-----

A4
gninnemyanai nizeouinfimansyd,y

nsTueaanNalatmisihasaafifnmfiwasldansnasiasly
Tulasaoalnsalaes
A MICROCONTROLLERS-BASED ASYMMETRICAL PARAMETER
i TWO-PHASE INDUCTION MOTOR DRIVE

Tan

W18 WNAa naANNANA
wig a530@ naaqnﬁ

o a &
2hry wip @nfa  Beduand

xi 769 7 wig aASNE  11nEzuas
R
[
R Lt T —

79938 p 11222079,

mwm:m U oeeraransrressssrssiesnions

%u,tﬁnu.ﬂ.-zuz---ﬁa ....Zﬁﬁﬂ. Horosevesseasessssansenscess

A ¥ ] = as - o o o o
a.l"‘stym1uwu§ﬁﬁ]umuuuwaam‘sﬁnmmuﬁanqmﬂim_,ry'n AINIINAANIVWNA

a1 3gddnTsn i

anvmnalulagnszaasn é"m’f'nqmnm-sa'mns:ﬁ"a

Tn1s@nu 2549




Yn1sfinen 2549
-~ - ¢ -l - -l - '
mytuleRanamaiinismiirasnaniniwmes Wsuinasleslslulas
faRINIaLReS
A MICROCONTROLLERS-BASED ASYIMMETRICAL PARAMETER TWO-
PHASE INDUCTION MOTOR DRIVE

Tan

W UWRE niudiane

uIth arm'géi nmqnﬁ
-3 - - l
Wi gnis \Hadugnd

.

win afine TVIRYNT

213NN

SA.A7. 13N NoWIA
8. TUNA utiBund



Yiyndiwusmidanum 2549
M AN WA
AR INITUARNS amﬁumﬂlu’[aﬁwszaamné"n,fi'f'lqm‘nm'jm@n's:ﬁa

| a | = ° A o a '
L8y MU RaUNaLe a‘i“uﬂ’]u’lﬁaaLﬂ anqu'i’]lll,@'laﬂ“ GEVEVRLIR]

HaaTh
UNE UNAR NAUIANS
Wi 8330 MaIgnd
Wi gnfia \Fodugns
we afsne 11D

115Ny snn

( 9IMAATRNTH @9.3TNT NOWLIA )

o1&
N a5 NYsnwn

P

( 979130 TENE WHBUNS )




as = | 1 o - o a 1
mstuirfanssiaafiniamigasidenininiiass ldanaiasiaals

lalasnaalnsaiass

Wi UWAR  nAudAN

Wi 233034 Masgnd

Wi fnie \Feasumm3

win 0fidnd  1azues

01 3307 NoMad  eenIsiiinm
o, WA UWMBUNT  asadifinm
Tnsfnen 2549

UnAALd

ﬁryqnﬁwufaﬂ'uﬁtﬂunwﬁnmqm‘ﬁﬁmsﬂwmwawamafmﬁmﬂ'mm
Marun 172 wndhsliesmhdeeBufildanmidaulamsnyazeavasuaiaed
wiarsrlisnhdiseusndy  leslfinefienuaaisauuy  (Sinusoidal Puise
Width Modutation :SPWM ) miusunmaisdues MOSFET lesmanmomuqy
anuwainsi lauordondnnmIniunueu VIF tﬁamuqu fiux Tiead -fnqllnmf
filfaesggnnaeaesine wlrsesulniewad  DSPIC-30F4011 uezfahminf
Li’]nqﬂmnfmuqummwnwnmnunf;’mm NI MUAZEIHTBINTTUARINE
watludnyes Widneez19illu Switching power supply ﬁmﬁ‘rﬁﬁm‘lﬂtﬁmqﬂmu
SiEmsefindminum



TWO-PHASE UNSYMMETRICAL PARAMETER INDUCTION MOTOR
DRIVE

Noppadon Kinmmakphon
Attawut Thongsukdee
Suppakit  Suresamuit
Apirark Kouwyabood
Assoc. Prof. Dr. Vijit Kinnarase Advisor
Chaitat maneein Advisor

ABSTRACT

This project is focusing on characteristics of variable speed control of 2 phase
induction motor,1/2 HP which is adaptsed from 1-phase axisting induction capacitor
run. The one phase induction motor drive using Sinusoidal Putse Width Modulation
{SPWM ) voltage sowrce inverter. The switch control MOSFET that can control the
speed motor by controlling V/F for constard flux. The equipment for generating
PWM signal in a microcontrolier DSPIC-30F4011 that control the whole system
including protection circuit and display unit. A switching power supply provides all
electronics equipment for eloctronics source.
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P,

T o= = (2.33)
®
P
b

T, = = (2.34)
®
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- - g -
T = T-T, = —(R.—R,) (2.35)
®
o Qr g O A o L v Sa
mmummmana‘nanur‘imuﬂ”lﬂmuﬂa

mech ~ 10, = TM0—s) (2.36)
= 1 (R, —R, ¥1—5s) (2.37)
= (B — Py M1 —5) (2.38)

