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以Double Pulse Tester協助寬能隙半導體於

電源轉換器功率級的設計及驗證

Using Double Pulse Tester to Assist in the Design and 
Verification of Wide Bandgap-Based Power Stage 

for Converter/Inverter
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Objectives

Traditional applications of the DPT  

 Measure key parameters the power switch

 Measure voltage stress and loss for the power switch

 Investigate reverse characteristics for parasitic diode or diode

 Verify gate driver for the power switch

DPT applications for power stage design

 Measure stray inductance(s) of the main power flow path

 Measure the influence of stray inductance(s) on the turn-off voltage 
spike of power switch 

 Investigate the current sharing phenomena among paralleled power 
switches 

 Verify the Spice model of the power switch

 Investigate magnetic flux saturation of the transformer/choke  
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Power Stage Design for Converter/Inverter 

Efficiency estimation and thermal design 

Estimate losses of power stage  
under required driving cycle and 
output power by Spice model 
using co-simulation for thermal 
design

Vector 

control

Driving cycle 

Virtual design 

Source: Infineon
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Power Stage Design for Converter/Inverter 

 Key issues and tools for the power stage design
✓ Q3D: extract the parasitic parameters
✓ Spice model: characteristics analysis of power switch
✓ Twin Builder/circuit simulation S/W: operation of the power stage 

(stress/current sharing) and losses estimation for thermal design

✓ Double pulse test: verify the simulation results  

Busbar design 
*stray inductance
*current sharing among capacitors

Paralleled operation of power switches
current sharing at steady and transient state

DC link capacitor
*impedance vs. frequency
*estimate losses

Power switch
*stress analysis
*characteristics of steady/

transient state
*losses 

Power connection bar 
*current density distribution
*loss

EMI/SI(Signal integrity)?

Thermal design
*losses estimation
*cooling methodologies 

Simulation
Tools

Verification
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Fundamental of the DPT 

 Equivalent circuit and test pattern

Voltage 
stress

Current 
stress

Switching losses
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DPT 

Board

Probes

Electrolytic 

capacitor

PCB

board

DC

Power

supply

 R&S RTO64

mixed-domain 

digital scope

DSP

TMS320F28035

DC 

Breaker Inductor

Double Pulse Tester – Function Block
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DPT Test Items
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dsv

Li

gsv
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ossC

ossC
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PCBL

dsv

di

Q2

Q1 D1

Switching lossesConduction loss
(Power switch)

Conduction loss
(Diode)

Current sharing 
among paralleled 
power switches
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Coss(Q1)

Qrr(D1)

di

dsv

Li

gsv

Q2 ON Q2 ONQ2 OFF Q2 OFFQ2 OFF

forward voltage drop 
and resistance of D1

,path pathL R

ossC

ossC

2TL L =

PCBL

dsv

di

Q2

Q1 D1

L

Ross, L

DPT Test Items
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Static 
Output characteristics On-resistance Threshold voltage Transconductance 
Junction, input, output and reverse transfer capacitance Breakdown voltage Gate charge 

Dynamic
Turn-on characteristics Turn-off characteristics Dynamic on-resistance 
Dynamic current and voltage Switching characteristics 
Reverse recovery Gate charge Derived output characteristics

Ruggedness testing(at high voltages and high temperatures)

Short-circuit conduction time Short-circuit energy Avalanche energy 

 Dynamic power device analyzer/double pulse tester 
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Double Pulse Tester (Board Level)

 Littelfuse 

Source: High Temperature Characterization and Analysis of Silicon Carbide (SiC) 
Power Semiconductor Transistors 

 VPEC 

Source: Dynamic Characterization Platform-littelfuse

 Cree 

Source: Evaluation Board for Cree’s SiC MOSFET in a TO-247-4 Package
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Double Pulse Tester – Sensors

 Short ground pin/probe tip adapter 

 Fast response current sensor 
Probe tip adapter for 
measuring voltage

current sensor 

Source: High Frequency Performance Delay, Rise-time and Peak di/dt

Source: Dynamic 
Characterization Platform-
littelfuse

Source: Measurement Techniques for High-Speed GaN E-HEMTs-GaN Systems



14

EE-Lab316

BW=1200MHz, rising time <=0.3ns, w/o delay and limited thermal capacity  

Current sensor – coaxial resistor

Double Pulse Tester – Current Sensor

Source: Investigation of the inductor’s parasitic capacitance in the high 
frequency switching of the high voltage cascode GaN HEMT
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Double Pulse Tester – Current Sensor

100ns

100A

0A

Rogowski probe

Coaxial shunt resister

44.5ns

43ns

DI

100ns

100A

Coaxial shunt resister

0A

DI Rogowski probe

80A

After de-skew(45ns)
Shunt 

resister
DIRogowski probe

 Calibration of the Rogowski probe by high BW coaxial shunt resistor and 
higher current.

