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TU5NTNNITIIULRITELULADUN LI UNININS ANNLARDUNAENITRITAAITNAY

define BIT(x) (0x01 << (x))

#define bit_get(p,m) ((p) & (m))

#define outp( val, port) ( port) = (val)

#define inp( port ) ( port)

#define sbi( port, bit) ( port) |[= (1 << (bit) )

#define cbi( port, bit ) ( port) &= ~( 1 << (bit) )

J

MODEL : 2406 GRPS ,SMS, GSM

MODEL : 2501 Same as 2406 But Builtin GPS

*/

#define MODEL 2406

J

GPRS_ENABLE : SET 1 This Enable GPRS

IF Set O for Disable It

*/

#define GPRS_ENABLE 0

#define G_OnOFF_DDR DDRB
#define G_OnOFF_PORT PORTB
#define G_OnOFF_PIN 4

#define OUTPUT_DDR DDRD
#define OUTPUT_PORT PORTD
#define OUTPUT_PIN_O1 4

#define OUTPUT_PIN_O2 5

#define OUTPUT_PIN_O3 6 // used
#define OUTPUT_PIN_O4 7 //used
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#define OUTPUT_DDR_OS5 DDRC
#define OUTPUT_PORT_O5 PORTC
#define OUTPUT_PIN_O5 7

#define INPUT_PIN_1 PINC.7

#define SoundOn() sbi(OUTPUT_PORT,OUTPUT_PIN_O4)
#define SoundOff() cbi(OUTPUT_PORT,OUTPUT_PIN_O4)

#define LightOn() sbi(OUTPUT_PORT,OUTPUT_PIN_O3)
#define LightOff() cbi(OUTPUT_PORT,OUTPUT_PIN_O3)

#define LED_DDR DDRB
#define LED_PORT PORTB
#define LED_PIN_15 /lused
#define LED_PIN_26  //used

#define LED1_On() sbi(LED_PORT,LED_PIN_1)
#define LED2_On() sbi(LED_PORT,LED_PIN_2)
#define LED1_Off() cbi(LED_PORT,LED_PIN_1)
#define LED2_Off() cbi(LED_PORT,LED_PIN_2)

#define SW_DDR DDRC
#define SW_PIN PINC
#define SW_PIN_1 PINC.2
#define SW_OnOff SW_PIN_1
#define SW_PIN_2 PINC.3
#define SW_Alert SW_PIN_2
#define SW_PIN_3 PINC.4
#define SW_PIN_4 PINC.5
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#define ModuleGpsOff() sbi( G_OnOFF_PORT,G_OnOFF_PIN);
#define ModuleGpsOn() cbi( G_OnOFF_PORT,G_OnOFF_PIN);

#define ALERT 1
#define IDLE O

#define ON O
#define OFF 1

bit INPUT_PIN_1_CHK;
bit SW_PIN_4_CHK;
bit SW_PIN_3_CHK;

unsigned char refreshTime;

unsigned int N1,N2,E1,E2,ad1,ad2,ad3,ad4,ad5,ad6,ad7,ad8;

unsigned char hour=0,minu=0,sec=0,year=0,month=0,day=0;
eeprom unsigned long int firstindex=0,lastindex=0;

eeprom char *tew="000000000#0";

eeprom char *ee_phonenumber1="000000000#0";

eeprom char *ee_phonenumber2="000000000#0";

eeprom char *ee_phonenumber3="000000000#0";

eeprom char *ee_phonenumber4="000000000#0";

eeprom char *ee_phonenumber5="000000000#0";

unsigned char level,phonenumber[9]="00000000";

eeprom char memOutput=0x00;
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eeprom unsigned char APN=2;

eeprom char cycle=1;

unsigned int timer_count,i;

unsigned char sendSuccess=0;

unsigned char ON_OFF_CHECK; // ifiugannuz ta ila
#include <mega32.h>

#include <string.h>

#define ADC_VREF_TYPE 0x00

#define portDelay 50

bit OUTPUT_PIN_O1_CHK=1;
bit OUTPUT_PIN_O2_CHK=1;
bit OUTPUT_PIN_O3_CHK=1;

// Standard Input/Output functions
#asm
.equ __i2c_port=0x18 ;PORTB
.equ __sda_bit=1
.equ __scl_bit=0
#endasm
#include <ds1307.h>
#include <stdio.h>
#include<delay.h>
#include<m_string.c>
#include <logger.c>
#include <writepackage.c>
#include<gps_gprs.c>

#include<sms.c>
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char door_detect=0;

interrupt [TIM1_OVF] void timer1_ovf_isr(void){
timer_count++;
if(timer_count>=130){ timer_count=0;
if(sendSuccess==0){ write_datalog(); }

// WDTCR=0x0F; // Enable Watch Dog Timer

interrupt [TIMO_OVF] void timer0_ovf_isr(void){
timer_count++;
if(timer_count>=50) {
1l GPS_refresh() ;

timer_count=0;

void main(void){

{
/IrefreshTime=refTmm;
refreshTime=1;
/lcycle=0;
/ffirstindex=262090;lastindex=262090;
/IAPN=1;

PORTA=0x00;
DDRA=0b00000000;
PORTB=0xFF;
DDRB=0xFF;
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PORTC=0x00;
DDRC=0x00;
PORTD=0x00;
DDRD=0xFF;

/I init mechine

sbi( G_OnOFF_DDR,G_OnOFF_PIN); // OUTPUT G_ON/OFF pin
ModuleGpsOff() // Off Module

shi( OUTPUT_DDR,OUTPUT_PIN_O1);

sbi( OUTPUT_DDR,OUTPUT_PIN_QO2);

shi( OUTPUT_DDR,OUTPUT_PIN_O3);

sbi( OUTPUT_DDR,OUTPUT_PIN_O4);

cbi( OUTPUT_DDR_O5,0UTPUT_PIN_O5);

sbi(LED_DDR,LED_PIN_1);
sbi(LED_DDR,LED_PIN_2);
cbi(SW_DDR,SW_PIN_1);
cbi(SW_DDR,SW_PIN_2);
cbi(SW_DDR,SW_PIN_3);
cbi(SW_DDR,SW_PIN_4);

/*
if(bit_get(memOutput,BIT(1))){ sbi( OUTPUT_PORT,OUTPUT_PIN_O1);}
else { cbi( OUTPUT_PORT,OUTPUT_PIN_O1); }

if(bit_get(memOutput,BIT(2))){ sbi( OUTPUT_PORT,OUTPUT_PIN_O2);}
else { cbi( OUTPUT_PORT,OUTPUT_PIN_O2); }
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if(bit_get(memOutput,BIT(3))){ sbi( OUTPUT_PORT,OUTPUT_PIN_O3);}
else { cbi( OUTPUT_PORT,OUTPUT_PIN_O3); }

if(bit_get(memOutput,BIT(4))){ sbi( OUTPUT_PORT,OUTPUT_PIN_O4);}
else { cbi( OUTPUT_PORT,OUTPUT_PIN_O4); }
*/
sbi( OUTPUT_PORT,OUTPUT_PIN_O1);
sbi( OUTPUT_PORT,OUTPUT_PIN_O2);
sbi( OUTPUT_PORT,OUTPUT_PIN_O3);

/1

UCSRA=0x00;
UCSRB=0x18;
UCSRC=0x86;
UBRRH=0x00;
UBRRL=0x33;

ACSR=0x80;
SFIOR=0x00;

TCCR0O=0x05;
TCNTO0=0x00;

// Timer(s)/Counter(s) Interrupt(s) initialization
TIMSK=0x05;

ADMUX=ADC_VREF_TYPE;

ADCSRA=0x87;

!
delay_ms(1000);
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1

[ |06 init /
i2c_init();

rtc_init(0,0,0);

/ /}

waitModulelnit();
clearUARTBuffer();
printf(">>%d\r\n",ad1);
ADC_refresh();
/I while(1){

printf("%d,",SW_PIN_4);
printf("%d,",SW_PIN_3);
printf("%d,",INPUT_PIN_1);
printf("%d,",  SW_PIN_3&& SW_PIN_4&& INPUT_PIN_1

);
printf("\r\n---------- \r\n") ;
delay_ms(500);
/A
rrsmsnsserns E0dl Wait System /

/IIURL );

printf("connect\r\n");

TCCRO=0x00;

#if MODEL == 2501

GPS_refresh();

#endif

#asm("sei");

#if GPRS_ENABLE ==
GPRS_detectAPN();
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GPRS_Init();
#endif
TCCRO=0x00;
PORTC.4=1;

INPUT_PIN_1_CHK = IDLE;
SW_PIN_4_CHK = IDLE;
SW_PIN_3_CHK= IDLE;

while (1){
char minTemp;
int procount;

clearUARTBuffer();

TCCR1B=0x03;
TCCR0=0x00;
LED2_Off();
LED1_Off();
while(1)
{ ADC_refresh();
#ifdef debug

printf("loop\r\n");

#endif
if(SW_PIN_3_CHK ||(ISW_PIN_4_CHK) || INPUT_PIN_1_CHK){
LED2_On();
telse { LED2_Off(); }
#ifdef debug

printf("go loop2\r\n");
#endif
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if(SW_OnOff ==OFF){
LED1_Off();
#ifdef debug
printf("SW OFF\r\n");

#endif
while(SW_OnOff==0FF) ; // saiila SW
SMS_send("Power On","+66817352163");
delay_ms(2000);
}
LED1_On();
#ifdef debug

printf("go loop2\r\n");
#endif
if(procount++>=1000){
sms_readreply();

procount=0;

// if(ad2<50){SMS_send("ALERT6","+66817352163");
do{}while(ad2<50);delay_ms(500);}
/ else

if(@ad3<50){SMS_send("ALERT4","+66817352163");do{}while(ad3<50);delay_ms(500);}

/ else
if(@ad4<50){SMS_send("ALERT2","+66817352163");do{}while(ad4<50);delay_ms(500);}
/ else
if(ad1<50){SMS_send("ALERT3","+66817352163");do{}while(ad 1<50);delay_ms(500);}
if(INPUT_PIN_1 == ON){

ifINPUT_PIN_1_CHK==IDLE){
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INPUT_PIN_1_CHK= ALERT;
SMS_send("ALERT3\r\n","+66817352163");
delay_ms(3000);

}
telse if(INPUT_PIN_1 == OFF){
if(INPUT_PIN_1_CHK==ALERT){

INPUT_PIN_1_CHK = IDLE;

SMS_send("UN ALERT3\r\n","+66817352163");
delay_ms(3000);

#ifdef debug
printf("go loop3\r\n");
#endif
if(SW_PIN_4 ==OFF){
door_detect=1,
if(SW_PIN_4_CHK==ALERT){
SW_PIN_4_CHK=IDLE;

