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SW12400 - Double Pulse Switching Test Introduction

1. Double pulse test theory - page 2
2. Double pulse switching test specifications — page 3
3. Trr test specifications — page 4

4. Ishort test specifications — page 5
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5. Case study: IGBT (IKW40N120H3FKSA1) double
pulse test waveform and data — page 8 SW12400

(Switching test box)
6. Case study: SIC Mosfet (CI60N120SM) double
pulse test waveform and data — page 14
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1. Double Pulse Test Theory

The double pulse switching test is done with Pt

an inductive load and a power supply. The .|t<— +

Inductor is used to replicate circuit conditions | '

In a converter design. ‘ | =C = Vo
The figure 1 shows the current flow within the , : =AWV 'i’— +i )

different stages of the test for a Double Pulse —] L Re H7

Test with MOSFETS. " ) | |

Remark: The TRR and Isc test use similar test circuit. e : l "'/ ol x| R X

Figure 1
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2. Double Pulse Switching Test Specifications:

Test Item Parameter Range Accuracy Test Condition
Tdon 5~10000ns
Tr 5~10000ns
Ton 5~10000ns
Imax 400A
Eon 1~1000000W Vdc: 50~1200V
Di/Dton 0.01~100KA/us lds(lce): 5~400A
Vds: 2% L-Load: 20uH. 50uH. 100uH. 200uH.
Dv/Dton 0.01~100KA/us Ids: +4% 500uH. 1mH
switching test L-Load: Vge(Vgs) OFF: -20~0V
(with Inductive load) 20uH. 50uH. 100uH. Rg ON: 0~2550hm, step 1ohm, accuracy 1%
Vmax2 50~1200V 200uH. 500uH. 1mH Rg OFF: 0~2550hm, step 1ohm, accuracy 1%
Stability: =+3%][1] 1stontime: 1~1000us, step 0.1us
Tdoff 5~10000ns 1st off time: 1~100us, step 0.1us
Tf 5~10000ns 2nd on time: 1~100us, step 0.1us
Toff 5~10000ns
Eoff 1~1000000pJ
Di/Dtoff 0.01~100KA/us
Dv/Dtoff 0.01~100KA/us

[1] With good contact and HDO6054B Oscilloscope in Lab
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3. TRR Test Specifications:

Test Item parameter accuracy Test condition
Irr 400A
Vdc: 50~1200V
Trr 5~10000ns . 5~
Vds: +2% Ids(lce): 5~400A
L-Load: 20uH. 50uH. 100uH. 200uH.
Ids: +4%
Vgs: +1.5% 500uH. 1mH
er 0001~100MC L-Load: VgE(VgS) ON: 0~20V
TRR test Vge(Vgs) OFF: -20~0V
20uH. 50uH. 100uH. _
Rg ON: 0~2550hm, step 1ohm, accuracy 1%
200uH. 500uH. 1mH _ 0
Stability: -+3%[1] Rg OFF: O~_2550hm, step 1ohm, accuracy 1%
Erec 1~1000000uJ T 1stontime: 1~1000us, step 0.1us
1st off time: 1~100us, step 0.1us
2nd on time: 1~100us, step 0.1us
IFM 400A

[1] With good contact and HDO6054B Oscilloscope in Lab
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4. Isc Test Specifications:

Test ltem

Parameters

More Cost-effective Tester

Test Condition

Isc test

Imax 1000A
Vmax 50~1200V
Tsc 1~10us

Accuracy

Vds: 2%

Ids: +4%

Vgs: =1.5%
Stability: = 3%y1]

Vdc: 50~1200V
Ids(Ice): Max 1000A
Vge(Vgs) ON: 0~20V
Vge(Vgs) OFF: -20~0V
Rg ON: 0~2550hm, step 1ohm, accuracy 1%
Rg OFF: 0~255R, step 1ohm, accuracy 1%
1st on time: 1~10us, step 0.1us

[1] With good contact and HDO6054B Oscilloscope in Lab
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Parasitic inductance affect the test accuracy

Due to the parasitic effect in the test circuit, there is overshoot
and ringing etc., to affect the switching test accuracy.

