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是德科技感恩月

•有趣 有料 有惊喜
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Wide Bandgap Devices (WBG) – Silicon Carbide (SiC) & Gallium Nitride (GaN)

Silicon Carbide (SiC) 

advantages over Si

• High Temperature Operation

• > 2X thermal conductivity of Si

• 3X higher bandgap of Si

• 10X higher breakdown field

• Up to 1000X lower Rds(on)

Galium Nitride (GaN) 

advantages over Si

• Very fast switching 

frequency

• Compactness and weight 

reduction

• 3X higher bandgap of Si

• Reduction of conduction and 

switching loss

• Low Rds(on)



8Source: Yole Developement

Power Device technology positioning by 2023
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Switching power conversion 
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Higher frequency operation Smaller passive circuit components

Lower power loss Better conversion efficiency = 

Smaller / Lighter cooling system

Higher temperature operation Smaller / Lighter / Sealed cooling system for 

harsh environment use, (e.g. excavator use)

WBG properties Benefits
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High switching frequency along 
with high frequency components in 
waveform causes unexpected EMI

High switching frequency and associated 
surge/ringing causes malfunction

Lack of power circuit simulation tool. 
Conventional tool may work for low frequency 
circuit but not for WBG device circuit

Prototype circuit explosion due 
to unexpected surge and heat
generation
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Device selection

Circuit simulation

Prototyping / Modification

Circuit functional test

Completion

Pass

Yes
No

Cheap & inaccurate SIM tool

Unreliable vendor datasheets

Device model

poor device model to 

produce trustable simulation

Repeat 
prototyping

Device selection

Circuit simulation

Prototyping / Modification

Circuit functional test

Completion

Pass

Reliable time 

domain & EM 
simulation based 

on reliable model

Sure selection & accurate data 

extraction for model creation

Device model

Keysight instruments

Keysight PE model generator

Measurement 

driven polynomial 
model based on a 

math model

Keysight ADS/EMPro/Momentum
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Simulation with a conventional model

Waveforms don’t match.

• Ringing/overshoot are not simulated (flat line)

• Timing deviation

• Slew rate deviation
Exact waveform match is critical for noise calculation as 

waveform contains high frequency components

Simulation with the Keysight math model 

Excellent matching between simulation and 

measurement

What makes this improvement?

Blue: Measured

Red: Simulation
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Source: “Measurement Methodology for Accurate Modeling of SiC MOSFET Switching Behavior over 
Wide Voltage and Current Ranges”, H. Sakairi, et. al., IEEE Trans on Power Electronics early access, 
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D E V I C E  M O D E L

tanh Lambda1 × tanh 1 + Lambda2 ×𝑉𝑔𝑠 ×𝑉𝑑𝑠

Added Vgs, Vds dependent parameter to drain current 

equation to better represent unsaturated drain current 

Added body diode to better fit to SiC

𝑄gs
= 𝐶gspi + 𝐶gs0 × tanh02

+ 𝐶gspi + 𝐶gs0 × tanh01+ 𝐶gs0i× tanh1i × tanh02

tanh ሻ𝑋𝑋(𝑖 = 1+ tanh 𝐴 + 𝐵 × 𝑉gs + 𝐶 × 𝑉ds

Added tanhXX to express a positive bias dependence on 

charge equation

Source: “Measurement Methodology for Accurate Modeling of SiC MOSFET Switching Behavior over Wide Voltage and Current Ranges”, H. Sakairi, et. al., IEEE Trans on Power Electronics early access, 

• Modified popular Angelov GaN

• To represent SiC or GaN behavior better

• Independent of device physics parameters (e.g. Tox) → Everyone (e.g. circuit designer) can use it
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E X T E N S I V E  M E AS U R E M E N T  T O  M AK E  T H E  M O D E L  R E P R E S E N T AT I O N  

