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DEVELOPMENT OF AN ASYMMETRIC HALF- BRIDGE CONVERTER FOR
SWITCHED RELUCTANCE DRIVES

Nuttakon  Malakul Na Ayutthaya

Boonyakit Suwanchaisakul

Pisit Thanawatthada

Suphasit  Piavises

Dr.Phop Chancharoenscok Supervisor

2007

ABSTRACT

This thesis presents development of a three-phase asymmetric half-bridge
converter. In this project computer simulation using Simulink program was done as well
as experimental work. The dsPiC digital signal controller was used for generating PWM
signals to drive MOSFET switches. Open-loop current control was achieved using
techniques of soft switching hard switching and single — pulse control. The results
obtained are satisfactory and this ensure that the converter can be improved to drive

SRM with good performance.
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Converters, Capacitor Only Energy Storage Converters, Circuits with Auxiliary DC : DC

Converter WAt Half-bridge converters, lAUANMUSUWUTIENIWUIELANYEY Converter
» A L r :

usadldnaguh 2.21 Frad1ei

Extra MHalf Brigee Self Cemmutattng
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’ Shared Switch Series Resonant
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l I ;
Capacitive Magnetic Dissipative
‘; Bifilar R Dump
Awntiary Winding Dual Decay

Advanced Decay

) f
Purely Capacitive Extra DC:DC Converter

Auxiliary Rasl Buck-Boost
Auxiliary Rail D Paallel C-Dump
DC Link Voitsge Boosting Series C-Dump
Sequentinl Phase Boost Modified C-Dump
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Split DC

37U 2.21 msudaszinn Converters §m3L switched reluctance machines auyszinmmisidnu
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2.3.2.1 Dissipative Converters
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31]17‘1 2.22 Dissipative Converter



2.3.2.2 ‘Bifilar’ Energy Recovery Converters
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3uUN 2.23 Bifilar Converter

2.3.2.3 Capacitor Only Energy Storage Converters
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31]9‘1 2.24 Single-phase sood Converter
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311 2.25 Auxiliary DC Rail Converter
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2.3.2.4 Circuits with Auxiliary DC : DC Converter
142997 Auxiliary DC Rail Converter %301y DC : DC Converterl
Auxiliary switch Lﬁ'aﬁﬂﬁmue}uuuun’nm?wﬁ uszaANTOverlaple DC : DC
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4
31/ 2.26 Buck —Boost Switched Reluctance Converter

2.3.2.5 Haif Bridger Converters
Asymmetric Half  Bridge Converter (1u Converter1um:qa Half-Bridge
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+V, N i
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31]1"‘1 2.27 Asymmetric Half Bridge Converter
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2.4 BANNIINIIHBDY Asymmetric Half Bridge Converter
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31]1"‘1 2.30 zﬂﬂauuaﬂqmsﬁ'muﬂ 29 Asymmetric Half Bridge Converter (strategy 1)
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31]1"'1 2.31 31Jﬂ§uuamm'rﬁwlwaa Asymmetric Half Bridge Converter (strategy I1)
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1aalusunsy num Timer

TIMER FUNCTIONS

This section contains a list of individual functions for Timer and an example of use of

the functions. Functions may be implemented as macros.

ConfigIntTimer1, ConfigintTimer2, ConfigintTimer3, ConfigintTimer4, ConfigintTimerS

Description: This function configures the 16-bit timer interrupt.

Include: timer.h

Prototype: void ConfigintTimer1(unsigned int config);

void ConfigintTimer2(unsigned int config);

void ConfigintTimer3(unsigned int config);

void ConfigintTimer4(unsigned int config),

void ConfigintTimer5(unsigned int config),

Arguments: config Timer interrupt priority and enable/disable information as

defined below:

Tx_INT_PRIOR_7
Tx_INT_PRIOR 6
Tx_INT_PRIOR_5
Tx_INT_PRIOR_4
Tx_INT_PRIOR_3
Tx_INT_PRIOR_2
Tx_INT_PRIOR 1
Tx_INT_PRIOR_0
Tx_INT_ON
Tx_INT_OFF

Return Value: None
Remarks: This function clears the 16-bit Interrupt Flag (TxIF) bit and then sets the

interrupt priority and enables/disables the interrupt.
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Source File: ConfigintTimer1.c

ConfigintTimer2.c

ConfigintTimer3.c

ConfigintTimer4.c

ConfigintTimer5.c

Code Example: ConfigintTimer1(T1_INT_PRIOR_3 & T1_INT_ON);

ConfigintTimer23, ConfigintTimer45

Description: This function configures the 32-bit timer interrupt.

Include: timer.h

Prototype: void ConfigintTimer23(unsigned int config);

void ConfigintTimer45(unsigned int config);

Arguments: config Timer interrupt priority and enable/disable information as

defined below:

Tx_INT_PRIOR _7
Tx_INT_PRIOR_6
Tx_INT_PRIOR_5
Tx_INT_PRIOR_4
Tx_INT_PRIOR_3
Tx_INT_PRIOR_2
Tx_INT_PRIOR_1
Tx_INT_PRIOR_0
Tx_INT_ON
Tx_INT_OFF

Return Value: None

Remarks: This function clears the 32-bit Interrupt Flag (TxIF) bit and then sets the
interrupt priority and enables/disables the interrupt.

Source File: ConfigintTimer23.c

ConfigintTimer45.c

Code Example: ConfigintTimer23(T3_INT_PRIOR_5 & T3_INT_ON);



OpenTimer1, OpenTimer2, OpenTimer3, OpenTimer4, OpenTimerb

Description: This function configures the 16-bit timer module.
Include: timer.h

Prototype: void OpenTimer1{unsigned int config,
unsigned int period)

void OpenTimer2(unsigned int config,
unsigned int period)

void OpenTimer3{unsigned int config,
unsigned int period)

void OpenTimerd{unsigned int config,
unsigned int period)

void OpenTimerS(unsigned int config,
unsigned int period)

Arguments: config This contains the parameters to be configured in the TxCON
register as defined below:

Timer Module On/Off

Tx_ON

Tx_OFF

Timer Module Idle mode On/Off
Tx_IDLE_CON

Tx_IDLE_STOP

Timer Gate time accumulation enable
Tx_GATE_ON

Tx_GATE_OFF

Timer prescaler

Tx_PS_1_1

Tx PS_1 8

Tx_PS_1_64

Tx_PS_1_128

Timer Synchronous clock enable
Tx_SYNC_EXT_ON
Tx_SYNC_EXT_OFF
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Timer clock source

Tx_SOURCE_EXT

Tx_SOURCE_INT

period This contains the period match value to be stored into the
PR register

Return Value: None

Remarks: This function configures the 16-bit Timer Control register and sets the
period match value into the PR register

Source File; OpenTimeri.c

OpenTimer2.c

OpenTimer3.c

OpenTimerd4.c

OpenTimerb.c

Code Example:

OpenTimer1(T1_ON & T1_GATE_OFF &
T1_PS_1_8 & T1_SYNC_EXT_OFF &
T1_SOURCE_INT, OxFF);

Timer Gate time accumulation enable
Tx_GATE_ON

Tx_GATE_OFF

Timer prescaler

Tx_PS_1_1

Tx_PS 1.8

Tx_PS_1_64

Tx_PS_1_128

Timer Synchronous clock enable
Tx_SYNC_EXT_ON
Tx_SYNC_EXT_OFF

Timer clock source
Tx_SOURCE_EXT

Tx_SOURCE_INT

period This contains the period match value to be stored into the



PR register
Return Value: None
Remarks: This function configuras the 16-bit Timer Control register and sets the

period match value into the PR register

Source File: OpenTimer1.c
OpenTimer2.c
OpenTimer3.c
OpenTimerd.c
OpenTimerb.c

Code Example:
OpenTimer1(T1_ON & T1_GATE_OFF &
T1_PS_1_8 & T1_SYNC_EXT_OFF &

T1_SOURCE_INT, OxFF);

OpenTimer23, OpenTtimer45

Description: This function configures the 32-bit timer module.

Include: timer.h

Prototype: void OpenTimer23(unsigned int config,

unsigned long period);

void OpenTimerd5(unsigned int config,

unsigned long period);

Arguments: config This contains the parameters to be configured in the TxCON
register as defined below:

Timer module On/Off

Tx_ON

Tx_OFF

Timer Module Idle mode On/Off
Tx_IDLE_CON

Tx_IDLE_STOP

Timer Gate time accumulation enable



Tx_GATE_ON
Tx_GATE_OFF

Timer prescaler
Tx_PS_1_1
Tx_PS 1.8
Tx_PS_1_64
Tx_PS_1_128

Timer Synchronous clock enable
Tx_SYNC_EXT_ON
Tx_SYNC_EXT_OFF

Timer clock source
Tx_SOURCE_EXT
Tx_SOURCE_INT

period This contains the period match value to be stored into the

32-bit PR register.

Return Value: None

Remarks: This function configures the 32-bit Timer Control register and sets the
period match value into the PR register

Source File: OpenTimer23.c

OpenTimerd45.c

Code Example:

OpenTimer23(T2_ON & T2_GATE_OFF &
T2_PS_1_8 & T2_32BIT_MODE_ON &
T2_SYNC_EXT_OFF &
T2_SOURCE_INT, OxFFFFY);

Example of Use
#define __dsPIC30F6014___
#include <p30fxxxx.h>

#include<timer.h>
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unsigned int timer_value;

void __attribute__ ((__interrupt_)) _T1Interrupt(void)

{
PORTDbits.RD1 = 1; /* tum off LED on RD1 */

WriteTimer1(0);

IFSObits. T1IF = 0; /* Clear Timer interrupt flag */
}

int main{void)

{

unsigned int match_value;

TRISDbits. TRISD1 = 0;

PORTDbits.RD1 = 1; /* turn off LED on RD1 */
/* Enable Timer1 Interrupt and Priority to "1" */
ConfigintTimer1(T1_INT_PRIOR_1 & T1_INT_ON);
WriteTimer1(0);

match_value = OxFFF;

OpenTimer1(T1_ON & T1_GATE_OFF & T1_IDLE_STOP &

T1_PS_1_1 & T1_SYNC_EXT_OFF &
T1_SOURCE_INT, match_value);

/* Wait till the timer matches with the period value */

while(1)
{

timer_value = ReadTimer1();

if(timer_value >= 0x7FF)

{

PORTDbits.RD1 = Q; /* turn on LED on RD1 */
}

}

CloseTimer1();

}
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#include <p30f2010.h>// Header file for dsPIC30F2010

