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A 3 PHASE, 12/8 SWITCHED RELUCTANCE MOTOR DRIVE
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Dr. Phob Chancharoensook Supervisor
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ABSTRACT

This thesis presents a 3-phase 12/8 switched reluctance motor drive system. An
asymmetric half bridge converter is used as a power electronic converter for the drive.
Light-interrupting sensors are installed to detect rotor position of the SRM enabling a
proper sequence of phase winding energization. The system has an outer speed control
loop and inner phase current control loops. A microcontroller dsPIC 30F2010 is a digital
signal controller of the SRM drive. Experimental results have shown that the proposed
system can reach an acceptable performance. The SRM can regulate various speeds in

both clockwise and counter-clockwise directions.
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2.2 Converters #1%5U Switched Reluctance Machine (SRM)
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A1a5299UNT2NE Hall Effect uuy Open loop
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[V An o ¢ @ v & a & . P [
fygraunlaan Hall generator Heniseann Awiwisnisfiaas Amplifier 1311dield
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- finnotoauiae Simnei-ewinued uszeosBaninaiaasa-dwin

et

- fhendfenlnauefuvulusunsald

- fr9sasareumstnuuesasiiiafygr o

- spefunasTysunsuluressuuuaynsy (ICSP: In-Circuit ~ Serial
Programming)

- gursaiennuanisiswasauld
2.41.2 quaad@amwnnlizananadgyimadines
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2.4.2 aanilaenyialagajiluns dsPIC30F2010

2.4.24 wkr9dszaIalANATS

WiapUszunanaued dsPIC30F2010 1ddndafidaanuen 1 159n awia 24 flalasd
Tdsunsuiasiinedauie 23 fa tsudsuaatassrasnitonnudrlusunsufiidrly
tszananalu dsPIC30F2010 fanaguasmibhsanudlusunsy 12 Alalud \HafrFadana
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Banotnanildhanuie 33s100§ W (Working register) §1m$ulu dsPIC30F2010
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DsPIC30F2010 finshisaadlusunsy 4 Alaifn uaainsaatjludas 8x000100 &
0x001FFE
mansalusunsundsidioudayssdly 14 2 358a

1.TaeldmsTusunsulusssuuuaynsunie ICSP un1amn PGD usz PGC @
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2. Tusunsudasluznevrnunie RTSP (Run Time Self-Programming)
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= = v o € d q9 “ ¢ | o
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Taaldsunsndmilfugnona

Il

// Program
/I Description
/I Frequency
/] Filename
/I C compiler
I/

: Speed Display

: Detect pulse input pin IC1 and convert to Speed

: 7.3738 MHz at PLL 4x
: speed.c

: C30 Compiler by Microchip Technology

#include <p30f2010.h>
#include<IinCap.h>
#include<led.h>
#include<timer.h>
#include <ports.h>
#include <adc10.h>

float speed_count,speed;
int count=0;

I Header file for dsPIC30F2010
/I Module function for input Capture

/I Module function for LCD display 4 bit mode
/I Module function for timer

!/ Count frequency variable

/I Count time variable

unsigned int speed_ref,resulf2], Speed[10},i,result_b;

float value, Speed_ref,speed_,result_a,result_c;

I
/I

I/

Function display screen title

)

void display_title()
{

icd_puts(LINE1,"S R Motor Drive");
lcd_puts(LINE2,"By dsPIC30F2010");

led_delay(3000);

// Display message start at address 00H

// Display message start at address 40H

Il Delay 1 sec
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Interrupt service routine Timer 1 every 5 ms

void _ISR _T1interrupt(void)

{

IFSObits. T1IF = 0;

WriteTimer1(0);
count++;
if(count>=200)

/I Clear Timer interrupt flag

/I Clear count value at TMR1 register

/I Block for 1 sec



{
count = 0, /I Clear counter value
speed = speed_count; Il Keep frequency count value
speed_count = O; /I Clear frequency count value
}

}

Iiitﬁ**'tttittt*ttttit*ttif'*tttiQ't**ttitii.itttii'itiii*tttttﬁttttti

The ADC interrupt reads the demand pot value.

*tiii1-1-i*ttﬁtﬁ:iMztai*iai*wﬁﬁaitthhtttttﬁﬁttia**..ﬁﬁzt*mﬁu*titittttt-l

void __ atfribute__((__interrupt__)) _ADCinterrupt (void)

76

{
|FSObits. ADIF = O;
speed_ref = ADCBUFO;
}
"
-l
Il intefrupt service routine Capture every Falling edge «-——-————ecsomeef/
Il’
-l
void _ISR _IC1interrupt(void)
{
[FSObits.IC1IF = 0; I Clear 1C1 interrupt flag
speed_count++; /I \ncrease frequency counter value 1 time
}
Il
-l
I Capture every Failing edge Il
/)
-l
void display _speed(unsigned char addr,float value)
{
char i;
led_command(2); Il Set origin of LCD -
lcd_command(addr); /! Set address of LCD
for(i=0;i<4;i++)
{
lcd_text (Ox20); /I send character to LCD
}
inttolcd(addr,value); /I Display integer
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Function for Initial Input Capture 1

void capture_init()
{

unsigned int match_value;

ConfigIntTimer1(T1_INT_PRIOR_1 & T1_INT_ON);

// Timer 1 Enable intetrupt

/ti!!*!***!!!!t!!!ii*i!!i! Conﬁguraﬁon Timer 1 for interrupt eVery 5 ms *i!**!!!iﬁiii!i!ﬁ!!!!!*t*!/

WriteTimer1(0);

match_value = 36864,

/I Timer 1 clear period

/I Timer1 interval 5 ms

OpenTimer1(T1_ON &T1_GATE_OFF & T1_IDLE_STOP &
T1_PS_1_1 & T1_SYNC_EXT_OFF &T1_SOURCE_INT, match_value);

xRk kkA kAR AR RAkh kA ddd : AR RAN AR AR AN AN AR AR AR AN RN AT AR AR N AN AR AR AR Nk
/ * Configuration 1C1 /

ConfigintCapture1(IC_INT_PRIOR_2 & IC_INT_ONJ;

T3CON = Ox8000;

OpenCapture1(IC_IDLE_STOP &

IC_TIMER3_SRC &
IC_INT_1CAPTURE &

// Enable IC1 interrupt

/I Start timer 3

/i Capture disable in idle mode
/I Timer 3 count for IC1

/I Capture per 1 count for interrupt

IC_EVERY_FALL_EDGE); // Capture every falling edge only

//

Function initialize ACD module

/!

void adc_init()

{

unsigned int Channel, PinConfig, Scanselect, Adcon3_reg, Adcon2_reg,

Adcon1_reg;

ADCON1bits. ADON = 0;

Channel =

Il Turn off ADC

ADC_CHO_POS_SAMPLEA_ANO & // Channel O positive input select ANO

ADC_CHO_NEG_SAMPLEA_NVREF ;
SetChanADC10(Channel);

ConfigintADC10(ADC_INT_DISABLE);

PinConfig

Scanselect

ENABLE_ANO_ANA;
SKIP_SCAN_AN1 &
SKIP_SCAN_AN2 &
SKIP_SCAN_AN3 &
SKIP_SCAN_AN4 &
SKIP_SCAN_AN5 &

I/l Channel O negative VREF

/I Set channel configuration

/I Disable interrupt for ADC

// Enable ANO-AN3 analog port



Adcon3_reg

#

Adcon2_reg

Adcon1_reg

OpenADC10(Adcon1_reg, Adcon2_reg,

ADC modute

SKIP_SCAN_ANS &
SKIP_SCAN_AN7;

ADC_SAMPLE_TIME_2 &
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/I Sample for 2 time

ADC_CONV_CLK_INTERNAL_RC & // Internal Clock

ADC_CONV_CLK_13Tey;
ADC_VREF_AVDD_AVSS &
ADC_SCAN_ON &
ADC_ALT_BUF_OFF &
ADC_ALT_INPUT_OFF &
ADC_CONVERT_CHO&
ADC_SAMPLES_PER_INT_2;
ADC_MODULE_ON &
ADC_IDLE_CONTINUE &
ADC_FORMAT_INTG &
ADC_CLK_MANUAL &

ADC_SAMPLE_SIMULTANEOUS &

ADC_AUTO_SAMPLING_ON:

Il Vref at Vdd and Vss

/I Enable scan for ADC

/1 Disable alternate buffer

/I Disable alternate input

/1 Select CHO convert

/I 2 sample between interrupt
/I Enable module ADC

/I ADC run on idie mode

/1 Output vaiue integer format
/I ADC manual clock

/I ADC sampling simultaneous

/I ADC auto sampling

Adcon3_reg,PinConfig, Scanselect); // Tum on

Main Program

int main{void)

