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Transparent conductors (TCs) combine the usually contraindicated properties of electrical conductivity
with optical transparency and are generally made by starting with a transparent insulator and making it
conductive via heavy doping, an approach that generally faces severe “doping bottlenecks.” We propose a
different idea for TC design—starting with a metallic conductor and designing transparency by control of
intrinsic interband transitions and intraband plasmonic frequency. We identify the specific design principles
for three such prototypical intrinsic TC classes and then search computationally for materials that satisfy
them. Remarkably, one of the intrinsic TC, Ag3Al22O34, is predicted also to be a prototype 3D compounds
that manifest natural 2D electron gas regions with very high electron density and conductivity.
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in specific literature on Ag3Al22O34 in the hexagonal
P63=mmc structure [19] and Ba3Nb5O15 in the tetragonal
P4=mbm structure [20]



semimetallic behavior. The particular example shown is
based on compressed silicon in the diamond-type (Fd-3m)
structure [Fig. 3(a)] with DFT electronic structure calcu-
lations shown in Fig. 3(b).

The general required design principles for this prototype
(ITC-2) include the following. (i) A large direct gap above
the photon energy of most visible light between the ðNeÞth
and ðNe þ 1Þth bands (Ne is the number of electrons in the
primitive cell) so the optical transition between them does
not affect the transparency for visible light, and a zero
indirect gap. This requires the ðNeÞth and ðNe þ 1Þth bands
to be highly dispersive and nearly parallel in a portion
of the Brillouin zone [e.g., along the Γ-



separated by a large energy window [see, e.g., Fig. 4(a)], so
the interband optical transition across the energy window
does not affect the transparency for visible light. (ii) The
carrier density (n) and dispersion of the partially filled bands
[see Fig. 4(a)] need to be sufficiently low for low plasma
frequency [25] ωp ∼

ffiffiffiffiffiffiffiffiffiffiffi

n=m�p

. (iii) The optical transition of
the electrons (holes) from the partially filled bands to the
bands above (below) them needs to be weak so as not to
adversely affect transparency.

Following the formulated design principles, we inspect a
few hundreds of ternary oxides in ICSD [18], looking for
near-octet residual valence jδj ¼ 1 (such as Ag3Al22O34

having δ ¼ 1) with low carrier density. We readily
identify two candidate ITC-3 materials: Ag3Al22O34 and
Ba3Nb5O15. Their thermodynamic stability is demonstrated
in the Supplemental Material [21], Sec. I. Ba3Nb5O15 is



functionality, leading us to the potentially overlooked
prototypes of functional materials, such as the bulk com-
pounds that support free carriers without extrinsic doping
while maintaining transparency predicted in this study.
Avoidance of deliberate doping [compare Fig. 1(a) with
1(b)] may circumvent structural defects and could thus
simplify the manufacturing techniques compared to proc-
esses that rely on heavy, and often nonequilibrium doping.
Indeed, a more extended search of these functionalities, in
parallel with stability and growability calculations (exem-
plified by Fig. S1 in the Supplemental Material [21], which
includes Refs. [32–35]) along with experimental scrutiny of
such results might well be the way to accelerated discovery
of functional materials.
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