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Deep ultraviolet photodetectors based on the In,0;—Ga,0; mixed
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The photoelectrical characteristics of the In,O3;—Ga,Os mixed compounds films grown by halide vapor-

phase epitaxy on sapphire substrates were studied.
The obtained results for In,O3;—Ga,0O3 mixed compounds, &(k)-Ga,O3

6-Ga;0O3 and c-In,O3 phases.

and c-InpO3; films grown at similar conditions were compared.
films demonstrated the highest photosensitivity, operation rate and a low base resistance.

The studied films were a mixture of cubic

The In,03—Ga,03; mixed compounds
The quan-

tum efficiency was 6.9-10°% at an electric-field strength of 1kV/em, which was significantly higher

than in the known literature.

It is assumed, that the high photosensitivity was caused by the gen-

eration of charge carriers in the §-Ga,Os3 regions formed between c-In,Os; with a high electron con-

centration.
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Solar-blind ultraviolet (UV) photodetectors have been
studied extensively in recent years, since their potential ap-
plications include (but are not limited to) wireless telecom-
munications, flame detection, ozone hole monitoring, and
chemical and biological analysis [1,2]. Current studies are
focused on wide-gap oxide and nitride semiconductors. It
appears that GayOs3 is the most promising among them,
since the intrinsic absorption edge of this compound is
within the solar-blind region. The process of growth
of GaO3 crystals of a high structural quality is less
complex and costly than the production of most wide-gap
semiconductors [1-6].

There is no doubt that Ga,O; attracts much research
interest and has bright prospects for application in pho-
toelectronics. The photovoltaic properties of In,O3; are
poorly studied, but a combination of these semiconductors
in a composite may open up new applications for current
Ga,03-based photodetectors. Solid solutions and compos-
ites based on indium gallium oxide (IGO) are used widely in
power electronics, gas sensorics, and photonics [7-13]. IGO
is used to fabricate Schottky barrier diodes and thin-film
transistors [7,8]. In the present study, we report the results
of examination of photoelectrical characteristics (PECs) of
gallium and indium oxides and a mixed compound based
on them.

Films of ¢-In,03, &(k)-Gay03, and IGO were fabricated
by halide vapor phase epitaxy (HVPE) with gaseous
InCl3, GaCl, and O, used as precursors. These c-In,Os,
£(k)-Ga,03, and IGO films were grown on the c-plane of

sapphire substrates 430 um in thickness at a temperature
of 600, 500, and 625°C, respectively. The thickness of
grown films was determined to be 500nm by examining
images of their cleaved faces. Notably, this thickness
varied within 3% over the wafer. No intentional doping
of films was performed in the process of growth. Prior to
epitaxial growth of a &(x)-GayOj; layer, a buffer a-Ga,0;
layer was deposited onto the sapphire substrate surface.
Platinum contacts were deposited onto the surfaces of
films by magnetron sputtering through a mask in order
to examine their electrophysical properties. The inter-
electrode distance was 150 um for c-In,O3 and IGO and
Imm for &(k)-Ga;O3. A Nextron microprobe setup
and a Keithley 2636A sourcemeter were used in PEC
studies. ~PECs were determined at room temperature
without illumination and under illumination by radiation
with wavelength 1 = 254 nm. A krypton—fluorine lamp with
radiation flux density P = 1.3 mW/cm? served as a source
of monochromatic radiation.

The procedure and results of structural studies were
discussed in detail in [14]. The results of X-ray diffrac-
tion (XRD) analysis of GayOs films revealed peaks from
e(k)-Gay0O3 and «-Gay0;. The XRD pattern of InyO;
featured c-In,O3; peaks corresponding to reflections from
planes (222) and (004). A multitude of peaks associated
with ¢-InyO3 and §-Ga, O3 were observed in the XRD spec-
trum of IGO. The comparison of PECs of &(«)-Ga,03 films
and films of IGO, which has §-Ga,Os in its composition,
is valid, since they were fabricated in similar conditions.
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| =V characteristics(a) and time dependences of current (b) for IGO, c-In,03, and e(k)-Ga,O; films without and with illumination by

radiation with 2 = 254nm and P = 1.3 mW/cm?.

According to the energy-dispersive X-ray spectroscopy data,
the ratio of concentrations of In and Ga atoms is 5.5:1.1.
This indicates that c-In,O3; dominates over §-Ga, O3 in IGO
films.

