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Special Project Title Photovoltaic Frame positioning controller
Name Mr. Nuttasak Mekchunroen

Mr. Sarayut Luengruengroj

Department Applied Physics
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Academic Year 2004

Special Project Advisor Assoc.Prof. Wichit Sirichote
ABSTRACT

A controller for adjusting North-South tilt angle of photovoltaic frame has been
developed. The controller was built with MCS51 microcontroller board. Declination angle was
computed using local time and was corrected for Ladkrabang’s latitude. The tilt ahgle spans +
23.5 degrees along the period of one year. The test on October 2005 has shown frame’s angle was

deviated by +2 degree from declination angle.
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2.5 Solar Declination
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Date Jan Feb Mar |- April- | May Jun July Aug Sep Oct Nov Dec
1 38S | 32S | 23S 10S 0 7N 8N 2N 7S 185 | 30S | 37S
2 378 328 22§ 10S 0 7N 8N 2N 78 18S 30S 37S
3 37S | 31S | 228 10S 0 7N 8N 2N 8S 19S | 31S | 37S
4 37S 31S 228 9S 0 7N 7N 2N 8S 198 318 378
5 378 | 31S | 21S 9s 1N 7N 7N 1N 8S 20S | 31S | 37S
6 37S | 30S | 218 8s 1N 7N 7N 1N 9S 20S | 31S | 37S
7 37S | 30S | 20S 8S 1N 7N 7N 1N 9s 21S | 32S | 37S
8 37S | 30S | 20S 8S 2N 7N 7N 0 108 | 21S | 325 | 37S
9 37S 29S 20S 7S 2N 7N 7N 0 108 21S 328 38S
10 3751298 | .19S 75 2N 8N 7N 0 108+ |.22S .| #33S . | ~38S
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A151991 3.1(d8) LerAIA1IL Declination Tunsas Suanoandtlvestlszmalne
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Date Jan Feb Mar | April May Jun July Aug Sep Oct Nov Dec
11 36S 298 198 7S 2N 8N 7N 0 118 23S 33S 385
12 36S 28S 185 6S 3N 8N 6N 0 118 23S 338 38S
13 36S 28S 18S 6S 3N 8N 6N 0 128 23S 338 38S
14 36S 288 18S 53 3N 8N 6N 0 128 248 34S 38S
15 36S 278 178 58 3N 8N 6N 1S 12S 248 34S 388
16 36S 278 178 5S 4N 8N 6N 1S 138 258 348 38S
17 35S 27S 16S 48 4N 8N 6N 1S 138 258 348 388
18 358 26S 16S 4S 4N 8N 6N 2S 14S 258 34S 388
19 358 26S 16S 48 4N 8N 5N 2S 148 26S 358 38S
20 358 26S 158 3S 5N 8N 5N 28 148 26S 35S 38S
21 35S 258 1568 8S 5N 8N 5N 3S 168 26S 358 38S
22 348 258 148 23 5N 8N 5N 3S 158 278 358 38S
23 348 258 148 2S 5N 8N 5N 48 16S 278 358 38S
24 34S 248 14S 28 5N 8N 4N 48 16S 27S 368 38S
25 34S 248 138 18 5N 8N 4N 4S 168 28S 36S 38S
26 348 24S 13S 1S 6N 8N 4N 58 175 288 36S 388
27 33S 23S 128 1S 6N 8N 4N 58 178 28S 36S 38S
28 33S 23S 128 0 6N 8N 3N 58 18S 29S 36S 38S
29 338 - 12S 0 6N 8N 3N 6S 18S 29S 36S 38S
30 338 - 1S 0 6N 8N 3N 6S 188 298 378 38S
31 328 = 118 - 6N - 3N 6S - 30S - 38S

*NUYINA S = south , N = north
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$u /1fou Declination amnmsnaaed | manumiamdeu | nszuafindga'ldkwn)
1-Oct 18 18.0 0.0 7 343
2-Oct 18 18.0 0.0 6.670
3-Oct 19 18.0 1.0 10.410
4-Oct 19 18.0 1.0 9523
5-Oct 20 20.0 0.0 5.068
6-Oct 20 20.0 0.0 2 845
7-Oct 21 20.0 1.0 4.265
8-Oct 21 20.0 1.0 4.823
9-Oct 2 20.0 1.0 4633
10-Oct 22 22.0 0.0 0.000
11-Oct 20 22.0 0.0 3.130
12-Oct 22 22.0 0.0 3.053
13-Oct 2 22.0 0.0 9.580
14-Oct 23 22.0 1.0 9172
15-Oct 23 22.0 1.0 9.257
16-Oct 24 235 0.5 9.187
17-Oct 24 23.5 0.5 9645
18-Oct 25 23 1.5 9.685
19-Oct 25 235 15 9205
20-Oct %> 23.5 1 9.335
21-Oct 26 25.0 1.0 8.097
22-Oct 26 25.0 1.0 8.748
23-Oct 26 25.0 1.0 9.220
24-Oct 27 25.0 2.0 9.780
25-Oct 27 25.0 2.0 9.898
26-Oct 27 25.0 2.0 8.845
27-Oct 28 26.5 1.5 8683
28-Oct 28 26.5 1.5 9.620
29-Oct 28 26.5 1.5 8610
30-Oct 29 26.5 2.5 9.790
31-Oct 29 26.5 2.5 0.000
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Larry D. Partain “Solar cells and their applications” wiley interscience (wiley series in
microwave and optical engineering). 1995. ISBN 0-471-57420-1

“How Solar Cells work” available at: http://science.howstuffworks.com/solar-cell.htm
“Photovoltaics: Solar Electricity and Solar cells in Theory and practice” available at:
www.solarserver.de/wisser/photovoltaik-e.html

“Basic electrical ac-motor rotor operation” available at :

www.yoursitetopl0.com/basic_ac-motor_operation.html
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Source Code

Tsunsuilgusuyuumasaduaoning
CONTROL.C
#include<stdio.h>
#include<reg52.h>
#include<math.h>
#include<intrins.h>
#include<absacc.h>
#include"ds1307m.c"
#include"LCDdrv.c"

#include"setDT.c"

sfr WDT = 0xA6;

sbit LED =PI"7;

void set_angle();

int day[] = {0,0,31,59,90,120,151,181,212,243,273,304,334};

int *month[] = {”0","]31’1","Feb"’"Mar”’”Apr”,"May”"'Jun",”]ul""’Aug”,"sep”,"oct”,"NOV"’"DeC"};
int dec,a,b,angle,old_angle,direct,delay_time,total time,d;

int run_1s, tick, angle_flag, reset_time, flag_chk, run, set_degree, act_key, chk_key ;

float Solar_Dec;

IHHHRHHHERR AR



timer() interrupt 1
{
THO = Oxdc;
tick++;
if(tick==100)
{
tick = 0;

delay time+-+;

val = hex>>=4;

val =val*10;

dec =val +val [;

Wiiiisisiiiciaialihicisiaisiaiaiaiaiaisiai
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void calculate()

{
float DOY ,cal,degree,rad;

DOY = (day[H2D(time[5])] + H2D(time[4]) )+284;
degree =0.9863 * DOY;

rad = degree*0.0174;

cal = sin(rad);

Solar Dec = (23.45*cal)-15;

angle = Solar Dec;

[[HHRHHRAHE BRI

void chk_time()
{
if(time[2]==0x05 && time[1]==0x00 && time[0]==0x00)
{
calculate();

if(angle >=-28)

{
direct = old_angle-angle;
if(abs(direct) >=2)
{
total time = (abs(direct)*80)/2;
printf("\ntotal = %d \n",total_time);
angle flag=1;
}
}



if(time[2]==0x05 && time[1]==0x04 && time[0]==0x00)
{

P1 = 0xfb;

printf("\n delay time = %d d =%d P1 = %x\n",delay_time,d,P1);

if(angle flag==1)

{
if(direct < 0)
{ old angle=old angle + 6; }
if(direct >0)
{ old angle =old angle - 6; }
angle flag=0;

reset_time = 1;

}
if(time[2]==0x05 && time[1]==0x04 && time[0]==0x05)

{
P1 = 0xff;
printf("\n delay_time = %d d =%d P1 = %x\n",delay_time,d,P1);

IHHHHRHH R



void show()

{
char line[16],line1[16];

sprintf(line,"%02x %s %02x %02x:%02x " time[4],month[ H2D(time[5]) ],time[6],time[2].time[1]);
goto_xy(0,0);

Puts(line);

sprintf(line1,"Dec= %d%c %c= %d%c " angle,0xdf,0xf2,0ld_angle,0xdf);

goto_xy(0,1);

Puts(linel);

[[HHHRE I HRHHERRHT

void setting(void)

{
char line[16],line1[16];

if(run == 0)
{
sprintf(line," Set %oc = %d%c " 0xf2,0ld angle,0xdf);
goto_xy(0,0);
Puts(line);
sprintf(linel,” PressS3 ");
goto_xy(0,1);

Puts(linel);

Whiciaiciacais s i iiccaiiaiaiaiaiaiaiaca



void change angle()

{
iflangle flag ==1)
{
if(direct <0 )
{

if(reset_time == 1)

{
P1 = 0x9f;
delay time =0;
reset_time = 0;

}

if(delay_time == 5)

{
P1 = Oxff;

}

d = delay_time;
if(delay_time == total time)
{
Pl = Oxfb;
old_angle = angle;
)
if(delay time == (total time+5))
{
P1 = Oxff;
reset_time = 1;

angle flag =0;

IIHHHHHHIE I R Y



if(direct > 0)
{
if(reset _time == 1)
{
P1 =0xdd;

delay time =0;

reset_time = 0;

reset_time = 1;

angle flag=0;

I[FHHHIHHR I R
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void update_angle()
{

if (!(inp&0x02))

{

calculate();

if( (!(inp&0x20)) && set_degree && a
{

old_angle = old angle * -1;
act_key = 0;

dy I dl Y o U ¥ tﬂl = | 6’; 1 Y o 4 & v 1%
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if( ({(inp&0x40)) && set_degree && act_key)
{
old angle--;
if(old_angle < -38)
{
old angle = 38;
}
act_key = 0;
!
if( (!(inp&0x80)) && set_degree && act_key)
{
old angle++;

if(old angle > 38)

{
old angle = 0;
}
act_key = 0;
H
printf("\rold_angle =%d ",old angle);
}

[[HHHHHRHRR TR
void set_time()
{
if (inp&0x10)
{ check=0; }
if ((!(inp&0x10))&&(check==0)&&(!(inp&0x08)))
{
check=chk=chd=cht=ch=1;

setDT();



}
Whisisisiiiziii i e
void chk process()
{
if(run_Is==1)
{
RTCread();
update angle();
chk time();
show();
change angle();
run_1s =0;
}
i
ITHEHBHBH I BRAR R
void main()
{
P1 = Oxftf;

run_ls = tick = a = delay_time = total time = angle_flag = flag chk = run = 0;

b = reset_time =1;

WDT = 0xl1e;
WDT = Oxel;
THO = 0xdc;
TMOD = 1;

IE = 0x82;



TRO =1;

initRTC();
InitLced();

old_angle = -38;

calculate();

while(1)
{
inp=XBYTE[0x200];

chk_key =inp & 0xf0;
if( chk key == 0xfff0 )
tractkey=12"9
if (1(inp&0x10))
1/ { flag-.chk=1;, }
/ if ((!(inp&0x20)) && (flag chk ==1))

