];

i

void Set_Mode()
i
unsigned char count;
while{sct}]
iflmode==0){
count++;
delay(2000);
if(count==4}eount=0;
;
switch(count){
casc 0:Display [LCD{0Ox80,"***** DA™):Display LCD(OxCO,"TE
*exkry modeselect=1:break;
case 1:Display LCD(0xB0,"***** TI"}):Display LCD(0xC0,"MLE
*okxerx Yy modesclect=2;break;
case 2:Display_F.CD(0x80,"**** VOL"),Display [.CD(0xC0,"UME
*exxm) modeselect=3; break:
case 3:Display LCDOxB0,"***** AT ") Display LCD(OxCO,"L
*¥rxxxn) modeselect=4;break;

§



¢
vord Convert_ Volume(unsigned int dat)
{
unsigned int tomp;
ValueVI[0]=ASCII[dat/10000];
temp=dat%a10000;
ValueVI[1]=ASCII{temp/1000];
temp=temp%1000;
Value VI[2]=ASCII[temp/100];
temp=temp%100;
ValueVI[3]=ASCIIftemp/10];
ValueVI[4]=ASCII[temp%10];
i

void Convert_min(unsigned int dat)

J
|

Tune Set[2]=ASCII[dar/10];
Time_Set[3]=ASClI[dat%10];

|
I

void Convert_hour{unsigned int dat)
{
Time_Sct[0]=ASCIl[dat/10];

Time Sct[1}=ASCI[dat%10]:
:.
void Convert_date(unsigned int dat)
}
Date Sct[0]=ASCI[dat/10];
Date_Set[1]=ASCII[datal0];
}
void Convert month(unsigned int dat)
{
Date_Set[2]=ASClI[dat/10];

Date Set[3}=ASCH[dat*:10];



!

void Convert_year(unsigned int dat)
d
Datc_Sct[4]=ASCII[dat/10];
Date Set[5]=ASCIdat%10];
i

s o Stk o ok kK K KK R K kR K oKk sk ok Function read data from DS1307

A R o ROK o OK RO K R o

unsigned char DS1307_rd(unsigned char addr)

{
unsigned char ret; /! For keep return value
i2¢_start(); /{ i2¢ start eondition
i2¢_wrdata(DS1307_ID); i Write DS1307 ID for connect
i2¢_wrdata{addr); /t Write RAM address on DS 1307 for connect
12c_start(}; /1 i2¢ slart condition
i2c_wrdata(DS1307 ID+1); {f Write DS1307 ID for Read Mode connect
ret = i2¢ rddata(); /f Read data and keep to ret
i2¢_stop(): // 12¢ stop condition
return(ret); // return value

;

[RERHIARARIR SRR SIS A LSRR R0 Function write hour/min/see on chip DS1307

ok R kR AR KR R KRk K

void DS1307_wrtime(unsigned char hhunsigned char mm,unsigned char ss)

!

i2c_start(); /# 12¢ start condition

i2c wrdata(DS1307_ID); // Write DS1307 ID for connect
12c_wrdata(0x00}); // Wrile control byle 1o access RAM address 00H
12¢ wrdata(ss), # Write sec on RAM address 00H
i2¢_wrdata(imm); /F Write min on RAM address O1H
i2c_wrdatathh); #/f Write hour on RAM address 02H

i2¢_stop(); / 12¢ stop condition



frEsERi R R R R ke Function write date/month/year on chip DS1307

ks koo oo KK ok o K K o

void DS1307_wrdate(unsigned char dd,unsigned char mm,unsigned char yy)

I
1

i2¢_start(); /# i2c start condition

i2¢_wrdata{DDS1307 1D); /7 Write DS1307 [D for connect
12¢_wrdata(0x04); /# Write control bytc to access RAM address 04H
2¢_wrdata{dd); // Write date on RAM address 04H

12¢_wrdata{mm);

/t Write month on RAM address 05H

12¢c_wrdata(yy}; {1 Write year on RAM address 061

i2¢_stop(); /f 12¢ stop condition

i
void Read Date()

{

day = DS1307 rd(0x03};
date = DS1307 rd(0x04};
month = DS1307 rd(Ox05);
year = DS1307 rd{0x00);

|

void Read Time{)

1
sec = DS1307 rd(0x00);
min =DS1307 rd(0x01);

hour = [DS1307 rd(0x02};

unsigned char hex_to dec h(unsigned char x)
{
x=x&0x0;

rcturn(x>=4};

// Read day before show on 1L.CD
/{ Read date before show on LCD
/f Read month before show on LCD

// Read year before show on LCD

// Read sec before show on LCD
/{ Read min before show on LCD

// Read hour before show on LCD



unsigned char hex_to_dec_l{unsigned char x)

{

4
i

x=x&0x0f

L]

return(x);

void ConvertT()

!

i

DISBUT[0]=ASCII[hex_to_dec h(hour)];
INSBUF[1]=ASCl[hex to dec i(hour)];
DISBUF[2]=ASCII[hex_to_decc_h{min)];
DISBUF{3]=ASCII[hex to dec I{min)];
DISBUF[4]=ASCIl[hex_to_dec h(sec));

DISBUF[5]=ASClI[hex to dee lisee)]:

vold ConvertD{)

!

DISBUT2[0]=ASCII[hex to dec h{date)];
DISBUF2[1]=ASCIhex_to_dec i(date)];
DISBUF2[2]=ASCl[hex to dec himonth)];
DISBUF2[{3]=ASCII[hex to dec I{maonth)];
DISBUTF2[4]=ASClII[hex to_dec_h(yean)],

DISBUF2[5]=ASCI[hex to dec I(ycar)];

JRER Rk R Rk R R R RR Qo Ve of Dite FFFEFEFREE Skt

oK ok o ok ok sk o oo oo o o oK ook oo sk ok o S K o K R o KR ke koo o ko

void Sub_Date{)

i
1

Display LCD(Ox80,"Date:");
Display LCD(0xCO," ")
Read Dalte();
dateset+(hex to dee hidate)*10+-(hex to dec l{date));

monthset—thex to dee h{month)*10+{hex _to dec itmonth})



yearset={hex_to_dec h{year)*10)+(hex _to_dec I(ycar));
Fhh b L L S{:t Date *****************’;‘
while{sct)
{
iflup==0}dateset++;dclay{1000);}
if{dateset=>3 1 )dateset=0;
else ifldown—=—0}{dateset--;delay(1060);}
ifldatesct==0)dateset=1;
Convert_date{dateset);
Convert_month{monthsct};
Convert_year(yearset);
Display LCD(0x85,&Date_Set{0]);
Display LCD(0x86,&Date Sct[|]);
Display LCD(0x87."/");
Display LCD{GxCO,&Date Set[2]);
Display LCD(OxCl &Date Set{3]}:
Display LCD(GxC2."/");
Display LCD(OxC3.&Date_Sct[4]);
Display LCDHOxC4,&Date Set[S]),
j
delay(3000});
SRR R KRR R Got N on(]) %R R R R R R ]
while(set)
!
iflup==0){manthsectt +;delay(10006); |
iflmonthsct>12monthsct=0;
else if{down==0}{monthsct--;delay(1000);}
ifimonthsct<=0}moenthsct=1;
Convert_month(montliset);
Convert year{ycarset):
Display LCD(0x85.&Date_Sel[0]);

