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DIGITAL CLOCK FOR LED DISPLAY BOARD

Mr. Wuttichai Thanaprakamtrakul 1D.47010737
Mr. Wuttichai Wanichsathienchai 1D.47010739

Chaleomphan Wangwiwattana Advisor

Education Year 2007

Abstract

Nowadays our world has'developed even science and also technology. We created a watch
can display the numbers on led category of dot matrix display. We set amount of dot equal 64 x
16. Otherwise it can be display the numbers on led and also dial of the watch can-change color
program of led . It difference from color of number can show tﬁe time. And the watch can set
program for bright color on led each color on all display. So,it.can set up many pattern of number

on led.
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2.3.1 MCS-51 Family
4
@ =3 = é =
MCS-5¥ Wy Iediniseonnuugazaaaoeniilunaiss suuvy sl nue s onay

1 A A d? R dalo ol [ =1 [y
ﬁ')u‘]J'iZﬂﬂ‘Uﬂ‘]UiuVMW?Jﬂlu?J'] LN]E]U'Nllﬁﬂﬂﬂ'lf’Nﬁ'N“] YN UDUNY

Device ROMLESS ROM RAM 16-Bit Speed Process
Name Version Bytes Bytes Timers Up to

80C51 80C31 4K 128 2 20MHz CMOS
80C52 80C32 8K 256 3 20MHz CMOS
83C154 83C154 16K 256 3 20MHz CMOS
83C154D - 32K 256 3 16MHz CMOS
80CS1LL 80C31LL 4K 128 2 42MHz SCMOS
80C521L 80C32LL 8K 256 3 42MHz SCMOS
83C154 4 80C1541L 16K 256 3 42MHz SCMOS
83C154DL - 32K 256 3 36MHz SCMOS
80C51PX - - 1287256 2/3 12MHz CMOS

A1519N 2.1 UEAIAANAINYBI MCS-51 Family
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S-51 Pin & Timing Diagram

“—

Pro] ¢ 4 pbvce
pig 2 39 biroo
P2 3 38 fPO.Y
Par] 4 a7 pro2
P4l 5 38 1PO3
PisT 6 as pPo4
piscd 7 34 B POS
P70 8 33.53 P06
RST L} © - 2 Po7
P3.ORXD O 10 0 31 BEA
PAUTXD ] 1 8 30 DALE
P3.2/NTO ] 12 2 26 3 PSEN
P3.3INTT € 13 4 28 hp27
P3.470 ] 14 § 27 P26
PaEA1 O 15 26.1P25
P3.8/WR O] 16 25 H P24
P37TAD L] 17 22 11P23
XTAL2 [ 18 23 kP22
XLt g 19 2z P21
vss o 20 215p20

3191 2.7 uaadanuDIZYIR 199 YD MCS-51

Pin

1/0,

/Z

Vi ©
HUIW/PITNINY

P0.0-

P0.7

170
1z

Port 0 11y Open drain bidirectional.1/O Port 8 Bit

e l8hihOutput ugm30 5 (Sink) nsEudvog thput it LS TTL 14 8 ¢
FM3Por 0 B figna e 1> ooau 1z TRANIATN Float Feamnsald
iy High impedance Input 1@

wonmNi Favamshiiilu Addr. Bus 87uU99 Low byte (PCL) 90U Data
Bus Juns@ifizin1s1441u External Memory 61uﬂ131d:Logic ‘1’ 9znadeeIn
Strong Internal pull-up

wazMoga Port 0 ﬂsi%'ﬁdﬁiﬁﬁ@gi“lu Internal program memory 89NYWABAS

#3739 8V (Program verification) LAYZABIAD External pull-up Ty

P1.0-

P1.7

1/0

Port 1 13Ju Bidirectional /O Port 8 Bit with Internal pull-up
dinl41ilu Output TuaMIT05V/910 (Sink/Source) NFLUAYDS Input UV LS

TTL 14 4 6
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& W3 Port 1 Bit fignae *1° o szv ¥ High 91 Internal
pull-up BeasalFanuiiu nput 18 nazidiegnileuds Logic ‘0 s Shueg
Tnszuaoonutld Fanszuaez 11an191n Internal pull-up 11194 (1L, on
data sheet)

LONIAG §1131 80C52, 83C154 and 83C154D 1 Port 1.0 4@z P11 93

o mwsaﬁl%ﬂm‘ﬂu T2, T2EX (T2: Timer 2 input, T2EX: Timer 2 “Capture”

input)

P2.0-

P27

I/0

Port 2 1)1 Bidirectional /0 Port 8 Bit with Internal pull-up

o5 Otitput A5 A3/310(Sink/Source) 1981a09 Input LUV LS
TTL 1A 4 fa

18NN Port 2 ST Addréss Bus v High byte (PCH) 1u
A5NS4 Extefnal Memoty 714015619 Address 1D 16 Bit lumsi

Logic'* ¥ %gﬂﬁ%}%ﬁnﬂ Strong Internal pull-up

P3.0-
P3.7

I/0

=

© O

Port 3 13114 Bidirectional 1/O Port 8 Bit with Internal pull-up
LOATINGEY 11 §199) Vo4 Port 3 3¢ U3 111 Special feature Y09
MCS*STRario Tl

P3.0: RXD (Serial input port)

P3.1:TXD/(Serial output port)

P3.27 INTO (External interrupt 0)

P3.3: INT1 (External-interrupt 1)

P3.4: TO.(Timer O.¢xtemal input)

P3.5: T1 (Timer-l extemal input)

P3.6: WR (External data memory write strobe)

P3.7: RD (External data memory read strobe)

RST

oo

o Yo A o VA £y 1 o
Reset tiudyanutlonlitiy mcs eillumssmuaduiuduaieg msh
5 b 4 v
o @ A Vo Qs
Reset HazApaimnnianiie IWlidna99s Tums Reset drynyiss RST Aod]

94081918 2 Machine cycles 1935¥11M3 Reset 18

v
=

Address Latch Enable udayanm 121 haldrwes pcL gridudi
LATCH luszn19% arves PCL o8nu1h PO

t 4
deye st ALE # szfioanmansaial (131921in15 1% External memory
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¥ : L é -]
v3ola) Wunnud 1/6 veedyanm Clock dvansmit iy 1idugna
o oo =4 { o a T o
TAua9esnouenld uaseielsnd lunsdindlunisAnnen External data

o Y £
memory ey 1ad ALE v241m 1 vite gn

PSE

Program Store Enable eY@Ufy1t4 PSEN masﬂuamiywmﬂi%"lunws Fetch
" 3 ] .
169910 External program memory 14 92 liivinanuiioiduns Fetch mds

910 Internal program memory
I 4 14 k4
L = o ¥ é
aaa PSEN fis5idatasends donth Machine cycle sniulunsdi

fuun1sAAAERY External data memory deyano PSEN g2

EA Extérnial AccessIaun1sADaId it EA §h-tigh’ M5 Fetch fdad
Address 1108037 0FFFh (4K §11150 80C51) 9% 14910 Internal program
memory #0811y Address Faeh 1000k 4 vzl 4nI8 1910 Extemal
program memory
o EA @i Low’ m3 Feich faananiagnsevni Extemal
program memory

XTA Input to inverting oscillator amplifier wazlodmSumatlou External clock

L1

XTA Output to inverting oscillator amplifier

L2

A19199 2.2 uaaaninvesvinieg lu MCs-si
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dmwedlansi3 i2evsi.c 1wy DS1307
sbit SDA = P17,
sbit SCL = P10,
void i2¢_delay(void)
{
unsigned char i,
for(i=0;i<10;i++);
}
voidri2c_clk(void)
{
i2¢_delay();

SCL=1;

SCL =1;
i2¢_delay();
SDA = 0;
i2¢_delay();
SCL = 0;

}

void i2¢_stop(void)
{

if(SCL)

SCL =0;
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SDA =0;
i2¢_delay();
SCL =1,
i2¢c_delay();
SDA =1,

}

bit i2¢_write(unsigned char dat)

{
bit data_bit;

unsigned char i;

AAAANAN
AN

SCL=1;
i2¢_delay();
data_bit = SDA;
SCL =0;
i2¢_delay();
return(data_bit);
}

unsigned char i2¢_read(void)
{

bit rd_bit;

unsigned char i,dat;
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dat = 0x00;
for(i=0;i<8;i++)
{
i2c_delay();
SCL =1;
i2¢_delay();
rd_bit=SDA;

dat = dat<<1;

- dat=dat|rd bit;

R ARAR A
A
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" voidi2c_ACK
{
SDA = 0;
12¢_delay();
i2¢_clk();
SDA = 1
!
void i2¢ NACK()
{
SDA =1;
i2c_delay();
i2c_clk();
SCL = 1}
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#include <reg51.h>

#include <i2cv51.c>

#define DS1307_ID 0xDO

sbit swl = P372;

sbit sw2 = P3/3;

sbit e0 = P176;

sbitel = P177;

sbit d = P1/2;

sbit d2 =P173;

sbit d3 = P174;

sbit d4 = P125;

sbit clockk = P03,

sbit strobe = P0"2;

sbit oe2 = POM T

sbit oel = PO"0;

code unsigned char mat[11][12] =
£40x3C,0x7E,0xC3,0xC3,0xC3,0xC3,0xC3,0xC3,0xC3,0xC3,0x 7E,0x3C},
{0x1C,0x3C,0%6C,0X0C,0x0C,0X0C,0x0C,0X0C,0x0C;0x0C,0x3F,0x3F},
{0x3C,0x7E,0xC3,0xC3,0x03,0x06,0x0C,0x 18,0x30,0x60,0xFF ,0xFF }
{0xFF,0xFF,0x06,0x0C,0x 18,0x3C,0x0E,0x03,0xC3,0xC3,0x 7E,0x3C},
{0x06,0x0E;0x 1 E,0x36,0x66,0xC6,0xC6,0xFE,0xFF,0x06,0x06,0x06 },
{0xFF,0xFF,0xC0,0xC0,0xFE,0x7F ,0x03,0x03,0xC3,0xC3,0x 7E,0x3C},
{0x3C,0x7E,0xC3,0xC3,0xC0,0xFC,0xFE,0xC3,0xC3,0xC3,0x 7E,0x3C},
{0xFF ,0xFF,0x03,0x06,0x0C,0x 1 8,0x18,0x18,0x 18,0x18,0x 18,0x18},
{0x7E,0xFF,0xC3,0xC3,0xC3,0x7E,0x 7E,0xC3,0xC3,0xC3,0xFF,0x 7TE?},
{0x3C,0x7E,0xC3,0xC3,0xC3,0x 7F,0x 3F,0x03,0x03,0xC3,0x 7E,0x3C},
{0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00} };

unsigned char sec,min,hour,col,board_a,board_b,time,round k,p,li;

void delay(unsigned int ms)



unsigned int X,a;
for(x=0;x<ms;x++)
for(a=0;a<50;a++);
}
void decode(unsigned char line)
{
if{line%2==0)d1=0;
- else d1=1;
if((line%4==0) || ((line=D)%4)==0)d2=0;
else d2=1,
if(line<4 || (line>7 && 1ine<12))d3=0;
else d3=1;
iflline<®)d4=0;
else d4=1;
}
unsigned char DS1307 rd(unsigned char addr)
{
unsigned char ret;
i2c_start();
12c_write(DS1307_ID);
i2¢_write(addr);
i2¢_start();
i2c_write(DS1307_ID+1);
ret = i2¢_read();
i2c_stop();
return(ret);
}

void DS1307 _wrtime(unsigned char hh,unsigned char mm,unsigned char ss)

{



i2¢_start();
i2¢c_write(DS1307_ID);
i2¢_write(0x00);
i2¢c_write(ss);
i2c_write(mm);
i2c_write(hh);
i2c_stop();

