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WITH REDUCED NUMBER OF SWITCHES
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ABSTRACT

This Project presents alternative method for control speed of a single-phase induction
motor with reduced number of switches. The controller can be operated in two different
mode, full-speed mode and reduced-speed mode, by utilizing PWM technique. In reduced-
speed mode the motor voltage is controlled to have a constant V/F ratio while in full-speed

mode, the auxiliary winding voltage is controlled to have 90-degree phase difference with the
main winding.
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(0]

P
T, = £ (2.34)
(0]



grinvenunng N NIzIBMInRIm N Tile 1z

HAZHATIVUDALTITA A

12
T=T-T,=-1(R-R;) (2.35)
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Por =Pl (2.39)

]
a A

1AUR Poy Y52N0UAWMITOITHDINIANI ATEANIULAZUTIAULINAYM S FayFoRuny

o

=T AT i G 1 t4 o G 5 a °o_§
sadlumsgideilowinasuyy aumnyuluseseimansaesinivinans suamioniily
[l [ y '
2993 Tsmesinnuddn i duiumsgu@oiisaninnewaslulsmes (PR) fie wasauFaday
4 ¥ A4 4 i 1 ' = a 4 4
voamsquFoiifavudisnmnuuimanudazdiu lnsnmsgadoiiosnnneuaslulsnesy
a g v v A Yo &
Aannanuudmannyu lldamihuazoosnduihmualdasi
sz 7 Sng (240)

Py = (2=5) Py (2.41)
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2.2.2.1 vomosuuunanwa (Split-Phase Motor)
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msudawsduduyn Masaihinady fmnselSuanuduazvinaldaudeams

2.3.1 szianveBunesines
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1. BunofnednlmAoy (Single Phase Inverter) (iuButiefinesfioniymiuly
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2. Sunodiaes 3 ol (Three Phase Inverter) ifuduiiesinosoninmiuly
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1. mstioaguanaiununiavesad (Pulse Width Modulation : PWM)
2. mimiﬁ]uTﬂUHfﬁq‘!mﬂméméﬂn (Square Wave Operation)
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2.3.5 mstieagranmuanunNIvesad

matiaves PWM szisunamsnaniiueutagansii (@udummmaoumSeiludesnld)

) ¥
wazth S oudousugUatununaieg Jusgfugduuulumsi PWM sdunulumsileagian
v v ] 9 A
aunnundveIiadueld 3 uuy fe
=] Y v 4 = A .
1. MINDAAANAINANUNINVOINATUUVIAYI (Single pulse modulation)
2. mioaguanamuanunirvesiaduuunaiewad (Multiple pulse modulation)

@ L4 & . .
3. mstieagranauanundevesiadiuyland (Sinusoidal pulse modulation)

v d ! . .
23.5.1 miﬁaﬂ@mﬂmuﬂ3mn5’1wmwammmﬁm (Single pv'-e modulation)
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a o 9 & o Ao A & a LI
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S=2n/n (2.45)

< /s a o o o Yy v o q Y1 o a A& '
ﬂ:muﬂmﬂuuﬂﬂmﬂ‘umm HUNYIVBDIAY 'Yl'lah’iﬂ’\lliQﬂugaﬂ1U1Jﬂ1aﬂﬂ3150ﬂ"'] tasal

A o o4 Y
ms umgﬂﬂauwamﬂumﬂﬂmn

-

o 1
et [rid(er) (2.46)

r-a
2



25

°o_ @

DN,
—
e
=h.
=
)
ee

o o o a A o (Y
M5u815 luin UAIgagAYDIzUAaUITIAY V, Y

Vn = ——SinT (247)

¥
mANuRAWoUYId Yy (Distortion Factor : DF) 9ziiauniAy

W) 2z . 5

DF = = sin — 248
Woms Nrs 2 )

wiiuldhaigageiian =081l 5 ==

o d v d 0 .
2352 msﬁaﬂ@,mm’lmmmni’nmmwammnﬁmﬂwatr (Multiple pulse modulation)
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[V 1 P 1 1Y) 1 [~ o = 5
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o 9y
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£
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2.3.6 dunesineitlaiAe (Single phase inverter)
[ a [l Y a A
aunsautaiuriintould 3 vila fio
1. s1aduSATounDsIART (half bridge inverter)
2. WauSadounesians (full bridge inverter)