Display LCDOxE6,&Date Se[1]y:



Display LCD(Ox87,"/");
Display_LCD(0xCO,&Date_Set[2]);
Display L.CD{0xC1,&Datc_Sct[3]);
Display LCD{OxC2 /"),
Display_[LCD(0xC3.&Date_Set[4]);
Display LCD(0xC4.&Date Sct|5]);

|
I

delay(3000);
JRARAE AR AARRAF AR Gt Vaqr ¥ERRIRRAK R Ak
while(sct)
!
iflup==0){yearsct++,delay( [000);}
iflycarset>=99)ycarset=0;
clse ifldown==0)1{yecarsct--;delay(1000);}
if{ycarset<=0)ycarsct=0;
Convert_yecar(yearset);
Display LCIX0x85,&Date Set[0]);
Display LCD(0x86,&Date Set[1]);
Display LCD(0x87,"/");
Display 1.CD{0xC0.&Date Sct[2));
Display LCD(OXC1.&Date Set[3]);
Display LCD(0xC2,"/");
Display LCD(0xC3,&Date_Sct[4]);

Display_LCD(0xC4,&Date_Set[5]);

'
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void Sub Time()

Display_ LCD(0x80." ")

Display LCIXOxCO," e



Display LCD{0x80,"Time=");

Read Time();
minsct=thex to dec himinP*10)+(hex_to_dee I{min));

hoursct=(hex_to_dec_h(hour)*10)+(hex to dec I(hour));

JREFRR R R Rk Qo p i oy R R

while(set)

i
1

i
i

1[(up==0}{minsct-++;detay(1000);}
tHiminset>59)minset=0;

else ifldown==0}{minsct--;dclay(1000); }
ifiminsct<=0)minsct=0;

Convert_min{minset};

Converl_hour(hourset);

Display LCD(0x36,&Time Sct[0]);

Display LCD(0x87.&Time Set[1]);

Display LEDOxCO,"" )

Display LCD{0xC1,&Time_Set[2]);

Display LCD(0xC2.&Time Sct[3]);

Display LCD(0OxC3," ")

delay(3000);

JEETE AR AR AAAAR R Gt gy pg KRR A AR

while(set)

{

ilup==0}thourset t ;delay(1000); }
iflthourset>24)hourset=0;

clse iftdown==0){hourset-—-;delay(1000): }
ifthoursei<=0)hourset—(;

Convert_hour(hoursct);

Display LCD(0x86,&Ttme Set[0]);

Display LCD{0x87,&Time_Set[1]);

Display LCDOxC3,)" ")



t

Jf*************** SCl VEIIUC Uf‘ \,fnlu”]c ******************f‘

void Sub_Volume()

]
1

while(set)
!
flup==0NvalueV++dclay{500); }
iflvalueV>=65535)valueV=0;
else Ildown==0){ valueV--;delay(500);
iflvalue V==0)valucV=0;
Display L.CD{0x80,"Vol:");
Convert Volume(valueV);
Display LCD(0x84, & ValucVI[0]);
Display_LCD(0x85,&ValueVI[1]);
Display LCD{Ox86,&ValueVI[2]);
Display LCD(0x87,&ValueVI[3]);
Display LCD(0xCO,&Value VI[4]);

Display LCD{OXC1," ");

void Sct_Value()

while(set}

!
1

ifimodescicct=—1} ¢/ Date Sct

Sub Date(d;

clse tiimodeselect==2)

2 Tume Set



Seh Timel);

}
clse iflmodeselect—=13) / Volume Sct
{
Sub Volume(),
i
clse iflmadeselect==4) /IALL Set
{
Sub_Date();
delay(3000);
Sub_Time();
delay{3000);
Sub Veolume():
}
else;
i
'
void count_pulse()
|
unsigned int c;
delay(2000);
DS1307 wrtime(0x20,0x40,0x00); /' Write Time(hh/mm/ss)
DS1307 wrdate{0x13,0x02,0x06); # Write Date(dd/mm/yy)
Display LCD(0x80," ",
Display LCD{OxCO," ")
while(set)

if{sensor==0)
1
1
while(!sensar);

[ N

Converl _Volumeic):



Display L.CD(Ox85,&ValueVI[0]);
Display [LCD{0x86,&ValucVI[1]);
Display LCD(0x87, & ValucVI2]);
Display LCD(OxCO.&ValueVI[3]);
Display_ LCD(OxCL,&ValueVI[4]);
Display LCD{OxC2" ")

if{c==100)rclay=1;

irelay--0;

void Check DateTime(}

relay=0;
Read Date();
Read Time();

retay=0;

iflycarset=={(hcx_to_doc_h{year)*10)—(hex_to dec_I{yecarh)})

{

iftmonthset==({hex_to_dec_h(month)*10)-(hex_to_dee I(month))))

;
¥

relay=1;

ifthourset—({hex Lo dee h(hour)*10)+ihex to_dec 1thoun))))



——

iftminset=={(hex_to_dec_h(min)*10)1{hex_to_dec I{min))))

relay=1;

2

/*****************************************hJMHIOOp

************************************************************/

void main(}

{

unsigned int pulsc,volumnshow temp;

relay=0;
delay(100);

Init_LCD();

while(modc)

!

ii{scl==0)count_pulse{);

clse ifidown!=0)

|

Read Time();

ConvertT();
Display_LCD{0x80, " Time= "),
Display 1.CD{0x86,&DISBUE[0]);
Display [LCD(0x87,&DISBUF{1]);
Display LCD(0xCO,"");

Display LCD{OxC1,&DISBUF|[2]};
Display_LCD(0xC2,&DISBUF[3));
Display LCD(0OxC3,":");

Digplay LCD{0xC4,&DISBUF[4]);
Display_LCD{0xC5,&DISBUF[5]);

