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Abstract

An acid amplifier is defined as an acid-generating agent which is decomposed
autocatalytically to produce new strongly acidic molecules in a non-liner manner. The
addition of the acid amplifiers to conventional chemically amplified photoresists
consisting of photoacid generators and acid-sensitive polymers result in the
improvement of photosensitivity due to the amplified generation of catalytic acid
molecules as a result of the decomposition of acid amplifiers. We synthesized and
evaluated 1-hydroxy-4-tosyloxy cyclohexane(AA-1) and 1,4-ditosyloxy
cyclohexane(AA-2) as novel acid amplifiers. The acid amplifiers(AA-1, AA-2)
showed reasonable thermal stability for resist processing temperature. As estimated
by the sensitivity curve, tert-butyl methacrylate homopolymer(ptBMA) film doped
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with AA-1 or 2 exhibited much higher photosensitivity than ptBMA film without
AA-1 or 2. And AA-1 showed higher effect than AA-2 on enhancing
photosensitivity of ptBMA film.

1.A &

TEAA2E AR50 #§ sl Ao 9lojA 38EE(chemical amplification)
9 gL A 19803 ) o] IBM(San Jose) @740 =Y ol 1 35t g
% 49 U3ty APFHoz U AP/ APHo uHT TEHA2E As 2L F
A e & AHo] o]Fojz). EFEo|T FA /]9 FEog AYHE FAHF]
A3 e doA ARHOZ JAFLo HEFHoZ FEXHE YL wi
31t EY Y EFHA2EJAE FAF 2 A (photoacid generator: PAG)S} 4+ w84
(acid-labile) TEA E& 3gEo) Fadroz &P’ o H%3EY YA
2 E(chemically amplified photoresist: CAP)d] 2+ Z2] A(Acid Amplifier, AA)E H7}3
o2 g FAANY A 34Y FEYAN2EE AXT & APV A4 A 9
Hol Ato] Zunf 94&& 3o vl AFFH(non-linear) 2.2 AL AAHAZ £ Y& AL Pa=
u Se3EY IEHA2EN A FA(AA)E H7HSHE postexposurebake(PEB) &4t
AARRE E7HHQ Aol A4HAEE & 249 XedAzEs AT F 4 F
Y HAZES =379 PAGEFE AAE Aol AAE EdAIIE A Fu &g
3t AAZRE Alojo] Al(secondary acid)& A A7]1+ dark reaction®] PEBE <o) U
Aquez, 383 ZY HAN2Ed oA @A x=F e PAGERE AAHE A9
FHT B o B G o] i FAY HAXESY wFHAM APHEDZE JFgFE
g dA2EN BTG A 249 dA2EA ZE(sensitivity)7t ZREH Y, o5 @
AA7} ZtFojol & =W L A FAANgE FAA JHEAE ol thg A o] qlojok
3t FaAlole A4S OF APANZ F dojor gt

meta B AFdA e ol A FAAI ZFool & AL AFAIE M2
A FHAE ASEANYEE ol &8t FAT A FHeH o YolrtA A FAAE
AN Beg H7tetnr Azt

2.4 3

2-1. Ao 2 £4717]
Aol AHgE A2 14-cychlohexanediol® p-toluenesulfonyl chloride:= AldrichA}
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ANA Fds FA Qo] AHEIIAR, g7 € &9lE AE-¢ pyridine2 Junsei chemical
Abol A FdE a2 AFESE Y. DTSOT(diphenyl-4-thiophenoxyophenyl sulfonium
triflate)= (F)F3A 3oz Ry 7|7 wol t] o] 3o A glo] AH&3A .

'H-NMR spectrum< JEOL JNM-ECP 400MHzE A3t =A3gz, £ule
CDCLE AF&3t9t. €44 8AM 2 Carlo ErbaAl =9 CHNS/O 1108 ¥4 —‘?—ﬁﬂa A+-8-3t
o helium 7] F38tollA B34t 5532 FisherAt9] model 1A-9100 ¥ & A7 & o]
43t FAsHen 2 FLS BA glo] 71Es%T. FT-IR spectrum? BOMEM
MB-100 #3342 54393, DSC/TGA 74 Perkin Elmer 722 F3 vt 29
FEHE (F) E-H-CAY SC-100& AH&3to €t 3" S 393, 200W 93 &
WAxZ ol Karl suss MJB 3 =372 +=3& FQon, vt %4E Perkin ElmerAtel
Lamda 40 UV/Vis spectrophotometer® ZF4 ¥ & o] &3l =A3 Yt

2-2. & FHAAA)Y] §A
2-2-1. 1-Hydroxy-4-tosyloxy cyclohexane(AA-1)