{‘run=1; i

setting();
set_angle();
set_time();

if(run==1)
{

chk process();
}
}
}



T1sunsNaeg Solar energy meter

PULSE.C

#include<stdio.h>
#include<regb52.h>
#include<intrins.h>
#include<absacc.h>
#include<string.h>
#include'lcddrv.c"
#include"ds1307.c"
#include"setDT.c"
/I#includesetTO.c"//extension;can set time on-and time off, but it's not complete yet.
#include"showdata.c"
#include"sds1820.c"

#include'login.c"

float energy,round,old_energy;
bit check,check?,work;plcd;
xdata float res[31][12];

sbit on=P177;

int delay_led,delay_time,old_min,key;
sfr WDT = OxAG;
void cal();

void led();

void checkwork();



void count() interrupt O
{
if (work==1)
{
WDT = Ox1e;
WDT = Oxe1;
round++;
on=delay_led=0;

cal();

void function() interrupt 1
{
THO=0xdc;
TLO=0;
if (delay_led++>=10) on=1;
if (delay_time++==10)
{
delay_time=0;
RTCread();
WDT = Ox1e;
WDT = Oxe1;
ds1820();
WDT = Ox1e;
WDT = Oxe1;
if (plcd) led();

checkwork();



void watchdog() interrupt 5

{
TF2=0;
WDT = Ox1e;
WDT = Oxef,
}
void online()
{
pled=0;

if /*(*/(old_energy!=energy)//&&(log==1))//use &&(log==1)) to work with login
{
printf("\n%02x-%02x-%02x  %02x:%02x:%02x R=%.0f E=%.3fkWh T=%.1f C
Tmax=%.1f C Tav=%.1f
C" time[4],time[5],time[6],time[2],time[1],time[0],round,energy,rtemp,tempmax,tempav);
ITprintf("\n%02x-%02x-%02x
%02x:%02x:%02x" time[4],time[5],time[6],time[2],time[1] time[0]);
old_energy=energy;

i
plcd=1;



/*void logintimeout()
{
if (old_min!=time[1])
{
old_min=time[1];
key++:
plcd=0;
if ((key==3)&&log)
{
log=key=0;
printf("\nconnection time out\n");

}
plcd=1,

i

void printdata()
{
inti,j.k;
printf("\nDate-Month,Energy(kWh),Tmax(C), Tav(C)\n");

for(i=1;i<=12;i++)

{
if ((i=="1)||(i==3)||(I==5)I|(i==7)lI(i==8)||(i==10)||(i==12))
{ k=31; }
if ((i==4)/|(i==6)I|(i==9)II(i==11))
{ k=30; }
if (i==2)
{ k=29; }

for(j=1;j<=kij++)



if (res[j][i]>=0&&res][j][i]<=20.0)
printf("%02d-%02d,%.3f,%.1f,%. 1f\n" j,i,res[j1[i],tmax[jl[i]. tav[j1li]);

else printf("%02d-%02d,n/a,%.1f,%. 1A\n",j,i,tmax[j1[i],tav[j1[i]);

}
}
!
printEN()
{

printf("\nENERGY = %.3f kWh" T=%.1f C Tmax=%.1f C Tav=%.1f
C" energy,rtemp,tempmax,tempav);

}

void lcd()
{
char line0[16],line1[16];
goto_xy(0,0);
sprintf(line0,"%02x-%02x-%02x
%02x:%02x"/*:%02x"™/,time[4] time[5] time[6],time[2] time[1]/* ,time[0]*/);
Puts(line0);
goto_xy(0,1);
sprintf(line1,"R=%.0fE=%.3fkWh ",round,energy);
Puts(line1);



void cal()

{
energy = round/600;

int htoc (int x)

{
int a,b,c,d,e;
a=x&0xf0;
b=x&0xO0f,
c=a>>4;
d=c*10;
e=d+D;

return(e);

void checkwork()

{
if ((time[2]>=ctoh(5))&&(time[2]<ctoh(18))) {~ work=1; }
else  { work=0; }

if ((time[2]==ctoh(18))&&(time[1]==0)&&(time[0]==0))

{
res[htoc(time[4])][htoc(time[5])]=energy;
/lprintf("%An" res[htoc(time[4])][htoc(time[5])]);
tmax[htoc(time[4])][htoc(time[5])]=tempmax;
tav[htoc(time[4])][htoc(time[5])]=tempav;

}

if (time[2]==ctoh(18))&&(time[1]==0)&&(time[0]==1)) { work=0;

if ((time[2]==4)&&(time[1]==ctoh(59))&&(time[0]==ctoh(59)))



WDT = O0x1e;
WDT = Oxe1;
round=energy=0,;

tempmax=tempav=rtemp;

void checkey()
{
if (RI==1)
{
Rl=key=0;
*if (log==0)
{
plcd=0;
login();//work fine while connected with hyperterminal but still have a

problem with telnet

plcd=1;

}

if (log==1)

{*/
switch(SBUF)
{

/lcase(0x45,0x65):  log=0; plcd=0; printf("\nlogout..."); plcd=1;
break;

case(0x52,0x72): plcd=0; printEN(); plcd=1; break;

case(0x41,0x61): plcd=0; printdata(); plcd=1; break;

case(0x3F): plcd=0;



printf("\n HELP\n");
printf("\n?- This help list\n");
printf("R- Read Energy\n");
printf("A- Read All data\n");
//printf("E- Logout and Exit");

default; plcd=0; printf("\nSolar Energy Meter (? for HELP)\n>>");

plcd=1,;
}
i
if (log==2)
{
switch(SBUF)
{
case(0x45,0x65):  log=0; plcd=0; - printf("\nlogout..."); plcd=1;
break;
case(0x52,0x72): pled=0; printEN(); = plcd=1; break;
case(0x3F): plcd=0;
printf("\n HELP\n*);
printf("\n?- This help list\n");
printf("R- Read Energy\n");
printf("E- Logout and Exit");
default._plcd=0; printf("\nSolar Energy Meter (? for HELP)\n>>");
plcd=1;
}
Y/
}



void main()

{
//round=energy=work=0,;
delay_time=log=key=0;
on=plcd=1;
IE |= 0x83;
IP |= 0x01;
TCON |= 0x01;
TMOD |= 0x01;
THO=0xdc;
TLO=0;
ET2=1;
RCAP2L=0xff;
RCAP2H=0xef;
TH2=0xef;
TL2=0xff;
TCON |= 0x10;
TR2=1;
WDT = Ox1e;
WDT = 0xel;
InitLed();
initRTC();
Puts(" Loading... ");
dlay(30000);
while(1)
{

inp=XBYTE[0x200];



if (inp&0x10)
{ check=0; }
if ((/(inp&0x10))&&(check==0)&&(!(inp&0x08)))

{
check=chk=chd=cht=ch=1;
plcd=0;
setDT();
plcd=1;

}

if (L(inp&0x80))

{
plcd=0;
showdata();
plcd=1;

}

checkey();

online();

/Mogintimeout();//if need to use login function,enable this and every disable
function in checkkey.

}



LCDDRV.C

/| below addresses are lcd's registers mapped to external data memory space

// see the schematic of 8051sbc for memory mapped i/o

#define BUSY 0x80 // busy flag location

#define LCD_command_write (*((unsigned char xdata*)0x0000))
#define LCD_data_write (*((unsigned char xdata*)0x0001))
#define LCD_command_read (*((unsigned char xdata*)0x0002))
#define LCD._data_read (*((unsigned char xdata*)0x0003))

#define LCD O0x0A

goto_xy(char x,char y);

char LcdReady(void)
{
unsigned char flag;
while( (flag=LCD_command_read)&BUSY)
{
if(flag == OXFF)retelll -1,
}

return 1;



void clr_screen(void)

{

LcdReady();

LCD_command_write=0x01;

char InitLcd(void)

{

if(-1 =

=LcdReady()) return -1,

LCD_command_write=0x38;

LcdReady();

LCD_command_write=0x0c;

clr_screen():

goto_xy(0,0);

goto_xy(char x,char.y)

{

LcdReady();

switch(y){
case 0:
case 1:
case 2.:

case 3:

LCD_command_write=0x80+x; break;
LCD_command_write=0xCO0+x; break;
LCD_command_write=0x94+x; break;

LCD_command_write=0xd4+x; break;



char *Puts(char* str)
{
unsigned char i;
for (i=0: strli] 1= "\0'; i++}
LcdReady();

LCD_data_write=str[i];

LCD_data_write=ch;
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SETDT.C

xdata int secs,mins,hous,days,mons,yers;
char line0[16],line1[16],inp;
bit check,chk,chd,cht,ch;

void dlay(int n)
{
int j;

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

void setDATE()
{
sprintf(line0,"DATE=%02d MONTH=%02d",days,mons);
gota-xy(0,0);
Puts(line0);
sprintf(line1," " YEAR=%02d - "yers);
goto_xy(0,1);
Puts(line1);
inp=XBYTE[0x200];
if (1(inp&0x20))
{
dlay(10000);
days++;
if (days==32)

{ days=1; }



if (1(inp&0x40))

{
dlay(10000);
mons++;
if (mons==13)
{ mons=1; }
}
if (1(inp&0x80))
{
dlay(10000);
yers++;
if (yers==100)
{ yers=1;}
}
if (I(inp&0x10))
{
check=1;
chd=0;
}

void setTIME()

{
sprintf(line0,"nour=%02d min=%02d",hous,mins);
goto_xy(0,0);
Puts(line0);
sprintf(line1," sec=%02d "secs),
goto_xy(0,1);

Puts(line1);



inp=XBYTE[0x200];
if (1(inp&0x20))

{
dlay(10000);
hous++;
if (hous==24)
{ hous=0;
}
if (1(inp&0x40))
{
dlay(10000);
mins+-;
if (mins==60)
{ mins=0;
}
if (1(inp&0x80))
{
dlay(10000);
se€s++;
if (secs==60)
{ secs=0;
)

if (inp&0x10)

{ ch=0; }
if (1(inp&0x10))&&(ch==0))
{

check=1;

cht=0;



int ctoh(int z)

{
int a,b,c;
a=z/10;
b=2%10;

a=a*16;

void RTCwrite()
{
start();
write(0xD0);
write(0x00);
write(secs);
(

write(mins);
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write(hous);
write(0x11);
write(days);
write(mons);
write(yers);

stop();

void setDT()
{
days=mons=1;
yers=secs=mins=hous=0;
InitLcd();
while (chd==1)
{
inp=XBYTE[0x200];
if (inp&0x10)
{ chk=0; }
if ((inp&0x10)&&(chk==0))

{ setDATE();
}
InitLed();
while (cht==1)
{ setTIME(); }
convert();
RTCwrite();



SDS1820.C

/*#include<stdio.h>

#include<reg52.h>*/

/********** |/O PORT **********/

sbit TMDAT = P3"5;

/*RESULT™/

unsigned char mtemp;
float temp,rtemp,tempmax,tempav,old_temp;
bit work;

xdata float tmax[31][12],tav{31][12];

/*****‘k**** FUNCT'ON **********/

void dmsec (unsigned int.count) { = //mSec Delay 11.0592 Mhz
unsigned int i; /1l Keil v5.2
while (count) {
i = 115; while (i>0) i-;

count--;



void tmreset (void)

{
unsigned int i;
TMDAT = 0;
i =103; while (i>0) i--;
TMDAT = 1;

i = 4: while (i>0) i--;

void tmpre (void) {
unsigned inti;
while (TMDAT);
while (~TMDAT);

i = 4; while (i>0).i-;

bit tmrbit (void) {

unsigned int
bit dat;
TMDAT = 0; i++;

TMDAT = 1; i++; i+4;
dat = TMDAT;
i = 8 while (i>0) i~

return (dat);

