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AFHC T, MEMEE DB CTH DRI A 2 FPI) & EERI+ L 0B AL L 2EEME L, K ORI -
Sy T-EHEC A & BMRE O BOFHERIE A HIE LT, LFOBRE1T- 7=,

B 1E [Fim] T, BERMERCE S T BN T 2 B8 72 O NS EBMEE ORI E Tk &, &0 Tk E
MEHER T- OB AL OB EERZ BT A BEEOFIRIC OV T T A L & Hio, AR TOBEWEERET L,

23 [ Tk, AHCTRWEZ EZERRE O ER % & S MEE TEE2E L,

% 3% [EEVREM: L THEWEZ G 5 5 hBN/PI AR ERL & BMZEREMRAT ) Tk, B 788 & R IRRE O B /p
% 5 FEONHCR ST EAL R U F(hBNYRL T & - Bl s 7 Mo i)/ & 72 PI T % sBPDA-ODA (sBPOD)
DOBEEACTTIE DR b N SEM 8122 & B A X #RIEHT(WAXD)HIEIZ & 5 hBN/SBPOD & I ik
AT 24TV, hBN ORI FEERuEEEIRAEIC X ¥ PR C I 1T BELIA) « BREEIREERCZE D AN R D 2 & 72,
% WAXD #I7E & 0 #5372 hBN O & — 7 58 % T8 L7z hBN OFCH B f 23T SEM 8 OB SR & B
—FERTZEEPALMI LI, MA T, BEHEW) L EN S EINDOBMEER D) Z AW TERE LIZ2MmE R i)
PEAM Aotar & BRIAEA%L £ & ORNTIRVFAREABIZE SN D Z L 2SN L, BREEME &R O ELARHE 2 a1
HIEELLCOINLOFERMEEZR Lz, &512, BEEEOESRIERE N hBN FBEEHERICHEN EF55 2 &,
78 5 TNZ hBN K1 O EINELR OF 512 L 0 H N MEERRCTENME T35 Z E 2L M LTz,

% 4 % [hBN &4 Pl EI2BT 5 Pl o F#HORMIEM: /8 MENE S O RIS M & BMRE R EO B KT T
E) TiE, JE#EMETH B sBPOD (2hN 2 CTHIE 7243184 % A 9% sBPDA-PPD (sBPPD) % LMK hBN ki1 &
HEAL L7 ZFED hBN/PI A /ERL L. Witk SEM #0822, WAXD JITEIZ K A AEERENT 70 & QNI 1« imiN
FE~OBYREMTEA 21T - 72, TS ORENS, WIE CHBAERO/NE 7 sBPPD 7y T8 D% 7o B A3,
hBN/sBPPD RIIZ1T AFAE MM LIzt &5 L, BHABOER YRy 2SS 2 25N Lz, —F,
hBN/P1 S O A8 AAEFIZRINE 72 23 TAEE IS L > TIR T35 72, sBPOD B A M & bhig: U -C AR HIBEN L LT
WIZEEHADLMC LTz, E5HIZ, sBPPD HABIX 184D & B 72 h NEC A 2 SO L TR & 7Bzt oo B 51
BT e, F, A I MR Z2 AR 5 JEE L 72RETIT o 723U Tl R oM DR EICL Y 57
EH D T NEL A 2SREFD S AL, BEE T M EYERCR M L5 2 E B BT Lz, AT, hBN % Pl OHIBRATH
BRY T I REEPAA)ICTEE LA TEOIRETFZE WAXD BIEZE U T, A 2 LIS D 5 FEOBF{L2s hBN
B OB EZRmANEMEZHET 2 Z 2PN L,

F5EIAIN &4 PIRIZE T 5 PL oy T8 ORMIENE /8 dh 23 SR O T & BRE 5 1 B8R I RIE T2 3
TiE, SEHMEREAT D AIN B2 L7z PLESFEICE W TEH, hBN/PI AL [FERIC, sBPPD Z{H L
7235813 sBPOD LR L T 2/ E L, FBARBEIENEOND Z 2L L, 2. a/e H5TNT CTEy
OHEIZL Y, sBPOD HAMICEKIT D 2 6 OMEDS AIN FEIHRISK L COIFEGHRUCHE o Hif 2R+ 0iext L,
sBPPD &5 Cix AINKL 1D FEIEIZ K ¥ WiE 72 sSBPPD 23 F#H O mNEL M A3 EL S v 5 Z & TR G Bl m L4y
TFHEHOEE MMM L, BHiaIC bR EREE R Z EEHLMNIT LT,

