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ABSTRACT
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This thesis presents the Private Automatic Branch Exchange (PABX) system that

controlled by microcontroller. In order to connect 4 external to 32 internal telephone lines.

That make it to be modules which have small size and portable to install. They can improve

to increase the lines easily and have the high quality with low prices.
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#define ILCI
#define ILC2
#define ILC3
#define ILC4
#define ELCI
#define TC

#define DRC

86

Tsunsunan

0x00 /* Internal Line Card no.1
0x01 /* Internal Line Card no.2
0x02 /* Internal Line Card no.3
0x03 /* Internal Line Card no.4

*/
*/
*/
*/

0x04 /* External Line card no.! (only one card) ¥/

0x06 /* Tone Generator Card
0x05 /* Digit Receiver Card

*/
*/

#define ILCLS244  0x40 /* Chip Select for off-hook detecting on ILC’
#define ILCMT8816 0x80 /* Chip Select for matrix switch on ILC

#define ILCLS373

0x00 /* Chip Select for ringing on ILC

*/

#define ELCMT8816 0x10 /* Chip Select for matrix switch on ELC

#define ELC373

0x08 /* Chip Select for ringing on ELC

*/

#define ILCMT8816STB 0x20 /* Strobe for matrix switch on 1LC

#define X0
#define X1
#define X2
#define X3
#define X4
#define X5
#define X6
#define X7
#define X8
#define X9
#define X10
#define X111
#define X12
#define X13
#define X14
#define X15
#define YO
#define Y1
#define Y2
#define Y3
#define Y4
#define Y5
#define Y6
#define Y7
#define DR
#define DR2
#define DR3
#define DR4

#define SW_ON
#define SW_OFF

0x00 /* X0 of matrix switch on [LC
0x01 /* X1 of matrix switch on ILC
0x02 /* X2 of matrix switch on ILC
0x03 /* X3 of matrix switch on ILC
0x04 /* X4 of matrix switch on ILC
0x05 /* X5 of matrix switch on ILC
0x06 /* X6 of matrix switch on ILC
0x07 /* X7 of matrix switch on ILC
0x08 /* X8 of matrix switch on ILC
0x09 /* X9 of matrix switch on ILC
0x0A /* X10 of matrix switch on ILC
0x0B /* X11 of matrix switch on ILC
0x0C /* X12 of matrix switch on ILC
0x0D /* X13 of matrix switch on ILC
Ox0E /* X14 of matrix switch on ILC
0xOF /* X15 of matrix switch on ILC
0x00 /* YO of matrix switch on ILC
0x10 /* Y1 of matrix switch on ILC
0x20 */* Y2 of matrix switch on ILC
0x30 /* Y3 of matrix switch on ILC
0x40 /* Y4 of matrix switch on ILC
0x50 /* YS of matrix switch on ILC
0x60 /* Y6 of matrix switch on ILC
0x70 /* Y7 of matrix switch on ILC
0x00 /* Digit Receiver |

0x01 /* Digit Receiver 2

0x02 /* Digit Receiver 3

0x03 /* Digit Receiver 4

0x80 /* Set data bit of matrix switch

0x00 /* Reset data bit of matrix switch

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

*/

*/

*/

*/

*/
*/

#define BUSY_TONE 0x10 /* busy tone is Y1 on the chip MT8816

#define ON
#define OFF

]
0

#define TIMERO_COUNT 0x|1

*/

*/
*/

*/

*/
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#define OffHook |
#define OnHook 0

#define Inused  Oxff
#define Idle 0
#define DT ]
#define RT 2
#define Holding 3
H#define FirstDigit 4
#define SecondDigit 5
#define ET 6

#define NU 7
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/* Pline status is on hook
/* Pline status is off hook

/* Junctor #n status is ldle

/* Junctor #n status is Idle

/* Ring Tone was applied to Junctor
/* Junctor is on hold

/* subscriber already dialed first digit

/* subscriber already dialed secone digit

/* Busy tone is applied to junctor
/* NU tone is applied to junctor

#define ALERTING 8 /* alerting

#define CONV

#define MAXDR 3

9 /* conversation

#define MAXJUNCTOR 15
#define PHONELINES 32

#define STOP
#define XON 0x11
#define XOFF 0x13

#include <reg51.h>
#include <3172port.h>
#include <intrins.h>
#include <stdio.h>
#include <string.h>
#include <ctype.h>
#include "lcdemn.h"
#include "keycode.h"

/* assign variable here */

sbit int0_ack = P3/3;

EA =0 ; printf("stopped!!\n");while(1) ;

unsigned char xdata *port;

unsigned char xdata DTMF[4][2];
unsigned char xdata PLINE[32];
unsigned char xdata PLDRMAP[32];
unsigned char xdata BLM[32];
unsigned char xdata DTM([32];
unsigned char xdata AMAP[32];
unsigned char xdata AMAPJT[32];
unsigned char xdata EMAP[32];
unsigned char xdata DRMAP[4];
unsigned char xdata AJT;

unsigned char xdata ADR[4];
unsigned char xdata ADRC[4];
unsigned char xdata ADRMAP[4];
unsigned char xdata LIMAP[32];
unsigned char xdata JLMAP[16];
unsigned char xdata CALLEDJT[32];

unsigned char xdata PL:

/* DTMF Buffer

/* busy line map
/* dial tone map
/* alerting map

/* engaged map

/* phone line

/* phone line status
/* phone line status

/* alerting map to line

/* digit receiver map

/* available junctor

/* available digit receiver
/* available digit receiver
/* available digit receiver
/* line to junctor map

/* junctor to line map

/* junctor to line map

*/
*/

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

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

*/
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unsigned char xdata JT;
unsigned char xdata WIT;

unsigned char xdata ILCOffHookStatus[4]; /* ILC Off Hook Status */
unsigned char xdata ILCAlertingStatus[4]; /* ILC Alerting Status */
unsigned char xdata ILCMT8816Map[4][16]; /* ILC Matrix Switch Map */
unsigned char xdata nextdig; /* last DTMF digit received */
static unsigned char board_number; /* timer tick variable */

typedef struct jnctor {
unsigned char digitreceiver;
unsigned char status;
unsigned char called;
unsigned char firstdigit;
unsigned char seconddigit;
unsigned char calling;

}inctor;

typedef struct dtmfrx {
unsigned char junctor;
unsigned char firstdigit;
unsigned char seconddigit;
unsigned char status;
}dtmfrx;

dtmfrx xdata DTMFRX([4];
jnctor xdata Junctor[16];

unsigned DEEBUG;

void updatelcd(int row);

void editor(void);

void ScanOffHook(void);

void MT88160N(unsigned char linecard,unsigned char junctor,unsigned char slic);
void MT88160FF(unsigned char linecard,unsigned char junctor,unsigned char slic);
void startup(void);

void timer0_initialize (void);

void timer0_delay (unsigned count); /* unit is 100 ms */
void delay (unsigned int count);

void Alerting(unsigned char line, unsigned char onoff);

void DialTone(unsigned char junctor,unsigned char on_off);

void BusyTone(unsigned char junctor,unsigned char on_off);

void RingTone(unsigned char junctor,unsigned char on_off);

void NUTone(unsigned char junctor,unsigned char on_off);

void DTMFDR(unsigned char junctor,unsigned char DR,unsigned char onoff);

void outport(unsigned port_no, unsigned char value);

/##****#####*###########t####################t##*####t#######*##*#########/
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/* MAIN PROGRAM */
/t**ttttt#ttttt#ttttt##ttt*t#*tttttt#*t###tt#*###tt##tt#t#####ttt##t#tt#tt/
void main (void) {

charc;

unsigned dl;

unsigned char ij,k,l;

unsigned char slic,card;

unsigned char DRchip,DRdigit,value;

outport(Port1Ctrl,0x8b); *PA=0,PB=1,PCU=1,PCL=0 %
startup();

timerQ_initialize ();

printf("\n\nReady...\n");

AJT =0;

while(1) {

for(PL = 0; PL < PHONELINES ; PL ++){
card = PL/8;
slic = (PL-8*(PL/8))<<4 ;
for(i=0;i<4;i++){ /* convert offhook map byte to individual byte data */
for(j = 0; j< 8 ; j++){
PLINE[i*8+j] = (ILCOffHookStatus[i] >> D&l
}
}
if(PLINE[PL]){ /* OFF hook */
if(!BLM[PL] && !AMAP[PL]){ /* first time off hook */
/fprintf("\nPLINE[%bd] First time Off hook.\n",PL);
/fprintf("Find Junctor.\n");
for(AJT =0; AJT < MAXJUNCTOR;AJT++){ /* find first vailable
junctor */ if(Junctor[AJT].status == Idle){
LIMAP[PL] = AJT;
JLMAP[AJT] =PL;
Junctor[LIMAP[PL]].status = DT;

break;

}

iffAJT> MAXJUNCTOR && Junctor[0].status == Idle){
AJT=0;
break;

}

}
/printf("Junctor[%bd] found\n",LIMAP[PL]);

for(i = 0; i<= MAXDR; i++){ /* find DTMF receiver */
if(DTMFRX[i].status == Idle){
ADR[i]= PL;
PLDRMAP[PL] = i
DTMFRX(i].status = Inused:
break;
}
if(i > MAXDR && DTMFRX[0].status == Idle){
i=0;
break;

}

MT88160N(card,LIMAP[PL], slic);



[LIMAP[PL]].called]){

' [PL],PL);

)
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Junctor[LIMAP[PL]].calling = PL;
DialTone(LJMAP[PL],SW_ON);
DTMFDR(LJMAP[PL],PLDRMAP[PL],SW_ON);
BLM[PL] = [;

} // 'BLM[PL] && !AMAP[PL]
if(AMAP[PL] && !BLM[PL]){
Alerting(PL,OFF);
RingTone(CALLEDIT[PL],SW_OFF);
MT88160N(card, CALLEDJT[PL]slic);
Junctor[CALLEDJT[PL]].status = CONV; -
LIMAP[PL] = CALLEDJT[PL];
AMAP[PL] = 0;
BLM[PL] =1,

if(Junctor[LIMAP[PL]].status == ALERTING &&!AMAP[Junctor

}

if('PLINE[PL]){

if(BLM[PL]){

if(PL =

iftBLM([Junctor[LJMAP[PL]].called]){
BusyTone(LJMAP[PL],SW_ON);
AMAP[Junctor[LIMAP[PL]].called] = 2;
Junctor[Junctor{LJIMAP[PL]].called].status = ET:
AMAP[PL] = 0;

if(!BLM[Junctor[LJMAP[PL]].called]){
Alerting(Junctor[LJMAP[PL]].called,ON);
Junctor[Junctor[LIMAP[PL]].called].status = RT;
RingTone(LIMAP[PL],SW_ON);
AMAP([Junctor[LIMAP[PL]].called] = I;
AMAP[PL] =0;

/* ON hook

= Junctor[LJIMAP[PL]].calling){

//printf("Junctor[%bd].calling = bd\n",LJIMAP

MT88160FF(card, LIMAP[PLY], slic);

DialTone(LIMAP[PL],SW_OFF); )

DTMFDR(LJMAP[PL],PLDRMAP[PL],SW_OFF);
if(AMAP[Junctor[LJMAP[PL]].called]){
Alerting(Junctor[LIMAP[PL]].called, OFF);
RingTone(LIMAP[PL],SW_OFF);
AMAP[Junctor[LIMAP[PL]].called] = 0;

}

if(Junctor[LIMAP[PL]].status == ET){
BusyTone(LJMAP[PL],SW_OFF);

}
if(Junctor[LIMAP[PL]].status == RT){
RingTone(LIMAP[PL],SW_OFF);

ifJunctor[LJIMAP[PL]].status == NU){
NUTone(LJIMAP[PL],SW_OFF);

Junctor[LIMAP[PL]].status = Idle:
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Junctor[LIMAP([PL]].called = Oxff;
DTMFRX[PLDRMAP[PL]].status = Idle;
BLM([PL]=0;

if((PL == Junctor[LIMAP[PL]].called)){
MT88160FF(card,LIMAP[PL], slic);
Junctor[LIMAP[PL]].status = ET:
Junctor[LIMAP[PL]].called = 0xff:
BLM[PL] =0;

}

if(nextdig){ /* digit available */
DRchip = (nextdig & 0x30)>> 4 ;
DRdigit = (nextdig & 0x40)>> 6 ;
value = (nextdig & 0x0f);
if(value == 10) value = 0;
if(Junctor{LIMAP[ADR[DRchip]]].status == DT){
DialTone(LIMAP[ADR[DRchip]],SW_OFF);
}

switch(DRdigit){
case 0:
Junctor[LIMAP[ADR([DRchip]]].status
FirstDigit;
Junctor[LIMAP[ADR
[DRchip]]].firstdigit = value;
break;
case |:
Junctor[LIMAP[ADR
[DRchip]]].status = SecondDigit;
Junctor[LIMAP[ADR
[DRchip]]].seconddigit = value;
break;

}
if(Junctor[LIMAP[ADR[DRchip]]].status == SecondDigit){
printf("disconnect Digit receiver[%bd] from Junctor
[%bd]\n",DRchip,LIMAP[ADR[DRchip]]);
DTMFDR(LJMAP[ADR[DRchip]],DRchip,SW_OFF);
DTMFRX[DRchip].status = Idle;
Junctor[LIMAP[ADR[DRchip]]].called = Junctor[LIMAP
[ADR[DRchip]]].firstdigit * 10 + Junctor[LJMAP[ADR[DRchip]]].seconddigit;
CALLEDJT[Junctor[LJIMAP[ADR
[DRchip]]].called | = LIJMAP[ADR[DRchip]];
printf(“called line [%bd] <---> Junctor
[%bd]\n",Junctor[LJMAP[ADR[DRchip]]].calIed,LJMAP[ADR[DRchip]]);
Junctor[LIMAP[ADR[DRchip]]].status = ALERTING:

if(Junctor[LIMAP[ADR[DRchip]]].called > 32)¢
printf("Number unavailable (NU) !!:\n");
Junctor[LIMAP[ADR[DRchip]]].status = NU:
NUTone(LIMAP[ADR
[DRchip]],SW_ON);
}
if(Junctor[LIMAP[ADR[DRchip]]].called == Junctor
[LIMAP[ADR[DRchip]]].calling) {
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printf("Busy Sure !!!\n");
Junctor[LJIMAP[ADR[DRchip]]].status = ET;
BusyTone(LIMAP[ADR[DRchip]},SW_ON);

}
}
nextdig = 0;
}
}
} /* while(1) ¥/
}
void startup(void)
unsigned char ij,k;
SCON =0x50; /* SCON: mode 1, 8-bit UART, enable revr */
TMOD |= 0x20; /* TMOD: timer 1, mode 2, 8-bit reload */
TH1 =0xfd; /* TH1: reload value for 9600 baud */
TR1 =1; /* TR1: timer 1 run */
T =1; /* TI: set Tl to send first char of UART */
EX0 =1; /* enable int0 interrupt */
ITO =1, /* set edge interrupt for int0 */
PX0 =1;
AJT =0;

for(i=0;i<4 ; i++){
ILCAlertingStatus[i] = 0; /* reset alerting map */
ADRC[i] = Idle;
DTMFRX[i].status = Idle;

}

for(i = 0; i < 4; i++){
for(j = 0; j <2; j++){
DTMFIi][j] = 0; /*resetall DTMF codeto 0 */

}
P1 = 0x00; /* reset riging relay map */

for(i=0; i<4 ; i++ ){
outport( Port1A, i + I[LCLS373 );

}

for(i = 0; i< 32 ; i++){
BLM[i} =0;
EMAPI[i] =0,
AMAP[i) =0;
DRMAP[i] =0;
DTM[i] =0;
CALLEDIJTIi] = Oxff:
LIMAP[i] =1
Junctorf[i].status = idle;
PLINE[i] = ldle;

H
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static void timerQ_isr (void) interrupt | using |

{

TRO = 0;
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/* stop timer 0 */

TLO = TLO + (TIMERO_COUNT & 0x00FF); /* reload timer 0 */
THO = THO + (TIMERO_COUNT >> 8);

outport( Port1 A, 0xdf);

outport( Portl A, ILC4 + ILCLS244 );
ILCOffHookStatus[ILC4] = ~PI;
outport( Portl A, ILC3 + ILCLS244 );
ILCOffHookStatus[ILC3] = ~PI;
outport( Portl A, ILC2 + ILCLS244 );
ILCOffHookStatus[ILC2] = ~PI;
outport( PortIA, ILCI + ILCLS244 );
ILCOffHookStatus[ILC1] = ~PI;
outport( Portl A, 0xdf);

TRO = I;
}

static void int0_isr (void) interrupt 0 using 2

{

unsigned char a;

/* retreive ILC4 Offhook status */
/* retreive ILC4 Offhook status */
/* retreive ILC4 Offhook status */

/* retreive ILC4 Offhook status */

/* start timer O */

/* clear timer 0 mode bits */
/* put timer 0 into 16-bit no prescale */

EA =0;
int0_ack = 0;
port = 0xf801;
a =*port;

DTMF([(a>>4)&3][(a>>6)& 1] = (a)&0x0f:
int0_ack =1;
EA=1;
nextdig = a&0x7f;

}

void timer0_initialize (void)

{
EA=0; /* disable interrupts */
TRO = 0; /* stop timer 0 */
TMOD &= ~0x0F;
TMOD |= 0x01;
TLO = (TIMERO_COUNT & 0x00FF);
THO = (TIMERO_COUNT >> 8);
PTO =1, /* set low priority for timer O */
ETO=1; /* enable timer 0 interrupt */
TRO=1; /* start timer 0 */
EA =1; /* enable interrupts */

}

void MT88160N(unsigned char linecard,unsigned char X,unsigned char Y)

{
printf( "> [LC[%bd] ",linecard+1);

printf("Y%bd <---> junctor{%bd]\n",Y>>4,X):

EA =0;
PI=X+Y:
port = Portl A;

I
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*port = linecard + ILCMT8816; // chip select = |
Pl=X+Y; // address
port = Portl A;

*port = linecard+lLCMT88l6+lLCMT88l6STB; // strobe = 1 to latch address
Pl =X +Y + 0x80;

port = PortlA;

*port = linecard + ILCMT8816; // strobe = 0 to latch data

EA =1;

void MT88160FF(unsigned char linecard,unsigned char X,unsigned char Y)

{

}

printf("> ILC[%bd] ",linecard+1 ); /
printf("Y%bd <-X-> junctor[%bd].\n",Y>>4,X); /A s S Saad A L LT LT
EA =0;

PI=X+Y;

port = Portl A;

*port = linecard + ILCMT8816; // chip select = |
PI=X+Y; // address

port = PortlA;

*port = linecard+ILCMT8816+ILCMT8816STB: // strobe = 1 to latch address
PI=X+Y;

port = Portl A;
*port = linecard + ILCMT8816:; // strobe = 0 to latch data
EA =];

void DialTone(unsigned char junctor,unsigned char on_off)

{

}

printf("> Dial Tone "); I
switch(on_off){
case SW_ON: printf("'<---> ");break;
case SW_OFF:printf("<-X-> ");break;//
}
printf("junctor[%bd].\n" junctor); [/ FREEEERR AR R H
outport( Portl A,0x06);
P1 = (junctor + Y3) | on_off;
outport( PortlA,0x06+ILCMT8816STB);
outport( Portl A,0x06);

void BusyTone(unsigned char junctor,unsigned char on_off)

printf("> Busy Tone"); "
switch(on_off){
case SW_ON: printf("<---> ");break;
case SW_OFF:printf("<-X-> ");break;/
}
printf("junctor[%bd].\n" junctor); [IHFFRERRRR SRR AR AR R AR AN F
outport( Port1 A,0x06);
P1 = (junctor + Y1) | on_off;
outport( PortI'A,0x06+ILCMT88 16STB);
outport( Portl A,0x06);
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void RingTone(unsigned char junctor,unsigned char on_off)
{
printf("> Ring Back Tone "); f
switch(on_off){
case SW_ON: printf("<---> ");break;
case SW_OFF:printf("<-X-> ");break://
) .
printf("junctor{%bd].\n" junctor); /ARl L LA L L LI L
outport( Port1 A,0x06);
Pl = (junctor + YO0) | on_off;
outport( Port1 A,0x06+ILCMT8816STB);
outport( Port] A,0x06);
}
void NUTone(unsigned char junctor,unsigned char on_off)
{
printf("> NU Tone "); //
switch(on_off){
case SW_ON: printf("<---> ");break;
case SW_OFF:printf("<-X-> ");break;//
}
printf("junctor{%bd].\n" junctor); [ HFEREEEREERR AR AR LS
outport( Portl A,0x06);
P1 = (junctor + Y2) | on_off;
outport( Port! A,0x06+ILCMT8816STB);
outport( Port1 A,0x06);
}

void Alerting(unsigned char line,unsigned char onoff)

{

unsigned char a,card,slic;

printf("> Alerting on line ILC[%bd], slic[%bd], status:",(line/8)+1 ,line - 8*(line/8))
card = line/8;

slic = line - 8*(line/8);

outport( Port1 A, 0xDF );

P1 = ILCAlertingStatus[card];

if(onoff == ON){
printf("ON.\n");
a=] << (slic);
ILCAlertingStatus[card] |= a;
}else

if(onoff == OFF){
printf("OFF.\n");
a=1 << (slic);
ILCAlertingStatus[card] &= (~a);
}

outport(Portl A, (card) + ILCLS373);
Pl = ILCAlertingStatus[card];
}

void outport(unsigned port_no, unsigned char value)

{

[}
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EA =0;

port = port_no;
*port = value;
EA=1;

}

void DTMFDR(unsigned char junctor,unsigned char DR,unsigned char onoff)
{
printf("> DTMFRX[%bd] ",DR);
switch(onoff){
case SW_ON : printf("<---> Junctor[%bd].\n" junctor); break:
case SW_OFF: printf("<-X-> Jjunctor[%bd].\n" junctor); break:

’

}

outport( Portl A,0x05);

PI = (junctor + (DR<<4)) + onoff:
outport( Portl1 A,0x05+ILCMT8816STB);
outport( Port1 A,0x05);
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/#*###tt‘****t*###*****#####*##*#**######*#####*#######*####*#######/

/* Program for control reginal processor */
/* Date 1 April 27, 1998. */
/* Programmer  : Koson Trachu */
/* Jaray Arunsaengngoen */
/* Hardware Engineer: Chaiyaporn Saisanit */
* */
/* This processor has following task: */
/* - Scan for DTMF, when subscriber line release push button */
/*  the reginal processor(RP1) will be interrupt the Central */
/*  Processor (CP1) with below protocal */
/* Std pin on 1 of 4 tone decode go low. */
™ RP1 capture event, analysis address and data from */
/* tone decoder. */
* RP1 prepare data and send to P2. */
/* RPI force INTCPI to LOW. */
™ CPI response with force cpul_ack to LOW. */
* CP1 read data from P2 of RP1 */
* RP1 set INTCPI to HIGH */
/* CPI set cpul_ack to HIGH */
* ' */
/* - Generating all kind of audible tone to communicate with */
/*  subscriber. */
/* P1.4 Busy Tone (Engaged Tone) : ET */
™ P1.5 Ring Tone :RT */
I* P1.6 350Hz for Dial Tone  : DTI */
1* P1.7 450Hz for Dial Tone  :DT2 */
/* P2.7 Number Unobtainable Tone : NU */
/* */
/*  Timer0 generating the main frequency at 6,300 Hertz. */
/*  Timerl generating the frequency at 400 Hertz. */
*  350Hz is generate by divide main frequency by 18. */
/*  450Hz is generate by divide main frequency by 14. */
/*  Busy Tone is generate by complement P1.4 on T1 timeout. */
/*  Ring Tone is generate by anded 400Hz with 0.2Hz */
/*  NU Tone is generate by */
* - Anded 5Hz with 0.3Hz */
/* - complement above tone then anded with 400Hz. */
/% */

