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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 f-butyl methacrylate having an acid-cleavable #-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%.
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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.
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Figure 4. FT-IR spectra of #BMA homopolymer and F17TMA
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Figure 6. '"H-NMR spectrum of ~BMA/F17TMA (70 : 30)
copolymer.

Table 1. Composition of P(#BMA-r-F17TMA) Copolymer

Sample t-BMA/F17TMA(mol%)
in Feed in Polymer

t+-BMA100 100/0 100/0
F17TMA10 90/10 87/13
F17MA20 80/20 75/25
F17MA30 70/30 69/31
F17TMA40 60/40 57/43
F17TMAS0 50/50 47/53
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F17MA20 35800 55900 1.56
F17MA30 51200 66500 1.30
F17MA40 52200 67200 1.29
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" Calculated from GPC data.
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Figure 7. DSC thermograms of -BMA and FI7MA homo-
polymer.
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Table 3. Samples for Lithographic Test

Unexposed Sample Exposed Sample”
S — -
ample No. developmg time No. Expogure time
(minute) (minute)
1 5 A 5
2 10 B 10
+-BMA100 3 5 c 5
4 20 D 20
1 5 A 5
2 10 B 10
F17MA10 3 5 C 15
4 20 D 20
| 5 A 5
2 10 B 10
F17MA20 3 5 C s
4 20 D 20
1 5 A 5
2 10 B 10
FI7TMA30 3 s C s
4 20 D 20
1 5 A 5
2 10 B 10
F17MA40 3 5 c 5
4 20 D 20
1 5 A 5
2 10 B 10
F17MAS0 3 5 C 15
4 20 D 20

* SCF CO, at 50 C, 100 atm.
* All of exposed samples were developed in SCF CO, for 20 min.
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Figure 15. Effect of exposure time on the film thickness of the spin-coated resist.
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