
Technical Physics, 2023, Vol. 68, No. 11

08

Effect of thermal annealing on properties Ga2O3/GaAs:Cr heterostructures
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Data on the sensitivity of Ga2O3/GaAs:Cr heterostructures are presented to long-wave and UV (λ = 254 nm)
radiation. The samples were obtained by RF magnetron sputtering of a gallium oxide film on non-heated GaAs:Cr

substrates. Gallium arsenide plates with a Ga2O3 film were divided into two parts: one half was not annealed, and

the other was annealed in argon at 500◦C for 30min. Regardless of the presence or absence of heat treatment, the

studied structures exhibit a photovoltaic effect and are able to operate in an autonomous mode. It is shown that a

noticeable sensitivity to long-wave radiation appears in the samples only after thermal annealing of gallium oxide

films. The response and recovery times of such UV radiation detectors do not exceed 1 second.
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Introduction

Oxides are materials with high utilization capacity for

creation of next generation electronic devices, including

various types of deep-UV sensors and photodetectors whose

advantage is in direct UV radiation conversion into electrical

signal. Instruments that can be operated in self-contained

mode are of particular interest. Such photodetectors have a

simple design and, what is more important, are designed for

direct integration with the metal−insulator−semiconductor

(MIS) fabrication technology.

Among oxide compounds, large focus is made on

sesquioxides (In2O3, Ga2O3, Al2O3) and their ternary

alloys, because they have a wide band gap in a range

from 3.7 eV for In2O3 to 8.9 eV for Al2O3 and are suitable

for the development of many devices such as power

diodes and transistors, gas detectors and UV photodetectors.

Most research and development have been still aimed at

the investigation of Ga2O3, because this compound has

thermodynamically stable polymorphous phases and can

be easily prepared in the form of single crystals [1], thin
epitaxial layers [2] and nanostructure [3].

The properties of gallium oxide films and characteristics

of the metal/Ga2O3 interface and semiconductor/Ga2O3

heterojunction depend on the production method, thickness

of the applied layers [4], in-process gas mixture pres-

sure [5,6] as well as on post-treatment procedures [7,8].
On the other hand, processes at these boundaries define

electrical and optical specifications of structures based

on thin gallium oxide layers. Heterostructures based on

Ga2O3/GaAs are of practical interest that is explained by

low density of states at the interface that may achieve

Dit = 1 · 1010−1 · 1011 cm−2 eV−1 [9,10]. Besides, high

electron mobility in gallium arsenide allows fast-response

instruments to be designed [11,12].

Currently, the structures made on the basis of

Ga2O3/GaAs are understrudied, therefore the aim of

this study is to investigate the effect of heat annealing on

the properties of these heterostructures.

1. Experiment procedure

Electrical and photovoltaic properties of Ga2O3/GaAs:Cr

structures have been investigated herein. Chromium-

doped n-GaAs layers with orientation (100), resistivity of

109 �·cm were used (Figure 1).
120−150 nm gallium oxide films was produced by the

HF magnetron sputtering of Ga2O3 (3N) target on the

heated GaAs:Cr substrates using AUTO-500 unit (Edwards)
in Ar/O2 gas mixture. Oxygen concentration in the mixture

was maintained at 56.1± 0.5 vol.%. The target-to-substrate

distance was 70mm. Chamber pressure during sputtering

was maintained at 0.7 Pa. After oxide application, the

substrate with Ga2O3 film was divided into two parts: one

part of samples was not subjected to heat treatment, and the

other half was annealed in argon at 500◦C during 30min.
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Figure 1. Ga2O3/GaAs:Cr HF structures: GaAs substrate with

applied Ga2O3 layers and metal contacts (a); view of individual

sample (b).
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Figure 2. X-ray diffraction analysis spectra of gallium oxide films: a — without annealing; b — after annealing in Ar at 900◦C.

gallium oxide film structure and phase composition was

defined by the X-ray diffraction analysis (XDA) method

using Lab-X XRD 6000 Shimadzu X-Ray diffractometer.