Display LCD{0xC6," %



clse

{
Read Date();
ConvertD();
Display LCIDX{0x80,"DATE: "});
Display LCD{0x86,&DISBUF2[0]);
Display LCD{0x37,&DISBUF2[I]);
Display LCD{0xC0,"/"),
Display LCD(0xC1,&DISBUF2[2]};
Display_LCD{0xC2,&DISBUF2[3]);
Dhsplay LCD(0xC3,"/");
Display LCD(0xC4,&DISBUF2[4]);
Display LCD(0xC5,&DISBUF2[5]);
Display LCD(0xCé6," ");
} .
}

delay(4000);

Set Mode();

delay(4000);

Set_Value();

Display LCD(0x80," "k

Display LCD{0xC0." "),

while(1
rawacekkkns Condition from input Volume **¥ ¥ &k kktsx/

if(sensor==0)

while(!sensor});

pulse++;
f{pulse==1030) // 1030 pulse = 0.0] munm
t

volumnshow++;



pulsé:O;
;
Convert(volumnshow);
Show LCD{);
temp=volumnshow/100;

if{ftemp==valucV)rclay=1;

Check DateTime();



Sub Programl

#include<string.h>
sbit RS=P1"1;
sbhit E=P170;
void delay{int time)
{
int 1,;
for(i=0;1<time;i+-)

for(j=0;j<10;j++);

void Enable()

L=1;

delay(1);

E=0;

delay(1);
}

void W_COMMAND(unsigned command)

i
char temp;
R5=0;
temp=command;
command=command&0x 0;
P2=command,
Enable();
lemp=temp<<4;
temp=temp&0x(0;
P2=temip:
Enable();
delay(1);

i
I

void W DATA(unsigned dal)



char temyp;

temp=dal;
dat=dat|0x0f;
P2=dat;
Enable();
temp=temp<<4,

temp=temp|0x0f;

P2=temp;
Enable();
delay(1);

f

void Init LCD{)

{

W_COMMAND{(0x33);
W_COMMAND(0x32);
W COMMAND(0x28);
W _COMMAND(0x0c);
W_COMMAND(0x06);
W COMMAND(0x01);

W COMMANDI{0x1C);

void Display LCD{unsigned ehar x,unsigned char *str)
{

unsigned char i,count;

count=strien(str);

W_COMMAND(x)

for{i—0;i<count;i~+)

W DATAsu[i]):



Sub Program 2
#include<intrins.h>
sbit SDA = P172;
shit SCLL=P13;
void 12¢_delay({void)
i
unsigned char 1;

for(i=0;1<20:1++)

_nop_{);

|

void i2¢_clk(void)

¢
12¢_delay();
SCL=1;
12¢_delay();
SCL =0

;

void i2¢_start{void)

|
i{SCL)
SCL=0;
SDA = 1;
SCL=1;
12¢_delay();
SDA =0;
i2c_delay();
SCL = 0;

!

void i2¢ stop(void)

i
1

H(SCL)

SCL=0;



I
I

SDA =1,
i2¢_delay();
SCL=1;
i2¢_delay();

SDA=1;

bit 12¢_wrdata{unsigned char dat)

{

!

bit data_bit;
unsigned char

for(i=0;1<8;i++)

!
data_bit = dat & 0x&(};
SDA = data_bit;
12¢ clkd);
dat = dat<<1;
;
SDA = 1[;

12¢_delay();
SCL.=1;

12¢ delay();
data_bit = SDA;
S5CL =0;
12¢_delay(};

return{data_bit);

unsigned char iZ2¢ rddata(void)

J
1

bit vd_bit;
unsigned char i,dat;
dat = 0x00;

for(i=0:1<8:44 1)

/if send bit = 0 i2c OK!



i2¢ delay(),
sCL=1,
i2¢ delay();
rd_bit = SDA;
dat = dar<<1;
dat = dat { rd_bit;
SCL=0;

'

SDA=1:

12¢_delay();

iZ¢ clk();

SCL =1,

return{dat);

;

+

*

void 12¢ NACK()

i
SDA =1;
1Ze delay();
i2¢ clk(};
SCL=1,

}

*/



AMMAHUIN A

® Data Sheet



ST

ﬂ- DALLAS

P SEMICONDUCTOR

W A sbE
FEATURES

»  Real time clock counts seconds, minutes,
hours, date of the month, month, day of the
week, and year with lcap year compensation
valid up to 2100

» 56 byte nonvolatile RAM for data storage

r 2.wire serial iiiterface

*  Programmable squarewave output signal

*  Automatic power-fail detect and switch
circuitry

»  Consumes less than 500 nA in battery backup
mode with oscillator running

= Optional industrial temperature range
-40°C to +85°C

= Available in 8-pin DIP or SOIC

* Recognized by Underwriters Laboratory

Kﬂ'-ll I ’Im Lt Tl
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ORDERING INFORMATION

DS1307 8-Pin DIP

DS13072 8-Pin SOIC (150 mil)
DS1307N 8-Pin DIP (Industrial)
DSI3077N 8-Pin SOIC (Industrial)
DESCRIPTION

DS1307
64 X 8 Serial Real Time Clock

PIN ASSIGNMENT

x1 ! 8 [1Vee

X2 2 7 [ sawiouT
Vaar 3 6 [ scL
GND 4 s [ sDA

>S1307 8-I'in DIP (300 mil)

X1 ] 8 M Vec

X2 2 7 [m sawrouT
Vaar [0 3 6 M 5CL
GND 4 5 [0 SDA

DS1307Z 8-Pin SOIC (150 mil)

PIN DESCRIPTION

Vee - Primary Power Supply

X1, X2 - 32.768 kHz Crystal Connection
Vial - +3V Battery Input

GND - Ground

SDA - Serial Data

SCL - Serial Clock

SQW/OUT - Square wave/Output Driver

The DS1307 Serial Real Time Clock is a low power, full BCD clock/calendar plus 56 bytes of

nonvolatite SRAM.

Address and data are transferred serially via a 2-wire bi-directional bus. The

clock/calendar provides scconds, minutes, hours, day, date, month, and year information. The end of the
month date is automatically adjusted for months with less than 31 days, including corrections for leap
year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The DS1307
has a built-in power sense circuit which detects power failures and automatically switches to the battery

supply.

lof 11 081800
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OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subsequent registers
can be accessed sequentially until a STOP condition is executed. When Ve falls below 1.25 x Vpay the
device terminates an access in progress and resets the device address counter. Inputs to the device will
not be recognized at this time 1o prevent erroncous data from being written to the device from an out of
tolerance system. When Ve falls below Vgar the deviee switches into a low current battery backup
mode. Upon power up, the device switches from battery to Vee when Ve is greater than Vgar +0.2V and
recognizes inputs when Vee is greater than 1.25 x Vgar. The block diagram in Figure | shows the main
elements of the Serial Real Time Clock,

DS1307 BLOCK DIAGRAM Figure 1

L[10h.

