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The photoluminescence of transpartent and conductive CdIn,O, thin films formed by rf sputtering has been investigated as a
function of oxygen concentration. The photoluminescence peaks show a “red shift” as the oxygen concentration is increased. This
is due to the Burstein—-Moss effect in conductive degenerate oxide semiconductors.

Thin films of cadmium-indium oxide (CdIn,O,)
are broad-band-gap semiconductors that show re-
markable properties such as low electrical resistivity,
good transmission in the visible region of the light
spectrum and high reflectivity in the near-IR [1-6].
These films can be used as transparent electrodes,
antistatic layers or heat mirrors in optoelectronics
and solar energy conversion technology.

In this Letter, we report the experimental photo-
luminescence results for CdIn,O, thin films. The
studies indicate that the photoluminescence peaks of
CdIn,0, thin films are moved to long wavelengths
as oxygen concentration is increased. These results
are discussed briefly.

CdIn,O, thin films were prepared by rf sputtering
from 34 at% Cd + 66 at% In alloy targets at different
oxygen concentrations (O,/Ar) in a reactive Ar+ 0O,
atmosphere. The rf power was in the range 100-400
W. The pressure of the Ar+ O, mixture was about 6
Pa. Thin films were deposited on cleaned glass sub-
strates mounted to a water-cooled sample holder
equipped with a heater. The substrates were heated
at 473 K for 15 min in vacuum before sputtering was
performed. The water-cooled target to substrate
spacing was kept at 60 mm.

Fig. 1 shows an X-ray diffraction pattern of
CdIn,O, thin film with an oxygen concentration of
10% (ratio of O,/Ar in the sputtering gas). X-ray
diffraction analysis revealed that the CdIn,O, thin
films were mostly polycrystalline with the majority

of the film in the spinel phase, with only a small con-
centration of In,O;. The lattice constant was a=
(0.9161-0.9201) £0.0005 nm which changes little
with increasing oxygen concentration.

The optical transmission spectrum of a CdIn,0,
film is shown in fig. 2. As can be seen, the optical
transmission in the visible region of the light spec-
trum is greater than 90% with electrical conductivity
of the order of 10° Q~! m~!. The transmission
slightly decreased with increasing oxygen concentra-
tion,

Fig. 3 shows the photoluminescence spectrum of
a CdIn,O, thin film with an oxygen concentration of
10% which is the ratio of O,/Ar in the sputtering gas.
The spectrum was measured in the wavelength range
from 0.4 to 0.9 um using a Hitachi 850 fluorescence
spectrophotometer. Light of wavelength 450 nm with
a photon density of 5x10%° cm~2 s—! was used as
exciting source at a temperature of 77 K. From fig.
3, we can see that there are three emission bands cen-
tered at wavelengths of 576, 680 and 750 nm. How-
ever, the emission peaks of the CdIn,O, thin films
showed a red shift with increasing oxygen concen-
tration. The photoluminescence peaks centered at
wavelengths of 576 and 750 nm are moved to the
peaks occurring at 579 and 751 nm as the oxygen
concentration increased by 10 to 50%, but the peak
at 680 nm shows no change. These results are shown
in fig. 4.

From the abovementioned results, the photolu-
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Fig. 1. X-ray diffraction pattern of a CdIn,O, thin film with an oxygen concentration of 10% (ratio of O,/Ar in the sputtering gas). The
4th and 6th indices are In,O; lines.
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Fig. 2. Optical transmission spectrum of a CdIn,0O, thin film with 10% O,.
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Fig. 3. Photoluminescence spectrum at 77 K of a CdIn,O, thin film with an oxygen concentration of 10%.
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Fig. 4. Photoluminescence change with oxygen concentration.
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minescence spectrum of CdIn,O, thin films is very
similar to that of SnO, thin films [7]. From fig. 3,
it can be seen that a direct transition occurs at about
576 nm, an indirect transition at about 750 nm, and
there is an impurity peak at about 680 nm.

Undoped CdIn,O, thin films are highly degener-
ate n-type semiconductors [8]. The conductivity of
the films is attributed to the presence of oxygen va-
cancies which produce donor states in the forbidden
gap [9~-11]. Plasma sputtering in a low-oxygen-con-
centration plasma easily generates oxygen vacancies.
Thus, carrier concentration increases with decreas-
ing oxygen concentration. The conduction-eléctron
effective mass for CdIn,O, films is about 0.24-0.34
m.. Semiconductors with a low effective mass favour
the generation of a conduction band with high cur-
vature. The density of states at the bottom of the
conduction band will be low in such a system. They
can be saturated at relatively small free-carrier con-
centrations, and force optical emission to proceed at
high energy.

According to the Burstein-Moss effect in degen-
erate semiconductors, the band-gap shift is given by
[12,13].

- 52 (3—n)2/3
T T 2m*\ n ’
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where 7 is the free-carrier concentration, AE® the
Burstein-Moss shift, and m* the effective mass of
the conduction electron. From this expression, it is
quite apparent that the photoluminescence of
CdIn,0, thin films also changes due to the band-gap
shift that occurs with variation of oxygen
concentration.

References

[11A.J. Nozik, Phys. Rev. B 6 (1972) 453,
[2]E. Leja, J. Korecki, K. Krop and K. Toll, Thin Solid Films
59 (1979) 147.
[3] N. Miyata, J. Electrochem. Soc. 127 (1980) 918.
[4] G. Haacke, Proc. Soc. Photo-Opt. Instrum. Eng. 324 (1982)
10.
[5]1 LK. Budzynska, E. Leja and S. Skrzypek, Solar Energy
Mater. 12 (1985) 57.
[6]1 LK. Budzynska and E. Leja, Vacuum 36 (1986) 485.
[71L.W. Wang and K.J. Liao, Thin Solid films 195 (1991) 193.
[81 T.G. Haache, Proc. SPIE 324 (1982).
[91 M. Mizuhashi, Thin Solid Films 70 (1980) 91.
{10] R. Haul and D. Just, J. Appl. Phys. 33 (1962) 487.
[111J.AF. Carrol and L.H. Slack, J. Electrochem. Soc. 123
(1976) 1889.
[12] E. Burstein, Phys. Rev. B 93 (1954) 632.
[13] T.S. Moss, Proc. Phys. Soc. (London) B 67 (1954) 775.

345



