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Fig. 1 Conventional switching waveforms of IGBT

module and gate driver
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Fig.2  Analysis of IGBT turn-on energy consumption
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Fig. 4 Turn-on waveform of IGBT under different gate

drive voltage V,
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Fig. 5 Turn-off waveform of IGBT under different

gate drive voltage V
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Fig. 6 Switching loss
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Tab. 1 Switching parameters of different gate drive voltage

SR gl
Veo/V 11 13 15 17 19

E,./m] 1. 06 0. 65 0.47 0.37 0.30
E /m] 0.52 0.52 0.53 0.53 0.54

3 FHRRERERRE

IGBT 23 L FH 0] | 38 3o 338 K 0K 2 71 38 i ok
REARTRAFE DT ) 25 R 1%L T, FE 45 18 T RS0 a]
T YNGR Bl 38 R 1 AR AR DT A i 25
R DRI AR A 48 T 0 A28 Al e 35 | SR Bl AR 5 3K 3
TR U BERESC BERE IR, L AETE S THIR, 75— E

K7 SRR
Fig.7 On-state voltage drop

JE A S i Bl , TN T g A 52 B B N )
ity SCETHRE F AN S VL,

IGBT AL — N B 25, 76 5L B b 37 5
o ok AR IR AR e HgiE LA
SR IGBT W45 10 Ff SR HESL 251/, T IGBT
P ZESEIABEST RC (I 18] 3 B Z P (ms) 94, I
IGBT 451 5 HAC IR Z M A AE A R AT R
RO B XS IGBT ¢ i i 7E 42 W 2, W] R 40 ) 4R LA
HeN ER A 45 IR A7 2, AT SE BT IGBT 45 1Y
il

L8 Sy 25 T - i RS 48 I I TR ek 1 R At
&, e rh S S UR T I A R IR 2 IR AS SRR
AR, R R R A T BRI R e R S
M 7S R, SRAE DR AR 5 Ok S 45 1R 1) 722 Ak
B, St i H IR AR R T 1) 2 Ak i Fh R S
WERHE R Ve, BRI IK S H [ A
FEE RN 15V, TS| +3V R,

A AT HIER

1 Vv
st +1 = 5
e i

BB REREER 12-18V)

TC LyGG
Allall
T P e

B8 2L B A P SR s S AR AE ]

Fig. 8 Basic diagram of tracking control strategy
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Fig. 9 Novel circuit for power device performance test
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Tracking control strategy and implementation of IGBTs junction
temperature based on gate drive voltage adjustment

SANG Ya-lei, WANG Xue-mei, ZHANG Bo
(School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract; Due to the variable change of the power output of converters, the IGBTs junction temperature fluctuates
violently. In order to reduce this thermal swing and improve the reliability of the IGBTs, a tracking control strategy
and concrete implementation for IGBTs junction temperature based on gate drive voltage adjustment are presented
and discussed in this paper. Firstly, the influence mechanism of the gate drive voltage on IGBTs power loss is stud-
ied with a simplified model of the IGBTs for studying switching losses and demonstrated by means of the principle of
double-pulse test. The proposed strategy can automatically adjust the gate drive voltage according to the trend of
junction temperature, which not only minimizes the junction temperature fluctuation without affecting the converter
output capability, but also has a faster response speed. A test platform of tracking control strategy is 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 IGBTs junction temperature, and the ther-
mal swing of IGBT modules is effectively reduced.

Key words: reliability; drive voltage adjustment; power loss analysis; performance test circuit; tracking control