250 ml three neck round bottom flaske®l] pyridine 80 mi¢} 1,4-cychlohexanediol(CHD) (5
g, 0043 moh& ¥ uwt AFIHA =2 H &2 bath& 0 T2 ¥ZA Y. 0T o]&
2 YZto] =W flaskoll p-toluenesulfonyl chloride(PTSC) (821 g, 0.043 mol)2 #H7}3}
30 ColA 24A13F 2t awrstd A wg A7 $hgeo] £4d 100 ml dSES B2
80 ml CH.CLZ 2% F&% H, 10 %g4d F89 100 mlZ2 3¥ HolA ol
pyridineS AAZG. FHFE 1H AL H, 10 % NaHCO3 #8402 F3A|7]1 vlA
Fo2 100 ml FFTFE Aojddh. TLCRE pyridineo] Fold&AE #Qldtn ol

§ o] AL NEIG. FAV Ed K715 S T4 MgSOE AXAY B filter2
MgSO0:& AAs R, 2% 5589 &ul& £ 9 ethyl acetate : hexane 2 : 1) T
|ulE ol&3 4d7td & ZZuEad Iz B AFLEANA 24X A=x3}
o A 2 FuE APES AU (& 43 %)

mp: 148 C

IR(KBr, cm™) @ 3500 (O-H), 2900 (C-H), 1344, 1170 (S=0)

'H-NMR( 8, ppm, solvent : CDCl) : 1.50-2.00 (m, 8H), 2.44 (s, 3H), 3.70-3.74 (m, 1H),
453-456(br s, 1H) 458-4.62 (m, 1H), 7.26-7.30 (d, 2H), 7.67-7.81 (d, 2H)

Elemental analysis
Calculated C: 57.76 %, H: 6.71 %, S: 11.86 %
Found C: 5792 %, H: 668 %, S: 11.26 %
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0 =
HO oH + cl—& CH
O C|§‘<\:}‘ 3

Scheme 1. Preparation of 1-hydroxy-4-tosyloxy cyclohexane. (AA-1)

2-2-2. 1,4-Ditosyloxy cyclohexane(AA-2)

250 ml three neck round bottom flaskel pyridine 80 ml®} CHD (5 g, 0.043 mol)&
Y31 gk AFIAA %2 H 32 bathE 0 T2 FZAT 0C o= Yzto] W
flaskel] PTSC (1642 g, 0.086 moD& H7}3ti 0 TollA 48412t B2t ank a4dA wkg
Al §Ego] EYHE 100 ml €8S ¥ 80 ml CHXCLE 29¥ 323 H, 10 %g4
49 100 mZ 30 HojA FolAE pyridined AAZT) ZHFZ 1W 4L FH, 10
% NaHCOs 8902 FHA7|2 vAgoz 100 ml 2542 Aojdtl. TLCE
pyridineo] WolAE=AE FA L HoldS A9 o] AAL wBIY FAM B 7]
28 B4 MgSO.2 ARA7 9L filter2 MgSOﬁ: AAs, AL FFsd L2
Z¢ # ethyl acetate : hexane (2 : 1) £E &0 & o] &3] )—23]?}7‘ # A=vEOHY
2 B3, AFLEAA 24X Axse A4 2% Fygz YA ES U F
2 50 %)

ru{o

mp: 153 C

IR(KBr, cm™) : 2957 (C-H), 1369, 1180 (S=0)

'H-NMR(S, ppm, solvent : CDCL) : 158-1.90 (m, 8H), 240 (s, 6H), 451-458 (m,
2H), 7.22-7.25(d, 4H) 7.75-7.81 (d, 4H)

Elemental analysis

Calculated C: 56.58 %, H: 5.70 %, S: 15.10 %
Found C: 56.85 %, H: 568 %, S: 1464 %
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HOOOH + 20—§—<\}CH3
S g vy

Scheme 2. Preparation of 1,4-ditosyloxy cyclohexane. (AA-2)

=0

O—cn

3.47 2 &

3-1. 3= A3

YEHALEE waferd] ZHE o b 437 3 29T SALEHZ A8
o wEgA gx F3A ARE QA7) 93 TEHAZEC HiFARE &4 FHA =@
EIEHA2E Lo A S E 7HAok vk A FAARZ T AA-1, AA-2 ZF
Zte] BERAES RV 8vE o838 3 wik £4E& TEY LS AP}y 44
3 55 AF O FEHLE = A% 4, A3 %3] g A4E X2 ¥ 2
A= Table 191 A 3R

AA-1& hexane¥ ethyl lactateg A3 djF-&9 {7]&vjo] Zof APz &34
o] Ft}. A2t AA-2& tiF-E9 F7] &uld st AA-17 v]&d &3S e
Y YEHAAEH AlEEE £u)9) PGMEY ELo W3k &34& AA-19] nl@3sle 9
AL E & 4

