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� �

���� hexafluoropropene(C3F6) ��� ��	
 ��
� ����� ��� ������ �� ��� ���  !

�" #$%&'. �� ���� ()* %+ #,- .� /0 ��	
 1�� 1�2345 ��	
 678 97 �*

� :� ��;<+ () 60[µg cm−2min−1]� =>?'. 100 W, 1 torr, 10 min� @A1��" �� BC�DE* 8.8[dyne

cm−1]F �8� GHI� 127.75o� ��� ��- J�
K'. ��	
 ��� ��L CF, CF2 M� ��N� �O�* �

�� <P %&45 C/F Q* 2�
� =>R&'. ����� S�� �����L 1 µm�
� TUF VW XYZ S[

� E\W ]45 �� #<� �** GHI- ̂ _ ̀ a2b ����� ��WcB� PTFE(108o)d' ���� �`%&'.

Abstract − Fluorocarbon, which was deposited on copper surface by plasma polymerization with monomer C3F6, was inves-

tigated from the point of the hydrophobicity. Plasma parameters were changed to find the maximum conditions of the surface

hydrophobicity. Rate of deposition with increasing plasma power and pressure showed the value of 60[µg cm−2min−1]. It was

found that the surface energy was 8.8[dyne cm−1] and contact angel with water was 127.75o at the optimum conditions, 100W,

1 torr, 10 min. The surface with plasma deposition was coated fluorocarbon groups such as CF, CF2 and C/F atomic ratio

showed the value of less than 2. Deposited fluorocarbon indicated thin and homogeneous film with the thickness of 1µm. Con-

tact angle of plasma deposited Cu surface showed more hydrophobic than that of synthesis polymer PTFE(108o).
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1. � �

���, ���� �	 
���
 ���� �� ���� ��� �

��� ���� ��� �� !� "# $!� �% &' ()! *

+,-. ()	 ��� ./ 01()(filmwise condensation)� �1(

)(dropwise condenstion)� 23� ��� 456
7 89��� �

## :��� �1()� ��##; <=�!/� >?@ A-[1, 2].

!B, �� ()C	 DE! FG� ./ )�H� ��� IJ�

1K� LM NOC� PQH� �RF <=� STDU
 VW�� X

Y,-. ��� CZ� [\DU� ]6^ _� `ab, cd#c, e8

fg� 6
 �4� hij	 klZ� ,mn Fo� A�p q�r

�� st hi! �l H�F� A-[3]. ��� T&Z� _F6� ]

%�
 C� ���uv- w	 Ct� ��� fg6xy st6
 �

z! {�6-. 89��� |Z�'} � 1~��� h&� �Z!

;� �	 polytetrafluoroethylene(PTFE)� -CF3, -CF2-l�� NT\|

C� ��� 2Z6
 hi! �lH��y �'} fg�� ��##

; I6H
 �?�! A�-[4-6]. �� ]� �� ��, 0� 2ZD

� C�� ��� �T� 6
 ��� ��� P^6
 hi�� �/

�� �| hi� !Y6^ q�r T5y �� st 
z� !Y� &

A-[7, 8]. �/�� ��	 �4 hi��
 N;�, q�r T5y

�� st 
z� !Y� & A�p �/�� �� 
z� �/�� �

|�� l'�-. �/�� ��
z	 cd��� �z� cd�\C

� �V9(�� <�n �� & A� �/�� �|� �� ��� �

��; ���W h�� �% *+, /��! �� cd��� ��

 8, 0� 2ZD¡-.

NT\|C� �Z	 w	 �¢m&� ���RF� T&Z� £D

� �� ¤zZ, \¥� ¤zZ! ¦� �&6^ ^B '§�� (YH

� A�y, cd�� ]� `Qd#; 89 _�\|Cv- ¨I© ª

�� ^�� NT'}; cd� «¬6
 P9(� 8�­ & A
 �
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®! A-[9, 10]. !B, ¯bn %°6� ]% ±\&Tn ²0 2Z

³ NT0� `QDU
 ´ �m hi! D#H� µ-[11, 12]. ¶By

· �l��
 N\±T 0� �� 2Z6� ]% !�°|� ̧ 
 C3F6

n �� }_�RF; w	 CF2� 6^ <=��� `Q6¹-. ±\

&T \|C� º» `Qd#� N\±T h&Z� £D� , �m�

%°6� A-. !�°|	 �/�� 1� �}� �% �RF; ��

� ¼ ½h¾ ¿Z� ¸
 /��! -��� +ZH
7 +Z� �E

�(-CF2-)
 }���� �|� £D� cd���� \¥� °|� 2

Z,-[13].

