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Single phase PWM AC/AC Converter for Induction Motor drive

Metha  Silsirivanitch

Winyou Srisuratch

Apichat Ninphet

Asst.Prof.Dr. Vijit Kinnares Advisor
2000

Abstract

This thesis presents the control of ac voltage using PWM ac chopper technique with
switching component called IGBT. The use of fed energy control for various loads especially
for a single-phase induction motor is the purpose of this Thesis. In addition, The simple for
designing PWM switching control signal is proposed. Moreover, simulation results compared

with experimental results are also included.
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aml(slip) fAde SasidIuveInNNE MAAIAAINLANANYDIANNG TR

Y {a Y « g da & 4
vy fuausngelnsia(Synchronous Speed) Yo imanvyuninadulunie

v
L e A a
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S aeadlidre Tufeanuisailoa e synchronous
NrS :NS _Nr ZSNS
A o o a @ a
W N, = anus loafauuAIvyu (FEVANT)

=4 o A o g ] [~ =%
= mmxsauumnuumamfmmmﬁ'sfmmmeaﬂwuu (S9U/UIMN)

2.1.4 Ao svesanausivinveadanalie Inel ( The Actual Speed
of the Rotor Field Space) tieviinsifieufudaegfufiseiiin v,

N, = amuddamyu + amuEavestnuiminmiifatufigampaie
nfSeufudltiues

=N, +N_ =N, +SN;
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. . 3 @ [] { 1Y @ °y = 4 @ =1
winding ) A 14 fasui 1Ffuuemeseaien (compressor) Y0 4gBUNTBINTBILSUBIAIARN
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2.2.1. 2995138U1590% (Comparator Amp)
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2.2.2.2905venenautWe (Inverting Amp)
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2.3 mssleagrananunitewad(Pulse With Moduiation: PWM)
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2.3.3msdieagranmunnunisvesaduuylani (Sinusoidal pulse width
modulation: SPWM)
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0.3 2.46 8.2 245 103.6 0.85 0.93
0.4 3.28 8.2 245 122.4 0.9 1.0
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0.7 5.74 82 245 176.5 11 1.20
0.8 6.56 8.2 245 193.8 1.14 1:25
0.9 7.38 8.2 245 213.5 1.20 1.30
1.0 8.2 8.2 245 224.4 1.21 1.32
1.1 9.02 8.2 245 232.2 123 1:32
12 9.84 RS 245 235 1.24 1.32
13 10.66 40 245 237 127 1.32
1.4 11.48 8.2 245 241 1.29 1.32
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Ma V sin V tri Vin V out AsUE | ITLERU |
(Volt) | (Volt) | (Volt) | (Volt) | maa(a) | wn(A)
0.2 1.64 8.2 220 92.5 0.78 0.82
0.3 2.46 8.2 220 115.3 0.85 0.93
0.4 3.28 8.2 220 130.2 0.9 1.0
0.5 4.10 8.2 220 146.8 1.0 1.08
0.6 492 8.2 220 160.9 1.07 1.16
0.7 5.74 8.2 220 174.8 1.1 1.20
0.8 6.56 8.2 220 186.9 1.14 1.25
0.9 7.38 8.2 220 195.2 1.20 1.30
1.0 8.2 8.2 220 203.8 1.21 1.32
1.1 9.02 8.2 220 208.2 1.23 1.32
1 9.84 8.2 220 209.3 1.24 1.32
1.3 10.66 8.2 220 211.9 127 1.32
1.4 11.48 ) 220 2135 1.29 1.32

