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Synthesis and Characterization of Novel Acid Amplifiers
with a Low Absorbance at 193 nm
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Abstract

1-Hydroxy-4-(2-naphthalenesulfonyloxy) cyclohexane(1), 1,4-di-(2-naphthalenesulfonyloxy)
cyclohexane(2), 1-hydroxy-4-(2-thiophenesulfonyloxy) cyclohexane(3), 1,4-di-(2-thiophenesulfonyloxy)
cyclohexane(4) were synthesized and evaluated for their performance as novel acid amplifiers for 193
nm photoresists. These acid amplifiers(1-4) showed reasonable thermal stability at the usual
resist-processing temperature, 90 C-120 C. And estimated by the sensitivity curve, (1)-(4) enhanced
the sensitivity of poly(tert-butyl methacrylate) film by 1.2-1.4 times, compared to poly{tert-butyl
methacrylate) film whithout acid amplifiers, in the presence of a photoacid generator.
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Ao AFg" Ak 1 4-cyclohexanediol, 2-
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1-Hydroxy-4-(2-naphthalenesulfonyloxy)
cyclohexane(1). 250 mL A+ £ vt &gxa
o #ad 485 mL% 1,4-cyclohexanediol(CHD)
(0.03 mol, 348 g)& ¥ i uwyt AFWA =< ¥
ez ojgsled 0 TR WA 0 T ofst
2 Yzto] HW Za} Ao 2-naphthalenesulfonyl
chloride (0.03 mol, 6.80 g)& H7Ist1 0 Coll A
2473 Bob kst H A v A T wEgo] i)
WO AXNE A4E o3t AAZL HHFHIR
70 CTolA g FF3e FAyd g AAs A
100 mL 4&2% Y1 80 mL CHLCLE 29 F&
g F, 10 % A4 44 100 mLE 3W AoA
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AAzATE SHF 100 mLE

Aol g AANRL. FA7E B §7)

2 ¥4 MgSOE #HE2A7 o

Asta, g FFste £9WE &9 F
acetate : hexane = 1 : l(v/v) £ &v]& o] &
Helgld @ azetEada® 23kt AE
Holl A 24417 Az3le] ¢ wmebd B FHE
ARES Ar) yield 32 % IR(KBr, cm’):

3431 (-OH), 2942 (-CHy, 1141 (-SO»); 'H-
NMR(CDCl3, 8, ppm) : 849 (s, 1H), 7.98-8.00 (d,
1H), 7.82-784 (d, 1H), 7.68-771 (d, Z2H),
7.64-7.66 (m, 2H), 459-461 (m, 1H), 4.13 (s,
1H), 371-372 (m, 1H), 081-205 (m, 8H);
Found: C, 70.11; H, 583 S, 10.34. Calc. for

