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Abstract

Acid amplifiers derived from a certain class of sulfonates suffer from autocatalytic
decomposition in the presence of a strong acid to give corresponding sulfonic acid,
which catalyze the composition of the parent sulfonates, leading to the liberation of
more of the same sulfonic acids in an exponential manner. In this research we
synthesized and evaluated 4-hydroxy-4'-(2-trifluoromethyl)benzenesulfonyloxy
isopropylidene  dicyclohexane (1), 4,4'~-di-(2-trifluoromethyl)benzenesulfonyloxy
isopropylidene dicyclohexane (2), 4-hydroxy-4’-(3-trifluoromethyl)benzenesulfonyloxy
isopropylidene dicyclohexane (3) and 4,4’-di-(3-trifluoromethyl)benzenesulfonyloxy
isopropylidene dicyclohexane (4) as novel acid amplifiers with electron withdrawing
group. These acid amplifiers (1-4) showed reasonable thermal stability for resist
processing temperature and exhibited higher photosensitivity compared to
poly(tert-butyl methacrylate) film without acid amplifiers. Application of acid
amplifiers to photofunctional materials, including photoresists, are described as a
consequence of the combination of the acid amplifiers with photoacid generator.

-21 -



gl dotslx M21A 415 2003

1. 4 &
3}8t % (chemically amplification, CA)¢} 7132 A& HALE £do] &
N9 o] & submicron® nanopatterning & A AEEZ @t 438 71odstn Ao

I % 34 A A (photoacid generator, PAG)9}t A WHS-A (acid-labile) ZEAE T4
Ho] glx 33 FZ3 YTEYHAXE (chemically amplified photoresist, CAP)ol] 34l o]
15532 94 photopatterningel]l &-83 W9 AL E 7HAA Este FAEE 7HA
T o ol BAAE Ay HAE F kA el ded stvde vhed &
PAGY &L Z7HA7lE RAoln b & 3+ acidolysis reactiond] £58 Z7HA)71&
Roltt! dwixoz CAPIAME FA9 Wwygoz HEE FANUY F #AE
(photosensitivity) 9} s4¥l &4} (pattern shape)s 9 HAA2E HFg F4A717] Asdld
CAPol A F2 Al (acid amplifier, AA)E FH7letdq A F4¥ ZEHGA2ES H=s
Aot A AE 9ol o] Zu] JS 3] ¥ MHAY (non-linear) &2 A
ARANZ £ JE B2 acidolysis reaction?] £EF F/IAA #AEE FAANZY
F A Aok AF7AA olf @ A FAAZR oAz fAZZANEY p-F
JAEEN d2HE FEAEH p-2HASFEN Q2HE FEAEC dsteq TET vt
4 Qi p-ERASEN B AETL O 2 p-2HAS TN o] B 4
A8 5 Jde A=ASl A FHAANEAN o 3-44’2—1?4‘9' ¢ & AT B dFAE A
& 2 "*—hﬂi AAnE7|E 2t QoM p-2HASEN B AE7t 9 2 AR
A

FHHE EfETesdd lzﬂ EHE AF) EeiAle] A48 4 e olhazde
L Wl%iﬂ#&—%-l EERezdddds sy dade f=AE F%nA 4
on o yolstA 4t %"ﬂxﬂi&ﬂ«] 35S PrrstnA A=y

2-1. A1 ¢

Aol AL8E® A% 44'-isopropylidene dicyclohexanol (IPDH) (Aldrich 95 %),
2-(trifluoromethyl)benzenesulfonyl chloride (2-TBSC) (Aldrich 97 %),
3-(trifluoromethyl)benzenesulfony! chloride (3-TBSC) (Aldrich 95 %)= AA fle] At
23t &v)2 AL2$ pyridine (Junsei chemical, SFA )2 FYstd a2 AL
St AL tetrahydrofuran (THF)2 CaH:2Z F#/39 A&ttt @4ddoz A &%
tetramethylamonium hydroxide (TMAH) 238 wt% €92 C(Clariant Industries
(Korea) Ltd.olA] Fd3sted AL&3t9 3 poly(tert-butyl methacrylate) (PtBMA) My =
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21,500, Mw/My = 1.78)= WlAdA 2tz F3ste Ab&stnt

