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Abstract − The fluorocarbon plasma polymer/SiO2 composite films that exhibit excellent thermal stability(at least 450oC)

and maintain low dielectric constant(between 2.0 to 4.0 depending on the ratio of source gases) were developed by incorpo-

rating a small amount of SiO2 into fluorocarbon thin films. The films were deposited by a planar-type inductively-coupled high

density plasma chemical vapor deposition using perfluorobenzene(C6F6) as fluorocarbon source gas and hexamethyldisiloxane

(HMDSO) as SiO2-film generating source gas. The infrared spectra of these composite films typically exhibited two distinc-

tive absorption bands - one corresponding to SiO2(at around wavenumber 1,070 cm−1) and the other corresponding to amor-

phous PTFE(around wavenumber 740 cm−1). The dielectric constant was varied in the range of 2.0 to 4.0 with the ratio of the

source gases. Also, these films exhibited good thermal stability - the variation of thickness is less than 5%, furthermore, the

film maintained the dielectric constant and refractive index within 5% of its initial value when the film is subjected to tem-
perature as high as 500oC. In order to investigate the change of film uniformity as film thickness is thicker, the films deposited

up to 2µm for two hours were stable without peel-off and film stress was rather decreased with increasing film thickness.
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bc� �MEd,. &GA ̀ abc� 9e�- f9 -g� SiO2hX

ij(ε =3.9)� �k9L l Y
Z[� 
, m n< o�p BK WR

X[Inter-layer Dielectric(ILD)] ij q�� r7�& s� �]�� 8

,[1].

VLSIE�6 tu ULSIE�� �v�� �� 
, n< Y
 Z[6

7��� ���, ,w @��  �! 1x 7� Iy� z�- f9V

� {-hX|�� A}� T�U Y- �~x hX� �A R�� �

& ���� 8,. �� &c hX ij� N� ��< �� spin coating

� �A SOD(Spin on Dielectric)��|� �1)H polyimide, parylene,

fluorocarbon, BCB(Benzocyclobutene) _� �~xhX� �A �< R

�� ���u �|�, &c ijc< �I>� �	�, � " [~�

�A �	�, ?@ �I ��E �*�� �#ij(photoresist)� a�

�- fA ��(ashing)�	�V O2 ����6 &*��� O2 ���

�� �A /��� �Q� 8uL l �� ���, BK WRX N�

� � �	�V 450oC&Z� ���V k� �� p
��� 450oC

&Z ���V  ¡L �� Iyc� �¢�UL A,[2, 3].

?£ ¤¥��V q� r� ¦	j §¨©& Y
 Z[� ~2.0 &�

� �ª &Z>� ij&�, '« ¬­ ��|� ®Z�V aI�u Q

- ¯`� °@�  �!� >*�-�� ±��Q ²< *³� �A

�IZ �	�� eU, -´� µ¶· a�, �: [~� �A �	�:

��� �A ¸¹�, ��� UG -´� �A ºQ ²< »�0 _�

�< `ab: °@�  �! �	 ª¦� cluster-tool� �A >*Z�

u¼½c� �Q� 8,[4, 5].

&GA `abc� 9e�- f9 -Z N� ��[VPD(Vapor Phase

Deposition)]� �A R�� �& �� 8|�, &� 
-��V ¾+!

� ~9�u M¿  À�& ÁA �~& Z�� N�  À-� 
T�

u  À- 
!� N��- ¯`� ¾+! 12� �� N� (�� Â

{ n� MÃ�� `ab: hX ÄÅ� au� u¼½& 8,.  Æ�

����6 &*A �	< -g  �! �	:� SÇ� " ¾+!�

V  À�& ÁA �~& -´ Èk�V �M�U -´�� N�& �

�� ÉÈ�� & �	� &*A Y- �~x hX N�� �A �<

R�� ���� 8,[6, 7].