/I Reset TX

/I Approx 900 uS

/| Wait for Presence RX

// read one bit

/I Approx 65 uS



unsigned char tmrbyte (void) { // read one byte
unsigned char i,j,dat;
dat = 0;
for (i=1:i<=8;i++)
{
j = tmrbit ();
dat=(j <<7)| (dat >>1);
}

return (dat);

void tmwbyte (unsigned char dat)
{ // write one byte
unsigned int i;
unsigned char j;
bit testb;
for (j=13j<=8:j++).
testb = dat & 0x01;

dat = dat>>1;
if (testb) {
TMDAT = 0; /] Write 1
i++; i+t /-Approx 4 uS
TMDAT = 1;
i = 8; while (i>0) i--; /I Approx 65 uS
}
else {
TMDAT = 0; /' Write O
i = 8; while (i>0) i-; // Approx 65 uS

TMDAT =1,



i++; i++;

void tmstart (void) {
tmreset ();
tmpre ();
dmsec (1);
tmwbyte (Oxce);
tmwbyte (0x44);

void tmrtemp (veid) {
tmreset ();
tmpre ();
dmsec (1);
tmwbyte (0xcc);
tmwbyte (Oxbe);
temp = tmrbyte ();

mtemp = tmrbyte ();

// Approx 4 uS

// ds1820 start convert

/[ skip rom

/I convert

// read temp

/1 skip rom
/I'convert
/I LSB

/I MSB

void tmp()  //check for negative temp

{

if (mtemp) return; //don't care negative temp



void comtemp()

{
if ((rtemp>tempmax)&8&work)
{
//if ((temp-tempmax)<50)
if (temp<70)
tempmax=rtemp;
}
}

void avtemp()
{
if ((old_temp!=rtemp)&&work)
{
i ((rtemp>old_temp)&&(rtemp-old. temp<30))
{
old_temp=rtemp;
tempav=(tempav+trtemp)/2;
}
if ((rtemp<old_temp)&&(old_temp—rtemp<30))
{
old_temp=rtemp;
tempav=(tempav-+rtemp)/2;
b/
if (temp<70)
{
old_temp=rtemp;

tempav=(tempav+rtemp)/2;



/********** MAIN **********/

void ds1820 (void) {
/funsigned int i;

/ftemp=mtemp=0;

/Iwhile (1) {
tmstart ();

dy I 4dl Y o U ¥ dl = | 6’5 1 Y o ¥ & v ¥
wnanstiluenansnanulidwiumsldnuienisfinumintu lieaygalmhluldusslevisunisen

Lidnsdilag vedu Snvieinudlvidaulasionuazdosdnddiadivaaenaisynasaninisiluly



SHOWDATA.C

char line0[16],line1[16];
int daym,moum;

xdata float res[31][12],tav[31][12];

void setshow()
{
goto_xy(0,0);
Puts(" DATE AND MONTH");
sprintf(line1,"  %d-%d - ",daym,moum);
goto_xy(0,1);
Puts(line);
inp=XBYTE[0x200];
if (1(inp&0x20))

{
dlay(10000);
daym++,
if (daym==32)
{ daym=1; }
}
if (1(inp&0x40))
{
dlay(10000);
moum-+-+;
if (moum==13)
{ moum=1; }
}



void showvalue()
{
char deg;
deg=0xdf;
sprintf(line0,"%d-%d Tav=%.1f%cC " daym,moum,tav[daym][moum],deg);
goto_xy(0,0);
Puts(line0);
sprintf(line1,"ENERGY=%.3fkWh " res[daym][moum]});
goto_xy(0,1);

Puts(line1);

void showdata()
{
daym=moum=1;
InitLed();
while (inp&0x10)
{
inp=XBYTE[0x200];
setshow();
}
while (1(inp&0x10))
{ inp=XBYTE[0x200]; }
while (inp&0x10)
{
inp=XBYTE[0x200];

showvalue();



check=1;
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DS1307M.C

char flag;

int time[8];

sbit SCL =P170;

sbit SDA =P374;

void delay()

{
}
void start
{
delay();
SCL=0;
}
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void stop()

{
SDA =0;
SCL=1;
SDA = 1;
delay();

}

void clow()

{

{

unsigned char i;

bit outbit;

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

{
outbit = dat & 0x80;
SDA = outbit;
dat = dat << 1;

dy I 4dl Y o U ¥ dl = | 6’5 1 Y o ¥ & v ¥
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chigh();
clow();
}
SDA =1,
chigh();
outbit = SDA;

clow();

/l return (outbit);

dat = dat | inbit;
clow();

}

SDA =0;

if(flag ==1)

{ SDA =1; }

chigh ();

clow ();

dy I 4dl Y o U ¥ dl = | 6’5 1 Y o ¥ & v ¥
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SDA=T1;

return (dat);

void RTCread()
{

void initRTC()

{
start();
write(0xDO);
write(0x07);
write(0x90);
stop();

}

dy I 4dl Y o U ¥ dl = | 6’5 1 Y o ¥ & v ¥
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LOGIN.C

xdata char user[11],pass[31];
char log;
char root1[]="sarayut",root2[]="wichit",root3[]="guest";

char word[]="solar";

void login()

{
inta,b,c;
chari,jk,l

printf("\n\nSolarOS 6.2\n");
Jlprintf("\nPlease LOGIN\nuse 'guest’ as LOGIN name and your email address as
password\n");
do
{
log=0;
a=b=-1;

printf("\nlogin:");

do

{
if (a++<10) { user[al=_getkey();/*putchar(user[al);*/}
else { user[a]=0x0d; }

}

while(user[a]!=0x0d);user[a]=0;
printf("\nPassword: ");

do

{



if (b++<30)

{
pass[b]=_getkey();//putchar(pass[b]);
putchar(0x08);
putchar(0x20);

}

else { pass[b]=0x0d; }
}
while(pass[b]!=0x0d);pass[b]=0;
i=strcmp(user,root1);
j=strcmp(user,root2);
|=strcmp(user,root3);
if ((i&&j)==0)
{

k=stremp(pass,word);

if (k==0) {log=1;}

else { printf("\nLogin incorrect\n"); }

else

if-(I==0)
{
for(c=0'cz=be++)
{
if (pass[c]=='@)ll(pass[c]=="") { log=2; }
}

if (log==0) { printf("\nLogin incorrect\n"); }
}

else{ printf("\nLogin incorrect\n"); }



}
while(log==0);
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Features

« Compatible with MCS-51°Products

. 8K Bytes of In-System Programmable (ISP) Flash Memory
— Endurance: 1000 Write/Erase Cycles

4.0V to 5.5V Operating Range

Fully Static Operation: 0 Hz to 33 MHz

Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable 1/O Lines

Three 16-bit Timer/Counters

Eight Interrupt Sources

Full Duplex UART Serial Channel

Low-power Idle and Power-down Modes

Interrupt Recovery from Power-down Mode

Watchdog Timer

Dual Data Pointer

Power-off Flag

Fast Programming Time

Flexible ISP Programming (Byte and Page Mode)

Description

The AT89S52 is a low-power, high-performance CMOS 8-bit microcontroller with 8K
bytes of in-system programmable Flash memory. The device is manufactured using
Atmel’s high-density nonvolatile memory technology and is compatible with the indus-
try-standard 80C51 instruction set and pinout. The on-chip Flash allows the program
memory to be reprogrammed in-system or by a conventional nonvolatile memory pro-
grammer. By combining a versatile 8-bit CPU with in-system programmable Flash on
a monolithic chip, the Atmel AT89S52 is a powerful microcontroller which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The AT89S52 provides the following standard features: 8K bytes of Flash, 256 bytes
of RAM, 32 1/0 lines, 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 AT89S52 is designed with static logic for operation
down to zero frequency and supports two software selectable power saving modes.
The Idle 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 con-
tents but freezes the oscillator, disabling all other chip functions until the next interrupt
or hardware reset.
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Pin Configurations
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Pin Description

vccC
GND

Port 0

Port 1

Port 2

Port 3

ATEL

Supply voltage.
Ground.

Port 0 is an 8-bit open drain bidirectional /O port. As an output port, each pin can sink
eight TTL inputs. When 1s are written to port O pins, the pins can be used as high-
impedance inputs.

Port O can also be configured to be the multiplexed low-order address/data bus during
accesses to external program and data memory. In this mode, PO has internal pull-ups.

Port 0 also receives the code bytes during Flash programming and outputs the code
bytes during program verification. External pull-ups are required during program
verification.

Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. 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 pull-ups and can be used as inputs. As inputs, Port 1 pins that are exter-
nally being pulled low will source current (I, ) because of the internal pull-ups.

In addition, 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, as
shown in the following table.

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

Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2), clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and direction control)

P1.5 MOSI (used for In-System Programming)

P1.6 MISO (used for In-System Programming)

P1.7 SCK (used for In-System Programming)

Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. 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 pull-ups and can be used as inputs. As inputs, Port 2 pins that are exter-
nally being pulled low will source current (I, ) because of the internal pull-ups.

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 pull-ups when emitting 1s. During
accesses to external data memory that use 8-bit addresses (MOVX @ RI), 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 is an 8-bit bidirectional 1/O port with internal pull-ups. 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 pull-ups and can be used as inputs. As inputs, Port 3 pins that are exter-
nally being pulled low will source current (I,_) because of the pull-ups.

4 AT 89S 52 1575555550000 0 A
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Port 3 receives some control signals for Flash programming and verification.

Port 3 also serves the functions of various special features of the AT89S52, as shown in
the following table.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer O external input)

P3.5 T1 (timer 1 external input)

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

Reset input. A high on this pin for two machine cycles while the oscillator is running
resets the device. This pin drives high for 98 oscillator periods after the Watchdog times
out. The DISRTO bitin SFR AUXR (address 8EH) can be used to disable this feature. In
the default state of bit DISRTO, the RESET HIGH out feature is enabled.

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

In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency and
may be used for external 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 effect if the microcontroller is in
external execution mode.

Program Store Enable (PSEN) is the read strobe to external program memory.

When the AT89S52 is executing code from external program memory, PSEN is acti-
vated twice each machine cycle, except that two PSEN activations are skipped during
each access to external data memory.

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

EA should be strapped to V for internal program executions.

This pin also receives the 12-volt programming enable voltage (Vpp) during Flash
programming.

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

Output from the inverting oscillator amplifier.

AIMEL ;



Special Function
Registers

ATMEL

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 unoccupied addresses may not be
implemented on the chip. Read accesses to these addresses will in general return ran-
dom data, and write accesses will have an indeterminate effect.

User software should not write 1s to these unlisted locations, 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.

Timer 2 Registers: Control and status bits are contained in registers T2CON (shown in
Table 2) and T2MOD (shown in Table 6) 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.

Interrupt Registers: The individual interrupt enable bits are in the IE register. Two pri-
orities can be set for each of the six interrupt sources in the IP register.

Table 1. AT89S52 SFR Map and Reset Values

OF8H

OFOH

OE8H

OEOH

0D8H

0DOH

0C8H

0COH

0B8H

0BOH

0A8H

0AOH

98H

90H

88H

80H

OFFH
B
00000000 OF7H
OEFH
ACC
00000000 OETH
ODFH
PSW
00000000 0D7H
T2CON T2MOD RCAP2L RCAP2H TL2 TH2 o
00000000 | XXXXXX00 00000000 00000000 | 00000000 | - 00000000
0C7H
P
XX000000 OBFH
P3
11111111 OB7H
IE
0X000000 OAFH
P2 AUXR1 WDTRST i
1111111 XXXXXXXO XXXXXXXX
SCON SBUF o
00000000 | XXXXXXXX
P1
1111111 o7H
TCON TMOD TLO LA THO TH1 AUXR o
00000000 | 00000000 00000000 00000000 | 00000000 | 00000000 | XXX0OXXO
PO sP DPOL DPOH DP1L DP1H PCON o
11111111 | 00000111 00000000 00000000 | 00000000 | 00000000 0XXX0000
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Table 2. T2CON — Timer/Counter 2 Control Register

T2CON Address = 0C8H

Reset Value = 0000 0000B

Bit Addressable
Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 CiT2 CP/RL2
7 6 5 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 set when either RCLK = 1

or TCLK=1.