=
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out = Pmech _Prot (239)
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P = sP

o o (2.40)

P

s (2—s)Pb (2.41)
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P, = sP,+(2—s)P, (2.42)
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Rectifier Inverter
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2.3.6 awadiaasiNal@s(Single phase inverter)
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1. Half bridge inverter

2. Full bridge inverter

3. Push pull inverter
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3.4 Flow chart
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4.1.2 HANIMARBUAINIAT Friction and windage loss
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a9 | V(V) | 2664 | 251.8 | 231 | 210 | 173 | 1305 | 948 | 542
4w | A) | 233 | 218 | 192 | 1.73 | 143 | 114 | 079 | 048
P(W) | 340 | 300 | 250 | 200 | 134 82 40 13
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PW) | 110 120 | 100 84 55 35 16 4
T | V(v) |22086| 200 | 180 160 | 150 | 100 70 40
A) | 156 | 113 | 095 & 083 | 075 | 063 | 045 | 0.31
PW) | 250 113 | 159 & 127 90 55 27 11
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4135 Wunadavidalsiaas(Blocked-Roter Test)

e UG " UARAN HRTI
Vb(V) 27.9 ‘ 27.6 52
Ib(A) 3.23 0.7 3.1
Pb(W) 14 260 260
Sb(VA) 63 ) 240 290
PF 0.1 0.8 0.91
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SREREERA AR R R R R R R F

; Author : stater

; Company : KMITL

; Filename : Main Program.s

, Date . 08/02/2007

; Frequency : 4.00 MHz at PLL 16x
;**************************************t*****************************
; Other Files Required : p30F4011.g1d, p30f4011.inc
; Tools Used:MPLAB GL :7.40

; Compiler : 1.30

; Assembler 1 1.30

; Linker : 1.30

; Devices Supported by this file : dsPIC 30F4011

« e 2 3 ok ok ok ok ol ok ok ol ok ok ol ke ok ol ok ok ke ok ol ke ok ol ok ok ke ok ol ok ok ke ale ok ke ol ake sl ol ok ok ok ol ke ok ol ke ok ol ake ok ok ok ol ok ok ok ok ol ok ok ol ok ok ke ok ke
s

; Additional Notes : PWM V1
e R SRk
.equ __ 30F4011, 1

.include "p30f4011.inc"

- T L e L L e ———— B e e e e i

?
;Configuration bits:

e —————————— - LT L T e ———

config FOSC, CSW_FSCM_OFF & XT_PLL16 ;Turn off clock switching and
fail-safe clock monitoring and
use the External
:Clock as the system clock
config FWDT, WDT_OFF ;Turn off Watchdog Timer
config  FBORPOR, PBOR_ON & BORV 27 & PWRT_16 & MCLR_DIS
:Set Brown-out Reset voltage and
and set Power-up Timer to
1 6msecs
config _ FGS, CODE_PROT_OFF :Set Code Protection Off for the
General Segment

_____ - i e e

:Global Declarations:

b

.global wreg_init ;Provide global scope to_wreg
init routineln order to call this
routine from a
;C file, place "wreg_init" in an
"extern" declaration in the C file.

.global _ reset ;The label for the first line of
code.

.global __ Tl1Interrupt :DeclareTimer 1 ISR name global

:Difine Constants

- i - - —_——— J—

?

.equ G _XOR,#0x8000
.equ  G_AND, #0x7FFF
-equ Count_sine,W12




:Difine Variable

e e e e e e e e e e e e e o o e e om oo

bss  V_PV,2

Jbss 1 PV.2

Jbss PHASE A4
.bss PHASE B4
Jbss ENDTB_A4
.bss ENDTB_B4
bss STARTTBL,4
bss  PRESCALE 4
bss DELAY,4

—————— e e e m s ——

;:Global Declarations Variable:

.global PHASE A

.global PHASE B
.global ENDTB A
.global ENDTB_B
.global STARTTBL
.global PRESCALE
.global DELAY1

;:Global Declarations Constants:

.
- e e e ———— ———— e e et

;Code Section in Program Memory

1

text ;Start of Code section
__Teset: MOV # SP init, W15 ;Initalize the Stack Pointer
MOV # SPLIM init, W0 :Initialize the Stack Pointer Limit
Register
MOV W0, SPLIM
NOP ;Add NOP to follow SPLIM
initialization
CLR WO ;Initialization of W registers

REPEAT  #12
MOV WO,[++W14]
CLR W14

SRRk R kKRR RE KX < Cingert moTe user code here>>%# ¥ % ks ook ook ok o o oo ok o

STARTO: CALL Init_PORT ; Initialize the 1/O ports
CALL Init TMR_INT ; Initialize the 1/O ports
CALL SINETABLE
CALL Init PWM
CALL Init_ADCI
BSET LATF,#RF0

LOOPO:; CALL SW _DELAY




LOOPI1:

LOOP2:

LOOP22:

__TlInterrupt:

;<<insert user

INTI_TABLE:
SEND_DUTY
LOOP3:

