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Study and Application of Polymer Insulating Material in
Power Module Packaging
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2. Hunan Power Semiconductor Manufacturing Innovation Center, Zhuzhou 412001, China)

Abstract: This paper introduces the research and application of polymer insulating materials in power module
packaging, including silicone gel, epoxy potting adhesive, epoxy molding compound, plastic frame and other
materials, and their performance indicators and research status at home and abroad were elaborated. Finally, the
application direction of polymer insulating materials in power module packaging was prospected, including
optimizing the use process, improving the stability and insulation performance, developing materials with

temperature shock resistance, low linear thermal expansion coefficient, and high dielectric strength and studying

new applications technology.
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Fig.1 Welded IGBT module sample and

its section diagram
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Fig.2 Photos of silicone gel encapsulated IGBT module

and welded IGBT module after encapsulation
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Tab.1 The performance of three of addition silicone gels

applied in IGBT module packaging

i iz 1 i 2 K3
Iy A B A B A B
A WEE EE A B E EH

W% (23°C)/(g/em?) 0.97 097 097 097 097 097

Fi % (23°C)/(mPa-s) 1000 1000 450 450 1000 1000

A (BT RAR R 1:1 101 1:1
A B (23°C)/(mPas) 1000 450 1 000
& H #1/h 2.5(25°C) 1.7(23°C)  0.75(25°C)
Yk gz F (8] /min 30.0(150C)  7.0(135°C)  30.0(150°C)
HENJE(0.1 mm,23C) 85 85 85
A HL T H(50 Hz) 2.7 2.7 2.7
S LB /(kV/mm) 17 15 19.2
(S AGEN S o 30 60

/(X103 cm)
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Fig.3 Comparison of ordinary linear silicone gel before
and after ageing at 200°C for 1 000 h
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Fig.4 Photos of double component epoxy potting adhesive

and welded IGBT module after encapsulation
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Tab.2 The performance of two exoxy potting adhesives

applied in IGBT module packaging

T H i1 2
415 W fiE [l 14571 B g [l 14,751
m SREN mn R
AN . . . .
LEEN LEEN FLTEN TN
HEQ237C) 1.71~ 1.71~
1.78 1.16
/(g/em®) 1.76 1.76
200~ 0.045~
ZHEE(25°C)/(Pars)  25~30  22~32
400 0.046
WA LR /AR 1:1 4:1
REFEQ25C)
22~32 4~6
/(Pa-s)
HERLIT [E](125°C)
15~20 30~40
/min
80°C/h+125°C/2h+
[ 4k T2 120°C/10h
140°C
ARG D (25°C) 95 90
AR
130 122
(TMA)/C
A58 % /MPa 40~50 30~40
Wr 24K R /% 1~2 3~5
K=
0.20 0.24
(23°C,24 h)/%
MK R A (25~
38~42 57
200°C)/(x10°)
G Z/(W/(m-K)) 0.6~0.7 0.3
FEBATE(UL94) V-0 V-0
A LR /(K V/mm) 21 21
A HLBA Z/(Q-cm) 10 10'3
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Fig.5 Schematic diagram of DP resin package and
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conventional IGBT module package

22 MEIRZEER AR

RSB RE i (EMC) SO 3RS RS R), 32 B A
A5 O AL AR B R T A 3 A R R S T T
Y J2 RO S T2 A Y A T R A — e A P R 1
BRI TTERY o — Mt S ke EMC A% I 7E I 4 =5 0 #4
B, A Bl T A ZE I A G o i 11 3 N 0 R ) A
Jis 5 SR i AE I AR (B Hh B B, B 56 R
B R T2 R 7 Fow

EMC 7E IGBT #2513 & A K AR 7

6 DPHAEETZE IGBT (=2 LV100)
Fig.6 IGBT module packaged by DP resin
(LV100 Power Module)

—— R

BT

7 REBERERENTZEIE

Fig.7 Process of transfer molding

LA BT RO (H R B AR E R R A
W7 s 2N T S BRASE (1) AN B 4Ok, N T IGBT 5 3k
B A EMC IR T &M o/ BRI K.
IGBT #5 e J 3%k EMC 4 i 0 1% & 22 SR B iy » Gt
U 1 R TR G P T AR A v D WL e R
UGN VL BRI I 2R3 IF o kiRE i
FRESRIR T . EMC A fIE 32 22 e 3 0 T Cln 218 F
i A AR L IR R B PR A0 [ A 711 Cann 7y P 0 T IR
S AR Cin — S A VB4R S, RS A BE
T A A7) A TG 7 RH R AR 71 S5 B R 4 R, B AR
EMC # Jg i 41 a1 B 8 Frs o

IGBT e df 2% F EMC i 3= ZLA B 75 A 15 bk
ft 2% (Shin-Etsu Chemical) . i % fb %% (Kyocera

