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Abstract

This study is about controlling switching on and off of the home electrical appliances
automatically with MCS-51. The aim is to control 8 independent electrical appliances and to
reduce the damages caused by carelessness such as using the electrical appliances for a long time,
turning on the appliances for a long time, etc. This project employs microcontroller to analyze the
data in order to control switching on and off. The AT89S8252 microcontroller is used because of
appropriateness. The 2 — row — 16 — digit LCD module moniter is used so that controlling can be

easier. Moreover, the 220v bulbs are used to present the results.
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RMUIUBNEIAALTINA WYL D9 LAAIAS piallil

WLUN134R ADDRESS 989 DD RAM MiNaauiILif9]

16 FABNET 1 UTINA

00 | 01 02 1 03|04 | 05|06 | 04| 40 | 41 42 | 43 | 44 | 45 | 46 | 47
16 FABNTET 2 UTINA

00|01 0203|0405 06 |07 |08|09]|0A|0B]|OC]|OD]|OE/|OF

40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F
16 FIIBNET 4 UTINH

00|01 |02103|04]05| 06|07 | 08109 |0A|0OB]|OC]|OD]|OE]|OF

40 | 41 | 42 | 43 | 44 | 45| 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F

10 | 11 121131141115 |16 | 17 | 18 | 19 | 1A | 1B | 1C | 1D | 1E | 1F

50 | 51 52 | 53 | 54| 55|56 |57 | 58|59 |5A|5B|5C|5D| 5E | 5F
20 AYBNET 1 UTINA

00l 01|02 03|04 05 06|07 |08 00]0a|08|0c|oD|oE|OF|10]11]12]13
20 AYBNET 2 UTTNH

00l 01|02 03 04a|05|06|07|08|09]|0A|lo0B|OC|OD]|OE]|OF]|10]11]12]13

40 | 41| 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F | 50 | 51 | 52 | 53
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9. BUS FLAG AND ADDRESS READ

RS RW  DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 1 BF ADDRESS

ANFUN1981UAN BF (BUSY FLAGE) $9UanD4ANnEanaad LCD MODULE lunnsiu
faya &1 BF = 0 unnaivdmden Naziudayasalils usdn BF = 1 wunanadrdalainfeu

¥

uanannigalunisa1u ADDRESS 189 CGRAM ¥ida ADDRAM #ag

4.4 MeEULAzIIgUIayanU DDRAM/CGRAM
1. WRITE DATA TO DDRAM OR CGRAM

RS R/W  DB7 DB6 DBb5 DB4 DB3 DB2 DB1 DBO

1 1 DATA

Amfunisdisudayasmiionnianuan DDRAM 13a CGRAM lagiilaninnsiaeuga

ADDRESS azgniinvisaanaslnednlui® mudiniuueainan D luA1de ENTRY MODE

¥

SET warn1ailisdaziilis DDRAM %38 CGRAM AduAUIN AeuutinA1dall dn1snivua

ADDRESS #1la

2. READ DATA FROM DDRAM OR CGRAM

RS RW DB7 DB6 DBb5 DB4 DB3 DB2 DB1 DBO

DATA

A mfuni9snudeyaanmitgANa DDRAM 1sa CGRAM Taeniienanisime

wdq ADDRESS argniinvisesalaedntud® auiininuaained 17D TuAds ENTRY MODE

v
o o o °

SET uaznisguaziilu DDRAM 138 CGRAM fauatiiudn neuniiandedl dnisnavus

ADDRESS 911a
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S.1.1 NSOPNULUAIHEIAY ALINA ( Switch Keypad )
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4 ¢ ' o v A o 7 ¥ =
MCS-51 nose 1 Iﬂﬂﬂﬂfﬂuﬂ‘]ﬂ'ﬂQﬂwﬂ 7 FUAD A18YBIABANU 3 T LAZTIENINULDIBN 4

o @ 4 o a PN [P=1 ad w ~
unazezdedldfidrumuyadt BivedmuaanzSudun liimnafd Aagdii 5.2

RESISTOR
+5V 10K x 4
'S(‘gvr;:g MCS-51
4x3
BREBEE lip1o
@ 5 [§ 2/ p1.1
[5] 3l p12
[0] 2 P13
I Slpia
S p1s
7/ pr6

5171 5.2 m3de e Adunadylu TasaeuInsames

wanvusomeany

uandelsd /0*

a a a d N ad
E‘LI‘V] 5.3 WITUBIAIQYUUULUATOY N TBAULINA



35

MUY ANUHINY

1 Thiumy 1

2 Wiy 2

3 Wiy 3

4 Wnsluaw 4

5 Yilumy 5

6 Ty 6

7 Wduay 7

8 Tdluiaw 8

9 Wiy o
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51/91 5.6 M3wpIe LCD lugany MCS-51
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5.2 auvaseNNuIs ( Software )
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SELECT LOAD

1-8
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d d
6.2 N1TNAGeIAZNAN1TNAABIN IS BB NHIIS ( Software )
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Delete time
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n/ey"s\
e

press ?
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6.2.1 Tlsunsuvounosmugumsila-itla onludia Taald MCS-51

#eiaaenalisunsu #

#include <at89x52.h>
#include <stdio.h>
#include <absacc.h>
#include <ctype.h>
#include <stdlib.h>
#include <intrins.h>

#include <string.h>

#define BUFSIZE 16 /* ASCII buffer size */
#define FALSE O
#define TRUE 1

#define LF 10 /* line feed chr */
#define CR 13 /* return chr */
#define RTCADD 0Oxd0 L& dsl307 RTC address */

#define k cancel 10
#define k ent 11

sbit SCL = P374; /* 12¢ SCL bit */
sbit SDA = P3"5; /* 12¢ SDA bit */

sbit ledrs = P377;
shit ledtw = PI™T;
sbit lcden = P376;



char readkbd (void);
[ R R Rk kR R A K
/* Gobal variable */
JERRR R AR AR A AR KRR
char data a,b,c,d k a, k b, TimeMin, TimeHour;
char data ASCBUF[BUFSIZE];
char code scankey[]={0xbf, Oxdf, Oxef};
char code keycode[]l={1,4,7,10,2,5,8,0,3,6,9,11};
char code tbl1[]={0x01, 0x02, 0x04, 0x08, 0x10, 0x20, 0x40, 0x80};
bit data TimeFlag;
typedef struct CLOCK /* Structure for RTC */
{

char sec;

char min;

char hour;

char day;

char date;

char month;

char year;

} CLOCK;

CLOCK RTC;
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void Bitd! (void)
{
_nop_();
_nop_();

void Clrscl (void)

{
SCL=0;
Bitdl();

void Setscl (void)
{

SCL=1;

while(!SCL);

Bitdl();

JEFEFE AR F A KA AR A KA

/*Bit delay*/

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

/* Delay time for read EEPROM */

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

/*Clear(L) SCL line*/

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

/* clear line */

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

/%Set(H) SCL line*/

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

/* setline */
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/*****************************/

/*Pulse gen for SCL line*/

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

void Plscl (void)
{

Setscl();
Clrscl();
}
/************************/
*Set stop condition*/
/************************/
void Stop (void)

{
SDA =0;Setscl();
SDA = 1;Bitdl();

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

/*Set start condition*/

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

void Start (void)
{

SDA=1;
Setscl();
SDA=0;

Bitdl();
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Clrscl();
§
/***************************************/
/*Receive data(byte) from I2C bus*/
/***************************************/
char Rxbyte (void)
{
unsigned char tmp, dat;
dat = 0;
for(tmp=1; tmp<=8; tmp++) /* Send 1 byte to EEPROM */
{
dat <<= 1;Setscl();
dat |= SDA;Clrscl();
¥
return(dat);
}
/**************************************/
{*Transmit data(byte) to 12C bus*/
/**************************************/
bit Txbyte (unsigned com)
{
bit erflag;
unsigned char tmp;

for(tmp=1; tmp<=8; tmp++)
{
SDA = com & 0x80;
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}

/%
e
/%
/%
/%

com <<= 1;

Plscl();

SDA=1;

Setscl();

if(SDA) erflag = 1;
else erflag=0;
Clrscl();

return(erflag);

Get data from any register */
in -->> address(addr) */
in -->> register(reg) */
out <<-- data(*dat) ¥/

err <<-~ 0 =no error,1 = error */

bit Getreg (char addr,char reg,char *dat)

‘
1

EA=(;
if((SCL==0) || (SDA==0))
{
EA=1;
return(1);
}
Start();
if( Txbyte(addr))
{

Stop();

/* check line first  */

/* Xmit register address */



EA=I;
return(1);
}
if( Txbyte(reg))
{ /* Xmit register command */
Stop();
EA=l;
return(1);
}
Start(); /* Set start condition */
if{ Txbyte(addr|0x01))
{ /* Xmit register address + receive command */
Stop();
EA=1;
return(1);
}
*dat = Rxbyte(); /* Recv data byte */
SDA=1;
Plscl();
Stop();
EA=1;
return(0); /* return data to caller */
}

Put data to any register */
in -->> address(addr) */
* in -->> register(reg) */
in -->> data(dat)  */

err <<-- 0=no error,1 = error */



bit Putreg(char addr,char reg,char dat)

{
EA=0;
if((SCL==0) || (SDA==0))
{
EA=1;
return(1);
}
Start();
if( Txbyte(addr))
{
Stop();
EA=l;
return(1);
h
if(Txbyte(reg))
{
Stop();
EA=1;
return(1);
}
Txbyte(dat);
Stop();
EA=1;
return(0);

/* Ckeck line first  */

/* line is busy return 1 */

/* Set Start condition */

/* Xmit register address */

/* Xmit register command */

/* Xmit data */

/* Set stop condition */
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/*********************************/

/*Get time from RTC(Ds1307)*/

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

bit GetRTC (void)

{
Getreg(RTCADD,0,&RTC.sec); /* get second (00 - 59) */
Getreg(RTCADD,1,&RTC.min); /* get minute (00 - 59) */
Getreg(RTCADD,2,&RTC.hour); /* get hour (00 - 23) */
Getreg(RTCADD,3,&RTC.day); /* get day of week (01 - 07) */
Getreg(RTCADD,4,&RTC.date); /* get date (01 -31) %/
Getreg(RTCADD,5,&RTC .month); /* get month (01 - 12) */
Getreg(RTCADD,6,&RTC.year); /* get year (00 - 99) */
return (0);

}

JERR AR AR AR AR KRR ]
/*Set time to rtc*/
SRR AR R A K ]
void SetRTC (void)

{
Putreg(RTCADD,0,RTC.sec); /* Put to RTC */
Putreg(RTCADD,1,RTC.min);
Putreg(RTCADD,2,RTC.hour);
Putreg(RTCADD,4,RTC.date); /* Put to RTC */

Putreg(RTCADD,5,RTC.month);
Putreg(RTCADD,6,RTC.year);
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/****************************/

/*Delay function*/

/*input : int loop counter*/

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

void delay (unsigned int count)

{
for (; count; count--) /* Loop Delay */
{
if (RI==1) /* Check Serial port recieve bit */
break;
}
}
/***************************/
/*Check Keyboard hit*/
JERRR R R R R AL RRR ]
bit kbhit (void)
{
P1=0x0f;
if ((P1&0x0f)!=0x0f) /* Key hit return true */
return (TRUE);
else
return (FALSE); /* Non return false */
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/**********************/

/*Read keybeard*/

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

char readKbd (void)
{
while (1)
{
for (k_a=0; k_a<3; k a++) /* Loop scan 4 bit */
{
Pl=scankeylk a]; /* Check key press */
k_b=P1&0x0f;
if (k_b==0x0f)
continue;
else
{
delay (3000); /* Key debouce */
k_b=P1&0x0f;
if (k_b=0x09)
continue;
if (k_b=—0x0e) /% bit 1%/
k b=0;
if (k_b==0x0d) /*bit 2 */
k _b=1;
if (k_b==0x0b) /* bit 3 */
k b=2;
if (k_b==0x07) /* bit 4 */

k_b=3;



k _a*=4;
k bt+=k_a;
k_b=keycodelk_bl; /* Key encode */
while ((P1&0x01£)!=0x0f); /* Loop while depress */
retun (k_b); /* return key */
}
}
}
}
JRERE R R XK
* Write Instruction */
JRRRE Rk kR ]
void lcdwi (char cmd)
{
PO=cmd;
lcdrs=0;
ledrw=0;
Icden=0;
lcden=1;
_nop_ ();
_nop_ ();
Icden=0;
delay (128);
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/*****************/

/* Write Data */

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

void ledwd (char dta)
{

PO=dta;
ledrs=1;
ledrw=0;
lcden=0;
_nop_();
_nop_Q);
leden=1;
leden=0;
delay (128);

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

/* Initial LCD */

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

void initled (void)
{
ledwi (0x38);
ledwi (0x0c);
ledwi (1);
ledwi (0x80);
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/*********************/

/*QOuttext te LCD*/

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

void text (char *msg)

{
while (*msg!=0L)
{
ledwd (*msg);
msgi+;
}
}
[RFKE A KK A AR KA A KA Kk A |
/*Settime function*/
[RE R AR AR AR AR KA
void Settime (void)
{
initled ();
text ("TIME=_: ~");
ledwi (0xc0);
text ("DATE=_/ / ")
ledwi (0x0f); /* on cursor */
lcdwi (0x87);
b=0;
while (1)
{
a=readkbd ();

if (a==k_cancel)
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break;
if ((a>=0) && (a<=9))

{
ASCBUF[b]=g;
b+
a+=0x30;
ledwd (a);

if (b==2)
lcdwi (0x8a);

if (b==4)
ledwi (0xc7);

if (b==6)
Icdwi (Oxca);

if (b==8)
ledwi (Oxcd);

if (b==10)

{
ASCBUF[0]<<=4;
ASCBUF[0]=ASCBUF[1];
RTC.hour=ASCBUF[0];

ASCBUF[2]<<=4;
ASCBUF[2]=ASCBUF[3];
RTC.min=ASCBUF[2];

ASCBUF[4]<<=4;
ASCBUF[4]|=ASCBUF[5];

RTC.date=ASCBUF[4];

ASCBUF[6]<<=4;
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ASCBUF[6]|=ASCBUF[7];
RTC.month=ASCBUF[6];

ASCBUF[8]<<=4;
ASCBUF[8]|=ASCBUF[9];
RTC.year=ASCBUF|8];

RTC.sec=0;

SetRTC ();
break;

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

/*Load time*/

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

void Loadtime (char n)

n*=4;

nt+=10;