/####**#t***#t**######t#*##############*######*#*##########/

#include <reg51.h>

#include <stdio.h>

#include <intrins.h>

#define TIMERO_COUNT OxFFCO /* 6300 Hz = FFBCH */
#define TIMERI_COUNT 0xFB8A /* 400 Hz = FB8SA */

sbit TOE0 = P1"0;
sbit TOEl =PIl~[;
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sbit TOE2 =P172;
sbit TOE3 =PI/3;
sbit INTCP1 = P3/3;
sbit CPUIACK = P372;

sbit ET = P14,
sbit RT = P15,
sbit DT = PI176;
sbit DT2 = P17,
sbit NU = P27,

sbit ALT1 =P374;
sbit ALT2 = P375;

unsigned char PreviousStdStatus = 0;
unsigned char CurrentStdStatus = 0;
unsigned char dtmfvalue = 0;
unsigned char dtmfdigit[4] = {1,1,1,1};
unsigned char newdigit;

unsigned char strobe,digit,dt;

static unsigned DT1_tick;

static unsigned DT2_tick;

static unsigned ET _tick;

static unsigned Clk1Hz;

static unsigned RT _tick;

static unsigned NU _tick;

unsigned char NU_EN;

static unsigned clk1Hz;

unsigned char RT_EN;

void timer_initialize (void);

void main()

{
timer_initialize();

DTI tick=0;
DT2_tick=0;
ET tick =0;
ClklHz =0;
RT tick =0;
NU EN =1;
clklHz =1;
RT EN =1;

EX0 =1; /* enable int0 interrupt */
ITO =1; /* set edge interrupt for int0 */

98

PX0 =1, /* set high priority */

EA =1; /* enable all interrupt */

Pl =0,
INTCPI1 = 1;

while(1){

if{ DT2_tick >= 12) {
DT2_tick = 0"

/* generating 450 Hertz clock. */
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DT2 =~DT2;
}

if( DT _tick >=16) {  /* generating 350 Hertz clock. */
DT1_tick =0;
DTI =~DTI,

}

if ET_tick >=400) { /* generating | Hertz clock for enable ET */
ET tick =0;
ClklHz = ~ClkIHz;

} .

if('RT_EN) && (RT_tick >= 1500)){ /* Ring Tone On */
RT_tick =0;
RT_EN=1;
ALTI =1;
ALT2 =0;

}

if((RT_EN) && (RT_tick >= 600)){ /* Ring Tone Off */
RT_tick =0;
RT_EN=0;
ALTI =0;

ALT2=1;

}

if((NU_EN ==1) && (NU_tick >= 132)){ /* NU Tone On | 166ms */

NU_tick =0;
NU_EN =2;
}

if((NU_EN ==2) && (NU_tick >= 132)){ /*NU Tone Off | 166ms

NU _tick =0;
NU_EN = 3;
}

if((NU_EN ==3) && (NU_tick >=132)){ /* NU ToneOn2 166ms

NU_tick =0;
NU_EN =4;
}

if((NU_EN ==4) && (NU_tick >= 132)){ /* NU Tone Off2 166ms

NU_tick =0;
NU EN=S5;
}

if((NU_EN ==5) && (NU_tick >= 132)){ /* NU ToneOn3 166ms

NU_tick =0;
NU_EN =6;
}

if((NU_EN ==6) && (NU_tick >= 132)){ /* NU Tone Off 3 166ms

NU_tick =0;
NU_EN =7,

*

/
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i}f((NU_EN ==T) && (NU_tick >= 800)){ /* NU Tone On4 1000ms */
NU_tick =0;
NU_EN = 8;

}

if{(NU_EN ==8) && (NU_tick >= 240)){ /* NU Tone Off4 166ms */
NU_tick =0;
NU EN=|;

}

PreviousStdStatus = CurrentStdStatus;
CurrentStdStatus = (P0&0xf0) >> 4;
for(strobe=0; strobe<=3; strobe++){
if(!(CurrentStdStatus >> strobe& 1) && (PreviousStdStatus >> strobe& 1)){
switch(strobe){
case 0:
TOEO =1;
newdigit = 0;
digit = dtmfdigit[0] = ~dtmfdigit[0] & 1;
dtmfvalue = PO & 0x0f;
TOEO =0;
break;
case |:
TOEl = 1;
newdigit = 1;
digit = dtmfdigit[1] = ~dtmfdigit[1] & 1;
dtmfvalue = PO & 0x0f:
TOE1 =0;
break;
case 2:
TOE2 =1;
newdigit = 2;
digit = dtmfdigit[2] = ~dtmfdigit[2] & I;
dtmfvalue = PO & 0x0f;
TOE2 =0;
break;
case 3:
TOE3 =1;
newdigit = 3;
digit = dtmfdigit[3] = ~dtmfdigit[3] & 1;
dtmfvalue = PO & 0x0f;
TOE3 =0;
break;
}
dt=0;
dt = dtmfvalue ;
dt = dt | (newdigit << 4);
dt = dt | digit << 6;
P2 = dt;
INTCPI =0;

static void int0_isr (void) interrupt 0 using |
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{
EA =0 /* disable all interrupt */
INTCP1 =1; /* handshaking with Central Processor */
EA =1, /* enable all interrupt */
}
static void timerQ_isr (void) interrupt | using 2
{
/* 6300 Hz generator
TRO =0; /* stop timer 0 */
TLO =TLO + (TIMERO_COUNT & 0x00FF); /* reload timer 0 value low byte */
THO = THO + (TIMERO_COUNT >> 8);  /* high byte */
TRO = 1; /* start timer 0 */
DT1_tick ++;
DT2_tick ++;
}
static void timer]_isr (void) interrupt 3 using 3
{
TR1=0; /* stop timer 1 */
TL1=TLI + (TIMER1_COUNT & 0x00FF); /* reload timer 1 value low byte */
TH1 =THI + (TIMER1_COUNT >>8); /* high byte */
TRI =1; /* start timer 1 */
ET_tick ++;
RT_tick ++;
NU_tick ++;
if(Clk1Hz){
ET=~ET;
}
if(RT_EN){
RT =~RT;
}
if((NU_EN & 0x01) == 1){
NU =~NU;
}
}
void timer_initialize (void)
{
EA =0; /* disable interrupts */
TRO =0; /* stop timer 0 */
TR1 =0; /* stop timer | */
TMOD =0x11; /* put timer 0 into 16-bit no prescale */
TMOD = 0x01; /* put timer 0 into 16-bit no prescale */

TLO =(TIMERO_COUNT & 0x00FF); /* load timer 1 value low byte */
THO =(TIMERO_COUNT >>8); /* high byte */
TL1 = (TIMERI_COUNT & 0x00FF); /* load timer I value low byte */
TH1 =(TIMERI_COUNT >>8); /* high byte */

PTO =0; /* set low priority for timer 0 */
PTI =0; /* set low priority for timer 1 */
ETO =1, /* enable timer 0 interrupt */
ET1 =1, /* enable timer O interrupt */
ITO =1; /* set edge interrupt for int0 */
TRO =1; /* start timer 0 */

TRI =1; /* start timer | */

EA=1; /* enable all interrupts */
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ISO-cMOS  MT8816
8 x 16 Analog Switch Array

Features
* Internal control latches and address decoder

* Short set-up and hold times

* Wide operating voltage: 4.5V to 13.2V

* 12Vpp analog signal capability

* Rpopn 65Q max. @ Vpp=12V, 25°C

* ARpN S10Q @ Vpp=12V, 25°C

* Full CMOS switch for low distortion

* Minimum feedthrough and crosstalk -

* Separate analog and digital reference supplies
* Low power consumption ISO-CMOS technology

Applications
* Key systems
* PBX systems
* Mobile radio

ISSUE 2 Novermber 1988
Ordering Information
MT8816AC 40 Pin Ceramic DIP
MT8816AE 40 Pin Plastic DIP
MTB8816AP 44 Pin PLCC
-40° to 85°C
Description

The Mitel MT8816 is fabricated in MITEL's ISO-
CMOS technology providing low power dissipation
and high reliability. The device contains a 8 x 16
array of crosspoint switches along with a 7 to 128
line decoder and latch circuits. Any one of the 128
switches can be addressed by selecting the
appropriate seven address bits. The selected switch
" can be turned on or off by applying a logical one or
zero to the DATA input. V gg is the ground refer-ence
of the digital inputs. The range of the analog signal
is from Vpp to Vgg. Chip Select (CS) allows the

+ Test equipment/instrumentation crosspoint array to. be cascaded for matrix
» Analog/digital multiplexers expansion.
* Audio/Video switching
CS STROBE DATA RESET VDD VEE  VvsS
. —
Y
AX0 ! ! -
AX1 .
Axa > 8 x 16 :
7 to 128 . :
AX : )
3 Decoder Latches Switch : X o,
AYO Array :
AY1
AY2 128 128 :
[ [
' Yi /O (1=0-7)

Figure 1 - Functional Block Diagram
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STROBE [] 18 2311 Ax2 TR
vs CJ 19 227 ax1 vra>w>xx>>9
VEE [] 20 21 [ vs > 9 > <<«
7]
40 PIN CERDIP/PLASTIC DIP 44 PIN PLCC

Pin Description

Figure 2 - Pin Connections

Pin #* Name Description
1 Y3 Y3 Analog (Input/Output): this is connected to the Y3 column of the switch array.
2 AY2 1Y2 Address Line (Input).
RESET Master RESET (Input): this is used to tumn off all switches regardless of the condition of
CS. Active High.
4,5 AX3,AX0 |X3 and X0 Address Lines (Inputs) .
6,7 X14, X15 [X14 and X15 Analog (Inputs/Outputs): these are connected to the X14 and X15 rows of
the switch array.
8-13 X6-X11 [X6-X11 Analog (Inputs/Outputs): these are connected to the X6-X11 rows of the switch
array.
14 NG No Connection
15 \7 Y7 Analog (Input/Output): this is connected to the Y7 column of the switch array.
16 Vgg |Digital Ground Reference.
17 Y6 Y6 Analog (Input/Output): this is connected to the Y6 column of the switch array.
18 STROBE |STROBE (Input): enables function selected by address and data. Address must be stable
before STROBE goes high and DATA must be stable on the failing edge of the STROBE.
Active High. )
19 Y5 Y5 Analog (Input/Output): this is connected to the Y5 column of the switch array.
20 Veg Negative Power Supply.
21 Y4 Y4 Analog (Input/Output): this is connected to the Y4 column of the switch array.
22,23 | AX1,AX2 |X1 and X2 Address Lines (Inputs).
24,25 | AY0,AY1 Y0 and Y1 Address Lines (Inputs) .

* Plastic DIP and CERDIP only
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Pin Description (continued)

Pin #* Name

Description

the switch array.

26,27 |X13, X12 [X13 and X12 'Analog (Inputs/Outputs): these are connected to the X13 and X12 rows of

28 -33 X5-X0 |X5-X0 Analog (Inputs/Outputs): these are connected to the X5-X0 rows of the switch

armay.

34 NC No Connection.

35 YO Y0 Analog (Input/Output): this is connected to the YO column of the switch array.

36 (04 Chip Select (Input): this is used to select the device. Active High.

37 Y1 Y1 Analog. (Input/Output): this is connected to the Y1 coiumn of the switch array.

38 DATA |DATA (Input): a logic high input will turn on the selected switch and a logic low will turn off
the selected switch. Active High,

39 Y2 Y2 Analog (Input/Output): this is connected to the Y2 column of the switch array.

40 Vpp [|Positive Power Supply.

* Plastic DIP and CERDIP only

Functional Description

The MT8816 is an analog switch matrix with an array
size of 8 x 16. The switch array is arranged such that
there are 8 columns by 16 rows. The columns are
referred to as the Y inputs/outputs and the rows are
the X inputs/outputs. The crosspoint analog switch
array will interconnect any X 1/O with any Y 1/O when
turned on and provide a high degree of isolation
when turned off. The control memory consists of a
128 bit write only RAM in which the bits are selected
by the address inputs (AY0-AY2, AX0-AX3). Data is
presented to the memory on the DATA input. Data is
asynchronously written into memory whenever both
the CS (Chip Select) and STROBE inputs are high
and are latched on the falling edge of STROBE. A
logical “1" written into a memory cell turns the
corresponding crosspoint switch on and a logical “0"
turns the crosspoint off. Only the crosspoint switches
corresponding to the addressed memory location are
altered when data is written into memory. The
remaining switches retain their previous states. Any
combination of X and Y inputs/outputs can be
interconnected by establishing appropriate patterns
in the control memory. A logical “1” on the RESET
input will asynchronously return all memory locations
to logical  “0" turning off all crosspoint
switches regardiess of whether CS is high or low.
Two voltage reference pins (Vgg and Vgg) are
provided for the MT8816 to enable switching of
negative analog signals. The range for digital
signals is from Vpp to Vgg while the range for analog
signals is from Vpp to Vgg. Vgg and Vgg pins can be
tied together if a single voltage reference is needed.

Address Decode

The seven address inputs aleng with the STROBE
and CS (Chip Select) are logically ANDed to form an
enable signal for the resettable transparent latches.
The DATA input is buffered and is used as the input
to all latches. To write to a location, RESET must be
low and CS must go high while the address and data
are set up. Then the STROBE input is set high and
then low causing the data to be latched. The data
can be changed while STROBE is high, however, the
corresponding switch will turn on and off in
accordance with the DATA input. DATA must be
stable on the falling edge of STROBE in order for
correct data to be written to the latch.
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- Voltages are with respect to &g unless otherwise stated.

Parameter | Symbol Min Max Units

1 { Supply Voltage Voo -0.3 16.0 \
_ Vss -0.3 Vpp+0.3 \Y

2 | Analog Input Voltage Vina -0.3 Vpp+0.3 Vv
3 | Digital Input Voltage Vin Vgs-0.3 Vpp+0.3 \
4 | Current on any I/Q Pin | +15 mA
5 | Storage Temperature Ts -65 +150 °C
6 | Package Power Dissipation PLASTIC DIP Pp 0.6 W
CERDIP Pp 1.0 w

* Exceeding these values may cause permanent damage. Functional operation un

der these conditions is not implied,

Recommended Operating Conditions - Voltages are with respect to \Lg unless otherwise stated,

Characteristics Sym | Min | Typ Max Units Test Conditions
Operating Temperature To -40 | 25 85 °C |
2 | Supply Voltage Vop 4.5 13.2 \
3 | Analog Input Voltage Vina | Vee Vop \"
4 | Digital Input Voltage Vin Vss Voo v
DC Electrical Character i_stics'f- Voltages are with respect to Vee=Vss=0V, Vpp =12V unless otherwise stated.
Characteristics Sym Min Typ* ! Max Units Test Conditions
1 | Quiescent Supply Current oD 1 1 100 A All digital inputs at ViN=Vgs or
. Voo ,
0.4 1.5 mA | All digital inputs at V j\=2.4V +
VSS; Vss=7.0V
5 15 mA | All digital inputs at V ,y=3.4V
2 | Off-state Leakage Current IOFF +1 =500 nA IVXi - VY]' = VDD N VEE
(See G.9 in Appendix) See Appendix, Fig. A.1
3 | Input Logic “0" level Vi 0.8+Vgg \ Vgs=7.5V; Vgg=0V
4 | Input Logic “1" level Vig | 2.0+Vgg | \Y Vss=6.5V; Vgg=0V
5 | Input Logic “1” level Viy 3.3 \'
6 | Input Leakage (digital pins) I Leak 0.1 10 pA All digital inputs at Vin = Vgg
or VDD

t Typical figures are at 25°C and are

t DC Electrical Characteristics are over re

commended temperature range.
for design aid only: not guaranteed and not subject to production testing.

DC Electrical Characteristics-

Switch Resistance - Vpg is the external DC offset applied at the analog /0 pins.

Characteristics Sym 25°C 70°C 85°C Units Test Conditions
Typ I Max | Typ | Max Typ | Max i
1iOn-state  Vpp=12V ! Rgy | 45 | 65 75 80 Q  Vgg=Vge=0V.Vpe=Vpp/2,
Resistance Vpp=10V 55 ' 75 85 i 90 Q IVyiVyil = 0.4V
i Vpp= 5V 120 185 215 ' 225 Q2 See Appendix, Fig. A.2
(See G.1, G.2, G.3in i A |
Appendix) ! l
2 ,Difference in on-state ARpoN ! 5 ‘ 10 10 ! 10 Q ‘VDD=1 2V. Vgg=Vgg=0,
.resistance between two ‘ Vpc=Vpp/2,
switches i ! IVyi-Vyjl = 0.4V
I(See G.4 in Appendix) f | ‘See Appendix, Fig. A.2
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Vee=-7V, unless otherwise stated.
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point Performance-voitages are with respect to \pp=5V, Vgg=0V,

Characteristics Sym | Min | Typ t | max | Units Test Conditions
1 | Switch 1/O Capacitance Cs 20 pF f=1 MHz
2 | Feedthrough Capacitance Ce 0.2 pF | f=1 MHz
3 | Frequency Response Fags 45 MHz | Switch is “ON™ Vina = 2Vpp
Channet “ON" sinewave; Ry = 1kQ
20LOG(Voyt/Vxj)=-3dB See Appendix, Fig. A.3
4 | Total Harmonic Distortion THD 0.01 % Switch is “ON™; V |ya = 2Vpp
(See G.5, G.6 in Appendix) sinewave f= 1kHz: R =1kQ
5 | Feedthrough FOT -95 dB | All Switches “OFF"; V o=
Channel “OFF" 2Vpp sinewave f= 1kHz:
Feed.=20LOG (V oy1/Vx) R = 1kQ.
(See G.8 in Appendix) See Appendix, Fig. A.4
6 | Crosstalk between any two Xialk -45 dB | Vina=2Vpp sinewave
channels for switches Xi-Yi and f= 10MHz; Ry =750
Xj-Yj. -90 dB Vina=2Vpp sinewave
' f= 10kHZ; RL = 600Q.
Xtalk=20LOG (VyvfVx)- -85 dB { Viya=2Vpp sinewave
("See G.7 in Appendix). f= 10kHz; R = 1kQ.
1 -80 dB | Viya=2Vpp sinewave
; f= 1kHz; R = 10kQ.
Reter to Appendix, Fig. A.5
for test circuit.
7 | Propagation delay through tps 30 ns R =1kQ: C| =50pF
switch

t Timing is over recommended temperature range. See Fi
$ Typical figures are at 25°C and are for design aid only;
Crosstalk measurements are for Plastic DIPS only, cro:

Vge=-7V, unless otherwise stated.

g. 3 for control and I/0 timing details.
not guaranteed and not subject to production testing.
sstalk values for PLCC packages are approximately 5d8 better,

AC Electrical Characteristicst - Control and I/0 Timin

gS- Voltages are with fespect to \hp=5V, Vsg=0V,

Characteristics Sym Min |Typ?* | Max | Units Test Conditions

1 | Control input crosstalk to switch CXiax 30 mVpp | V=3V squarewave;

(for CS, DATA, STROBE, Rin=1kQ, R =10kQ.

Address) See Appendix, Fig. A.6
2 | Digital Input Capacitance Cp 10 pF f=1MHz
3 ! Switching Frequency Fo 20 MHz .
4 | Setup Time DATA to STROBE tbs 10 ns |R.=1kQ C_=50pF *
5 | Hold Time DATA to STROBE toH 10 ns R =1kQ C_=50pF *
6 | Setup Time Address to STROBE | tag 10 ns  |R=1kQ C_=50pF *
7 | Hold Time Address to STROBE t A 10 ns [Ry=1kQ C_=50pF °
8 | Setup Time CS to STROBE tcss | 10 ns |R =1kQ C_=50pF °
9 | Hold Time CS to STROBE tesy | 10 ns |Ry=1kQ C_=50pF ©
10 [ STROBE Pulse Width tspw 20 ns Ry= 1k C_=50pF ¥
11 | RESET Pulse Width tapw | 40 ns |R=1kQ C_ =50pF ®
12 | STROBE to Switch Status Delay tg 40 | 100 ns |R=1kQ C,=50pF ¥
13 | DATA to Switch Status Delay tp 50 | 100 ns |Ry =1kQ C =50pF ¥
14 | RESET to Switch Status Delay tg | | 35 100 © ns IR =1kQ C_=50pF ¥

t Timing is over recommended tem
Digital Input rise time (tr) and fall
§ Typical figures are at 25°C and are for design aid ont

D Refer to Appendix, Fig. A.7 for test circuit,

perature range.
time (i) = Sns.

See Fig. 3 for control and 1/0 timing details,

y: not guaranteed and not subject to produétlon testing.
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* See Appendix, Fig. A.7 for switching waveform

I
50% ! 50%
cs [ | / ' Rew ) 1
| | !
,I ll ! ! 50% 50%
RESET t T
| I‘&ﬂ | 1 | |
STROBE m J:l s ;
=T
. ths—=1 e - l [ |
ADDRESS 50% IX ' I Xson ‘ ! :
! T T t }
ot - ey | | !
L [} 1 | ]
DATA sk, Ksow ! l l
~ I
TEen T
! !
ON § ] t
SWITCH" f X X T\ Y4
' ' [ i s |l
1o ! Votg ! R O
Figure 3 - Control Memory Timing Dlagram

AYO

Table 1. Address Deccde Truth Table

* Swilch connections are not in ascending order

AX0 AX1 AX2 AX3 AY1 AY2 Connection”
0 0 0 ] 0 0 0 X0-YO
1 0 0 0 0 0 0 X1-YO
0 1 0 0 0 0 0 X2-Y0
1 1 0 1] 0 [\] 0 X3-YO
0 0 1 [} 0 0 0 X4-Y0
1 0 1 [} 0 0 0 X5-Y0
0 1 1 0 0 0 0 X12-Y0
1 1 1 0 0 0 0 X13-Y0
0 1] 0 1 0 0 0 X6-Y0
1 0 0 1 0 o] 0 X7-Y0
0 1 0 1 [1] 0 0 X8-Y0
1 1 (1] 3 [1] 0 1] X9-YO
0 0 1 1 [1] 1] 0 X10-YO
1 [b] 1 1 [1] 1] 0 X11-Y0
0 1 3 1 0 0 0 X14-Y0
1 1 1 3 1] 0 0 X15-Y0
0 0 1] 1 X0-Yy1 *
1 i ? 4 1 ? ? Y l
1 1 1 - 1 1] 1] X15-Y1
0 0 0 0 0 1 1] X0-Y2
g i } i g H g 97
1 1 1 ki 0 1 0 X15.Y2
0 0 0 ) 1 1 0 X0-Y3
7 § l ? i i i i
b 1 1 1 1 1 4] X15-Y3
o] 0 0 [} 1 X0-Y4
i 9 3 ¢ i g ] 97
b 1 1 : 1] 0 1 X15.Ya
0 Q 1 1 X0-Y5
! 9 g ) o ? H 71
b 1 1 1 0 1 X15-Y5
Q 0 0 1 1 X0-Y6
: ) g y 9 i ! i
N 1 1 - 1] ] 1 X15-Y6

) b 1 1 1 X0-Y7
9 { ? ? ] ! ! Y
1 1 1 1 1 1 X15-Y7
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* Compatible with MCS-51™ Products

* 4K Bytes of In-System Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

¢ Three-Leve! Program Memory Lock

« 128 x 8-Bit Internal RAM

« 32 Programmable I/O Lines

+ Two 16-Bit Timer/Counters

* Six Interrupt Sources

* Programmable Serial Channel

+ Low Power idle.and Power Down Modes.