BTSS PORTD,#RDI
BSET LATF,#RF6
CALL SW_DELAY
BTSC PORTD,#RD0
GOTO LOOPO

BCLR LATF,#RF0
BSET PTCON#PTEN
BSET ADCSSL #CSSLO
BCLR ADCONI,#DONE
BTSS ADCONI,#DONE
GOTO LOOPI

MOV ADCBUF0,W0
MOV #4,W2

MUL.UU WO,W2,WI10

MOV #4163,W0
SUB WO,W10,W10
MOV WI10,PR]

CLR TMRI

CLR PTMR

BSET T1CON,#TON
BSET PTCON,#PTEN
BSET LATF,#RF1
CLR DELAYI

BTSC PORTD,#RDI

GOTO LOOP2

BTSS PORTD,#RDI
GOTO LOOP2

MOV #20,W1

MOV DELAY1,W0
INC  WO,W0

MOV WO,DELAY]
CPSGT WO,WI
GOTO LOOP22
BCLR PTCON#PTEN
BCLR T1CON,#TON
BCLR LATF,#RF1
BCLR LATF,#RF6
GOTO STARTO

BCLR IFS0,#T11F
code here>>

CP0 WI2

BRA Z,INTI TABLE
BRA SEND DUTY

CALL SINETABLE
BCLR ADCONI1,#DONE

BTSS ADCONI,#DONE
GOTO LOOP3

;DONE

; Load the Period register

; Frequency sinewave

; Start Timerl with prescaler

;2ugisems Interrup 910 timer

;Clear the Timerl Interrupt flag
W11 =07

. If Yes jump to INT1_TABLE
; IfNo jump to SEND_DUTY

;DONE




EXITO:

EXITI:

EXIT2:

LOOP4:

MOV ADCBUF0,W0
MOV #37,W2

MUL.UU WO,W2, W10

MOV W10,PRESCALE
MOV PHASE_A,W13
TBLRDL  [WI13++],W0
MOV W13,PHASE A
CALL MULPRE

MOV WO0,PDCI1

MOV PHASE B,W13
TBLRDL  [W13++],W0
MOV W13,PHASE B
CALL MULPRE

MOV WO0,PDC3
INC  WI2,WI12

MOV ENDTB_C,W0
CPSEQ W12,W0

BRA EXITO

MOV STARTTBL,WO

MOV ENDTB_B,W0
CPSEQ W12, W0
BRA EXITI

MOV STARTTBL,W0
MOV WO,PHASE B
MOV ENDTB_A,W0
CPSEQ W12,W0
BRA EXIT2

CLR WI2

BCLR ADCON1 #DONE
BTSS ADCONI,#DONE
GOTO LOOP4

MOV ADCBUF0,W0
MOV #4, W2

MULUU  WO,W2,WI10
MOV #4163,W0

SUB WO,W10,W10
MOV WI10,PR1

GOTO EXIT

Sdldenaves PDC fnsilu W10

; AMPLIUDE SINEWAVE

: AMPLIUDE SINEWAVE
AusoumsmasAlumsiaeudumua

10461 sinetable
Admfinia B szgamsna fio 180
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-DONE

: Frequency sinewave




MULPRE:

EXIT:
routine
.end

MOV PRESCALE,WI10
MUL.UU WI10,W0,W2
MUL.SU W3.#2, W0
RETURN

RETFIE

;Return from Interrupt Service

;End of program code in this file

.equ __ 30F4011, 1
.include "p30f4011.inc"

TR

.global Init_PORT

Init_PORT:

CLR
MOV
MOV
CLR

LATD
#0XFFFF, W0
WO,TRISD
LATF

MOV #0xFF00, W0
MOV WO, TRISF
RETURN

:Subrotuinte to Init TMR

; clear LATD
; set is INPUT

; clear LATF
; set is outputs

.global Init_TMR_INT
Init_ TMR_INT:

CLR TICON
CLR TMRI

BSET IPCO4#T1IP0
BCLR IPCO,#T1IPI1
BCLR IPCO,#T11P2
BCLR IFSO,#T1IF
BSET IECO#TIIE
RETURN

:Subrotuinte to PWM

-

; Stops the Timerl and reset

; Clear contents of the timer

; Setup Timer] interrupt for

; desired priority level

; (this example assigns level 1)

; Clear the Timer1 interrupt status
; Enable Timer] interrupts

.global SINETABLE
SINETABLE: MOV

MOV
MOV
MOV

MOV
MOV

W13, TBLPAG

#0,W12
W13,STARTTBL

WI13,PHASE A
MOV W13,PHASE_B
BTSC PORTF,#RF6
GOTO REVERST
GOTO FORWARD

_______

#tblpage(SinTable), W13

#tbloffset(SinTable), W13

1 »
AdmuSuduveasmddumie




FORWARD: MOV PHASE B,W0
ADD #180,W0

MOV WO0,PHASE B :3vle B 11 9083

MOV #360,W0
MOV WO,ENDTB_A
GOTO ENDI
REVERST: MOV PHASE_B,W0
ADD #360,W0

MOV WO,PHASE B ;3 B 1l 90mn

MOV #180,W0 iy luasieaBnso

MOV WO,ENDTB_A
GOTO ENDI
ENDI: RETURN

SinTable:

