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Significance of TJ monitoring

SiC MOSFETs, renowned for their excellent electrical and thermal properties, have been 

widely adopted in new energy vehicles, aerospace, and other high power density applications.
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TJ is an important parameter
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Significance of TJ monitoring

Junction temperature (TJ) is a significant parameter of SiC MOSFET

TJ closed-loop 

control

PCIM Asia 2025

污渍（6%）

振动（20%）

温度（55%）
湿度（19%）

Inducement of failure

Improve the reliability of the power module

Increase the available capacity of the inverter 

provide fundamental data for PHM 
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Research Status of online junction temperature monitoring methods for power module
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Non-invasiveness, 

Easy to implement,

High accuracy

Problems of TJ monitoring online
PCIM Asia 2025
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Problems of TJ monitoring online
PCIM Asia 2025

Challenges in SiC MOSFET : 

Most Dynamic Parameter measurement require excessively high bandwidth (>10MHz) 

(a) Turn-on (b) Turn-off

diD/dt

td_off

Dynamic parameters

ΔVDS

VGP

1. short switching transient (<100ns)
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Problems of TJ monitoring online
PCIM Asia 2025

Challenges in SiC MOSFET :

short-term Vth shift short-term Vth drift

2. instability caused by gate oxide interface defects

TSEPs corelated with VTH

Gate oxide interface defects cause VTH drift. 

Most TSEPs related with VTH 
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Problems of TJ monitoring online
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3. Narrow measurement range
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PCIM Asia 2025

VDS_C has no forward voltage. 

When ID is low, VDS_C is too small to measure 

Challenges in SiC MOSFET :

Temperature Resolution ：KT*ID
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Problems of TJ monitoring online
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TSEP in this paper: VSD_F

1. Easy to implement

2. Gate oxide Defect Insensitivity

3. High temperature Resolution even in low current condition

1. VGS=15V, ID>0, VDS_C

3 on-state voltages: 2. VGS=15V, ID<0, VSD_C

3. VGS=-5V, ID<0, VSD_FChip Structure Equivalent Circuit
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Design of TJ monitoring system
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Topological structure of the TJ monitoring system
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Design of TJ monitoring system
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High-resolution sampling circuit    高精度采样电路

1. Dual-diode configuration cancels out thermal drift voltage

2. Dynamic Adaptive sampling circuit enhances temperature resolution >4×

range: ±5V

error: ±10mV
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Design of TJ monitoring system

active 
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control 

sampling

control 

sampling

Active shut down method   主动关断技术

Sampling and PWM modulation strategy Simulation waveforms of current, loss and TJ

ΔTJ<1℃
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How to get VSD_F ？

Sampling once per sine wave cycle.  This fs is sufficient and no impact on normal state.
11
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Sampling waveforms during the operation of the SiC controller

Sampling points Sampling points

Design of TJ monitoring system

Ch1: IL        

Ch2:VGS         

Ch3: VSD_F

(b) 50μs/div(a) 5ms/div

PCIM Asia 2025

Different sampling positions have little impact on accuracy 12
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Experimental verification

SiC MOSFET Module:  1200V/600A, 10 chips
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Chip

Chip
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Chose a black module for comparison with thermal imager

Equivalent Circuit
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Experimental verification

Inverter and module layout

Parameter Value

Switching frequency 5 kHz

AC frequency 50 Hz

DC voltage 200 V

load inductance 3 mH

Dead time 1 μs

Gate voltage +15 V / -3 V

PCIM Asia 2025

交流线束
AC

被测模块
DUT

入水口
Water cooler

驱动采样板
Drive &sampling

直流线束
DC

支撑电容
Capacitor

主控板
Control board

14

PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai 

 
 
 
         

 PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai 

 
 
 
PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai 

 
 
 
         

 PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai 

 
 
 
PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai 

 
 
 
         

 PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai 

 
 
 
PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai 



中国科学院电工研究所

Experimental verification

SiC MOSFET控制器

红外热像仪

恒温水冷系统

示波器
Oscilloscope

SiC MOSFET控制器
SiC MOSFET controller

红外热像仪
Thermal imager

恒温水冷系统
Water-cooling system

Experiment setup

PCIM Asia 2025

Parameter Value

Switching frequency 5 kHz

AC frequency 50 Hz

DC voltage 200 V

load inductance 3 mH

Dead time 1 μs

Gate voltage +15V / -3V
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Experimental verification

Comparison with Infrared Thermal Imager

SiC MOSFET控制器
SiC MOSFET Contoler

Thermal imager Layout
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Experimental verification

Synchronized test video of oscilloscope, thermal imager, and online monitoring
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Experimental verification

Comparison of online monitoring and Infrared Thermal Imager

Current

/A

Online TJ 

monitoring /

℃

TJ on 

thermal camera 

/℃

Err 

/℃

50 64 64.8 -0.8

100 63 65.5 -2.5

150 68 68.3 -0.3

200 76 71.8 4.2

250 76 77 -1

300 82 83 -1

350 90 90.5 -0.5

400 97 97.2 -0.2

Independent test report
Test data in different operating conditions

Err<5℃ in full range
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summary 

1.  A novel real-time TJ monitoring method for MOSFET is proposed, which use the on-state voltage of 

the body-diode in the third quadrant as the sensing parameter. Compared with other solutions, this 

method features high temperature resolution, immunity to gate oxide degradation, and full-range 

applicability.

2.  A high-resolution sampling circuit with dynamic and adaptive range adjustment is developed, which  

improve the sampling resolution by more than four times. 

3.  A sampling and PWM modulation strategy is proposed to solve the adaptability problem of voltage 

measurement in the third quadrant. 

4. The system's accuracy was verified on a SiC-based inverter platform. Comparison with thermal 

imaging data shows a maximum error within 5°C over a wide current range from 50 to 400 amps.
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谢谢!

Thanks for listening

Institute of Electrical Engineering Chinese Academy of 

Sciences

zhengdan@mail.iee.ac.cn
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