Description

The ATBIC51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM}). The
device is manufactured 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 con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel ATBIC51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-

cations.

Pin Configurations
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) lock Diagram
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 1/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serialiport. on-chip oscillator and clock cir-
cuitry. In addition, the ATBICS51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The idie Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all 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 I/O port. As an
output port each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

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

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

Port 1

Port 1 is an 8-bit bidirectional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When t1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs.
Port 1 pins that are externally being pulled low will source
current (I ) because of the internal pullups.

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

Port 2

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

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application it uses strong internal pullups

-~

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ Rl), Port 2 emits the
contents of the P2 Special Function Register.

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

Port3

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 (i) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P31 TXD (serial output port) b
P32 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1) ]
P3.4 TO (timer O external input)

P3.5 N i T1 (timer 1 external input)

P3.6 WR (external data m;r:c;rﬁr}t: -strc;l;s

P3.7 RD (external data memory read strobe) 1

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

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

ALE/PROG

Address Latch Enable 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. i

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
puise is skipped during each access to external Data Mem-
ory.

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

PSEN
Program Store Enable is the read strobe to external pro-
gram memory.
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When the ATB9C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EANpp _

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

EA should be strapped to V¢ for internal program execu-
tions.

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

XTAL1
Input to the inverting oscillator amplifier and input to the
internal 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
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, 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 following the one that invokes Idie
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

cz2
N —} ~———I——— XTAL2
(]
c1 T
)| ———e—  XTALt
.l:————§ GND

Note: C1,C2 =30pF+10 pF for Crystals

=40 pF + 10 pF for Ceramic Resonators
Figure 2. External Clock Drive Configuration

There are no requirements on the duty cycle of the external

clock signal, since the input to the internal clocking circuitry NC =1 XTAL2

is through a divide-by-two flip-flop, but minimum and manxi-

mum voltage high and low time specifications must be

observed.

EXTERNAL
OSCILLATOR ———-—{ XTAL1

Idle Mode SIGNAL

In idle mode. the CPU puts itself to sieep while all the on- -

chip peripherals remain active. The mode is invoked by .

software. The content of the on-chip RAM and all the spe- | GND

cial functions registers remain unchanged during this 1

mode. The idie mode can be terminated by any enabled =

interrupt or by a hardware reset.

Status of External Pins During Idle and Power Down Modes
Mode ' Program Memory ALE PSEN f PORTO PORT1 PORT2 : PORT3
Idle ; lntefnal ‘ 1 , 1 L Data Data Data I Data
Idle * External _ R | 1 ' Float = Data Address ' Data
Power Down _IL internal o, 4} Data ‘ Data ' Data i Data
Power Down : External 0 f 0 . Float ' Data I Data . Data
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Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. 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 V¢ is
restored to its normal operating leve! and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional 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 pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the tatched value of EA be in agreement with
the current logic leve! at that pin in order for the device to
function properly.

Program Lock Bits ! Protection Type

| LB1 | LB2 | LB3

1 U : V] | U No program lock features.
2 P [ U : U ; MOVC instructions executed from external program memory are disabled from fetching code

' ' ; bytes from internal memory, EA is sampled and latched on reset, and further programming of the

: ' | , Flash is disabled.

T I o T T
: : i ; Same as mode 2, also verify is disabled.
i - -

4 : : IL P ) Same as mode 3, also external execution is disabled.

Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voitage
(V) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
ATB9C51 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
Top-Side Mark | ATB9CS1 " AT89CS 1
XXXX l XXXX-5
: yyww L Lyyww
Signature T (030H)=1EH T (030H)=1EH
(031H)=51H | (031H)=51H
| (032H)=FFH ! (032H)=05H

The ATBICS51 code memory array is programmed byte-by-
byte in either programming mode. 7o program ahy 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

ATB9C51, 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 AT89C51, take the follow-

ing steps.

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

2. Input the appropriate data byte on the data lines.
Activate the correct combination of control sngnals

4. Raise EANpp to 12V 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 ATB9C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written witl result in the com-
plement of the written 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 is pulled high again when programming is
done to indicate READY.

w
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Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing 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,

031H, and 032H, except that P3.6 and P3.7 must be pulled
to a logic low. The values retumed are as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

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

All major programming vendors offe: worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Flash Programming Modes

Mode RST | PSEN ' ALE/PROG EANpp | P2.6 | P27 . P36 | P37
Write Code Data H L ) H2v L " H " H ' R
~
Read Code Data . H L H H L L . H H N
Write Lock " Bit - 1 H L ! ’ Hi12v H H | H H
; N
i
1 ! — b
Bit - 2 H ! L j HA2V H H oL L
CBit-3 HooooL Hi2v | H Lo, H L
! PN i ;
T T ER R S R S N
Chip Erase H L ' ) HA2V  H Lo L
N | i
X l |
Read Signature Byte H L ! H Ho oL Lo L

Note: 1. Chip Erase requires a 10-ms PROG pulse.




Figure 3. Programming the Flash
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Figure 4. Verifying the Flash

+5V +5V
AT89C51 Q AT89C51 9
aooR, 2 AT L by Vee f—o- aoop. A0 A7t o, Vg |
H/OFFFH OOOOH/OFFFH PGM DATA
Oo00HO P20 - P23 PO ¢— Eg’T"f\ P20 - P23 PO |-» (USE 10K
A8 - A11 A8 - A1 PULLUPS
= ——>] P2.6 -—»] P26 )
SEE FLASH | ——»{ P2.7 ALE |¢—— PROG SEE FLASH ] —» P2.7 ALE
PROGRAMMING — PROGRAMMING —
MODES TABLE | ——% P3.6 MODES TABLE | —#| P3.6 y
> P3.7 L.~ P37 T ™
————— —] XTAL2 EA fe—— VNV, - @ - XTAL2 EA lem-d
|
i
324 MHz | = 324 MHz | &
e —
— = L
i co
i ;
~-—0————F+— XTAL1 RST fe— v, —e————— XTAU RAST |- — V,,
GND PSEN |- &—{ GND PSEN
I 1 - L
Flash Programming and Verification Characteristics
Ta=0°Cto 70°C, Vg = 5.0 + 10%
Symbol Parameter Min x Max Units
Vppl! | Programming Enable Voltage 115 ' 12.5 , v
lppt" : Programming Enable Current : 1.0 ' mA
1tcLeL ! Oscillator Frequency ) 3 ! 24 ' MHz
| H .
I
taveL ' Address Setup to PROG Low ! 48tc oL | !
T - 1 e T <
taHAX | Address Hold After PROG f sBtoc, |
tove | Data Setup to PROG Low Bloo | T
l FROG i ) -
| tarox } Data Hold After PROG 48tc L , ] B
temsH | P2.7 (ENABLE) High to Vpp 48tc oL ’ i
T—- [ — = - - ———
tsHaGL Vpp Setup to PROG Low _L_ 10 us
.4 R EEN A B
tanst ! , Vpp Hold After PROG - 10 s
——- - e —— e —— R SN ——————
toLGH ;_Pnoe Width 1 110 ! us
| GLGH ———— e e e e i
_EAYOV ; Address to ?a_t% Valid o L *~--—ir~— o 48tCLQl:__ :— o
e  ENABLE Low to Data Vel s ..~ N R
teHQz Data Float After ENABLE *‘+ 0 48t ot [
toHBL PROG High to BUSY Low | ' 1.0 ‘ us
Py e —— ——— - — ——— [ . - - .: - ‘L__
twe i Byte Write Cycle Time ir | 2.0 ; ms
Note: 1. Only used in 12-volt programming mode.




Flash Programming and Verification Waveforms - High Vol.’fage Mode (Vpp = 12V)
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P10 - P17 ___ PROGRAMMING _ __VERIFICATION
SORGS e ADDRESS —r] ADDRESS - wmeee
P2.0 - P2.3 \
-ty
PORT 0 —mr ool | DATA IN i—~———~{_DATA OUT _jp———t-—
{
. ** tovar  temox | "’ i
tavaL > > tohax
ALE/PROG T T 1T
tsnaL [, taa— " teHsL
_ N bomme_ . LOGIC 1 e
S pomm e LoGIc o _______ 1 _________
__.: g -— t, . \ — < — t
P27 ! EHSH - o teLay l— EHQZ
(ENABLE)
taraL —
P34 - N | —
(RDY/BSY) - BUSY READY
i o twe —_’,

Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp =5V)

P10 - P17 L PROGRAMMING i VERIFICATION
P20 - P23 —_ g ADDRESS i“— ADDRESS _—
| — tavay
b e
PORT 0 DATA IN L — i BATA OUT p——
> tovar  tonox |
taveL > tohax
ALE/PROG I ~
oL [, toLgn — ¥
— LOGIC 1
EAVpp Ty mp— £ o]c|| o3+ Jf NS R
— -t — -t
P27 L mavw e e
(ENABLE) o i . ; ______ B i
GHeL r‘"
P34 S B
(RDY/BSY) i BUSY READY
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Absolute Maximum Ratings*

Operating Temperature -55°C to +125°C ‘NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature ...........cocccocvceeenrnennrennnan. -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground...........ccocervvevnirceannnne.. -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage...........cccoeeeenirnunnnnenennn. 6.6V conditions for extended periods may affect device
reliability.
DC Output Current........ceeecveveerorireceneeerereeee e 15.0 mA
DC Characteristics
Ta =-40°C t0 85°C, V¢ = 5.0V * 20% (unless otherwise noted)
Symbol Parameter Condition Min : Max ' Units
— i
Vi, Input Low Voltage (Except EA) 05 02Vee-01 | v
= ; -
Vi Input Low Voltage (EA) i -0.5 02V¢e-03 ‘ v
R fr— f o 1
Viy Input High Voltage (Except XTAL1, RST) 0.2Vec +0.9 Vee + 0.5 . \
- L —F — 4
Vi input High Voltage (XTAL1, RST) 07Vee  Veg+05 | v
VoL Output Low Voltage!") (Ports 1,2,3) lop = 1.6 mA : 0.45 ' v
- = i R
Vout Output Low Voltage(" loL=3.2mA ; 0.45 v
{Port 0, ALE, BSEN) | !
Vow Output High Voltage low = -60 pA, Ve = 5V + 10% 2.4 1 Y,
(Ports 1,2,3, ALE, PSEN) low = 25 47 -~ i Lo
on=-25p 0.75 Vge ; : v oo
lon=-10pA 0.9 Vee . . v
Vous Output High Voltage ! lon =-800 pA, Ve =5V 1 10% 24 ' v
{Port 0 in External Bus Mode) e - - : r— -
* lon =-300 pA 075Vee | X v
i - ; [ -
o =-80 uA 08Vee v
I Logical 0 Input Current (Ports 1,2,3) : Vin = 0.45V i -50 HA
Ire Logical 1 to 0 Transition Current l Vin =2V, VCC =5V £ 10% -650 ! uA
(Ports 1,2,3) . |
fy Input Leakage Current (Port 0. E&) | 0.45 < Vin < Vee o ~ 10 pA
RRST Reset Pulldown Resistor 50 300 KQ
S - — = ! J U
Cio . :_Pin Capacitance o , TestFreq. =1 MHz, Ty =25°C 10 ' pF
, | SO PR —— e
lee ' Power Supply Current i Active Mode, 12 MHz 20 mA
, ldle Mode, 12 MHz 5 mA
| e - l . it - SR
Power Down Modet® _Vec=6v 100 pA
h el ST R B R
! . Veg =3V 40 " A

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

2.

Maximum lg_ per port pin: 10 mA
Maximum Ig_ per 8-bit port:  Port 0: 26 mA
Ports 1, 2, 3: 15mMA
Maximum total Ig_for all output pins: 71 mA *
If 1o exceeds the test condition, Vo, may exceed the related S
than the listed test conditions.

Minimum V¢ for Power Down is 2V,

pecification. Pins are not guaranteed to sink current greater
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AC Characteristics

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

v

External Program and Data Memory Characteristics

Symbol Parameter ’ 12 MHz Oscillator 16 to 24 MHz Oscillator . Units
‘ Min Max Min o Max ‘i
Mere Oscillator Frequency 0 24 MHz
L ALE Pulse Width L2z . Aer-40 | ns
b ' Address Valid to ALE Low ' a3 R " s
LA Address Hold After ALE Low L a8 o tercL-20 s
v ALE Low to Valid Instruction In , | 233 o Aty 65 ns
"™ ALE Low to PSEN Low | L tges " s
tpy | PSEN Pulse Width ' 205 B0 | g
oL J: PSEN Low to Valid Instruction In 145 3ty cL-45 : ns
texix ; Input instruction Hold After PSEN 0 0 ! ns
toxiz ; Input Instruction Fioat After PSEN ! 59 i lere10 ;15—'
toxav , PSEN to Address Valid ' 75 teee8 ! " s
taviv : Address to Valid Instruction In 312 ! T ; ~ .
| truaz : PSEN Low to Address Float : | 10 : 10 ' ns
tuan __fr RDPusewidth a0 ! Btec 100 | ns
twwn WA Puise Width | 400 BleLc 100 | s
taLov ' D Low to Valid Data In L : L ! 252 ! 5leroL-90 f ns
tRHDX Data Hold After RD : 0 0 : ns
oz DalaFloatAerRD LA g ons
uov _ MEtewtoVaidOstal s U eeacts s
tavDy : Address to Valid Data In . 4 585 . Stcic'165 | ns
v ALE Low o P or WA Low 200 1 a0 | atogs0 | steoeso | me
tavw.  Address to RD or WR Low . ) l 203 ! Mool 75 _!- ns
lowwx_ _, DaaVaidoWRTanston |z | T P s
oo Dva Vard R g B I R R i
tweax ;LData Hold After WR L . 33 _ __ tercL-20 ) [ ns
ez, PDLowto Address Float N S e T
bWHLH _ RD or WR High to ALE High ' 43 123 . torel20 tcLelt25 |, ns
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External Program Memory Read Cycle

T _“’i

ALE ! i

e [~ -

B —— tpLPH

T > tuv l

—— tLLEE o

PR R VU

PSEN __ [ ‘ S L

e e f
i > +toa |

i*' toxav
i

t | P—
Liax e ——» i PXiz &= 'l

texix - -—

PORT 0 —~  A0-A7 == - NSTRIN L0

[ P T T e I

r—-m—;-— taviv »————bl

PORT 2 N AB - A1

! AY
i

External Data Memory Read Cycle

. — ta py ~
A e e

ot b o
oA e e

e “’i oy +— oz
tataz -—» |

ol >

cs e—-tanpx

| 1

!
o e
PORT 0 _ — AO - A7 FROM RI OR DPL i~ DATA IN" "2 A0 - A7 FRCM PCL —7INSTR IN

T
|<" - ‘AVWL I _""J J

. - - oy -

—— e . -

PORT 2 : P20 - P2.7 OR AB - A5 FROM OPH ~ . " ag - A15 FROM PGH

P ——
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External Data Memory Write Cycle
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;< e A = :
S e P e -
"! by
PSEN I r 4
et et —
s By S R - —
WR TP __,! .
e tayy —-» lavwx _'H l‘— —* <+ lyuax
i Loyl '| l
PORT 0 - A0 - A7 FROM Ri OR DPL } | _DATA OUT -~ A0 - A7 FROM PCL, —INSTR IN.
- ) I
I‘ tavwi >
PORT 2 'm‘,i; P2.0 - P27 OR A8 - A15 FROM DPH -7 T8 a5 FROM PCH
External Clock Drive Waveforms
[ I
a—— -t
. , ; CHCX
- toncx toren —  k— ._j S
Vee - 0.5V _!"7'——‘——_\ ! ST N
T 07 Vee T E
| ! ) l N
— 0.2 Vg- 0.1V e - e

0.45V ——

- et ——~ - —-»

External Clock Drive

Symbol : Parameter 1 Min Max : Units
1{%CLCL ‘ Oscillator Iérequency ' 0 24 : MHz
ool \ Clock Period 41.6 ; ns
LCHCX ; ngh Time . 15 , ns
felex Low Time 5 15 ; ns
tcLeH | Rise Time . 20 ! ns
teHoL ; Fall Time : i 20 ! ns
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Serial Port Timing: Shift Register Mode Test Conditions

(Vee = 5.0 V £ 20%; Load Capacitance = 80 pF)

Symbol Parameter ~ 12MHz Osc Variable Oscillator _ Units
Min Max ! Min ; Max
"™ _ Serial Port Clock Cycle Time 0 ; el | s
tQuxH * Output Data Setup to Clock Rising Edge 700 i 10tcie-133 _J ns
— e ——T—--—-——— -——— T T T T e e e e e —— R R,
txrax Output Data Hold After Clock Rising Edge 50 tereL117 _'+ ns
txHDX _ Input Data Hoid After Clock Rising Edge o 0 , ns
t ‘ Clock Rising Edge to Input Data Valid ' " 700 ! 10, -133 ! ns
XHDV CLCL .
Shift Register Mode Timing Waveforms
INSTRUCTION —0 i1 2 _3__._4__ 5. —6_ .7, 8 |
ALE IO R A i e M il e M J
l‘___"’ ‘xLxL
CLOCK . - i _i - [ T
S i S o TN o B
| T —— 'prx
WRITE TO SBUF, 0 4 T3 3 ” 5 e KT
v ¢ T teox sermit
OUTPUT DATA o ._.LHDV_.“_—_ __“’= o ] _ — e e !
CLEARRI | Y- B ALD - aLe wALe W0 Cvauel T s
v
INPUT DATA SET RIT

AC Testing Input/Output Waveforms("

Veg- 0.5V - '“&W" —_
TEST POINTS
e 02 Vo - 01V __ A
0.45V - mLe —
Note: 1. AC Inputs during testing are driven at Vec - 0.5V for

alogic 1 and 0.45V for a logic 0. Timing measure-
ments are made at Vyy min. for a logic t and ViL
max. for a logic 0.

Float Waveforms!(")

VLOAD' O.W' = = V0|_' a.1v
vV . " Timing Reference \ e
LoAD —————. h
“ Points
Vioan Y. = Vg = 2tV

For timing purposes. a port pin is no longer floating
when a 100 mV change from load voltage occurs. A
port pin begins o float when 100 mV change from
the loaded VoV, level occurs.

Note: 1.
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Ordering Information

Speed | Power _ ; ' o
(MHz) Supply Ordering Code i Package ' Operation Range
24 5V +20% | AT89C51-24AC I 44A Commercial
; AT89C51-24JC ! 44J (0°C to 70°C)
| AT89C51-24PC | e
LoAmesicc o ea
I’ ATBIC51-24Al | 4 | Industrial
, AT89C51-24J1 i 44J : {-40°C to 85°C)
: ; AT89C51-24Pi f 44P6
ey MwSOSV2QL w9
Package Type
44A 44 Lead. Thin Plastic Gull Wing Quad Flatpack (TQFP)

'
f
444 , 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
T - : .
40P6 , 40 Lead, 0.600" Wide, Plastic Dual inline Package (PDIP)
1
44Q | 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)
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Ordering Information

127

Speed Power .
(MHz) | Supply Ordering Code Package , Operation Range
12 5V+20% AT89C51-12AC 44A f Commercial
' | aTsecs1a20C 44y ! (0°C to 70°C)
‘ ] AT89C51-12PC 40P6
! | AT89C51-12QC 44Q
! g " ATB9C51-12Al Tasn " Industrial
! ! AT89C51-12J1 44J (-40°C 10 85°C)
! ' AT89C51-12P1 40P6
: I_ AT89C51-12Q L, M@ e
AT89C51-12AA 44A Automotive
! I AT89C51-12JA ! 44J ] (-40°C to 105°C)
!' : AT89C51-12PA | 40P6
! . ATB9C51-12QA ! 44Q .
16 5V+20% .  AT89CS51-16AC " 44A | Commercial o
! I arascstsuc ™ (0°C to 70°C)
| ! AT89C51-16PC : 40P6
! ! AT89C51-16QC L 44Q I
; I ATB9C51-16Al I‘ 44A | Industrial
] | ATBIC5!-160 ALY (-40°C 1o 85°C)
AT89C51-16P 40P6
! 'L AT89C51-16Q f 44Q
‘ © ATB9C51-16AA | 44A Automotive
! : AT89C51-16JA I 44y (-40°C to 105°C)
: : AT89C51-16PA ; 40P6
' ,  AT89C51-16QA . 44Q
T 20 Tsv:20% | ATB9C51-20AC T 44A Commercial
: : AT89C51-20JC : 44J (0°C to 70°C)
ATBICS51-20PC . 40P6
: : _AT89C51-20QC : aQ o
AT89C51-20Al L 44A Industrial
: : AT89C51-20J1 b : (-40°C t0 85°C)
: . AT89C51-20PI 40P6 ;
i ' ATB9C51-20Ql 44Q :
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Features

Compiete DTMF Receiver
Low power consumption
internal gain setting amplifier
Adjustable guard time
Centrali office quaity
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ISO?-CMOS MT8870D/MT8870D-1
Integrated DTMF Receiver

iSSUE 3

May1995 -

Ordering Information

MT8870DE/DE-1
MT8870DC/DC-1

18 Pin Plastic DIP
18 Pin Ceramic DIP

MT8870DS/DS-1 18 Pin SOIC
MT8870DN/DN-1 20 Pin SSQP
MT8870DT/DT-1 20 Pin TSSOP

* Power-down mode
* Inhibit mode

* Backward compatible with
MT8870C/MT8870C-1

Applications
« Receiver system ior British Telecom (BT) or
CEPT Spec (MT8870D-1)

» Paging systems

* Repeater systems/mobile radio
» Credit card systems

*  Remote controtf

*+ Personal computers

. Te{e(phone answering machine

-40 °C to +85 °C

Description

The MT8870D/MT8870D-1 is a complete DTMF
receiver integrating both the bandspht filier and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group fiiters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier. clock oscillator and latched three-state bus
interface,

vDD VSS VARef INH
M 1
y
Bias
PWDN Circuit : VRef
Butfer
|
‘ Y —1 = Q1
Chi Chi .
Powe- Bias High Group o Digital Code
Filter Detection Convener .
Algorithm and Laigch Q2
N+ -,%':L Zero Crossing
N- Filter Detectors - Q3
GS — Low Group 1
e Finer - Q4
10 all ~
—DO——— Chip St Steering Zk
Clocks GT Logic
e AAA———— ]
OSC1 osc2 SVYGT ESt STD TOE

Figure 1 - Functional Block Diagram
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MT8870D/MT8870D-1 1S02-CMOS
INV[T 1 U 18] ] vOD iNe ] 1 = 20} voo
IN-( 2 171] svGT IN-[] 2 19{] svGT
Ggsd 3 161] ESt Gsd 3 18] Est
VRef[[] 4 1517 sip VRef[] 4 17[J siD
INH(] 5 14[] Q4 INH[] 5 1617 NC
PWON[] 6 1311 Q3 PWON[] 6 15[ qa
osci[] 7 121 Q2 NC( 7 1403
osca2(] s 1" ar osci(]s 130 q2
vss{] o 1017 TOE oscz2{j 9 12[] q1
vss{}1o0 1] 10E
18.PIN IP/PLASTIC DIP. 20 PIN SSOP/TSSOP
Figure 2 - Pin Connections

Pin Description

Pin #

18 | 20 Name Description

1 1 IN+ Non-Inverting Op-Amp (Input).