.word 1600,1647,1694,1741,1788,1835,1882,1929,1976,2023
.word 2070,2116,2163,2209,2255,2301,2347,2363,2439,2484
.word 2529.2575,2619,2664,2709,2753,2797,2841,2884,2927
.word 2955,2967,2979,2991,3002,3013,3024,3035,3045,3054
.word 3064,3073,3081,3090,3098,3105,3112,3119,3125,3131
.word 3137,3142,3146,3151,3154,3158,3160,3163,3165,3166
.word 3167,3168,3168,3167,3166,3165,3163,3160,3157,3154
.word 3150,3145,3140,3134,3128,3121,3114,3106,3098,3089
.word 3080,3070,3059,3048,3037,3024,3012,2998,2985,2970
.word 2986,3001,3015,3029,3042,3055,3067,3079,3090,3100
.word 3110,3120,3128,3137,3145,3152,3158,3165,3170,3175
.word 3180,3184,3188,3191,3193,3195,3197,3198,3198,3198
word 3182,3181,3180,3178,3176,3173,3170,3166,3162,3157
.word 3152,3146,3141,3134,3128,3120,3113,3105,3097,3088
.word 3079,3070,3060,3050,3039,3029,3018,3006,2995,2983
.word 2955,2912,2869,2825,2782,2738,2693,2649,2604,2559
.word 2514,2469,2423,2378,2332,2286,2240,2194,2147,2101
.word 2054,2008,1961,1914,1867,1820,1773,1726,1679,1632
.word 1585,1538,1491,1443,1396,1349,1302,1256,1209,1162
.word 1115,1069,1022,976,930,883,838,792,746,701

.word 655,610,565,521,476,432,388,344,301,257

word 245,233,221,209,198,187,176,165,155,146

word 136,127,119,110,102,95,88,81,75,69

word 63,58,54,49,46,42,40,37,35,34

.word 18,17,17,18,19,20,22,25,28,31

.word 35,40,45,51,57,63,71,78,87,96

.word 105,115,126,137,148,160,173,186,200,215

.word 214,199,185,171,158,145,133,121,110,100

.word 90,80,72,63,55,48,42,35,30,25

word 20,16,12,9,7,5,3,2,2.2

word 2,3,5,7,9,12,15,19,23,28

.word 33,38,44,51,57.64,72,80,88,97

.word 106,115,125,135,145,156,167,178,190,202

.word 245,288,331,375,418,462,507,551,596,641




.word 686,731,777,822,868,914,960,1006,1053,1099
word 1146,1192,1239,1286,1333,1380,1427,1474,1521,1568,1600

;Subrotuinte to PWM

.global 1nit PW
Init PWM:
MOV
MOV
MOV
MOV

MOV
MOV

MOV
MOV

MOV
MOV

MOV
MOV
CLR

:0x5432109876543210
#0b0000000000000010, WO
WO,PTCON

#0x063F, W0

WO,PTPER
;0x5432109876543210
#0b0000000000000000, WO
WO0,SEVTCMP
:0x5432109876543210
#0b0000000000110011,W0
WO,PWMCON1
:0x5432109876543210
#0b0000000000000010, WO
W0,PWMCON2
:0x5432109876543210
#0b0000000000111111, W0
WO0,DTCON1

FLTACON

RETURN

b

_____ - N

.global Init_ ADC1

Init_ ADCI: MOV

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
CLR

BSET

#0x0000,W0

WO0,ADPCFG
#0x00EE, W0
W0,ADCON1
#0x0300, WO
WO0,ADCON?2
#0x0002, W0
WO0,ADCON3
#0x0000, W0
WO0,ADCHS
ADCSSL
ADCONL #ADON

RETURN

_______________ -

;CHO=>AN3,CH]1=>AN0O,
CH2=>AN1,CH3=>AN2

; Turn on A/D

Delay W12ms:
DO

_____________________________

DO  #10000,END Ims
W12,END W12

; Delay 1ms
: Do W12 times



END_W]2:
END_ Ims:

NOP
NOP
NOP
NOP
RETURN

;Subroutine: 12C_DELAY

[2C_DELAY:

END_Wx:
END 5us:

.global 12C DELAY

MOV #2,W12
DO  #10,END_Sus
DO WI12,END Wx
NOP
NOP
NOP
NOP
RETURN

_____________________________________

;Delay Sus
; Do W12 times

.global SW_DELAY

SW_DELAY: MOV #10,W12
DO  #10000,END_1ms_SW
DO WI2ZEND WI2_SW
NOP
NOP

END W12 SW: NOP

END Ims SW: NOP
RETURN

;Subroutine: DELAY 200uS

; Delay 10ms
; Delay 1ms
; Do W12 times

.global

DELAY_50Hz: MOV
DO  #10,END_50Hz
DO WI2,END_Wxl
NOP
NOP

END Wx1: NOP

END _S0Hz: NOP
RETURN

E

;Subroutine: Delay 2ms

.global Delay

Delay_2ms:

2ms

MOV #2, W12

DO  #10000,END_ ImsX
DO WI2,END W12X
NOP

NOP

#94, W12

_____________________

:Delay Sus
;Do W12 times

; Delay 1ms
: Do W12 times



END WI2X: NOP
END ImsX: NOP
RETURN
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tasheetiirchive...

juest For Quotation

ler the parts you need from our real-time inventory database.
ply complete a request for quotation form with your part
rmation and a sales representative will respond to you with
e and availability.

juest For Quotation
ur free datasheet starts on the next page.

re datasheets and data books are available from our
nepage: http./Awww.datasheetarchive.com

1is datasheet has been downloaded from http://iwww.datasheetarchive.com.