#include<timer.h> // Module function for Timer

unsigned long timer_value;  // Keep interval for timer2/3

Il Set I/

_FOSC(CSW_FSCM_ON & XT_PLL4);
_FWDT(WDT_OFF);

i Set Timer Mode 1/

int main(void)

{

unsigned long match_value;

TRISEDbits. TRISEO = 0;
TRISEDbits. TRISE1 = 0;
TRISEDbits. TRISE2 = 0;
TRISEDbIits. TRISE3 = 0;
LATEDbits.LATEO = 0;
LATEDbits.LATE1 = 0;
LATEDits.LATEZ2 = 0;
LATEDits.LATE3 = 0;

ConfigintTimer1(T1_INT_PRIOR_1 & // Timer1 interrupt priority 1

T1_INT_OFF); {/ Enabie interrupt for

timer1
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WriteTimer1(0); {l Clear count value at TMR1 register
match_value = 7373; // Load value interval 1 ms
OpenTimer1(T1_ON & /I Start timer1

T1_GATE_OFF & /I Disable gate pin for timer1

T1_IDLE_STOP & I/ Stop timer in idle mode

TI_PS_1.1& Il Presceler 1:1

T1_SYNC_EXT_OFF & /1 Disable sync
external source

T1_SOURCE_INT, match_value); /I Wait till the timer

matches with the period value

I Open port PWM /!

while(1) /I Wait for interrupt

timer_value = ReadTimer1(); // Read counter value
if((timer_value >= 0)&&(timer_value <= 2025))

{

LATEDits.LATEO = 1;

LATEDits.LATE1 = 0;

LATEDbits.LATE2 = 0;

}
if((timer_value >=2026 )&&(timer_value <=2048 ))

{

LATEDits.LATEO = O;

LATEDits.LATE1 = 0,
LATEDits.LATE2 = 0;

if((timer_value >= 0 )&&(timer_value <= 205 ))
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{

LATEDits.LATE3 = 1;

}

if((timer_value >= 206 )&&(timer_value <= 411 ))

{

LATEDits.LATE3 = 0;

}

if((timer_value >= 412 )&&({timer_value <= 617 ))

{

LATEDits.LATE3 = 1,

}

if{(timer_value >= 618 )&&(timer_value <= 823 ))

{

LATEDbits.LATE3 = 0;

}

if((timer_value >= 824 )&&(timer_value <= 1029 ))
{

LATEDits.LATE3 = 1,

}

if((timer_value >= 1030 )&&(timer_value <= 1235 ))
{

LATEDbits.LATE3 = 0;

}

if((timer_value >= 1236 )&&(timer_value <= 1441 ))
{

LATEDits.LATE3 = 1;

}

if((timer_value >= 1442 )&&(timer_value <= 1647 ))
{

LATEDits.LATE3 = 0;

}

if((timer_value >= 1648 )&&(timer_value <= 1853 ))
{

LATEDits.LATE3 = 1;
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}

if((timer_value >= 1854 )&&(timer_value <= 2048 ))
{

LATEbits.LATES = 0;

}

if((timer_value >=2049 )&&(timer_value <=4072 ))
t

LATEbits.LATEO = 0;

LATEDbits.LATE1 = 1;

LATEbits.LATE2 = 0;

}

if((timer_value >=4073 )&&(timer_value <=4095 ))
{

LATEDbits.LATEO = 0;

LATEbits.LATE1 = 0;

LATEDbIts.LATE2 = O;

if((timer_value >=4096 )&&(timer_value <=6144))
{

LATEbits.LATEQ = 0;

LATEDbits.LATE1 = 0;

LATEDbits.LATE2 = 1;
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OverrideMCPWM

Description: This function configures the OVDCON register.

Include: pwm.h

Prototype: void OverrideMCPWM(unsigned int config);

Arguments: config This contains the parameters to be configured in the

OVDCON register as defined below:
Output controlled by PWM generator

PWM_GEN_4H
PWM_GEN_3H
PWM_GEN_2H
PWM_GEN_1H
PWM_GEN_4L
PWM_GEN_3L
PWM_GEN_2L
PWM_GEN_1L

Bit defines related to PWM4 is available only for certain

devices and the suitable data sheet should be referred to.

Output controlled by POUT bits
PWM_POUT_4H
PWM_POUT_4L
PWM_POUT_3H
PWM_POUT_3L
PWM_POUT_2H



PWM_POUT_2L
PWM_POUT_1H
PWM_POUT 1L

Bit defines related to PWM4 is available only for certain

devices and the suitable data sheet should be referred to.

Return Value None

Remarks: This functions configures the PWM Output Override and Manual
Control bits of the OVDCON register.

Source File: OverrideMCPWM.c

Code Example:

config = PWM_GEN_1L &
PWM_GEN_1H &
PWM_POUTIL_INACT &
PWM_POUT3L_INACT;
OverrideMCPWM(config);

Example of Use

#define __dsPIC30F6010__

#include <p30Hhoooc.h>

#include<pwm.h>

void __ attribute_ {(__interrupt__)) _ PWMiInterrupt{void)

{
[FS2bits. PWMIF = 0;

}

int main()

{

/* Holds the PWM interrupt configuration value*/
unsigned int config;

/* Holds the value to be loaded into dutycycle register */
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unsigned int period;

/* Holds the value to be loaded into special event compare register */
unsigned int sptime;

I* Holds PWM configuration value */

unsigned int config1;

/* Holds the value be loaded into PWMCON1 register */

unsigned int config2;

/* Holds the value to configure the special event trigger

postscale and dutycycle */

unsigned int config3;

/* The value of ‘dutycyclereg’ determines the duty cycle
register(PDCx) to be written */

unsigned int dutycyclereg;

unsigned int dutycycle;

unsigned char updatedisable;

/* Configure pwm interrupt enable/disable and set interrupt
priorties */

config = (PWM_INT_EN & PWM_FLTA_DIS_INT & PWM_INT_PR1
& PWM_FLTA_INT_PRO

& PWM_FLTB_DIS_INT & PWM_FLTB_INT_PRO);
ConfigintMCPWM( config );

/* Configure PWM to generate square wave of 50% duty cycle */
dutycyclereg = 1;

dutycycle = Ox3FFF;

updatedisable = 0;
SetDCMCPWM(dutycyclereg,dutycycle,updatedisable);

period = Ox71ff;

sptime = 0x0;

config1 = (PWM_EN & PWM_PTSIDL_DIS & PWM_OP_SCALE16
& PWM_IPCLK_SCALE16 &

PWM_MOD_UPDN);

config2 = (PWM_MOD1_COMP & PWM_PDIS4H & PWM_PDIS3H &
PWM_PDIS2H & PWM_PEN1H & PWM_PDIS4L &

PWM_PDIS3L & PWM_PDIS2L & PWM_PEN1L);
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config3 = (PWM_SEVOPS1 & PWM_OSYNC_PWM & PWM_UEN);
OpenMCPWM(period,sptime,config1,config2,config3);

while(

ADC12 FUNCTIONS

This section contains a list of individual functions for the 12 bit ADC and an example of

use of the functions. Functions may be implemented as macros.

ConfigintADC12

Description: This function configures the ADC interrupt.

Include: adc12.h

Prototype: void ConfigintADC12(unsigned int config);

Arguments: config ADC interrupt priority and enable/disable information as
defined below:

ADC Interrupt enable/disable

ADC_INT_ENABLE

ADC_INT_Di{SABLE

ADC Interrupt priority

ADC_INT_PRI 0

ADC_INT_PRI_1

ADC_INT PRI_2

ADC_INT_PRI_3

ADC_INT_PRi_4

ADC_INT_PRi1 5

ADC_INT_PRI_6

ADC_INT_PRI_7

Return Value: None

Remarks: This function clears the Interrupt Flag (ADIF) bit and then sets the
interrupt priority and enables/disables the interrupt.

Source File: ConfigintADC12.¢c



Code Example: ConfigintADC12(ADC_INT_PRI_6 &
ADC_INT_ENABLE);

OpenADC12

Description: This function configures the ADC.
Include: adct2.h

Prototype: void OpenADC12(unsigned int config?,
unsigned int config2,

unsigned int config3,

unsigned int configport,

unsigned int configscan)

Arguments: config? This contains the parameters to be configured in the

ADCON1 register as defined below:

Module On/Off
ADC_MODULE_ON
ADC_MODULE_OFF

Idle mode operation
ADC_IDLE_CONTINUE
ADC_IDLE_STOP

Result output format
ADC_FORMAT_SIGN_FRACT
ADC_FORMAT_FRACT
ADC_FORMAT_SIGN_INT
ADC_FORMAT_INTG
Conversion trigger source
ADC_CLK_AUTO
ADC_CLK_TMR
ADC_CLK_INTO
ADC_CLK_MANUAL

Auto sampling select

ADC_AUTO_SAMPLING_ON
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ADC_AUTO_SAMPLING_OFF
Sample enable

ADC_SAMP_ON

ADC_SAMP_OFF

config2 This contains the parameters to be configured in the
ADCONZ2 register as defined below:
Voltage Reference
ADC_VREF_AVDD AVSS
ADC_VREF_EXT_AVSS
ADC_VREF_AVDD_EXT
ADC_VREF_EXT_EXT

Scan selection

ADC_SCAN_ON

ADC_SCAN_OFF

Number of samples between interrupts
ADC_SAMPLES PER_INT_1
ADC_SAMPLES_PER_INT_2
ADC_SAMPLES_PER_INT_15
ADC_SAMPLES_PER_INT_16
Buffer mode select
ADC_ALT_BUF_ON
ADC_ALT_BUF_OFF

Alternate Input Sample mode select
ADC_ALT_INPUT_ON
ADC_ALT_INPUT_OFF

config3 This contains the parameters to be configured in the
ADCON3 register as defined below:
Auto Sample Time bits
ADC_SAMPLE_TIME_O
ADC_SAMPLE_TIME_1
ADC_SAMPLE_TIME_30
ADC_SAMPLE_TIME_31
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Conversion Clock Source select
ADC_CONV_CLK_INTERNAL_RC
ADC_CONV_CLK_SYSTEM
Conversion clock select
ADC_CONV_CLK_Tcy2
ADC_CONV_CLK_Tcy
ADC_CONV_CLK_3Tcy2
ADC_CONV_CLK_32Tcy
configport This contains the pin select to be configured into the
ADPCFG register as defined below:
ENABLE_ALL_ANA
ENABLE_ALL_DIG
ENABLE_ANO_ANA
ENABLE_AN1_ANA
ENABLE_ANZ_ANA

ENABLE_AN15_ANA

configscan This contains the scan select parameter to be

configured inte the ADCSSL register as defined

below:

SCAN_NONE

SCAN_ALL

SKIP_SCAN_ANO

SKIP_SCAN_AN1

SKIP_SCAN_AN15

Return Value: None

Remarks: This function configures the ADC for the following parameters:
Operating mode, Sleep mode behavior, Data o/p format, Sample Clk
Source, VREF source, Ne of samples/int, Buffer Fill mode, Alternate i/p
sample mod, Auto sample time, Conv clock source, Conv Clock Select
bits, Port Config Control bits.