V{N0O06,Vmotor) I(L4)

880V 100A
P B
800V - 90A
- 720V - 80A
; - 640V - 70A
§ . 560V - 60A
_+_ 3 480V - - 50A
— l:! 400V / - 40A
- L]

: 320V - 30A
240V - 20A
160V - 10A
80V - 0A

0V- , 10A
L ha
80V : : : : : : 20A
Ops 20ps 40ps 60ps B0ps 100ps 120ps
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Parasitic inductance In our test circuit

B Xt L EE erx P K R 3 E S ] Bt PEE ~nx MHE S8 k% DAR @UN =59

P110p(C2) 2 P110p(C2)
1221V

ERHDRNETE 37600 1) jc1 | ] (SR £ °1055] Lol
20.0 Vidiv] i 12 Bi 100 ns/div 200 Vidiv 20.0 Vidiv 200 Aldiv 12 Bits
48,000V ofst s 60000V 48000V ofst 0078 A 10kS
13863V | AX s . ST021V|, 13875V ;  32706A X1= 240 s
10247 V| 1 4007A 1 2448V 1 128 mA X2= 374632ps 1IAX
3616VIA  32016A 16323VIA  -32024A
TELEDYNE LECROY 923 TELEDYNE LECROY Waiting for Trigger

From the waveform and calculation, the parasitic inductance in our test circuit is 29.81nH.
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5. Case Study: IGBTkw4oN120H3FKSA1) Switching Test Waveform and result

Bxt 1ZzE w2 & @285 ~K HNE BS% =9% X XHI=Z 0 %

Double pulse test waveform
of the IGBT device:

Red line: Vgs
Yellow line: Vds
Blue line: Ids

P1:top(C2)

E|B|D50
200 Vidiv 20.0 Vidiv
-600.00V| 48000V ofst
TELEDYNE LECROY
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Switching Test of IGBT
(IKW40N120H3FKSAL)

Test condition and test result.

————>
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K& Double Pulse Test — x
File Option
Device
Bus Voltage | '
Current [
leBT ]
Switch Test Diode Test| Short-Circuit Test|
Param
Gate Pulse High  [150v = Vds/Vce OFF  [600V
Gate Pulse Low WII Ids [ lce ON Wzl
1stOnTime [33.3us :l |0.0us :l LoadHL lm
15t Off Time [Bous =
2nd OnTime Bous =
Rg_OFF 2R =
Rg_ON 2R -
Result
¥ Tdon [196ns ¥ Tdof [19610s  F vceds_peck [M12v
W Ton W ¥ Toff W ¥ lceds_peck lm
k' Eon 2331wl ¥ Eoff f'I'IE!B.ﬁuJ
W dvidtion) [53Vins ¥ dvidiof [113vins
I difdt{on) 1.04/ns ¥ difdi{off) 0.64/ns
1 pies  m ECTO
Run Time:504.0 ms
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Waveform of Tdoff and Tf of IGBT (IKW40N120H3FKSAL)

—E P omE

20.0Vidiv,

48,000 V ofst

1
A 65435V(A
TELEDYNE LECROY

First off waveform, Tdoff=196.5ns.

2277V
15828V A

e 87

JET6[050)
200 Aldiv
60078 A

” ¥

P110p(C2)
149

C3 e[

200 Vidiv 200 Aldiv

48.000 V ofst 60078A
0440V |
2217V 1

7163V A 31994 A

Waiting for Trigger 4 4 TELEDYNE LECAROY

First off waveform, Tf=196.5ns.