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 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 receive clock.

TCLK 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 transmit clock.

EXEN2 | Timer 2 external enable. When set, allows a capture or 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 to ignore events at T2EX.

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

CiT2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge triggered).

CP/RL2 | 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.

1919B-MICRO-11/03
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ATMEL

Table 3. AUXR: Auxiliary Register

AUXR Address = 8EH Reset Value = XXX00XX0B
Not Bit Addressable
- - - WDIDLE | DISRTO = — DISALE
Bit 7 6 5 4 3 2 1 0

- Reserved for future expansion
DISALE Disable/Enable ALE
DISALE Operating Mode

0 ALE is emitted at a constant rate of 1/6 the oscillator frequency

1 ALE is active only during a MOVX or MOVC instruction
DISRTO Disable/Enable Reset out

DISRTO

0 Reset pin is-driven High after WDT times out

1 Reset pin is input only
WDIDLE Disable/Enable WDT in IDLE mode

WDIDLE

0 WDT continues to count in IDLE mode

1 WDT halts counting in IDLE mode

Dual Data Pointer Registers: To facilitate accessing both internal and external data memory, two banks of 16-bit Data
Pointer Registers are provided: DP0O at SFR address locations 82H-83H and DP1 at 84H-85H. Bit DPS = 0 in SFR AUXR1
selects DPO and DPS = 1 selects DP1. The user should ALWAYS initialize the DPS bit to the appropriate value before
accessing the respective Data Pointer Register.

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 rest under software control and is not affected by reset.

Table 4. AUXR1: Auxiliary Register 1

AUXRA1 Address = A2H Reset Value = XXXXXXX0B
Not Bit Addressable
= = = = =~ P a = DPS
Bit i 6 5 4 3 2 1 0

- Reserved for future expansion
DPS Data Pointer Register Select

DPS

0 Selects DPTR Registers DPOL, DPOH

1 Selects DPTR Registers DP1L, DP1H

8 AT 89S 52 oo 080 i
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Memory Organization MCS-51 devices have a separate address space for Program and Data Memory. Up to

Program Memory

Data Memory

Watchdog Timer
(One-time Enabled
with Reset-out)

Using the WDT

1919B-MICRO-11/03

64K bytes each of external Program and Data Memory can be addressed.

If the EA pin is connected to GND, all program fetches are directed to external memory.

On the AT89S52, if EA is connected to V¢, program fetches to addresses 0000H
through 1FFFH are directed to internal memory and fetches to addresses 2000H
through FFFFH are to external memory.

The AT89S52 implements 256 bytes of on-chip RAM. The upper 128 bytes occupy a
parallel address space to the Special Function Registers. This means that 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 which use direct addressing access the SFR
space.

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

MOV 0AQH, #data

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

MOV @RO, #data

Note that stack operations are examples of indirect addressing, so the upper 128 bytes
of data RAM are available as stack space.

The WDT is intended as a recovery method in situations where the CPU may be sub-
jected to software upsets. The WDT consists of a 14-bit counter and the Watchdog
Timer Reset (WDTRST) SFR. The WDT is defaulted to disable from exiting reset. To
enable the WDT, a user must write 01EH and OE1H in sequence to the WDTRST regis-
ter (SFR location 0ABH). When the WDT is enabled, it will increment every machine
cycle while the oscillator is running. The WDT timeout period is dependent on the exter-
nal clock frequency. There is no way to disable the WDT except through reset (either
hardware reset or WDT overflow reset). When WDT overflows, it will drive an output
RESET HIGH pulse at the RST pin.

To enable the WDT, a user must write 01EH and OE1H in sequence to the WDTRST
register (SFR location 0A6H). When the WDT is enabled, the user needs to service it by
writing 01EH and OE1H to WDTRST to avoid a WDT overflow. The 14-bit counter over-
flows when it reaches 16383 (3FFFH), and this will reset the device. When the WDT is
enabled, it will increment every machine cycle while the oscillator is running. This means
the user must reset the WDT at least every 16383 machine cycles. To reset the WDT
the user must write 01EH and OE1H to WDTRST. WDTRST is a write-only register. The
WDT counter cannot be read or written. When WDT overflows, it will generate an output
RESET pulse at the RST pin. The RESET pulse duration is 98xTOSC, where
TOSC = 1/FOSC. To make the best use of the WDT, it should be serviced in those sec-
tions of code that will periodically be executed within the time required to preventa WDT
reset.

ATMEL 9
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WDT During Power-
down and lIdle

UART

Timer 0 and 1

ATmEL

In Power-down mode the oscillator stops, which means the WDT also stops. While in
Power-down mode, the user does not need to service the WDT. There are two methods
of exiting Power-down mode: by a hardware reset or via a level-activated external inter-
rupt which is enabled prior to entering Power-down mode. When Power-down is exited
with hardware reset, servicing the WDT should occur as it normally does whenever the
AT89S52 is reset. Exiting Power-down with an interrupt is significantly different. The
interrupt is held low long enough for the oscillator to stabilize. When the interrupt is
brought high, the interrupt is serviced. To prevent the WDT from resetting the device
while the interrupt pin is held low, the WDT is not started until the interrupt is pulled high.
It is suggested that the WDT be reset during the interrupt service for the interrupt used
to exit Power-down mode.

To ensure that the WDT does not overflow within a few states of exiting Power-down, it
is best to reset the WDT just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used to determine
whether the WDT continues to count if enabled. The WDT keeps counting during IDLE
(WDIDLE bit = 0) as the default state. To prevent the WDT from resetting the AT89S52
while in IDLE mode, the user should always set up a timer that will periodically exit
IDLE, service the WDT, and reenter IDLE mode.

With WDIDLE bit enabled, the WDT will stop to count in IDLE mode and resumes the
count upon exit from IDLE.

The UART in the AT89S52 operates the same way as the UART in the AT89C51 and
AT89C52. For further information on the UART operation, refer to the ATMEL Web site
(http://lwww.atmel.com). From the home page, select “Products”, then “8051-Architec-
ture Flash Microcontroller”, then “Product Overview”.

Timer 0 and Timer 1 in the AT89S52 operate the same way-as Timer 0 and Timer 1 in
the AT89C51 and AT89C52. For further information on the timers” operation, refer to the
ATMEL Web site (http://www.atmel.com). From the home page, select “Products”, then
“8051-Architecture Flash Microcontroller”, then “Product Overview".

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-reload (up or down counting), and
baud rate generator. The modes are selected by bits in T2CON, as shown in Table 5.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the Timer function, the TL2 reg-
ister is incremented every machine cycle. Since a machine cycle consists of
12 oscillator periods, the count rate is 1/12 of the oscillator frequency.

Table 5. Timer 2 Operating Modes
RCLK +TCLK CP/RL2 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)

1919B-MICRO-11/03



Capture Mode

Auto-reload (Up or Down
Counter)

Figure 1. Timer in Capture Mode

In the Counter function, the register is incremented in response to a 1-to-0 transition at
its corresponding 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 reg-
ister during S3P1 of the cycle following the one in which the transition was detected.
Since two machine cycles (24 oscillator periods) are required to recognize a 1-to-0 tran-
sition, the maximum count rate is 1/24 of the oscillator 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.

In the capture mode, two options are selected by bit EXEN2 in T2CON. If EXEN2 = Q,
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 1-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.

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 6). 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.

osc #12 Oy
Cm2 =0
v—\l\o——o/(k——{ TH2 | TL2 H TF2 I—

| conTROL = (e
O T CT2 = 1 02 \/L—“\/
RCAP2H | RCAP2L

TRANSITION

DETECTOR TIMER 2

INTERRUPT
T2EX PIN [ NN O/O . » EXF2
| - conTROL
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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
Timer in Capture ModeRCAP2H and RCAP2L are preset by software. If EXEN2 =1, a
16-bit reload can be triggered either by an overflow or by a 1-to-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the TF2 and EXF2 bits can gen-
erate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down, as shown in Figure 2. 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 registers,
TH2 and TL2, respectively.

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 registers.

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

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

12

osc o 12 =
CM2 =0
——<y1/2>_______,| TH2 | I TL2 \_ﬂ
[conTROL OVERFLOW
TR2 /N N\
T CiT2 = 1 B v
CH RELOAD
i TIMER 2
RCAP2H | RCAP2L INTERRUPT
< . TF2
TRANSITION
DETECTOR

T2EX PIN [ |——>

—\L o/o s EXF2

| coNTROL
EXEN2

AT 89S 52 5550500000000l S )
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Table 6. T2MOD - Timer 2 Mode Control Register

T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
- = = = = - T20E DCEN
Bit 7 6 5 4 3 2 ] 0
Symbol Function
- Not implemented, reserved for future
T20E Timer 2 Output Enable bit B
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter
Figure 3. Timer 2 Auto Reload Mode (DCEN.=1)
(DOWN COUNTING RELOAD VALUE) TOGGLE

OFFH OFFH

% b I
0sC +12 B V] OVERFLOW
CiT2 =

——43/€?5—————4 TH2 i TL2

>< —»| EXF2

TF2

lconTROL
TR2 \ /N
2 AN Y 4 TIMER 2
INTERRUPT
|RCAP2H|RCAP2L| 4
COUNT

(UP COUNTING RELOAD VALUE) DIRECTION
1=UP
0=DOWN

T2EX PIN

Alm l 13
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Baud Rate Generator

AIMEL

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 registers to be reloaded with the 16-bit value in registers
RCAP2H and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer 2’s overflow rate according to
the following equation.

Modes 1 and 3 Baud Rates = Timer 2 0\1/2rflow Rate

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. Normally, as a timer, it increments every
machine cycle (at 1/12 the oscillator frequency). As a baud rate generator, however, it
increments every state time (at 1/2 the oscillator frequency). The baud rate formula is
given below.

Modes 1and 3 _ 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 gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0 transition in T2EX will set EXF2
but will not cause a reload 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.

14 AT 89S 52 5000000000000 il sl
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Figure 4. Timer 2 in Baud Rate Generator Mode

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

TIMER 1 OVERFLOW

0sCc +2 o
—O//O—~>| TH2 | TL24]~
Rx
| conTrROL CLOCK
= TR2 /\\‘_j >
CIT2 = 1
T2 PIN
RCAP2H | RCAP2L Tx
TRANSITION LS Och
T2EX PIN[_|—] O//O M EXF2 [P ,NTT",\EA}ESUE,T
i CONTROL
EXEN2
Programmable A 50% duty cycle clock can be programmed to come out on P1.0, as shown in Figure 5.
Clock Out This pin, besides being a regular 1/O pin, has two alternate functions. It can be pro-

1919B-MICRO-11/03

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 (for a 16-MHz operating frequency).

To 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 frequency and the reload value of
Timer 2 capture registers (RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Frequency

lock-Out F =
Clock-Out Frequency = 7= 165536-(RCAP2H,RCAP2L)]

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 simultaneously. Note, however, that the
baud-rate and clock-out frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

AIMEL L
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Figure 5. Timer 2 in Clock-Out Mode
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Interrupts

16

EXEN2

The AT89S52 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 6.

