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� �. �� ��� ���� �� tert-butyl methacrylate(tBMA)� � �� ��� �� 4-hydroxy-4’-p-

styrenesulfonyloxyisopropylidene dicyclohexane(HSI)� 4-p-styrenesulfonyloxy-4'-tosyloxyisopropylidene dicyclohexan

(STI)� � �  ! �" #� �$%&� '() "*+ ���, -./012( %345�. ���, �$%&6

Poly(HSI-co-tBMA) film� Poly(STI-co-tBMA) film7 �8 �9 :�� /012 �
 ;<� �4= >*� ?@

A
3� BCDE�. Poly(STI-co-tBMA) film8 �<� tBMA homopolymer� F�4= 2G 
< �HIE0J,

Poly(HSI-co-tBMA) film7 KLM 2G 
< �<N O4I� P�� BCDE�. "*+� <Q� RS� ��� �

�� �� TU8 VW� XY Z�< �H [�N �\] BC^� _645�. 

���: -./012, "*+, � ��`, ?@ A
3, Z�<

ABSTRACT. Acid amplifying copolymers are synthesized by the copolymerization of tert-butyl methacrylate(tB

with acid-sensitive functional group and 4-hydroxy-4’-p-styrenesufonyloxyisopropylidene dicyclohexane(HSI) o

styrenesulfonyloxy-4'-tosyloxyisopropylidenedicyclohexane(STI) with acid-amplifying group as novel polymeric

amplifying photoresists. Poly(HSI-co-tBMA) film and Poly(STI-co-tBMA) film as acid amplifying photoresists show

reasonable thermal stability in the absence of an acid species. Poly(STI-co-tBMA) film exhibits 2X higher photo-

sensitivity, whereas Poly(HSI-co-tBMA) film show 2X lower photosensitivity compared with ptBMA homopolymer. Th

attachment of acid-amplifying units to polymer backbones could provide a novel way to enhance the photosens

acid-sensitive polymers depending on the structure of acid-amplifying units.
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r � ��`8 R¨3� ©`:}� lR [�@6 ª

«¬� ­A4] IE�. RS� ®�� ¯34� �

N0 °�� ª«7 � ��` ��� �� VW� "

*+ ±²� ��P%x( e� �� lR�. XYr

� ���(acid-amplifying group)� �� ��� ��

�(acid-sensitive group)� � �  ! �" #� �$

%&� `W45", R� "*+ ³´� ��P%� µ

4= P%I� #� � ��` VWN Z�< �H�

BCD� [�� _64"+ 45�. ¶ ·V�r� R

S� ̧ ¹� º»4= �� ��� ���� �� tBMA

� � �� ��� �� HSI� STI� �$% 4= '

() "*+ ���, -./012� `W45x¼,

RS� -./012N Z� �j` ½9 4�r BC

D� Z�< �H [�� W³4"+ 45�.

� �

�� � ����

%3� ³�y :¾ HSI� STI� ¢¿� XY %3

45�.5 $% b:`6 2,2-azobisisobutyronitrile(AIBN)

� tert-butyl methacrylate(tBMA)� Junsei Chemical³

�r VQ4= AIBN7 ÀÁ�� 9P
4= ³�45

", tBMA� ÂÃ4� m, ÄÅ� µ�:Æ $%�0`

� `»:Ç �È ³�45�. �e( ³��

tetrahydrofuran(THF)7 CaH2( �É4= ³�45"

DTSOTf(diphenyl-4-thiophenoxyphenyl sulfonium triflate)�

(±)�ÊË���x(�� �� ÌÍ Î R	8 
` ÏR

³�45�.  	Ðx( ³�� 2.38wt% tetramethylamonium

hydroxide(TMAH) 
�Ð7 Clariant Industries(Korea)

Ltd. ³�r VQ4= ³�45�. Poly(tert-butyl

methacrylate) (ptBMA) (Mw=2.15Ñ104, Mw/Mn=1.78)

� ÒÓ�r Y�Ô $%4= ³�45�. 1H-NMR

spectrum7 JEOL JNM-ECP 400 MHz spectrophotometer

� ³�4= ¹
45", �e� CDCl3� ³�45�.