{

TRISEDbits. TRISES = 1;
TRISBbits. TRISB4 = Q;
TRISBbits. TRISBS = 0; -

LATBbits,.LATB4 = 0;
LATBbits.LATB5 = 0;
LATEbits.LATESB = 0,

adc_init();
capture_init();
led_init();

/1 Initial ADC
/1 Initial 1C1
/1 Initial LCD



display_title(); /I Display title
led_clear(); /I Clear LCD display
led_puts(Ox80,"SP_REF:");

led_puts(0x8D, "rpm");

lcd_puts(0xCO,"SPEED :"); // Show message

led_puts(OxCD,"rpm."); /I Show message

while(1)
{
if (PORTEDbits.RE8 = 1)
{
|LATBbits.LATB4 = 1;
LATBbits.LATBS = 0;
}
clse
{
|LATBbits.LATB4 = O;
LATBbits.LATBS = 1;
}
ADCON1bits.SAMP = 1; /I Start Sampling
while(! ADCON 1bits. SAMPY); /1 Wait for End Sampling process
ConvertADC10(); /I Convert ADC
while(ADCON 1bits. SAMP), // Ensure for Sampling success
Hwhile(BusyADC10()); /I Ensure for Sampling success

Speed[0] = ReadADC10(0);
speed_ref = (speed_ref + Speed[0])/2;
Speed_ref = speed_ref*1.5;

value = ((speed/8)*60);

display_speed(0xC7,value); I/ Convert and Display speed count
display_speed(0x87,Speed_ref);

delay_ms(100);
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T&alusunsnginfilflunsiuiafonsoinay

//

/I Program : Switch Reluxtance Motor

1/ Description : Test input External Interrupt by push button and display by LED
/I Frequency : 7.3738 MHz at PLL 4x

Il Filename D sfm.c

/I C complier : C30 Compiler by Microchip Technology

I

#include<p30f2010.h> Il Header file for dsPIC30F2010

#include<ports.h> /I Module function for Interrupt configuration port
#finclude<adc10.h> ;
#include<IinCap.h>

#include<timer.h>

#include<math.h>

#include<stdio.h>

/lidefine KP 750
/i#define KI 20

/*unsigned int result_a,result_b,result_c,result_sp,speed_ref,i;

float Speed,Current_a,Current_b,Current_c,Speed_ref,current_a = O,current_b = O,current_c = 0,Current_ref

speed_count,speed,speed_error,error_speed_p,error_speed_{,u_speed_error,error_speed,old_current_ref,Sp
eedintegral, speed_out;
int count=0; */

unsigned int result_a,result_b,result_c,result_sp,speed_ref,i;

float Current_a,Current_b,Current_c,current_a = O,current_b = O,current_c = 0,Current_ref

speed_count,speed,error_speed_p,error_speed_i,error_speed,old_current_ref;
int count=0,Speedintegral,speed_out,Speed_ref,Speed,speed_error,u_speed_error;

1/

1

III

Interrupt service routine Timer 1 every 5 ms 1l

void _ISR _T1Interrupt(void)

{

[FSObits. T1{F = O;
WriteTimer1(0),
count++;
if(count>=200)

{

count = 0;

/I Clear Timer interrupt flag

/I Clear count value at TMR1 register

I/ Block for 1 sec

/I Clear counter value



}
I
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I
Il

speed = speed_count; /I Keep frequency count value
speed_count = 0; ' !l Clear frequency count value
}
J/
Interrupt service routine Capture every Falling edge /I

void _ISR _IC1interrupt(void)

{

IFSObits.IC1IF = O; I Clear IC1 interrupt flag

speed_count++; Il increase frequency counter value 1 time

/!

Function for Initial Input Capture /!

1l

void capture_init()

{
unsigned int match_value;
ConfigintTimer1(T1_{NT_PRIOR_1 & T1_INT_ON); /I Timer 1 Enable interrupt
[ressssenserssrssarsncns Configuration Timer 1 for INterrupt every 5 ms *+ssssmsstasssssutsasss)
WriteTimer1(0); /I Timer 1 clear period
match_value = 36864, /I Timer1 interval 5 ms
OpenTimer1(T1_ON &T1_GATE_OFF & T1_IDLE_STOP &
T1_PS_1_1 & T1_SYNC_EXT_OFF &T1_SOURCE_INT, match_value);
[rssrensssssnsanaassans ConfiQURALIoN [ **#44** ssasessssbsbsrassbsssss s sasshmsassassissensassns |
ConfigintCapture1(IC_INT_PRIOR_2 & IC_INT_ON}), /I Enable IC1 interrupt
T3CON = 0x8000; /I Start timer 3
OpenCapture1(IC_IDLE_STOP & Il Capture disable in idle mode
IC_TIMER3_SRC & /I Timer 3 count for IC1
IC_INT_1CAPTURE & /I Capture per 1 count for interrupt
IC_EVERY_FALL_EDGE}); /I Capture every falling edge only
}
Il il
Il Function initialize ACD module il
Il il
void adc_init()
{

unsigned int Channel, PinConfig, Scanselect, Adcon3_reg, Adcon2_reg,Adcon1_reg;
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ADCON 1bits. ADON = O; 1 Tum off ADC

Channel = ADC_CHO_POS_SAMPLEA_ANO & // Channel O positive input select ANO
ADC_CHO_POS_SAMPLEA_AN1 & // Channel O positive input select AN1
ADC_CHO_POS_SAMPLEA_AN2 & // Channel O positive input select AN2
ADC_CHO_POS_SAMPLEA_AN3 & // Channel O positive input select AN3
ADC_CHO_NEG_SAMPLEA_NVREF ;// Channel O negative VREF

SetChanADC10(Channel); /I Set channel configuration
ConfigintADC10(ADC_INT_DISABLE); /I Disable interrupt for ADC
PinConfig = ENABLE_ANO_ANA & /I Enable ANO-AN3 analog port

ENABLE_AN1_ANA &
ENABLE_AN2_ANA &
ENABLE _AN3_ANA ;

Scanselect = SKIP_SCAN_AN4 & /I Scan for ANO-AN3
SKIP_SCAN_ANS &
SKIP_SCAN_ANSE &
SKIP_SCAN_AN7;

Adcon3_reg = ADC_SAMPLE_TIME_4 & // Sample for 4 time
ADC_CONV_CLK_INTERNAL_RC & // Internal Clock
ADC_CONV_CLK_13Tcy;

Adcon2_reg = ADC_VREF_AVDD_AVSS & /I Vref at Vdd and Vss
ADC_SCAN_ON & // Enable scan for ADC
ADC_ALT_BUF_OFF & /I Disable alternate buffer
ADC_ALT_INPUT_OFF & /! Disable alternate Input
ADC_CONVERT_CHO& 1l Select CHO convert
ADC_SAMPLES_PER_INT_4; /I 4 sample between interrupt
Adcon1_reg = ADC_MODULE_ON & /I Enable module ADC
ADC_IDLE_CONTINUE & /I ADC run on idle mode
ADC_FORMAT_INTG & /I Output value integer format
ADC_CLK_MANUAL & /I ADC manual clock
ADC_SAMPLE_SIMULTANEOUS & // ADC sampling simultaneous
ADC_AUTO_SAMPLING_ON; /I ADC auto sampling
OpenADC10(Adcon1_reg, Adcon2_reg, Adcon3_reg,PinConfig, Scanselect), // Tum on
ADC modute
}
It I
/I~ Read ADC 1

I I
void read_adc(void)
{
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ADCON1DbIts. SAMP = 1; /I Start Sampling
Ihwhile(!ADCON1bits. SAMPY); I/ Wait for End Sampling process
ConvertADC10(); /I Convert ADC
Ifwhile(ADCON1bits. SAMPY); /I Ensure for Sampling success
Ihwhile(BusyADC10()); /I Ensure for Sampling success

result_c = ReadADC10(0);

result b = ReadADC10(1);

resuit_a = ReadADC10(2); 1l Keep value for ADC value
result_sp = ReadADC10(3);

current_a = (current_a+result_a)2,
current_b = (current_b+result_b)/2;
current_c = (current_c+result_c)/2;
speed_ref = (speed_ref+result_sp)/2;
Current_a = current_a*0.012218963831;
Current_b = current_b*0.012218963831;
Current_c = current_c*0.012218963831,

}
/I i
Il Forward Drive /!
Il /!

void forwarddrive(void)
{
if(PORTCbits.RC13 = 1)
{
LATEDits.LATEO = 1;

if (Current_a < Current_ref)

{
LATEDits.LATE1 = 1;
}
else
{
LATEDits.LATE1 = 0;
}
}
else
{

LATEDits.LATEO = 0,
LATEbits.LATE1 = O;



}
if (PORTDbits.RD1 = 1)