AIINT 5.2 ANUAURUEITYNINNBABUANLIWLBYNY, nIzud Inanuas

nszuadunnyes Inaaanudunmiuas Inaaanumiionih

UsIAUIB M WM

300

200 ——

100 s

o a o
HOAQINTUOULAN

P v @ 1 v a o 1 I's
307 539 nymanuduiussenhaeagaduduRafulsIfueYIHN




— — O — o—

— - —aszudAduwm

o«
NTSUTLDINYM

ATTIA(A)
1.6
;
0.5
0
0

0.5

I

o< o a o
usaglayuouian

1.5

P v v 1 W a o a
5171 5.40 nswlamuFuRusznIaNeAgIIUBWAN NITLEDBUNN LA ATZUTR WY

5.3.3.3 gl paduuaasmsifnes luind

1) Ma= 02

LTI

sz

314 5.41 ugaensifing s luiindgq Ma=0.2



69

UTIAU TR

51/ 5.42 uermsmsiaes lwilndgf Ma=0.3

HIIAU ATZLLE

5171 5.43 uaasMmsiiaas luindfn Ma=0.4

Ay



70

LFIAU ASLLE

g

5191 5.44 uarasnsiinens Tutinda Ma=0.5

HSIAU AT

317 5.45 ugasmsifinegs luindi Ma= 0.6



7

Am‘p:
05— T T T

Al
/i

UFIAU

AISTLLTY

317 5.46 uansmsiags lwdndi Ma= 0.7

US9AU ATLLE

317 5.47 uaaemsiiags luilnd#i Ma = 0.8

! i v
\ ‘ i ] s B
L gt



8)Ma=09
Volt bLanp
0 T T 0%:; T T T
il B
051
l ,
02+
JLilS
05t
m}|
0tr 1
& ,i “I 00+ i
!1 "1 o 4 "1“;
\ "'.! i A\ .‘ A ' -‘\ v W T J“-" R, AP
0 o e e B VRIS e i T, Vi ek
0 10 bl k] L] 9 &) il & 9 g i n 2 ki L] N ]
159AU NILLLE
p- a o a o
311 5.48 uaeINITAAFIST IWHAEN Ma = 0.9
9)Ma=1.0
Volt bang
w T T T U$ T T T T T
ol 03t
05¢
m:
U.Z»i
19
015¢
10f
' ot |
|
i s}
f‘it [, . Y . o Al B
0 )\\_4 J}‘lr‘» A S 0 “"‘r'\v'Lb' PR A1 Ve el ML RN | ME
0 00 2 (I | R | D DA S0 20 10
S I nszLe

= a o a da
31U 5.49 uEraInIsARe3 luiindh Ma = 1.0



73

10)Ma=1.1

10 bE

Volt sangp
30- T T T T 05 T T T T T T T T T
29]"‘ 03
05
L
‘ 02y
f:
01
10+
0
]
1 gt
I Il
i f il {
i it | i
# Vil rol W, Faa¥ - fy‘\’l‘;l“i'i ArA P AT SN A s A
Pt e AVEITIDY Lo [ e At VAL VA SN MR A YA
0 0 A § D & B WY 0 e 0 0 A D 0
LI U nIgLLe
~ a gs Faes o
311 5.50 ugaIMIAAs llndi Ma = 1.1
11)Ma=1.2
Volt dang
kL T T T T T T T Ik T T T T T T T
%l UJ‘
0BF
at ,
02
150
0.5
10
i
A |
0%
_ o
i | f A A :
0 i'\\ g R 0 IO on e AT AMA A 3 'Lr‘;ﬁ/"\ Af-..v\,vvm/‘y')\-\)’J A AN DN N