OSCILLATOR RTC
AND DIVIDER
SQUARE WAVE . U —
SOWIQUT ouT T
RAM
|56 X BY
—_— ' CONTROL
— | LOGIC
Voo T ™ :
Vaar ———w POWER
ahD CONTROL
S0L
SERIAL BUS ADORESS :>
INTERFACE REGISTER

SDA M i

4 fi T

§

SIGNAL DESCRIPTIONS

Voo, GND - DC power is provided to the device on these pins. Ve is the +5 volt input. When 5 volis is
applicd within normal limits, the device is fully accessible and data can be written and read. When a
3-volt battery is connected to the device and Ve is below 1.25 x Var, reads and writes are inhibited.
However, the Timekeeping function continues unatfected by the lower input voltage. As Vcc falls below
Vaar the RAM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at
Vaar. :

Viar - Battery input for any standard 3-volt lithium cell or other energy source. Batlery voltage must be
held between 2.0 and 3.5 volts for proper operation. The nominal write protect trip point voltage at which
access 1o the real time clock and user RAM is denied is set by the internal circuitry as 1.25 X Viar
nominal. A lithium battery with 48 mAbhr or greater will back up the DS1307 for more than 10 years in
the absence of power at 25 degrees C.

2af Il
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SCL (Serial Clock Input) - SCL is used to synchronize data movement on the serial interface.

SDA (Serial Data Input/Qutput) - SDA is the input/output pin for the 2-wire serial interface. The SDA
pin is open drain which requires an external pullup resistor,

SQW/OUT (Square Wave/ Output Driver) - When enabled, the SQWE bit sct to [, the SQOW/OUT pin
outputs one of four square wave frequencics (1 11z, 4 kHz, 8 kHz, 32 kHz). The SQW/OUT pin is open
drain which requires an external pullup resistor. SQW/OUT will operate with either Vec or Vbat applied.

X1, X2 - Connections for a standard 32.768 kHz quartz crystal. The internal oscillator circuitry is
designed for operation with a crystal having a specified load capacitance (CL) of 12.5 p[-.

For more information on crystal sclection and crystal layout considerations, plcase consult Application
Note 58, “Crystal Considerations with Dallas Real Time Clocks.” The DS1307 can also be driven by an
external 32.768 kHz oscillator. In this configuration, the X1 pin is connected to the external oscillator
signal and the X2 pin is floated.

Please review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontrolter”
for additional information.

RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The real time
clock registers are located in address locations 00h to 07h. The RAM registers are located in address
locations 08h to 3I'h. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM
space, it wraps around to location 00h, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

00H

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
07H CONTROL

08H RAM
56 x8
aFH *

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. The real time
clock registers are illustrated in Figure 3. The time and calendar are set or initialized by wriling the
appropriate register bytes. The contents of the time and calendar registers are in the Binary-Coded
Decimal (BCD) format. Bit 7 of Register 0 is the Clock Halt (CH) bit. When this bit is set to a [, the
oscillator is disabled. When cleared to a 0, the oscillator is enabled.

Please note that the initial power on state of all registers is not defined. Therelore it is important to
enable the oscillator (CH bit=0) during initial configuration.

Jolll
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The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the
12- or 24-hour mode select bit. When high, the [2-hour mode is selected. In the 12-hour mode, bit 5 is
the AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the sccond 10 hour bit (20-
23 hours).

On a 2-wire START, the current time is transferred 1o a second sct of registers. The time information is
rcad from these secondary registers, while the clock may continue to run. This eliminates the need to re-
read the registers in case of an update of the main registers during a read.

DS1307 TIMEKEEPER REGISTERS Figure 3

L N

ooH | CH 10 SECORDS SECONDS Q5-53
x 10 MINUTES MINUTES an-54
12 19 HR 01-12
x s Tap | 1OHR HOURS 2023

x X b3 b3 X DAY 1-7

01-28729
1-30
X X 10 DATE DATE e
10 )
X X X | oNTH MONTH 01-12
10 YEAR YEAR 00-98
orH | ouT { x ] x SOWE] X X RS1 RS0

CONTROL REGISTER
The DS1307 Control Register is used to control the operation of the SQW/OUT pin.

BIT 7 BIT6 | BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
ouT X X SQWE X X RS RSO

OUT (Output control): This bit controls the output level of the SQW/OUT pin when the square wave
output is disabled. If SQWE=0, the logic level on the SQW/OUT pinis | if OUT=1 and is ¢ if OUT=0.

SQWI (Square Wave [Enable): This bit, when set to a logic 1, will enable the oscillator output.  The
frequency of the squarc wave output depends upon the value of the RS0 and RST bits,

RS (Rate Select): These bits control the frequency of the square wave output when the square wave
output has been enabled. Table [ lists the square wave frequencies that can be selected with the RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1
RSI RSO SQW OUTPUT
FREQUENCY
0 0 ] Hz
0 1 4.096 kHz
0
[

8.192 kHz
32.768 kHz
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2-WIRE SERIAL DATA BUS

The DS1307 supports a bi-directional 2-wire bus and data transmission protocol. A device that sends
data onto the bus is delined as a transmitter and a device receiving data as a receiver. The device that
controls the message is called a master. The devices that are controlled by the master are referred to as
slaves. The bus must be controlled by a master device which generates the serial clock (SCL), controls
the bus access, and generates the START and STOP conditions. The DS1307 operates as a slave on the
2-wire bus. A typical bus configuration using this 2-wire protocol is show in Figure 4.

TYPICAL 2-WIRE BUS CONFIGURATION Figure 4

SDA *-
2-WIRE
SERIAL DATA
BUS

SCL

DS1307 OTHER
MICAO- REAL TIME FERIPHERAL
PROCES3OA DEVICE

Figures 5, 6, and 7 detail how data is transferred on the 2-wire bus.

» Data transfer may be initiated only when the bus is not busy.
* During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in
the data line while the clock line is high will be interpreted as control signals.

Accordingly, the following bus conditions have been defined:
Bus not busy: Both data and clock lines remain HIGH.

Start data transfer: A change in the state of the data line, from HIGH ta LOW, while the clock is HIGH,
defines a START condition.

