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ABSTRACT

This thesis percents about designing Taxi Meter Receipt Printer by using microcontroller
89C55WD which is designed for working system of circuit in four parts. Part 1 is a working
process of taxi meter that is calculation of taxi fare by distance and the real using time. Part 2isa
part which shows taxi fare and time in trip through LED 7 Segment. Part 3 receipt data of
smartcard. Part 4 link of working between control board and printer that is used for sisuring
receipt. This receipt will show all details such as time, distance, price, a trip and all fares. All can

use it in the other useful may.
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///#pragma code
#include<regb52.h>
#include<absacc.h>
#include<intrins.h>
#include <assert.h>
#include <ctype.h>
#include <math.h>
#include <setjmp.h>
#include <stdarg.h>
#include <stddef.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#define DATA P1
#define high 1
#define low 0

11777 7712C/ 00 /17 /[ LLA
void I2C_delay (void) ;
void I2C_high(void) ;
void I2C_low(void) ;
void I2C_start (void) ;
void I2d Etop (vohd e

void RTC_WRITE (unsigned char addr,unsigned char ad_in,unsigned char
dat) ;

void RTC_WRITE_DATA (void) ;

void RTC_READ(unsigned char addr,unsigned char ad_in,unsigned char
*dat) ;

void RTC_READ DATA (void) ;

[107717777777 AR TG L7 T TR

void update_clock (void) ;

void delay_scan(char count);
void delay(unsigned int count) ;
void CountDistance(void) ;

void scan_distance(void);

void scan_price(void);

void CountPrice(void) ;

void Countminrun(void) ;

volid scan_minrun(void) ;

void check_swith(void) ;

void start_program(void) ;

void show_data (void) ;
void check_stop(void) ;
void check_start (void) ;
void check_price(void)

7

void printdata(void) ;
void CountPricesum(void);
void returnfeed (void);
void printbuffer (void);
void scan_print (void) ;
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unsigned char tick;

unsigned char freq;

unsigned long Distance;

unsigned long Distance_sum;

unsigned long price_sum;

unsigned long price_clock;

unsigned long price;

unsigned int Dis_cul;

unsigned int Dis_cull;

unsigned int Dis_cul2;

unsigned int Dis_cul3;

unsigned int Dis_show;

unsigned char secrun;

unsigned int minrun;

unsigned int minsum;

unsigned char DISBUF[4];

unsigned char
data_show[]={0X3f,OX06,0x5b,0x4f,Ox66,0x6d,OX7d,OXO7,0X7f,Ox6f};

unsigned char
data_showZ[]={Oxbf,0x86,0xdb,0xcf,Oxe6,0xed,Oxfd,Ox87,0xff,Oxef};
unsigned char data_sbit strobe=P3"2;

sbit rtc[]={Ox30,0x3l,Ox32,0x33,0x34,0x35,0x36,0x37,0x38,0x39};

busy=P3"3;

sbit lamp=P3"7;
sbit start =P274;
sbit stegg =P2°3;
sbit puy =B276
sbit memory =P277;

void timeO_service()interrupt 1

TRO =W;
tick++;
if (ticKe 00N
{
TR1=0;
tick=0;
freq=TL1;
LTl bl Check ConarCron [/ 11 Ll L1144
if (freg>=1.7) //Condition 1#

{
Distance=Distance+freq;
Dis_show=Distance/100;
}
if (freg<l.7) //Condition 2%
{
if (Distance>2999)
{
update_clock() ;
}
}

TH1 =0x00;
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TL1 =0x00;
}
THO =0xbe;
TLO =0xeb6;
TRO; =1.;
TR1=1;
}
void update_clock(void)
{
1f (++secrun>59)
{
secrun = 0;
if (++minrun>9999)
{
minrun=0;
}
}
}

/1717717777177 /// main program
void main (void)
{
lamp=1;
Distance_sumn=0;
price_sum=0;
minsum=0;

while (1)

{
lamp=1;
check_swith();
}

void start_program(void)

{
lamp=0;
TMOD =0x61;
THO =0xbe;
TLO =0xeb6;
TH1 =0x@0/;
TL1 =0x00%
IE =0x82;
tiek =0

secrun=00;
minrun=00;

freg=0;
TRO. =" 1
PRL = 1

Distance=00;
Dis_show=00;
Dis cul=0;

Dig «eull=0;
Dis. cul2=0;
Dis_cul3=0;

while (puy==1)

{
Countminrun() ;
scan_minrun() ;

1 PY a7 T [ Ldak! 1] ]
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CountDistance () ;
scan_distance () ;

check_price();

CountPrice () ;
scan_price();

check_stop();
check_start() ;

delay_scan(100);
Distance_sum=Distance_sum+Dis_show;
price_sum= price_sum+price;
minsum=minsum+mninrun;

printdatad() ;

lamp=1;

}
void CountDistance(void)
{
unsigned int xx;
DISBUF[0]=data_show[Dis_show/1000];
xx=Dis_show%1000;
DISBUF [1]=data_show[xx/100] ;
xx=xxX%100;
DISBUF [2]=data_show2 [xx/10] ;
DISBUF [3]=data_show[xx%10] ;
}
//////1///71/ Scan Distance. //////]//1//]/
void scan_distance (void)
{
char k;
for (k=0 k<=3 ;k+¥)
{
PO=DISBUF [k] ;
switch (k)
{
case 0: P2=0xf4;
break;
case 1@ P2=0xfby
break;
case 2: P2=0xf6;
break;
case 3: P2=0xf7;
break;

delay_scan(100) ;
P0=0;




80

FLLTELEE L] CountPrice [/ LLILILILLAILLY

void CountPrice(void)

{
unsigned int xx;
DISBUF[0]=data_show[price/1000];
xx=price%1000;
DISBUF[1l]=data_show([xx/100] ;
xx=xx%100;
DISBUF[2]=data_show2 [xx/10];
DISBUF [3]=data_show[xx%10] ;

}

////7/11//1/// scan_price ////////1//////1]/

void scan_price(void)

{
{
char k;
for (k=0; k<=3;k++)
{
PO0=DISBUF[k];
switch(k)
{
case 0: P2=0xf8;
break;
casef ¥: .. P2F0XIET
break;
casé [2 =~/ P2E0xEa;
break;
case 3: P2=0xfb;
break;
}
delay scan(100) ;
P0=0;
}
}
}

/177777777 ARQCOMALRY 1 cegum— T/ /5 [/~ F7=34/ /
void CountPricesum(void)

{

unsigned int xx;