%6 & [Pl Oy 7 & MBSO R#ELIZ LD hBN &6 PI EAEOF#EL ] Tlix, sBPDA-ODA dOfg — Mtk
Wi & FE IS T % aBPDA ICEE 2 T~ b U 7 A &EA[¥{L3 % = L, hBN =K 50 vol% F TOHEE
BEIZB W CERRIHEIZEIG SN D Z &, £, HBEN 165°C THDH YV AF LT 7 2 KDMA)DL Y IZHE
WARQEO2°CHAEETH L N-AF e r U FUANMP)Z VY, S O ICHBIF OEHMEIZ LV 1 I F{EEEZ hBN/PAA
JERNICTFE T DR E 2 079 2 & C, @ T HEESCE AT EIE D 720y sBPOD L2 33U T b ZERR 0 AL B 23 KB
TEDHZEERALMNIC Ui, BBV 2B 5851 PI Th %5 BPADA-ODA Z M L7 AIIZB W TH
IR 60 vol% C 3% KRN E Th 2T 2 LN TE, AT, K~ NV 7 RAOH T AEBEBOMITIZ LD |
Pl< ~ VU 27 ZOEFYEME hBN OFHUZ L » TRIBIIK T2 H 00, JE G DB ACHRRIRERIZ X % PAA
DAL RN KL 0 ZEBRMNAERR LIS Ko TWA Z EEHA LM LT,

7 E RG] T3, AFRICBWTE LN FERRREENT 5 L L bic, GO mRERE 2 72 SHhL
TP AT D BB R O FI N B3 2 4 5% OFREIZ DUV Tk~ 7=,

% MSCERIE, Fi3C 2000 F- L 330 300 B4 LEBT ORI 50y b L <IFEC 800 7B 4 L BRI L TS 72 &0y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800 Words
(English).
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Thesis Summary (approx.300 English Words )

In a series of seven chapters, this thesis describes a comprehensive study of ceramic particles/polyimide
(PI) composite films, focusing on analytical methods and the relationships between composite morphology
and anisotropy in thermal conductivity.

Chapter 1 provides background information on issues regarding heat dissipation in electronic devices
and heat transport mechanisms in solids. Also provided are literature reviews on enhancement of thermal
conductivity of polymers and inorganic/polymer composites.

Chapter 2 explains about procedures for sample preparation and analytical methods.

In Chapter 3, composite films were prepared from various grades of hexagonal boron nitride (hBN)
flakes and an aromatic Pl having a flexible main chain called sSBPDA-ODA (sBPOD). Using thermal
diffusivity (a) measurements along the out-of-plane (1) and the in-plane (ay) directions combined with
SEM and wide-angle X-ray diffraction measurements, this study clarified that the sSBPOD films filled with
large hBN flakes exhibited a large difference between «; and ay due to the strong in-plane orientation of
heat-conducting hBN plane, while smaller anisotropy was observed in composites with small flakes and
aggregates, which orient more isotropically.

Chapter 4 reports the effects of polymer chain rigidity/flexibility on the anisotropy in « and the void
fraction @, of hBN/PI composite films. hBN-filled composites of rigid-rod sSBPDA-PPD Pl (sBPPD)
exhibited smaller ¢, values than the sSBPOD composites owing to the rigid chain with smaller free volume
and dense packing between components. The composites of highly anisotropic sSBPPD matrix exhibited
larger anisotropy in « than the SBPOD composites.

In Chapter 5, aluminum nitride (AIN) particles having isotropic shapes were mixed with rigid and
flexible PI matrices. The same tendency of smaller ¢, in SBPPD composites was again observed, whereas
the values for « and in-plane coefficients of thermal expansion in SBPPD composites were anomalously
increased because strong in-plane orientation of the rigid chains was loosened by isotropic particles.

Chapter 6 focuses on the effect of curing conditions on ¢, of hBN/PI composite films. A certain degree
of decrease in ¢, was observed in composites of thermoplastic Pl matrices, and a substantial decrease was
achieved further by increasing the residual solvent in precursor films by using a less volatile solvent and
shortening the drying time. Under optimized conditions, a composite at 60 vol% hBN content achieved a ¢
value of less than 3 %.

Chapter 7 provides summary of major findings in this study as well as suggestions for future
perspectives in this field of research.
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