212 IN- Inverting Op-Amp (Input).

313 GS Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

41 4 Veet {Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

515 INH  :Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internalily pulied down.

616 PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator, This
pin input is internally pulled down.

718 OSC1 |Clock (input).

819 0OSC2 {Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit,

9 {10 Vss Ground (Input). 0V typical.

0/ N1 TOE [Three State Output Enable (Input). Logic high enabies the outputs Q1-Q4. This pin is
putled up internally.

11-112-1 Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the

14 ] 15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15117 StD Delayed Steering (Output).Presents a logic high when a received tone-pair has been

iregistered and the output latch updated: returns to logic low when the voltage on SYGT falls
below vTSl'

16 | 18 ESt Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause EStto
retum to a logic low.

17 119 | SYGT Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg, frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voitage on St.

18 | 20 Vpp |Positive power supply (Input). +5V typical.

7, NC No Connection.
16
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ISO%-CMOS

MT8870D/MT8870D-1

Functional Description

The MT8870D/MT8870D-1  monolithic DTMF
receiver offers small size, low power consumption
and high performance. Its architecture consists of a
bandspiit filter section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
code to the output bus. ’

Filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section aiso
incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 3). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-levei signals. The
outputs of the comparators provide full rail fogic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones anc to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

o}
Voo
SVGT ve
ESt
R
S0 -
MT88700/
MT88700D-1 igra=(AC)IN(Vpp/Vrsy
tore=(RCNR[VAoA Vg Vrsy!

Figure 4 - Basic Steering Circuit

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESY) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit”).

Steering Circuit

Before registration of a-.decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v, (see Figure 4) to
rise as the capacitor discharges. Provided signal

PRECISE

‘0

% /

DIAL TONES

10

"""% X=350 Hz

Wmi//%% |
v %b ,&

% Y=440 Hz

20

2 \ DTMF TONES

A=697 Hz
B=770 Hz

ATTENUATION
(dB)

30

\
g ‘ C=852 Hz
7 \ D=941 Hz

40

G=1477 Hz
H=1633 Hz

/

/
|
|
|

RN
s A
I

X v

o]

FREQUENCY (Hz)

1

E=1209 Hz

F=1336 Hz
E F

r
1kHz

N
AN
b

Figure 3 - Filter Response
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MT8870D/MT8870D-1 I1SO%CMOS

condition is maintained (ESt remains high) for the
validation period (tgyp). v, reaches the threshold
(Vrsy of the steering logic to_register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output is
activated and drives v, to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
“8ignailing that a received tone pair has.been
‘egistered. The contents of the output latch are made
available on the 4-bit output bus by raising the three
state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the
interdigit pause between signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signal interruptions (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
time constants externally, allows the designer to
tailor performance to meet a wide variety of system
requirements.

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:

lrec=tppttgre

Uo=lpa+iG s
The value of tpp 1S a device parameter (see Figure
1) and tgec is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 uFis

lore=iR=C-JinfVpo (Ypp-Vrsy)

v

oo O— 1 tem=fTCntVoo/Vrs)
' c. Ap=(R R A <Ry)
SL’GTO——QJ :

a) decreasing lgTp: (taTe<tara)

fere=lR,C IV TVpp-Vig)]

Voo O l I6T4=(ReC )In(Vpp/Vrsy)
T Ap=(R AR +8y)

b) decreasing tgra; (taTp>taTa)

Figure § - Guard Time Adjustment

Digit | TOE | INH | ESt | Q, | Q, | q, Q,
ANY | L X H z z z z

1 H X H 0 0 0 \

2 [ H X | W 0 [0 I 1 1 g
3 W x| A o O—‘h—h*
4 H X H 0 1 0 o |
5 H X H 0 1 0

6 H X H 0 1 1 0

7 H X H 0 1 1

8 H X H 1 9 ' 0 0
g H X H 1 0o o 1

0 H X H 1 0 170

. H, X H 1 0 11

4 H X H 1 1 o It
A H L H 1 1o

B H L H 1 1 by 0
c H L H 1 1 EE

D H L H 0 0 0o | o
A H H L

B ! H H L undetectea. the output code

L will remain the same as the

c H H L ipreviaus detectea code

D H H L

Table 1. Functional Decode Table

L=LOGIC LOW, H=LOGIC HIGH, Z=HIGH IMPECANCE
X = DON‘T CARE

recommended for most applications. leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independently the guard times for tone
present (tgtp) and tone absent (gta). This may be
necessary to meet system specifications which place
both accept and reject limits on both tene duration

" and interdigital pause. Guard time adjustment aiso

atlows the designer to tailor system parameters
such as talk off and noise immunity. Increasing tqec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tage  with
a long tyo would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) will power down
the device to minimize the power consumption in a
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1),

Differential Input Configuration

The input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (Vpe) which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp ccnnected for unity gain and Vg
biasing the input at ‘/2VD'D~ Figure 6 shows the
differential  configuration, which permits  the
adjustment of gain with the feedback resistor Rs.

Crystal Oscillator

The internal clock .circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible
to configure several MT8870D/MT8870D-1 devices
employing only a single oscillator crystai. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the osciilator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, i.e.. precision balancing
capacitors are not required.

————

O F—AAA— MT88700/

(o R, IN+ MT8870D-1

+
IN-

O— Ay

C, R4

Rs  GS
>
Rs
Ry
VFlel

Difterential Input Amplifier
C1=Cz=10 nF
Ry=R;=R¢=100 k0
R=60kQ, R3=37.5 kQ

RoRs

Ra+Rs

All resistors are 1% tolerance,
All capacitors are +5% tolerance.
H3=
. Rs
VOLTAGE GAIN (A, giff)= N
1

INPUT IMPEDANCE

. /o [ 1\?
Einoirri =2,/ R, 2 <ﬁ>

Figure 6 - Differential Input Configuration

—___I }.__> To OSC1 of next

C MT8870D/MT887CD-1
X-tal A\
osc2

osc

1
Qosc2 ——I—‘ I—— 0sC1
(o}

C=30 pF
X-tal=3.579545 MHz

Figure 7 - Oscillator Connection

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF 4.984
Co pF 37915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note. Qm=quality tactor of RLC model, i.e., 1/2NfR1C1.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

The circuit shown in Fig. 9 illustrates the use of
MT88700D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be
attained by choosing a suitable values of Ry and R,
to provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of R3 and C, are the guard time
requirements when the total component tolerance is
6%. For better performance, it is recommended to
use the non-symmetric guard time circuit in Fig, 8.

l61P=(RpC )in[Vop/(Vpp-Vre))

e rA=(RrCy}/’?(VbD/Vr5,)

Voo O*_L Ap=(R1R )R, +R,)
c
R,

SVGT

Rz Notes:
ESt Ry=368K Q + 1%
. R=22M 0+ 1%
. C.=100nF £ 5%

Figure 8 - Non-Symmetric Guard Time Circuit

/Jn—*—c Vss TOE

Vop R
Cy
orme O— c
Input R. MT8870D-1 2
f——’: IN+ = Voo
—] IN- SVGT [—
{]as ESt [ 3— Ry
Rz L Vau S0 F——0
O———— ] nH W[
O————F——{1pPwDN Qafr———0
X 0sC 1 @[}———0 NOTES:
"Mt Bosc2 a4 n R, = 102KQ * 1%
| Ry =71.5KQ £ 1%
Ry = 390KQ £1 %

C,.C, = 100 nF + 5%
X, = 3.579545 MHz £ 0.1%
Vpp = 5.0V +5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec




134

ISO%-cMOS MT8870D/MT8870D-1

Absolute Maximum Ratings?

Parameter Symbol Min Max Units
1, DC Power Supply Voltage Voo 7 v
2 | Voltage on any pin Vi i Vgs-0.3 Vpp+0.3 v
3 | Current at any pin (other than supply) h 10 mA
4 | Storage temperature Tsta -65 +150 °C
5 i Package power dissipation Po 500 mw

t Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
Derate above 75 °C at 16 mW /°C. Al leads soldered to board.

Recommended Ope rating Conditions - Voltages are with respect to ground (Vgg) unless otierwise stated.

Rarameter ] Sym Min Typ" Max ! Units Test Conditions
1 | DC Power Supply Voitage Voo | 4.75 5.0 5.25 v
2 | Operating Temperature To -40 ;. +85 °C
3 1 Crystal/Clock Frequency fc 3.579545 ] i MHz
4 : Crystal/Clock Freq.Tolerance Afe 0.1 ; ; %

1 Typrcal figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

DC Electrical Characteristics - vyp=5.0v= 5%. Vgg=0V. -40°C < T, < +85°C, uniess otherwise siated.

Characteristics Sym l Min : Typt ‘ Max ! Units A Test Conditions

1 j S |Standby supply current Ioba 10 25 vA | PWDN=Vpp
2 ' p ;Operating supply ‘current oo ! 3.0 9.0 mA
3 i Power consumption Po ' 15 mW | fc=3.579545 MHz

v 5 . i
4 i IHigh level input Vi 3.5 ‘ bV |vpp=5.0V )
5 : Low level input voitage ViL : 1.5 VvV |Vpp=5.0V

I H

6 | | Input leakage current e 0.1 | | wA |ViN=Vggor Vpp
7 : tPull up (source) current lso 75 20 uA  TOE {pin 10)=0.

Ul ; , Vpp=5.0V
8 | I |Pull down (sink) current ls; i 15 ]‘ as #A  |INH=5.0V, PWDN=5.0V,

. Vpp=5.0V

9 Input impedance (IN+, IN-) Rin 10 MQ 1@ 1kHz
10 Steering threshold voltage Vrst 2.2 24 25 V.  |Vpp=5.0V
1 Low level output voitage VoL Vgg+0.03 V  |Noload
12 8 High level output voltage Von |Vpp-0.03 V  |Noload
13| T {Output low (sink) current loL 1.0 25 mA  Voyr=04V
14 S Output high (source) current | ioy 0.4 0.8 MmA  |Voyr=46V
15 ; VRef Output voltage VRet 23 2.5 27 V  |Noload, Vpp = 5.0V
16 VRet Output resistance Ror 1 kQ

¥ Typical figures are at 25°C and are for design aid onty: not guaranieed and not subiect to production testing.
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Operating Characteristics - vyy=5.0vss%, VYgs=0V. -40°C s Tq < +85°C ,unless otherwise stated.

Gain Setting Amplifier

Characteristics Sym Min Typt Max | Units Test Conditions

1 | Input leakage current Iin ' 100 nA Vss < VNS Vpp

2 | Input resistance Rin 10 MQ

-3 | Input offset voltage Vos 25 mv |

4 | Power supply rejection PSRR’ 50 dB 1 kHz

5 | Common mode rejection CMRR 40 dB 0.75V < Vi< 4.25 V biased
at Vet =25V

6 | DC open loop voltage gain AvoL 32 daB

7 | Unity gain bandwidth fc 0.30 MHz | .

8 | Output voltage swing Vo 4.0 Vop Load >100 kQ to Vss @ GS

9 | Maximum capacitive load (GS) CL 100 pF

10 | Resistive ioad (GS) R 50 kQ

11 i Common mode range Ve 2.5 Vpp | No Load

MT8870D AC Electrical Characteristics -

Vop=5.0V £5%, Vgg=0V, -40°C < To s +85°C, using Test Circuit shown in
Figure 10,

! : . !
Characteristics , Sym | Min Typt ! Max ! Units | Notes*
1] i i
Valid input signal levels (each -29 +1 dBm 1.2,3.5.6.9
1| tone of composite signal ! —
P gnal) | 215 869 | mVaws | 1.23.5.6.9
: . T
2 | Negative twist accept ) 8 daB 2,3,6,9.12
3 | Positive twist accept ' f 8 d8 | 236.9.12
4 | Frequency deviation accept © £1.5% = 2 Hz : , 2.3.5.9
S | Frequency deviation reject =3.5% 23,59
6 | Third tone tolerance -16 dB 2,3,4,5,9.10
7 | Noise tolerance . -12 : dB 2.3.4.5,7.9.10
8 | Dial tone tolerance | ! ;22 | dB |23458.011
+ Typical figures are at 25 *C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES
1. aBm= decibels above or below a reference power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Signal condition consists of nominal DTMF irequencies.
5. Both tones in composite signal have an equal ampiituge.
5. Tone pair is deviated by +1.5 %s 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precise dial tone frequencies are (350 Hz and 440 Hz) = 2 %.
9. For an error rate of better than 1 in 10,000.

10. Referenced to lowest level fr
11. Referenced o the minimum valid accept level,
12. Guaranteed by design and characterization.

equency component in DTMF signal.
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MT8870D0-1 AC Electrical Characteristics - Vpp=5.0V5%. Vgg=0V, -40°C 5 Tq < +85°C . using Test Circuit shown in

Figure 10.
Characteristics Sym ! Min Typt | Max i Units Notes*
1 | Validinputsignal levels (each : -31 + dBm | TestedatVpp=5.0v
tone of compasite signal) 218 B69 | MVaws 123569
.
2 | Input Signal Level Reject : i <7 : B :e;tgegaetgofs'ov
- 10.9 MVpyg | o0
3 | Negative twist accept : 8 aB 2.36.9.13
4 | Positive twist accept | 8 dB 2,3,6.9.13
5 | Frequency deviation accept f £1.5%=+ 2 Hz 2,3.59
6 | Frequency deviation reject ‘ +3.5% 2.3,5,9
7 | Third zone tolerance ‘ ' -18.5 ! dB | 2345912
8 | Naise tolerance ! -12 dB |2.3.4.,5.79.10
9 | Dial tone tolerance i +22 | 98 |234589.11

¥ Typrcal figures are at 25 *C and are for design aid only: not guaranteed and not subject to production testing.

*
NOTES

1. dBm= decibels above or below a reference power of 1 mW into a 600 ohm !gad.

2. Digit sequence consists of all DTMF tones.

3. Tone duration= 40 ms. tone pause= 40 ms.

4. Signal condition consists of nominal DTMF frequencies.

S. Both tones in composite signal have an equai amplitude.

6. Tone pair is deviated by +1.5 %= 2 Hz.

7. Bandwiath limited (3 kHz } Gaussian noise.

8. The precise dial tcne f-equencies are (350 Hz anc 440 Hz) £ 2 9%.

9. For an error -ate of better than 1 in 10,000,

10. Relerencea 1o lowest ievel frequency component in DTMF signal.

11, Reterenced to the minimum valid accept level.

12. Referenced to Fig. 10 input DTMF tone level at -256Bm (-28dBm at GS Pin) intedlerence frequency range bSetween 480-3400Hz.

13. Guaranteed by design and characterization.
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AC Electrical Characteristics - vp=5.0v+5%, Vs5=0V, -40°C < To < +85°C , using Test Gircuit shown in Figure 10.

Characteristics Sym | Min Typt | Max ! Units Conditions
1 Tone present detect time top 5 11 14 ms  |Note 1
2 | 1 Tone absent detect time ¢ toa 0.5 4 8.5 ms |Note 1
3 “'A Tone duration accept tRec 40 ms ‘Note 2
4 | \ |Tone duration reject | @mes | 20 ms  {Note 2
5 | G linterdigit pause accept to 40 ms {Note 2
6 Interdigit pause reject too 20 ms |{Note 2
7 | iPropagation delay (St to Q) ’ teq 8 11 us  {TOE=Vgp
8 | o {Propagation delay (St to StD) tesiD 12 16- us  |TOE=Vgp
9 ¥ Output data set up (Q to StD) ! tasip 3.4 - o 1 us |TOE=Vpp
10 S Propagation delay (TOE to Q ENABLE) ; teTg 50 . ns iload of 10 kQ,
T H 50 pF
11 S Propagation delay (TOE to Q DISABLE)| tprp 300 ns jload of 10 kQ
‘ 50 pF
12 | P |Power-up time " ey 30 ms |Note 3
1 v?/ Power-down time . tep 20° ms
N | i
14 Crystal/clock frequency ! fc 3.5759 | 3.5795 | 3.5831 i MHz
15 | C {Clock input rise time tLHeL 10~ ns [!Ext clock
16 é Clock input fall time tHLcL 110 ns |Ext. clock
17 E Clock input duty cycle "DCq. ! 40 50 60 | % |Ext. clock
18 Capacitive load (OSC2) . Clo 30 pF |
+ Typical figures are at 25°C and are for cesign aid only: not guaranteed and not subject to production testing.
*NOTES:
1. Used for guard-time calcuiation purposes only.

2, These, user adjustable parameters. are not device specifications. The adjustable settings of these minimums and maximums
are recommendations based upon network requirements.

3. With valid tone present at input. tp(; equals time from PDWN going fow until ESt going high.
Voo
¢
DTMF O—
Input Ca
MT8870D/MT8870D-1
LI Vop{ —¢
SVGT [ — a
3
ESt[ }—
S0 F———0
otF———0
O——- ] Q[0
T} osc1 o[ —1—0, NOTES:
X-tal HI,_‘—— 0sC 2 Q3 —4——0 Ry.R;=100KQ ¢ 1%
! v ToE5 R3=300KQ £ 1%
58 C1,Cp=100 nF + 5%
/ X-1al=3.579545 MHz 2 0.1%

Figure 10 - Single-Ended Input Configuration
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l o |
EVENTS A 8 I C I E | F I G
t ] ] 1 ! 1 l 1 1 1 1
'REC — - - 'REC |~ 7+ D =, -+ ‘o0 -
\
' I . TONE TONE
Vi, I TONE #n e s T
lop -, . | i e loa
€st L[] ' I L L
e v ! letgTa
| | l ~—] \\
Vrst
SUGT A A ] e :
lPO ——l ‘4—
' losip .
gy : — HIGH IMPEDANGE
Q,-Qq DECODED TONE # (n-1) | X | 4n ——@
i I
‘P5r0—>! e I :
oo |
L e
TOE S .

' |

EXPLANATION OF EVENTS

A) TONE BURSTS DETECTED. TONE DURATION INVALID. OUTPUTS NOT UPDATED.

B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED !N OUTPUTS

) END OF TONE #n DETECTED. TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE.

D) OUTPUTS SWITCHED TO HIGH IMPEDANGE STATE.

E) TONE #n + * DETECTED. TONE DURATION VALID, TONE DECODED AND LATCHED !N OUTPUTS (CURRENTLY
HIGH IMPEDANCE).

F) ACCEPTABLE DROPOUT OF TONE #n -~ 1 TONE ABSENT DURATION INVALID. OUTPUTS REMAIN LATCHED.

G) END OF TONE #n + 1 DETECTED. TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

EXPLANATION OF SYMBOLS

Vin DTMF COMPOSITE INPUT SIGNAL.

ESt EARLY STEERING OUTPUT. INDICATES GETECTION OF VALID TONE FREQUENCIES.

SYGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

Q)-Q, 4-BIT DECODED TONE OUTPUT. )

SIo DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TOS  TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q,-Qq TO ITS H!GH IMPEDANCE STATE.

pomam

'REC
trec
io
bo
op
oa
lgTp
igTa

MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION
MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

TIME TO DETECT THE PRESENCE OF VALIO DTMF SIGNALS.

TIME TO DETECT THE ABSENCE OF VAUID DTMF SIGNALS.

GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.

Figure 11 - Timing Dlagram.
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ISD1400 Series

Single-Chip Voice Record/Playback Devices

16- and 20-Second Durations

FEATURES

Easy-to-use single-chip voice Record/

Playback solution

High-quality, natural voice/audio

reproduction

Push-button interface

- Playback can be edge- or level-
activated

Single-chip durations of 16 and 20

seconds .

Automatic power-down mode

- Enters standby mode immediately
following a Record or Playback
cycle

- Standby current 0.5 pA (typical)

Zero-power message storage
- Eliminates battery backup circuits

+ Fully addressable to handle multiple
messages

* 100-year message retention (typical)
+ 100,000 record cycles (typical)

* On-chip clock source

* No algorithm development required
* Single +5 volt power supply

* Available in die form, DIP, and SOIC
packaging

*  Industrial temperature (-40°C to +85°C)
versions available

ISD1400 SERIES SUMMARY
Part Minimum Duration Input Sample Rate Typical Filter
Number (Seconds) (KHz) Pass Band (KHz)
ISD1416 16 8.0 3.3
1ISD1420 20 6.4 2.6

Information Storage Devices, Inc.
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GENERAL DESCRIPTION DETAILED DESCRIPTION
Information Storage Devices' 1SD1400 Chip- Speech/Sound Quality

Corder® Series provides high-quality, single-chip
record/playback solutions to short-duration mes-
saging applications. The CMOS devices include
an on-chip oscillator, microphone preamplifier,
automatic gain control, antialiasing filter, smooth-
ing filter, and speaker amplifier. A minimum
record/playback subsystem can be configured
with @ microphone, a speaker, several passives,
two push-buttons, and a power source.

Recordings are stored in on-chip nonvolatile
memory cells, providing zero-power message
storage. This unique, single-chip solution is made
possible through ISD's patented multilevel stor-
age technology. Voice and audio signals are
stored directly into memory in their natural form,
providing high-quality, solid-state voice reproduc-
tion.

The ISD1400 Series includes devices offered at
6.4 and 8.0 KHz sampling frequencies, allowing
the user a choice of speech quality options. The
speech samples are stored directly into on-chip
nonvolatile memory without the digitization and
compression associated with other solutions,
Direct analog storage provides a very true, natural
sounding reproduction of voice, music, tones, and
sound effects not available with most solid-state
digital solutions.

Duration

To meet end system requirements, the ISD1400
Series offers single-chip solutions at 16 and 20
seconds.

EEPROM Storage

One of the benefits of ISD’s ChipCorder technol-
0gy is the use of on-chip nonvolatite memory,
providing zero-power message storage. The mes-
sage is retained for up to 100 years typicaily
without power. In addition, the device can be re-
recorded typically over 100,000 times.