For electrical measurements, contacts were applied to

Ga2O3 surface and to the rear of the semiconductor

substrate: the electrode to the semiconductor was made in

the form of solid metal film (Au/Ge), and the electrode to

gallium oxide was applied by Pt sputtering through masks

(Figure 1). The area of the contact to Ga2O3 was equal

to1.04 · 10−2 cm2.

Dark current-voltage curves (CVC) and CVC under

ultraviolet radiation exposure were examined at room tem-

perature using Keithley 2611B and Keithley 2636A source

meters. Krypton-fluorine lamp VL-6.C with a 254 nm filter

was used as the UV source. The distance between the lamp

and sample was equal to 1 cm, and the radiation intensity

was 0.78mW/cm2. The effect of longwave radiation was

investigated using the white LED light with the total power

of 3 · 10−3 W, or λ = 532 nm laser.

2. Experimental data and discussion

2.1. X-ray diffraction analysis data

Figure 2 shows the X-ray diffraction analysis data for

gallium oxide films without annealing (Figure 2, a) and after

annealing in inert atmosphere at 900◦C (Figure 2, b). The

applied oxide film without heat treatment may be assumed

as an amorphous matrix with integrated individual α- and

β-phase Ga2O3 grains with various crystal-lattice orientation

(Figure 2, a). After annealing in argon during 30min, the

film becomes fully crystalline and contains only β-phase

grains (Figure 2, b).

Reflection gain in XDA spectra of gallium oxide films

with increasing annealing temperature was observed by X.

Zhang et al [13].

2.2. Electrical and photovoltaic characteristics of

samples without annealing

Dark CVC of Ga2O3/GaAs:Cr structures are asymmetric

with respect to voltage polarity (Figure 3). Rectification

factor at U = ±1V is equal to 4.7. Direct CVC branches are

observed at negative gate potentials. Reverse dark current

density (ID) at U = +4.5V is equal to4 · 10−9 A/cm2.

Thus, GaAs:Cr in the studied structures demonstrates the

properties of p-type semiconductor.

When exposed to λ = 254 nm UV radiation, growth of

currents is observed irrespective of the gate potential sign

(Figure 4, curve IL1).

When voltage is further applied to the structure during

continuous UV radiation exposure,photocurrents increase

and then are stabilized (Figure 4, curves IL2 − IL4). Higher
photocurrents were obtained at positive gate potentials (Fig-

ure 5).
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Figure 3. Dark CVC of Ga2O3/GaAs:Cr structure without

annealing.
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Data analysis in Figures 4 and 5 shows that, when

exposed to shortwave radiation, currents IL are higher that

the dark current of samples by an order of magnitude and

more both at negative and positive gate potentials. This

allows to use such structures as UV radiation detectors.

The presence of response at U = 0V suggests that such

photodiodes are capable of operating in offline mode.

The Table shows no-load voltages Uidl. and short-circuit

currents Ish.cir. for several samples.

The contrast defined by the light-to-dark current ratio

(IL/ID) depends on the sample voltage (Figure 6).

Figure 6 shows that it is more feasible to use

Ga2O3/GaAs:Cr structures as UV radiation detectors at

positive potentials at contacts to the oxide film.

The samples without annealing are low sensitive to high-

intensity white light and, therefore, they may be treated as

solar-blind. Figure 5 shows dark currents (ID) measured
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Figure 4. CVC of Ga2O3/GaAs:Cr sample: dark (ID) at positive

and negative gate potentials and when λ = 254 nm UV radiation

is applied (IL1 − IL4).
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Figure 5. CVC of Ga2O3/GaAs:Cr sample at positive gate po-

tentials: dark (ID), with λ = 254 nm (IL) UV radiation exposure,

with exposure to three white LEDs (ILW).

