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Abstract

ZnO single layer (60 nm thick) and ZnO with Ag interlayer (ZnO/Ag/ZnO; ZAZ) films were deposited on
the glass substrates by using radio frequency (RF) and direct current (DC) magnetron sputter to evaluate
the effectiveness of Ag interlayer on the optical visible transmittance and the conductivity of the films. In
the ZAZ films, the thickness of ZnO layers was kept at 30 nm, while the Ag thickness was varied as 5, 10,
15 and 20 nm.

In X-ray diffraction (XRD) analysis, ZnO films show the (002) diffraction peak and ZAZ films also show
the weak ZnO (002) peak and Ag (111) diffraction peak. As a thickness of Ag interlayer increased to 20
nm, the grain size of the Ag films enlarged to 11.42 nm and the optical band gap also increased from
4.15 to 4.22 eV with carrier concentration increasing from 4.9 to 10.5% 10 c¢cm™. In figure of merit
measurements, the ZAZ films with a 10 nm thick Ag interlayer showed the higher figure of merit of 4.0x
10 Q7' than the ZnO single layer and another ZAZ films. From the experimental result, it is assumed that
the Ag interlayer enhanced effectively the opto-electrical performance of the ZAZ films.
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Table. 1. Experimental condition of ZnO and ZnO/Ag/
Zn0 thin film deposition.
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Fig. 1. XRD diffraction patterns for ZnO and ZnO/Ag/
Zn0 films deposited on glass substrate at various film
thickness. (a) ZnO 60 nm, (b) ZnO 30/Ag 5/Zn0O 30 nm,
(c) Zn0O 30/ Ag 10/Zn0O 30 nm, (d) ZnO 30/Ag 15/ZnO
30 nm, (e) ZnO 30/Ag 20/Zn0 30 nm.

Table. 2. Grain size of ZnO (002) and Ag (111) films.
Thickness| ~. . . 2Theta | FWHM |Grain size
(am) | OO0 | D) | (Deg) | (nm)
ZnO 60 |ZnO (002)[ 33.81 0.60 14.32
30/5/30 33.86 0.73 11.83

Parameters Conditions 30/10/30 7Zn0 33.91 0.79 10.97

Base Pressure (Torr) 6.0 x 107 30/15/30| (002) 33.86 0.91 9.53

Deposition Pressure (Torr) 1.0 x 107 30/20/30 33.98 0.96 9.04
7nO, RF Power (W/cm?) 4.0 30/5/30 - - -

Ag, DC Power (W/cm?) 2.0 30/10/30 Ag 37.84 0.98 8.86

Ar Flow Rate (sccm) 10 30/15/30| (111) 37.95 0.89 9.81

Deposition Rate (nm/min) ZnO: 5, Ag: 40 30/20/30 38.00 0.77 11.42
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Fig. 2. AFM images and surface roughness of ZnO and ZnO/Ag/Zn0 films. (a) ZnO 60 nm; 1.28 nm, (b) ZnO 30/ Ag 5/
Zn0 30 nm; 1.89 nm, (c) ZnO 30/Ag 10/Zn0O 30 nm; 1.65 nm, (d) ZnO 30/Ag 15/Zn0O 30 nm; 1.70 nm, (e) ZnO 30/Ag

20/Zn0 30 nm; 1.79 nm.
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Table. 3. The electrical properties of ZnO and ZnO/Ag/
Zn0 thin films.

Stlklrlli[ll)lre con%ag%iion g:[ g}%}l\l]g ReZ Es(;cll;lr)lty
7Zn0 (60) | 4.7x107"° 1.23 10x107
Gofafs0) | 49%107 1.79 7.0x10*
(30/21%Z/30) 6.1x10% 4.88 2.0x10™
(30/Z 1ASZ/30) 9.0x10" 8.05 8.5%107
(30/22/?)Z/30) 10.5x10" 6.68 8.8x10°

Fig. 3. Effect of the Ag interlayer thickness on optical
transmittance of ZnO and ZnO/Ag/Zn0 films. (a) ZnO
60 nm, (b) ZnO 30/Ag 5/Zn0O 30 nm, (c) ZnO 30/ Ag 10/
Zn0O 30 nm, (d) ZnO 30/Ag 15/Zn0O 30 nm, (e) ZnO 30/
Ag 20/Zn0 30 nm.
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Fig. 4. Dependence of the optical band gap of the films
on Ag interlayer thickness. (a) ZnO 60 nm; 4.13 eV, (b)
Zn0 30/Ag 5/Zn0 30 nm; 4.15 eV, (c) ZnO 30/ Ag 10/
Zn0 30 nm; 4.19 eV, (d) ZnO 30/Ag 15/Zn0 30 nm; 4.21
eV, (e) ZnO 30/Ag 20/Zn0 30 nm; 4.22 eV.
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Table. 4. The figure of merit(FOM) of ZnO and ZnO/Ag/
ZnO0 thin films.
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