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� �

� ��(low-κ) ��� �� 	
� �
� ���� MSSQ(methylsilsesquioxane)� ��� ���� �
�� ����

� dimethylsiloxane unit� MSSQ� 0-20 mol% � ! "#� $�% &��'(. MSSQ-dimethylsiloxane "#�� THF

) �*� +,-� MTCS(methyltrichlorosilane)) ./ 0 1 3 2-3� 4� �! 0 �567��, THF� 89! +,

-� DMDCS(dimethyldichlorosilane)) ::; <��� �6�=�� >-? @A� �7 $��'(. 1 5&� �B&C 0

DEF/ #$ �B� �! ?=) @G�H I�� �B �J4%K, L*� M��� NJ� 4� 5O�� PQ�R(.

$�S "#$�� �* PQ 0 ��T� 6U� VWGGX, THF, �YZ, MIBK [ �H �*� \5! �7�� �G�

]'(. 1H-NMR, 29Si-NMR ^ FT-IR 69_��` "#$�� ab� 69�'_K, c#- 69� �7 cd$(curing)

e� ^ fc�% g��'(. $�S "#$�) 500oC�: 1&� chi! 0 29Si-Solid NMR� 69! jk dime-

thylsiloxane� �! D ab� MSSQ� l,�m �Gn% o/�'(.

Abstract − Dimethylsiloxane modified methylsilsesquioxane(MSSQ) copolymers considered as low κ dielectric materials

were tried to synthesized to improve the brittleness by MSSQ alone. MSSQ-dimethylsiloxane copolymers were prepared using

sol-gel reaction after MTCS(methyltrichlorosilane) and DMDCS(dimethyldichlorosilane) were hydrolyzed by H2O in THF sol-

vent. The solid phase products, soluble in various organic solvents like THF, MIBK etc., were obtained by washing acid with

deionized water, and the evaporation of toluene. The local structures for MSSQ and copolymers were analyzed by 1H-NMR,
29Si-NMR and FT-IR. The thermal behavior and curing temperature were determined by TGA, and the loss of the copolymers

having siloxane bonds were almost constant above 400oC. It was observed from 29Si-solid NMR that D skeletons copolymer-

ized with MSSQ after heat-treatment at 500oC for 1 h were still remained.

Key words: Low κ, Methylsilsesquioxane-Dimethylsiloxane Copolymers, Sol-Gel Process
†E-mail: hun10003@hanmail.net

1. � �
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./	H �

�� I6J *#(Cu) ��� K@� L ��(low κ) MN� OP� Q

0 &*� RP� �ST
 23[1-2].

�U0 L �� MN) V@W X 2- MN Y� 6Z)[ methyl-

silsesquioxane(MSSQ : CH3SiO1.5)� &*T
 23[2]. MSSQ- \O

� ]� ^_�H �� SiO2̀  3ab, c�(Si)� de ^_, ���

! CH3H fg�)[ �:
 2(h, iO� ]� j@�H �:
 k

*l �m(cage), V3#�(ladder) n= �� o_p �m) �M6


23. MSSQ- methyltrialkoxysilane�Z methyltrichlorosilaneB �X

qr s tY_ FuB v6J wxW X 23. MSSQ- c�� ^_

, 3y ��� z {|�Z G!� }3 ~ ���� �6J 17�+

� �� %&+ s ��+� �EZ
, "�](Si-O-Si)� ��/ +�

� fg�! ���(CH3)� �6J g%, ^_� �6J *x/ �&

+B �:
 23[3]. �UZ MSSQ� �1/ �+� 2E[ SiO2� �
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1)

)

6J O�, !+B �:
 2:�, SOG(spin on glass) �� � ��

#` CMP(chemical mechanical polishing) ���[ �+� �0 �i

�� P�� I�+� J�� 23[4].

�� �� � &*�[- MSSQ� �+B O�6� I0 ��()

MSSQ ��� ���� 
q�! dimethylsiloxaneB ��0 ��)  

�0 �Y_GH _+6
� 6�3. MSSQ-dimethylsiloxane �Y_G

_+= �P p�! MTCS(Methyltrichlorosilane)� DMDCS(Dimethyldi-

chlorosilane)H 0-20 mol% ��6J, �X qr s t Y_ FuB v0

�-� ��() XST (h, � �+� q¡T 3. �Y_� �y �

�/! Fu ¢�= 3£¤ (1)� ¥3.