DISBUF[0]=data_show[price_sum/1000] ;
xx=price_sum%1000;
DISBUF[1l]=data_show[xx/100];
xx=xx%100;

DISBUF [2]=data_show2 [xx/10];

DISBUF [3]=data_show[xx%10];
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LAl Ll Countminrury L/ /1011101 ELT T
voild Countminrun(void)
{
unsigned int xx;
DISBUF[0]=data_show[minrun/1000] ;
xx=minrun%1000;
DISBUF[1l]=data_show[xx/100];
xx=xx%100;
DISBUF[2]=data_show[xx/10];
DISBUF [3]=data_show[xx%10] ;
}

/17777777 // scan_minrun ////////////1117117

void scan_minrun(void)

{
char k;
for (k=0;k<=3;k++)
{
P0=DISBUF [k];
switch (k)
{
case 0: P2=0xf0;
break;
case 1: P2=0xfl;
break;
case 2: P2=0xf2;
break;
case 3:" P2=0xf3;
break;
}
delay _scan(100) ;
P0=0;
}
}
void setdata (void)
{
strobe=0;
delay_scan (200) ;
strobe=1;
}
void returnfeed (void)
{
DATA=0x0d;
strobe=0;
delay_scan (200);
strobe=1;
DATA=0x0a;
strobe=0;
by

///1//7/7////delay_scan///////////////7////
void delay_scan(char count)
{
char 1,3;
for (i=0;i<count;i++) ;
for(3=0;3<100;j++) ;
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void check_swith(void)

{
if (start==0)
{
start_program() ;
}

if (memory==0)
show_data () ;

}
void check_price(void)
{
if (Distance<=2999)
{
DisTcul L3356 & 3okl
price=(minrun*12.5)+Dis. cul;
}
1f (Distance>2999)
{
1f (Distance<12000)
{
Dis_cull=(((Distance-2000) /1000)*45); //4.5
price=(minrun*12.5)+Dis_cull+Dis_cul;
}
}
1f (Distance>=12000)
1
if (Distance<21000)
{
Dis_cul2=(( (Distance-11000)/1000)*50) ;
//5.0

price=(minrun*12.5)+Dis_cul2+Dis_cull+Dis_cul;

}
}
if (Distance>=21000)
{

Dis_cul3=(( (Distance-20000)/1000)*55); //5.5

price=(minrun*12.5)+Dis_cul3+Dis_cul2+Dis_cull+Dis_cul;

}
}
void check_stop(void)
{

if (stop==0)
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TRO0=0;
TR1=0;

i}
}
void check_start (void)
{
1f (start==0)
{

TRO=1;
TR1=1;

dy 1 td' ¥ o U £ dl = ! gj 1 Y o ¥ L% 14
wnanstluenasnanulidmsunisldnuienisfinewingu eygrelihluldusslevimunisin

Laidnsdiles vedu Snvieinudlvidaulasiomuazdosdndfiadivaaenalsynasandnisluly
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void show_data(void)

minrun=minsum;
Countminrun () ;
scan_minrun() ;
Dis_show=Distance_sum;
CountDistance() ;
scan_distance() ;
check_price();

CountPricesum() ;
scan_price();
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void printdata(void)
{

unsigned int xx;

delay_scan (200);
strobe=1;
delay_scan (200);
DATA=0x20; setdata (
DATA=0x20; setdata (
DATA=0x20; setdata (
DATA=0x20; setdata (
DATA=0x20;setdata (
DATA=0x20; setdata(
DATA=0x20; setdata (
DATA=0x20;setdata (
DATA=0x20;setdata (
/17777777 /7/RMITL. T
DATA=0x20; setdata (
DATA=0x20; setdata (
(
(
(
(
(
)4
L&
), ;
i
N
)

’
1
7
1
7
’
’

’

ED

1

’

DATA=0x4b;setdata
DATA=0x4d; setdata
DATA=0x49;setdata
DATA=0x54; setdata
DATA=0x4c;setdata
DATA=0x2e;setdata(

s
) ;
Ja;
)i
)7
>
)5
S
T
T
)i
)
)
)I
)l
4y H
)I
DATA=0x49;setdata();

(
DATA=0x44; setdata(
DATA=0x2e;setdata (
(
(

I
]

’

DATA=0x45; setdata
DATA=0x44;setdata
returnfeed() ;
DATA=0x20; setdata (
DATA=0x20;setdata (
DATA=0x20;setdata (
DATA=0x20; setdata(
DATA=0x20; setdata (
DATA=0x20; setdata (
(
(
3
a

1

DATA=0x20; setdata
DATA=0x20; setdata
/////////Tel.0-12
DATA=0x20;setdat
DATA=0x20; setdata (
DATA=0x54; setdata(
DATA=0x65; setdata(
DATA=0x6¢c; setdata (
DATA=0x2e;setdata/
DATA=0x30;setdata(
(
(
(
(
(

)
)
)
)
)
)
T
Y
4-5678
()3

)i

)i

)i

)i

)iz

)8
DATA=0x2d;setdata()
DATA=0x31;setdata()
DATA=0x32;setdata ()
DATA=0x33;setdata()
DATA=0x34;setdata ()

7
’
’
7

1
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’

DATA=0x2d; setdata ()

DATA=0x35;setdatal() ;

DATA=0x36;setdatal() ;
()
0)

7

DATA=0x37;setdata
DATA=0x38;setdata
returnfeed() ;

’

//Driver Name : KITICHON SUKARUJI
DATA=0x20; setdatal() ;
DATA=0x20;setdata()
DATA=0x44;setdata()
DATA=0x72;setdata()
DATA=0x69; setdata()
DATA=0x76;setdata()
DATA=0x65; setdata ()
DATA=0x72;setdata()
DATA=0x20; setdata ()
DATA=0x4e;setdata()
DATA=0x61; setdata ()
DATA=0x6d; setdata ()
DATA=0x65; setdatal()
DATA=0x20; setdata()
DATA=0x3a; setdata()
DATA=0x20;setdata() ;
DATA=0x4b; setdata();
()
()
()
()
()
()
()
()
()
)
o
()
{ )
()
()
()

1
7

’

7

7

7

(]

7

7

’

7

z

7

1

!