Getreg (RTCADD, n, &a);
Getreg (RTCADD, n+1, &b):
Getreg (RTCADD, n+2, &c);
Getreg (RTCADD, nt+3, &d);



if (al=0xff)
{
initled ();
sprintf (ASCBUF, "START TIME %02bx:%02bx", a, b);
text (ASCBUF);
ledwi (0xc0);
sprintf (ASCBUF, " STOP TIME %02bx:%02bx", c, d);
text (ASCBUF);
ledwi (0x0f); /* on cursor */
ledwi (0x8b);

if (readkbd ()!=k ent)

return;

initled ();
text ("STARTTIME _ : ")
ledwi (0xc0);
text (" STOP TIME ;- ");
Iedwi (0x0f); /* on cursor */
lcdwi (0x8b);
b=0;
while (1)
{
a=readkbd ();

if (a==k_cancel)

break;
if (a==k_ent)
{
Putreg (RTCADD, n, 0xff);

Putreg (RTCADD, n+1, 0xff);
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{

}

Putreg (RTCADD, n+2, 0xff);
Putreg (RTCADD, n+3, 0xff);
initled ();

text (" Clear time ");

ledwi (0xc0);

text(" OK ")

delay (60000);

break;

if ((a>=0) && (a<=9))

1§
1

ASCBUF[b]=a;
b+

a+=0x30;
lcdwd (a);

if (b=2)

lcdwi (0x8¢);

if (b==4)

lcdwi (Oxcb);

if (b==6)

Iedwi (Oxce);

if (b==8)

ASCBUF[0]<<=4;
ASCBUF[0]|=ASCBUF[1];

ASCBUF[2]<<=4;
ASCBUF[2]|=ASCBUFj3];

ASCBUF[4]<<=4;
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ASCBUF[4]|=ASCBUF[5];

ASCBUF[6]<<=4;
ASCBUF[6]=ASCBUF[7];

Putreg (RTCADD, n, ASCBUF[0));

Putreg (RTCADD, n+1, ASCBUF[2));
Putreg (RTCADD, n+2, ASCBUF[4]);
Putreg (RTCADD, n+3, ASCBUF[6]);

break;
}
}
}
}
[RRERRE AR A AR AR R
/*SetLoad function*/
[ KRR A KK KK
void Setload (void)
;
while (1)
{
initled ();

text (" SELECT LOAD ");
ledwi (0xc0);

text(" 1-8 ");
a=readkbd ();

if (a==k_cancel)



break;

if ((a>=1) && (a<=8))

Loadtime (a);
}
h
/************************/
[*CSettime function*/
[ERFEREF AR F KRR KRR AK ]
void CSet (void)
1
while (1)
{
initled ();

text ("1.SET TIME");
lcdwi (0xc0);
text ("2.SET LOAD");
a=readkbd ();
switch (a)
il
case I:
Settime ();

break;
case 2:
Setload ();

break;

case k_cancel:
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void main (void)

f
1

initled ();

return;

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

/*main program*/

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

[cdrs=lcdrw=lcden=0; /* LCD set */

SCL =0
SDA =0
delay (256);
SCL =1,
SDA  =1;
delay (256);
itled ();
P2=0;

text ("  KMITL.

ledwi (0xc0);

* Excite 12C line */

e

text (" ENGINEERING. ");

delay (60000);
delay (60000);
delay (60000);

Getreg (RTCADD, 9, &a);

if (a!=0x99)

/* Check first RTC */
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RTC.sec=0x00; /* default RTC to my birth day */
RTC.min=0x30;

RTC.hour=0x03;

RTC.date=0x23;

RTC.month=0x11;

RTC.year=0x02;

SetRTC (); /* set to RTC */
Putreg (RTCADD, 9, 0x99); /* Put first time flag */

mitled ();

while (1) /* never die loop */

{

if (!GetRTC ()

{

sprintf (ASCBUF, "%02bx/%02bx/%02bx", RTC.date, RTC.month, RTC.year);
ledwi (0x88);

text (ASCBUF);

sprintf (ASCBUF, "%02bx:%02bx:%02bx", RTC .hour, RTC.min, RTC.sec);
ledwi (0xc8);

text (ASCBUF);

for (a=0; a<16; a++) /* Check alarm */

{

b=a*2;
b+=10;
Getreg (RTCADD, b, & TimeHour); /* Get alarm */
Getreg (RTCADD, b+1, &TimeMin); /* Get alarm */
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if ((RTC.hour!=TimeHour) || (RTC.min!=TimeMin))

continue;
b=a/2;

if ((a&0x01)==0)
P2|=tbl1[b];

else

c=tbl1[b];
c=0xft;
P2&=c;

TimeHour=RTC .hour;

TimeMin=RTC.min;

}
if (kbhit()==TRUE)
{

a=readKbd ();
if (a==0)

CSet ();

initled ();

/* If key press */

/* Get keyboard */
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Features

@ Compatible with MCS-51"" Products

@ 8K bytes of In-System Reprogrammable Downloadable Flash Memory
SPI Serial Interface for Program Downloading
Endurance: 1,000 Write/Erase Cycles

2K bytes EEPROM
Endurance: 100,000 Write/Erase Cycles

2.7V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

256 x 8 bit Internal RAM

32 Programmable YO Lines

Three 16 bit Timer/Counters

Nine Interrupt Sources

Programmable UART Serial Channel

SPi Serial interface

Low Power Ildle and Power Down Modes

Interrupt Recovery From Power Down

Programmable Watchdog Timer

Dual Data Pointer

Power Off Flag

Description

The AT89S8252 is a low-power, high-performance CMOS 8 bit microcomputer with
8K bytes of Downloadable Flash programmable and erasable read only memory and
2K bytes of EEPROM. The device is manufactured using Atmel’s high density non-
volatile memory technology and is compatible with the industry standard 80C51 in-
struction set and pinout. The on-chip Downloadable Flash altows the program mem-
ory to be repragrammed in-system through an SPI serial interface or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8 bit CPU with
Downloadable Flash on a monolithic chip, the Atmel AT89S8252 is a powerful micro-
computer which provides a highly flexible and cost effective solution to many embed-
ded control applications.

The AT89S8252 provides the following standard features: 8K bytes of Downloadable
Flash, 2K bytes EEPROM, 256 bytes of RAM, 32 I/O lines, programmable watchdog
timer, two Data Pointers, three 16 bit timer/counters, a six-vector two-level interrupt
architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. in addition,
the AT89S8252 is designed with static logic for operation down to zero frequency and
supports two software selectable power saving modes. The ldle Mode stops the CPU
while allowing the RAM, timer/counters, serial port, and interrupt system to continue
functioning. The Power Down Mode saves the RAM contents but freezes the oscilla-
tor, disabling all other chip functions until the next interrupt or hardware reset.

The Downloadable Flash can be changed a single byte at a time and is accessible
through the SPI serial interface. Holding RESET active forces the SPI bus into a
slave input mode and allows the program memory to be written-from or read-to unless
Lock Bit 3 has been activated.

AMEL

| 8 bit
Microcontroller
with 8K bytes
Flash

| AT89S8252
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Pin Configurations
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Pin Description

Vee

Supply voltage.

GND

Ground.

Port 0

Port 0 is an 8 bit open drain bidirectional 1/0 port. As an
output port, each pin can sink eight TTL inputs. When 1s

are written to port 0 pins, the pins can be used as high-im-
pedance inputs.

Port 0 can also be configured to be the multiplexed low-or-
der address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal pul-
lups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
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tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8 bit bidirectional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (li) because of the internal pullups.

Some Port 1 pins provide additional functions. P1.0 and
P1.1 can be configured to be the timer/counter 2 external
count input (P1.0/T2) and the timer/counter 2 trigger input
(P1.1/T2EX), respectively.

(continued)
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Block Diagram
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Pin Description (Continued)

Furthermore, P1.4, P1.5, P1.6, and P1.7 can be config-
ured as the SPI slave port select, data input/output and
shift clock input/output pins as shown in the following ta-
ble.

Port Pin | Alternate Functions
P10 T2 (extemnal count input to
: Timer/Counter 2), clock-out
P1.1 T2EX (Timer/Counter 2 capture/reload

trigger and direction control)
P14 SS (8lave port select input)
MOSI (Master data output, slave data

P1.5 input pin for SPI channel)
P16 MISO (Master data input, slave data
: output pin for SPI channel)
P1.7 SCK (Master clock output, slave clock

input pin for SPI channel)

Part 1 also receives the low-order address bytes during
Flash programming and program verification.

Port 2

Port 2 is an 8 bit bidirectional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are extemally being pulled low will source
current (liL) because of the intemal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16 bit addresses (MOVX
@ DPTR). In this application, Port 2 uses strong internal
pullups when emitting 1s. During accesses to external
data memory that use 8 bit addresses (MOVX @ RlI), Port
2 emits the contents of the P2 Special Function Register.

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

Port 3

Port 3 is an 8 bit bidirectional /0 port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (lj) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89S8252, as shown in the following table.

Port Pin | Altemate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1 (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (extemal data memory write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and programming verification.

RST

Reset input. A high on this pin for two machine cycles
while the oscillator is running resets the device.

ALE/PROG

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

In normal operation, ALE is emitted at a constant rate of
1/6 the oscillator frequency and may be used for extemnal
timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit 0
of SFR location 8EH. With the bit set, ALE is active only
during a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no ef-
fect if the microcrontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89S8252 is executing code from external
program memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped dur-
ing each access to external data memory.

EA/Vpp

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
intemally latched on reset.

EA should be strapped to Vcc for intemmal program execu-

tions. .
(continued)
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Pin Description (Continued)

This pin also receives the 12-volt programming enable
voltage (Vpp) during Flash programming when 12-volt pro-
gramming is selected.

XTALA1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Special Function Registers

A map of the on-chip memory area called the Special
Function Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will always be 0.

(continued)
Table 1. AT89S8252 SFR Map and Reset Values
OF8H OFFH
OFOH B OF7H
00000000
OE8H OEFH
ACC
OEOH | 5omso000 0E7H
0D8H ODFH
PSW SPCR
0DOH | 50000000 000001XX OBFEH
ocan| T2CON | TamoD | RcapaL | ReapeH [ T2 TH2 -
00000000 |XXXXXXX0| 00000000 | 00000000 | 00000000 | 00000000
0COH 0C7H
0B8H P OBFH
XX000000
P3
OBOH | {1111111 0B7H
IE SPSR
0A8H | 5x000000 00000000 OAFH
P2
OAOH | (4411111 OATH
SBUF
SCON
98H | sorconnn [RXKRXXX 9FH
e WMCON
0H | 14111111 00000010 Sl
ggr| TCON | TMOD TLO TLA THO TH1 oFH
00000000 | 00000000 | 00000000 | 00000000 | 00000000 | 00000000
sor| PO sp DPOL DPOH DP1L DP1H SPDR | PCON | g7y
11111111 | 00000111 | 00000000 | 00000000 | 00000000 | 00000000 |XXXXXXXX| OXXX0000
AImEl 5
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Special Function Registers (Continued)

Timer 2 Registers Control and status bits are contained
in registers T2CON (shown in Table 2) and T2MOD
(shown in Table 4) for Timer 2. The register pair
(RCAP2H, RCAP2L) are the Capture/Reload registers for
Timer 2 in 16 bit capture mode or 16 bit auto-reload mode.

Watchdog and Memory Control Register The WMCON
register contains control bits for the Watchdog Timer
(shown in Table 3) . The EEMEN and EEMWE bits are
used to select the 2K bytes on-chip EEPROM, and to en-
able byte-write. The DPS bit selects one of two DPTR reg-
isters available.

SPI Registers Control and status bits for the Serial Pe-
ripheral Interface are contained in registers SPCR (shown
in Table 4) and SPSR (shown in Table 5). The SPI data

Table 2. T2CON—Timer/Counter 2 Control Register

bits are contained in the SPDR register. Writing the SPI
data register during serial data transfer sets the Write Col-
lision bit, WOCL, in the SPSR register. The SPDR is dou-
ble buffered for writing and the values in SPDR are not
changed by Reset.

Interrupt Registers The global interrupt enable bit and
the individual interrupt enable bits are in the IE register. In
addition, the individual interrupt enable bit for the SPl is in
the SPCR register. Two priorities can be set for each of
the six interrupt sources in the IP register.

(continued)

T2CON Address = 0C8H

Reset Value = 0000 0000B

set when either RCLK = 1 or TCLK = 1.

Bit Addressable
TF2 EXF2 RCLK TCLK EXEN2  |TR2 cfr2 CP/RL2
Bit 7 6 '3 4 3 2 1 0
Symbol Function
TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be

EXF2

Timer 2 external flag set when either a capture or reload is caused by a negative transition on
T2EX and EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector
to the Timer 2 interrupt routine. EXF2 must be cleared by software. EXF2 does not cause an
interrupt in up/down counter mode (DCEN = 1).

RCLK

receive clock.

Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its
receive clock in serial port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the

TCLK

transmit clock.

Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its
transmit clock in serial port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the

EXEN2

to ignore events at T2EX.

Timer 2 external enable. When set, allows a capture ar reload to occur as a result of a negative
transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2

TR2

Start/Stop control for Timer 2. TR2 = 1 starts the timer.

C/T2
counter (falling edge triggered).

Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event

CPRL2

Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if
EXEN2 = 1. CP/RL2 = 0 causes automatic reloads to occur when Timer 2 overflows or negative
transitions occur at T2EX when EXEN2 = 1. When either RCLK or TCLK = 1, this bit is ignored

and the timer is forced to auto-reload on Timer 2 overflow.

AT8958252 pmurmrr s e
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Special Function Registers (Continued)

Dual Data Pointer Registers To facilitate accessing both
internal EEPROM and external data memory, two banks
of 16 bit Data Pointer Registers are provided: DP0 at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit

and is not affected by RESET.

DPS = 0 in SFR WMCON selects DP0 and DPS = 1 se-

lects DP1.

Table 3. WMCON—Watchdog and Memory Control Register

WMCON Address = 96H Reset Value = 0000 0000B
PS2 PS1 PSO EEMWE |EEMEN |DPS WDTRST |WDTEN
Bit 7 6 5 4 3 2 1 0
Symbol Function

gg? Prescaler Bits for the Watchdog Timer. When all three bits are set to '0’, the watchdog timer has a

PSO nominal period of 16 ms. When all three bits are set to '1’, the nominal period is 2048 ms.

EEMWE EEPROM Data Memory Write Enable Bit. Set this bit to '1’ before initiating byte write to on-chip
EEPROPM with the MOVX instruction. User software should set this bit to ‘0’ after EEPROM write
is completed.