SMS_send("ALERT2\r\n","+66817352163");
delay_ms(3000);
}
telse if(SW_PIN_4 ==0ON){
if(SW_PIN_4_CHK==IDLE){
SW_PIN_4_CHK=ALERT;
/I printf("aler2\r\n");
delay_ms(1000);
if (door_detect==1){
SMS_send("UN ALERT2\r\n","+66817352163");
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delay_ms(3000);

#ifdef debug

printf("go loop4\r\n");

#endif
if(SW_PIN_3 ==0ON){
if(SW_PIN_3_CHK==IDLE){

SW_PIN_3_CHK=ALERT;
SMS_send("ALERT1\r\n","+66817352163");
delay_ms(3000);

}
telse if(SW_PIN_3 ==OFF){
if (SW_PIN_3_CHK==ALERT){
SW_PIN_3_CHK=IDLE;
SMS_send("Un ALERT1\r\n","+66817352163");
delay_ms(3000);
}
}
#ifdef debug

printf("go loop5\r\n");
#endif
/
else if(SW_OnOff==0) {
ON_OFF_CHECK = ON_OFF_CHECK ~ 0x01; // Lﬂgﬁu@mu:mi
\latle



1
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/
/
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if( bit_get(ON_OFF_CHECK,BIT(0))){
LightOn();
SoundOn();
delay_ms(400);
LightOff();
SoundOff();
delay_ms(400);
LightOn();
SoundOn();
delay_ms(400);
LightOff();
SoundOff();
delay_ms(400);
LED2_On();
LED1_On();
GPRS_COMMAND("AT+CMGD=1,0\r",2);
LightOff();
SoundOff();
delay_ms(1000);

}

*/

J

if( bit_get(ON_OFF_CHECK,BIT(0))){

LED2_0On();
LED1_On();

for(firstindex=1;firstindex<=100;firstindex++){
if( bit_get(ON_OFF_CHECK,BIT(0))){

if(SW_OnOff==0) {
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LED2_Off();
ON_OFF_CHECK = ON_OFF_CHECK * 0x01;
}
delay_us(20);
}
}

sms_readreply();
LED1_Off();
for(firstindex=1;firstindex<=100;firstindex++){
if( bit_get(ON_OFF_CHECK,BIT(0))){
if(SW_OnOff==0) {
LED2_Off();
ON_OFF_CHECK = ON_OFF_CHECK * 0x01;
}
delay_us(20);

}
/*
else if(SW_Alert ==ON){ // \iieifin Event uduiiiew
delay_ms(200);
printf("!11");
SMS_send("ALERT","+66817352163"); // dedlanamsuisuitenluiiues
XXXX
delay_ms(200);
SoundOn();
do{ // vuilaile Tl aundnazinig &y Alarm
LightOn();
delay_ms(500);



}

LightOff();
delay_ms(500);

Jwhile(SW_Alert ==1);

delay_ms(3000);
else{
/I LED2_Off();

/I LED1_Off();

*/

85

Wireless
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Lwiu'NqsL%"awi'aTuQa Wavecom §1 WISMO Q2406 (1inniu lalasaaulnsaiaas )

GSM/GPRS PLUGIN MODEM
MODEL : ARC24XX-NL

PIN Description

WISMO G24XX
0000000000|°

EXP CONNECTOR (20PIN)

Pin Assignment | I/0 I/0 Description
Number Type
1 BOOT Reserved use by Aerial
(Pull down witt KOhm)
2 RESET T CMOS | Reset GSM Module (Active High)
3 TX I GPI/Q |RS232-Transmit
4 RTS I GPI/O = Reguest to send
[ RI fe] GPI/O | & Ring Indicator
[ DCD [4) GPI/O |RS232-Data Carrier Detect
T RX [e) GPI/O | Receive
8 [e) GPI/O | & Clear to send
9 0 BAnalog | Speaker Positi output
10 0O | Analog | Speaker Negative O
11 I [BAnalog |Miczophone Positive Input
12 I [BAnalog |Microphone Negative Input
13 PHR I CcMOS | = 1/Off Module
( gh > 1 sec)
14 VCC MODULE [¢) supply | Digital Output
(Use for check module in
powsr on state}
15 DTR I GPI/O | RS23Z-DIR
16 DSR 8] GPI/O | RS232-DSR
17 +5V I supply | Power Supply Input
(High Current)
18 +E5V T Supply | Power Supply Input
(Eigh Current)
18 GND Supply
20 GND Supply

Tuga Wavecom §1 WISMO Q2406
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Qmﬂmﬁ‘nm Wavecom %:u WISMO Q2406 Series GSM900/1800 GPRS Class10
- flfansszunma GSM/GPRS modem (EGSM900/1800 MHz or EGSM900/1900
MHZz)
- WA TULBANA
Class 4 (2W @ 900 MHz)
Class 1 (1W @ 1800/1900 MHz)
- UTIAUBUNR :5v-32v
- NITUABUNA
T laildenm 5mA, Tuans 191 140mA 289s0L GSMI00 7 12V
T lailEenn 5mA, Tuane 1951 100mA 1893200 GSM1800/1900 7 12V
- VBRI EUNNH
Tuanzl JiF 20 29A1E D19 + 55 @A
Tupnuzriuinnseu 25 89T D9 + 70 89ANT
- 2UIA 198 X 54 x 25 mm

- Ywidn 1 130g

AMANL ALY Wavecom Fastrack GSM Modem
- N9 AN
- N9ENANYRNLEY
- NGRS, gINdNFNERIN LAZATIERI (FR/IEFR/HR)
- W\ﬁ%umm?{wmmj@m (DTMF)
- YinFageaINIA SMA

- 48414 SIM LULARL (3V/5V SIM interface)
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AT Command lun1sansanuinsAnisana
AT Command Aagaaedadsin i lunisraunninsdwilene uazanda AT
Command #ldlulaseuilae
° nI/ = a o A A
Adanldlunnsnmaseuaninznishinseiuiiene
s AN
AT<CR>

InedFnsalidFalanaarnal OK

'
[

ANAIAILANNISING

Ardalnsaan

PRTINLAY.

ATD+BE6XXXXXXXX<CR>

Tae X Aavianenaafidasnisinsann

MIANARALNALN

OK wgne31 dn1sinseants
AR URN LS EnLgn

gﬂLL‘LI‘LIﬁ’]ﬁL\‘i

ATA<CR>

MIANARALNALN

OK uanedn fnnssuaneiinsdnanuda
ANRI29ENE VERENLANNNSING

PIRTILAY.

ATH<CR>

MIANARALNALN

OK 1&A491 HN135Ua1en ngidnuiuan
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Adanldlunsitlaldssuy GPRS
Adailalde1is MODEM

gﬂLL‘LI‘LIﬁ’]ﬁL\‘i

AT + WOPEN = < index ><CR>

Tnel < Index > An 0 LAz 1

-0 Aa T ldauuas 1 Aa Tdeu
Adsnsaatlanisinsia GPRS

PIRTILAY.

AT+CGATT =< mode><CR>

Igffarin AT+CGATT =1

-0 Aa Tdldauuas 1 Aa Tdeu
AAsAnsanugusdEng

gﬂLL‘LI‘LIﬁ’]Z%L\‘i

AT#APNSERV="WWW.DTAC.TH"<CR>

Tne ilunisveldsruy GPRS AufueiTnIg

pdatlanshinma
sUuUUANEAS
ATHCONNECTIONSTART<CR>

Iag Wlun17euElan19FnmAeszUL GPRS

AdaTanAanaLLATaTNe
sUuuUANAS
ATHTCPSERV="XXX XXX XXX XXX"<CR>

ol 1lLNITEaNARNAULATAUNLNIUNG [P Address
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PRI ARBRIUNDSR
sUuUuANES
AT#TCPPORT="3000"<CR>

Tner ilunisdetdiayannunianess 3000 2091A3049 Sever

Aduilansdetaya/ilanisdsdaya
PIRTILAY.
AT#HOTCP<CR>
e Lﬂumiﬁ;mﬁﬂgamm:uu GPRS
Adstlanisdsdaya
JULLLANS
Ctrl+C

Tne iunane pdedayan ULy GPRS

AdsegansAnsaiuszuLLATaINE
sUuuuANAS
AT#CONNECTIONSTOP<CR>

Tner ilunisuganisdinsiafiuscuuLATaTne

'
[

AdLaansluuLTanI
gﬂLL‘LI‘LIﬁ’]Z%L\‘i
AT + CMGF = < index ><CR>
198l < Index > Ag 0 Uz 1

-0 Aa Tum PDU 1Az 1 Aa Tuum text
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'
[

ANRILEAITRANNT TN L
gﬂLmuﬁ’wzﬁlﬁ
AT+CNMI=<mode>, <mt>, <bm>, <ds>, <bfr><CR>
Igifarn AT+CNMI=2, 1, 2, 0, 0 N Enter
MIANARALNALN
OK uained faan13udn
ANRIEUT AN
PRTILAY.R
AT+CMGR = < index ><CR>
Tatl < Index > A0 Wy sms Awinls
ANRILEAITDAIIN
PRTILAY.
AT+CMGL = < stat ><CR>
Tnel A1 < Stat > AANEIA119 AN StartAndagadannny

utiau 2 nuuAe

1. Tuum Text
s LA
AT+CMGS="4+66XXXXXXXX"<CR>

dapunazas, <ctrl-z>

2. Tuum PDU
gﬂLmuﬁ’wzﬁlﬁ
AT+CMGS=<length><CR>
<pdu><ctrl-Z>
ot <Length> Lﬂummmq%ﬁ@g@ﬁ%m%@
ArMENITB9dIU(Header + ATNENaTesdIuTili PDU Code-3)/2

ALY <pdu> Af Header + PDU Code
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ARsaLdanIN

gﬂLL‘LI‘LIﬁ’]ﬁL\‘i

AT+CMGD = < index ><CR>

Tael < Index > Aa unu sms Aiils
AAuansgnTiAzadne

PRTILAY.

