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Abstract: In this study, oxide/metal/oxide-type transparent electrodes based on Al and ZnO were investigated. Thin films

of these materials were sputter-deposited at room temperature. To evaluate the thickness dependence of the oxide layers,

the top and bottom ZnO layers were varied in the range of 5~80 nm and 2.5~20 nm, respectively. When the thicknesses

of the top and bottom ZnO layers were fixed at 30 nm and 2.5 nm, a maximum transmitance of 66% and sheet

resistance of 16.5 Q/[] were achieved, which is significantly improved compared with the Al layer without top and

bottom ZnO layers showing a maximum transmitance of 44.3% and sheet resistance of 44 Q/[].
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Fig. 1. (a) Schematic structure of ZnO/Al/ZnO transparent electrode
and (b) illustration of destructive interference in the presence of an
anti-reflective coating. Destructive interference takes place when the
layer thickness is equal to (A/4n).
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Fg. 2. Structure of ZnO/Al/ZnO transparent electrode on glass substrate.
The thickness ranges for each of the layers are also presented.
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Fig. 3. 2 theta XRD scan for the (a) glass/ZnO (2.5 nm)/Al (8 nm)/
ZnO (30 nm) and (b) glass/Al (20 nm).
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Fig. 4. Optical transmittance of the ZnO/Al/ZnO transparent electrodes
as a function of wavelength, where the thickness of the top ZnO
was varied from 5 to 70 nm. “Bare 8§ nm” refers to the structure
of 8 nm-thick Al film on top of Glass without the upper and
lower ZnO layer. For comparison, reported transmittance results for
a 1,000 nm-thick ITO film [11] is also plotted.
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Fig. 5. Optical transmittance as a function of bottom oxide thickness.
The thickness of the top oxide is fixed at 30 nm.
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Fig. 6. Photographs of a logo placed below the structures (a) glass/
Al (8 nm) and (b) glass/ZnO (2.5 nm)/Al (8 nm)/ZnO (30 nm).
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Table 1. ZnO/Al/ZnO thickness, optical transmittance for the transparent
electrodes in this study. The listed visible optical transmittance is values
at 380~770 nm wavelengths (i.c., A=380~770 nm).

ZnO/Al/ZnO  Visible Visible  Ave-optical Max-optical
thickness  ave-optical max-optical T T
(nm) T (%) T (%) (%) (%)
10/8/5 375 47.7 36.2 47.7
10/8/10 41.5 50.3 40.2 50.3
10/8/20 46.0 55.3 444 55.3
10/8/30 50.6 56.0 49.3 56.0
10/8/40 47.6 51.1 46.9 51.1
10/8/50 44.8 47.9 45.0 479
10/8/60 43.7 50.2 45.6 52.4
10/8/70 42.6 49.3 44.8 53.2
10/8/80 40.3 47.5 42.8 52.4
2.5/8/30 49.0 65.7 45.7 65.7
5/8/30 444 53.7 42.4 53.7
7.5/8/30 40.7 46.5 393 46.5
20/8/30 46.3 49.0 45.8 49.0
Bare 8 41.1 42.8 41.7 443
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