· �l��
 ��##; �&, cd��� NT\|CW hexafluoro-

propylene(C3F6) ;Àn ���� rf �/��n !Y ²0 23� `Q

DÁ-. ./� cd� �&, ��##� ÂN� ()H
 C�� �

�� �T� � & A
 T&Z� £D� Fo
 �&, ��� +Z�

& A�-. 1"�� rf �/�� Ãu, 9(Äu, DE Å� [\� W

, `Qd# [\n Æ¢6�, ¬ [&� [\� �, `Qd# [\n

Ç6^ T&Z ��st� Z�� � 6�} 6¹-.

2. ����

2-1. ���� � ��

�/�� �| �È
 ;À #�P, a
 �È, �/�� *+�� 9

(Æ�� lZH� A� Fig. 1� #«\6¹-. 9(�� _�H
 �

��
 C3F6(Hexafluoropropylene(HFP: Aldrich 99.9%))� !�°|�

Fo� A�p 9(� �, ³� ÉÈ H�A
 needle valven Ç% 8

z, Äu� _��� _��-. �/��
 ÊËÆ Ì:� f8� S

Í 13.56 MHz� �Î&n FÏ RF *+�(ENI, OEM-6)�PÐ ��

800 WÑF �Y� & A�p matching unit(Hanbit, LC-1,000)�� b

�6¹-. 9(� kPÄu	 1� Äu:z�(MKS, Inc., 220-CD)n

 Y6^ 1 torr Ò]�� :z6¹-.

cd DÓW Cu-sheet(0.4 mm: Nilaco, 99.996%)
 1 cm2� Ô��

_�Y¦� �% ��� �Õ, ³ Ö�6^ 9(�� ]ÈDU� 9

(� Äu� 2×10−6 torr� a
#n _FD¡-. cd� ��� hi

�� ÍØÙ� �T �/��n  Y6^ _� NOC� bx6�[14],

�\0� �VDU
 &T �/�� ��� �z� ¬¬ 100 W, 1.5 torr

�� 10'E �Y6¹-.

�/�� �|�
 C3F6n  Y6¹�p ���� _�� ./ �/

��� *+�Ö! 1!6¹
7 9( Ú� Äu 0.5-1.5 torr, h� Ã

u 25-150 W�� �/�� ÛÃDE 10 min�� 6^ ÜÝ6¹-. �

� �Ö� ÜÝ �Ö	 Table 1� yÞk�-.

`Qd#
 9(�� ³� ßà$!n áâ6^ :z6¹-. ���

�z� xã DÓ	 �}Iä(Mettler, AB104)� !Y6^ DÓ� ßà

n µg�]� :z6¹�p �/�� 
z[&n [\6^ `S� yÞ

k
 ̀ Q�� áâ6^ �]DE, �]���� ��6^ ̀ Qd#(µg

cm−2min−1)� yÞk�-.

2-2. �	

�� ��¬� ���RF [\n Æ¢6� ]% �� -» åZ�

FÏ æ�(̀ ç&, �eè éêë)n ¬¬ 2µlì í�î? ��¬ :z

�(ERMA Inc., G-1)� ���� ��¬� :z6�, ´ Y¦� ��¬

��PÐ ���RF� ��6^ st Z�� áâ6¹-. �|� ²0

� \¥� °|13 ïW� ]% FT-IR(Brucker, IFS66)� !Y6^ '

Ê� 6¹�, �/�� �� � ��� zZ, z� 'Ê� ]% XPS(X-

ray photoelectron spectroscopy, OMICRON-UHV, VG)'Ê�� �Z[

\n 'Ê6¹�p ²0� �� 21� SEM� AFM(Atomic force

microscopy) :z�� �� 21! ��¬� ðÈ
 Ë¾� �, 'Ê

� &ñ6¹-.