3. vg‘kuaa“unai'mas'(push pull inverter)



2.3.6.1 :1avlU3nddunesIN03 (half bridge inverter)
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1ng1sesaanuSatdunesines (half bridge inverter)
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a 4 v o a 1
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o Y o A ' a C4 a (Y v a
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Vi = V4 (2.59)
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2.3.62 ‘vj‘ammaunesmas (full bridge inverter)
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msl¥dyana PWM  mauquuunluTwais laadineadng (PWM  with  bipolar
voltage switching) umsaruauludnvurmsadndyaiu PWM Suinaiuguaing e
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AL W, W, N, lnan 0.8 Kg Ty

50 Hz 0.8 0.2 1450 0.3528
49 Hz 0.8 0.2 1436 0.3528
48 Hz 0.8 0.2 1401 0.3528
47 Hz 0.8 0.2 1368 0.3528
46 Hz 0.8 0.2 1337 0.3528
45 Hz 0.8 0.2 1309 0.3528
44 Hz 0.8 0.2 1273 0.3528
43 Hz 8 0.2 1247 0.3528
42 Hz 0.8 0.2 1214 0.3528
41 Hz 0.8 0.2 1180 0.3528
40 Hz 0.8 0.2 1150 0.3528
39 Hz 0.8 0.2 1125 0.3528
38 Hz 0.8 0.2 1098 0.3528
37 Hz 0.8 0.2 1062 0.3528
36 Hz 0.8 0.2 1029 0.3528
35 Hz 0.8 0.2 998 0.3528
34 Hz 0.8 0.2 965 0.3528
33 Hz 0.8 02 936 0.3528
32 Hz 0.8 0.2 907 0.3528
31 Hz 0.8 0.2 875 0.3528
30 Hz 0.8 0.2 844 0.3528
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A W, W, N, filvaa 1.0 Kg L,

(Hz) (Kg) (Kg) (rpm) (N-m)
50 Hz 1.0 0.3 1448 0.4116
49 Hz 1. 0.3 1422 0.4116
48 Hz 1.0 0.3 1387 04116
47 Hz 1.0 0.3 1351 0.4116
46 Hz 1.0 0.3 1322 0.4116
45 Hz 1.0 0.3 1289 0.4116
44 Hz 1.0 0.3 1258 04116
43 Hz 1.0 0.3 1237 0.4116
42 Hz 1.0 0.3 1198 04116
41 Hz 1.0 0.3 1162 0.4116
40 Hz 1.0 0.3 1136 0.4116
39 Hz 1.0 0.3 1104 0.4116
38 Hz 1.0 0.3 1076 0.4116
37 Hz 1.0 0.3 1042 0.4116
36 Hz 1.0 0.3 1007 0.4116
35 K 1.0 0.3 972 0.4116
34 Hz 1.0 03 943 0.4116
33 Hz 1.0 0.3 913 0.4116
32 Hz 1.0 0.3 883 0.4116
31 Hz 1.0 0.3 850 04116
30 Hz 1.0 0.3 819 0.4116
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48

=
AITUD

W, A N:#lvaa 1.5 Kg T,
50 Hz 1.5 0.4 1417 0.6468
49 Hz 1.5 0.4 1383 0.6468
48 Hz 1.5 0.4 1354 0.6468
47 Hz 1.5 0.4 1992 0.6468
46 Hz 1.5 0.4 1289 0.6468
45 Hz 75 0.4 1256 0.6468
44 Hz 45 0.4 1219 0.6468
43 Hz 1.5 0.4 1194 0.6468
42 Hz S 0.4 1156 0.6468
41 Hz 1.5 0.4 1123 0.6468
40 Hz 1.5 0.4 1088 0.6468
39 Hz 1.5 0.4 1058 0.6468
38 Hz it 0.4 1037 0.6468
37 Hz J25 0.4 988 0.6468
36 Hz 1.5 0.4 955 0.6468
35 Hz 1.5 0.4 914 0.6468
34 Hz 1.5 0.4 864 0.6468
33 Hz 1.5 0.4 848 0.6468
32 Hz 1.5 0.4 825 0.6468
31 Hz 1.5 0.4 769 0.6468
30 Hz 1.5 0.4 751 0.6468
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AT 5-4 Tusiaudunnavae No Load