EEMEN Internal EEPROM Access Enable. When EEMEN = 1, the MOVX instruction with DPTR will
access on-chip EEPROM instead of external data memory. When EEMEN = 0, MOVX with
DPTR accesses extemnal data memory.

DPS Data Pointer Register Select. DPS = 0 selects the first bank of Data Pointer Register, DP0, and
DPS = 1 selects the second bank, DP1.

WDTRST Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each time this bit is set to '1’ by user

RDY/BSY software, a pulse is generated to reset the watchdog timer. The WDTRST bit is then automatically
reset to '0’ in the next instruction cycle. The WDTRST bit is Write-Only. This bit also serves as the
RDY/BSY flag in a Read-Only made during EEPROM write. RDY/BSY = 1 means that the
EEPROM is ready to be programmed. While programming operations are being executed, the
RDY/BSY bit equals ‘0" and is automatically reset to ‘1’ when programming is completed.

WDTEN Watchdog Timer Enable Bit. WDTEN = 1 enables the watchdog timer and "WDTEN = 0 disables
the watchdog timer.

ATEL

Power Off Flag The Power Off Flag (POF) is located at
bit_4 (PCON.4) in the PCON SFR. POF is set to '1' during
power up. It can be set and reset under software control




Table 4. SPCR—SPI Control Register

Al-n-m—

SPCR Address = D5H Reset Value = 0000 01XXB
SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO
Bit 7 6 5 4 3 2 1 0
Symbol Function
SPIE SPI Interrupt Enable. This bit, in conjunction with the ES bit in the IE register, enables SPI
interrupts: SPIE = 1 and ES = 1 enable SPI interrupts. SPIE = 0 disables SPI interrupts.
SPE SPI Enable. SPI = 1 enables the SPI channel and connects §§, MOSI, MISO and SCK to pins P1.4,
P1.5, P1.6, and P1.7. SPI = 0 disables the SPI channel.
DORD Data Order. DORD = 1 selects LSB first data transmission. DORD = 0 selects MSB first data
transmission.
MSTR Master/Slave Select. MSTR = 1 selects Master SPl mode. MSTR = 0 selects Slave SPI mode.
CPOL Clock Polarity. When CPOL = 1, SCK is high when idle. When CPOL = 0, SCK of the master device
is low when not transmitting. Please refer to figure on SPi Clock Phase and Polarity Control.
CPHA Clock Phase. The CPHA bit together with the CPOL bit controls the clock and data relationship
between master and slave. Please refer to figure on SPI Clock Phase and Polarity Control.
SPRO SPI Clock Rate Select. These two bits control the SCK rate of the device configured as master.
SPR1 SPR1 and SPRO have no effect on the slave. The relationship between SCK and the oscillator
frequency, Fosc,, is as follows:
SPR1 SPRO SCK = Fosc. divided by
4] 0 4
0 1 16
1 0 64
1 1 128
Table 5. SPSR—SPI Status Register
SPCR Address = AAH Reset Value = 0000 0000B
SPIF WCOL — — — - g s
Bit 7 6 5 4 3 2 1 0
Symbol Function
SPIF SPI Interrupt Flag. When a serial transfer is complete, the SPIF bit is set and an interrupt is
generated if SPIE = 1 and ES = 1. The SPIF bit is cleared by reading the SPI status register with
SPIF and WCOL bits set, and then accessing the SPI data register.
WCOL Write Collision Flag. The WCOL bit is set if the SPI data register is written during a data transfer.

During data transfer, the result of reading the SPDR register may be incorrect, and writing to it
has no effect. The WCOL bit (and the SPIF bit) are cleared by reading the SPI status register with
SPIF and WCOL set, and then accessing the SPI data register.

AT89S58252 ermmrerers e SR



e [ 1 89958252

Table 6. SPDR—SPI Data Register

SPDR Address = 86H

Reset Value = unchanged

SPD7 SPD6 SPD5 SPD4

SPD3

SPD2 SPD1 SPDO

Bit 7 6 5 4

2 1 0

Data Memory—EEPROM and RAM

The AT89S8252 implements 2K bytes of an-chip
EEPROM for data storage and 256 bytes of RAM. The
upper 128 bytes of RAM occupy a parallel space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct ad-
dressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location 0AOH (which is P2).

MOV 0AOH, #data

Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect ad-
dressing instruction, where RO contains 0AOH, accesses
the data byte at address 0AOH, rather than P2 (whose ad-
dress is 0AOH).

MOV @RO, #data

Note that stack operations are examples of indirect ad-
dressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

The on-chip EEPROM data memory is selected by setting
the EEMEN bit in the WMCON register at SFR address
location 96H. The EEPROM address range is from 000H
to 7FFH. The MOVX instructions are used to access the
EEPROM. To access off-chip data memory with the
MOVX instructions, the EEMEN bit needs to be set 1o '0’.

The EEMWE bit in the WMCON register needs to be set
to 1’ before any byte location in the EEPROM can be writ-
ten. User software should reset EEMWE bit to ‘0" if no fur-
ther EEPROM write is required. EEPROM write cycles are
self-timed and typically take 2.5 ms. The progress of
EEPROM write can be monitored by reading the
RDY/BSY bit (read-only) in SFR WMCON. RDY/BSY =0
means programming is still in progress and RDY/BSY = 1
means EEPROM write cycle is completed and another
write cycle can be initiated.

In addition, during EEPROM programming, an attempted
read from the EEPROM will fetch the byte being written
with the MSB complemented. Once the write cycle is com-
pleted, true data are valid at all bit locations.

Programmable Watchdog Timer

The programmable Watchdog Timer (WDT) operates from
an independent oscillator. The prescaler bits, PS0, PS1
and PS2 in SFR WMCON are used to set the period of the
Watchdog Timer from 16 ms to 2048 ms. The available
timer periods are shown in the following table and the ac-
tual timer periods (at Vcc = 5V) are within +/-30% of the
nominal.

Table 7. Watchdog Timer Period Selection

WDT Prescaler Bits | Period
PS2 | PS1 | PSO { {nominal)
0 0 0 16 ms

0 0 1 32 ms

0 1 0 64 ms

0 1 1 128 ms

1 0 0 256 ms

1 0 1 512 ms

1 1 0 1024 ms
1 1 1 2048 ms

The WDT is disabled by Power-on Reset and during
Power Down. It is enabled by setting the WDTEN bit in
SFR WMCON (address = 96H). The WDT is reset by set-
ting the WDTRST bit in WMCON. When the WDT times
out without being reset or disabled, an internal RST pulse
is generated to reset the CPU.

ATmEL 9
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Timer ¢ and 1

Timer 0 and Timer 1 in the AT89S8252 operate the same
way as Timer 0 and Timer 1 in the AT89C51, AT89C52
and AT89C55. For further information, see the October
1995 Microcontroller Data Book, page 2-45, section titled,
"Timer/Counters."

Timer 2

Timer 2 is a 16 bit Timer/Counter that can operate as
either a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table
2). Timer 2 has three operating modes: capture, auto-re-
load (up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table
8.

Timer 2 consists of two 8 bit registers, TH2 and TL2. Inthe
Timer function, the TL2 register is incremented every ma-
chine cycle. Since a machine cycle consists of 12 oscilla-
tor periods, the count rate is 1/12 of the oscillator fre-
quency.

In the Counter function, the register is incremented in re-
sponse to a I-to-0 transition at its coresponding external
input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in
which the transition was detected. Since two machine cy-
cles (24 oscillator periods) are required to recognize a 1-
to-0 transition, the maximum count rate is 1/24 of the os-

Table 8. Timer 2 Operating Modes

RCLK + TCLK |CP/R[2|TR2 |MODE

0 0 1 16 bit Auto-Reload

0 1 1 16 bit Capture

1 X 1 Baud Rate Generator
X X 0 (Off)

cillator frequency. To ensure that a given level is sampled
at least once before it changes, the level should be held
for at least one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16 bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a
|-to-0 transition at external input T2EX also causes the
current value in TH2 and TL2 to be captured into RCAP2H
and RCAP2L, respectively. In addition, the transition at
T2EX causes bit EXF2 in T2CON to be set. The EXF2 bit,
like TF2, can generate an interrupt. The capture mode is
illustrated in Figure 1.

Auto-Reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16 bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located
in the SFR T2MOD (see Table 9). Upon reset, the DCEN
bit is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded
with the 16 bit value in RCAP2H and RCAP2L. The values
in RCAP2H and RCAP2L are preset by software. If
EXEN2 = 1, a 16 bit reload can be triggered either by an
overflow or by a I-to-0 transition at external input T2EX.
This transition also sets the EXF2 bit. Both the TF2 and
EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls
the direction of the count. A logic 1 at T2EX makes Timer
2 count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16 bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

Figure 1. Timer 2 in Capture Mode (continued)
=12 —
o =l = by
e I
OVERFLOW
0
T2 PIN CAPTURE | | :DT
1
TRANSITION
TIMER 2
DETECTOR — INTERRUPT
T2EX PIN [ J——  a 7 0 'lJ EXF2 I
| conTroL
N2
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Auto-Reload (Up or Down Counter} (Continued)

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit
and causes OFFFFH to be reloaded into the timer regis-
ters.

Figure 2. Timer 2 Auto Reload Mode (DCEN =0)

The EXF2 bit toggles whenever Timer 2 overflows or un-
derflows and can be used as a 17th bit of resolution. In this
operating mode, EXF2 does not fiag an interrupt.

0sC #12 ) .
G2 =0
\Q—v—o//c)—w% TH2 TL2 ]—
| CONTROL A A OUERELOW
i 11777 X"
T G2 = 1 !
B RELOAD | Y
| TIMER 2
B R Q INTERRUPT
RCAP2H | RCAP2L
| I
| < WA
TRANSITION
DETECTOR
ToEX PIN [ J——» % O . EXF2 |
N o o
i CONTROL
EXEN2
Table 9. T2MOD—Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XXXX XX008
Not Bit Addressable
— — — — — — T20E DCEN
Bit 7 6 5 4 3 2 1 0
Symbol Function
— Not implemented, reserved for future use.
T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.

AIMEE
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)

(DOWN COUNTING RELOAD VALUE) TOGGLE
OFFH | OFFH S I

osCc | 12—

_ OVERFLOW
C2 =0
-O//O—~>r TH2 TL2 Jl > ll > TF2
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s TR2 v
D-——J oz =1 TIMER 2
INTERRUPT
T2 PIN
RCAP2H | RCAP2L &
COUNT
(UP COUNTING RELOAD VALUE) DIRECTION
=DOWN
T2EX PIN

Figure 4. Timer 2 in Baud Rate Generator Mode
TIMER 1 OVERFLOW

!

] 11

—— NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12

4

QSC —» +2

—~]C/T'2 =9
J\O—Ao/o—ﬂoi TH2

é | . _ CLOCK
B TR2 N/ N\ i
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T2 PIN 1 ; ‘»\
RCAP2H | RCAP2L T’ HEER Tx
CLOCK
TRANSITION e LR
DETECTOR :
T2EX PIN[ }——» 4 O//O o EXF2 | WTERRURT
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EXEN2
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the
baud rates for transmit and receive can be different if
Timer 2 is used for the receiver or transmitter and Timer 1
is used for the other function. Setting RCLK and/or TCLK
puts Timer 2 into its baud rate generator mode, as shown
in Figure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 regis-
ters to be reloaded with the 16 bit value in registers
RCAP2H and RCAP2L, which are preset by software.

The baud rates in Modes | and 3 are determined by Timer
2’s overflow rate according to the following equation.

Timer2 OverflowRate
16

The Timer can be configured for either timer or counter
operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Nor-
mally, as a timer, it increments every machine cycle (at
1/12 the oscillator frequency). As a baud rate generator,

Modes1 and 3 Baud Rates =

Figure 5. Timer 2 in Clock-Out Mode

however, it increments every state time (at 1/2 the oscilla-
tor frequency). The baud rate formula is given below.

Modestand3 Oscillator Frequency
Baud Rate 32 x[65536 ~ (RCAP2H, RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16 bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4.
This figure is valid only if RCLK or TCLK = 1 in T2CON.
Note that a rollover in TH2 does not set TF2 and will not
generate an interrupt. Note too, that if EXEN2 is set, a I-to-
0 transition in T2EX will set EXF2 but will not cause a re-
load from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when
Timer 2 is in use as a baud rate generator, T2EX can be
used as an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer
is incremented every state time, and the results of a read
or write may not be accurate. The RCAP2 registers may
be read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be turned off (clear TR2) before accessing
the Timer 2 or RCAP2 registers.

TL2 TH2
0sC o 22 NS o7 o >
i (8-BITS) | (8-BITS)
TR2 /\y_l—/\
~§
V K
[ RCAP2L | RCAP2H
C/T2 BIT
P1.0 L
T2 ¢ 2 oMo
(T2) \ :
T20E (T2MOD.1)
TRANSITION
\___ DETECTOR
P14 o TIMER 2
(T2EX) \ i O EXF2 " |NTERRUPT

EXEN2
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out
on P1.0, as shown in Figure 5. This pin, besides being a
regular I/0 pin, has two alternate functions. It can be pro-
grammed to input the external clock for Timer/Counter 2 or
to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

Ta configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be cleared and bit T20E
(T2MOD.1) must be set. Bit TR2 (T2CON.2) starts and
stops the timer.

The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
{(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Frequency

Clock-Out Frequency =

In the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is possible to use Timer
2 as a baud-rate generator and a clock generator simulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from
one another since they both use RCAP2H and RCAP2L.

Figure 6. SPI Block Diagram

4 x [65536 — (RCAP2H, RCAP2L)]

UART

The UART in the AT89S8252 operates the same way as
the UART in the AT89C51, AT89C52 and AT839C55. For
further information, see the October 1995 Micrccontroller
Data Book, page 2-49, section titled, "Serial Interface."

Serial Peripheral Interface

The serial peripheral interface (SPI) allows high-speed
synchronous data transfer between the AT8958252 and
peripheral devices or between several AT89S8252 de-
vices. The AT89S8252 SPI features include the following:

« Full-Duplex, 3-Wire Synchronous Data Transfer
« Master or Slave Operation

« 6 MHz Bit Frequency (max.)