{
LATEDbits.LATE2 = 1;
if (Current_b < Current_ref)
{
LATEDits.LATE3 = 1;

else

LATEDbits.LATE3 = §;

else
{
LATEbits.LATE2 = O,
LATEDits.LATE3 = 0,
}

if (PORTCbits.RC14 = 1)
{
LATEDits.LATE4 = 1,

if (Current_c < Current_ref)

{
LATEDits.LATES = 1;
}
else
{
LATEDbits.LATES = O,
}
}
else
{
LATEDits.LATE4 = 0;
LATEDits.LATES = 0;
}
}
/I 1!
1l Backward Drive Il
1l J/
vold backwarddrive(void)

{

84
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if (PORTCbits.RC13 = 1)

{
LATEDits.LATE4 = 1,
if (Current_c < Current_ref)
{
LATEbits.LATES = 1;
}
else
{
LATEbits.LATES = 0;
}
}

else
LATEDits.LATE4 = O;

LATEDits.LATES = O;

if (PORTDbits.RD1 = 1)
{

LATEDits.LATEQ = 1;

if (Current_a < Current_ref)

{
LATEbits.LATE1 = 1,

LATEbits.LATE1 = 0,

else
{
LATEDits.LATEO = O;
LATEDits.LATE1 = 0;
}
if (PORTCbits.RC14 = 1)
{

LATEDits.LATE2 = 1;
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if (Current_b < Current_ref)

{
LATEDits.LATES = 1;
}
else
{
LATEDbits.LATE3 = 0,
}
}
else
{
LATEDbits.LATE2 = 0;
LATEDits.LATE3 = 0;
}
}
I /)
1 Pl Controller 1l
/l /!
void pi_control(void)

{

speed_error = Speed_ref - Speed,

if (Speed_ref == 0)
{

Current_ref = 0.0;

else

u_speed_error = speed_error;
Speedintegral += u_speed_error;
lferror_speed _p = KP * u_speed_error;
llerror_speed_i = Ki * Speedintegral;
/fu_speed_error + error_speed_i;
Ifspeed_out = (error_speed_p + efror_speed_i);
speed_out = (((fong)KP*(long)u_speed_error + (long)Kl*(long)Speedintegral) >>
16);

Current_ref = Current_ref + speed_out;
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if (Current_ref<0.001)
{
Current_ref = 0,001;
Speedintegral = 0;
}
if (Current_ref>2.5)
{
Current_ref = 2.5;
Speedintegral = 0;

Main Program {/

int main{)

{

while(1)
{

TRISCbits. TRISC13 = 1,
TRISCbits. TRISC14 = 1;
TRISDbits. TRISD1 = 1,
TRISEbits. TRISEO = 0;
TRISEbits. TRISE1 = 0;
TRISEbits. TRISE2 = G;
TRISEbits. TRISES = 0;
TRISEDbits. TRISE4 = 0;
TRISEbits. TRISES = 0;
LATEbits.LATEQ = 0;
LATEbits.LATE1 = G;
LATEbits.LATE2 = 0;
LATEbits.LATES = 0,
LATEDbits.LATE4 = 0;
LATEbits.LATES = 0
LATEbits.LATE8 = O;

adc_init();
capture_init();

read_adc();
Speed_ref = speed_ref*1.5;
Speed = ((speed/B)*60);



speed_error = Speed_ref - Speed;

pi_control();
" Current_ref = 2.5
if (PORTEDbits.RE8 = 1)
{
if(speed_error > 0 )
{
forwarddrive();
}
if(speed_error < 0 )
{
backwarddrive();
}
y
else
{
if(speed_error > 0 )
{
backwarddrive();
}
if(speed error < Q)
{
forwarddrive();
}
}
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MICROCHIP

dsPIC30F2010

28-pin dsPIC30F2010 Enhanced Flash
16-bit Digital Signal Controller

High-Performance Modified RISC CPU:

» Modified Harvard architecture
+ C compiler optimized instruction set architecture

» 84 base instructions with flexible addressing
modes

« 24-bit wide instructions, 16-bit wide data path
* 12 Kbytes on-chip Flash program space
+ 512 bytes on-chip data RAM
» 1 Kbyte non-volatile data EEPROM
» 16 x 16-bit working register array
» Up to 30 MIPs operation:

- DC to 40 MHz external clock input

- 4 MHz-10 MHz oscillator input with

PLL active (4x, 8x, 16x)

+ 27 interrupt sources
« Three external interrupt sources
+ 8 user selectable priority levels for each interrupt
* 4 procassor exceptions and software traps

DSP Engine Features:

» Modulo and Bit-Reversed modes

« Two, 40-bit wide accumulators with optional
saturation Jogic

» 17-bit x 17-bit single cycle hardware fractional/

integer multiplier

Single cycle Multiply-Accumulate (MAC)

operation

» 40-stage Barrel Shifter

» Dual data fetch

Peripheral Features:

High current sink/source 1/0 pins: 25 mA/25 mA

Three 16-bit timers/counters; optionally pair up
16-bit timers into 32-bit timer modules

Four 16-bit Capture input functions

Two 16-bit Compare/PWM output functions

- Dual Compare mode available

3-wire SPI™ modules (supports 4 Frame modes)

[2C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

Addressable UART modules with FIFO buffers

Motor Control PWM Module Features:

»

6 PWM output channels

- Complementary or Independent Output
modes

- Edge and Center Aligned modes

4 duty cycle generators

Dedicated time base with 4 modes
Programmable output polarity

Dead time control for Complementary mode
Manual output control

Trigger for synchronized A/D conversions

Quadrature Encoder Interface Module
Features:

Phase A, Phase B and Index Pulse input
16-bit up/down position counter

Count direction status

Position Measurement (x2 and x4) mode
Programmable digital noise filters on inputs
Alternate 16-bit Timer/Counter mode

Interrupt on position counter rollover/underflow

Analog Features:

10-bit Analog-to-Digital Converter (A/D) with:
~ 500 Ksps (for 10-bit A/D) conversion rate

- Six input channels

- Conversion available during Sleep and Idle

Programmable Brown-out Detection and Reset
generation

© 2004 Microchip Technology Inc.

Preliminary
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isPIC30F2010

pecial Microcontroller Features: « Detects clock failure and switches to on-chip low
power RC oscillator

« Programmable code protection

+ In-Circuit Serial Programming™ (ICSP™)
Selectable Power Management modes

- Sleep, ldle and Alternate Clock modes

Enhanced Flash program memory:

- 10,000 erase/write cycle (min.) for
industrial temperature range, 100K (typical)

Data EEPROM memory:

- 100,000 erase/write cycle (min.) for
industrial temperature range, 1M (typicat)

Self-reprogrammable under software control cmos Technology:

Power-on Reset (POR), Power-up Timer (PWRT) + Low power, high speed Flash technology
and Oscillator Start-up Timer (OST) » Wide operating voltage range (2.5V to 5.5V)
Flexible Watchdog Timer (WDT) with on-chip low + Industrial and Extended temperature ranges
power RC oscillator for reliable operation « Low power consumption

Fail-Safe clock monitor operation

sPIC30F Motor Control and Power Conversion Family*

Program Output | Motor .
Davice Pins | Mem. Bytes/ ::tAens‘ EEF;?::M Ig?:l: Ig:ut Comp/Std | Control g:’% :(os'b“ QE‘::: ﬁ % E, E
Instructions Pl pwm PWM ps S|6 |9
=£‘ ——
1111 -

IsPIC30F2010 28 12K/4K 512 1024 3 4 2 6 ch 6ch Yes | 1

* This table provides a summary of the dsPIC30F2010 peripheral features. Other available devices in the dsPlC30F
Motor Control and Power Conversion Family are shown for feature comparison.

_ T S
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dsPIC30F2010

e ——————i— — —

Pin Diagrams

28-Pin SDIP and SOIC

MCLR []1 281 AVDD
EMUD3/ANO/VREF+/CN2/RBO ]2 271 AvVss
EMUC3/AN1/VREE-/CN3/RB1 []3 265 PWMIL/REO

ANZ/SST/CN4/RB2 []4 25 PWM1H/RE1
AN3/NDX/CNS/RB3 [|5 & 245 PWM2L/RE2
AN4/QEA/ICTICNB/RB4 16 -] 2313 PWM2H/RE3
ANS/QEB/IC8/CNT/RBS [17 2 223 PWM3L/RE4
vss []8 =} 21 PWM3H/RES
0SC1/CLKt {8 Y 20[7 VDD
OSC2/CLKO/RC15 10 8 19] vss
EMUD1/SOSCIT2CK/U1ATX/CN1//RC13 [ 11 © 18] PGC/EMUC/U1RX/SDIV/SDA/RF2
EMUC1/SOSCOM1CK/U1ARX/ICNO/RC14 [112 17 PGD/EMUD/U1TX/SDO1/SCL/RF3
voo []13 16 ] FLTA/INTO/SCK1/OCFA/RES
EMUD2/OC2//C2/INT2/RD1 [ 14 15{] EMUC2/0OC1/IC1/NT1/RDO
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dsPIC30F2010

1.0 DEVICE OVERVIEW This document contains device specific information for
the dsPIC30F2010 device. The dsPIC30F devices
contain extensive Digital Signal Processor (DSP) func-
tionality within a high-performance 16-bit microcontroller
(MCU) architecture. Figure 1-1 shows a device block
diagram for the dsPIC30F2010 device.

