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High speed switching series fifth generation

High speed 5 FAST IGBT in TRENCHSTOP™ 5 technology copacked with

RAPID 1 fast and soft anti parallel diode

Features and Benefits:

High speed F5 technology offering

* Best-in-Class efficiency in hard switching and resonant
topologies

* 650V breakdown voltage

* Low Qg

* IGBT copacked with RAPID 1 fast and soft antiparallel diode
* Maximum junction temperature 175°C

+ Qualified according to JEDEC for target applications

* Pb-free lead plating; RoHS compliant

» Complete product spectrum and PSpice Models:
http://www.infineon.com/igbt/

Applications:

* Solar converters

* Uninterruptible power supplies

» Welding converters

» Mid to high range switching frequency converters
Package pin definition:

* Pin 1 - gate

* Pin 2 & backside - collector
¢ Pin 3 - emitter

Key Performance and Package Parameters

C

g
CE

6 Green

@ Halogen-Free

ﬁ{RoHS

Type Vce Ic Veesat, Tvi=25°C | Tijmax Marking Package
IKW40NG65F5 650V 40A 1.6V 175°C K40F655 PG-TO247-3
IKP40N65F5 650V 40A 1.6V 175°C K40F655 PG-TO220-3
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Maximum ratings

Parameter Symbol Value Unit

Collector-emitter voltage Vee 650 \Y,

DC collector current, limited by Tyjmax

Tc=25°C Ic 74.0 A

Tc =100°C 46.0

Pulsed collector current, t, limited by Tyjmax lcpuis 120.0 A

Turn off safe operating area Vce < 650V, T,; < 175°C - 120.0 A

Diode forward current, limited by Tyjmax

Tc=25°C Ir 36.0 A

Tc =100°C 21.0

Diode pulsed current, f, limited by Tyjmax Irpuis 120.0

Gate-emitter voltage V. 120

Transient Gate-emitter voltage (t, = 10us, D < 0.010) GE +30

Power dissipation Tc = 25°C P 255.0 W

Power dissipation Tc = 100°C tot 120.0

Operating junction temperature I -40...+175 °C

Storage temperature Tsig -55...+150 °C

Soldering temperature,

wave soldering 1.6 mm (0.063 in.) from case for 10s PG-TO247-3 260 °C
PG-TO220-3 260

Mounting torque, M3 screw

Maximum of mounting processes: 3 M 0.6 Nm

Thermal Resistance

Parameter ‘Symbol ‘Conditions Max. Value Unit

Characteristic

IGBT thermal resistance, .

junction - case Ring-o) 0.60 K/wW

Diode thermal resistance, .

junction - case Ring- 1.80 K/wW

Thermal resistance R PG-TO247-3 40 KW

junction - ambient ") 1 PG-T0O220-3 62
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Electrical Characteristic, at T,; = 25°C, unless otherwise specified