2-2. 3 FAA §A
2-2-1. 4-hydroxy-4'-(2-trifluoromethyl)benzenesulfonyloxy isopropylidene dicyclohexane (1)
100 ml A4+ 2 vtg E8239] IPDH (481 g, 0.02 mole)$} pyridine (32.00 ml,
040 mole)& ¥ 1 Wyt A|FIHA =20 § FLXE 0CZ YA Z7ith 0T o3tz ¥zt
o] §u ZgA=d 2-TBSC (3.10 ml, 0.02 mole)E AH7lst: 0CNA 2447 F9
g st A wEEAIZIG ghEo] EuUW A" dE& "EEY AAsS D IAAFEIZ 70
TolAMd Y F=sl9 HAgdS AASTT 100 ml €2EE 932 80 ml CHLLE 29
F&% F, 10 % G4 F894 100 mZ 49 AAM Fopsle HYPdIdE AASL. TF
F2 1M AL ¥, 10 % NaHCO; 892 ZF3gA71 wfALoZ 100 ml FHFE
Al FA7E B9 #7132 F4¢ MgSO:2 AZAZ gL MgS0s& AAdR, 7
4 FZ3dto] fulE £9 FH ethyl acetate : hexane = 2:1(v/v) EF &0& o] &3] A
g7 & A2 EIYHE 2Pt IAFLENAN 2412 Ax3e 34 £ P
2 AAHES AUt yield 30%; mp: 136C; IR (KBr, cm™"): 3359 (-OH), 2943 (-CHb),
1447 (-CF3), 1189 (-S02) 725 (-CsHs); 'H-NMR (CDCls, & ): 8.24-8.27 (d, 1H), 7.89
d, 1H), 7.75-7.77 (m, 2H), 455-459 (m, 1H), 351 (s, 2H), 1.03-2.05 (m, 18H),
0.68-0.75 (m, 6H); *F-NMR (CDCl; 8 ): -59.67; Found: C, 61.23; H, 769 S, 7.17.
Calc. for C»HuSOsFs: C, 61.11; H, 7.18; S, 7.41.

2-2-2. 44’'-di—(2-trifluoromethyl)benzenesulfonyloxy isopropylidene dicyclohexane (2)

100 ml &+ & 92 E82329 IPDH (481 g, 0.02 mole)$} pyridine (32.00 ml,
040 mole)& ¥ Wyt AF|HA =< H FL2E 0CE JZ4AIZIYh 0T o3z ¥4
o] FH ZEg2zd 2-TBSC (6.20 ml, 0.04 mole)E 733 0ColA 24X F<
gk StHA B AIZIT Whgo] EuA 99 FYE WMo FEdte 2 FRA 2
FelE AHES AU yield: 36%; mp: 118C; IR (KBr, cm™): 2950 (-CHs), 1443
(-CF3), 1184 (-S02) 695 (-CeHs); 'H-NMR (CDCl;, &) 825 (d, 2H), 7.89 (d, 2H),
7.73-775 (m, 4H), 458-460 (m, 2H), 1.02-2.09 (m, 18H), 066 (m, 6H); BF-NMR
(CDCls, 6): -60.00; Found: C, 5591; H, 5.85; S, 9.95. Calc. for CxHaS204Fs: C, 55.76;
H, 549; S, 10.26.

2-2-3. 4-hydroxy-4'-(3-triflucromethyl)benzenesulfonyloxy isopropylidene dicyclohexane (3)

100 ml &4+ < ule Zg23 IPDH (481 g, 0.02 mole)$} pyridine (32.00 ml,
040 mole)& ¥ 1 HHk AFIHEA %2 H F22E 0CE YA 0C olstz ¥zt
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o] §® Zgx=e) 3-TBSC (3.10 ml, 0.02 mole)E 783 0CAA 2487 T