AT+CSCB=0, 50<CR>

InedFnsalidFalanaarnal OK LaLLARAITA&DN
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Data Sheet 223981ns0iF19 ) N luszy

B Standard Specifications and Dimensions

Recommended Model 203B
Encapsulation Type TO-5

IR Beceiving Electrode 2x1mm. 2 elements
Window Size 5%3.8mm

Spectral Response 5-14um
Transmittance >75%

Signal Output [Vp-p] >3500mV
Sensitivity =3300V/'W

Detectivity (D¥)

>1.4 <10° emHz /W

Noise[Vp-p]

<70mV

Output Balance <10% l
Offset Voltage 0.3-1.2V L
Supply Voltage 3-15V /?E A
Operating Temp. -30-70°C PR P 7
\ L
Storage Temp. -40-80°C \%»-LL
S.0ae0.2
550 55 120° s
Field of View “ | | / “‘I; ;" et
Equivalent Circuit
H-X Y

Equivalent Circuit

FET—2 1.+Vim

I;:

-1, —
'Rg u

L‘ O 3.GND

alameani

PUT
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[m] SENSOR MANUAL

m Test Method

200rmm

420K 45y
ki -

: D
T 1 3
- I G ."“"”"E
4TRQ

/ O oo
| e v e f e |
Mechanical Chopper 4/W7 3@ o
1Hz
[=] o O
|
Oscillograph

Test conditions

Ambient temperature 25°C

Black-body temperature 420K(147°C)
Modulating frequency 1 Hz, 0.3-3.5Hz Af,

*
*
*
¢ 72.5dB Amplifier

NN

)
T

Occluder

The sensitivity balance of dual element sensor is caleulated through testing the sensitivity
(single signal output voltage) of each element and using the following formula:
Balance = [V4-Vp//(Vat+Vs) x100%
Va = Sensitivity of side A ( mVp-p )
Vg = Sensitivity of side B ( mVp-p )
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Notice:

U1A-D:LM324
Vdd:12v DC

Rs=47KQ @ on an offset voltage

(3] RG
' ' ANA ' ' AAN— ! o
l ok il o J__I l ok J__l l
o o
o w0 on 01 o1 o3 .1
| 1000/ 16% 00U/ 16V "7 - W 2200/ ‘E\I I
§150I1 1BK
14148
[H;i 00/ 16V v
i
15K
LM324  INd148
B
Rs D—!—?
AT __ T
L cs
oo Cgr gu | T
— 100K @
100 /18
T 47U/25% PPRTIT
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K30. PIR DETECTOR USING MOVEMENT IC & PCB MOUNTED LENS

Making a movement detector using a high-gain op-amp
circuit has never been easy. [t is interesting to see how
magazine articles present the subject; they always imply
that the project 1s easy. The problem is that as the gamn of
the circwit is increased the slightest line voltage luctuation
will false trigger the unit. This anses when you try to run
the op-amp circuit from the same power supply which
operates the siren, or even an LED which comes on when
the unit 1s tnggered. It 1s still a black art to juggle the
position of voltage regulators & special op-amps,
capacttors & components to minimise this problem. So
both for the hobbyist and commercial user there 1s a real
attraction to have the movement detector circuit all
contained in one IC. Heimann were first to put the
complete electronics of a movement detector into one IC.
But 1t was too expensive for commercial use and has been
discontinued. The 20 pin DIP IC supplied here is the
result of a recent American - Hong Kong Chinese venture
to do the same thing more cheaply. Our tests on this IC
show it to be very good & easy to use.

And the choice of an efficient lens system 1s also
important. The purpose of the fresnel lens 1s to break up
the area under observation into optical zones so that a heat
source moving from one optical zone to another will
generate a heat wave on the surface of the PIR detector.

It 1s no use having an excellent electromc circuit if the IR
optical system 1s not very good. A lower gain circuit with
an excellent lens system 1s far better than an excellent
circuit & poor lens system. (Many cheap commercial
detectors follow this philosophy.) And herein lies the
problem for the hobbyist: it has always been difficult for
the hobbyist to construct a curved mounting to hold the
large plastic-sheet Fresnel lenses which give the most
sensitive IR optics onto the PIR. sensor. The physics of a
creeping burglar at 23 yards (or meters) simply demands a
focal length of 4 to 5cm for the lens/sensor system in
order for the motion to be reliably detected. The PCB-
mounted lens supplied m this Kit 1s a good compromise.
It will reliably detect motion in the 3 to 4 meters (yards)
range.

The technology of PIR. sensors 1s now well known and
has been published in most hobby magazines sometime
within the last 3 years. Dual sensor PIR detectors are now
the most widely used motion detectors. The other
technologies (mainly ultrasonic) suffer too much from
false triggering or are too expensive.

The kit is constructed on a single-sided printed circuit
board (PCB). It has a silk screen overlay on top to aid
construction. On the bottom there 1s a solder mask to help
i soldering.

ASSEMBLY

Before you do anything. The RE200B PIR. (passive infra
red) sensor, the LDR (light dependent resistor) and the
plastic PCB-mounted Fresnel lens are all to be mounted
on the BACK, copper side of the PCB. They do not go on
the top of the PCB where all the other components go.
This is so that the unit can be easily placed mn a box with
the lens poking out a hole i the box but with the
electronics on the top of the PCB inside the box for easy

access. Mount these 3 components last as described
below.

Also consider at this time the position of the 2 LED's.
You may want to put 1 or both of them also on the bottom
of the PCB depending on how you want to use the Kit.

First Thing. Place all the components in a container and
check them off against the Component list. Do not touch
the surface of the PIR detector. I 1s generally easiest to
solder the lowest height components first - the resistors,
switches and IC socket. Make sure you get the electrolytic
capacitors, the LED's and the diode in the correct way.
For the LED's the short leg and the flat on the plastic case
15 the cathode and corresponds to the bar on the overlay.
Do not mix up the 78L05 with the 2 BC347's. They all
come in a TO-92 package. Note that C5 15 a low-leakage
electrolytic capacitor.

The three trimpots & 3 terminal blocks should be the last
ttems to solder into placeon the top. Now we will descnibe
how best to assemble the LDR and PIR sensor.

LDR, Lens & PIR Sensor. These 3 components go on
the copper side - the bottom side - of the PCB. First the
LDE. Put it through the two holes from the copper side
and support it about 1/8" to 1/4" (4 to 8 min) above the
surface. Solder it into place. Cut off the legs.

PIR. This also 1s mounted on the copper side. The top
overlay gives an X-ray view of how to mount it. The 3
legs can only fit into the PCB one way from the bottom so
there should not be a problem. The notch on the sensor
should be directly underneath the notch as printed on the
overlay. Now unlike the LDR the 3 legs have to be spread
out on the top of the PCB and inserted into their espective
holes & soldered. Follow the link tracks: D-D, G-G, 5-5.

Lens. Finally the plastic lens should be snapped into
place on the bottom side to cover the sensor & LDR.

CIRCUIT DESCRIPTION

Important Note. Due to the sensitive electronics in the
movement IC and the PIR sensor there is a warm-up
period of about a minute required when you turn the
detector on before it will work. Also changes to settings
(in particular the daylight level) require about 90 seconds
to take effect. Remember that the fast digital world does
not apply to these modern analog devices.

The heart of the circuit is the motion detection IC.
Electrical signals from the PIR sensor have a very low
frequency (0.1 to 10Hz) and bandwidth. The IC 15
optimised for this. The operating voltage of the KC778B
ttself 1s 4 - 15V, But with the 78105 regulator voltage
wnput should be mn the 9V to 12V range. There are three
sensitivity controls built into the circuit. They can be seen
1n the schematic diagram on the next page.

- sensitivity i1s controlled at pin 2 by tnmpot P1.
When this pm equals the sensor drain potential at
pin 7 (about 0.5V) sensitivity 1s at a minimum.
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When pin 2 is connected to ground (about
0.1253V) sensitivity 1s at a maximum.

- daylight sensitivity using trimpot P2 and the
LDR. Maybe you want the sensor to be inactive
during the daytime and only active at night. (For
example, if it 15 connected to a might light ) If
you do not want this feature then tie pin 12 to
Vec and leave pin 11 unconnected.

- pulse on-time trimpot P3. This adjusts the output
pulse from between 1.5 seconds upwards. For
the munimum time delay yvou can directly
connect pins 18 & 19 with no external capacitor
or resistor. The output signal turns on LED2 and
the signal is available from the Qutput terminal
block to be connected to any device you choose -
bell, buzzer, siren, relay etc. A protection diode
D1 has been placed across the output to short
circuit any back emf from relays connected
across the Output.

Pin 17 1s also connected to an LED, LED1. This IC output
always goes on when the sensor & IC detect movement.
But this tngger may result in an Qutput signal For
example, when the Qutput from the unit 15 off during the
daytime. Also there is an inbuilt latency period of about
1.5 seconds in the Output pulse when tnggered. This
latency period 1s essential to smooth out the multiple
trigger pulses actually sensed by the detector (as shown
by LED1.) LEDI1 can of course be removed 1f 1t 15 not
wanted. There 1s an internal S00R. resistor on pin 17 so a
current limiting resistor 1s not required.

Exit Delay. The Toggle terminal Block has been
configured to give the user an exit delay of about 30
seconds in which time the detector will not operate. This
can be used to test that the detector 1s working or give you
tume to leave the room after you have tumed

it on. See pin 15 below.

Further Pin Details

Pin 3 Offset Filter. Connects to an external 10uF
capacitor & holds the average value of the switched
capacitor bypass filter output. Motion is detected when
the difference between this average and the actual filter
output s greater than the sensitivity setting.

Pin 4 Anti-Alias. Connects to external 0.1uF providing
low-pass filtering of the PIR signal mput signal blocking
input signals at and above the switching frequency of the
switched capacitor bypass filter.

Pin 3 DC Cap. Connects to an external 10uF and holds
the average source potential. The difference between this
average & the actual source potential 15 amplified &
coupled to the switched capacitor bypass filter. It should
be a low-leakage or tantalum capacitor.

Pin 6 Vreg. This 1s supposed to be a voltage regulator pin.
However,. we found it did not work as advertised & we
used an external voltage regulator.

Pin 7 Drain Reference. The potential 1s power supply
independent. The potential can be divided down by an
external pot to supply the sensitivity adjust to pin 2.

Pin 8 Source. PIR input. It 1s sensitive and should be as
short a length as possible. There should be a ground plane
on the PCB under the sensor.

Pin 9 is Analog ground and Pin 10 1s Digital Ground

Pin 13 Gain Select. When unconnected gain is 68db.
When connected to ground gam is 62db. We have left 1t
unconnected here.

Pin 14 On/Auto/Off. Unconnected the IC works
automatically. Connected to ground the IC will tum off
mconditionally. Connected to Ve it will turn on
unconditionally.

Pin 15 Toggle. Unconnected the IC works automatically.
Connected to ground the IC state will turn change 1ts state
and remain in the new state unconditionally as long as the
pin 1s connected to ground. We have configured this
feature to give a delay. If there 15 a conflict between pins

14 & 15 the off state 1s the default.

Pin 16 Output. Can direct drive triac, optocoupler or small
relay. Output impedence 15 35R allowing it to direct drive
a small (100R. coil resistance) relay.

Pin 20 Frequency Reference. 160Hz is used to dnive the
internally switched capacitor, bandpass filter & timing
delays. It is connected externally through a 60K resistor to
Vec and a 0.1uF capacitor to Gnd.