L. Value .
Parameter Symbol |Conditions : Unit
min. ‘ typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage| Vigrices | Ve = 0V, Ic = 0.20mA 650 - - \%
Vee = 15.0V, Ic = 40.0A
. . T,j=25°C - 1.60 | 2.10
Collector-emitter saturation volta Vi ) ° \%
g€ |Veesa 1.2 125°C - | 180 | -
T, =175°C - 1.90 -
Vee = 0V, [ =20.0A
. T,j=25°C - 145 | 1.80
D ! o
iode forward voltage Ve Ty = 125°C ] 140 ) \
T,j=175°C - 1.40 -
Gate-emitter threshold voltage Veewny  |Ic = 0.40mA, Ve = Vae 3.2 4.0 4.8 V
Vce = 650V, Vee = 0V
Zero gate voltage collector current |/ces T,j=25°C - - 40.0 | pA
T,;=175°C - - 14000.0
Gate-emitter leakage current Ices Vce = 0V, Vee = 20V - - 100 | nA
Transconductance Ots Vce = 20V, Ic = 40.0A - 50.0 - S
Electrical Characteristic, at T,; = 25°C, unless otherwise specified
L. Value .
Parameter Symbol |Conditions - Unit
min. ‘ typ. ‘ max.
Dynamic Characteristic
Input capacitance Cies - 2500 -
Output capacitance Coes Vee = 25V, Vee = 0V, f = 1MHz - 50 - pF
Reverse transfer capacitance Cres - 9 -
Vee = 520V, Ic = 40.0A, ) )
Gate charge Qe Vo = 15V 95.0 nC
Internal emitter inductance
measured 5mm (0.197 in.) from Le Eg::rrgggg:g - 13.0 - nH
case
Switching Characteristic, Inductive Load, at T,; = 25°C
. Value .
Parameter Symbol |Conditions : Unit
min. ‘ typ. ‘ max.
IGBT Characteristic
Turn-on delay time fa(on) T, = 25°C, - 19 - ns
Rise time t: Vee =400V, le =20.0A, - 13 - ns
. Vee = 0.0/15.0V,
Turn-off delay time La(of) re = 15.0Q, Lo = 30nH, - 160 - ns
Fall time tr Co=30pF - 16 - ns
Lo, Co from Fig. E
Turn-on energy Eon Energy losses include “tail” and - 0.36 - | mJ
Turn-off energy Eor diode reverse recovery. - 010 | - |mJ
Total switching energy Eis - 0.46 - mJ
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Turn-on delay time fd(on) T, = 25°C, - 20 - ns
Rise time t: 500 - 8000/\1/5 18\/: 5.0A, - 4 - ns
Ge = U. - ’
Turn-off delay time facofr rs i 15.0Q, Lo = 30nH, - 175 - ns
Fall time t LCG =C3(]{IOF Fig. E - 10 - | ns
o, Co from Fig.
Turn-on energy Eon Energy losses include “tail” and - 007 - |md
Turn-off energy Eor diode reverse recovery. - 1003 | - |mJ
Total switching energy Eis - 0.10 - mJ
Diode Characteristic, at T,; = 25°C
Diode reverse recovery time frr T, = 25°C, - 60 - ns
Diode reverse recovery charge Qr I\/R_zz‘(")oé)X’ - 0.45 - uC
F= . )
Diode peak reverse recovery current /im die/dt = 1000A/us - 12.4 - A
Diode peak rate of fall of reverse : ) ) )
recovery current during t, din/cit 280 Alus
Diode reverse recovery time trr T, = 25°C, - 33 - ns
Diode reverse recovery charge Qr IVR_=548£V’ - 0.22 - uC
F=9. )
Diode peak reverse recovery current rm die/dt = 1000A/us - 10.6 - A
Diode peak rate of fall of reverse ; o )
recovery current during t, din/alt 1030 Alus
Switching Characteristic, Inductive Load, at T,; = 150°C
Value
Parameter Symbol |Conditions : Unit
min. ‘ typ. ‘ max.
IGBT Characteristic
Turn-on delay time fa(on) T, = 150°C, - 20 - ns
Rise time t KCC = 3002\1/5 /8\/: 20.0A, - 14 - ns
Turn-off delay time ta(of) rGGE 15.0Q, Lo = 30nH, - 185 - | ns
Fall time t LCU 2032502 Fig. E - 15 | - |ns
o, Co ig.
Turn-on energy Eon Energy losses include “tail” and - 0.50 - | mJ
Turn-off energy Eor diode reverse recovery. - (016 | - |mJ
Total switching energy Es - 0.66 - mJ
Turn-on delay time fa(on) T, = 150°C, - 18 - ns
Rise time t KCC = 3009\1/5 18\/: 5.0A, - 5 - ns
Turn-off delay time faoff) rGGE 15_'09, lo= 30nH, - 220 - ns
Fall time t LCG :Cg(%fc':m Fig. E - 12 - | ns
o, ig.
Turn-on energy Eon Energy losses include “tail” and - 0.14 - | mJ
Turn-off energy Eot diode reverse recovery. - 0.05 - md
Total switching energy Eis - 0.19 - mJ
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Diode reverse recovery time trr T,; = 150°C, - 85 - ns

Diode reverse recovery charge Qrr IVR—=2‘(1)08X1 - 1.00 - uC
F = 2U.UA,

Diode peak reverse recovery current /im dir/dt = 1000A/us - 17.0 - A

Diode peak rate of fall of reverse .

recovery current during t, din/clt ) -220 - |Abs

Diode reverse recovery time trr T,; = 150°C, - 50 - ns

Diode reverse recovery charge Qrr IVR_=548£V’ - 0.50 - uC
F = 90.UA,

Diode peak reverse recovery current /im dir/dt = 1000A/us - 14.0 - A

Diode peak rate of fall of reverse dii/dt ) -500 - |Aps

recovery current during

7 Rev. 1.1, 2012-11-09



Infineon

lc, COLLECTOR CURRENT [A]

