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Junction Temperature Measurement in Power 
Modules – Challenges of Parallel SiC MOSFETs 
with VSD Imbalance
—

Motivation
—
To measure the junction temperature of SiC MOSFETs in active power 
cycling, the VSD(T)-method is used. It reaches its limits when applied to 
parallel connected single chips, affected by a high VSD imbalance of the 
body diodes. Results from experiments and simulation indicate that 
significant discrepancies in the thermal characteristics among chips can 
lead to errors in temperature estimation. In this case, increasing the current 
significantly can reduce the measurement error for specific devices. 

[1] F. Hoffmann, S. Rugen, D. Silber, and N. Kaminski, "Impact of the sensing current density on PN-junction based temperature 
estimation methods for Si and SiC power devices," Microelectronics Reliability, vol. 114, 2020, p. 113834.

Temperature Calibration and Measurement

 Ten 750 V SiC MOSFET (25 mm², RDS(on) = 8 mΩ)
 Calibration 25 °C..175 °C; ISD = 10 mA..1 A; VGS = –8 V
 Self-heating is monitored via thermocouples 
 Range of VSD(T) decreases with higher current

and lower temperatures
 Two pairs with min. and max. ΔVSD(T) in parallel at T1 > T2, T1 < T2, T1 ≈ T2

 High ΔVSD(T) pair: Tvj dominated by chip with lower VSD, deviation from Tmean

 Higher ISD → Tvj moves toward Tmean, but with increased self-heating

Conclusion and Outlook
—
 Parallel SiC MOSFETs with strong VSD mismatch: VSD(T)-method gives 

systematic Tvj error, dominated by the low-VSD chip
 Higher sensing current can reduce VSD spread and resistance imbalance 

→ Tvj closer to Tmean, but with self-heating risk
 Electrical pre-characterisation of diodes to define sensing current and 

chip selection criteria
 Further studies: Validation for other SiC MOSFET models, manufacturers, 

and multi-chip modules with more than two dies

Theoretical Approach

 Math. model of parallel diodes 
with eq. (1,2) [1]

 Most current through body diode 
with lower VSD(T), Vth and 
differential resistance Rd (3) 

 Increasing the sensing current  
differential resistances more 
similar, measured Tvj converges 
toward Tmean

 VF of diode with lower Rd, VSD(T) 
dominates measurement (5)
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Electrical Characterisation

 Kink around 200 mA / 2.4 V; below device spread is almost constant, above 
the curves converge, reducing VSD spread and matching the observed 
improvement of temperature measurement at higher sensing currents.

 Rd: weighting factor of diodes in the parallel VSD(T) measurement approaches 
0.5 at higher current, while at low current the low-VSD diode dominates - 
explaining why higher ISD yields Tvj closer to the mean temperature
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