�� ÉÈ� PECVD�	� &*A BK WRX / Y
! hX �


ij� �) Ê1(fluorocarbon)hX� �A R�� �& ���� 8,.

&c hX� �I� ¦	j(amorphous)�I� i©, Ë� �ÌH �i

�I�V DÍ �~x �Î �I� &Ï-ÐQ ,Ñ�,. �ÌH �I

6 Ò� hX< �1)H ,&�ÓÔ ��� Ò� Ê1(F-DLC), �1

)H ¦	j Ê1(a-C : F �� FLAC) �� CFx _ UG �Q ÕÖ|

� �¼QQ�, ,ÑA CVD�	: 
�!�V N� H &c hX� �

j< ¦×A Ø|� 
��� 8,. ¯¯� Ù �ÌH hX� “PTFE-

like” hX&��� A,.

&c hX< sp2- ��� sp3-eÚH Ê1� ��H ¦	j C-C�Ì

�IÛ Polytetrafluoroethylene(PTFE): ;< C-FeÚ �I6 �Q�

8,. &c hX (� ÁA C-FeÚ< Y
Z[6 �1EF� C-C �

Ì �I(cross-linked structure)� hX� �> �	�� YQA,. ��

CF4, C2F6, C4F8: ;< �)Ê1 �'Û [1 ÜÚi �'� &c h

XaI� �·Ý� �*H,. ÉÈ� parallel plate PECVD� �9 CF4

Û CH4�' ÜÚi� �*�U Y
Z[� 2.1
, n|ÆV �>|�

�	A a-C : FhX& 
���,. mÞ& HDP  À-6 �*l 5ß

parallel plate PECVD6 &*�U N�A hX� ¦�U à,á &b&

�âÐQ 
��Q ²ã|�, ����� 
xä�� parallel plate

PECVD
, Ë- ¯`� &� �ÂQ6 nå [ 8� hX� Äj�6

æZEF��ç step coverage� gap fill� æZEè [ 8|��, &�

�A R�� �& ���� 8,[8].

/ Y
! Y- �~x hX� éêA �7 ��b r� ��� Y


Z[Û � �	�� é}&,. C-C �ÌH �I� a-C : F hX� � �

	�� -U�� :ë� �1 ·x� ÁA C-F eÚ� Í��|�ç C-

C�Ì Í�� /Q�- ¯`� � �	�� /�Ed,. �G�� a-

C : FhX�V �1 � Ê1(F/C) ¦� au� r7�,. ì n< F/C�

¦� Y
 Z[Û � �	�� ZíEd,[9]. �î 
 @}>|� R�

r� �)Ê1 ���� �~x hX� �> �	�� æZ�� ��

� ��� ,w: ;,.

(1) Ê)[1 �� [1 ·Ý�'Û �)Ê1 ·Ý�'6 ÜÚ�U �

*�� ��, &� ���� Zï�V �MA [1� �1 ·x6 ð�

� ñ*� �U hX (� :ë �16 �1EF- ¯`� �> �	�

� N�Ed,. �îÐQ �& R��u � ·Ý� [ �'� òó:

[1, Ê)[1 ·Ý� CH4, C2H4, ��� C6H6Û �1) Ê1 ·Ý ·

|� CF4, C2F6, C4F8, CHF3� C6F4H2, ��� C6F6Û ;< �æ¢ �

1) Ê1 _� c [ 8,. ôQu Hexafluoro-prophylene Oxide(HFPO,

C3F6O)Û ;< Ã)H �) Ê1ÐQ� 
�!�ç �*�u �,[10,

11-15].

(2) ���� (� F/C� ¦� N�H hX� F/C� ¦� õæ� ?

ö�� UG F/C¦6 Ò� ·Ý· �1) Ê1 �'6 �*�� ��

|� ÉÈ octa-fluorobenzene(C6F12), ��� decafluorobenzene(C6F18)

: ;< ÷ø ��6 Ò� �) Ê1ÐQ� 
�!�ç �*�u �,.