49

ANA TR N, 7 No load

(Hz) (volt) (rms)
50 220 1492
49 220 1469
48 220 1434
47 220 1403
46 220 1370
45 220 1340
44 220 1312
43 220 1285
42 220 1250
41 220 1217
40 220 1193
39 220 1162
38 220 1133
37 220 1099
36 220 1067
35 220 1036
34 220 1007
33 220 980
32 220 949
3 220 915
30 220 887
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(rpm)

<
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1600
1400
1200
1000
800
600
400 |

200

0.7
0.6
0.5

04

(N-m)

03

TERBIL

02

0.1

I A A

— nian 0.8Kg.
— Tuan 1.0 Kg
uan 1.5Kg
No Load
T R —— B W I TNY T I T T T T
S W S J 3 3 S v W7 S
S G oo RV N A4 ) B oaans
a
ANND (Hz)

= Load 0.8 Kg

= Load 1.0Kg,

Load 1.5 Kg}

W v 4 4 $ W 4 G 43 b 4
S R R Sl R

A0 (Hz)
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Stopped g 2005703717 22:41:27
: : CH2=200mV: : : © 5msydiv
DC 10:1 : " . (5Smsydiv)

NORM 200k8/s

”..;e.ll M e
il
_4A L w

(REPPSP . |
IE] :

5

=Trace2= MaL 488.0mv | Mih  =-512.0mv :
: J Freq 500 OHz Duty 45;0%

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CHi ! oV Main I 10K Mode : AUTO
BW : FULL CH2 :  0.000v Zoom @ 4K Type : EDGE CH1 4
Delay : 0.0ns

Hold Off : MINIMUM

()

Ve

Stopped
CH1=200V :

2005703717 22:41:41
'E' DC 1001

. Smsydiv
i (Smsydiv)
NORM 200kS /s

M ,\EMI!MW\M a "H\‘
‘m . 1-!1!'HI}| !’ué ] M ! | mml!u

o L BN e T

Max
Freq 5. GOOkHz

I
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 : oV Main © 10K Mode : AUTO
BW : FULL CH2 :  0.000V Zoom : 4K Type : EDGE CH1 £

Delay : 0.0ns
Hold Off :  MINIMUM

v
Ui 5-4 Agunaudinnwd 30 Hz  n) gedunszuaiinaind 30 Hy

v) jUnanussaudinelinunemesiinaud 30 Hz
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Stopped g 2005/03/17 22:23:20

CH2=200mV: 3 : T 5ms/div
DC 10:1 : : * (Smsydiv)
: : : : NORM‘ZUOKS /s

=Trace2= Mak 440.0mv ©  Mih -480.0mV 5 117.1mv
Freq 1. unukuzf Duty 90i0% : :
................................................. i R S
=Filter= =Offset= =Record Length= =Trigger=
Smaothing : ON  CH1 : ov Main I 10K Mode : AUTO
BW @ FULL CH2 :  0.000V Zoom : 4K  Type : EDGE CH1 &
Delay : 0.0ns
Hold Off :  MINIMUM
(]
Stopped b 2005/03/17 22:23:35
CH1=200V : : : : 1 Smsydiv
DC 100:1 : : : : : ¢ (5msydiv)

NORM ZODkSIS

IH

mE T
RS

L Tracetn Max  312.0V § M -32().0\/ ©  Rms 287.0Y

G g 5000z, Wy SIITK e ekl :
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1: oV Main : 10K Mode : AUTO
BW : FULL CH2 :  0.000V Zoom : 4K Type : EDGE CH1 4
Delay : 0.0ns

