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Abstract: In this work, in order to effectively improve the electrical conductivity and visible light transmittance of ZnO
thin films, ZnO single layer and ZnO/Ag bi-layer films were deposited on glass substrates by radio frequency and direct
current magnetron sputtering, and then, the effects of an Ag buffer layer and electron beam irradiation on the electrical
and optical properties of the films were investigated. The observed results indicate that ZnO 100 nm / Ag 7 nm films
show higher opto-electrical performance than the ZnO single layer film. In addition, electron beam irradiation also
effectively enhanced the visible transmittance and electrical conductivity of the ZnO/Ag bi-layer films.
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Fig. 1. An experimental system for the RF and DC magnetron
sputtering with electron beam irradiation source.

Table 1. Experimental conditions for ZnO/Ag bi-layer thin films.

Classification Unit Vaue
ZnO sputttering power Wicm? RF, 25
Ag sputtering power W/cm? DC, 2.0
Ar gas flow rate scem 10
Substrate temperature T Room temperature
Film thickness nm Zn0 : 100
Ag : 5 7, 10
Deposition rate nm/min  ZnO 3.3, Ag 255
Electron beam source power W RF, 150
Electron beam energy eV 150, 300, 450
0.154 nm, X'pert pro MRD, philips, gr=7]&1}sh
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Fig. 2. XRD pattern of ZnO sngle layer and ZnO/Ag bi-layer films.
(@ ZnO 100 nm, (b) ZnO 100 nm / Ag 5 nm, (¢) ZnO 100 nm /
Ag 7 nm, and (d) ZnO 100 nm / Ag 10 nm films.

Table 2. Electrical properties of ZnO and ZnO/Ag thin films.

Film Carrier Mobility Resistivity
thickness  density (cm®) (cm?vS?Y (Qem)
ZnO 100 nm  3.04x10% 5.08 4.0x10°
ZnO/Ag 5 nm  3.24x10™ 5.88 3.2x10°
ZnO/Ag 7 nm  5.62x10% 8.70 1.3x10™
ZnO/Ag 10 nm  1.46x10% 8.92 4.8x10°
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Fig. 3. The opticd transmittance of ZnO single layer and ZnO/Ag
bi-layer films. (@ ZnO 100 nm, (b) ZnO 100 nm / Ag 5 nm, (c)

ZnO 100 nm / Ag 7 nm, and (d) ZnO 100 nm / Ag 10 nm films.
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Fig. 4. Suface RMS roughness of ZnO single layer and ZnO/Ag
b-ayer films (@ Z2nO 100 rm (b) ZnO 100 nNm / Ag 5 nm, (¢) ZnO
100 nm / Ag 7 nm, and (d) ZnO 100 nm / Ag 10 nm.
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Table 3. Figure of merit (FOM) of ZnO and ZnO/Ag thin films.

Film Sheet Optical FOM
thickness  resistance [Q/[]] transmittance [%] QY
ZnO 100 nm 4.04x10" 83.2 3.9x10™
ZnO/Ag 5 nm 3.12x10° 67.4 6.2x10™M
ZnO/Ag 7 nm 12.1 62.4 7.4x10"
ZnO/Ag 10 nm 43 54.7 5.4x10"
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Fig. 5. Surfface RMS roughness of ZnO 100 nm / Ag 7 nm as a
function of eectron irradiation energy. () 150 eV, (b) 300 eV,
and (c) 450 eV.

Table 4. Figure of merit (FOM) of electron beam irradiated ZnO
100 nm / Ag 7 nm bi-layer films.

Electron beam Sheet Optical

o i i FOM
irradiation energy resistance transmittance [Ql]
(eVv) [e/0]] [%]
As deposition 12.1 62.4 7.4x10*
150 115 63.0 8.5x10™
300 8.6 64.7 1.4x10°
450 8.1 65.2 1.7x10°
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