DATA=0x49; setdata
DATA=0x54;setdata
DATA=0x49; setdata
DATA=0x43; setdata
DATA=0x48;setdata
DATA=0x4f; setdata
DATA=0x4e; setdata
DATA=0x20; setdata
DATA=0x53;setdata
DATA=0x55;setdata
DATA=0x4b; setdata
DATA=0x41; setdata
DATA=0x52;setdata
DATA=0x55; setdata
DATA=0x4a; setdata
DATA=0x49; setdata
returnfeed() ;

1

’

’

’

’

v

I

’

’

I

7

’

’

7

’

[/ ID. » 45035373
DATA=0x20; setdata (
DATA=0x20; setdata (
DATA=0x20; setdata (
DATA=0x20; setdata (
DATA=0x20; setdata (
DATA=0x20; setdata (
(
(
(
(
(
(

7
1

7

7

)
)
)
)
¥
)
) .
)
)
)
)
)

’

DATA=0x20; setdata
DATA=0x20; setdata
DATA=0x20; setdata
DATA=0x49; setdata
DATA=0x44;setdata
DATA=0x2e; setdata

’

7

’

7

7
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DATA=0x20; setdata ()
DATA=0x20;setdata ()
DATA=0x3a;setdata()
DATA=0x20; setdata ()
DATA=0x34;setdata ()
DATA=0x35;setdata ()
DATA=0x30;setdata ()
DATA=0x33;setdata ()
DATA=0x35;setdata ()
DATA=0x33;setdata ()
DATA=0x37;setdata ()
DATA=0x33;setdata ()
returnfeed() ;

//Tel. 0-91328541
DATA=0x20; setdata (
DATA=0x20; setdata (
DATA=0x20;setdata (
DATA=0x20;setdata (
DATA=0x20; setdata (
DATA=0x20; setdata (
DATA=0x20; setdata (
DATA=0x20;setdata(
DATA=0x20; setdata (
DATA=0x54;setdata(
DATA=0x65; setdata (
DATA=0x6cC; setdata (
DATA=0x2e; setdata (
DATA=0x20; setdata (
DATA=0x3a; setdata (
DATA=0x20;setdata (
DATA=0x30;setdata (
DATA=0x2d; setdata(
DATA=0x39; setdata(
DATA=0x31;setdata (
DATA=0x33;setdata(
DATA=0x32;setdata(
DATA=0x38; setdata (
DATA=0x35; setdata (
DATA=0x34;setdata (
DATA=0x31;setdata (
returnfeed() ;

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

//Car No. 1234

DATA=0x20; setdata()
DATA=0x20; setdata ()
DATA=0x43;setdata()
DATA=0x61;setdata ()
DATA=0x72;setdata ()
DATA=0x20;setdata ()
DATA=0x4e;setdata ()
DATA=0x6f;setdata ()
DATA=0x2e;setdata ()
DATA=0x20;setdata ()
DATA=0x31;setdata()
DATA=0x32;setdata ()

7

’

’

7

’

7

7

7

7

’

7

’

7
’
7

7

’

’

7

7

’

’

¥/

7

7

’

7

7

’

’

7

’

’

’

7

’

2

7

’
’

’

7

’

7

’

7

’

’

’

’
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DATA=0x33;setdata() ;
DATA=0x34;setdata() ;
returnfeed() ;

//Car ID. AA-9999 BANGKOK
DATA=0x20;setdata() ;

DATA=0x20; setdata (
DATA=0x43;setdata (
DATA=0x61;setdata (
DATA=0x72;setdata (
DATA=0x20;setdata (
DATA=0x49;setdata (
DATA=0x44;setdata (
DATA=0x2e;setdata (
DATA=0x20;setdata (
DATA=0x41;setdata (
DATA=0x41;setdata (
DATA=0x2d;setdata (
DATA=0x39;setdata (
DATA=0x39;setdata (
DATA=0x39;setdata (
DATA=0x39;setdata (
DATA=0x20;setdata (
DATA=0x42;setdata (
DATA=0x41;setdata (
DATA=0x4e;setdata (
DATA=0x47; setdata (
DATA=0x4b;setdata(
DATA=0x4f;setdata(
DATA=0x4b; setdata (
returnfeed() ;

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

’
7

’

’

’

’

’

7

7

r

7

’

’

7

’

L

’

1

7

‘-

7

’

’

7

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

DATA=0x2a;setdata(
DATA=0x2a; setdata(
DATA=0x2a; setdata (
DATA=0x2a;setdata(
DATA=0x2a; setdata(
DATA=0x2a; setdata(
DATA=0x2a;setdata(
DATA=0x2a;setdata(
DATA=0x2a; setdata (
DATA=0x2a; setdata (
DATA=0x2a;setdata(
DATA=0x2a; setdata(
DATA=0x2a;setdata (
DATA=0x2a;setdata(
DATA=0x2a;setdata(
DATA=0x2a; setdata (
DATA=0x2a; setdata(
DATA=0x2a; setdata (
DATA=0x2a; setdata(
DATA=0x2a; setdata(
DATA=0x2a; setdata(
DATA=0x2a; setdata(
DATA=0x2a; setdata(

)
)
)
)
)
)
)
)
)
)
)
O
)
)
)
)
)
)
)
)
)
)
)

7
’

1
1

’

7

’

’

1

1

I

7

1

!

i

1

I

1

7

7

1

1
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DATA=0x2a;setdata (
DATA=0x2a;setdata (
DATA=0x2a; setdata (
DATA=0x2a; setdata(
DATA=0x2a;setdata (
DATA=0x2a;setdata(
DATA=0x2a; setdata (
DATA=0x2a;setdata(
DATA=0x2a;setdata(
DATA=0x2a; setdata(
DATA=0x2a; setdata (
DATA=0x2a; setdata (
returnfeed() ;

//Distance

DATA=0x20; setdata(
DATA=0x20; setdata (
DATA=0x44;setdata(
DATA=0x49; setdata(
DATA=0x53;setdata(
DATA=0x54;setdata(
DATA=0x41; setdata(
DATA=0x4e;setdata(
DATA=0x43;setdata(
DATA=0x45; setdata(
DATA=0x20;setdata(
DATA=0x20; setdata(
DATA=0x3a;setdata(
DATA=0x20; setdatal() ;

)
)
)i
)
)i
)i
)i
)i
9y
)i
)i
)i
)i

)
)
)
)
)
)
) .
)
)
)
)
)

1
1
7
’
7
1
7
’
1
I
1

’

i
’
'
i
’
’
I
1
’
/
’
!

