[= ] A5 es)A)
Kor. J. Mater. Res.
Vol. 20, No. 4 (2010)

zl\l_

2Zg = AX Polyethylene Naphthalate 712

DOI:

Zn0:Ga FHAET 54

yd)

# AR

5.

=
S

434 -

- 9% - A
Fojstu Qg sFa st e gt

+YQ* - Ao g

10.3740/MRSK.2010.20.4.175

Aol F34

Properties of ZnO:Ga Transparent Conducting Film Fabricated on O,
Plasma-Treated Polyethylene Naphthalate Substrate

Byeong-Guk Kim, Jeong-Yeon Kim, Byoung-Jin Oh, Dong-Gun Lim, Jae-Hwan Park’,
Duck-Hyun Woo* and Soon-Yong Kweon™

Department of Electronic Engineering, Chungju National University, 308-702, Chungju, Korea
*Department of Materials Science and Engineering, Chungju National University, 308-702, Chungju, Korea

(20101 29 23 S @ 2010 3¥ 179 HEF

A :2010d 39 199 A=)

Abstract Transparent conducting oxide (TCO) films are widely used for optoelectronic applications. Among TCO materials,
zinc oxide (ZnO) has been studied extensively for its high optical transmission and electrical conduction. In this study, the effects
of O, plasma pretreatment on the properties of Ga-doped ZnO films (GZO) on polyethylene naphthalate (PEN) substrate were
studied. The O, plasma pretreatment process was used instead of conventional oxide buffer layers. The O, plasma treatment
process has several merits compared with the oxide buffer layer treatment, especially on a mass production scale. In this process,
an additional sputtering system for oxide composition is not needed and the plasma treatment process is easily adopted as an
in-line process. GZO films were fabricated by RF magnetron sputtering process. To improve surface energy and adhesion
between the PEN substrate and the GZO film, the O, plasma pre-treatment process was used prior to GZO sputtering. As the
RF power and the treatment time increased, the contact angle decreased and the RMS surface roughness increased significantly.
It is believed that the surface energy and adhesive force of the polymer surfaces increased with the O, plasma treatment and
that the crystallinity and grain size of the GZO films increased. When the RF power was 100 W and the treatment time was
120 sec in the O, plasma pretreatment process, the resistivity of the GZO films on the PEN substrate was 1.05 x 10°Q-cm,
which is an appropriate range for most optoelectronic applications.
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Fig. 1. RF magnetron sputtering system.
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Fig. 2. (a) Effect of O, plasma treatment on the contact angle and surface roughness of PEN substrate, (b) none, (c) 120 sec and (d) 300 sec.
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Fig. 3. Effect of O, plasma treatment on the surface morphology of GZO films on PET substrate. (a) none, (b) 60 sec, (c) 120 sec, (d) 180
sec, (e) 300 sec and (f) 600 sec.
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Fig. 4. Transmittance of (a) PEN substrate, (b) GZO film and (c) GZO film with PEN substrate.
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Fig. 5. Effect of O, plasma treatment on the electrical properties of GZO films. (a) Carrier concentration and Hall mobility and (b)
Resistivity and Transmittance.
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Fig. 6. (a) RFID antenna using Al electrode on Si substrate. (b) RFID antenna using GZO film on PEN substrate.
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