Stop data transfer: A change in the state of the data line, from LOW to HIGH. while the clock line is
HIGH, defines the STOP condition,

Data valid: The state of the data line represents valid data when, after a START condition, the data line
is stable for the duration of the HIGH period of the clock signal. The data on the line must be changed
during the LOW period of the clock signal. There is one clack pulse per bit of data.

Cach data transfer is initiated with a START condition and terminated with a STOP condition. The
number of data bytes transferred between START and STOP conditions is not limited, and 1s determined
by the master device. The information is transferred byte-wise and each receiver acknowledges with a
ninth bit.  Within the 2-wire bus specifications a regular mode (100 kHz clock rate) and a fast mode
(400 kHz clock rate) are defined. The DS1307 operates in the regular mode (100 kllz) only.



NS1307
Acknowledge: Cach receiving device, when addressed, is obliged to generate an acknowledge afier the
reception of cach byte. The master device must generate an extra clock pulse which ts associated with
this acknowledge bit.

A device that acknowledges must pull down the SDA line during the acknowledge clock pulse in such a
way that the SDA ling is stable LOW during the HIGH period ol the acknowledge related clock pulse. Of
course, setup and hold times must be taken into account. A master must signal an end of data 1o the slave
by not generating an acknowledge bit on the last byte that has been clocked out of the slave. In this case,
the slave must leave the data line HIGH to enable the master to generate the STOP condition.

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

- —~

SLAVE

M ADDRESS =

RAW .

DIRECTION ACKNOWLEDGEMENT

BT SIGNAL FAOM
- AECEIVER

ACKNOWLEDGEMENT Co
SIGNAL FROM NN

R O R CWENEVE WO EWEN S VEVERI

Col
START STOP CONDITION
. REPEATED IF
CONGITION I | ~OR AEPEATED
o MORE BYTES ARE START CONDITION

TRANSFERRED

Depending upon the state of the R/ W bit, two types of data transfer are possible:

1. Data transfer from a master transmitter to a slave receiver. The first byte transmiticd by the
master is the slave address. Next follows a number of data bytes. The slave returns an acknowledge
bit afler each received byte. Data is transferred with the most significant bit (MSB) first.

2. Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transmitting a number of data bytes. The master returns an acknowledge bit after all reccived bytes
other than the fast byte. At the end of the last received byte, a 'not acknowledge’ is returncd.

The master device generates all of the serial clock pulses and the START and STOP conditions. A
transfer is ended with a STOP condition or with a repeated START condition. Since a repeated START
condition is also the beginning of the next serial transfer, the bus will not be released. Data is transferred
with the most significant bit (MSB) first.

Golll
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The DS1307 may operate in the following two modes:

1.

Slave receiver mode (DS1307 write mode): Serial data and clock arc received through SDA and
SCL. After cach byte is received an acknowledge bit is transmitted. START and STOP conditions
are recognized as the beginning and end of a serial transfer.  Address recognition is performed by
hardware after reception of the slave address and *direction bit (See Figure 6). The address byte is
the first byte received after the start condition is generated by the master. The address byte contains

the 7 bit DS1307 address, which is 1101000, followed by the *direction bit (R/ W ) which, for a write,
is a 0. After recciving and decoding the address byte the deviee outputs an acknowledge on the SDA
linc. After the DS1307 acknowledges the slave address + write bit, the master transmits a register
address to the DS1307 This will set the register pointer on the DS1307. The master will then begin
transmitting cach bytc of data with the DS 1307 acknowledging each byte received. The master will
generate a stop condition to terminate the data write.

DATA WRITE - SLAVE RECEIVER MODE Figure 6

A
1%
<Slave Address> ¥ <Word Address (m)> <Data(n)= <Can (n+1)> <Cala {neX)>

| s | 1100 | o [ A [ooooox i A [ oo | A T x0000000¢ [ a |0 | A ] F’J

§ - STAAT ft
A — ACKN !
OWLEDGE DATA TRANSFERRED
P &TOP {Xe1 BYTES + ACKNOWLEDGE]
*RAY ~ READ/WRITE OR CIRECTION BIT, ADDRESS = DOh

Slave transmitter mode (DS1307 read mode): The first byte is received and handled as in the sfave
receiver mode.  However, in this mode, the *dircction bit will indicate that the transfer direction is
reversed. Serial data is transmitted on SDA by the DS1307 while the serial clock is input on SCL.
START and S$1OP conditions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the first byte received after the start condition is generated by the
master. The address byte contains the 7-bit DS1307 address, which is 1101000, foltowed by the

*direction bit (R/ W) which, for a read, is a 1. After receiving and decoding the address byte the
device inputs an acknowledge on the SDA line. The DS1307 then begins to transmit data starting
with the register address pointed to by the register pointer. If the register pointer is not written to
before the initiation of a read mode the first address that is read is the last one stored in the register
pointer. The DS1307 must receive a Not Acknowledge to end a read.

DATA READ - SLAVE TRANSMITTER MODE Figure 7

a

12

«Slave Audress= <Datatn)> <Datain+1i» <Data (n+2)> <Dala {1+ X)>
| A

[ xxoooooc [ & | xooo000x | A ] xxxooos | A | XX [ ¢ |

| s |

1}
5 - ETART
DATA TRANSFERRED
A — ACKNOWLEDGE {%+1 BYTES 1 ACKNOWLE DGE); NOTE: LAST DATABYTE |5
P - Si0pP FOLLOWED BY ANOT ACKNOWLEDGE { 4 ) SIGHAL)
A - NOT ACKNOWLEDGE

1

‘ 5 1 1101000

*AAW - READ/WRITE OR DIRECTION BIT ADDRESS = D1h
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground -0.5V to +7.0V

Operating Temperature 0°C to 70°C (-40°C to 85°C for industrial)
Storage Temperature -35°C to +125°C

Soldering Temperaturc 260°C for 10 seconds DIP

See JPC/IEDEC Standard J-STD-020A for
Surface Mount Devices

* This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation scctions of this specification is not implied. Lxposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS
(0°C 1o 70°C or -40°C to +85°C)

PARAMETER SYMBOL | MIN | TYP MAX | UNITS | NOTES
Supply Voltage Vee 4.5 5.0 5.5 \Y ]
Logic | . Vi 2.2 Veet0.3 vV [
Logic 0 Vi -0.3 +0.8 \Y ]
Vgar Battery Voltage VEAT ! 2.0 3.5 \Y% 1

DC ELECTRICAL CHARACTERISTICS
(0°C to 70°C or -40°C to +85°C; V¢ =4.5V to 5.5V)