TOSHIBA

TLP250F

TLP250F

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250F consists of a GaAfAs light emitting diode and a
integrated photodetector.

This unit is 8—lead DIP.

TLP250F is suitable for gate driving circuit of IGBT or power MOS FET.

Input threshold current: IF = 5mA (max.)

Supply current: 11mA (max.)

Supply voltage: 10~35V

Qutput current: £1.5A (max.)

Switching time: tpHL, tpLH = 0.5ps (max.)
Isolation voltage: 2500 Vrms (min )

UL recognized: UL1577, file no. E67349

Option (D4) type

VDE approved: DIN VDE0884/ 06.92, i No. 76823
Maximum operating insulation voltage: 1140VPK
Highest permissible over voltage: 6000VPK

{Note 1) When a VDE0884 approved type is needed,
please designats the “ Option (D4)”

Structural parameter
Creepage distance: 8.0mm (min.)

Clearance: 8.0mm (min.)

Truth Table
T Tr2
Input On On Oof
LED off off On

TENTATIVE TOSHIBA Photocoupler GaAlAs IRed & Photo-IC

Unit in mm

g I
=up]

g

S

966025

43

10.16+ 0.25

05=0.1

2.54 £ 028

11-10C402

TOSHIBA

11-10C402

Weight: 0.54 g

2002-09-25




TOSHIBA | TLP250F

Pin Configuration (top view) Schmatic
1 s
1:NC. 8 Ve
2: ANODE
2(] 17 3:CATHODE e
} = 4 :NC, 24 2y
. N 6 5:GND o
3 6 : Vo (QUTPUT) Ve =
7:Vo 6 Vo
4[] . s B8:Vcc 3-
o 5GND

{Note 2) A 0.1uF bypass capcitor must be connected betwean pin 8 and 5.

2 2002-09-25



TOSHIBA | TLP250F

RESTRICTIONS ON PRODUCT USE

000707EBC

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

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability 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 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 Semiconducter Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” efc..

o 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 matfunction 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 pulverize 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 B guide for the applications of our products. No
responsibility is assumed by TOSHIBA CORPORATION for any infringements of intellectua! property or other
rights of the third parties which may result from its use. No license is granted by implication or otherwise under
any intellectual property or other rights of TOSHIBA CORPORATION or others.

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

3 2002-09-25



International
TR Rectifier

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

® Repetitive Avalanche Rated

¢ |solated Central Mounting Hole
& Fast Switching

® Ease of Paralleling

» Simple Drive Requirements

® | cad-Free

Deascription

Third Generation HEXFETs from International Rectifier provide the designer
with the best combinatiorr of fast switching, ruggedized device design, low

PD - 94901

IRFP460PbF

VDSS = 500V
RDS(OH) B 0.27Q
ID = 2OA

on-resistanca and cost-affectivenass.

The TO-247 package is preferred for commercial-induatrial applications
where highar power levels preciude the usa of TQ-220 devices. The TO-247
is similar but superior to the earier TO-218 package because of its isolated
mounting hole. It aiso provides greater creepage distance betwean pins to

meet the requirements of most satety specifications.

TO-247AC
Absolute Maximum Ratings
Parameter Max. 1 Units |
Ip@ Tc=25°C | Continuous Drain Current, Vas @ 10V 20
lo @ Tc= 100°C | Continuous Draln Currant, Vas @ 10V 13 A
o Puised Drain Current @ _ _j 80
Pp @ Tc=25°C | Power Dissipation ) 280 w
Linear Derating Factor 22 WG
Ves Gate-1o-Source Voltage - +20 v
Eas Single Pulse Avalanche Energy @ 960 mdJ
1an Avalanche Current ® — .1 . _= A
Ean Repetitive Avalanche Energy @ | 28 mJ
dv/dt Peak Diode Recovery dvidt @ — 3.5 Vins
Ta Operating Junction and -55 to +150
Tsra Storage Tempearature Range ) o0
Soldering Temperalure, tor 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 Ibfsin (1.1 Nem)
Thermal Resistance X
T Pa;mggr ; ' Min. Typ. Max. Units
Resc Junction-to-Gase — — 0.45
Racs Case-to-Sink, Flat, Greased Surface — 0.24 —_ “CW
Rasa Junction-to-Ambient ) | — — 40

