LAMPIRAN A

Listing Program
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Lampiran

LISTING PROGRAM PADA MIKROKONTROLER ATMEGA32

(PENAMPIL SIGNAL)
*PROGRAM UTAMA

#include <avr/io.h>
#include <avr/interrupt.h>
#include "glcd.c"

void USART Init(unsigned int baudrate);
void timePause(unsigned long count);
void ADC _init (void);

void initTimer (void);

#ifndef F CPU
#define F_CPU 16000000UL
#endif

#define msUp
#define msDwn
#define YposUp
#define YposDwn
#define freeze

DN WO =

#define AC
#define DC
#define SQUARE
#define TRUE
#define FALSE

— O N = O

unsigned int counter = 0;
unsigned int dataCounter = 0;
unsigned int timeDiv = 52;
unsigned int analogInput = 0;
unsigned char trigger = 2;
unsigned char cnt = 0;

unsigned char empty = 0;
unsigned int out = 0;

unsigned char findZero = 0;
unsigned char pressedButton = 0;
unsigned char upLimit = 0;
unsigned char dnLimit = 255;
unsigned char limitBkup = 0;
unsigned char tipeTeg = AC;
unsigned char complete = TRUE;

signed char Ypos = 0;

signed char Ypos2 =0;
signed char position = 0;
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int main (void)

{

DDRC = 0b00000000;
PORTC=0bl11111111;

DDRA = 0b00000000;

unsigned char templ;
unsigned int temp2;
unsigned char i;

gledInit();

ADC _init();
createWelcomeScreen();
showTheWave();
timePause(10000000);

for(;;)

if (pressedButton == 0)

{
if (~PINC & (1<<msUp) && (timeDiv <= 1000))
{

if(timeDiv == 0)

timeDiv = 52;
else
timeDiv += 145;
pressedButton = 1;
}
if (~PINC & (1<<msDwn) && (timeDiv >= 52))
{
if(timeDiv <= 145)
timeDiv = 0;
else
timeDiv -= 145;
pressedButton = 1;
}
if (~PINC & (1<<YposUp) && (Ypos2 <= 60))
Ypos2++;

if (~PINC & (1<<YposDwn) && (Ypos2 >= -60))
Ypos2--;

if (~PINC & (1<<freeze))
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dataCounter = 0;
findZero = 0;
upLimit = 0;
dnLimit = 255;

else

while (~PINC & (1<<freeze));

templ = PINC;

if (temp1 == 255)
pressedButton = 0;

}

for (1=99; i>0; i--)

ADCSRA |= (1 << ADSC);
loop_until_bit is_set(ADCSRA, ADIF);
templ = ADCL;

temp2 = ADCH;

timePause(timeDiv);

if (upLimit < temp2)
upLimit = temp2;

if (dnLimit > temp?2)
dnLimit = temp2;

if (temp2 > 0)

temp2 +=5;

temp2 /=5;

temp2 +=2;
telse temp2 = 2;

position = temp2 + Ypos2 +5;
if (position <= 63 && position >= 0
fillDatal.cdBuffer(i,position);
else
fillDatal.cdBuffer(i,0);

if(upLimit != dnLimit)
trigger = (((upLimit - dnLimit)/2)+ dnLimit);
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createRaster();
createWave();
showTheWave();

(limitBkup < temp2)))

(upLimit != dnLimit))

<1000));

dataCounter = 0;

do
{

limitBkup = temp2;

ADCSRA |= (1 << ADSC);
loop_until_bit is_set(ADCSRA, ADIF);
templ = ADCL;

temp2 = ADCH,;

/timerPause(timeDiv);

if(limitBkup == temp2)

{
dataCounter++;
if(dataCounter >= 500)
tipeTeg = DC;
else
tipeTeg = AC;
}

if((tipeTeg == AC) && ((temp2 == trigger) &&

complete = TRUE;
else
if((tipeTeg == DC) && (limitBkup == temp2) &&

{

dataCounter = 0;

do

{
ADCSRA |= (1 << ADSC);
loop_until_bit is_set(ADCSRA, ADIF);
templ = ADCL;
temp2 = ADCH,;
complete = TRUE;
dataCounter++;

twhile ((temp2 > trigger) && (dataCounter

dataCounter = 0;
do

{
ADCSRA |= (1 << ADSC);
loop_until_bit is_set(ADCSRA, ADIF);
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templ = ADCL;
temp2 = ADCH,;
complete = TRUE;
dataCounter++;
twhile ((temp2 < trigger) && (dataCounter
<1000));
}
else
if((tipeTeg == DC) && (limitBkup == temp2))
complete = TRUE;
else
complete = FALSE;
}+ while(complete == FALSE);
}
}
/
/
//

void ADC_init (void)

ADMUX = 0b01100000;
ADCSRA =0b11000100;

/

1

/
void timePause(unsigned long count)

while(count--);

}

//

/1

/
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*SUB PROGRAM GLCD.C

#include "glcd.h"
#include <util/delay.h>

void gledInit (void)

{
data_port pins =0; /DATA Port Low
data_port_ddr = Oxff; //Make DATA port output

ctrl port=0; /CONTROL Port Low
ctrl_port_ddr = 0xff; //Make CONTROL port outputs

ctrl_port |= (1<<lcdrst);

ctrl_port |= (1<<lcdcsl); //Enable the CS1 of the display
ctrl_port |= (1<<lcdcs2); //Enable the CS2 of the display
ctrl_port &= ~(1<<lcdrs); //Clear RS \
ctrl_port &= ~(1<<lcdrw); //Clear RW/ Command mode

//delayTimexx(10000);

_delay _us(42);

data_port = 0b11000000; //Display start line = 0 (0-63)
eStrobe();

//delayTimexx(10000);

_delay _us(42);
data_port = 0b01000000; //Set address = 0 (0-63)
eStrobe();

//delayTimexx(10000);

_delay us(42);
data_port=0b10111000; //Set page =0 (0-7)
eStrobe();

_delay _us(42);

//delayTimexx(10000);
data port=0b00111111; //Display ON
eStrobe();

ctrl_port &= ~(1<<lcdcsl); //Disable the CS1 of display
ctrl_port &= ~(1<<lcdcs2); //Disable the CS2 of display

createRaster(); // raster...
showTheWave(); // LCD.

