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Abstract—A simple and inexpensive method for growing Ga2O3 using GaAs wafers was demonstrated. Si-doped GaAs wafers were 
heated to 1050oC in a horizontal tube furnace in both argon and air ambients in order to convert their surfaces to β-Ga2O3. The β-
Ga2O3 films were characterized using SEM, EDX and X-ray diffraction. They were also used to fabricate solar blind photodetectors. 
The deviced, which had nano-textured surfaces, exhibited a high sensitivity to UV illumination due in part to large surface areas. 
Furthermore, the films had coherent interfaces with the substrate, which led to a robust device with high resistance to thermos-
mechanical stress. The photoconductance of the β-Ga2O3 films was found to increase by more than three orders of magnitude under 
270 nm ultraviolet (UV) illumination with respect to the dark current. The fabricated device showed a responsivity of ~292 mA/W 
at this wavelength.  
Index Terms— beta-gallium oxide, gallium arsenide, oxidation, photodetector, solar-blind detector 
 

I. INTRODUCTION 
  Solar blind photodetectors are able to respond exclusively to deep UV radiation even in the presence of light from 

other regions of the electromagnetic spectrum. This makes them suitable for a number of applications for which deep UV 

detection is necessary or for which solar light pollution is a problem. Applications of such devices include tracking of missile 

signatures, flame detection, non-line-of-sight optical communication and ozone layer monitoring [1]. Although solar blind 

detectors have been fabricated using a number of wide band-gap semiconductors such as MgZnO [2] and alloys [3], AlGaN 

[4], diamond [5], MgS [6], and ZrTiO2 [7], they suffer from low sensitivity across the wavelengths of interest, high material 

complexity, and high fabrication costs. 

  Some of these challenges can be addressed by using gallium oxide (Ga2O3), a wide band-gap semiconductor (4.2-

4.9 eV) that is both chemically and thermally stable. Ga2O3 photodetectors have been fabricated in the form of thin films [8], 

nanowires [9], single nano-bridges [10], nano-ridges, nano-sheets [11], nano-rods [12], and micro-porous deposits [13] using 

a range of deposition techniques including atomic layer deposition [14], electrochemical deposition [15], molecular beam 

epitaxy [16], pulsed laser deposition [17], sputtering [18], and chemical vapor deposition [19] . A recurring theme with the 

above approaches is the use of bottom-up fabrication techniques to generate Ga2O3 structures. So far, these techniques suffer 

from reproducibility, high cost, and limited control over morphology and microstructure. Additionally, many of the previously 

grown Ga2O3 nanostructures lack coherent interfaces with their substrates, which make them prone to separation when exposed 

to thermal and mechanical stress. Lv et al. [20] observed that deposition of Ga2O3 at high temperatures led to peeling off of 

the product from the growth substrate due to mismatch between the coefficient of thermal expansion of Ga2O3 and the substrate. 

While oxidizing GaAs and GaN through wet thermal oxidation, Korbutowicz et al.[21] discovered that with longer oxidation 

times of around 300 minutes, gallium oxide layers cracked and showed exfoliation. It was argued that the cracks were caused 

by strain at the GaAs/Ga2O3 interface. Hwang et al. [22] found that β-Ga2O3 membranes could be easily exfoliated from bulk 

crystals even though they are 3D. This was due to the anisotropic chemical bonds with strong in-plane covalent bonds and 

much weaker van der Walls bonds. Some researchers have successfully immobilized Ga2O3 nanostructures on top of foreign 

substrates; however, to fabricate these nanostructures into devices, additional low yield patterning techniques are required to 
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deposit contacts [23]. 

Ga2O3 thin films in solar-blind UV photodetectors have been fabricated with several methods. A cation exchange 

mechanism was used to grow a bilayer of Ga2O3 on SnO2 [24]. A photodetector with a Ga2O3 thin film grown by laser molecular 

beam epitaxy has also been reported [25]. A Ga2O3 UV photodetector was fabricated by evaporating gallium in oxygen plasma 

[26]. The floating zone method has also been used to fabricate Ga2O3 for a UV photodetector [27]. Although many choices 

are available when fabricating Ga2O3 thin films, most of these methods are expensive.  

