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Transparent Electronic Conducting Amorphous Oxides—A working

hypothesis to explore novel materials and examples
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Abstract
A working hypothesis for exploring optically transparent and electrically conducting amorphous oxides was
proposed on the basis of a simple consideration about chemical bonding. The hypothesis predicts that

amorphous oxides composed of heavy metal cations with an electronic configuration of (n-1)d" °ns” may be
converted into transparent electronic conductiong amorphous oxides when carrier electrons are doped. Three

new materials, amorphous Cd=GeQ4, AgSbOs and Cd:PbO., which were obtained following the hypothesis,

are shown,
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Fig, 1. Schematic orbital drawing
conduction band bottom of metal oxides.
(a) Heavv metal cation oxides, (b) light
metal cation oxides,
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Fig. 2(left)glancing angle power XRD pattern of Cd:Gel.
thin films, AIl the peaks may be indexed as arising from
Cd,Gel.. Inset is the DTA curve of as-deposited Cd.GeQ.
thin film, (right} cross-sectional TEM photograph of
Cd,Ge0.deposited on a-Al:0./Al and selected area electron
diffraction patfern showing amorphous nature,
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Fig. 3. D.c.electrical conductivities of
as-deposited and Li™- implanted a-Cd.GeQ.
thin films. Inset shows optical
transmission spectra of the specimen
before and after implantation.
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The Periodic table

Possible Candidate for HMCs
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Fig. 4. Possible cations for HMCs applicable for transparent electrenic
conducting amorphous oxides

Table 1. (Optical band gap and electrical properties of novel transparent
eleciroconcucting amorphous oxides

Materials Optical band | Carier Mobility Carrier D.c.
gap{eV) generation { em2s-1V-1)1} | concentrations | conductivity
{cm3)D) (Scmi}h
a-Cdy GeOy 3.4 Li+- ~6 1x 1018 ~ 10
implantation
(2 1016 cmr-2)
a-AgSb(s 2.5 heating ~7 3x 1017 03
at 500°C
a-Cds PbOy 1.8 heating ~i2 2% 1020 390
at250°C
1) Data at 300 K.
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