1

DATA=data_rtc[Dis_show/1000] ;setdatal() ;
xx=Dis_show%1000;

DATA=data_rtc[xx/100] ;setdatal() ;
xx=xx%1007;
DATA=data_rtc [xx/10] ;setdatal() ;
DATA=0x2e; setdata() ;
DATA=data_rtc[xx%10] ; setdatal();
DATA=0x20;setdatal() ;

DATA=0x4b; setdatal() ;

DATA=0x6d; setdata() ;

returnfeed() ;

// Time Stop
DATA=0x20; setdata
DATA=0x20; setdata
DATA=0x54;setdata
DATA=0x49; setdata
DATA=0x4d; setdata
DATA=0x45; setdata
DATA=0x20; setdata
DATA=0x53; setdata
DATA=0x54; setdata
DATA=0x4f;setdata
DATA=0x50; setdata
DATA=0x20; setdata
DATA=0x3a;setdata

()
()
()
()
()
()
()7
()
()
()
()
()
()

’
I
’
’
’

’

’
7
’
’
’

’




90

DATA=0x20;setdatal() ;

DATA=data_rtc [minrun/1000] ;setdatal() ;
xx=minrun%1000;

DATA=data_rtc[xx/100] ;setdatal() ;
xx=xx%100;
DATA=data_rtc[xx/10] ; setdata() ;
DATA=data_rtc[xx%10] ; setdata() ;
DATA=0x20; setdatal() ;
DATA=0x4d;setdatal() ;
DATA=0x69; setdatal() ;
()
()

7

DATA=0x6e; setdata
DATA=0x2e;setdata

returnfeed() ;

//Price
DATA=0x20; setdata()
DATA=0x20; setdata()
DATA=0x50; setdata()
DATA=0x52; setdatal()
DATA=0x49; setdata()
DATA=0x43;setdatal() ;
DATA=0x45; setdatal() ;
()
o)
()
()
()
()

!

U

7

1

1

I

DATA=0x20; setdata
DATA=0x20; setdata
DATA=0x20; setdata
DATA=0x20;setdata
DATA=0x20; setdata
DATA=0x3a;setdata
DATA=0x20;setdata();
DATA=data_rte[price/1000] ;setdatal() ;
xx=price%$1000;
DATAS datel_rtcevixil J0) ; seegdatag) ;
xx=xx%100;
DATA=data_rtc[xx/10] ; setdata() ;
DATA=0x2e; setdatal() ;
DATA=data_rtc[xx%10] ; setdata();
DATA=0x20;setdatal() ;
DATA=0x42;setdata()
DATA=0x61; setdata() ;
DATA=0x74;setdata() ;
()
()

1

1

’

'

[

’

I

DATA=0x68; setdata
DATA=0x2e;setdata
returnfeed() ;

l

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

DATA=0x2a; setdata(
DATA=0x2a; setdata(
DATA=0x2a; setdata(
DATA=0x2a;setdata(
DATA=0x2a; setdata(
DATA=0x2a; setdata(
DATA=0x2a; setdata(
(
(
(
(
(

1

!

'

1

7

)
)
)
)
)
)2
)i
)
)
)
)
)

!

DATA=0x2a;setdata
DATA=0x2a; setdata
DATA=0x2a; setdata
DATA=0x2a; setdata
DATA=0x2a;setdata

1

1

!

!
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DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a;setdata
DATA=0x2a; setdata
DATA=0x2a;setdata
DATA=0x2a; setdata
DATA=0x2a; setdata
DATA=0x2a;setdata
DATA=0x2a; setdata
DATA=0x2a; setdata
returnfeed() ;

//Thank You

DATA=0x20; setdata
DATA=0x20;setdata
DATA=0x20; setdata
DATA=0x20; setdata
DATA=0x20; setdata
DATA=0x20; setdata
DATA=0x54; setdata
DATA=0x68; setdata
DATA=0x61;setdata
DATA=0x6e;setdata
DATA=0x6b; setdata
DATA=0x20;setdata
DATA=0x20;setdata
DATA=0x59; setdata
DATA=0x6f; setdata
DATA=0x75; setdata
returnfeed() ;

0
()
()
0
()
()
()
0
()
()
0)
()
()
()
()
0
)
()
()
()
()
()
)

0)
{2
)
0)
0)
)
0
()
()
)
()
()
()
0
()
()

’

1
’

’

7

1

1

1

7

’

1

7

I

I

’

7

1

I}

’

’

1

1

!

’
1

1

r

’

!

’

1

1

7

’

T

’

1

!

1

DATA=0x00; setdata() ;

returnfeed() ;

DATA=0x00; setdatal() ;

returnfeed() ;

DATA=0x00; setdatal() ;

returnfeed() ;

DATA=0x00; setdata() ;

returnfeed() ;

DATA=0x00; setdata() ;

returnfeed() ;
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D527

DALLAS

SEMICONDUCTOR

DS1307
64 X 8 Serial Real Time Clock

FEATURES

* Real time clock counts seconds, minutes, hours, date

of the month, month, day of the week, and year with
leap year compensation valid up to 2100

# 56 hyte nonvolatile RAM for data storage

® 2-wire serial interface

# Programmable squarewave ottput signal

¢ Automalic power fail detect and swilch circuitry

* Consumes |ess than 500 nA in battery backup mode
at 26°C

» Optional indusinial temperature range —40°C to
+85°C (IND}

# Available in 8—pin DIP or SOIC

ORDERING iNFORMATION

DS1307 Serial Timekeeping Chip;
8—pin DIP

DS130772 Serial Timekeeping Chip;
8—pin SOIC {150 mil)

DS1307N 8—pin DIP (IND)

DS1307ZN 8—pin SOIC (IND)

DESCRIPTIGN

The DS1307 Serial Real Time Clock is a fow power full
BCD clock calendar plus 56 bytes of nonvolatile SRAM.
Address and data are transfemred senially via a 2—wire
bi-directional bus. The clockfcalendar provides
seconds, 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 D81307 has a built-in power sense circuit which
detects power failures and automatically switches to the
hattery supply.

OPERATION
The DS1307 operates as a slave device on the serial bus.

Access is obtained by implementing a START condition

PIN ASSIGNMENT
 Ef 8] Vee
x2 [ 2 7] sowour
Var L] 3 8[] scL
GND [ 4 5] soa

051307 8-PIN DIP {300 ML}

xt 0| 1 80 Ve
*2 | 2 7[00 SQWioUT
Vaar OO 3 g [0 scL
GND 0|4 5[0 sDA

DS1307Z 3PN SQIC {150 ML)

PIN DESCRIPTION

Veo — Primary Power Supply

X1, A2 — 32.768 KHz Crystal Connection
VaaT — +3 Volt Battery Input

GND — Ground

SDA — Serial Data

SCL — Serial Clock

SOWIOUT — Square wave/Output Driver

and providing a device identification code followed by 2
reqister address. Sulrsequent registers can be accessed
sequentially untit a STOP condition is executed. When
Ve falls below 1.25 x Vgar the device terminates an
access in progress and resefs the device address
counter. Inputs to the device will not be recognized at this
time to prevent erroneous data from being written {o the
device from an out of tolerance system. When V¢, falls
helow Vgar the device switches into a low cumentbattery
backup mode. Upon power up, the device switches from
hattery to Vo when Ve is greater than Vgar+0.2V and
recognizes inputs when Ve is greater than 1.25 X Vgar
The block diagram in Figure 1 shows the main elements
of the Serial Real Time Clock. The following paragraphs
describe the function of each pin.