LSB First or MSB First Data Transfer

« Four Programmable Bit Rates

« End of Transmission Interrupt Flag

« Write Collision Flag Protection

« Wakeup from ldle Mode (Slave Mode Only)

(continued)

*—+S MISO
:
‘ OSCILLATOR ] i
MSB LSB b g it
""" 8/16-BIT SHIFT REGISTER [V e
v
READ DATA BUFFER
DIVIDER PATASU o)
+4+16+64+128 E
4 Z
o
T (&
SPI CLOCK (MASTER] CLOCK £ £
SELECT CLOCK S y A
] LOGIC M
- 0‘ 2 3 §
Xl
o 3
w
e ol B
MSTR
SPI CONTROL ke
= 'S 2 x| o < A o
w Q a w Ol k| O T o o
ol ©
%;‘[%HH 8 5 5 & & & & 3 5
A
| SPI STATUS REGISTER | SPI CONTROL REGISTER
8 8
N
v

SPIINTERRUPT [NTERNAL
REQUEST DATA BUS

14 AT89S8252 wmmererrewr e R



T T eesreremm AT8958252

Serial Peripheral Interface (Continued)

The interconnection between master and slave CPUs with
SPI is shown in the following figure. The SCK pin is the
clack output in the master mode but is the clock input in
the slave mode. Writing to the SPI data register of the
master CPU starts the SPI clock generator, and the data
written shifts out of the MOSI pin and into the MOSI pin of
the slave CPU. After shifting one byte, the SPI clock gen-
erator stops, setting the end of transmission flag (SPIF). If
both the SPI interrupt enable bit (SPIE) and the serial port
interrupt enable bit (ES) are set, an interrupt is requested.

Figure 7. SPI Master -Slave Interconnection

The Slave Select input, SS/P1.4, is set low to select an
individual SPI device as a slave. When SS/P1.4 is set
high, the SPI port is deactivated and the MOSI/P1.6 pin
can be used as an input.

There are four combinations of SCK phase and polarity
with respect to serial data, which are determined by con-
trol bits CPHA and CPOL. The SPI data transfer formats
are shown in Figures 8 and 9.

MSB MASTER LSB i, wisol MSB  SLAVE LSB
8-BIT SHIFT REGISTER = ‘ 8-BIT SHIFT REGISTER ‘1
7Y : : K
. IMOSI_MOSE_
SP| §SCK SCK%
CLOCK GENERATOR 0 ¥ S5
Figure 8. SPI Transfer Format with CPHA = 0
SCKCYCLE # 1 2 3 4 5 6 7 8
(FOR REFERENCE)
SCK (CPOL=0) _/‘\_
SCK (CPOL=1) \IJ
L | L] | I |
oM MASR'?'CE)SI N MsB 6 5 4 3 & = 1 LSB
(FROMMASTER) I (s (Y
(FROM SLAVE) - . 3 . 1< LsB X

—

SS (TO SLAVE)

N S [ ; | N—
(o))

* Not defined but normally MSB of character just received.

Tk
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Figure 9. SPI Transfer Format with CPHA =1

SCK CYCLE # 1 ) 3

SCK (CPOL=1)

(FOR REFERENCE) ‘/_\
l |

SCK (CPOL=0)
MOSI sB 6 5

4 3 2 1 LSB

(FROM MASTER) Ni [ ]
MISO AN msB 6 X 5

(FROM SLAVE) I

¥ o

HEEEEE

SS(TOSLAVE)
| ] | ]

1 X
1

1

| | [ | | |

* Not defined but normally LSB of previously transmitted character.

interrupts

The AT89S8252 has a total of six interrupt vectors: two
external interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 10.

Each of these interrupt sources can be individually en-
abled or disabled by setting or clearing a bit in Special
Function Register IE. IE also contains a global disable bit,
EA, which disables all interrupts at once.

Note that Table 10 shows that bit position IE.6 is unimple-
mented. In the AT89C51, AT89C52 and AT89C55, bit po-
sition IE.5 is also unimplemented. User software should
not'write 1s to these bit positions, since they may be used
in future AT89 products.

Table 10. Interrupt Enable (IE) Register
(MSB) (LSB)
lea |— ez [es [emt [ex1 |eTo [Exo |

Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol  Position Function

Disables all interrupts. If EA=0, no
interrupt is acknowledged. If EA=1,

EA IE.7 each interrupt source Is individually
enabled or disabled by setting or
clearing its enable bit.

— IE.6 Reserved.

ET2 IES5 Timer 2 interrupt enable bit.

ES IE.4 SP| and UART interrupt enable bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE2 External interrupt 1 enable bit.

ETO IE.A1 Timer O interrupt enable bit.

EXO0 IE.O External interrupt 0 enable bit.

User software should never write 1s to unimplemented bits,
because they may be used in future AT89 products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TFI, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. However,
the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

Figure 10. Interrupt Sources

T 8

IN—TO——O1/‘I }—*lEOH
Vi r4

N

TFO

v

INTt —O~ IE1 |—>

TF1

L £

! S Y
Ri
SPIF

e D' -
EXF2 -

v
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Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 11. Either a
quartz crystal or ceramic resonator may be used. To drive
the device from an external clock source, XTAL2 should
be left unconnected while XTAL1 is driven, as shown in
Figure 12. There are no requirements on the duty cycle of
the external clock signal, since the input to the internal
clocking circuitry is through a divide-by-two flip-flop, but
minimum and maximum voltage high and low time specifi-
cations must be observed.

idle Mode

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

Note that when idle mode is terminated by a hardware re-
set, the device normally resumes program execution from
where it left off, up to two machine cycles before the inter-
nal reset algorithm takes control. On-chip hardware inhib-
its access to internal RAM in this event, but access fo the
port pins is not inhibited. To eliminate the possibility of an
unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that in-
vokes idle mode should not write to a port pin or to external
memory.

Power Down Mode

In the power down mode, the oscillator is stopped and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. Exit from power down can be initiated either by a
hardware reset or by an enabled external interrupt. Reset
redefines the SFRs but does not change the on-chip RAM.
The reset should not be activated before Vg is restored
to its normal operating level and must be held active long
enough to allow the oscillator to restart and stabilize.

AT89S8252

Figure 11. Oscillator Connections
c2

_——)l.___I—
C1 I

XTAL2

XTAL1

l GND

Notes: C1, C2 = 30 pF + 10 pF for Crystals
= 40 pF + 10 pF for Ceramic Resonators

Figure 12. External Clock Drive Configuration

NE i) TAlR2

EXTERNAL
OSCILLATOR XTAL1
SIGNAL
GND

.

To exit power down via an interrupt, the external interrupt
must be enabled as level sensitive before entering power
down. The interrupt service routine starts at 16 ms (nomi-
nal) after the enabled interrupt pin is activated.

Status of External Pins During Idle and Power Down

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down | Internal 0 0 Data Data Data Data
Power Down { External 0 0 Float Data Data Data

MEL &
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Program Memory Lock Bits

The AT89S8252 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the ad-
ditional features listed in the following table.

When lock bit 1 is programmed, the logic level at the EA
pin is sampted and latched during reset. If the device is
powered up without a reset, the latch initializes to a ran-
dom value and

Lock Bit Protection Modes " ?

holds that value until reset is activated. The latched value
of EA must agree with the current logic level at that pin in
order for the device to function properly.

Once programmed, the lock bits can only be unpro-
grammed with the Chip Erase operations in either the par-
allel or serial modes.

Program Lock Bits

LBY LB2 LB3 Protection Type

1 u U U

Na internal memory lock feature.

2 P u u

MOVC instructions executed from external program memory are disabled from
fetching code bytes from internal memory. EA is sampled and latched on reset and
further programming of the Flash memory (parallel or serial mode) is disabled.

3 P P U

Same as mode 2, but parallel or serial verify are also disabled.

4 P P P

Same as mode 3, but external execution is also disabled.

Notes: 1. U= Unprogrammed.
2. P = Programmed.

Programming the Flash and EEPROM

Atmel's AT89S8252 Flash Microcontroller offers 8K bytes
of in-system reprogrammable flash PEROM Code mem-
ory and 2K bytes of EEPROM Data memory.

The AT89S8252 is normally shipped with the on-chip
PEROM Code and EEPROM Data memory arrays in the
erased state (i.e. contents = FFH) and ready to be pro-
grammed. This device supports a High-Voltage (12V) Par-
allel programming mode and a Low-Voltage Serial pro-
gramming mode. The serial programming mode provides
a convenient way to download the AT8958252 inside the
user’s system. The parallel programming mode is compat-
ible with conventional third party Flash or EPROM pro-
grammers.

The Code and Data memory arrays are mapped via sepa-
rate address spaces in the serial programming mode. In
the parallel programming mode, the two arrays occupy
one contiguous address space: 0000H to 1FFFH for the
Code array and 2000H to 27FFH for the Data array.

The Code and Data memory arrays on the AT89S8252 are
programmed byte-by-byte in either programming modes.
An auto-erase cycle is provided with the self-timed pro-
gramming operation in the serial programming mode.
There is no need to perform the Chip Erase operation to
reprogram any memory location in the serial programming
mode.

In the parallel programming mode, there is no auto-erase
cycle and to reprogram any non-blank byte, the user
needs to use the Chip Erase operation first to erase both
arrays.

Parallel Programming Algorithm

To program and verify the AT89S8252 in the parallel pro-

gramming mode, the following sequence is recom-

mended:

1. Power-up sequence:

Apply power between Vcc and GND pins with all other
pins floating.
Set RST pin to 'H'.
Apply a 4 MHz to 24 MHz clock to XTAL1 pin and wait
for
at least 10 milliseconds.
2. Set PSEN pinto’H’
ALE pin to'H’
EA pin to’'H’ and all other pins to 'H'.

3. Apply the appropriate combination of 'H' or 'L’ logic lev-
els to pins P2.6, P2.7, P3.6, P3,7 to select one of the
programming operations shown in the PEROM Pro-
gramming Modes table.

4. Apply the desired byte address to pins P1.0 to P1.7
and P2.0 to P2.5.

Apply data to pins P0.0 to P0.7 for Write Code operation.

5. Raise EA/VPP to 12V to enable Flash programming,
erase or verification.

6. Pulse ALE/PROG once to program a byte in the Code
memory array, the Data memory array or the lock
bits. The byte-write cycle is self-timed and typically
takes 1.5 ms.

(continued)
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Programming the Flash and EEPROM
(Continued)

7. To verify the byte just programmed, bring pin P2.7 to
'L’ and read the programmed data at pins P0.0 to
PO.7.

8. Repeat steps 3 through 7 changing the address and
data for the entire 2K or 8K bytes array or until the
end of the object file is reached.

9. Power-off sequence:
Set XTAL1 to’L".
Set RST and EA pins to'L".
Float all other 1/O pins.
Turn Vcc power off.

In the parallel programming mode, there is no auto-erase
cycle and to reprogram any non-blank byte, the user
needs to use the Chip Erase operation first to erase both
arrays.

DATA Polling

The AT89S8252 features DATA Polling to indicate the end
of a write cycle. During a write cycle in the parallel or serial
programming mode, an attempted read of the last byte
written will result in the complement of the written datum
on P0.7. Once the write cycle has been completed, true
data are valid on all outputs, and the next cycle may begin.
DATA Polling may begin any time after a write cycle has
been initiated.

Ready/Busy

The progress of byte programming in the parallel program-
ming mode can also be monitored by the RDY/BSY output
signal. Pin P3.4 is pulled Low after ALE goes High during
programming to indicate BUSY. P3.4 is pulled High again
when programming is done to indicate READY.

Program Verify

If lock bits LB1 and LB2 have not been programmed, the
programmed Code or Data byte can be read back via the
address and data lines for verification. The state of the
lock bits can also be verified directly in the parallel pro-
gramming mode. In the serial programming mode, the
state of the lock bits can only be verified indirectly by ob-
serving that the lock bit features are enabled.

Chip Erase

Both PEROM and EEPROM arrays are erased electrically
at the same time. In the parallel programming mode, chip
erase is initiated by using the proper combination of con-
trol signals and by holding ALE/PROG low for 10 ms. The
Code and Data arrays are written with all "1"s in the Chip
Erase operation.

In the serial programming mode, the chip erase operation
is initiated by issuing the Chip Erase instruction. In this
mode, chip erase is self-timed and takes about 16 ms.

During chip erase, a serial read from any address location
will return O0H at the data outputs.

Serial Programming Fuse

A programmable fuse is available to disable Serial Por-
gramming if the user needs maximum system security.
The Serial Programming Fuse can only be programmed or
erased in the Parallel Programming Mode.

The AT89S8252 is shipped with the Serial Programming
Mode enabled.

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

(030H) = 1EH indicates manufactured by Atmel
(031H) = 72H indicates 8958252

Programming Interface

Every code byte in the Flash and EEPROM arrays can be
written, and the entire array can be erased, by using the
appropriate combination of control signals. The write op-
eration cycle is self-timed and once initiated, will automat-
ically time itself to completion.

All major programming vendors offer worldwide support
for the Atmel microcontroller series. Please contact your
local programming vendor for the appropriate software re-
vision.

Serial Downloading

Both the Code and Data memory arrays can be pro-
grammed using the serial SPI bus while RST is pulled to
Vce. The serial interface consists of pins SCK, MOSI (in-
put) and MISO (output). After RST is set high, the Pro-
gramming Enble instruction needs to be executed first be-
fore program/erase operations can be executed.

An auto-erase cycle is built into the self-timed program-
ming operation (in the serial mode ONLY) and there is no
need to first execute the Chip Erase instruction. The Chip
Erase operation turns the content of every memory loca-
tion in both the Code and Data arrays into FFH.

The Code and Data memory arrays have separate ad-
dress spaces:

0000H to 1FFFH for Code memory and 000H to 7FFH for

Data memory.

Either an extemnal system clock is supplied at pin XTAL1

or a crystal needs to be connected across pins XTAL1and

XTAL2. The maximum serial clock (SCK) frequency

should be less than 1/40 of the crystal frequency. With a
(continued)
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Serial Downloading (Continued)
24 MHz oscillator clock, the maximum SCK frequency is 3. The Code or Data array is programmed one byte at a

600 kHz. time by supplying the address and data together with
the appropriate Write instruction. The selected mem-

Serial Programming Algorithm ory location is first automatically erased before new
To program and verify the AT89S8252 in the serial pro- data is written.
gramming mode, the following sequence is recom- 4. Any memory location can be verified by using the
mended: Read instruction which returns the content at the se-
1. Power-up sequence: lected address at serial output MISO/P1.6.

Apply power between Vcc and GND pins with all other 5. At the end of a programming session, RST can be set

pins floating. low to commence normal operation.

Set RST pin to 'H'. 6. Power-off sequence (if needed):

If a crystal is not connected across pins XTAL1 and Set XTAL1 to 'L’ (if a crystal is not used).