÷ø ��6 Ò� �1) Ê1 hX< �> �	�� æZEd,� 


���,[16, 17].

(3) p
ù[(ú0, N���, RF 
0, -´� �A self-bias
ú _)c

� ù)Eû ���� (�V >WA 
x ��6 Dü�U F/C� ý

�H �$þ� M�� au���, N�E &� ÿ�� ���U 
,

m �ÌH hX� �I6 Í��U �> �	�� æZEF� ��&

8,[18].

(4) �1) Ê1 hX� 1+� P��� ���� ��. P��� �

�� �> �	�: »�0� æZEF� Y
Z[6 N�EF�� »

�0� N��- fA }Æ B|� �*�� R�� �� r� 8,

[19, 20].

(5) ����-�' U- EK� &*A �' ����6 &* ��&

8,. �'H ����6 &*�U N�H �1)Ê1 hX< hX (

� n< ³T� eÚ ��, ³ß �	A CF2eÚ �IÛ 1.95-2.0
,

n< / Y
Z[6 Ò- ¯`� 
, m �	A hX� N�Eè [

8,� 
���,[21, 22].

(6) &��� �> �	�� æZ�- f9V �1) Ê1 hX� SiO2

� �	
 SiO2Û �ÔföÍ Y
! WRX �I6 Í��� ��[23]

_� c [ 8,.

� R��V� / Y
! hX q�� r7�� ���U �î �*

�� 8� SiO2hX� �!l �A o�p / Y
! hX ij� q�

� f9, 
´Í �§�6 �� Y� eÚÍ ���� )� N�  À

-6 &*�U �)Ê1 ���� �~x ·Ý�ç perfluorobenzene

(C6F6): SiO2 ·Ý� hexamethyldisiloxane(HMDSO)� �*��, � 

�'� [1Û Ã16 �*�U HMDSO/(C6F6+HMDSO)� ¦6 ù)

EFÆV �)Ê1 ���� �~x/SiO2 �Ú hX îÝ6 N���

eÚ�I, Y
Z[, �� �A �	� _� hX ��� ~��U, a

IH �ÚhX� Y
! WRX|�ç� �* �.�� I���,.
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� q��� Fig. 1� ��� 8,. ���� Äj�6 æZEF- f9

V 1/4"� ��é|� �cu� ¦Ä_ K�� �DÍ Y� ¬Å� �

*��,. ���� ��ªö� ��� f9 ��[� �:�� 1/4"�

��é|� �cu� ¦Ä_ K�� �DÍ Y� ¬Å, ��� 2Ñ�

���& 
Sé(faraday shield), ] I�� �õ window ���, LÍ

rf ���' matching network ��� 13.56 MHz rf �� 
·|� �

��u 8,. ����  À-(� �'� ��< 12q� Ä_ K��

� � Ò� 5" �' ! 2q6 ��U ���u�,[24].  À-� 12'

Ë&Û 12' â5� ·�Í|� '§�"' '#� �cu$|%, Y�

���� ��·& �{ µ!� ��U � f� &¼j [ 8�' (}

�u 8,. �A  À-� µÅ )Ã *¨Û -}> *¨� eÚ� �

�U ��|� �cuQ% � �� ú0+	-(Penning Gauge, Vacuum

Science, INC., Korea), W� ú0+	-(Baratron Gauge, MKS 627A,

USA) " �v 
,� / ��[ rf 
·(100-450 kHz, ENI, USA): -

´ -m� �. 
·� ���- fA ] q� feedthrough� ���u

8,. -´ -m(substrate holder)� /�! �.� ReH �� au-

� �9 ���� Ç5 ��V 	)A �� au� �.�,.