22788 Ui
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D$1307 BLOCK DIAGRAM Figure 1

A0,

OSCILLATOR BIe
AND DIVIDER
|
S E W,
SQWIOUT —+— QUA&H po "'—|_
RAM
{56 X B)
CONTRCE
LoGIC
Vee — ™
Vgar ———B POWER
oy SR CONTRCL
3
SCL .
SERIAL BUS ADDRESS
INTERFACE REGISTER
SOA =—
SIGNAL DESCRIPTIONS

Voo, GND — DC power is provided to the device on
these pins. Ve is the +5 voltinput. When 5 volts are
applied within normal limits, the device s fully accessi-
ble and data can be written and read. Whena3 volt bat-
tery is connected to the device and Vg is below 1.25 %
Vgar, reads and writes are inhibited. However, the
Timekeepingfunction continues unaffected by the lower
input voltage. As Vg falls below Vpar the RAM and
timekeeper are switched over to the external 3 volt bat-

teny.

Vaar — Battery input for any standard 3 volt lithium cell
or other energy source. Battery voltage must be held
between 2.5 and 3.5 voits for proper operation. The
nominal write protect trip point voltage at which access
to the real time clock and user RAM is denied is set by
the internal circuitry as 1.25 x Vg nominal. A Lithium
battery with 35 mAh or greater will back up the DS1307
for more than 10 years in the absence of power.

SCL {Serial Clock Input) — SCL is used to synchronize
data movement on the serial interface.

SDA (Serial Data InputfQutput) — SDA is the inputf
output pin for the 2-wire serial interface. The SDA pinis
open drain which requires an extemal pull—up resistor.

SQW/OUT {Square Wave/ Duiput Driver) — \When
enabled, the SQWE bit set to 1, the SQW/OUT pin out-
puts one of four square wave frequencies (1 Hz, 4 KHz,
8KHz, 32 KHz). The SQWIOUT pin is open drain which
requires an external pull-up resistor.

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 capaci-
tance (CL) of 12.5 pF.

022788 21
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RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the
DS1207 is shown in Figure 2. The real time clock regis-
ters are located in address locations G0h to O7h. The

DS1307 ADDRESS MAP Figure 2

RAM registers are located in address locations 0Bh fo
3Fh. During a multibyte access, when the address
pointer reaches 3Fh, the end of RAM space, it wraps
aroundto location 00h, the heginning of the clock space.

0DH
SECONDS

MINUTES

HOURS

DAY

DATE

MONTH

YEAR

7H CONTROL

0BH

RAM
56X8

IFH

CLOCK AND CALENDAR

The time and calendar information is abtained by read-
ing the appropriate register bytes. The real time clock
registers are illustrated in Figure 3. The fimeand calen-
dar are set orinitialized by writing the appropriate regis-
ter bytes. The contents of the fime and calendar regis-
ters are inthe Binary—Coded Decimal (BCD)format. Bit
7 of Register 0 is the Clock Halt (CHybit. When this bitis

settoaone, the oscillatoris disabled. When clearedioa
zero, the oscillator is enabled.

The DS1307 can be run in either 12—hour or 24-hour
mode. Bit6 of the hours registerisdefined asthe 12-or
24-hour mode selectbit. When high, the 12-hourmode
isselected. Inthe 12-hour mode, hit 5is the AM/PM bit
with logic high being PM. In the 24-hour mode, hit5is
the second 10 hour bit {20-22 hours).

022783 2011
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DS1307 TIMEKEEPER REGISTERS Figure 3

jomr | [ | [ | em]
DOH | CH 10 SECONDS SECONDS 00-59
X 10 MINUTES MINUTES 00-68
12 {0 HR 01-12
X 2 [ap | PR HOURS e
X X X ¥ X DRY 1-7
: 31-23129
X X 10 DATE DATE ;D}g?
R X 10 MONTH MONTH 0112
1B YEAR YEAR o0-g2
O7H | OuT X X | SOWE| X X RS§ | RSO
CONTROL REGISTER SQUAREWAVE QUTPUT FREQUENCY Table 1
The DS1307 Control Reagister is used to control the RS1 RSO 5 OUTPUT
operation of the SQW/OUT pin. FQRHEQQENCY
0 0 1Hz
BITT |BIT6 | BITS5 | BIT4 |BT3 |BIT2 | BF4 | BITO
4 1 4 KHz
ouT | X X |sawe| x % | Rs1 | Rsn
1 0 B8 KHz
QUT (Oulput control): This bit controls the output level 1 1 32 KHz

of the SQW/OUT pin when the square wave output is
disabled. If SQWE =0, the logic level on the SQW/OUT
pinis 1ifOUT =1andis 0 if OUT=0.

SQWE ({Sguare wave Enable}. This bit when sefto a
logic 1 will enable the oscillator output. The frequencyof
the square wave ouiput depends on the value of the
RS0 and RS1 bits.

RS (Rate Select). These hits confrol the frequency of
the square wave output when the square wave output
has been enabled. Table 1 lists the square wave fre-
quencies that can be selected with the RS bits.

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 defined as a ransmitter and 2 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 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 operatesas
a slave on the 2—wire bus. A typical bus configuration
using this 2—wire protocol is show in Figure 4.

0227498 411
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051307
TYPICAL 2-WIRE BUS CONFIGURATION Figure 4
Voo
Rp Rp
SDA & @
2 WIRE
SERIAL DATA
BUS
scL
e DS 1307 OTHER
PROCESSOR § TN a2iia, 'y

The following bus protocol has beendefined (see Figure
B

o Data fransfer may be initiated onlywhen the bus is not
busy.

* During data transfer, the data line must remain stable
whenever the clock ine is HIGH. Changesin 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 to low, while the clock line 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 2 START condition, the data line is
stable for the duration of the high period of the clock sig-
nal. The data on the line must be changed during the
low period of the clock signal. There is one clock pulse
per bit of data.

