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Interfacing 1°C Serial Real-Time Clocks to a Microcontroller

Abstract: This application note desciibes a general hardware configuration and example software for the Dallas
12C interface real-time clocks. This example is specifically written for RTCs that use a BCD time and date format.
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Description

This application note describes the general hardware configuration and basic software communication examples
for the Dallas 12C serial-interface real-time clocks (RTCs). The devices covered are the BCD-format 12C clocks:
DS1307, DS1337, DS1338, DS1339 and DS1340. The DS1375 could also be supported, if circuit modifications
were made to provide a digital clock signal (32,768Hz, 8,192Hz, 60Hz, or 50Hz) to the CLK input pin. The
microcontroller used for this example is the DS2250, and the example software is written in C.

A schematic of the circuit is shown in Figure 1. The schematic shows connections for a DS1340. The other RTCs
may require modifications. The DS1337, for example, replaces the battery back up input with an additional
interrupt output. The low voltage versions of the RTCs would require replacing the DS2250/DS5000 with a
suitable low-voltage microcontroller. Figure 2 shows the software listing. The #define directive is used to
conditionally compile the code for the proper device. The example shown is for the DS1307. The #define
statement for the DS1307 should be replaced with the correct device before compiling the code.
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Figure 1. DS1340-Microcontroller schematic.

Figure 2. Software Listing

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

/* DEMO1307.c */
/* program exanpl e for DS1307, DS1337/38/39/40 */
/********************************************************************/
#i ncl ude <stdio. h> /* Prototypes for /0O functions */
#i ncl ude <DS5000. h> /* Register declarations for DS5000 */
/***************************** mfl neS *****************************/
#defi ne ACK 0

#def i ne NACK 1
#def i ne ADDRTC 0xdO /* 12C sl ave address */
#defi ne DS1307 /* conpile directive, nodify as required */

/************************* blt deflnltlons *************************/

shit scl = PO"O; [* 12C pin definitions */
shit sda = POM1;
shit sqw = P3"2; /* pin function depends upon device */

/* General Notes: Define one device to conpile options for that device. */
/* WII not conpile correctly if no device is defined. Not all options */
/* for each device are supported. There is no error checking for data */
/* entry. Defines nmay not renove all code that is not relevant to the */
/* device. This exanple was witten for an 8051-type nicro, the DS2250/ */

/* DS5000. The program nust be nodified to work properly on typical */
/* 8051 variants (i.e. assign 12C bus to unused port pins). This */
/* programis for exanple only and is not supported by Dallas Maxi m */
voi d 2C start();

voi d 12C stop();

voi d [2C wite(unsigned char d);

uchar I2C read(uchar);

voi d readbyte();
voi d witebyte();

voi d initialize();

voi d di sp_cl k_regs(uchar);
voi d burstramarite(uchar);
voi d bur stranread();

voi d alrmint();

voi d alrmread();

voi d tc_setup();
/* gl obal variables */
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uchar sec, mn, hr, dy, dt, mm,
void [2C start () R
{
sda = 1; scl = 1; /*
sda = O;
}
void [2C stop() A
{
sda = 0; sda = 0; sda = O;
scl =1; scl =1; sda = 1;
}
void I2C wite(uchar d) /*
{
uchar i;
scl = 0;
for (i =1; i <= 8; i++)
{
sda = (d >> 7);
scl = 1;
d =d << 1; /*
scl = 0;
}
sda = 1; /* Rel ease
scl = 0;
scl = 1;

if(sda) printf("Ack bit m ssing

",(unsigned int)d);

_______________________________________ * [
Initiate start condition */
_______________________________________ * [
sda = O; /[* Initiate stop condition */
_____________________________ * [

i ncrease scl high tine */

the sda line */

%2X

scl = 0;
}
uchar 12C read(uchar b) /* -----mmmm */
{
uchar d, i;
sda = 1; /* Let go of sda line */
scl = 0;
for (i =1; i <= 8; i++) /* read the nsb first */
{
scl = 1;
d =d << 1;
d = d | (unsigned char)sda;
scl = 0;
}
sda = b; /* Hold sda | ow for acknow edge */
scl = 0;
scl = 1;
i f(b == NACK) sda = 1; /[* sda = 1 if next cycle is reset */
scl = 0;
sda = 1; /* Release the sda line */
return d;
}
void readbyte() /* -- read one byte of data fromthe specified address -- */
{
uchar Add;
printf("
ADDRESS: ") ; /* Get Address */
scanf (" %x", &Add);
[2C start();