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

Note that Table 5 shows that bit position IE.6 is unimplemented. User software should
not write a 1 to this bit position, since it 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 vec-
tored 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 TF1, 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.

AT 8'D'S 52 5550000000000
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Table 7. Interrupt Enable (IE) Register

(MSB) (LSB)
EA | - | em2 ES ET1 EX1 ETO EX0

Enable Bit = 1 enables the interrupt.

Enable Bit = O disables the interrupt.

Symbol Position Function

EA IE.7 Disables all interrupts. If EA = 0, no interrupt is acknowledged. If EA = 1, each
interrupt source is individually enabled or disabled by setting or clearing its enable bit.

- IE.6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE.4 Serial Port interrupt enable bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO IE.1 Timer 0 interrupt enable bit.

EXO0 IE.O External interrupt 0 enable bit.

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

Figure 6. Interrupt Sources
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Oscillator
Characteristics

Idle Mode

Power-down Mode

ATMEL

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 7. 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 8.
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 specifications must be observed.

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 special
functions registers remain unchanged during this mode. The idle mode can be termi-
nated by any enabled interrupt or by a hardware reset.

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

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
Registers retain their values until the Power-down mode is terminated. Exit from Power-
down mode can be initiated either by a hardware reset or by an enabled external inter-
rupt. Reset redefines the SFRs but does not change the on-chip RAM. The reset should
not be activated before V¢ is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and stabilize.

Figure 7. Oscillator Connections

cz
—) ]———I— XTAL2
=
c1
o) XTAL1

GND

Note: 1. C1,C2 30 pF £10 pF for Crystals

40 pF +£10 pF for Ceramic Resonators
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Figure 8. External Clock Drive Configuration

NC —— | XTAL2
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GND
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Table 8. Status of External Pins During Idle and Power-down Modes

Program

Mode Memory ALE PSEN PORTO0 | 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
Program Memory The AT89S52 has three lock bits that can be left unprogrammed (U) or can be pro-
Lock Bits grammed (P) to obtain the additional features listed in the following table.

Table 9. Lock Bit Protection Modes
Program Lock Bits
LB1 LB2 LB3 Protection Type

1 U U U No program lock features

Z 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 is disabled

3 P P U Same as mode 2, but verify is also disabled

4 P P B Same as mode 3, but external execution is also disabled

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched dur-
ing reset. If the device is powered up without a reset, the latch initializes to a random
value and 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.

ATMEL 19
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Programming the
Flash — Parallel Mode

ATMEL

The AT89S52 is shipped with the on-chip Flash memory array ready to be programmed.
The programming interface needs a high-voltage (12-volt) program enable signal and is
compatible with conventional third-party Flash or EPROM programmers.

The AT89S52 code memory array is programmed byte-by-byte.

Programming Algorithm: Before programming the AT89S52, the address, data, and
control signals should be set up according to the Flash programming mode table and
Figures 13 and 14. To program the AT89S52, take the following steps:

1. Input the desired memory location on the address lines.

Input the appropriate data byte on the data lines.

Activate the correct combination of control signals.

Raise EANpp to 12V.

Pulse ALE/PROG once to program a byte in the Flash array or the lock bits. The
byte-write cycle is self-timed and typically takes no more than 50 us. Repeat

steps 1 through 5, changing the address and data for the entire array or until the
end of the object file is reached.

Data Polling: The AT89S52 features Data Polling to indicate the end of a byte write
cycle. During a write cycle, an attempted read of the last byte written will result in the
complement of the written data on P0.7. Once the write cycle has been completed, true
data is valid on all outputs, and the next cycle may begin. Data Polling may begin any
time after a write cycle has been initiated.

OB R

Ready/Busy: The progress of byte programming can also be monitored by the
RDY/BSY output signal. P3.0 is pulled low after ALE goes high during programming to
indicate BUSY. P3.0 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 data can be read back via the address and data lines for verification. The status of
the individual lock bits can be verified directly by reading them back.

Reading the Signature Bytes: The signature bytes are read by the same procedure as
a normal verification of locations 000H, 100H, and 200H, except that P3.6 and P3.7
must be pulled to a logic low. The values returned are as follows.

(000H) = 1EH indicates manufactured by Atmel
(100H) = 52H indicates AT89S52
(200H) = 06H

Chip Erase: In the parallel programming mode, a chip erase operation is initiated by
using the proper combination of control signals and by pulsing ALE/PROG low for a
duration of 200 ns - 500 ns.

In the serial programming mode, a chip erase operation is initiated by issuing the Chip
Erase instruction. In this mode, chip erase is self-timed and takes about 500 ms.

During chip erase, a serial read from any address location will return 00H at the data
output.

20 AT 89S 5 2 2csmmmwwmmssionsmesssssssss s o i
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Programming the
Flash — Serial Mode

Serial Programming
Algorithm

1919B-MICRO-11/03

The Code memory array can be programmed using the serial ISP interface while RST is
pulled to V.. The serial interface consists of pins SCK, MOSI (input) and MISO (output).
After RST is set high, the Programming Enable instruction needs to be executed first
before other operations can be executed. Before a reprogramming sequence can occur,
a Chip Erase operation is required.

The Chip Erase operation turns the content of every memory location in the Code array
into FFH.

Either an external system clock can be supplied at pin XTAL1 or a crystal needs to be
connected across pins XTAL1 and XTAL2. The maximum serial clock (SCK)
frequency should be less than 1/16 of the crystal frequency. With a 33 MHz oscillator
clock, the maximum SCK frequency is 2 MHz.

To program and verify the AT89S52 in the serial programming mode, the following
sequence is recommended:

1. Power-up sequence:
Apply power between VCC and GND pins.
Set RST pin to “H”".

If a crystal is not connected across pins XTAL1 and XTALZ2, apply a 3 MHz to
33 MHz clock to XTAL1 pin and wait for at least 10 milliseconds.

2. Enable serial programming by sending the Programming Enable serial instruc-
tion to pin MOSI/P1.5. The frequency of the shift clock supplied at pin SCK/P1.7
needs to be less than the CPU clock at XTAL1 divided by 16.

3. The Code array is programmed one byte at a time in either the Byte or Page
mode. The write cycle is self-timed and typically takes less than 0.5 ms at 5V.

4. Any memory location can be verified by using the Read instruction which returns
the content at the selected address at serial output MISO/P1.6.

5. Atthe end of a programming session, RST can be set low to commence normal
device operation.
Power-off sequence (if needed):
Set XTAL1 to “L” (if a crystal is not used).
Set RST to “L”".
Turn Vg power off.
Data Polling: The Data Polling feature is also available in the serial mode. In this mode,

during a write cycle an attempted read of the last byte written will result in the comple-
ment of the MSB of the serial output byte on MISO.

ATMEL 2



Serial Programming
Instruction Set

Programming
Interface — Parallel
Mode

AIMEL

The Instruction Set for Serial Programming follows a 4-byte protocol and is shown in
Table 11.

Every code byte in the Flash array can be programmed by using the appropriate combi-
nation of control signals. The write operation cycle is self-timed and once initiated, will
automatically time itself to completion.

Most worldwide major programming vendors offer support for the Atmel AT89 microcon-
troller series. Please contact your local programming vendor for the appropriate
software revision.

Table 10. Flash Programming Modes

ALE/ EA/ P0.7-0 P2.4-0 P1.7-0
Mode Voo | RST | PSEN | PROG Vep P2.6 | P2.7 | P3.3 | P3.6 | P3.7 Data Address
(2)
Write Code Data 5V H L ~~ 12V L H H H H Din A12-8 A7-0
Read Code Data 5V H L H H L L L H H Dour A12-8 A7-0
(3)
Write Lock Bit 1 5V H L e 12V H H H H H X X X
(3)
Write Lock Bit 2 5V H L - 12v H H H L L X X X
Write Lock Bit 3 5V H L =~ 12V H 1% H 'R X X X
. PO0.2,
ey 5V H L H H H H L H L P0.3, X X
1,2,3 P0.4
: (1)
Chip Erase 5V H L ~ 12V H L H [ L X X X
Read Atmel ID 5V H L H H L L L 4 1 1EH X 0000 00H
Read Device ID 5V H Lo H H L L L I L 52H X 0001 00H
Read Device ID 5V H L H H = L L L [ 06H X 0010 O0H

Notes: 1. Each PROG pulse is 200 ns - 500 ns for Chip Erase.

arwN

X =don't care.

Each PROG pulse is 200 ns - 500 ns for Write Code Data.
Each PROG pulse is 200 ns - 500 ns for Write Lock Bits.
RDY/BSY signal is output on P3.0 during programming.

22 e Y _—_———
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AT89S52

Figure 9. Programming the Flash Memory (Parallel Mode)
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Figure 10. Verifying the Flash Memory (Parallel Mode)
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Flash Programming and Verification Characteristics (Parallel Mode)
T, = 20°C to 30°C, Vg = 4.5 0 5.5V

Symbol Parameter Min Max Units
Vep Programming Supply Voltage 11:5 12.5 \%
lop Programming Supply Current 10 mA
lec Ve Supply Current 30 mA
MeLeL Oscillator Frequency 3 33 MHz
Bt Address Setup to PROG Low 48t o1
tatiax Address Hold After PROG 48t oL
. Data Setup to PROG Low 48tc cr
Er Data Hold After PROG 48tc oL
teruaiy P2.7 (ENABLE) High to Vpp 48t oL
tae Vpp Setup to PROG Low 10 us
thiias Vpp Hold After PROG 10 us
e PROG Width 0.2 1 us
tavav Address to Data Valid 48t oL
gy ENABLE Low to Data Valid 48tc o,
tenaz Data Float After ENABLE 0 48t o,
tonBL PROG High to BUSY Low 1.0 Hs
twe Byte Write Cycle Time 50 us
Figure 11. Flash Programming and Verification Waveforms — Parallel Mode
P10 - P17 Al PROGRAMMING VERIFICATION
P20 - P24 4 ADDRESS ﬁ ADDRESS | [ >————
* tavav
PORT 0 4 DATA IN > ( DATA QU p——
>ty tepx [«
taveL ¢ & b
ALE/PROG N A
tshoL <) 814 74
A R —
EANg
[ tensn ey 5=
(ENABLE)
toHeL
(RDY/BSY) BUSY READY
twe
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Figure 12. Flash Memory Serial Downloading
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TSR ()
Table 11. Serial Programming Instruction Set
Instruction
Format
Instruction Byte 1 Byte 2 Byte 3 Byte 4 Operation
Programming Enable 1010 1100 0101 0011 XXXX  XXXX XXXX  XXXX Enable Serial Programming
0110 1001 while RST is high
(Output on
MISO)
Chip Erase 1010 1100 100x  xxxx XXXX  XXXX XXXX  XXXX Chip Erase Flash memory
array
Read Program Memory | 0010 0000 XXX oo RoY <2 BR8S 3958 Read dat'a from Program
(Byte Mode) < << memory in the byte mode
Write Program Memory | 0100 0000 XXX =O0® ~OOY ONTo RN 2oz e Write data to Program
(Byte Mode) T <<= S memory in the byte mode
Write Lock Bits!" 1010 1100 1110 00 @@ | XXXX XXXX XXXX XXXX Write Lock bits. See Note (1).
Read Lock Bits 0010 0100 XXXX  XXXX XXXX~ XXXX XXX o XX Read back current status of
M mm ;
e | the lock bits (a programmed
lock bit reads back as a “1”)
Read Signature Bytes 0010 1000 XXX N T o9 B XXX xxx0 Signature Byte Read Signature Byte
< <<
Read Program Memory | 0011 0000 XXX —o0® Byte 0 Byte 1... Read data from Program
(Page Mode) < << Byte 255 memory in the Page Mode
(256 bytes)
Write Program Memory | 0101 0000 XXXev pa=l Byte 0 Byte 1... Write data to Program
(Page Mode) < << Byte 255 memory in the Page Mode

(256 bytes)

Note: 1. B1=0, B2 =0 --->Mode 1, no lock protection

B1 =0, B2 =1---> Mode 2, lock bit 1 activated Each of the lock bit modes needs to be activated sequentially

B1 =1, B2 =0 ---> Mode 3, lock bit 2 activated before Mode 4 can be executed.