3. 	
 � �


3-1. 
��
 �� ��

cd��� T&Z �Z� P^6� ]% NT \|CW HFP(C3F6)

��n ���� �/�� �|9(� _#, ²0� 2Z6¹-. ��

�n _�6^ 9(� k� Äu� [\DU�� 10' £¤ �/��

Fig. 1. Schematic diagram of plasma treatment system.
1. Gas manifold 6. RF generator
2. Gas storage 7. Copper wire trap
3. Needle valve 8. Turbo pump
4. Reactor 9. Mechanical pump
5. Heater

Table 1. Pretreatment and experimental conditions

Treatments Gases Conditions

Pre- treatment Cleaning Ar 100 W, 1.5 torr, 10 min
O2 100 W, 1.5 torr, 10 min

Reduction H2 100 W, 1.5 torr, 10 min
Plasma polymerization C3F6 0.5-1.5 torr, 25-125 W, 10 min

Fig. 2. Rate of deposition by plasma power and monomer pressure for
10 min (a) 0.5 torr, (b) 1 torr and (c) 1.5 torr.
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Ãu� 25 W�� 125 WÑF 25 Wì `;D� `Q� DÓ� ßàn

�]DE, �] ��ò ̀ ;, ßà� `Q d#n �Ã6¹�p Fig. 2

� áâ6¹-. C3F6 ���� _�[\
 9(� k� Äu[\n y

Þkp 9(� Äu! ¬¬ 0.5, 1� 1.5 torr 8 ¼ _�! ¬¬ 7.5 sccm,

12.5 sccm ¶�� 18.4 sccm!�-. 0.5 torr�� 20[µg cm−2 min−1]�

`Qd#n yÞkp �/�� Ãu� [\� �, [\; ÔF óô

�y 9(� Äu� `;D­&õ `Qd#
 `;6^ �� 60[µg cm−2

min−1]� `Qd#n v¹-. ¶By �/�� Ãu! `;�&õ l�

����� `Q	 `;6- 125 W� Pö�� `Q�! 8z, 13

n yÞk�-. �/�� Ãu! ÷Í@# `Qd#; 8z, 13n

_F6
 !_
 ���W C3F6
 ±TV}� �W, �|9(

(polymerization)� NTV}� «¬9((etching)! �ø��� £D�

*+� & A� !j ´ 
zjE�  2	 �/�� 
z[&� �%

ù�Hp Ãu! 100 W !1�� �9�W `Qd#
 z113� #

�6à �-.

Fig. 3	 ��� 1 torr�� 10'E �/�� Ãu� ./ `Q� ��

� C� �, ��¬ [\� ���RFn ��6^ áâ, °�n y

Þk�-. �� �RF
 ��l�� Z'� ./ �/F
 �� ��

� �_ �Z!-[15]. ./� �z ��� æ�� úû z#n ü��

¼ ��¬ v- �� }_�RFn  Y6
 ý! zï6� þÂ Ó�

, hi�� E��-. ./� �� �� }_�RF; æ�� ���

uv- w�� ��
 æ�� �% úF óà H� drop23n _F�

& A-. �� }_�RF
 Owens and Wesndt «[16]� �% �� -

» åZ� FÏ ́  Y¦(H2O. CH2I2)� ��¬� Ç%� �� ;�6-.

(1)

(2)

(3)

^�� γs
 �� }_�RFn yÞk� ÿ �} h
 &T°|� �,

!� �åXY� �W, �� �RF, d
 ßåZ� �W, '�u,

θH2O� θCH2I2

 H2O� CH2I2 ¬¬� ��¬� yÞ�-.

�/�� Ãu� `;� ./ ̀ Q� ��� ��¬! ̀ ;6
 �¾

� v!� A-. Ãu� `;
 �/�� k ¿Z�� &n `;DU�

9(Z! ÷	 �}j� ���#; ÷Í@ ���� 9(d#n `;

D¡-. l���	 Ú� C�� ��¬! 37o¹�y N\±T� `Q

�� ¶ ��¬! `;6^ 75 W�� 107.81on yÞ��p 100 W�

�
 C�� ��¬! 127.75o� |Z�'}W PTFE(108o) v- ÷	

T&Z ��� yÞ	� > & A-. ̈ 46
 |Z�'} � ��� T

&Z �Z� yÞk
 PTFE� �� ���RF
 18[dyne cm−1]n F

o� A� C� ���uW 72.8[dyne cm−1]v- ¨I© �	 �RFn

Fo
� T&Z� yÞ�-. �/�� �|� �, cd��� ̀ Q�

²0� �� PTFE v- �	 8.8[dyne cm−1]� ���RF� T&Z

�Z� ¾1DU� A-. Fig. 2� NT\|C `Q�� `;�¾� �

! �� ]� 2Z� ²0	 �� }_�RF; ST6¹� !� .»

��¬	 1KH�-. Table 2
 ��¬� st� �� �RFn z�

��p 2µl� Chä! ��� ��� ¼ ¨I6à `;6
 ��¬�

� cd ��� C! 01 ()� !�
 23n yÞ�-.