XTAL2, apply a 4 MHz to 24 MHz clock to XTAL1 pin SetRST to'L'.

and wait for at least 10 milliseconds. Float all other I/O pins.
2. Enable serial programming by sending the Program- Turn Vcc power off.

ming Enable serial instruction to pin MOSI/P1.5. The
frequency of the shift clock supplied at pin SCK/P1.7 Serial Programming Instruction

needs 1o bs less than the CHEMock at XTALTT: The Instruction Set for Serial Programming follows a 3

vided by 40. ) . . .
Instruction Set byte protocol and is shown in the following table:
Instruction Input Format Operation
MSB LSB
1010 1100 3 A
Programming Enable 0101 0011 Egeaé)lie:,i s‘?nal programming interface after RST
XXXX  XXXX g gn-
1010 1100
Chip Erase xxxx  x100 [Chip erase both 8K & 2K memory arrays.
XXXX  XXXX

Read data from Code memory array at the
aaaa a001 |selected address. The 5 MSBs of the first byte
Read Code Memory low addr |are the high order address bits. The low order
xxxX  xxxx |address bits are in the second byte. Data are
available at pin MISO during the third byte.

aaaa a010 |Write data to Code memory location at selected
Write Code Memory low  addr |address. The address bits are the 5 MSBs of the
data in  |first byte together with the second byte.

00aa a101 |Read data from Data memory array at selected

Read Data Memory low addr |address. Data are available at pin MISO during
xxxx  xxxx [the third byte.
00aa al110 ; :

Write Data Memory low  mddc V\(/jréte data to Data memory location at selected
it in |address.
1010 1100
LLix  x111 . .

Write Lock Bits BBB i sk il

123 Set LB1, LB2 or LB3 =0’ to program lock bits.

XXXX XXXX

Notes: 1. DATA polling is used to indicate the end of a write cy- 3. 'x’ = don’t care.
cle, which typically takes less than 2.5 ms.
2. ‘aaaaa’ = high order address.
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Flash and EEPROM Parallel Programming Modes

Mode RST PSEN ALEl  EAl pyg p27 P36 P37 Bata 10 Address
PROG VeP PO.7:0 P2.5:0 P1.7:0
a%r;aélsl?rog. H A h X (See detail timing)
®
Chip Erase H L 12V H L L L X X
Xﬂvg:'?o(r;OK bytes) H L N/ 1y L H H H DIN ADDR
I\RAZ?:o(r;IOK bytes) H L H 12v L L H H poUT ADDR
Write Lock Bits: H L Ruwa 12V H L H L DIN X
Bit- 1 P07 =0 X
Bit-2 P0.6 =0 X
Bit- 3 P05 =0 X
Read Lock Bits: H L H 12V H H L L DOUT X
Bit - 1 @P0.2 X
Bit- 2 @P0.1 X
Bit- 3 @P0.0 X
Read Atmel Code H L H 12V L L L o DOUT 30H
gggg Device H L H 12v o\ ¥ 251 DOUT 31H
- @
gﬁgaieProg. H L N/ 1 RN p—om P0.0=0 X
1 2)
gg;abllgrog. H L 12v ETRTHI (A B P0.0 = 1 X
:33:2 Serial Prog. H L H ) Sm 83 1) d @P0.0 X

Notes: 1. 'h’ = weakly pulled 'High’ internally.
2. Chip Erase and Serial Programming Fuse require a 4. "X’ = don’t care.
10 ms PROG pulse. Chip Erase needs to be
performed first before reprogramming any byte with

a content other than FFH.

3. P3.4 is pulled Low during programming to indicate RDY/BSY.

AmEL
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Figure 13. Programming the Flash Memory Figure 15. Flash/EEPROM Serial Downloading

Figure 14. Verifying the Flash Memory
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AT89S58252 mwrerrrrrrrrer s

“

+5V +5V
AT8958252 T AT89S8252
ADDR., 29— AT ) by Vee Vise
0Q00H/27FFH PGM
P2.0 - P25 PO |j¢—
A8 - A13 DATA
NSTRUCTION
—» P26 ! SleUTIO —— P1.5/MOSI
SEE FLASH ALE [¢—— PROG
PROGRAMMING —¥{ P2.7 DATA OUTPUT <— P1.6/MISO
MODES TABLE —»| P36 CLOCK IN ——»| P1.7/5CK
——»{ P37
—e——— XTAL 2 EA [¢— Vi ° XTAL 2
4-24 MHz] 4-24 MHz
] 3
XTAF 4 RST [—— "V, XTAL 1 RST [¢—— Vj
GND PSEN —_l_ GND



e e 18958252

Flash Programming and Verification Characteristics

Ta=21°C to 27°C, Vcc = 5.0V £ 10%

Symbol Parameter Min Max Units
| Vpp Programming Enable Voltage 11.5 12.5 Vv

lpp Programming Enable Current 1.0 mA

1fcLeL Oscillator Frequency 4 24 MHz

favGL Address Setup to PROG Low 48tcLcL

tGHAX Address Hold After PROG 48tcLcL

toveL Data Setup to PROG Low 48tcicL

tGHDX Data Hold After PROG 48tcLcL

tEHSH P2.7 (ENABLE) High to Vpp 48tcicL

tSHGL Vpp Setup to PROG Low 10 us

tGLGH PROG Width 1 110 ps

tavav Address to Data Valid 48tcLcL

teLav ENABLE Low to Data Valid 48toroL

teEHQv Data Float After ENABLE 0 48tcLeL

teHBL PROG High to BUSY Low 1.0 us

twe Byte Write Cycle Time 20 ms
s e S R o ‘Imﬁl 23
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Flash/EEPROM Programming and Verification Waveforms - Parallel Mode

P1.0 - P1.7 ) PROGRAMMING VERIFICATION
. = . \
P20 - P25 ( ADDRESS ——j ADDRESS
< tavav
PORT 0 DATA IN [ DATA QUT P
oL torox [<
taveL [ * *| taHax
ALE/PROG A
fsra * A“_tGLGH__*
— 7 Vep
EANGe
h—t le— 1
P2.7 s teLav o EHaz
(ENABLE)
toHeL =
P3.4
(RDY/BSY) BUSY READY
AN twe gl

Serial Downloading Waveforms

SERIAL CLOCK INPUT

SCK/P1.7 HHHIII]]II] I

W ve W4 3, Z2||[)PWs 0
SERIAL DATA INPUT :
|

1
i
!
MOSI/P1.5 mMse[ T T T T T JLsg]
]
SERIAL DATA OUTPUT ;
MOSI/P1.6 mse[ T [T [ T "]iss]
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Absolute Maximum Ratin_gﬁs*

Voltage on Any Pin

*NOTICE: Stresses beyond those listed under “Absolute Maxi-

Operating Temperature................... -55°C to +125°C mum Ratings” may cause permanent damage to the device.
. . This is a stress rating only and functional operation of the
Storage Temperature ...................... -65°C to +150°C device at these or any other conditions beyond those indi-

cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions

with Respect to Ground ..................... -1.0V to +7.0V for extended periods may affect device reliability.
Maximum Operating Voltage .............ccc........... 6.6V
DC Output CUITent ...ccesveviseesvssssisimasssnssss 15.0 mA
DC Characteristics
The values shown in this table are valid for Ta =-40°C to 85°C and Vcc = 2.7V to 6.0V, unless otherwise noted.
Symbol Parameter Condition Min Max Units
ViL input Low Voltage (Except E_K) 0.5 0.2 Vcc - 0.1 \
ViL1 Input Low Voltage (EK) -0.5 0.2Vce-0.3 Vv
ViH Input High Voltage (Except XTAL1, RST) 0.2Vcc +0.9 Vce +0.5 \
ViH1 Input High Voltage (XTAL1, RST) 0.7 Vcc Vce +0.5 \Y
Output Low Voltage M .
VoL (Ports 1.2,3) loL=1.6 mA 0.5 \Y
Output Low Voltage M =
Gutsus Fidd Beie loH =-60 pA, Vcec =5V £ 10% 2.4 A
utput High Voltage cC
VoH | (Ports 1,2,3, ALE, PSEN) loti =-25uA 0.75 Vec i
lon =-10 pA 0.9 Vce \Y%
Output High Voltage loH =-800 pA, Vcc =5V = 10% 2.4 V
VOH1 (Port 0 in External Bus loH = -300 pA 0.75 Vce \Vj
Made) lor = -80 pA 0.9 Vee v
Logical 0 Input Current 2 "
i (Ports 1,2,3) VIN = 0.45V 50 HA
Logical 1 to 0 Transition - ¢
I Current (Ports 1,2,3) VIN=E 650 HA
Input Leakage Current
ILi (Port 0, EA) 0.45< Vin <Vce +10 HA
RRST Reset Pulldown Resistor 50 300 kQ
Cio Pin Capacitance Test Freq. =1 MHz, Ta = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current
lec Idle Mode, 12 MHz 6.5 mA
=6V 100
Power Down Mode @ Vg i
Vee =3V 40 pHA

Notes: 1. Under steady state (non-transient) conditions,
loL must be externally limited as follows:
Maximum oL per port pin: 10 mA

Maximum lot per 8 bit port:
Port 0: 26 mA
Ports 1,2,3: 15 mA

current greater than the listed test conditions.
2. Minimum Vcc for Power Down is 2V.

Maximum total loL for all output pins: 71 mA

ATMEL

If loL exceeds the test condition, VoL may exceed the
related specification. Pins are not guaranteed to sink
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all
other outputs = 80 pF.

External Program and Data Memory Characteristics

ANMEL

12 MHz Oscillator Variable QOscillator
Symbol Parameter Min Max Min Max Units
1/tcLeL | Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2tcLeL - 40 ns
tavLL Address Valid to ALE Low 28 tcLeL- 13 ns
tLLAX Address Hold After ALE Low 48 tcLeL - 20 ns
tLLv ALE Low to Valid Instruction In 233 4tcLcL- 65 ns
tipL | ALE Low to PSEN Low 43 tecL- 13 ns
teLpH | PSEN Pulse Width 205 3tcLcL- 20 ns
tpLIV PSEN Low to Valid Instruction In 145 3tcLcL - 45 ns
tPxiIx Input Instruction Hold After PSEN 0 0 ns
texiz Input Instruction Float After PSEN 59 tcLeL- 10 ns
texav | PSEN to Address Valid 75 tcicL-8 ns
taviv Address to Valid Instruction In 312 StcLeL - 55 ns
trLAZ PSEN Low to Address Float 10 10 ns
tRLRH RD Pulse Width 400 6tcLcL - 100 ns
twiwH | WR Pulse Width 400 6tcLoL - 100 ns
triov | RD Low to Valid Data In 252 5tcLct - 90 ns
trRHDX | Data Hold After RD 0 0 ns
tRHDz | Data Float After RD 97 2tcLcL- 28 ns
tLLDV ALE Low to Valid Data In 517 8tcLcL - 150 ns
fAvDV Address to Valid Data In 585 9tcLcL - 165 ns
tluwe | ALE Low to RD or WR Low 200 300 3toicL-50  3teieL + 50 ns
tavwL | Address to RD or WR Low 203 dtcreL- 75 ns
touwx | Data Valid to WR Transition 23 tcrcL - 20 ns
tovwH | Data Valid to WR High 433 7icLcL - 120 ns
twHax | Data Hold After WR 33 tcLoL - 20 ns
tRLAZ RD Low to Address Float 0 0 ns
twHLH | RD or WR High to ALE High 43 123 fcloL-20 telcL+ 25 ns
26 AT8958252 e T
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External Program Memory Read Cycle

tLHLL ‘
ALE
t » T o i toLpH
A —+ tLLPL [ S
PSEN u founy
= [—lpraz t
t i PXIZ
LLAX (<
tPXIX
PORT 0 > A0-A7 INSTRIN_] r-a7 ><
* Laviv »
PORT 2 D A8 - A15 X A8-Al5

External Data Memory Read Cycle

U u—
ALE N
T twhLn
PSEN
y Loy 'i RL
le— tgLRH —
VN tLLWL g
= —
HD le— 1| ax —| ————tq )
t > Iz oy RHDZ
fe— LaviL— L 244 \
—t RHDX
PORT 0 >K A0 - A7 FROM RI OR DPLX KDATA IN A0 - A7 FROM PCL>—INSTR IN
al tavwiL >
fe———————— taov
PORT 2 X P2.0 - P27 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH
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External Data Memory Cycle

b —s]
ALE
- by

PSEN LA

e— twe —le—tpwH —]

e—1 Lax
fe— tavi L —» tovwx — — 1 twhax
— tovwr —

PORT 0 > A0 - A7 FROM RI OR DPL DATA OUT X A0 - A7 FROM PCL)—<INSTR IN

> tAVWL

PORT 2 ) P2.0 - P2.7 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

External Clock Drive Waveforms

N torex :]
toren — < tohoL

0.45V
S BT
= terer ®
External Clock Drive
Symbol Parameter Vecc =4.0V to 6.0V Units Vec =2.7V to 6.0V
Min Max Min Max
1/tcLeL Oscillator Frequency 0 24 MHz 0 12
tcLeL Clock Period 41.6 ns 83.3
tCcHeX High Time 15 ns 30
tcLex Low Time 15 ns 30
tcLCH Rise Time 20 ns 20
tCHCL Fall Time 20 ns 20
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for Vcc = 2.7V to 6V and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
txLxL Serial Port Clock Cycle Time 1.0 12tcLcL us
tQvxH Output Data Setup to Clock Rising Edge 700 10tcLceL - 133 ns
txHax Output Data Hold After Clock Rising Edge 50 2tcLeL- 33 ns
tXHDX Input Data Hold After Clack Rising Edge 0 0 ns
tXHDV Clock Rising Edge to input Data Valid 700 10tcLce- 133 | ns

Shift Register Mode Timing Waveforms

INSTRUCTION | 0 | 1 | 2 | | 4 | 5 | 6 | 7 | 8 |
ALE AT NN IRl oL TN T LT L
* Ixixi
CLOCK t [ B \| =7 l L
QVXH |« >
—| f— tXH!)X
WRITE TO SBUF, N 200 X\ 230K B i1\ pC ot VX7
; —] t
OUTPUT DATA tyrow ] [+ boiox SETTI
. CLEARRI ,
v
INPUT DATA

AC Testing Input/Output Waveforms &

Voo 05V

0.45V

Note:

0.2 Vgg + 0.9V

TEST POINTS
0.2 Vg - 0.1V

1. AC Inputs during testing are driven at Vcc - 0.5V
for a logic 1 and 0.45V for a logic 0. Timing meas-
urements are made at Viy min. for a logic 1 and
ViL max. for a logic 0.