Source File: OpenADC12.c



Code Example: OpenADC12(ADC_MODULE_OFF &
ADC_IDLE_CONTINUE &
ADC_FORMAT_INTG &
ADC_AUTO_SAMPLING_ON,
ADC_VREF_AVDD_AVSS &
ADC_SCAN_OFF &
ADC_BUF_MODE_OFF &
ADC_ALT_INPUT_ON &
ADC_SAMPLES_PER_INT_15,
ADC_SAMPLE_TIME_4 &
ADC_CONV_CLK_SYSTEM &
ADC_CONV_CLK Tcy,
ENABLE_ANO_ANA,
SKIP_SCAN_AN1 &
SKIP_SCAN_AN2 &
SKIP_SCAN_ANS &
SKIP_SCAN_AN?7);

ReadADC12

Description: This function reads the ADC Buffer register which contains the

conversion value.

Include: adc12.h

Prototype: unsigned int ReadADC12{unsigned char bufindex);

Arguments: bufindex This is the ADC buffer number which is to be read.

Return Value: None

Remarks: This function returns the contents of the ADC Buffer register. User

shouid provide bufindex value between 0 to 15 to ensure correct

read of the ADCBUFQ to ADCBUFF register.
Source File: ReadADC12.c

Code Example: unsigned int result;

result = ReadADC12(5),

Example of Use
#define ___dsPIC30F6010__
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#include <p30fiooac.h>

#include<adc10.h>

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

Adcon1_reg;

int main(void)

{

unsigned int resuttf20], i;
ADCON1bits.ADON = 0; /* turn off ADC */
Channel = ADC_CHO_POS_SAMPLEA_AN4 &
ADC_CHO_NEG_SAMPLEA_NVREF &
ADC_CHO_POS_SAMPLEB_AN2 &
ADC_CHO_NEG_SAMPLEB_AN1;
SetChanADC 1(Channel);
ConfigIintADC10(ADC_INT_DISABLE);
PinConfig = ENABLE_AN4_ANA;
Scanselect = SKIP_SCAN_AN2 & SKIP_SCAN_ANS &
SKIP_SCAN_ANg & SKIP_SCAN_AN10 &
SKIP_SCAN_AN14 & SKIP_SCAN_AN15;
Adcon3_reg = ADC_SAMPLE_TIME_10 &
ADC_CONV_CLK_SYSTEM &
ADC_CONV_CLK_13Tcy;

Adcon2_reg = ADC_VREF_AVDD_AVSS &
ADC_SCAN_OFF &

ADC_ALT_BUF_OFF &
ADC_ALT_INPUT_OFF &
ADC_CONVERT_CHO0123 &
ADC_SAMPLES_PER_INT_16;
Adcon1_reg = ADC_MODULE_ON &
ADC_IDLE_CONTINUE &
ADC_FORMAT_INTG &
ADC_CLK_MANUAL &
ADC_SAMPLE_SIMULTANEOUS &
ADC_AUTO_SAMPLING_OFF:;
OpenADC10(Adcon1_reg, Adcon2_reg,
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Adcon3_reg,PinConfig, Scanselect);
i=0;

while(i <16 )

{

ADCON1bits.SAMP = 1;
while(!ADCON1bits. SAMP),
ConvertADC10();
while(ADCON1bits.SAMP);
while(!BusyADC10());
while(BusyADC10(});

result[i] = ReadADC10(i);

j++;
}

}

Tulsunsa PWM flfamn

#define _dsPIC30F2010_

#include <p30f2010.h>

#include <pwm.h>

int adcO;

I Set

Ill

_FOSC(CSW_FSCM_ON & XT_PLL4);
_FWDT(WDT_OFF);

/ Loop delay Time

void delay(unsigned int ms)

{

unsigned int x,a;

1/ Keep for counter loop
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for(x=0;x<ms;x++)

{

for(a=0;a<1;a++), 1l Loop for delay 1 millisec per unit

/] Open A/D Mode N

void ADC_Init(void)

{
ADCON1 = 0;
ADCON2 = 0;
ADCON3 = 0;
ADPCFG = 0x003C;
ADCHS = 0x0003;
ADCON1bits. ADON = 1;

i Mode A/D /1

int ReadADC(unsigned int channel)
{
int Delay;
if(channel > 0x000F) retum(0);
ADCHS = channel;
ADCON1bits.SAMP = 1;
for(Delay = 0; Delay < 20; Delay++);
IFSObits.ADIF = 0;
ADCON 1bits.SAMP = 0;
while(!IF SObits.ADIF);
return(ADCBUF0);

/! Set PWM Mode /!
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int main(void)

{

unsigned int config; // Holds the PWM interrupt configuration value

config = PWM_GEN_1H &

PWM_GEN_1L &
PWM_GEN_2H &
PWM_GEN_2L &
PWM_GEN_3H &
PWM_GEN 3L &
PWM_POUT1H_ACT &
PWM_POUT1L_ACT &
PWM_POUT2H_ACT &
PWM_POUT2I._ACT &
PWM_POUT3H_ACT &
PWM_POUT3L_ACT;

OverrideMCPWM (config);
ADC_Init();

i Open PWM Mode Override i
while(1)
{

adc0 = ReadADC(0);

PWMCON1 = OxOFFF;

PWMCON2 = 0x0002;

OVDCON = 0x0003;
delay(adcO);
OVDCON = 0x0001;

delay(adc0);



OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);

OVDCON
delay(adc0);
OVDCON
detfay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0),
OVDCON
deiay(adc0);

OVDCON
delay(adc0);
OVDCON

= 0x0003;

= 0x0001;

= 0x0003;

= 0x0001;

= 0x0003;

= 0x0001;

= 0x000C,;

= 0x0004,

= 0x000C;

= 0x0004;

= 0x000C:;

= 0x0004;

= O0x000C;

= 0x0004;

= 0x0030;

= 0x0010;
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delay(adc0);

OVDCON = 0x0030;
delay(adcQ);
OVDCON = 0x0010;
delay{adc0);
OVDCON = 0x0030;
delay(adc0);
OVDCON = 0x0010;
delay(adc0);
OVDCON = 0x0030;
delay(adc0);
OVDCON = 0X0010;
delay(adc0);

[—

QY IMLUY chopping + chopping

#define _dsPIC30F2010_
finclude <p30f2010.h>
#include <pwm.h>

int adcO;

int a;

f

/! Set /I
I/

_FOSC(CSW_FSCM_ON & XT_PLLA4);
_FWDT(WDT_OFF);



/!

Function initial PWM

------ 1
1
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S— 1

void delay(unsigned int ms)

{

unsigned int x,a;
for(x=0;x<ms;x++)

{

for(a=0;a<1;a++);

1

1/ Keep for counter loop

/I Loop for delay 1 millisec per unit

void ADC_Init(void)

{
ADCON1 = 0;
ADCON2 = 0;
ADCON3 = 0;
ADPCFG = 0x003C;
ADCHS = 0x0003;
ADCON 1bits. ADON = 1;

I/

int ReadADC(unsigned int channel)

{
int Delay;

if(channel > 0x000F) return(0);

ADCHS = channe!;
ADCON1bits. SAMP = 1;



for(Delay = 0; Delay < 20; Delay++);
IFSObits. ADIF = 0;
ADCON1bits.SAMP = 0;
while(!IFSObits.ADIF);
return(ADCBUFO);

}
void __attribute__((__interrupt__)) _ PWMinterrupt(void)

{
IFS2bits. PWMIF = 0;
a = ReadADC(3);
if(a > 300)
{ OVDCON = 0X0010;

}
else { OVDCON = 0X0030;

int main(void)

{

unsigned int config; // Holds the PWM interrupt configuration value

config = PWM_GEN_1H &
PWM_GEN_1L &
PWM_GEN_2H &
PWM_GEN_2L &
PWM_GEN_3H &
PWM_GEN_3L &
PWM_POUT1H_ACT &
PWM_POUT1L_ACT &
PWM_POUT2H_ACT &
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PWM_POUT2L_ACT &
PWM_POUT3H_ACT &
PWM_POUT3L_ACT;

OverrideMCPWM (config),
ADC_Init();
while(1)

{

adc0 = ReadADC(0);
PWMCON1 = OxOFFF;
PWMCONZ = 0x0002;

OVDCON = (0x0003;
delay(adc0);
OVDCON = 0x0000;
delay(adc0);
OVDCON = 0x0003;
delay(adcO);
OVDCON = 0x0000;
delay(adcQ);
OVDCON = 0x0003;
delay(adc0);
OVDCON = 0x0000;
delay(adcO0);
OVDCON = 0x0003;
delay(adcO);
OVDCON = 0x0000;
delay(adcO0);
OVDCON = 0x0003;
delay(adc0);
OVDCON = 0x0000;
delay(adc0);
OVDCON = 0x0003;

delay(adc0);
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OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adcO);
OVDCON
delay(adc0Q);
OVDCON
delay(adc0);

OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);

OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON

= 0x0000;

= 0x0003;

= 0x0000;

= 0x0003;

= 0x0000;

= 0x0003;

= 0x0000;

= 0x0003;

= Ox0000;

= 0x0003;

= 0x0000;

= 0x0003;

= x0000;

= 0x000C;

= 0x0000;

= 0x000C;
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delay({adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adcO);
OVDCON
delay(adc0);

OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adcO);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);

OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON

= 0x0000;

= Ox000C;

= 0x0000;

= 0x000C;

= 0x0000;

= 0x000C;

= 0x0000;

= 0x000C;

= 0x0000;

= 0x000C;

= 0x0000;

= 0x000C;

= 0x0000;

= 0x000C;

= 0x0000;

= 0x000C;
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delay(adc0);
OVDCON
delay(adc0),
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adcO);
OVDCON
delay(adc0);

OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
defay{adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);
OVDCON
delay(adc0);

OVDCON
delay(adc0);
OVDCON

= 0x0000;

= 0x000C;

= (Jx0000:

= 0x000C;

= 0x0000;

= 0x0030;

= 0x0000;

= Ox0030;

= 0x0000;

= 0x0030;

= 0x0000;

= 0x0030;

= 0X0000;

= 0x0030;

= 0x0000;
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delay(adc0);

OVDCON = 0x0030;
delay(adcQ);
OVDCON = 0x0000;
delay(adc0);
OVDCON = 0x0030,
delay(adcO);
OVDCON = 0x0000;
delay(adc0);
OVDCON = 0x0030;
delay(adc0);
OVDCON = 0X0000;

delay(adc0);
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Note the following details of the code protection feature on Microchip devices:
«  Microchip products meet the specification contained in their particular Microchip Data Sheet.