[2C wite( ADDRTC)



[2C wite(Add);

2C start();

[2C wite(ADDRTC | 1);
printf("9%bx", 12C read(NACK) );

12C stop();
}
void witebyte() /[* -- wite one byte of data to the specified address -- */
{
uchar Add;
uchar Dat a;
printf("
Address: "); /* Get Address */
scanf (" %x", &Add);
printf("DATA: ");
scanf ("%x", &Data); /* and data */
2C start();
[2C write(ADDRTC);
[2C wite(Add);
[2C wite(Data);
12C stop();
}
void initialize() /[* -- initialize the time and date using entries fromstdin -- */
/* Note: NO error checking is done on the user entries! */
{
uchar yr, m, dt, dy, hr, mn, sec, day;
2C start(); /* The follow ng Enables the Gscillator */
[2C wite( ADDRTC); /* address the part to wite */
[2C write(0x00); /* position the address pointer to 0 */
[2C write(0x00); /* wite O to the seconds register, clear the CH bit */
12C stop();
printf("

Enter the year (0-99): ");
scanf (" %x", &yr);
printf("Enter the nonth (1-12): ");
scanf (" %x", &m);
printf("Enter the date (1-31): ");
scanf (" %x", &dt);
printf("Enter the day (1-7): ");
scanf (" %x", &dy);
printf("Enter the hour (1-23): ");
scanf (" %x", &hr);
hr = hr & O0x3f; /* force clock to 24 hour node */
printf("Enter the mnute (0-59): ");
scanf (" %x", &m n);
printf("Enter the second (0-59): ");
scanf (" %x", &sec);

2C start();
[2C wite( ADDRTO); /* wite slave address + wite */
[2C write(0x00); /* wite register address, 1st clock register */

[2C wite(sec);
[2C wite(mn);
[2C wite(hr);
[2C wite(dy);
[2C wite(dt);
[2C wite(m);
[2C wite(yr);



#if defined DS1307 || defined DS1338

{
[2C wite(0x10); /* enabl e sgwe, 1Hz output */
}
#tel i f defined DS1337 || defined DS1339
{
[2C start();
[2C wite( ADDRTC); /* wite slave address + wite */
[2C write(0x0e); /* wite register address, control register */
[2C wite(0x20); /* enable osc, bbsqi */
[2C wite(0); /* clear OSF, alarmflags */

/* could enable trickle charger here */

}
#elif defined DS1340

{
[2C wite(0x10); /* enabl e sgwe, 1Hz output */
[2C start(); /* address pointer waps at 7, so point to flag register */
[2C wite(ADDRTO); /* wite slave address + wite */
[2C wite(0x09); /* wite register address, control register */
[2C wite(0); [* clear CSF */
}
#endi f
[2C stop();
}
voi d di sp_cl k_regs(uchar prv_sec) e e */
{
uchar Sec, Mn, Hs, Die, Mn, Day, Yr, ml, pm
printf("
Yr Mh Dt Dy Hr:M:Sc");
while(!'RI) /* Read & Display C ock Registers */
{
[2C start();
[2C wite(ADDRTC); /* wite slave address + wite */
[2C wite(0x00); /* wite register address, 1st clock register */
[2C start();
[2Cwite(ADDRTC | 1); /* wite slave address + read */
Sec = 12C read(ACK); /[* starts w last address stored in register pointer */
Mn = 12C read(ACK);
Hrs = 12C read( ACK);
Day = 12C read(ACK);
Dte = 12C read(ACK);
Mon = 12C read( ACK);
Yr = 12C read(NACK);
[2C stop();
if(Hs & 0x40)
ml = 0;
el se
ml = 1;
if(Sec !'= prv_sec) /* display every tine seconds change */
{
if(ml)
{
printf("