B oo ————————————_—SEArT————_———————— e e

e A SRS ——————— e
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GURE 1-1: dsPIC30F2010 BLOCK DIAGRAM
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dsPIC30F2010

Table 1-1 provides a brief description of device /O
pinouts and the functions that may be muitiplexed to a
port pin. Muitiple functions may exist on one port pin.
When multiplexing occurs, the peripheral medule’s
functional requirements may force an override of the
data direction of the port pin.

TABLE 1-1: PINOUT /O DESCRIPTIONS

Pin Buffer "
Pin Name Description
Type Type P

ANO-AN5 i Analog {Analog input channels.

AVDD P P Positive supply for analog module.

AVss P P Ground reference for analog module.

CLK! | ST/CMOS |External clock source input. Always associated with OSC1 pin function.

CLKO 0 — Oscillator crystal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionally functions as CLKO in RC and EC modes. Always
associated with OSC2 pin function.

CNO-CN7 | ST Input change notification inputs.
Can be software programmed for internal weak pull-ups on all inputs.

EMUD o ST ICD Primary Communication Channel data input/output pin.

EMUC 110 ST ICD Primary Communication Channel clock input/output pin.

EMUD1 /o] ST ICD Secondary Communication Channel data input/output pin.

EMUCA1 i/0 ST ICD Secondary Communication Channel clock input/output pin.

EMUD2 /0 ST ICD Tertiary Communication Channel data input/output pin.

EMUC2 /0 8T ICD Tertiary Communication Channel clock input/output pin.

EMUD3 110 ST ICD Quatemary Communication Channel data input/output pin.

EMUC3 110 ST ICD Quatemary Communication Channel clock input/output pin.

IC1,1C2, IC7, | ST Capture inputs. The dsPIC30F2010 has 4 capture inputs. The inputs are

iIc8 numbered for consistency with the inputs on larger device variants.

INDX { ST Quadrature Encoder Index Pulse input.

QEA ] ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

QEB 1 ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

INTO ] ST External interrupt 0

INT1 ! ST External interrupt 1

INT2 | ST External interrupt 2

FLTA | ST PWM Fauit A input

PWM1L (o) — PWM 1 Low output

PWM1H o] — PWM 1 High output

PWM2L o e PWM 2 Low output

PWM2H o — PWM 2 High output

PWM3L 0] — PWM 3 Low output

PWM3H o] —_— PWM 3 High output

MCLR I/P ST Master Clear (Reset) input or programming voltage input. This pin is an active
low Reset to the device.

OCFA | ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).

0C1-0C2 0 —_ Compare outputs.

0SsC1 ] ST/CMOS |Oscillator crystal input. ST buffer when configured in RC mode; CMOS
otherwise.

0scC2 1O — Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.

Legend: CMOS =CMOS compatible input or output Analog= Analog input
ST =8chmitt Trigger input with CMOS levels O= Output
! =input P = Power

[
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BLE 1-1: PINOUT /O DESCRIPTIONS (CONTINUED)
Pin Buffer e

?in Name Description

' Type | Type Pt
5D 110 ST in-Circuit Serial Programming data input/output pin.
5C ! ST In-Circuit Serial Programming clock input pin.
30-RB5 110 ST PORTB is a bidirectional I/O port.
313-RC14 110 ST PORTC is a bidirectional /0 port.
J0-RD1 o ST PORTD is a bidirectional }/O port.
20-RE5, /O ST PORTE is a bidirectional 1/O port.
8
%2, RF3 1o ST PORTF is a bidirectional 1/O port.
2K1 110 ST Synchronous serial clock input/output for SPI™ #1.
i1 | ST SPI #1 Data In.
JO1 o — SPi #1 Data Out.
31 1 ST SPI #1 Slave Synchronization.
oL 110 ST Synchronous serial clock input/output for 12C.
DA Ho ST  |Synchronous serial data input/output for 1°C.
JSCO (0] — 32 kHz low power oscillator crystal output.
JSCli | ST/CMOS |32 kHz low power oscillator crystal input. ST buffer when configured in RC

mode; CMOS otherwise.
1CK | ST Timer1 external clock input.
2CK | ST Timer2 external clock input.
1RX | ST UART1 Receive.
1TX 0 —— UART1 Transmit.
1ARX | ST UART1 Alternate Recsive.
1ATX (0] — UART1 Alternate Transmit.
DD P C— Positive supply for logic and /O pins.
ss P —_ Ground reference for logic and 1/O pins.
REF+ | Analog |Analog Voltage Referance (High) input.
REF- | Analog |Analog Voltage Reference (Low) input.
sgend: CMOS =CMOS compatible input or output Analog=  Analog input
ST =Schmitt Trigger input with CMOS levels O= Output
| =input P = Power
- _ L ———————————
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28-Lead Skinny Plastic Dual In-line — 300 mil (PDIP)
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ot~ [ ] { r
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eB — | B p it

Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28
Pitch P .100 2.54
Top to Seating Plane A 140 .150 160 3.56 3.81 4.06
Molded Package Thickness A2 125 130 135 3.18 3.30 343
Base to Seating Plane Al 015 0.38
Shoulder to Shoulder Width E .300 .310 325 7.62 7.87 8.26
Molded Package Width E1 275 .285 295 6.99 7.24 7.49
Overall Length D 1.345 1.365 1.385 34.16 34.67 35,18
Tip to Seating Plane L 126 130 135 3.18 3.30 3.43
Lead Thickness c .008 012 .015 0.20 0.29 0.38
Upper Lead Width 81 .040 .053 .065 1.02 1.33 1.65
Lower Lead Width B .016 019 022 0.41 0.48 0.56
Overall Row Spacing § eB .320 .350 430 8.13 8.89 10.92
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15
* Controlling Parameter
§ Significant Characteristic
Notes:

Dimansion D and E1 do not include mold flash or protrusions. Motd flash or protrusions shail not exceed
010" (0.254mm) per side.

JEDEC Equivalent: MO-085

Drawing No. C04-070

— . - ]
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«Lead Plastic Small Outline — Wide, 300 mil (SOIC)
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[ e B
45°
o L *
L N} A
f J b
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 28 28
Pitch P 050 1.27
Overall Height A .083 009 104 2.36 2.50 2.64
Molded Package Thickness A2 .088 .091 .094 2.24 2.31 2.39
Standoff  § Al .004 ,008 012 0.10 0.20 0.30
Overalt Width E 394 A07 420 10.01 10.34 10.67
Molded Package Width E1 ,288 ,285 ,299 7.32 7.49 7.59
Overall Length . D 695 704 712 17.65 17.87 18,08
Chamfer Distance h .010 .020 .029 0.25 0.50 0.74
Foot Length L .018 .033 050 0.41 0.84 1.27
Foot Angle Top L) 0 4 8 0 4 8
Lead Thickness c 008 .011 013 0.23 0.28 0.33
Lead Width B ,014 017 .020 0.36 0.42 0.61
Mold Draft Angle Top o 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15
* Controlling Parameter
§ Significant Characteristic
Notes:
Dimensions D and E1 do not include mold flagh or protrusions. Mold flash or protrusions shalf not exceed
.010” (0.254mm) per side.
JEDEC Equivalent: MS-013
Drawing No. C04-052
— e ————————————— ]
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LF347, LF347B
JFET-INPUT
QUAD OPERATIONAL AMPLIFIERS

SLOS013B — MARCH 1987 - REVISEDQ AUGUST 1994

Low Input Bias Current . . . 50 pA Typ D OR N PACKAGE
@ Low Input Noise Current (TOP VIEW)
0.01 pA/NHz Typ w,

® Low Total Harmonic Distortion 13#1% ; :g % i&U_T

@ Low Supply Current... 8 mA Typ 1N+ 3 121 4N +

® Gain Bandwidth ... 3 MHz Typ Vee:ll 4 1} Ve -

® High Slew Rate ... 13 V/us Typ 2iN+[f 5 0[] 3IN+

® Pin Compatible With the LM348 2IN-[l 6 of] 3IN-
20UTf}7 8]l souT

lescription

These devices are low-cost, high-speed, JFET-input operational amplifiers. They require low supply current yet
maintain a large gain-bandwidth product and a fast slew rate. In addition, their matched high-voltage JFET
inputs provide very low input bias and offset current.