*  Microchip believes that its family of preducts is one of the most secure families of its kind on the market today, when used in the
intended manner and under normal conditions.

=  There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

+  Microchip is willing to work with the customer who is concemed about the integrity of their code.

*  Neither Microchip nor any other semiconductor manufacturer ¢can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts o break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
aliow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibifity to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS COND!TION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims ail liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer's risk, and the buyer agrees to defend, indemnify and
hoid harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

—I1S0/TS 16949:2002 —
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MICROCHIP

dsPIC30F2010

28-Pin dsPIC30F2010 Enhanced Flash
16-Bit Digital Signal Controller

Note: This data sheet summarizes features of this group
of dsPIC30F devices and s not intended to be a complete
refarence source. For more Information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the “dsPIC30F Family Reference
Manual” (DS70046). For more information on the device
instruction set and programming, refer to the “dsPIC30F/
J3F Programmer’s Reference Manual” (DS70157).

High-Performance Modified RISC CPU:

+ Modified Harvard architecture
« C compiler optimized instruction set architecture
+ 83 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 nonvolatile data EEPROM
= 16 x 16-bit working register amray
* Up to 30 MIPs operation:
- DC to 40 MHz extemnal clock input
- 4 MHz-10 MHz oscillator input with
PLL active (4x, 8x, 16x)
« 27 interrupt sources
+ Three extemal interrupt socurcas
* 8 user-selectable priority levels for each interrupt
*+ 4 processor exceptions and software traps

DSP Engine Features:

+ Modulo and Bit-Reversed modes

» Two 40-bit wide accumulators with optional

saturation logic

17-bit x 17-bit single-cycie hardware fractional/

integer muitiplier

* Single-cycle Multiply-Accumulate (MAC)
operation

+ 40-stage Barrel Shifter

* Dual data fetch

Peripheral Features:

« High current sink/source I/O 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)

+ I’C™ module supports Muiti-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 (ADC) with:
- 1 Msps (for 10-bit A/D) conversion rate
- Six input channels
- Conversion available during Sleep and idle
+ Programmable Brown-out Reset

@ 2008 Microchip Technology inc.
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dsPIC30F2010

Special Digital Signal Controller * Detects clock failure and switches o on-chip low-
Features: power RC oscillator
* Programmable code protection
* Enhanced Flash program memory: » In-Circuit Serial Programming™ (ICSP™)
- 10,000 erase/write cycle (min.) for programming capability
industrial temperature range, 100K (typical) « Selectable Power Management modes
* Data EEPROM memory: - Sleep, Idie and Alternate Clock modes
- 100,000 erase/write cycle (min.) for
industrial temperature range, 1M (typical) CMOS Technology:
+ Self-reprogrammable under software control
+ 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

dsPIC30F Motor Control and Power Conversion Family*

Device Pins szoB';tn;sl sz EEB:;(:" IL"_;: 'g'a’:‘ Cg;t;:':ttd cl::tt‘:;l A:D,::p':" QE‘:“’: E‘ a E, E
Instructions PWM PWM 2 =

dsPIC30F2010 | 28 | 12KM4K | 512 | 1024 | 3 | 4 2 6ch 6ch |Yes [1]1]1]-
dsPIC30F3010 | 28 | 24k [ 1024 1024 | 5 | & 2 6 ch 6ch [ves |1[1]1]-
dsPIC30F4012 | 28 | 48K/MBK | 2048 | 1024 | 5 | 4 2 6 ch 6ch |Yes [1[1[1]1
dsPIC30F3011 |40/44| 24Kk8K | 1024 | 1024 | 5 | 4 4 6 ch gch |[Yes |2[1]1]-
dsPIC30F4011 {40/44| 48Kk/M6K | 2048 | 1024 | 5 | 4 4 8 ch gch |Yes | 2[1)1]1
dsPIC30F5015 | 64 | 6622k [ 2048 | 1024 | 5 | 4 4 Bch | 16ch |Yes|1[2[1[1
dsPIC30F6010 | 80 | 144Kisk | 8192 | 4006 | 5 | 8 8 Bch | 16ch |Yes[2]2)1]2
dsPIC30F6010A | B0 | 144KM8K | 8192 | 4086 | 5 | 8 8 Bch | 16ch |Yes|2|2]1]2

* This table provides a summary of the dsPIC30F2010 peripheral features. Other available devices in the dsPIC30F
Motor Control and Power Conversion Family are shown for feature comparison.

DS70118G-page 2 © 2006 Microchip Technology Inc.




dsPIC30F2010

Pin Diagrams

28-Pin SDIP and SOIC

EMUDYANO/VREF+/CN2/RBO
EMUC3/AN 1/VREF-/CNI/RB1
AN2/SS1LVDIN/CN4/RB2
ANJINDX/CNS/RB3
AN4/QEANCT/CNE/RB4
ANS/QEBNCB/CNT/RBS

0OSC2/CLKO/RC15
EMUD1/SOSCIT2CKAJATX/CN1/RC13
EMUC1/SOSCO/T1CKAJIARX/CNO/RC14

EMUD2Z/OC/IC2INT2Z/RDA

MCLR

Vss
OSC1/CLKI

VoD

ininaininininininininininl
ToRnlaveNo kN

010Z40£21d%P

2800 Avop

2717 Avss

261 PWM1LURED
25[] PWM1H/RE!
2411 PWMZL/RE2
23 PWM2ZH/RE3
22 PWMaLRE4
21[] PWM3H/RES
200 Voo

197 Vss

18] PGCEMUC/UTRX/SDI1/SDARF2
170 PGD/EMUD/UITX/SDO1/SCLRF3
16{0 FLTAJINTO/SCK1/OCFA/RES
157 EMUC2/OCA/IC1/INT1/RDO

28-Pin QFN

ANZ/SST/LVDIN/CN4/RB2
ANJ/INDX/CNS RB3
ANS/QEA/ICTICNG/RB4
ANS/QEB/ICS/CNT/RBS
Vss

OSC1/CLK!
OSC2/CLKO/RC15

281 EMUC3/AN1/VREF- /CNV/RB1
27 EMUD3/ANO/NVREF+/CN2/RBD

26§ MCLR

251 Avobp

24] Avss

23] PWM1ALRED
22| PWM1H/RE1

dsPIC30F2010

~ND b WN -

10
11
12
14

21
20
19
18

PWM2L/RE2
PWM2H/RE3
PWMB3L/RE4
PWM3H/RES

17] Voo

16
15

Voo

EMUDZ/QC2ICZ/INTZ/RDA
EMUC2/QCHICHINT1/RDO

FLTA/INTO/SCK1/OCFA/RES |13

EMUD1/SOSCUT2CK/U1ATX/CN1/RC13 ) 8
EMUCH/SOSCO/TICK/UtARXICNQ/RC14 | g
PGD/EMUD/UtTX/SDO1/SCURF3

Vss
PGC/EMUC/U1RX/SDI1/SDA/RF2

© 2008 Microchip Technology Inc.
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Product Identification System

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our pubiications to better suit your needs. Qur publications will be refined and
enhanced as new volumes and updates are introduced.

if you have any questions or comments regarding this publication, please contact the Marketing Commuanications Department via
E-mail at docervrors@microchip.com or fax the Reader Response Form in the back of this data sheet to {(480) 792-4150. We
welcome your feedback.

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
hitp:/Awww.microchip.com

You can detormine the version of a data sheet by examining its [iterature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An erfrata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine If an errata sheet exists for a particular device, please check with one of the foliowing:

* Microchip's Worldwide Web site; hitp//www.microchip.com

* Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet {inciude literature number) you are
using.

Customer Notification System
Register on our web site at www.microchlp.com 1o recaive the most current information on all of our products.

DS570118G-page 4 © 2006 Microchip Technology Inc.




dsPIC30F2010

1.0 DEVICE OVERVIEW

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a compiete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functicnality, refer to the “dsPIC30F Family Reference
Manual” (DS70046). For more information on the device
instruction set and programming, refer to the “dsPIC30F/
33F Programmer’s Reference Manual” (0S70157).

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

© 2006 Microchip Technology Inc.
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—————————— —d
FIGURE 1-1: dsPIC30F2010 BLOCK DIAGRAM
¥ Data Bus
X Data Bus
6
@ \II/ . fie @ }bs e
Interrupt Data Latch| [Data Latch
Cantrofler Foy & Table YDaz | [ XDaw
RAM RAM
4] Control Block 8
(256 bytes) (256 bytes
Address Address
4 Latch Latch
16 4F 16 }; 16
134 yacul[ XRAGU
PCU]| PCH | PCL X WAGU EMUD3/ANONREF +/CN2/RBO
Program CoLl;r:er { EMUC3/AN1/VREF-/CN3/RB1
Address Latch Stack p ANZSSTLVDINICNA/RBZ
v Control | Gonurot ) ANY/INDX/CNS/RB3
(12 Kiytes) ANA/QEAICT/CNG/RB4
ANS/QEB/IC8/CNT/RBS
Data EEPROM
{1 Koyle) Effective Address PORTB
Data Latch 16
L " ROM Lach 16
24
R |« =‘
y | ] oo [SEMUD/SOSCUT2CKA1ATXICNRC 3
16 ] if 8 7= ~SemuciisoscomickuiarcnoRe 14
6% 76 0SC2/CLKO/RC15
Decode [~ W Reg Armay PORTC
I[r)l:tmdio; @6@6
N —
Convgl
Control Signals‘ * ‘ ‘ ‘ DSP Divide
to Various Blocks Power-up Engine Unit
o Timer
Timing Oscillator EMUC2/0C1/C1/INTA/RDO
OSCHCLKI| e Startup Timer D:D EMUD2/0C2/IC2/INT2RD1
x POR/BOR ALU<16> PORTD
E Reset
[Ty Watchdog 6 e
Timer
e
o
input Output )
10-bit ADC Capture Com, 1C™
Moduis Module. PWMIL/RED
PWM1H/REA
it it it i . PWMZLRE?
— PWMZH/RE3
{} I {} {& PWM3L/RE4
PWM3H/RES
SPI1 Timers QEl Motor Control UART1 FLTA/INTO/SCK1/OCFA/RES
FWM PORTE
L, PGC/EMUC/U1RX/SDI1/SDA/RF2
PGD/EMUD/UTTX/SDO1/SCURF3
PORTF
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dsPIC30F2010

