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Abstract

Chemically amplified deep UV(CA-DUV) resists are typically based on a
combination of an acid labile polymer and a photoacid generator(PAG) but acid
ampilfication type photoresist is formulated by addition of the acid amplifiers to
chemically amplified resist system(CAPs). We developed acid amplifiers base on
cyclohexanediol such as 1-methacryloyloxy—-4-tosyloxy cyclohexane(MTC) and
poly(MTCio—co-tBMAw)(P-1) to enhance photosensitivity. P-1 is a copolymer of
tert-butyl methacrylate and MTC as a positive working photoresist based on
polymeric acid amplifier in order to enhance photosensitivity and simplify the process
of fomulating a photoresist. P-1 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.
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Figure 1. Expected reaction scheme of acid amplified resist system
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Figure 2. Reaction comparision of chemical amplification and acid amplification.
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2-1. A 2 B 47]7]
Ao A" Al cyclohexanediol(Aldrich 95 %), p-toluenesulfonyl chloride
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(Aldrich 98 %), methacryloyl chloride(Wako, 97 %)& AAl ¢lo] U2 AM&3An
1-hydroxy-4-tosyloxy cyclohexane& 3] uwat &A% A &sant £ HAA
¢l 22'-azobisisobutyronitrile(AIBN)3}  tert-butyl methacrylate(tBMA)+  Junsei
chemicalAtoll A F)sted AIBNS wlghgo] AAAS I AlLst (BMAE S35 A A
AA dHE FHAA ALY fol2 AR S pyridine(Junsei chemical, 53 Al ¢F)&
T3 TNZ AR 3, tetrahydrofuran(THF) = @38l vl € A(CHCl)2 Cale® F
F3at) Abg3al ok Poly(tert-butyl methacrylate)(PtBMA)(Myw = 21500, Mw/M, = 1.78)

= WAgA Bz FFste AL A
'"H-NMR spectrum& JEOL JNM-ECP 400MHz(spectrophotometer)& Ab-&3te] =
391, & CDClE AH43t49 Y FT-IR spectrume BOMEM MB-100 £33 A=
Astg 31, DSC/TGA &AL Perkin Elmer 708 Aot "7 B @ Ex
T3 GPC component A 2%l (Waters Associates)©.2 THF £Wl& Al&3te =431y
ov B EAFE ZY2EHA BF 2ZE ol 83o AAdsdoh 29 ZH SC-100&
A}%o}oq e 38g S m 200W nygE £& #=Ze Karl suss MJB 3 =372 &
ko) 5 711]% Perkin ElmerAt2] Lamda 40 UV/Vis spectrophotometer =

HE e oX

2-2. 1-Methacryloyloxy-4-tosyloxy cyclohexane? 4
1-Hydroxy-4-tosyloxy cyclohexane (12 g, 0.04 mole)-2 methylene chloride (30 ml,
0.4 mole)$} pyridine (36 ml, 0.4mole)oll =< ice-batholl B ¥ methacryloyl chloride
(42 g, 0.04 mole)E& HAM3] Holmeroh 21X 298 Al F g EFE 5
2 100mlE 93 methylene chloride 60 mlE& 4o} 58 W& F&3ich 10 % HCI =&
A 100 miE 2¥ F£AE F FFS 100 mE 19, 10 % NaHCO; Fg8eg 28 F4
stk dolds 471 AAE Y8l 7S 100 mlE2 9 dHESA A S, E8d f{7]
2 74 MgSOZ 24AA 4 %59 8ul& £ F ethyl acetate : hexane (2
& BoE ol dustA # AZetEaHIE FEsidnh AF 2 BoiA 24
AZbEer AZ=AA AAPE 75 glyield : 47 %)& Lt

'H-NMR 6 1.4-1.8(11H, cyclohexane ring proton, methyl proton); 2.4(3H, methyl
proton); 45-4.8(2H, methine proton of cyclohexane); 54-6.0(2H, vinyl proton);
7.2-78(4H, bezene proton). IR 2900(s, CH stretching); 1714(C=0 stretching); 1170(s,
S=0 stretching)
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Scheme 1. Synthesis of 1-methacryloyloxy-4-tosyloxy cyclohexane(MTC).