The LF347 and LF347B can be used in applications such as high-speed integrators, digitai-to-analog
converters, sample-and-hold circuits, and many other circuits.

The LF347 and LF347B are characterized for operation from 0°C to 70°C.

symbol (each amplifier)

IN=- -
ourt
N+ +
AVAILABLE OPTIONS
y PACKAGE
Ta Iomax  [F“SMALL OUTLINE | PLASTIC DIP
AT 25°C
(D) (N)
om0 | O LF347D LF347N
5mv LF3478D LF347BN

The D packages are avallable taped and reeled. Add R suffix to the device
type (e.g., LF347DR).

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VORAGE, V0 4+« « vttt it ettt s e e e e 18V
Supply voltage VoG o v cv e ~-18V
Differential input voltage, VD e 30V
Input voltage, Vi (see Note 1) . ... .. o i +16V
Duration of output Short CIrCUIt . ... it e unlimited
Continuous total power dissipation ............ ... ..o o iiiin i See Dissipation Rating Table
Operating temperature FANGE . .. .. ... vttt it e i 0°C to 70°C
Storage temperature FANGE . ... ...ttt i i e ~65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . ............. ..o 260°C

NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage.

PRODUCTION DATA informetion is curent as of Tpmnmum date. Copyright ® 1994, Texas instruments Incorporated
Products cordorm tn specifications perme terms of

does not necessarty include

‘U TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1

testing of att paranelers
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LF347, LF347B
JFETINPUT
QUAD OPERATIONAL AMPLIFIERS

SLOS0138 — MARCH 1987 - REVISED AUGUST 1884

S S A N AR NI

‘ DISSIPATION RATING TABLE
| PACKAGE Tp £ 25°C DERATING DERATE Tpo=70°C
POWER RATING FACTOR ABOVE Tp POWER RATING
o D 608 mwW 7.6 mW/°C 61°C 608 mwW
N 680 mwW N/A N/A 680 mW
recommended operating conditions
MIN  MAX | UNIT
Supply voltage, VoG + 3.5 18 \
Supply voitage, ViC - -35 -18 Vv

electrical characteristics over operating free-air temperature range, Veet = 15 V (unless
otherwise specified)
, ST LF347 LF347B
PARAMETER COJIE!TIONS Tal W Tve WAX| WIN_ TYP mAx| o
v Vic=0, 25°C 5 10 3 5
10 Input offset voftage Rg = 10 kQ Full range y 2 mv
i s W e
o input offset currentt: Vic=0 2 R 2 01 o
70°C 4 4 nA
B tnput bias currentt: Vic=0 27 020 X _20] oA
70°C 8 8 nA
-12 . -12
VicR Common-mode input voitage range =1 to +11 to \
15 15
EM Meximum peak output voltage swing | R =10 kQ +12 £13.5 +12 +13.5 \
Avpp  Large-signal diforentiat voltage \ée:zi;gv- Fuﬁi:ge fg 10 :2 100 Vimv
1 Input resistance Tp =25°C 1012 1012 Q
CMRR Common-mode rejection ratio Rgs2kQ 70 100 80 100 ds
kswr  Supply-voltage rejection ratio See Note 2 70 100 80 100 dB
ica Supply current 8 1 8 1" mA

t Fuli range is 0°C to 70°C.

¥ input bias currents of a FET-input operationat amplffier are normat junction reverse currents, which are temperature sensttive. Pulse techniques

must be used that will maintain the junction temperatures as close to the ambient temperature as possible.
NOTIE 22 Supply-voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously.

operating characteristics, Voo = +15V
PARAMETER TEST CONDITIONS MIN  TYP MAX|{ UNIT
Vou/Voz  Crosstalk attentuation f=1kHz 120 dB8
SR Slew rate 8 13 Vips
B4 Unity-gain bandwldth 3 MHz
Va Equivalent input noise voltage f=1kHz, Rg=20Q 18 nVA~Hz
In Equivalent input noise current f=1kMz 0.01 pA/QHz
R SOr N AT T
‘U TEXAS
INSTRUMENTS
2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and compilete. Al products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Ti warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necaessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER’S RISK.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. T!'s publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright © 1998, Texas Instruments Incorporated
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surrent Transducer LA 55-P | = 5H60A

PN
‘or the electronic measurement of currents : DC, AC, pulsed...,
vith a galvanic isolation between the primary circuit (high power)
ind the secondary circuit (electronic circuit).
Electrical data ]
w  Primary nominal r.m.s. current 50 A Features
\ Primary current, measuring range 0..1+70 A
t Measuring resistance @ T,=70°C| T,=85C e Closed loop (compensated) current
R,y i Rumex | Rotmin Rymax transducer using the Hall effect
with + 12 V @i 50 A 10 100 60 95 Q e Printed circuit board mounting
@170 A::: 10 50 | 60" 60 Q @ ° Insulatfad plastic case recognized
with £ 15 V @£50A,,, 50 160 [135 155 @  accordingto UL 94-VO.
2) 2)
| @t70A 50 90 {135%2135% Q Advantages
" Secondary nominal r.m.s. current 50 mA
- Conversion ratio 1:1000 o Excelient accuracy
A Supply voltage ( 5 %) +£12..15 vV . Very good linearity
N Current consumptlon. . 10@£15V)+lg mMA | ow temperature drift
f, R.m.s. voltage for AC isolation test, 50 Hz, 1 mn 2.5 kV o Optimized response time
¢ Wide frequency bandwidth
Accuracy - Dynamic performance data ] e No insertion losses
( Accuracy @1, , T, =25°C @15V (&5%) +065 % ® High immunity to external
@t12.15V(t5%) +0.90 % interference
2 Linearity <0.15 o,  * Current overload capability.
Typ | Max e
_ Offsetcurrent @1,=0, T, = 25°C 102 ma APplications
Residual current¥ @ |, = 0, after an overload of 3 x | +03 mA . .
S Thermaldriftofl, 0°C..+70°C" |£01[+05 mA ° ‘:‘nc;t‘;fr;ar:/'::peed drives and servo
-25°C.+85°C |£0171+06 mA o Static converters for DC motor drives
n Reaction time @ 10 % of <500 ns e Battery supplied applications
. Response time @ 90 % of I, . <1 HS e Uninterruptible Power Supplies
fidt  di/dt accurately followed > 200 Alus (UPS)
' Frequency bandwidth (- 1 dB) DC .. 200 kHz e Switched Mode Power Supplies
(SMPS)
General data | s Power supplies for welding
r Ambient operating temperature -25.. +85 °C applications.
R Ambient storage temperature -40..+90 °C
L Secondary coil resistance @ T,=70°C 80 Q
T,=85C 85 Q
n Mass 18 g
Standards ¢ EN 50178

Votes : ¥ Measuring range limited to £ 60 A
2 Measuring range limitedto + 8§ A
¥ Resuit of the coercive field of the magnetic circuit
4 A list of corresponding tests is available ' 980706/8

LEM Components www.lem.com



Dimensions LA 55-P (in mm. 1 mm = 0.0394 inch)

Boitom view Left view
. i | o
i : [Ty ! ~
S a 3 ! ===
! pe) N
' ! N
» i L \o
315 [ 27.6 4.5 +/-03
= 12.7 =
- ~
LEM® LAs5-P _
Secondary terminals
swiss ~ )
S c € ------------- 1 d ~ o~ Terminal + : supply voltage +12.. 15V
© made Terminal - : supply voltage - 12.. 15V
= e i .
F — 00_00 00 + N Terminal M : measure
",
) | «
\\ :
2286 = Connection
365 N
. Ve \ N + o+
Standard 00 Year Week LA 55-P sl A 0 -
‘ S M
or N° SP.. M oV
Front view
Mechanical characteristics Remarks
o General tolerance + 0.2 mm e | is positive when |, flows in the direction of the arrow.
e Primary through-hole 12,7 x 7 mm ¢ Temperature of the primary conductor should not exceed
* Fastening & connection of secondary 3 pins 90°C.
0.63 x 0.56mm ¢ Dynamic performances (di/dt and response time) are best
Recemmended PCB hole 0.9 mm with a single bar completely filling the primary hole.

e in order to achieve the best magnetic coupling, the primary
windings have to be wound over the top edge of the device.

¢ This is a standard model. For different versions (supply
voltages, turns ratios, unidirectional measurements...),
please contact us.

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice.




This datasheet has been downloaded from:
www.DatasheetCatalog.com

Datasheets for electronic components.



International
TGR Rectifier

Dynamic dv/dt Rating
Repetitive Avalanche Rated
Isolated Central Mounting Hole
Fast Switching

Ease of Paralleling

Simple Drive Requirements
Solder Plated for Reflowing

Description

Third Generation HEXFET®s from International Rectifier
provide the designer with the best combination of fast
switching, ruggedized device design, low on-resistance
and cost-effectiveness.