The current.voltage (I—V) characteristics of IGO, c-
InyO0s, and &(x)-GapOs films (see the left panel of the
figure) are symmetric and reveal a power-law dependence:
| c U™ where m is the index of power. The values of
m for dark current (Ip) and current under illumination
(IL) are almost matching within the measurement accuracy.
These values for IGO, c-In,O3, and e(k)-Ga,O3; were
1.31£0.01, 1.52+0.02, and 1.21 +£0.02, respectively.
The values of I for c-In;O3 and IGO films tend to
saturation when U = 95 and 80V is reached, respectively.
This effect was not observed in €(k)-Ga,Os5 films at voltages
up to U =200V, since these samples are less conductive
and have a greater distance between contacts. The rate
of response of photodetectors based on IGO, c-In,0s,
and &(k)-Ga,03 may be evaluated by examining the time
dependences of current under cyclic illumination (see the
right panel of the figure). The photoconductivity rise
and fall times were 8.4+ 0.1 and 14.7 £0.1s for IGO,
14.3£0.2 and 25.0 £0.4s for c-InyO3, and 23.7+0.1
and 5.1 £0.1s for £(«)-GayOs, respectively. Insignificant

variations of |5 and | with time were observed for c-In,O3
and IGO films. According to [12,15], this may be related to
the ionization of oxygen vacancies (Vo) and surface states of
films induced by O, desorption under the influence of UV
radiation. The relatively low rate of response of €(x)-Ga,03
films is attributable to the well-known effect of residual
photoconductivity of Ga,Os [16].

The key PECs determined from |—V characteristics in
accordance with the formulae given in [1,2] at electric-
field strength E = 1kV/cm are listed in the table. The
photosensitivity of c-In,O; films is the lowest.  The
responsivity (R*), the calculated quantum efficiency (n’),
and the photocurrent (I ) are considered to be the most
important parameters for a photodetector. All of them are
governed by I . It then turns out that IGO is the optimum
material among all the examined ones. In real-world
conditions, the detectivity (D*) and the ratio of I py to Ip
(PDCR) may be no less important for a photodetector, since
they specify the minimum detectable signal intensity and
the signal-to-noise ratio, respectively. The values of D* and
PDCR, which are affected by |p, for IGO are substantially
lower than the corresponding values for &(x)-GayOs.

When the studied samples were irradiated with UV light,
non-equilibrium electrons and holes were produced in their
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PECs of IGO, c-In;03 and &(x)-Ga,0; films at E = 1kV/cm, 2 = 254nm, and P = 1.3 mW/cm?

Material I'oh, A PDCR, a.u. R*, A/W D*, cm - Hz*3 /W n', %
IGO 2.9.107° 0.2 14.2 7.2 - 10" 6.9 - 10°
c-Iny 05 1.2-107° 43 6.2-107* 2.5-10° 0.3
£(k)-Ga 03 9.9-107° 7.1-10° 0.8 1.1-10% 3734

bulk. These carriers get separated under the influence of
an external electric field and drift toward contacts. The
calculated carrier collection efficiency is characterized by
the value of n’, which is defined as the product of theoretical
quantum efficiency n and photoresistor gain I'. If we assume
that n = 100%, n’ =T. This corresponds to the ratio be-
tween the lifetime of carriers and the time of their drift be-
tween contacts [17]. The value of 1’ is then specified by the
concentration of Vo and other structural defects that have
the capacity to capture a hole. Owing to the presence of
a buffer layer and the use of an epitaxial growth technique,
£(x)-Ga, 03 is likely to feature a low density of structural de-
fects. This is verified by low values of |p and is reflected in
the values of 1’ that are fairly modest for GaO3 . Presum-
ably, the high photosensitivity of IGO at 1 = 254 nm rests
on bipolar generation of carriers in formed cubic §-Ga,O3
regions in the c-In,O3; matrix. In addition, the formation of
IGO is accompanied by high defect levels [14]; this is the
reason why the values of n’ turned out to be an order of
magnitude higher than those for €(x)-Ga,03 and exceeded
considerably the values reported in literature [10-13].

Thus, the photoelectrical characteristics of IGO films
grown by HVPE were examined and compared to the
corresponding parameters of €(k)-GayO3 and ¢-Inp O3 films
fabricated in similar conditions. IGO films featured the
highest photosensitivity and rate of response. The val-
ues of photocurrent and calculated quantum efficiency at
E=1kV/ecm were 2.9-107>A and 6.9 -10°%, respec-
tively, and exceeded considerably the values reported in
literature. The photoconductivity rise and fall times for
IGO films at U =2V were 8.4 and 14.7 s, respectively. A
mechanism explaining the high photosensitivity of IGO was
proposed.
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