ISD1400 SERIES BLOCK DIAGRAM

XCLK O—f——————{ _Internal Clock |—{ Timing

Sampling Clock

" ®
5-Pole Active - Ehl El]fﬂEl
ANA IN O— Amp Antialiasing Filter Analog Transceivers nm\I«]wcv-nsn
" 128K Cell
ANA QUT O— s Nonvolatile
— § Muitileve! Storage 5-Pole Active A O SP+
MIC O— S Array Smoothing Filter o
R e oS
MIC REF
Automatic
AGC O 4 Gain Control
(AGC)

Power Conditioning l l

Address Buffers

j Device Control j

0

Veca Vssa Vsso Veeo

AD A1 A2 A3 A4 A5 A6 A7

o 0

REC PLAYE PLAYL RECLED
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ISD1400 SERIES PINOUTS
AO 1] ® ) 28 Veep
Al 2 (] [ 27 REC
A2 3] [ 26 XCLK
A3 4 ) 25 RECLED
A4 5 — 24 PLAYE
A5 6 ] [ 23 PLAYL
NC 7 1ISD1400 — 22 NC
NC 8 [ ) 21 ANAQUT
A6 9 I 20 ANAIN
A7 10 [ 19 AGC
NC 11 O ) 18 MIC REF
Vssp 12 ] [ 17 MIC
Vssa 13 [ [ 16 Veea
SP+ 14 ] ] 15 SP-
DIP/SOIC

NOTE: NC means Must Not Connect.

Basic Operation

The ISD1400 ChipCorder Series devices are con-
trolled by a single Record signal, REC, and either
of two push-button control playback S|gnals
PLAYE (edge-activated playback), and PLAYL
(level-activated playback). The ISD1400 parts are
configured for simplicity of design in a single-mes-
sage application. Using the address lines will
allow multiple message applications. Device
operation is explained on page 1-75.

Automatic Power-Down Mode

At the end of a Playback or Record cycle, the
ISD1400 Series devices automatically return to a
low-power standby mode, consuming typically
0.5 pA. During a Playback cycle, the device pow-
ers down automatically at the end of the message.
During a Record cycle, the device powers down
immediately after REC is released HIGH.

Addressing (optional)

In addition to providing simple message play-
back, the ISD1400 Series provides a full
addressing capability.

The ISD1400 Series storage array has 160 distinct
addressable segments, providing the foliowing
resolutions. See the /SO Application Notes and
Design Manual in this book for ISD1400 address
tables.

Minimum Duration
Part Number (Seconds)
1SD1416 100ms
1SD1420 125 ms
PIN DESCRIPTION
NOTE

The REC signal is debounced for 50 ms
onthe rising edge to prevent a false retrig-
gering from a push-button switch. =

T

Voltage Inputs (Voca » Vecp)

Analog and digital circuits internal to the ISD1400
Series use separate power buses to minimize
noise on the chip. These power buses are brought
out to separate pins on the package and should
be tied together as close to the supply as possi-
ble. It is important that the power supply be
decoupled as close as possible to the package.

Ground Inputs (Vgsp , Vssp)

Similar to Veea and Vecep, the analog and digital
circuits internal to the 1ISD1400 Series use sepa-
rate ground buses to minimize noise. These pins
should be tied together as close as possible to the
device.

Record (REC)

The REC input is an active-LOW Record signal.
The device records whenever REC is LOW. This
signal must remain LOW for the duration of the
Recording. REC takes precedence over either
Playback (PLAYE or PLAYL) signal. If REC is
pulled LOW during a Playback cycle, the Play-
back vmmedlately ceases and Recording begins.
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A Record cycle is completed when REC is pulled
HIGH or the memory space is filled.

An enc-of-message marker (EOM) is internally
recorded, enabling a subsequent Playback cycle
to terminate appropriately. The device automati-
cally powers down to standby mode when REC
goes HIGH.

Playback, Edge-Activated (PLAYE)

When a LOW-going transition is detected on this
input signal, a Playback cycle begins. Playback
continues until an end-of-message (EOM) is
encountered or the end of the memory space is
reached. Upon completion of the Playback cycle,
the device automatically powers down into
standby mode. Taking PLAYE HIGH during a
Playback cycle will not terminate the current
cycle.

Playback, Level-Activated (PLAYL)

When this input signal transitions from HIGH to
LOW, a Playback cycle is initiated. Playback con-
tinues until PLAYL is pulled HIGH, an EOM marker
is detected, or the end of the memory space is
reached. The device automatically powers down
to standby mode upon completion of the Playback
cycle.

NOTE

In Playback, if either PLAYE or PLAYL is
held LOW during EOM or OVERFLOW, the
device will still enter standby and the
internal oscillator and timing generator will
stop. However, the rising edge of PLAYE
and PLAYL are not debounced and any
subsequent falling edge (particularly
switch bounce) present on the input pins
will inftiate another Playback.

Record LED Output (RECLED)

The output RECLED is LOW during a Record
cycle. It can be used to drive an LED to provide
feedback that a Record cycle is in progress. In

addition, RECLED pulses LOW momentarily when
an EOM is encountered in a Playback cycle.

Microphone Input (MIC)

The microphone input transfers its signal to the
on-chip preamplifier. An on-chip Automatic Gain
Control (AGC) circuit controls the gain of this
preampilifier from -15 to 24 dB. An external micro-
phone should be AC coupled to this pin via a
series capacitor. The capacitor value, together
with the internal 10 K Ohm resistance on this pin,
determine the low-frequency cutoff for the
ISD1400 Series passband. See the /SD Applica-
tion Notes and Design Manual in this book for
additional information on low-frequency cutoff
calculations.

Microphone Reference (MIC REF)

The MIC REF input is the inverting input to the
microphone preamplifier. This provides a noise-
canceling or common-mode rejection input to the
device when connected differentially to a
microphone.

Automatic Gain Control (AGC)

The AGC dynamically adjusts the gain of the
preamplifier to compensate for the wide range of
microphone input levels, The AGC allows the full
range of sound, from whispers to loud sounds, to
be recorded with minimal distortion. The “attack”
time is determined by the time constant of a 5 KQ
internal resistance and an external capacitor (C6
on the schematic on page 1-75) connected from
the AGC pinto Vgga analog ground. The “release”
time is determined by the time constant of an
external resistor (R5) and an external capacitor
(C6) connected in paralle! between the AGC Pin
and Vsga analog ground. Nominal values of
470 KQ and 4.7 uF give satisfactory results in
most cases.

Analog Output (ANA 0UT)

This pin provides the preamplifier output to the
user. The voltage gain of the preamplifier is deter-
mined by the voltage level at the AGC pin.
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Analog Input (ANA IN)

The ANA IN pin transfers the input signal to the
chip for recording. For microphone inputs, the
ANA OUT pin should be connected via an external
capacitor to the ANA IN pin. This capacitor value,
together with the 3.0 KQ input impedance of ANA
IN, is selected to give additional cutoff at the low-
frequency end of the voice passband. if the
desired input is derived from a source other than
a microphone, the signal can be fed, capacitively
coupled, into the ANA IN pin directly.

External Clock Input (XCLK)

The external clock input for the 1SD1400 devices
has an internal pull-down device. The ISD1400 is
configured at the factory with an internal sampling
clock frequency that guarantees its minimum
nominal record/playback time. For instance, an
ISD1420 operating within specification will be
observed to always have a minimum of 20 sec-
onds of recording time. The sampling frequency is
then maintained to a variation of +2.25% over the
commercial temperature and operating voltage
ranges, while still maintaining the minimum spci-
fied recording duration. This will result in some
devices having a few percent more than nominal
recording time.

The internal clock has a +5% tolerance over the
industrial temperature and voltage range. A regu-
lated power supply is recommended for industrial
temperature parts. If greater precision is required,
the device can be clocked through the XCLK pin
as fullows:

Part .
Number Sample Rate Required Clock
ISD1416 8.0 KHz 1024 KHz
1SD1420 6.4 KHz 819.2 KHz

These recommended clock rates should not be
varied because the antialiasing and smoothing fil-
ters are fixed, and aliasing problems can occur if
the sample rate differs from the one recom-

mended. The duty cycle on the input clock is not
critical, as the clock is immediately divided by two
internally. IF THE XCLK IS NOT USED, THIS INPUT
SHOULD BE CONNECTED TO GROUND,

Speaker Outputs (SP+, SP-)

The SP+ and SP- pins provide direct drive for
loudspeakers with impedances as low as
16 ohms. A single output may be used, but, for
direct-drive loudspeakers, the two opposite-polar-
ity outputs provide an improvement in output
power of up to four times over a single-ended con-
nection. Furthermore, when SP+ and SP- are
used. a speaker-coupling capacitor is not
required. A single-ended connection will require
an AC-coupling capacitor between the SP pin and
the speaker. The speaker outputs are in a high-
impedance state during a record cycle, and held
at Vsga during Power Down.

Address Inputs (R0-A7)

The Address Inputs have two functions, depend-
ing upon the level of the two Most Significant Bits
(MSB) of the address.

If either of the two MSBs is LOW, the inputs are ALt
interpreted as address bits and are used as the
Start address for the current Record or Playback
cycle. The address pins are inputs only and do not
output internal address information as the opera-
tion progresses. Address inputs are latched by
the falling edge of PLAYE, PLAYL, or REC.

OPERATIONAL MODES

The ISD1400 Series is designed with several built-
in operational modes provided to allow maximum
functionality with a minimum of additional compo-
nents, described in detail below. The operational
modes use the address pins on the 1SD1400
devices, but are mapped outside the valid
address range. When the two Most Significant Bits
(MSBs) are HIGH (A6 and A7), the remaining
address signals are interpreted as mode bits and
not as address bits. Therefore, operational modes
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and direct addressing are wor compatible and
cannot be used simultaneously.

There are two important considerations for using
operational modes. First, all operations begin ini-
tially at address 0, which is the beginning of the
ISD1400 address space. Later operations can
begin at other address locations, depending on
the operational mode(s) chosen. In addition, the
address pointer is reset to 0 when the device is
changed from Record to Playback but not from
Playback to Record when A4 is HIGH in Opera-
tional Mode.

Second, an Operational Mode is executed when
any of the control inputs, PLAYE, PLAYL, or REC,
go LOW and the two MSBs are HIGH. This Oper-
ational Mode remains in effect until the next LOW-
going control input signal, at which point the cur-
rent address/mode levels are sampled and
executed.

NOTE
The two MSBs are on pins 9 and 10 for
each 1SD7400 Series device.

OPERATIONAL MODES DESCRIPTION

The Operational Modes can be used in conjunc-
tion with a microcontroller, or they can be hard-
wired to provide the desired system operation.

A0 — Message Cueing

Message Cueing allows the user to skip through
messages, without knowing the actual physical
addresses of each message. Each control input
LOW pulse causes the internal address pointer to
skip to the next message. This mode should be
used for Playback only, and is typically used with
the A4 Operational Mode.

A1 — Delete EOM Markers

The A1 Operational Mode allows sequentially
recorded messages to be‘combined into a single
message with onty one EOM marker set at the end
of the final message. When this operational mode
is configured, messages recorded sequentially
are played back as one continuous message.

OPERATIONAL MODES TABLE

Ad?;ﬁst():rtl. Function Typical Use Co‘l:);:::zle'

AO Message cueing Fast-forward through messages A4

Al Delete EOM markers Position EOM marker at the end of the last A3, A4
message

A2 Unused

A3 Looping Continuous playback from Address 0 Al

A4 Consecutive addressing Record/Play multiple consecutive A0, A1
messages

A5 Unused

NOTE: An asterisk (*) indicates additional operational modes which can be used simultaneously with the given mode.
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A2 — Unused

A3 — Message Looping

The A3 Operational Mode allows for the auto-
matic, continuously repeated playback of the
message located at the beginning of the address
space.

A message can completely fill the ISD1400 device
and will loop from beginning to end. Pulsing
PLAYE will start the Playback and pulsing PLAYL
will end the Playback.

A4 — Consecutive Addressing

During normal operations, the address pointer will
reset when a message is played through to an
EOM marker. The A4 Operational Mode inhibits
the address pointer reset, allowing messages to
be recorded or played back consecutively. When
the device is in a static state: i.e.. not recording or
playing back, momentarily taking this pin LOW will
reset the address counter to zero.

A5 — Unused
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+  TIMING DIAGRAMS

Record
I
t T, . T, )
REC REC
REC \ P e \ }/
— [*—Tep1 —*| [ Tiep2
RECLED \\ \ /
Tser |« THOLD Tser TvoLp
AO - A7

MIC/
§ ANAIN ——
— TrpuD —> TrpDD
1 2d
Playback
'
[}
1 < Tpay >
PLAYL ‘\ / \ ‘V
PLAYE ‘\u—
Ti T)
Teer HOLD Teer|< HOLD Teer THOLD
AD- A7 EL K N
SPH- ——— !
> <—Tppup > <—TppoD > [*—Teroo —*| [*—Tppup

RECLED

Teom —_:H

Teom — [ -—|

NOTES: 1. REC must be HIGH for the entire duration of a Pla lyback cycle.
2. RECLED functions as an EOM during Playback.
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
(PACKAGED PARTS) (PACKAGED PARTS)

Condition Value Condition Value
Junction temperature 150°C Commercial operating 0°Cto+70°C
(1)
Storage temperature range -65°Cto +150° C temperature range
Voltage applied to any pin (Vs - 0.3 V) to Industrial operating -40°Cto +85°C
(Ve + 03 V) temperature(")

Voltage applied to any pin (Vss - 1.0V to Supply voltage (VCC)(Z) +45Vto+55V

Input current'limited to £20 mA

(np )| Wee +109) Ground voltage (Vg5)® - ov

Lead temperature (soldering - 300° C

10 seconds) NOTES: 1. Case temperature.

2. Vee=Veea = Veon
VCC - VSS -0.3Vto+ 7.0V

NOTE: Stresses above those listed may cause permanent
damage to the device. Exposure to the absolute
maximum ratings may affect device reliability.
Functional operation is not implied at these

conditions.

3. Vss=Vssa=Vssp

DC PARAMETERS (PACKAGED PARTS)

Symbol Parameters Min@ | Typ® | ‘Maxt® | Units Conditions
ViL Input Low Voltage 0.8 \Y
Vi Input High Voltage 2.4 \Y
Vou Output Low Voltage 0.4 v lop = 4.0mA
Vou Output High Voltage 2.4 \Y low =-1.6mA
lce Ve Current (Operating) 15 30 mA Ve =55V, Rexy = o
lsg Vcc Current (Standby) 0.5 10 pA (3) 4
he Input Leakage Current +1 HA
litep Input Current HIGH w/Pull 130 pA Force V¢ @

Down

Rext Output Load impedance 16 Q Speaker Load
Rmic Preamp In Input Resistance 4 9 17 KQ Pins 17,18
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DC PARAMETERS (PACKAGED PARTS) - CONTINUED

Symbol Parameters Min® [ Typ M | Max®@ | Units Conditions
Rana iN ANA IN Input Resistance 2.5 3 5 KQ
Appe1 Preamp Gain 1 20 23 26 aB AGC =00V
Apge2 Preamp Gain 2 - 45 -15 dB AGC =25V
Aarp ANA IN to SP+/- Gain 20 22 25 as
Race AGC Output Resistance 2.5 5 9.5 KQ
IpREH Preamp Out Source -2 mA @Voyr =10V
IpREL Preamp In Sink 0.5 mA @Vyyr =20V
NOTES: 1. Typical values @ Ty = 25° C and 5.0 V.
2. Al MirvMax limits are guaranteed by ISD via electrical testing or characterization.
Not all specifications are 100% tested.
3. Vgea and Veep connected together.
4. REC. PLAYL, and PLAYE must be at Viecp .
§. XCLK pin.
AC PARAMETERS (PACKAGED PARTS)
Symbol Characteristic Min@® | Typ (™ | Max® | Units Conditions
Fs Sampling Frequency — ISD1416 8 KHz | ()
— 1SD1420 6.4 KHz |
Fer Fitter Pass Band — ISD1416 3.3 KHz | 3 4B Roll-Off Point 3
—1SD1420 26 KHz '3 4B Roll-Off Point ((6)
Trec Record Duration — ISD1416 16 sec
—1SD1420 | 20 sec
Tpray Playback Duration — ISD1416 16 sec (8
—1SD1420 | 20 sec (5)
Tiepy RECLED ON Delay 5 msec
TLED2 RECLED OFF Delay —1SD1416 | 30 38.9 95 msec
—1SD1420 40 48.6 110 msec
Tser Address Setup Time 300 nsec
Thop Address Hold Time 0 nsec
Trpup Rec. Power-Up Delay —1SD1416 26 msec
—1SD1420 32 msec
Treop Rec. Power- —1iSD1416 26 msec
Down Delay —1SD1420 32 msec

pes
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AC PARAMETERS (PACKAGED PARTS) ~ CONTINUED
Symbol Characteristic Min@ | Typ® | Max? | Units Conditions
Tepup Play Power-Up Delay —ISD1416 26 msec
— 1SD1420 32 msec
TepoD Play Power-Down Delay — ISD1416 6.5 msec
—1SD1420 8.1 msec
Teom EOM Pulse Width —I1SD1416 12.5 msec
—1SD1420 15.625 msec
THD Total Harmonic Distortion 1 3 % @ 1 KHz
Pour Speaker Output Power 12.2 mW | Rexr =16 Q
Vour Voltage Across Speaker Pins 1.25 2.5 Vp-p | Rexr = 600 Q
Ving MIC Input Voltage 20 mV | peak-to-Peak ()
Vin2 ANA IN Input Voltage 50 mv Peak-to-Peak
NOTES: 1. Typicsl values @ Ty = 25° C and 5.0 V.
2. All Min/Max limits are guaranteed b, oy ISD via electrical testing or characterization.
Not all specifications are 100% tested.
8. Low-frequency cutolf depends upon value of external capacitors (see Pin Descriptions).
4. With 5.1 KQ series resistor at ANA IN.
6. Sampling frequency and Playback duration will vary as much as +2.25% over the commercial temperature
and voltage ranges. It may vary as much as+ 5% over the industrial lemperature and voltage ranges. All devices
will meet the maximum sampling frequenc -y and minimum Playback duration parameters. For greater stability, an
external clock can be ulilized (see Pin Descriptions).
6. Filer specification applies to the antialiasing filter and to the smoothing filter.
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE
{(PACKAGED PARTS)

Operating Current (mA)

Percent Distortion (%)

RECORD MODE OPERATING CURRENT (Icc)

149
104L\‘\,§_‘

g4

61

4 —

24

| | i
0 x l 7
-40 25 70 85
Temperature (C)
TOTAL HARMONIC DISTORTION
0.5
4
0.4 by . Ny
0.3+
024
0.1+
| Bl ]
0 1 1 ]
-40 25 70 85

Temperature (C)

5.5 Volts * 45 Volts‘l

STANDBY CURRENT (Igp),

Standby Current (uA)
¥
o
i

| |
0 | |
40 25 70

@ L

Temperature (C)

OSCILLATOR STABILITY
1.5
1.0

0.5-

0.5 _‘—

Percent Change (%)

.04

.54

| | |
2.0 j 1 —
-40 25 70 85

Temperature (C)
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ABSOLUTE MAXIMUM RATINGS (DIE) OPERATING CONDITIONS (DIE)
Condition Value Condition Value
Junction temperature 150° C Commercial operating 0°Cto +50°C
temperature range
Storage temperature range -65°Cto +150° C
(1) 4, .
Voitage applied to any pad (Vss - 0.3 V) to Supply voltage (Vcc) +45VIo+65V
(Vec +0.3V) Ground voltage (Vgg)@ ov
Voltage applied to any pad (Vss-1.0V)to
(Input current limited to £ 20 mA) (Ve +1.0V) NOTES: 1. Vee = Vees = Veep
Vee - Vss ~03Vto+7.0V 2 Vss=Vssa=Vssp

NOTE: Siresses above those listed may cause permanent
damage to the device. Exposure to the absolute
maximum ratings may affect device reliability.
Functional operation is notimplied at these conditions.

DC PARAMETERS (DIE)
Symbol Parameters Min® | Typ M | Max® | Units *  Conditions

Vi input Low Voltage 0.8 \Y

ViH Input High Voltage 2.4 \Y

VoL Output Low Voltage 0.4 \Y lop = 4.0mA

Vo Output High Voltage 2.4 \Y lon =-1.6 mA

lce Vcc Current (Operating) 15 30 MA Voo =55V 3, Rexy = o

lsg Vce Current (Standby) 0.5 10 HA (3) ()

n ‘| Input Leakage Current *1 HA

liLep Input Current HIGH w/Pull 130 pA Force V¢ )
Down .

Rexr Output Load Impedance 16 Q Speaker Load

Rmic Preamp In Input Resistance 4 9 17 KQ Pins 17,18
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DC PARAMETERS (DIE) - CONTINUED

Symbol Parameters Min@ | Typ ™M | Max® | uUnits Conditions
Rana IN ANA IN Input Resistance 2.5 3 5 KQ
Apgrer Preamp Gain 1 20 23 26 ds AGC =00V
Apre2 Preamp Gain 2 -45 -15 ds AGC =25V
Aprp ANA IN to SP+/- Gain 20 22 25 dB
Race AGC Output Resistance 2.5 5 9.5 KQ
IpReEH Preamp Out Source -2 mA @Voyur=1.0V
IpREL Preamp In Sink 0.5 mA | @Vgoyr =20V
NOTES: 1. Typical values @ Ty = 25 C and 5.0 V.
2. All Min/Max limits are guaranteed by ISD via electrical testing or characterization.
Not all specifications are 100% tested,
3. Veca and Veep connected together.
4. 'REC, PLAYL, and PLAYE must be at Vigep .
&. XCLK pin.
AC PARAMETERS (DIE)
Symbol Characteristic Min@ [ Typ M | Max® | Units Conditions
Fs Sampling Frequency —1iSD1416 8 KHz | (5
—1SD1420 6.4 KHz | ®)
Fer Filter Pass Band —1SD1416 33 KHz | 3 48 Roll-Off Point )6
—ISD1420 2:6 KHZ 13 4B Roli-Off Point @)6)
Tree Record Duration —1ISD1416 | 16 sec
—1ISD1420 | 20 sec
Teray Playback Duration — ISD1416 16 sec (5
—1SD1420 | 20 sec |
TLeDs RECLED ON Delay 5 msec
TLep2 RECLED OFF Delay —[SD1416 30 38.9 95 msec
—1SD1420 | 40 48.6 110 msec
Tser Address Setup Time 300 nsec
Tholp Address Hold Time 0 nsec
TreuD Rec. Power-Up Delay — ISD1416 26 msec
—1SD1420 32 msec
TreoD Rec. Power- — ISD1416 26 msec
Down Delay — I1SD1420 32 msec
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AC PARAMETERS (DIE) - CONTINUED

Symbol Characteristic Min®@ | Typ ™ | Max(® | Units Conditions
Tepup Play Power-Up Delay —1SD1416 26 msec
—1SD1420 32 msec
TepoD Play Power-Down Delay — ISD1416 6.5 msec
— 1SD1420 8.1 msec
Teom EOM Pulse Width —ISD1416 12.5 msec
—1SD1420 15.625 msec
THD Total Harmonic Distortion 1 3 % @1 KHz
Pourt Speaker Output Power 12.2 mW | Rexr =16 Q
Vour Voltage Across Speaker Pins 1.25 2.5 Vp-p | Rexr =600 Q
Ving MIC Input Voltage 20 mv Peak-to-Peak 4
Vinz ANA IN Input Voltage » 50 mv Peak-to-Peak
NOTES: 1. Typical values @ Ty = 25° C and 5.0 V.
2. All Mir/Max limits are guaranteed by ISD via electrical testing or characterization.
Not all specifications are 100% tested.