More Cost-effective Tester

Wailing for Trigger 202416126 22 48,05

10



More Cost-effective Tester

SINETEST
Waveform of Tdon and Tr of IGBT (IKW40N120H3FKSAL)

Tdon

a8n ¥ | BTt lEE ~HE MRE 287 ~s3F DR @uN

P110p(C2)
1221V

1221V

S (15 [050]
20,0 Vidiv, 200 Aldiv
48000V ofst “80.078A
13863V |
10247V| 1
3616V A 32016 A
Waiting for Trigger 20241626 224923

(SEM < [ [050)
200 Vi 200 Aldiv
48,000V ofst 60078 A

4 1495V |

1 10247V| 1

A 2083V (A 8752V A

TELEDYNE LECROY Waiting for Trigger

TELEDYNE LECROY

Second on waveform, Tdon=19.8ns. Second on waveform, Tr=31.9ns.
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Waveform of IGBT (IKw40N120H3FKSAL) Trr Test

Bxft 12 =g | 8 8%

C3
200 Vidiv 20.0 Vidiv
-600.00V | 48.000V ofst
1 393V |1 -10.100V |
1 58696V 1 9592V t
A 58303V A 508 mV A

TELEDYNE LECROY

#hF EDME @Y s NZAIs

¢

Trr=393.5ns

Bl Double Pulse Test
File Cption

Device

Bus Voltage [

Current

Param

Gate Pulse High
Gate Pulse Low
15t OnTime

1st Off Time

2nd OnTime
Rg_OFF

Rg_ON

Result

™ Tw_JESD24
¥ Tr_IECE0747
[ Qr_JESD24
¥ Qrr_IECE0747

Start Discharge '

Switch Test ] Diode Test Shont-Circuit Test_.

15.0v . |

ooy

5.0us
5.0us

10R

[30R

i
[393.5ns

[1600.0nC

:II |I3 Ous :I

I~ Erec_JESD24

More Cost-effective Tester

&

GBT |

Voff GO0V —{
lon |4:] DA :II

Load-L |500uH =]

¥ Erec_IECB0747 [535.8ul

W lrr

v di/dt

START |

12
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Waveform of IGBT (IKW40N120H3FKSA1)

Isc Test

Bx# 1 ~HE | #x BT 2 HF

P1:op(C2)
1483V

2| v 20.0 Vidiv
-600.00 V 48.000 V ofst
1 595.09V || 8752V |
t 59509V |1 8752V 1
A 0.00V A Omv A
TELEDYNE LECROY

MNEe B EF 2o

Isc=187.0A

2024/6/26 23:18:52

K Double Pulse Test

File Option
Device
Bus Voltage . . I
: 513[1D|5€h3lge|
Current

Switch Test| Diode Tes!t | Shont-Circuit Test
Param

Gate Pulse High 50V

Gate Pulse Low [9.0v

1stOnTime [100us =
Rg_OFF 10R =
Rg_ON [10R :
Result
W Vmax I?%QV W lsc ‘-‘ISTGA

¥ Esc |1oua mJ

START I

More Cost-effective Tester

Vds/Vce OFF [0V =
|
|

Max Short Current [600.0A

v Tsc [10.0ns

13



More Cost-effective Tester

SINETEST

6. Case Study: SiC Mosfet(ci6on120sMm) Switching Test Waveform and Result

Bx# L2 w02 [m: 2Ex #5F I BEE =50 X XAIE 0 %5

Double pulse test waveform
of the SIC Mosfet device

Red line: Vgs
Yellow line: Vds
Blue line: Ids

P1:top(C2)
2024V

500 V/div 20.0 Vidiv
-1.50000 kV 50.000 V ofst
TELEDYNE LECROY

14
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Switching Test of SIC Mosfet B o Pt s . .

(C160N120SM)
s Start Discharge
I—I ‘

Current

MOSFET ~
Switch Test Diode Test| Short-Circuit Test |

Param
Gate PulseHigh  [200v =] Vds /Vce OFF  [800V -
Gate Pulse Low W:I Ids [lce ON W:l

15t OnTime [250us =] [oous = LoadlL [soouH  ~
15t Off Time [Bous =
2nd OnTime [Bous =
Rg_OFF R =
Rg_ON flor

Test condition and test result.  E————)

Result

¥ Tdon IE‘iT.?ns— W Tdoff W ¥ Vce,ds_peck IBQBT
¥ Ton IW W Toff [ﬁﬁns_‘ ¥ Ice.ds_peck I-E—'!-EE_
¥ Eon W W Eoff IW

