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A New Junction Temperature Control Strategy Which Improve IGBT Reliability
ZHANG Kai, GAO Feng

(Taiyuan electric power supply company of State Grid , Taiyuan 030012, Shanxi, China)

Abstract: In order to reduce thermal swing and improve the reliability of the IGBTSs, a tracking control strategy for

IGBTSs junction temperature based on gate drive voltage adjustment were presented. Firstly, the influence mechanism of

the gate drive voltage on IGBTs power loss was lucubrated with a simplified model of the IGBTs. The proposed strategy could

automatically adjust the gate drive voltage according to the trend of junction temperature , which minimized the junction

temperature fluctuation without affecting the converter output capability. A test platform of tracking control strategy was

designed and implemented to employ a novel circuit for power module performance test. Experimental validation

demonstrates the effectiveness and feasibility of the proposed tracking control strategy for IGBTSs junction temperature.
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Fig. 1 IGBT switching time ideal waveform
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Fig.2  On and off Losses of switching devices
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Fig. 3 Energy loss analysis in the process of IGBT opening
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Fig.4 The energy loss analysis of IGBT shutdown process
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Fig.5 Open waveforms at different gate opening voltages
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Fig. 6 Turn off waveforms at different gate opening voltages
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Tab.l  Dynamic parameters of switches under

different driving voltages

Usc/V E../mJ] Eor/m]
11 1.06 0.53
13 0.65 0.52
15 0.43 0.52
17 0.35 0.53
19 0.30 0.53
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Fig.8 Through state pressure drop
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Fig. 9 Basic block diagram of temperature

tracking control strategy
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Fig.10 A new circuit for stress testing of power devices
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Fig.12  Results comparison of the estimated junction

temperature and actual measurement
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Fig.13  Experimental results of junction temperature

tracking and control

5 %%

Pl T — M T AKX B R IR 1Y A9 IGBT 253k
SRR R ARG . B, MU — MR AL 1G-
BT i #E 70 Mt 2, B 1 1 9K ) 13 A s R/
T S AE AT SR FE A M HL B, 384 XUk e
SRS IF SRR T AT TR, FERE SRR I
HL T o R B0 A1 IR g, £ A T R

96

SEHG - 3 0 I P R R SR 1 T AT R AR
AT TUESE . 28GR, 2R I R 45 IR 3 iy
RBORWIIE 38/ T 3R Z BN T ohili o 145
I RGBS 4 L SR AN S T 2 e A S P RE 4 [
I, A AESEPRN a R

&

(1] FB¥E:, L2, ki . SiC MOSFETs 5 Si IGBTs HEREXT
7T ], UITHLF AR, 2015,49(12) : 23-25.

(2] D%, FE2, LRI IGBT RYWIIL SRR/ B
HLTHR, 2014, 48(3):71-76.

[3] Lemmens J, Vanassche P, Driesen J. Optimal Control of Trac-
tion Motor Drives Under Electro-thermal Constraints[]]. Emerg-
ing and Selected Topics in Power Electronics, 2014,2(2) :
249-263.

[4] Wang H, Liserre M, Blaabjerg F. Transitioning to Physics of
Failure as a Reliability Driver in Power Electronics [1].
Emerging and Selected Topics in Power Electronics, 2014, 2
(1):97-114.

[5] Lixiang W, McGuire J, Lukaszewski R.A. Analysis of PWM
Frequency Control to Improve the Lifetime of PWM Inverter
[J]. IEEE Transactions on Industry Applications, 2011, 47
(2):922-929.

[6] Lemmens J, Driesen J, Vanassche P. Thermal Management in
Traction Applications as Constraint Optimal Control Problem
[CI//IEEE Vehicle Power and Propulsion Conference, Seoul,
Korea,2012:36-41.

[7] Lo Calzo G, Lidozzi A, Solero L. Thermal Regulation as Con-
trol Reference in Electric Drives [ C]//Power Electronics and
Motion Control Conference,Novi Sad, Serbia,2012:1-7.

[8] Weckert M, Roth-Stielow J. Chances and Limits of a Thermal
Control for a Three-phase Voltage Source Inverter in Traction
Applications Using Permanent Magnet Synchronous or Induc-
tion Machines [ C ]//European Conference on Power Electron-
ics and Applications,2011.

[9] Ma K, Liserre M, Blaabjerg F. Reactive Power Influence on
the Thermal Cycling of Multi-MW Wind Power Inverter [J].
IEEE Transactions on Industry Applications, 2013, 49 (2) :
922-930.

[10] Ma K, Blaabjerg F. Thermal Optimised Modulation Strategies
of Three-level Neutral-point-clamped Inverter for 10 MW
Wind Turbines Under Low-voltage Ride Through[ J ]. IET Pow-
er Electronics,2012,5(6) :920-927.

Wk H 391:2018-06-25
&5k H 191 :2018-08-28





