[2R2 sz

LAV

2 HF—F U Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

Citation(English)

Type(English)

gobbobbbuooogobboobbuooogoubooboooo

0o:0o0@o),

oooooo:0o0o0ooo,

00O00:003000,

00 000:20250 30 2600,

ooooo:oooo,
000:0000,0000,0000,00000,00 00

Degree:Doctor (Engineering),

Conferring organization: Institute of Science Tokyo,
Report number:[J [0 3000,

Conferred date:2025/3/26,

Degree Type:Course doctor,

Examiner:,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

(FHRR )

Doctoral Program

i X BB

THESIS SUMMARY

Foe A— R 2R H HRHAL (80D« Mt (

o , L5 )
Depértment of, Graduate major in 7‘%’ */l' a— A Academic Degee Requested Doctor of
FARK - P FEALE | o
Student’ s Name Chief Examiner

S (F13C 2000 FREE)
Thesis Summary (approx.2000 Japanese Characters )

Aiwix TEAMEUGHZ B Lo mbgaertiR U 4 X FOBIFICBET 20178 LEL, LLIFD 6 EhLkIiiTnsg.

F1E [Fam Ti%, AV A I FOZRERE &SRO L 2R L, BEOBE MR CHEAINLRY A I KD
R EEER U BT, AMFROERE HRIZIR TS,

F2E (RATF v VR ETRTHRY 2 AT VA I ROFERME] T, AA 7 F v 7 KBEE DR T BRI K&
ETEBLRAT 7208, s HEOARA 7 F v 7 RENER ) A I ROAMETT 57 4 V%R L, SFERMEZFHN L
TS, AATF v 7R A I R, 2FEBERARY A I N L THFEEEENMRWELZ L, A A7 F v 7S
ORI X0 oy @B IS S, FEBRRAZEBIELZEEHLNTILTWAS. £, A X AREPTHIE O R Z K
HWELIZAA I F v 7REMER ) A I RO 3 Wt T T MAAB 2R E SR AL, SFEhhFyIab—ya v 2 FE
THIEICEY, FERRICHFST L2 EERDS, TAXAEE =T AEANERD A=Y —HTH LI & E2MH L TN
5.

%63 & ltrans,trans-4,4-E > 7 a~F )V (BCH) #&EGAHR Y A X NOFERME <I%, WIEME & EREE2 A5 25 BCHAE
EEARIA I NOFEREZEAL, BCH MERFHEREICRIZTHELRIEL TWD. BCH #EE2H TRV A IR
i3, BCH#&E%2 A4 %57 2 DABCH ETfilRDT + T AR B AWML AR EN, EEFRERY A I FetiiL
T, BELEIPFFEICRWVEZRTZEA2RHL TS, $#1Z, 1,4-phenylene bis(1,3-dioxo-1,3-dihydroisobenzofuran-5-
carboxylate) (TAHQ) & DABCH 7 H & S4L72R U A I ROFFEIESEIE 0.0014 (10 GHz) &#7~" L, AL THEMLZARY A
FOPTRBEVEZRL TS, F£/2, AU A I RIZ BCH 28 AT 52 LT, S FSOMIENEE BEAREO R Ei
R, FEGEHENENBOENENOEEIZL ) BIRMESERIND Z EE2WLIIL, T I X D 2RA7R1EE)
OMHID, FHEEEZRBSEDLZEEZFEEL TN 5.

%4 TR % AV @B 2 R R ER U 4 2 ROBR) <, T— RS2 EA LCREERY 42 Ko
RELEATV, 6 FEHOFHIRESIER Y A I FEGR L, —WRME, @IS 2 mkiis & B S OBMR A 2N L
TW5. Ef7 —#~_—2A Polylnfo O7 — % % T, {RMMEDFBLE FRE T THIT 2R E €7 L ORI L
TW5. ARARESEZEZE L THELTIE T A4 77 VIZEENS 115,536 FEHO R Y A I Kb, ik E R~ 3 etk &
VN 10,852 FEAHO AR U A I FEHREE T A O TSV TRGAL, {LEMDAFO LT EHELEE L T 6 MHOARY
A REARBEME LGREL, ARICESH LTS, LA X BEFTHEICL Y, GRLERDY A I RIZAA T F v 7 ik
HEENERL SN TS Z ERH LN Y, BB 2 1EH LI2iREMER Y 4 I RO FRGTOBEMEEZFREL T 5. &
FR L7z 6 FREEOIKEMER Y A I RORAE Y 22— MEIZOW THNAMRE R L mNEMEZ TS5 2 & T, S HEomiE
P& FHOENENE, BLOENMSEEZOMICERELBERS L2 L2 RE LTS, Kb FHEOMIEMEN R,
HENBLIA EE BN 7o VT, N AR OBMRERN 12 Wm ' K 2B 2 2 EH ICEVEZ R LTV 5.