There are more specifications at
http:/fwww kitstus . com/gif comic_pl. gif
http:/fwww kitstus . com/gif 'comic_pl. gif

PIR Sensor. The dual element PIR detector RE200B
from Nippon Ceramic has a field of view from 125° to
138° (axis dependent.) It has greater than 70%
transmission in the infra-red 700 to 1400 nm range. Each
element generates a DC voltage proportional to the heat
'seen’. The two elements are connected in series
opposition so that any common input 1s cancelled out.
Thus 1s umportant for two reasons; it makes the sensor
immune to changes in ambient temperature. Second, 1t
allows the differential signal to be greatly amplified.
Operating voltage from 3-10V.

There are some specifications at
http:/fwww kitsrus com! jpg/pir_1 jpg
http:/fwww kitsrus com! jpg/pir_2 jpg
LDR spec see:  http:/www kitsrus com/projects/cds pdf
Fresnel Lens spec see:
http:/fwww kitstus.com/ projects/fresnel pdf

WHAT TO DO IF IT DOES NOT WORK
Did you remember to allow about a minute for the Kit to
warm-up before 1t will work. Poor soldering 1s the most
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likely reason that the circuit does not work. Check all COMPONENTS
solder joints carefully under a good light. Next check that Resistors 5% carbon film-
all components are in their correct position on the PCB. 1K brown black red RE RO 2
Check especially the orientation of the LEDs, electrolytic 3K9 orange white red R3 1
capacitors, transistors, voltage regulator and the IC. Are 10K brown black orange R2 R5R7 3
the PIR sensor & LDR on the bottom of the board? 47K yellow violet orange R1 R6 2
56K green blue orange R41
200K Koa trimpot 204 P1P2 2
PIR MOVEMENT DETECTOR 1M Koa trimpot 105 P3 1
+[ Q) d’m® |+ 10uF mini elcap c3 1
\ K] - LEDE @ ]' 10uF Low !eakage elcap [05] 1
| [ lea—< 100uF mini elcap c1 1
12y 10 "~ IC2 Mhe ] - g 100nF monoblock 104 C2CAC6CS 4
w| M TIHE 220pF ceramic 221 c? 1
—— 4n7 ceranmc 472 c9 1
i} o4 LD Dcs 470aF monoblock C10 1
RS KC778B Movement IC1 1
B Y 20 pm IC socket 1
NOST__LEAST g BC547 transistor Q1 Q2 2
@ 78L05 IC2 1
- 1N4004 diode D1 1
SERSTTIVITY | 2 pole termunal blocks 3
3mm LED 2
E : RE200B PIR sensor 1
Light Dependent Resistor LDR 1
g PCB-mounted Fresnel Lens 1
Kit 30 PCB 1
E 5 SPDT PCB-mounted switch 1
LN & Seanr 5
r—it = %z
- 4 i
i ik 10 AbaueT . p:
3 L tluce FREF| 2@ RE Pa LHaoRa OUTFUT
. a1 18K n
samer T e IH' 2 FriTer e .
T I~
i T Ladnr s ALIas ourlis = e =§5‘7J/P
& 2o oo
4 ToeaLE |-1E —
?lPYRO_D Len
AUTO
=] cpus . LEDL . ouzrur
Shak BipryRo_s BAYSER & ;:c:i:
= HOUEHENT BENe bavADI

SENESITIVITY

==c7
22dpF

a1
EC5a7
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Features
+ High-performance, Low-power AVR® 8-bit Microcontroller
* Advanced RISC Architecture
— 131 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz _®
— On-chip 2-cycle Multiplier
* Nonvolatile Program and Data Memories
— 32K Bytes of In-System Self-Programmable Flash

Endurance: 10,000 Write/Erase Cycles 8-bit AVR®

— Optional Boot Code Section with Independent Lock Bits

In-System Programming by On-chip Boot Program 1
True Read-While-Write Operation M I CI'OCOI‘ItI'0| Ier
— 1024 Bytes EEPROM H
Endurance: 100,000 Write/Erase Cycles WIth 32 K Bytes
— 2K Byte Internal SRAM
— Programming Lock for Software Security I n'SyStem
* JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard Programm able

— Extensive On-chip Debug Support

- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface FIaSh
* Peripheral Features

— Two B-bit Timer/Counters with Separate Prescalers and Compare Modes

— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture

Mode ATmega32

— Real Time Counter with Separate Oscillator
— Four PWM Channels
— 8-channel, 10-bit ADC ATmegaszL
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
— Byte-oriented Two-wire Serial Interface Sum mary
— Programmable Serial USART
— Master/Slave SPI Serial Interface
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
» Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
+ YO and Packages
— 32 Programmable /O Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF
* Operating Voltages
— 2.7 - 5.5V for ATmega32L
- 4.5 - 5.5V for ATmega32
+ Speed Grades
— 0 - 8 MHz for ATmega32L
— 0 - 16 MHz for ATmega32
* Power Consumption at 1 MHz, 3V, 25°C for ATmega32L
— Active: 1.1 mA
- Idle Mode: 0.35 mA
— Power-down Mode: <1 pA

2503HS-AVR-03/05

I Note: This is a summary document. A complete document
‘ mEl is available on our Web site at www atmel.com.
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Pin Configurations Figure 1. Pinout ATmega3?2

PDIP
(XCKITO) PBO O 1 40 1 PAD (ADCD)
Ty PB1 O 2 39 b Pa1 (aDCT)
(INT2AING) PB2 O 3 38 5 PA2 (ADC2)
(OCD/AINT) PB3 O] 4 37 b Pa3 (ADC3)
(55) PB4 O 5 36 1 Pa4 (ADC4)
(MOSI) PB5 O 6 35 b Pas (aDC5)
(MISO) PB6 O] 7 34 b1 PG (ADCE)
(SCK) PB7 O] 8 33 b Pa7 (ADCT)
RESET O 9 32 b AREF
vee O 10 31 B GND
GND O 11 30 b avee
XTAL2 O 12 29 [ PC7 (TOSC2)
XTAL1 O] 13 28 B PCB (TOSCT)
(RXD) PDO O 14 27 | Pcs (DN
(TXD) PD1 O 15 26 b Pc4 (1DO)
(INTO) PD2 O 16 25 |1 PC3 (TMS)
(INT1) PD3 O 17 24 [ PC2 (TCK)
(0C1B) PD4 O 18 23 |1 PC1 (SDA)
(OC1A) PD5 O 19 22 b Pco (scL)
(ICP1) PD6 O 20 21 B PD7 (0C2)
TQFP/MLF
g8
Sg E PR
BZZe0 8988
LT X LLaLL
o O0g e
IBBPBA0F5 %
anooonoooonnn
® 44,42, 40, 35 36 34
(MOSI) PBS ] 1 33 [0 PA4 (ADC4)
(MISC) PBE ] 2 32 1 PAS (ADCS)
(SCK) PBT O 3 31 [0 PA6 (ADCE)
RESET O 4 30 |5 PA7 (ADCT)
vee O § 20 1 AREF
GND O & 28 [ GND
XTAL2 o 7 27 B avce
XTAL1 O] 8 26 B PC7 (TOSC2)
(RXD) PDO O 8 25 1 Pc6 (TOSC1)
{TXD) PD1 O] 10 24 | PC5 (DN
(INTO) PD2 ] 11 23 B Pca (TDO)
1213141516 718" %202 25

Hooooooooond

2 AT IM @Q/A3 2 L) 15—

2503HS-AVR-03105



Overview

Block Diagram

2503HS-AVR-D3/M05
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ATmega32(L)

The ATmega32 is a low-power CMOS 8-bit microcontroller based on the AVYR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega32 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

Figure 2. Block Diagram

PAL - PAT PCO-PCT
vCC r F r F

| 5 4 EEER
r | PORTA DRWERSBUFFERS | | PORTC DRIVERSBUFFERS |

GND | PORTA DIGITAL INTERFACE | | PORTC DIGITAL INTERFACE |

< = e >
et wivace p—f ™|

R —

._.| TMERS! |._.| J— ':

ANCC

AREF =

XTAL1Y

[__E'H'
-—-l WATCHIIOG |osm|.|.m'oa  —
TIMER
XTALZ
MCU CTRL N
=
INTERRUPT [NTERNAL
CALIBRATED
i
STATUS
AYR CPU REGISTER |--|- -—-| EEPROM |
PRI ] |-—- -—-l USART |
COMP.
— 1>
< - )

PORTB DIGITAL INTERFACE ‘ | PORTD DIGITAL INTERFACE ‘
| PORTB DRIVERS/BUFFERS ‘ | PORTD DRIVERSBUFFERS ‘
PBO - PB7 PDO-PD7

AIMEL 3



Pin Descriptions
vce
GND

Port A (PA7..PAO)
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The AVR core combines a rich instruction set with 32 general purpose working registers.
All the 32 registers are directly connected to the Arithmetic Logic Unit {ALU}, allowing
two independent registers to be accessed in one single instruction execuled in one clock
cycle. The resulting architecture is more code efficient while achieving throughputs up to
ten times faster than conventional CISC microcontrollers.

The ATmega32 provides the following features: 32K bytes of In-System Programmable
Flash Program memory with Read-While-Write capabilities, 1024 bytes EEPROM, 2K
byte SRAM, 32 general purpose I/O lines, 32 general purpose working registers, a
JTAG interface for Boundary-scan, On-chip Debugging support and programming, three
flexible Timer/Counters with compare modes, Inlernal and External Interrupts, a senal
programmable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bit
ADC with optional differential input stage with programmable gain (TQFP package only),
a programmable Watchdog Timer with Internal Oscillator, an SPI serial port, and six
software selectable power saving modes. The Idle mode stops the CPU while allowing
the USART, Two-wire interface, A/D Converler, SRAM, Timer/Counters, SPI port, and
interrupt system to continue functioning. The Power-down mode saves the register con-
tents but freezes the Oscillator, disabling all other chip functions until the next External
Interrupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues
to run, allowing the user to maintain a timer base while the rest of the device is sleeping.
The ADC Noise Reduction mode stops the CPU and all YO modules except Asynchro-
nous Timer and ADC, to minimize switching noise during ADC conversions_ In Standby
mode, the crystalfresonator Oscillator is running while the rest of the device is sleeping.
This allows very fast start-up combined with low-power consumption. In Extended
Standby mode, both the main Oscillator and the Asynchronous Timer conlinue to run.

The device is manufactured using Atmel's high density nonvolalile memory technology.
The On-chip ISP Flash allows the program memory to be reprogrammed in-system
through an SPI senal interface, by a conventional nonvolatile memory programmer, or
by an On-chip Boot program running on the AVR core. The boot program can use any
interface to download the application program in the Application Flash memory. Soft-
ware in the Boot Flash section will continue to run while the Application Flash section is
updated, providing true Read-While-Write operation. By combining an 8-hit RISC CPU
with In-System Seli-Programmable Flash on a monolithic chip, the Atmel ATmega32 is
a powerful microcontroller that provides a highly-flexible and cost-effective solution to
many embedded control applications.