3-2. & FAAAA)Y 873 34

A FH A AA-17 AA-2 B AAY =3I BEH2%E Figure 13} Figure 29
Uetdigitt. o]AEL  differential scanning calorimetry (DSC)9} thermogravimetric
analysis (TGA)E ©o|&3t9 247} &A 39t 29 17 228 AA-17 AA-2: S+
SAle] 27t dojd e ¢ 4 en AA-1& BT 150 Toli AA-25 B3
=7F 152 T2 2 H£3 43 ¢FAHE Jepig & 44U AA-1F AA-2& BF
2571 150 TE 7] W& EF HAZE ZZAH2ME ofF EAIglo]l A&
F AL AEY F3A AAHS /MAE g9 + AU
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Table 1. Solubility properties of prepared acid amplifiers in a various kind of solvents

solvent AA-1 AA-2
hexane X X
ethyl acetate O O
chloroform O O
benzene A O
toluene JAN A
ethyl ether O A
methylene chloride O O
THF O O
methanol O X
ethanol O A
acetone O O
PGME? A X
PGMEA® A A
EL’ X X
® propylene glycol monomethyl ether,
b propylene glycol monomethyl ether acetate
¢ ethyl lactate
100.02: 2 41,32
N .
AN e 0
N S »
Y 80y 1] \\ 10
3 N . |
S el i \ o ®
2 i \ 0 =
LS § \\ ~3() -%
g 40 t \ a0 =
[ § \ -50
5 j . 60
= ’ T — N“\"""‘w«_ __________________ _—70
8‘45911.'17 150 250 350 150 550 a0 T8

Temperature (T )

Fig. 1. DSC/TGA thermograms of AA-1.
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Fig. 2. DSC/TGA thermograms of AA-2.

3-3. AA-17 2& 719 ptBMA Filme] €3 43

TEHA2E g d AdAFHL ve Fodd T dHez ELAHA
PEB %% =359 Hx=35 25 g 4 37t dojvez =3 F7E 4
g 4 9L B ol patternd ZEZ2EJF AT A 44 EF A &
el AAFAHL oA dFHoY ug FE &M A FAAY 3 AHAANS
ZA37] HAsted AEE dolHed A FAAE Xgsle LEHAZEE A
g3 A& AHRgtt. F7¢ THF €99 ptBMAMn = 8500, Mw/Mn = 1.87)
& %o 10 wt% €94 9E 7)o F AL APAQ] DTSOTES} 4 F4AE 2+
Z} ptBMA 49 5 wt%E H7FAA &3] 52 g 2W AE 2Z(2000 rpmell A
3s, 1500 rpmolA] 3s) silicon wafero]l 2204 ~ 05 m)eE FYF ), Silicon
waferd]l Z¥Y3k wtate] A3 ¢HAH AL FT-IR spectrophotometerZ o] 83 100 T,
110 T, 120 T ZZ9 2xoA A|zte] @& 54 peak® WIHE FAst AA3
Aok A FHAS Qe ostd EsistH 1174 cn ')A sulfonic acid®] sulfonyl
group®] MZ& peak’t AAHH WA 1140 cm'e] Ak FA A9 sulfonate esterdl 3
+ sulfonyl group® v symmetric WE7L 7ZHAsHA @ £33 AR o3
/‘3*;]%1 acid7} 8219 protecting group$! tert butyl7]| & E3]3l= v RS 3 &

< o2 X 2970 cn A JEUE tert butyl?]©] 54 peak’t E1SA |tk
7‘]"‘L H B &3 gkgo] 93 peak A 2334 Aoz MAHE o] F9 &79
2do 93] o= Ax &40 gAEHER A F2 A9 sulfonyl groupdl 71¢1%
A7} FoluEe AL 0] 83+ silicon wafer A EA WM=29l 611 cm o]

o

rE
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AE 7|22 st9 A4 F4Ad 43 AP E AAAATG. AA-17H AA-2E 5
wt% X33 ptBMA filme 100 CelAe EF AT 110 TAA AA-1&
S50E7HA AA-2& 3027MA A/ AIL, 120 TAA AA-1& 108712 AA-2= 20
27hA = 287t glol €3 ez <¢AFFE Figure 37 Figure 4258 & 5 Qi)
olzig AAZRE 4 FAA AA-17 AA-28 XE3E ptBMA filme o] 2 Ed
A +3 3t soft bake £ PEB 2T A€ olF AV 242 ¢ F At