The TO-247 packageis preferred for commercial-industrial
applications where higher power levels preclude the use
of TO-220 devices. The TO-247 is similar but superior to
the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance
between pins to meet the requirements of most safety
specifications.

PD-83%46A

IRFP460P

HEXFET® Power MOSFET

D
Vpss = 500V
RDS(on) =0.27Q
I = 20A
S

The solder plated version of the TO-247 allows the reflow TO-247AC
soldering of the package heatsink to a substrate material.
Absolute Maximum Ratings
Parameter Max. Units
lo@Tc=25°C Continuous Drain Current, Vgs @ 10V 20
o @ T = 100°C| Continuous Drain Current, Vgs @ 10V 13 A
Tom Bulsed Drain Current O 80
Pp@Tg =25°C Power Dissipation 280 W
Linear Derating Factor 2.2 w/°C
Vas Gate-to-Source Voliage + 20 \%
Eas Single Pulse Avalanche Energy @ 960 md
lar Avalanche Current @ 20 A
Ear Repetitive Avalanche Energy ® 28 mJ
dv/dt Peak Diode Recovery dv/dt @ 3.5 Vins
T, Operating Junction and -55 to + 150
Tste Storage Temperature Range C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torgue, 6-32 or M3 srew 10 bfein (1.1Nem)
Maximum Reflow Temperature 230 (Time above 183°C
should not exceed 100s) °C
Thermal Resistance
Parameter Typ. Max. Units
Resc Junction-to-Case _ 0.45
Recs Case-to-Sink, Flat, Greased Surface 0.24 —_— ‘Cw
ReJa Junction-to-Ambient e 40
www.irf.com 1
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IRFP460P

International

IGR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. |Units Conditions
V(BRrRIDSS Drain-to-Source Breakdown Voltage 500 | —— | — | V | Ves=0V,Ilp=250pA
AV (erypss/AT,| Breakdown Voltage Temp. Coefficient | —— |0.63 | — | V/°C | Reference to 25°C, Ip = TmA
Rosion) Static Drain-to-Source On-Resistance| — | — [0.27 | Q | Vas=10V,Ip=12A @
Vas(th) Gate Threshold Voltage 20 1 — | 40 V | Vps = Vgs, Ip = 250pA
Uts Forward Transconductance 13 | —— | = S | Vpg =50V, Ip =12A
Ioss Drain-to-Source Leakage Current =1 pA Vps = 500V, Vgs = OV
~— | — | 250 Vps =400V, Vgs =0V, Ty = 125°C
lass Gate-to-Source Forward Leakage -— | — | 100 nA Vgs = 20V
Gate-to-Source Reverse Leakage —— | —— 1-100 Vgs =-20V
Qq Tatal Gate Charge —_— ] — 1210 Ip = 20A
Qgs Gate-to-Source Charge —~— | — | 29 | nC | Vps=400V
Qg4 Gate-to-Drain ("Miller") Charge — | —-— | 110 Vgs = 10V, See Fig. 6and 13 @
taien) Tum-On Defay Time — 18 | = Vpp = 250V
tr Rise Time — | 59 |— s Ip = 20A
td(ot) Tum-Off Delay Time — {110 | — Rg £4.3Q
t Faft Time — | 58 | ~— Rp=13Q,See Fig. 10 @
Lo intemal Drain Induttance — | 50 | — Batwoen lead, o
W4 | Bmm (0.25in) @
from package e
Ls internel Soure Inductancs — |8 |- and center of die contact $
Cies Input Capacitance — |4200] —— Veg =0V
_C_:_gs_s Output Capacitance - | 870 | — Vps = 28V
Cres Reverse Transfer Capacitance — | 380 | =~ | pF | f =1.0MHz, See Fig. §
Source-Drain Ratings and Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
Is Continuous Source Current 112 MOSFET symbol b
{Body Diode) A showing the
Ism Pulsed Source Cument N I integral reverse g
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage _—] -1 1.8 V | Ty=25°C,1g=20A,Vgs =0V @
e Reverse Recovery Time — | 570| 860 { ns | Ty=25°C, Ip=20A
Q¢ Reverse RecoverCharge — | 57| 86 | uC | diddt=100A/us @
ton Forward Tum-On Time Intrinsic tumn-on time is negligible (turn-on is dominated by Lg+lp)
Noteas:

@ Repetitive rating; pulse width limited by

max. junction temperature. ( See fig. 11 )

@ Starting T, = 26°C, L =4.8mH
Re = 25Q,

las = 20A. (See Figure 12)

T)£150°C

@ 1gp S 20A, di/dt < 160ANs, Vpp S V(BRipSS,

® Puise width < 300us; duty cycle < 2%.

www.irf.com
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Fig 1. Typical Output Characteristics Fig 2. Typical Output Characteristics
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Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance
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IRFP460P

10000 Vog = OV, f = M2
Cigs = Cgs * Cgor Cos SHORTED
Crgs = Cga
8000 Jo— < Coss = cgs + Cgg
[y S l
& >
6000 bisg
8 N N
N T
g 000 \\ \\\
S TS
a
2000 -~ Cogs ks
1
. P‘\\\\
cm" 10!
Vpg. Drain-to-Source Voltage (volts)

Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage

2
10 g v

1500¢C

. // '
mx'// Vgg = OV

0.6 0.8 1.0 j t.2 1.4 i.8 1.8 a.0
Vsp, Spurce-to—Drain Voltage (volts)

Isp, Reverse Drain Current (Amps)
N

Fig 7. Typical Source-Drain Diode
Forward Voltage

Ip, Drain Current (Amps)

Vgs, Gate-to-Source Voltage (volts)

International

IGR Rectifier
20 -
To ¢ 204 Vgs = 400V
Vpg = 250¢ —\\

5 Vog =100V 2

12

/7
8
W //
SEE_FIGWE 12
% 26 30 120 160 500

Qaq, Total Gate Charge {nC)

Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
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Fig 8. Maximum Safe Operating Area

www.irf.com



International
TOR Rectifier IRF P460P
\k Vps > 5%\'
— 16 AL, T,
T " 90 u
< < Voo
B * N 11 10v
3 X coreians 1o
E 8 \ =
0‘5 g \ Fig 10a. Switching Time Test Circuit
- 4
Vbs
w0 \/ \ A
%% 50 100 125 150 |
T, Case Temperature (°C) :
10% -
, A N/ \
Fig 9. Maximum Drain Current Vs. Ves e t:(:a)'T\:r—
on

Case Temperature

o
N
-

10

Fig 10b. Switching Time Waveforms
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e

Thermal Response (Zgic)

ar
i1 It}
MM sIneLE PULSE Hl I
Gl (THERMAL PESPONSE) mtH "’-"rl__‘ [—
:: 113} %
i tH e
NOTES:
4. DUTY FACTOR. D=ti1/t2
m- 2. PEAK Ty=Pgy x Zehge + Te
10 1 1072 0.1 1 10

44, Rectangular Pulse Duration (seconds)

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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= 2000\ 30
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B 1600 \\
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‘lr' Voo _g 1200 \ \
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ig 12a. Undl d Inductive Test Circuit @ \\\
Fig 12a. Unclamped inductive Test Circui ‘:Q 0 \\ N
w -—
— VieRiDSs 0 VDD" Sov
fe—tp—» 29 80 75 100 128 150
y Starting T, Junction Temperature(°C)
y \
/ \ Fig 12c. Maximum Avalanche Energy
/ \ Vs. Drain Current
las L

Fig 12b. Unclamped Inductive Waveforms
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™" Gaima Tyve a8 DUT_ |
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Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit
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ToR Rectifier

Peak Diode Recovery dv/dt Test Circuit

DUT Pt Circuit Layout Considerations
=t « Low Stray inductance
tl_*) ® « Ground Plane
+ Low Leakage inductance

Current Transformer

—

o i8¢ i

e L1

pup
Rg ||:1_ « dv/dt controlied by Rg +

o Driver same type as D.U.T. T Voo
¢ lgp controlied by Duty Factor "D”
¢ DU.T. - Device Under Test

® Driver Gate Drive PW
poriod D= Period

Vag™10V *

£C
)

@

D.U.T. Igp Waveform

Reverse e
Recovery } \/
Current

@ |p.u.T. vpg Waveform

y Di g
Current
u ndi/dt/

Diode Recove
dv/dt v \

Re-Applied /7
Voitage Body Diode

@ |inductor Curent

Forward Drop

* Vg = 5V for Logic Leve! Devices
Fig 14. For N-Channel HEXFET®s
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Package Outline
TO-247AC

Dimensions are shown in millimeters (inches)