PARAMETER SYMBOL | MIN | TYD MAX | UNITS | NOTES
input Leakage I 1 A 10
I/0 Leakage Lo ] LA 11
Logic 0 Output Vou 0.4 Vv 2
Active Supply Current leea 1.5 mA 9
Standby Current Iees 200 LA 3
Battery Current (OSC ONY; Ipam 300 500 nA 4
SQW/OUT OFIFF

Battery Curreni (OSC ON); laaT? 480 800 nA 4
SQW/OUT ON (32 kHz)

Boltl



DS1307

AC ELECTRICAL CHARACTERISTICS
(0°C to 70°C or -40°C to +85°C; Ve =4.5V to 5.5V)

PARAMETER SYMBOL | MIN | TYP MAX | UNITS | NOTES
SCL Clock Frequency 51 0 100 kHz
Bus Free Time Between a STOP and taur 4.7 1S
START Condition
Hold Time (Repeated) START Condition LSt A 4.0 us 3
LOW Period of SCL Clock tLow 4.7 s
HIGH Period of SCL Clock tran 4.0 s
Set-up Time for a Repeated START ISU-STA 4.7 Ls
Condition
Data Hold Time LD DAT LS 6,7
Data Set-up Time 15U AT 250 ns
Rise Time of Both SDA and SCL Signals ty 1000 ns
Fall Time of Both SDA and SCL Signals Ly 300 ns
Set-up Time for STOP Condition tst 510 4.7 is
Capacitive Load for each Bus Line Cg 400 pF 8
1/O Capacitance Cvo 10 pF
Crystal Specified Load Capacitance 12.5 pF

NOTES:

1. All voltages are referenced to ground.

2. Logic zero vollages are specified at a sink current of 5 mA at Vec=4.5V, Vo =GND for capacitive

loads.
3. lees specified with Vee=5.0V and SDA, SCL=5.0V.
4. Vee=0V, Viar=3V.
5. After this period, the first clock pulse is gencrated.

6. A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the
Ve of the SCL signal) in order to bridge the undefined region of the falling edge of SCL.

7. The maximum typpar has only to be met if the device does not stretch the LOW period (tow) of the

SCL signal.

8. (g -total capacitance of one bus line in pl*.

9. lcea - SCL clocking at max frequency = 100 kHz,

10. SCL only.
11. SDA and SQW/OUT

Sotll
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TIMING DIAGRAM Figure 8
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DS1307 64 X 8 SERIAL REAL TIME CLOCK
8-PIN DIP MECHANICAL DIMENSIONS

i 5 PKG B-PIN
i ”T" DIM MIN MAX
! A IN. | 0.380 | 0.400
MK 9.14 10.16
i B IN. | 0240 | 0.260
- - MM 6.10 6.60
e s C IN. | 0120 | 0.140

MM 3.08 366
D IN. 0.300 0.325
MM 7.62 8.26

T _Lic E IN. 0.015 0.040
i T, MM 0.38 1.02
U £ F IN. 0.120 0.140

MM 3.04 3.56
G IN. | 0080 0.110
MM 2.29 2.79

H N | 0320 | 0.370

o MM 8.13 9.40

JIN. | o008 | 0012

E\ MM 0.20 0.30

J i I KIN. | 0015 | 0021
- MM 0.36 0.53

i0af 1l
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DS1307Z 64 X 8 SERIAL REAL TIME CLOCK
8-PIN SOIC (150-MIL) MECHANICAL DIMENSIONS

8-PIN
(150 MIL)
DIM MIN MAX
A IN. | 0188 | 0.156
MM 4.78 4.98
BIN. | 0150 | D.158
MM 3.81 4.01
CIN. | 0048 [ 0062
MM 1.22 1.57
' EIN. | 0004 | 0.010
MM 0.10 0.25
FIN. | 0.053 | 0.069

o MM 135 | 175
S e | G IN. G.050 BSC
I L MM 1.27 BSC

| HIN. | 0230 | 0242

¢ MM | 584 | 620

TN 0007 | 0011

t MM | ota | o2a

"'4 NEAE S KIN. | 0012 | 0.020
4 = mv | 030 | 034

Vo 4 LIN. | 0016 | 0.050

i -~ MM 0.41 1.27
phi Vi 8°

56-G2008-001
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A2003, A2004, A2023, A2024

High Voltage High Current Darlington Arrays

Last Time Buy

These parts are in production but have been determined 1o be
EASTTIMIE BUY. This classification indicates that the product is
obsalete and notice has been given. Sale of this device is currently
restricted to existing customer applications. The device should not be
purchased for new destgn applications because of ebsolescence in the
near future. Samples are no longer available.

Date of status change: May 2. 2005

Recommended Substitutions:

NOTE: For detailed information on purchasing options, contact vour
local Allegro field applications engincer or sales representative,

Atfegro MicroSvstens. e, voserves the vielit to awdke, fromi Ginie 1o fiame, reviviens o the andicipated product Bife cvele plan for o
preefuct tu accomimodate clrsiges @ prodoetion vapabifines. ddicenaiive prodict avaifobilitios. or market deniane (e informtion
imciieded eveiin is belicved (o be acewrate and reliable. However Afiegre MicraSvseoms, e, avsames 10 sesponsinitine for its ise: nor

Jowconcintringemenis of patents or ather righis of thivd peoctios wiich men sesult frond iy use

Allegro:

MEn K4 )
-
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4roee6e

Bwyg. Ne. A-9594

Note that the ULN20xxA series (dual in-line
package) and ULN20xxL series (small-outline
IC package) are electrically identical and share
& common terminal number assignment.

ABSOLUTE MAXIMUM RATINGS
Qutput Valtage, V
(ULN200xA and ULN200xL) ........ 0V

(ULN202xA and ULN202xL) ........ 95 Y
Input Voltage, V| e v
Continuous Output Current,

L 500 mA
Continuous knput Current, T, vevvens 23 mA
Power Dissipation, P,

{one Darlington pair) .........eeenn 1.OW

(total package) .o
Operating Temperature Range,
-20°C to +85°C
Storage Temperature Range,

-35°C to +150°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

[deally suited lor interfacing between low-level logic circuitry and
multiple peripheral power loads, the Series ULN20xx A/L high-voltage,
high-current Darlinglon arrays {eature continuous load current ratings
to 500 mA for each of the seven drivers, At an appropriate duty cycle
depending on ambient temperature and number of drivers turned ON
simultancously, typical power loads totaling over 230 W (350 mA x 7,
95 V) can be controlled. Typical loads include relays, solenoids,
stepping motors, magnetic print hammers, muitiplexed LED and
incandescent displays, and heaters. All deviees feature open-collector
oulputs with integral clamp diodes.

