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Predicting junction temperature of IGBT module
based on full-order state observer
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Harbin Institute of Technology, Weihai, Weihai 264209 ,Shandong, China)

Abstract; To accurately estimate the junction temperature and solve the over-temperature problem, a junction
temperature state observer is designed to predict the junction temperature of IGBT in real time considering the
mutual influence of electrical and thermal parameters. First, the effects of conduction current, bus voltage and
junction temperature on IGBT loss are studied on the offline test platform of IGBT. The mathematical model of IGBT
loss was derived by linear interpolation method. Second, a thermal network model is built up based on the IGBT
transient thermal resistance test platform. Last, the state equations of each temperature node are derived and a full-
order state observer is designed to compensate the drawback of open-loop state equation. The error between output
shell temperature and the measured shell temperature is corrected in real time on full-order junction temperature
observer. To verify the effectiveness of the designed method, simulations carried out on Matlab \ Simulink and
experiment setup are established. The simulation and experimental results show that the predicted junction
temperature can track the target value, and the designed method is validated.
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Fig.1 Schematic diagram of IGBT saturation voltage drop

measurement platform
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Tab.1 Saturation voltage drop measured under different IGBT

Pcond_T = Pcond_Tl + (Pcond_n

states \
\ i
i
50 A 100 A 150 A 200 A 250 A
20 0.973 1.036 1.136 1.223 1.305
75 0.866 0.943 1.062 1.178 1.277
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Fig.2 Double pulse experimental circuit and test sequence
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Fig.4  Switching waveforms at different voltages
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Fig.5 Switching waveforms at different currents
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Fig.6  Switching waveforms at different temperatures

2 BEAS T LM
2.1 BRESHMENK A E

e ge iy IR BT A SR L AE R A AL IR T 0

T, E AL AR E B B A i S5 oS i, T A5 2
FaASHEH , (HRAESERI I T, IGBT 5 228 [ Bk s
WA AR AEA L TP APIRAS | B LSRR



57

DR&RM: 45 SRAHAFRES I 25 A9 IGBT A& b4k i T - 87 -

SIABHTCTE I AL S A5 R, PRt T 200 R A 4
BH S
T, - Tj(t>
R, = — 5 (4)

X Ty, N IGBT SR AIFIUG(E, T,(1) o IGBT £l
(R Bit st [ AR FRAE 36T IS B0 & DS IR 1Y
AT ¥ | 1 Joba s A0 R TR R R A8 R /N L O Sl
SRS R 1B X IGBT BBt
CL 4 A3 2% 1 3 IGBT Y45 RS & 4 254k,
DI 3 SOk 1 /N SRS T SR
FERE R AR R, R PR S R 2T B 451, 7 A
2 (4) TR AR

IGBT FEH 22 /N30 25 1F 1, 100 FN e B B 445
B RLYER R, Wit 7 F &% IGBT Bk
FCEAEA R PRI BE R, M 10 mA 05 HL
WA R S A5 R E R

NSt

r== K
lﬁﬁ&‘i&%ﬁ ! e
| | +]
57 | on | ] ;\‘ra
e on JIL 1=
H e 4'—f:| } : B R
‘ I )
23 |
| ﬂ} |
| |

B7 WWEE-ZERETFS
Fig.7  Saturation voltage drop-junction temperature calibration
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Fig.8 Relation between saturation voltage drop and junction

temperature at current of 10 mA
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Fig.9 IGBT transient thermal resistance test platform
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Fig.10  Temperature rise curves of junction temperature and

shell temperature
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