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High Heat Resistance and High Thermal Conduction Resin Composite Material

Kenji Mimura, Yurie Nakamura, Motoki Masaki and Takashi Nishimura

ADVANCED TECHNOLOGY R&D CENTER, MITSUBISHI ELECTRIC Corp. 8-1

Amagasaki, Hyogo, 661-8661, JAPAN

In the power module

| Tsukaguchi-Honmachi,

products, insulated materials are asked for high heat dissipation along with achievement of

downsizing and high efficiency of the electronic equipment. In order to give high thermal conductivity to the

thermosetting resin like the epoxy resin, composite with high heat conduction ceramic, such as boron nitride (BN),

is investigated. The orientation control of BN particle by blending the aggregated BN filler realized the high

thermal conductivity more than 18W/(m-K). In addition, the adhesion strength with copper was greatly improved

while maintaining the high heat resistance by adding flexible resin in high heat-resistant cyanate ester resin. By a

combination in these techniques, the high heat resistance and high thermal conduction resin composite material

was developed.
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Fig.1 Relationship between flake-like BN filler content

and thermal conductivity.
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Fig.3 SEM micrograph of the aggregated BN particles.

ENnbH, ZD BN %%Im RS
TBHEE A B 2B 5 & Mo BN kit
O J7 1) OO EE ) MM%H‘% ZENRTE,
RERL M ETE S
X 4 1z iBNV%@%1W%mmLtM%@ﬁ
MELOWE %2 SEM THIZE L7-# R % R9, BN i
ﬁﬂﬁ%%ﬁﬁbt; TIEfE % O BN B2 — & S5 1A
CHAFT A T e K HfEx D F AR EIVTDN B OB
év\fw%)o Z DX 51T BN EHERAER & BN
WL OO T 5 1) OB ] & ] A OIS B T Hh 5
T EDNER SN, £ 2T, BN BEERE R
VEEICTRE U TH bR o BB E A M O #VRE
HRR2 BN BT DB DUV CRMIE L 7,

X 5 IR INRAE S BB JE 5 5 1) D BAR A

IV

LTS

B - SRMEEHIEE S

B2, @FIKBN ’E%L LBl e B oOiRm
SENEE

Fig.2 SEM micrograph of insulated layer in the

resin composite material filled with flake-like

BN particles.
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4. BARBNEREULHIBEAMBONE SINEE
Fig.4 SEM micrograph of insulated layer in the vesin composite material filled with aggregated BN particles.
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Fig.5 Relationship between orientation and thermal conductivity of the resin composite materials

filled with aggregated BN particles.
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Fig.6 Relationship between BN content and thermal conductivity of the resin composite materials.
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7. BNECARDIEE LHIRER & OBER

Fig.7 Relationship between BN content and breakdown electric field of the resin composite materials.
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Fig.8 Dynamic mechanical analysis of the material composited with only novolac type cyanate ester resin.
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Tablel The various properties of the material composited with only novolac type cyanate ester resin.
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Fig.9 SEM micrograph of the adhesion peel examination sample in the material composited

with only novolac type cyanate ester resin.
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Fig.10 Influence of blending the flexible phenoxy resin to cyanate ester resin composite materials

affects adhesion peel strength.
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Fig.11 SEM micrograph of the adhesion peel examination sample in the cyanate ester resin composite

material blended with the flexible phenoxy resin.
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Fig.12 SEM micrograph of the cyanate ester resin blended with the flexible phenoxy resin.
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Fig.13 Dynamic mechanical analysis of the cyanate ester resins blended with the flexible phenoxy resin.
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Table2 The various properties of the high heat resistance and high thermal conduction

resin composite material.
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Fig.14 Breakdown electric field of the high heat resistance and high thermal conduction

resin composite materials.



(3)

(1) fhh

(2)

BN % Fl1 U 7= B IEE &4 E ¢t BN
REF- O 7w ~DOE R AR, TGS
R L CHBMRERIT 10W/ (m - K) 28
RHFCTH o722, BN BEEKRAEA LT
BN KLFOllmEMAZ 5 2 &Ik vk
HEIZBWTH 18W/ (mK) U EDE
BRI REBL LN TET,

< MU 7 ZHHEE LTI E D 2R
7w BT R — N AT VI 3
WP B el & DRI T = )
BilEZ RV ~—7T oA+ 5Z L0k
0o BT Z BRER U 72 BHREf v —
WHREEZAY 3 fFIC BT A LN TE
oo THE, /JART v BI T R— b=
AT NI & S D 7 = /% U4
g & 4 + f,u DY E - -
semi-IPN #3&E &2 IR L, < b U 7 A g

BEEE Ty o3 Lkﬁ@&%ighé

Eid (1) (2) &G, BVzEE 19W/
(m - K) &@EWERE R 5 (R Liﬁ?ﬁif‘o
M EAME & AEia PR L T L, - B
WHEEASMEERRET Z EnTx
7o BHIE LTZBHIEESMBHL, 300°CE
TOFEIZB W CEHBICBR LY 7
o —{%? BDE DK TIEMZ b, #Eh
WY 7w =R R D Ny

277,

SE Xk

7)

8)

10)

bz 228 A g
K i

K. Mimura, H. Ito, H. Fujioka, Polymer, 41,
4451 (2000)

WX BiEH - SREEHEESHE
...... =R, Ry MU= R = —, Vol35,

No.2, pp.76-82 (2014)

K. Mimura, Y. Nakamura, M. Masaki and T.
Nishimura, Journal of Photopolymer Science and
Technology, Vol.28 (2), pp.169-173 (2015)

T. Nishimura, K. Mimura, K. Yamamoto, S.
Idaka and T. Shinohara, CIPS 2016, March,8-10,
2016, Nuremberg Germany

RARTERRE, SRR, T v s ha=g 25

1946), pp.451-457 (2016)

(2020 4E 5 H 20 {1 3R)

EHIRE

1)

2)
3)

5)

VAR, ZAPDRSE, SRR, MM, -
FE 44, T, 4, 219 (2010)

VERIFE, MATERIAL STAGE, 11, 4, 52 (2011)
T. Ueda, N. Yoshimatsu, N. Kimoto, D.
Nakajima, M. Kikuchi, and T. Shinohara,
Proceeding of 22nd ISPSD, 47 (2010)

E.K.Sichel, R.E.Miller, M.S Abrahams,

=3

and

C.J.Buiocchi, Phys. Rev. B, vol.13, pp.4607-4611,

1976

SRR, IEARTEHE, hRERFIRE, TR,
B OB {E 2R SCEE, 2012/11 Vol.J9s-C
No.11

=% wE
1993 BEPE RS RN LS e iR
AR 4 A s (k) A SR
5?%‘”%}7‘[‘4&}5““& F & U CHERA OB
FILEHE. L (T%). moYTHEsE.

A B
2005 WK AFHETIIERHE 4
BAET. 20104 ZHEH ) AR Sl
BAHEARFRRTIC VT, & LCHikbr
DIARICTEE.

ER st

2002 HORAER I TR RSB LR
5T, FAE4R TDK () A% 20074245
ZEETEHE (M) AL 4 B AT A BFFERTIC
BNT, e UTHEEEY T X 7 BRI
RIZWEF. HALT I v/ ARERER

[ig

1984 4 B RS T a3, 4R 4 A =
B (M) A Ju:ﬁ“n?xﬂirf EUFFERTICk
WT, E L“C??‘Z“?L/H'ﬂ"k et B ODE'E@E%%C
HE BRET Iy MR