The ULN2003A/L and ULN2023A/L have sertes input resistors
selected for operation directly with 5 ¥V TTL or CMOS. These devices
will handle numerous interface needs — particularly those beyond the
capabilitics of standard logic buffers.

The ULN2004A/L and ULN2024 A/L have serics input resistors for
operation directly from 6 to 15 V CMOS or PMOS logic outputs.

The ULN2003A/L and ULN2004A/L are the standard Darlinglon
arrays. The outputs are capable of sinking 500 mA and will withstand
at least 50 V in the OFF state. Outputs may be paralleled for higher
load current capability. The ULN2023A/L and ULN2024A/L will
withstand 95 V in the OFF state.

These Darlington arrays arc [urnished in 16-pin dual in-line plastic
packages (suflix “A™) and 16-lead surface-mountable SOICs (suffix
“L™. All devices are pinned with outputs opposite inputs to facilitate
case of circuit board layout. Al devices are rated for operation over the
temperature range of -20°C to +85°C. Mosl (see matrix, ncxt page) are
also available for operation to -40°C; to order, change the prefix from
“ULN" to "ULQ".

FEATURES

B TTL, DTL, PMOS, or CMOS-Compatible Inputs

M Output Current to 500 mA '

B Output Voltage to 95 V

W Transient-Protected Oulpuls

M Dual In-Line Plastic Package or Small-Outline [C Package

x = digit to identily specific davice. Characteristic shown applies to family of
devices with remaining digits as shown. See matrix on next page.

-l

Allegro-
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

PARTIAL SCHEMATICS
ULN20x3A/L (Each Driver)

— o COM

Dwg. No. A-8651

ULN20x4A/L (Each Driver)

Dwvrg. Mo, A-G838A

DEVICE PART NUMBER DESIGNATION

Vcan.mx; 50V 95 v
iC[MAX) 500 mA 500 mA
Logic Part Number

Y ULN2003A* ULN2023A~

TTL, CMOS ULN2003L* ULN2023L
6-15 Vv ULN2004A* ULN2024A
CMOS, PMOS ULN2004L* ULN2024L

* Also available for operation between -40°C and +85°C. To order, change
prefix from “ULN" 1o “ULQ".

25

NG

SUFFIX 'A' R o, = 60°CAW

CURIAT

AN

1.0

15 \
™.
N

<

AN

g5

SUFFIX U, Ry, =90C/W

N

25 50

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

75 100 125

AMBIENT TEMPERATURE IN °C

150

Dwg. GP-BOGA

X = Digit to identity specific device. Specification shown applies to fumily of
devices with remaining digits as shown, See matrix ubove.

alln

‘T mw
11 L

Allegro-

MicroSystems, Inc.

115 Northeast Cutcff, Box 15036
Worcester, Massachusetts 01615-0036 {508) B53-5000
Copyright © 1974, 1998 Allegro MicroSystems, Inc.




2003 thnru 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARILINGTON ARRAYS

Types ULN2003A, ULN2003L, ULN2004A, and ULN2004L
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current lcex 1A All Ve =50V, Ty =25°C — <1 50 pA
Ve s 50V, Ty =70°C — <1 100 KA
1B ULN2004AL | Vo =580V, T =70°C, Vjy=1.0V — <5 500 HA
Collector-Emitter Veg(gaT) All I = 100 mA, Ig = 250 pA — 09 11 v
Saturation Voliage lc = 200 mA, I = 350 pA — 11 13| v
lo = 350 mA, g = 500 pA — 1.3 1.6 v
Input Current liNON) 3 ULN2003A/L | ViN=3.85V — 053 135 mA -
ULN2004A/L | Viy=5.0V — 035 05 mA
Viy=12V — 1.0 145 mA
IiN(OFR) All I =500 pA, Ty =70°C 50 65 —_ HA
Input Voltage VNN 5 ULN2003A/NL | Vo =20V, Ix=200 mA — — 24 %
Vee = 2.0V, Ig =250 mA — — 2.7 %
Ve = 2.0V, I = 300 mA — — 3.0 v
ULN2004A/L | Vep=2.0V, Iz =125 mA — — 5.0 v
Vee =2.0V, I =200 mA — — 6.0 v
Vep =20V, Iz =275 mA — — 7.0 v
Ve = 2.0V, I = 350 mA — — 8.0 vV
Input Capacitance Cin — All — 15 25 pF
Turn-On Delay teLH 8 All 0.5 Ento 0.5 Egyy — 025 1.0 Ks
Turn-Off Delay tPHL B8 All 0.5 Ejyto 0.5 Egyt — 025 1.0 Hs
Clamp Diode Ir 6 All VR =50V, Ty =25C — — 50 pLA
Leakage Current Vg = 50V, Ty = 70°C _ _. 100 pA
Clamp Diode Vi 7 Al e = 350 mA — 17 20| V
Forward Voltage

Complete part number includes suffix to identify package style: A = DIP, L = SOIC.
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULN2023A, ULN2023L, ULN2024A, and ULN2024L
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current | lopx 1A All Voe =85V, Ta=25C — <1 50 HA
Vep =95V, Ty =70°C — <1 100 HA
+-18 1 ULN2024AN | Vep=95V, Ta=T70°C, V=10V — <5 500 pA
Collector-Emitter VCE(SAT) 2 All Iz =100 mA, Ig = 250 pA — 0.9 1.1 vV
Saturation Voltage Ic = 200 mA, Ig = 350 pA _ 14 13 v
I = 350 mA, Iy = 500 pA , — 1.3 1.8 vV
Input Current Inion) 3 ULN2023A/L | Viy=3.85V — 093 135 mA
ULN2024A/L | Viy =50V — 035 05 mA
Vin=12V — 1.0 145 mA
Linioer) 4 All lc =500 uA, Ta =70°C 50 B5 — HA
Input Voltage VIN(CN) 5 ULN2023A/L | Vep =20V, [ =200 mA — o 2.4 Vv
Vep =20V, g =250 mA — — 27 v
Vep = 2.0V, i = 300 mA — — 3.0 v
ULN2024A/L | Ve =20V, ic= 125 mA -— — 5.0 v
Ve = 2.0V, Ig =200 mA — — 6.0 v
Vee =20V, g =275mA — — 7.0 v
Vee = 2.0V, lc= 350 mA — — 8.0 vV
input Capacitance Cin — All — 15 25 pF
Turn-On Delay IPLH B All 0.5 Ent0 0.5 Egut — 025 1.0 HS
Tum-Off Delay tehL B All 0.5ENte 0.5 Egut — 025 1.0 us
Clamp Dicde Ir B All Ve =95V, Ta=25°C — — 50 WA
Leakage Current Vg = 95V, T = 70°C _ — 100 A
Clamp Dicde VE 7 All lg =350 mA — 1.7 20 Vv
Ferward Veltage