A-6 Universitas Kristen Maranatha



Lampiran

/
// create "welcome" screen
/
void createWelcomeScreen (void)

{

unsigned int size;

lcdAddress = 0;
flashAddress =0;
const char *data = welcomeScreen,;

for (size = 0; size<1024; sizet+)
lcdBuffer[lcdAddress++] = pgm_read byte(datat+);

j
/

// Copy the 1024 bytes from flash to RAM.
/
void createRaster (void)

{

unsigned int size;

IcdAddress = 0;
flashAddress =0;
const char *data = LcdRaster;

for (size = 0; size<1024; sizet+)
IcdBuffer[lcdAddress++] = pgm_read byte(datat+);

j
/

//
//
void changeLine (unsigned char lineData)
{
ctrl_port |= (1<<lcdcsl); //Enable the CS1 of the display
ctrl_port |= (1<<lcdcs2); //Enable the CS2 of the display
ctrl_port &= ~(1<<lcdrs); //Clear RS. Command mode
ctrl_port &= ~(1<<lcdrw); //Clear RW. Command mode

lineData += 0b10111000;
data port = lineData; //Set page =0 (0-7)
eStrobe();

data_port = 0b01000000; //Set address =0 (0-63)
eStrobe();

ctrl_port |= (1<<lcdrs); //Set RS. Data mode
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}

/
//
//

void fillDataL.cdBuffer (unsigned char address, unsigned char data)
{

dataLcdBuffer[address] = data;
}

//
/!
/
void showTheWave (void)

{
for(IcdAddress = 0; lcdAddress < 1024 ;lcdAddress++)
{

if (line == )
line = 0;

if (column == 128)
{

column = 0;
line++;

if (line == 8)

line = 0;
changeLine(line);

if (column <= 63)
enable cs1();

if (column == 64)
enable cs2();

//delayTimexx(10);

_delay us(3);

ctrl_port |= (1<<lcdrs); // "DATA SEND" mode
ctrl_port &= ~(1<<lcdrw);

data_port = lcdBuffer[lcdAddress];

eStrobe();

columnt++; //increase column (maximum 128).

}
b
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/
// Write the data for 1 waveform to the buffer datalLcdBuffer.
/
void createWave (void)
{

unsigned char data;
unsigned char byte;
unsigned char i = 0;

for (i=0; i<128; i++)
{

byte = 0b10000000;
lcdAddress = 996;

if(i<100)

{
data = dataL.cdBuffer][i];
for (; data>7; data-=8)
IcdAddress -= 128;

IcdAddress -=i;

for(; data>0; data--)
byte >>=1;
lcdBuffer[lcdAddress] |= byte;
}
}
}

/
//
/
void enable csl1 (void)

ctrl_port |= (1<<lcdcsl); //Enable the CS1 of the display
ctrl_port &= ~(1<<lcdcs2); //Disable the CS2 of the display
}

/
//
/
void enable_cs2 (void)

{

ctrl_port |= (1<<lcdcs2); //Enable the CS2 of the display

ctrl_port &= ~(1<<lcdcsl); //Disable the CS1 of the display
}
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/
/I Wait for graphics LCD to be unbusy
/
void glcdWait (void)
{

unsigned char dataln;

data_port ddr=0; //Make portB all inputs
ctrl_port |= (1<<lcdrw); //Set r/w pin to read
ctrl_port &= ~(1<<lcdrs); //Set register select to command

do

{

eStrobe();

dataln = data_port_pins; /Read busy flag

twhile bit_is_set(dataln, 7); // loop until bit7 of 'dataln' will be cleared.

data_port_ddr = Oxff; //Make portB all outputs
ctrl_port &= ~(1<<lcdrw); //Set r/w pin to write
ctrl_port |= (1<<lcdrs); //Set register select to data

j
/

/1
/
void eStrobe (void)

{
ctrl_port |= (1<<lcde); //lcd 'E' pin high
//delayTimexx(10);
_delay us(3);
ctrl_port &= ~(1<<lcde); //lcd 'E' pin low
//delayTimexx(10);
_delay us(3);
}

//
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*SUB PROGRAM GLCD.H
#define lcdrs 0 // LCD's RS pin is connected to Pin0 of AVR
#define ledrw 1 // LCD's r/w pin is connected to Pinl of AVR
#definelede 2 //LCD's e pin is connected to Pin2 of AVR

#define lcdesl 5 // LCD's CS1 pin is connected to Pin5 of AVR

#define ledcs2 4 // LCD's CS2 pin is connected to Pin4 of AVR

#define ledrst 3 // LCD's RST pin is connected to Pin3 of AVR

#define ctrl_port PORTB
#define ctrl port ddr DDRB
#define ctrl port pins PINB

#define data_port PORTD
#define data_port ddr DDRD

#define data_port pins PIND

#define pgm_read_byte

void gledlnit (void);

void createWelcomeScreen (void);

void createRaster (void);

void delayTime (unsigned long counter);
void gledWait (void);

void eStrobe (void);

void enable csl (void);

void enable_cs2 (void);

void showTheWave (void);

void changeLine (unsigned char data);
void createWave (void);

void fillDataL.cdBuffer (unsigned char address, unsigned char data);

unsigned char column = 0;

unsigned char line = 0;

unsigned char lcdBuffer[1024];

unsigned int lcdAddress = 0;

unsigned int flashAddress = 0;

static unsigned char datal.cdBuffer[128];
unsigned int backupLcdAddress = 0;

A-11 Universitas Kristen Maranatha



Lampiran

const char LcdRaster[]  attribute  ((progmem)) =

255,1,1,1,1,1,1,1,1,3,1,1,1,1,1,1,
1,1,1,3,1,1,1,1,1,1,1,1,1,3,1,1,
1L,1,1,1,1,1,1,3,1,1,1,1,1,1,1,1,
1L171,1,1,1,1,1,1,1,1,1,3,1,1,1,1,
1L1,1,1,1,3,1,1,1,1,1,1,1,1,1,3,
L1,1,1,1,1,1,1,1,3,1,1,1,1,1,1,
0,0,0,0,255,0,0,60,66,66,60,0,64,0,68,98
82,76,0,60,74,74,48,0,112,8,112,8,112,0,0,0
255,0,0,0,0,0,0,0,0,8,0,0,0,0,0,0,
0,0,0,8,0,0,0,0,0,0,0,0,0,8.0,0,
0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0,
8,170,8,0,0,0,0,0,0,0,0,8,0,0,0,0,
0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,8,
0,0,0,0,0,0,0,0,0,8.0,0,0,0,0,0,
0,0,0,0,255,0,0,30,33,161,30,0,32,0,39,165
165,25,0,0,0,0,0,0,56,4,56,4,56,0,0,0
255,0,0,0,0,0,0,0,0,32,0,0,0,0,0,0,
0,0,0,32,0,0,0,0,0,0,0,0,0,32,0,0,
0,0,0,0,0,0,0,32,0,0,0,0,0,0,0,0,
32,170,32,0,0,0,0,0,0,0,0,32,0,0,0,0,
0,0,0,0,0,32,0,0,0,0,0,0,0,0,0,32,
0,0,0,0,0,0,0,0,0,32,0,0,0,0,0,0,
0,0,0,0,255,0,0,0,145,223,16,0,16,0,207,80
80,79,0,0,0,0,0,0,28,2,28,2,28,0,0,0

