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AT TR E RN T A ) 72 S8R ATHE PS-b-PMMA B8R DBZICET 2198 SEL, LI
@t%f%ﬁéhfw

—& [FFiml <3, 7D/7ﬁ$AW%#%WWMMI WL FATUIFE DB, G AR LI
5*35@% 'H & LT polystyrene-block-poly(methyl methacrylate) (PS-b-PMMA) AHWHLI TV DR, 38K OWHM
INTAEHI RS BN DFHEIC OV TR U7z BT, AFROER & HNEBRTN5D.

% % [Poly(glycidyl methacrylate), poly(glycidyl methacrylate)-random-poly(methyl methacrylate), 8 XOENH
DFERO G & PR | T, HEID PS-b-PMMA #5E (KD A I S5 B, poly(glycidyl methacrylate) (PGMA)
HREHAY ~—, PGMA-random-PMMA (PGM) T > &% AEEAE, BLOFNLOFEROESK BN HEY
¥ —OYMFHEIZOWTIRR TN D, VB 77 =4 BEEIEIC L D PGMA & PGM OE K ETTV, Kt 74
—/L%& 2 PGMA O AR % 2 FE D BRER U (thiol-epoxy Fii) 12KV, A — VRO EREE AL H T 5 PGMA
FHEARE 222- M) T vAn 2 FOREGT D PGM #FHEER (PGIM) G572 L 2RL TV, PGMA ik
Gy DEE DY 10 mol%FEEE D PGeM DK H = R VX —fEHIZ PS DZ N L FARETHDL LA RLTND.

F=m TEET A THIEDOARIMZ M L7z polystyrene-block-[poly(glycidyl methacrylate)-random-poly(methyl
methacrylate)]36 & ONVE DFFEAR DAL & HIRERAESIE) T, 7 e v 7 LESEERENIZIT 58 10E 10 nm
UFOBREEDAREZBME LT, VELV T =4V ERIEICLD PS-H-PGM D& L, K< 22,2-
trifluoroethanethiol % IV 7= thiol-epoxy St Z & U PS-b-PGEM 3G L N7 Z L AR LTV D, EmLBE Sz
U =z 5 IS, PGRM H100 PGMA %5375 23 mol%EL @ PS-b-PGeM #ifiE 2 B L, #A7 =— 1V > 712k - T
RAA R R E Ik L CREIZE N L2 7 A FiE (AT A THE) ORI LTS, il
B ARk IS & 2 BE 7.6 nm OFREZ DAL S L TV D

FIUE MEK ORI ORISR % B 5 L7 polystyrene-block-[poly(glycidyl methacrylate)s-random-poly(methyl
methacrylate)] DF5% B AR L) T, #BALRMEO 22 WOERIE 10nm 2L T ORI E ORIRL A BWIZ, PS-b-PGrM
DFFEHE ARk ICB T S %‘%ﬁ%#@%ﬁft%ﬁo TV AT A PO & ~HE, BRI S E A ORERL,
BLOET =— 1 o 7REOKELIC 1000 pm? OFEIBRPIZ I N THRAZ KB 0D 72 W VERIE 10 nm LA Oftk
HEORIIEI LTS, Try g iA{JK@’\%ikiU? 1y 7 ORI EAEHRREWIE S —72
MENMFOND T L ERLTND.

FhE [wEY X —HiEOAI R % &M L7 polystyrene-block-[poly(glycidyl methacrylate)r-random-
poly(methyl methacrylate)]| D& Ak & IR E &R T, |E S D ¥ —REE0fl i% HIgE LT, PSOIR
FEOT 3D 0.7 FRE D PS-b-PGPM DEFLEAT > TV D, 554172 PS-b-PGeM 13/ 7 IRIBIZI W T ) o & —1
WEBRT D L &R LTS, PS-b-PGiM DNV TIRE S Y /57»—1:%:_@%;52 IHREIL TV D