Float Waveforms

LOAD

Note:

ANNEL

M

Timing Reference
Points

0.1V

\Y V __+ 0.1V

LOAD oL

1. For timing purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs. A
port pin begins to float when a 100 mV change from
the loaded Vou/VoL level occurs.
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AT8958252
'ngmA) TYPICALICC (ACTIVE) at 25°C
Vi =6.0V
20 ==
16 el
12 ////// Voo =50V
— LA V=30V
I
0
0 4 8 12 16 20 24
F (MHz)
AT89S58252
ICC (mA) TYPICAL ICC (IDLE) at 25°C
48 Voo =6.0V
4.0 /,/
3.2 R N
2.4 // / Ve =5.0V
0.8 | o= V=30V
. —
gk
0 4 8 12 16 20 24
F (MHz)
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AT89S8252
TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C)
20
| 15 7
C o
C 10 —
u |
A 5 //
0
3.0V 4.0V 5.0V 6.0V

V.. VOLTAGE

AMEE
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Ordering Information

AImEE

Speed ] Power ;
(MHz) : Supply Ordering Code Package Operation Range
i
12 2.7V to 6.0V AT89S8852-12AC 44A Commercial
AT89S852-12JC 44 (0°C to 70°C)
AT898852-12PC 40P6
AT89S852-12QC 44Q
AT89S852-12Al 44A Industrial
AT89S852-12J1 444 (-40°C to 85°C)
AT89S852-12PI 40P6
AT83S852-12Q! 44Q
16 4.0V to 6.0V AT89S852-16AA 44A Automotive
AT89S852-16JA 44 (-40°C to 125°C)
AT89S852-16PA 40P6
AT839S852-16QA 44Q
20 4.0V to 6.0V AT89S852-20AC 44A Commercial
AT898852-20JC 444 (0°C to 70°C)
ATB898852-20PC 40P6
AT89S852-20QC 44Q
AT89S852-20Al 44A Industrial
AT89S8852-20J1 44) (-40°C to 85°C)
AT89S852-20P!I 40P6
AT898852-20Q1 44Q
24 4.0V to 6.0V AT89S852-24AC 44A Commercial
AT89S852-24.C 44J (0°C to 70°C)
AT89S852-24PC 44P6
AT89S852-24QC 44Q
AT89S852-24Al 44A Industrial
AT89S852-24JI 444 (-40°C to 85°C)
AT89S852-24PI 44P6
AT89S852-24Ql 44Q
Package Type
-2 7. 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 Lead, Plastic Guli Wing Quad Flatpack (PQFP)
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ULN2803A

DARLINGTON TRANSISTOR ARRAY

SLRS049 - FEBRUARY 1997

® 500 mA Rated Collector Current (Single N PACKAGE

Output) (TOP VIEW)
® High-Voltage Outputs ... 50 V 8 1 W) 18] 1¢
® Output Clamp Diodes 2B [ 2 17 ] 2C
® Inputs Compatible With Various Types of 3B[] 3 16[] 3C
Logic 4B[| 4 15(] 4C
® Relay Driver Applications 5B [ 5 14]] 5C
® Compatible with ULN2800A Series 68[j6  13[16C
7B[]7 12{] 7¢
description 8B[}8 11{]sC

GND[] @ 10{] com
The ULN2803A is a monolithic high-voltage, high-current

Darlington transistor array. The device consists of eight npn
Darlington pairs that feature high-voltage outputs with
common-cathode clamp diodes for switching inductive loads. The
collector-current rating of each Darlington pair is 500 mA. The

Darlington pairs may be paralleled for higher current capability.

Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line
drivers, and logic buffers. The ULN2803A has a 2.7-k() series base resistor for each Darlington pair for operation
directly with TTL or 5-V CMOS devices.

The ULN2803A is offered in a standard 18-pin dual in-line (N) package. The device is characterized for
operation over the temperature range of —20°C to 85°C.

logic symbolT
CLAMP |2
| IC

1B ; > Q%
2B ) [
ol 2 L G0D 165
B 2 A=A
- 5 14
FE oy 13
7B 4 >.__K
8B i_ >___1_1_.

COM

1C
2C
3C
ac
5C
6C
7C
8C

T This symbol is in accordance with ANSI/IEEE Std 91-1984

and |IEC Publication 617-12.

logic diagram (positive logic)

1B

2B

3B

4B

5B

6B

7B

8B

>

1.
1RJI 9
—or—+"
s |
& |

7

11

10

1C

2C

3C

4C

5C

6C

7C

8C
COM

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA iniormation is current as ol publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.

"? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 1997, Texas Instruments Incorporated



ULN2803A
DARLINGTON TRANSISTOR ARRAY

SLRS049 - FEBRUARY 1997

schematic (each Darlington pair)

COM

OUTPUTC
Input B

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t

Collector-emitter voltage . ........o o e e 50V
Input voltage (see Note 1) ... s g . N AL dorer e O oo 30V
Continuous collector current .. . .. S N QN LA e NN 500 mA
Output clamp diode current ... .. .. oo o e e 500 mA
Total substrate-terminalCurrent .. ... . o o e e e —25A
Continuous dissipation at (or below) 25°C free-air temperature . ...............c.co...oo ..., 1150 mW
Operating free-air temperature range, Prl d By “H/FRNONS " 1S O AN o . . —20°C to 85°C
Storage temperature range, I ) B P 2N ARRy N PN o I TR | T —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 secondS: ..o .vurtmeee e, 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltages values, unless otherwise noted, are with respect to the emitter/substrate terminal GND.

‘:9‘ TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



ULN2803A

DARLINGTON TRANSISTOR ARRAY

SLRS049 — FEBRUARY1997

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vce=50V, §=0,
ICEX Collector cutoff current See Figure 1 50 HA
y . Vce=50V, I =500 uA,
li(offy Off-state input current Th = 70°C, See Figure 2 50 65 nA
li(on) Input current V=385V, See Figure 3 0.93 1.35 mA
Ic =200mA 2.4
~ ; VCg=2V, —
Vi(on) On-state input voltage Sge Flgurs 4 lc =250 mA 2.7 v
I = 300 mA 3
=250 uA,  Ig =100 mA,
See Figure 5 .3 L
VCE(sat) Collector emitter saturation voltage lj=350pA,  lg=200TA, 1 1.3 Vv
See Figure 5
I =500 uA, I[c =350 mA,
See Figure 5 L e
IR Ciamp diode reverse current VR =50V, See Figure 6 50 pA
VE Clamp diode forward voltage IF=350mA, See Figure7 1.7 2 Vv
Cj Input capacitance Vi=0V, f=1MHz 15 25 pF
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tPLH Propagation delay time, low-to-high-level output Vg =50V, RL=163 Q, 130 e
tPHL Propagation delay time, high-to-low level output CL=15pF,  SeeFigure 8 20
. i Vg=50V, lo =300 mA,
VoH High-level output voltage after switching See Figure 9 Vg—-20 mV
3 7
EXAS
INSTRUMENTS
3



ULN2803A
DARLINGTON TRANSISTOR ARRAY

SLRS049 — FEBRUARY 1997

PARAMETER MEASUREMENT INFORMATION

Open VcEe

i ICEX
Open

Figure 1. Icgx Test Circuit

Open

h
\ DQ Open

Figure 3. ljon) Test Circuit

Open

.|}q-_§_
an‘I}——M(X—TCT

Figure 5. hgg, VcEg(sat) Test Circuit

Open VGE
Ic
Ii(off) v
—>

Figure 2. ljofr) Test Circuit

Vi

Open Do

|

Figure 6. Ig Test Circuit

“i‘ TEXAS
INSTRUMENTS
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ULN2803A
DARLINGTON TRANSISTOR ARRAY

SLRS049 - FEBRUARY 1997

PARAMETER MEASUREMENT INFORMATION

T

VE

won >0 l

Figure 7. Vg Test Circuit

Input Open Vg =50V

Pulse |
Generator

(see Note A) |

RL=1630Q

Output

(see Note B)

% CL=15pF

Test Circuit

‘it 4— <10ns
VIH

905%7 (see Note C)
0% N 10% 0

0.5us

<4 tpLH

Output 50% 50%

Voltage Waveforms

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zg = 50 Q.
B. C| includes probe and jig capacitance.
C. VlH=3V
Figure 8. Propagation Delay Times

‘b TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5



ULN2803A
DARLINGTON TRANSISTOR ARRAY

SLRS049 — FEBRUARY1997

PARAMETER MEASUREMENT INFORMATION

Input i g 2 mH

Pulse
Generator
(see Note A)

Output

1\ (see Note B)

Test Circuit

—-)I 4— <10ns
VIH

910°éov (see Note C)
: 10% 0

VoH
Output \

Voltage Wavetorms

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 KHz, Zg =50 Q
B. G| includes probe and jig capacitance.
C. V|y=3V
Figure 9. Latch-Up Test

‘Q‘ TEXAS
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments (T!) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright © 1996, Texas Instruments Incorporated



DS1307

DALLAS

SEMICONDUCTOR

DS1307
64 X 8 Serial Real Time Clock

FEATURES

@ Realtime 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 byte nonvolatile RAM for data storage

® 2—wire serial interface

® Programmable squarewave output signal

® Automatic power fail detect and switch circuitry

© Consumes less than 500 nA in battery backup mode
at25°C

® Optional industrial temperature range —40°C to
+85°C (IND)

® Available in 8—pin DIP or SOIC

ORDERING INFORMATION

DS1307 Serial Timekeeping Chip;
8—pin DIP

DS1307Z Serial Timekeeping Chip;
8—pin SOIC (150 mil)

DS1307N 8—pin DIP (IND)

DS1307ZN 8—pin SOIC (IND)

DESCRIPTION

The DS1307 Serial Real Time Clock is a low power full
BCD clock calendar plus 56 bytes of nonvolatile SRAM.
Address and data are transferred serially via a 2—wire
bi—directional bus. The clock/calendar 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 DS1307 has a built-in power sense circuit which
detects power failures and automatically switches to the
battery supply.

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

Access is obtained by implementing a START condition

PIN ASSIGNMENT

xt [ 1 8] Vee

x2 [ 2 711 sawouT
vear ] 8 s ] scL

GND [ 4 5[] spa
DS1307 8-PIN DIP (300 MIL)

X1 O 8 [T Vee

xe |2 7D sawout
Vear 011 3 6 MO scL
GND ]| 4 5[0 sSpa

DS1307Z &-PIN SOIC (150 MIL)

PIN DESCRIPTION

Vee — Primary Power Supply

X1, X2 — 32.768 KHz Crystal Connection
VeaT — +38 Volt Battery Input

GND — Ground

SDA — Serial Data

SCL — Serial Clock

SQW/OUT — Square wave/Output Driver

and providing a device identification code followed by a
registeraddress. Subsequent registers can be accessed
sequentially until a STOP condition is executed. When
Vo falls below 1.25 x Vgar the device teminates an
access in progress and resets the device address
counter. Inputs to the device will not be recognized at this
time to prevent erroneous data from being written to the
device from an out of tolerance system. When V¢ falls
below Vgarthe device switches into a low current battery
backup mode. Upon power up, the device switches from
battery to Vo when Vi is greater than Vgar+0.2V and
recognizes inputs when Vg is greater than 1.25 x VgaT:
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.

©Copyright 19955}/ Dallas Semiconductor Corporation.

All Rights Reserved. For important information regarding
patents and other intellectual property rights, please refer to
Dallas Semiconductor data books.

041697 1/11
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DS1307 BLOCK DIAGRAM Figure 1

..

OSCILLATOR RTC
AND DIVIDER
SQUARE WAVE
SQW/OUT &+—— ouT ‘—"—‘
RAM
(56 X 8)
CONTROL
LOGIC
Vee =)
Vgar ——> POWER
GND CONTROL
SCL ————
SERIAL BUS ADDRESS
INTERFACE REGISTER

ft

i ]

SIGNAL DESCRIPTIONS

Vce, GND — DC power is provided to the device on
these pins. Vg is the +5 volt input. When 5 volts are
applied within normal limits, the device is fully accessi-
ble and data can be written and read. When a 3 voltbat-
tery is connected to the device and V¢ is below 1.25 x
VpaT, reads and writes are inhibited. However, the
Timekeeping function continues unaffected by the lower
input voltage. As V¢ falls below Vpgar the RAM and
timekeeper are switched over to the external 3 volt bat-

tery.

Veat — Battery input for any standard 3 volt lithium cell
or other energy source. Battery voltage must be held
between 2.5 and 3.5 volts 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 intemnal circuitry as 1.25 x Vgt 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 Input/Output) — SDA is the input/
outputpin for the 2—wire serial interface. The SDApinis
open drain which requires an external pull-up resistor.

SQW/OUT (Square Wave/ Output 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,
8 KHz, 32 KHz). The SQW/OUT pinis open drain which
requires an external pull-up resistor.

X1,X2— Connections fora standard 32.768 KHz quartz
crystal. The intemal oscillator circuitry is designed for
operation with a crystal having a specified load capaci-
tance (CL) of 12.5 pF.

041697 2/11
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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 regis-
ters are located in address locations 00h to 07h. The

DS1307 ADDRESS MAP Figure 2

RAM registers are located in address locations 08h to
3Fh. During a multibyte access, when the address
pointer reaches 3Fh, the end of RAM space, it wraps
aroundto location 00h, the beginning of the clock space.

00H
SECONDS

MINUTES

HOURS

DAY

DATE

MONTH

YEAR

— CONTROL

08H

RAM
56X 8

3FH

CLOCK AND CALENDAR

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

settoaone,theoscillatorisdisabled. Whenclearedtoa
zero, the oscillator is enabled.

The DS1307 can be run in either 12—hour or 24—hour
mode. Bit 6 of the hours registeris defined asthe 12—or
24—hourmode select bit. When high, the 12-hourmode
is selected. In the 12-hour mode, bit 5 is the AM/PM bit
with logic high being PM. In the 24—-hour mode, bit5 is
the second 10 hour bit (2023 hours).

041697 3/11
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DS1307 TIMEKEEPER REGISTERS Figure 3

{ BIT7 | | [ I [ | BITO '
00H | CH 10 SECONDS SECONDS 00-59
X 10 MINUTES MINUTES 00-59
12 10HR 01-12
X 24 [ ap | 1OHR HOURS 00-23
X X X X X DAY 1-7
01-28/29
01-30
X X 10 DATE DATE 015
X X 10 MONTH MONTH 01-12
10 YEAR YEAR 00-99
07H | ouT ps X | sQwe| X 4 RS1 RSO

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

BIT? | BIT6 | BITS | BIT4 | BIT3 | BIT2 | BIT1 | BITO

ouT X X SQWE X X RS1 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 1if OUT =1andis 0if OUT = 0.