S I G N I F I C AN T LY  B E T T E R

(A) Wide range IV using double pulse test

IV curve with 

conventional test 

equipment doesn’t 

cover switching 

trajectory 

Wide range IV curve
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Source: “Measurement Methodology for Accurate Modeling of SiC MOSFET Switching Behavior over Wide Voltage and Current Ranges”, H. Sakairi, et. al., IEEE Trans on Power Electronics early access, 

• Utilize double pulse test system to obtain wide enough IV curve to cover switching trajectory
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E X T E N S I V E  M E AS U R E M E N T  T O  M AK E  T H E  M O D E L  R E P R E S E N T AT I O N  

S I G N I F I C AN T LY  B E T T E R

• Inclusion of non-linear characteristics is critical to represent device physical phenomena better

(B) Inclusion of CV (both off-state & on-state)

Ciss Coss Crss

Ciss

Coss

Crss

Vgs=6V

Vgs=3V

Meas

Sim

Meas

Sim

Discontinuous measurement points  

seen beyond 10MHz are considered 
to be  caused by oscillation due to 

parasitic and stray inductance 

associated with measurement 

circuit. Therefore, simulation didn’t 
include those points. 

Vgs=4.5V

Source: “Measurement Methodology for Accurate Modeling of SiC MOSFET Switching Behavior over Wide Voltage and Current Ranges”, H. Sakairi, et. al., IEEE Trans on Power Electronics early access, 
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E M P L O Y M E N T  O F  E L E C T R O M AG N E T I C  AN ALY S I S  

To use simulation software that performs not only time domain analysis but also incorporate 

electro-thermal and layout distribution effects

Electromagnetic simulation using board layout information as well as inclusion of s-parameters 

measured on DUT, the simulation of circuit operation becomes significantly better. 

Improved device model without 
extensive EM simulation

Improved device model with 
extensive EM simulation

Blue: Measured

Red: Simulation

Blue: Measured

Red: Simulation
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Layout data

EM analysis

Source: “Measurement Methodology for Accurate Modeling of SiC MOSFET Switching Behavior over Wide Voltage and Current Ranges”, H. Sakairi, et. al., IEEE Trans on Power Electronics early access, 
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Measurement data

W8598BP/BT
Simple-use 

PEMG
ADS / EMPro / Momentum

Model 

parameters

by DPT (*1)by B1506A

I-V (*2)

Zero-bias s-parameters

C-V

On-state C-V through 

S-parameters (*2)

Test solutions

Circuit/EM simulation with 
significantly improved accuracy

Keysight
mathematical model

*1: DPT: Double Pulse Test System

PEMG: Power Electronics 

Model Generator

*2) Source: “Measurement Methodology for Accurate Modeling of SiC MOSFET Switching Behavior over Wide Voltage and Current Ranges”, H. Sakairi, et. al., IEEE Trans on Power Electronics early access, 
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元器件测试方案_B1506A功率器件分析仪

➢ 全面的测试参数: ➢ 宽广的测试范围:

• 电流1500 A

• 电压 3 kV

• -50 °C 至 +250 °C 快速热测试
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元器件测试方案_B1506A功率器件分析仪

2. 编辑坐标范围

4. 执行测试

1. 设定测试条件

3. 选择测试参数

详细的测试参数



21

T O  E VAL U AT E  P O W E R  D E V I C E  D Y N AM I C  B E H AV I O R

1.2kV

Off

Switching characterization (*1)

(*1) For gate charge measurement, the low side gate driver is exchanged to the 

one with high Rg. 