2-3. Poly(MTCio—co-tBMAg) 2 34

1-Methacryloyloxy-4-tosyloxy cyclohexane(3.38g, 0.01 mole)¢} tBMA(12.8 g, 0.09
mole)& FFE THF 65 mlo] o 70C=2 7143 3  AIBN 03 g& #H7FAA 28A1%F
T Mg AZTE deoz WAl F L% THFS %o]3 methanol® FH 79 2
FE&oja0:Dl AAAMNAT A" 1@ AL s AL Hx ADF
2%9 THFY %9 methanol® ZFFae EFE&uf10:Dd] HAATI L AF 2 2AA
AzAA 82 Bdygee 1A =3 10 glyield @ 79 %)& IAL, GPC 4o ¢
H My 12,00001 2 Myw/Mye 1910t

ro

'H-NMR 6§1.0-22( many proton); 2.45(3H, methyl proton); 4.5-4.7(2H, methine
proton of cyclohexane); 7.2-7.8(4H, bezene ring proton). IR 2978(s, CH stretching);
1714(C=0 stretching); 1140(s, $=0 stretching)
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Scheme 2. Copolymerization of MTC and tBMA.
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Table 1. Solubility properties of prepared an polymeric acid amplifiers of various
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 ethyl lactate
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¢ propylene glycol monomethyl ether acetate
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Figure 3. Time course of the consumption of the sulfonate group of

Poly(MTC-co-tBMAgy) film in the presence of 5 wt% DTSOTS at various temperatures.
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Figure 6. Photosensitivity curves of P{BMA and Poly(MTCj-co-tBMAy) films in the
presence of 5 wt% of DTSOTI as a photoacid generator.
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ethanol® hexaneg A9 dF L #7] oo &aldo] Fon 53 PRY &=
F2 Al4HE PGMEY PGMEAC & £34& Jehdo A& dolso) zyd
grolol g olAF A& FT-IR spectrophotometer® ©]-&3] 120°C, 1307C, 140C Ztz+o]
XA Azbe] WE 54 ma9 WsE FAHse AASAC P-1 &L 120CaA
2AI1ZE, 130°Col A 208 7kA] E87F §lol 8oz 4TS FAE + AU v AR
2 ZAEE A¥BY P-12 PBMAC Bls| of 2819 = T &35 deEle AL

Z ARG 283 2EAY A FAA VTS ZE ZREGAZEE 4R ZEH
Azeojmg FAEAL A FAY TEYAZEC Hgd TEHA2E Az ¥

Z 3

il

Sl

1) T. Ohfuji, M. Takahashi, K. Kuhara, T. Ogawa, H. Ohtsuka, M. Sasago,
Association of Super Advanced Electronics Technologies(Japan); K. Ichimura,
Tokyo Institute of Technology, SPIE, 3049, 04 (1997)

2) J. V. Crivello, H. W. Lam, J. polym. Sci., 34, 3231 (1979)

3) J. F. Cameron, T. Adams, A. J. Orellana, M. M. Rajaratram and Roger Sinta
Shipley Corp., SPIE, 3049, 409 (1997)

4) H. Ito, IBM Almaden Research Ctr. 3678, SPIE, 01 (1999)

5) C. G. Willson, Univ. of Texas Austin ; R. R. Dammel, Hoechst. Celanese Corp. ;
A. Reiser. Polytechnic Univ. of New York, SPIE, 3049, 202 (1997)

6) Y. T. Jeong, E. J. Lee, K. A. Kuen, J. Kor. Printing. Soc, 91, 20 (2002)

7)S. T. Kim, J. B. Kim, J. M. Kim, C. M. Chung, K. D. Ahn, J. Am. Chem. Soc.,
10, 3 (2000)

8 S. J. Choi, Y. Kang, D. W. Jung, C. G. Park, J. T. Moon, Samsung
Electronics Co. Ltd., SPIE, 3049, 07 (1997)

9) C. G. Willson, R. A. Dammel, A. Reiser, Proc SPIE., 3049, 28 (1997)

10) M. Toukhy, S. Malik, A. Blakeney, K. Schlicht, SPIE., 3333, 1212 (1998)

11) J. V. Crivello, H. W. Lam, J. polym. Sci., 34, 3231 (1979)

- 140 -