SQWE (Square wave Enable): This bit when set to a
logic 1 will enable the oscillator output. The frequency of
the square wave output depends on the value of the
RS0 and RS1 bits.

RS (Rate Select): These bits control 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.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RSH1 RSO SQW OUTPUT
FREQUENCY
0 (¢] 1 Hz
0 1 4 KHz
1 0 8 KHz
1 1 32 KHz

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 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 slaves. The bus must be
controlled by a master devicewhich 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.

041697 4/11
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TYPICAL 2-WIRE BUS CONFIGURATION Figure 4

Vee

Rp Rp
SDA @ J—o @ A‘
2-WIRE
SERIAL DATA
BUS
scL
DS1307 OTHER
MICRO-
REAL TIME PERIPHERAL
PROCESSOR CLOCK DEVICE

The following bus protocol has been defined (see Figure
5).

® Datatransfer may beinitiated only whenthe busis not
busy.

® During data transfer, the data line must remain stable
whenever the clock line isHIGH. 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 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 a 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 a START condition
and terminated with a STOP condition. The number of
data bytes transferred between the START and the
STOP conditions is not limited, and is determined by the
master device. The information is transferred byte—
wise and each receiver acknowledges with a ninth bit.

Acknowledge: 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 acknowledge 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 from a slave a master must signal an end
of data to 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 condi-
tion.

DATA TRANSFER

Figures 5, 6, and 7 detail how data transfer is accom-
plished on the 2—wire bus. Depending on the state ofthe
R/W bitin the transmission protocols as shown in Fig-
ures 6 and 7, two types of data transfer are possible:

041697 5/11
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DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

“NC oo

OO

S"“’”L/*WWW

S X / L H_/ P

'— ADDRESS DATA DATA T

START STOP
CONDITION CONDITION
1. Data transfer from a master transmitter 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 p
bytes. The slave returns an acknowledge bit after

each receivedbyte. Data is transfered 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 trans-
mitted by the master. The slave then returns an
acknowledge bit. This is followed by the slave trans-
mitting a number of data bytes. The master retums
an acknowledge bit after all received bytes other
than the last byte. At the end of the last received
byte, a 'not acknowledge' is returned.

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
notbe released. Data is transfered with the most signifi-
cant bit (MSB) first.

DATA WRITE - SLAVE RECEIVER MODE Figure 6

Slave receiver mode (DS1307 write mode): Serial
data and clock are received through SDA and SCL.
After each byte is received an acknowledge bit is
transmitted. START and STOP conditions are rec-
ognized 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 (RAM\) which for a write is 2 0. After receiving 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 to the DS1307
This will setthe register pointer on the DS1307. The
master will then begin transmitting each byte of data
with the DS1307 acknowledging each byte
received. The master will generate a stop condition
to terminate the data write.

A
IS
<Slave Address> @ <Word Address (n)> <Data(n)> <Data (n+1)> <Data (n+X)>
]

| s | 1101000 [0 | A | ook | A | 00000 | A [ 0000000 | A | X000 |a]P|
S - START l ((_ l
A — ACKNOWLEDGE /)
P _ STOP DATA TRANSFERRED

(X+1 BYTES + ACKNOWLEDGE)
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2.

Slave transmitter mode (DS1307 read mode): The
first byte is received and handled as in the slave
receiver mode. However, in this mode, the direction
bitwillindicate that the transfer directionis reversed.
Serial data is transmitted on SDA by the DS1307
while the serial clock is input on SCL. START and
STOP conditions are recognized as the beginning
and end of a senal 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, followed by the direction bit (R/W\) which
for a read is a 1. After receiving and decoding the
address byte the DS1307 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 pointeris not writ-
ten to before the initiation of a read mode the first
address thatis 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

A
%
<Slave Address> Vv <Data(n)>

<Data(n+1)>

<Data (n+2)> <Data (n+X)>

|'s | 101000 | 1 [ A X000 | A | X000 | A~ ] X000 [ A o000 | & P |
((

s = SIARE DATATRA)I\{SFEHRED

ol g%go‘”‘-EDGE (X+1 BYTES + ACKNOWLEDGE)

A - NOT ACKNOWLEDGE
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DS1307

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground —0.5V to +7.0V
Operating Temperature 0°C to 70°C

Storage Temperature —55°C to +125°C
Soldering Temperature 260°C for 10 seconds

* Thisisastress ratingonly andfunctional operation of the device atthese orany other conditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

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

RECOMMENDED DC OPERATING CONDITIONS (0°C to 70°C)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage Vee 4.5 5.0 55 " 1
Logic 1 Vi 2.2 Vcet0.3 \Y 1
Logic 0 Vi —-0.3 +0.8 \ 1
Vgat Battery Voltage VBaT 2.5 3.5 \" 1

DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Ve=4.5V to 5.5V)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Input Leakage I 1 LA 10
/O Leakage lLo 1 uA 11
Logic 0 Output Vo 0.4 \Y 2
Active Supply Current lcca 1.5 mA 9
Standby Current lccs 200 uA 3
Battery Current (OSC ON); IgaT1 300 500 nA 4
SQW/OUT OFF
Battery Current (OSC ONy; IgaT2 480 800 nA 4
SQW/OUT ON (32 KHz)
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DS1307

AC ELECTRICAL CHARACTERISTICS

(0°C to 70°C; Ve=4.5V to0 5.5V)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
SCL Clock Frequency fscL 0 100 KHz

Bus Free Time Between a STOP tsur 4.7 us

and START Condition

Hold Time (Repeated) START tuD:STA 4.0 us 5
Condition

LOW Period of SCL Clock tLow 4.7 us

HIGH Period of SCL Clock thigH 4.0 us

Set-up Time for a Repeated tsu:sTA 4.7 us

START Condition

Data Hold Time tHD:DAT 0 us 6,7
Data Set-up Time tsu:pAT 250 ns

Rise Time of Both SDA and SCL tp 1000 ns

Signals

Fall Time of Both SDA and SCL te 300 ns

Signals

Set—up Time for STOP Condition tsu:sTo 47 ps

Capacitive Load for each Bus Cg 400 pF 8
Line

1/O Capacitance Cio 10 pF

Crystal Capacitance 12.5 pF

NOTES:

1. All voltages are referenced to ground.

. Logic zero voltages are specified at a sink current of 5 mA at Vgc=4.5V, Vo =GND for capacitive loads.

. lccs specified with Vo c=5.0V and SDA, SCL=5.0V.

. After this period, the first clock pulse is generated.

2
3
4. Veo=0V, Ve AN
5
6

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

7. The maximum typ.paT has only tobe met if the device does not stretch the LOW period (t_ ow) of the SCL signal.

8. Cp — total capacitance of one bus line in pF.

9. lcca— SCL clocking at max frequency = 100 KHz.

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

—~
—~

.
~

|
a N
SDA | X
—p !‘_tp
SCL f
tHD.gTA > -
’ tHD:DAT
Low
P S

STOP START
CONDITION CONDITION

DS1307 64 X 8 SERIAL REAL TIME CLOCK 8-PIN DIP

X
it
i 3

w
w

tp =

tHigh

—

f

tsu.paT

A /ﬂ—
" ( \ 7
J)
™ tHD:STA

[ tsu:sTA tsu:sTO il
Sr P

START STOP

CONDITION CONDITION
REPEATED

PKG 8-PIN

DIM MIN MAX

AIN. 0.360 0.400

MM 9.14 10.16

BIN. 0.240 0.260

MM 6.10 6.60

CIN. 0.120 0.140

MM 3.05 3.56

D IN. 0.300 0.825

MM 7.62 8.26

E IN. 0.015 0.040

MM 0.38 1.02

FIN. 0.120 0.140

MM 3.04 3.56

GIN. 0.090 0.110

MM 2.29 2.79

HIN. 0.320 0.370

MM 8.13 9.40

JIN. 0.008 0.012

MM 0.20 0.30

KIN. 0.015 0.021

MM 0.38 0.53
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DS1307Z 64 X 8 SERIAL REAL TIME CLOCK 8-PIN SOIC (150 MIL)

G K 8-PIN
.’ " *‘l—’ PKG (150 MIL)
ﬂ H H [ DIM MIN MAX
AIN. | o188 | 019
MM 278 2.98
B H
BIN. | 0150 | 0.158
@) 4 MM 3.81 4.01
H H H H ciN. | o048 | 0.062
_ 1 MM 1.22 1.57
1
EIN. | 0004 | 0010
MM 0.10 0.25
A FIN. | 0053 | 0.069
i MM 1.35 1.75
c GIN. 0.050 BSC
[LEBEHELD-LK MM 127 BSC
—{ = HIN. { 0230 | 0244
mMm | 584 6.20
JIN. 0,007 | 0.011
§ LY MM 0.18 0.28
' R KiN. | o012 | 0.020
7 MM 0.30 0.51
Rhi - LL LIN. | o016 | 0050
2 MM 0.41 1.27
phi 03 8°
56-G2008-001
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DOT MATRIX LCD MODULE ETT

Y LCD Type

This is the most typical general-purpose type LCD. bring used i applications ranqing from watche< and

calculators to Dot Matrix Modules.

® TN Positive Ir;mgc Type (Basic Type) X2
- *STANLEY LCD#:.,
.-G 162eA:

The most typical general-purpose LCD of the TN types.
This type features black characters (or drawings) on a neutral gray backgr
Usable in three modes: Rellective mode, Transmissive mode and Transflective

mode.

N, s

@ TN Negative image Type

This has revarsed image of positive type. with a white display on 2 black

background.
Usable in Transmissive mode only.

® Wide Temperature Type

In contrast with the operating temperature range of 0 to 50°C for normal TN types.
!his type feeturas a yvidg operating temperature range of —20 to 70°C. (This LCO
is particulany effective in use with backlighting which generates heat.)

on display LCD intended for Dot Matrix Display has an increased

Compared with TN types, this high-resoluti ea:
fold improvement in contrast and viewing sngle charactenstics.

twisted angle. resulting in 3 more than two-|

@ STN Yellow Type
Dark blue display on a ye“ow?'reen background.

This is the most typical %enen purpose type of high-contrast STN types.
Usable in three modes: Reflective mode, Transmissive mode and Transflective

mode.

@ STN Blue Type

Backlight color display on a blue background.
This type intended specifically for use in combination with a white light source.

Usable in transmissive mode onty.

@ STN Gray Type

Dark blue display an a bluegray background. This type features an improvement
that provides a display which appesrs nstural with its surround colors, when
the yellow mode bsckground is blanked. Usable in reflective mode

Features of Each Mode
STN
Bockgrovad LCO mode Tomporvtrre
LLO Type i DC::’ Cost- i St _
Doechen| rest oo o o atuta|  Opr. Sq E
Trowowe  {tewintowy| Bea [0 O JO[OOfor |-m- K
Negatve Black Clear (s} (o] x A ] +50 +10
N J SESIRY PR
e =~ Rl | b bnay TN
S -] (o] o
1 Rl Rufe IS 0~ -0~
T o}o x ‘
= pe A a0 ‘60 <
N 3] o o A < Viewng sngle
Example of Contrast-Viewing Angle Curve




DOT MATRIX LCD MODULE ETT.

Y Backlighting

S:TANLEY Dot Matrix LCDs feature three types of backlighting:
high-intensity, long-lile LEDs, CFL with brightness and good color rendition, and slim-lino EL.

" G: Green

fig 1

Rulatve Lununous Intensity

e gt
Exsmple of Relotve
{For GMO1S10ALY)

2.0

w

o

o
w

0

H Features
@ Long-e, bright and unilorm backlighting
voitage: 4.44.7V (Using external resister)

@ Operating
@ Five colors are available
@ The use of high-ntensity LEDs and unique Hiumination technology enable

effective backlighting with 3 small number of chips.

| Specifications .
Please see each page for standard types.

# Example of power supply circuit for LED Backlighting Unit.

SR

'Mmucmmﬁ:wnddmlnwhmmm

oMl ml%e
<

R: Forward current Emitting resister

vtoneity ve. Forwerd Corrent

:

S 2P ke PR %

W Precaution for usage - .
ﬂnopmdngump«mnmcdlcomdumﬁd\ubboquhdnqk
WWWWMWIM&MWNWLEDMM«
will be verted sccording to the ambient temperature.

#g.2 Exsmple of Forward Creront ve. Ambivet Tomparstore
(Fer GMOTSTOALY)

Ir(ar)

~N
-
o

0
o

Furward Curent

(~]




DOT MATRIX LCD MODULE ETT

ALPHANUMERICDOTMATRIX-MODULES:

DISPLAY CHARACTER POSITION AND DD RAM ADDRESS

1x8 DMM, 1/8 MUX
N=@ : 1-UNE DISPLAY

F=@ : 5X7 0OTS
DISPLAY POSITION

1 23 4 5 6 7 8
FIRST UNE g g a1[a2|esla 4'65’05 @7|——00 RAM ADDRESS

WHEN THE DISPLAY SHIFT OPERATION IS PERFORMED, THE DD RAM ADDRESS MOVED AS FOLLOW :

AFTER THE RIGHT SHIFT INSTRUCTION

AFTER THE LEFT SHIFT INSTRUCTION
3 4 5 6 7 8———0ISPLAY POSITON

. 23 4 5 6 7 8~—DISPLAY POSITION 12
[;Is 2[9 3[94[95[95[97 38|=——D00 RAM ADORESS W[aelmlazleslulesb‘el-'—ob RAM ADDRESS

ixt6 DMM, 1/16 MUX
N=1 : 2—-UNE DISPLAY .
F=@ : 5X7 DOTS
v e e 13 13 14 15 16 —~————DISPLAY POSITION

1 23 4 5 6
ARST UNE [a—a[evlazlesle4!esloela7|4elnl4z]43|44|45|4sl2]—-—-00 RAM ADDRESS

WHEN THE DISPLAY SHIFT OPERATION IS PERFORMED, THE DD RAM ADDRESS MO\;‘EO AS FOLLOW :

AFTER THE LEFT SHIFT INSTRUCTION
1 23 4 5 6 7 8 9 10 11 12 13 14 1

Fx[ezle:]ules]esln]aa]u|42|43|44]45|4s|47l4£|——00 RAM ADDRESS

AFTER THE RIGHT SHIFT INSTRUCTION g
1 23 4 5 6 7 8 8 101 12. 13 14 1S 16‘,:‘..—.0"SPMYPOS|TION

E[a a]evlszl’es|e 4|as|e s]s 7|4e|41 [+ 2]43]44[4 sl‘ilt.’:“?‘.’..!*ﬁ’.‘ ADORESS

5 1§ —DISPLAY POSITION

1x8 DMM, 1/8 MUX D N iy
Ne=g : 1-UNE DISPLAY 4 17 /& IR - _
F=@ : SX7 DOTS » . . y
1 23 4 5 6 7 8 9 10 11 12 13.14 1S5 16 DISPLAY POSITION

