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Preparation and Characterization of Acid Amplifiers based on Cyclohexanediol
Kyong A Kuen

Division of Imaging Information Engineering

Graduation School of PuKyong National University
Abstract

Chemically amplified deep UV(CA-DUV) resists are typically based on a combination of an acid
labile polymer and a photoacid generator(PAG). Upon UV exposure, a catalytic amount of a strong
Br @nsted acid is released and is subsequently used in a post exposure bake step to deprotect the
acid labile polymer. Deprotection transforms the acid labile polymer into a base soluble polymer
and ultimately enables positive tone image development in dilute aqueous base,

Acid amplification type photoresist have been formulated by addition of the acid amplifiers to
chemically amplified resist system(CAPs). The primary acid formed from the PAG induces further
autocatalytic acidolysis of acid amplifiers in a "dark reaction”. So acid amplified photoresist
has an enhanced photosensitivity

We developed acid amplifiers based on cyclohexanediol such as 1-hydroxy-4-tosyloxy cyclohexane
(M~1), 1, 4-ditosyloxy cyclohexane(M-2), l-methacryloyloxy-4-tosyloxy cyclohexane(MIC), poly (MTC;q
—co-tBMAgo) (P-1), poly(STCio-co-tBMAg) (P-2) to enhance photosensitivity

P-1 is a copolymer of tert-butyl methacrylate and MIC and P-2 is a copolymer of tertbutyl
methacrylate and 1-(4-styrenesulfonyloxy)-4-tosyloxy cyclohexane as a positive working photoresist
based on polymeric acid amplifier in order to enhance photosensitivity and simplify the process
of formulating a phtoresist. M-1, M-2, MIC, P~2 exhibited thermal stability until 110 C and P-2
showed thermal stability until 120 C. So these showed reasonable thermal stability for resist
precessing temperature. PtBMA films doped with M-1, M-2 and MIC exhibited higher photosensitivity
than PtBMA film without M-1, M-2, MIC. M-1 exhibited 1.7X higher photosensitivity compared with
PtBMA. And M-1 showed higher effect than M-2, MIC on enhanceing photosensitivity of PtBMA film,
P~2 exhibited 2X higher photosensitivity compared with PtBMA

The acid amplifiers showed reasonable thermal stability for resist processing temperature and

higher photosensitivity compared with chemically amplified resist

-V -
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I -2. Solubility property
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Table 1. Solubility properties of prepared an acid amplifiers of various kind of

solvent.

M-1 M-2 MTC | P-1 P-2
acetone © @) © © ©
benzene A O O © ©

chloroform O O © © O
ethyl acetate O O O O O
ethyl ether O A O Q O
ethanol O A X X A
hexane X X X X X
methylene O © © © @
chloride
methanol O X X VAN X
THF @ © @) © ©
toluene A A @ O O
EL X X : X JaN AN
PGME A X A O O
PGMEA AN O VAN O ®;

M-1 ; 1-hydroxy-4-tosyloxy cyclohexane

M-2 ; 1, 4-ditosyloxy cyclohexane

MTC ; 1-methacryloyloxy-4-tosyloxy cvclohexane
P-1 5 Poly(MTCio-co-tBMAg)

P2 Poly(STCr-co tBMAg)
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Figure 16. Time course of the consumption of the sulfonate of PtBMA doped with
1-hydroxy-4-tosyloxy cyclohexane in the presence of H wt% DTSOTS at various

temperatures.
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Figure 17. Time course of the consumption of the sulfonate of PtBMA doped

with 1, 4-ditosyloxy cyclohexane in the presence of b wt% DTSOTT at various
temperatures.
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Figure 18 Time course of the consumption of the sulfonate of PtBMA doped
with 1-methacryloyloxy-4-tosyloxy cyclohexane in the

presence of 5 wt%
DTSOT{ at various temperatures.
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Figure 19, Time course of the consumption of the sulfonate of
Poly(MTCio-co-tBMAg) in the presence of 5 wt% DTSOTf at various
temperatures.
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Figure 21. Photosensitivity curves of PtBMA films doped with 5, 2 and 0 wt% a
different amount of 1-hydroxy-4-tosyloxy cyclohexane in the presence of 5 wt%
DTSOTS as a photoacid generator.