100

-
o

N

0.1

IKW40N65F5, IKP40NG65FS

High speed switching series fifth generation

N \ \ ~
// N
N N N N
/ N A NN / 2
/T T NIEY” .
) Y /
\ PR
N AN
\ g N
\ / \ S
/ e ' i \\>\
1
t,=1us = <
. ‘
‘lQHIS NysL NIEE
| | 1 ol <
= >
5CI)HIS T T~ A
100usT —~ P
L Pt N A
| | el e N
200us~
H5 :
500us- — s
u =
DC="
1 10 100

Vce, COLLECTOR-EMITTER VOLTAGE [V]

Figure 1. Forward bias safe operating area

lc, COLLECTOR CURRENT [A]

80

70

60

50

40

30

20

10

0

(D=0, Tc=25°C, T,;<175°C; Vee=15V.
Recommended use at Vee=7.5V)

1000

\

25

50 75 100 125 150

Tc, CASE TEMPERATURE [°C]

Figure 3. Collector current as a function of case

temperature
(Vee215V, T,=175°C)

175

Prt, POWER DISSIPATION [W]

275

250

225

200

175

150

125

100

75

50

25

0

25

50

75 100

125 150 175

Tc, CASE TEMPERATURE [°C]

Figure 2. Power dissipation as a function of case
temperature

lc, COLLECTOR CURRENT [A]

120

100

80

60

40

20

0

(T4<175°C)

VGE=20V/

/

Al
o
/

18V

/

——

RN

15V

fi

12v

10V

A\ N\

8V~

V=

6V

5\

/

ANEAN

NS

//

AN

0

1

2

3

4 5

Vce, COLLECTOR-EMITTER VOLTAGE [V]

Figure 4. Typical output characteristic

(Ty=25°C)

Rev. 1.1, 2012-11-09



Infineon

IKW40N65F5, IKP40NG65FS

High speed switching series fifth generation

A/
W/
AN
E ]
= o WA
= 80
i 15y A %
04
) 12V
O e ///
¥ 60
S 10V 7
Q gy—" o —
— / //
6‘ 40 7\/ 7 /
O
g BV~ //
5V~
20
&/
0 ‘
0 1 2 3 4 5

Vce, COLLECTOR-EMITTER VOLTAGE [V]

Figure 5. Typical output characteristic
(T=150°C)

2.50

2.25

|-+ 1c=40A

2.00

1.75

1.50

1.25

1.00

Vcesat, COLLECTOR-EMITTER SATURATION [V]

o
3
3

0.50

0 25 50 75 100 125

150 175

T,;, JUNCTION TEMPERATURE [°C]

Figure 7. Typical collector-emitter saturation voltage as Figure 8. Typical switching times as a function of
a function of junction temperature

(Vee=15V)

lc, COLLECTOR CURRENT [A]

120

100

80

60

40

20

0

— T=25°C :
- - - T=150°C '

/
/

.

.
e
.-

45 50 55 60 65 70 75 80 85

Vee, GATE-EMITTER VOLTAGE [V]

Figure 6. Typical transfer characteristic

t, SWITCHING TIMES [ns]

1000

100

-
o

(Vee=20V)
T
i ta(orny
--- te
H td(on)
1 tr
\\\
Y e
- -
P’
— A
s 25
=17
/
,/
/
/
0 20 40 60 80 100 120

Ic, COLLECTOR CURRENT [A]

collector current
(inductive load, T,;=150°C, Vce=400V,
Vee=15/0V, re=15Q, Dynamic test circuit in

Fi E
igure E) Rev. 1.1, 2012-11-09



Infineon

IKW40N65F5, IKP40NG65FS

High speed switching series fifth generation

1000 T 1000 T
H tacofh) H tacor)
--- t []---t
1]------ ta(on) N tacon)
|——t ||——
) )
L. 100 L. 100
(75} = (%5}
L PR T L
= ——— =
= b T . =
(2') a ——T (29 _______________
(EJ - L ///’ - (EJ ----------------------------
= P =R e —— ]
/ 4 — Te-al
5 10 ’ 5 10 e
1 1
5 15 25 35 45 55 65 75 85 25 50 75 100 125 150 175

re, GATE RESISTOR [Q]

Figure 9. Typical switching times as a function of gate
resistor
(inductive load, T,;=150°C, Vce=400V,
Vee=15/0V, Ic=20A,Dynamic test circuit in

Figure E)
5.5 |
— typ.