3.85 (.143) -
15.90 {.626) 3.55 {.140) gsg ﬁgg;
1530(602) |@|g025(01o)@|013@| 250‘(085
] — e 250 0059)
LT 1.50(.059)
i/ ..J 5.50 (217 >4/4
20.36 (.800) =17 )
19,70 {.775) x g 580 (217) ' NOTES:
4.50 (177) 1 1 DIMENSIONING & TOLERANCING
i PER ANSIY14.5M, 1982.
2 { R 2 CONTROLLING DMENSION : INCH.
J : 3 CONFORMS TO JEDEC OUTLINE
, TO-247-AC.
14.80 (.583) 430 (170
14-2°¢(~559) 370 %.145;
2.40 (.004) 1.40 (.056) 0.80 (.031) LEAD ASSIGNMENTS
200 (079) = | ke | | o=l bc3X 1,00 (.038) "’I 0.40 (.016) ;gQLEN
452);15 - L [$o2s(010) @ [C]AQ)] . 2.60 (.102) 3-SOURCE
o 220 087) SN
o Lo 340(
2X 3.00 {118}
Part Marking Information
TO-247AC
EXAMPLE : THIS I8 AN {RFPE3C
WITH ASSEMBLY PART NU
LOT CODE 3A1Q INTERNATIONAL O / A MBER
RECTIFIER ~_ | IRFPE30
LOGO ~ IGR
3A10 9302
ASSEMBLY / ™~ DATE CODE
LOT CODE (YYWW)
YY = YEAR
WW WEEK

Data and specifications subject to change without notice.
This product has been designed and qualified for the industrial market.
Qualification Standards can be found on IR’s Web site.

International
IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7106
TAC Fax: (310) 252-7903
Visit us at www.irf.com for sales contact information.12/00
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'‘OSHIBA TLP250
TOSHIBA Photocoupler GaAlAs ired & Photo-IC
-ansistor Inverter
verter For Air Conditionor * o
Unit in mm

;BT Gate Drive
ower MOS FET Gate Drive

1e TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a

tegrated photodetector.
1is unit is 8-lead DIP package.

P250 is suitable for gate driving circuit of IGBT or power MOS FET.

Input threshold current: IF=bmA(max.)

Supply current {ICC): 11mA(max.)

Supply voltage (Vo) 10-35V

Output current (10): £1.5A (max.)

Switching time (tpLH/tpHL): 1.5ps(max.)

Isolation voltage: 2500Vrmg(min.)

UL recognized: UL1577, file No.E67349

Option (D4) type
VDE approved: DIN VDE0884/06.92, certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
Creepage distance: 6.4mm{min.)

Clearance: 6.4mm(min.)

)chmatic
icc
* © Vce
'TT 8
IF a1
—.-’
2+ —° Vo
VE :} 3 7
3- *___L——O Vo
lo 6
Ll— (Tr2)
g ® O GND
\ 0.1uF bypass capcitor must be 5

onnected between pin 8 and 5 (See Note 5).

lruth Table
™ ™"
input On On Off
LED off off On

R RTGA]

TOSHIBA

11-10C4

Weight: 0.54 g

Pin Configuration (top view)

1
2]
3 [
4E

Ly
W

e
17
i
jS

0w ~NOOOAE WN-=

:N.C.

: Anode

: Cathode
:N.C.

:GND

: Vo (Cutput)
Vo

‘Veo

2004-06-25



OSHIBA TLP250
isolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current Ie 20 mA
Forward current derating (Ta 2 70°C) Ale [ ATa -0.36 mA/°C
a Peak transient forward curent (Note 1) IFPT 1 A
Reverse voltage VR 5 v
Junction temperature T 125 °C
“H"peak output current (Pyy < 2.5us,f s 15kHz2) (Note 2) lopH -15 A
“L"peak output current (Pyy € 2.5ps,f s 15kHz) (Note 2) lopL +1.5 A
(Ta s 70°C) 35
Output voltage Vo v
5 (Ta=85°C) 24
3 (Ta s 70°C) 35
& Supply voltage Vece \
(Ta = 85°C) 24
Output voltage derating (Ta 2 70°C) AVq/ ATa -0.73 V/°C
Supply voltage derating (Ta 2 70°C) AV / ATa -0.73 Vi/°C
Junction temperature Ti 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg —55~125 °C
Lead eoldeting temperature (10 s) (Note 4) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 5) BVs 2500 Vms

Note 1:  Pulse width Py < 1us, 300pps

Note 2:  Exporenential wavefom

Note 3:  Exporenential wavefom, lopH s ~1.0A( s 2.5us), lopL S +1.0A( s 2.5s)

Note 4:  Itis 2 mm or more from a lead root.

Note 5© Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

together.

Note 8. A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high '
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
{ength between capacitor and coupler should not exceed 1cm.

ecommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) Ir(oN) 7 8 10 mA
Input voltage, off VE(OFF) 0 — 0.8 v
Supply voltage Veo 15 — 30 20 v
Peak output current lopr/lopL - —— +0.5 A
Operating temperature ) Topr -20 25 70 85 °C

Note 7: Input signal rise time (fall time) < 0.5 s.

2004-06-25



OSHIBA TLP250

actrical Characteristics (Ta = -20~70°C, uniess otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE -— lg=10mA, Ta=25°C 16 18 \")
Temperature coefficient of - - o
forward voltage AVg/ ATa I =10mA -— -2.0 —_— mv/°C
Input reverse current IR - VR =5V, Ta=25°C - 10 pA
Input capacitance Cr -— V=0, f=1MHz A Ta =25°C -— 45 250 pF
apqn Ip=10mA
H” level loPH 3 -05 -15 —_
= Vg g=4V
Output current 2{%: 3oV — A
“n F‘ =
L” level lopL 2 Ve 5=25V 05 2 —_
npgn VCC1 = +15V, VEE1 =15V
H’ level VoH 4 | R°Z'9000, I = A 11 128 -
Output voltage y oy e \")
" cct = +15V, Vggq = -1 —
L" level Vou 5 Ry = 2000, V;: = 0.8V ‘ -142 | -125
Ve =30V, g = 10mA . 7 -
“H* level 'CCH -— Ta = 25°C
Ve =30V, I =1 — -
Supply current o= 30V, I = 10mA L mA
Vog =30V, I = 0mA . 75 .
“L" level lccL — |Ta=25°C |
Voo =30V, I =0mA — - 11
Threshold input “Cutput i - Veeg = +15V, Vegy = -15V
current L—H® FLH R =200Q, Vo >0V 12 5 mA
Threshold input “Output oML _ Veeq = 15V, Ve = ~15V 08 - _ v
vottage H-sL” R =200Q, Vo <0V )
Supply voltage ~Vee - 10 — 35 \Y
Capacitance c Vg=0,f=1MHz _
(input-output) S Ta=25 « 10 20 PF
Resistance(input-output) Rs - XS; fgg,“’) ,Ta=25°C 1x10'2 | 10" - Q

* All typical values are at Ta=25°C  (*1): Duration of I time < 50us
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'OSHIBA | TLP250

wnitching Characteristics (Ta = -20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H toH | —_ 0.15 05
detay time Hol | tou I = 8mA (Note 7) — ] o5 | o5
6 Veet = +15V, Vegq = 15V us
Output rige time t R = 2000 - —_ —
Output fall time tr — — —
Common mode transient
: - " Veoum = 600V, IF = 8mA
immunity at high level CMH 7 - LI R -5000 - —_ Vi/us
output Voo = 30V, Ta=25°C
Common mode transient
h . VoM = 600V, iF = OmA
immunity at low level CmL 7 - Py 5000 - — V/us
output Voo =30V, Ta =25°C

* Al typical vaiues are at Ta =25°C

Note 7: Input signal rise time (fall ime) < 0.5 us.
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OSHIBA

TLP250

t Circuit 1:

10
C
C
a{]

it Cireutt 3 : IOPH

1[

4[]

| S R ]
——e @
[=]

<

m

gl
g

st Cireuit 5: VoL

0
Nt
Lt
Ny

M8
)
:] T O.1uF L Veer
Ry
- —
O
]—«.
7
T VeE

Test Circuit 2 : IOPL

1]
i
O
o[

L L
j——¢ ®©

Test Circuit 4 : VOH

1[]
&
i

4[]

VEE1

2004-06-25



JSHIBA TLP250

Circuit 6: tpi H, toHL, trtf

1 8,
L ‘ 0.1pF Veer
! L o
R
B ) GND
= - Vo 80%
00 3—0
[ 4 VEE ' -
Circuit 7: CmH, CML
8
1 o
W IF IOJHF
K_‘—E-—_) :l T | Vee
y'o B T
! TH——ovo
o] ig
veum
M -
el 1
_, 600V
20%
Vem 0% ‘
LI 480 (V
| T CML= ( )
SW A(lr=8mA) tr (us)
y VANV O T
o — 3V -
M\ c
HL
SW :B(Iz=0)

CML(CMH) is the maximum rate of rise (fall) of the common mode voitage that can be sustained with the output
voltage in the low (high) state.
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DSHIBA TLP250

lg=VE * Ve/ e+ Ta~-Ip
100y 26
Ta=26°C
50 e
30 ~
- 7 p?
9 10 =N
: 7 BE
8 7 85 22
S Il E & ™
- - . Iy
B 83 20
5 —_—— £
3 0.5 ’1 g N
2 03
3 7 EE 1.8
5
5 o4 5 %
0.08 1.6
0.03 i
0.01 L -1.4
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'OSHIBA | TLP250

RESTRICTIONS ON PRODUCT USE

« The information contained herein ts subject to change without notice.

o The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license Is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

+ TOSHIBA is continually working to improve the quality and refiabliity of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent electrical sensitivity and vuinerability to physical stress. it is the responsibility
of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire
system, and to avoid situations in which & maifunction or failure of such TOSHIBA products could cause loss of human life,
bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the
most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the
“Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook™ etc..