(1)

2. � �

2-1. MSSQ-dimethylsiloxane ���� ��

Dimethylsiloxane�  �, MSSQ �Y_G- Fig. 1� Z¦§ ��(

) _+T 3. _+� V@0 @¨- tetrahydrofuran(THF)�h, MSSQ-

dimethylsiloxane �Y_G _+� �P ©N) V@0 MTCS̀  DMDCS

o_ ª�� 15�H V@6�3. J�� MTCS̀  DMDCS� �Xqr

Fu� «]p) �+T- �¬� ­]B w®6� I6J MTCS̀

DMDCS� ¯6J ° 3�ª� ±]Z²³(Na2CO3)B ´ 3. �E

MTCSH ´
 [3µ(MTCS)1-x+2µ(DMDCS)x]�� �¶ ·¸XH ° 2

�� THF� ¹¡6J �A wE º»H �@6J ¼¼� ��67[

MTCSH �Xqr Fu½¾3. 3£� ��A� DMDCSH ° 2��

THF� ¹¡6J �A wE º») ¼¼� �6J �Xqr` ¿½�

MTCS� �Xqr �+p�� tY_B � 6�3. �Y_½ V@,

DMDCSÀ= MTCS� ¯6J 0-20 mol%��(h, Á Fu ½;= 5

½;() 6�3. �� 1�/! Fu� �0 �	H �:6� I6J

Fu �+p Y� ÂÃ, ]�Z pB w®6� I6J 1Ä) ÅÆ Ç

È�() THFH w®6
, tolueneB �0 � �¶ ·¸XH �@6J

pH� 6�É� T � tolueneÊB Xi6�3[5]. ËÌ/() toluene�

MgSO4H �6J �A� XqB Íx0 � ÅÆ ÇÈ�) tolueneB w

®6J 
GÉ� �Y_GH Î 3.

2-2. MSSQ ����� �� �	

Dimethylsiloxane �� 
q�� 0-20 wt%  �, MSSQ �Y_G�

*x` �+= 3£� q¡ ��ÏB �@6J q¡T 3.

2-2-1. GPC q¡

Dimethylsiloxane� ÃA� �� wx0 MSSQ �Y_G� q�A Ð

	H GPC(Gel Permeation Chromatography: column-2KF-806M & 80

) q¡6�3. _+, �Y_G qfB THF(Aldrich, 99%) @¨� Ñ

J 40oC�[ 40q ¿Ò Ó�6�(h, flow rate- 1.0 ml/min() x

�6�3.

2-2-2. NMR� FT-IR q¡
1H-NMR(Bruker DRX 300, 300 MHz)� 29Si CP-MAS NMR(Bruker

DRX 300)B �@6J dimethylsiloxane�  �, MSSQ �Y_G� ̂

_ ÉmH q¡6�3. 1H-NMR= ½NH ° 15 w%� Ô ) CDCl3
� ÑJ[ Ó�6�(h, 29Si-NMR= ½NH @¨)[ THF̀  CDCl3
(99.8%, Aldrich)H 3 : 1 ��) o_6J V@6�
 60 wt%�É� 


Ô  @Õ() �ÏE q¡6�3. Ö 
G ½NH KBr� o_6J ×

ØÉ() 6J 400-4,000 cm−1� ÙÚX ÛI�[ /Ü� qÝ q¡(FT-

IR, Jas model 610.co) 6�3.

2-2-3. �YA q¡

Dimethylsiloxane-MSSQ �Y_G� � Þ	(curing) s �qr �+

B xV6� I6J �� qI��[ 10oC/min ß¶ � ) 600oCà

: � YA q¡(Themogravimetric analysis: Auto TGA 2950HR V5.3C

B 6�3. �> á ½N� À= 13 mg � H �6�3.

3. �� 	 
�

�P ©N)[ MTCS̀  DMDCSH �@6J dimethylsiloxane� MSSQ

� 0-20 mol%(R/Si=1.0-1.2) ÛI)  �, MSSQ �Y_G- ] Xi

��B ®â ËÌ @Õ! tolueneB w®67 É¶�[ ¢a¦a) q

ã �ä0 
GÉ() ÎE�3. �° �åb �+, 
GÉ �+p�

¨æ ç q�AB �� � Ém) TE Íx, �m�7 áÌ @¨�

¯0 @r � è� Zé ê�3. �UZ _+, �Y_G- 3£�

Table 1�[ }- k` ¥� H2OZ hexaneB wÜ6
- THF, MIBK

ë áÌ �� @¨� ¨æ æX0 @r+B �:
 2£B � X 23.

�ê= �Y_GH /ì0 @¨� ÑJ L�� íî'() wxï X

2£B ð03[10].

Table 2- _+, R/Si� � z dimethylsiloxane ÃA� �) wx0

�Y_G� q�AB GPC) Ó�0 ̂ ��3. _+, �Y_G� Xñ

ò q�A= ° 4.00-5.00*103 daltonB, YA ñò q�A= 1.20-1.80*104

daltonB ��3. MWD(Molecular weight distribution)- Mw/MnH f

6-ó 3.00-3.50� ÛIH �:
 2 3.