Solar blind photodetectors would be more commercially attractive if inexpensive methodologies of preparing Ga2O3 

are adopted. Emergent techniques of preparing monocrystalline Ga2O3 films on top of GaN substrates using the floatation 

zone growth method hold great promise [28]. Alternatively, GaN thin films can be oxidized into Ga2O3 at elevated 

temperatures prior to device fabrication [29]. 

  In this work, we have developed a simple, rapid, and scalable method to convert the surface of (001)-oriented 

gallium arsenide (GaAs) wafers into macroporous Ga2O3. These films were then fabricated into highly sensitive Ga2O3 

photodetectors. The cost of GaAs wafers is roughly 10% that of GaN wafers. Additionally, it takes less than 1 hour to convert 

GaAs into Ga2O3 using the approach outlined here, compared to hours for GaN. Given that the cost of GaN wafers is greater 

than 10 times that of GaAs, preparation of Ga2O3 from GaAs is even more cost-effective than using thin film growth processes 

on GaN substrates. Using GaAs wafers as a source of Ga2O3 is currently the least expensive and hence most economically 

viable method for mass manufacturing of solar blind photodetectors. In addition to being inexpensive, rapidly converting 

GaAs wafers into Ga2O3 under high temperature results in a surface that is nanotextured. The fabricated devices therefore 

have higher sensitivity due to the increased sensing surface available for trapping incoming radiation [30].  Because the films 

are grown from the substrate, they are well-bonded, which gives the additional benefit of device robustness. The macro-porous 

surfaces of the grown film were continuous and provided large areas on which to deposit low-resistivity electrical contacts. 

Unlike with other approaches, the steps to grow these films are simple and inexpensive, suggesting that they can be further 

optimized to provide a viable solution to the aforementioned problems with current solar blind detectors. 

 

Figure 1. (a) Schematic of growth and fabrication process. The wafer is heated in the presence of (I) argon or (II) air followed by aluminum (Al) contact 
deposition with a separation of ~100µm. (b) A cross sectional SEM micrograph of β-Ga2O3 prepared in argon gas. (c) A schematic view of the micrograph in 
(b) depicting the macro-porous nature of the surface. (d) A high magnification plan-view SEM micrograph showing the macro-pores on the surface of the 
wafer with a diameter of about 50 nm. (e) Another cross-sectional SEM micrograph of the β-Ga2O3 prepared in the presence of air. Notice the long parallel 
micro-cracks that run perpendicular to the surface of the wafer indicated by the region highlighted in orange. (f) Another schematic view depicting the micro-
cracks in the film grown in air. (g) A plan-view topographical SEM micrograph depicting stumps thought to be poorly nucleated β-Ga2O3 with a nanowire-
like structure. 



II. EXPERIMENTAL 
As depicted in Fig. 1(a), a Si-doped GaAs wafer was placed into a horizontal quartz tube furnace and heated to 

1050oC in an argon atmosphere for 40 minutes. Aluminum (Al) contact pads were then deposited on the processed wafer at a 

distance of ~100µm, as shown in the schematic. A cross-sectional scanning electron micrograph (SEM) of the β-Ga2O3 (Ar) 

converted wafer and schematic of the surface are shown in Fig. 1(b) and 1(c) respectively. The porous surface structure is 

clearly visible in Fig. 1(b). Its plan-view SEM image (Fig. 1(d)) reveals a textured surface with irregular microgrooves and 

dimensions as small as 50 nm. For comparison, a similar wafer was heated in an oxygen rich atmosphere. A cross-sectional 

SEM image and schematic of its surface are shown in Figs. 1(e and f) which revealed narrow cracks running deep into the 

wafer. The plan-view SEM micrograph of the wafer prepared in air revealed the presence of poorly nucleated stumps, shown 

in Fig. 1(g). 