The ATmega32 AVR is supported with a Tull suite of program and sysiem development
tools including: C compilers, macro assemblers, program debugger/simulators, in-circuit
emulators, and evaluation kits.

Dhgital supply voltage.
Ground.

Port A serves as the analog inputs to the A/'D Converter.

Port A also serves as an 8-bit bi-directional YO port, if the A/D Converter is not used.
Port pins can provide intemal pull-up resistors (selecled for each bit). The Port A output
buffers have symmetncal drive charactenstics with both high sink and source capability.
When pins PAD to PA7 are used as inputs and are externally pulled low, they will source
current if the intemal pull-up resistors are activated. The Port A pins are tri-stated when
a reset condition becomes aclive, even if the clock is not running.

4 ATmega3d2(L) m——————————————

2503H5-AVR-0305
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s A TMega32(L)

Port B {(PB7..FB0)

Port C (PC7..PCO)

Port D {(PD7..PDO)

RESET

XTAL1

XTAL2

AVCC

AREF

2503H5-AVR-0MD5

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical dnve characteristics with both high sink
and source capability. As inputs, Port B pins that are externally pulled low will source
curmrent if the pull-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port B also serves the functions of vanous special features of the ATmega32 as listed
on page 55.

Port C is an B-bit bi-directional I/O port with intemal pull-up resistors (selected for each
bit}. The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even if the clock is not running. If the JTAG interface is
enabled, the pull-up resistors on pins PCH(TDI), PC3(TMS) and PC2(TCK} will be acti-
vated even if a reset occurs.

The TDO pin is tn-stated unless TAP states thal shift out dala are entered.
Port C also serves the functions of the JTAG interface and other special features of the
ATmega3? as listed on page 58

Port D is an 8-bit bi-directional I/O port with intemal pull-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D also serves the funclions of various special features of the ATmega32 as listed
on page 60.

Resel Input. A low level on this pin for longer than the minimum pulse length will gener-
ate a reset, even if the clock is not running. The minimum pulse length is given in Table
15 on page 35. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.
Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally
connected to V¢, even if the ADC is not used. If the ADC is used, it should be con-

nected io V¢ through a low-pass filter.

AREF is the analog reference pin for the A/D Converter.

AIMEL s
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Address Name Bit ¥ Bit 6 Bit 5 Bit4 Bit3 Bit2 Bit 1 Bit 0 Page
$3F [35F) EREG 1 T H 5 i N Z c 8
52E (35E} SPH - - - - SP1 SPID SPg SFe 10
53D (35D} sPL sP7 sPe sPs sPa sP3 sP2 sP1 SFD 10
3G {35C) OCRD TimerCounter] Culpul Compare Regisier a0
328 (35B} GICR INT1 INTO INT2 - - - IWSEL CE 45, 85
F2A (35A) GIFR INTF1 INTFD IMTF2 - - - - - 6]
30 (350) TIMEK ocE2 TOIEZ TICIEY OCIE1A OCIETR TOIEY OCIED TOIED B0, 110, 128
338 {358 TFR ocF? TOV2 IcF1 OCF1A ocF1B Tov1 ocFa Tova 81,111,128
537 (367) SPMER SPMIE RWWSE - BLASET PGWRT PGERS SPMEN 248
36 (366) TweR TWINT TWEA TwSTA TWSTO TWwWe TWEN - TWIE 175
336 (565 MCUCR SE smz smt SMD 18C11 1SC10 is€01 15000 0,64
$34 (354) MCUCER ) 1sc2 - JTRF WORF BORF EXTRF PORF 25, 86,208
532 (563 TCERD FocD WEMID oMM comm WaMH o0z £sm [ 78
332 (352) TCNTD | Timen'Gountert (8 Biks} B0

31 goqyw | OSCOAL | Oscllstar Galibrafion Register 20

OCDR___| On Chip Debug Register )
330 {350) SFIOR ADTEZ ADTE1 ADTED - ACME PUD PSR2 PSR1D 54,82,120,106,218
$2F (34F) TCOR1A comAY ComAD COMIB GOMMBD FOG1A FOG1D WaMT1 WGHM1D 105
SZE (S4E} TGORIB IGNC 1 IGES1 - waM13 wam12 o512 €51 G510 108
20 (34D} TOMTH | TimenGounter! — Gourter Register High Byte 109
96 (34G3 TONTIL | TimenGounter! — Gourler Register Low Byte 108
526 (545} OCRIAH | TimenGounler! — Output Gompare Register 4 High Byt= 108
524 (544} OCRHAL | TimerCounter] — Duiput Compare Ragister A Low Byle )
529 (548 OGRIBH | TimenGounler] — Output Compare Ragister B High Byt= )
325 (48) OCRIBL__| TimerGounter] — Duiput Gompare Register B Low Byle 108
327 (M47) IGR1H__| Timen'Gounter! — Iniut Capture Regisier High Byte 110
326 (345) IGRIL | Timen'Gounter! — Ingiut Capture Regisier Low Byt 110
325 (345) TooRZ Foc? WEMZD coMzt | commn waMz1 oszz | csm G520 123
524 (340) TCNTZ | Timen'Gounter (8 Biks} 125
523 (43) OCRZ | TimenGounler2 Dulpsl Compare Register 125
522 (342) ASSR - - - - AS2 TCN2UB | OGRIUB TCR2uB 126
321 (341 WOTGR - - — WDTOE WDE worz | woP1 WORD 40

207 (s‘mm UBRRH URSEL - - - UBRR{11:8] 162

UCSRG URSEL UMSEL uPM1 UPHD uses ucsz1 ucszo UCFOL 160
$1F (53R EEARH - - - - - - EEARS EEARE 7
S (33E} EEARL EEPROM #driress. Register Low Byle 17
$1D (53D} FEDR FEPROM Data Registar 17
$1G (3ac} EECR - - - - EERIE EEMWE EEWE EERE 17
31B (328} FORTA PORTAY PORTAS FORTAS FORTA4 FORTAZ FORTA2 PORTA1 PORTAQ 62
31A (3AA} DORA DOAT DDAA DOAS DDA DDAZ DDAZ DDA ODAG
319 (330} PINA PINAT PlNAA FINAS Pl PlhAZ P PINA1 FINAD
518 (3238) FORTH PORTBY PORTBEG FORTHAS FORTB4 FORTH3 FORTH2? PORTH1 PORTBO 32
F17 (57 DORE DDBF DDBA DDBS DDB4 DDH2 DDHZ DDB1 DDB 62
316 (326) PINB PINEY FINB8a FINBS PINB4 PINB2 PINB2 PINS1 FINBD 2]
315 (525) PORTC PORTCY FORTCSE FORTCS PORTCH FORTC2 FORTC2 FORTCH PORTCO 2]
314 (534) DDRC DDCF DDCH DDCE DDC4 DDCA npC2 DDC1 DDCD 53
313 (523) FINC PINCY PINCE PINCS PINC4 FINC2 FINC2 PINC1 FINCD 2]
¥12(52) PORTD PORTDV FORTDS FORTDS FORTD4 FORTD2 FORTD2 FORTD1 PORTDO 2]
11 (521) DDRD DDO7 oDDe DDDS DDD4 DoDA DoDZ oD DDDD s
1D (530) FIND PIND7 PINDE PINDS PIND4 FIND2 FINDZ PINDT FINDD
$OF (52F) SFOR SPI Dala Register
SOE [32E} SPSR sPIF wool | - I - I - - [ - SPIZX
00 (320} SFCR SPIE SPFE | DoRD | Msm | cPoL cPHa | =PR1 SFRO
$0C (323 uoR USART 1O Dals Register
0B (528} UCERA RXC ™C UDRE | FE | por PE [ uax MPCM
S0A (524} ucsra RXCIE | TXCIEE | UDRE | RXEM | TXEM ucer2 | RxEB T*BE
00 (320! UBRRL | USART Baud Rale Register Law Byte
08 (328) ACER ACD ACBG ACD Acl ACIE ACIC ACIST ACISD
307 (327) ADMUX REFS1 REFED ADLAR MU MU Mux2 MuX1 MUXD 212
306 (328) ADGSRA ADEN ADSG ADATE ADIF ADIE ADPS2 ADPS1 ADPSD 214
05 (525) ADGH | ADG Datn Register High Byt 215
S04 (524) ADGL ADG Dtn Register Lw Byt 215
503 (323 TWOR | Two-wire Serial Interface Data Register 17
502 (3220 TWAR Twas [ Twas | Twas Twa3 Twaz Twal TwAD TWGCE 177

6 ATmega3d2(L) m——

2503H5-AVR-DADS
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L200

ADJUSTABLE VOLTAGE AND CURRENT REGULATOR

= ADJUSTABLE OUTPUT CURRENT UP TO 2 A
(GUARANTEED UP TO Tj = 150 °C)

= ADJUSTABLE OUTPUT VOLTAGE DOWN TO
285V

= INPUT OVERVOLTAGE PROTECTION (UP TO
60V, 10 ms)

= SHORT CIRCUIT PROTECTION

m OUTPUT TRANSISTOR S.0.A. PROTECTION
s THERMAL OVERLOAD PROTECTION

= | OW BIAS CURRENT ON REGULATION PIN
= LOW STANDBY CURRENT DRAIN

DESCRIPTION

The L200 is a monolithic integrated circuit for volt-
age and current programmable regulation. It is
available in Pentawatt™ package or 4-lead TO-3
metal case. Current limiting, power limiting, thermal
shutdown and input overvoltage protection (up to

ABSOLUTE MAXIMUM RATINGS

Pentawatt®

TO-3 (4 lead)

60 V) make the L200 virtually blow-out proof.

The L200 can be used to replace fixed voltage
regulators when high output voltage precision is
required and eliminates the need to stock a range
of fixed voltage regulators.

Symbol Parameter Value Unit
\ DC Input Voltage 40 \"
Vi Peak Input Voltage (10 ms) 60 \
AVig | Dropout Voltage 32 v

lo Qutput Current

internally limited

Piot Power Dissipation

internally limited

Tstg Storage Temperature -55 to 150 °C
Top Operating Junction Temperature for L200C -251to 150 °C
for L200 -55 to 150 oC
THERMAL DATA
TO-3 Pentawatt®
Rinjcase | Thermal Resistance Junction-case Max 4 °C/W 3 °C/W
Rinjamb | Thermal Resistance Junction-ambient Max 35 °C/W 50 °C/W

January 2000
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L200

CONNECTION DIAGRAMS AND ORDER CODES (top views)

OUTRY
s> oumut CURR.
G5 REFERENCE
GNOD k| et t— . GND
A O LIMITING
| e— T
v LIMITING
SIMPI T
5158672
Type Pentawatt® TO-3
L200 L200 T
L200C L200 CH L200 CT
L200 CV
BLOCK DIAGRAM
1
PASS ° OUTPUT
NEUT I ELEMENT 05\
S.0LA, ' CURRENT
PROTECTION /LIMITING
CURRENT | ERROR ~
SOURCE REFERENCE| AMPLIFIER OMPARATOR z
VOLTAGE
I —O% qEFERENCE
THERMAL
PROTECTION
l 3%  GROUND
5-2928
APPLICATION CIRCUITS
Figure 1. Programmable Voltage Regulator Figure 2. Programmable Current Regulator.

with Current Limiting

1 LS

5 R’3 o{max)= R3 5 s V-2

R2 "
v9=v,e,(1.n_l)

1 1 Lzoo P I 4 L0 P I
o .