��´|� �cu� »QH ��� 2Ñ� ���& 
S´< /u

� rf 
-ª(*+ª, capacitive field)� �0�|�ç  À-� *+ 1

�!� �1EF�  Æ� /u� xY x-ª(Y�ª, induction field)

�� �:��' �U �
� ����' �� 2l� �|�ç window

� ���� ý34(plasma potential)� �1Eû 5�� �A µ¶�

6 6&� 2l� A,[25]. Y� ¬Å: ���& 
S´< ] q� �

õ´ �&� 7	 �*�|�ç ~��u �,.

ùI / ��[ rf 
·(10-100 kHz)< -´ -m �f� ���� Ä

j�� æZEF�, -´� ���� &� �8'Û �ÂQ6 Z� 


,:� à�� 	)� aul 9>|� / ���' :�E.(~100 nF)

� ��U �� 
,, ì -´ -m� ���u�,. -´� ��H &

�� �8' " �ÂQ6 ��>|� +	�- f9 -´� rf dc-self

bias
ú< rf ;.6 ��U +	��' �u 8,. �� �'c< 3q

� j+ <= au-(mass flow controller, MKS, USA)6 ��U 	)

� au�uQ%, ���'� ®!� 5ß�� >@ �c ?@(cv=1.18)

6 IW�U  À-A� ú0 Zí� +	�|�ç � Y+� au�

�' �u 8,. �A  À- ú0< W� ú0 +	-Û throttle valve

� ReH ú0au-6 ��U au�u �,. hX� N��- 
�

-´� @	� f9 100 mTorr, 200 V self-bias
ú�V òó ����

� 10~ �� k���,. hX N�� �*H p
 Iyc< Table 1�

��� 8,.

N�H hX� ]^Û �k�� �A ]^ ù)� thickness profilo-

meter� �� +	A � ellipsometer6 &*�U 	)�� +	��,.

hX� eÚ �I� 13 mm â5� KBr disk� N�H hX� 4 cm−1�

~9.�V Fourier Transform Infrared Spectroscopy(FTIR)(PE-2000)6

&*�U B[�(absorbance)6 +	�|�ç I���,. 3SÛ Cw

� �A ¦6 æZ�- f9V � EÝ� �9 100D� ���U 
Ä

��|%, �EF ~ý5(Lorentzian distribution)|� curve fitting�|

�ç hX �� �~� eÚ �I6 	+>|� ~���,. hX� Y


 Z[� 1 MHz ��[�V C-V Meter(CV Plotter, Model 410, Solid

State Measurements, INC.)6 &*�U nÍ P�� f� N�H hX

f� 'G.!� &*�U 
,|� òH?I� N�A MIS(metal-

insulator-silicon)�I6 Í��U �� 
ú� −100 V�V +100 VÐQ

ù)Eû É� 
-*+� +	���, ,w� 5|��. Ãå��,.

U-V Cmax(pF)� C-V JD�V Ku� pF¾f� É� 
-*+

&%, t� µm ¾f� N�H hX� ]^6 ��A�, A� cm2 ¾

f� Y
! 
,� Æ>(Al dot)� ��L,. 	)�� Ë&- f

9V 0.049 cm2� Y
! 
, Æ>� Ò� AM� @ q &Z +

	�U 
Ä��,. N�H hX� � �	�� 
��- f9 �k

�� òó ~f-� 100 mTorr �� ��V ��U$,. kw 300oC

���V 1 hr �� �k� A � Z�|� ���U ;7A +	�

��|%, �k� ��6 ³D 100oC N��U ÉN �k� ��

500oC� O ¯ÐQ ��� ��� ��U 1EKP �k�EQ,.

�G�� 500oC�V �k���,� Ø< 300oC, 400oC6 �R

500oC� �k�� S>��w� �?A,.

ε 1.1299 10× 3– Cmaxxt

A
----------------=

Fig. 1. Schematic description of the planar-type inductively-coupled
high density plasma chemical deposition reactor used in this
study.