= === min.

= 5.0 fo max.

L

2 - =)

E 45 E

(@) o

2 o

0O 40 [%2]

Q 4

% \ ~. 9
>

0 35 J 0

4 -~ \ X

T S~ L

(= S~ b4

% 3.0 S~ L

||: RN \ (ZD

S 25 Tl 5

u RREN E

L =

= N

< 20 S UJ_

©) ~ wj

E 15

1.0
0 25 50 75 100 125 150

T,;, JUNCTION TEMPERATURE [°C]

T,;, JUNCTION TEMPERATURE [°C]

Figure 10. Typical switching times as a function of
junction temperature
(inductive load, Vce=400V, Vee=15/0V,
1c=20A, rs=15Q,Dynamic test circuit in

Figure E)

8 |

— Eorr

.- Eon '/
7 H Ets
6
5 e
4 '
3 7
2
1 ://’ /
oL

0 20 40 60 80 100 120

Ic, COLLECTOR CURRENT [A]

Figure 11. Gate-emitter threshold voltage as a function Figure 12. Typical switching energy losses as a

of junction temperature
(lc=0.4mA)

10

function of collector current
(inductive load, T,=150°C, Vce=400V,
Vee=15/0V, re=15Q,Dynamic test circuit in

Fi E
'gure E) Rev. 1.1, 2012-11-09



-T IKW40NG5F5, IKP40NG5F5
Infineon |

High speed switching series fifth generation

1.6 ‘ 0.8 |
—— Eorr — Eort
- Eon - - Eon
1.4 {7 Ess 0.7 (= Ess =
) S D e
E E
" 1.2 " 0.6 .
L L
n »n .
N %) e -
S 10 S 05| T
> > 17
[©) -7 [©) =17
x Pt x 4
w 0.8 = w 04 A
z ot z .-
w _- w -
o . P o}
Z 06| - Z 03
= T | E
5 04 = 02 —
0-2 — 0.1 —
0.0 0.0
5 15 25 35 45 55 65 75 85 25 50 75 100 125 150 175
re, GATE RESISTOR [Q] T.;, JUNCTION TEMPERATURE [°C]
Figure 13. Typical switching energy losses as a Figure 14. Typical switching energy losses as a
function of gate resistor function of junction temperature
(inductive load, T,;=150°C, Vce=400V, (inductive load, Vce=400V, Vee=15/0V,
Vee=15/0V, Ic=20A, Dynamic test circuit in 1c=20A, rs=15Q,Dynamic test circuit in
Figure E) Figure E)
1.0 : 16 !
— Eorr — 130V
o7 Ee --- 520V %
09 H . _ E 1 v
£ 0.8 = v
: = 12
() w ’
% 0.7 o S
g : AlE
I o 1
- 06 - = o ° ‘
> - > ‘
O L. - e x ’
x ‘,-" .7 ] //
L 0.5 I - — 8 7
Z L7 Phd - ’
i - e = Lo
o A - =
041 - i /
O e <
E 03 o 0 /
5 |- g 4
W 02
. 2
0.1
0.0 0
200 250 300 350 400 450 500 0 20 40 60 80 100
Vce, COLLECTOR-EMITTER VOLTAGE [V] Qce, GATE CHARGE [nC]
Figure 15. Typical switching energy losses as a Figure 16. Typical gate charge
function of collector emitter voltage (lc=40A)