Hold OFf :  MINIMUM
v

Ui 5-5 mgpedudinaw@ 35 H:  m) jUndunszuaiinaad 35 Hz

v) jUnduussiuingliiunemesinaind 35 Hz



Stopped g 2005/03/17 22:14:15
: : CH2=200mV: : Sms/div
pc 10:1 : (5ms7div)
SRR e A e o Ll Tl N?W‘.’.“.S../.?.
............................ & I v S e IA".
| :
‘ : ! L :
;r S P .4,.,|<....._,.._ L iy i 1 I 1
nire i | 1"
! k 3
o o111 LI T X TR ml“ ..................... ’ ......... |
f:TracefZ: Mak  488.0mv :  Min -480 omv '; Rms  109.4mv
el ...,F"_?‘l....f.’_",?.?_*_'?..? ...... Duty 11:i8% - - -

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CHT : oV Main : 10K Mode : AUTO
BW @ FULL CH2 :  0.000V Zoom : 4K Type : EDGE CH1 £
Delay : 0.0ns

Hold Off : MINIMUM

()

A3

Stopped

2005/03/17 22:14:32

CHI1=200V
pC 100:1 :

Sms/div
. (5msydiv)
NORM.’200I(S/ s

& ’
l "li‘
H '! o
il "vn
£ : :
t=Tracel= Max 312.0v :  Min =-320.0V Rms  284.6Y
: ,F'eq 5. '.’.“.9',‘?‘..25. Duiy 50;0% :
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main : 10K  Mode : AUTO
BW : FULL CH2 :  0.000V Zoom : 4K  Type : EDGE CH1 £
Detay : 0.0ns

Hold Off : MINIMUM

v

i 5-6 mpndufinnud 39 He n) gpaunszuainnud 39 He

S N T
v) jnauussauiinelinunemesinaud 39 Hz
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Stopped g 2005/03/17 19:12:35
: CH2=200mV| : : : Sms/fliv
DC 10:1 : : : (5msydiv)
SR 5 EE D B pes SRR | SR T (e 1 | !“.‘.’BM?‘?..‘SS/.?
. A P A L 1 R e ’ ..............
! lf ! sl
[
{_t ’ ]Il ----- 1 lt ‘ et 1| { | ]
gl b TN ;
ace2illl Max 3 Miln| -1.024v Rms  110.1mv
Freq 6 Dytly 83:8% |||
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 ov Main : 10K Mode : AUTO
BW : FULL CH2 :  0.000V Zoom : 4K Type : EDGE CH1 4
Delay : 0.0ns
Hold Off : MINIMUM
(m
Stopped 3 2005/03/17 19:17:03
CH1=200V : i © Bmsydiv
DC 100:1 ; i : (smsydiv)
L& Em v, vl 4 P v EAANA NN, o N7 !*!95."'*4?9‘.’.“?.’.%.

)ll 0 | ” i
L

Max 344 ov 5 ijs
Freq 5. UﬂOkHz ______ :
=Fiter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main : 10K Mode © AUTO
BW : FULL CH2 : 0000V Zoom : 4K Type : EDGE CH1 £
Delay : 0.0ns

Hold Off : MINIMUM

v

JU# 5-7 MgUnaudinaw@ S0 Hz 0 qUndunszuaiinad 50 Hy

v) gllﬂaulmﬂunmy'lwnuuamaf’ﬁmmﬁ 50 H
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TOSHIBA