Fig. 1. Preparation procedure for MSSQ and MSSQ-dimethylsiloxane
copolymers.

Table 1. Solubility of MSSQ and MSSQ-dimethylsiloxane copolymers
in a various organic solvent, measured at room temperature
with concentration of 10 wt%

Good solvent Poor solvent

THF, MIBK, PGMEA, Carbontetrachloride, Acetone, 
Diethylether, Chloroform, Methanol, Ethanol, Xylene, 
Toluene, Benzene, etc.

Hexane, H2O
���� �39� �2� 2001� 4�
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Fig. 2- dimethylsiloxane� 10 mol%  �, 
GÉ� MSSQ �Y_

GH CDCl3� Ñ! � 1H-NMR q¡0 ^�H Z¦§ ê�3. 0.05-

0.6 ppm�[ methyl silicate(Si-CH3)� methyl proton� �0 3H ô�

�� Ùô��) Z¦Z
 2(h, 2.5-3 ppmV��[ �·/ õb Si-

OH� H� ô��� QöT 3. �#
 �Y_G _+½ @¨) V@

0 toluene� THF- áá 7.1 ppm, 2.1 ppm� 1.7 ppm�[ QöT 3.

NMR @¨! CDCl3� ô��- 7.24 ppm�[ QöT 
, Si-OH� H

- 3y ÷øp� ùb ·¸ Fu� �EZ-ó Sì  ^_0 methylene

hydrogen(Si-CH2)� 2Hô��� 1.3 ppm�[ QöT
 23[6, 7].

Fig. 3= ¯ú/! x+()[ dimethylsiloxaneB 20 mol%  �6J

wx0 
GÉ� MSSQ �Y_GH THF� Ñ! � 29Si-NMRB Ó�

0 ûü²ý�3. �F/() "#þ(Si) 	_p� úÿ�() General

ElectricV�[ w½0 ��� �� V@T
 2-ó, Si� �¸, ��

�(R) s 3# ^_ ]�(O)� ��� �� D, T, Q ë() ú½03.

�H ÏE 6Z� ���� 6Z� ^_ ]�H �� RSi(OSi)(OH)2�

*xH T1��
 6
, � O� ^_ ]�H 6
 2- RSi(OSi)2(OH)1
� *xH T2, RSi(OSi)3H T3�
 03. ���:) � O� j@�`

^_ ]�� X� �� D1[R2Si(OSi)1OH)1] n= D2[R2Si(OSi)2]� «y

3. Fig. 3� 29Si-NMR�[ ° −70 ppm���[ Z¦Z- Ùô��-

T3�h, −67 ppm= T2 �#
 −62 ppm� j= ô��- T1� ̂ _ *x

� �r �g,3[8]. ���:) −20 ppm ���[ Z¦Z- � O�

ô��- �Y_B I6J  �0 dimethylsiloxane� �0 D1 s D2

*x� �0 ê()[[9], dimethylsiloxane� MSSQ� �Y_G �+�

	!,3. Ö0 Fig. 2, 3� NMR q¡()«
 1�/! tY_ Fu�

�E� X 2- �ä�! Si-OH� 3X �M6
 2£B � X 23.

Fig. 4- dimethylsiloxane� ÃA� �� _+0 MSSQ �Y_G�

/Ü� qÝ q¡ ^�H Z¦§ ê�3. �G/! �X ûü²ý=

MSSQ�  �, dimethylsiloxaneÀ� ��� Q1
� �V63. _+

, ½N ¢� 1,080-1,100 cm−1� ÛI�[ (Si-O-Si)� siloxane �X ô

��� QöTh, 900 cm−1�[ silanol(Si-OH)�, 770 cm−1� 1,270 cm−1

�[ Si-CH3 s 2,900 cm−1�[ methyl�� �0 �X ô��  Qö

T
 23[12-14].

MSSQ s dimethylsiloxane-MSSQ �Y_G� ¯0 �/ �+� �

YA�() q¡T (h, � ̂ �H Fig. 5� Z¦� 3. � q¡, i

½N ¢� 100oC�[«
 �b Å�� ½j, � ° 200-300oC�[


�0 �b Å�� 2(h, � �- ��0 �b Å�H }�3� °

500oC�É�[- �b Ð	� �EZ: �
 2£B � X 23. 200-

300oC ���[ 
�0 �b Å�- MSSQ s dimethylsiloxane-MSSQ

�Y_G� fg�� Sì  ^_6
 2- OH�� ��¤� ¥� ��

# ���[ � O� siloxane� tY_ Fu() ^_6J Ò�0 -Si-

Fig. 2.1H-NMR spectrum of MSSQ copolymerized with 10% dimeth-
ylsiloxane.