R

9.8

nseLd

~ a 4 a Jda
517 5.51 paaIM A5 lutindih Ma = 1.2

i

o

9

1 ME



74

12)Ma=1.3
Volt Lang
m. T T 25 T T T T T 05 T T T T T T T T
2l Ui'l
0%t
x[].
|
0y
|
05t
10} |
o
. s
Efi."\
0 ”’JI\ X DU ¢ o R I T V) LV o A 0 i Y VN "’4"/\:.‘@)\'(.\/'-” "'V\N\/vvﬂ".\-‘{lv’\"\"1‘4\\»‘\
L0 00 090w 0w MM -0 0 D0 RE 8 m6 9 mM
UIIAU AgELLE
a - g 28 70 =
511 5.52 naaamsinaas lwinah Ma= 1.3
13)Ma=14
Volt Sanp
mi T T T T T T T 0:5 T T T T T i
|
|
Al aa!
0%
m,
0
s
|
U
lm—‘g
| 0
}
;
SU! 0t
I !
i o SV ' T PR
0 | Fa O VAL LAV AONANNNNA e, 0 A S VN AN AV S e
o0 % ¥ o4 @@ o wmiomeoy owM 3 o9 o2 3 g9 @00 ® 9 M
HI9A Y AL
~ a o a P
517 5.53 uaaan1siiaas luiinah Ma = 1.4



75

a @ q'/ o
5.3.4 lvanduanduuomos 1 e vuia Y4 usarh 220 Toad
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3 2001/03/22 01:56:43
: : Sms7/div
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CH1=50V CH2=5V by : Smsydiv CH1=50v CH2=5V - : ¢ Sms/div

DC 100:1 DC 10:1  (Smsydiv)

DC 100:1 bC 101 i : . (smsydiv)
i NORM200KS/5

. : : rACH2 s
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Freq 344.8Hz i E : Freq 151.5Hz
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3)Ma=12 4)Ma=1.3
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DC 11
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2.400v
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NORM:PUOKS /s

Min -122.0v .
i

Mih  -3.000V

t
!
+

Rms  42:51y

Rms 1.525v

Ch1 USIAUIDIVWN 50v/div Sms/div
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International PD - 91456E

ISR Rectifier IRG4BC40U

INSULATED GATE BIPOLAR TRANSISTOR UltraFast Speed IGBT
Features : c
e UltraFast: optimized for high operating

frequencies 8-40 kHz in hard switching, >200 Vces=600V

kHz in resonant mode

 Generation 4 IGBT design provides tighter
parameter distribution and higher efficiency than
Generation 3

* Industry standard TO-220AB package :

n-channel

6 Vee(on) typ. =1.72V

@Vge =15V, Ic =20A

Benefits

< Generation 4 IGBTSs offer highest efficiency available

* IGBTs optimized for-specified application conditions

* Designed to be a “drop-in" replacement for equivalent
industry-standard Generation 3 IR IGBTs

Absolute Maximum Ratings T0-220A8
Parameter Max. Units
Vces Collector-to-Emitter Voltage 600 \
Ilc @ Tc =25°C Continuous Collector Current 40
lc @ Tc =100°C Continuous Collector Current 20 A
lem Pulsed Collector Current ® 160
3] Clamped Inductive Load Current @ 160
Vae Gate-to-Emitter Voltage +20 \
Earv Reverse Voltage Avalanche Energy @ 15 mJ
Pp @ Tc =25°C Maximum Power Dissipation 160 W
Pp @ Tc =100°C | Maximum Power Dissipation 65
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range 5 C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units
Raic Junction-to-Case | eeeeee | 0.77
Recs Case-to-Sink, flat, greased surface | = ------ 050 | eeeee- °CW
Raja Junction-to-Ambient, typical socket mount | = ------ | aeeee- 80
Wt Weight | e 2 (0.07) |  ------ g (0z)
www.irf.com ' 1
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IRG4BC40U International