28-Lead Skinny Plastic Dual in-line (SP) — 300 mil Body (PDIP)
Note:  For the most current package drawings, please see the Microchip Packaging Specification located at

http:/fmw.microchip.com/packaging
t— E1—
g 0
{ H
4 E
4l K
4 [}
i H
i K b
g H
{ H
] E
4 E
g H
g O}z
n & 1 ur\
ft— £ —] * '—AZ
“LIHHDHDDDDDHDDH
| [a-— C J L | L
T - B iy JL
eB B P

Units INCHES* MILLIMETERS
Dimension Limits MN | Nom | max MN | NoMm | max

Number of Pins n 2 28
Pitch p .100 2.54
Top to Seating Plana A .140 .150 160 3.56 3.81 4.06
Moaided Package Thickness A2 125 .130 135 3.18 3.30 343
Base to Sealing Plane Al .015 0.38
Shoulder to Shoulder Width £ 300 310 325 7.62 7.87 8.26
Moided Package Width E1 275 285 295 6.99 7.24 7.49
Overall Length D 1.345 1.365 1.385 34.18 34.67 3518
Tip to Seating Plane L 125 130 135 318 3.30 3.43
Lead Thickness c .008 012 015 0.20 0.20 038
Upper Lead Width e 040 .053 .085 1.02 1.33 1.65
Lower Lead Width B8 016 019 022 0.41 0.48 0.56
Overall Row Specing § | oB 320 350 430 8.13 8.89 10.92
Mold Draft Angle Top o 5 10 15 5 10 15
Moid Draft Angle Bottom g 5 10 15 5 10 15
* Controlling Paramater
§ Significant Characteristic
Notes:

Dimenslon D and £1 do not include moid flash or protrusions. Mold flash or protrusions shall not exceed .010° {0.254mm) per side.
JEDEC Equivalart: MO-095
Drawing No. C04-070

© 2008 Microchip Tachnology Inc. DS70118G-page 187
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International
IGR Rectifier IRFP460PbF

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

® Repetitive Avalanche Rated

® |solated Central Mounting Hole
® Fast Switching

® Ease of Paralleling a
® Simple Drive Requirements
® | ead-Free s Ip =20A

VDSS = 500V

Description

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

The TO-247 package is preferred for commercial-Hndustrial applications
where higher power levels preciude the use of TO-220 devices. The TQO-247
is simiiar but superor to the earlier TO-218 package because of fts isolated
mounting hole. it also provides greater craepage distance between pins to
meet the requiremants of most safety specifications.

TO-247AC
Absolute Maximum Ratings
[ Parameter Max. Units_
ip@ Tc=25°C__ | Continuous Drain Current, Vos @ 10 V 20
ilp@ Tc = 100°C | Continuous Drain Current, Vos @ 10V 13 A
llow | Pulsed Drain Cument © 80 N
Po @ Tc=25C |Power Dissipation o 280 _w_
' Linear Derating Factor i 2.2 WrC |
Ves Gate-to-Source Voltage 120 v
|Eas _ _ . |Single Pulse Avalanche Energy @ 960 mJ
lar AvalancheCument ©® - A
| Exs Repetitive Avalanche Energy ¢ | 28— T mi
Irdvfdl Peak Diode Recovery dv/dt G . _ a5 vins
T Operaling Junction and -55 10 +150
‘Tswa Storage Temperature Range | =
i . _| Sokdering Temperature, tor 10 seconds 300 (1.8mm from case)
! Mounting Torque, 6-32 or M3 screw 10 tbhin (1.1 Nemn) o
Thermal Resistance
N T Parameter | Min_ Typ. Max. | Units
Reic | Junction-to-Casa - - — 045
! Recs | Case-to-Sink, Flat, Greased Surface | — 1 opa | — “CW
Raa _ _ |Junctonto-Ambent | — = w0 | __]
www.irf.com ’ 1
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IRFP460PbF

International

TOR Rectifier

Electrical Characteristica @ Ty = 25°C (unless otherwise specified)

Parametsr Min. | Typ. | Max. | Units Test Conditions
Visross Drain-to-Bourca Breakdown Voltage $00 | — —_ V | Vas=0V, lo= 250pA

Mssm'h Breakdown Voltage Temp. Coefficient — | 0.63 | — | V2C | Referance 10 25°C, Ip= 1mA

Rosion) Static Drain-to-Source On-Resistance ~ | — (027 ] Q |Vgs=10V,lp=12A @
Vasw) Gate Threshold Voltage 20 | — | 40 | V |Vps=Vags, lo~ 250uA
Ota Forward Transconductance 13 — — S | Vos=b0V, b=12A @
toss Drain-to-Source Leakage Cument — — ::0 KA xﬁg& :ﬁx, TioesC
lass Gale-to-Source Forward Leakage — — | 100 nA Vas=20V

Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Qq Total Gate Charge — — {210 lo=20A
Qgs Gate-to-Source Charge —  — | 29 | "C |Vps=d0QV
Qga Gate-to-Drain {("Mitler”) Charge — — | 110 Vgs=10V See Fig,. 6 and 13 @
tacon) Tum-On Delay Time — 18 — Von=250V
i Rise Time —~ 59 — ns Ip=20A
Tiom Tum-Off Delay Time — | 110 | — Re=4.3Q
1t Fall Time — 58 —_ Rp=13{) See Figure 10 &
Lo {intemal Drain Inductance ~ | 50 | — E?,,“:’,,‘?c',‘ 2'%?: )

nH | from package o
Ls Interna! Source Inductance - 13 - and center o
die contact .

- Cias Input Capacitance - 4200] — Vag=0V ;
Cous QOutput Capacitance — 870 | — pF | Vps= 25V i
Cras Reverse Transfer Capacitance —  3B/0 | — f=1.0MHz See Figure 5 I

Source-Drain Ratings and Characteristics

Paramester Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current _ _ 20 MOSFET symbol ;2
{Bady Diode) A showing the ‘ gh
lsm Pulsed Source Current _ _ 80 integral reverse “@
(Body Diodé) @ ‘ p-n junction diode. 1s
Vsp Diocde Forward Voltage — — 1.8 V ' TE=25°C, lg=20A, Vgs=CV @
ty Reverse Recovery Time — | 570 | 880 | ns T,=25°C, I-=20A
Q- Raverse Recovery Charge — | 57 | 86 | uC . di/dt=100A/us @
lon Forward Tum-On Tine Intrinsic turn-on ime is neglegible (tum-on is dominated by Lg+Lp)
Notes:

{0 Raopetitive rating; pulse width limited by

max. junction ternperature (See Figure 11)

@ Vpo=50V, starting T =25°C, L=4.3mH

Ra=250Q), 1a3=20A (See Figure 12)

Tu<150°C

@ Isp<20A, divdi<180A/us, VoDSV(BR)DSS.

@ Pulse width < 300 us: duty cycle s2%.

www.irf.com



International IRFP460PDbF

TGR Rectifier

Tom 253 - i 1 - bd ?E., iﬁ
i —
— Iaal LR . — | L /
; ¢
g / £ o - —— T e
5 10! o
5 ——— 5
O &
£ £
g / 4.5Y g 17
5 ; = ,/
~0us PULSE WIDTH C ] 20ns PU SF WINTH
Te - 5% " ] Te 1609C
wﬁo" 10! ! 109 109
Vps, Drain-to-Scurce Voltage (volts} Vps, Drain-to-Source Voltage (volis)
Fig 1. Typlcal Qutput Characteristics, Fig 2. Typical Output Charagcteristics,
Te=25°C Tc=150°C
} 33 In = 204
: y 8 :
—— i S a0
]
é - 150%C / o 2.5 g
< 7 S~ 4
t 8% .o -
ot g £ 7
5 11 (3 E s 7
£ L,Vlasoc ] 238 4
o B £ ’
o @ 1o Z
s 5 .
: 3 0.8
0 VDS = 5Cv g
* 20us PULSE WIDTH & bo VES = 10V
¢ 8 q 10 .60 -40 <20 0 20 40 60 B0 100 120 {40 160
Vgs, Gate-to-Source Voltage (volts) T,, Junction Temperature (°C)
Fig 3. Typica! Transfer Characteristics Fig 4. Normalized On-Resistance

Vs. Temperature

www.irf.com 3



IRFP460PbF

Isp,» Reverse Drain Cumrent (Amps)
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International

TOR Reclifier
20 T
Ip # 204 Vas = 00y
Voo & 250V N
. Vo - 100V I
/7
12
v
/
[
A /
FoR TEST CTICOT
SEE_FIGHE 13
% 20 30 R 700

Qg, Total Gate Charge (nC)

Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage

] T
= ~ozza-iou 1n wi$ £aft _twiors ——]
Y 30220 i
——— e v ——————
l = "
Pl i
F
—— ittt -
# I /I i
; - { =S
3 N Y c.a"]
. N N
t—t A’A‘- i‘ Y \\
r t ! \g ~ 1ena
i —— - :
a1 L Y
FE I El ——
B ra T 1901 | ~. A
! i v A
] T =255¢ | [ T S
T 500 — <
SING.E BULSE ! Bald
EEE * o 7 R 5o

Vps, Drain-to-Source Voltage {volts)

Fig 8. Maximum Safe Operating Area

www.irf.com



International
ISR Rectifier
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IRFP460PbF
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1. DUTY FACTOR, D-ci/t2

2. PEAK Ty wPoy x Zenge * Te
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ty, Rectanguiar Pulse Duration (seconds)

www.irf.com

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case



IRFP460PbF
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Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Intemational
Rectifier
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International
IGR Rectifier

TO-247AC Package Outline

Dimensions are shown in millimeters (inches)

3.85(.143)

IRFP460PbF

15.90 (.626) & 3.55 (.140) igg (fg
'5‘:&(‘3 ) Wﬂvo.zs(mmglole [l iy os(§)
LA-1 § =1 = 150(058)
b é—l =iy s
g ]
— .
20.30 (.800)
19.70 {.775) o o 5.50 (217} ! NOTES:
4.50 (177) 1 DMENSIONNG & TOLERANCING
PER ANS| Y14.6M, 1882,
1.2 2 L} 2 CONTROLLING DIMENSION - INCH_
1 i ; 3 CONFORMS TO JEDEG QUTLINE
14.80 (.583) TO-247-AC.
14.20 (565) pgod :m} )
LEAD ASSIGNMENTS
Haxiat 1GBT
240(084) 1.40 (056) o 080(031) 1-Gate 1-Gate
200079 1.00 (036) 3 040(016) 2-Drain  2- Collector
(54215} {3-16.:25 (670) @ [C[AD] _ 2.80(102) 3-Source 3 - Emitter
3.40 (.133) = 2.20(.087) 4- Drain 4 - Collector
ax 3.00(118)
TO-247AC Part Marking Information
EXAVPLE: THIS IS AN IRFPEJ0
WITH ASSEMBLY O PART NUMBER
LOY CODE 5667 INTERNATIONAL
ASSEMBLED ON WW 36, 2000 REQFER | g0
IN THE ASSEMBLY LINE H* Las0 "'f- bk h
Now: P~ in aswerrbly line 4 DATE OODE
pomtion indlontan . and-F ree” ASSEMBLY YEARQ= 2000
LY OoDE WEEK 35
LNEH

Data and specifications subject to change without notice.