TLP251
TOSHIBA Photocoupler GaAtAs Ired & Photo-IC
Inverter For Air Conditionor Unitin frim
Induction Heating
8 7 6 5
Transistor Inverter AL
Power MOS FET Gate Drive 3
IGBT Gate Drive T2 e
9.66 £0.25 $§ 7.62£0.25
The TOSHIBA TLP251 consists of a GaAfAs light emitting diode and a 9
integrated photodetector. | 2%004E —I% ﬂ—mﬂ
This unit is 8-lead DIP package. SEEoHt ol
TLP251 is suitable for gate driving circuit of IGBT or power MOS FET. b e
Especially TLP251 is capable of “direct” gate drive of lower power IGBTs. g £0.25 5 =
(~154)
® Input threshold current: IF=5mA(max.) 11-10C4
® Supply current (Icc): 11mA(max.)
@ Supply voltage (Vce): 10-35V TOSHIBA 11-10C4
® Output current (I0): +0.4A(max.) Weight: 0.54g
® Switching time (tpLH / tpHL): 1ps(max.)
® UL recognized: UL1577, file no.E67349
. 1 .
Schematic O e
Icc 2] 7
2 8 3[ e
IF
At (Tr 1) 4 [: ° \ :] 5
VE :; >’
3 :] by 1:N.C.
< Vo 2: Anode
l?r ] 3: Cathode
L8 L 5 GND ‘; gn%
. :
6 : Vo (Output)
7:N.C.
A 0.1pF bypass capcitor must be connected 8:Vee
between pin 8 and 5(see Note 5).
Truth Table
Tr1 Tr2
Input On On off
LED Off Off On

2002-09-25




TOSHIBA TLP251

Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Unit

Forward current IF 20 mA

Forward current derating

Alg/ ATa -0.36 mA/°C

(Ta=270°C)

[a)
Y | Peak transient forward | 1 A
current (Note 1) FPT

Reverse voltage VR 5 \%

Junction temperature T 125 °C

“H" peak output current

(Pw < 2.0ps, f < 15kHz) loPH -04 A

(Note 2)
“L” peak output current
(Pw < 2.0ps, f < 15kHz) lopL 0.4 A
(Note 2)
i (Tas 70°C) 35
£ | Output voltage Vo \%
2 (Ta = 85°C) 24
[}
a {Ta< 70°C) 35
Supply voltage Vce vV
(Ta=85°C) 24
Output voltage derating
AVp/ ATa -0.73 Vi/°C
(Ta270°C)
Supply voltage derating
AVce !/ ATa -0.73 v/°C

(Ta270°C)

Junction temperature Tj 125 N
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg -56~125 °C
Lead soldering temperature(10s) Tsol 260 *C
Isolation voltage (AC, 1min.,

BVs 2500 Vrms
R.H.< 60%) (Note 4)

(Note 1) Pulse width Py < 1ps, 300pps

(Note 2) Expornential waveform

(Note 3) Expornential waveform, lopy < —0.25A(< 2.0ps), lopL < +0.25A(<2.0ps)

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

(Note 5) A ceramic capacitor(0.1pF)should be connected from pin 8 to pin 5 to stabilize the
operation of the high gain linear ampifier. Failure to provide the bypassing may impair the
swiching property.The total lead length between capacitor and coupler should not

exceed 1cm.

2 2002-09-25



TOSHIBA

TLP251

Test Circuit 6: tpLH, tpHL, tr, tf

E 7] 8,
L
J Lk Io.mF | Veer
:l T TVO i
R
M i
L e
100Q E »
L VEEt
Test Circuit 7: CmH, CmL
8
L&
1 [ || I
sw IF 0.1pF
— ] T | Vee
Ao'o B il
ned /hiis
i 14
Veum
) =
e § 1d
| 600V
[~ 90%. |
Vem  10%
tr tf
——j— >
SW: A(lf = 8mA)
.
iy .
HL
SW: B(IF = 0)

Cme (Cun) 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.

Vo1

_480(V)

tr(ps)

£380(V)
tf (Ws)

2002-09-25



TOSHIBA

TLP251

(mA)

IF

Allowable forward current

Allowable peak output current

Forward current

Ir (mMA)

(A)

loPH, loPL

Ig = VE

50

Ta=25°C

30

10

N
N

w

N

0.5
03

0.1

T~
N

0.05

0.03

0.01

40

30

/

/

.0 1

2 14 1.6 1.8

Forward voltage VE (V)

IF—Ta

2.0

20

0.5

0.4

03

0

20 40 60 80

Ambient temperature Ta (°C)

lopH, lopL - Ta

100

PW <20 ps, f<15KHz

0.2

0.1

20 40 60 80

Ambient temperature Ta (°C)

Allowable supply voltage Vgc (V)

|

Forward voltage temperature
coefficient AVE /ATa (mV/°C)
>

|
N
o

|
=
=)

40

30

20

10

AVE IAVE - I

4
0.1

03 05 1 3 5

Forward current I (mA)

Vec-Ta

10 30

0

20 40 60

Ambient temperature Ta (°C)

80 100
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TOSHIBA TLP251

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 Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

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

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 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 intellectual property or other rights of TOSHIBA CORPORATION or others.