Each data transfer is initiated with 2 START condition
and terminated with 2 STOP condition. The number of
datz bytes transferred between the START and the
STOP conditicns is not limited, and is determined by the
master device. The information is ransferred byle—
wise and each receiver acknowledges with a ninth bit.

Acknowiedge: Each receiving device, when
addressed  is obliged to generate an acknowledge after
the reception of each byte. The master device must
generate an extra clock pulse which is associated with
this acknowledge bit.

A device that acknowledges must pull down the SDA
line during the acknowiedge clock pulse in such a way
thatthe SDA line is stable low during the high period of
the acknowledge related clock pulse. Of course, setup
and hold times must be taken into account. When
receiving data froma slave a master must signal an end
of data to the slave by not generating an acknowledge
hit on the last byte that has been clocked cut of the
slave. In this case, the slave must leave the data line
high to enable the master to generate the STOP condi-
tion.

DATA TRANSFER

Figures 5, 6, and 7 detail how data transfer is accom-
plished onthe 2—wire bus. Depending onthe stateofthe
RAW hitin the transmission protocols as shown in Fig-
ures 6 and 7, two types of data fransfer are possible:

022763 Hi1t
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DS1307

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

oy
¥
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i ADDREES AN ACK DATA ACKE DATS ACK S

START STOP
CONDITION CONDITION
1. Data fransfer from a master fransmitter to a slave The DS1307 may operate in the following two modes:

receiver. The first byte transmitted by the master is
the slave address. Next follows a number of data
bytes. The slave retums an acknowledge bit after
each received byte. Data is ransfered with the most
significant bit (M5B} first.

Data transfer from a slave transmitter fo a master
receiver. The first byte (the slave address) is trans-
mitted by the master. The slave then retumns an
acknowledge hit. Thisis followed by the slave trans-
mitling a number of data hytes. The master retums
an acknowledge bit after all received bytes other
than the last byte. Al the end of the last received
byte, a2 'not acknowledge’ is retumed.

The master device generates all of the seral clock
pulsesand the START and STOP conditions. Atransfer
is ended with a STOP condition or with a repeated
START condition. Since arepeated START condition is
also the beginning of the next serialtransfer, the bus will

1. Slave receiver mode (DS1307 write mode): Serial

data and clock are received through SDA and SCL.
After each byte is received an acknowledge hit is
transmitted. START and STOF conditions are rec-
ognized asthe beginning and end of a serial transfer.
Address recognition is performed by hardware after
reception of the siave address and direction bit (See
Figure6). The address hyte 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
hit (RAW) which for a write is 2 0. Afterreceiving and
decoding the address byte the DS1307 outputs an
acknowledge on the SDA line. After the DS1307
acknowledges the slave address + write bit, the
master transmits a register address fo the D&1307
Thiswill set the register pointer on the 251307. The
masterwill then begin transmitling each byle of data

not he released. Datais transfered with the most signifi- with the DS1307 - acknowledging each byte
cant bit (MSB) first. received. The masterwiligenerate a stop condition
to terminate the data write.
DATA WRITE - SLAVE RECEIVER MODE Figure 6
§
<Slave Address> <\Word Address (n)» <Data(nj> <Dafa {n+1i> <Data (n+x}>

s | 1101000 | o A {30000 | A [ xo0000x | A [ xooocoox [ A Txooocoos [a [P |
S - START i '
i = ACKNGINL DG DATA TRANSFERRED
P - STOP {X+1BYTES + ACKNOWLEDGE)

122708 6/



104

D51307

2.

Slave transmitter mode {51307 read mode): The
first byte is received and handled as in the slave
receiver mode. However, inthis mode, the direction
hitwill indicate that the transfer directionisreversed.
Seral data is transmitted on SDA by the DS1307
while the serial clock s input on SCL. START and
STOP conditions are recognized as the beginning
and end of a seral 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 hit DS1307 address, which is

1101000, followed by the direction hit (RAW\) which
foraread is a 1. After receiving and decoding the
address byte the DS1207 inputs an acknowiedge on
the SDA line. The DS1307 then begins to fransmit
data starting with the register address pointed to by
the register pointer. If the register pointer is not writ-
ten to hefore the initiation of a read mode the first
address that is read is the last one stored in the reg-
ister pointer.  The DS1307 must receive a Not
Acknowledge to end a read.

DATA READ - SLAVE TRANSMITTER MODE Figure 7

2
<Slave Address> lg <Datafn}> <Datain+1}= <Data (n+2)> <Data (n+X)>
3 | 1101000 | 1 |A XXXKOXKK AfxxxxxxxxlA |xxxxxxxx A xxxxxxxxﬁ P|

P03 tn

(1
]

— START

DATA TRANSFERRED
e g%“PUWLEDGE {X+1 BYTES + ACKNOWLEDGE}
—  NOT ACKNOWLEDGE

022788 ik
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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

Storage Temperature —56°C to +125°C
Soldering Temperature 260°C for 10 seconds

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

The Dallas Semiconductor DS1307 is built tothe highest quality standards and manufactured for long term reliability.
Al Dallas Semiconductor devices are made using the same quality materials and manufacturing methods. However,
standard versicns of the DS1307 are not exposed to environmental stresses, such as bum-in, that some industrial
applications require. Products which have successfully passed through this seres of enwvironmental stresses are
marked IND or N, denoting their extended operating temperature and reliability rating. Forspecific reliability informa-
tion on this product, please contact the factory at (972) 371-4448.

RECOMMENBED DC OPERATING CONBITIONS {0°C to 70°C})
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Supply Voltage Vee 45 5.0 i1 v 1
Logic 1 Wiy 22 Vep+0.3 v 1
Logic 0 Vi 0.3 +1.8 W 1
Vaar Battery Voltage Vear 25 35 W 1

BC ELECTRICAL CHARACTERISTICS {0°C 1o 70°C; Vp=4.5V to 5.5V)
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Input Leakage I 1 HA 10
11O Leakage o 1 HA 1
Logic 0 Output Vo 0.4 by 2
Active Supply Current leca 18 mA 9
Standby Cument lces 200 HA 3
Battery Current {OSC ON}; lgart 300 500 nA 4
SQWIOUT OFF
Battery Current (OSC ONJ; lgaT2 480 800 nA 4
SQWOUT ON (32 KHz)

