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ABSTRACT : The requirement for a much finer line width circuits on semiconductors needs new develo-
pers such as supercritical fluid to prevent the collapse of the photoresist micro-patterns. The copolymers
contain t-butyl methacrylate having an acid-cleavable z-butyl group and supercritical fluid CO, soluble
perfluorinated decyl methacrylate segments. The supercritical fluid CO,-philic properties of the photoresist
changed to supercritical fluid CO,-phobic properties after the deprotection reaction by exposure, which
made the exposed resist insoluble in the supercritical fluid CO, developer. The synthesized copolymers
containing more than 30% of perfluorinated decyl methacrylate were found to be soluble in supercritical
fluid CO,. The variation of film thickness before and after exposure was largest when the mole ratio of
perfluorinated decyl methacrylate in the copolymer was 30%.

Keywords : photoresist, supercritical CO; processes, perfluorinated methacrylate polymers.
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Figure 1. Scheme of lithography with supercritical CO,
process.
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Figure 2. The copolymerization of --BMA and F17MA.
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Figure 3. Materials for the formulation of photoresists.

448 34 F

Polymer (Korea), Vol. 28, No. 6, 2004

600 T71A] 20 C/min®] 5~ £E8 =5 ASA7H
A FFEA L] dE3 AeE BAsIh

193 nm gl nEAe] F3E 5. ook =4
o2 = T3S PGMEA £dol] 15 wi%2] 13
£ ko] 5= 23)A]7) £ 045 um PTFE filterS £}
|21 & Perkin-Elmer Lambda 4A UV/Vis spetrophotometér
£ olgdle TEHAAES AMEE 4 WHRA IFS
Jd 222 UV S48 S350k :
=33 A 3o A A i3t 4. dolHe) =23l
ERYAAES] TAE FA3P] 918t NanoSpec AFT
200 SpectrometerE ©]&3le] o] FAE A
HMDSE =¥3 F 1 $AE SAY} EEAALESL
A =28 ¥ NanoSpecs &3t oA F7AE 543}
ek FA S 3%3 cm®] ol 999 307dE
AAgste] FA%G 3, 1 HE APk

>

N

3. A% 4 &

TFHAL FA. EFeR TEAEL YHrAoE 1)
£ 2313k =AM Q] Z4A] o]k} gkl Higt f3lle
7} Erhs APl of") ARES B8 TH= Skt
wgbr] x4 o)aks} ghiol digt gelxr) e 5
2 z2oelaHof°|E (fluoromethacrylate)2] &+ 57 3,344,
5,5,6,6,7,7.8,8,9.9,10,10,10- e} 7} E-F- 2 2 Al wela e
o) E (FITMA)S} Abell <J3) 3 SFYPez 1 F
AE vE $ = 1 BMAE 353AIFCR A Aol
FAE w76l T3k & AAA (ABNE W A%
2 Asjstelar vhgo]l Eu] Aol AA| NAA FoIF
9] 10%% AFAHA F&2 FolwAl stack E3 )
el AAE B3 oAl gfuE AxAF F 4
o 9l & AAAATE FHE F8 v|vke d=EA
AA L 2 exF ol2A Fok 44 55 olde] HH
Ll THFO 2] X3l AA=s 23] 7157] vt
+7] ®ef 71k == oleldt kel Yely] Ao
i Bk @tk FEEIT YT EolA AR aE
A2] BApFo] Azt A& wkgsps, w¥EAle] T 3
o EAEFe] 70000 g/mol ©]de] =W =53 F fElg 3§
A7 o w|A] sfiglAlolell Tl2] (bridge)7} Ve AEHE
sfgle] fojx|7] o7 7] wiFelrl! ko] E & <oj
A IR o] wego ) vukg/SRie 3
Aspsle] B-g A, iRl mER} Fake el vk
€2 AAA F AF 284 50 TE FA|5PaA )

ttlo
ot
e
of
<
do
S,
2
Yo
r)“
Mz
od *
Ao
=
ftfo
ok
38
e
T
E
N

E2|H, #2878 A6z, 2004



Polymer (Korea), Vol. 28, No. 6, 2004

o tBMASt FITMAE 47 THAZE w Lojxl= &
AEFFAEY FTR +4 234F Jepisick

+BMA®] halaA|e] Ag- 1724 cm'ol|A] 71Rd7]
(€=0)2] A% =37} wig AstA velstz, 1139 cm’of
A CO-CH A= 925 A, +HE 25 54
3= 13903 1370 em'llA F Y =t el
1370 cm™ #)2¢] AJ717} 1390 cm?! 2} 2A) Y=o
Figure 4914 % 13933} 1367 cm'ol|4] #9314 T 719
29 =37t 35S FElEkich

FITMA®) 35- |28 J:52) A% 54 9127} 1735 e’
ZubolA Yelds, CFY A3 3137} 1400~1000 cm™ o]
A 7 A Yeide ZE glskglth -BMASE FITMA
2 FEHAAA dolR TEA] FT-IR 4 A=
Figure 5°| Yelgict BMAe] Yeldsl 13952} 1370
em'7F e 951 FITMAS] EA 537} 1203 em’e))
A ZstA velgy) il BMASH FITMA7} 353

tBMA

Abitrary Unit

F17MA

L . .
4000 3500 3000 2500 2000 1500 1000 500
Wavelength (cm™)

Figure 4. FT-IR spectra of ~BMA homopolymer and FI7TMA
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Figure 5. FT-IR spectrum of +-BMA/F17MA (70:30) co-
polymer.
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Figure 6. "H-NMR spectrum of ~BMA/F17TMA (70 : 30)
copolymer.

Table 1. Composition of P(#BMA-r~F17MA) Copolymer

Sample t-BMA/F1TMA(mol%)
in Feed in Polymer

+-BMA100 100/0 100/0
F17MA10 90/10 87/13
F17TMA20 80/20 75125
F17MA30 70/30 69/31
F17MA40 60/40 57/43
F1TMAS0 50/50 47/53
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Table 2. Molecular Weights of +FBMA/F17TMA Copoly-
mers

Sample M M. _PDL
! (Mw/My)
t-BMA100 48600 70300 1.45
F17TMAI10 27200 47200 1.74
F17MA20 35800 55900 1.56
F17MA30 51200 66500 1.30
F17TMA40 52200 67200 1.29
F17MA50 52500 67500 1.29

" Calculated from GPC data.
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Figure 7. DSC thermograms of ~BMA and FI7MA homo-
polymer.
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Figure 8. DSC thermograms of -BMA/F17MA copolymers.
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Figure 9. TGA thermograms of -BMA/F17MA copolymers.
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