FT-IR spectrum7 BOMEM MB-100 *ZÕ( ¹
4

5", DSC/TGA ¹
7 Perkin Elmer 7� ³�4= Ö

; §< 10 oC/minx( N2 �É 4�r ¹
45�.

THF� ×6 "*+8 *+Ø7 polystyrene� �Ùx

( � calibration curve� R�4= GPC(Waters Alliance

2690)ª«x( ¹
45�. Ú�*Ë7 CE EA-1110 Ú

�*Ë�� ³�4= "Û<8 ÜÝ� �� �É 4�

r *Ë45�. 1Þ o� SC-100� ³�4= ßà o

p� 45" 200 W "á¡ 
7 â�8 Karl suss MJB

3 ãZ�� ³�45", ßà ä!� Perkin Elmer³8

Lamda 40 UV/Vis spectrophotometer( åæ«� R�

4= ¹
45�.

��� 	
�� 
������ ��

Poly(HSI5-co-tBMA 95)(P-1). HSI(0.20 g, 0.50 mmol)

� tBMA(1.35 g, 0.95 mmol)� �Éy THF(10.5 ml)

� ×6 ç 10 wt%8 AIBN(0.15 g)� �N4= è�

�É 4�r 70 oC( 24:å ¨A �~4�r $%�

�. $%R éê ë THF� �N:Æ ìË:}" �É


/methanol(1:10 v/v) í%�e� îm:Ç�. =��

"*+� H�Kï�r 	;x( 24:å ðW� ë ä

ñ Î îm:Æ 79% 
ò8 óô *õ� ¤E�. (Mw =

1.90Ñ104, Mw/Mn=2.22).
1H-NMR(CDCl3, δ, ppm): 7.75(d, 2H), 7.26(d, 2H),

5.57(m, 2H), 4.05(m, 2H), 3.52(m, 1H), 1.02-2.06(m

37H). IR(KBr, ν, cm−1): 3540(-OH), 2979(-CH3), 1723

(C=O), 1139(-SO2); Found: C, 66.54; H, 9.75; S, 0.41

Poly(HSI10-co-tBMA 90)(P-2). HSI(0.40 g, 1.00 mmol)

� tBMA(1.28 g, 9.00 mmol)� ¥� ö7 ª«x( Y

�Ô $%4= 80% 
ò8 óô *õ� ¤E�. (Mw =

1.25Ñ104, Mw/Mn=2.00).
1H-NMR(CDCl3, δ, ppm): 7.74(d, 2H), 7.26(d, 2H),

5.57(m, 2H), 4.03(m, 2H), 3.52(m, 1H), 0.72-1.98(m

37H). IR(KBr, ν, cm−1): 3539(-OH), 2976(-CH3), 1722

(C=O), 1138(-SO2); Found: C, 66.68; H, 9.81; S, 0.85

Poly(STI5-co-tBMA 95)(P-3). STI(0.28 g, 0.50 mmol)

� tBMA(1.35 g, 0.95 mmol)� ¥� ö7 ª«x( Â

Ã4= 88% 
ò8 óô *õ� ¤E�. (Mw=2.10Ñ

104, Mw/Mn=2.49).
1H-NMR(CDCl3, δ, ppm): 7.77-7.79(d, 4H), 7.26-

7.33(d, 4H), 4.33(m, 1H), 3.74(m, 1H), 2.44(s, 3H

0.63-1.81(m, 41H). IR(KBr, ν, cm−1): 2978(-CH3), 1722

(C=O), 1138(-SO2); Found: C, 66.12; H, 9.45; S, 1.26

Poly(STI10-co-tBMA 90)(P-4). STI(0.57 g, 1.00 mmol)

� tBMA(1.28 g, 9.00 mmol)� ¥� ö7 ª«x( $

%4= 82% 
ò8 óô *õ� ¤E�. (Mw=1.35Ñ
Journal of the Korean Chemical Society



���� � ���� ��� ��� ��� !"# �$ 41

-

104, Mw/Mn=2.14).
1H-NMR(CDCl3, δ, ppm): 7.77-7.79(d, 4H), 7.25-

7.33(d, 4H), 4.31(m, 1H), 3.75(m, 1H), 2.44(s, 3H),

0.63-1.81(m, 41H). IR(KBr, ν, cm−1): 2978(-CH3), 1722

(C=O), 1139(-SO2); Found: C, 66.03; H, 9.30; S, 2.12.