(inductive load, T,;=150°C, Vee=15/0V,
1c=20A, rs=15Q,Dynamic test circuit in

Figure E) 11 Rev. 1.1, 2012-11-09



-T IKW40NG5F5, IKP40NG5F5
Infineon |

High speed switching series fifth generation

1E+4 , 1
| — Ciss
[]- == Coss — as
&f """ Crss s == o
é. — — 1 /”;;’
L T
. s 7 oos
7
1000 1 Z L AL 02
T | ® ' 7 01
Lé " g 0.1 i = dc‘)’;
5] AN x i o Bt s
> : - = L4-0.02
2 : - < - - L
E 100 | e = || T ] -0.01
5 ; — 14 = = T
) = m— LiJ /AT o | -single pulse
o * e = p4 Z i _—
< L T L
(@] \ E | ps Il //’
3 i 0.01 il
" ‘£ R: R: |
o
|_“ _Ci=i/R1_Co=a/Re |
N
r[K/W] 008245484 0144197 02151774 01581708
T[s]: 7.3E-5 7.0E-4 0.01235548 0.08020881
1 0001 IHIIH l IHIIH} l I\IIHII | \IIHIII L L11]
0 5 10 15 20 25 30 1E-6 1E-5 1E-4 0.001 0.01 0.1 1
Vce, COLLECTOR-EMITTER VOLTAGE [V] tp, PULSE WIDTH [s]
Figure 17. Typical capacitance as a function of Figure 18. IGBT transient thermal resistance
collector-emitter voltage (D=t,IT)
(Vee=0V, f=1MHz)
L L 130 I T I I
I /";FJM? — T=25°C, Ir = 20A
= 1 il A1 - -~ T=150°C, Ir = 20A
s a i 120
¥ = i
= > il
L ~[[{]I "
S) T =0.5 @ 110 |
4 —— o I k=4 N
E § 192 m
L 0.1 = :
ﬁ / 1l F 100 .
Y o 005 > .
2 = 2w e
= 7 [l 0.0 o) T
o LT _rsingle pulse 2 s B e
- A Al Tl %
: 1 e
<+ A
o 0.01 / >
% o T I
o / £ 60
= L/ Ci=1/R:_Co=1sIRs \\\\
B / [
g /s : \H ||||H||| HIIHIII 1] 50
HK/WI: 06701584 0775759 03540826
T[s]: 3.4E-4 4.7E-3 0.04680901
0001 . | IIIIIH} | IIIHIII 1 \IIHIII L 111 40
1E-7 1E-6 1E-5 1E-4 0.001 0.01 0.1 1 500 700 900 1100 1300 1500
tp, PULSE WIDTH [s] dir/dt, DIODE CURRENT SLOPE [A/ps]
Figure 19. Diode transient thermal impedance as a Figure 20. Typical reverse recovery time as a function
function of pulse width of diode current slope
(D=t,/T) (Vr=400V)

12 Rev. 1.1, 2012-11-09



Infineon

IKW40N65F5, IKP40NG65FS

High speed switching series fifth generation

1.2 | \ | | 20 \ \ | |
— T;=25°C, Ir = 20A 19— T=25°C, Ir = 20A
|- -- T=150°C, I = 20A - - - T=150°C, Ir = 20A 1=
18 T
2 10 e R i S IR V. e
L = -
1N} -t -
1) - Z 16 >
14 L x e
< x 15
I S ’
O ) ,
> 08 S 14 -
o 1% , —T |
m w13 4— — |
) = .’ 1
O
) o 12
w w
o6 €1
('-})J w
@ e 10
w w
w L i
o L 04
= 0.4 o 8
(@] =
7
6
0.2 5
500 700 900 1100 1300 1500 500 700 900 1100 1300 1500
dir/dt, DIODE CURRENT SLOPE [A/us] dir/dt, DIODE CURRENT SLOPE [A/us]
Figure 21. Typical reverse recovery charge as a Figure 22. Typical reverse recovery current as a
function of diode current slope function of diode current slope
(Vr=400V) (Vr=400V)
0 | \ | | 60 | T
— T;=25°C, Ir = 20A — T=25°C /,
--- T=150°C, Ir = 20A H--- T=150°C 1
-50 [
50 g
'G‘ 4
3 4
< -100 . /
< z /
e E 40
o zZ
5 150 [l L /
‘5 IR % II
8 200 T O 3 f
@ - 7
& < [m)]
8 \ TR ~~. é 7
o -250 \ . B - Df II
2 ~_ O 2
'O“ \\ &n I,/
) —
‘g -300 //
S K
10 a
-350 y /
-400 0 ==
500 700 900 1100 1300 1500 0.0 0.5 1.0 15 2.0 2.5 3.0

dir/dt, DIODE CURRENT SLOPE [A/ps]

Figure 23. Typical diode peak rate of fall of reverse
recovery current as a function of diode

current slope
(Vr=400V)

Ve, FORWARD VOLTAGE [V]

Figure 24. Typical diode forward current as a function
of forward voltage

13 Rev. 1.1, 2012-11-09



Infineon

VF, FORWARD VOLTAGE [V]