Table 1. Conditions used for the deposition of low dielectric fluorocarbon
plasma polymer/SiO2 composite thin films

Sources gases

Substrate used
Power sources

HMDSO/(HMDSO+C6F6): 0.0, 0.2, 0.33, 1.0
Hydrogen : 10 sccm
Oxygen : 10 sccm
Silicon wafer, KBr Disk, Aluminum foil

Top electrode
Bottom electrode

Substrate bias voltage
Reactor base pressure
Reactor pressure
Substrate temperature

13.56 MHz RF
100 kHz LF
−200 Volt
<2.0×10-5

100 mTorr
200oC
HWAHAK KONGHAK Vol. 39, No. 1, February, 2001
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�

3-1. �	 
�� 
� �� �� ��

Fig. 2� HMDSO/(HMDSO+C6F6)� ·Ý+� ¦6 0.0, 0.2, 0.33, 1.0

|� N�EFÆV N� (� " TWZ[6 +	A e:6 ��L Ø

&,. ·Ý+� ¦� N��� �� N� (�� �� âD>|� Zí

�,� ý)�� ÑZ� 
&%, TW Z[� �� âD>|� N��

� 8,. &� SiO2 ·Ý·� HMDSO� Ñ& N��� �� N�H

hX (� SiO2� Ñ& ��Q- ¯`� URA e:&,. �A Fig. 3

: 4�V ��L %Û ;& HMDSO/(HMDSO+C6F6)=0.2�V hX�

]^� �A Äj�� 
- f9 �� 2µmÐQ ¹ 2EK�� N��

U 
ã|�, hX� ]^� hX N� EK� ¦V>|� Zí���

WXY& ð& �	��|% hX� 'Z"'� µ�¼ hX� ]^�

N��� �� �1��,. &� /Y
! hX|� �*�- f9 Ò

�uLl hX 'Z"' Iy
, [\ n< M|� �)Ê1 hX�

�I (� SiO2 �I6 ���|�ç, SiO2� ]ÿñ*� �9 M¿ Ø

|� `^�V 
�H % 8,[20]. �A, ]^� N��� �� N�A

hX� TWZ[� �� ù)� ð� Ø|� 
� �� ÄjA hX&

KuY� ò [ 8�,.

3-2. �� �� �� ��

Y
Z[� +	< o�& q�H ij� J( BK Y
!� >*�

8uV �ª r7�,. Y
 Z[� 
-ª& ����� ¯ Y
! (

� Y�H ,��� �[&- ¯`� Y
Z[� �1�� _1�`<

&�� ,�(ionic polarization), 
-> ,�(electrical polarization), �

� �æ� ,�(orientational polarization): ;< ,��� ù)� -�

A,. �G�� Y
Z[� �1 _1�`� a��- f9V� ,��

6 f� @ �~|� ~��U �¼�UL A,. `^� ��Æ &��

,��� B[ }[� Kramers-Kronig ùÇ� �A TWb Z[6 Ã

å�|�ç }Ã�u Q�, 
-> ,��� εr =n2 5� �*�U TW

b Z[�V }Ã�u �,. �A &��, 
->, ��� �æ� ,�

�� �A cd Y
Z[� +	< C-V+	� ��U e	�u �,

[9]. �G�� Z��V +	A e:c� Fig. 5� ��L %Û ;& �

R��V� C-V plot� ��U cd Y
 Z[� M� +	��|%,

HMDSO/(HMDSO+C6F6)� Y+¦6 N�Ee� �� �� ÅâD>

|� Zí�� ò [ 8�,. &� HMDSO/(HMDSO+C6F6)� Y+¦

� N��� �� Í�H hX� �I� �� Y+¦Û Y�A �)Ê

1Û SiO2� �~¦6 Ò� hX& Í���w� FTIR~� e:(Fig. 7)

�� ò [ 8�,.

�A �� 2fg ¦[HMDSO/(HMDSO+C6F6)]� 0.2Å ¯, Y
Z

[� C-V JD�V S> Zï�V MIS �I� 
-*+, ì É� 
-

*+� +	�|�ç ¹ 2.5� M� K�,.