Off16.7uH

120 uH

16.7uH

120 uH

1.2kV

DUT

Switched 

to ground

Reverse recovery
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Adaptable, flexible, semi-automatic and safe test station

DSO

Waveform 

Generator

Power supply

SMU

Replaceable 

PCBs

Safety Ctrl

Fixture

SW

Fixture

Power supply

μController
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D Y N AM I C  P O W E R  D E V I C E  AN ALY ZE R / D O U B L E  P U L S E  T E S T E R

• Clean & automated turn-key solution with safe test fixture
• Covers various waveform characterization & parameter extraction with semi-automated 

operation
• Switching / Reverse recovery / Gate charge / High power IV
• (coming soon) Short circuit, UIS avalanche test

• Automatic temperature control (room temperature to +150C)
• Operator & resource safety (protection mechanism)

• Adaptable to various DUTs
• Fast, low-parasitic, generic gate-driver with variable voltages (e.g. -10V to +29V, ns edge)
• Modular architecture
• Replaceable double pulse PCB for different apps. 
• Controllable capacitor bank & switchable inductor (16.7uH, 120uH)

• Repeatable, Reliable, Accurate measurement
• Auto Calibration /De-skew / compensation for better accuracy 
• Shunt de-embedding
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Parameter / Characteristics Symbol Basic Clamp
Reverse 
recovery

Gate charge DPT sweep Parasitic turn on

Turn on delay time td(on) td(on) x x

Turn on rise time tr x x

Turn on time ton x x

Turn on energy e(on) x x

Turn off delay time td(off) td(off) x x

Turn off rise time tf x x

Turn off time toff x x

Turn off energy e(off) x x

di/dt dv/dt x x

dv/dt di/dt x x

On resistance Rds(on) x

Switching characteristics Id vs. t x x x x x

Switching characteristics Vds vs. t x x x x x

Switching characteristics Vgs vs. t x x x x x

Switching characteristics Ig vs. t x x x x

Switching characteristics Clamped Vds vs. t x

Switching characteristics e vs. t x x

Switching locus Id vs Vds x x

Reverse recovery time trr X

Reverse recovery charge Qrr X

Reverse recovery energy Err X

Maximum reverse recovery current Irr x

Reverse recovery current characteristics Id vs. t x

Total gate charge Qg X

Threshold gate charge Qgs(th) X

Plateau gate charge Qgs(pl) X

Gate drain charge Qgd X

Gate charge curve Vgs vs. t X

Derived transfer characteristics Id vs. Vg x

Derived output characteristics Id vs. Vd x

Parasitic turn on Vgs Vgs(para) x

Parasitic turn on peak Id Id(para) x
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SW

SW

SW

Si, SiC (1.2kV, 200A)

• High power 

upgrade (1.2kV, 

1000A) - module

• Avalanche Test

• Short Circuit Test

• High performance 

upgrade (for GaN)



26Automotive Radar Webcast 

B1506A Power Device Analyzer S-parameter measurement PD1500A Dynamic Power 

Device Analyzer/Double Pulse 

Tester

Keysight PD1000A Power Device Measurement System 

for Advanced Modeling

Vds=1V

Vgs = 0V to 11V (0A to 1.43A)

On-state Cgd test results

CV up to 3kV

IV Extracted Crss from 

s-parameters

• I-V 3kV, 20A/500A/1500A models
• C-V up to 3kV (Ciss, Coss, Crss, Cox)
• Automated and easy to use 

operation
• Automated thermal up to +250℃
• Pulse width down to 10us

• 9kHz – 4.5GHz
• High current bias-T (5A/42V)
• Automated and easy to use 

operation
• LCR extraction (Stray L, biased Crss, 

Rg, etc.)

Keysight W8598BP

PEMG

Keysight

ADS/EMPro

• 1.2kV/200A
• Switching parameters & high 

power IV derivation for modeling
• Automated and easy to use 

operation
• Automated thermal up to +150℃
• Modular architecture

2kV CAT1, 1kV 

CAT III & 400 MHz
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仪器行业最大型的线上活动 ! !

微信扫描二维码
注册直播仪器抽奖

Q&A

一等奖：

200MHz示波器

二等奖两名：

E36311A一台抽奖地址

https://urldefense.com/v3/__http:/crm.insight-china.cn/Activity/Login/7738_2__;!!I5pVk4LIGAfnvw!xrOpsnCBmemZRylYL1PInmbSfvwKMk2pVudDdksoJYObkVBiX_uKP_POozIzqXI-7w$





