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Analytical Methods of Thermal Conductivity of Polyimide Films

GAO Mengyan"’, WANG Chang'ou'?, JIA Yan'’, ZHAI Lei', MO Song', HE Minhui', FAN Lin"’
(1. Key Laboratory of Science and Technology on High-tech Polymer Materials, Chinese Academy of
Sciences, Beijing 100190, China; 2. School of Chemical Sciences, University of Chinese Academy of

Sciences, Beijing 100049, China)

Abstract: With the development of electronics and microelectronics technology, thermally conductive polyimide
(PI) film is facing new application requirements. The control of thermal conductivity and preparation of PI film
have drawn much attention. However, there is a lack of systematic research on the analytical methods of its
thermal conductivity. In this paper, the analytical methods of thermal conductivity for PI film at home and abroad
were summarized. The basic principles, main features, and application scope of the transient methods, steady-state
methods, and temperature wave analysis were introduced in detail. In addition, the comparison results of thermal
conductivity along the out-of-plane direction and in-plane direction and thermal diffusivity of PI films tested by
different methods were reviewed. The existing problems and future development trends of the thermal conductivity
analytical methods for PI films were summarized and prospected.
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Fig.1 Principle and apparatus schematic of LFA method
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representative TPS measurement apparatus
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Fig.3 Wire sensor diagram for transient hot wire method
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Tab.1 Comparison of different analytical methods of thermal conductivity
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Fig.5 Apparatus schematic of steady-state IR

micro-thermography method
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Tab.2 Comparison of thermal diffusivities measured by

TWA and LFA methods
a T AN A BUR 2/ (mm?s)

" HOLI B S
Kapton 0.120+0.008 0.122+0.003
Vespel 0.183+0.015 0.210+0.009
WREA 12.00+1.00 11.50+0.52

VEE S i 0.690+0.06 0.800+0.04

D YORIFUJI & [A] £ F 1% 7 45 1 21 Fb
SR 0. i 3 RS A THI A1 5 1) R AT B R B, R G HERC
T 5 T EE R 43 I R M R A Xt R gk Y AR AE
S AR RE R o DR R AR B, SRR e A
A0 7 (4] T 41 3R I R B0 E 0.089~0.183 mm/s
.+ BPDA/ODA 14 5 B AT B i I THT /MY B R 40
7340 M TANIMOTO &5 38 F1% 77 75 , %o 5 0 30 i/
BALTH R A W0 TH A 3 BOR B AT T 0K o
F T AFTE A B A 5 HGEUR 6 5 A 8 15 % ) 5
PESRAT AW, IS T RIFMNRg R, K
H IR FR 2 B0 60% S #VGE KL B & R,
[0 AN Y B R BAE 1~3 mm?Ys. Y SHOJI 25120
TWA 75 FH 22 TR 20 2R Tk I e 9 1) <5 il
W, 45 R AN Y B R ELN 0.185 mm?/s; I
IRFAT H0N 30% AL T S S E R T B L B
Er WL, T A AT R AR 22 0.679 mms.

4 REEESRE
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FHUBAR B R SRS VRE N SR REZ TR
Pl BB 2 7 AR BRI R G AR 22 5 B R L8 —
P 2 AR PR 45 A S 0 R SR A R 1

(2 V2 B ity 1 T A PR U X 1 2

A7 B WA 7 92 7 A A G R i BEAT
M 5 Kb B, R T A 88 A48 SO 1R AR EE 2 I it 5 2R
72 AR SR nf T A O TR AN RE D e
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Tab.3 Analytical methods and thermal conductivity data of representative PI film materials reported in literatures
WA T7 2 WL AN MR, B a,) I A S AMERE(, Ha)) 2% SR
Kapton 0.120 mm?/s — [38]
Vespel 0183 mm?*/s — [38]
PI(PMDA/ODA) 0.180 mm?/s; 0.25 W/(m-K) 0.18 mm%s; 0.25 W/(m'K) [18]
WO N
PI/7%BNNS 0.280 mm?/s; 0.44 W/(m-K) 2.08 mm?/s; 2.95 W/(m-K) [18]
PI(BPDA/ODA) 0.34 W/(m'K) — [19]
PI/30%BNNS 1.14 W/(m-K) — [19]
PI(BPDA/ODA) 1.81 W/(m'K) [19]
PI/30%BNNS 2.38 W/(m'K) [19]
M 25 ST ThD AR Vespel SP1 0.265 mm?/s; 0.38 W/(m-K) — [21]
PI(6FDA/TFDB) 0.21 W/(m'K) 0.87 W/(m'K) [25]
P1/15%r-GO 0.62~0.74 W/(m'K) 5.50~7.13 W/(m'K) [25]
RS R IE Kapton HN 0.12 W/(m-K); 0.078 mm?/s — [27]
PI(BPDA/PDA) 0.21 W/(m'K) — [28]
WS Bk b6 PR S

P1/29.2%BN 0.56 W/(m'K) — [28]
Kapton 0.20 W/(m-K) — [32]

PI(PMDA/ODA) 0.30 W/(m'K) — [32,34]

PI/30%BN 0.80~1.10 W/(m'K) — [32,34]
PI(6FDA/ODA) 0.21~0.25 W/(m'K) — [33]
PI/14.2%BN 0.40~0.59 W/(m-K) — [33]
PI(504nm) 0.18~0.23 W/(m'K) [36]
Kapton 0.119~0.127 mm?/s — [38]
Vespel 0.210 mm*/s — [38]
T s PI(21 kinds) 0.089~0.183 mm?/s — [39]
SR R PI 0.116~0.185 mm?/s — [41]

2 YRV i PI/30%BN

0.679 mm?/s — [42]
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