3

void ependecode(unsigned

void scan_dis(

uglgg ;

if(k==0)p=1;
k++:
if(k>30)
{
pH+;
k=31;
if(p>30)k=0;
H
for(i=0+1i;i<16-1i;i++)
{
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for(j=0;j<32;j++)
{
if(i==0)
{
if(j<2 || j>p) board a =2;
else board a =0;
ifj>29 || j<(31-p) board b=2;
else board b =0;

ifli==1)
{
if(j<2){ j>k) board_ _a = 2;
else board a=0;
if(j>29)) j<(31k)) board b =2;
else board b = 0;
H
ifli==15)
{
if(j<2 [}j>(32-k)) board ‘a = 2;
else board-a =0;
if(5>29 1] j<(k-1)) board b =2;
else’board b = 0;
}
if(i==14)
t
if(j<2 || j>(32-p)) board_a =2;
else board a = 0;
if(5>29 || j<(p-1)) board b =2;

else board b = 0;



ifi>1 && i<14)
{
if(j<2) board a=2;
ifj==10 || (>=19 && j<=22) || j==31) board_a = 0;
if(j>=2 && j<=9) board_a = (mat[(hhh & 0xF0)>>4][i-2]>>(9-})) & 0x01;
iflji>=11 && j<=18) board a = (mat[hhh & 0xOF][i-2]>>(18-})) & 0x01;
if(j>=23 && j<=30) board_a = (mat[(mmm & 0xF0)>>4][i-2]>>(30-})) & 0x01;
if(j<8) board b= (mat{mmm & 0x0F]{i-2]>>(7-j)).& 0x01;
if(j>=12 && j<=19) ~board b = (matf(sss & 0xF0)>>4][i-2]>>(19-))) & 0x01;
if(j>=21 &&j<=28) board-b =(matfsss & 0xO0F][i-2]>>(28))) & 0x01;
If((>=8 && j<=11Y]Jj==2017==29) board b="0;
if(j>29) board. b= 2;
if(i==4|i==5|ji==10lli== 11)
{
if(j==20 || j==21)board a=1;
if(j==10 | j==9)board b=1;
}
}
clockk = 0;
f{c<=60)
{
if((board-a == 0) && (board_b == 0))P2= 0x00;
if((board_a == 0) && (board b == 1))P2 = 0x04;
if{(board a == 1) && (board_b == 0))P2 = 0x08;
if((board a==1) && (board b == 1))P2 = 0x0C;
if{((board a ==2) && (board b == 0))P2 = 0x02;
if((board a == 2) && (board b == 1))P2 = 0x06;
if((board_a == 0) && (board_b == 2))P2 = 0x01;
if((board a == 1) && (board b == 2))P2 = 0x09;
if((board a == 2) && (board_b == 2})P2 = 0x03;



}

if(c>60 && c<=120)||(c>180 && c<=240))

{

ifl(board_a == 0) && (board b == 0))P2 = 0x00;
if((board_a == 0) && (board_b == 1))P2 = 0x05;
if((board a == 1) && (board b == 0))P2 = 0x0A,;
if((board_a == 1) && (board b == 1))P2 = 0x0F;
if{(board_a==2) && (board_b==.0))P2 = 0x0A;
if((board a == 2) && (board, b == 1))P2.= 0x0F;
if((board-a == 0) && (board b==2))P2 = 0x05;
if{(board a ==1) && (board b ==2))P2 = 0x0F;
if((board_a==2) && (board b == 2))P2= 0x0F;
}

if{c>120 && ¢<=180)

{

if{(board-a==0) && (board. b == 0))P2 = 0x00;
if((board a == 0) && (board b == 1))P2 =0x01;
if((board. a ==1) && (board 'b==,0))P2 =0x02;
if{(board @ == 1) && (board b= 1)JP2 = 0x03:
ifi(board a==2)&& (board b == 0))P2 = 0x08;
if{(board ca == 2) && (board b == 1))P2 = 0x09;
if((board-a == 0) && (board_b ==2))P2= 0x04;
if((board_a == 1) && (board b == 2))P2 = 0x06;
if((board_a == 2) && (board b == 2))P2 = 0x0C;
}

clockk = 1;

}

opendecode(i);

}



void display_led(void)
{
sec = DS1307_rd(0x00);
min = DS1307 _rd(0x01);
hour = DS1307_rd(0x02);
scan_dis(hour,min,sec);

3
unsigned char stepup()

delay(400);

if(swl==1)hms++;

}
return(hms);
}
void main(void)
{
p=0;
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strobe = 1;
oe2 =1,
oel =1,
while(1)

{

col=0;

~ while(col == 0)

while(col == 1)
{
hour = hour + stepup();
if{(hour&0x0F )==0x0A )hour=hour+6;
i{hour==0x24)hour=0;
round++;
ifl(round%2)==0)}time=hour;

else time=0xAA;
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scan_dis(time,min,sec);

col = col + block();

}

while(col==2)

{

min = min + stepup();

Hf{(min&0x0F )==0x0A )min=min+6;

ifmin==0x60)min=0;

round++;

if{(round%?2)==0)time=min;
else time=0xAA;

scan_dis(hour time,sec);

col = col + block();

¥

while(col==3)

{

sec= sec +stepup();

1f{(sec&0x0F }==0x0A)sec=sec+06;

if(sec==0x60)sec=0;

round-++;

if{(round%?2)==0)time=sec;
elsetime=0xAA;

scan_dis(hour,min,time};

col = col + block();

b

DS1307_wrtime(hour,min,sec);

}
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Features

o Compatible with MCS-51™ Products

@ 4 Kbytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

128 x 8-Bit Internal RAM

32 Programmable 1/O Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low Power ldle and Power Down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer-with 4 Kbytes
of Flash Programmable and Erasable Read Only Memory (PEROM). The device is manufac-
tured using Atmel’s high density nonvolatile memory technology and'is compatible with the
industry standard MCS-51™ instruction set and pinout. The on-chip Flash allows the program
memory to be reprogrammed in-system or by a conventional nonvolatile memory program-
mer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C51
1s a powerful microcomputer which provides a highly flexible and cost effective solution-te
many embedded control applications.

The AT89CS5] provides the following standard features: 4 Kbytes of Flash, 128 bytes of
RAM, 32 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt architecture, a
full duplex serial port, on-chip oscillator and clock circuitry. In addition, the AT89C51 is

(continued)
PDIP/Cerdip
. - N
Pin Configurations INONIN T
P11C]2 39/[7 P00 (ADO)
Pr2c]3 38 |3 PO 1 (AD1)
PY3Cl4 37.[2 PO2 (AD2)
Ptacls 36 {3 PO 3 (AD3)
P15O6 SSEPO4(AD4)
Pie}7 3% 3 P05 (ADS)
Pi7cle - 33 [P0 6 (ADS)
RSTC} 9 32/ [2°P0 7 (AD7)
(RXD} P30 €} 10 31 [3 EAlVPP
(TXD) P31 Q4 11 30 [0 ALE/PROG
(INT0) P3.2 O} 32 29 [1 PSEN
(lN"Ta)Pasé 13 283 P27 (A15)
(To)P3 4.l 14 27 (3 P26 (A14)
(THyP3 5] 15 26 [J P25 (A13)
(WR)P36 ] 18 25 [3' P2 4 (A12)
(RD)P37 ] 17 24 F3P23 (A1)
XTAL2 (] 18 23 31°P2 2 (A10)
XTALY (4 19 22 ;3 P2 1 {A9)
PQFPITQFP GND ] 20 21 [3P20 (A8)
S8 o
222¢%2 PLCC/LCC
INDEX -
CORNER TOoNTO pOoTa© oo
-0 0oooo o000
AN coocnazZ>acaaa << <<
\‘ INDEX eonco votan
CORNER T 0™~ © 0od2Ioe
- aanoa >o o aaon
P15 1 PO 4 (AD4) \ﬂl‘l[ﬂ‘lf‘lﬂﬂﬂgﬂﬂ
P16 2 PO 5 (ADS) P15 :76 sta f e ‘”4309 PO 4 (AD4)
P17053 1 PO 6 (ADG) P16 )8 38{2 PO 5 {(ADS5)
RSTq 4 PO 7 (ADT) P17C39 37[3 PO 6 (AD6)
(RXD}P30 1 5 EA/VPP RsT C}10 3610 PO 7 (AD7)
NC (3 6 NC (RXD) P3 0 ] 11 353 EAIVPP
(TXD)P3 1 (3 7 ALE/PROG NC C]12 340 NC
(INTO) P32 3 8 PSEN (TXD) P3 10413 33| ALE/PROG
(INT1) P33 (] 9 P2 7 (A15) (INTO) P3 2C]14 32[1 PSEN
(ToypP3 a1 P2 6 {A14) (INT1)P3 3015 313 P2 7 (A15)
(T1) P3.5 ] 1 P2.5 (A13) (T0) P3 4116 30[3P2 6 (A14)
1 17 29{3 P2 5 (A13
(TOPISL1T19,021,,23,,25,27% (A13)
gouaguoououuy
erSgegSNey
EEExs “dedad
—— W e TS e
|0 P OornN
Ble  =2izg

8-Bit
Microcontroller
with 4 Kbytes
Flash

0265E

3-33



ATmEL

Block Diagram

POO PO.7 P20 - P27
PORT 0 DRIVERS { PORT 2 DRIVERS
GND ? T
1 A ;
= ' RAM ADDR. PORT 0 PORT 2 ,
; REGISTER > RAM LATCH LATCH FLASH :
) 4 y )
: A A y '
PROGRAM
. B g2l ADDRESS -
: REGISTER ACC POINTER REGISTER :
y y ¥ :
: <—P»|  BUFFER ;
, TMP2 TMP1 :
; PG :
: ALU INCREMENTER » ,
INTERRUPT, SERIAL PORT, .
; AND TIMER BLOCKS :
; K PROGRAM »
; PEW COUNTER ;
PSEN €~
ALE/PROG 4—— T%’g‘* INSTRUCTION | ) 4 A Y o DPTR
EA/ Vep ———| CONTROL REGISTER ‘
RST ——P '
. A :
: PORT 1 PORT 3 '
' LATCH LATCH :
: 4 :
osc . Y :
: [ PORT 1 DRIVERS } >r PORT 3 DRIVERS :
| ? 1 T A ! i Al i I fI |
ARANANIN] i v
P10o - P17 P3.0 - P3.7

334 AT89C51 mssssssssss——



e A | S9C 51

Description (Continued)

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/count-
ers, serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes the os-
cillator disabling al} other chip functions until the next hardware
reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional T/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 0 may 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 pullups.

Port 0 also receives the code bytes during Flash programming,
and outputs the code bytes during program verification. External
pullups are required during program verification.

Port 1

Port 1 is an 8-bit bidirectional I/O port with internal pullups. The
Port 1 output buffers can sink/source four TTL inputs. When 1s
are written to Port 1 pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port | pins that are
externally being pulled low will source current (I11) because of
the internal pullups.

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

Port 2

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

Port 2 emits the high-order address byte during feiches from ex-
ternal program memory and during accesses to external data
memory that use 16-bit addresses (MOVX @ DPTR). In this
application it uses strong internal pullups when emitting Is.
During accesses to external data memory that use 8-bit ad-
dresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe-
cial Function Register.

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

Port 3

Port 3 is an 8-bit bidirectional I/O port with internal pullups. The

Port 3 output buffers can sink/source four TTL inputs. When 1s
are written to Port 3 pins they are pulled high by the internal

pullups and can be used as inputs. As inputs, Port 3 pins that are
externally being pulled low will source current (IiL) because of
the pullups.

Port 3 also serves the functions of various special features of the
ATB89C5] as listed below:

Port Pin | Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO {(extenal interrupt 0)

P3.3 INT1 (extenal interrupt 1)

P3.4 TO (timer 0 extenal input)

P3.5 T1 (timer 1 external input)

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

Port3 also receives some control signals for Flash programming
and programming verification.

RST

Resetinput. A high on this pin for two machine cycles while the
oscillator i1s running resets.the device.

ALE/PROG

Address Latch Enable 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 mi-
crocrontroller is in external execution mode.

PSEN

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

When the AT89C51 is executing code from external program
memory, PSEN is-activated twice each machine cycle, except
that two PSEN activations are skipped during each access to ex-
ternal data memory.

EA/Vpp

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

EA should be strapped to Vcc for internal program executions.

This pin also receives the 12-volt programming enable voltage
{Vpp) during Flash programming, for parts that require 12-volt
Vpp.

(continued)
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Pin Description (Continued)
XTALT

Input to the inverting oscillator amplifier and input to the inter-
nal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively, of an
inverting amplifier which can be configured for use as an on-
chip oscillator, as shown in Figure 1. Either a quartz erystal or
ceramic resonator may be used. To drive the device from an ex-
ternal clock source, XTAL?2 should be left unconnected while
XTALLI is driven as shown in Figure:2. There are-no require-
ments 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.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-chip
peripherals remain active. The mode is mveked 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 terminated by any enabledinterrupt or by a hardware reset.

It should be noted that when idle 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 is terminated by reset, the instruction fol-
lowing the one that invokes Idle should not'be one that writes to
a port pin or to extemal memory.

Power Down Mode

In the power down mode the oscillator is stopped, and the in-
struction that invokes power down is the last instruction exe-
cuted. The on-chip RAM and Special Function Registers retain
their values until the power down mode is terminated. The only
exit from power down is a hardware reset. Reset redefines the
SFRs but does not change the on-chip RAM. The reset should
not be activated before Vcc is restored to its normal operating
level and must be held active long enough to allow the oscillator
to restart and stabilize.