www.irf.com

1
12/18/03



IRFP460PDbF Internationcl

IGR Rectifier
Electrical Characteristics @ Ty = 25°C (unless otherwise specified)
S Parameter Min. | Typ. . Max. | Units Test Conditions
Vigripss Drain-to-Source Breakdown Voltage 500 | — | — V | Vas=0V, lo= 250pA
Mamossmn Breakdown Voltage Temp. Coefficient | — 1 0.63 7 — | VPG |Reference to 25°C, Ip= 1mA
Rosen) Static Drain-to-Source On-Reasistance — — 027 | Q |Vas=10V, p=12A @
Vasin) (Gate Threshold Voltage 20 | — | 40 V | Vog=Vas, Jo= 250pA
Uts Forward Transconduciance 13 -— — S | Vps=50V, Ip=12A @
lpss Drain-to-Source Leakage Current — 25 RA Vos=500V, Ves=0V
— — 250 Vos=400V, Vae=0V, T =125°C
lass Gate-1o-Source Forward |eakage L= —_ 100 nA Vag=20V
Gate-to-Source Reverse Leakage L — — | -100 Vag=-20V
Qp Total Gale Charge [ — | — | 210 lo=20A
[ Qs Gate-10-Source Charge — [ = | 29 | nC {Vps=400V
Qga Gate-to-Drain (*Miller*) Charge — | — | 110 Voes=10V See Fig. 6 and 13 ®
tdfen) Tum-On Delay Time Vo 18 — Voo=250V
i Rise Time L — |58 | — ns |1D=20A
ool Tum-OH Delay Time C— 10| —~ Ra=4.30
Y Fall Time . — | B8 | — Rp=13G See Figure 10 ®
Lo Intemal Drain Inductance — | 50 | — g?;";f?g ?l'esia: ')
il e hicoc S
Ls interal Scurce Inductance - ‘ 13 | — g?a c%?::a ctD 1
Ciaa Input Capacitance — #4200 — Vas=0V
Coss Output Capacitance —  B70 , — pF |Vps= 25V
Cns Reverse Transfer Capacitance — 350 | — f=1.0MHz See Figure &
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Gontinuous Source Current —_{ — | 20 MOSFET symbol o
{Body Diode) A showing the
Ism Pulsed Source Current — I — 1 80 integral rgverse ¢ _
{Body Diods) @ p-n junction diode. is
Vap Dlode Forward Voltage _— - 1.8 V | T=25°C, lg=20A, V=0V @
te Revarse Recovery Time —~ | 570 | 860 | ns |T,=a25°C, Ir=20A
Qe Aeverse Recovery Charge i — | 57 | 86 | pC |didt=100A/us @
[ fon Forward Tum-On Time | Intrinle kurn-an time is neglegible {tun-on Is dominated by Ls+Lo)

Notes:

O Repetilive rating; pulse width limited by
max, junction temperature (See Figure 11)

@ Vop=50V, starting Ty=25°C, L=4.3mH
Rg=260, las=20A (See Figure 12)

@ Isps20A, divdis160A/s, VopsV(BR)DSS,
Tys150°C

@ Pulge width < 300 ps; duty cycle €2%.
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TOR Rectifier
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E o : o=
3 B 3 ‘
c I i
g 4.5V g P4
& & |/
rd
20us PULSE WIOTH 20us PN SF WIDTH
o Te = a5°%C 0 To = 1800C
mmo 10! ! 109 10}
Vps, Drain-to-Source Voltage {volls) Vps, Drain-o-Source Voltage {volts)
Fig 1. Typical Output Characteristics, Fig 2. Typical Output Characteristics,
Tc=25°C Te=150°C
3.5
- - g Iu = 20A
2 L 32 30
— / .a
é‘ - 1500¢ / & 2.5
< 7 & A
> Y
5 w ’.‘ g 2.0 L7
3 H 3 v
&) 7117 : 1.5 7
£ % -°~ E 2
B £ o
s 1 1 & * L~
- =S [
J . | g5 os
Ypg = SOV &
10°F 29us PULSE WIOTH - Ves = 10V
4 b 2 ] 10 "ABO ~40 =20 © 20 40 60 BO 10D 120 140 150
Vs, Gate-to-Source Voltage (volts) T,, Junction Tempaerature (°C)
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance

Vs, Temperature
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IGR Rectifier
10000 Vom = OV, f - 149z 20 T
g;ss = ‘ggs + Cgg Cps SHORTED 5 fo ¥ 204 Yos = 400V I
gs ™ gg = Vo = 250V 7
8000 Coss * Cas + Cqd g . Vg: = 100V ‘3\
N 2 1 q
N 2
o N =
(=T y o
= 6000 Ciss > 42
8 T ] //
= = fooe [
g KN \g ™ 2 %
€00 \\ ~ g B8 7
g - cﬂSS qu ot
\\ ,‘l I\\"h} g ) I
2000 bras ] \ A /
™
P —N 3 FEATERTETRIY
N = SEE FIGURE 13
w® 101 %0 40 a0 120 160 200
Vps, Drain-to-Source Voltage (volts) Qg. Total Gate Charge (nC)
Fig 8. Typical Capacitanca Vs. Fig 6. Typical Gate Charge Vs,
Drain-to-Source Voltage Gate-to-Source Voltage
” Z R e s ey =
& [ DPERATION N WIS RRE: _IWITED T
w 24 | — E e -
g y, C g
< V, ‘g: H | + :/_‘ Z oy
E 1 g’ 12 d <+ ; =
3 B = mamn s '11\ S
E E , . “ \\ LY ‘\\
1500¢ 76 JEPY - 3 N
ﬁ / // I % © A : 1\\. : \\ ) TP
B o e
g / 250¢ e Gh 1 = = 1 : == \“ :
2 / e g ; TS
=] Tc=25°C : C N
2 2} Sasensc i )
: Vgs = OV |sineLs eulse | - pom
WET eB 1o 1d 14 18 1B 20 YoE s 0 2 8 i E s i
Vsgp. Source-to-Drain Voltage (voits) Vps, Drain-to-Source Voltage {volts)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area
Forward Voltage
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IGR Rectifier