%02bX/ Y02bX/ YO2bX %2bX"', Yr, ©Mon, Dte, Day);
printf(" %92bX %92bX: ¥92bX"', H's, Mn, Sec);



el se

{
if(Hs & 0x20)
pm="A";
el se
pm="F;
Hrs &= Ox1f; /* strip node and ami pm bits */
printf("

%02bx/ ¥02bx/ ¥92bx %®2bx", Yr, (Mn & 0x1f), Dte, Day);
printf(" %2bx: %02bx: ¥02bx %M, H's, Mn, Sec, pnj;

}
}
i f(prv_sec == 0xfe) return;
prv_sec = Sec;
}
Rl = 0; /* Swallow keypress before exiting */
}
void burstramwite(uchar Data) /[* -------- fill RAMwith data -------- */
{
uchar j;
[2C start();
[2C wite( ADDRTC); /* wite slave address + wite */
[2C write(0x08); /* wite register address, 1lst RAM I ocation */
for (j =0; j < 56; j++) /* wite until the pointer waps around */
{
[2C wite(Data);
}
12C stop();
}
voi d burstranread() R e T T */
{
uchar j;
2C start();
[2C wite( ADDRTC); /* wite slave address + wite */
[2C wite(8); /* wite register address, 1lst RAM | ocation -1*/
2C start();
[2C wite(ADDRTC | 1); /* wite slave address + read */
for (j =0; j < 56; j++)
if(!'(j %16)) printf("
%2bX ", j);
printf("%®2bX ", 12C read(ACK) );
}
| 2C read( NACK) ;
12C stop();
}
voi d alrm.int() [* ----- initialize alarmregisters ------ */
{

uchar M Sec, Mn, Hr, DyDt;

printf("

1- Al arm each second

2- Al arm mat ch=sec

3- Al arm mat ch=sec+m n") ;
printf("

4- Al ar m mat ch=sec+m n+hr

5- Al ar m mat ch=sec+m n+hr +date") ;



printf("

6- Al ar m mat ch=sec+m n+hr +day
Enter selection: ");

M= getkey(); [/* Note-No error checking is done on entries!

switch(M

{
case '1': M = Oxf; br eak;
case '2': M = Oxe; br eak;
case '3': M = 0xc; br eak;
case '4': M = 8; br eak;
case '5': M= 0; br eak;
case '6': M = 0x40; br eak;

}

i f(M & 0x40)

{
printf("

Enter the day (1-7): ");

scanf ("%x", &DyDt);
}

el se

{
printf("

Enter the date (1-31): ");

voi d

uchar

scanf (" %x", &DyDt);
}
printf("Enter the hour (1-23): ");
scanf (" %x", &Hr);
printf("Enter the mnute (0-59): ");
scanf (" %x", &M n);
printf("Enter the second (0-59): ");
scanf (" %x", &Sec);

if( (M&1) ) Sec | = 0x80;

if( ((M>>1) &1) ) M n | = 0x80;
if( ((M>>2) &1)) Hr | = 0x80;
if( ((M>>3) &1) ) DyDt | = 0x80;
i f(M & 0x40) DyDt | = 0x40;

[2C start();
[2C wite(ADDRTC); /* wite slave address + wite */
[2Cwite(7); /[* wite register address */

[2C wite(Sec);
[2Cwite(Mn);
[2Cwite(H);

[2C wite(DyDt);

[2C start();

[2C wite(ADDRTO); /* wite slave address + wite */
[2C wite(0x0e); /[* wite register address */

[2C wite(5); /* enable interrupts, alarm1 */
[2C stop();

alrmread() [* - read alarmregisters ------ */

Sec, Mn, Hr, DyDt;

[2C start();
[2C wite(ADDRTC); /* wite slave address + wite */
[2Cwite(7); /[* wite register address */

[2C start();

*/



[2C wite(ADDRTC | 1); [/*
Sec I2C read( ACK);

M n I2C read( ACK);

H = 12C read(ACK);