¥ dv/dtion) I"W W dv/di{off) ]m

¥ difdtlon) |23A/ns W di/dijoff  |1.1A/ns

¥ Tr |3-B.2rls W Tf 25.0ns
_S TART Run Time:828.3 ms

15
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Waveform of Tdoff and Tf of SIC Mosfet (C160N120SM)

Tdoff

P Em ~iHE P RE BEx [ =] et | X FAIL @ B

T

t
f

A

P110p(C2)
2031V
T

24 B
- 50.0 nsidiv
1280

] JE[50]

S00Vidv 200 Vidv 200 Aldv

150000V 50.000V ofst 60078A

L 12083V )

1 8002V 1 8

A 64081V A 896 mv A
TELEDYNE LECROY

7605V A 9888V A
TELEDYNE LECROY Wailing for Trigger

First off waveform, Tdoff=59.1ns. First off waveform, Tf=24.7ns.
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Waveform of Tdon and Tr of SIC Mosfet (C160N120SM)

Bxt PE2M «HE e ©87 23 DNt Q@58 =i XX 2] * ek 287 285 ENg @EF w5 LU Gesture | ¥

;
;
‘

ca

P110p(C2)
1990V

I 1€ DEEEm) == 20275 1) = c: UEEED]
Vidiv 200 Vidiv Aldi 200 Vidiv 200 Aldv
-150000kV 50,000V ofst S 50,000 V ofst 60078 A
L 80060V | 128 mA X1= 29 ! 8038V 1 11504V
1 71985V : 12 X - 1 1 18054V 1
) 8075V A 16023VA  29877A A 6047V A 6460V A
TELEDYNE LECROY faiting 45 4 TELEDYNE LECROY Waiting for Trigger 20

DUT Second on waveform, Tdon=20. 9ns, DUT Second on waveform, Tr=37. 8ns.
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Waveform of SIC Mosfet (ci6on120sm) Trr Test

Kl Double Pulse Test - X

File Option

Device
Bus Voltage
BEr #kF HMNE BEE = 5H r St—anDISChargeJ
Current :
IMOSFET  ~|
Switch Test [ Diode Test Short-Circuit Tesli
Param
GatePulse High  [200v = Vofi  [800V -
GatePulseLow  [50V lon [40.0A =
1stOnTime | =] [00us Load-L [500uH -
15t Off Time [Bous -
2nd OnTime ‘ECUS :
Rg_OFF [10R ,
Rg_ON R S
Result
W Tn_JESD24  [1228ns W Erec_JESD24  [1042uJ
™ Tn_|EC60747 | [ Erec_IEC60747 |
¥ Qu_JESD24  [3000nC W n [64A
[~ Qm_IEC60747 [ ; v di/dt {1.0A/ns
500 Vld‘i;r 20.0 Vidiv
-1.50000 kV|  50.000 V ofst
1740V | 6187V |
75848V 1 9563V 1
A 74109V A -3376V A
TELEDYNE LECROY Waiting for Trigger  20. 03 ‘ START

18
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Waveform of SIC Mosfet(CI60N120SM) Isc Test

& Double Pulse Test

— X
File Option
Device
Bus Voltage |
Stant Discharge
Bxt TEE (-2 e 8% 25 DNE @EY (oW N ZATL 0 By Gesture Cument | )
14kv

MOSFET ~|

Switch Tesll Diode Tesl| Short-Circuit Test

Param
Gate Pulse High  |20.0V — Vds [ Vce OFF ooV = JI
GatePulseLow |50V - Max Short Current  [6000A
1stOnTime 2 1us ey
Rg_OFF IR -
Rg_ON IR =

Result

¥ Vmax |[7339V M 1sc [4792A M Tsc |20ns
¥ Esc i422 3mJ

-950 ns -450 ns 550 ns
P1:top(C2)
1492V
v

|
20.0 Vidiv 500 ns/div
50.000 V ofst K 50kS  10GShs &
| AX= 00ns
-4 s 1/AX=
[\ 0. | "

12 Bits
506V | i |
3506V 1

2024/6/26 7:07:38

Isc=479.1A
START

19
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