022796 i
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051307
AC ELECTIRICAL CHARACTERISTICS (0°C to 70°C; Vpc=4.5V to 5.5V}
PARAMETER SYMBOL MIN TYP MAX UNITS NCTES
SCL Clock Frequency fsoL 0 100 KHz
Bus Free Time Between a STOP teur 47 us
and START Condition
Hold Time {Repeated) START tHD.sTA 40 us 5
Condition
LOW Period of SCL Clock fLow 47 {s
HIGH Period of SCL Clock tHigH 40 us
Set—up Time for a Repeated tsu-sTA 47 s
START Condition
Data Hold Time tyooar 0 us 6,7
Data Set—up Time tsupaT 250 ne
Rise Time of Both SDA and SCL tp 1000 ns
Signals
Fall Time of Both SDA and SCL e 304 ns
Signals
Set—up Time for STOP Condition | tgysto 47 s
Capacitive Load for each Bus Cs 400 pF 8
Line
IfO Capacitance Cig 10 pF
Crystal Capacitance 125 pF
NOTES:
1. Al voltages are referenced to ground.
2. Logic zero voltages are specified at 2 sink current of 5 mA at Veog=4 .5V, Vo =GN for capacitive loads.
3. lges specified with Vge=5.0v and SDA, SCL=5.0V.
4. Vo=V, Vgar=3V¥.
5. After this pericd, the first clock pulse is generated.
6. A device must intemally provide 2 hold time of at least 300 ns for the SDA signal {referred to the Vyyn of the

SCL signal) in order to bridge the undefined region of the falling edge of SCL.
7. The maximum tynnar iias only to be metif the device does not stretch the LOW period (t o) of the SCL signal.
8. Cg - total capacitance of one bus line in pF.
8. lgoa — SCL clocking at max frequency = 100 KHz.
10.SCL only.
11.SDA and SQWIOUT

QX7 a1t
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TIMING DIAGRAM
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D§1307Z 64 X 8 SERIAL REAL TIME CLOCK 8-PIN SOIC {150 MIL)

B
108§

1l
Ewaﬂ

et~

T
I

phl

(]

8-PIN
PKG {150 MLy
Dim MIN MAX
aN. | oase | 0108
M | 478 | 408
BIN. | 0180 | o188
Md |l 381 | 401
om. | ope | ooez
M |l 1 | 157
Em. | ooo¢ | oo
Ml 010 | 025
FIN. | opss | ooeo
M |l t35 | 175
GIM 0,058 BSC
MM 1.07 BSC
Hin § o2 | 0244
M 584 | 620
Jm. | ooor |ooon
M § octe | 028
wim. | o012 | oo
M § o0 | oS
LN § oo | 0050
M | 041 127
P {r 3=
56-G2008-001
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SIEMENS

Intelligent 256-Byte EEPROM with Write Protect Function SLE 4432

Intelligent 256-Byte EEPROM with Write Protect Function SLE 4442
and Programmable Security Code (PSC)

Features

@ 256 x 8-bit EEPROM organization

@ Byte-wise addressing

@ [rreversible byte-wise write protection of lowest

32 addresses (Byte 0.... 31)

32 x 1-bit organization of protection memory
Two-wire link protocol

End of processing indicated at data output
Answer-to-Reset acc. to ISQ standard 7816-3
Programming time 2.5 ms per byte for both erasing
and writing

Minimum of 10* writeferase cycles®

Data retention for minimum of ten years"

Contact configuration and serial interface in accordance
with ISO standard 7816 {synchronous transmission)

Additional Feature of SLE 4442

@ Data can only be changed after entry of the comrect 3-byte
programmable security caode {security memory)

Type Ordering Code Package

SLE 4432 M22 on request Wire-Bonded Module M2.2
SLE4432C on request Chip

SLE 4442 M2.2 on request Wire-Bonded Module M2.2
SLE 4442 C on request Chip

1) Values are temperature dependent, for further information please refer to your Siemens sales
office.

Semiconductor Group 5 0795
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SLE 4432
SIEMENS CEE
1 Pin Configuration
(top view)

M2.2 {Card Contacts)

YCe GND
RST N.LC.
CLK 1/0
NC. N.C.

IEFO13B0

Pin Definitions and Functions

Card Contact Symbol Function

C1 VCC Supply voltage

C2 RST Reset

C3 CLK Clock input

Cc4 N.C. Not connected

Cs GND Ground

C6 N.C. Not connected

C7 1o Bidirectional data line {open drain)
C8 N.C. Not connected

SLE 4432/SLE 4442 comes as a M2.2 wire-bonded module for embedding in plastic cards or as
a die for customer packaging.

Semiconductor Group
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SLE 4432
SLE 4442

2 Functional Description
Main Memory Protection Memory
295 3
EEPROM
256x8
22 Securlty Memory
31 (SLE 4442 only)
Area 3| __Reference Data
for Parmanant 2| Refarence Data PSC
Data Storage 1| Rsfarenca Doto
0 0 0| ErrorCauntar
1 Dot Addr. Doted TAddr  Datal Addr.
Selection of ol o4
Maln/Protection/— — f\—— —————————————— '-L\
Securlty. Memory 5 y
Data Address
High—Yoltage
Generator, : g:f::-l:ir'Sumpﬁng 2 Pragramming
Substrate~Current Comparator Cantrol
Generator
& F 3 T
v
Reset, .| Sequencer and 5
Blockade Loglc | Securlty Logle F|" /niecioes
Fy F 3 F 3
l | 1
YCC  GND I/0 RST CLK Iemo13a4

Block Diagram

Semiconductor Group
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21 Memory Overview

Address

Change of Unprotected Data {Decimal)

SLE4432
Without Sofely Precaution

SLE4442 224 Byte
Incremant Error Countar
Present Security Code

Unprofected
Data Memery

0 Read

e

32

Write ke - %
Securit 32 Byte
ey’ . Profectable
g Protection Bota Memory

= Programmabla | § Memory

Securfty Code

Error Counter

[EDQ1787

Figure 1
Memory Overwiew

SLE 4432

The SLE 4432 consists of 256 x 8 bit EEPROM main memory and a 32-bit protection memory with
PROM functionality. The main memory is erased and written byte by byte. When erased, all 8 bits
of a data byte are set to logical one. When written, the information in the individual EEPROM cells
is, according to the input data, altered bit by bit to logical zeros {logical AND between the old and the
new data in the EEPROM). Normally a data change consists of an erase and write procedure. It
depends on the contents of the data byte in the main memory and the new data byte whether the
EEPROM is really erased andfor written. If none of the 8 bits in the addressed byte requires a zero-
to-one transition the erase access will be suppressed. Vice versa the write access will be
suppressed if no one-to-zero transition is necessary. The write and the erase operation takes at
least 2.5 ms each.