DyDt = 12C read(NACK);

wite slave address + read */

printf("
Alarm 1: %2bx %2bx %®2bx %02bx", Sec, Mn, H, DyDt);
}
voi d tc_setup() [* ---- trickle charger set up routine ---- */
{
uchar M val;

#i f defined DS1339
#define TC 0x10 /*
#el se
#define TC 0x08 /*
#endi f

printf("
Enabl e Trickle Charger (Y/IN)? ");
M = _getkey();

if(M=="Y ||
{

1- 250 ohmres
2- 2K res=sec
3-4K res")

M=="y")

printf("

M= _getkey(); /*

switch(M
{
case '1':
case '2':
case '3':
}
printf("
1-no di ode
2-1 diode");

M= _getkey(); /*

switch(M
{
case '1':
case '2':
}
[2C start();
[2C wite( ADDRTC)
[2C wite(TO);
[2C wite(val |
12C stop();

0xa0) ;

el se

[2C start();
[2C write(ADDRTC)
[2C wite(TO);

addr ess for

addr ess for

Not e- No error

Not e- No error

DS1339 trickle charge register */

DS1340 trickle charge register */

checking is done on entries! */

val = 1; br eak;
val = 2; br eak;
val = 3; br eak;

checking is done on entries! */

br eak;
br eak;

val += 4;
val += 8;

/* wite slave address + wite */
/* wite register address */
/* enable trickle charger per

user input */

/* wite slave address + wite */
/* wite register address */



[2C wite(0); /* disable trickle charger */
[2C stop();
}
[2C start();
[2C wite(ADDRTC); /* wite slave address + wite */
[2Cwite(TO; /[* wite register address */
[2C start();
[2Cwite(ADDRTC | 1); /* wite slave address + read */
printf("
Trickl e Charger: %92bx", 12C read(NACK) );
}
mai n (void) [F oo */
{
uchar M M,
sqw = 1; /* set up for read, weak pull-up */
while (1)

{
#i f defined DS1307

printf("

DEMO1307 build %
", __DATE );
#elif defined DS1337

printf("

DEMO1337 build %
", __DATE );
#elif defined DS1338

printf("

DEMO1338 buil d ¥
", __DATE_ ),
#elif defined DS1339

printf("

DEMO1339 build %
", __DATE );
#elif defined DS1340

printf("
DEMO1340 build %
", __DATE );
#endi f
printf(’
")
printf(’
")
#i f defined DS1337 |
printf(’
")
#endi f
#i f defined DS1340 |
printf(’
")
#endi f

#if defined DS1307 |

")
#endi f

printf("Enter

'c

'BR Byte Read

defi ned DS1339
"Al

defi ned DS1339
'"Tc Trickle charger

defi ned DS1338
printf("RR RAM Read

Init RTC CR Read C ock

BWWite Byte

/* only print
Alarm1l Int AR Al arm Read

if part has alarns */

/* parts that have trickle charger */

/* only print
RWRAM Wite

if part has RAM */

Menu Sel ection:");



Init or Read:

Read or Wite:

M= getkey();

switch(M

{
case 'A':
case 'a':
printf("

")

")

ML = _getkey();

swi t ch( ML)
{
case '|'
case 'i' alrmint(); br eak;
case 'R :
case 'r': alrmread(); br eak;
}
br eak;
case 'B':
case 'b':
printf("
ML = _getkey();
swi t ch( ML)
{
case 'R :
case 'r': readbyte(); br eak;
case 'W:
case 'W : writebyte(); br eak;
}
br eak;
case 'C:
case 'c':

printf("\rEnter Clock Routine to run:C");
ML = _getkey();

swi t ch( ML)
{
case '’
case 'i' initialize(); br eak;
case 'R :
case 'r di sp_cl k_regs(0x99); br eak;
}
br eak;
case 'R :
case 'r'

printf("\rEnter Ram Routine to run:R");
ML = _getkey();

swi t ch( ML)
{

case 'R :



Enter the data to wite: ");

case 'r': burstranread(); break;
case 'W:
case 'WwW: printf("
scanf (" %x", &M);
burstramwite(M);
}
br eak;
case 'T':
case 't': tc_setup(); br eak;

br eak;
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