StAAM AT wrgo] EUW 9o} U wog RBEsie 2 x| oﬂli
At yield: 26%; IR (KBr, cm '): 3420 (-OH), 2041 (-CHs), 1449 (-CF»),
1184 (-S0») 695 (-CeHs); '"H-NMR (CDCls, 8): 812-8.17 (d, 1H), 8.10 (d, 1H), 7.91
(d, 1H), 7.72 (d, 1H), 4.46-4.49 (m, 1H), 352 (s. 1H), 3.27 (s, 1H), 1.03-2.02 (m, 18H),
068 (m, 6H); F-NMR (CDCl; &) -62.65 Found: C, 61.12; H, 7.42; S, 7.27. Calc.
for CzHxSOsFs: C, 61.11; H, 7.18; S, 7.41.

o
2L
d
lo
o

2-2-4. 4,4'-di-(3-trifluoromethyl)benzenesulfonyloxy isopropylidene dicyclohexane (4)
100 ml 4+ <2 ug Eg2=o IPDH (481 g, 0.02 mole)9t pyridine (32.00 ml,
040 mole)& ¥ ek AIFIEA =1 H F22E 0CE YZ4AZIh 0T olst2 ¥z
o] HlH ZegtxAd 3-TBSC (6.20 ml, 0.04 mole)E FH7F8t32 0TCA 24417 &< 2
W tEA WESAIZITH Whgo] YW 9o} TUS WHoz REste @A AA gz
APES At yield 32%; IR (KBr, cm™'): 2946 (-CHs), 1437 (-CF3), 1184 (-SO»)
722 (-Ce¢Hs); '"H-NMR (CDCls, &): 8.16 (d, 2H), 809 (d, 2H), 7.89 (d, 2H), 7.71 (d,
2H), 4.46 (m, 2H), 0.89-2.03 (m, 18H), 0.65 (m, 6H); *F-NMR (CDCly 8): -63.96;
Found: C, 55.83; H, 5.65; S, 9.96. Calc. for CxHuS:04Fs: C, 55.76; H, 5.49; S, 10.26.

wOC%}va Q] @% O @
) CH3 !- " CH, J_
-Ofo-jQ ofofo-fq

(4)

Scheme 1. Structures of acid amplifiers.

2-3. B4 9y
'H-NMR$&} F-NMR spectrume JEOL JNM-ECP 400MHz (spectrophotometer)Z
A&t FA3H T, fvle CDCLE AF&3E4rth. FT-IR  spectrum< BOMEM
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MB-100 #3342 A3 %2 DSC/TGA thermograms =742 Perkin Elmer 7& A&
3 $24E 10 C/mine 2 N; 7]F3tollA =435 9. 5=4E FisherAle] model
IA-9100 §H5A71& ol&std FAsgon 1 g B flo| 715} AT 428
< Carlo ErbaAl 2@ CHNS/O 1108 94 ®A471E A3 helium 7] F 3ol A #43)
Aok 23 FZHE (F) E-H- CAFY SC-100& AHg3te wat 3”9 S 3193, 200 W
1YY £ BZ Karl suss MJB 3 =372 =38 Fon, 2y A+ Perkin
ElmerAt2] Lamda 40 UV/Vis spectrophotometer2 H % & ol &3t =334}

2-4. o] ANy @73

53¢ THF £vo] PtBMA Mw = 21500, Mw/Mn = 1.78)8 34 10 wt% &S
I 97l B4k FAAQ] DTSOTIY #A4% At F4A& Z+z PIBMA 49 5
£ AJMAA ¢443 =9 g, 29 FEZ (2500 rpmolA 7%, 1500 rpmel A 7
Z doisd ¥t (023 mo2 Ty 3tk A E dolnd IR wute] g3
FT-IR spectrophotometer& ©]&3] 110C, 120C, 130C Zzte 2E4A4 Al
o W& 54 v3a9 A3E SA3d AAsA

g
Mo SE,

Aot Z& whog FYsl 023 m FAY TEHYANAE YEL AL F 70TAA
20% F<t prebakeE 3t F SvlE AANAT 200 W 2} £ #Z o Karr
suss MJB 3 =#7]8 0|85 =3 F3 120CA 28 E9 bakeE 3t} 2.38

wt% TMAH €902 30x &< @43tz FFol 302 ¢ FAF 3 4NT ¥
b 40 T AFTLEANA AXHT A Fo FEsE w2 FAE Perkin ElmerAt
9] Lamda 40 UV/Vis spectrophotometer2 Zt%& ol 43t A atith. |