3-2. ���� ��� �� �	

3-2-1. FR-IR 'Ê

���W C3F6n !�
 C=C, C-F, C-C °|� %��RF
 ¬¬

318, 536 ¶�� 607 kJ/mol!-. I" �/��
 �} ��� �% �

RF ��! 8�yp Ú� ���
 !�°|� π°|! '%H��

�| ;�, ½h¾ /��(difunctional radical)! +Z�-. �/��

`Q� C3F6� °|l�n ïW6� ]% 1 torr, 100 W, 10 minW �Ö

�� ̀ Q� ²0� FT-IR À
��� 'Ê °�n Fig. 4� yÞk�-. 

1,220 cm−1� �	 �Ô
 CF3, CF2, CF� �W, CF asymmetric

stretching� yÞ�-. 1,160-1,220 cm−1 Ò]�� ÷	 �� �#n ï

W 6¹�p, !
 CFx� ÷	 ;â\n �ð,-. !ý	 ���� !

�°|! ��F�� q�r �|�n !�� Aû� > & A�, ��

�; Î�H�� 5��H
 ��, ��n x� �|H�� È�,

γs
h 137.5 256.1cosθH2O 118.6cosθH2I2

–+
44.92

----------------------------------------------------------------------------------------
2

=

γs
d 139.9 181.4cosθCH2I 2

41.5cosθH2O–+
44.92

----------------------------------------------------------------------------------------
2

=

γs γs
h γs

d+=

Fig. 3. Changes of contact angle and surface energy with plasma power.

Table 2. Comparison of contact angle and surface energy by plasma
deposition

Samples Angle[ο]
Surface energy

[dynecm−1]
Waterdrop images[1 mm]

Cu-untreated 37.45 62.4

Cu-75W 107.81 17.4

Cu-100W 127.75 8.8

Fig. 4. Typical FT-IR spectra of plasma polymerized C3F6 on Cu surface
(100 W, 1 torr and 10 min).
���� �41� �1� 2003� 2�
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crosslinking�� �X� & A-. w	 Î�(746, 900 cm−1)	 áz2�

C-F°|!p, ÷	Î� 1,720� 1,620 cm−1	 CF=CF, CF=CF2, C=C�

!�°|� 45n yÞ�-. 3,400, 1,750 cm−1	 C� C=O°|� �

� �� C� ��� 2Z� ²0�� °|� �, ý��  ��-.

Fig. 5
 �/�� Ãu� .» 400-2,000 cm−1� �� À
�� 'Ê

°�n yÞ� ý�� Ãu! `;L� ./ 1,200 cm−1 P'� �#

; `�L� > & A� áz2� CFx �, `;,-. !ý	 �/��

Ãu� [\� �% 2ZH
 �/�� �'}� ��! Â� ¿Z\

H� ��� 456
 /��� ½! `;6^ �/�� �|�� 9

(6
 ½! Â� `;L� yÞk
 °��  ��-.

./� �/�� ��� �6^ l���� ��Z ¶�! `;� s

t �Z� ïW� & A�-.

3-2-2. XPS 'Ê

�/�� �|�� 2Z� 0� XPS :z°�n Fig. 6� áâ6¹

-. Fig. 6(a)
 �/�� �� � l���� yÞk
 ý�� 953, 933 eV

�� Cu2p� %ò6
 split �Ô� 123 eV, 77 eV� 3 s� 3 p �Ô ¶

�� 486, 476, 335 eV� Cu auger� �Z�Ô; ï�© yÞy� A

-. �, 530 eV� 285 eV� ð� �Ô
 l���� ð�  46� A


 �\0� ±T Z'� �ð,-. Fig. 6(b)
 �/�� ��� �%

C�� ��¬! ��W 127on yÞ! ¼� ���� 685 eV� F1s�

599 eV� NT auger �Ô ¶�� 285 eV� C1s Z'� %ò6
 �Ô

� å��� \¥� lZ! �/�� �|� �, `Q�� "�© �

�H� �# -» \¥� 13n !�� Aû� �ð,-.

Fig. 6(c)� (d)
 l���� `Q��� C1s À
���� ����

�, °|�RF [\n �'\, ý�� C-C, C=C, C-F, CF-CFn,

CF2, CF3� %ò6
 \¥� 13n ¬¬ 1PÐ 6ÑF �D6¹�p

NT���� �� #$n ïW6¹-. �'\, �Ô� ��� m�6^

C/F á; 2 !6� °|13� 2ZH�û� > & A� !
 FT-IR 'Ê

°�� �%;F� �|� �% 2Z� CFx 0 !�û� ïW6¹-.