3. Llow-frequency cutoff depends upon value of external capacitors (see Pin Descriptions).

4. With 5.1 KQ series resistor at ANA IN.

5. Sampling frequency and Playback duration will vary as much as +2,25% over the commercial temperature
and voftage ranges. All devices will meet the maximum sampling frequency and minimum Pla ayback duration
parameters. For grealer stability, an external clock can be utilized (see Pin Descriptions).

6. fFilter specification applies to the antialiasing filter and to the smoothing filter.
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (DIE)

RECORD MODE OPERATING CURRENT (l¢c)
15 4(\.\'

10+

Operating Current (mA)
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0 1 1
0 25 50
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5 03+
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(a]
€02+
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5. Record (interrupting playback).

The REC signal takes precedence over
other operations. Any LOW-going transition
on REC initiates a new Record operation
from the beginning of the start address or
at a selected location, regardless of any
current operation in progress.

6. Record a message, partially filling the
address space.
A record operation need not fill the entire
message space. Releasing the REC signal
HIGH before filling the message space
causes the recording to stop and an EOM
to be placed. The device powers down
automatically.

7. Play back a message, partially filling the
address space.
Pulling the PLAYE or PLAYL signal LOW ini-
tiates a Playback cycle which is then
completed when the EOM marker is
encountered. Playback ceases and the
device powers down.

8. RECLED operation.

The RECLED output pin provides an active-
LOW signal which can be used to drive an
LED as a “record-in-progress” indicator. It
returns to a HIGH state when the REC pin is
released HIGH or when the recording is
completed due to the message space
being filled. This pin also pulses LOW to
indicate an EOM at the end of a message
being played.

APPLICATIONS NOTE

Some users may experience an unexpected
recording taking place when their circuit is pow-
ered up. or the batteries are changed and Vee
rises faster than REC. This undesired recording
prevents playback of the previously recorded
message. A spurious End Of Message (EOM)
marker appears at the very beginning of the mem-
ory, preventing access to the original message,
and nothing is played.

To prevent this occurrence, place a capacitor
(approx. 0.001 uF) between the control pin (REC)
and Vcc. This pulls the control pin voltage up with
Ve as itrises. Once the voltage is HIGH, the pull-
up device will keep the pin HIGH until intentionally
pulled LOW, preventing the false EOM marker.

Since this anomaly depends on factors such as
the capacitance of the user's printed circuit
board, not all circuit designs will exhibit the spuri-
ous marker. However, it is recommended that the
capacitor is included for design reliability. A more
detailed explanation and resolution of this occur-
rence is described in the /SD Application Notes
and Design Manualin this book.
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ORDERING INFORMATION

Product Number Descriptor Key

ISD14 _ _ _ _

ISD1400 Series

Special Temperature Field:

Duration: Blank = Commerc.ial P.ackaged (0°'Cto +70°C)
16 = 16 Seconds or Commercial Die (0'C to +50°C)
20 = 20 Seconds I = Industrial (-40°C to +85°C)
Package Type:
P = 28-Lead 0.600-Inch Plastic Dual In-Line Package
(PDIP)
S = 28-Lead 0.300-Inch Smal! Outline Integrated Circuit
(SOIC)
X = Die

When ordering ISD1400 Series devices, Please refer to the following valid part numbers.

Part Number Part Number
ISD1416P 1SD1420P
1ISD1416PI i ISD1420P|
ISD1416S 1SD1420S
ISD1416SI 1SD1420SI
1ISD1416X I1SD1420X

For the latest product information, access 1SD's worldwide website at http://www.isd.com,
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Octal 3-State- Nomnvertmg
Buffer/Line Driver/

Line Receiver
High—Performance Silicon—Gate CMOS

The MC54/74HC244A is identical in pinout to the LS244. The device
inputs are compatible with standard CMOS outputs; with pullup resistors,
they are compatible with LSTTL outputs.

This octal noninverting bufferfline driverfline receiver is designed to be
used with 3—state memory address drivers, clock drivers, and other
bus-—oriented systems. The device has noninverting outputs and two
active~low output enables.

The HC244A is similar in function to the HC240A and HC241A.

e Output Drive Capability: 15 LSTTL Loads

« Outputs Directly Interface to CMOS, NMOS, and TTL

* Operating Voltage Range: 2to 6 V

e Low Input Current: 1 pA

« High Noise Immunity Characteristic of CMOS Devices

= In Compliance with the Requirements Defined by JEDEC Standard

No. 7A
» Chip Complexity: 136 FETs or 34 Equivalent Gates

LOGIC DIAGRAM

{ A 2 / 18 YA
A2 2 N 16 vaz
>
Az S :{ ]> 1 va3
al VII\ 2 vaq
DATA NONINVERTING
weuts| N 9 g [OUTPUTS
>
g2 13 VIL LV
g3 13 Vk 5 ves
ga 7/]¥ 3 YB4}
PIN20 = Vg
ouTPUT | ENABLEA 2 PIN 10 = GND
ENASLES ) enasLes 12

MC54/74HC244A

J SUFFIX
CERAMIC PACKAGE
CASE 732-03

N SUFFIX
PLASTIC PACKAGE
CASE 738-03

DW SUFFIX
SOIC PACKAGE
CASE 7510-04

SD SUFFIX
SSOP PACKAGE
CASE 840C-03

DT SUFFIX
20 Q&"‘ TSSOP PACKAGE
1

CASE 948E-02

ORDERING INFORMATION
MCS4HCXXXAJ Ceramic
MC74HCXXXAN Plastic
MC74HCXXXADW SOIC
MC74HCXXXASD SSOP
MC74HCXXXADT TSSoP

PIN ASSIGNMENT

ENABLEA[] 1w 20 J Veg
At d z 15 {] ENABLEB
Ysaﬂ 3 12 ] YAt
A2(] 4 7] B4
ves3 ] s € ] va2
a3 e 1383
Ys2( 7 12 1] YA3
Ad(] 2 5] 82
ver j o 2 [ vad
GND {J 12 RIS

FUNCTION TABLE

Inputs Outputs
Enable A,
Enable8 | A,B8 | YA, YB
L L L
L H H
H X Zz

Z = high impedance
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Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -0510+7.0 \
Vin OC Input Voltage (Referenced to GND) ~15Vec+15]) Vv
Vout DC Output Voltage (Referenced to GND) ~-05t% Vg +0.5 v
lin OC Input Current, per Pin £20 mA
lout DC Output Current, per Pin +35 mA
lcc DC Supply Current, Vo and GND Pins £75 mA
Pp Power Dissipation in Still Air, Plastic or Ceramic DiP$ 750 mw
SOIC Packaget 500
SSOP or TSSOP Packaget 450
Tslg Storage Temperature - 6510+ 150 oG
T Lead Temperature, 1 mm from Case for 10 Seconds C
(Plastic DIP. SOIC, SSOP or TSSOP Package) 260
(Ceramic DIP) 300

* Maximum Ratings are those values beyond which damage to the device may oceur,
Functional operation should be restricted to the Recommended Operating Conditions.

tDerating — Plastic DIP: — 10 mW/*C from 65° t0 125°C

Ceramic DIP; ~ 10 mW/*C from 100° to 125°C

SOIC Package: ~ 7 mW/>C from 65° to 125°C

SSOP or TSSOP Package: ~ 6.1 mW/°C from 65° 10 125°C

For high frequency or heavy load considerations, see Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).

RECOMMENDED OPERATING CONDITIONS

This device contains protection
circuitry to guard against damage
due to high static voltages or electric
fields. However, precautions must
be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high~impedance cir-
cuit. For proper operation, Vin and
Vout should be constrained to the
range GND < (Vi orVg ) = Vece-

Unused inputs must always be
tied to an appropriate logic voltage
level (e.g., either GND or vce).
Unused outputs must be left open.

Symbol Parameter Min | Max | Unit
Vce OC Supply Voltage (Referenced to GND) 2.0 6.0 v
Vin- Vout } DC Input Voltage, Output Voitage (Referenced to GND) 0 Vee \
Ta Operating Temperature. All Package Types -85 [+125 | °C
i, 4 Input Rise and Fall Time Ve =20V 0 1000 | ns
(Figure 1) Vcc=45V 0 500
Vec=60V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vee -5510
Symbot Parameter Test Conditions v 25°C =< 85°C | <125-C | Unit
ViH Minimum High~Level Input Vout=Vgg - 0.1V 2.0 1.5 1.5 1.5 \
Voltage Noutl < 20 pA 3.0 21 2.1 2.1
4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1V 2.0 0.5 0.5 0.5 v
Voltage llgytl s 20 uA 3.0 0.9 0.9 0.9
4.5 1.35 1.35 1.35
6.0 1.8 1.8 1.8
VOH Minimum High-Level Output Vin=Vi|H 2.0 1.9 1.9 1.9 v
Voltage louth < 20pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=VIH loyy! s 2.4 mA 3.0 2.48 2.34 2.2
oyl < 6.0mA | 4.5 3.98 3.84 3.7
llgutl = 7.8mA | 6.0 5.48 5.34 5.2
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OC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

Guaranteed Limit

Vee -55to
Symbotl Parameter Test Conditions v 25°C s 85°C | £125°C | uUnit
VoL Maximum Low-Level Qutput Vin=V|L 2.0 0.1 0.1 0.1 v
Voltage lout = 20 uA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin = Vi oyl S24mA | 30 0.26 0.33 0.4
oyl < 6.0mA | 45 0.26 0.33 0.4
oyl < 7.8mA | 6.0 0.26 0.33 0.4
lin Maximum Input Leakage Current | Vi, = Ve or GND 6.0 101 1.0 +1.0 pA
loz Maximum Three—Stale Leakage [Output in High~impedance State 6.0 105 +5.0 +10 HA
Current Vin=ViLor Vi
Vout = Vg or GND
Icc Maximum Quiescent Supply Vin = Vg or GND 6.0 4.0 40 160 HA
Current (per Package) loyt = 0 pA

NOTE: Information on typical parametric values and high fre

Speed CMOS Data Book (DL129/D).

AC ELECTRICAL CHARACTERISTICS (C_ = 50 pF. Inputt; = t = 6 ns)

quency or heavy load considerations can be foundin Chapter 2 of the Motorola High-

Guaranteed Limit

Vee -55to
Symbol Parameter v 25°C s85°C | s125°C Unit
PLH. Maximum Propagation Delay, A to YA or B to YB 2.0 96 115 135 ns
tPHL (Figures 1 and 3) 3.0 50 60 70
4.5 18 23 27
6.0 15 20 23
tpLZ. Maximum Propagation Delay, Output Enable to YA or YB 20 110 140 165 ns
tPHZ (Figures 2 and 4) 3.0 60 70 80
4.5 22 28 33
6.0 19 24 28
tPZL. Maximum Propagation Delay, Output Enable to YA or YB 2.0 110 140 165 ns
tpzH (Figures 2 and 4) 3.0 60 70 80
4.5 22 28 33
6.0 19 24 28
TLH. Maximum Output Transition Time, Any Output 2.0 60 75 90 ns
tTHL (Figures 1 and 3) 3.0 23 27 32
4.5 12 15 18
6.0 10 13 15
Cin Maximum Input Capacitance —_ 10 10 10 pF
Cout Maximum Three—-State Output Capacitance (Output in —_ 15 15 15 pF
High-Impedance State)
NOTE: For propagation delays with loads other than 50 pF. and information on typical parametric values. see Chapter 2 of the Motorola High—
Speed CMOS Data Book {DL1 29/D).
Typical @ 25°C,Vpg =5.0V
Cpp Sower Dissipation Capacitance (Per Buffer)* ) 34 pF

* Used to determine the no-load dynamic power consum

Motorola High-Speed CMOS Data Book (OL129/D).

ption: Pp = Cpp Vo2t + lcc Vee. Forload considerations, see Chapter 2 of the
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SWITCHING WAVEFORMS

Vee

DATAINPUT —Vee ENABLE )
AORSB AORS — GND
GND
. H HIGH
PLH v
- 0% oUTPUTY IMPEDANCE
YAORYB oo 167 — Vo
0 Pt~
90°, — VOH
QUTPUTY HIGH
IMPEDANCE
Figure 1, Figure 2,
TEST CIRCUITS
TEST POINT TEST POINT

1 CONNECT TC Vo WHEN

OUTPUT ouTPUT TESTING tpy 7 AND tp7.
DEVICE DEVICE CONNECT TC GND WHEN
UNDER . UNDER , TESTING tppyz AND tpzp.

TEST I G TEST I Q
" Includes all probe and jig capacitance * Incluces all probe and jig capacitance
Figure 3. Test Cirguit Figure 4. Test Circult
PIN DESCRIPTIONS »

INPUTS
A1, A2, A3, A4, B1, B2, B3, B4
(Pins 2, 4,6, 8, 11,13, 15, 17)

Data input pins. Data on these pins appear in noninverted
form on the corresponding Y outputs, when the outputs are
enabled.

CONTROLS
Enable A, Enable B (Pins 1, 19)
Output enables (active—low). When a low level is applied

to these pins, the outputs are enabled and the devices func-
tion as noninverting buffers. When a high level is applied, the
outputs assume the high impedance state.

OUTPUTS

YA1, YA2, YA3, YA4, YB1, YB2, YB3, YB4
{Pins 18, 16, 14,12, 9,7, 5, 3) .

Device outputs. Depending upon the state of the output-
enable pins, these oulputs are either noninverting outputs or
high-impedance outputs.
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LOGIC DETAIL

TO THREE CTHER
A OR 3 INVERTERS

ONEOF 8
INVERTERS

|
(
|
vee |
{
|
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OUTLINE DIMENSIONS
SD SUFFIX
PLASTIC SSOP PACKAGE
CASE 940C-03 “orES:
ISSUE B 1. DIMENSIONING AND TOLERANCING PEA ANSI

0x K REF

H (&]o0.1200.005@]T]U

]@ N

0.25 {0.010)

U2

.
ey A

IDENT

L

1 HAAARAAAAA

C e e B

EEEELLL

A

o020 0008 @[ U ®]

¥
] 0076 (0.003)

_Y-- ] SEATIHG

PLANE

~

I

-

‘(14.5M, 1982,
CONTRODL_15 DIMENSION: MI. _IMETER.

. DIMENSION A DOES NOT IMC_U2E MO_D F ASH,

SROTRUSIONS OR GATE EURRS.MO.D F_ASH OR
GATE BURRS SHAL_ NOT EACZ20 0 15 (0.605) PER
SIDE.

OAENSICY 8 DOES NOT 1NC LG8 INTER.EAD
=.ASM OR PROTRUSIO®. 1722 EAD F_ASH OR
PPOTRUSION 34AL_MDT ExC230 0.15 (0 095) PER
SIDE.

OIMENSIOY < DOES NOT 14C _¢:2E DAMBAR
PROTRUSIOMANTRUSION. A, .CWAB_E DAMBAR
PROTRUSION S4A.L BE 0.
ZXCESS OF < DMENSION AT I/
CONDITION. GAMBAR INTRUS

AT LEAST MATERIAL C O‘IEFIOV
TERMINA_ YUMBERS ARE $4CW/N FGR REFERENGE
ONLY,

= DIMENSION A AND B ARE TO £ DETERMINED AT
DATUM PLANE -W-,
MILLIMETERS INCHES
DI | . MIN MAX
A 197 722
8 3¢ 338
SECTION N-N el i
. D1 935 | na
[——.4\ ~ F 042 0.93
/ A G | 0s5BsC
J \ I H 038 0.73
\-_—Q—L/ J 0.08 0.20
— H 015
X 0.3

DETAILE” X 2

L 7%G .

'] 3!

20x K REF
(@] 0.150.008)]T]U @j @ 0100004 ®|T[u D[V O]
i

DT SUFFIX

PLASTIC TSSOP PACKAGE

CASE 948E-02
ISSUE A

(2x U2

JO—

PIN 1
|DEN1:-\

AAAR

AARAH
K

.
]
]

(@015 0006]T[U @]

]

v
/ Y

@
-
[
pry

B

y

‘1 SECTION N-N

N 0.25(0.010)
- iz000)

“OTES:

DIMENSIGVING AND TC.ZRAYCING FER ANSI
Y12 5M, 1582,

CONTRO...ING DIMENS:CY \ETER
DIMENSION 4 DOES 3T 1 140D F.ASH,
PROTRUSIONS OR GATZ SURAS, 1C_D FLASH
OR GATE BURRS S+A__ YOT ZXCEED 0.15
(0.00€) PER SIDE,

DIMENSION B DOES NOT INC UDE INTER_EAD
FLASA OR PROTRUSICN, INTZR_EAD F.ASH OR
PROTRUSION $44%_ NIOT EXCZED 025 :0.010)
PER SIOE.

DIMENSICN < DOES NCT 1NC _JDE [ 2MBAR
PROTRUSION AL.OWAB_E C3MBAR
PROTAUSION SHA__ BE 2.08,2.602) TOTAL IN
EXCESS OF THE < DIMENSICY 2T MAXIMUM
MATERIA. CONDTION,

# TEAMINA. JUMBERS ARE $4OWN FOR
REFERENCE O\LY.
DIMENSION A AND 8 ARE TO
AT DATUM 7 _ANE -W-.

| MILLMETERS __ INCHES
I MIN T MAX TN

o rue

o

SE DETEAMINED

gr—fjx';‘.::n-.anm»g




el e o

TRETS -

163

OUTLINE DIMENSIONS

QAA' _ ﬂg

J SUFFIX
CERAMIC PACKAGE
CASE 732-03
ISSUE E

W

~

Lad

NCTES
1 LEADS VIIT-IN 02513.53%5 DIAMETER. TRUE

POSITION AT SEATING P _ANE. AT MAXIMUM
MATEAIA_ CONDITICY,

DIMEYSION . TO CEMTEA OF _EADS WHEN
FORMED PARALLE..

DIMENSIONS A AND & 1NC_UDE MENISCUS.

MILUMETERS | INCHES
A Lom! miN_ | max | wm_ | Max
alzie 2.9¢0 | 0890
EREET) 9260 | 9295
CH €l :m 2 T 9150 [ 9200
- F EREEY) 2.015 | oz
1 F 1 %055 3063
5 il G| 25eB5C_ | oagBse
e W1 6351 ] 127 ; 500 [ 0650
Y f-N J ] 00| oo noos oo
e J' K | 218 ] 26579125 | 0160
i 752850 0.200BSC
R f"—”-—o -'IGI" K Ml as] w3l oo] g3
N1 0z | vhe 00w | o
SEATING
PLANE
N SUFFIX
PLASTIC PACKAGE
NOTES:
CASE 738-03 + DIMEMSIONING AND TO_ERANCIMS PER ANS!
5 ISSUE E VISR 1982
2. CONTRC_ 1G DIMENSIDN: NCH.
3 DIMENSIO™ _ TO CENTER OF _EAD “/EN
O FORMED P&Ra . EL

1

—C r—L

; -
N N
Gl F
D 20rpL

T ~ \JL/M

—fle—J 20pL

OIMENSISY E COES NOT INC.UGE 140D

(@]0250010@] ]2 @]

FASH,
INCHES | MiLLMETERS
| ow [ ol | wAX | | maax
A 2586 | 2147
\ 8 810
! c 281
D 039 | 933
€ 127 85C
F 127 1 177 |
G 252 85C
J 8.21 6.2
K 280 | 23%
L 162B5C
!$ummm®Ma@] m TG
N 251 | &

r~——lﬂ~——ﬂ
«-HAHBAABAAR

=2

&

o

[=B~] 10x P

DW SUFFIX

PLASTIC SOIC PACKAGE

CASE 751D-04
ISSUE E

(@000 0256 8 @]

"HHUHHOOHEEE
—-”4-— 20x D

(&]0010025@ 1A D[ O]

4

—~ —ixaG

g 3 : C
fl_r__:. SEATING
i e=T= PLANE
K

NOTES:

1. DIMEMSIONING AND TOLERANCING PER
ANSTV125M, 1562,
CONTROL ING DIMESION: Mi. IMETER.
. GRAENSIONS A 29D B 20 NOT INC_UDE
0.5 PROTAUSICV.
14XIMUM MO D FECTRUSION 6.150
12.506) PER SIDE.
DIMENSION b DCE§ 10T NC.UDE
U3MBAR PROTRUSICY. A__OVIABLE
o

TS

e

AT HAXIIUM LIATEFLS _ CONDITION.

P mnomersas | menes
~J LMW MAX | MIN T MAX
L A 0.28 § 0315

w3 0292 | 0299
il | 0.097 ] 030c
—lF {IEI 0012 | 0015

i £ 0020 | 0075
G ; 0.03085C |
R x as~ J} 057 a3 1900 Jaon
_‘.] r_ K o310, 325 Toame ! noos
— Ml on - 3° Fil
7 | P _ e AamE 1y
3 R Y
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MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) ~051t0+7.0 v
Vin DC tnput Voltage (Referenced to GND) -05tVee+05| Vv
Vout DC OQutput Voltage (Referenced to GND) -05toVgc+05¢ V
lin DC input Current, per Pin +20 mA
tout DC Output Current, per Pin 35 mA
lcc DC Supply Current, Vo and GND Pins +75 mA
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw
SOIC Packaget 500
SSOP or TSSOP Packaget 450
Tstg | Storage Temperature -65to+ 150 C
TL Lead Temperature, 1 mm from Case for 10 Seconds C
(Plastic DIP, SOIC, SSOP or TSSOP Package) 260
{Ceramic DIP) 300

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/>C from 65° to 125°C
Ceramic DIP: - 10 mW/*C from 100¢ t0 125°C
SOIC Package: — 7 mW/>C from 657 10 125°C
SSOP or TSSOP Package: - 6.1 mW/°C from 65° 1o 125°C

This device contains protection
circuitry to guard against damage
aue to high static voltages or electric
fields. However, precautions must
be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high~impedance cir-
cuit. For proper operation. Vi, and
Vout should be constrained to the
range GND < (Viq or Vo) < V.

Unused inputs must always be
lied to an appropriate logic voltage
level (e.g., either GND or V).
Unused outputs must be left open.