Uidl. and Ish.cir. values for Ga2O3/GaAs:Cr structures exposed to

λ = 254 nm

UV radiation

Sample � Uidl., V Ish.cir., A

1 0.82 1.72 · 10−9

2 0.80 8.0 · 10−9

3 0.95 1.3 · 10−8

4 0.82 7.4 · 10−9

5 0.97 9.3 · 10−10
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Figure 6. Dependence of IL/ID on voltage (positive potentials on
Pt electrode).
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Figure 7. CVC of Ga2O3/GaAs:Cr structures with gallium oxide

film after annealing at 500◦C: dark current (ID); current during
λ = 254 nm radiation exposure (IL); dark current after removal of

UV (ID1); current during white light exposure (ILW).

at positive gate potentials, photocurrent during exposure to

λ = 254 nm (IL) radiation and when the sample is exposed

to 3 · 10−3 W white diode light (ILW) from the oxide film

side. At U = 5V, photocurrent IL = 1.7 · 108 A, while

ILW = 6.3 · 10−10 A.
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light exposure of the sample without annealing (IL 532 nm); sample

current after annealing during λ = 532 nm (IanL 532 nm) radiation

exposure.

However, if GaAs:Cr substrates with the sputtered gal-

lium oxide layer are annealed in argon at 500◦C during

30min, then Ga2O3/GaAs:Cr structures become sensitive to

longwave radiation.

2.3. Electrical and photovoltaic characteristics of

samples after annealing

Figure 7 shows dark CVC(ID, ID1) and CVC when

samples are exposed toλ = 254 nm (IL) radiation and

3 · 10−3 W (ILW) white light from the oxide film side.
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Figure 9. Time dependences of current variation in Ga2O3/GaAs:Cr structure with enabled and disabled λ = 254 nm radiation: a —
current-time profile for three pulses; b — zoomed-in start and end of the first pulse.

Curve ID1 corresponds to the dark current measured

immediately after removal of UV radiation.

The structures respond to λ = 532 nm laser exposure

with a higher power in a similar way. Figure 8 shows

the effect of λ = 532 nm radiation on CVC of the samples

without annealing (IL 532nm) and after annealing in argon

during 30min at500◦C ( IanL532 nm).
Similar annealing effect on the sensitivity of

Ga2O3/semiconductor structures to visible radiation

was previously observed by us for Ga2O3/n-GaAs samples

with anodic gallium oxide film [7].
Annealing at high temperature affects not only op-

tical properties of Ga2O3/GaAs:Cr structures, but also

results in the change of the type of conductivity of

GaAs:Cr. After annealing, high-resistance GaAs:Cr substrate

in Ga2O3/GaAs:Cr heterostructures shows the properties

of n-type semiconductor: independently of the incident

radiation wavelength, no-load voltage is observed at positive

gate potentials (Figure 7, 8).
Photodetectors based on Ga2O3/GaAs:Cr structures con-

tain virtually no residual currents that are often observed

in various types of devices capable of detecting UV

radiation [14–16]. Time parameters of the samples studied

in herein are characterized by low response time (tr )
and recovery time (td). Figure 9 shows current variation

pulses at U = 3V on the sample with enabled and disabled

λ = 254 nm radiation.

photocurrent rise time (tr ) and fall time (td) do not

exceed 1 s that is confirmed by data in Figure 9, b, and

therefore Ga2O3/GaAs:Cr structures may be considered as

being fast response. Higher sensitivity of Ga2O3/GaAs:Cr

structures to longwave radiation after annealing is explained

by increased transmittance of the oxide film (about 80%)
(Figure 10).
On the other hand, increasing transmittance T of gallium

oxide films after annealing may be due to Ga2O3 transition
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Figure 10. Transmittance spectrum (T ) and reflectance spec-

trum (R) of Ga2O3 film after annealing.

from partially amorphous to polycrystalline state.

Conclusion

The study has investigated Ga2O3/GaAs:Cr structures that

use high-resistance gallium arsenide layers made by Cr

diffusion inton-GaAs as a substrate. The samples show

sensitivity to λ = 254 nm UV radiation and are low sensitive

to longwave radiation provided that the gallium oxide films

deposited on the GaAs:Cr surface are not annealed at high

temperatures. Response and recovery times of such UV

detectors do not exceed 1 s.
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