Figure 1. Oscillator Connections

r——c)f—~——I—- XTAL2
-r—?l-—I“D

XTAL1

_T_ GND

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

Figure 2. External Clock Drive Configuration

NC ———s—=t 21 XTAL2
EXTERNAL
OSCILEATOR XTAL1
SIGNAL

Status of External Pins During Idle and Power Down

Mode Program Memory ALE PSEN PORTO  PORT1 PORT2  PORT3
Idle Internal 1 1 Data Data Data Data
idle External 1 1 Float Data Address Data
"Power Down | Internal 0 0 Data Data Data Data
| Power Down | Extemal 0 0 Float Data Data Data
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Program Memory Lock Bits

On the chip are three lock bits which can be left unprogrammed
(U) or can be programmed (P) to obtain the additional features
listed in the table below:

When lock bit 1 is programmed, the logic level at the EA pin is
sampled and latched during reset. If the device is powered up

Lock Bit Protection Modes

without a reset, the latch initializes to a random value, and holds
that value until reset is activated. It is necessary that the latched
value of EA be in agreement with the current logic level at that
pin in order for the device to function properly.

Program Lock Bits

1B1 LB2 LB3 Protection Type

1 U U U

No program lock features.

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'is disabled.

Same as mode 2, also verify/is-disabled.

Same as mode 3, also external execution is disabled.

Programming the Flash

The AT89CS1 is normally shipped with the'on-chip Flash mem-
ory array in the erased state (that is, contents = FFH) and ready
to be programmed. The programming interface-accepts either a
high-voitage (12-volt) or a low-voltage (Vcc) program enable
signal. The low voltage programming mode provides a conven-
tent way to program the AT89C5] inside the user’s system,
while the high-voltage programming mode is compatible with
conventional third party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or low-
voltage programming mode enabled. The respective top-side
marking and device signature codes are listed in the following
table.

Vpp =12V vpp=5V
AT89C51 AT89C51
Top-Side Mark XXXX XXXX-5
yyww yyww
(030H)=1EH (030H)=1EH
Signature (031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT89CS51 code memory array is programmed byle-by-byte
in either programming mode. To program any non-blank byte in
the on-chip Flash Memory, the entire memory must be erased
using the Chip Erase Mode.

Programming Algorithm: Before programming the AT89CS51,
the address, data and control signals should be set up according
to the Flash programming mode table and Figures 3 and 4. To
program the AT89CS51, take the following steps.

1. Input the desired memory location on the address lines.
2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12 V. for the high-voltage programming
mode.

5. 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 1.5 ms. 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 AT89C51 features Data Polling to indicate
the end of a write cycle. During a write cycle, an attempted read
of the last byte written will result in the complement of the writ-
ten datum on PO.7. Once the write cycle has been completed,
true data are valid on all outputs, and the next cycle may begin.
Data Polling may begin any time after a write cycle has been
initiated.

Ready/Busy: 'The progress of byte programming can also be
monitored by the RDY/BSY output signal. P3.4 is pulled low
after ALE-goes high during programming to indicate BUSY.
P3.4.ispulled high again when programming is done to indicate
READY.

Program Verify: If lock bits LB1 and LB2 have not been pro-
grammed, the programmed code data can be read back via the
address and data lines for verification. The lock bits cannot be
verified directly. Verification of the lock bits is achieved by ob-
serving that their features are enabled.

Chip Erase: The entire Flash array is erased electrically by
using the proper combination of control signals and by holding
ALE/PROG low for 10 ms. The code array is written with all
"1"s. The chip erase operation must be executed before the code
memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are read by
the same procedure as a normal verification of locations 030H,
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031H, and 032H, except that P3.6 and P3.7 must be pulled to a Programming Iinterface

logic low. The values returned are as follows.
(030H) = 1EH indicates manufactured by Atmel
(031H) = S1H indicates 89C51
(032H) = FFH indicates 12 V programming
(032H) = OSH indicates 5 V programming

Flash Programming Modes

Every code byte in the Flash array can be written and the entire
array can be erased by using the appropriate combination of con-
trol signals. The write operation cycle 1s self-timed and once in-
itiated, will automatically time itself to completion.

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

ALE/ EA/
Mode RST PSEN PROG Ve P26 P27 P36 P37
Write Code Data H L - HARVER H H H
Read Code Data H L H H L L H H
Write Lock Bit - 1 H L T Hi12V H H H H
Bit- 2 H L P H H L L
Bit -3 H L A\ e H L H L
Chip Erase H L SRFSREa 2V H L L L
Read Signature Byte H L H H L L L L

Notes: 1. The signature byte at location 032H designates whether Vpp 2. Chip Erase requires-a 10 ms PROG pulse.

=12 V or Vpp= 5 V should be used to enable program-
ming.
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Figure 3. Programming the Flash

AT89C51 T
ADDR, R9-AT ) oy Vee
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——» P25
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PROGRAMMING
MODES TABLE —®| P3.6
— ! P37
T XTAL 2 EA j¢—— Ve
4-24 MHz| 4
] -
L XTALA RST) ==+ Viy
GND PSEN

Figure 4. Verifying the Flash

AT89C51
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A8 - A1 0-P2

—>» P26
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-24 MHz
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XTAL 1
GND

VCC \j

PGM DATA
PO | (USE 10K
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ALE

RST j¢——— Vg
PSEN

————«7 P3.7

Flash Programming and Verification Characteristics
Ta=21°Cto 27°C, Vce = 5.0+ 10%

+

Symbol Parameter Min Max Units
Vpp(") Programming Enable Voltage 11.5 12.5 1
Ipp") Programming Enable Current 1.0 mA
ticioL Oscillator Frequency 4 24 MHz
taveL Address Setup to PROG Low 48tcLcL
| tGHAX Address Hold After PROG 48icieL
toveL Data Setup to PROG Low 48tcrel B
tGHDX Data Hold After PROG 48tcLcL
teHsH P2.7 (ENABLE) High to Vpp 48tCLCL
tsHGL Vep Setup to PROG Low 10 us
tenst™M Vep Hold After PROG 10 us
tGLGH PROG Width 1 110 us
tavav Address to Data Valid 48tCLCL
teLqv ENABLE Low to Data Valid 48tcLcL 4{
tenQv Data Float After ENABLE 0 48tciLeL |
teHBL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-volt programming mode.

ATmEL
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Flash Programming and Verification Waveforms - High Voltage Mode
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Flash Programming and Verification Waveforms - Low Voltage Mode
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3-40
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Absolute Maximum Ratings*

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

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

Voltage on Any Pin

with Respect to Ground ................... -1.0Vio+7.0V

Maximum Operating Voltage ........c.cccceeocvuvennne. 6.6V

DC Output Current.....ccc.oooiveeivviieeeeeeeeea, 15.0 mA
L

D.C. Characteristics

*NOTICE: Stresses beyond those listed under “Absolute Maximum

Ratings” may cause permanent damage to the device. This isa
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 de-
vice reliability.

Ta = -40°C 1o 85°C, Vcc = 5.0 V + 20% (unless otherwise noted)

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage (ExceptEA) -0:5 0.2 Vee-0.1 Y
ViLt Input Low Voltage (EA) -0.5 0.2 Vcc-0.3 v
VIH Input High Voltage (Except XTAL1, RST) 0.2 Vcct+0.9 Vee+0.5 \
ViH1 Input High Voltage (XTAL1,'RST) 0.7 Vcc Vce+0.5 \)
Output Low Voltagem )
VoL (Ports 1,2,3) JoL=1.6 mA 0.45 \
Output Low Voltagem |
VoL1 (Port 0, ALE, PSEN) loL =3.2mA 0.45 \
outout i W81 lor = -60 pA, Vee =5V £ 10% 2.4 Y
utput High Volitage =
VoH | (Ports 12,3, ALE, PSEN) - 10k.=25 pA 0.75 Vioe v
lon = -10uA 0.9 Vcc \Y
Output High Voltage lon = -800 1A, Vog = 3 VE10% 24 vV |
VOoH1 (Port 0 in Exterpal Bus loH = -300 A 075 Vce \Yj
Mode) 10H = -80 A 0.9 Vcg Y;
Logical 0 input Current ~ A
I (Ports 1,2,3) VinN=10.45V 50 HA
Logical 1 to O Transition _ )
I Current (Ports 1,2,3) Vin=2Vv 650 KA
Input Leakage Current
Iy (Port 0, EA) 0.45<Vin < Ve +10 pA
RRST Reset Pulidown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current ¢ Ivl\j do 12 MH 5 T
loc Idle Mode, 1 z m
Vee =6V 100
Power Down Mode? ce hA
Vce=3V 40 HA
Notes: 1. Under steady state (non-transient) conditions, loL must If IOL exceeds the test condition, VOL may exceed the

be externally limited as follows:
Maximum lor per port pin: 10 mA
Maximum lot, per 8-bit port:

Port 0:26 mA

Ports 1,2, 3:15 mA

Maximum total JOL for all output pins:71 mA

AlMEL

related specification. Pins are not guaranteed to sink
current greater than the listed test conditions.
Minimum VCC for Power Down is 2 V.
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A.C. Characteristics

{Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all
other outputs = 80 pF)

AlmEL

External Program and Data Memory Characteristics

12 MHz Oscillator

16 to 24 MHz Oscillator

3-42

Symbol Parameter Min Max Min Max Units
1tcLcr | Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2tcLce-40 ns
taviL Address Valid to ALE Low 28 tCLCL-13 ns
tLLax Address Hold After ALE Low 48 tCLCL-20 ns
}—tLUV ALE Low to Valid instruction In 233 4tCLCL-65 ns
| tipL ALE Lowlo PSEN Low 43 tcrcl-13 ns
tPLPH PSEN Pulse Width 205 3tcrcr=20 ns
tPLIV PSEN Low to Valid Instruction Jn 145 3tcLcL-45 ns
tPXIX Input Instruction Hold After EQE_L 0 0 ns
tpxiz Input Instruction Float After PSEN 59 tcLcL-10 ns
texav | PSEN to Address Valid 75 tclcL-8 ns
taviv Address to Valid.Instruction In 312 StcLeL-55 ns
| teLaz f_s—é‘ﬁ Low to Address Float 10 10 ns
tRLRH RD Pulse Width 400 BtcLcL-100 ns
twiwe | WR Pulse Width 400 6tciLcL-100 ns
{RLDV RD Low to Valid-Data In 252 Sterce-90 ns
tRHDX Data Hold After RD 0 0 ns
tRHDZ Data Float After RD 97 2tcLcL-28 ns
tLLpv ALE L ow to Valid Data In 517 8tCLCL-150 ns
tavpy Address to Valid Data in 585 CLCL-165 ns
tuwe | ALE Low to RD or WR Low 200 300 tctcuB0  3BteLcL+50 ns
tavwL Address to RD or WR Low 203 o @\ TAtefeF75 ns
tQvwx Data Valid to WR Transition 23 fetc-20 ns
tavwH Data Valid to WR High 433 TtcLer-120 ns
twHax | Data Hold After WR 33 tcLoL-20 ns
tRLAZ RD Low to Address Float 0 0 ns
twHie | RD or WR High to ALE High 43 123 tcLcL-20 tcLeL+25 ns

/AT SO C/5 1 50000




External Program Memory Read Cycle

fh ——
ALE

PSEN

PORT O

PORT 2

ALE

PSEN

PORT 0

AT89C51

N terpn
tavie < e "
— tupl e
N * tepy
e—tpxay
~— L<‘~t|:1,_Az
t trxiz e
LLAX >
texix e
O AD - A7 INSTRIN > A0-A7T >
e Ry
A8 - A1S A8 - A15
External Data Memory Read Cycle
F Y HEE——»
¥ k*"_nNHLH
Ao
le— trLRH — >
A =
et A ] N
t « triov = trHDZ
e AVLL P tRLAZ‘*‘V
—» e=TRHDX
~>KA0 - A7 FROM RI OR DPL DATAIN AO - A7 FROM PCL>—(INSTR IN
e tavwmL
e tAVDV ¥
X P20-P2.7 OR A8 - A15 FROM DPH A8 - A15 FROM PCH

PORT 2

ATMEL
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External Data Memory Cycle

i HLL—b
ALE }:VL/
—> twHLH
PSEN
o thw ——sle—twwn —»
WR et ax e
—tavii—»  tavwx - —> [ twhax
— tavw —»
PORTO _ »>AD-A7 FROM Ri OR DPL DATAOUT X ><AD=A7 FROM PCL><NSTR IN
N tavwi

PORT 2 X P2.0 - P2.7 OR A8- A15 FROM DPH X~ A8-A15FRQM PCH

External Clock Drive Waveforms

) o tonck
B CHCX > t P - e 1
Ve - 0.5V CLCH CHCL
0.2 Ve =01V \ / _
0.45 Vj u S
NS Clox (S8
> toLow —
External Clock Drive
Symbol  Parameter Min Max Units
1cLeL Oscillator Frequency 0 24 MHz
fcLcL | Clock Period 41.6 ns
tcHex High Time 15 ns
tceex | Low Time 15 ns
tcch | Rise Time 20 ns
tcHCL | Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
(Vec = 5.0V + 20%; Load Capacitance = 80 pF)