3-4. = 54

EAYE HAZENA ZEes @ 93 =FH PRe] €43 AAHEY
Yo% HAYY =PFoz AHoH ptBMA EEQ ZEE ZASE Aurxyql
e S 2. F7F3% THF £ ptBMAE 3o 10 wt% €948 wED
g7l B ALAAA DTSOTIE 5 wtxd FATH A ZAAE Z+2z ptBMA %
9 2 wt%, 5 wt%E FHJIAA &A3] % g 2W FEH (2000 rpmol A 3s,
1500 rpmol A 3s) A&l & dol5 9ol 04 ~ 05 me] o= IYS F 100 T
o4 20 minE <t soft bakeE 3k 200W nY¢H F& W= Karr suss MJB
3 =378 o839 =B F3, 120 ColA 2 min F<¢ PEB 3t4th. 2.38 wt%
tetramethylamonium hydroxide(TMAH) +&§922 30 s ¢ d48xn FFHF5
50 s T FAHT F 24A 7 T2 40 T AT ENA AzxsAY. A4 Fo BE
3= utgte] F7E Perkin ElmerAle] Lamda 40 UV/Vis spectrophotometer 2 ZF
AL o83ty ZFA34Ad. Figure 59 Figure 6 AA9 &%& vz 3
ptBMA #&9 #E FAL Ve z v} Figure 594 AA-1S A7eA] &
= g v AA-1& 5 wt% H7FAZ ptBMA BEQ =7 o 20 A 27}
S ¥ 7 %I Figure 694 & AA-25 HJISIA & g v3) AA-22 5
wt% H7HAZ ptBMA 2 E9 ZAExr 130AE F7198 2 4 U} gl AA
g ANMNIE Aol #E FA &7 YT AA-19] AA-20] B3] FEZA o)
o EFAAHAE A 5 AU
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[~e=100C -m-110C -e—120 €]

Normalized intensity of 1140 cm '
(=]
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Fig. 3. Time course of the consumption of the sulfonyl group of ptBMA film containing
5wt% of AA-1 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 of ptBMA film containing
5wt% of AA-2 in the presence of 5 wt% DTSOTS at various temperatures.
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Fig. 5. Photosensitivity curves of ptBMA film doped with different amounts of
AA-1 in the presence of 5 wt% DTSOTf as a photoacid generator.(film
thickness: 0.4 um)

11 L [~ 0wt% W 2wi% & 5w

NQrmaIized film thickness

0 100 200 300 400 500 600 700 800
Exposure dose (mJjcm?)

Fig. 6. Photosensitivity curves of ptBMA film doped with different amounts of
AA-2 in the presence of 5 wt% DTSOTf as a photoacid generator.(ﬁylm
thickness: 0.4 (m)
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4. 4 &

2z §42 993 CAPsol AAE FA7IANJ)E 2 349 XEHAZE A2do] =4
. B dFAaE o8] § A $4 A2 14-cychlohexanediol®] p-toluenesulfonyl chloride ol
2" 23} ¥8A1A 1-hydroxy-4-tosyloxy cyclohexane (AA-1)3 14-ditosyloxy cyclohexane
(AA-2)E 77t §433 FT-IR, 'H-NMR 2 948402 1 728 APk 24 F44
Z T AA-1, AA-2 Z4Zte] ERAEY 4848 AuRY, AA-12 hexaned} ethyl lactate
E AP dRE #7180 o} dAHez Aol Fot AT AA-2¢ HFEY
7] £uflo] that] AA-13 vl S84S ey ZEHAZE AMEHE &9 PGME
v} ELo] dig &84S AA-19] vlmde] "o|Fd & B 4 Utk ¥, DSC/TGA thermograms
o2 AA AA9 93 HAE AMEY A4 FAAAL AA-1F AA-2= BF EH2ET} 10
TE 97 giol EF HAAE Z2A2ME o}F Eallol AHEE + Y& Fx9 €3
9 HAAFL YL BAF 4 YA Silicon waferd]l ZEF dwete] A HPYAHLS FT-IR
spectrophotometer® ©]43] 100 C, 110 T, 120 T ztzte] £xo)A AZto] W& EA peak
9 W3lE Z2Aso AARFNAY. AA-17 AA-2E 5 wit% ¥E§E ptBMA filme 110 TellA
PEAAE 237 glo] dHo TS AT F AU

oz ZEE AWEW AA-1& F7ER & "EA Hd AA-1€ 5 wt% I
ptBMA €89 Z=7}t ¢ 29AE 713 AA-28 A7ISHA & g B3] AA-2& 5 wik
H71A 7 ptBMA ZE9 #A=7 L3MAE F7HE S ¢ F AUtk A AAE H7MAFIE Rl
A= FA Z371 I3 AA-10] AA-29) Hls} ZEFFC Fo ARAAS & T AU
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