IR Rectifier

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

Parameter Min. | Typ. [Max. |Units Conditions
V(8ryces Collector-to-Emitter Breakdown Voltage | 600 | ---- | ---- | V [ Vge =0V, Ic = 250pA
V(BR)ECS Emitter-to-Collector Breakdown Voltage @ [ 18 | ---- | ---- Vv Vee =0V, Ic = 1.0A See Fig. 2.5
AVier)ces/AT) Temperature Coeff. of Breakdown Voltage! ---- [0.63 [ ---- [ vrC Vge=0V, Ic = 1.0mA
Vce(on) Collector-to-Emitter Saturation Voltage | ---- [1.72 | 2.1 Ic = 20A Vge = 15V
=== 1215 ---- | V Ic = 40A
meee | 1.7 | ---- Ic = 20A, Ty = 150°C
| VGE(th) Gate Threshold Voltage 3.0 | ---- | 6.0 Vce = Vag, Ic = 250uA
AVge(tn/AT| Temperature Coeff. of Threshold Voltagd ---- | -13 | ---- [mVrC Vce = Vae, lc = 250pA
Gte Forward Transconductance ® 11 18 | ---- S Vce = 100V, Ic = 20A
-e=e 1 l---- |-250 Vge = 0V, Vce = 600V
lces Zero Ga'e Voltage Collector Current s== | === 120 | pA | Vge=0V, Vce =10V, T, =25°C
---- | ---- 12500 Vge = 0V, Vce = 600V, T,y = 150°C
laes Gate-to-Emitter Leakage Current ---- | ---- [#100] nA | Vge = 20V

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

Parameter Min. | Typ. |Max. | Units Conditions
Q Total Gate Charge (turn-on) ---- | 100 | 150 Ic = 20A
Q Gate - Emitter Charge (turn-on) ---- | 167 ],. 25 nC | Vce = 400V See Fig. 8
Qqc Gate - Collector Charge (tum-on) ---- | 40 | 60 Vge = 15V
td(on) Turn-On Delay Time --=- | 34 | ---- Ty=25°C
te Rise Time === | 19 | ---- ns | Ig = 20A, Vcc = 480V
ta(oty Turn-Off Delay Time ===} 110} 175 Vge =15V, Rg = 10Q
t Fall Time ---- | 120 | 180 Energy losses include "tail"
En Tum-On Switching Loss ---- 10.32 | ----
Eon Turn-Off Switching Loss ---= 10.35| ---- mJ | See Fig. 10, 11, 13, 14
Eis Total Switching Loss ---- 1067 | 1.0
td(on) Turn-On Delay Time ---- | 30 | ---- Ty=150°C,
te Rise Time === | 19 | ---- ns | Igc =20A, Vcc = 480V
taotn Turn-Off Delay Time ---= 1 220 | ---- Vge =15V, Rg = 10Q
ty FallTime ---- | 160 | ---- Energy losses include *“tail"
Es Total Switching Loss ---- | 1.4 | ---- | mJ | SeeFig. 13, 14
Le Internal Emitter Inductance === | 7.5 | ---- | nH | Measured 5mm from package
Cies Input Capacitance ---- 12100 ---- Vge = OV
Coes Output Capacitancn ---- | 140 | ---- | pF | Vcg = 30V See Fig. 7
Cres Reverse Transfer Capacitance --=- | 34 | ---- f=1.0MHz
Notes:
® Repetitive rating; Vge = 20V, pulse width limited by ® Pulse width < 80ps; duty factor < 0.1%.

max. junction temperature. ( See fig. 13b )

® Pulse width 5.0ps, single shot.
(0] VCC = 80%(\/055), VGE= 20V, L= 1OUH, RG =10Q,
(see fig. 13a)

® Repetitive rating; pulse width limited by maximum
junction temperature.