����� � ��� ��

�É� THF �e� %3� "*+ ���, -./

012� ×= 10 wt% �Ð� J÷" =�� Z� �

j`6 DTSOTf� 5 wt% �N:Æ ømL ×6 �È

1Þ o�((2500 rpm�r 7d, 1500 rpm�r 7d) Â

�ùúRû� ßà(0.23µm)x( op��. ßà8 ?

@ A
37 FT-IR spectrophotometer� R�� 100oC,

110oC, 120oC üü8 ;<�r :å� Xý þ3 ÿ

�8 |�� ¹
4= P
45�.

�� ��

¥� ö7 ª«x( op4= 0.23µm ä!8 -.

/012 ��� ¤7 ç 70oC�r 20* ¨A prebake

� 4= ^7 �e� `»45�. 200 W "á¡ 
7

â�8 Karr suss MJB-3 ãZ�� R�4= ãZ� ±

", ? ~�� {H:}� ¥� 120oC�r 2* ¨A

post-exposure bake(PEB)� ��. PEBç 2.38 wt% TMAH


�Ðx( 30d ̈ A  	4" �É
� 30d ̈ A 


�45�. ðW ç� �½4� ßà8 ä!� ¹
4=

�<� P
45�.

�� � ��

 !�"� ��

� ��, -./012� �< �	� ®@x( �

� �a, -./012� O*+, � ��`� �N

��. � ��, /0128 ãZ�8 Z� �j`(�

� j3y �R � ��`� *�:}� � {e �k

� 4= � ��`(�� `R8 �(secondary acid)6

���� j3:Æ �<� �H:Ç�.1 Rm ·V�r

%3� O*+, � ��` HIS� STI� �8 �9:

>*� ?@6 A
3� Nè �J Í�Y Z�< �H

� [�N #È� _645�.4-5 ¶ ·V�r� � �

� ��� �� TU� "*+ &6� ��P%x( e

¯�� � Z�< �H� [�N #�0 	
�� ¥�,

� ���� �� ��� ���� � �  ! �" #

� �$%&� '() "*+ ���, -./012

( `W45�. RS� ���, �$%&6 Poly(HIS-

co-tBMA)� Poly(STI-co-tBMA)� � �� ��� �

� HIS, STI� �� ��� ���� �" #� tBMA

� üü Y�Ô $%4= ¤E�(Scheme 1). %3� �

$%&� 1H-NMR� FT-IR spectra� R�4= T V

W� _645�. 1H-NMR 1�2Å8 5.40~6.80 ppm

���r BCB� 
Ø&8 F� 
�8 ÿ�N ³Y

�x¼, IR 1�2Å�r tBMA8 �\���� �6

� �
��N 1722 cm−1�r, HIS n� STI8 sulfonate

group� 8� �
��N 1140 cm−1�r BCB� l

x( �Í �$%&N ¤��È� _6k 
 #E�.

��� ��� BCD� 
Ø&(HIS, STI)8  Ø [�

� 	
�� ¥4= �$%&8 W3� |�:Æ %3

Scheme 1. Synthesis of polymeric acid amplifying photore
sists.
2004, Vol. 48, No. 1
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p

45�. Table 1� monomer molar feed ratio� F�4

= ¤�H �$%&8 W3� *+Ø, *�<, ×�£

� BCDE�. ��� ��� �� 
Ø&6 HIS�

STI8  Ø7 �$% :� ��Ù ��� ¤�H �$

%&�r �] BC^� _6k 
 #E�. n� ?*

Ë P�(�� �� �$%&8 ?*� ;<N 150oC

� �� �¢� ¶ ÂÃ�r ³�4� �
�r� Í�

¢`N Ï� J�8 ?@6 A
3� N�� _6k 


#E�. �� �$%&� ó *õ ,�( ¤����

��� `�� ��*8 �� �e�   ×� 3è�

BCDE�.