T 12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
IXLXL Serial Port Clock Cycle Time 1.0 12tcLcL s
tQvxH Output Data Setup to Clock Rising Edge 700 10tciLcL-133 ns
txHQX Output Data Hold After Clock Rising Edge 50 2tcrcL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
tXHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns
Shift Register Mode Timing Waveforms
INSTRUCTION [ 0 [ 1 ' 2 ‘ 3 | 4 , 5 f 6 [ 7 [ 8 f

ae T EO-REANFR ) W =Rl TR T

cLock g g AN T T e | W
t
(il G0Y
WRITEIOSBUF 02RRAST AL < AR XS 4 5 X .6 X 1
t
OUTPUT DATA yaw| f—:»‘_’ [ box seti |
. CLEfRR' | G T G O T S I i T T
INPUT DATA seTri

AC Testing Input/Output. Waveforms"~ Float Waveforms"”

-05Vv— R
V- 05 —\ Vygan 01V %—V_‘i\vm 0.1V
Vv ¢/ Timing Reference _—

A 02V +09V >

TEST POINTS LOAD .
02V 04V Points
. -0. 01V
045V—— ce Monn s VOL+0.1 \%

Note: 1. AC Inputs during testing are driven at Vcc- 0.5V fora Note: 1. For iming purposes, a port pin is no longer floating when a
logic | and 0.45 V for a logic 0. Timing measurements 100 mV change from load voltage occurs. A port pin be-
are made at Vigmin. for a logic 1 and VIL max. fora gins to float when a 100 mV change from the loaded
logic 0. VowVoL level occurs.
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 S5V20% AT89C51-12AC 44A Commercial
AT89C51-12JC 44J (0°C to 70°C)
AT89C51-12PC 40P6
| ATecst20c | waQ@ | |
AT89C51-12Al 44A Industrial
AT89C51-12Jl 44 (-40°C to 85°C)
AT89C51-12P| 40P6
| AT89C51-12Qi 44Q_
ATB9C51-12AA 44A Automotive
AT89C51-12JA 44J (-40°C to 125°C)
- AT89C51-12PA 40P6
AT89C51-12QA N\ 2 4 NN
5V+£10% AT89C51-12DM 40D6 Military
AT89C51-12LM .2, f<ly (-55°C to 125°C)
AT89C51-12DM/883 40D6 Military/883C
ATBI9C51-12L M/883 441 Class B, Fully Compliant
o \ P ~ (-55°C t0 125°C)
16 5V x20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44 (0°C to 70°C)
ATBIC51-16PC 40P6
b_y{iddstidho)) Smeam We UL 20 w |
AT8ICS1-16A1 44A Industriat
AT89C51-16Ji 44) (-40°C to 85°C)
AT89C51-16P1 40P6
= AT89C§1—71 6Ql 44Q {
AT89C51-16AA 44A Automotive
AT89C51-16JA 44J (-40°C to 125°C)
AT89C51-16PA 40P6
AT89C51-16QA _ > 44Q
20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44J (0°C to 70°C)
AT89C51-20PC 40P6
- AT890§1-20QQ e 44Q s - - O
AT89C51-20Al 44A Industrial
AT89C51-20J1 444 (-40°C to 85°C)
AT89C51-20PI 40P6
| | ATsicst-200 B L
24 5V +20% AT89C51-24AC 44A Commercial
AT89C51-24JC 444 (0°C to 70°C)
AT89C51-24PC 44pP6
_ ATeSCS1240C | 4@
AT89C51-24Al 44A Industrial
AT89C51-24Ji 44/ {-40°C to 85°C)
AT89C51-24PI 44P6
AT89C51-24Ql 44Q

3-46 AT89C51 messsssssss s ————
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Ordering Information

Package Type
44A 44 | ead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
40D6 40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
44) 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
44L 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 | ead, Plastic Gull Wing Quad Flatpack (PQFP)

AIMEL
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SEMICONDUCTOR TECHNICAL DATA

Order this document

by BC337/D
Amplifier Transistors
NPN Silicon BC337,-16,-25,-40
BC338,-16,-25,-40

COLLECTOR
1
2
BASE
3
EMITTER
MAXIMUM RATINGS
Rating Symbol-“| BC337 | BC338 Unit
Collector—Emitter Voﬁage VCEO 45 25 Vdc
Collector-Base Voltage VCBO 50 30 Vde
Emitter—Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 800 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mwW
Derate above 25°C 5.0 mwy°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watt
Derate above 25°C 12 mwW/°C
Operating and Storage Junction Ty, Tstg —55to +1560 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to- Ambient RaJA 200 °CIW
Thermal Resistance, Junction to Case RgJc 83.3 °CIW

ELECTRICAL CHARACTERISTICS (Ta =25°C unless otherwise noted)

CASE 29-04, STYLE 17
TO-92 (TO-226AA)

Characteristic Symbol Min Typ I Max | Unit J
OFF CHARACTERISTICS

Collector— Emitter Breakdown Voltage V(BR)CEO vdc
(lc=10mA,Ig = 0) BC337. 45 - -

BC338 25 — —

Collector—-Emitter Breakdown Voltage V(BR)GES vdc
(lc =100 pA, Ig =0) BC337 50 — —

BC338 30 — —

Emitter—Base Breakdown Voltage V(BR)EBO 50 — — Vde
(Ig = 10 yA, Ic = 0)

Collector Cutoff Current IcBO nAdc
(Ve =30V, Ig =0) BC337 — — 100
(VcB=20V,lg=0) BC338 — — 100

Collector Cutoff Current ICES nAdc
(VCE=45V,VBg =0) BC337 — — 100
(VCE=25V,VBg = 0) BC338 — — 100

Emitter Cutoff Current IEBO — — 100 nAdc
(Veg=4.0V,Ic =0)

© Motorola, Inc. 1996
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BC337,-16,-25,-40 BC338,-16,-25,-40

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) (Continued)

[ Characteristic Symbol Min ! Typ [ Max | Unit —I
ON CHARACTERISTICS
DC Current Gain brg —_
(Ic =100 mA, Veg = 1.0 V) BC337/BC338 100 — 830
BC337-16/BC338-16 100 — 250
BC337-25/BC338-25 160 — 400
BC33740/BC33840 250 — 630
(Ilc =300 mA, VG = 1.0 V) 60 — —
Base—-Emitter On Voltage VBE(on) — — 1.2 vde

(lc =300 mA, VCg =1.0V)

Collector—-Emitter Saturation Voltage VCE(sat) — — 0.7 Vdc
(Ic = 500 mA, Ig = 50 mA)

SMALL-SIGNAL CHARACTERISTICS

Output Capacitance Cob — 15 — pF
(Ve =10V, Ig =0, f=1.0 MHz)

Current—Gain — Bandwidth Product fT —_ 210 — MHz
(lc=10mA, Vcg =5.0V, f = 100 MHz)

e 10 — T o 5 s
g 07 D=05 — = =
2] 0.5 44, — ==
é w03 0.2 = = =
= many Lonwrarent -t
=& 02 01 e ;; s 2
7} 1] :
e 0.05 | =il — 8c(t)= () 8y
e 012 = 94c = 100°C/W MAX
o= =" SINGLE;PULSE == JAIE Y BIA ]
N 005 re ¢ }47 8 = 375°C/W MAX 1
i) =l [TIHAT 1 1
L 0.01 pASIAN D CURVES APPLY FOR POWER ]
g 0037~ SINGLE PULSE ] 2 PULSE TRAIN SHOWN
Z 002l DUTY CYGLE, D.= 14/t READ TIME AT 4 :
= Tipk)~Tc = Pipk) 8uct)
0 i R
0001 0002 0005 001 002 005, 01 02 05 10 ( 20 50 10 2 50 100
t, TIME (SECONDS)
Figure 1. Thermal Response
1000 =T T 1000 =5
105 N 1.0ms T) 135G Emm=s;
N, = -
z PN N Nhwer YCE= Y
‘ - T = 25°C
= ~J R I AN \ 100 ps = e J
= N 1 de <
wl ~ T =25°C N O
& N TN N ) =
> N NN N o] - ~
[&3 dc N\ N % ’—4" h
(BDC 100 — TA = 25°C - > S— S 100
= b ©
&) T F h N o -
w | ™. o
] i N N TR
8 ~—— - — CURRENT LIMIT N1 N =
o ~— — =— — THERMAL LIMIT N
SECOND BREAKDOWN LIMIT | T~o
0 (APPLIES BELOW RATED VegQ) ™ 10
10 30 10 30 100 0.1 10 10 100 1000
VcE, COLLECTOR-EMITTER VOLTAGE ic, COLLECTOR CURRENT (AMP)
Figure 2. Active Region — Safe Operating Area Figure 3. DC Current Gain
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BC337,-16,-25,-40 BC338,-16,-25,-40

2 10T 10 LI T TTTTHm -
14
] L
g | Ty=25C — Tao=25°C ]
= VBE(sat) @ Icfig = 10_L41
§ 08 08 . L i u/l/
= p—
= 5 ant =1 VBE(on) @ VCE=1V
= ar
& 06 ] 0.6
E R
= Q
i 04 ic =10 mA| 100 mA} 300 mA 500 mA 'i—(, 0.4
5 e
b \ = )
3 02 \ " 02 »
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0.01 0.1 1 10 100 1 10 100 1000
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Figure 4. Saturation Region Figure 5. “On” Voltages
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E
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Figure 6. Temperature Coefficients Figure 7. Capacitances
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BC337,-16,-25,-40 BC338,-16,-25,-40
PACKAGE DIMENSIONS

NOTES
1 DIMENSIONING AND TOLERANCING PER ANS
—>| A |<— B Y14 5M, 1982
) 2 CONTROLLING DIMENSION INCH
l A 3 CONTOUR OF PACKAGE BEYOND DIMENSION R
IS UNCONTROLLED
R 4 DIMENSION F APPLIES BETWEEN P ANDL.
| - DIMENSION D AND J APPLY BETWEEN L AND K
P MINIMUM LEAD DIMENSION IS UNCONTROLLED
' - L IN P AND BEYOND DIMENSION K MINIMUM
SEATING F T
PLANE - K INCHES MILLIMETERS
DIM{ MIN | MAX | MIN | MAX
1 D A 10175 [0205| 445 | 52
B 10170 | 02101 432 | 533
C 0125 | 0165 ] 318 | 419
X J D [ 0016 ] 0022 041 | 055
G F o016 | 0013 | 041 | o048
T G 10045} 0055 | 115 | 139
H H | 0095 | 0105 ] 242 | 266
SECTION X-X ) | 0015 [ 0020 039 | 050
_—>1 A l*— rC K 10500 | ~— | 1278 | —
::_J'_.- t o0 — | 635 —
> N | 0080 | 0105 | 204 | 266
! N P — | 0t00} — | 254
Rl oms | — 1 2091 —
- -—J N he— T viowns| —1] 343 —
STYLE 17
CASE 029-04 PIV1 COLLECTOR
(TO-226AA) 3 EMITTER
ISSUE AD

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liabihty, including without limitation consequential or incidental damages, “Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. Motorola does
not convey any license under its patent rights nor the nghts of others. Motorola preducts are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidianes, affilates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees ansing out of, directly or indirectly, any claim of personal injury or death
assocated with such uruntended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorota and @ are registered trademarks of Motorola, Inc Motorola, Inc. 1s an Equal Opportunity/Affirmative Action Employer.

L

How to reach us:
USA/EUROPE" Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, Toshikatsu Otsuki,
P.O. Box 20912; Phoenix, Anzona 85036. 1-800-441-2447 6F Seibu-Butsuryu—Center, 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAX0@email sps mot.com —~ TOUCHTONE (602) 244-6609 HONG KONG: Motorola Semiconductors HK. Ltd.; 88 Tai Ping Industnal Park,
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Philips Semiconductors Product specification
L

NPN general purpose transistors BC546; BC547
FEATURES PINNING
« Low current (max. 100 mA) PIN DESCRIPTION
+ Low voltage (max. 65 V). 1 emitter
2 base
APPLICATIONS 3 collector

» General purpose switching and amplification.