]
Vos > ‘V\R.
D.U.T.
20 9
- Voo
I P Tiov
é' Pulse Width < 1ps
$ \\ Duty Factor 5 0.1% +
a2 =
& ~ Fig 10a. Switching Time Test Circuit
3 N
e 8 P, Vos
g N S—a NI
R | !
I ] |
10% ! ! ‘
025 50 75 106 125 150 Vas —ﬁh _'L____]\.—;‘__/l_\:}—
Te, Case Temperatura (°C) on) It tdot) U
Fig 9. Maximum Drain Current Vs, Fig 10b. Switching Time Wavelorms
Case Temperature
! T
3 i
Il il
oo ! [
[ ] - { |
et b
0.1 po =en - ==

11
HI

Thermal Response (Zgc)

B, ﬂ!i'
n
g 11
.0 I s1neue puLse r
T {THERMAL RESFONSE) -
o ! ml I
? t
[k
I NOTES:
i1, DUTY FACTOA. D-ti/ta
| " h lz. PEAK Ty=Pgy = Zenge *+ Te
10
1073 1074 1073 1072 0.1 4 10

t1, Rectangular Pulse Duration {seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Fig 12b. Unclamped Inductive Wavaforms
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Fig 13a. Basic Gate Charge Waveform
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International

TGR Rectitier
2400 -
3]
ToP B.94
134
2000p, 30TTOM 20A
[N
1500 |\
N I
PN N
800 ™~ g
\ ~
200 Sy \‘
B \h-.____-\._‘
o |Vo0 - 5oV [~

=0 5

1co

123 130

25
Starting T, Junction Temperature{°C)

Fig 12¢c. Maximum Avalanche Energy
Vs. Drain Current

Current Regulator

lc ¥

o)

Gurtant Sampling Reamsrors

Fig 13b. Gate Charge Test Circuit

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

Intemational
Rectifier
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TOR Rectifier

TO-247AC Package Outline

Dimensions are shown in millimeters (inches)

3.65( 143) [-D]
15.90 (.626) ¥ 355( 140) 5.30 ( 209)
15301 602) S AT MR 4701183
=1 R -~ - 2.50 (.089)
o ——— 1.50 (.059)
: — - J1 .
LS
2030(.800) —_- i
19.70 {.775) - _1_ ox @ 5501217 ! NOTES:
4500177} 1 DMENSIONNG & TOLERANCING
PER ANSI Y14 5M, 1982
! 2 3 { 2 CONTROLLING DIMENSION : INGH.
‘ 1J —_ 3 CONFORMS TO JEDEC QUTLINE
16,80 (559) \ -C- TO247-KC.
Boay 4.
143050 eI
LEAD ASSIGNMENTS
M Hexlet IGBT
2.40(.094) , 1.40 (.056) ' 0.80(.031) 1- Gate 1- Gate
2.00;).(0791 = ~=3X 4 90 (039) - ¥ pa0(018) 2-Drain  2- Collector
: 10.25 (.01 C A i 2.601{.102 3-Source 3 - Emitter
CsE - e b S%oan  4-Drain - Collector
2x - 2.00(.118)
TO-247AC Part Marking Information
EXAWPLE THIS 5 AN IRFPEXD
WITH ASSEMBLY ) O PART NUMBER
LOT CCE 5667 IR £ RNAT ONAL )/
ASSEMBLED CN W 35, 2000 FOEER ) s
IN THE AGSEMBLY LINE H- Logo Lg"“j‘?‘*u\
Note: °F* in amaambly line /‘ . DATE CCLE
poaition Indicalae | ead-Free* a847 VBLY J YEAR D= 2000
O {CDE \ WEEK 35
: LINE H

Data and specifications subject to change without notice.

International
TR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310} 252-7903
Visit us al www.irf.com for sales contact information.12/03
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Intemnational
o) Rectifier | IRF510

HEXFET® Power MOSFET

* Dynamic dv/dt Rating

® Repstitive Avalanche Rated D _

* 175°C Operating Temperature VDSS =100V
® Fast Switching

® Ease of Paralleling

¢ Simple Drive Requirements

RDS(OI’I) = 0- 54Q

5- lD = 56A

Description

Third Generation HEXFETs from Imtemational Rectifier provide the designer
with the best combiniation of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness,

The TO-220 package is universaily preferred for ail commercial-industrial
applications at power dissipation levels to approximately SO wakts. The low
thermal resistance and low package cost of the TO-220 contribute to its wide
acceptance throughout the industry.