CisHisS04: C, 70.05; H, 5.87; S, 10.44.
1,4-Di-(2-naphthalenesulfonyloxy) cyclo-hexane
(2). 250 mL A & ute ek Hed
485 mLe CHD (0.03 mol, 348 g)& i uwk
AMAHEA = H FeRE ojfste] 0 TR Y7
Ak 0 T ol&z wWzte] W ZehaAd
2--naphthalenesulf()nyl‘ chloride (0.06 mol, 13.16 g)
B Hotskar 0 TollA 48417 &b vk A
HHE Al ZTE wkgo] b et e Yo R
RElsted @A B ez AdEE dAJArh
vield: 38 %; mp: 145 C: IR(KBr, em™) @ 2940
(-CHw), 1141 (-S02); 'H-NMR(CDCL; 8, ppm) :
845 (s, 2H), 796-7.98 (d, 4H), 7.81-7.82 (d, 2H),
7.68-7.69 (d, 2H), 7.63-7.67 (m, 4H), 4.59-4.67(m,
2H), 1.20-2.05 (m, 8H); Found: C, 62.87; H, 4.76;
S, 12.72. Cale. for CxsHuS:0s C, 62.90; H, 4.83;
S, 12.90.
1-Hydroxy-4-(2-thiophenesulfonyloxy)
cyclohexane(3). 250 ml ¥+ % utd Zelxa
of Hetl 485 mlt 14-cyclohexanediol(CHD)
(0.03 mol, 348 g)& ¥ WHk AlF|EA X9 ¥
FeXE 0 T WAAHY 0 T ojdtm Wzhol
W Zela=e]  2-thiophenesulfonyl  chloride
(0.03 mol, 548 g)& #H7Fstil 0 CTolA 4A T F
eb iyl dEAM BbEAlZTh ¥hgeol #ubH 99
TUS WHer Fste WS whMo Ao
AE AHEEHRE AYES AT yield 31 %
IR(KBr, cm™) 2942 (-CHa), 1141 (-SOu);
'H-NMR(CDCl;, 8, ppm) :@ 7.70-7.71 (d, 1H),
7.66-7.67 (d, 1H), 7.11-713 (t, 1H), 4.69-4.70 (m,
1H), 421 (s, 1H), 3.73-3.74 (m, 1H), 0.89-2.03
(m, 8H); Found: C, 45.81: H, 5.28; S, 24.41. Calc.
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for CioH148:04 C, 45.74; H, 5.33; S, 24.39.

4,4-Di-(2-thiophenesulfonyloxy)
cyclohexane(4). 250 mL -+ & vie ZelA=a
of Feldl 485 mL9 CHD (0.03 mol, 348 g)&
Wi oagk Al7IEA EQl § #exE 0 TE o
ZEAIZATE 0 C o3t & wW7Ztol HW EghAo 2-
thiophenesulfonyl chloride (0.06 mol, 1096 g)&
HIbsta 0 CellA 48A12F &< wwt A wES-
A ZIk dhgo]l EubE 9 FYd ez 2y
dto] A 2 HEE AHES AU yield 36
%; mp: 140 C; IR(KBr, em') : 2943 (-CH3),
1141 (-SO2); 'H-NMR(CDCly. 8, ppm) : 7.70-7.71
(d, 2H), 7.65-766 (d, 2H), 7.10-7.12 (t, 2H),
461-4.63 (m, 2H), 0.66-2.02 (m, 8H); Found: C,
41.32; H, 3.87; S, 31.41.Calc. for CisHisS406: C,
41.13; H, 391, S, 31.33.
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Fig. 1. Structures of acid amplifiers.
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Table 1. Solubility of prepared acid amplifiers
in a various solvents.
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Chloroform
Ethanol
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Ethyl ether
Methanol
Methylen Chloride
Hexane
THF
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PGMEA®
EL°

O|O|0|O|O0|0[0|10|0|0|0]0|0

O|O0|0|0|0I0|O|O|0|0|0|O10]0

®)

 propylene glycol monomethyl ether
b propylene glycol monomethyl ether acetate
ethyl lactate
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Table 2. Thermal properties of acid amplifiers.
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Fig. 2. FT-IR spectra of PtBMA film containing
5 wt% of acid amplifier (4) in the
presence of 5 wt % DTSOTf aged for
(a) 0, (b) 5, (c) 20 min at 130 TC.
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Fig. 3. Time profile of the consumption of the
sulfonyl group in PtBMA film containing
5 wt% of (1) in the presence of 5 wt%
DTSOTT at various temperature.
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sulfonyl group in PtBMA film containing
5 wt% of (2) in the presence of 5 wt%
DTSOT{ at various temperature.
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Fig. 5. Time profile of the consumption of the
sulfonyl group in PtBMA film containing
5 wt% of (4) in the presence of 5 wt%
DTSOTT at various temperatures.
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Fig. 6. Photosensitivity curves of PtBMA film
doped with 5 wt% of (2), (4) acid

amplifiers in the presence of 5 wt%
DTSOTf as a photoacid generator.
(PEB at 120 C for 2 min, film
thickness : 0.2 /m)
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