B1 =1, B2 =1--->Mode 4, lock bit 3 activated
After Reset signal is high, SCK should be low for at least 64 system clocks before it
goes high to clock in the enable data bytes. No pulsing of Reset signal is necessary.
SCK should be no faster than 1/16 of the system clock at XTAL1.
For Page Read/Write, the data always starts from byte 0 to 255. After the command byte
and upper address byte are latched, each byte thereafter is treated as data until all 256
bytes are shifted in/out. Then the next instruction will be ready to be decoded.
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Serial Programming Characteristics

Figure 14. Serial Programming Timing
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Table 12. Serial Programming Characteristics, Ty =-40°C to 85°C, V¢ = 4.0 - 5.5V (Unless Otherwise Noted)
Symbol Parameter Min Typ Max Units
teLeL Oscillator Frequency ) 33 MHz
teLoL Oscillator Period 30 ns
tsHsL SCK Pulse Width High 8tcoL ns
tsLsH SCK Pulse Width Low 8lcicL ns
tovsH MOSI Setup to SCK High toroL ns
tsHox MOSI Hold after SCK High 2tci0L ns
tsiv SCK Low to MISO Valid 10 16 32 ns
terASE Chip Erase Instruction Cycle Time 500 e ms
tswe Serial Byte Write Cycle Time 64 tc oL+ 400 ps

ATMEL 27
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Absolute Maximum Ratings*

ATMEL

Voltage on Any Pin

Operating Temperature ..o -55°C to +125°C

Storage Temperature ...........c.cocovveiniiinieins -65°C to +150°C

with Respect to Ground ...........cccooeviiiinnennn
Maximum Operating Voltage ....................

DC Output Current........ccooveeiiiiinniis

*NOTICE:

DC Characteristics

The values shown in this table are valid for T, =-40°C to 85°C and V¢ =4.0V to 5.5V, unless otherwise noted.

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect

device reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low Voltage (Except EA) -0.5 0.2 V0.1 \Y
ViLs Input Low Voltage (EA) -0.5 0.2 V0.3 \Y;
Vi Input High Voltage (Except XTAL1, RST) 0.2 Vee+0.9 Vee+0.5 v
Vin1 Input High Voltage (XTAL1, RST) 0.7 Vee Vect0.5 \Y
VoL Output Low Voltage™ (Ports 1,2,3) loL = 1.6 mA 0.45 v
Vit 8,‘?%}::’;‘;,‘5‘%:) oL =32 mA 0.45 v
lon = -60 PA, Ve = 5V +£10% 2.4 v
Von gﬁztﬁz@: XT:QSSEN) lom 3/ P 0-75 Vee i
g = -10 WA 0.9 Ve v
low = -800 PA, Ve =5V £10% 2.4 \"
Von E;Lgrﬁug :?E}:(t\écr)::?gus Mode) e RE Ve b
lon =-80 HA 0.9 Vee \
I Logical 0 Input Current (Ports 1,2,3) | V)y =0.45V -50 HA
= z_;)g::::u ?zt'g)o Transition Current Vi = 2V, Ve = 5V £10% 650 uA
Iy Input Leakage Current (Port0, EA) | 0.45<Vy<V¢c 11 0 WA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ty = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current
lec Idle Mode, 12 MHz 6.5 mA
Power-down Mode(" Vee = 5.5V W._;b,, pA

Notes: 1. Under steady state (non-transient) conditions, I must be externally limited as follows:

Maximum |, per port pin: 10 mA
Maximum |, per 8-bit port:
Ports 1, 2, 3: 15 mA

Port 0: 26 mA

Maximum total I for all output pins: 71 mA
If I, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.
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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

12 MHz Oscillator Variable Oscillator
Symbol Parameter Min Max Min Max Units
el Oscillator Frequency 0 33 MHz
tui ALE Pulse Width 127 2te o -40 ns
tavie Address Valid to ALE Low 43 teLcl-25 ns
tax Address Hold After ALE Low 48 teLc-25 ns
tuv ALE Low to Valid Instruction In 233 4te oL -65 ns
filpL. ALE Low to PSEN Low 43 tcLcl-25 ns
toien PSEN Pulse Width 205 3t ci-45 ns
to PSEN Low to Valid Instruction In 145 3to c-60 ns
toxix Input Instruction Hold After PSEN 0 0 ns
toxiz Input Instruction Float After PSEN 59 tec-25 ns
teay PSEN to Address Valid 75 terc-8 ns
taviv Address to Valid Instruction In 312 Stc e -80 ns
tiias PSEN Low to Address Float 10 10 ns
ti 2 RD Pulse Width 400 Bto c-100 ns
i WR Pulse Width 400 Btorc-100 ns
triov RD Low to Valid Data In 252 5t 90 ns
teriox Data Hold After RD 0 0 ns
trupz Data Float After RD 97 2t ¢ -28 ns
t.ov ALE Low to Valid Data In 517 ~ 8tCLCL-156 ns
tavov Address to Valid Data In 585 Ote e -165 ns
i ALE Low to RD or WR Low 200 300 3tcLo-50 3te o +50 ns
i Address to RD or WR Low 203 A 075 ns
tovig Data Valid to WR Transition 23 te o -30 ns
tavwr Data Valid to WR High 433 Tte o -130 ns
bvtiax Data Hold After WR 33 teLol-25 ns
triaz RD Low to Address Float 0 0 ns
foaii RD or WR High to ALE High 43 123 toLcL-25 tolcl+25 ns

AIMEL 2
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ATMEL

External Program Memory Read Cycle

t —j
ALE . e T IR L
k| B * toLpn
taviL [ O R
¥ CHLPL [
PSEN / i * touy N\
£ t toxav
PLAZ t
t K o PXIZ
LLAX >
toxix -
PORT 0 > A0-AT CINSTRIN p> A0-A7T_ >
¢ taviv g
PORT 2 X A8 - A15 X A8-A15
External Data Memory Read Cycle
b —
ALE N
- twHLH
PSEN / N\ /
70 tiov —’1
le— trLrH —>
— b —>
RD N V
—tax— \—t—/ ¢
S FOWAWR! tRLAZ-_; > (RLDV RHDZ
25 trrox
PORT 0 D—(AO - A7 FROM Rl OR DPL K DATA IN A0 - A7 FROM PCL~ INSTR IN
< tavwi >
= by

PORNA _ZK

30

P2.0 - P2.7. OR A8 -

A15 FROM DPH

X

A8 - A15 FROM PCH

I T Y T ———
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AT89S52

External Data Memory Write Cycle

t—
ALE N /t—\—/
Tt twhLn

PSEN _/ X o

le— t e —e—twiwn —>
s \ L~
N A
R e—1 | ax
le— tavLL— tavwx bEE — [+ twhax
= tQVWH =
PORT 0 _ »>A0 - A7 FROM RI OR DPL DATA 0UT X D{A0 - A7 FROM PCL—INSTR IN
* tavwiL >
PORT 2 X P20 - P2.7. OR A8 - A15 FROM DPH > A8 .- A15 FROM PCH
External Clock Drive Waveforms
tCHCX
teren = *— toneL

Vg - 0.5V

02 Ve - 0.1V

0.45V
errterex
» tercl >
External Clock Drive

Symbol Parameter Min Max Units
1MeLeL Oscillator Frequency 0 33 MHz
toLcL Clock Period 30 ns
teHex High Time 12 Iy E ns
toLex Low Time 12 ns
teLeH Rise Time 5 e ns
teHeL Fall Time 5 ns
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for Vo = 4.0V to 5.5V and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
tyuxt Serial Port Clock Cycle Time 1.0 12t oL us
tauxH Output Data Setup to Clock Rising Edge 700 10tg o -133 ns
txhax Output Data Hold After Clock Rising Edge 50 2tc . -80 ns
tyrpx Input Data Hold After Clock Rising Edge 0 0 ns
txHov Clock Rising Edge to Input Data Valid 700 10tg ¢ -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION | 0| 1 AN\ TV LG . N, N T 8 |
¢ * txuxe
CLOCK : E Il SXf-~F. A | NV | 1L.T
QVXH < >
=N |<— tXHIQX
WRITE TO SBUF, N_ 0 7 IO A D ommid KA XA XA X 7/
; — i
OUTPUT DATA tyov [ [ B sermil
L CLEARRI
v

INPUT DATA SET RIT

AC Testing Input/Output Waveforms'"

0.2 Vg + 0.0V

TEST POINTS
0.2 Veg - 0.4V

0.45v

Note: 1. AC Inputs during testing are driven at V¢ - 0.5V
for a logic 1 and 0.45V for a logic 0. Timing measurements are made at V,; min. for a logic 1 and V, max. for a logic 0.

Float Waveforms("

- 0.1V
oL

Timing Reference

LOAD A
Points

0.1v V. o+ 0.4V

Vioap” oL

Note: 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 V,/V,_ level occurs.



Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
24 4.0V to 5.5V AT89S52-24AC 44A Commercial
AT89S52-24JC 44J (0°C to 70°C)
AT89S52-24PC 40P6
AT89S52-24SC 42PS6
AT89S52-24Al 44A Industrial
AT89S52-24JI 44) (-40°C to 85°C)
AT89S52-24PI 40P6
AT89S52-24S| 42PS6
33 4.5V to 5.5V AT89S52-33AC 44A Commercial
AT89S52-33JC 44) (0°C to 70°C)
AT89S52-33PC 40P6
AT89S52-33SC 42PS6
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)
42PS6 42-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)

ATMEL 33
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Packaging Information

44A - TQFP

TR R HRTA AR
PIN 1

PIN 1 IDENTIFIER

MNNONNNNAQ
IR ORI
|l

(
?

UUIUnauuooT orovoyu
D1

T innnnnannn
IR

A1 A’2 LA

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX NOTE
A - s 1.20
A1 0.05 - 0.15
A2 0.95 1.00 1.05
D J1 46 12.00 12.25
D1 9.90 10.00 10.10 | Note 2
E 11,75 12.00 12.25
Notes: 1. This package conforms to JEDEC reference MS-026, Variation ACB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable E1 9.90 10.00 10.10 | Note 2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 a8 0.45
plastic body size dimensions including mold mismatch.
3. Lead coplanarity is 0.10 mm maximum. ¢ 0.09 = et
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
B TITLE DRAWING NO. [REV.
AMMEL 272°0roer Ty | 44a, 44-tead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, o "
f 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)
34 AT 89S 52 o005 S
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44J - PLCC

1.14(0.045) X 45° PIN NO. 1 1.4(0.045)X:45

0.318(0.0125)
i IDENTIFIER L }: " 0.191(0.0075)
O

il
i
i
e:[ R

B
D1 ——————
4

—~— D —

0.51(0.020)MAX
45° MAX (3x
COMMON DIMENSIONS
(Unit of Measure = mm)

puc,

D2/E2

@
) )
7w &1 (T J T
m
-
m

!