Complete part number includes suffix to identify package style: A = DIP, L = SOIC.

o
lle m®. 115 Northeast Cutoff, Box 15036
. ; § Worcester, Massachusetts 01615-0036 (508} B53-5000
ll= | B MicroSystems, Inc.
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HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

TEST FIGURES

FIGURE 1A FIGURE 1B FIGURE 2

OPEN

Dwg. No. A-9729A Dwg. No. A-8730A Dwyg. Na, A-Q7231A
FIGURE 3 FIGURE 4 FIGURE 5
OPEN
Vin
Vee lc
Dwqg. No. A-G732A Dwg. No. A-9733A - - = ':Dwg. ~0.7A-9734A
FIGURE 6 FIGURE 7 FIGURE 8

= i .
-+ F
A ° 0 OUTPUT —s] LpHL 1pHL
OPEN 50% 0%

450V

vh\
Owg. No. A-87354 Dwg. No. A-9736A ULN20X3" 35V e
ULM20X4~ 12V pu:%m

* Complete part number includes a final letier to indicate package.

X = Digit to identify specific device. Specification shown applies to family of devices with remaining digits as shown.
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

AS

ALLOWABLE COLLECTOR CURRENT

AS A FUNCTION OF DUTY CYCLE
(Dual In-line-Packaged Devices, Suffix ‘A"

620
1 —]
\ ~
: N -
< N - Y - —— P
i 400 \ ] ; ™
E \\\\P\\\\\\\\_ ‘~\\\H
4
E '\\\\ 5 \\ —
[= 8 T .
z ™y H\H\‘HH\ |
S " \\\\""--..,
3 200 yd [, ——
- NUMBER OF OUTPUTS [
] CONDUCTING
B SIMULTANEQUSLY [Tazsr0C |
3 P = 6OGW |
[}

0 20 40 60 B0 100

BUTY CYCLE IN PEA CENT
Dug. 6P

(Small-Outline-Packaged Devices, Suffix ‘L’)

6C0 ¥
Ta = +70°C

| Ao = AW |

-
w
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z
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i
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e
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0
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SATURATION VOLTAGE

A FUNCTION OF COLLECTOR CURRENT
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200
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COLLECTOR-EMITTER SATURATION VOLTAGE

COLLECTOR CURRENT IN mA

TYPICAL APPLICATIONS

+Vgg +V

PMOS
OQuTPUT

Dwg. Mo, A-8G52
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L outeuT L

Dwg. No, A-654A

COLLECTOR CURRENT AS A
FUNCTION OF INPUT CURRENT
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115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

TYPICAL APPLICATIONS INPUT CURRENT
AS A FUNCTICON OF INPUT VOLTAGE

Types ULN2003A, ULN2003L, ULN2023A, and
ULN2023L

25

20 g

o
1.5 y -

0
‘.-'c-‘;\_
ST
e

-
t‘-
e
i

.
L .5 *”

OUTPUT ’ P AREA OF NCRMAL OPERATION
= - WITH STANDARD OR SCHOTTKY TTL

: L]

INPUT CURRENT INmMA | ;™

Dwg. No. A-DESTA
20 3.0 4.0 5.0 60
{INPUT YOLTAGE
Diwg. QP-069
e W Types ULN2004A, ULN2004L, ULN2024A, and

i ——[>o——-—;-~416 ULN2024L

+ 20

13

e
Ly
Lo 15
e 12 /
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-
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TIL
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0.5 Lo
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). 4
w
INPUT CURRENT IN mA — Tin

Dwag. No. A-10,175

5 [ 7 8 9 10 11 12

{NPUT VOLTAGE
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2003 THrU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

PACKAGE DESIGNATOR “A”

Dimensions in Inches
(controlling dimensions)

16 9
0.280 ‘ — — -
0.240 |
1
1
0.070 0 100 BL—._D.DGS
0.045 0,775 BSC MiN
__f }
0.210

Dimension in Millimeters
(for reference only)

g

7.11
6.10

-013
MIN
"f
533
MAX ]
T - F
3.81
293
——t

—J J--0558

0.356

NOTES: 1. Leads [, 8,9, and 16 may be half leads at

vendor’s option.

2. Leud thickness is measured at seating plane or below.
3. Lead spacing tolerance is non-cumulative.
4. Exact body and lead configuration at vendor's option within limits shown.

Dwg MA-0O1-16A in

52

Dwqg MA-OC1-18A mm

Allegro-

115 Northeast Cutoff, Box 15036
Warcester, Massachusetts 01615-0036 (508) B&3-5000
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HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

PACKAGE DESIGNATOR *L"

Dimensions in Inches
(for reference only)

THHHHHHHH I 00075

0.1574 0.2440
0.1497 00084

}

0.050

ALY | e

0.013 i.f_ 0.3937 —i—’j— S 0°T0 8&“(

0.3859

'

0.0688 \

T

13

0.0040 Min. Dwg. MA-GOT-15 in

Dimension in Millimetars
fcontrolling dimensions)

THHHHHHHH GL 01
S.TO

4.00
3.i30 1.27
040
TR NI EOE =
PP B o wros e

9.80

|

1.75
L

NOTES: 1. Lead spacing tolerance is non-cumulative.
2. Exuct body and lead confipuration at vendor’s option within limits shown,

0.10 MiN. Dwg. MA-007-16A mm

DU IR I ML ]
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

The products described here are manufactured under one or nare
[L5. patents or U.S. patents pending.

Allegro MicroSystems, Inc. reserves the right to make, from time to
time, such depariures from the detail specifications as may be required
1o pennit improvemenis in the performance, reliability, or
manfacturabitity of its products. Before placing an order, the user is
cantioned to verify thai the informaiion being relied upon is current,

Allegro producis are not authorized for use as critical components
in life-support devices or systems without express written approval.

The information inchided herein is believed te be accurate and
refiabie. However, Allegro MicraSystems, fnc. assumes no responsi-
biliry for its use; nor for any infringement of patewts or other rights of
thivd parties which may resull from its use.

Hegro-

MicroSystems, Iac,

115 Noriheast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
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