%5 % [RYA I NVHEEZ W7 ey 7 EESERORRSIE) ik, 7y 7 EEGERZ AL oR Y
A X FE~OEMZ B L, REWRT oy 7 LEEGIRY V75 7 4 $8ChH 2 Poly(styrene-block-methyl methacrylate) (PS-b-
PMMA) O 7 e BRI X > TSN D T A THEED RAAL 2R Y A4 I FEK RICEERM SE 55002500 L
TW5h. SHEDORY A I RE LIZEIT D PS-b-PMMA DT A T4 K A A VdabE 2 57 BEMsE cllsi Lic e 2 &,
4,4'-(4,4'-isopropylidenediphenoxy)diphthalic anhydride (BPADA) & 1,12-bis(4-aminophenoxy)dodecane (DAI2MG) 7B &AL S 4L7
AU A I REEIZBNT, RALCOBEERLAZERL TS, SFIEHORY A I ROy THkE & Fm H BT R/ F—OfEH
5, MEFADERINDIARY A I RO THEEIL, DFEORENT NI HNVRVEE T EBAYEREHTAIVERET LY
TIVUNHEREIND, KEHBHT R —DMIER S OEVEETH L ZEEHLNILTND.

%6 F TRFE) TlE, SETHLNIEREBIET 5L & bICARDEZIZOVTRARTNS.
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This thesis consists of six chapters.

Chapter 1 reviews the historical development of polyimides, along with challenges in modern electronic applications. It
discusses the significance and objectives of this study.

Chapter 2 investigates the effects of smectic liquid-crystalline structures on dielectric properties. Four smectic liquid-
crystalline polyimides were successfully synthesized and exhibited lower dielectric dissipation factors (Dr) than fully
aromatic polyimides. It was revealed that smectic structures effectively suppress molecular motion, thereby reducing
dielectric loss. Additionally, molecular dynamics simulations were performed using three-dimensional models constructed
based on wide-angle X-ray diffraction (WAXD) profiles. The results indicated that dielectric loss mainly originates from
spacers consisting of alkyl chains and ether bonds.

Chapter 3 examines the effects of trans,trans-4,4'-bicyclohexyl (BCH) structures on dielectric properties. It was revealed
that BCH-containing polyimides exhibited significantly lower Dr due to enhanced rigidity and layered molecular
arrangements, as revealed by WAXD. Among them, the polyimide synthesized from 1,4-phenylene bis(1,3-dioxo-1,3-
dihydroisobenzofuran-5-carboxylate) and a BCH-containing diamine achieved the lowest Dr of 0.0014 at 10 GHz.

Chapter 4 details the design, synthesis, and evaluation of liquid-crystalline polyimides with high thermal conductivity using
a machine learning-assisted approach. A machine learning model was developed using a polymer database to accurately
predict liquid crystallinity. A virtual library containing 115,536 polyimides was constructed, considering synthetic
feasibility. Using machine learning predictions, the polyimides in the library were filtered down to 10,852, selecting those
with a high probability of exhibiting liquid crystallinity. From these, six candidates were selected and successfully
synthesized. WAXD measurements revealed that all exhibited smectic liquid-crystalline structures. The polyimide with
higher molecular rigidity and the best in-plane alignment achieved the highest in-plane thermal conductivity, exceeding 1.2
W m K™ in spin-coated film.

Chapter 5 investigates the conditions required to achieve the perpendicular orientation of lamellar microphase-separated
structures in poly(styrene-block-methyl methacrylate) on polyimide films to advance microfabrication techniques using
block copolymers. Perpendicular lamellar orientation was successfully achieved only on the polyimide synthesized from
4,4'-(4,4'-isopropylidenediphenoxy)diphthalic anhydride and 1,12-bis(4-aminophenoxy)dodecane, which exhibited a low
polar component of surface free energy.

Chapter 6 summarizes the conclusions drawn from each chapter and discusses future perspectives.
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