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A new type e-beam positive resist PCLTF, poly (I-phenyl-2, 2, 2-trifluoroethyl-a-chloroacrylate), was

prepared by radical polymerization in solution and evaluated for its applicability to e-beam lithography. The in-

fluences of polymer structures and developers on e-beam exposure characteristics such as sensitivity, resolution

and dry etching durability were estimated. Using diisobutyl ketone/isopropyl alcohol (35/65) as the developer,
PCLTF was imaged 0.5 um L & S at 25 uC/cm? (20 kV). It could resolve fine patterns as narrow as 0.2 um.
The image at 8 uC/cm? level was also attainable using diisopropyl ketone/isopropyl alcohol (35/65). Dry et-
ching durability of PCLTF was found to be 1.5 times higher than that of PMMA.
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Table 1 Poly CLTF and other polymer samples
Molecular Thermal Initiator Monomer .
Sample Polymer weight properties mol % Solvent Conc. Temp. Time
. truct
o > ructire M,x10-4 T, vs. monomer wt% °C hrs
! n —C(COOCH¢CF,)Cl—CH,— 140 120  AIBN  posene 50 70 6
PCLTF 8 2 0.02
peigp —C(COOCK(CR))O-CH— 45 125 ABN guoen g 06
pTRps  —C(CO0$)(CF;)—CHy— 63 130 Pymidineopgp g 0 20
prFBa —C(COOCH,$)(CF)~CH— & g UBUOK - rhp 15 —78 168
pCipp  —C(COO(CeFy))Cl—-CH,— 91 110 ABN Benzene 50 0 6
6 AIBN
Table 2 Dependency of sensitivity on the structure of poly (methyl methacrylate) derivatives!
R, *|~CH. ~—CH# —CH(CF)s —C(CF) —¢ —CHF, —CFs  —CHCF,
—CH; 60 — 12~15 12 900 500 156~20 —
—Cl — — 6 — e 16 3
—CF; 10 10 — —= 16 == — e

1. On the silicon wafer at 20 kV

2. Ry and R, mean a-substituent and alkyl ester group of CH,—C( R;)(COsR;}-, respectively.

RUOZZ2FVMOEBE IS TR Lz, iz,
+C(COO(CF;)Hg)Cl—CH,-,~C(COO( CF3),9)Cl—
CH;~, +C(COOCH,CF,)Cl—CH,~ o X PRASZE I
TAXEN a-BBRT 7V v— b RE)Vv—cEBLTHE
ADERY) 27— BB Lz, BERBERKEER (Lox

MERIRE £290%LL EIZRE) 352 Licko>T, LR
PREZAEL, KV ~—%2FRLELS L Lz,

Table 2 {2, FEREE LD TRLIZARFIOFY = —
KBTI, afliZAFrErul, Y Totux
FADX S LBEFRS EICERT 2 LItk Yy, RED
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AuTARANEZ 7z 2N EPBALTBEE, BRE
VORMEERT B LB TER, &7, R UBIT,
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Effect of developer on the characteristics
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Fig. 2 Effect of molecular weight on the charac-
teristic of PCLTF
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Fig. 4 Effect of developing temperature on the
characteristic of PCLTF
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Table 3 G value and sensitivity of poly (methyl
methacrylate) derivatives

G value Sensitivi
Polymer C. 3 (zC /cx¥12t)y
PCLTF 2.7 0.03 6
PMMA 1.5 0.1 60
PCLEF 3.6 0.0 3

@b, PCLTF oX#gMoRE i PMMA &
PCLEF L osficfiE+ 22 L B3bn-iz,

Fig. 6 iziX, PCLTF o DIBK/IPA <H#&EL7 0.5
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Fig. 6 SEM photographs

Table 4 Dry etching rate of various resists

Resists R-11 R-22
PCLTF 650 A /min 1700 A /min
PTFBA 630 1750
PTFMA3 1300 —
PPhMA? 580 —
PCLEF 1700 4800
RE-5000P 300 700
CMS 260 450
PMMA 1000 2000
Cr,04 345 —

1. Dry etching condition; CCl, 100 sccm, O, 50
scem, pressure 30 Pa, energy 300 W, time 2 min.

2. Dry etching condition; CF, 30 sccm, pressure 8
Pa, energy 200 W, time 1 min.

3. PTFMA; methyl-o-trifluoromethylacrylate,
PPhMA; Phenyl methacrylate.
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Fig. 7 Relation between sensitivity of resists
and dry etching rate
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