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WU A IR POTEN M - BEMARE - et 2 A5 Z 20 b, MERMEC 7 LR U T AERICHO BN TV S, K
T LR VT VRIS W T, RO E TR O/ - EERELICEO . OV B EHE B RO BERE O EREENR TN S,
B ORAET BT, BIEO LT R DS -H, Bx Bi@d 250 (Eoh5H) OBMREROm ENTEEICRS, 22T
AKim LTI, PIEOmSN MO @EmEMEE(LZ HigE L, LT ORGET 21T > 7,

W1ETIE, @O F. ROES FEAMEIOSBVAE I LTSS R 2R L. ARTOEE BE#E R LT,

F2ETIE, PHERAFIVA IR P) O4 I FMMeR AR LT 2 FBROFES)OM EEZBE LT, EICEFHFEROHBE
BEE LTHWOLD 4 FEEOPIEERN PLIZEH LT, FTIIR 9T L 0 4 X RMEREFM L7z, ZOfESR., MESHIE ROV
THNRRKEVEIFRKPHEE, 4 2 MERMEWMEANR S D Z L2 RH Lz, 22 CEEREAPIORIBMATH LAY 7 I Nig
WRIZAR Y =F L 7Y a—)L (PEG) ZIRMN L7k, MIEA I L L7z PILIED A I RAEZEEHIZ OV Tl L72FER. WL 7=
PEG (T4 & LTIER L, IR PIOA I MERRF L MET 22 L 2R LI, STV RLATT—IEIZLY,
B ONT IO RHEZ A LR, BIRRX P FHEEPIOWTNOLATYH, PEG Z ML TR L - #T/ & 72
BRI 2R L, O RITRNA LTS 2 & 2R Lz, ZHiE PEG OE A PL Ay T8 OBLANELNLD Z & PEG 23
RECHEETEZLTPIOSTEESMESM EL, PI ALY LERMESE (BEMSE) 2R L2 SICERT S EHEZE L, =
DL, PlOJFEFT ORI 5T, PEG O & 9 e a[¥H| % Pl BISRARIICEIRMNT 5 2 & 12 X 2 @k hlsiciE-Sn», Pl
HIRO BT REZM LESEDZENTED EOH LWVAAN G L,

95 3 T, JEFRVANE PL 7 L v R OB B S 2 Bt 7 o« 7 — OBLRHIEICEH L7z PLEAME O BEVMRE L E: A L
LT, WifHD KA A A EROF D S Eim BT 5 R A7 BE#E (VDP #) 23 2 a A PI(SD) &7 vk
EH P (TF) o7 v FWcxt L TBRET A2 T 2 RREB(LHiE (n-ZnO) Z W L7cHiBl e B AM B 2 FR L 7=, B
ATR-IR 2227 FLnt, EA LT n-Zn0 1L, EHETHD TFHICRIT T 5 2 E MR SNz, 5572 n-Zn0 2541 58
AT BIFEO/NS R e T Iy RIEgR{LEfigh (p-Zn0) 2 EH T 57 L v REAESCHIMD PI AER Y v —HIZ Zn0 #47H#iS
WG e EOBEROMEL & Ll LC, BFICEWEMRER AR Lo, Bl X REYT & FE-SEM OEGAFTT 5. Ao P
FERY =002 AEARE LI LT, 7Ly FEABEIZEA L n-Zn0 OFLHIL, EVEFELLTWAZ LR LT,
ZORERND, BT Ly RIEOBMAERORIE/2 M EiX, VDP #EDIHIZ L D n-Zn0 B K OM~FEH§5Z & T
R—zlb—va VEIEMET T 5720 TiE2 <. n-Zn0 OB Cidbiz Xk AELA 0% b (TAEL AR O L) ([2RE$ 5 2 &
ZH ST LT,