: ¥ -
v, ‘o= T are a2 . -LM Vo M [ Dwr |
8201 l | l

104 1
- 8-2481
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L200
SCHEMATIC DIAGRAM
RA RS
a7
(e
53}
oy RT
(]
06 a9
[FL] Az o
[1]RG ] Fs[p RZS
) ) £-2285 @
ELECTRICAL CHARACTERISTICS (Tamb = 25 °C, unless otherwise specified)
‘ Symbeol ‘ Parameter Test Conditions ‘ Min. ‘ Typ- ‘ Max. ‘ Unit ‘
VOLTAGE REGULATION LOOP
la Quiescent drain Currend {pin 3) Vi=20V 432 92 mA
en Cutput Noise Vollage Vo = Vref lo= 10 mA v
B=1MHz 80 "
Vo Cuiput Voltage Range lo=10 mA 285 36 v
AVo | voltage Load Regulation Alg=2 A 0.15 1 %
Vo {note 1) Alp=15A 01 0o %
AVi | Line Regulation Vg=5V
AV, Vi—8to18V 48 60 dB
SVR | Supply Voltage Rejection Vg=5V lo = 500 mA
AVi=10Vpp
=100 Hz (note 2) 48 60 dB
AVig | Droupout Voltage between Pins1 | I,=15 A AVg 2% 2 25 A
and 5
Vet Reference Voltage (pin 4) Vi=20V lo= 10 mA 264 277 2.86 v
ﬁ 312
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L200

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
AVer Average Temperature Coefficient | Vi=20V lo = 10mA.
of Reference Voltage forTj=-2510125°C -0.25 mv#FC
for Tj = 125 0 150 =C -15 mv/eC
Ia Bias Current and Pin 4 3 10 pA
Alg Average Temperature -0.5 %PC
ATely Coefficient (pin 4}
Lo Qutput Impedance Vi=10V Vo = Vier
la=05A =100 Hz 1.5 me
CURRENT REGULATION LOOP
Vsc Current Limit Sense Voltage Vi=10V Vo = Vrer
between Pins 5 and 2 Is = 100 mA 0.38 0.45 052 A"
AVsc Average Temperaiure 0.03 %/°C
ATeVge | Coefficientof Vsc
Alg Current Load Regulation Vi=10V Avio =3V
lo la=05A 1.4 %
lo = 1A 1 %
lo=15A 09 %
lsc Peak Short Circuit Current Vi-Vp=14V
{pins 2 and 5 short circuited) 36 A

Nole 1: A load step of 2 A can be applied provited that input-output differential valtage is lower than 20 V (see Figure 3).
Note 2: The same performance can be maintained at higher output levels if a bypassing capacitor is provited between pins 2 and 4.

Figure 3. Typical Safe Operating Area Figure 4. Quiescent Current vs. Supply
Protection. Voltage.
G- YA ) &~ TAEGh
- A (,:\,
F€20p:%
AW = 2%
T=25"C[Y duty - cycie=1" "}
" A S HHE
Tya1 254 ¥
nﬂ‘fck;ﬁli‘ T
R T msenare) =
2 b, Ll
"_ Wl
- ] 38
1 T 16 1
2
11
D L] z0 30 WV L] 0 F] ] ¥ o

4

412




113

L200

Figure 17. Load Transient Reponse

Y B Y
= 24 f il ' ! LT
E,=ImA a2
.. I |

A =100m . Co= IpF

oS00 o Co =007 pF
u??u?'m* ERLTT
APPLICATIONS CIRCUITS

Figure 19. - Programmable Voltage Regulator

Figure 18. Current Limit Sense Voltage vs.
Junction Temperature.

G- 2w
Ve T i
I
i) Yo =Vrer
460 VLT
fomay T4
t
450
=
LD
= A
\n
X
%19
4 [ 20 " [F ] |'i e}

Figure 20. - P.C. Board and Components Layout
of Figure 19.

p Y Lo B
RL Y
1
X o Je L]
oo Jezapr
pF

S-33A1

Figure 21. - High Current Voltage Regulator with
Short Circuit Protection.

Figure 22. - Digitally Selected Regulator with
Inhibit.
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L200

Figure 23. Programmable Voltage and Current Regulator.

oVa

Vo e¥ oo 26V
1yei3marcisa

vot¥ 21 200

Q-ZZAIFT L

*P1:CURRENT REGULATION
P2 :VOLTAGE REGULATION

l

- S-4btr512

Note: Conneclting point A to a negative voltage (for example - 3¥/10 mA) it is possible to extend the output voltage
range down to 0 V and obtain the current imiting down to this level (output short-circuit condition).

Figure 24. High Current Regulator with NPN
Pass Transistor.

Figure 25. High Current Tracking Regualtor.
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r LM158,A-LM258,.A

>/ A LM358 A

LOW POWER DUAL OPERATIONAL AMPLIFIERS

B INTERNALLY FREQUENCY COMPENSATED
B LARGE DC VYOLTAGE GAIN: 100dB

B WIDE BANDWIDTH (unity gain): 1.1MHz ﬁ

(temperature compensated)
B VERY LOW SUPPLY CURRENT/OP {500pA)
ESSENTIALLY INDEPENDENT OF SUPPLY

VOLTAGE N

H LOW INPUT BIAS CURRENT: 20nA DiPe
(temperature compensated) (Pastic Package)

H LOW INPUT OFFSET VOLTAGE: 2mV

H [ OW INPUT OFFSET CURRENT: 2nA

B INPUT COMMON-MODE VOLTAGE RANGE * @
INCLUDES GROUND

B DIFFERENTIAL INPUT VOLTAGE RANGE D&S
EQUAL TO THE POWER SUPPLY VOLTAGE SO8 & MiNiSO8

B [ ARGE QUTPUT VOLTAGE SWING OV TO (Piaslic Micropackage)
{Vee - 1.5V)

DESCRIPTION ‘

These circuits consist of two independent, high

qain, internally frequency compensated which P

were designed specifically to operate from a sin- TSSOPE

gle power supply over a wide range of voliages. (Thin Sheink Small Qutiine Package)

The low power supply drain is independent of the
magnitude of the power supply voltage.

Application areas include transducer amplifiers, ORDER CODE

dc gain blocks and all the conventional op-amp Package
circuits which now can be more easily implement- Nlrr:nber ““&g’fﬂd’g’“

ed in single power supply systems. For example, N | § D|P
these circuits can be directly supplied with the LM158 A 55°C, +125°C | = - .
standard +5V which is used in logic systems and LM258 A A0°C, +105°C | = . | =
will easily provide the required interface electron- M358 A 0°C, +70°C " "

ics without requiring any additional power supply.

Inthe linear mode the input common-mode voltage

range includes ground and the output voltage can N = Dual in Line Package (DED, aabie i
also swing to ground, even though operated from g f%%ﬁmﬁm %.u%ﬂ'?&?ﬁkﬂ%
only a single power supply voltage. P B oy Sl Package - onfy available in Tape

PIN CONNECTIONS (iop view)

1 - Qutput 1
1 [ ~ ] s 2—Ime‘:li:tnginwt

3 - Non-verting input
2 [ ] 7 4-Veo©

5 - Non-verting input 2
3 E :| G 6 - Inverting input 2

7 - Output 2
4[] ] 5 8-Vt

January 2002 112
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LM158,A-LM258, A-LM358 A

SCHEMATIC DIAGRAM (1/2 L M158)

v oD D

CG [~

—
input 4 4

s a3 |
MNorm-imeri
it [:

B

NS

7Lm

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter L1584 LM258.A LM358.A Unit
Voo | Supply voltage +32 1
Vi Input Voltage 0.3t0+32 v
WVig Differential Input Voltage +32 v

Pet | Power Dissipation a00 mw

Oulput Shost-circuit Duration 2 Infindte

b |Input Current ¥ 50 mA
Toper | Opearting Free-air Temperature Range SHto+125 | A0to +105 | 0ta+7D "G
Ty |Storage Temperature Range 6510 +150 “C

Ao

Short-circuits from the 10 V- can cause excessive heating if Yec = 15V. The maximum oulput ourent & approximately 40mA independent
of the magnihxde of %u&ﬁe BWMmlti'um miglenus short-circut on all amplifiers. g

3 Thisinput cument lesds i Wﬂ is due io the colleckr-base pncliaon of e input PNP
maﬂl %ummﬁy asm ludenchmsln iicn o thia diode theme s a&nwmcmmm
the IC chip. this fransistor acion voltagea of the Op-amps 10 ga o e V- vollage [ar to ground Tar a lamge ovenrdnve]
lnrhehrmdumhmﬂunanmlm negsim:
This iz not dexiuctive umnwilseiupnganfu'mlvdhgehyuﬂm-ﬂfw

n2

MGMWMMWHMMMJmMWW}Bmm.
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LM158,A-LM258,A-LM358 A

ELECTRICAL CHARACTERISTICS
Vet = +5V, Vo= Ground, Vo = 1.4V, Tgqp = +25°C (unless otherwise specified)