{

255,128,0,128,0,128,0,128,0,192,0,128,0,128,0,128,

0,128,0,192,0,128,0,128,0,128,0,128,0,192,0,128,
0,128,0,128,0,128,0,192,0,128,0,128,0,128,0,128,

128,234,128,128,0,128,0,128,0,128,0,192,0,128,0,128,

0,128,0,128,0,192,0,128,0,128,0,128,0,128,0,192,
0,128,0,128,0,128,0,128,0,192,0,128,0,128,0,128,
0,0,0,0,255,0,0,64,40,47,200,0,8,0,201,41
41,198,0,0,0,0,0,0,14,129,14,129,14,0,0,0
255,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,
0,0,0,1,0,0,0,0,0,0,0,0,0,1,0,0,
0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,
0,171,0,0,0,0,0,0,0,0,0,1,0,0,0,0,
0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,1,
0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,
0,0,0,0,255,0,0,36,22,149,100,0,4,0,115,84
84,147,0,0,0,0,0,0,135,64,135,64,135,0,0,0
255,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0,
0,0,0,2,0,0,0,0,0,0,0,0,0,2,0,0,
0,0,0,0,0,0,0,2,0,0,0,0,0,0,0,0,
2,170,2,0,0,0,0,0,0,0,0,2,0,0,0,0,
0,0,0,0,0,2,0,0,0,0,0,0,0,0,0,2,
0,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0,
0,0,0,0,255,0,0,10,43,90,138,0,2,0,242,10
10,241,0,0,0,0,0,0,195,32,195,32,195,0,0,0
255,0,0,0,0,0,0,0,0,8,0,0,0,0,0,0,
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0,0,0,8,0,0,0,0,0,0,0,0,0,8,0.0,

0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0,

8,170,8,0,0,0,0,0,0,0,0,8,0,0,0,0,

0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,8,

0,0,0,0,0,0,0,0,0,8.0,0,0,0,0,0,
0,0,0,0,255,0,0,133,149,173,68,0,129,0,156,149
149,100,0,0,0,0,0,0,225,16,225,16,225,0,0,0
255,128,128,128,128,128,128,128,128,160,128,128,128,128,128,128,
128,128,128,160,128,128,128,128,128,128,128,128,128,160,128,128,
128,128,128,128,128,128,128,160,128,128,128,128,128,128,128,128,
160,170,160,128,128,128,128,128,128,128,128,160,128,128,128,128,
128,128,128,128,128,160,128,128,128,128,128,128,128,128,128,160,
128,128,128,128,128,128,128,128,128,160,128,128,128,128,128,128,
0,0,0,0,255,0,0,24,30,16,126,0,64,0,60,66
66,60,0,0,0,0,0,0,112,8,112,8,112,0,0,0};

const char welcomeScreen[] _ attribute  ((progmem)) = {
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,255,1,6,8,6,1,255,0,0,1,2
,252,2,1,0,0,0,0,0,0,126,129,129,129,126,0,70
,137,137,137,114,0,126,129,129,129,102,0,129,255,129,0,255
,128,128,128,0,255,128,128,128,0,126,129,129,129,126,0,70
,137,137,137,114,0,126,129,129,129,102,0,126,129,129,129,126
,0,255,17,17,17,14,0,255,137,137,129,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,255,137,137,137,129,0,255
,128,128,128,128,0,255,137,137,137,129,0,255,8,20,34,193
,0,1,1,255,1,1,0,255,17,49,81,142,0,126,129,129
,129,126,0,0,0,0,0,255,2,4,2,255,0,252,34,33
,34,252,0,255,17,49,81,142,0,252,34,33,34,252,0,255
,2,12,48,255,0,252,34,33,34,252,0,1,1,255,1,1
,0,255.8,8,8,255,0,252,18,17,18,252,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
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,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,252,254,3,3,3,3,3,254
,252,0,0,0,192,240,60,15,3,3,255,255,0,0,60,62
,3,3,131,195,195,126,60,0,60,62,3,3,131,195,195,126
,60,0,4,254,255,0,0,60,62,3,3,131,195,195,126,60
,0,60,126,195,195,195,195,254,252,0,0,0,0,0,0,0
,0,0,0,0,255,192,160,144,136,136,144,160,192,128,128,128
,128,128,128,128,128,192,160,144,136,136,144,160,192,128,128,128
,128,128,128,128,128,128,128,128,128,128,128,0,0,0,0,0
,0,0,0,0,0,0,0,0,15,31,48,48,48,48,48,31
,15,0,2,3,3,3,3,3,3,3,63,63,0,0,56,60
,54,51,49,48,48,56,56,0,56,60,54,51,49,48,48,56
,56,0,48,63,63,48,0,56,60,54,51,49,48,48,56,56
,0,12,24,48,48,48,48,31,15,0,0,0,0,0,0,0
,0,0,0,0,127,0,0,0,0,0,0,0,0,1,2,4
,8,8,4,2,1,0,0,0,0,0,0,0,0,1,2,4
,8,8,4,2,1,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
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LISTING PROGRAM PADA MIKROKONTROLER ATMEGA16
(PENAMPIL ANGKA)

Project :

Version :

Date :5/19/2009
Author : FACG
Company : F4ACG

Comments:

Chip type : ATmegal6
Program type : Application
Clock frequency : 16.000000 MHz
Memory model : Small

External SRAM size : 0

Data Stack size : 256

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

#include <megal6.h>
#include <delay.h>
#include <stdio.h>
// Alphanumeric LCD Module functions
#asm
.equ __led port=0x15 ;PORTC
#endasm
#include <lcd.h>
unsigned long int a,frek;

int text[33];

// External Interrupt O service routine

interrupt [EXT_INTO] void ext_int0_isr(void)
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{a++;

// Place your code here

// Timer 1 output compare A interrupt service routine
interrupt [TIM1_COMPA] void timer]l _compa_isr(void)
{ frek=a;

a=0;

// Place your code here

#define ADC_VREF_TYPE 0xCO

// Read the AD conversion result

unsigned int read_adc(unsigned char adc_input)