FIRST UNE [ﬁle1|azln|e4]e5|ss|e7[aa|es|a Aleslo c]aole:lﬂ-——w RAM ADDRESS

1x20 DMM, 1/8 MUX
N=@ : 1-UNE DISPLAY
F=8 : 5X7 DOTS
9 10 11 12 13 14 15 16 17718 19 20 ——DISPLAY POSITION

1 223 4 5 6 7 8
FRST UNE Iﬁ]m[ez[a 3]0 4]55]86[6 719a]aslwlaaleclab,os[or[mln l'zhi]".-w RAM ADDRESS

x40 DMM, 1/11 MUX

N=@ : 1-UNE DISPLAY

F=1 : SX10 DOTS &
l234557891011|213

ARST (56 a:iez]osla 4leslas|e7]aa]a9|u|aalac]-—-—lza|z1 |22]23‘24|25|26J_21}—00 RAM ADORESS

33 34 35 36 37 38 39 40 =—DISPLAY POSITION

UNE
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DOT MATRIX LCD MODULE ETT

DISRLAY CHARACTER POSITION AND DD RAM ADDRESS (CONTNUE)

2x16 DMM, 1/16 MUX N=1 - 2-1INF DISPIAY r-@ : sx7 nois
1 25 4 5 6 7 8 9 101 1213 1415

FIRST 1NE [55Ta1[az2[e 3]0 4]|os|esle7]ealaa]|anleBlac|en|ec|ar
SECOND LINE' 40|41)142]43[44|45[46|47|48B[|49]|4A 4B|4C|4D|4E|4F

16 =  DISTLAY FPORHON
- —-DD RAM ADDRESS

WHEN THE DISPLAY SHIFT OPERATION IS PERFOMED, THE DD RAM ADDRESS MOVED AS FOLLOW -
AFTER THE LEFT SHIFT INSTRUCTION

1 23 4 S 6 2 8 9 10 11 12 13 14 15
g1ie2/e3|e4|esloc|e7|eBleo|eAalaB|eC|aC|OE|BF
41(42(43]44)45|46(47]48|49|4«A[4B[4C|{4D]|4E|4F

16 ~=——0ISPLAY POSITION
| @] ——00 RAM AODRESS

50

AFTER THE RIGHT SHIFT INSTRUCTION o ...
123 4.5 6 7 8 9 10 11 1213 1415 16 ———DISPLAY POSITION

27[ed[0162[as[o|as[as]o7]as]a|easlaclanjae|=—00 RAM ADDRESS
s7]40|41[42[43[¢4[45]45[47]4B]49]4a|4B|4c|4D|4E

2—-LINE DISPLAY F=@ : 5X7 0OTS
16 17 18 19 20 ——DISPLAY POSITION

—DD RAM ADDRESS

2x20 DMM, 1/16 MUX Ne=1 :
1 273N 875 6 "7/ T8Il 9 10 _LLNIZ 43NS

FIRST UNE [ggfe1[e2[osfe4[es[ec[e7]ea|es|ealaslec|eD|eE|aF f1af11 {1213
seconD UNE [eafs 1[4 2[43]a4|as|46|s7]sB[49[sn|4B]ac|sD]4E|4F|5B]51 |52)53

2x24 DMM, 1/18 MUX N=1: 2-UNE DISPLAY F=8 : 5X7 DOTS
i 2.3 4 5 6 7 8 9 10 11 12 13 1415 16 17 18 19 .20 21 22 23 24 ——OISPLAY
FIRST - POSITION

une. [ee]er[e2]es]es]es[es[a7]es]es]eren]ac]en[ecor|1ef11|12]13]14]15]16|17 |—p0 RAM
EECEOND 40|41]42]43|44|45[46[47]|s8[s5[sa[sB[sc|sn]se|sF|sa|51 |52 |53]54|55]56 |52 AODRESS
INI

2x40 DMM, 1/ MUX - __ __N=1_: 2-UNE DISPLAY  F=8: 5X7 DOTS ( .

1 23 4 5 6-7 8 9 101 1213 33 34 35 36 37 38 39 40 —DISPLAY
FIRST POSITION
une. [eefer[e2fes[e«Jes|es[o7[eslas]oalesloc|. . __{2021]2223|24]25]26 |27 |—00 RAM
se%ouo 48|a1]|42]43]44ls5|46]a7]a8ls9]aalsB]4C 68|61 |62 63|64 |65 |66 |67 ADORESS
LIN 5%
4x18 DMM, 1/16 MUX N=1 : 2-UNE DISPLAY ~**~'F=@ ¥ SX7 DOTS °

- 1. 23 4 5 6 7 8 9710 M712713-1415 “16 ——DISPLAY POSITION
|-—0D0 RAM ADDORESS

FIRST UNE [@@|e1[a2|e3|a4|es{es|e7|esle9(eAjeB|ac|BD|BE|F
SECOND UINE[4@|41{42[43|44[45[46|47|48|49|4A|4B[4C|4D|4E|4F
THIRO UNE [1o(11f1 2131 4|15li6przjr8l19[tAiBICNODNENF
FOURTH LINE |50(5%]52|53|54|55/56|57(58(59|5A|5B|SC|S0D S'ElSF

4x20 DMM, 1/16 MUX N=1 : 2-LINE DISPLAY F=@ : SX¥ DOTS
1 2 3 45 6 7 8 9 10 11 12 13 1415 16 17 18 19 20 ——DISPLAY POSITON
acleofeelar[18]11 [12]13]——00 RAM ADDRESS

FIRST LINE [8@|81|@2(83|04|85|36|07|08|09|B8A|G8
SECOND LINE[43[41|42]4 3[44{45|46|sa7]48{a0]|srlsB|aC|4D|4E|4F|5B|51 52|53
THIRD UNE [1 4f15{16[t 71 8[1 9|t A1 Bl1CtO|1E|1F|2€]|21|22]23|24)25(26 |27
FOURTH LINE |54|55|56|57(58159|5A|58|5C|50|SE|5F|60[61]|62]|63]|64]65|66|67
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eDisplay Format(16character X2line) ® Display Fonts(5X8dots) @ Driving method(/(‘D)

ELECTRICAL CHARACTERISTICS

~ ABSOLUTE MAXIMUM RATINGS
Sym- | Test Standard Value Sym- | Test Standerd Ve |
Hem bol | Condition o R bol <t
min | YR | max min | iyp | max
Power Supply Voc = v — - J2.2 Vee| V
Votitage for Logic Vss 0 7 Vi Input Voltage 5 VA
Power Supply Vee= 0 ] v - v 03] - fos| vV
v for LCD Vee 3.5 Input “Low"™ Yoitage "
Input “High™ Voltage | Vi Vss vee| v | |Output THoh~ Voitage || Vo |-low=0.265ma | 2.4 v
| - T 7
Operating - : Vo | lov=1.2mA 0.4 V
Temperature g | 0 +50| | | output "Low" valtage | Voo | 11
i ' . T
L
N i Tsig i —20| |+70| T | |Power Suppty Current | tcc | Ve=5.0v 0.5]2.0 mA
#Vec=50V +5%. Ta=25C
Block diagram
(adad bn 236 ) BEE W, BN LYW B TGS A el AN i
bl CoM1§ :
; :
os«<jw:> i ¥ ol e H
]
CONTROL
ne Ls SEGH, f ,tfs:oac :
RS HO44780 :
vee s’ seouent oaver | !
Vas i
[ - ol s

[X] W [ J :l ”,/;“_»‘_
' O IS | ot
U0 2 memmm a7 7L
EEEEEENE [ 17]

i

b

o =2, 9% ——=d
0.58 l.ﬂ. ll.l-
: |
10 0
LI
Hills n
T oooog

0oc0a




DOT MATRIX LCD MODULL

ETr

DV-16236

16 chars x 2 lines TN/STN Reflective/EL/ALED Backlight

LS 4B ELECTRICAL! CHARAGTERIS TIC  (REREGTIYEY
Stendard Valus Test Standard Value .
ftem Symbol YD Tye. Mox. Unit item Symbol Condition M Ton. Mox. Uait
Supply Vottage for Logic Voo-Vss 0 - 7.0 v Input ""High™" Voliage Vi - 22 - 3 v
Supply Voltage for LCD Drrver Voo-Vee - — 13.5 v Input “"Low’* Voliage Vi - - —_ 0.6 v
lnput Voltage Vi Vss - Voo v Output “"High™* Voltage Vou ton=0.2mA 2.2 - - \'
Operature Temp. Tope o] - 50 °C Output *"Low’" Voltage Vou loc=1.2mA - - 04 v
Storage Temp. ~ ~ * Tstg -20 - 70 °c Supply Current loo Voo=5.0A - 1.5 40 |mA
No | Symbot | Function No | Symbol Function .
1 Vss GND, OV 8 D81 Data Bus o { - :
2 Voo +5V 9 082 - 080 G__) — wo l
3 | vee | for LCD Drive 10| oe3 — e T oo |50 o !
4 RS Function Select 11 084 — as —1 t
5 | AW | ReadiWrite 12| oes = i . :
6 | € | Enable Signal 13| 086 = o] oove !
7 080 Data Bus Line 14 D87 - J

Aty =

IO GRGS

R 80,001 0.30 % Y sor. 10.00
= 440
€2.20: 0.20 e
—~2.30 36.20
N ; '
e T
413 A—z‘m
18 2 o R IRY el /31,5
olelgl [a2 | & N 272 oS
s ___.____.-_é-_,. - 3 —
gEn e ! A 42
35 > r sl — —— B3 2 = s
1 l — K
J . il
110 250 1] 25 ] hind) 2 |
43.00¢0. 40.0040.
0.20 4 20 _! [3.00£0.30

295

3.8%
0.8%

0.03

2
3 0es

A BLOCK

D

V-16244

16 chars x 2 lines TN/STN Reflective/EL/LED Backlight

2 %] [(WieLecTRICAE CHARACTERISTIC]
Stendard Value L Tost Standard Value
ftem Symbol Min Typ. Max. Unit ftem Symboll Condition Min. | Typ. | Max. Unk
Supply Vohage for Logic Voo-Vss 0 - 7.0 v Input ““High** Voltage Vir — 2.2 - Vee \
Supply Voltage for LCD Driver | Voo-Vee - — 13.6 \ Input “"Low** Voltage Vi = — - 06 | v
Input Voltage Vi Vss — Voo v Output “"High’* Voltage Vou | lok=0.2mA 2.2 - — v
Operature Temp. Tope (o] - 50 L Output “‘Low"* Voltage Vou lou=1.2mA - - 0.4 v
Storage Temp. Tstg -20 - 70 ¢ Supply Current loo Voo =6 0A - 1.5 40 | mA
i @ 'BLOCK DIAGRAM
No | Symbot | Function No | Symbol =
1 Vss GND. OV} 8 D81 Data Bus w0 |
2| voo | +5v ' 9 | os2 — ose G:/\
3 | Vee | for LCD Drive 10| o83 E A
4 RS Function Select 1 D84 — ay —4J
s | Rw [ Readiwrite 12 | 085 ~ -
6 E Enable Sigra! 13 [o]:1] — g |
7 | DB0 | Data Bus Line 14 | D87 - L

0.0%
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s

s

DV-16244

16 characters x 2 lines

B Mechanical Data

Item Standard Value Unit
Module Dimensions 84.0(W) X 44.0(H) X 10.0 (D) mm
Viewing Area 62.2(W) X 17.9(H) mm
Dot Size 0.55(W) X 0.65(H) mm
Dot Pitch 0.60(W) X 0.70(H) mm
H Absolute Maximum Ratings

Item Symbel Min. Stand;;g'Value Max. Unit
Supply Veltage for Logic VoV .3 - 7.0 \4
Supply Voltage for LCD Drive Vi Ve, V135 - V0.3 Vv
Input Voltage Vv, -0.3 - V0.3 v
Operation Temperature Topr 0 -
Storage Temperature Tstg -20 —
B Electrical Characteristics = ST
Item Symbel Condition Min. Standztll:;ip?’alue e, Unit
Input "High" Voltage Vig 2.2 - Vi Vv
Input "Low" Voltage Y Ipy=0.205mA 0 - 0.6 \4
Qutput "High" Voltage Won I, =1.2mA 24 - Vi \4
Output "Low' Voltage VoL 0 - 0.4 \4
Supply Current Ly V=5V — 1.8 5.0 mA
e e =

No. Symbol Function No. Symbel Function
1 Vss GND,0V 10 DB3 Data Bus Line
2 Voo +5V 11 DB4 Data Bus Line
3 Ve For LCD Drive 12 DB5S Data Bus Line
4 RS Function select 13 DB6 Data Bus Line
5 R/W Read/Write 14 DB7 Data Bus Line
6 E Enable signal 15 LED A LED power supply
7-9 DB0-DB2 Data bus line 16 LED K LED power supply
B Block Diagr:
BEA COM 16
+S5V 4 8 LCD PANEL
VDD Ty—I DBO
A2 £ 1Y) 2 Spin x
VEE ~SVR T VvOD o A (ONTROLLER SEC 40 5
. —
i 3 pY SEC L0
] | VEE ——> L
1 —
VsS VDD DRIVER
— 7777
B External Dimension:
8L.0:05 ) vos e
b 79.0:03 25
1 2;223 }'— 50203 91:03 o_% _
2125~ | [ 56.2 ] I
J 0 L-910 S‘
' / 77
g3 mmmnme® ey E
::,;I | Lluoe e ke wre g %":’:;} 2
E AR ] ] ‘ zr
L9 pecerrnnopeey— } = 1. i R 1 -
R 256x13 Lose APy ! A BLOCK
ol 760:03 | Ref EL.B/L LED,B/L —
B Option R s
LCD Type Backlight Type Built-in Control LSI
S1 | S2 W N R F M H | EL | LED | CCFL | Touch Panel
° ° ° ° ° ° ° KS-0066U or equivalent

Remarks: S1 : yellow-green STN LCD , S2 : gray STN LCD, W : black & white LCD, N : negative type LCD, R:
reflective type LCD, F : transflective type LCD, M : transmissive type LCD, H : extended temperature type LCD

(-20°C ~ 70°C)