DESCRIPTION 1, 3
NPN transistor in a TO-92; SOT54 plastic package. < 3 e )
PNP complements: BC556 and BC557. o SR

1

MAM182

Fig.1.  Simplified.outline (TO-92; SOT54)

and-symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voltage open emitter
BC546 - 80 \
BC547 - 50 \
Veeo collector-emitter voltage open base
BC546 - 65 \
BC547 £ J /145 %
Veso emitter-base voltage open collector
BC546 - 6 Vv
BC547 - 6 \Y
lc collector current (DC) - 100 mA
lcm peak collector current - 200 mA
Tam peak base current - 200 mA
Piot total power dissipation Tamp € 25 °C; note 1 - 500 mwW
Tstg storage temperature -65 +150 °C
T, junction temperature - 150 °C
Tamb operating ambient temperature —65 +150 °C
Note

1. Transistor mounted on an FR4 printed-circuit board.

1999 Apr 15 2



Philips Semiconductors Product specification

NPN general purpose transistors BC546; BC547
THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rih a thermal resistance from junction to ambient note 1 0.25 K/mW
Note

1. Transistor mounted on an FR4 printed-circuit board.

CHARACTERISTICS
T;= 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
leso coliector cut-off current le=0;Vag=30V ~ - 15 nA
lg =0, Ve = 30V T; =150 °C - - 5 A
lero emitter cut-off current lc =2.0; Veg =5V - - 100 nA
hee DC current gain lc =10 uA; Ve =5V,
BC546A see Figs'2, 3.and 4 - 90 _
BC546B; BC5478 - 150 -
BC547C - 270 -
DC current gain lc=2mA; Ve =5V,
BC546A see Figs 2,3 and 4 110 | 180 [220
BC546B,; BC5478 200 290 450
BC547C 420 520 800
BC547 110 - 800
BC546 110 - 450
VeEsat collector-emitter saturation le=10 mA; I =0.5mA - 90 250 mV
voltage lc =100 MA; Iz = 5 mA A 200 [600 |mV
VBEsat base-emitter saturation voltage. ' [ Ic =10 mA; Ig = 0.5 mA; note 1 = 700 - mV
Ic =100 mA;lg =5 mA; note 1 — 900 - mVv
Vge base-emitter voltage lc=2mA;, Ve =5 V;note 2 580 660 700 mVvV
le= 40 mA; Vge =5 V - - 770 mV
rCc collector capacitance le=ie=0;Veg=10V;f=1MHz |- 15 - pF
Ce emitter capacitance lc=ieg=0; Veg=05V;f=1MHz |- 1 - pF
fr transition frequency lc = 10mA; Ve =5 V; =100 MHz | 100 - - MHz
F noise figure lc =200 pA; Ve =5 V; - 2 10 dB
Rs=2kQ; f=1kHz; B=200Hz

Notes
1. Vgesat decreases by about 1.7 mV/K with increasing temperature.
2. Vgg decreases by about 2 mV/K with increasing temperature.

1999 Apr 15 3



Philips Semiconductors . Product specification

NPN general purpose transistors BC546; BC547

MBH723
250
hee
200
VCE =5V
™~
150
100 s -
50 \
0 2 —1 l 2 l 3
10~ 10 1 10 16 Ic (mA) 10
BC546A.

Fig.2 DC current gain; typical values.

MBH724
300

Vg =5V

U R e e = o

200

100 WHTM

0 1 2 3
10-2 10~ 1 10 10 Ic (mA) 10

BC546B; BC547B.

Fig.3 DC current gain; typical values.
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Philips Semiconductors Product specification

NPN general purpose transistors BC546; BC547
800 ‘ ‘ MBH725
Vee=5V
L —— 1 \\
\\

400

200 \

9 2 1 2 3
10~ 10~ 1 10 10 Ig (mA) 10
BC547C.

Fig.4 DC current gain; typical values.
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Philips Semiconductors Product specification

NPN general purpose transistors BC546; BC547

PACKAGE OUTLINE
Plastic single-ended leaded (through hole) package; 3 leads SOT54
| . | (—=-—~- -}-——Q c
A L j
b
- =p Y
! T
LM |
X ‘ N3 []
N O —- |
¥
S L1 —>|
25 5 mm
[ TECSESSEEET g il
scale
DIMENSIONS (mm are the original dimensions)
UNIT | A b by c D d E e o4 Lo ™
52 048 | 0.66 045 4.8 1.7 4.2 14.5
mm | 50 | 040 | 0.56 | 040 | 44 | 14 | 36 | 25| 1Z | g7 | 25
Note
1. Terminal dimensions within this zone are uncontrolled to allow for flow of plastic and terminal irregularities.
REFERENCES
OUTLINE EUROPEAN ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
SOT54 10-92 SC-43 E’ @ 97-02-28
1999 Apr 15 6




Philips Semiconductors Product specification

NPN general purpose transistors BC546; BC547
DEFINITIONS
Data Sheet Status
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Siress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those givenin.the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory-and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for-.use in life support appliances, devices, or systems where malfunction of these
products can reasonably be-expected to resultin personal injury: Philips customers using or selling these products for
use in such applications do so at their.own risk and agree to fully indemnify Philips for-any damages resulting from such
improper use or sale.

1999 Apr 15 7
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Argentina: see South America

Australia: 34 Waterloo Road, NORTH RYDE, NSW 2113,
Tel. +61 2 9805 4455, Fax. +61 2 9805 4466

Austria: Computerstr. 6, A-1101 WIEN, P.O Box 213,
Tel. +43 160 101 1248, Fax. +43 160 101 1210

Belarus: Hotel Minsk Business Center, Bid. 3, r. 1211, Volodarski Str. 6,
220050 MINSK, Tel. +375 172 20 0733, Fax. +375 172 20 0773

Belgium: see The Netherlands
Brazil: see South America

Bulgaria: Philips Bulgaria Ltd , Energoproject, 15th floor,
51 James Bourchier Bivd., 1407 SOFIA,
Tel +3592 68 9211, Fax. +359 2 68 9102

Canada: PHILIPS SEMICONDUCTORS/COMPONENTS,
Tel. +1 800 234 7381, Fax. +1 800 943 0087

China/Hong Kong: 501 Hong Kong Industrial Technology Centre,
72 Tat Chee Avenue, Kowloon Tong, HONG KONG,

Tel +852 2319 7888, Fax +852 2319 7700

Colombia: see South America

Czech Republic: see Austria

Denmark: Sydhavnsgade 23, 1780 COPENHAGEN V,

Tel. +45 33 29 3333, Fax +45 33 29 3905

Finland: Sinikalliontie 3, FIN-02630 ESPQQ,

Tel +358 9615 800, Fax +358 96158 0920

France: 51 Rue Carnot, BP317, 92156 SURESNES Cedex,
Tel. +33 14099 6161, Fax +33 1 4099 6427

Germany: Hammerbrookstrafie 69, D-20097 HAMBURG,
Tel. +49 40 2353 60, Fax +49 40 2353 6300

Hungary: see Austria )

India: Philips INDIA Ltd, Band Box Building, 2nd floor,
254-D, Dr. Annie Besant Road, Worli, MUMBAI 400 025,
Tel. +91 22 493 8541, Fax. +91 22 493 0966

indonesia: PT Philips Development Corporation, Semiconductors Division,
Gedung Philips, JI. Buncit Raya Kav.99-100, JAKARTA 12510,
Tel. +62 21 794 0040 ext. 2501, Fax. +62 21 794 0080

Ireland: Newstead, Clonskeagh, DUBLIN 14,
Tel. +353 1 7640 000, Fax. +353 1 7640 200

Israel: RAPAC Electronics, 7 Kehilat Satoniki St, PO Bax 18053,
TEL AVIV 61180, Tel. +972 3 645 0444, Fax. +972 3 6491007

Italy: PHILIPS SEMICONDUCTORS, Piazza IV Novembre 3,
20124 MILANO, Tel +39 2 6752 2531, Fax. 439 2 6752 2557

Japan: Philips Bidg 13-37, Kohnan 2-chome, Minato-ku,
TOKYO 108-8507, Tel +81 3 37405130, Fax. +81 3 3740 5077

Korea: Philips House, 260-198 Itaewon-dong, Yongsan-ku, SEQUL,
Tel. +82 2709 1412, Fax. +82 2 709 1415

Mataysia: No 76 Jalan Universiti, 46200 PETALING JAYA, SELANGOR,
Tel +60 3750 5214, Fax. +60 3 757 4880

Mexico: 5900 Gateway East, Suite 200, EL PASO, TEXAS 79905,
Tel +9-5800 234 7381, Fax +9-5 800 943 0087

Middle East: see ltaly

For all other countries apply to: Philips Semiconductors,

a worldwide company

Netherlands: Postbus 90050, 5600 PB EINDHOVEN, Bidg VB,
Tel. +31 40 27 82785, Fax. +31 40 27 88399

New Zealand: 2 Wagener Place, C.P.O. Box 1041, AUCKLAND,
Tel. +64 9 849 4160, Fax +64 9 849 7811

Norway: Box 1, Manglerud 0612, OSLO,
Tel. +47 22 74 8000, Fax. +47 22 74 8341

Pakistan: see Singapore

Philippines: Philips Semiconductors Phiippines Inc.,
106 Valero St. Salcedo Village, P.O. Box 2108 MCC, MAKATI,
Metro MANILA, Tel. +63 2 816 6380, Fax. +63 2 817 3474

Poland: Ul Lukiska 10, PL 04-123 WARSZAWA, .
Tel +48 22 612 2831, Fax. +48 22612 2327

Portugal: see Spain
Romania: see Italy

Russia: Philips Russia, Ul. Usatcheva 35A, 119048 MOSCOW,
Tel. +7 095 755 6918, Fax. +7 095 755 6919

Singapore: Lorong 1, Toa Payoh, SINGAPORE 319762,
Tel. +65 350 2538, Fax. +65 251 6500

Slovakia; see Austnia

Sloveniaisee italy

South Africa: S‘A. PHILIPS Pty Ltd , 185-215 Main Road Martindale,
2092 JOHANNESBURG, P.O Box 7430 Johannesburg 2000,

Tel +27-114705911, Fax. +27 114705494

South America: Al Vicente Pinzon, 173, 6th floor,

04547-130 SAO PAULO, SP, Brazil,

Tel. +55 11 8212333, Fax. +55 11 821 2382

Spain: Balmes 22, 08007 BARCELONA,

Tel. +34 93301 6312, Fax. +34 93301 4107

Sweden: Kottbygatan 7, Akalla, S-16485 STOCKHOLM,

Tel. +46 8 5985 2000, Fax. +46 8 5985 2745

Switzerland: Allmendstrasse 140, CH-8027 ZURICH,

Tel. +41 1488 2741 Fax. +41.1 488 3263

Taiwan: Philips Semiconductors, 6F, No. 96, Chien Kuo N. Rd., Sec. 1,
TAIPEI, Taiwan Tel. +886 2 2134 2886, Fax. +886 2 2134 2874
Thailand: PHILIPS ELECTRONICS (THAILAND) Ltd.,

209/2 Sanpavuth-Bangna Road Prakanong, BANGKOK 10260,

Tel. +66 2 745 4090, Fax. +66 2 3980793

Turkey: Talatpasa Cad. No. 5, 80640 GULTEPE/ISTANBUL,

Tel. +90 212 279 2770, Fax +90 212 282 6707

Ukraine: PHILIPS UKRAINE, 4 Patrice Lumumba str., Building B, Floor 7,
252042 KIEV, Tel. +380 44 264 2776, Fax. +380 44 268 0461

United Kingdom: Phililps Semiconductors Ltd., 276 Bath Road, Hayes,
MIDDLESEX UB3 5BX, Tel..+44 181730 5000, Fax. +44 181 754 8421
United States: 811 East Arques'/Avenue, SUNNYVALE, CA 94088-3409,
Tel. +1 800234 7381, Fax +1.800 9430087

Uruguay: see South America
Vietnam: see Singapore

Yugoslavia: PHILIPS, Trg N, Pasica 5/v, 11000 BEOGRAD,
Tel, +381 11 62 5344, Fax.+381 11 63 5777

Internet: http-//www semiconductors.philips com

International Marketing & Sales Communications, Building BE-p, P.0O. Box 218,

5600 MD EINDHOVEN, The Netherlands, Fax +31 40 27 24825
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|
S DALLAS DS1307

¥ SEMICONDUCTOR 64 x 8 Serial Real-Time Clock
ww.maximsicecom ... |
‘EATURES PIN ASSIGNMENT
Real-time clock (RTC) counts seconds, w1 T Ve
minutes, hours, date of the month, month, day x2d2 75 sawour
of the week, and year with leap-year Verr T3 6 E scL
compensation valid up to 2100 oNDCl4  sDispa

56-byte, battery-backed, nonvolatile (NV) DS1307 8-Pin DIP (300-mil)

RAM for data storage

Two-wire serial interface st B8 hm Vee
Programmable squarewave output signal x2 o2 .7 fm sQw/ouT
Automatic power-fail detect and switch Vear |3 6% SCL
circuitry GND (|4 s [IDSDA

Consumes less than 500nA in battery backup
mode with oscillator running
Optional industrial temperature range:

DS1307-8-Pin SOIC (150-mil)

-40°C to +85°C PIN DESCRIPTION
Available in 8-pin DIP or SOIC - _'Primary Power Supply
Underwriters Laboratory (UL) recognized X1, X2 L 32 768kHz Crystal Connection
VBaT - +3V Battery Input
GND - Ground
151307 8-Pin-DIP (300-mll) SCL - Serial Clock
1S1307Z 8-Pin SOIC'(150-mil) SQW/OUT .~ Square Wave/Output Driver
)S1307N 8-Pin DIP (Industrial)
1S1307ZN 8-Pin SOIC. (Industrial)
JESCRIPTION

he DS1307 Serial Real-Time Clock is a low-power, full binary-coded decimal (BCD) clock/calendar
lus 56 bytes of NV SRAM. Address-and data are transferred serially via a 2-wire, bi-directional bus.
he clock/calendar provides seconds, minutes, hours, day,-date, month, and year information. The end of
1¢ month date is automatically adjusted for months with fewer than 31 days, including corrections for
:ap year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The
)S1307 has a built-in power sense circuit that detects power failures and automatically swiiches to the
attery supply.
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DS1307

YPICAL OPERATING CIRCUIT

Veo

Vce
Vee -
T 8
Vee 1
1
§ DS1307 2 B
crystal
IHF’U RPU 1R1 51 SDA
w 6] scL 3
o
RPU =4/Ch l
GND

-~

1

JPERATION

[he DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
sondition and providing a device identification code followed by a register address. Subsequent registers
:an be accessed sequentially until a STOP condition 1s executed. When Vec falls below 1.25 x Vgar the
levice terminates an access in progress and resets the device address counter. Inputs to the device will
10t be recognized at this-time to prevent erroneous data from being written to the device from an out of
olerance system. When Ve falls below Vpar the device switches' into a lowscurrent battery backup
node. Upon power-up, the device switches from battery to Vec when Vg is greater than Vgar + 0.2V
ind recognizes inputs when Vee is greater than 1.25 x Vgar:  The block diagram in Figure 1 shows the
main elements of the serial RTC.