{

ADMUX=adc_input | (ADC_VREF_TYPE & 0xff);
// Start the AD conversion

ADCSRAJ=0x40;

// Wait for the AD conversion to complete

while ((ADCSRA & 0x10)==0);

ADCSRAJ=0x10;

return ADCW,

}

// Declare your global variables here

float v2;
float v;

int adc;

int adc2;
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void main(void)

{

// Declare your local variables her

// Input/Output Ports initialization

// Port A initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTA=0x00;

DDRA=0x00;

// Port B initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTB=0x00;

DDRB=0x00;

// Port C initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTC=0x00;

DDRC=0x00;

// Port D initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTD=0x00;

DDRD=0x00;

// Timer/Counter 0 initialization
// Clock source: System Clock
/I Clock value: Timer 0 Stopped
// Mode: Normal top=FFh

// OCO output: Disconnected
TCCRO0=0x00;
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TCNTO0=0x00;
OCRO0=0x00;

// Timer/Counter 1 initialization

/I Clock source: System Clock

/I Clock value: 15.625 kHz

// Mode: CTC top=OCR1A

// OC1A output: Discon.

// OCI1B output: Discon.

/I Noise Canceler: Off

// Input Capture on Falling Edge
// Timer 1 Overflow Interrupt: Off
// Input Capture Interrupt: Off

// Compare A Match Interrupt: On
// Compare B Match Interrupt: Off
TCCR1A=0x00;

TCCR1B=0x0D;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x3D;
OCRI1AL=0x09;

OCR1BH=0x00;

OCR1BL~=0x00;

// Timer/Counter 2 initialization
/I Clock source: System Clock
// Clock value: Timer 2 Stopped
// Mode: Normal top=FFh

// OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;
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OCR2=0x00;

// External Interrupt(s) initialization
// INTO: On

// INTO Mode: Falling Edge

/I INT1: Off

/I INT2: Off

GICR[=0x40;

MCUCR=0x02;

MCUCSR=0x00;

GIFR=0x40;

// Timer(s)/Counter(s) Interrupt(s) initialization

TIMSK=0x10;

// Analog Comparator initialization

// Analog Comparator: Off

// Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

// ADC finitialization

/I ADC Clock frequency: 1000.000 kHz

// ADC Voltage Reference: Int., cap. on AREF
// ADC Auto Trigger Source: None
ADMUX=ADC VREF TYPE & 0xff;
ADCSRA=0x84;

// LCD module initialization

led_init(16);

// Global enable interrupts

#asm("sei"
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while (1)
{

adc=read_adc(1);
if(frek>=5) v=((float)adc*(5/1.075)/1024);
else v=((float)adc*5/1024);
frek=(frek/1.45);
sprintf(text,"frek = %li \n V = %0.3f V " frek,v);
lcd_puts(text);
delay _ms(1000);
led_clear();
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e Datasheet IC 74390

August 18686

|
FAIRCHILD Revised March 2000

SEMICOMNDUCTOR T

DM74LS390
Dual 4-Bit Decade Counter

General Description Features

Each of these monctthic crouts contans eight master- B Cual wersion of the popular DM74L580

slave flip-flops and additional gating to implement two ind- @ DM74L5320._indwidual clocks for & and B flip-flops
vidual fourbit counters in a single package. The provide dual + 2 and + 5 counters

CM74L53280 incorperates dual divide-by-two and divide-
by-frve counters, which can be used to implement cycle . i .
lengths equal to any whale andior cumulative mufiples of 2 B Crual 4-bit version can significantly improve system den-

B Direct clear for each 4-bi counter

andfor 5 up to divide-by-100. When connectsd as a bi-qui- sifies by reducing counter package count by 50%

nary counter, the separate divide-by-wo circuit can be B Typical maximum count frequency.. 25 MHz

used to provide symmetry (3 square wave) at the final cut- @ Buffered outputs reduce posshility of collector commu-
put stage. The DMTALE380 has parallel outputs from each tation

counter stage so that any submultple of the input count fre-
quency is availab'e for system-timing signals.

Ordering Code:

Order Number |Package Number Package Description
CMT4LS2R0M M1GA 18-Lead Small Cutline Integrated Circuit (SOIZ), JEDEC MS5-012, 0150 Namow
CMT4LE3B0M MN18E 18-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0300 Wide

Devices also avallabie In Tape and Fesl 3pectly by appending e sutx lefer K" 1o the ord=rng code.

Connection Diagram

AUTPUTS
2 CAITPUT ——— ——

wor  ?A CLEAR 30

I 1h Lk I (5] 13

A
CATAR n
| Cig, A U Og fip.

1 '|; a f 5 & ¥ ]n
1 .

unod apedaqg ug-¥ 1eng 06€SIFLNQ

", Q4 ] 13y g i GNP
CLEAR OUTPUT ——
DUTELUTS
& 2000 Fairchild Semiconductor Corporation C&s00a433 wanw_fairchildsemi.com
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DM74LS390

Function Tables

BCD Count Sequence Bi-Quinary (5-2)
[Each Counter] (Mote 1) [Each Counter) (Note Z)
Count Outputs c Cutputs
t
oun Gp Qe Qg Gy oun Qy Qg [ Qg
] L L L L i L L L L
1 L L L H 1 L L L H
2 L L H L 2 L L H L
3 L L H H 3 L L H H
4 L H L L 4 L L L
5 L H L H ] H L L L
B L H H L G H L L H
7 L H H H T H L H L
B H L L L a8 H L H H
B H L L H a H L L
H = HIEH Lews
L =LOW Level
Mote 1: Catput @ ks connecizd 1o Input B for BCD count,
Miobe 2: Cutput Gg b connecied bo Input A for E-guirary count.
Logic Diagram
Qg |3 13 ouTRyT
(1. 15} Op
INEUT A o T
CLEAR
15, 1)
(4, 12) O E:TFUT
INPUT B —D_a:, T
O |
CLEAR
(&, 14)
e QUTPUT
O
L T
Op L
CLEAR
@
ag auTPUT
Up
(e T
_ Gp Ly
iz,14] c'—;"'“
CLEAR I>3
INPUT

www fairchildsemi.com

C-2

ra




Absolute Maximum Ratingsivot 2

Supply Voltage w
Input Voltage
Clear w
AorB 5.5V

Mobe 3: The “Absoiste Maxmem Ratings” are fose values beyond which
the safely of the device cannot be Quaranfesd. The device showid not be
operated at these limils. The parametric values dedned in fhe Eledirio
Chamaciersiics tables are not guaraniesd 21 he absolute maximum radngs.
The *Recommended Cosrating Condiions” table wil define the condBons

06£STFLING

for acheal devloe operaton.