\gﬁgﬁzlo

(a)EMC # i (b)FEA A %,
8 EMCHBEREEARERR

Fig.8 EMC resin and its basic composition
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Chemical) « H 374t i (Hitachi Chemical) ¥ /& L A
(Sumitomo Bakelite) %% .

b R — ARSI R HOR R0 & R TR R
) R TH] B # IGBT BB 1) ¢ J2 ), EMC % Ji 9 ok
32 B AT 90E , % EMC B IS thof o T o 5
Wi (1) AN Gl ) B B L 5 5] R HE S8 0 RS 2 M L I A A
S BN R B S AR T T B R FHAME e
MR IR EMC IR E R B TT M, R 3 A
3P R T BUTHT B D) 2 AR B (1) EMC B I PE RE
B 9 Dy R A ] HE HA T BE U R BhIR 4 FH OSLIT
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Tab.3 Performance of EMC resin for

three power module packaging

BgE| EMCI EMC2 EMC3
HORME 5% 85 87 84
TR Sio, Sio, Sio,
BB RS /um 75 70 75
IE R K B fem 66 95 115
EEIB I 16 /s 28 40 50
P EE AR IR/ C 225 195 200
CTE1/(x10°/K) 8 8 11
CTE2/(x10°/K) 33 39 50
o i} /G Pa 21 25 15
il 58 /M Pa 122 185 125
HFH/(W/(m-K)) 1 1 1
2% (23°C)/(g/em?) 1.95 1.99 1.90
B G5 Z/% 0.03 0.04 0.03
BH AT (UL94) V-0 V-0 V-0

B9 ZEKEWEAAIGBT &RIR
Fig.9 Double side cooled IGBT module of Infineon
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S FWT, HAEW 2 BOGTT bR a2 KR Y,

AT 2l A e 28 RHE 28 B R T IR B N
i 1) S Bt 1% (polyamide , PA) W X 2K — HR £ —
[ fi5 (polyethyleneglycol terephthalate , PET) « 58 X 4%
T H R T £ I8 (polybutylene terephthalate, PBT)
o 1B 10 et PARLRE AR PAOKERHE: 28 B Y
I IGBT BLERHESE . B % KD IGBT BEER K Ji€
PR 22 AT SEVESR HY T B v AR, LA
AN 3 e 0 2 A i B v R b TR B 2R A R
— H1 [ ¢ (polyphthalamide, PPA) LL K 5 % B ik
(polyphenylene sulfide , PPS) #% i F T+ il i IGBT %2
BHIEZE , Jr 34 256 1) IGBT A B 3= 2 8 F T il 58 5d
Ho #LH (DuPont) . LK (BASF) . 4 i (TORAY)
=32 (Mitsubishi) 5 22 7] fU AT RLRAT PR RE L3, K 4
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Fig.10 PA pellets and its injection molded
IGBT module fram
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Tab.4 The basic properties of five plastic frame materials

for manufacturing IGBT modules

[ZR R LIEN PA PBT PET PPA PPS
WE5/C 260~280 225~235 265~280 310~325 285~315
PR /MPa 110 130 90 134 114
Wi E/% 1S 2.5 3.5 2.8 0.7
MRS/ MPa 160 180 200 179 190
T E/GPa 8.0 6.5 4.0 7.0 18.6
FHAE(UL94) V-0 V-0 V-0 V-0 V-0
CTIV 400 400 400 400 600

LR PPS i E o TR R LM IR, 53 T PPS
(0 i ook M R P A A 25 1 B S P B S AT 4 4 0
BEASNE I FHERM B AR E SN
fig, 4R € 7 PPS {E IGBT B RIAE 42 dh () 7 ]

TARIRIE IGBT BB df 26 Hh 11 5 — AN A
TE He e A gl 0 TR B2 1) 2 25 R, 2
R & PR B AT 4 SRR 4T 4E 8 58 5 1 Rk EE
(PEEKO) I T . P& 11y 378 (1 1 432 7 IGBT A
HooR B B b IR B2 AL IGBT B v BT 5K i 1) 1 1 4 45
¥, HH 155 4 A 22 e JRE R F 9 A RL N PEEK
PEEK {F Jy—Ff i 284 (1) T2 58 R0 B A A R K K E
RE 77 58 T 52 5 B v« ROS) AR 0 T 0 (R R i 3
] gl 4% W (Vietrex) 2> &) 4 7= ) PEEK B A 1 A f2
ST FE R R AL . WANG H Y 2508 it
Ak i #2 8 IGBT L4k (1) PEEK HE 42 FI 5 3t5 2 8] (1)
AR R o AR R 4 2 1 e, X PEEK TE R 42 2
IGBT B A 1 B % L 47 144 . M SWEET
SR 5T T PEEK & 20X 4 500 V JE % IGBT 4
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Fig.11 Structure diagram of press-pack IGBT
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Fig.12 Different structures of parylene
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Tab.5 Properties of parylene with different structures