Normalized film thickness

0.9

08

07

0.6 r

0.4

oz r1

01

[+ 0w% = 2wi% & 5wi%
8 ¢ — BB
o ) -
r - -
. x‘
t
— LR J
v ‘\»
-
Ay .
A\
. Ly BEmgeeag, gy ]
0 100 200 300 400 500 600 700 800

Exposure dose (mJ/icm’)

Figure 22. Photosensitivity curves of PtBMA films doped with a different amount
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Figure 23. Photosensitivity curves of PtBMA films doped with a different
amount l-methacryloyloxy-4-tosyloxy cyclohexane in the presence of 5 wt%
DTSOTS as a photoacid generator.
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Figure 24. Pattern profile of KrF resist containing no acid amplilier.
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Figure 25 Pattern profile of KrF resist containing 5 wt% 1, 4-ditosyloxy

cyclohexane as an acid amplifier.
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Figure 26. Photosensitivity curves of PtBMA and Poly(MTC-co-tBMAg) films
in the presence of 5 wt% of DTSOTT as a photoacid generator.
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Figure 27. Photosensitivity curves of PtBMA and Poly(STCio-co-tBMAg) films
in the presence of 5 wt% of DTSOTT{ as a photoacid generator.

_39_



m. 239

I-1. Instruments and Measurements

'H-NMR spectra’= JEOL JNM-ECP 400 =33 Al (spectrometer) & AF-8-3}o]
FAsA o slEhy o]lFe W FFEAR Y tetramethylsilane (TMS)
FE ppme 2 EAIEEACE IR spectra®™ BOMEM-100 23412 =43}
on, Fde 9x%= 3 (wave number, ecm DE EASY T Perkin
Elmer-7 €%4 7|78 DSC® TGAE ZFAHsgonl A 7t2ste A 10

T/min 9] 52 71439

s

Oll

m-2. ¢ A
M-2-1. 1-Hydroxy-4-tosyloxy cyclohexane

CHD(1 g, 01 mole)2 Jgd 80 ml =} 0 T2 WzHd & pPTSC (19

g, 0.1 mole)& FHI7MANA 24A7F &9 A2 wh&(o] ~d =8 9rL)A]Zv} ul
& E2EY 485 100mlE ¥ il methylene chloride 70 mlES Yo 29 i
2 FEd o] §715% 10 % HCl 489 100 m2 59 FA85 2745

100 mIZ 1'*H, 10 2% NaHCO3 8 Aoz 2 SFT 100 ml £o52 A¥)
2 FAg FEE {715 MgSOE g4 AzHon oAe rotary

evaporator= o] &3} o] s =3, silicagel culumn
chromatography(hexane : cthylacetate = 1 : 2)& A}&38lo] &5 WA=
1-hvdroxy-4-tosyloxy cyclohexane 13 g (43 %)& 1)

"H-NMR(CDCls) 1.5-2 (8H, cvclohexane ring proton), 2.44 (3H, CHy),
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3.7-3.74 (1H, OH), 4.51-4.62 (2H, methine proton of cyclohexane), 7.26-7.8
(4H, bezene ring proton) ; IR(KBr) 3500 (s, br, OH stretching), 2900 (m,

CH stretching), 1170 (s, S=O stretching).

Mm-2-2. 1, 4-Ditosyloxy cyclohexane

CHD (11 g, 0.1 mole)¥} PTSC (38 g. 0.2 mole)& pyridine 150 mlell =
o] 48417bEek 0 CeollA REEAIATH Wg £t 422 100 miE ¥
methylene chloride 70 ml= 2¥ 8 FF 3o} 10% HCl F8&Ao 7 59

FAE & F5F5 100 mlE 19, 10% NaHCO; 89 100 ml 2 29, 2%
T 100 ml2 299 #AZ FAZY 2ed §715S MgSO42 g5 A4
o ol rotary evaporator® < FFEE31 silicagel  culumn
chromatography (hexane : ethyl acetate = 1 : 2)8 o] &3}o] Haldgom
VETAA 24805 2o Azt &5 AAE 25 ¢ (vield :

50 %)=& 43

'"H-NMR(CDCls) 158-1.9 (8H, cyclohexane ring proton), 2.4 (6H, CHa),
4.51-458 (2H, methine proton of cyclohexane), 7.2-7.8 (8H, bezene ring
proton) ; IR(KBr) 2957 (s, CH stretching), 1180 (s, S=O stretching)

MM-2-3. 1-Methacryloyloxy-4-tosyloxy cyclohexane

1-Hydroxy-4-tosyloxy cyclohexane(12 g, 0.04 mole)¥ methylene
chloride (30 ml, 0.4 mole)¢t pyridine(36 ml, 0.4mole)ol o ice-bathol
i+ § methacryl chloride(4.2 g, 0.04 mole)& 3| Wi}, 2142
+ A7 F RS T8 E dS%E 100mlE ¥ methylene chloride 60

ol 5 wkE F&3th 10 % HCL 789 100 ml2 2¥ 543

0?4 at

flo
iz

e

o

ml
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S 100 mlE 19, 10 % NaHCO; 802 2 A st Polgl=
salt AAE 98] F7FF 100 ml=Z 9 vkEq Az Ra® fr)52L
anhydrous MgSO4E2 €5 A H oW of B2 rotary evaporator® 7+ets &3}
2 silicagels A2 glass filters o] §35to] @FEs= A @ saltE A A e}
ATh g QL ENA 24A S AEAIA AAAAE 75 glyield © 47 %)S A