The information contained herein is subject to change without notice.
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INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

PD- 915758

IRG4PH50KD

Short Circuit Rated
UltraFast IGBT

Features

* High short circuit rating optimized for motor control,
tsc =10ps, Vec =720V, T;=125°C,
Vge =15V

¢ Combines low conduction losses with high
switching speed

« Tighter parameter distribution and higher efficiency
than previous generations

« IGBT co-packaged with HEXFRED™ ultrafast,

|C
Vces = 1200V
l\ VCE(on) typ. = 2.77V
E @Vge =15V, Ic =24A
n-channel

ultrasoft recovery antiparallel diodes

Benefits

« Latest generation 4 IGBT's offer highest power density
motor controls possible

e HEXFRED™

switching losses

e This part replaces the IRGPH50KD2 and IRGPH50MD2

diodes optimized for performance with IGBTSs.
Minimized recovery characteristics reduce noise, EMI and

products
* For hints see design tip 97003 TO-247AC

Absolute Maximum Ratings

Parameter Max. Units

Vces Collector-to-Emitter Voltage 1200 \%
Ic @ Tc =25°C Continuous Collector Current 45

Ic @ Tc =100°C | Continuous Collector Current 24

lcm Pulsed Collector Current ® 90 A
ILm Clamped Inductive Load Current @ 90

I @ Tc = 100°C | Diode Continuous Forward Current 16

lem Diode Maximum Forward Current 90 :

tse Short Circuit Withstand Time 10 ys
Vae Gate-to-Emitter Voltage + 20 \
Pp @ T¢c =25°C Maximum Power Dissipation 200

Pp @ T¢c = 100°C | Maximum Power Dissipation 78

Ty Operating Junction and -55 to +150

TstG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min Typ. Max. Units

Raic Junction-to-Case - IGBT — — 0.64

Reuc Junction-to-Case - Diode — o 0.83 °C/W
Recs Case-to-Sink, flat, greased surface — 0.24 —

Regua Junction-to-Ambient, typical socket mount _— —_— 40

Wt Weight — 6 (0.21) — g (02)
www.irf.com 1
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IRGAPH50KD S,