0°C fo +70°C
—85°C to +150°C

Operatng Free Ar Temperature Rangs
Storage Temperafure Rangs

Recommended Operating Conditions

Symbaol Parameter Min Nom Max Units.
Ver Supply Voklags 478 [ 5.25 v
Viey HIGH Lewvel Input Violtage 2 v
Vi LOW Lews! Input Viotage 0.8 v

- HIGH Level Cutput Current 04 meA
oo LOW Leve! Output Current B A
froim Clock Freguency (Mote 4) AtoQy [ 25 Mz
Bt Qg 0 20
foLm Clock Freguency (Mote 5) Ao Qy 0 2? MHz
B o Qg [ 15
. Pulze Widih {Note 2) A 20
B 25 ns
Clear HIGH 20
imEL Clear Release Time (Mote B){Mote 7) 51 ns
Ta Free Ar Operating Temperature 0 70 “C
Hole & ©) = 15 pF, Ry = 2 ki, Ty = 25°C ana Voe = 5.

Mots 62 S = 50 0F, F = 2 kO, Ta= 2570 a0 Ve = 54

Meods 82 The symibal (41 Indicates the fallng =dge of the Clear pulss |5 used for reference
Mot 72 Ty = 257G and Vag = 5V

Electrical Characteristics

over recommended operating free alr temparature range (unless cltheratsa noled)

Symbaol Parameter Conditions Min TP Max Uinits
[Hots &
W) InpUT Clamp \oitage Vo= MIN, || =—13 mA -5 W
[ HIGH Lave) Vg = MIN, |y = Max . ]

ousput Voitage Wi, = MEE. Wy =MD = 4 v

Vit LOW Lave Vog = MIN, |, = Max 13e 05
Cusput Voltage Wi = MEE Wiy = Min W

lgL =4 MA, Vg =M 025 04

INpuT Cument @ Max Voo = Max, V=TV Clear 0.1
Input Voltage Voo = Max A 02 me,

V=55V 5] 14

” HIGH Leve Vo= Max Clear m
Inpus Cument U A a0 i,

5 i)

L LOW Lave Vg = Max, W) = DAY Clear 04
Input Curmant A -1.G mé

3 =24
oa Shart Clrcdlt Culput CUTEN! | Wi = Max [Moie ) —20 —i0a mé
oo Suppiy Cument Voo = Max [Note 10] 1= 5 e,

Hots 82 Al tyoicals are at e = 5V, Ty = 2500,

Hede 82 Mot more than ore cutput shoukd b= sherled at 2 Sme, 2nc v durafion should not excesd ane second.

Hote 107 |pp Is measered with all outpuls SPEN, both CLEAR Inputs grourded foliowing momentary connection i 2.5 and all a&her Inputs grounced.

C-3
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DM74LS390

Switching Characteristics
at W =50 and Ty = 25°C

=2 F
Symbod Parameter From {Input) C=15pF Cp =50 pF Units
To (Cutput) Min Max M Max
1 Maxmum Clock AlDG = 20
iz ? A - MHz
Frequency BioGg Fi) iE
1 Propagation Dalay Time
LK =3 ¥ Ao 20 24 ns
LOW-to-HIGH Level Owiput
1 Prapagation Dalay Time
e gesian etay Al Gy 20 3 s
HIEH-Io-LOW Level Output
1 Propagatian Dalay Time
L . 4 Ao G &0 &1 ns
LOW-to-HIGH Leval Cusput -
[ Fropagation Celay Time | -
HIGH-I0-LOW Level Cutput Al G - B e
1 Propagation Dalay Time
A g f Bin s 21 7 ns
LOW-to-HIGH Leval Dusput 2
1 Propagation Dalay Time
b gesian elay B i Qg 2 33 s
HIEH-Io-LOW Level Output
[ Fropagation Delay Time
B o Gc 39 51 ns
LOW-to-HIGH Leval Ousput - ®
[ Propagatian Dalay Time . 2 o e
HIEH-to-LOW Level Dutput -
1 Propagation Dalay Time
L . 4 B Gg E3 7 ne
LOW-to-HIGH Leval Dusput
[ Fropagation Celay Time R _
HIGH-I0-LOW Level Cutput BieGo o = rE
— =
tPHL Frogagasian F-Iz} Time Clear to Any @ g 45 res
HIEH-Io-LOW Level Output
www fairchildsemi.com 4
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Physical Dimensions inches {millimeters) unless othenwise noted

01386 - 0.9
'l T T T
ls w14 13 2 1w oa |
Cg a ol
D778 028 o
|5.T00 - E.FoE) TYF
i e
o .-"". . 1‘.
v AU UEUTUTT 1y
LEAD HO.4 A 4
IDENT DOED
10254}
1,150 - 0157
{3390 5.0
0098 - 0,020 i 5.0 —DLDEE
FTT TR ECEE A nne
B a7y WA 0254y
HLL LEADS
_— *_ - ] : 1_ CEAIME
i T f 1 I PLAKE
0080370 oo (1] 2014 0850
Dost—0m0 - Lk A0E 0820 ryp
[E T - % o335} T2 Gl
T
YFAL LENDE LOM TFP AL LEADS e s
T ] e~

WLL LEAD TIPE

16-Lead Small Qutline Integrated Circuit {(SOIC), JEDEC M5-012, 0.150 Narrow

Package Number M16A

n
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0. /40 = 0L P80

- = o.en
1880 - 19481 -
: 1 {2285}
. HOEX
AREA
0250 £0.010
(6350 £0.254]
LI FIK N, 1
IDENT
OFTION 01 OPTION 02 0,085
0130 & 0.005 0060 £ TP 0.300 = 0.320 (LE5I}
= TiF : = i
T el CPTIONAL “ {7620 - 3.128) ¥
H |
0145 =0.200 p
[3.653 = 5,080} f
oom S - a5 0m8-0018
ey e [ oom N7 2w 0.408)
a125 0.950 |l Q300015 (Fa1iz)
[5175=1810) T [OTer 20381} WK
0.014=0078 0.10020.010 (03250040
[0.358 - 0.584] OS50 40.010 [2.540 £0.224) DS KIEE (AL F)
e {1270 £0.254) (825515 %)
TYF !