2 www.irf.com



International IRG4BC40U

TSR Rectifier

60 b s s ey e w5 T T Te=y—Y
Eor both: Trianqular Wave: e
Duty cycle: 50%
50 o Ty=125°C raf] R | B
“\ T sink =90°C
Gate drive as specified
\ Power Dissipation = 28W _}k Clamp voltage:
T 80% of rated ]
<
7 N
= Square wave: =ee=-- - N
s N
0 30 60% of rated
8 voltage \
ES 5 Y Y S
=i _]»\ D e N
— | - a
o B [ I~o
| nn o— \\
L
_Il\ i . N
10 Ideal diodes A
I I
b I B I
0.1 1 10 100
f, Frequency (kHz)
Fig. 1 - Typical Load Current vs. Frequency
(For square wave, I=lgys of fundamental; for triangular wave, I=lp)
10C9 1000
3 <
= =
o o
5 L » S -
O oo 4/ © 100 ——
I Ty = 25°CAL > ===
= p = Ty = 150°C 22 a
€ //Ty=150°CT] E A
w / w
S 2 e
< / < / / Ty= 25°C
S 10 £ S 10 f—
@ £f 2 ya
° II"’ 8 y 4
< f g V4 I
o / © A §
Vge = 15V / / Vg =10¥
‘ 20ps PULSE WIDTH 4 Sps PULSE WIDTH
0.1 . 10 4 6 8 10 12
Vg .« Collector-to-Emitter Voltage (V) Vgg. Gate-to-Emitter Voltage (V)
Fig. 2 - Typical Output Characteristics Fig. 3 - Typical Transfer Characteristics
TC =25°C :
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IRG4BC40U International

TSR Rectifier

40 2.5
Ve =15V — Vge =15V ‘LLLL
= i NG > 80ps PULSE WIDTH 1]
= \ o - Ic = 40A
= 30 AN =] |1
= > /,/
(\-_) N 6 2.0 [
2 =
S N e
2 N tu = AT
= 20 \ & Ic =20
o N 3
O o
a N iy =
Q- —
1S \ = ™~
2 \ S Ic = 10A
.>_< \ ~
(s} w
= &)
o=
0 1.0
25 50 75 100 125 150 -60 40 -20 O 20 40 60 80 100 120 140 160
Tc . Case Temperature (°C) Ty . Junction Temperature (°C)

Fig. 4 - Maximum Collector Currentvs. Case Fig. 5 - Collector-to-Emitter oltage vs.

Temperature Junction Temperature
' =
T T
"1 =
HERES ,1'
—_ 1
D=0 1
S oilog T
= Ry
~ gt
: |ttt /’f::)-
0.20 -1 1
“ | " L1 i’
8 ot - = —_—
> —0.10 mus= 7)/' au
£ : .'/’/( DM
< 1
0.05 AT
E [P g
2 1 SINGLE PULSE t
= 002”11 | | krHeRMAL RESPONSE) _
< | ' Notes:
0.01, 1. Duty factor D = lill2
| 2.PeakTy=PpmxZyhyc + Te
0.01
0.00001 0.0001 0.001 0.01 0.1 1 10

t1 , Rectangular Pulse Duration (sec)

Fig. 6 - Maximum Effective Transient Thermal Impedance, Junction-to-Case
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International IRG4BC40U

IGR Rectifier

20
4000 =
Vge=0V,  f=1MHz ‘1“ » 2432\/
Cies =Cge +Cygc, Cco SHORTED = Cii=
Cres = Cgc : 16
\ Coes=Cce +Cnc =
T 3000 —Cies = V
& \,J > /
8 M, ; 12 ,/
g \‘m. =
‘é 2000 \\ [~ u%
e Coes 2 3 A
O Q
- N "
av NN =P
1000 f—Cres 1IN A«
N TN T
N N >
\~~
Yol 0
0
1 10 100 0 20 40 60 80 100 120
V¢e, Collector-to-Emitter Voltage (V) Qq. Total Gate Charge (nC)
Fig. 7 - Typical Capacitance vs. Fig. 8 - Typical Gate Charge vs.
Collector-to-Emitter Voltage Gate-to-EmitterVoltage
"' Ve - 480V " IR c100
Vge =15V Vi ez = 18V
T, =25°C | Vec =480V
10 lc =20A e Ic = 40A7[ |
= =
E’ g —.—-“’"/
3 / 2 =T
@ 039 /“ S A" Ic = ZOA/
i 4 = L
I L/ c ! T H
$ o / 5 BSES e ¢ 1At
= 4 = el -
(,g) %) —T -
= / - =
= / = =
S o1 & ]
./ ///
—-/’
0.6 0.1
0 10 20 30 40 0 60 60 40 20 0 20 40 60 80 100 120 140 160
R G, Gate Resistance ( Q) Ty, Junction Temperature (°C)
Fig. 9 - Typical Switching Losses vs. Gate Fig. 10 - Typical Switching Losses vs.
Resistance Junction Temperature
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TSR Recifier