	 
��  !�" #$� �% �&

���, �$%&� -./012( ³�4� ¥�

r� PEB �
 ¨A� >*L ?@x( A
�! �

�. ���, �$%& ��8 ?@ A
3� ¹
4�

¥4= Â�ùúRû� op� 4= FT-IR spectrophotometer

� R�� 100oC, 110oC, 120oC üü8 ;<�r :

å� Xý þ3 ÿ�8 |�� ¹
4= P
45�.

����N ?� 84= *�4� 1140 cm−18 � �

��8 sulfonate ester� #� sulfonyl group8 νs=o

symmetric ��N ��4� l� Fig. 1� BCDE�.

n� ?*�� 84= j3y �R "*+8 protecting

group6 tert-butyl group� *�4� F�Ê� ~��

 x(" 2973 cm−1�r BCB� tert-butyl group8

þ3 ÿ�N #�÷] y�. 40J RS� F�Ê�

~�� 8� ÿ� ��� 2$@6 lx(, j3y �R

±¥ %�8 Kz� 84= �& 
<8 'ÂR ¸	I

(( ����8 1140 cm−18 sulfonyl group� �6�

ÿ�(Fig. 18 A)N #���  	� R�4= Â�ù

úRû +&8 þ3 ��6 611 cm−18 ÿ�(Fig. 18

B)� �Ùx( 4= ?@ A
3� P
45�. Poly(HSI-

co-tBMA) ��� Poly(STI-co-tBMA) ��8 ?@ A


37 Fig. 2� Fig. 3� BCDE�. Poly(HSI-co-

tBMA) �� � Poly(STI-co-tBMA) ��7 120oC�r

5*�0� �0k J� *�N ÏR A
4= ¶ ·V

�r ³�4� prebake n� PEB ;<� :å ¨A8

?@ A
3�� Í� ¢`N ÏÈ� _6k 
 #E�.

�� '�

-0�) /012�r �<�  	� 84= ãZ

�8 -./012� ømL `»4�� �t� *�

Table 1. Composition of acid amplifying copolymers

Copolymers
Monomer molar feed ratio Compositiona

Mw
b Mw /Mn

b Tm
HSI STI tBMA HSI STI tBMA

P-1 5 - 95 2 - 98 19000 2.22 160oC
P-2 10 - 90 4 - 96 12600 2.00 150oC
P-3 - 5 95 - 3 97 21000 2.49 153oC
P-4 - 5 90 - 5 95 13500 2.15 154oC

aDetermined from elemental analysis
bDetermined from GPC

Fig. 1. FT-IR spectra of P-4 film in the presence of 5 wt%
DTSOTf stored for (a) 0, (b) 5 and (c) 20 min at 110oC.

Fig. 2. Time course of the consumption of the sulfonyl grou
of Poly(HSI-co-tBMA) film in the presence of 5 wt% DTSOTf
at various temperatures.
Journal of the Korean Chemical Society
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id
e

in
Ø8 ãZØx( 
8y�. ���, �$%&8 ��

� Â�ùúRû� 1Þ op� ç, 70oC�r 20* ¨

A prebake� 4= ^7 �e� `»45�. 200 W "

á¡ 
7 â�8 Karr suss MJB-3 ãZ�� R�4=

ãZ� ±", ? ~�� {H:}� ¥� 120oC�r 2

* ¨A PEB� 45�. PEBç 2.38 wt% TMAH 
�

Ðx( 30d ¨A  	4" �É
� 30d ¨A 
�

45�.  	 ç� �½4� ßà8 ä!� ¹
4=

�<� P
45�.

"*+ ���, -./0126 Poly(HSI-co-tBMA)

��8 �<� ��� ��R Ï� ptBMA ��8 �

<� F�4= Fig. 4� BCDE�. Fig. 4� ��, ¸

	�� �\] Poly(HSI-co-tBMA) ��8 �<�

ptBMA ���� +�0¼, ��� ��� �� 
Ø

&(HSI)8  ØR �Nk
, KLM �<N Î +�

0� l� _6k 
 #E�. O*+, � ��`�r

¤�H P�� X\� HSI8  ØR �N4� --.

R2 �1�\�8  ØR �N4= �<N �HI�

! ��. TSB Poly(STI-co-tBMA) ���� �\]

Poly(HSI-co-tBMA) ���r� --.R2 �1�\

�N � {e� 84= *�N ��B0 /È� IR

spectrophotometer� R�4= _6k 
 #E�(Fig.