International
TR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., Ei Segundo, California 90245, USA Tel: (310) 252-7105

TAC Fax: (310) 252-7903

Visit us at www.irf.com for sales contact information.12/03

www.irf.com
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MUR1510, MUR1515,
MUR1520, MUR1540,
MUR1560
SWITCHMODE™
Power Rectifiers

. . . designed for use in switching power supplies, inverters and as
free wheeling diodes, these state—of-the-art devices have the
following features:
® Ultrafast 35 and 60 Nanosecond Recovery Time
& 175°C QOperating Junction Temperature
® Popular TO-220 Package
® Righ Voltage Capability to 600 Volts
¢ [ow Forward Drop
o [ow Leakage Specified @ 150°C Case Temperature
e Current Derating Specified @ Both Case and Ambient Temperatures

Mechanical Characteristics:

@ (Case: Epoxy, Molded

& Weight: 1.9 grams (approximately)

& Finish: All Extemnal Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

® ] ead Temperature for Soidering Purposes: 260°C Max. for
10 Seconds

® Shipped 50 units per piastic tube

® Marking: U1510, U1515, U1520, U1540, U1560

MAXIMUM RATINGS
| Piease See the Table on the Following Page B

© Semiconductor Components Indusiries, LLC, 2000 1
October, 2000 - Rev. 2

ON Semiconductor™
http://onsemi.com

ULTRAFAST

RECTIFIERS

15 AMPERES
100-600 VOLTS

MARKING DIAGRAM

U15xx

N

U15xx = Davice Code

TO-220AC
CASE 221B XX =10, 15, 20,
PLASTIC 40 or 60
ORDERING INFORMATION
Device Package Shipping

MUR1510 TO-220 50 Units/Rail
MUR1515 TO-220 50 Units/Rail
MUR1520 TO-220 50 Units/Rail
MUR1540 TO-220 50 Units/Rail
MUR 1560 TO-220 50 Units/Rail

Preferred devices are mcommanded choices for future use
and best overall vaiue,

Publication Order Number:
MUR1520/D




MUR1510, MUR1515, MUR1520, MUR1540, MUR1560

MAXIMUM RATINGS
MUR
Rating Symbol | 1510 1515 1520 1540 1560 Unit
Peak Repelitive Reverse Voltage VRAM 100 150 200 400 600 Volts
Working Peak Reverse Voltage Vrwm
DC Blocking Voltage VR
Average Rectified Forward Current Ir(av 15 15 Amps
(Rated VR} @ Tc=150°C @ Tc=145°C
Peak Rectified Forward Current IFRM 30 30 Amps
{(Rated VR, Square Wave, 20 kHz) @ Tc =150°C @ Tc = 145°C
Nonrepetitive Peak Surge Current (Surge applied at lrsm 200 150 Amps
rated load conditions halfwave, single phase, 60 Hz)
Operating Junction Temperature and T Tog ~65to +175 °C
Storage Temperature Range
THERMAL CHARACTERISTICS
LMaximum Thermal Resistance, Junction to Case | Rasc I 15 *C/IW J
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (Note 1.} VE Volts
(ir = 15 Amps, T¢ = 150°C) 0.85 1.12 1.20
(ir = 15 Amps, T¢ = 25°C) 1.056 1.25 1.50
Maximum Instantaneous Reverse Current {Note 1.} [ pA
(Rated dc Voltage, T¢ = 150°C) 500 500 1000
(Rated dc¢ Voltage, T = 25°C) 10 10 10
Maximum Reverse Recovery Time tr 35 60 ns
{l¢ = 1.0 Amp, di/dt = 50 Amps/us)

1. Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.

http://onsemi.com
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iF, INSTANTANECUS FORWARD CURRENT (AMPS)

IF(Av). AVERAGE FORWARD GURRENT (AMPS)

MUR1510, MUR1515, MUR1520, MUR1540, MUR1560

MUR1510, MUR1515, MUR1520
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Irav), AVERAGE FORWARD CURRENT (AMPS)
Figure 5. Power Dissipation



iF, INSTANTANEOUS FORWARD CURRENT (AMPS)

IF{Av), AVERAGE FORWARD CURRENT (AMPS)
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MUR1510, MUR1515, MUR1520, MUR1540, MUR1560

MUR1540
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i, INSTANTANEOUS FORWARD CURRENT (AMPS)

IF(Av). AVERAGE FORWARD CURRENT (AMPS)

MUR1510, MUR1515, MUR1520, MUR1540, MUR1560

MUR1560
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IFav), AVERAGE FORWARD CURRENT (AMPS)
Figure 15. Power Dissipation



MUR1510, MUR1515, MUR1520, MUR1540, MUR1560
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MUR1510, MUR1515, MUR1520, MUR1540, MUR1560

PACKAGE DIMENSIONS
TO-220 TWO-LEAD
CASE 2218-04
ISSUE D
NOTES:
c 1. DIMENSIONING AND TOLERANCING PER ANS!
Y450, Y982
T F s 2. CONTROLLNG DIMENSION: INGH.
NCHES | MWLLMETERS

>

ideadiidtd bt =dwd -a ]
|§.

http:/ilonsemi.com
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MUR1510, MUR1515, MUR1520, MUR1540, MUR1560

SWITCHMODE is a trademark of Semiconductor Components Industries, LLC.

ON Semiconductor and \..J are trademarics of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes
without further notice to any products herein. SCILLC makes no warranty, reprasentation or guarantee regarding the suitability of its products for any particular
purpose, nor doas SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and ail kability,
including without limitation special, consaquential or incidental damages. “Typical® parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in diflerent applications and actual performance may vary over time. All operating parameters, including “Typicals™ must be
validated for each customer appiication by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intanded, or authorized for use as components in systerms intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other applicaticn in which the failure of the SCILLC product could create a situation where personal injury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold
SCILLC and its officers, employees, subsidlaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable
attomey fees arising out of, directly or indirectty, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

NORTH AMERICA Literature Fulfiliment
Literature Distribution Canter for ON Semiconductor
P.O. Box 5163, Denver, Colorado 80217 USA
Phone: 303-675-2175 or 800-344-3360 Toll Free USA/Canada
Fax; 303-675-2176 or 800-344-3867 Toll Free USA/Canada
Email: ONIit@hibbertco.com
Fax Response Line: 303-675-2167 or 800-344-3810 Toll Fres USA/Canada

N. Amarican Technical Support B00-282-9855 Toll Free USA/Canada
EUROPE: LDC for ON Semiconductor — European Support

CENTRAL/SOUTH AMERICA:
Spanish Phone: 303-308-7143 (Mon—Fri 8:00am to 5:00pm MST)
Emall: ONiit—spanish@hibbertco.com
Toll-Free from Mexico: Dial 01-800-286-2872 for Access —
then Dial 866-297-9322

ASIA/PACIFIC: LDC for ON Semicenductor - Asia Support
Phone: 303-675-2121 {Tue—Fn 9:00am to 1:00pm, Hong Kong Time)
Toll Fres from Hong Kong & Singapore:
001-800—4422-3781
Email: ONlit-asia@hibberico.com

German Phone: (+1) 303-308-7 140 (Mon—Fri 2:30pm to 7:00pm CET)
Emall: ONlit—-german@hibberico.com

French Phone: (+1) 303-308-7141 (Mon—Fri 2:00pm to 7:00pm CET)
Emait: ONii-french@hibbertco.com

English Phone: (+1) 303-308-7142 (Mon—Fri 12:00pm to 5:00pm GMT)
Emall: ONlit@hibbertco.com

EUROPEAN TOLL-FREE ACCESS": 00—800-4422-3781
*Available from Germany, Franca, italy, UK, lreland

JAPAN: ON Semiconductor, Japan Customer Focus Caenter
4-32-1 Nishi-Gotanda, Shinagawa—ku, Tokyo, Japan 1410031
Phons: 81-3-5740-2700
Emall: r14525@onsemi.com

ON Semiconductor Website: http://onsemi.com

For additional information, please contect your local
Sales Represantative.

MUR1520/D



TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1883 — REVISED MAY 2002

® Complete PWM Power-Control Circultry D, DB, N, NS, OR PW PACKAGE
® Uncommitted Outputs for 200-mA Sink or (TOP VIEW)
Source Current 1ine ] 1 o ] 2N+
® OQutput Control Selects Single-Ended or 1IN-[] 2 15]] 2IN-
Push-Pull Operation FEEDBACK[|3  14[JREF
® Internal Circuitry Prohibits Double Puise at DTC[] 4 13]] OUTPUT CTRL
Elther Output cTf]s 12fl Ve
® Variable Dead Time Provides Control Over RT}s 1]jc2
Total Range GND{]7  10fJE2
8

C1 of] E1

@ Internal Regulator Provides a Stable 5-V
Reference Supply With 5% Tolerance

@ Circuit Architecture Allows Easy
Synchronization

description

The TL494 incorporates all the functions required in the construction of a pulse-width-modulation (PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply control circuitry tc a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control (DTC)
comparator, a pulse-steering control flip-flop, a 5-V, 5%-precision regulator, and output-control circuits.