LM158A-LM258A LM158-1 M258
Symbol Parameter LM358A LM358 Unit
Min. | Typ. Man. Min. | Typ. Man.
Input Offset Violtage - note
Tamp = ¥25°C 1 3 2 7
W LM158, LM258 5
o LM158A 2 mv
Tonin < Tamb < Trmax 4 9
LM158, LM258 7
Input Offset Current
lo Tamp = +25°C 2 10 2 30 nA
Tmin = Tamb = Tmax 30 40
Input Bias Cumrent - note 2
™ Tamb = +25°C 20 50 20 1350 nA
Tinin 2 Tamb = Tnax 100 200
Large Signal Voltage Gain
Voo =41V, B = 2k, V= 14V 1o 11.4V
Aa | =05 50 | 100 50 | 100 vimy
Tm'n s Ta'rb = Trrnax 25 25
Supply Voltage Rejection Ratio (R < 10kQ)
Vcc+ =5V to 30V
SVR | g _esec 65 | 100 65 | 100 dB
Timin = Tamb < Trmax 65 65
Supply Current, all Amp, no load
lec Trnin £ Tamb £ Trnax Vee = +9Y 07 12 07 12 mA
Tonin = Tamb = Trnax Voo = H30V 1 2
Input Commoen Mode Voltage Range
Vo= +30V -note 3
Viem | = i25°C 0 Voc™-15| o Vo' 15|V
Toin £ Tamb < Trmax 0 Voct2 | O Vee© 2
Common Mode Rejection Ratio (R, < 10kq)
CMR Tamp = +25°C 70 85 ri] 85 dB
Tm'n £ Ta'nh £ Tmax 60 60
Output Current Source
bowse | w0 = +I5V, V, = 42V, Vig = +1V 20 | 40| e |20 |40 | e |™
Output Sink Current (Viy =-1V)
Leirk Vo = HIBV, ¥, =+2V 10 | 20 10 | 20 mA
Vg = +15V, V,, = H0.2V 12 | 50 12 | 50 nA
Output Voltage Swing { R, = 2k0)
Vopp | Tamp=+25°C 0 Vec 15| 0 Ve -1.5
Train € Tamb € Tmax 0 Vet -2 0 Vet 2
&7 312
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LM158,A-LM258, A-LM358,A

LM158A-LM258A LM158-LM258
Symbol Parameter LM358A LM358 Unit
Min. | Typ. Max. Min. | Typ. Max.
High Level Qutput Voltage (V' = 30V)
Tamp = +25°C Ry =2k 26 | 27 26 | 27
VoH Trmin = Tamp = Tmax 26 26 v
Tamp = #23°C Ry = 10k 27 | 28 27 | 28
Trmin 2 Tamb < Tmax 27 27
Low Level Output Voltage (R = 10k£2)
VoL Tamp = +25°C 5 20 5 20 mv
Trmin € Tamb = Trmax 20 20
Slew Rate
SR Voo = 15V, Vij= 0.5 10 3V, R = 2kQ, Vius
Cy = 100pF, unity Gain 0.3 06 03 0.6
Gain Bandwidih Product
GBP Vg = 30V, T=100kHz, Vi, = 10mV, Ry = 2k(), MHz
C; =100pF 0.7 11 07 11
Total Harmonic Distortion
f=1kH =20dB, R = 2k}, Vo = 2V,
THD z, Ay Ry . Vo pps 0.02 0.02 %
Cy =100pF, Vg = 2Vpp
e Equivalent Input Noise Voltage nv
n f=1kHz, Rg = 100£2}, Vo = 30V 55 55 Az
DV;p | Input Offset Voltage Drift 7 15 T 30 uvieC
Dlig | Input Offset Current Drift 10 200 10 300 pASf°C
V..., | Channel Separation - note dB
orY02 |\ 4kHz £ f < 20kHZ 120 120

Vo= 14V, Rg=00, BV < Vo' < 30V, 0 < Vi < V" - 1.5V

The direction of the mput current is out of the IG. This current is essentially constant, ndependent of the state of the output so no leading change
exists on the input Ines.

The input common-mode voltage of eilherg\l}mk signal voltage should not be allbwed to go negative by more than 0.3V. The upper end of the

common-mode voltage range is Viop ' - 1.5V, but either or both nputs can go to +32V damage.
Due to the proximity of external jponents insure that coupling is not originating via stray capacit bet these ext | parts. This typically
can be detected ag this type of capacitance at higher freq
OPEN LCOP FREQUENCY RESPONSE (NOTE 3) LARGE SIGNAL FREQUENCY RESPONSE
140 20 TTT T T T T T T T
120 T 1k
o a
€ 100 Q\\ 215 “'I§
Z \ g \ v o]
6 % h Vog=30VE ] = \
4 e \‘ £EC < Tamb § 11B5°C E 10
< N \
= o
o 40 \ \, 5 \\
g N
\ o s N
20| vop =+ o+ 1V & O N
BE°C{ Tamh € H126°C \ K
al 1 AN 0 -

10 10 100 1k 10k 100k 1M 108 1k 10k 100k M

FREQUENCY ({Hz) FREQUENCY (Hz)
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May 1999

National Semiconducior

LM1575/LM2575/LM2575HV Series
SIMPLE SWITCHER® 1A Step-Down Voltage Regulator

General Description

The LM2575 series of regulators are monolithic integrated
circuits that provide all the active functions for a step-down
{buck) switching regulator, capable of driving a 1A load with
excellent line and load regulation. These devices are avail-
able in fixed output voltages of 3.3V, 5V, 12V, 15V, and an
adjustable output version.

Requiring 8 minimum number of external components, these
regulators are simple to use and include internal frequency
compensation and a fixed-frequency oscillator.

The LM2575 series offers a high-efiiciency replacement for
popular three-terminal linear regulators. It substantially re-
duces the size of the heat sink, and in many cases no heat
sink is required.

A standard series of inductors optimized for use with the
LM2575 are available from several different manufacturers.
This feature greatly simplifies the design of switch-mode
power supplies.

Other features include a guaranteed +4% tolerance on out-
put voltage within specified input voltages and output load
conditions, and +10% on the oscillator frequency. External
shutdown is included, featuring 50 pA (typical) standby cur-
rent. The output switch includes cycle-by-cycle current limit-
ing, as well as thermal shutdown for full protection under
fault conditions.

Features
m 3.3V, 5V, 12V, 15V, and adjustable cutput versions
m Adjustable version output voltage range,
1.23V to 37V (57V for HV version) +4% max over
line and load conditions
m Guaranteed 1A output current
m Wide input voltage range, 40V up to 60V for HV version
B Requires only 4 extemal components
m 52 kHz fixed frequency internal oscillator
m TTL shutdown capability, low power standby mode
High efficiency
m Uses readily available standard inductors
m Thermal shutdown and current limit protection
a P* Product Enhancement tested

Applications

m Simple high-efficiency step-down (buck) regulator
m Efficient pre-regualtor for linear regulators

m On-card switching regulators

m Positive to negative converter (Buck-Boost)

Typical Application (Fixed output Voltage Versions)

FEEDBACK
7V - 40v(60V) iyl LM2575/ |3
UNREGULATED 1 LM2575HY U +5v
DC INPUT 5.0 QUTPUT REGULATED
. 7 — ouTFUT
Gn S| 6ND 5 | oN/oFF | Cour 14 Loud
-— - - - - DSO11475-1

Note: Pin numbers are for the TO-220 package.

SIMPLE SWITCHER® is a registered trademark of National Semiconductor Conporation.

© 1999 National Semiconductor Corporation DS011475

www national.com
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Connection Diagrams (XX indlicates output voitage option. See Ordering Information table for complete part
number.} {Continued)

Ordering Information

TO-263(S}
5-Lead Surface-Mount Package

TAB IS
GHD

15— ON/OFF
[ 4~ Faedhack
[ 131 3~ Ground
13 2- Qutput
H1- vy

DSH4TS-29

Top View

CS01475-30

Side View
LM25755-XX or LM2575HVS-XX
See NS Package Number TS5B

Package NSC Standard High Temperature
Type Package Voitage Rating Voltage Rating Range
Number (40v) 60V}
51ead TO-220 TO5A LM2575T-3.3 LM2575HVT-3.3
Straight Leads LM2575T-5.0 LM2575HVT-5.0
LM2575T-12 LM2575HVT-12
LM2575T-15 LM2575HVT-15
LM2575T-AD. LM2575HVT-AD.J
5-Lead TO-220 T05D LM2575T-3.3 Flow LBO3 LM2575HVT-3.3 Flow LBO3
Bent and LM2575T-5.0 Flow LBO3 LM2575HVT-5.0 Flow LB03
Staggered Leads LM2575T-12 Flow LB03 LM2575HVT-12 Flow LB03
LM2575T-15 Flow LB03 LM2575HVT-15 Flow LBO3
LM2575T-ADJ Flow LBO3 | LM2575HVT-AD.J Flow LB03
16-Pin Molded N16A LM2575N-5.0 LM2575HVN-5.0 -A°C < T, < +125°C
DIP LM2575N-12 LM2575HVN-12
LM2575N-15 LM2575HVN-15
LM2575N-AD. LM2575HVN-AD.
24 Pin M24B LM2575M-5.0 LM2575HVM-5.0
Surface Mount LM2575M-12 LM2575HVM-12
LM2575M-15 LM2575HVM-15
LM2575M-AD.) LM2575HVM-AD.)
51ead TO-236 TS5B LM25755-3.3 LM2575HVS 3.3
Surface Mount LM25755-5.0 LM2575HVS 5.0
LM25755-12 LM2575HVS-12
LM25755-15 LM2575HVS-15
LM25755-ADJ LM2575HVS-ADJ
16-Pin Ceramic H6A LM1575.J-3.3-QML
DIP LM1575.J-5.0-QML

LM1575J-12-QML
LM1575J-15-QML
LM1575J-ADJ-QML

-85°C =T, < +150°C

www national com



121

Absolute Maximum Ratings (ote 1) Minimum ESD Rating

If Military/Aerospace specified devices are required, (C =100 pF, R = 1.5 k)

please contact the National Semiconductor Sales Office/ Lead Temperature

Distributors for availability and specifications. {Soldering, 10 sec.)