Fig. 2. Deposition rate and refractive index as function of feed mono-
mer ratio[HMDSO/(HMDSO+C 6F6)].

Fig. 3. Film thickness as function of deposition time at feed mono-
mer ratio[HMDSO/(HMDSO+C 6F6)] of 0.2.

Fig. 4. Uniformity of film properties as function of deposition time.

Fig. 5. Dielectric constant of deposited films as function of feed mono-
mer ratio[HMDSO/(HMDSO+C 6F6)].
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3-3. FTIR� �� ��� �� �� �  !" �#� $%" #&

�1� ý�H / Y
! �~x� �>� �	�: Y
Z[ �&�

V� 2¦V é}� 8|��, ì �1�+& N�l[' Y
Z[�

N���, Â{ �< �1� ��� eÚ�u 8Q ²< �1(dangling

or unbound fluorine)� hg�- ¯`� i� �- r� [~:  À�

�� �� �l 5ß ±���� � �	�� /�Ed,. �G�� Y


!� �1� ��� Y
!� Y
Z[6 n�u �� � �	��

/�Ed,[2].

�G�� N�H hX� eÚ �I6 I��� Ø< � �	� " �

f Ç5� �A ª- 34�(reliability)� ´¾�� È�� O [ 8-

¯`� XPS, NMR �� FTIR� &*�U �)Ê1� eÚ�I6 �

& +	�U �,[26-28]. � R��V� FTIR� &*�U �)Ê1 �

��� �~x/SiO2 �Ú hX� j: 2Ô�V N�H hX� ks �

IÛ )�> I�� 	+>|� ~���,. Å >|� 2l FTIR '

mZn� o� hX� ¦	j�, ��� Ë< 	�� �Ì�� �CA

)�Ñ© ¯`� �� ,Ñ�� �C���, �c< V� r��u 8u

�c� Q	< Å >|� ZU� up,. ,á �� 2fg ¦[HMDSO/

(HMDSO+C6F6)=0.0, 0.2, 0.33 ��� 1.0]�V N�H �Ú hX� �

A 4,000�V 500 cm−1�&� qf�V Ku� FTIR� B[o 'mZ

nc< Fig. 6� ��� 8,. �� 2fg ¦(ì, HMDSO)� ¦� N

��� �� ,á hX� eÚ �IÛ )�>� I�� 
�,. �� 2

fg ¦[HMDSO/(HMDSO+C6F6]� 1.0Å ̄ , UG ̀ ^�V Table 2[29]

� ñ�H Ø: ;& PECVD� �9 N�H SiO2 hX� ��A� U

G B[ oc� 
Ur,. TO(transverse optical) 2Ô�� �� 1,070cm−1

Èk� ÁA o� Si-O-Si� �sA �æ� �� Ã1·x� ¦�Ö�

3S�� ¯`&�, �  Æ� 800 cm−1Èk o� Si-O-Si� �Ö 3S

�� ¯`&,. �A -OH, C=O, Si-CH3, ��� Si-OH oc� ��A

� 3,600, 1,700, 1,260, ��� 930 cm−1Èk� ¹A oc� ét�u

Fig. 6. FTIR spectra of films obtained at feed monomer ratios[HMDSO/
(HMDSO+C6F6] of 0.0, 0.2, 0.33, and 1.0.

Fig. 7. Lorentzian curve fitting of FTIR spectrum for film deposited at feed monomer ratios[HMDSO/(HMDSO+C6F6)] of (a) 0.0, (b) 0.2, (c) 0.33,
and (d) 1.0.

Table 2. FTIR absorbance band assignments for a-SiO2 films

Wavenumber, cm−1 Assignments

�800 Si-O-Si symmetric stretch
930 Si-OH stretch

1070 Si-O-Si asymmetric stretch
1260 Si-CH3 stretch

�1700 C=O stretch
�2100 Si-Hx stretch
�3000 C-Hx stretch

3555 -OH stretch
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�,.