16-Lead Plastic Dual-In-Line Package (FDIP), JEDEC MS-001, 0.200 Wide
Package Number N1GE

Fairchild does not assume any responsibitly for use of any circuitry descrived. ne circuit patent licenses are implied and
Fairchild resenves the right a1 any time without notice to change sad circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE MNOT AUTHORIZED FOR USE AS CRITICAL COMPOMEMNTS IM LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORFPORATION. As used herein:

1. Life support devices or systems are devices or sysiems
which. [a} are intended for surgical implant into the
body, or (b) support or sustan life, and (] whose failure
to perform when properly used in accordance with
instructions for use provided in the [abeling, can be rea-
sonably expected to result in a significant injury 1o the
USEr.

2. A critical component in any component of a life support
dewice or system whose fature 1o perform can be rea-
sonably expecied o cause the failure of the life support
dewvice or system, or to affect its safety or effectiveness.

www.fairchildsemicom

a www.farchidsemi.com
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Datasheet IC LM 358

National

&.&'em iconductor

LM158/LM258/LM358/LM2904

Low Power Dual Operational Amplifiers

General Description

The LM15& series consists of two independant, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to cperate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power
supply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, de gain
blacks and all the conventional op amp circuits which now
can ba more easily implemented in single power supply
systams. For example, the LM158 series can be diractly
operated off of the standard +5V power supply voltage which
iz usad in digital systems and will easily provide the required
interface electronics without reguiring the additional +15Y
power supplias.

The LM358 and LM2904 are available in a chip sized pack-
age (8-Bump micro SMD) using Mational's micre SMD pack-
age technology.

Unique Characteristics

m n the lingar mode the input comman-mods vaoltage
range includes ground and the output voltage can also
swing to ground, even though operatad from only a
single power supply voltage.

® The unity gain cross frequency is temperature
compensated.

® The input bias current is also temperature compensated.

October 2005

Advantages

| Two intemally compensated op amps

® Eliminates nead for dual supplies

8 Allows direct sensing near GND and Vo, also goes to
GMD

® Compatible with all forms of logic

® Power drain suitable for battary operation

Features

| Available in & Bump micro SMD chip sized package,
(Ses AN-1112)

Internally fraquancy compensated for unity gain
Large do voltage gain: 100 dB

Wide bandwidth {unity gain): 1 MHz

(temparatura compensatad)

Wide power supply range:

— Single supply: 3V to 32V

— or dual supplies: 1.5V io £16V

WVery low supply current drain (500 pA)— essentially
independant of supply voltage

Low input offset voltage: 2 mY

Input common-maode voltage range indudes ground
Differential input voltage range equal to the power
supply voltage

Large cutput voltage swing

Voltage Controlled Oscillator (VCO)

[T

A \
A
e

JUe

et

7
+

012 LNIs p— QUTPUT ¥
U3 BN
Rz +
Wk Sk
o AN
p
= DUTPUT 2
‘1h
£ '
COTTERER

@ 2005 Mational Semiconductor Corporation

DE00T7eT

wownw.national.com
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LIM158/LIN258/LM358/LM2004

Absolute Maximum Rati ngs {Note G) Distributors for availability and specifications.

i Militar y/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

LM158/LM258/LM358 LM2a04
LM158A/LM258A/LM358A
Supply Voltage, Y+ aav 26Y
Differantial Input Voltage aav 26Y
Input Voltage 0.3V to +32V —0.3Y to +28V
Power Dissipation (MNote 1)

Molded DIP 30 mWW 830 mW

Metal Can 550 mW

Small Outline Package (M) 530 mW 530 mW

micro SMD 436mW
Output Short-Circuit to GMND

{One Amplifier) (Mote 2)

V<18V and T, = 268°C Continuous Continuous
Input Current (V, < -0.3V) (Mate 3) 50 mA 50 mA
Operating Temperature Range

LM3asa 0'C to +70°C —40°C 1o +85°C

LMzsa —25°C to +85'C

LM1isa —B5"C to +125°C

Storage Temperature Range —65°C to +150°C —65°C to +150°C

Lead Ternperature, DIP

(Soldenng, 10 seconds) 260°C 260°C
Lead Termperatura, Metal Can
(Soldenng, 10 seconds) 300°C 300°C
Soldenng Information
Dual-In-Line Package
Soldering (10 seconds) 260°C 260°C
Small Outline Package
Vapor Phass (60 saconds) 215°C 2158°C
Infrared (15 seconds) 220°C 220°C

See AN-450 "Sudace Mounting Methods and Their Effect on Product Reliability” for other metheds of soldering
surface mount devices.

ESD Tolerance (Mote 10) 250V 250V
Electrical Characteristics
V* = 5.0V, unless ctherwise stated
Parameter Conditions LM158A LM358A LihsaLM258 | Units
Min Typ Max |Min Typ Max | Min Typ Max
Input Offset Voltage (Note 5), Ty = 25°C 1 2 2 3 2 5 my
Input Bias Currant lirgay O gy Ta = 25°C, 20 50 45 100 45 150 nA
Wip = OV, (Note &)
Input Offset Current litggey = Wy Viom = OV, To = 26°C 2 10 5 30 3 30 na,
Input Common-Maode W+ = 30V, (Note 7) 0 V+-15| 0O V+-1.5| 0 W15 )
Voltage Range (LM2904, V* = 26V), T, =25°C
Supply Current Ower Full Temperature Range
AL = == on All Op Amps
W+ = 30V (LM2904 W+ = 26V) 1 2 1 2 1 2 ma
W =8V 05 12 a5 1.2 a5 1.2 ma

waw. national.com
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Electrical Characteristics
W+ = 450V, unless otherwiss stated