The error amplifiers exhibit a common-mode voltage range from —0.3 V to V¢ — 2 V. The dead-time control
comparator has a fixed offset that provides approximately 5% dead time. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous muitiple-rail power supplies.

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL484 provides for push-pull or single-ended output operation, which can be selected through the
output-control function. The architecture of this device prohibits the possibility of either output being pulsed twice
during push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494| is characterized for operation from

-40°C to 85°C.
AVAILABLE OPTIONS
PACKAGED DEVICES
SMALL PLASTIC SMALL SHRINK | THIN SHRINK
Ta SMALL SMALL
OUTLINE DiP OUTLINE
(D) ™) (NS) OUTLINE OUTLINE
(DB) {PW)
0°C to 70°C TL494CD TL484CN TL4G4CNS TL494CDB TL494CPW
—40°C to 85°C TL494ID TL494IN - -— —_

The D, DB, NS, and PW packages are available taped and reeled. Add the suffix R to device type (e.g.,
TL494CDR).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

004ttt —
Copyright ® 2002, Texas Instruments incorporated
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TLA4%4

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D - JANUARY 1983 — REVISED MAY 2002

FUNCTION TABLE
INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
V)= GND Single-ended or parallef output
V| = Vpof Nommal push-pull operation
functional block diagram
OUTPUT CTRL
{see Function Table)
RT
cr.5 Osclllator o1 N
1D c1
Dead-Time Control 1»—DT_D)—G
=01V Comparator E1
pre 4 Ve ) > >
PWM Q2 4
Error Amplifier 1 Comparator ,_—_D—:DO_‘C c2
1 [D—4
1IN+ 3 ! 0,
1IN- 2 - q Pul“smdﬂg
Flip-Flop
Error Amplifier 2 12
Vee
2N+ 18 > ¢
15 ¢
2IN- - Reference 1 cer
Regulator
7
—D GND
3
FEEDBACK 0.7mA
A
‘b TEXAS
INSTRUMENTS
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D - JANUARY 1883 — REVISED MAY 2002

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

Supply voltage, Vo (seeNote 1) ... ..o i e 41V
Amplifierinput voltage, V| . ... e e e Ve t03V
Collector output voltage, VO .. ..o i i et e 41V
Collectoroutput cumrent, lo .. ..o i e e 250 mA
Package thermal impedance, 0 (see Note 2and 3): Dpackage ..............ccoviiveninnnn. 73°C/W
DBpackage ..............ocoiiiiinna.n. 82°C/w
Npackage ............ccocviiinnnceenn, 67°C/W
NSpackage .........ccociiiiiiianaannn, 64°C/W
PWpackage .........ccvvivieeviirinan 108°C/wW
Lead temperature 1,6 mm (1/16 inch) from casefor f0seconds .................ccioieeeinnn, 260°C
Storage temperature range, Tgpg .....ovoiiaiiin i —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings™ may cause permanent damage to the device. These are stress ratings only, and
functionat operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure 10 absolute-maximum-rated conditions for extended periods may affect device reliabliity.

NOTES: 1. All voltage values are with respect to the network ground terminai.

2. Maximum power dissipation is a function of T j(max), 8)A, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T (max) -~ TA¥8a. Operating at the absolute maximum T of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions
MIN MAX | UNIT
vee Supply voltage 7 40 v
N Amplifier input voltage -03 Vec—2 v
Vo Collector output voltage 40 v
Collector output current (each transistor) 200 mA
Current into feedback terminal 0.3 mA
fosc Oscillator frequency 1 300 | kHz
Ccr Timing capacitor 0.47 10000 nF
Rt Timing resistor 18 500{ ko
TLA94C o 70
TA Operating free-air temperature °C
TL494| —40 85
L _ L _

‘b TEXAS
INSTRUMENTS
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TL49%4
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D - JANUARY 1983 — REVISED MAY 2002

electrical characteristics over recommended operating free-air temperature range, Vocc = 15 V,
f = 10 kHz (unless otherwise noted)

reference section

TLA94C, TL494
PARAMETER TEST CONDITIONST MIN_ TYPE MAX UNIT
Output voitage (REF) Io=1mA 475 5 525 v
Input regulation Veg=7ViodlVv 2 251 mv
Output regulation lp=1mAto 10 mA 1 15 mv
Quiput voltage change with temperature ATA = MIN to MAX 2 10 ] mviv
Sheort-circult output current§ REF =0V 25 mA

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
$ All typical values, except for parameter changes with temperature, are at Tp, = 25°C.
§ Duration of the short clrcuit should not exceed one second.

oscillator section, Ct = 0.01 pF, Rt = 12 kQ (see Figure 1)

PARAMETER TEST CONDITIONST Al UNIT
MIN TYPE MAX
Frequency 10 kHz
Standard deviation of frequencyl All values of Vi, CT, RT, and Tp, constant 100 Hz/kHz
Frequency change with voltage Vec=7Viod0v, Ta = 25°C 1 Hz/kHz
Frequency change with temperature# ATa = MIN to MAX 10 | Hz/kHz
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fan typical values, except for parameter changes with temperature, are at Tp, = 25°C.
1 Standard deviation Is a measure of the statistical distribution about the mean as derived from the formula:
g =
# Temperature coefficient of timing capacitor and timing resistor are not taken into account.
error-amplifier section (see Figure 2)
TLAG4, TLASH
PARAMETER T CONDITION UN
TESTCO s MIN TYPt MAX m
Input offset voltage Vo (FEEDBACK) =25V 2 10 mv
Input offset current Vo (FEEDBACK) =25V 25 250 nA
Input bias cumrent Vo (FEEDBACK} =25V 02 1 WA
. _ =D.3to
Common-mode input voltage range  |Voc =7 V1040V Veo—2 v
Open-ioop voltage amplification AVQ =3V, RL=2kQ Vo=05Vtod5V 70 95 dB8
Unity-gain bandwidth Vo=05Vto 35V, R =2k 800 kHz
Common-mode rejection ratic AV =40V, Ta =25°C 65 80 daB
Output sink current (FEEDBACK) Vip=-15mVto-5V, V (FEEDBACK)=0.7 V 0.3 07 mA
Qutput source current (FEEDBACK) |VIp=15mVto5V, V (FEEDBACK) = 3.5V -2 mA
1 All typical values, except for parameter changes with temperature, are at T, = 25°C.
P _ i
‘V TEXAS
INSTRUMENTS
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TLA94

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1583 - REVISED MAY 2002

electrical characteristics over recommended operating free-air temperature range, Ve =15V,
f = 10 kHz (unless otherwise noted)

output section
PARAMETER TEST CONDITIONS MIN TYPT MAX] UNT
Collector off-state current Vce =40V, Voo =40V 2 100] pA
Emitier off-state current Vee=Ve =40V, VE=0 -100] pA
Collector-emitter saturation voltage Common emitter | VE =0, Ic =200 mA 1.1 13 y
Emittor followsr | Vo(c1 orc2y=15V,  Ig=-200mA 1.5 25
Output control input current V) = Vief 35] mA
1 All typical values except for temperature coefficient are at Ta = 25°C.
dead-time control section (see Figure 1)
PARAMETER TEST CONDITIONS MIN Typt MAX]| UNIT
Input bias curent (DEAD-TIME CTRL) V|=0t0525V -2 10| pa
Maximum duty cycle, each output V} (DEAD-TIME CTRL) = 0, CT = 0.01 uF, RT = 12 k2 45%
Zaro duty cycle a 33
Input threshold vottage (DEAD-TIME CTRL) TTE———— = v
T AN typical values except for temperature coefficient are at Ta = 25°C.
PWM comparator section (see Figure 1)
PARAMETER TEST CONDITIONS MIN TYPt UNIT
Input threshold voltage (FEEDBACK) Zero duty cycle 4 45 Vv
Input sink current (FEEDBACK) V (FEEDBACK) = 0.7 V 03 07 mA
T All typicat values except for temperature coefficient are at Tp, = 25°C.
total device
PARAMETER TEST CONDITIONS MIN TYrt MAX| UNIT
Veg=15V 6 10
Standby supply current RT = Vyat, Al other inputs and outputs open mA
Ve =40V 9 15
Average supply current V) (DEAD-TIME CTRL) = 2 V, See Figure 1 75 mA
1 Al typical values except for temperature coefficient are at Ta, = 25°C.
switching characteristics, Tp = 25°C
PARAMETER TEST CONDITIONS MIN TypT MAax| unm
Rse fime Common-emitter configuration, See Figure 3 100 200 =
Fall ime 25 100 ns
Rise time Emitter-foliower configuration, See Figure 4 100 200 =
Fall time 40 100 ns
1 All typical values except for temperature coefficient are at Tp = 25°C.
___]
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TLA4%4
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1983 ~ REVISED MAY 2002

PARAMETER MEASUREMENT INFORMATION

Veee15Y
12 % 100 < 1500
2w
. Veo . 2w
Test | — ] orC c1 Output 1
puts 1 3] reensack 3] L —
126 .“ =
RT c2l—e— Output2
5] er g2 10
L oo1pF 17
; 1IN+
N~ | gmror
I 1%} e [ Ampitfers
L ¢ Bl
13} ouTPUT ReF |14
CTRL
oko § GND
17
TEST CIRCUIT

s U UUuUr .
LU U -
s AN A

Threshoid Voltage — —
DTC [
I
ov I |
I
I : Threshold Voltage — — — —
FEEDBACK ; I I
0.7V " E |
Duty Cycle 0% MAX — 0% —p

VOLTAGE WAVEFORMS
Figure 1. Operational Test Circult and Waveforms

{'f TeExAas
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1983 — REVISED MAY 2002

PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test

FEEDBACK

Other Ampiifier

Figure 2. Amplifier Characteristics

15v

p——————— 68 0
| Each Output
} Circuit Output
| ——— CL=15pF
{ (See Note A)
SO 4 =L
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NOTE A: C| includes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

15v

r .
| Each Qutput [
| Circuit

Qutput
utp 90%

| 10%
[
L —— o — 1

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NOTE A: Cy includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration

*’f TEXAS
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D - JANUARY 1983 — REVISED MAY 2002

TYPICAL CHARACTERISTICS
OSCILLATOR FREQUENCY AND
FREQUENCY VARIATION?
vs

~ TIMING RESISTANCE
T 100k e SRS
4 ' Vec=15V
2 40k - z Ta=25C 1}
s — TN R
s 2% VTN AT 0.001 yF
E. 10 k‘éz —'1% ===i £ o=
o
& Hl N
('8 ’ W PR - !
% 1k = 0.1 uF 3=
E 400 } 1 ;
§_ Df=1% N

" 4 N I
£ 100 : Sy =
5 Ct=1yF —
E S :
-

I

S 1o )
- 1k 4k 10k 40k 100Kk 400k 1M

RT - Timing Resistance - Q
T Frequency variation (Af) is the change in oscillator frequency that occurs over the full temperature range.

