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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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Significance of TJ monitoring

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

Bond wire detachment TJ is an important parameter
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Problems of TJ monitoring online

Research Status of online junction temperature monitoring methods for power module
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Problems of TJ monitoring online SRS

Challenges in SiC MOSFET : 1. short switching transient (<100ns)

Dynamic parameters
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Most Dynamic Parameter measurement require excessively high bandwidth (>10MHz)
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Problems of TJ monitoring online SRS

Challenges in SiC MOSFET : 2. instability caused by gate oxide interface defects
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sio, TSEPs corelated with V.
Ni Ohmic : Gato Ox, 400A . ‘ 0
= A R [+ + + + + g v
P well ..":f_H I "time A
, @ Vou Vi response /DOWN AvpsT dlD/dt A VDS
N dnit layer @ "
______ @ ____________________ VDS RDS
Substrate { 8iG NN t V
_ “| sisiBond C-CBond Dangiing Bond ) e d_off GP
= .\ J time
short-term Vth shift short-term Vth drift
. . . L 1
Gate oxide interface defects cause Vi, drift. R, ==
W /’lncCOX (vgs o VTH)

Most TSEPs related with V,

hERIZREE TP



Problems of TJ monitoring online =

Challenges in SiC MOSFET : 3. Narrow measurement range
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Problems of TJ monitoring online -

TSEP in this paper: Vgp
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Design of TJ monitoring system

Topological structure of the TJ monitoring system
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Design of TJ monitoring system

High-resolution sampling circuit SfEERFBI

1. Dual-diode configuration cancels out thermal drift voltage

2. Dynamic Adaptive sampling circuit enhances temperature resolution >4 X
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Design of TJ monitoring system

How to get Vg ¢ ?

Active shut down method EEKHEREA
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Design of TJ monitoring system

Sampling waveforms during the operation of the SiC controller
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SiC MOSFET Module: 1200V/600A, 10 chips

1200V/600A

Equivalent Circuit

Black module

Chose a black module for comparison with thermal imager
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Experimental verification CIM Asia 2025

Inverter and module layout
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Experimental verification sia

Experiment setup
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Experimental verification -

Comparison with Infrared Thermal Imager
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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

Independent test report
Test data in different operating conditions
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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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