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Transparent ZnO/Ag/ZnO tri-layered films were deposited on a glass substrate
using radio frequency and direct current magnetron sputtering. The thicknesses
of the ZnO and Ag films were maintained at 30 and 10 nm, respectively, to
consider the effects of electron irradiation on the optoelectrical properties of
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the films. XRD spectra revealed that post-deposition electron irradiated films
exhibited characteristic peaks of ZnO (002) and Ag (111), respectively. The
observed grain sizes of ZnO (002) and Ag (111) increased to 7.1 and 8.4 nm,
respectively, under an irradiation condition of 900 eV, and the surface
roughness of the electron irradiated films at 900 eV was reduced to 1.29 nm.
The as-deposited films showed a figure of merit, indicating the optoelectrical
performance of the films, of 4.1x107 Q)', whereas the films electron irradiated
at 900 eV showed a higher figure of merit of 1.1x1072 Q)"
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Table 1 Magnetron sputtering and electron irradiation conditions
of ZnO/Ag/ZnO(ZAZ) thin films

Magnetron sputtering conditions

Base pressure (Torr) 1.0x10°°
Deposition pressure (Torr) 2.0x107
ZnO | RF power (W/em?) 4.2
Ag DC power (W/cm?) 2.1
Ar gas flow rate (sccm) 12

Deposition rate (nm/Min) Zn0O; 6.0, Ag; 35.0

Substrate-target distance (cm) 6

ZAZ film thickness (nm) 30/10/30

Electron irradiation conditions

Working pressure (Torr) 1.0x10*
Irradiation time (Min.) 4
Irradiation energy [eV] 300, 600, 900
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Fig. 2 XRD diffraction pattern of ZnO/Ag/ZnO thin films electron
irradiated at different energies. (a) As deposition, (b) 300
eV, (c) 600 eV, (d) 900 eV
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Table 2 Grain size of ZnO(002) and Ag(111) on the ZAZ films
electron imradiated at different electron irradiation

energy
.. 20 FWHM Grain size
Condition Plane (Deg.) (Deg.) (nm)
As deposition 34.02 1.37 6.3
300 eV ZnO 34.02 1.36 6.4
600 eV (002) 34.16 1.30 6.7
900 eV 34.22 1.23 7.1
As deposition 38.04 1.29 6.8
300 eV Ag 38.0 1.19 7.4
600 eV (111) 38.05 1.13 7.8
900 eV 38.06 1.05 8.4
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Fig. 3 Surface RMS roughness of ZnO/Ag/ZnO films electron
iradiated at different energies. (a) As deposition; 1.65
nm, (b) 300 eV; 1.54 nm, (c) 600 eV; 1.43 nm, (d) 900
eV; 1.29 nm
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Fig. 4 Visible transmittance of ZnO/Ag/ZnO films electron
imadiated at different energies. (a) As deposition, (b)
300 eV, (c) 600 eV, (d) 900 eV
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Fig. 5 Optical band gap of ZnO/Ag/ZnO films electron imradiated
at different energies. (a) As deposition, (b) 300 eV, (c)
600 eV, (d) 900 eV
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Table 3 Figure of merit (FOM) of the ZAZ Films electron iradiated
at different electron imradiation energy

Condition Sheet resistance| Transmittance Figure of
(Q/0) (%) merit (Q7)
As deposition 28.5 80.8 4.1x10°
300 eV 18.5 81.4 6.8x107
600 eV 14.0 82.1 9.9x107
900 eV 13.4 82.7 1.1x10?
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