DS1307 BLOCK DIAGRAM Figure 1

OSCILLATOR RTC
AND DIVIDER

SQUARE WAVE
SQW/OUT ~a———] ouT {

RAM
(56 X 8)

CONTROL
LOGIC

Vee
Vpay ————

GND —————

ScL ——&ﬁ -
SERIAL BUS ADDRESS ):J
INTERFACE REGISTER

SDA ~———

20f12
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DS1307

IGNAL DESCRIPTIONS
ccs GND — DC power is provided to the device on these pins. V¢ is the +5V input. When 5V is
splied within normal limits, the device is fully accessible and data can be written and read. When a 3V
attery i1s connected to the device and V¢cis below 1.25 x Vpar, reads and writes are inhibited. However,
e timekeeping function continues unaffected by the lower input voltage. As V¢ falls below Vgat the
AM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at Vpar.

'sat — Battery input for any standard 3V lithium cell or other energy source. Battery voltage must be
eld between 2.0V and 3.5V for proper operation. The nominal write protect trip point voltage at which
ceess to the RTC and user RAM is denied is set by the internal circuitry as 1.25 x Vgar nominal. A
thium battery with 48mAhr or greater will back up the DS1307 for more than 10 years in the absence of
ower at 25°C. UL recognized to ensure against reverse charging current when used in conjunction with a
thium battery.

.ee “Conditions of Acceptability” at http:/ www-maxim-ic:com/TechSupport/QA/ntrlhtm.

-

'CL (Serial Clock Input) — SCL is used to_synchronize data movement on the serial interface.

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

}QW/OUT (Square Wave/Output Driver) = When enabled, the SQWE bit set.to 1, the SQW/OUT pin
wtputs one of four square wave frequencies (1Hz, 4kHz, 8kHz, 32kHz). The SQW/OUT pin is open
lrain and requires an external pull-up resistor. SQW/OUT will operate with either Vec or Vbat applied.

X1, X2 — Connections for a standard 32.768kHz quartz crystal. ' The internal oscillator circuitry is
lesigned for operation with a crystal having a specified Joad capacitance (CL) of 12:5pF.

“or more information on“crystal selection and crystal layout considerations, please consult Application
Note 58, “Crystal Considerations with Dallas Real-Time Clocks.” The DS1307 ¢an also be driven by an
:xternal 32.768kHz oscillator.' In this configuration; the X1 pin is connected to the external oscillator

signal and the X2 pin is tloated.

RECOMMENDED LAYOUT FOR CRYSTAL

T . RTC
Crystal
Local Ground Flane
Layer 2
Guard Ring
{connect to ground]
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DS1307

>LOCK ACCURACY

‘he accuracy of the clock is dependent upon the accuracy of the crystal and the accuracy of the match
etween the capacitive load of the oscillator circuit and the capacitive load for which the crystal was
rimmed. Additional error will be added by crystal frequency drift caused by temperature shifts. External
ircuit noise coupled into the oscillator circuit may result in the clock running fast. See Application Note
8, “Crystal Considerations with Dallas Real-Time Clocks” for detailed information.

’lease review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontroller”
or additional information.

RTC AND RAM ADDRESS MAP

Fhe address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The RTC registers
ire located in address locations 00h to 07h. The RAM registers are located in address locations 08h to
SFh. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM space, it wraps
wround to location 09h, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

00H

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
O7H CONTROL

08H RAM
56/x 8
3FH !

CLOCK AND CALENDAR

The time and calendar information 1s obtained by reading the appropriate register bytes. The RTC
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 BCD format. Bit 7 of register 0
is the clock halt (CH) bit. When this bit 1s 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.

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.
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DS1307 TIMEKEEPER REGISTERS Figure 3

fer | 1 1 | | [oemw]

00H | CH 10 SECONDS SECONDS 00-59
0 10 MINUTES MINUTES 00-59
o |12 10HR 01-12
2a [ ] 10HR HOURS o025

0 o [\ i} 0 DAY 1-7

0128129
0 0 01-30
10 DATE DATE %0
0 0 0 Mc}r«?m MONTH 01-12
10 YEAR YEAR 00-99
o7H | ouT 0 0 sqwef 0 ¢ RSt RSO

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

0

0

SQWE

0

0

RS1

RSO

OUT (Output control): This bit controls the output level of the SQW/OUT pin when the square wave
output is disabled. If SQWE = 0, the logic level on the SQW/OUT 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 RS1 bits. With the square

wave output set to 1Hz, the.clock registers update on the falling edge of the square wave.

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

SQUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RS¢ SQW QUTPUT FREQUENCY
0 0 1Hz
0 1 4.096kHz
1 0 8.192kHz
1 1 32.768kHz
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DS1307

>-WIRE SERIAL DATA BUS

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

F'YPICAL 2-WIRE BUS CONFIGURATION Figure 4

i . Vo
Re l Rp
<

SDA -
2-WIRE
SERIAL DATA
BUS
-

scL

DS1307 OTHER

MICRO-
REAL TIME PERIPHERAL

PROCESSOR CLOCK DEVICE

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

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

Accordingly, the following bus cenditions 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 (100kHz clock rate) and a fast mode
(400kHz clock rate) are defined. The DS1307 operates in the regular mode (100kHz) only.

60of 12



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

1 1
soA |\ !

Begas

SCL

START
CONDITION

e SLAVE

ADDRESS

“RW
DIRECTION

ACKNOWLEDGEMENT
SIGNAL FROM
RECEIVER

BIT

DCXC%H{
4

1
' '
'
-
' '
'
LU
' ‘
.

=

ACKNOWLEDGEMENT

SIGNAL FRO!
RECEIVER

ACK

REPEATED IF

E4

N

AW
STOP CONDITION

- . 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.

Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. Thé 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 ‘allwof 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:

1.

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,
1sa 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

- i

<Slave Address> YV <Word Address (n)> <Bata(n)> <Data {(n+1)> <Data {n+X)>

Ls—[ 1101000 | 0| A [ 000000006 A | XX00XXXX [ & o000 [ A [xxxxxxxx FA FP]

S — START {f=

A - ACKNOWLESGH DATA TRANSFERFED

P - sTOP {X+1 BYTES + ACKNOWLEDGE)
*RAW - READ/WRITE OR DIRECTION BIT. ADDRESS = DOn

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 1161000, 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

<Slave Address> ’% <Data(n)> <Data(n+1)> <Data (n+2)> <Data (n+X)>
{ s | 1101000 L1i /L[ XOXXXXXXX P\ ]xxxxxxxx [ & ] ooxoox [ A ]oooxxx [a]e ]

‘ {{ J

12
§ - START DATA TRANSFERRED
A - ACKNOWLEDGE (X+1 BYTES + ACKNOWLEDGE); NOTE" LAST DATABYTE IS
P - STOP FOLLOWED BY ANOT ACKNOWLEDGE { A } SIGNAL)
A - NOT ACKNOWLEDGE
*RW - READ/WRITE OR DIRECTION BIT ADDRESS = D1h
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DS1307

ABSOLUTE MAXIMUM RATINGS*
/oltage on Any Pin Relative to Ground

storage Temperature
soldering Temperature

-0.5V to +7.0V

-55°C to +125°C

260°C for 10 seconds DIP
See JPC/JEDEC Standard J-STD-020A for
Surface Mount Devices

* This 1s 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.

Range Temperature Vee
Commercial 0°C to +70°C 4.5V t0 5.5V Ve
Industrial -40°C to +85°C 4.5V to 5.5V Ve

RECOMMENDED DC OPERATING CONDITIONS

(Over the operating range*

PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Supply Voltage NVee 4.5 5.0 5.5 \Y
LOgiC 1 Vin 2.2 Vee +0.3 \Y%
Logic 0 ViL -0.5 +0.8 v
Vigat Battery Voltage VRBAT 2.0 3.5 V

*Unless otherwise specified.

DC ELECTRICAL CHARACTERISTICS

(Over the operating range*

PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Input Leakage (SCL) I 1 LA
I/O Leakage (SDA & Lo 1 HA

' SQW/OUT)
Logic 0 Output (I, = SmA) VoL 0.4 V
Active Supply Current Icca )! & mA 7
Standby Current lecs 200 HA 1
Battery Current (OSC ON); InaT 300 500 nA 2
SQW/OUT OFF
Battery Current (OSC ON); Igat2 480 800 nA
SQW/OUT ON (32kHz)
Power-Fail Voltage VoE 1.216 X Vgatr | 1.25 X Vgar | 1.284 X Vpar V 8

*Unless otherwise specified.
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DS1307

AC ELECTRICAL CHARACTERISTICS

(Over the operating range*)

>ARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES

sCL Clock Frequency fscL 0 100 kHz

3us Free Time Between a STOP and tyur 4.7 us

START Condition

Jold Time (Repeated) START Condition tHD STA 4.0 us 3

_OW Period of SCL Clock tLow 4.7 us

JIGH Period of SCL Clock tuiGH 4.0 us

set-up Time for a Repeated START tsusTa 4.7 us

Condition

Data Hold Time tHD-DAT 0 us 4,5

Data Set-up Time tSUDAT 250 ns

Rise Time of Both SDA and SCL Signals tr 1000 ns

Fall Time of Both SDA and SCL Signals tF 300 ns

Set-up Time for STOP Condition tSUSTO 4.7 us

Capacitive Load for each Bus Line Cs 400 pF 6
Cyo 10 pF

[/0O Capacitance (T = 25°C)

Crystal Specified Load Capacitance 12.5 pF

(Ta-= 25°C)

*Unless otherwise specified.

NOTES:

1. Iccs specified with Ve =5:0V and SDA, SCL = 5.0V.

VCC = OV, VBAT = 3V.

2.

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

4. A device must internally provide a hold time of-at least 300ns for the SDA signal (referred to the
Vi of the SCL signal) in order to bridge theundefined,region of the falling edge of SCL.

5. The maximum typpat hasonly to be met 1f the device does not stretch the LOW period (t.ow) of the

SCL signal.
6. Cp - Total capacitance of onebus line inpF.
7. Icca— SCL clocking at max frequency = 100kHz.