Maximum Supply Voltage . .
oo T Operating Ratings

_ Lm2575HY 63V Temperature Range

ON fOFF Pin Input Voltage 03V £V < 4V LM1575

Output Voltage to Ground LM2575/l M2575HV
(Steady State) -1V Supply Voltage

Power Dissipation Intemnally Limited LM1575/LM2575

Storage Temperature Range -65°C to +150°C LM2575HV

Maximum Junction Temperature 1a0°C

LM1575-3.3, LM2575-3.3, LM2575HV-3.3
Electrical Characteristics

2 kY

260°C

-55°C < T, < +150°C
-AC £ T, < +125°C

40v
60V

Specifications with standard type face are for T, = 25'C, and those with boldface type apply over full Operating Tempera-

ture Range _
Symbol Parameter Conditions Typ | LM157533 | LM25675-33 | Units
LM2575HV-3.3 | (Limits)
Limit Limit
(Note 2) (Note 3)
SYSTEM PARAMETERS (Note 4) Test Circuit Figure 2
Vour | Output Voitage Vin = 12V, lLoap = 02A 33 v
Gircuit of Figure 2 3.267 3234 V(Min)
3333 3.366 V(Max)
Vour | Output Voitage AT5V <V <40V, 02A< oo < 1A | 33 v
LM1575/LM2575 Gircuit of Figure 2 3200/2.168 | 3.168/3.135 | V(Min)
34003.432 | 343273.465 | v(vax)
Vour | Output Voitage 475V <V <60V, 02A< Lo < 1A | 33 v
LM2575HV Gircuit of Figure 2 3200/3.168 | 3.168/3.136 | v(Min)
3416/3.450 | 345013482 | v(Max)
n Efficiency Vi = 12V, lLoap = 1A 75 %

LM1575-5.0, LM2575-5.0, LM2575HV-5.0
Electrical Characteristics

Specificafions with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Tempera-

ture Range.
Symbol Parameter Conditions Tvp LM1575-5.0 LM2575-5.0 Units
LM2575HV-5.0 | (Limits)
Limit Limit
{Note 2) {Note 3)
SYSTEM PARAMETERS (Note 4) Test Circuil Figure 2
Vour Output Voitage Vine = 12V, lLoan = 02A 50 v
Circuit of Figure 2 4950 4.900 V(Min)
5.050 5.100 V(Max)
Vour Output Voitage 0.2A < lLoap < 1A, 50 v
LM1575/LM2575 BV < Vi <40V 4.850/4.800 4.800/4.750 V(Min)
Circuit of Figure 2 5.150/5.200 5.200/5.250 V(Max)
Vour Output Voitage 0.2A < lLoan < 1A, 50 v
LM2575HY 8V < Vi < 60V 4.850/4.800 4.800/4.750 V{Min)
Gircuit of Figure 2 5.175/5.225 5.225/5.275 V{(Max)
n Efficiency Vin = 12V, lLgap = 1A 7 %

www._national com 4
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LM1575-12, LM2575-12, LM2575HV-12
Electrical Characteristics

Mﬁhgﬁ with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Tempera-
Symbol Parameter Conditions Typ LM1575.12 LM257512 Units
LM2575Hv12 | (Limits)
Limit Limit
{Note 2) {Nate 3)
SYSTEM PARAMETERS (Note 4) Test Circuit Figure 2
Vour Output Voltage Vi = 25V, long = 0.2A 12 v
Circuit of Figure 2 11.88 1176 (Min)
1212 1224 V(Max)
Vour Output Voltage 02A<1 < 1A 12 v
LM1575/LM25T5 15V £V, £ 40V 11.6411.52 11.5211.40 V(Min)
Circuit of Figure 2 12.36M2.48 12.4812.60 V(Max)
Vour Output Voltage 02721 ., < 1A 12 v
LMI5TEHY 16V £V, £ 60V 11.6411.52 11.52111.40 V(Min)
Circuit of Figure 2 1242112.54 12.54112.66 V(Max)
n Efficiency Vo = 15V, o = 1A 88 %

LM1575-15, LM2575-15, LM2575HV-15
Electrical Characteristics

Specifications with standard type face are for T, = 25'C, and those with boldface type apply over full Operating Tempera-

ture Rﬂnge .
Symbol Parameter Conditions Typ LM1575.15 LM2575.15 Units
LM2575Hy-15 | (Limits}
Limit Limit
{Note 2) {Note 3
SYSTEM PARAMETERS (Nole 4) Test Circuit Figure 2
Vour | Output Voltage Ve = 30V, |_ono = 0.2A 15 v
Circuit of Figure 2 14.85 14.70 V{Min)
15.15 15.30 ViMax)
Vour | Output Voltage 02A < | oag < 1A, 15 v
LMASTSILM2575 18V < V,y, < 40V 14.5514.40 14.4014.25 V{Min)
Circuit of Figure 2 15.45(15.60 15.6015.75 ViMax)
Vo,r | Output Voltage D2A 2| g £ 1A, 15 v
LM2575HV 18V < V,y, < 6OV 14.55(14.40 14.40114.25 V{Min)
Circuit of Figure 2 15.525/15.675 15.6815.83 ViMax)
n Efficiency Vg, = 18V, long = 1A ) %

LM1575-ADJ, LM2575-ADJ, LM2575HV-ADJ
Electrical Characteristics

Specifications with standard type face are for T,= 25°C, and thase with boldface type apply over full Operating Temperature

RBI'IQE_
Symbol Parameter Conditions Typ | LM1575ADJ | LM2575ADJ | Units
LM2575HV-AD | (Limits)
Limit Lirnit
(Note 2) {Note 3)

SYSTEM PARAMETERS (Note 4) Test Circuit Figure 2

Vour | Feedback Voitage Ve = 12V, liono = 02A 1.230 v
Vour = 5V 1217 1217 V{Min)
Circuit of Figure 2 1243 1243 ViMax)
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LM1575-ADJ, LM2575-ADJ, LM2575HV-ADJ
Electrical Characteristics (continueq)

Specifications with standard type face are for T,= 25°C, and those with boldface type apply over full Operating Temperature

Range.
Symbol Parameter Conditions Typ | LM1575ADJ | LM2575-ADJ | Units
LM2575HV-ADJ | {Limits)
Limit Limit
(Note 2) (Note 3)
SYSTEM PARAMETERS (Note 4) Test Circuit Figure 2
Vour | Feedback Voltage 0.2A < lLoap < 1A, 1230 v
LM1575M2575 8V < Vi < 40V 1.205/1.193 1.1931.180 | v(Min)
Vour = 5V, Circuit of Fiqure 2 1.255/1.267 1.267/1.280 | V(Max)
Vour | Feedback voitage 0.2A < lgap < 1A, 1230 v
LM2575HY 8V < Vi < 6OV 1.205/1.193 1.1931.180 | v(Min)
Vour = 5V, Circuit of Figure 2 1.261/1.273 12731286 | V(Max)
m Efficiency Vin = 12V, loan = 1A, Vour = 5V 77 5%

All Qutput Voltage Versions
Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature
Range. Unless otherwise specdified, v,y = 12V for the 3.3V, 5V, and Adjustable version, ¥, = 25V for the 12V version, and Vy,
= 30V for the 15V version. I gan = 200 mA.

Symbol Parameter Conditions Typ LM1575-XX LM2575-XX Units
LM2575HY-xx | (Limits)
Limit Limit
{Note 2) {Note 3)
DEVICE PARAMETERS
e Feedback Bias Vour = 5V (Adjustable Version Only) 50 100/500 100/500 nA
Current
fo Oscillator Frequency {Note 13) 52 kHz
47/43 A7/42 kHz{Min)
58/62 58/63 KkHz({Max)
Vgar Saturation Voltage lout = 1A (Note 5) 09 v
1.211.4 1.2M1.4 W(Max)
DC Max Duty Cycle (ON) | {Note 6) 98 %
93 93 o (Min)
loy Current Limit Peak Current (Notes 5, 13) 22 A
1.71.3 1.711.3 A(Min)
30/3.2 30/3.2 A{Max)
I Output Leakage {Notes 7, 8) Output = 0V 2 2 mA(Max)
Curmrent Output = -1V 75 mA
Output = -1V 30 30 mA{Max)
la Quiescent Current {Note 7) 5 mA
1012 10 mA{Max)
IsTay Standby Quiescent ON /OFF Pin = 5V {OFF) 50 pA
Current 200/500 200 PA{Max)
B)a Thermal Resistance T Package, Junction to Ambient {Note 9) 65
0, T Package, Junction to Ambient (Note 10) | 45 ‘CIW
Bic T Package, Junction to Case 2
B)a N Package, Junction to Ambient (Note 11) | 85
1 M Package, Junction to Ambient (Note 11) | 100
0,4 S Package, Junction to Ambient (Note 12) | 37
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All Output Voltage Versions
Electrical Characteristics (continued)
Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature

Range. Unless othenwise specified, Vy, = 12V for the 3.3V, 5V, and Adjustable version, Vyy = 25V for the 12V version, and Vi
= 30V for the 15V version. | gap = 200 MA.

Symbol Parameter Conditions Typ | LM1575-XX | LM2575-XX | Units
LM2575Hv-Xx | (Limits)
Limit Limit
(Note 2) {Note 3)
ON /OFF CONTROL Test Circuit Figure 2
Vin ON /OFF Pin Logic Vour = OV 14 22/2.4 22/2.4 V(Min)
Vi Input Level Vour = Nominal Output Voltage 12 1.0/0.8 1.0/0.8 V(Max)
| 'ON /OFF Pin Input ON /OFF Pin = 5V (OFF) 12 pA
Current 30 30 A (Max)
N ON /OFF Pin = 0V (ON) 0 pA
10 10 HA(Manx)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may cccur. Operating Ratings indicate conditions for which the device is in-
tended to be funclional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.

Mote 2: All limitz gu at room temperat type face) and at temperature extremes (bold type face). All imts are used to calculate Average Out-
going Quality Level, and all are 100% production Iﬂ;‘h&d

Note 3: All imits guaranteed at room femperature (standard type face) and at temperature extremes (bold type face). All room temperature limits are 100% pro-
duction tested. All limitz at temperature extremes are guaranteed via comelation using standard Statistical Quality Control (SQC) methods.

Note 4: External components such as the catch diode, inductor, input and output itors can affect switching regulator system performance. When the LM 1575/
LM2575 is used as shown in the Figure 2 test circuit, system performance will be as shown in system parameters section of Electrical Characteristics.

Mote 5: Cutput (pin 2) =sourcing current. Mo diode, inductor or capacitor connected to output pin.
Note 6: Feedback {pin 4) removed from culput and connected to OV.

Note T: Feedback {pin 4) removed from output and connected to +12V for the Adjustable, 3.3V, and 5V versions, and +25V for the 12V and 15V versions, fo force
the output transistor OFF.

Note 8: Vyy = 40V (60V for the high voltage version).

Note 9: Junction to ambient thermal resistance {no external heat =ink) for the 5 lead TO-220 package mounted vertically, with %2 inch leads in a socket, or on a PC
board with minimum copper area.

Note 10: Junction to ient thermal resk: (o ext I heat sink) for the 5 lead TO-220 package mounted vertically, with ¥2 inch leads soldered io a PC board
containing approximately 4 square inches of copper area surmrounding the leads.

Mote 11: Junction to ambient thermal resistance with approxmiately 1 =quare inch of pc board eopper surrcunding the leads. Additional eopper area will lower thermal
resistance further. See thermal model in Switchers made Simple software.

Note 12: I the TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally connected to the package: Using
0.5 square inches of copper area, B, is S0°CAW; with 1 square inch of copper area, 8y is 37°C/W; and with 1.6 or more square inches of copper area, 8, is 32'C/W.
HNote 13: The ill y red to approxi 1B kHz in the event of an cutput short or an overload which causes the regulated output voltage to drop
approximately 40% from the nominal output voltage. This self protection feature lowers the average power dissipation of the IC by lowering the minimum duty cycle
from 5% down to approximately 2%.

Note 14: Refer to RETS LM1575J for cumrent revision of military RETSFSMD.

Typical Performance Characteristics (circuit o Figure 2)

Normalized Output Voltage Line Regulation Dropout Voltage
+1.0 N I id v v v h | | | | | |
= lLoap = 200 mA —

. +D8 — (L] —_ 12 LOAD o
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