For high frequency or heavy load considerations, see Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Max | Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin. Vout { DC Input Voltage. Output Voltage (Referenced to GND) 0 vce \J
TA Operating Temperature, Ali Package Types -35 j+125 | *C
i 4 Input Rise and Fall Time Veg=20V 0 1000 | ns
{Figure 1) Vec=45VY) 0 500
Vec=60v]| o0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vee -55to
Symbol Parameter Test Conditions v 25°C s 85°C | £125°C | Unit
ViH Minimum High~Level Input Vout=Vee -0.1V 2.0 1.5 15 1.5 \
Voltage lout! < 20 uA 3.0 2.1 2.1 2.1
45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Leve! Input Vout2 0.1V 2.0 Q.5 0.5 0.5 \
Voltage ! tlgyt! = 20 A 3.0 2.9 0.8 0.9
4.5 1.35 1.35 1.35
6.0 1.8 1.8 1.8
VOH Minimum High-Level Output Vin = VIH 2.0 1.8 1.8 1.8 \
Voltage oyt ~ 20 WA 435 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin = Viy Boutl s 24mA | 3.0 2.48 2.34 2.2
Houl = 8.0mMA | 453 3.98 3.84 3.7
Hoytl = 7.3 mA 8¢ 348 5.34 5.2
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

Guaranteed Limit
Vec | -55t0
Symbol Parameter Test Conditions v 25°C < 85°C { $125°C | Unit
VoL Maximum Low-Level Output Vin=ViL 2.0 0.1 0.1 0.1 v
Voltage Hout! = 20 A 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViL ligytt < 24 mA 3.0 0.26 0.33 0.4
Hoyt! = 6.0mA 4.5 0.26 0.33 0.4
oyt = 7.8 mA 6.0 0.26 0.33 0.4
lin Maximum Input Leakage Current | Vip = Vg or GND 6.0 101 +1.0 1.0 pA
loz Maximum Three-State Leakage | Output in High-Impedance State 6.0 105 £5.0 +10 pA
Current Vin =V|_orViy
Vout = Vcg or GND
Icc Maximum Quiescent Supply Vin = Vgc or GND 6.0 4.0 40 160 HA
Current (per Package) lout =0 pA

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF. Input 1, = t{ = 6.0 ns)

NOTE: Information on typical parametric values can be found in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).

Guaranteed Limit

Vee -55to
Symbol Parameter v 25°C < 85°C | = 125:C | Unit
tPLH Maximum Propagation Delay, Input D to Q 2.0 125 155 190 ns
{PHL (Figures 1 and 5) 3.0 80 110 130
4.5 25 31 38
6.0 21 26 32
tPLH ‘Maximum Propagation Delay, Latch Enable to Q 2.0 140 175 210 ns
{PHL (Figures 2 and 5) 3.0 90 120 140
4.5 28 35 42
6.0 24 30 36
PLZ Maximum Propagation Delay, Output Enable to Q 2.0 150 190 225 ns
PHZ (Figures 3 and 6) 3.0 100 125 150
4.5 30 38 45
6.0 26 33 38
tpzL Maximum Propagation Delay, Output Enable to Q 2.0 150 190 225 ns
tPZH (Figures 3 and 6) 3.0 100 125 150
45 30 38 45
6.0 26 33 38
ITLH Maximum Output Transition Time, Any Qutput 2.0 60 75 90 ns
THL (Figures 1 and 5) 3.0 23 27 32
4.5 12 15 18
6.0 10 13 15
Cin Maximum Input Capacitance 10 10 10 pF
Cout Maximum Three-State Output Capacitance 15 15 15 pF
(Output in High-Impedance State)
NOTE: For propagation delays with loads other than 50 pF. and information on typical parametric values, see Chapter 2 of the Motorola High—
Speed CMOS Data Book (DL129/D).
Typical @ 25°C, Vg =5.0V
Cep Power Dissipation Capacitance (Per Enabiec Output)* 36 pF

* Used to determine the no-load dynamic power consumption: P
Motorola High-Speed CMOS Data Book (DL 129/D).

D=Cpp Veg2i+ lcc V¢G. Forload considerations, see Chapter 2 of the
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Octal 3-State Non-Inverting

Transparent Latch
High—Performance Silicon—-Gate CMOS

The MC54/74HC373A is identical in pinout to the LS373. The device
inputs are compatible with standard CMOS outputs; with pullup resistors.
they are compatible with LSTTL outputs.

These latches appear transparent to data (i.e., the outputs change
asynchronously) when Latch Enable is high. When Latch Enable goes low,
data meeting the setup and hold time becomes latched.

The Qutput Enable input does not affect the state of the iatches. but when
Output Enable is high, all device outputs are forced to the high-impedance
state. Thus, data may be latched even when the outputs are not enabled.

The HC373A is identical in function to the HC573A which has the data
inputs on the opposite side of the package from the outputs to facilitate PC
board layout.

The HC373A is the non—inverting version of the HC533A.,
¢ Output Drive Capability: 15 LSTTL Loads
+ Outputs Directly Interface to CMOS, NMOS and TTL
« Operating Voltage Range: 2.0t0 6.0 V
« Low Input Current: 1.0 pA
« High Noise Immunity Characteristic of CMOS Devices
«+ In Compliance with the Requirements Defined by JEDEC Standard

No. 7A
* Chip Complexity: 186 FETs or 46.5 Equivalent Gates

LOGIC DIAGRAM

0o 2] L2 qo
o A L= o
1 D2 R -3 Q2

INDPAJ'}I'\S 03 2 j Q3 | NONINVERTING

04 & L "2 OUTPUTS

ps 4 L s

D6 KL 1€ Q6

o7 & % o7

oot — |

Design Criteria Value Units
internal Gate Count” 16.5 ea
Internal Gale Prooagation Delay 15 l ns
Internal Gate Power Dissipation 5.0 uw
Speed Power Product 0.0075 pd

* Equivalent to a two-input NAND gate,

MC54/74HC373A

r J SUFFIX
q CERAMIC PACKAGE
CASE 732-03

N SUFFIX
PLASTIC PACKAGE
200711} CASE 738-03

DW SUFFIX
200/ SOIC PACKAGE
' CASE 751D-04

SD SUFFIX
208§ SSOP PACKAGE

CASE 840C-03

1
DT SUFFIX
20 @" TSSOP PACKAGE
' CASE 948€-02

ORDERING INFORMATION
MCS54HCXXXAJ Ceramic
MC74HCXXXAN Plastic
MC74HCXXXADW SoIC
MC74HCXXXASD ,SS0P
MC74HCXXXADT TSSOP

PIN ASSIGNMENT

e § 1t B PV
Qg2 151 a7
Do 3 12 [ 07
D1[]4 17 1] D6
a1 s 1w€pas
c2e 2105
D2 7 “efjos -
D3[] 8 137 04
cafe -z [ as

GND (] 10 *+ [ LATCH
ENAELE

FUNCTION TABLE

Inputs Qutput

Qutput | Latch
Enable { Enable| D Q

L H H H

L H L L

L L X : No Change

H X X Zz
X = Don't Care

Z = High Impedance
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TIMING REQUIREMENTS (C =50 pF, Input I; = t = 6.0 ns)

Guaranteed Limit
-55t0 25°C < 85°C < 125°C
Vce
Symbol Parameter Volts | Min Max | Min | Max | Min Max | Unit
tsu Minimum Setup Time. Input D to Latch Enable 2.0 25 30 40 ns
3.0 20 25 30
4.5 5.0 6.0 8.0
6.0 3.0 6.0 7.0
th Minimum Hold Time, Latch Enable to Input D 2.0 5.0 5.0 5.0 ns
3.0 5.0 5.0 5.0
4.5 5.0 50 5.0
6.0 3.0 5.0 5.0
lw Minimum Pulse Width, Latch Enable 2.0 60 75 90 ns
3.0 23 27 32
4.5 12 15 18
6.0 10 13 15
.t} Maximum Input Rise and Fall Times 2.0 1000 1000 1000 | ns
3.0 800 800 800
, 4.5 500 500 500
6.0 400 400 400

SWITCHING WAVEFORMS

—Vee
INPUT D
GND

v,

OUTPUT ce

ENABLE — &N

HIGH
0 IMPEDANCE

! 10% -./OL

PZH  tPHZ ——l .~

90% — VOH

Q \ HIGH
IMPEDANCE

Figure 3.

LATCH ENABLE

Vee

—- END

tPHL ———! e

PLH
Q 50%
Figure 2,
VALID -
Vee
INPUT D 50%
GND

p—'su—*—fh —b‘

—V
LATCH EMAZLE ce

GND

Figure 4.
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TEST CIRCUITS

TEST POINT

TEST POINT
. CONNECT TO Vo WHEN
ouTPUT v 1 k¢ CC
DEVICE ouTPuT K TESTING tpLz AND tpy.
UNDER DEVICE CONNECT TO GND WHEN
TEST ]: c’ U_‘:EDSETR o TESTING 1pHz AND tpzy

" Includes all probe and jig capacitance " Includes all probe and jig capacitance

.

Figure 5. Figure 6.

EXPANDED LOGIC DIAGRAM

Loa, Lo, B U, U U U 1S
b Q D Q b aQ D a D QY0 a D Q 0D Q4

I 9 12 15 ’ 16 19
o o} Q2 Q3 Q4 05 Q6 a7
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OUTLINE DIMENSIONS .
J SUFFIX
- CERAMIC PACKAGE OTES
C— CASE 732-03 T s
E ISSUE E A CONDITICN,

1AYAY VLY

T CENTER OF _EADS WHEY
D PAPA_ £
HAZUSIONS A AMD BINC_UDE MEVISCUS.

B [‘ [ mwumerzas | wcwes
A——» otu MiN_T pax s | wax
0520 | 0.999
7260 | 0085
- 0150 | 0.200
- F 2215 | 0.022
[ 1 0055 | 0.065
'y i 0.190 BSC
B ca o 0,020 | 0.65
T 3 %903 | 0012
. . r 9025 | 0.160
2200 8SC
H _.“__ K- 07 [ 150
r— D _461-_ 6010 | 0.0¢0
SEATING
PLANE
N SUFFIX
‘ PLASTIC PACKAGE
CASE 738-03 ores:
1. DIMENSIDYING AND TO_ERANCING FER 24S)
. FANANANANAWATA 1;1 ISSUEE Y14.5M. 1982,

ING DRMEMSION: NCH.
¢ TO CENTER OF _£4D w<EY
PARA.E.

e

8
O
1 iy 2. DIMENSIC' B 0CES VG INC_UBE M0
(T AVAVAvA VLY.L g ' :
I
INCHES | MILLIMETERS
— ow HAX | Wt | MAX
A 1070 | 2565 [ ora7
1 B C.280 £.10
e o [4 0.180 .81
s_;:;nc L K , , D 022 1 0% | 553
3 g - '“——r ’ \ E 2.050 BSC 1.27 35C
E € ! ! \_‘/M F ] oxylo6i0 ) 1974 1o7
— \--l G 160 BSC 23285C
. J [ 5es [ ozl oo ] om
—iG - —wlbe— g 206t « {00 | oteo | 2001 ass
= — [ 0BsC 76285C
D 20pL (&2 0010)@[T] B ® el ol ol
N

[&[0250010@[T] 2 ®]

0029 1 0020 1 031 | 100

-
~fAARAAARA A/

&

1wox P

DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751D-04
ISSUE £

&

(£]ooic2n@] s D]

;L— ;

EEEEEE L )
—-”'—z»oxD

(@000 )@ T[A D)

TI_TJ
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NOTES:

JUAENISIONING 4*1D TOERANCING PER
ANEIYIL5M, 1962,
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OUTLINE DIMENSIONS
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TLO74

TLO74A - TL074B

QUAD J-FET OPERATIONAL

LOW NOISE
AMPLIFIERS

« LOW POWER CONSUMPTION

= WIDE COMMON-MODE (UP TO Vec') AND
DIFFERENTIAL VOLTAGE RANGE

s LOW INPUT BIAS AND OFFSET CURRENT

= LOW NOISE en = 15nVAHz (typ)

» OUTPUT SHORT-CIRCUIT PROTECTION

« HIGH INPUT IMPEDANCE J-FET INPUT
STAGE ’

= LOW HARMONIC DISTORTION : 0.01% (typ)

» INTERNAL FREQUENCY COMPENSATION

= LATCH UP FREE OPERATION

= HIGH SLEW RATE : 13V/ss (typ)

DESCRIPTION

The TLO74, TLO74A and TLO748 are high speed
J-FET input quad operationalamplifiers incorporating
well matched. high voltage J~FET and bipolar transis-
torsin a monolithic integrated circu.

The devicesfeature high slew rates, low nputbias and
offsetcurrents, and low offset voltage temperature
coefficient.

PIN CONNECTIONS (top view)

DiP14
(Plastic Package)

-

D
5014
(Plastic Micropackage)
ORDER CODES
— - Tem;ér_at:ne h ﬁackage
Part Number
Range N D
TLO74MW/AM/BM -55°C. +125°C . .
TLO74al/Al/BI —40°C, +105°C . .
TLO74C/AC/BC 0°C. +70°C . .
Example : TLO74IN

~

Output 2

./
Output 1 1 E l’_‘ 14 Output 4
Inverting Input 1 2 E-\J,(’-:} 13 Inverting Input 4
Non-inverting Input 1 3 E-*’//, - \2,1-] 12 Non-inverting Input 4
Veet 4 [ 111 vee-
Non-inverting Input 2 5 E—:> /‘:'-:] 10 Non-inverting Input 3
Inverting input2 6 E e <\'J!':] 9 Inverting Input 3

] 8 Ouput3
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SCHEMATIC DIAGRAM

Vet T J T
J{ | |
Non-inverting ™)
input —J
tnvertin -~
' inp’u% —]
-
—————1_] Output =
172 TLO74
4
1
1.3k
Vee ™ D
ABSOLUTE MAXIMUM RATINGS
[symbot |~ 7 7 T paameter T T T T e 1 unit
Vec | Supply Voltage - (note 1) +18 v
\'Z Input Voltage - {note 3) +15 \%
Via | Ditferential Input Voltage - (note 2) £30 v
Prot Power Dissipation 680 mw
Output Short-circuit Duration - (ng!_e_ ﬂ_ . Infinite
Tocer | Operating Free Air Temperature Range TLO74C,AC.BC 0to 70 °c
TLO741,A1,8Il ~40 to 105
TLO74M,AM,BM -55to 125
Notes: 1. All voltage values, except differential voltage, are with respect to the zero reference level {ground) of the supply volages where the

zero reference level is the midpoint between Vec' and Ve,
2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal.
3. The magnitude of th2 input vokage must never exceed tha magnitude of the supply vokage or 15 voks, whichever is less.
4. The oulput may be sharted to ground or to either supdy Temperawre and /or supply voltages must be limitedto ensure that the

dissipation rating is ro: exceeded.
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ELECTRICAL CHARACTERISTICS

Vee = £15V, Tamo = 25°C (unless otherwise specified)

T TLO741,M,AC, Al,
i TLO74
Symbol Parameter AMBCBIBM | _.(_)_(.:4._ ~{ Unit
Min. | Typ. | Max. | Min. ( Typ. | Max.
Vi Input Offset Voltage (Rs = 50¢2) | v
Tambp = 25°C 3 6 3 10 |
TLO74BC,BI,BM 1 3
Tmin. € Tamb < Tmax, 7 13
TLO748C,Bl,B8M 5
DV | Input Offset Voltage Drift 10 10 Y]
ko Input Offset Current *
Tamp = 25°C 5 100 5 100 pA
Tmin, € Tamb < Tmax. 4 10 ¢ nA
™ fnput Bias Current *
Tamb = 25°C 20 | 200 30 | 200 pA
Toin. S Tambd € Trnax, 20 20 i nA
Avg Lar%e Signal Voltage Gain (R( = 2k, Vo = +10V) CV/mV
amb = 25°C 50 200 25 200
T, S Tamb € Trax. 25 15
SVR Supply Voltagje Rejection Ratio (Rs = 5002) dB
Tamp = 25°C 80 86 70 86
Trin. < Tamb € Trmax, 80 . 70
lcc Supply Current, per Amp, no Load mA
b = 25°C 14 { 25 14 | 25
Tmin. S Tamb < Trnax. 2.5 2.5
Viem Input Common Mode Voltage Range 11 | +15 =11 | +15 \ Vv
-12 -12 i
CMR | Common Mode Rejection Ratio (Rs = 50Q2) ' dB
Tamp = 25°C 80 | 86 70 | 86
Trmin. € Tamb € Tmax, 80 70
los Qutput Short-circuit Current mA
Tamb = 25°C 10} 40! 60 | 10| 40 | 60
Tmin. S Tamb < Tmax, 10 60 10 60
*Voee | Output Voltage Swing Y
Tamb = 25°C RL= 20 10 | 12 10 | 12
Rl = 10kQ 12 13.5 12 13.5
Tmlr\. < Tarnb < Trnax. RL = 2kQ 10 10
Rl = 10k 12 12
SR Slew Rate (Viy = 10V, R = 2k, C_ = 100pF, Vius
Temp = 25°C, unty gain) 8 | .13 8 |13 ]
t Rise Time (Vin = 20mV. Ry = 2k0). C = 100pF. ; HS
| Tomo = 25°C. unity gain) __ 0.1 0.1 .
Kov Overshoot (Vin = 20mV, Ry = 2k(). C( = 100pF, , %
Tamb = 25°C, unity gain) 10 10 !
GBP | Gain Bandwidth Product (f = 100kHz. " MHz
Tamb = 25°C. Vin = 10mV. Ry = 2k(, C| = 100pF) 2 3 2 3
Ri Input Resistance 1072 10'? 3
THD | Total Harmonic Distortion (f = 1kHz. Ay = 20dB. | A
R = 2kQ). CL = 100pF, Tamb = 25°C. Vo = 2Vpp) 0.01 0.01 !
einiid x A 1 ; . H
Equivalent Input Noise Voltage .V
€ 1 {(f= 1kHz. Rs = 10002) 15 15 Hz
2m Phase Margin 45 45 Degrees
Voi/Voz | Channel Separation (Ay = 100) 120 ll 120 , [o[]

" The nput bias currents are juncion leak:

age currenss wvhicn approxmately aowle ‘or avery 10°C increase i she junclion ‘emperature,
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MANINUMPEAK-TO-PEAK QUTPUT

EAK-TO-PEAKOUTPUT

VOLTAGE (V)

MAXIMUN, |
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MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREQUENCY

VOLTAGE (V)

30 TT
Veg = © 15V ] R. = 240
3 " [Tamr =225 ¢
Ll lu ; See Fizure 2 ||
20 |- 4l - m— 4 H [ !
Veg = 210V | i
S =TT Il
' H
wop— " - iy
v
Voo = £ 5V i
s f~—H-1 F ~—-H -1 - : !
; 1
0 !
100 1K 10K 100K ™ 10M
FREQUENCY ({Hz) g
g
3
s

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREQUENCY

VOLTAGE (V)

an ——r T T 7T
Tomh = 425 C Vee = £ 15V
25 -
— Ry =2k
20 \ See Figure 2 1
‘ 1
(WA
13 \ He
\ \ Tan=-355 C
10 \— N
3 f :
T =+125 € | NN _ Eu
H - P -
lok 40k 100k dook IM O =M (o
4
FREQUENCY (Hz) §
g

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS LOAD RESISTANCE

30 T
Vm = .15 ' "
25 - Tamp=+25C =]
See Figure 2 f“/ !
1 '
20 g ~
15 A :
4 !
10 / :
s L il
)
0 / | . “ ’
0.1 0.2 0.4 07 1 2 4 <7

LOAD RESISTANCE (k £)

&

C7aCT

MANIMUMPEAR-TO-PEAK OUTIUT

MAXIMUM PEAK-TO-PEAKOUTPUT

MAXIMUM PEAK-TO-PEAKOUTPUT

VOLTAGLY)

MAXIMUM PEAK-TO-PEAK OUTPUT

20

VOLTAGE VERSUS FREQUENCY

LTI e
BV e s N ot = =28
[ : Sce Figure 2
w1l | e
= L OV ;
[N u .
T i Al
1 Y= “-‘V !
J 1) 4
= B NG |-
0 I :\\
Ty K 1OK 100K [} oM

FREQUENCY (Hz)

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREE AIR TEMP.

VOLTAGE (V)

30 ; T
i
[ b=
25 e casessater ntrreT a
i I
20 t U 1
—R, =10
15 -
seeR =z
10

5 =Vee = 215V
See Figure 2
.
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25

30
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TEMPERATURE ( C)

-Z0 128

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS SUPPLY VOLTAGE

VOLTAGE (V)
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R =10H2
25 —

Tamp = +25C

v
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INPUT BIAS CURRENT VERSUS
FREE AIR TEMPERATURE

100 = == ==
Vee = £15V —

o~ !
< 10 :
= : Z
& T >
ie :
c 1
D = — > -
[5} f
@ ; 1
< i
@ 0.1
-
> ey
Iy :
3 !

0.01

-50 25 0 25 50 75 “00 125
TEMPERATURE (-C)

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION AND PHASE
SHIFT VERSUS FREQUENCY

B : i
I L
zg oo ' = F==JJi prrereNTAL (i 180
c5 o VOLTAGE  |fil
== ) PHASE SHIFT O AMPLIFICATION{H
s Z a2 valey \ ..:nl:.-:al:l 4
~E P s i
22 o H TRl
Ex R, =2KQ ] .
2= Cyo=1oopF T i
ZZ 1 -V =:z13V et i,
== Tawk = 4125 C TN
100 N 10K 100K Y] 10\
FREQUENCY (Hz)
SUPPLY CURRENT PER AMPLIFIER
VERSUS FREE AIR TEMPERATURE
2.0 . T
1.3 Vcc = ¥ 15v
- 1.6 + < : No signat B
S 1.4 : \ No load )
= 1.2 o
<
u 1.0
=
) 0.8
Q
> 0.6
g ‘
& 0.3
3 02
0
75 .50 25 0 25 50 75 100 125

TEMPERATURE C}

074.09 EPS

074-11 EPS

LRt P

e,

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VERSUS
FREE AIR TEMPERATURE

1000
400
wo_ 200
gz 100
3z
> g =0
5 20
w3
[y s
il
w < 2
[»]
1

IR RN

VCC

Vg = Z1ov
A L= 2«2

1

5V . |

1
!

4
(2]

-50

25 50 3
TEMPEAATURE (-C)

23 0 100 125

TOTAL POWER DISSIPATION VERSUS
FREE AIR TEMPERATURE

250
s 225
E 200
F:3 175
b= 150
£
[77]
a
[=]
[ 75
g 50
o
2 25
=
5 0
Q

125 -
100 -

- T
Yo = 15V ]
{ N2 s.gnal
— — Nosg
\&‘N-Qo‘nd 1
: T
- L s e ]
i
75 .50 25 0 23 30 % 100 25

TEMPERATURE {-C)

COMMON MODE REJECTION RATIO
VERSUS FREE AIR TEMPERATURE

a9
Z
Q 38
=
[&]
w
o a7
I 3
e = 36
5 9
z 5
2 2z
4 I 35
Q
-
P4 3¢
g
E 83
3
3]

T
R =10«
_vc,_‘= o5y
L
1
i
4 !
i
i
|
75 50 25 0 25 50 5 100 125

TEMPERATURE (*C)
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INPUT AND OUTPUT VOLTAG!