¢>

SYMBOL| MIN NOM MAX | NOTE
A 4.191 - 4.572
A1 2.286 - 3.048
A2 0.508 - -
D 17.399 - 17.653
D1 16.510 - 16.662 | Note 2
E 17.399 - 17.653
Notes: 1. This package conforms to JEDEC reference MS-018, Variation AC.
2. Dimensions D1 and E1 do not include mold protrusion. E1 16.510 i 16.662 | Note 2
Allowable protrusion is .010"(0.254 mm) per side. Dimension D1 D2/E2 | 14.986 = 16.002
and E1 include mold mismatch and are measured at the extreme
; ok | B 0.660 - 0.813
material condition at the upper or lower parting line.
3. Lead coplanarity is 0.004" (0.102 mm) maximum. B1 0.330 - 0.533
e 1.270 TYP
10/04/01
a5 Oferiard Pafi TITLE DRAWING NO. [REV.
rchard Parkway ; : :
44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC
AMEL o e, ca 95131 : (RLEC) 44y B

ATMEL s
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[ Piisinosican s G

40P6 - PDIP

lt————— D

PIN
1
NN Y N Y I I

ar

(2] 5 il 5]~ o) o ] e il

] | \

[ \ COMMON DIMENSIONS
{/ f [ 0°~15° REF (Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
% eB i A - - 4.826
A1 0.381 - -
D 52.070 - 52.578 | Note 2
15.240 - 15.875
Ed 13.462 ad 13.970 | Note 2
B 0.356 - 0.559
Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. By V. X 1,651
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.048 - 3.556
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). c 0203 B 0381
eB 15.494 - 17.526
e 2.540 TYP
09/28/01
TITLE DRAWING NO. |REV.
ATIMEL 2325 Orchard Parkway | 40pg, 40-1ead (0.600"/15.24 mm Wide) Plastic Dual 105G 5
e San Jose, CA 95131 Inline Package (PDIP)
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42PS6 — PDIP

AT89S52

l———— D

PIN
1
0 e ] M S 5 o

(i =

70 5 5 3

Sl \

STV L

Placeronhyty

COMMON DIMENSIONS
(Unit of Measure = mm)

C\LL_\_/—NEJ 15° REF
SYMBOL| MIN NOM MAX | NOTE
l eB ! A - - 4.83
A1 0.51 - -
D 36.70 - 36.96 | Note 2
E 15.24 - 15.88
E1 13.46 - 13.97 | Note 2
B 0.38 - 0.56
Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. B 045 = 1.27
2. Dimensions D and E1 do not include mold Flash or Protrusion. . 3.05 - 3.43
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). c 0.20 _ 0.30
eB - - 18.55
e 1.78 TYP
11/6/03
TITLE DRAWING NO. [REV.
AMEL 252050 it | 42pse, 421ead (0.00°15.24 mm Wide)Plsti Dual e

ATMEL
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= DALLAS DS1307

r SEMICONDUCTOR 64 X 8 Serial Real Time Clock
FEATURES PIN ASSIGNMENT
Real time clock counts seconds, minutes,
1~ 8 Vv
hours, date of the month, month, day of the i; E b gszw —_
week, and year with leap year compensation Vewr 13 6 PscL
valid up to 2100 oND O 4 5 [ASDA
= 56 byte no.nvc')latlle RAM for data storage DS1307 8-Pin DIP (300 mil)
= 2-wire serial interface
» Programmable squarewave output signal x4 ml 8 Hm Vee
»  Automatic power-fail detect and switch x2 m|2 7 [m saw/ouT
circuitry Vear[{3 6 [ SCL
s Consumes less than 500 nA in battery backup GND |4 5 [Mspa

mode with oscillator running

3 ) : DS1307Z 8-Pin SOIC (150 mil)
» Optional industrial temperature range

-40°C to +85°C

= Available in 8-pin DIP or SOIC PIN DESCRIPTION

» Recognized by Underwriters Laboratory 58  Primary Power Supply
X1,X2 - 32.768 kHz Crystal Connection
VEBAT - +3V Battery Input

ORDERING INFORMATION GND - Ground

DS1307 8-Pin DIP SDA - Serial Data

DS1307Z2 8-Pin SOIC (150 mil) SCL - Serial Clock

DS1307N 8-Pin DIP (Industrial) SQW/OUT - Square wave/Output Driver

DS1307ZN 8-Pin SOIC (Industrial)

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.
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DS1307

OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subsequent registers
can be accessed sequentially until a STOP condition is executed. When Vcc falls below 1.25 x Vpar the
device terminates 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 Vcc falls below Vpar the device switches into a low current battery backup
mode. Upon power up, the device switches from battery to Vcc when Ve is greater than Vgar+0.2V and
recognizes inputs when Ve is greater than 1.25 x Vpar. The block diagram in Figure 1 shows the main
elements of the Serial Real Time Clock.

DS1307 BLOCK DIAGRAM Figure 1

(0.

OSCILLATOR RTC
AND DIVIDER

SQUARE WAVE

SQW/OUT ~+— ouT VT _]

RAM
(56 X 8)

CONTROL
LOGIC

g T

N =~ POWER
AT CONTROL

GND ——

SCL ——

SERIAL BUS ADDRESS
INTERFACE REGISTER

SIGNAL DESCRIPTIONS

Ve, GND - DC power is provided to the device on these pins. Vcc s the #5 voltinput. When 5 volts is
applied within normal limits, the device is fully accessible and data can be written and read. When a
3-volt battery is connected to the device and Vcc is below 1.25-x Vpar, reads and writes are inhibited.
However, the Timekeeping function continues unaffected by the lower input voltage. As Vcc falls below
Vpar the RAM and timekeeper are switched over to-the extemal power supply (nominal 3.0V DC) at
VBAT-

SDA <=+—>

Vgar - Battery input for any standard 3-volt lithium cell or other energy source. Battery voltage must be
held between 2.0 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 internal circuitry as 1.25 x Vpar
nominal. A lithium battery with 48 mAhr or greater will back up the DS1307 for more than 10 years in
the absence of power at 25 degrees C.
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SCL (Serial Clock Input) - SCL is used to synchronize data movement on the serial interface.

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

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

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

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

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

RTC AND RAM ADDRESS MAP

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

DS1307 ADDRESS MAP Figure 2

00H

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
07H CONTROL

08H RAM
N 56x 8

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. The real time
clock registers are illustrated in Figure 3. The time and calendar are set or initialized by writing the
appropriate register bytes. The contents of the time and calendar registers are in the Binary-Coded
Decimal (BCD) format. Bit 7 of Register 0 is the Clock Halt (CH) bit. When this bit is set to a 1, the
oscillator is disabled. When cleared to a 0, the oscillator is enabled.

Please note that the initial power on state of all registers is not defined. Therefore it is important to
enable the oscillator (CH bit=0) during initial configuration.
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DS1307
The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the
12- or 24-hour mode select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is
the AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the second 10 hour bit (20-
23 hours).

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

DS1307 TIMEKEEPER REGISTERS Figure 3

Fogee| e B e oS e ]
00H | CH 10 SECONDS SECONDS 00-59
X 10 MINUTES MINUTES 00-59
12 10HR 01-12
X e SE A HOURS 1
X X X X X DAY 1-7
gi-28r29
1-30
X X 10 DATE DATE e
10
X X X [ R MONTH 01-12
10 YEAR YEAR 00-99
o7H | out l X ] X |SQWE X l X l RSt I RS0

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

BIT 7

BIT 6

BIT S

BIT 4

BIT 3

BIT 2

BIT 1

BIT 0

ouT

X

X

SQWE

X

X

RS1

RS0

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 pin is 1 if OUT=1 and is 0 if 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 upon the value of the RSO and RST bits.

RS (Rate Select): These bits control the frequency of the square wave output when the square wave
output has been enabled. Table 1 lists the square wave frequencies that can be selected with the RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RSO SQW OUTPUT
FREQUENCY
0 0 1 Hz
0 1 4.096 kHz
1 0 8.192 kHz
1 1 32.768 kHz
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DS1307

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 referred to as
slaves. The bus must be controlled by a master device which generates the serial clock (SCL), controls
the bus access, and generates the START and STOP conditions. The DS1307 operates as a slave on the
2-wire bus. A typical bus configuration using this 2-wire protocol is show in Figure 4.

TYPICAL 2-WIRE BUS CONFIGURATION Figure 4

Vee

SDA \ 4
2-WIRE
SERIAL DATA
BUS
SCL

DS1307 OTHER
MICRO-
REAL TIME PERIPHERAL
PROCESSOR CLOCK DEVICE

_AA

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

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

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

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

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

Data valid: The state of the data line represents valid data when, after a START condition, the data line
is stable for the duration of the HIGH period of the clock signal. The data on the line must be changed
during the LOW period of the clock signal. There is one 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 START and 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. Within the 2-wire bus specifications a regular mode (100 kHz clock rate) and a fast mode
(400 kHz clock rate) are defined. The DS1307 operates in the regular mode (100 kHz) only.
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DS1307
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 that the 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. 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 condition.

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

S MSB 3
i SLAVE
B P ADDRESS

RV ;
DIRECTION ACKNOWLEDGEMENT
BIT SIGNAL FROM

- RECEIVER

ACKNOWLEDGEMENT

SIGNAL FROM
RECEIVER

sc. ., 4 1\ [2 6\ [ 7\ [8\ |9 M
Yy ACK V=

START STOP CONDITION
CONDITION |l REPEATED IF OR REPEATED
MORE BYTES ARE START CONDITION

TRANSFERRED

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

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

2. Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transmitting a number of data bytes. The master returns an acknowledge bit after all 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 not be released. Data is transferred
with the most significant bit (MSB) first.
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DS1307

The DS1307 may operate in the following two modes:

L.

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 recognized as the beginning and end of a serial transfer. Address recognition is performed by
hardware after reception of the slave address and *direction bit (See Figure 6). The address byte is
the first byte received after the start condition is generated by the master. The address byte contains

the 7 bit DS1307 address, which is 1101000, followed by the *direction bit (R/ W ) which, for a write,
isa 0. After receiving and decoding the address byte the device 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 set the 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.