E- ¥ NN N c#l DR HTH
i/ C 420 290 380  >500
K TAE 2/ C 60 80 100 350
T AR B2/ C 80 100 120 450
G /(W/(m-K)) 0.126  0.084 — 0.096
K RE(25°C)(x109/K) 69 35 38 36

HA HT A parylene ffiff 52 7 & =ik 500°C , B {5
£ 350°C B B Al BAZK 32 5 000 min (€ [ SCS 2
AR S B AW G R v A ARAR SR B
L AEH G G ORI il D R IR

P ASTRID Z5"99\ K parylene ] ] T 3% 45 38 5%
HHLF R S R R, R T T K parylene Al
AR B2 X ). K B LILAND 258 50 1
Bk J 5 % ol 248 5 Ak 2 18] IR AR 25, 98 T pa-
rylene S W i (PD) A A LR S e U4k J2 00 v e — %
B RS . AR parylene 14 78 X T AR H A
o M AT i F e B A BB R /R L {H parylene 3
e PR RS PR ) T A Ty R 2 o f R A
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B Wk % (polyimide, PD) /& — b BE % K ] 7€
-200~300°C ¥ BZ T A A A I 52 i B AT aA
400°C A HELPE R LT HAK 2=k TR AR 8 10 & 4> TR,
e LR A TR R EE R R o TR 2 — Tz
T AR EF B0 B . A
(%) P13 78 #4 L /2 48 A 06 B8R Wt 1 )iz (non-photosen-
sitive PD, FEH T IR BEHUE F #H3 TE# 5 5
TSR T 20 S R A G b B Th R A
H R PLVR 8 RL L SR OA 30 HL 7 %, Ak i b sl Js B
AT o B U T e T S T O R ) R R, LK
O P VBRI 3 B e RS A e e R B AR G
SEVERE, nTH T 9l 2R B G A MR USRS A 1
[E B¢ DBC iU 4 | (AL B . H R PLI% 78 44 R it
NP A H 57 Ak B (Hitachi Chemical) . 15 i {1k 2%
(Shin-Etsu Chemical) . ] 5 &} (Amoco) « & £ i Fr
(Fujifilm) %5, FEELPAE HAMEE, L6525 1 3
Tl i R fy 3k 1 PIIA A RME RE

L DONZEL %5913 3k T 3E 78 H ZnO (1) PI

Fo HMARPLRERIERE
Tab.6 Properties of PI coating

JEARTERE PI-1 PI-2 PI-3
FE(25C)/(Pa-s) 1.0~1.2 1.1~1.2 0.2
TIKE% 0~0.5 0~0.5 0~0.5
BN A /(X 10) 0~1.5 0~15 0~1.5
BT /(< 10°°) 0~1.0 0~1.0 0~1.0
PR F & &/(<10°) 0~2.0 0~2.0 0~2.0
Il 7 5 5/ % 13 15 15
A AT GBL NMP NMP
PRI IB/AF 0.5 0.5 0.5
P55 & /MPa 128 120 130
¥ KA & /GPa 3.3 1.8 2.0
7 2 i1 2 /% 75 90 20~30
PR B/ C 309 210 220
oy IR B/ C 415 400 410
CTE/(x10/K) 54 70 60
I AL 3.4 3.4 3.4
WK 2/% 1.1 2.1 23

WE, X IGBT #E 8k bk PLIG L PEREHEAT T 20
1. M MORSHED %"k H PL %} 6 500 V [{] IGBT
BP0 P B AT IR 7, R ILIE Ik 7E PT A s I
FEAREEAEE B T PL 4@ A 3R T ARG & 5
XF IGBT e (14 Ja) 8 35 v A 400kl 4 FH 5 A9 72 [T BA
EHFFE T 3 FFASFE ) PIGT IGBT A5 e 4 J M % i %
JRERTBCH B RE  , R I PR 2 W R FE X S ok
S PLIR A BHE D e Bt 51 28 (¥ S F o, A
P B A BB L T2 A R A e
(P SEP

5 ZERIE

15 70 T MR T A 10 dah 2 N R AT T R
T 370 1l 5, SR R P R o ) R 22 B B
Ko HLIR AT 20 T APRHE Dy A H R 3% E i M
M E g 7 KRBT, (I N E A ST R
e i ~ T ARG « I 2R 5 TR v 53R B2 55 41
PARSZ MR R RE B8 2 K. TR KL, 32
FHRHERE » B AR &G A , I 45 58T (10 2 3 07 302
fe e BB TT S L SE A A i 0 BT B,
F e 73 T BRI R R T R i A TR
AR RA K T 20K sk 2y R AR B 1) mT 5 4 A4 ) A7
i 75 31 5 AR
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