BT [ A BEFRIBHTHE PS-b-PMMA #FEMARO AL & HEEKREERIE] <%, ey Moz yF
TEERH N E T ey 7 LESEORREZBNIZ, Ve 77 =4 EAE LKL thiol-epoxy BIGIZL Y, PS
7' v 712 poly(4-trimethylsilylstyrene) (PTMSS) 73 A &7z PS-b-PMMA #FHiEKE LT, PS-b-(PS-random-
PTMSS)-b-PGEM  (PS-b-PST-b-PGeM) DA EFT-> T 5. PSIT 3 mol% D PTMSS %8 A L 7= PS #5E AL
REHMD PS LHEL L TR T T A~y F U 70T DMMERR LT2 2 L ZHLMNCLTWD. IHIZ, 7
oy 7 HEASKITEAZ LD PTMSS ONLEASEEAN O X 7 a5 BEE OB mPEIC B2 KIFL, PS7 ey
7 L PGeM 7' 1 v 7 OFEG RATHIZ PTMSS A3 A L7z PS-b-PST-b-PGeM H#IEINIZTEE 7 A T fEE R S h
HIEZAHBLTWD

HLE Tk iUA?&ODE%J T, SEOMMERIET DL L b, RFRDOSHDREIT OV TR
TW5.
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This dissertation, "A Study on Development of Strongly Segregating PS-6>-PMMA Derivatives
for Next Generation Semiconductor Microfabrication", consists of seven chapters.

Chapter 1 reviews previous studies on block copolymer lithography, focusing on polystyrene-
block-poly(methyl methacrylate) (PS-b-PMMA) as a standard material, and the required properties
of microfabrication materials. The importance and objectives of this study are described.

Chapter 2 explains the synthesis of poly(glycidyl methacrylate) (PGMA), PGMA-random-
PMMA (PGM), and their derivatives by living anionic polymerization and post-functionalization with
the thiol-epoxy reaction. Estimation of the surface free energy of the random copolymers synthesized
from PGMs and 2,2,2-trifluoroethanethiol (PGrM) shows the similar surface affinities of the PGeM
with about 10 mol% of PGMA units and PS.

Chapter 3 demonstrates the synthesis of PS-5-PGM and its derivative functionalized with 2,2,2-
trifluoroethanethiol (PS-b-PGeM) as strongly segregating PS-b-PMMA derivatives by living anionic
polymerization and post-functionalization with the thiol-epoxy reaction. A line pattern with a half-
pitch of 7.6 nm is obtained in a PS-h-PGgM thin film by directed self-assembly (DSA).

Chapter 4 elaborates on DSA using PS-5-PGgM for dislocation-free line patterns with sub-10 nm
half-pitches. Some conditions of DSA are optimized and dislocation-free patterns with sub-10 nm
half-pitches are obtained. More uniform patterns are formed from PS-5-PGrM with higher interblock
repulsion and larger molecular weight.

Chapter 5 expounds the orientation control of cylindrical structures in PS-5-PGgM thin films. PS-
b-PGrMs with PS volume fractions of about 0.7 produce cylindrical structures in the bulk states.
Perpendicular cylinders are obtained.

Chapter 6 describes the synthesis of PS-b-[PS-random-poly(4-trimethylsilylstyrene)]-b-PGM
(PS-b-PST-b-PGM) and its 2,2,2-trifluoroethanethiol-functionalized derivative (PS-b-PST-b-PG:M)
by living anionic polymerization and post-functionalization with the thiol-epoxy reaction. PS-b-PST-
b-PGrM achieves a line pattern with a half-pitch of 9.6 nm by DSA. PS derivatives, including poly(4-
trimethylsilylstyrene), exhibit high oxygen plasma etch resistance. The location of the functional
groups introduced into the block copolymer is important for the perpendicular orientation of the
microphase-separated structure.

Chapter 7 summarizes the results of this study and describes future prospects.
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