The distorted amplitude is still 
existed after de-skew, which will 
cause less accuracy in transient 
measured results.
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Double Pulse Tester – Current Sensor

 Calibration of the Rogowski probe by high BW coaxial shunt resistor

Specification

Vdc 48V

Inductor 5.4μH

MOSFET IPP041N41N3(120V 120A)

20ns

3A

Shunt resistance

Rogowski current probe

0A

20ns

3A
0A Shunt resistance

Rogowski current probe

De-skew 17.5ns

Part. No Manufacturer

PEAK Insulation 
voltage

(kV)

BW
-3dB(MHz)Current

(kA)
di/dt

(kA/us)

CP9012S Cybertek 0.12 8 1 30

The de-skew time 
in both rising and 
falling time are 
near the same!
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Measurement equipment – high voltage probe

Double Pulse Tester – Voltage Probe

Ref. https://www.iti.iwatsu.co.jp/en/products/accessories/Voltage_probe5_e.html

Voltage vs. frequency de-rating curve

GaN probe
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Inductor – without magnetic core to provide linear characteristic 

Double Pulse Tester - Inductor

dc

max

V
L t

i
= 

dcV

t

maxi

t

t
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Parameter Specification

DC link voltage 300V

Inductor 70uH

Maximal current 40A

Gate driver
UCC21520

Dual channels/
4A source /6A sink

DUT H1M065F050 and IKW75N60T

Double Pulse Tester – Test Plaform

電感

控制級

直流斷路器

電解電容板DPT測試板
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 DUT- key parameters of the SiC MOSFET and IGBT

SiC MOSFET

IGBT

Compare Different Power Switches
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SiC MOSFET IGBT

Turn on

Turn off

 Switching loss comparison (Vdc=300V，Rg=5Ω)

0W
10kW

0V

0A

0J

200V

40A

100uJ

_ds downV

_ds downI

Instant power(kW)

Energy(uJ)

20ns

13.5ns

0W
10kW

0V

0A

0J

200V

40A

200uJ

_ds downV

_ds downI

20ns

Energy(uJ)

Instant power(kW)

35.0ns

0W
10kW

0V

0A

0J

200V

40A

1mJ

_ds downV

_ds downI

Instant power(kW)

Energy(mJ)

100ns

141ns

0W
10kW

0V

0A

0J

200V

80A

1mJ

_ds downV

_ds downI

50ns

Energy(mJ)

Instant power(kW)

22.5ns

Compare Different Power Switches

Switching loss of the SiC MOSFET and IGBT are 253.2µ J and 1597.0µ J, respectively. 
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DI

GSV

DSV

20V

5uS

30A

200V

DSV

4uS

200V

DI

20A

GSV

Miller Effect 

 Larger current spike at turn-on transient
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10V

200V

100ns

di

1gsv

1dsv

20A

Miller effect at turn on transient (Q2 OFF ->ON and Q1 OFF)

Miller Effect 

ossC

2TL L =

di

1Q

2Q

gR

1gsv
+

-

1dsv
+

-

2gsv
+

-

4 s

10V

20A

1gsv

di
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 Stray inductance may exist in power traces of PCB, leads of power switches
(module), capacitor 

 The stray inductance may induce voltage stress at turn-off transient, EMI

, and imbalanced current sharing among paralleled power switches.  

The Influence of Stray Inductance on Power Stage Design

busL
−

1Q

2Q
dsV

DCV busC

busL
+

_1sL

_ 2sL

ossC

CR

CL

ossC

LI

dsI

L

gsV

MOSFET
leads

Capacitor
+lead



27

EE-Lab316

Extract and reduce stray inductance of main power flow path by Ansys Q3D
in PCB design stage and use DPT to verify the design.     