5) Rl7 Poly(HSI-co-tBMA) �$%& VW�r --

.R2 �1�\�N "*+8 pendent�8 D�� 0

� #�r �8 �ºR �1� �¢x( 2
y�. T

S(( Poly(HSI-co-tBMA) ��8 � *� ~�7

1R Í�Y 28 �(( ��B� lx( ̧ 	y�(Scheme

2). R� ö7 ·�( Poly(HSI-co-tBMA)� � �� �

�� BC3 
 Ïx¼, *�40 /" ^Í#� HSI


¥&N z�3 
�Ð� ��©``( ��4=

Fig. 3. Time course of the consumption of the sulfonyl group
of Poly(STI-co-tBMA) film in the presence of 5 wt% DTSOTf
at various temperatures.

Fig. 4. Photosensitivity curves of Poly(HSI-co-tBMA) film
in the presence of 5 wt% DTSOTf as a photoacid generator
(film thickness: 0.23µm).

Fig. 5. The consumption of the sulfonate group of ac
amplifying copolymer films after various dose of exposur
and PEB at 110oC for 2 min in the presence of 5 wt%
DTSOTf.

Scheme 2. Proposed path of Acid catalyzed reaction 
Poly(HSI-co-tBMA) film.
2004, Vol. 48, No. 1
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.

J.
ptBMA ��8 �<�� Î �] BCB� lx( 4


y�. Fig. 6� BC5 Poly(STI-co-tBMA) ��8 �

<� ��, ��� ��R Ï� ptBMA ��8 �<�

� �H67 78, ��� ��� �� 
Ø&(STI)8

 ØR 9�
, �< �H� [�@¬� _6k 
 #

E�. R� :�r _6� ;� öR "*+8 pendent

�8 D�� #� --.R2 �1�\�� *�N �

�B� �10J õ
� #� --.R2 �1�\�

� <] �8 ��� 84= *�N ��B j3y

p-������� 84= �< �HR ��B� lx(

4
y�. R� P�� ;=x( Poly(STI-co-tBMA)8

��� À��>� Scheme 3� BCDE�.

� �

'() "*+ ���, -./012( �� ��

� ���� �� tBMA� ��� ��� �� HSI�

STI� �$% 4= `W45�. R?] %3� ���

, �$%&÷7 �ä 7è +&8 *�;<N 150oC

� �� �¢� ¶ ÂÃ�r ³�4� �
�r� Í�

¢`N Ï� J�8 ?@6 A
3� N�� DSC/TGA

thermogramsx( _6k 
 #E", Â�ùúRû� o

p� Poly(HSI-co-tBMA)� Poly(STI-co-tBMA) ��

8 ?@ A
37 �ä 120oC�r 5* �0� �0k

J� *�N ÏR A
 � @ 
 #E�. A0àx(

�<� 	
��, Poly(HSI-co-tBMA) ��7 ���

��R Ï� ptBMA ��� F�4= �<N 2G 
<

��4� P�� BCDEx¼ n� HSI 
Ø&8  

ØR �N � XY �<N Î �� � B 
 #E�.

R�� ¯� Poly(STI-co-tBMA) ��8 �<� ��,

ptBMA ��8 �<�� �H67 78 STI 
Ø&8

 ØR �Nk
, �< �HR �N4� l� @ 


#E�. R P�� "*+8 � �� ��� �� --

.R2 �1�\�N pendent�8 D�� #� �f�

� �8 �ºR �MC *�N ��B� �10J õ


� #� �f�� *�N <] ��B, *�� 84=

j3y p-������� 84= �< �HR ��B

� lx( jü��. t¾4� "*+� <Q� ���

��� �� TU8 VW� XY O*+, � ��`�

ADN0( �< �H [�� ¤� 
 #È� _645�.

:x( "*+ ���, -./0128 W3� *

@�4" hi ,	 n� �	¡E� ö7 -./01

2 3�� F� ·V� 
G4"+ ��.

R H¢7 2001�I< ������m��8 0Ú�

84= ·VIEx¼ R� �³�J��.
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Scheme 3. Proposed acid amplification mechanism of Poly
(STI-co-tBMA) film.
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