EQUIVALENT INPUY NOISE
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VOLTAGE FOLLOWER LARGE SIGNAL
PULSE RESPONSE

(V)

6

l& UITP UTK
/ \

INPUT

/ \

/ VCC= +15V

EQUIVALENT INPUT NOISE VOLTAGE
VERSUS FREQUENCY

VOULTAGE (nV/VHz)

70

T T T

HOE 1T+
Vec = xi5V

Ay =10
Rg =100 Q2

Tamp = +25°C
P

i

!
T
1
¥
i

il

10

40

100 400 1k 4k
FREQUENCY (Hz)

10k 40k

100k

f—r =20 \
A ci= ok ,
Tyn= 425 C \ .
1 1 1 |
0 0.5 1 1.5 2 25 3 3.5
TIME (us) g

07417 EPS

OUTPUT VOLTAGE VERSUS
ELAPSED TIME

28 ]
24 {

—_ CNERCIEKH

S e =

o /

2 /:

= 12

3 [

> 8 :

§ ) / . Vi =215V

= ey ’ R L= 2k Q2

5 .

) 0 : Typ = +25°C -
a ' l 1

0 01 02 03 04 05 08 07
TIME { pis) §

TOTAL HARMONIC DISTORTION VERSUS

FREQUENCY
1
Vi, = #1355y ——+

z ¥

o] 0.¢ Yec

=4 Agyw=d1

o -

S 01 k= BomgEey

w — = ol

U I 1

I '\’ - 33 il 1

g IRER ] r

b3 0.01 = i
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z 0.002 TR ——
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o 0.001
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PARAMETER MEASUREMENT INFORMATION

Figure 1 : Voltage Follower

Figure 2 : Gain-of-10 Inverting Amplifier

1/4
TLO74 —O &

€ C|_= 1pr = i :RL=2k Q

i
~—
P2

074-19.EPS

C, = 100pF

TYPICAL APPLICATIONS
AUDIO DISTRIBUTION AMPLIFIER

fo = 100kHz

TLO74

-

1/4 I
--4——-0 Qutput A

——O Output8 -

—&—— Qutput C

074-20.EPS
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TYPICAL APPLICATIONS (continued)
POSITIVE FEEDBACK BANDPASS FILTER

16k
1

43k
nput

OUTPUT A

OouTPUT B

SECOND ORDER BANDPASS FILTER
fo = 100kHz ; Q= 30 : Gain = 16

ar1-22nG

CASCADED BANDPASS FILTER
fo = 100kHz ; Q =69 ; Gain = 16

074-22.EPS

074-24.40
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PACKAGE MECHANICAL DATA
14 PINS - PLASTIC DIP OR CERDIP

PM-DIP14.EPS

'; —
¥
U 4 b1
b B ® E
Z ]
_ﬂ o3 FA
~
]
I Y o I o O o O |
| 8
w
1 7
| IS B NN N O I N D A |
Dimensions _____Millimeters o Inches !
Min. Typ. N Max Min. Typ. Max |
al 0.51 0.020
B 1.39 1.65 0.055 0.065
b 0.5 0.020
bt [ 025 | 0.010
. B . 20 0.787 _ ]
E 8.5 0.335
e 2,54 0.100
e3 ) 15.24 0.600
F 7.1 0.280
AL B 5.1 0201 _
L 3.3 0.130 ;
4 127 254 [ _ 0050 el 000

oIP14 TBL
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PACKAGE MECHANICAL DATA
14 PINS - PLASTIC MICROPACKAGE (SO)
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Bk

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsi-
bility for the consequences of use of such information nor for any infringement of patents or other rights of third parties which
may result from its use. No licence is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON
Microelectronics. Specifications mentioned in this publicationare subject to change without notice. This publication supersedes
and reptaces all information previously supptied. SGS-THOMSON Microelectronics products are not authorized for use as critical
components in life support devices or systems without express written approval of SGS-THOMSON Microelectronics.

1996 SGS-THOMSON Microelectronics - All Rights Reserved

SGS-THOMSON Microelectronics GROUP OF COMPANIES

Australia - Brazil - France - Germany - Hong Kong - taly - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands
Singapore - Spamn - Sweden - Switzerland - Taiwan - Thailang - Unntea Kingdom - U.S.A.

LEIIS o % = =
[X] E
T ° "
000 0i0imf .
“ 8
[} N
1 7 .
A" ) 3
[«]
Coououooaqn 5
Dimensions Millimeters Inches i
| Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
a1 0.1 0.2 0.004 0.008
a2 16 0.063
b 0.35 . 0.46 0.014 0.018
o XER 025 | 0007 o 0010 |
i c T 0.5 ' 0.020 T
c 45° (typ.)
D 8.55 8.75 0.336 0.334
E 5.8 6.2 0.228 0.244
e L ter 0.050
T e T 762 0.300 ) T
F 3.8 4.0 0.150 0.157°
G 4.6 ) 5.3 0.181 0.208
] L |05 L 27 0.020 0.050
M I 0.68 0.027 .8
- -__-S-_ T 8° {max.) 1%

ORDER CODE
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Order this document by LM324/D

@ MOTOROLA

Quad Low Power
Operational Amplifiers

The L.M324 series are low—cost, quad operational amplifiers with true
differential inputs. They have several distinct advantages over standard
operational amplifier types in single supply applications. The quad amplifier
can operate at supply voltages as low as 3.0 V or as high as 32 V with
quiescent currents about one—fifth of those associated with the MC1741 (on
" a per amplifier basis). The common mode input range includes the negative
supply, thereby eliminating the necessity for external biasing components in
many applications. The output voltage range also includes the negative
power supply voltage.
® Short Circuited Protected Outputs
¢ True Differential Input Stage
¢ Single Supply Operation: 3.0 V to 32 V
¢ Low Input Bias Currents: 100 nA Maximum (LM324A)
® Four Amplifiers Per Package
¢ internally Compensated
¢ Common Mode Range Extends to Negative Supply
¢ Industry Standard Pinouts
¢ ESD Clamps on the Inputs Increase Ruggedness without Affecting

Device Operation

LM324, LM324A,
LM224, LM2902, |
LM2902vV |

—

QUAD DIFFERENTIAL INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

N SUFFIX
PLASTIC PACKAGE
. CASE 646
M (LM224, LM324,
1 LM2902 Only)

. D SUFFIX
1T PLASTIC PACKAGE
. CASE 751A

(SO-14)

v

PIN CONNECTIONS

[T
Out 1 Eﬁ, b Oul4
2} ias
inputs 1 {L‘D_A = } Inputs 4
MAXIMUM RATINGS (T = +25°C, unless otherwise noted.) B 2]
LM224 .LM2902, vee [ "] Veg, Gnd
| Rating Symbol | LM324.LM324A | LM2902V Unit E 0]
Input
| Power Supply Voltages Vde Aputs 2 {E E} } tnputs 3
,  Single Supply Vee 32 26 Out2 —
I Split Supplies vVee: Vee £16 13 u 1—71 125 Out3
i Input Differential VIDR £32 126 vde (Top View)
! Voltage Range (See
i Note 1)
,' Input Common Mode VicR ~0.31032 -0.31026 Vde ORDERING INFORMATION
| Voltage Range i Operating
,' ' Device Temperature Range ; Package
i Output Short Circuit isc Continuous | —
! Duration LM29020 Ta =-40"10 +105°C SO-14
LM2902N Plastic DIP
Junction Temperature Ty 15C G %:gg% Ta = ~40° 10 +125°C |SO~_M|
i Storage Temperature qug -6510 +150 °C LMzzgg id ;Sé'fg P
: Range . Ta =-257 to +85°C
re——— - prv— TS LM224N A Plastic DIP
peratin; Ambient A -2510 + -40 10 +1 P 1 -
! Temperature Range 010 +70 ’ -4010 +125 | ‘ LM324AD SO-14 |
[

NOTE: 1. Split Power Supplies,

LM324AN Plastic DIP
TA = 0" 10 +70°C l—*—q

LM324D ! S0-14

LM324N , Plastic DIP
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ELECTRICAL CHARACTERISTICS (Vo =50V, VEE = Gnd, T = 25°C, unless othen
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LM324, LM324A, LM224, LM2902, LM2902V

vise noted.)

Characteristics

LM224

LM324A

LM324

LM2902

LM2902v

Symbol | Min

Typ

Max | Min | Typ

Max

Min

Typ

Min

Typ

Max

Min

Typ | Max

Unit

Input Offset Voltage
Vo =5.0V1io 30V
(26 V for LM2902,
V).VicrR=0Vto
Vee-1.7V Vo =
14V.Rg=00
Ta=25C
Ta = Trigh")
Ta= Tlowm

Vio

2.0

2.0
70 - -
7.0 - -

3.0
5.0
5.0

20

7.0
9.0
9.0

2.0

7.0

10

2.0

mv

Average Temperature
Coefficient of input
Offset Voltage

Ta= Thigh to wa(”

AVio/aT | -

70

7.0

30

7.0

7.0

7.0 -

av/eC

Input Offset Current
Ta = Thigh to wa“)

o -

3.0

30 - 5.0
100 - -

30
75

5.0

50
150

5.0

S0
200

5.0 50
- 200

nA

Average Temperature
Coefficient of Input
Offset Current

Ta= Thigh to wa(”

alip/aT -

300

10

PAFC

Input Bias Current
Ta = Thigh 10 Tigw!"

;! -

-150 | -
-300 | -~ -

~-100
-200

-250
-500

-250

~250
= (=500

nA

Input Common Mode
Voltage Range(2)
Voo =30V (26 V for
LM2902. V)
Ve =30V (26 V for
LM2302, V),
TA = Thigh to wa

Vicr

28.3

28 0 -

28.3

28

28.3

28

243

24

Differential Input
Vokage Range

VibR -

Large Signal Open
Loop Voltage Gain
R =2.0kt) Vee =
15V, for Large Vo
Swing, Tg = Thigh
10 Tiowl"

AvoL

50
25

- 25 |, 100

25

15,

25
15

100

25
15

vimv

Channel Separation
10 kHz < { = 20 kHz.
input Referenced

cs -

=120

-120

-~120 -

aB

Common Moge
Rejection, Rg < 10 ke2

CMR 70

as

65

70

a8

Power Supply
Rejection

PSR 65

100

100

65

100

100

dB

Output Vokage - High
Limit = Thiar
Tlow)gf high to

Vcc=50V. A =
20Kk0, Ty = 25°C

Vec =30V (26 V for

LM2902, V),
AL =20k
VCC =30V {26 V for
LM2902. V),
Ry =10k}

VoH

33

26

27

3.5

28

35

33

26

27

28

i3

22

23

35

23

NOTES: 1. Ty, = -25"C for LM224
=0 ClorLM324, A
= =40 C for LM2902
= —40 C tor LM2902Vv

2 The input romimon

Thigh

‘node voltage or atrer in

= +85 C for LM224

= +70°C tor LM324, A
= +105°C for LM2902
= +125°C tor LM2902V

common mode voltage range is Ve 1.7V

pul signal voltage should not be aliowed 1o 50 negative by more than 0.3 \..

The upper e~d of t~o
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LM324, LM324A, LM224, LM2902, LM2902V

ELECTRICAL CHARACTERISTICS (Vgc =50V, VEE = Gnd. T = 25°C. unless otherwise noted.)

LM224 LM324A LM324 LM2902 LM2902v
Characteristics Symbol | Min | Typ | Max | Min [ Typ | Max | Min Typ | Max | Min | Typ ] Max | Min | Typ | Max Unit
Output Valtage - Low VoL - 5.0 20 - 5.0 20 - 5.0 20 - 5.0 100 - 5.0 100 my
Uimit, Voo = 5.0 V. Ry
= 10 k(2 Ta = Thigh to
Tlow(” N
Output Source Current lo. TA
(Vip=+1.0V,Vge =
15V) <
Ta = 25°C 20 | <0 - {20 | 40 - J2 | 40 - {2 | 40 - |20 | 40 -
TA = Thigh 1o Tiow(" 10 | 20 - 101 20 - 10 | 20 - 10 | 20 - 10| 20 -
Output Sink Current lo - mA
Vip=-1.0V, Veg = 10 | 20 - 10 | 20 - ]| 2 -} 2 - 10| 20 -
15V) Ty =25C
Ta = Thigh 10 Tigu!? 50 | 8.0 - 1501 80 - |50 80 - [50] 80 - |50 ] 80 -
Mp=-10V.Vg = 12 | 50 - 12 | 50 - 12 | 50 - - - - - - - HA
200 mV, Ty, = 25°C)
Output Short Circuit to Isc - 40 60 - 40 60 - 40 60 - 40 60 - 40 60 mA
Groung(3) :
Power Supply Current Icc A
(Ta = Thigh 10 Tigw)(V)
Ve =30 V(26 V for . - - 30 [ - [ 14 |30 ] - - 30 | - - 30 | - - 3.0
LM2902, V),
Vo=0V.RL =~
Vec=50V. - - 1.2 - 0.7 12 — - 12 - - 12 - - 12
Vo=0V, R =-
NOTES: 1. Tjo,, = ~25°C for LM224 Thigh = +85°C for LM224
= 0°C forLM324, A = +70°C for LM324, A
= —40°C for LM2902 = +105°C for LM2902
= ~40°C for LM2902V = +125°C for LM2902V

2. The input common mode voltage or either inpt

comman mode voltage range is Vo -1.7 V.

Representative Circuit Diagram
(One—Fourth of Circuit Shown)

Output

Bias Circuitry
Common to Four

Amplifiers

Q19

Inputs

Q20

:
1
!
1
|
1
1
1
:
!
:
|
|

!
|
!
|
|
1
|

ut signal voltage should not be aflowed to GO negative by more than 0.3 V. The upper end of the

T CVee

* VEg Gnd
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LM324, LM324A, LM224, LM2902, LM2902V
CIRCUIT DESCRIPTION

The LM324 series is made using four internally
compensated, two-stage operational .amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Qi8s.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single—ended converter. The
second stage consists of a standard current source load
amplifier stage.

Single Supply
3.0V1toVoe(max)
—li—=vcc
O_:
[ 11

2

299

|

3

& 5 &4

J I

VEE/Gnd

Large Signal Voltage Foilower Response

Vee =15 Vde
R =2.0kQ
TA=25°C

RN
-+

IRERI TR

e

INEN)

1.0 V/Dly

P
™~

5.0 ps/DIV

Each amplifier is biased from an internal-voltage requiator
which has a low temperature coefficient thus giving each
amplifier good temperature characteristics as well as
excellent power supply rejection.

Split Supplies

Vee
(s
o) ! = 15Vi0Vegmay)
o 2 Lo
f: 3 o0
; 4 —0 = 15Vt VEE(max)
Vee
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LM324, LM324A, LM224, LM2902, LM2902V
Figure 1. Input Voitage Range Figure 2. Open Laap Frequency
120 T
_ ; LT !
@ Vee =137 i
2 5 100 .\\ ; VEE = G *"
v - ™ 1 Ta=23C .
V7 go 0 i TR
gt g & N Ll
V £z ° SN
Negative Ve <2 W ! : ;
L~ & Positive 98 1t \\ i i
. / < 20
'l & | 1N
a )
e vd S o : l N
pd ~20 i o
0 20 40 60 B8O 10 12 14 16 18 20 1.0 10 100 1.5k 10k 66« 10M
£ VCC/VEE, POWER SUPPLY VOLTAGES (V) f, FREQUENCY (Hz)
Figure 4. Small-Signal Voltage Follower
Figure 3. Large-Signal Frequency Response Pulse Response (Noninverting)
’L, I 11 850
L= 2.0kQ 500
Vee =15V =
\ V§g= nd 5’ 450 input
N Gain = -100 e / Output ~
\ Ri= 1.0kQ 5400 >
RF = 100 kQ e s /
1
\ 5 350 T
2 \ A
N\ 5 30 7~ 1
A ]
N S 250 : Voo =30V
N, = v ; VEE = Gnd
J 200 - Tp=25°C
Ot : Ci, =50 pF
1.0 10 100 1000 0 1.0 2.0 3.0 <0 5.0 6.0 -0 8.0
I, FREQUENCY (kHz) 1, TIME (us)
Figure 5. Power Supply Current versus Figure 6. Input Bias Current versus
Power Supply Voltage Power Supply Voltage
T T T ¢ T T
F F Ta=25°C v
RL= = TN
< =
&
- < N
- =1
o
® |
£ w0 1
i !
p=)
a. |
F4 H
e |
5.0 10 15 20 23 30 35 0 9 20 0 80 30 0 12 14 & -8 20

Ve, POWER SUPPLY VOLTAGE 1v) Y. POWER SUPPLY VOLTAGE (V)
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LM324, LM324A, LM224, LM2902, LM2902V

Figure 7. Voltage Reference

)——'VO

Figure 9. High Impedance Differential Amplifier

Figure 8. Wien Bridge Oscillator

10k
Viet 47
—e V)

PR

1 0% 2R

Vret =5 VeC nRC
4 For: fg = 1.0 kHz
R=16kQ
R% :l\ C=001pF

Figure 10. Comparator with Hysteresis

R2
———AA——
Hysteresis
VoH I*—"
R1
v }
Vret Y !
O —e ;
Vin 0 Yo X
voul T
lnLl Vini
RY
Vinl = gy, Rz (MOL - Vret) + Veer Viet
At
1 Via = 57552 (VOH - Vien) * Vet
eg=C(1+a+b)lep-ey) Rt
° B H= 2z VoH-You
Figure 11, Bi~Quad Filter
(e —ex
A 0% 2 nRC
-—.[ %, R1= QR !
Vin ‘.:,1 Rz c R Vret= . Voo
Y A f R2= “sp <
ALY, vam—
o R3-= TN R2
C1=10C
Vref fo = 1.0kHz
< | . Bandpass Q=1
Vret ! Output Tep =1
R2 T A1 TN =1
VW Gl
s———J e Notch Outpst R = 160kQ2
C =0.001 yF
Rt = 1.6 MQ
Vret Nhere:  Tgp = Center Frequency Gain ;:-” = :: mg

-1 = Passband Noten Gan
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LM324, LM324A, LM224, LM2902, LM2902V

Figure 12. Function Generator Figure 13. Multiple Feedback Bandpass Filter

1 : hd
Vagz = V Triangle Wave R2 f i Voo
ref = YCC Output ¢ §R3
Viet o
O
o —o
Square
6 Wave
c Output = :
VWA = Vief=3 Vi
Ry ref=3 VCC
R1+Rg R2 R1
= 4~—_CR1R1- it R3 *R2+R1 _ Given: {y = centerfrequency
Alfo) = gain al center freguency

Choose value {5, C
Q

Then: R3= ;”0‘6
R3
. __RIRA3

" 4Q2R1-R3
- Qb
For iess than 10% error fram og-ational amplifier, W <.
where I and 8W are expressed in Hz.

If source impedance varigs, fiter may be preceded with
voltage follower buffer to stabilize fiter parameters.
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OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE
CASE 646-06
(LM224, LM324, LM2902 Only) OTEs:
AANAANNAN ISSUE L 1. _EADS WITAIN 012 .0.005; RADIUS OF TRUE
14 [ POSITION AT SEATING PLANE AT MAXIMUM
MATERIAL CONDITION,
8 2. DIMENSION . TO CEVTER OF LEADS WHEN
e} FORMED PARA_-E_
1 7 2. OIMENSION B DOSS NOT INCLUDE MOLD
TATAVATAVATAY rust
' ¢. ROUNDED CORNERS OPTIONAL,
| A >l [ “wenss [ witumevens
om | WIN WMN_| MAX
] A ons 186 | 1956
Fl= L ’ 8 | 02:0 610 | 660
€ o125 260 | 269
[ ) ¥ D | 0015 038 | 052
_t ¢ F | 00e0 | ¢ 102 | 178
4 G | 01008 2.5285C
} J H | 0952 [ 0095 | 122 | 241
‘ et e
’ L4151 0333 ¢ X
. JL_ ?““2‘“ -K [ 7 62 BSC
He=— — G =— D M —-— [ 0f T ot 0¢] 0%
N | 0013 [ 2039 | o298 101

D SUFFIX
PLASTIC PACKAGE
CASE 751A-03

(50-14) s
NOTES:
ISSUE F 1 DIMENSIONING AND TOLERANCING FER ANS!
Y14.5M,1382

. CONTRO..1G DIMENSION: MILLIMETER,

. DIMENSIONS A AND B DO NOT INC_UDE
MOLD PROTRUSION.

. MAXIMUM 1400 PROTRUSION 0.15 (0.605)

PER SIDE.
E P7pL /—P\ . DIMENSIC © DOES NOT INC_UDE DAMBAR

[y

[-A-]
AR AAAA

~

w

PROTRUSICY S4A._ BE 0.127 {0,005 TOTA.
INEXCESS CF THE D DIMENSION AT
MAKXIMU:S LSATERIAL CONDITION.

© : . 1{@J 0.25 (0.010)@[ 5 @] PROTRUSICY A__OWAB.E DAMBAR
6_H H_H_H_§_H

ol MILLIMETERS | INCHES
- Gl Rxase F O [ RN | MAX | iN | MAX
rC _’l '*_ A e T a7s [ 0o [ese
— N B 1 2ee T 200 ] 0450 | .57
—=—U=t—1— I 0 i 9! 00me [ 08
=T= IL— { %_ ~-T J F 25 | 501 | o
35},‘}2‘“ —) D1apL K M G C 2050 BSC
J 025 | o008 | 0008
©[02500108[1[8 ®[A O] X 025 Cogoe |
] 7"
? 520 [
A 650 | 00610 | 9.019

Motorola reserves the right 1o 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 liability. including withaut limitation consequential orincidental damages. “Typical” parameters which may be provided in Motorola
datasheets and/or specifications can and do vary in different applications and actual performance may vary overtime. Alloperating 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 rights of |
others. Motorola products are not designed. intended, or authorized for use as components in systems intended for surgical implant into the body, or other !
appiications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personalinjury
ar deathmay occur. Should Buyer purchase or use Motorola praducts for any such unintended or unatithorized application, Buyer sr.allindemnify and hold Matorola '
and its officers. employees. subsidiaries, affiiates, and distributors harmless against all claims. costs. damages, and expenses, and reasonable atiorney fees
arising out of. directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use. aven if such claim alleges that
Motorola was negligent regarding the design or manufacture of the pan. Motorola and @ are registerad trademarks of Motorcla, inc. Motorola, Inc. is an Equal
Opportunity/Aftirmative Action Employer.

| —

-

How to reach us: 4

USA/EUROPE/Locations Not Listed: Motarola Literaturs Distributian: JAPAN: Nippon Motoroka Lid.; Tatsumi-SPD~JLDC, 6F Seibu-Butsuryu-Center,
P.C. Box 20912: Phoerix. Arizona 85036. 1-800—14 | -24.27 ar 6023033454 3~34-2 Tatsumi Koto-Ku Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAX0& emaril.sps.mot.com - TOUCHTONE 602-244-5609 ASIA/PACIFIC. Matorola Semiconductors H.K. Lta.; 88 Tai Ping Industrial Park,

INTERNET. http://Design-NET.com 51 Ting Kak Roao, Tai Po. N.T,, Hong Kong. 852-26629298
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