3. 4% 2 nF

3-1. 3= 44
EEHA2EE dolHd m¥T o Hts FA437] HA 7] A8 Lol F &3
ol ¢d¥ At Hojof &t E}E}i E 3 EARE A7) A TEYAZE
Ao A= & FHAE ETEHA 2 ool F& &S JhAck ¥ FA9®
FAHA 33 45 GAHFoloA %6“5‘“‘ AHE 5 AN & F44 13 28 #F
EHEE F718WME °]83td 3wt €4S UEO] &HES e &H3
T A% O FRALE JE F¥ 4, ¥F 52 ¥e F4E X2 H%Aq 1 2%

Jh‘io_rLé
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Mg AYgd BE F7lEvld & mof o] &
2 Bojo %2 ¥= EHHS dEIY 2
¥ EL, PGME 18]31 PGMEA® £& &34

& Table 1o YEFHRH. 1
At 28 95, Hgd, o
o XEGALES &2 F2 AR}
vetds 298 ¢ AN

do un

Table 1. Solubility properties of prepared acid amplifiers in a various kind of

solvents

AA
Solvent
Acetone
Benzene

Chloroform
Ethyl acetate
Ethyl ether
Ethanol
Hexane
Methylene chloride
Methanol
THF
Toluene
EL*
PGME®
PGMEAS®

O0|0|0|0|0|0> {00000 |O] =
Ol0IC|I0O|X|O| x| x> |O|O|0|O] »

? ethyl lactate
b propylene glycol monomethyl ether

¢ propylene glycol monomethyl ether acetate

3-2. & SHA 44 43

FET A FHA 3% 45 HAol FE AAYolmR DSC/TGA EA o4 84
AAE AHE F AT A FAA 13 28 AR FAL dFRME EAE 5l
27k 139C 28 119CHem 5% ¥4 A#E Fig. 19 Jeblddh 134 2 2%
=7] AAsEA 12 B37F dojun =7 ol wek FA 287t dejuEy
I RHXEE EWE 12 147CAA 12 B8/ dojun 28 125CAA 13 #3i7F o
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oy 19] €& A A o] %7 <
Baexrt 120C% w7l g 2 Ago
9] 32 AAHA

Weight % (%)

L UL SN S A N N LR B
0 100 200 300 400 500 600 700

Temperature (°C)

Fig. 1. TGA thermograms of acid amplifiers.

A& A71¢ PtBMA Filme] 93 43
QL m$ 83 9 TEHAAET PEB FAHNA
A =FHEG H=FE BE Fe o7 B dojym
=] F4d Ao ZEG2EV Astdh weA, i 54
Ag Liste ZEHALE ubuto °}7‘“§—°- ZA35t7] gt dEE ol =™
&t FT-IR spectrophotometerE ©o]&3&] 110T, 120C, 130C ZZte] %A A]7ho
0E 54 39 UsE FAstd ARG A SHAS Do st REajsid 1174
en'ol} sulfonic acid®] sulfonyl groupe MEZ ¢ W=7t AAEHAM 1139 cnle] A =4
H]J sulfonate esterell 1% sulfonyl group®] v o symmetric ME7}F #4284 9L B
2% v Qb md Aol s M4g® o] PR protecting groupd
tert-butyl groupg st wEIH B¢ FoIN 2970 cm oA UEeiyE=
tert-butyl group®l 574 I A7t A Ho AW BB FT 3 wkgo oF 3 7P
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v 2340 Aoz, AAHE Aol T #49 2o g o Axe 4] i
2 3 2 A9 sulfonyl groupdll 710§ 3A7t Fol=v RS 9]

ols] zA ) EH W= 611 on o) HAE JIFoR o] A FAAY I AL
ARt 18 5 wt% ¥33 PtBMA film2 110CoA 587 = AT w3k &
7b ol A3y 130T A e 18 olFoe 43 dEd/t I 3Fe Fig 2904