5% 4 T, BRSNS 7 0 T — OB LA RO R E BT « T —omSEL bl 2 R L, mEFEEH
SSHEDSHI SN D IEENE PL & BEEIEBIIE ORTEMA CTH L EZR LA 2 K (BMI) D7 L2 FHIZ n-Zn0 %A L 7= A5
(BMI/PI/n-Zn0) ZFRM L7=, BoN-7 Ly FEAIEIL, 4 3 LR, MOBELZmIO RA A VB3 3cHIHOR b H
AN EGET 2 FE A0 D BERS E 2 TR T2 2 &L & HICH 3 FOVE MBS & 13 R e 2B B E 2R L= Z Sic &
V. n-Zn0O B K D IKFESRD/INE N R AL U ~EARHT L TWA Z & &8 L1z, SEM-WDS O 235, A L 72 n-ZnO I% BMI
Uy FHICRIT L TV D Z e E iz, Bonizr Ly FESBIZDED n-Zn0 TNEIZBW T HBEFICEWAYLER &
AL, BI3ETHE L7z VDP #E AT 57 Ly FEGIECHMEHZ n-Zn0 Z 0i S EIo @A L i LT h . RiE72 %4
TEBCR DM ESER ST, BiE X ORI, BMIPIUN-ZnO 7 L FESBIIZ A ETICHTR LIS i LT, BA
L7z n-ZnO OEEAN LD ZEF L L TWVWD Z MR SN, 2D L H1Z, FU n-ZnO ZHSBEEETIZEA L TH ., fHo B
EOFEEELSEEZ LT, HEMEOBMREAMEZ KE M ESEEZENTEL LV IHIFH LWAREZHG-,

FS5ETIE, AMARICEBNTHLNIZRRERIET 2L L b, 4HOBEELRLI.
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Polyimides (PIs) have been widely used for insulating materials and flexible printed circuit (FPC) board owing to their

excellent heat resistance, mechanical properties and insulating properties. Especially for FPC, improvement in heat
dissipation of Pls has been desired with the miniaturization and high performance of electronic devices. Since heat generated
from the circuits is transported in the vertical (i.e. out-of-plane) direction, it is critical to improve the thermal conductivity in
the thickness direction of the film. In this thesis, it was attempted to improve the out-of-plane thermal conductivities of Pl
composite films by the following methods.

In chapter 1, the backgrounds of polymer composite materials exhibiting high thermal conductivity are reviewed.

In chapter 2, for enhancing the degree of imidization (gi) of semi-aliphatic PIs usable to insulating layers, the values of ¢
were evaluated by FT-IR. It was found that the gi of the semi-aliphatic Pls possessing rigid structures were relatively low.
Polyethylene glycol (PEG) was then added to solution of poly(amic acid)s (PAAs) which are precursors of semi-aliphatic Pls,
and their thermal imidization behaviors were investigated. By adding PEG as a plasticizer, the ¢i of each semi-aliphatic PI
was remarkably enhanced. Moreover, the PEG-added PI films exhibited small in-plane/out-of-plane birefringence as well as
high average refractive indices, which is attributable to the reduced orientation of the Pl main chains and the formation of
energetically stable aggregation structures with the help of the enhanced molecular mobility.

In chapter 3, for enhancing the thermal conductivity of PI blend composite films, phase separation phenomenon was used to
control the orientation of anisotropic fillers incorporated in immiscible PI blends. The specific phase separation structure, i.e.
vertical double percolation (VDP) structure, was formed in the blends of a sulfur-containing P1 (SD) and fluorine-containing
PI (TF), in which the two phases were separately aligned along the out-of-plane direction. We attempted to prepare novel Pl
blend composite films which form VDP structures with needle-shaped ZnO (n-ZnO) particles. Micro ATR-IR spectra
demonstrated that the introduced n-ZnO particles were selectively incorporated in the TF-rich phase. The blend composite
films containing n-ZnO exhibited significantly enhanced thermal conductivity than the blend composite blend films
containing pyramidal ZnO (p-ZnQO) particles with isotropic shapes and the Pl composite films containing homogeneously
dispersed n-ZnO and p-ZnO. In addition, the orientations of n-ZnO particles incorporated in the blend composite films were
characterized to be more isotropic based on transmission X-ray diffraction and image analysis of FE-SEM. Therefore, we
concluded that the significant enhancement of the novel blend composite films containing n-ZnO particles is attributable to
the partial out-of-plane orientation of n-ZnO particles associated with the formation of VVDP structures.

In chapter 4, for enhancing the confinement effect of n-ZnO particles in the blend composite films based on the controlling
techniques of phase separation and the out-of-plane orientation of the anisotropic fillers, novel blend composite films were
prepared by mixing a soluble PI, bismaleimide (BMI), and n-ZnO, in which BMI is a precursor of thermally cross-linked
resin. The blend composite films thus obtained presented phase separation structures where both the phase-separated
domains are separately aligned along the out-of-plane direction, and n-ZnO particles were confined in narrower regions in
the composite films with the formation of phase separation structures which differ from those in Chapter 3. Moreover, the
obtained composite films exhibited significantly enhanced thermal conductivity due to more promoted isotropic orientation
of n-ZnO particles.

In chapter 5, the major results and conclusions obtained in this study are summarized and future perspectives in this field of
research are featured.
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