IKW40N65F5, IKP40NG65FS

High speed switching series fifth generation

2.0 | |
IF=10A
- -~ IF=20A
""" I[r=40A
ot T
1.6
e B e e L ]
12—
. —
——
\\
1.0
0.8
25 50 75 100 125 150 175

T,;, JUNCTION TEMPERATURE [°C]

Figure 25. Typical diode forward voltage as a function
of junction temperature

14

Rev. 1.1, 2012-11-09



-T IKW40NG5F5, IKP40NG5F5
Infineon |

High speed switching series fifth generation

PG-TO247-3

E A
oP
3 /RO +4,,
/
o~
o a
-
4 ol &
il U/ =
a
E1
bé4
b1 I‘:| 4" b2 = 1
b3
)
\/ L 1
!
= C
4. 254 @B]A|
oM MILLIMETERS INCHES
MIN MAX MIN MAX
A 483 521 0.190 0.205
Al 2.27 2.54 0.089 0.100 DOCUMENT NO.
A2 1.85 2.16 0.073 0.085 Z8B00003327
b 107 133 0.042 0.052 o
b1 1.90 2.41 0.075 0.095 SCALE
b2 1.90 216 0.075 0.085
b3 2.87 3.38 0113 0.133
b4 2.87 313 0.113 0.123 o 5
c 0.55 0.68 0.022 0.027 5
D 20.80 2110 0.819 0.831 7 5mm
D1 16.25 17.65 0.640 0.695
D2 0.95 1.35 0.037 0.053 EUROPEAN PROJECTION
E 15.70 16.13 0.618 0.635
E1 13.10 14.15 0.516 0.557
E2 3.68 5.10 0.145 0.201 _@ .
E3 1.00 2.60 0.039 0.102
e 5.44 (BSC) 0.214 (BSC)
N 3 3 ISSUE DATE
L 19.80 20.32 0.780 0.800 09-07-2010
L1 410 447 0.161 0.176
oP 3.50 3.70 0.138 0.146 REVISION
Q 5.49 6.00 0.216 0.236 05
S 6.04 6.30 0.238 0.248

15 Rev. 1.1, 2012-11-09



Infineon

IKW40N65F5, IKP40NG65FS

High speed switching series fifth generation

PG-TO220-3

—
Infineon

(D
A

D1

D2

E1

Sy

b3

L1

K

Al

H1

oM MILLIMETERS INCHES

MIN MAX MIN MAX DOCUMENT NO.
A 4.30 4.57 0.169 0.180 78800003318
Al 117 1.40 0.046 0.055
A2 215 2.72 0.085 0.107 SCALE  ©
b 0.65 0.86 0.026 0.034
b1 0.95 1.40 0.037 0.055 25
b2 0.95 115 0.037 0.045
b3 0.65 115 0.026 0.045 0 25
c 0.33 0.60 0.013 0.024 Smm
D 14.81 15.95 0.583 0.628
D1 8.51 9.45 0.335 0.372 EUROPEAN PROJECTION
D2 12.19 13.10 0.480 0516
E 9.70 10.36 0.382 0.408
E1 6.50 8.60 0.256 0.339
e 2.54 0.100
el 5.08 0.200
N 3 3 ISSUE DATE
H1 5.90 6.90 0.232 0.272 30-07-2000
L 13.00 14.00 0.512 0.551
L1 - 4.80 - 0.189 REMVISION
oP 3.60 3.89 0.142 0.153 06
Q 2.60 3.00 0.102 0.118

16

Rev. 1.1, 2012-11-09



Infineon

IKW40N65F5, IKP40NG65FS

High speed switching series fifth generation

VGE
A
TN 90% Ve /
\ b )] 10% VGE » f
\ -/ ]
IC
A
N ~N{90% I, 90% I
10% I 10% I
© >\Zﬁ C » /
ch
Wi “ \
b)) \ » /
C »
Ta(off) t Ti(on) f
Figure A. Definition of switching times
VGE
A
TN 90% Ve /
\\ 2 10% Ve
Ig
A
4 N—
1% I
\Zl
Ver
A
s
ty I
EOFF:,(VCEXICXd" EON:jVCEx]Cx dt
h s
2 S
# ot f

Figure B. Definition of switching losses
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Figure C. Definition of diodes switching
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Figure D. Thermal equivalent circuit
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Figure E. Dynamic test circuit
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