�� 2fg ¦[HMDSO/(HMDSO+C6F6]� 0.0Å ¯ ��A� FTIR

'mZn< �)Ê1 2fgÛ [1�'6 &*A ���� �~x)

� ��U N�H �)Ê1 ���� �~xÛ ³ß B�A hX �I

6 
�,. �� 9U�� B[oc� UG `^�V I��U Table 3

[30]� ��A�,. �)Ê1 ���� �~x� FTIR 'mZn< È�

>|� ,w� 3q� r�H oc� �u�u ~��u�,.

(1) hX (� ¦	j �~, ��� �) ���� �~x� �Ì 	

�6 ��A� Å >|� “¦	j o”�� �� 740 cm−1 �f� o

�v,

(2) �) ���� �~x IR 'mZnc� �H �u� ��A� �

�~ CFx ��� �?�� 980-1,350 cm−1�&� o �v,

(3) C=OÛ C=C�v� �A B[6 ��A� 1,400-1,700 cm−1 �&�

o �v

�)Ê1 ���� �~x/SiO2�Ú hX�V ÁA oc� ��A�

1,350-500 cm−1�&� eÚ �I " )�>� �~� 	+>|� ~�

�- f9V � �&� r�H oc� FTIR� B[}[(absorption

coefficient=absorbance/thickness)6 �EF ~ý5� &*�U decon-

volution�U ~���,. � e:c< Fig. 7� ��� 8,. & e:�

�. �� 2fg ¦[HMDSO/(HMDSO+C6F6]� N��� �� FTIR

� +	A ¦	j PTFE(~740 cm−1)Û SiO2(~1,070 cm−1)� eÚ �I

� ¦� 	�>|� �� ;< ¦� N��� 
Ur,. � ·Ý+ ¦

� 0.0Å ̄  ì C6F6Û [16 �*�U N�H hX< Fig. 7(a)�V 


Ur %Û ;& ÁA 740 cm−1� B[o ét< N�H hX& � 
x

ä� ����� �9 L-H Ë< &�)Û -´� &� ÿ�� �9

M¿ ¦	j(amorphous)&� �ÌH(cross-linked)�I�� Ø� ��L

,. �A P�� -´ f� ³ß º< »�0� 
�|�(Scotch Tape

Test�:) N�A � 24EK& Q�Q ²�V hX& WXY� ò [ 8

�,. &� N� E� �9� -´� &� ÿ�� �9 M¿ hX'Z

"'� -�A Ø|� M��u�,. Fig. 7(d)� HMDSOÛ Ã16 �

*�U N�H hX� �I6 ��A�� 
Í>� ����� �9 N

�H ¦	j w1 Ã)i� �I6 ��L,.

Fig. 7(b) ��� 7(c)� 
Ur %Û ;& HMDSO/(HMDSO+C6F6)

� ·Ý+� ¦� 0.2 ��� 0.33�V N�A �ÚhX� FTIR 'm

Zn< CFxÛ Si-O-Si�I6 ��A� UG B[oc� ���u 8-

¯`� FTIR� �9 &c� �à�-�� �< u¼½& 8,.