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

Parameter Min. | Typ. | Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage® |1200| — | — \Y Vge = 0V, Ic = 250pA
AVerices/AT, | Temperature Coeff. of Breakdown Voltage | — | 0.91| — | V/°C | Vge =0V, Ic = 1.0mA
Vee(on) Collector-to-Emitter Saturation Voltage | — | 2.77| 3.5 Ic = 24A Vge = 15V
— | 3.28| — \ Ic =45A See Fig. 2, 5
— 254 — Ic=24A, Ty=.,0°C
VGE(th) Gate Threshold Voltage 30| — | 6.0 Vce = Vag, Ic = 250pA
AVGe@ny ATy | Temperature Coeff. of Threshold Voltage — | -10 | — [mV/°C| Vce = VgE, Ic = 250pA
Ore Forward Transconductance @ 13 19 | — S Vce = 100V, Ic = 24A
lces Zero Gate Voltage Collector Current — | — | 250 | pA | Vge =0V, Vce = 1200V
— — | 6500 Vge =0V, Vcg = 1200V, T = 150°C
VEm Diode Forward Voltage Drop £=N\2.5 | '35 A Ic = 16A See Fig. 13
— 121 3.0 lc=16A, Ty=150°C
lges Gate-to-Emitter Leakage Current — | — |£100| nA | Vge=x20V
Switching Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max.| Units Conditions
Qq Total Gate Charge (turn-on) — | 180 | 270 lc = 24A
Qge Gate - Emitter Charge (turn-on) = |/25- ]38 nC | Vcc = 400V See Fig.8
Qqc Gate - Collector Charge (turn-on) = | 4310 Vge =15V
td(on) Turn-On Delay Time —— 87 —
te Rise Time — | 100 | — ¥ Ty=25°C
ty(off) Turn-Off Delay Time — | 140 | 300 Ic = 24A, Vcc = 800V
t Fall Time — | 200 | 300 Vge =15V, Rg =5.0Q
Eon Turn-On Switching Loss — |3.83] — Energy losses include “tail"
Eott Tumn-Off Switching Loss — |1.80| — mJ | and diode reverse recovery
Eis Total Switching Loss — |5.73] 7.9 See Fig. 9,10,18
tsc Short Circuit Withstand Time 10 | — | — ps | Vec =720V, Ty =125°C
Ve = 15V, Rg = 5.0Q
td(on) Turn-On Delay Time — | 67 | — TJE 180°C, See Fig. 10,11,18
t, Rise Time — 172 J— ' | lc=24A Veo= 8OOV
taott) Turn-Off Delay Time — |310 | — Vge = 15V, Rg = 5.0Q.
t Fall Time — [390 | — Energy losses include "tail"
Ews Total Switching Loss — |8.36| — mJ | and diode reverse recovery
Le Internal Emitter Inductance o—) 137 = nH | Measured 5mm from package
Cies Input Capacitance — |2800| — Vge =0V
Coes Output Capacitance — (140 | — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 83 | — f =1.0MHz
ter Diode Reverse Recovery Time — | 90 | 135 ns | Ty=25°C See Fig.
— | 164'| 245 Ty= 125°€ 14 Ig = 16A
lee Diode Peak Reverse Recovery Current | — | 5.8 | 10 A | T;=25°C See Fig.
— | 83| 15 Ty=125°C 15 Vg = 200V
Qe Diode Reverse Recovery Charge — |260|675| nC | T,=25°C See Fig.
— | 680 |1838 Ty=125°C 16 d/dt = 200A/ps|
digrecywW/dt Diode Peak Rate of Fall of Recovery — |120| — | A/us| T, =25°C  See Fig.
During t, — | 76 | — Ty=125°C 17

2 www.irf.com
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TSR Rectifier IRG4PH50KD

: | [
Forboth:
- — Duty cycle: 50%
—
L Ty = 125°C

< ~~—_ Tsink = 90°C
o0 Gate drive as specified
E Power Dissipation = 40W
w Square wave: --ceceeee \
us 60% of rated
&8 g ltage
) vo N
O J ] \\
2 10 = N
o Elsd S
—

TN
\\\\~~
: 74 1
0.1 1 10 100
f, Frequency (KHz)
Fig. 1 - Typical Load Current vs. Frequency
(Load Current = Igyg of fundamental)
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Fig. 2 - Typical Output Characteristics
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Fig. 3 - Typical Transfer Characteristics
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4.0
=0 VGE =15V
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Fig. 4 - Maximum Collector Current vs. Case Fig. 5 - Typical Collector-to-Emitter Voltage
Temperature vs. Junction Temperature
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Fig. 6 - Maximum Effective Transient Thermal Impedance, Junction-to-Case

4 www.irf.com



International

IGR Rectifier

4

= VoE = OV, f=1MHz
Cies =Cga + Cge, Gos SHORTED
Cres = Lgc
\ Coes = Cce + Cqc

3000 T
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1000 N\
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Ve . Collector-to-Emitter Voltage (V)

Fig. 7 - Typical Capacitance vs.