DATA WRITE - SLAVE RECEIVER MODE Figure 6

|
<Slave Address> v <Word Address (n)> <Data(n)> <Data (n+1)> <Data (n+X)>

['s [ 1101000 [o]a [ 000000 | A e [oxoooox [ A ] o000 [a]r]

S - START )f Jf

A - ACKNOWLEDGE DATA TRANSFERRED
P~ STOP (X+1 BYTES + ACKNOWLEDGE)
*RAW - READ/WRITE OR DIRECTION BIT. ADDRESS = DOh

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 bit will indicate that the transfer direction is
reversed. Serial data is transmitted on SDA by the DS1307 while the serial clock is input on SCL.
START and STOP conditions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the first byte received after the start condition is generated by the
master. The address byte contains the 7-bit DS1307 address, which is 1101000, followed by the

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

DATA READ - SLAVE TRANSMITTER MODE Figure 7

A
<Slave Address> % <Data(n)> <Data(n+1)> <Data (n+2)> <Data (n+X)>

['s | 1101000 [1]A \xxxxxxxx] A Tooxxooxx [-a- [ xooooood [ A [xoo0000x | & [P]

\ (( l

1)

S - START
DATA TRANSFERRED
A - ACKNOWLEDGE (X+1 BYTES + ACKNOWLEDGE); NOTE: LAST DATABYTE IS
P - STOP FOLLOWED BY ANOT ACKNOWLEDGE ( A ) SIGNAL)
A - NOT ACKNOWLEDGE

*R/W — READ/WRITE OR DIRECTION BIT ADDRESS = D1h

7 of 11



DS1307

ABSOLUTE MAXIMUM RATINGS*

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

Operating Temperature 0°C to 70°C (-40°C to 85°C for industrial)
Storage Temperature -55°C to +125°C

Soldering Temperature 260°C for 10 seconds DIP

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

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

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

PARAMETER SYMBOL | MIN | TYP MAX | UNITS | NOTES
Supply Voltage Ve 4.5 5.0 5.5 \Y 1
LOgiC 1 Vi P09 Veet0.3 \Y% 1
Logic 0 Vi -0.3 +0.8 \Y 1
Vgar Battery Voltage VBAT 2.0 35 Vv 1

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

PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Input Leakage I 1 HA 10
I/O Leakage Iio 1 LA 11
Logic 0 Output VoL 0.4 )Y 2
Active Supply Current Icca 1.5 mA 9
Standby Current Iccs 200 LA 3
Battery Current (OSC ON); IgaTi 300 500 nA 4
SQW/OUT OFF

Battery Current (OSC ON); Igam2 480 800 nA 4
SQW/OUT ON (32 kHz)
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DS1307

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

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

Bus Free Time Between a STOP and tBUF 4.7 s

START Condition

Hold Time (Repeated) START Condition tHD:STA 4.0 us 5
LOW Period of SCL Clock tLow 4.7 Us

HIGH Period of SCL Clock tHIGH 4.0 us

Set-up Time for a Repeated START tSU-STA 4.7 s

Condition

Data Hold Time tHD:DAT 0 s 6,7
Data Set-up Time tSU:DAT 250 ns

Rise Time of Both SDA and SCL Signals tR 1000 ns

Fall Time of Both SDA and SCL Signals tp 300 ns

Set-up Time for STOP Condition tSUSTO 4.7 us

Capacitive Load for each Bus Line Cs 400 pF 8
I/O Capacitance Cio 10 pF

Crystal Specified Load Capacitance 123 pF

NOTES:

1. All voltages are referenced to ground.

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

loads.

VCC=0V, VBAT=3V.

o oA W

Iccs specified with Vcc=5.0V and SDA, SCL=5.0V.

After this period, the first clock pulse is generated.

A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the

Vinmm of the SCL signal) in order to bridge the undefined region of the falling edge of SCL.

7.  The maximum typ.pat has only to be met if the device does not stretch the LOW period (t ow) of the

SCL signal.

8. Cg - total capacitance of one bus line in pF.

9. Icca - SCL clocking at max frequency = 100 kHz.

10. SCL only.
11. SDA and SQW/OUT
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TIMING DIAGRAM Figure 8
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tsu:sTO

PKG 8-PIN

DIM MIN MAX
A IN. 0.360 0.400
MM 9.14 10.16
B IN. 0.240 0.260
MM 6.10 6.60
C IN. 0.120 0.140
MM 3.05 3.56
D IN. 0.300 0.325
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
G IN. 0.090 0.110
MM 2.29 2.79
H IN. 0.320 0.370
MM 8.13 9.40
JIN. 0.008 0.012
MM 0.20 0.30
K IN. 0.015 0.021
MM 0.38 0.53




DS1307

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

[ — 8-PIN
‘1 ln o s (150 MIL)

HERH DM _| MIN | MAX
: T AN. | 0188 | 0.19%
MM | 478 | 498

8 H BIN. | 0.150 | 0.158

o i MM 3.81 4.01
C IN. | 0.048 | 0.062

HERH L MM 1.22 | 1.57

1 E IN. | 0.004 | 0.010
MM 0.10 0.25
F IN. | 0.053 | 0.069

el R
t MM 1.35 1.75
G IN. 0.050 BSC
| 0 O MM 1.27 BSC
i ¢ H IN. | 0230 [ 0.244
WE MM 5.84 6.20

J IN. 0.007 0.011
MM 0.18 0.28
K IN. 0.012 0.020
MM 0.30 0.51

} L IN. 0.016 0.050
: MM 0.41 1.27
phi 0° 8°

56-G2008-001
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P ULN2001A-ULN2002A
Y/. ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

s SEVEN DARLINGTONS PER PACKAGE
=« OUTPUT CURRENT 500mA PER DRIVER

(600mA PEAK)
= OUTPUT VOLTAGE 50V Ka
s INTEGRATED SUPPRESSION DIODES FOR [\
INDUCTIVE LOADS
= OUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT DIP16
s TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS
= INPUTS PINNED OPPOSITE OUTPUTS TO ORDERING NUMBERS: ULN2001A/2A/3A/4A

SIMPLIFY LAYOUT

DESCRIPTION ORDERING NUMBERS: ULN2001D/2D/3D/4D
The ULN2001A, ULN2002A, ULN2003 and
ULN2004A are high voltage, high current darlington
arrays each containing seven open collector dar- ~ PIN CONNECTION
lington pairs with common emitters. Each channel
rated at 500mA and can withstand peak currents of
600mA. Suppression diodes are included for induc-
tive load driving and the inputs are pinned opposite

e 1
the outputs to simplify board layout. L\T>) e
'!'he four versions interface to all common logic fami- X 2 15 oUT 2
lies : |
ULN2001A | General Purpose, DTL, TTL, PMOS, e 0\ \a 14 OUT 3
CMOS
ULN2002A 14-25V PMOS IN 44 13 OUT 4
ULN2003A 5V TTL, CMOS
ULN2004A | 6-15V CMOS, PMOS N8 12 OUT §
These versatile devices are useful for driving a wide i
range of loads including solenoids, relays DC mo- IN6 6 19 0UT %
tors, LED displays filament lamps, thermal print-
heads and high power buffers. INT7 7 10 ouT 7
The ULN2001A/2002A/2003A and 2004A are sup- COMMON FREE
plied in 16 pin plastic DIP packages with a copper GND 8 9 WHEELING DIODES
leadframe to reduce thermal resistance. They are
available also in small outline package (SO-16) as $-197711

ULN2001D/2002D/2003D/2004D.
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

——Ocom l——ﬂ—ocou
ouT
N 'I 10.5k0 +—Ooout
| 1 IN |
| ! :
| 7260 3kA t I t
! . : I 7.2k0 3kn :
1
el gt ST il : |
EACH DRIVER S- 389 L i¢g-—-———-————- —id
. EACH DRIVER 5-1984
Series ULN-2001A Series ULN-2002A
(each driver) (each driver)
COM
0.5k +—OoouT
IN |
| [}
|
| 7.2k 3kn f
: ,
oS- _—— LY i
EACH DRIVER S-[o8? EACH DRIVER 5-257
Series ULN-2003A Series ULN-2004A
(each driver) (each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vo Output Voltage 50 \
Vin Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 Vv
le Continuous Collector Current 500 mA
Ip Continuous Base Current 25 mA
Tamb Operating Ambient Temperature Range - 20 to 85 °C
Tstg Storage Temperature Range - 551t0 150 °C
Tj Junction Temperature 150 °C
THERMAL DATA
Symbol Parameter DIP16 S016 Unit
Rth j-amb Thermal Resistance Junction-ambient Max. 70 120 °C/W
2/8 KYI




ULN2001A - ULN2002A - ULN2003A - ULN2004A

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

Symbol Parameter Test Conditions Min. Typ. Max. | Unit | Fig.
lcex Output Leakage Current Vce = 50V 50 HA 1a
Tamb = 70°C, Vce = 50V 100 A 1a
Tamb = 70°C
for ULN2002A
Vce = 50V, Vi = 6V 500 A 1b
for ULN2004A
Vee = 50V, Vi = 1V 500 A 1b
VcE(sat) Collector-emitter Saturation Ic = 100mA, Ig = 250pA 0.9 1.1 \Y 2
Voltage Ic =200 mA, Ig = 350pA 1.1 1.3 \ 2
Ic = 350mA, Ig = 500pA 1.3 1.6 \% 2
licon) Input Current for ULN2002A, V; = 17V 0.82 1.25 mA 3
for ULN2003A, V; = 3.85V 0.93 1.35 mA 3
for ULN2004A, Vi = 5V 0.35 0.5 mA 3
Vi=12V 1 1.45 mA 3
lioffy Input Current Tamb = 70°C, Ic = 500pA 50 65 7y 4
Vion) Input Voltage Vce = 2V \Y 5
for ULN2002A
Ic = 300mA 13
for ULN2003A
lc = 200mA 2.4
Ic = 250mA 2.7
Ic = 300mA 3
for ULN2004A
lc = 125mA 5
Ic =200mA 6
Ic = 275mA 7
Ic = 350mA 8
hre DC Forward Current Gain for ULN2001A
Vce = 2V, Ic = 350mA 1000 2
Ci Input Capacitance 15 25 pF
tPLH Turn-on Delay Time 0.5Vjt0 0.5V, 0.25 1 us
tpHL Turn-off Delay Time 0.5 Vjto 0.5 Vo 0.25 1 us
Ir Clamp Diode Leakage Current | Vg = 50V 50 A 6
Tamb = 70°C, VR = 50V 100 A 6
VE Clamp Diode Forward Voltage I = 350mA 1.7 2 \ 7
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS

Figure 1a.

Figure 1b.
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Figure 2.

Figure 3.
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Figure 4. Figure 5.
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Figure 6. Figure 7.
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I
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Collector Current versus Input Current

Ic DY6IN453
(mA) | /
Tj=25°C
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Figure 10: Peak Collector Current versus Duty

Cycle
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Figure 9: Collector Current versus Saturation
Voltage

lc D96IN454

(mA) /
500
Tj=25'C /

400
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300

200 /
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Figure 11: Peak Collector Current versus Duty
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DM, iist i OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MECHANICAL DATA
al | 051 0.020
B | o077 165 | 0.030 0.065
b 0.5 0.020
b1 0.25 0.010
D 20 0.787
E 8.5 0.335
e 2.54 0100
e3 17.78 0.700
F 74 0.280
| 5.1 0.201
L 3.3 0.130
DIP16
z 1.27 0.050
|| Y i
- bl
T b |
Z Pt ‘—L E
e3 |
D
1 S ) A A e S i [ o I 6
% 9
w
1 8
7 Ve X N i e S e |
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

OUTLINE AND
MECHANICAL DATA

DIM. mm inch
MIN. | TYP. | MAX. | MIN. [ TYP. | MAX.
A 1.75 0.069
a1 0.1 0.25 | 0.004 0.009
a2 1.6 0.063
b 0.35 0.46 | 0.014 0.018
b1 0.19 0.25 | 0.007 0.010
] 0.5 0.020
ci 45° (typ.)
D(1)| 98 10 | 0.386 0.394
E 5.8 6.2 | 0.228 0.244
e 1.27 0.050
e3 8.89 0.350
F(1) 3.8 4 0.150 0.157
G 4.6 5.3 | 0.181 0.209
L 0.4 1.27 | 0.016 0.050
M 0.62 0.024
S 8°(max.)

S0O16 Narrow

(1) D and F do not include mold flash or protrusions. Mold flash or potrusions shall not exceed 0.15mm (.006inch).
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. STMi-
croelectronics products are not authorized for use as critical components in life support devices or systems without express written
approval of STMicroelectronics.
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Description:
This package contains six inverters.

Mode of operation:
All six inverters can be used independently of one another.
For each inverter, a fow input gives a high output and vice versa.

The 7414 contains six inverters with Schmitt-trigger Inputs and has the same pinout.

Application:

Logical inversion, pulse shaping, oscillators

Data:

Propagation delay ns | 10 <] 275} 85 6 33 8.5 4

Supply current mA | 12 2 8 69| 26 1.2 3 23

Famities: SWIALS [ AS F H L LS S
® ® @ ® ® ® ® [ ]

Hex INVERTER

7404