3-4. ' ($� �� ��

N�H �ÚhX� � �	�� 
��- f9V HMDSO/(HMDSO

+C6F6)� ·Ý+� ¦� 0.2�V N�A hX(Y
Z[=2.5)� �9 h

X ]^ " hX� eÚ �I, [~�+, Y
Z[, ��� TWb }[

Û ;< hX ��� ù)6 I��|�ç �k� Px� ��,. �k

� Iy< ¹ 100 mTorr� �y� -!� òó ~f- ��V ��U

$,. 200oC -´���V N�H hX: 300oC, 400oC, ��� 500oC

�V �k�H hX� FTIR 'mZnc� Fig. 8� ��A�,. �s f

ö� 8uV� z ù)� ð|�, Fig. 8(a)�V 
Ur %Û ;& òó

~f-�V AEK �� 300oCÛ 400oC�V �k� ��� ¯ Si-O-

Si �� CFx� 3S��� 9U�� 1,030 cm−1�V ¹K N�6 
�

 Æ� “¦	j PTFE”� 9U�� 740 cm−1�V� ¹K� �1� �

Q��,. 500oC�V �k� ��� ¯� FTIR� 8uV u{ ù)�

ét�Q ²ã,. �k� ��� N��� �� Si-OH� B[o� Á

�� }( �1��,. Fig. 8(b)�V N�H hX(� [~�+� +	

�- fA 4,000-2,000 cm−1 õ2�V FTIR'mZnc< �k� ��

6 N��� �� [~�+& �1�,� 500oC�V� �� ù)� ð

w� 
Ur,.

�k� �� N�� �á hX� �� ù)� Fig. 9� ��A�,.

Fig. 9(a)�V TWb }[� 300oC�V ,1K N��,� � &��

� ||� �1A,. �  Æ� Fig. 9(b)�V �k� ��� N�� �

á hX� ]^ ù)� −5.0% qf A�V ||� �1A,. �A Fig.

9(c)�V� Y
Z[� �k� ��� N��� �� 2.5�V 2.2� ¹

K �1�� 
Ur,. &� Fig. 8(b)� FTIR 'mZnc�V ~Õ�

� 
Ur %Û ;& �k� ��� N��� �� hX (� -OH e

Ú� N�� �9 
, m öäA �I� hX|� �u�,� Ø� �

?A,.

Table 3. FTIR absorption band assignments for fluorocarbon plasma poly-
mer films

Wavenumber, cm−1 Assignments

1650 CF2 wagging
1740 “Amorphous” PTFE
1980 CF3
1030 CF
1050 CF in CF2
1070 CF
1160 CF2 symmetric stretch
1220 CF2 asymmetric stretch
1340 CF stretch
1450 CF2 asymmetric stretch
1725 C=O stretch
1780 C=C stretch
1850 C=O stretch
3555 O-H stretch

Fig. 8. FTIR spectra of the deposited film at 200oC and annealed
films at 300oC, 400oC, and 500oC in the range of (a) 2,000-600 cm−1

and (b) 4,000-2,000 cm−1.
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4. � �

�=>���V BK WRX|� �*�- fA / Y
! hX� �


xä� Y� eÚÍ ���� )�  À-6 &*�U �)Ê1 �

��� �~x hX� 1+� SiO2 }Z�I6 �~A �)Ê1 ��

�� �~x/SiO2 �ÚhX� q��U �> ��� 
->� ���

I���,. 500oCÐQ� ���V hX� ]^ ù)� hX(� -OH

eÚ� N�� �9 −5% qf A�V �1A  Æ, hX� eÚ �I,

TWb }[, ��� Y
 Z[ _: ;< hX� ��< �� Å	A

M� YQ��,. �A & �Ú hX� Y
Z[� ���� òó ~f

-��V A EK�� 500oCÐQ �k� ��� ¯ �� ù)� ð&

2.5�V 2.2� �1��� &� hX (� ��~� [~< 500oC�V

�k� ��� ¯ N���- ¯`&,.

�A hX� ]^� �A hX� Äj�� 
- f9 �� 2µmÐQ

¹ 2EK�� N��U 
ã|�, hX� ]^� hX N� EK� ¦

V>|� Zí��� WXY& ð& �	��|% hX� 'Z"'�

µ�¼ hX� ]^� N��� �� �1��,.

&� e:c� ?Hu 
� � R��V N�H �)Ê1 ����

�~x/SiO2� �ÚhX< �� =>���V BK WRX|� �* �

.�� �Q� 8,� e©� �T��,.
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