3-3. �� ��� ��

Fig. 7(a)
 �/�� Ãu 100 W, 1 torr�� 10'E ���n ̀ Q,

l���� SEM  a� yÞ�-. l���� `Q� NT\|C	

1 µm Ô�� ��! 8z, h¾Z� FÏ 23� `QH�û� yÞ

k� Fig. 7(b)
 `Q� ²0� ´M(\&�)n �D, ý�� 1 µm

!6 ´M�  86à 2ZH�û� > & A-. !B, h¾Z	 �

�� _�H
 '(h¾� �% 2Z H�� 8z, �#(roughness)

n F)��� �� 21� Ë¾! T&Z� `� D­ & A-�  

��-.

Fig. 8	 AFM(atomic force microscopy)� Ç% ²02Z�� W,

�� l�n yÞ� ý�� 9(�� l� ��	 *  ÷!; 0.27µm,

rms(root mean square)+! 0.2µmn yÞk
 ð�6à xã ����

Fig. 5. FT-IR 400-2,000 cm−1 spectra of the Cu surfaces plasma-treated
with C3F6 (a) 25 W, (b) 75 W and (c) 100 W.

Fig.  6. XPS spectra in the plasma treatment (a) Untreated Cu surface, (b) Plasma deposition with C3F6, (c) C1s of untreated Cu surface and (d) C1s of
plasma deposition with C3F6.
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H�A-(Fig. 8(a)). Table 2� ,-, ý� �! !¼ C�� ��¬	

37on yÞ�-. �/�� Ãu� .» NT \|C! xã �� ]n

"�© .��� ¦/6� *±, 23� �� ]� 2Z6à H� 75 W

��(Fig. 8(b))� rms +! 0.13µm� `;6� ��¬	 |Z�'}

� PTFE� _ , 108on yÞ�-. C3F6 ���� �/�� �|�

�, 0�� *±, 13n _F6^ T&Z� `�DU
 ��� ¬

	 NT\|C Z'� �, 108o� ¬! ��!F0 Ãu! `;6��

100 W8 ¼ rms +! 0.9-1.2µm Ô�� V2 �}; 1Í��� %�

�#(roughness)
 Â� 1K6¹� ��¬ �, `;, °�n ��-.

!B, VW	 �� �#� C�� ��Æmn b¤�2 Wensel « (17)

�� %Ê� & A-.

(4)

^�� γ
 Üb ��� 3v� ��� á, θ
 Üb ��¬, θ'
 3

v� ��¬!-.

�#� `;
 ��á(γ)� +! Ôà �-. ./� 3v� ��¬

θ'	 Â� `;H� ���� Üb ��¬v- 3v� ��¬	 `;

6à �-. ¶B
� *±, ��l�v- 8z, Ô�� �#n F

o� A
 ��! C�� ��¬� Â� 1KD­ & A� ý��  

��-.

./� 5���� \¥� l� [\� �% ���RFn b�L�

�4 �� & A
 �� ��¬	 110on 5F 66F0 `QH
 NT

\|C� 8z, �� �7� ´� �� 127o� ��¬�� �� T&

Z� �� & A�-.

4. 	 �

RF �/�� 9(��� ���W C3F6n �/�� �|�� cd�

�� `Q6¹-.

�/�� 
z[&� .» `Q Z¾	 �/�� Ãu� Äu! `;

�&õ NT\|C� `Qd#
 `;6^ �� 60[µg cm−2 min−1]�

yÞ�-. �,, ��� T&Z �Z	 C�� ��¬! 127.75oW T

&Z ���� ¶ �� �RF
 8.8[dyne cm−1]� w	 T&Z �Z

� ²02Z� ïW6¹-. `Q� ²0	 100 W, 1 torr, 10 min� 


z�Ö�� ��� 13n yÞ��p `Q� ��	 C/Fá; 2!6

� \¥� °|13n yÞ�-. `Q� ��� 21! 8z, �#n

F)��4 |Z�'}W PTFE ��v- T&Z! `;, °�n �

�-.

� �

· �l
 20008 ,½�¥â âk�lá FV�� �lH�9o-.

�lá FV� S è:o-.

γcosθ cosθ′=

Fig. 7. SEM images of deposited film surface (a) top and (b) cross-sec-
tion.

Fig. 8. AFM images of the deposited film surface (a) 25 W, (b) 75 W
and (c) 100 W.
���� �41� �1� 2003� 2�
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