Q1

Q2

Short pad 1

Short pad 2

Short pad 3

Short 

pad 1 Short 

pad 2Short 

pad 3

Q1
Q2

2PL

1NL

1PL

2NL

StrayL

Bus+

Bus-

Measured result 

by WK6500B

10nH

20nH

30nH

40nH

50nH

60nH

70nH

10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz

6nH

Calculated result 

by Q3D

Minimize the stray inductance by Q3D 
to reduce turn-off voltage spike

The Influence of Stray Inductance on Power Stage Design
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Stray inductance measurement by impedance analyzer (WK 6500B) 

Verify PCB Design

The measured error may be
induced by the WK 6500B.

Measured accuracy (WK 6500B) Valid method only for specified PCB shape
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Three level LLC with SiC MOSFET (TO 247) 

1C

2C

1S

2S

3S

4S

1D

2D

P

O

N

1

2
DCV

1

2
DCV

ri

rC rL
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T
1rD

2rD

oC LR

Verify PCB Design
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Three level LLC with SiC MOSFET (TO 247) 
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Three level LLC with SiC MOSFET (TO 247) 

v

ds
i

ns100

V2

A2

V0

A0

dsdi

dt

V−3.66

LP LO1 LO2 LN

Q3D 11.1nH 22.4nH 18nH 8.9nH

DPT 10.2nH 20.4nH 16.6nH 9.5nH

Error 7.8% 8.9% 7.6% 6.7%
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2OL
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1
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Verify PCB Design
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Investigate the Effect of MLCC in GaN-Based Power Stage 

Stray inductance 
(@30MHz)

Initial design 6.38nH

Modified design 1.34nH

Initial design Modified design

 Power PCB layout
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Li

_1ds LV

_1gs LV

100V

10A

4V

100V

50ns

0A

0V
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 Turn-off transient spike voltage measurement

Modified designInitial design

Investigate the Effect of MLCC in GaN-Based Power Stage 
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Power stack design with three paralleled IGBTs

Insulation 
layer

Busbar(+)

Busbar(-)

Phase output 
bar (POB)

Heat sink

IGBT module

Insulation 
layer

Insulation 
layer

680mm
425mm

DC link 
capacitors 

Housing

Current Sharing Among Paralleled IGBTs

✓ DC link voltage: 1000V

✓ Maximum current: 7200A/phase, 2400A/IGBT module

Master 
control board

Slave control 
board

Slave control 
board
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Current Sharing Among Paralleled IGBTs

Load 
inductor

iC,x

Dynamic current path

+
VDC CDC

Busbar (+)

Busbar (-)

POB

Static current path

,1Ci

,1CEvgev +

-

-

Influence factors Dynamic Static

Characteristic of power module ○ ○

Gate driver ○ ○

DC link busbar ○ ○

Phase output bar (POB) × ○

Improving static current sharing

Parameter extraction of IGBT module

Design POB, DC link busbar

To loadInternal circulation

The influence factors of balanced current sharing 
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Stray inductance distribution 

Current Sharing Among Paralleled IGBTs

◼ Initial design ◼ Proposed design

3.7~12.3nH
(15.5%)

30.3nH
(49.9%)

19~22nH
(34.6%)

29.3~31nH
(36.8%)

30.3nH
(37.3%)

19~22nH
(25.9%)

Convergence part

Common part Connect to load 
inductance

Connect to IGBT 1

Connect to IGBT 2

Connect to IGBT 3 Convergence part

Common part Connect to load 
inductance

Connect to IGBT 1

Connect to IGBT 2

Connect to IGBT 3

MRID<2%
Design point

MRID: The maximum ratio of 
inductance difference 

,1 ,2

( .)

-
(%) 100

POBC POBC

POBC Avg

L L
MRID

L
= 

3

,

1
( .)

3

POBC k

k
POBC Avg

L

L ==

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Test Setup

Current Sharing Among Paralleled IGBTs

Inductor

Rogowski

current probe PCB Busbar

Copper nut

1M 10M 100M 1G100k10k1k10010

Frequency(Hz)

0.74

0.75

0.76

0.77

0.78

0.79

0.8

0.73

0.74nH

L(nH)

Inductance of the copper nut 
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Co-simulation and measured results

Co-simulation

Experiment

Current Sharing Among Paralleled IGBTs
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Q and A