Each of the first 32 bytes can be imeversibly protected against data change by writing the
corresponding bit in the protection memory. Each data byte in this address range is assigned to one
bit of the protection memory and has the same address as the data byte in the main memory which
it is assigned to. Once written the protection bit cannot be erased (PROM).

Semiconductor-Group 8
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SIEMENS SLE 4432

SLE 4442

Additionally to the above functions the SLE 4442 provides a security code logic which controls the
write/erase access to the memory. For this purpose the SLE 4442 contains a 4-byte security
memory with an Error Counter EC (bit 0 to bit 2) and 3 bytes reference data. These 3 bytes as a
whole are called Programmable Security Code {PSC). After power on the whole memory, except for
the reference data, can only be read. Only after a successful comparison of verification data with the
internal reference data the memory has the identical access functionality of the SLE 4432 until the
power is switched off. After three successive unsuccessful comparisons the Error Counter blocks
any subsequent attempt, and hence any possibility to write and erase.

2.2 Transmission Protocol

The transmission protocol is a two wire link protocol between the interface device IFD and the
integrated circuit IC. It is identical fo the protocol type “S = A”. All data changes on I/O are initiated
by the falling edge on CLK.

The transmission protocol consists of the 4 modes:

Reset and Answer-to-Reset
— Command Mode

— Outgoing Data Mode Operational modes
Processing Mode

Note: The O pin is open drain and therefore requires an external pull up resistor to achieve a high
leval.

Semiconductor Group 9
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2.3.1 Read Main Memory (SLE 4432 and SLE 4442)

The command reads out the contents of the main memory (with LSB first) starting at the given byte
address (N = 0...255) up to the end of the memory. After the command entry the IFD has to supply
sufficient clock pulses. The number of clocks is m = {256 — N} x 8 + 1. The read access to the main
memeory is always possible.

Address |Main Memory Protection Memory | Security Memory

(decimal) {only SLE 4442)

255 Data Byte 255 (B7 ... DO} |- -

32 Data Byte 32 (D7 ... DD) |- -

Ky Data Byte 31 (D7 ... DO)  |Protection Bit 31 {D31) |-

3 Data Byte 3 (D7 ... DO) - |Protection Bit 3(D3) |Reference Data Byte 3 (D7 ... D0)
2 Data Byte 2 (D7 ... D0)  |Protection Bit 2 {D2)  |Reference Data Byte 2 (D7 ... D0)
1 Data Byte 1(D7 ... DO) = |Protection Bit 1 {D1)  |Reference Data Byte 1 (D7 ... D0)
0 Data Byte 0 (D7 ... DO)  |Protection Bit 0{DQ) | Error Counter

Command: READ MAIN MEMORY

Control Address Data
B7 | B6 | BS | B4 | B3 | B2 | B1 BO |A7...AD D7...D0
Binary 0 0 1 1 0 0 0 0 | Address No effect
Hexadecimal 30y 00y...FFy | No effect

Command —p  IFD sets 1/0
ta laval L

Qutgoing Datg - —— IC safs | /0
fo levsl Z

T T . & Data of Data of Data of
Storfaddrass Startaddress + 1 Address 255
Start Stop Start of
from IFD fromIFD | Quigoing Data IEDM731
Figure §

Read Main Memory
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2.3.2 Read Protection Memory (SLE 4432 and SLE 4442)

The command transfers the protection bits under a continuous input of 32 clock pulses to the output.
11O is switched to high impedance Z by an additional pulse. The protection memory can always be
read, and indicates the data bytes of the main memory protected against changing.

Address |Main Memory Protection Memory | Security Memory

{decimal) {only SLE 4442}

255 Data Byte 255 (D7 ... DO} |- -

32 Data Byte 32 (D7 ... DO) |- -

31 Data Byte 31 (D7 ... DO) |Protection Bit 31 (D31) |-

3 Data Byte 3(D7 ... D0}  |Protection Bit 3 (D3}  |Reference Data Byte 3 (D7 ... DG}
2 Data Byte 2(D7 ... D0} |Protection Bit 2 {D2} |Reference Data Byte 2 (D7 ... DG}
1 Data Byte 1 (D7 ... D0} |Protection Bit 1 (D1} | Reference Data Byte 1 (D7 ... D0}
0 Data Byte 0 (D7 ... DO) | Protection Bit 0 (D0} | Error Counter

Command: READ PROTECTION MEMORY

Control Address Data
B7 | B6 | B5 | B4 B3 B2 | B1 BO |A7..AD D7...D0
Binary 0 0 1 1 0 1 0 0 | No effect No effect
Hexadecimal 34y Noeffect | No effect
Command —  IFD sets | /0 | Outgoing Data ——m IC sats 1/0

] [

CLK ol 112

!

o I AECHEED

tolavalL

.

4] i

. & Dota of Data of Datq of
Byte 1 Byte 2 Byte 4

tolavel

v

Start Stop Start of
tram [FD from IFD | Qutgoing Data [EDQ1792
Figure 6

Read Protection Memory
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SLE 4442

2.3.3 Update Main Memory (SLE 4432 and SLE 4442)

The command programs the addressed EEPROM byte with the data byte transmitied. Depending
on the old and new data, one of the following sequences will take place during the processing mode:

— erase and write {(5ms) comresponding to m = 255 clock pulses
— write without erase (2.5 ms} corresponding to m = 124 clock pulses
— erase without write (2.5 ms) comresponding to m = 124 clock pulses

{All values at 50 kHz clock rate.)

Address |Main Memory Protection Memory |Security Memory

(decimal) {only SLE 4442)

255 Data Byte 255 (D7 ... DO) |- -

32 Data Byte 32 (D7 ... D0) |- -

31 Data Byte 31 (D7 ... DO) |Protection Bit 31 (D31) |-

3 Data Byte 3(D7 ... D0}  |Protection Bit 3 (D3)  |Reference Data Byte 3 (D7 ... D0)
2 Data Byte 2 (D7 ... D0}  |Protection Bit 2 (D2)  |Reference Data Byte 2 (D7 ... D0)
1 Data Byte 1 (D7 ... D0} |Protection Bit 1 (D1) Reference Data Byte 1 (D7 ... D0)
0 Data Byte 0 (D7 ... D0} |Protection Bit O (DO} Ermmor Counter

Command: UPDATE MAIN MEMORY

Control Address Data
B7f | B6 | B65 | B4 | B3 | B2 | B1 BO |A7...AD D7...DO0
Binary 0 0 1 1 1 0 0 0 |Address Input data
Hexadecimal 38y 00y...FFy |input data

Semiconductor Group 16
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