Parameter Conditions LM358 LM2904 Units
Min Typ Max Min Typ | Max
Input Offset Voltage {(Note 5) , T, =25°C 7 2 7 mV
Input Bias Currant Iitgay @ by, Ta = 25°C, 45 250 45 250 na
Veop = OV, (Note 8)
Input Offset Cument hitigay = iy, Ve =0V, Ty = 25°C 50 5 50 na,
Input Comman-Moda W+ = 30V, (Mote 7) o] V=15 0 V15 v
Voltage Range (LM2904, V+ = 26V), T, = 25'C
Supply Currant Ower Full Temperature Rangs
AL === on All Op Amps
W = 30V (LM2904 W+ = 26Y) 2 1 2 ms
W+ =8V 0.5 12 05 1.2 mi&
Electrical Characteristics
W+ = +5.0V, (Note 4), unless otherwise stated
Parameter Conditions LM158A LM3assA LMi1sa/LM258 | Units
Min Typ Max [ Min Typ Max | Min Typ Max
Large Signal Voltage W+=18V, T, = 25°C,
Gain R =2 ki, (For Vg = 1V 50 100 25 100 50 100 VimV
ta 11V)
Commen-hods Ta =25, 70 85 65 BS 70 BS dB
Rajection Ratio Vi = OV to V+—1.8Y
Power Supply W+ = BV to 30V
Rejection Ratio (LM29g4, V* = 5V &5 100 &5 100 &85 100 dB
to 26V), Ta = 25°C
Amplifier-to-Amplifisr f =1 kHz to 20 kHz, Ty = 25°C
Coupling {Input Referrad), (Mote 8) -120 -120 -120 dB
Output Cumrent | Source |Vin*™ = 1V,
Vi~ = OV, 20 40 20 40 20 40 mA
W+ = 18Y,
Vg=2V, T, =25C
Sink | V= = 1V, V== 0V
W+ =18V, T, = 25°C, 10 20 10 20 10 20 ma
Vg=2V
Vi~ = 1V,
Vi = OV 12 50 12 50 12 5D P
Ta = 25'C, Vg = 200 mV,
W+ = 18V
Short Circuit to Ground | T, = 25°C, (Note 2),
V' 18V 40 &0 40 &0 40 60 ma
Input Offset Violtage {Mote 5) 4 5 7 mV
Input Offset Voltage Rs = 00 7 15 7 20 7 WG
Dirift
Input Offset Cumrent hingiey = iy 30 75 100 ni
Input Offset Cumrent Re =00 .
. 10 200 10 300 10 paSC
Dirift
Input Bias Cument liragey ©F hingy 40 100 40 200 40 300 na
Input Comman-Mode W+ = 30V, (Note 7) . . .
Voltage Range (LM2904, V* = 26V) 0 V2| o V2|0 Vel v

C-9
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LIM158/LIM258/LIN358/LM2204

W+ = +5.0V, (Mote 4)

Electrical Characteristics (continued)
. unless othermse stated

Parameter Conditions LM158A LM358A LM1i58/LM258 | Units
Min Typ Max | Min Typ Max [ Min Typ Max
Large Signal Voltage W+ = HEY
Gain Ve = 1Vt 11V) 25 15 25 VimV
R z2ki
Output Ve |V = +30V RL=2ka | 26 26 26 v
Veltags (LM2904, W+ = 26V) (R =10ka | 27 28 27 28 27 28 v
Swing Ve [V* = 8V, R, = 10 k2 5 20 5 20 E 20 | mV
Qutput Current | Source xLN;j;;VV:IS 2; v, o 20 o 20 0 =20 mA
Sink [V~ = +1V, V= = 0V, 0 i s 5 : 5 A
W+ = 18V, Vg =2V
Electrical Characteristics
W+ = +5.0V, (Note 4), unless otherwise stated
L. LMass LM2zo04 Units
Parameter Conditions Wi Typ Mo Min Tye TP
Large Signal Voltage V+ =18V, T, = 25°C,
Gain AL = 2 ki, (For Vg = 1V 25 100 25 100 WimV
ta 11V)
Comman-Mode T. =25°C, - as =0 70 4B
Rejection Ratio Viep = OV to V=18V
Power Supply W+ = BV to 30V
Rejection Ratio (LM2204, V* = 5V 65 100 50 100 dB
to 26V), T, =25°C
Amplifisr-to-amplifiar f=1kHzto 20 kHz, T, = 25°C
Coup[:iing ’ (input Rafemad), (Nots &) 120 120 dB
Cutput Currant Source | Vit = 1V,
Vi~ = 0V,
Ve = 15V, 20 40 20 40 i
Vo =2V, Ty =25°C
Sink [V =1V, V= = 0V
V*+ = 15V, T, = 25°C, 10 20 10 20 ma
Vo =2V
Vi =1V,
Vi = oV 12 50 12 50 pA
T =25'C, Vo = 200 mV,
V+ =15V
Short Circuit to Ground T, =25'C, (Note 2,
Ve - 15V 40 &0 40 &0 mé
Input Offset Voltage (Nots 5) Q 10 mv
::l;urp;t Offset Voltage Rz = 00 . . VPG
Input Offset Current TR T 150 45 200 nA
Input Offset Current Rs =00 .
. 10 10 pAFC
Drrift
Input Bias Current I o hnig 40 500 40 500 na
Input Common-Mode V*+ =30V, (Mote 7) o Voo 0 Ve 2 v
Voltage Range (LM2204, V* = 26V)
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Electrical Characteristics (Continued)
W+ = 45,0V, (Mate 4), unless otherwise stated

Parameter Conditions L35 L2904 Units
Min Typ Max | Min Typ Man
Large Signal Voltags Ve = 418V
Gain Vo =1V to 11Y) 15 15 VimV
A z2kn
Cutput Vean [V = 430V R =2k 26 22 W
Voltage (LM2904, V* = 26Y) (AL = 10 ka2 27 28 23 24 )
Swing W [V+ = 8V, B =10 ka2 5 20 5 100 my
Output Curent Source [ V™ = +1W, Vi~ = OV, 0 20 10 20 mA
Ve =18V, Vg =2V
Sink| Vi~ = 1V, Vit = OV, c s . 8 A
Ve =18V, V=2V

Mote 1: For operating at high temperatures, the LM3SRLM2584, LM2004 must be derated bassd on a +125'C maximum junction temperature and a thermal
resigtance of 1207 CW for MDIF, 1827 W for Matal Can, 189°CAW for Small Cutine package, snd 230°CW for micro SMD |, which appliss for the device soldersd
ina printed circuit board, operating in a still airambient. The LM2EY] M258A and LMA S8 MA58A can be derated based on a +450°C rmesdimum junction temperaturs,
The dissipation is the total of both amplifiers —use extemal resiskors, where possible, to allow the amplifisr to saturate or to reducs the power which s dissipatsd
in the integrated circuit.

Mote 2 Short circuits from the output to V- can causs excesaive heating and eventual destruction. When considering short cineits to ground, the mssimum cutput
current is spprodimataly 40 mA indspendent of the magninde of V=, Atvalues of supply voltags in excess of +1 5V, continuous shon-cireuits can excesd the power
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultanecus shorts on all amplifisrs,

Mote 3: This input curment will only sxist when the valtage at any of the input leads iz driven negative, It is due to the colector-tase junction of the input PHP
transistors bacoming foreard biassd and thersby acting a8 input dicds damps. In addition to this diode action, thers is also lateral NP parasitic transistor sction
on the |Z chip. This transistor action can causs the oulput valtages of the op amps to go o the VWsoltages level {or to ground for alamge overdrive) for the time duration
that an inputis diven negative. This is not destructive and nommal output states will re-establish when the inputvoltage, which was negative, again reums to avale
greater than —0L.3 (at 26°C).