8.  Vprmeasured at Vst = 3.0V,
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TIMING DIAGRAM Figure 8

IR SR PRI

SCL.

f
B
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D STA '
. . - e tsu 10
- [ lsusTa
Vo e
Co1 o tHo-DAT tHiGH sy pav .
STOP START REPEATED
START

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

Ry & o PKG 8-PIN
T DIM MIN | MAX
! . A IN. 1 0360 | 0400
MM 914 1016
_l_ B IN. | 0240 | 0260
JTITOT] MM 6.10 6.60
25l CIN. | 0120 | 0.140

MM 3.05 356
D IN. 0300 0325

MM 7.62 826

—’1 ) EIN. | 0015 | 0040

—Err )1 MM 0.38 102

S FIN. (| 0120 | ©140

\" (o MM | 304 )| ~356

G IN. 0090 0110
MM 229 279

H IN. | 0320 {0370

“' R -'1 MM 8.13 940
JIN. | 0008 | 0012

ﬁ MM 020 030

J K IN. | .0015 | 0021
MM 038 053

H

T
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DS1307

DS1307Z 64 X 8 SERIAL REAL-TIME CLOCK

8-PIN SOIC (150-MIiL) MECHANICAL DIMENSIONS

’H‘T’"

HHHH__L

g, i

aad
m-ﬁ!‘

-

=== i

12 0f12

8PIN
PKG (150 MIL)
DIM | MIN | MAX
AIN. | 0188 | 019%
MM | 478 | 498
BIN. | 0150 | 0138
mM | 381 | 401
CIN. | 0048 | 0062
mm | 12 | a7
EIN. | 0003 | 0010
MM | oto | o025
FIN. | 0053 | 0069
mMv | 135 | 175
G IN. 0050 BSC
MM 127 BSC
HIN. | 0230 | 0244
mm. | 584 | 620
JIN. [0007 | 0011
MM o048 | 028
KN, | 0012 | 0020
mM—| 030, | 051
LN, |.0016 7 0050
mmi | 0ar [\ 127
phl 0° g0

56-G2008-001
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MC14094B

8-Stage Shift/Store Register
with Three-State Outputs

The MC14094B combines an 8-stage shift register with a data latch for
each stage and a three—state output from each latch.
Data is shifted on the positive clock transition and is shifted from the

seventh stage to two serial outputs. The Qg output data is for use in
high—speed cascaded systems. The Q’s output data is shifted on the W F;LSI:J;;'C);(

L. SUFFIX
CERAMIC
CASE 620

following negative clock transition for use in low-speed cascaded systems. CASE 648
Data from each stage of the shift register is latched on the negative
transition of the strobe input. Data propagates through the latch while strobe

is high.
Outputs of the eight data latches are controlled by three—state buffers / D SUFFIX
which are placed in the high—impedance state bya logic Low on Output \ﬁ soic
CASE 751B
Enable. -
» Three-State Outputs ORDERING INFORMATION
» Capable of Driving Two Low—Power TTL Loads or One Low—Power MC14XXXBCP Plastic
Schottky TTL Load Over the Rated Temperature Range MC14XXXBCL Ceramic
« Input Diode Protection MC14XXXBD SOIC
« Datalatch Ta = - 55° to 125°C for alt packages.
« Dual Qutputs for Data Out on Both Positive and Negative Clock
Transitions
o Useful for Serial-to—Parallel Data Conversion PIN ASSIGNMENT
¢ Pin—for—Pin Compatible with CD4094B
STROBE [} 1 16 [1 V]
MAXIMUM RATINGS* (Voltages Referenced tc Vgg) 3 . OS?PUT
AT,
Symbol Parameter Value Unit 3 OF 15 1 EnnBLE
VpD | DC Supply Veltage — 0510+ 180 1V cLock -3 14105
Vin. Vout | Input or Output Voitage (DC or Transient) } -05toVpp*+ 051 'V Qt (-4 13 106
lin, fout | Input or Output Current(DC or Transient), +10 mA Q2 q 5 zpar
per Pin Q36 11 ] Q8
PD Power Dissipation, per Packaget 500 mwW 04 q 7 10 1 Q'
Tstg Storage Temperature ~ 65 to+ 150 °C Vsg /8 91 Qg
T Lead Temperature (8—Second Soldering) 260 °C

* Maximum Ratings are those values beyond which.damage to the device may occur.
1 Temperature Derating:

Plastic "P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

Ceramic "L" Packages: — 12 mW/°C From 100°C To. 125°C

This device contains protection circuitry to
guard against damage due to high static
voltages or electric fields. However, pre-

Parallel Outputs Serial Outputs cautions must be taken to avoid applications of
Output any voltage higher than maximum rated volt-
Clock | Enable } Strobe | Data Q1 QN Qg* Qs ages to this high—impedance circuit. For proper
operation, V| and Vgt should be constrained
0 X X z z 7 No Chg. n ou
i Q 9 to the range Vgg = (Vin or Vout) = VDD-
. 0 X X z 4 No Chg. Q7 Unused inputs must always be tied to an
s 1 0 X No Chg. | No Chg. Q7 No Chg. appropriate logic voltage level (e.g., either Vgg
or Vpp)- Unused outputs must be left open.
e 1 1 0 0 Qn-1 Q7 No Chg.
e 1 1 1 1 Qn-1 Q7 No Chg.
N 1 1 1 No Chg. | No Chg. | No Chg. Q7

Z = High Impedance X = Don't Care
* At the positive clock edge, information in the 7th shift register stage is transferred to
Q8 and Qs.

REV 3
1/94

© Motorola, Inc. 1995
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

VoD -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ # Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vpporo0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level VOH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 0r Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 —_ 14.95 —
Input Voltage ‘0" Level ViL Vdc
(Vo =4.5 or 0.5 Vdc) 5.0 — 1.5 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 - 4.50 3.0 — 3.0
(Vo = 13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level ViH Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 — 35 275 — 35 —
(Vo = 1.0 or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 - 11 8.25 - X -
Output Drive Current loH mAdc
(VoH = 2.5 Vdc)., Source 5.0 ~-3.0 - -24 -42 — -17 —
(VoH = 4.6 Vdc) 5.0 -0.64 — = 0.51 -~0:88 — -0.36 —_
(VOR = 9.5 Vdc) 10 =16 H <43 | -225 — ~09 —
(VoH = 13.5 Vdc) 15 —4.2 - -34 -8.8 — ~24 —
(VoL = 0.4 Vdc) Sink’l 1oL 5.0 0.64 — 0:51 0:88 \ 0.36 — | mAde
(VoL = 0.5 Vdc) 10 1.6 — 1.3 225 — 0.9 —
(VoL = 1.5Vdc) 15 42 — 34 8.8 — 24 —
Input Current lin 15 — +0.41 — +0.00001 | +0.1 - +1.0 | pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
{Vin = 0)
Quiescent Current DD 5.0 - 5.0 a 0.005 5.0 — 150 tAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 - 20 — 0.015 20 — 600
Total Supply Current**{ Ir 5.0 IT = (4.1 pA/KHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 IT'= (14 pAKKHz) '+ Ipp
Per Package) 15 1= (140 pAkHz) f +ipp
(C =50 pF on all outputs, all
buffers switching)
3-State Output Leakage Current ITL 15 2\ i +0.1 L & l +0.0001 [ +0.1 l — | +30 | pA

#Data labelled "Typ” is not to be used for.design purposes butis intended as aniindication of the IC’s potential performance.

** The formulas given are for the typical characteristics only at 25°C.

1 To calculate total supply current at loads other than 50 pF:
IT(Cp) = 17(50 pF) + (CL — 50) Vifk

where: ITis in pA (per package), Ci_in pF, V = (Vpp =Vss) involts, fin kHz s input frequency, and k = 0.001.

MC14094B
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SWITCHING CHARACTERISTICS* (C| = 50 pF, TA = 25°C)

VbD
Characteristic Symbol Vdce Min Typ # Max Unit
Output Rise and Fali Time tTLH, ns
tTLH. tTHL = (1.35ns/pF) Gy + 33 ns tTHL 5.0 — 100 200
tTLH, tTHL = (0.6 ns/pF) C|_+ 20 ns 10 — 50 100
tTLH, tTHL = (0.4 ns/pF) C_ + 20 ns 15 — 40 80
Propagation Delay Time tPLH: ns
Clock to Serial out QS tPHL
tpLH,. tPHL = (0.90 ns/pF) G| + 305 ns 5.0 — 350 600
tpLH, tPHL = (0.36 ns/pF) C + 107 ns 10 — 125 250
tPLH, tPHL =(0.26 ns/pF)CL + 82 ns 15 — 95 190
Clock to Serial out Q'S
tpLH, tPHL = (0.90 ns/pF) C_ + 350 ns 5.0 — 230 460
tpLH, tPHL = (0.36 ns/pF) C_ + 149 ns 10 — 110 220
tPLH, tPHL = (0.26 ns/pF) C_ + 62 ns 15 — 75 150
Clock to Parallel out
tPLH, tPHL = (0.90 ns/pF) C_ + 375 ns 5.0 — 420 840
tpLH, tpHL = (035 ns/pF) CL + 177 ns 10 — 195 390
tpLH, tPHL = (0.26 ns/pF) Ci_ + 122 ns 16 — 135 270
Strobe to ParalleFout
tpi K, tPHL = (0.90 ns/pF) Ci_ + 245 ns 5.0 — 290 580
tPLH, tPHL = (0.36 ns/pF) C L+ 127 ns 10 — 145 290
tPLH, tPHL = (0 26 ns/pF) Cy +87 ns 15 — 100 200
Output Enable to Output
tpHz. tpzL = (0 90 ns/pF)Cp + 95 ns tPHZ, .0 - 140 280
tpHZ. tpzL = (0.36 ns/PF) C|_ + 57 ns tpzi 10 - 75 150
tpHz. tpzL = (0.26 ns/pF) Cp+42 ns 15 = 55 110
tpLz, tpzH = (0.90 ns/pF) C + 180 ns tpLZ: 5.0 — 225 " 450
tpLz, tpzH = (0.36 nslpF) G| +77.ns tpzH 10 al 95 190
tprz. tpzH = (0.26 ns/pF)C + 57 ns 15 — 70 140
Setup Time tsy 5.0 125 60 - ns
Data in to Clock 10 55 30 —
18 35 20 -
Hold Time th 50 0 ~40 — ns
Clock to Data 10 20 ~10 —
15 20 0 -—
Clock Pulse Width, High twH 50 200 100 — ns
10 100 50 —
15 83 40 —
Clock Rise and Fall Time tr(cl) 5 s — 15 ps
ti(cl) 10 — — 50
15 — — 4.0
Clock Pulse Frequency fel 5.0 — 2.5 1.25 MHz
10 — 5.0 25
15 — 6.0 3.0
Strobe Pulse Width twi 5.0 200 100 — ns
10 80 40 —
15 70 35 -

* The formulas given are for the typical characteristics only at 25°C.
#Data labelled “Typ” I1s not to be used for design purposes but is intended as an indication of the I1C’s potential performance.

3-STATE TEST CIRCUIT
FOR tpHz AND tp7H FOR tpL 7 AND tpz.

Vss 4 LVop
OE. 0— -
DATA O~
OUTPUT
ST 50 pF
CLOCK 0—o T
MOTOROLA CMOS LOGIC DATA MC14094B
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BLOCK DIAGRAM

REGISTER STAGE 1 LATCH 1 3-STATE BUFFER 1
CLOCK cLock ] STROBE l Vpp ]
2 I » I ;ﬁ I
SERIAL l 4
DATAIN vy |
| - >—F
| CLOCK CLOCK I l STROBE l l l
— 0 o — b
5>
OUTPUT 2 REGISTER STAGE 2 u LATCH 2 q 3-STATE BUFFER 2 — 5 Q2
ENABLE g =
REGISTER STAGE 3 ﬂ LATCH 3 _{ 3-STATE BUFFER 3 — 6 3
¢ REGISTER STAGE 4 B LATCH 4 | 3-STATEBUFFER 4 — 7 o
s REGISTER STAGE 5 I~ LATCH 5 ] 3-STATE BUFFER 5 — 14 Q5
¢ REGISTER STAGE 6 -~ LATCH 6 B 3-STATEBUFFER 6 — 13 Q6
! REGISTER STAGE 7 }- LATCH 7 N 3-STATE BUFFER 7 — 12 O
8 REGISTER STAGE 8 LATCH 8 e 3-STATE BUFFER 8 11 Q8
|
CLOCK CLOCK
3 L O e orock
CLOCK
CLOCK

1 % STROBE “Input Protection Diodes
STROBE
STROBE

DYNAMIC TIMING DIAGRAM

twH
() cLock 50% 7[ \ ;f \; / \; /
tsy th—

(") STROBE
l

@) pATAIN (
twe

ouTPUT
® ennaie ' J
—] r—‘PLH L PLH
® a1 —~ar
i
tTLH ITHL L— ‘PLH"l ‘ 1PHL —>

tPzL

® os 50% 50%
—> tPLH —] oyt
s 50% 50%
MC14094B MOTOROLA CMOS LOGIC DATA
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OUTLINE DIMENSIONS

L SUFFIX

CERAMIC DIP PACKAGE

CASE 620-10
ISSUE V

o L—>

_3
N]

!