4.0 1000

Rg =10Q Vge = 20V

T, =150°C T, =125°C

Vce = 480V o
= Vge = 15V y. =
E 30 7 €

= ¥
@ / S 100
o (&)
2 [/ 2
i / = [SAFE OPERATING AREA |
D 2.0 7 €
= w /
S 4 © /
; ¢ :é 10
w o 1
= 10 = ]'
= / B /
ASN gl &
0.0 1 /
0 10 20 30 40 50 1 i0 100 1000
I . Collector-to-Emitter Current (A) Vi « Collector-to-Emitter Voltage (V)
Fig. 11 - Typical Switching Lcsses vs. Fig. 12 - Turn-Off SOA

Collector-to-Emitter Current

6 www.irf.com



International IRGABC40U

ToR Rectifier

_ 480V
RL= ZxIce25°C
SOV___ 0-480V %
T o, T = L 480pF
W % 3600
* Driver same type as D.U.T.; V'c=80% of Vce(max) |
* Note: Due to the S0V power supply, pulse width and inductor
willincrease to obtaln rated Id.
Fig. 13a - Clamped Inductive Fig. 13b - Pulsed Collector
Load Test Circuit Current Test Circuit
—Il¢
Al
D.U.T. Fig. 14a - Switching Loss

Test Circuit

Y\ /

Ve <
* Driver same type
as D.U.T,, VC = 480V

o
ot \
Gsseec]
[——l— 90%
) ——10% \f_____—
AN
Ve 7] . S -
90% — —= lg(olf) | R— Fig. 14b - Switching Loss
/ / \ _ Waveforms
5 /
1o 5% 19%. 1
——>’, tie— _’ 1]

td(on) —| !: a_;_‘:l<‘l=5ps
Eon™] ~—Eoll

Ets= (Eon +Eorr)
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IRG4BC40U

Case Outline and Dimensions — TO-220AB

International
ISR Rectifier

__ 1054 (415) 84 NOTES:
2.87 L.113) _ | 10.29 (.405) (nggi g 133 4.69 (.185) 1 DIMENSIONS & TOLERANCING
262 (. 103)_1 e 4.20 (.165) 32 (.052) PER ANSI Y14.5M, 1982.
VA i 2 22 (048) 2 CONTROLLING DIMENSION : INCH.
6.47 (255) 3 DIMENSIONS ARE SHOWN
I 6.10 (240) MILLIMETERS (INCHES).
18 2 o sl 4 i 4 CONFORMS TO JEDEC OUTLINE
24 (. | TO-220A8.
14.84 (.584) 0
__1 15 (.045)
MIN
LEAD ASSIGNMENTS
1 .2] [s i 1-GATE
gy 3-96(.160) 2 -COLLECTOR
3-EMITTER
I R 4 -COLLECTOR
14.09 (.555) 4 %6 P50
13.47 (.530) (.160)
3.55 (.140)
 0:93 (037) Al 0.5 (.022)
40 (055) X 069 (:027) = %X 046 (018)
5 (.045) }G}I 036 (.014) GO[B A @] 92 (.115)
64 (.104)

2X

CONFORMS TO JEDEC OUTLINE TO-220AB {

Dimensions in Millimeters and (Inches)

Internationall
GR Rectifier

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, Ontario L6T3Z2, Tel: (305) 453 2200

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 (0) 6172 96590

IR ITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: ++ 33 011 451 0111

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo 171 Tel: 81 (0)3 3983 0086

IR SOUTHEAST ASIA: 1 Kim Seng Promenade, Great World City West Tower, 13-11, Singapore 237994 Tel: ++ 65 (0)838 4630