Collector-to-Emitter Voltage
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Fig. 9 - Typical Switching Losses vs. Gate
Resistance
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Total Switching Losses (mJ)
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TGR Reclifier
2 [Rg =500 / 1% [Vgg =2ov
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Fig. 11 - Typical Switching Losses vs. Fig. 12 - Turn-Off SOA
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00 ) ]l
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Fig. 14 - Typical Reverse Recovery vs. di/dt
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Fig. 16 - Typical Stored Charge vs. di/dt

www.irf.com

lram - (A)

di(rec)M/dt - (A/ps)

IRG4PH50KD

40
Vg=200V ;
| 1,= 125°C --- I
'l
30
4
[
e’
’
ll
Y 9
p
= lgp=32A T "/
e /? AN
= ~] ’ 4 r
lp=16A —~—L2"],” //
. 'a‘\' > »
lp=8.0A ‘w;z':yz://
10 Pt < Pl
Ed T -
%0% e’ /
—a::;;:j%/
0
100 1000

di¢/dt - (Alps)
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IRG4PH50KD IR Rectifier

S 90% Vge
+Vge
Same type G
device);g Vce
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i .
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Fig. 18a - Test Circuit for Measurement of N\
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Fig. 18b - Test Waveforms for Circuit of Fig. 18a, Defining
Eott, ta(ofn, t

L L A \ ey — i 8
GATE VOLTAGED.U.T 16 Q= Jlcat
x
10% +Vg +Vg f—¢ f
\ tx/ /\ o
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Fig. 18c - Test Waveforms for Circuit of Fig. 18a,  Fig. 18d - Test Waveforms for Circuit of Fig. 18a,
Defining Eon, tgion. & Defining Erec, trr, Qur. Ire
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IRG4PH50KD

Vg GATE SIGNAL
DEVICE UNDER TEST

CURRENTD.U.T.

VOLTAGE IN D.U.T.

CURRENT IN D1

Figure 18e. Macro Waveforms for Figure 18a's Test Circuit

6000pF
100V

50V =

|1

Figure 19. Clamped Inductive Load Test Circuit
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Figure 20. Pulsed Collector Current
Test Circuit
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Notes:

@ Repetitive rating: Vge=20V; pulse width limited by maximum junction temperature
(figure 20)

@V c=80%(Vces), Vae=20V, L=10pH, Rg=5.0Q (figure 19)
® Pulse width <80ps; duty factor<0.1%.
@ Pulsewidth 5.0ps, single shot.

Case Outline — TO-247AC

R NOTES:
3.65(.143) |20

£ an innoy DIMENSIONS & TOLERANCING
1540408 9 355 (.140) —t PER ANSI Y14 5M, 1562
& [&]20.25 (010)@®[D][8 W] i iy CONTROLLING DIMENSION : INCH.
sl L‘ 2.50(.089)

ki DIMENSIONS ARE SHOWN

[ 5 { Css012m) MILLIMETERS (INCHES).
C; [ Ld =¥

w o~

4 CONFORMS TO JEDEC OUTLINE
TG-247AC.

2030 (800 ;
10,70 g.m; [ o g 5500210 :
< ase(amm ne LEAD ASSIGNMENTS
t 1. GATE
2_Asle” Ly L 2-COLLECTOR

14.80 (583)

* 14.20 (558) 370 (145) + LONGER LEADED (20mm)

VERSION AVAILABLE (TO-247AD)
TO ORDER ADD "-E" SUFFIX

: 3-EMITTER
[ 4 -COLLECTOR
i 4.30(.170)

TO PART NUMBER
2.40 (.094) 1.40 (.056) | gy 080(031)
2.002().(079) h = 1.00 (.039) 0.40 (.016)
[&]0.25(.010) @ [c[A®)] L 2.60(.102)
i 220 (07
« 3.00 (.118)

CONFORMS TO JEDEC OUTLINE TO-247AC (TO-3P)

Dimensions in Millimeters and (Inches)
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IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd, Whyteleafe, Surrey CR3 OBL. UK Tel: ++ 44 (0)20 8645 8000
IR CANADA: 15 Lincoln Court, Brampton, Ontano L6T3Z2. Tel: (905) 453 2200
IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 (C) 6172 96590
IR ITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: ++ 39 011 451 0111
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IR SOUTHEAST ASIA: 1 Kim Seng Promenade, Great World City West Tower, 13-11, Singapore 237994 Tel: ++ 65 (0)838 4630
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