SEATING
PLANE

-

G
(@025 o) @[T A ®]

ol m

L—J 16 PL

]@[025(0‘010)(@[7[ B ©|

NOTES
1 DIMENSIONING AND TOL!
ANSI Y14 5M, 1982
2
3
FORMED PARALLEL
4

ERANCING PER

CONTROLLING DIMENSION INCH
DIMENSION L TO CENTER OF LEAD WHEN

DIMENSION F MAY NARROW TO 0 76 (0 030)

WHERE THE LEAD ENTERS THE CERAMIC

BODY

INCHES

MILLIMETERS

=)
=

—
MIN MAX

|

MIN | MAX

0750 § 0785

19.05 | 1993

0240 | 0295

610 748

— 1 0200

— 1 508

0015 | 0020

039 | 050

0050 8SC

1.27 BSC

0055 | 0065

140 [ 165

0 100 BSC

254BSC

0008 ) 0015

021.] 038

0.125 | 0170

318 | 431

0300 BSC

T

762BSC

0° 15°

0°) 15°

Z |- RiT || miT | | @{>

8020 | 0040

r

051 | 101

P SUFFIX

PLASTIC DIP PACKAGE

P

SEATING
PLANE

-
=K

D 16 PL

[®[0250010)@[T[A®]

CASE 64808
{SSUE R

— | —>]

A

TR =

NOTES

DIMENSIONING AND TOLERANCING PER ANSt

Y14 5M, 1882
. - CONTROLLING DIMENSION INCH

(RENY

FORMED PARALLEL

o o

ROUNDED CORNERS OPTIONAL

DIMENSIONL TO CENTER OF LEADS WHEN
DIMENSION B DOES NOT INCLUDE MOLD FLASH

MILLIMETERS

2

MiN
1880

MIN MAX
0740 | 0770

INCHES
sl

3>

MAX
1955

0250 { 0270
0145.] 0175

635
369 | 444

685

0015 | 0029 039

053

0040 070 | 1.02

177

0100 BSC 254

8SC

0050 BSC 127

B8SC

0008 | 0015 | 021

038

04104 0130 289

330

0295 | 0305 750

774

0° 10° 9°

10°

wiEir (X |e|xie o0

0020_| 0040 051

101

MOTOROLA CMOS LOGIC DATA
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QUTLINE DIMENSIONS

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05
ISSUE J

e e g1 e NOTES.
& H H_H H H 1 DIMENSIONING AND TOLERANCING PER ANS!
16 3 Y14 5M, 1982
—f 2 CONTROLLING DIMENSION MILLIMETER

3 DIMENSIONS A AND B DO NOT INCLUDE

P apL MOLD PROTRUSION

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

9] d —{ I?e LO.ZS (OVO1D)®LB ©] 5 SIEP\?EﬂSDIE)N D DOES NOT INCLUDE DAMBAR
H. __H _H__ H_ H__H PROTRUSION ALLOWABLE DAMBAR

PROTRUSION SHALL BE 0 127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT

MAXIMUM MATERIAL CONDITION
MILLIMETERS | INCHES
{ DIV [ MIN_ | MAX | MIN | MAX
F L— A | 980 | 1000 | 0386 | 03903
K’“’ £ “— R X65°\/4 B | 380 40p | 0150 | 0457
C | 1351 175 | 0054 | 0068
— —] C \ D | 035 | 049 | 0014 | 0019
e e s P [oio | 125 00 [ owag
[=T=T searmo f f 2 6 | 127BsC 005085C
PLANE M J J | o191 02 ] 0008 ] 0o0g
K | 010 | 025 ] 0004 | 0009
D 16 PL M 0° 7° 0° 70
P| 580 ] 620 ] 0229 | 004
169[025(0010)@“15@1/\@} R 1025 [ 05 | 001010018

Motoroia reserves the nght to make changes without further notice to any products herein Motorola makes no warranty, representation or guarantee regarding
the sutability of its products for any particular purpose, nor does Motorola assume any habiity ansing out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided
in Motorola data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. Ali operaling parameters,
including “Typicals” must be vahidated for each customer application by customer’s technical experts Motorola does not convey any license under its patent
nghts nor the nghts of others  Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant
nto the body, or other applications intended to support or sustain hfe, or for any other application in which the faiiure of the Motorola product could create a
situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized apphcation,
Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affihates, and distnbutors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees ansing out of, directly or indirectly, any clam of personal injury or death associated with such unintended or
unauthonzed use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part Motorola and . # are registered
trademarks of Motorola, Inc. Motorola, In¢ is an Equal Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE/Locations Not Listed. Motorola Literature Distnbution, JAPAN: Nippon Motorola Ltd ; Tatsumi-SPD-JLDC, 6F Seibu-Butsuryu—Center,
P.O. Box 20912, Phoenix, Arizona 85036 1-800-441-2447 or 602-303-5454 3-14-2 Tatsurm Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX. RMFAXO@email sps mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K Ltd.; 8B Tai Ping industrial Park,
INTERNET. http://Design—-NET.com 51 Ting Kok Road, Tai Po, N.T,, Hong Kong. 852-26629298
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MOTO R ) Aot

- SEM|CONDUCTOR _
TECHNICAL DATA

. - IRFZ30
Power Field Effect Transistors IRFZ32

N-Channel Enhancement-Mode
Silicon Gate TMOS

These TMOS Power FETs are designed for low voltage, TMOS POWER FETs
high speed power switching applications such as switching 25 and 30 AMPERES
Y

regulators, converters, solenold and relay drivers. TDS{on) = 0.5 OHM
¢ Sillcon Gate for Fast Switching Speeds 50 VOLTS

® Low IpS{on) to Minimize On-Losses TMOS tDS(on) = 0.07 OHM
® Rugged — SOA Is Power Dissipation Limited
® Source-to-Drain Diode Chatacterized for Use With D

Inductive Loads

6
= CASE 221A-04
s (VO-220AB}
MAXIMUM RATINGS
Device
Rating Symbol) Unit
wezao | | o mezs2
Drain-Source Voltage Vpss 50 Vde
Drain-Gate Voltage (Rgg = 1 M) VoGh 50 Vde
Gate-Source Voltage YGs +20 Vdce
Drsin Current — Continuous @ Tg = 26°C Z Ip 30 25 Adc
— Contlnuous @ Tc = 100°C 18 16
— Pulsed @ Te = 25°C lom 80 60
Total Power Dissipation ® T¢ = 25°C Pp 75 Walts
Derate sbove 25°C v 0.8 wre
Operating and Storage Temp a Range T3 Totg —65to 150 C
THERMAL CHARACTERISTICS
Tharmal Resistence — Junction to Case Rasc 1.67 ‘CwW
—— Junction to Ambisnt 62.5
Maximum Lead Temperature for Soldeting Purposes, L 300 C
18" from Case for 5 Seconds

Sea the MTPIONOSE Designer’s Data Sheat for a complete set of dasign curves for the product on this data sheet.

MOTOROLA TMOS POWER MOSFET DATA
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IRFZ30,32
ELECTRICAL CHARACTERISTICS (Tg = 25°C uniess otherwise noted) -
Characteristic l Symbot ] Min l Max - ] Unit l
OFF CHARACTERISTICS
Drsin-Source Breakdown Voitage (Vgsg = 0, ip = 0.26 mA) V(BRIDSS 50 — Vdo
Zero Gate Voltage Drain Current 1pss mAde
{VDS = Rated Vpss. VGs = 0) - 0.2
{Vps = 0.8 Rated Vpss, Vgs = 0, T) = 125°C) —_ 1
Gate-Body Leakage Current, Forward (Vgsg = 20 Vde, Vps = 0) \GssF - 100 nAdc
Gate-Body Leakage Current, Reverse [VGSR = 20 Vde, Vpg = 0} lGSsr - 100 nAdc
ON CHARACTERISTICS®
Gate Thrashold Voltage (Vpg = VGs. In = 0.26 mA) VGSith) 2 4 vde
Statle Drain-Source On-Resistance - IRF230 fDS{on) —_ 0.05 Ohm
VGs ~ 10 Vds, Ip = 16 Adc) IRFZ32 — 0.07
On-State Dratn Current (Vgg = 10 V) 1Dlon} Adce
{Vpg = 1.5 Vdc) IRFZ30 30 —
Vos > 1.75 Vdo} IRF232 25 —
Forward Transconductance 9FS —1 mhos
(Vps > 1.6V, ip = 16 A) IRFZ30 8 —
(Vps > 1.76V, Ip = 16 A) IRF232 9 -
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss = 1600 pF
Output Capacitanc Vs ; :51\/"“\{3)5 =0 Coss - 800
Reverse Transfer Capacitance Cres — 200
SWITCHING CHARACTERISTICS®
Turn-On Delay Time Yd(on) — 25 ns
Riso Time Vpp~ 25V, ip = 16 Apk, tr — 36
Turn-Off Delay Time Rgen = 60-Chms} td(ot) —_ a5
Fall Time tf — 35
Totsl Gate Charge Qg 26 (Typ} 30 nC
¥ {Vpg = 0.8 Rated Vpss,
Gate-Source Charge Vgs = 10 Vde, Ip = Rated Ip) Qgs 14 {Typ) =
Gate-Drain Charge Qgd 12 {Typ} R
SOURCE-DRAIN DIODE CHARACTERISTICS®
) 1
Farward On-Voltage s = Reted I, Vsp 1.2 {Typ) l 1501 [ Vde
Forward Turn-On Time vgs = 0} ton Limited by stray inductance
Reverse Recovery Time e trr 150 {Typ} l — ] hs
*Puise Test: Pulse Width < 300 us, Duly Cycle < 2%,
{1} Add 0.1 V for IRFZ30,
s CASE 221A-04
nk T E. {TO-220AB) [ e
R i e e
SR = oy EEERIN I
LL H ——-} v Jﬁ:ﬂ: Ml '!.
Y| B
g [
: P R
L L] N ersems i AL IR - jﬁ‘}.l 5
—h ¥, TL e
¢ —} — & Ol TOEANES A ZENE IR 4L D09V AND 18y - =
UMD PREGRANEE S A ALOWID - -
i N
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IRFZ20,22

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwisa noted)

Characterlstic ] symbot | Min | Max ] umn |
OFF CHARACTERISTICS
Orain-Source Breakdown Voltage {VGg = 0, Ip = 0.26 mA) V(BRIDSS 50 — Vde
Zero Gete Voltage Draln Curront tpss mAdc
{vps = Reted Vpss. Vs = 0} - 0.2
{Vps = 0.8 Rated Vpgs, Vgs = 0. Ty = 125°C) — 1
Gate-Body Leakage Current, Forward {(VGSp = 20 Vde, Vpg = 0} lgssF - 100 nAde
Gate-Bady Leakage Current, Reverse (VGSR = 20 Vde, Vps =~ 0} I6sSR — 100 nAdc
ON CHARACTERISTICS®
Gate Thrashold Voltage [Vps = VG§. Ip = 0.25 mA} VGSsith) 2 4 Vde
Static Draln-Source On-Resistance IRFZ20 DS{on} - 0.1 Ohm
{(Vgs = 10 Vde, Ip = 8 Adc} IRFZ22 - 0.12
On-State Draln Current (Vgg = 10V) 1p{on) Adc
{Vps = 1.8 Vde) 1RFZ20 16 —
Vps = 1.7 Vde) IRFZ22 14 -
Forward Transconductance 9rS mhos
(Vps = 16V, Ip = 9 A) 1RFZ20 5 -
VNpg 2 1.7V,1p = 8 A) IRFZ22 5 —
DYNAMIC CHARACTERIGTICS
input Capacitance Cleg — 850 pF
Vps = 25V, Vgg = 0, B -
Cutput Capacltance ¢ = 1MHD Coss 350
R Transfor Capaci Ciss -t 100
SWITCHING CHARACTERISTICS®
Turn-On Delay Time td{on] = 30 ns
Risa Time (VoD = 26V, Ip-= 9 Apk, ' - 2
Tura-Off Delay Time Rgen = 60 Ohms) talaff) 5 40 g
Fall Time i — 30
Totsl Gete Charge Oy 12{Typ} 17 nC
- {Vps = 0.B Rated Vpgs. =
Gate-Source Charga VGs = 10 Vdc, Ip = Rated p) Qgs 9 (Typ}
Gate-Drein Cherge Qqd 3{Typ) —
SOURCE-DRAIN DIODE CHARACTERISTICS®
K 1
Forward On-Voltag —— ] vsp. | Jescypt [ 11t T vae
Forward Turn-Qn Time YGgs =0} oo Limited by stray Inductance
Reverse Recovery Time Y 100 (Typ) ] = T ng
*Pulse Test: Pulse Width < 300 a5, Duty Cycle & 2%.
{3} Add 0.15 V for IRFZ20,
] o CASE 221A-04
T0-220A8 T hai
—f b P ¥ L mits T s )
| N/ b p :na e 3
TR P e LAk
{ v ;3o 11 |
= i 3
r X ,_‘;;4 I (Y
2, {44 g L
1 Eu
+ j s s - ﬁ i} :
v n memumnm TR L
] L 2 CONTAOLLAG DVENSEAL. LR M
— 1 OBEZ DEFORY A JUAE AMERERL 00T AN = e
'} ua 3 O
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