At

'"H-NMR(CDCl3) 1.4-1.8 (11H, cyclohexane ring proton, methyl proton),
24 (3H, methyl proton), 45-4.8 (2H, methine proton of cyclohexane),
5.4-6 (2H, vinyl proton), 7.2-7.8 (4H, bezene proton) ; IR(KBr) 2900 (s,
CH stretching), 1714 (C=0 stretching), 1170 (s, S=0O stretching)

m-3. s %

M-3-1. Poly(MTCip—co-tBMAg)

—

MTC(3.38g, 0.01 mole)¢} tBMA(12.8 g, 0.09 mole)E T+ %¥ THF 65 ml
of %o 70 T2 7F4d % AIBN 03 g& H7IA7 28437
AN

g Aeow WS

o
o
i3

oo

>

24

2ol THFoll ¥ o]3 methanol® Z=HF49o] &3}
(10Dl HHA R, HAR nEA 24 A Ao AxA

Al Ao THFO =9 methanol®} Z=5{F59 32 ai(10: 1)) = A

o
o

>
N

|
79 %)S dAar, GPC FA 9ty M,& 12,0000l 12 My/M,+= 191013
c},

|3 Rge gl dxA7 A4 FEdee] nia &2 10 g (yield :

"H-NMR(CDCl3y) 1.0-2.2 ( many proton) 245 (3H, methyl proton),
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45-477 (Z2H, methine proton of cyclohexane), 7.2-7.8 (4H, bezene ring
proton) ; IR(KBr) 2978 (s, CH stretching), 1714 (C=0 stretching), 1140

(s, 5=0 stretching)

IM-3-2. Poly(STCio—-co-tBMAg)

Hu
i
._]
L
T
o0

STC(4.36g, 0.01 mole)¢} tBMA(12.8 g, 0.09 mole)& = 1 m
o Hol 70C& 7F48 & AIBN 03 g& H7/MA#A 244359k wh-g A A Th.
F2ow WAzl & Aol THF 0|3 methanol® FH59 &34
0D FHARTE AR 282 BAE "HEstn AR HdAxAz)
T oAl %] THFO %9 methanol® Z /59 & (10:1)] A2 A

A7 Ay e 2ollX AxAA AN Bdyee] ¥z 84 144 g (yield :

1o

"H-NMR(CDCl3) 1-1.9 (many proton) 243 (3H, methyl proton), 4.5-4.7
(2H, methine proton of cyclohexane), 7.2-7.8 (8H, bezene ring proton) ;

IR(KBr) 2978 (s, CH stretching), 1722 (C=0O stretching), 1134 (s, S=0

stretching)
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B AL HHoZ CAPsoll AAE H7MA 7)1+ 4 2438 TR A~
E ANade =Ydidnh. 2 dAFedM e AFREAS o83 AR AA

R e FAstgom uRA FAS AAE

Al Z 2384 p-toluensufony! chloride, methacryloyl chloride® ol ~H =
3t whE5 AlAA 1-hydroxy-4-tosyloxy cyclohexane(M-1), 1, 4-ditosyloxy
~cyclohexane(M-2), 1-methacryloyloxy-4-tosyloxy cyclohexane (MTC)S &t
etk M-19] es M-12 #H7EshA @42 9o s 2 wt% H7FA|
ol Aol v FEE Yeplo 5 wiw FIHA L7le] e 2Xg

7h yEstth M-29] e M-28 Hubshx e Aol HlE 2 wix H
Pl Aol =g xS vElou 5 wt% F7EA 12819 EER
W7 e Y. MTCy= 28228 AAE @487 935 monomer® 7t

OW
::L

o
i

1
i Fol‘

o, FAE AASS e X EHE v wEr] 98l monomer AFA| Q)
AEE FAsAY MTC #EE 2 wt% #H7bs 29 "7 A 9 w3
BEE UEAY 5 wid A7 14 B 208 e,

uRAE AAR MTC & STCS (BMAZ 0z Z3uhgAA
copolymer<l  poly(MTC-co-tBMAg)(P-1)$t  poly(STCyo-co - tBMAw)
(P-2)% W=

P-1& PBMA®) w3 ¢} 2u
93 P2t 14de) 2HE %

oA Ae RS AEAA e o R uztes) AT o) §L5)
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