IR TAIWAN:16 Fl. Suite D. 207, Sec. 2, Tun Haw South Road, Taipei, 10673 Tel: 886-(0)2 2377 9936

Data and specifications subject to change without notice. 4/00

[ee]
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International |
TSR Rectifier HFA25TB60

HEXFRED™ Ultrafast, Soft Recovery Diode
ol =600V

Features = VR ?_

« Ultrafast Recovery 2 Ve(typ.)" = 1.3V

« Ultrasoft Recovery Irav) = 26A

» Maty Low famy Qr (typ.)= 112nC

« Very Low Qq 5 w (typ )_

« Specified at Operating Conditions Irrm = 10A

Benefits ‘ X tr(typ.) = 23ns

* Reduced RFl and EMI camooe w0 di dt (typ.) =250A/us

» Reduced Power Loss in Diode and Switching recn/dt (typ.) :

Transistor

+ Higher Frequency Operation
* Reduced Snubbing
* Reduced Parts Count %

Description

International Rectifier's HFA25TB60 is a state of the art ultra fast recovery
diode. Employing the latest in epitaxial construction and advanced processing
techniques it features a superb combination of characteristics which result in TO-220AC
performance which is unsurpassed by any rectifier previously available. With
basic ratings of 600 volts and 25 amps continuous current, the HFA25TB60 is *
especially well suited for use as the companion diode for IGBTs and MOSFETs.

In addition to ultra fast recovery time, the HEXFRED product line features
extremely low values of peak recovery current (Irrm) and does not exhibit any
tendency to "snap-off” during the t, portion of recovery. The HEXFRED features
combine to offer designers a rectifier with lower noise and significantly lower
switching losses in both the diode and the switching transistor. These HEXFRED
advantages can help to significantly reduce snubbing, component count and
heatsink sizes. The HEXFRED HFA25TB60 is ideally suited for applications in
power supplies and power conversion systems (such as inverters), motor
drives, and many other similar applications where high speed, high efficiency

is needed.

Absolute Maximum Ratings

Parameter Max Units

Vg Cathoc'e-to-Anode Voltage 600 \
IF@ Tc =100°C Continuous Forward Current 25

Irsm Single Pulse Forward Current 225 A
lerm Maximum Repetitive Forward Current 100

Pp @Tc=25°C Maximum Power Dissipation 125 c
Pp @ Tc =100°C | Maximum Power Dissipation 50

Ty Operating Junction and

Tste Storage ?’emperature Range -39 10 #150 L

*125°C




HFA25TB60

Bulletin PD-2.339 rev.A 11/00

International
TSR Rectifier

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

Parameter Min | Typ | Max| Units Test Conditions

Var Cathode Anode Breakdown Voltage 600 " Ig = 100pA
1338107 Ir = 25A

Vem Max Forward Voltage 1.5 120 | V |Ilg=50A See Fig. 1
11 1 By 4 Ir = 25A, Ty=125°C
15 | 20 Vr = Vr Rated See Fig. 2

Irm Max Reverse Leakage Current 500 12000 PA T, = 125°C, V = 0.8 x Vg Rated

Cr Junction Capacitance 55 | 100 | pF | Vr =200V See Fig. 3

- Measured lead to lead 5mm from
Ls Series Inductance 8.0 nH package body

Dynamic Recovery Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min | Typ |Max | Units| Test Conditions
ter Reverse Recovery Time 23 Ir = 1.0A, di¢gdt = 200A/ps, Vg = 30V
tr1 See Fig. 5,6 & 16 S0 | 75 | ns | Ty=25°C
ter2 105 | 160 T;=125°C IF = 25A
IrRRM1 Peak Recovery Current 45 | 10 A Ty=25°C
IrRrRM2 See Fig. 7& 8 8.0 | 15 T;=125°C Vg = 200V
Q1 Reverse Recovery Charge 25 T,=25°C
S nC
Q2 See Fig. 9& 10 420 {1200 T;=125°C digdt = 200A/ps
direcpw/dt1 | Peak Rate of Fall of Recovery Current 250 Ty=25°C
= h L Alys
diceqw/dt2 | Duringty See Fig. 11 & 12 160 T;=125°C
Thermal - Mechanical Characteristics
Parameter Min Typ Max Units
Tiead® Lead Temperature 300 °C
Rihsc Thermal Resistance, Junction to Case 1.0
Rihia®@ Thermal Resistance, Junction to Ambient 80 Kw
Rihcs® Thermal Resistance, Case to Heat Sirk 0.5
wt Weight 2.0 g
0.07 (0z)
Mounting Torque 6.0 12 Kg-cm
5.0 10 Ibfein