« The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products
are neither intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage®). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products
listed in this document shall be made at the customer's own risk.

» The products described in this document are subject to the foreign exchange and foreign trade laws.

« TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under
any law and regulations.

» GaAs(Gallium Arsenide) is used in this product. The dust or vapor is harmful to the human body. Do not break, cut, crush or
dissolve chemically.

8 2004-06-25



MUR1510, MUR1515,
MUR1520, MUR1540,

Preferred Devices

SWITCHMODE ™
ower Rectifiers

-

175°C Operating Junction Temperature

Popular TO-220 Package

High Voltage Capability to 600 V

Low Forward Drop

Low Leakage Specified @ 150°C Case Temperature

Current Derating Specified @ Both Case and Ambient Temperatures
Pb—Free Packages are Available*

®* ® % %

Mechanical Characteristics:

® (Case: Epoxy, Molded

® Weight: 1.9 Grams (Approximately)

® Finish: All External Surfaces Cotrosion Resistant and Terminal
Leads are Readily Solderable

# Lead Temperature for Soldering Purposes: 260°C Max. for
10 Seconds

*For additional information on our Pb—Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

{ February, 2006 - Rev. 4

. . , . http://onsemi.com
These state—of—the—art devices are a series designed for use in eottessmstese
switching power supplies, inverters and as free wheeling diodes.
- eatures ULTRAFAST RECTIFIERS
Featu
X 15 AMPERES, 100-600 VOLTS
@ Ultrafast 35 and 60 Nanosecond Recovery Time

TO-220AC
CASE 221B
PLASTIC

MARKING DIAGRAM

O

AY WWG
U18xx

Int

A = Assembly Location
Y = Year
Www = Work Week
G = Pb~Free Package
U15xx = Device Code

xx = 10, 15, 20, 40 or 60
KA = Diode Polarity
ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions secti 6 of this data sheet

Preferred devices are recommended choicss for future use
and best overall value.

Publication Order Number:
MUR1520/D



MUR1510, MUR1515, MUR1520, MUR1540, MUR1560

'MAXIMUM RATINGS
MUR
Rating Symbol | 1510 | 1515 | 1520 | 1540 1560 Unit
Peak Repetitive Reverse Voltage VRrM 100 | 150 | 200 | 400 600 \4
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Average Rectified Forward Current (Rated Vg) rav) 15 @ Te = 150°C - 15 @ Tc = 145°C A
Peak Rectified Farward Cument (Rated Vg, Square Wave, 20 kHz) IFRM 30 @ Tg = 150°C 0@ T = 145°C A
Nonrepetitive Peak Surge Current (Surge applied at rated load lesm 200 150 A
conditions halfwave, single phase, 60 Hz)
Operating Junction Temperature and Storage Temperature Range | Ty, Tayg =65 to +175 °C
Maximum ratings are those values beyond which device damage can oceur. Maximum ratings applied to the device are individual stress limit
alues (not normal operating conditions) and are not valid simuttaneousty. If these fimits are exceeded, device functional operation is not implied,
damage may occur and reliability may be affected.
THERMAL CHARACTERISTICS
Parameter Symbol Value Unit
\ Maximum Thermal Resistance, Junction-to-Case Rayc 15 °CW

{

ELECTRICAL CHARACTERISTICS

Characteristic Symbol 1520 1540 1560 Unit
Maximum Instantaneous Forward Voltage (Note 1) Vg \
(i =15 A, T¢ = 150°C) 0.85 1.12 1.20
(lr =158 A, T¢ = 25°C) 1.05 1.25 1.50
Maximum instantaneous Reverse Current (Note 1) ir uA
(Rated DC Voltage, T¢ = 150°C) 500 500 1000
(Rated DC Voltage, T¢ = 25°C) 10 10 10
Maximum Reverse Recovery Time trr 35 60 ns
(Ilr = 1.0 A, di/dt = 50 A/us)

1. Pulse Test: Pulse Width = 300 us, Duty Cycle £2.0%.

http://onsemi.com
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ORDERING INFORMATION
Device Package Shipping’
MUR1510 TO-220
MUR1510G TO-220
(Pb~Free)
MUR1515 TO-220
MUR1515G TO-220
(Pb-Free)
MUR1520 TO~-220
MUR1520G TO-220 50 Units / Rail
(Pb~Free)
MUR1540 TO~-220
MUR1540G TO-220
(Pb-Free)
) MUR1560 TO-220
MUR1560G TO-220
(Pb~Free)

-

+For information on tape and ree! specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D. .
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PACKAGE DIMENSIONS
TO~220 TWO-LEAD
CASE 221B-04
ISSUE D
C he— NOTES:
1, DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M,1

o 862,
Q—‘ r‘B / F T -8 2. CONTROLLING DIMENSION: INCH,

- — INCHES | MILLIMETERS

-()—— T Dita MAX | MIN | MAX

f 4 A | 0585 | 0600 | 1511 | 1578
A B | 0380 | 0405 | 985 | 1020

u } € | 0160 | 0180 | 406 | 482

i PR l | 0.025 | 0,035 | 064 | 089
F o142 | 0147 | a8t | a7

H T 6 | 0190 10210 | 483 | 533
f 10| 130 | 278 | 330
K 018 | 0025 | 046 | 0.6¢

K | 6500 | 0862 | 1270 | 1427
| l t 1 0045 | 0080 | 1.4 | 157
L | g | o0 0120 | 2 g.m
R—w| he— 080 1 0.1 e 270

D l s [ 0045 | 0055 | 194 | 18

G el T | 0235 | 0265 | 587
| 0000 | 0080 [ 0000 | 127

3WITCHMODE is a trademark of Semiconductor Components Industries, LLC.

ON Semlconductor and <7 are registered trademarks of Semiconducior Components industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice
to any producte herein. SCILLC makes no warranty, representation of guarantee regarding the suitabliity of its products forany particilar purpose, nor does SCILLC assume any liability
erising out of the epplication ot use of any preduct or circuit, and specifically disclaims any and efi liabifity, including without limitation gpecial, consequential or incidental damages.
“Typical’ paramaters which may be provided In SCILLC data sheets and/or specifications can and do vary in different applications and actual perfotmance may vary over time. All
operating parameters, including “Typicals” must be validated for each customer application by customer's technical experts, SCILLC does not convey any licanse under its patent rights
nor the fights of others. SCILLC products are not designed, imtended, or authorizad for use as components in systems intended for surgical implant into the body, or other appfications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could craete a situation where personal injury or death may occur. Should
Buyer purchase ot use SCILLC products for any such unintended or unauthorized application, Buyer shatl indemndfy and hold SCILLC and its officars, employees, subsidiaries, affiliales,
and distribitors harmlass against all claims, costs, damages, and expenses, and reasonable attorney fees arising owt of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, aven if such claim alleges that SCILLC was negligent regarding the design or manufacture of the part. SOILLC is an Equat
Opportunity/Affirmative Action Employer. This Ifterature is subject to all applicable copyright laws and is not for resale in any manner.

SUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT. N. Amarlcan Technical Support: 800-282-9885 Toll Free ON Semlconductor Website: http://onsemicom
Literatura Distribution Center for ON Samiconductor USA/Canada § )
P.O. Box 61312, Phoanix, Arizona 85082-1312 USA Order Literature: http:/iwww.onsemi.cam/litorder

Phone: 480-829-7710 or 800~344-3860 Toll Free USA/Canada Japan: ON Semiconductor, Japan Customer Focus Center ) . )
Fax: 480-829-7709 of B00~344~3867 Toll Free USA/Canada 2-9~1 Kamimeguro, Meguro-ku, Tokyo, Japan 153-0051  For addttional information, please contact your
Emall: orderlit@onsemi.com Phone: 81-3~5773-3850 local Sales Representative,
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