4 9tk 2 28 5 wi% £33 PBMA filme 10T 10274XE ol =&

A7 Qo] dHew AAFE Fig. 3225 H & & vk G GAR o}
hydroxy group®] sulfonate ester’]2] €74 Ao dFS wXND2Z 1S s
ol 28 EFds UERY 93 dAAMol "HojAe Aeg AU oHTd FAHL
37 49 A 9ox FHE&dv) Hydroxy groups 7H2 38 5 wt% ¥ 3% PtBMA filma
110CAA 3E7HA] ¢t ¢ 48 5 wtd EEE PtBMA filme 110CAAM 53714 +=
A 0 b glol kst 93 4Bl Fo $4EE Fig 49 Fig. 5275
& F JAD. ol AFAZRE 4 FAA 1, 2, 37 48 X Fs= PtBMA filme £
AT ALE3HE soft bake E PEB 259 A7t B¢toles 9 GAA ofF &
7t 8es 398 5 Usith

32
W orr oMz a2 ow

2

1.2
|4-110C ®120T -41307T

-

e
™

o
»

o
N

Normalized intensity at 1140 cm™’
o
(o]

1 3 5 10 20 40 60
Heating time/min

Fig. 2. Time course of the consumption of the sulfonyl group in PtBMA film
containing 5 wt% of 1 in the presence of 5 wt% DTSOTS at various

temperatures.
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Fig. 3. Time course of the consumption of the sulfonyl group in PtBMA film
containing 5 wt% of 2 in the presence of 5 wt% DTSOTS at various
temperatures.
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Fig. 4. Time course of the consumption of the sulfonyl group in PtBMA film
containing 5 wt% of 3 in the presence of 5 wt% DTSOTSf at various
temperatures.
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[-¢-110T M120C -A130%T

3 AR

0.2

Normalized intensity at 1140 cm™'

1 3 5 10 20 40 60
Heating time/min

Fig. 5. Time course 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.

3-4. = 54

EAEE HALENA ZrE A otd =FHo TEHANAEE 43| A
sted Hagh HAHe] wRFoz oA HE dolH Yo dgo
FAAE XY PIBMA UE9 AEE Y Fo HEIE “‘“‘-4 F71& Perkin
ElmerAt2] Lamda 40 UV/Vis spectrophotometer2 ZHd¥ & o 5
FAAE E38E PIBMA 989 A& A FAAE ASSA gL PtBMA %1 «]
Feo Histy Fig. 63 Fig. 791 Ytk b 244 18 5 wt% A& PtBMA
B9 HAEe A FAAE AHESHA & HE vlE 4Ry A TR0 ‘3—-10‘]‘;}0@
SHA 28 5 wt% AHEE A fole 158 BEe #x Fo dojgds £ 5 U
A ZFA A 38 5 wt% AMEF PtBMA ZE9 #AEE A FAAZ }%3}7‘] B
Hlg] oF 1.3 Axe] e FHo] dojyon A FAA 48 5 wtk AME3 A
de 2v Axe #AE FAo dodE B F Ut g, A FAAE HIHA 1
Aeo #xrt FAHE AL A 5 JAUT meta HAO EYEFLIZAEE
73 37 47} ortho X0 EREF2dYr|E 7FA 13 20 w8 of EA4HYE &
T AU ol¥ ZE FL FA FAANZEEH A Aol A FAAY sulfonate
groupS AAEu] BSjAIA T7}—‘i° o] AdEnE dojue HOFZ HIFHA 9]
¥ 28 hydroxy groupol $91E 29 47} hydroxy groupd &Zo] 7}A 13t 30] n)
8 ZE FR ZFHHoloN omoﬂ 219 stete 0ge 2 4 A9d ® 6y
E EYEFLEAYEVIE XN@FoZN AFu] BafAo AHHe Ao A=t AA 7

|

°l

M o o £Lopx pd oY o
dlt
K-
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Normalized film thickness

Fig.

Fig.

AAnEIE 2E 4 FAA) #Y 2L 59 AT

of ERYY Aoz d4ou oFd p2EUALETL FEAS 4 FHAE
F A9tk medl, 498 gE 349 2RE 7

| ~0-ptBMA W1 A2

14 42 70 112 168 224 280 336 448 504 532 560 672 784 840
Exposure Dose (mJ/cm?)