® 0.063 in. from Case (1.6mm) for 10 sec
@ Typical Socket Mount
@ Mounting Surface, Flat, Smooth and Greased

www.irf.com
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Voltage
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Fig. 3 - Typical Junction Capacitance vs.
Reverse Voltage
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Fig. 4 - Maximum Thermal Impedance Zinjc Characteristics
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REVERSE RECOVERY CIRCUIT <
<, ©
VR =200V W
0 #— 0.5 Irrm
S ~direc)Mrdt ©
0151
L=70pH § I% - &
® dir/dt
1. difdt - Rate of change of current 4. Qq - Area under curve defined by t,,
dif/dt through zero crossing and lram ke i
DJUST e
il JU IRFR250 2. lrrm - Peak reverse recovery current Q= e
2
s 3. tr - Reverse recovery lime measured
from zero crossing point of negative 5. digecpa/dt - Peak rate of change of
= going I to point where a line passing current during 1. portion of t
through 0.75 Iram and 0.50 Ippu
extrapolated to zero current
Fig. 9 - Reverse Recovery Parameter Test Fig. 10 - Reverse Recovery Waveform and
Circuit Definitions
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10.54 (0.41) ;
MR T 175(0.15)0m. _‘l 122 (0.05)
1 3s40.14) sty
| & ) 648(025)
6. 4!
1524(060) \  254(0.10)
14.51 (0.58) TERM 2 =
13| § 1}
7 L
14,09 (0.55) T lassns
13.47 (0.53) 3.55(0.14) ~~ 0.10(0.004)
.04 (0.080) MAX.
1.40 (0.05! __l 2.89 (0.11)
.15 (0.04; 2.64 (0.
Ls00 || : ©10)
0.69 (0.03)

13
457 (0_18),{_ [EE }f__‘ 0.61(0.02) MAX.
432 (o.n)~f— _‘l : l

= 5.08 (0.20) REF.

Conforms to JEDEC Outline TO-220AC
Dimensions in millimeters and inches
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WORLDHEADQUARTERS: 233 Kansas St., El Segundo, California 90245 U.S.A. Tel: (310) 322 3331. Fax: (310) 322 3332.
EUROPEANHEADQUARTERS: Hurst Green, Oxted, Surrey RH8 9BB, U.K. Tel: ++ 44 1883 732020. Fax: ++ 44 1883 733408.
IRCANADA: 15 Lincoln Court, Brampton, Markham, Ontario L6T3Z2. Tel: (905) 453 2200. Fax: (905) 475 8801.

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg. Tel: ++ 49 6172 96590. Fax: ++ 49 6172 965933.

IRITALY: Via Liguria 49, 10071 Borgaro, Torino. Tel: ++ 39 11 4510111, Fax: ++ 39 11 4510220.

IR FAR EAST: K&H BIdg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171. Tel: 81 3 3983 0086.

IR SOUTHEAST ASIA: 1Kim Seng Promenade, Great World City West Tower,13-11, Singapore 237994. Tel: ++ 65838 4630.

IR TAIWAN: 16 FI. Suite D.207, Sec. 2, Tun Haw South Road, Taipei, 10673, Taiwan. Tel: 886 2 2377 9936.

http://www.irf.com Fax-On-Demand: +44 1883 733420 Data and specifications subject to change without notice.
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