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Simulation Study on the Influence Rule of Parameter of No-linear Field Grading Composite
on Electric Field at Triple-junction Point of DBC in IGBT Modules

XU Jiayu, LI Xuebao, CHENG Jinjin, YANG Hao, ZHAO Zhibin, CUI Xiang
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources North China Electric Power University ,
Beijing 102206, China)

Abstract: The electric field concentration at the triple junction point formed by the copper clad layer, ceramic sub-
strate and organic gel of copper clad ceramic substrate in the model of IGBT (insulation gate bipolar transistor) in-
creases the risk of partial discharge and insulation failure of elements. With the increase of voltage class of IGBT
module, the insulation level of Direct-Bond Copper (DBC) substrate becomes the key factor restricting the develop-
ment and reliable operation of elements. In this paper, nonlinear field grading (NFG) composite is intended to be
used as the coating to apply at the partial high electric field region at the triple junction point of DBC substrate so to
improve the electric field distribution and enhance the discharge inception voltage of the triple junction point of
DBC. For this purpose, the partial discharge inception voltage of the triple junction point of DBC sample encapsulat-
ed by pure silicone gel is obtained. Then, the partial discharge inception voltage is taken as the control value, the
corresponding electric field distribution and initial the electric field strength of partial discharge is obtained with the
help of the finite element method (FEM) simulation. The influence rule of electrical parameters of NFG coating mate-
rial on the electric field at the triple junction point of DBC substrate is analyzed in sequence. Finally, the suggestion
on the selection of parameters of NFG is given. The study result in this paper has provided theoretical guidance for im-
proving the design of non-linear material of partial electric field of DBC substrate.
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Fig.1 The sample of DBC for characterizing PDIV
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Table 1 Main properties of device under test

ok ZH LA¢lEN
P %5 )R i /mm 0.375
DBC TE )2 B /mm 0.290
FEAR ] B /mm 1.000
P 01K fmm 21.040
T 2 fmm 15.040
SilGel AR/ (V- mm ™) 23
23) AEXS A LR B 2.7
L %/(S m™) 10"

T4 1 5 43 R4 A8 HE R 3 500: 1, FH T4 00 4 A
JEAE S s HECT F 8800 [ 3% Jmy B e 5 5 5 B A
Sk B AR B R TR A, O a6
139 55 F YEURI R H 20 1l PR SO 22, A A v e s
A 250 X o WK ) LAt 7 8 R AT A 2R AR,
R FL 2K A A e B G U 1 AR [ . SR D AR
sits Ay FELAN [ 78 A LRERERC Y DBC AR A , 77 ]
R, PR S WA I =25 5

i
R | — Iy 8
= —— 3500:1
éﬁ HFCT
L — T Z/}J
T
I N i
P & AR #u 2t

B2 DBCEREITL SilGel £ @K PDIV XK1 F &
Fig.2 Setup for testing PDIV on DBC samples with pure
silicone gel encapsulant
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(g BEALYE , SR FH AU H Weibull 43 A1 58 3 PDIV It
25 31, PDIV (1) Weibull 437 WL Pl 3, Fob £ 114
PDIV BRI T Weibull 434 63%4b i) SEHER

VE 1405 SilGel K & (1 PDIV I AT 2B 4 8.5 kV
TLE 3, K88 TEC 61287-1:2014 FRER, 1Z 4L i H g
TR ORHUE 8 kV LU B, o TidE T
e FL S S G AR F L 5 TSR T NFG AP RHAR 2 s 4
K FEBETE NFG S A MRHIT 5 5k A B A
s ELH SR AR ) R A

o 63%

PDIVIKV
3 DBC EMRE 4 SilGel # & 1 PDIV X S HE M
Weibull 3 75 (PDIV A B % 1E)
Fig. 3 Weibull distribution of PDIV on DBC encapsulated
by pure SilGel (the value of PDIV is root mean
square, RMS)
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Fig. 4 The 2-D simulation model and its partial

enlargement scheme with applying NFG layer
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Table 2 The basic parameters of the simulation model

Mk SR EA¢lE]
JELBE fmm 0.375
ALO; K /mm 21.090
DBC  Fg% FAXHA L8 B e, 9

B2 Ko /(S m™) 102

Cu JEJ /mm 0.29

K /mm 8.00

SilCel AHXS A HL B e 2.700
S %e./(S-m™) 107

FEH AT
v-(J+L°;fE)=o (1)
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FT . B 5(a) FPXE IR R 6 4N R X el g R 20 R
SR 2w, K7 B HE F 43 IX S8R K T RO
10 wm, HAxHB5 R A A 18 AR AN 5 2

S 4“
E_/ PV

(a) JR B X S 1

5 RATAERTHEENEIBLLE SR

Fig.5 Local optimized mesh used for the finite

element simulation
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Fig. 6 The lines on the surface with 15 pum offset
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Fig. 7 The electric field intensity on L, with pure SilGel

encapsulant.
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351 . ;

\
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Fig. 8 The comparison of electric field distribution of
DBC on L, with pure silicone gel and NFG
composite encapsulant
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Fig. 9 The electric field distribution on L, with different
kinds of permittivity of NFG composite
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Fig. 10 The electric field distribution on L, with different
kinds of conductivity of NFG material
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Fig. 11 Three kinds of o~(E) characteristics of NFG
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Fig. 12 The electric field distribution on L, with different
kinds of NFG layers
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Fig. 13 The electric field distribution on L, and L
encapsulated by pure SilGel and NFG composite.
FR3 AREHME THRXBFARHAEERY
Table 3 Simulated electric field intensity of DBC with

different kinds of encapsulants

R E,/(kV+-mm™) )
SilGel 29.20 2.43
SilGel& NFG 1 33.89 2.82
SilGel& NFG 11 21.10 1.75
SilGel& NFG III 20.59 171
SilGel& NFG IV 20.68 1.72

FE MR N 2 0 o B 4R R 3R 48 S 0 o A R
#o EZRMBLIT 458
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)8 T R NFG & A+ BHE 2 8048 DBC =
G55 AL L 4 AT B O AR B T B B
Bt RN T NFG B2 G AP EH Y H BRI L 52 3846 DBC
=856 R A R S AL

)il A H AT AE R FE S FERENFG B &
WAL, AR HL H B0 /N T 8, # BR S BR B e 4%
T 0 H 3758 FE Y ], B3 380 A T 107°~107° S/m.
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