Mote d: These specifications are limited to 55°C = Ty < +125°C for the LMABSLMASEA, With the LM2E2LM2584, all temperaturs specifications ars limited to
—25°0 = Ty = 48570, the LMAESLM35SEA temperature specifications are limited to 0°C =Ty = +70°C, and the LM2004 specifications are mited to —400C < Ty <
+85°C.

Mote 5t Vg = 1.4V Rg = 00 with W from 5V to 30V, and over the full input commen-mede rangs (00 to W —1.8V) at 287G, For LM2004, V* from BV 1o 26\
Mote B: The direction of the input current is out of the G due to the PHP input stage. This current is ezsentially constant, independent of the state of the oulput so
rix koading change sxists on the input lnss.

Mote T: The input common-rmcds volage of either input signal woltsges should not b= allowsd to go negative by more than 0.0 (at 25°C). The upper end of the
cormmon-mods voltags rangs is W —1 .5V fat 26°C), but either or both inputs can go to +32V without dameags (+26V for LM2904), irdependent of the magnituds of
W

Mote 8: Due to proximity of extemal componsants, insure that couplng is not eriginating via stray capacitance between thess exterral parts, This typically can b=
detected as this type of capacitance increases at higher frequencies.

Mote B Refar to RETS1 B84 for LM158A military spacifizations and te RETS1 B2 for LM 58 military specifizations,

Mote 10: Human body model, 1.5 ki in series with 100 pF.

B www.national com
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LM158/LM258/LM358/LM2904

by - SUPPLY CLRRENT DRAIN (map.) Wy = INPUT VOLTAGE (V)

By = YOLTAGE GAIM [dE)

Typical Performance Characteristics

Input Voltage Range
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Typical Performance Characteristics icontinued)

Voltage Follower Pulse Response
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Large Signal Frequency Response
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Output Characteristics Current Sinking

10 =
LS = H
2 o i
= wo= I
B i
g 1
[ H
=] ' 4
= 1
E v -
5 0.1 -
E=1 7 —
[ i
:-D F’
Y
a.ni 4 il
0001 0.0 o 1 1] 100

Il:l = DUTPUT SINKE CURRENT I:m.l.p::l
DITTETAE

Voltage Follower Pulse Response (Small Signal)
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LM158/LM258/LM358/LM2904

Typical Performance Characteristics continued)

Input Current (LM2902 only)
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Application Hints

The LM158 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear moda with an input common-moda
voltage of 0 V. These amplifiers operate over awide range
of power supply voltage with little change in performance
characteristics. At 26°C amplifier operation is possible down
to & minimum supply voltage of 2.3 V..

Precautions should be taken to insure that the power supply
for the integrated drouit never becomes reversed in polarity
or that the unit iz not inadvertently installed backwards in a
test socket as an unlimited current surge through the resukt-
ing forward diode within the IC could cause fusing of the
intarnal conductors and result in a destroyed unit.

Large differential input voltages can be easily accomodated
and, as input differential voltage protection diodes are not
needed, no large input currents result from large differential
input voltages. The differential input voltage may be larger
than V* without damaging the device. Protection should be
provided to prevent the input voltages from going negative
more than —0.3 Ve (at 25°C). An input clamp dicde with a
resistor to the 1T input terminal can be used.

To reduce the power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class B in a large signal mode. This allows the
amplifiers to both source and sink large output curents.
Therefora both NPN and PNP external current boost transis-
tors can be used to extend the power capability of the basic
amplifiers. The output voltage neads to raise approximataly
1 diode drop above ground to bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, whera the load is capacitively couplad to
the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion. Whare the
load is directy coupled, as in do applicatons, there is no
crossover distortion.

Voltage Gain (LM2%02 only)
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VT - SUPPLY WOLTAGE (Vi)

OOTTETAT

Capacitive loads which are applied dirsctly to the output of
the amplifier reduce the loop stability mangin. Values of 50
pF can be accomodated using the worst-case non-inverting
unity gain connection. Large closed loop gains or resistive
isolation should be used if larger load capacitance must be
driven by the amplifier.

The bias network of the LM158 establishes a drain cument
which is independent of the magnitude of the power supply
voltage over the range of 3 Vi to 30 Ve

Output short circuits either to ground or to the positive power
supply should be of short tma duration. Units can be de-
stroved, not as a result of the short circuit curent causing
metal fusing, but rather dus to the large increase in |G chip
dissipation which will cause eventual failure dus to exces-
sive function temperatures. Putting direct short-circuits on
more than one amplifier at a ime will increase the tatal 1C
power dizsipation to destructive levels, if not proparly pro-
tected with extemnal dissipation limiting resistors in senes
with the output leads of the amplifiers. The larger value of
output source curent which is available at 25°C provides a
larger output cument capability at elevated temperatures
{sea typical performance characteristics) than a standard 1C
op amp.

The circuits presanted in the section on typical applications
amphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of W*/2) will
allow operation above and below thiz value in single power
supply systems. Many applicaton circuits are shown which
take advantage of the wide input commen-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.
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Connection Diagrams
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LM158/LM258/LM358/LM2904

Ordering Information

Temperature Range

Pack MNSC Drawi
aae —55°Cto 125°C —25°C to 85°C 0Cto70°C —40°C to 85°C rawing
50-8 LMasaaM LMz2a04M
LM3ssAMX LM2204MX
LM3seM Moaa
LMasahMx
&-Pin Malded DIP LMasaAN LM2a04M
LM3ssN NesE
8-Pin Caramic DIP LM158A)/883(Nota 11)
LM158)/883(Nate 11)
LM158) Joaa,
LMi58AJLOMLINote 12)
LM158AJOMLY (Mate 12)
TO-5, 8-Pin Matal LM1E8AH/BRE(Mate 1 1) LM258H LM35aH
Can LIM158H/883(Note 11)
LM1s84aH
LM158H HoeC
LM158AHLOML({Mote 12)
LMW1 58AHLOMLY (Nate 12)
8-Bump micro LM3ssBP LMzoa IBP BPaoaAAR
SMD LM3s8BPX LM2204IBPX 0.85 mm Thick
&-Bump micro LM358TP LM2a04ITP
SMD LM3ssTPX | LM2904ITPX TPAoBAAA
0.50 mm Thick
Lead Free
14-Pin Ceramic LM15a8AWG/a83
s0IC WGE10A

Note 11: LM158 is available per SMD #5962-6771 004
L1584 is available per SMD #5062-2771002
Note 12 See STD Mi DWG 5852187740 for Radiation Tolerant Devices
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