Figure 5

AMPLIFIER VOLTAGE AMPLIFICATION

vs
FREQUENCY
100‘—--- Vi ']15V
o X >, A3§=av ]
v \ Ta=25°C
L 80
5 AN
® 70
E
. 80
-
g N\
2 N
€ 30
B N\
<| 20 \
< 10
°3 10 100 1k 0k 100k 1M
f - Frequency — Hz
Figure &
*IP
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T!) reserve the right to make cofections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers shouid obtain the latest relevant information before placing
orders and should verify that such information is current and compiete. Ali products are sold subjectto Tl's terms
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent T!
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any T/ patent right,
copyright, mask work right, or other T! intellectuat property right relating tc any combination, machine, or process
in which Tl products or services are used., information published by Tl regarding third—party products or services
does not constitute a license from T! 1o use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other inteilectual property
of the third party, or a license from Tl under the patents or other intellectual property of Ti.

Reproduction of information in T) data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsibfe or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Ti for that
product or service voids all express and any implied warranties for the associated T! product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dailas, Texas 75265

Copyright ® 2002, Texas Instruments incorporated
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TOSHIBA TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor o
Unit in mm

IGBT Gate Drive
Power MOS FET Gate Drive LEEN
8
O
The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a §!
integrated photodetector. %l LZL -é' li-
This unit is 8-lead DIP package. =g
TLP250 is suitable for gate driving circuit of IGBT or power MOS FET. .66 £0.25 *g
“
* Input threshold current: IF=6mA(max.) g
¢ Supply current (Icc): 11mA(max.) '2*°-'51i E f
« Supply voltage (VC(C): 10-35V 05010 F
* OQutput current (I0) £1.5A (max.) 2677025 E
¢ Switching time (tpLH/tpHL): 1.5ps(max.) '
+ Isolation voltage: 2500Vrms(min.)
¢ UL recognized: UL1577, file No.E67349 00k
s Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823 TOSHIBA 11-10C4
Maximum operating insulation voltage: 630VPK Weight: 0.54 g
Highest permissible over voltage: 4000VPK
{Note) When a VDE(0884 approved type is needed,
please designate the "option (D4)"
e Creepage distance: 6.4mm(min.)
Clearance: 6.4mm(min.)
Schmatic Pin Configuration (top view)
Icc
T ' ° Vee 1[] s
8
e Te 1)
—> , 2[] } N 17
2+ 0 VO -
VF } 3 } 7 3 E ] 6
3- —0 Vo
(—
lo 6 4[] s
—lJ (Tr2)
* . ’o)
, P 1:NC.
A 0.1yF bypass capcitor must be 2: Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:NC.
5:GND
6 : Vo (Output)
7: Vo
8: Voo
Truth Table
™ Tr2
fnput On On Off
LED off of On

1 2002-09-25



Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symboi Rating Unit
Forward current Ig 20 mA
Forward current derating (Ta 2 70°C} Al / ATa -0.36 mA/°C
@ [Peak transient forward curent (Note )| Igpy 1 A
Reverse voltage Vr 5 v
Junction temperature T} 125 °C
“H"peak cutput current (Pw s 2.5us.f < 15kHz) (Note 2) loPH -1.5 A
“L"peak output current (Pw s 2.5us,f s 15kHz2) (Note 2) lopL +1.5 A
(Ta< 70°C) 35
Cutput voltage Vo \Y
5 (Ta =85°C) 24
E (Ta<70°C}) a5
8 Supply voltage Vee v
(Ta = 85°C) 24
Output voltage derating (Ta 2 70°C) AVl ATa -0.73 vi°C
Supply voltage derating (Ta 2 70°C) AV /ATa -0.73 vi°C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tatg ~55~125 °C
Lead soldering temperature (10 s) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.S 60%) (Note 4) BVg 2500 Vims

(Note 1)
(Note 2)

Pulse width Py < 1ps, 300pps

Exporenential wavefom

(Note 3)
(Note 4)

Exporenential wavefom, lopH s —1.0A( S 2.5us), IopL < +1.0A( < 2.5us)

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

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
length between capacitor and coupler should not exceed 1cm.

(Note 5)

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on IrONY 7 8 10 mA
Input voltage, off VE(OFF) 0 — 0.8 A
Supply voltage Vee 15 —_ 30 20 \
Peak output current lopH/lopL — - 0.5 A
Operating temperature Topr =20 25 70 85 °C

2 2002-09-25



Electrical Characteristics (Ta = ~20~70°C, unless otherwise specified)
Test
Characleristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voliage VE - lg=10mA, Ta=25°C 1.6 18 Y
Temperature coefficient of _ - _ — °
forward voltage AVEIATal — |lp=10mA 2.0 mv/°C
Input reverse current Ir —_ Vr=5V,Ta=25C - 10 HA
input capacitance Cr —_ V=0,f=1MHz, Ta=25°C —_ 45 250 pF
apyn g =10mA
H" level lopH 3 Ve = 4V -0.5 -1.5 -
Output cument :{%C =3V I HO A
) F= —
L" level lopL 2 Vo5 = 2.5V 05 2
" Vees = +15V, VEg1 = -15V _
H* level VOH 4 RCC000, I = SmA " 12.8
Output voltage V'
o Veer = +15V, VEg = 15V _ _ _
L" ievel VoL 5 R, = 2000, V§ = 0.8V 14.2 12.5
Vee = 30V, I = 10mA _ 7 _
“H” leve! 'CCH — Ta =25°C
Vce = 30V, I = 10mA — — 11
Supply cument cc F mA
Vee = 3°0V, IF = 0mA _ 75 _
“L" level leeL —_ Ta=25°C
Vee =30V, I = OmA - - 11
Threshold input *Qutput I Veeq = +15V, Vgg1 =-15V
» FLH —_ - 1.2 5 mA
current L—H R =2000), Vo > OV
Threshold input “Qutput IEHL _ Veg1 =+15V, VEgg = -15V 0.8 _ _ v
voltage H-L" R( = 2000, Vg < 0V '
Supply voltage Vee - 10 — 35 Y
Capacitance c Vg=0,f=1TMHz
X -— — 1.0 2.0 F
(input-output) S Ta = 25C P
; . Vg =500V, Ta=25°C 12 14
Resistance(input—output) Rs — R H.£ 60% 1x10 10 — Q
* All typical values are at Ta =25°C  (*1): Duration of lp time < 50ps
3 2002-09-25



TOSHIBA TLP250

Switching Characteristics (Ta = —20~70°C , unless otherwise specified)

Test
Characteristic Symbot Cir— Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H toLH - 0.15 0.5
delay time H—sL tpHL I = 8mA - 0.15 0.5
6 Veet = +15V, Vggy = 15V us
Output rise time t R = 2000 — —_ —_
Output fall time f —_ — —_
Common mode transient - =
immunity at high level ChH T M e s e -5000 | — — |vius
output !
Common mode transient
h h Vom = 600V, IF = OmA
atl I 7 T — —
:)mmunlty ow leve CumL Vg = 30V, Ta = 25°C 5000 Vius

* Al typical values are at Ta = 256°C
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TOSHIBA

TLP250

Test Circuit 1 :

= LJ

Test Circuit 3 : IOPH

10

I=:

1l

Test Circuit 5 : VoL

%
w I
Lt

8
1

Veet
] i 0.1pF =

T Ves

Test Circuit 2 : IOPL

1]
i
O
s

Test Circuit 4 : VOH

10

£

+[

T T
&7?3’5

Vee

8
) ¢
] T 0.uF - o
a oL
]

Vou
]—0

e




TOSHIBA TLP250
Test Circuit 62 tpLu, tpHi trly
8 I I
I: IF 4
J L« 0.1yF 1 Veer — LI
I ] = Vo T VoH 80%
o T EL Vo GND
B o - VoL 80%
1000 ]—0 R R
- VEE1 - -
Test Circuit 7: G, Ct
8
1 1 I
sw IF 0.1pF
=2 :l T | Vec
A TB ne
[T H—ve
il N
Vem
- 1
600V
|~ 90%
Vem  qo% , i
prd I LA Cu _ 380 (V)
SW :A(lp=8mA) M2 T
CMH Cans = 2380 (V)
Vo /\—— v \/:— 26V M (1s)
Chi
SW :BUg=0)

CmL(Cmn) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output

voltage in the low (high) state.
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TOSHIBA

TLP250

e - Ve AVel ATa-I¢
100 pre——— 26
Ta=25*C
501 »
30
| ) o
O 24
f 10 £
g " Bz
5 y 4 g = 22
L 3 F E& m
- F 8«
P = &3 20 =
3 2>
o 0.5 7 E <
0.3 -
- y BE s
<] g g
P A I.E
005 -18
0.03 =
oo I 1.4
1.0 1.2 14 1.6 18 2.0 0.1 03 05 1 3 5 10 30
Forward voltage VE (V) Forward current I (mA)
IF-Ta Vee - Ta
40 40
kS 30| Q 30
£ ] A
>
3 \
B g
; g’ 20 2 20
- E
- g
[] 3
z @
2 o
< 10 g w0
E
2
<
o /]
Q 20 40 60 80 100 0 20 40 60 80 100
Ambient temperature Ta (°C) Ambient temperature Ta (°C)
lopH, lopL ~Ta
L] i T T T
PW S 25ps,f3 15KHZ
€ 2|
E
=2
o .
5g
g
s g
x= O
[ —
g7 N
o G
59
]
0 20 40 80 80 100

Ambient Temperature Ta (°C)
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE 000707EBC

+ TOSHIBA is continually working to improve the quality and reliability of its preducts. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physicat
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, t6 comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction 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 warmanted 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.

+ Gallium arsenide (GaAs) is a substance used in the products described in this document. GaAs dust and fumes
are toxic. Do not break, cut or putverize the product, or use chemicals to dissolve them. When disposing of the
products, follow the appropriate regulations. Do not dispose of the products with other industrial waste or with
domestic garbage.

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

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

+ The information contained herein is subject to change without notice.

8 2002-09-25



This datasheet has been download from:

www.datasheetcatalog.com

Datasheets for electronics components.
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