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Surface Properties of Polyimide Modified with He/Oy/NF3
Atmospheric Pressure RF Dielectric Barrier Discharge

Su Bin Lee, Yoon-Kee Kim' and Jeong-Soon Kim*

Department of welding and production engineering, Hanbat National University
*Plasma Systems and Materials Inc.

(20060 74 214

vhE 2006 8¢ 24

HEFHE )

=

Abstract Polyimides (PI) are treated with He/O, and He/O,/NF; atmospheric pressure rf dielectric barrier
discharge in order to investigate the roles of NF; that is one of the Pl etching gases. Surface changes are
analyzed by x-ray photoelectron spectroscopy (XPS), atomic force microscopy (AFM), and contact angle
measurement. The surface roughness of Pl and the ratio of C=0, which is hydrophilic functional group, is more
increased by He/O,/NF; discharge than by He/O, discharge. The C=0 species on the Pl surface is increased
up to 30 percent with rf power. The surface roughness of PI is increased from 0.4 to 11 nm with rf power.
The water drop contact angles on PI, however, are reduced from 65° to 9° by plasma treatment independently

of NFs.

Key words polyimide, surface modification, atmospheric pressure, dielectric barrier discharge, hydrophilic,

surface roughness.
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Fig. 1. Schematic diagram of experimental set-up of
atmospheric pressure DBD

Table 1. Surface modification conditions

Gas
Parameter
He H e/02 H e/OQ/ NF;
Pressure(torr) 760 760 760
Flow rate(sm) 15 15/0.1 15/0.1/0.02
RF power(W) 100 150-380 200-500

Time(s) 60 60 60
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Fig. 2. Surface morphology of polyimide. (8) as-received, (b)
He/O, plasma treatment (150W) (c) He/O, plasma treatment
(380W)

Fig. 3. Surface morphology of polyimide after He/O,/NF;
plasma treatment with various r.f powers: (a) 200w, (b) 300W,
(c) 500wW.
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Fig. 4. The RMS roughness as a function of the rf power.

3% Eolr|Ee] H&wst U was] uRe) sl
ARsE kAR A Hwe] Mol

S AAA Fig. 309 o] TH cugere] dAo] o
A vERd Ao ® AlgET

Sehzut Al Ao EEoln s BRI AE
| Azt o] WElE XPS peskel Al71E ©]&-38t
of #A4% AE Fig. 59 YeRAAT Eak=nt Aol
o3 Co| &2 7Astal 09 w&2 F7he™ N
< HiglEo]l A glEs & F Elt‘r. 1&4-8— —;—E}ZU}
% ] 2

NFe AFHE /\PE-‘JE} /‘F&ﬂ rf
Aehal AAaEE
o] F7tsk= A& 1f power F7tell EP% g4Ee 57t
B8] ool o &ids] 3= EH% 1= =S
NF; 7F2=5 H7Fe 735 Fob #st 4% o &
glofr| =8| At tlS WEA o3 F o 6/027}*3 o]
&3 A9ET B F&o] B Bo] 7HashA Hrh
Fig. 6= WA skA] %2 Zejoln| =9 FrofA
=73 XPS Cls pesk & 3}s-A9 Aefol wiet 4742
pesk . & E]3t Zlo|t}, 284.7 eVollA YEt pesk 1
C-C bonding®.& HEHEI 131 Ju]= FZ(PMDA-ODA)
ol ODA2] F7ie WAl el #HE CYA e <
3 Zlolw o] peske binding energy scaeS A sHe
FEo= attR? 2853 eVollH e UERlE pesk 25
st 7 JHe pekoZ FAE AUtk A=
DA Fxol|A WAl yeof A3t = C WAkl
o143t imide groupst #HE Zo2 284.7eVolA 0.8-

Fl

1_4

70 P=————mos
n e
© o
60 | He/O, He/O,/NF,
X
S 50
©
© 40}
5
E 30l He/02 He/()Z/NF3
= o \ N W
20 & N
N He/O2 He/O,/NF,

0 100 200 300 400 500
Treatment power(W)

Fig. 5. The surface elemental ratio of polyimide as a function
of the rf power.
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Fig. 6. C 1s core-level XPS spectra of polyimide (a) as-
received, (b) treated by He/O, plasma, (c) treated by He/O,/
NF; plasma
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Fig. 7. The component ratios of the untreated polyimide and
plasma-treated polyimide as a function of the rf power.
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