=

TO-220AB
Absolute Maximum Ratings
Parameter Max. Units
Io® Tc=25°C__| Gontinuous Drain Current, Vs @ 10V _ | 5.6
Io@ T = 100°C_| Continuous Drain Current, Ves @ 10V | 40 ﬁ A
Ipm Pulsed Drain Current © o _:_ B __ 7 20
Pp @ Tc=25°C | Power Dissipation N 43 w
Lnsar Derating Factor I 0.29 WrC
[ Vas Gate-to-Source VoRage Lo se0 v
Eas Single Pulse Avalanche Energy @ __too mJ
lar Avalanche Gumrent @ L 5.6 L A
Ean Repetitive Avalanche Energy @ 43 mJ
dvidt Paak Diode Racovery dvidt @ . 5.5 Vins
Ts Operating Junction and 55 fo +175
Ts1a Storage Temperatura Range N °C
Soldering Temperalure, for 10 seconds "7 300 (1.6mm from casa) |
Mounting Torque, 6-32 or M3 screw . 10 Ibfein (1.1 Nem) N
Thermal Resistance
] Parameter 7 Min. Typ. Max. Units
Rac : Junction-to-Case — —_ 3.5
Rucs Caselo-Sink, Flal, Greased Surdace | | — 0.60 — W
Plasn | Junction-to-Ambient I — 62

13




IRF510

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

Parameter Min. | Typ. | Max. | Units Test Conditions
VieRpss Drain-to-Source Breakdown Voltage 100 — e V| Vas=0V, In= 260pA
AVipmpss/AT,| Breakdown Voltage Temp. Coefficient — 1 612! — | vrC |Refarence to 25°C, lp= 1mA
Ros(on) Static Drain-to-Source On-Resistance — — | 054 | Q |Vas=10V,lp=3.4A @
Vasr Gate Threshold Voltage 2.0 — 4.0 V  [Vos=Vas, lo= 250u1A
[« Ferward Transconductance 1.3 — — 5 Vps=56v, Ip=3.4A @
. — — 25 Vps=100V, Vas=0V
ipss Drain-to-Source Leakaga Current — — 250 | pA VosmB0V, VoseOV, T=150°C
lase Gate-to-Source Forward Leakage : - | — | to0 ‘ na |Yas=20V
Gate-to-Source Reverse Leakage - — | -100 ¢ Veg=-20V
Qo Total Gate Charge C— f — 183 Ip=5.6A
Qos Gate-to-Sousce Charge T — 1 — | 23 : nC Vps=BOV
Qga Gate-ta-Drain ("Miller) Charge --- — | 3.8 ,Viss=10V See Fig. 6 and 13 @
taony Tum-On Delay Time — 168 | — | Vpp=50V
! Rise Time — [ 161 — | o |o=586A
taatty Tum-Off Delay Time - 15 - Ra=24Q
t Fall Time — {84 — Rp=8.40 See Figure 1040
‘
Le Internal Drain Inductance — 45  — g?ntvr\;e(e& ;_95?: 3 :
i nH | from package @
is Intemal Source Inductance — 175 | — and center of
. | | die contact 3
Ciss Input Capacitance - {180 | — Vas=0V
Cors Clutput Capacitance — 81 — § PF [Vps=28V
Crss Reverse Transfer Capacitance: — 15 — ] f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max, | Units Test Conditions
Is Continuous Source Current — 0 — | 58 MOSFET symbol o
{Body Dlode) | i A showing the
ISk Pulsed Source Current L 20 integral reverse &
(Body Diode) @ ) p-n junction diode. 8
Vsp Diode Forward Voltage — " — 1l 25 V | T=25°C, Is=5.6A, Vas=0V @
ter Reverss Recovery Time — | 100 | 200 | ns |T,=25°C, te=5.6A
Che Reverse Recovery Charge — | 044 ] 0.88 | pC |difdt=100Ams @
ton Forward Tum-On Time Intringic turm-on time is neglegibie (turn-on is dominated by Ls+Lo)
Notss:

@ Repetitive rating; pulse width limited by
max. junction temperature {See Figure 11)

@ Vpp=25V, starting Tu=25°C, L=4.8mH
RG=25(, Ias=5.0A (Ses Figure 12}

@ |gps5.6A, didt<75A/Ls, VDDSV(BRIDSS,

Tus175°C

@ Pulse width < 300 us; duly cycle <2%.
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{p, Drain Current (Amps)

I, Drain Current {Amps)
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Fig 1. Typical Output Characteristics,
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i}
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ip, Drain Current (Amps)
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Flg 13a. Basic Gate Charge Waveform 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 1509

Appendix C: Part Marking Information — See page 1516 Intemational
Appendix E: Optional Leadforms — See page 1525 Rectiﬁer
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