6. Photosensitivity curves of PtBMA film doped with 5 wt% of acid amplifiers in
the presence of 5 wt% DTSOTT as a photoacid generator. (film thickness: 0.23 (m)
1.2

—--ptBMA -3 A4
1

a

[+

f: 0.8

£

Eos

°

8

= 0.4

E

2
0.2

0 . X X X . .
14 42 70 112 168 224 280 336 448 504 532 560 672 784 840
Exposure Dose (mJ/cm?)
7. Photosensitivity curves of PtBMA film doped with 5 wt% of acid amplifiers in

the presence of 5 wt% DTSOTT as a photoacid generator. (film thickness: 0.23 /m)
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IAEE ¥EHA2ESY 7 FE& 93 4 FAHAAR AAnEIE Ze olAE=
dad A S ZEiE& 9 EdEFzdauAsELt A2HE =A
4-hydroxy-4'-(2-trifluoromethyl)benzenesulfonyloxy isopropylidene dicyclohexane (1),

o br

4,4’ -di-(2-triflucromethyl)benzenesulfo-nyloxy  isopropylidene  dicyclohexane (2),
4-hydroxy-4'-(3-trifluoromethyl)benzenesulfonyloxy isopropylidene dicyclohexane (3)
283 44" -di-(3-trifluoromethyDbenzenesulfonyloxy isopropylidene dicyclohexane (4)
£ #4383 'H-NMR, °F-NMR, FT-IR € 94ENog 1 72§ FJaurh 12
e AT BE K71 Evlo] & o} &aFo] AT 2& I, A, AG:
28 fujo) =2 = A4S JeEldY 28y E o IEYA2EY §uiE FF
A&3tE EL, PGME 123 PGMEAYl £& €34 vetds A3 + Uk 9
#He A FAAELS B AAY BT 12008 de €3 dAEE MRS
DSC/TGA thermograms® 2 #1& & Ui, HHE Slolso] ZHG gtete] €4
2tg4& FT-IR spectrophotometerE °]-&3 110T, 120T, 130T Zz#9] 2xoA A
ol M 54 ¥39 WsE FH3 AR 29 48 5 wtk I PBMA
filme 110CANE 5274XE A B 237 o] st 28y 13 32 5
wt% X33 PBMA filme 110CoA 3% o] Fd& g R/ dojyez 2, 49
HalMe G4 Aol EolFE ¢ & ATk vATeR FEE AHEY A S
A 174 3& 5 wt% AHE S PIBMA &9 #EE 4 FHAE AHSsA &L "
H 3 Fzre] A= FHo] dojgony A FAA 2, 48 5 wtX AT FHSde oF 24
Aro Ak FX o] dojde & F U

Z 3 &3

1) K. Kudo, K .Arimitsu, H. Ohmori, H. Ito, K. Ichimura, Chem Mater, 11, 2119
(1999).

2) S. WPark, K .Arimitsuy, S. G. Lee, K. Ichimura, Chem Lett, 1036 (2000).

3) W. S. Huang, R. Kwong, W. Moreau, Proc. SPIE, 3999, 591 (2000).

4) Y. T. Jeong, E. ], Lee, J. Y. Park, J. Kor. Soc Imaging Sci. Technol, 7, 110
(2001).

5) Y. T. Jeong, E. ], Lee, K. A. Kuen, J. Kor. Printing. Soc., 20, No.1, 91 (2002).

6) E. J. Lee, K. I. Hong, K. T. Lim, Y. S. Jeong, S. S. Hong, Y. T. Jeong, J. Kor.

- 32 -



ARnE7)E e 4 F449 $4 2 54 47

Chem. Soc, 46, 437 (2002).
7) J. Y. Park, E. J, Lee, S. S. Hong, K. T. Lim, Y. S. Jeong, Y. T. Jeong, J. Kor.

Soc. Imaging Sci. Technol, 8, 16 (2002).
8) K. A. Kuen, E. J, Lee, K. T. Lim, Y. S. Jeong, Y. T. Jeong, J. Kor. Printing

Soc., 20, No.2, 131 (2002).
9) K. Ichimura, The Chemical Record, 2, 46 (2002).

_33_