Fig. 3.29Si-NMR spectrum of MSSQ copolymerized with 20% dimeth-
ylsiloxane.

Fig. 4. FT-IR spectra of MSSQ and dimethylsiloxane-MSSQ copolymer-
ized with DMDCS content.

Fig. 5. Thermogravimetric analysis of MSSQ and dimethylsiloxane-MSSQ
copolymerized with DMDCS content.

Table 2. Molecular weight of MSSQ and MSSQ-dimethylsiloxane co-
polymers measured by gel permeation chromatography; Mn:
number-average molecular mass, Mw: weight-average mole-
cular mass, MWD: molecular mass distribution

Methyltrichlorosilane & dimethyldichlorosilane

R/Si=1.2 R/Si=1.1 R/Si=1.0

Mn(dalton) 4.07*103 5.11*103 3.96*103

Mw(dalton) 1.34*104 1.72*104 1.18*104

MWD(Mw/Mn) 3.30 3.38 3.00
HWAHAK KONGHAK Vol. 39, No. 2, April, 2001
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es,
O-Si- ̂ _() Ð67[ «]p! Xq� ÇP6J ��- ��, z �

Þ	(curing) ¶  ���3[12-15].

-Si-OH + HO-Si-→-Si-O-Si- + H2O (1)

 
��ó 600oCà: Ó�0 Ó�ÛI�[ %¯/! �b ÅA Ð	H }

7 MSSQ�[ dimethylsiloxane� ��� Ç�Ã� �b ÅA  Ç�6


 2£B � X 23. �F/() dimethylsiloxane�  �T7 ��0

q�AB �:
 23
 ��ï > tY_� QJ6- siloxane(Si-OH)

�� X� MSSQ� �6J É¯/() Å�6� >?� ��0 � Þ

	 Fu � �� 2- ��A� Ç�� �É,3. �UZ Ó�, ^�-

�É� ÉF, ^�H Z¦�
 23. �ê= dimethylsiloxane-MSSQ �

Y_G�[ �« �^_, dimethylsiloxane�� �qr TE Z�- ê

() �gT:�, �i0 ê� ¯r[- D� �qr "�B vr }


ï ���3.

Fig. 6= dimethylsiloxane-MSSQ �Y_GH 500oC�[ 1½; ��#

0 � qã0 qf� ¯6J 29Si-solid NMR) q¡0 ^��3. ��

Fig. 6�[ dimethylsiloxane-MSSQ �Y_G� ���:� �r �«�

dimethylsiloxane�� �qr T £�  ÷*6
 ° −20 ppm���[

Z¦Z- ô���[ � X 2- k` ¥� (CH3)2Si�� MSSQ ���

Ò�6b ^_6
 2£B � X 23. J��[ ��#�� �Y_G�

¯0 29Si-NMR q¡ ^�! �� Fig. 3� �·67 T1, T2 s D1 *x

� V�:
 ®� ¢� -Si-O-Si- ̂ _� �+T 3- êB � X 23.

5. � �

F G wx ��� L�� MN) V@T- MSSQ� �+B O�6


 �&+B «J6
� dimethylsiloxaneH MSSQ� 0-20 mol%  �

, �Y_GH _+6
 � �+B q¡0 ^� 3£� ¥= ^�B Î

B X 2 3. MSSQ s dimethylsiloxane-MSSQ �Y_G- 
GÉ(

) ÎE�(h, GPC q¡()«
 X ñò q�A� ° 4,000-5,000

dalton�h THF, MIBK ë JU �� @¨� æX0 @r+B �:


2 3. 29Si-NMR, FT-IR� �0 *x q¡()«
 dimethylsiloxane-

MSSQ �Y_G- -Si-O-Si- ̂ _� -Si-OH� �0 D1 s T1, T2 *x

� o_TE 2- �m)[, 1�/! tY_ Fu� �ä0 �-� Y

; �+p�B 	!ï X 2 3. _+, �Y_G� � Þ	(curing) ¶

 - ° 300oC���h, MSSQ�  �0 dimethylsiloxane� À� Ç

�ïX� �b ÅA  Ç�6
 2£� �YA q¡()«
 QöT 

3. �UZ 500oC�[ 1½; ��#0 �Y_G� *xH 29Si-Solid

NMR) q¡0 ^� MSSQ�  �0 dimethylsiloxane� �0 D *x

� J�� �M6
 2 3.

� 


� &*- System IC 2010 &*� :©� �r XST (h, ��

ÅVH � l3. 
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Fig. 6.29Si solid NMR spectra for samples cured MSSQ and dimethyl-
siloxane-MSSQ copolymerized with DMDCS content at 500oC
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