For the samples synthesized in argon, it is thought that the oxygen originated from either the quartz tube or leakage 

into the chamber [31]. The growth process of the films can be explained using the well understood vapor–solid (VS) 

mechanism, given that no catalyst was used [32]. At the process temperature of 1050oC, the vapor pressure of arsenic is higher 

than that of gallium (Ga). This suggests that near the surface, the sample is slightly Ga-rich. According to the phase diagram, 

this induces a secondary phase of liquid Ga. It is thought that these gallium droplets slowly evaporate and react with oxygen 

at the GaAs solid surface.  

 

Figure 2. 3D micrographs of (a) GaAs, (b) β-Ga2O3 grown in air ambient and (c) β-Ga2O3 grown in argon atmosphere. These micrographs were generated 
from plan-view SEM images using Gwydion software. (d) Comparison of the surface roughness of the GaAs wafer, β-Ga2O3 grown in air and β-Ga2O3 
grown in Ar as extracted from their respective micrographs. 
  

SEM images of a pristine GaAs sample and samples that were thermally oxidized in air and argon atmospheres 

were transformed into 3-dimensional (3D) topographical micrographs, shown in Figs. 2(a-c), using Gwydion software to 

generate better comparative data of their surfaces. Akin to atomic force microscopy (AFM), the procedure allows for intuitive 

visualization [33]. The corresponding surfaces roughness values were extracted for each and correlated as depicted in Fig. 

2(d). These extracted profiles make it easier to see the roughly 50 nm worm-like nanostructures on the surface of the sample 

processed in argon. It can be seen that the sample processed in oxygen has a more irregular surface structure with features 

sizes ranging from 10-150 nm. 

III. RESULTS AND DISCUSSION 
X-ray diffraction (XRD) scans of both the sample processed in air and the sample processed in argon, acquired 

using Bragg-Brentano geometry, are shown in Fig. 3(a). Both air- and argon-prepared Ga2O3 exhibited three strong peaks, 

(110), (-112), and (600) at 31.74, 35.26, and 38.42◦ 2θ, respectively. This diffraction pattern and the peak positions match 

well with the β-Ga2O3 lattice constants of a = 12.23 A°, b = 3.04 A°, c = 5.80 A°, and β = 103.7◦, which confirms that the 

films were monoclinic. Energy-dispersive x-ray spectroscopy (EDX) was also conducted on the samples, as shown in Fig. 



3(b). The spectrographs reveal a significant difference between the β-Ga2O3 (air) and β-Ga2O3 (Ar) samples. Whereas the 

spectrum from the sample grown in argon confirmed the presence of Ga and O in the predicted ratio of 2:3, it is evident that 

there were arsenic impurities in the sample prepared in air, as indicated by the additional peak at ~1.3 keV. The presence of 

residual arsenic impurities on the β-Ga2O3 sample prepared in air was confirmed by carrying out further EDX analysis of the 

cleaved wafer along its cross-section (not shown). It is hypothesized that arsenic did not fully evaporate from the GaAs 

oxidized in air given that its diffusion coefficient may be ambient dependent. Additionally, it is thought that the air stream 

into and out of the furnace reduced the temperature of the furnace and sample, resulting in remnants of arsenic after the 

reaction.  

 
Figure 3. (a) XRD spectra of GaAs, β-Ga2O3 prepared in air and β-Ga2O3 prepared in argon. (b) EDX spectra of β-Ga2O3 grown in air, β-Ga2O3 grown in 
argon and the GaAs substrate. Note that the argon prepared β-Ga2O3 has no detectable As peak, whereas the sample prepared in air has a strong presence of 
As. 

I-V characteristics of the devices after contact deposition were measured in dark conditions and under UV 

illumination using a 270 nm source, shown in Fig. 4. The applied bias was varied from -80 to 80 V in steps of 5 V. The 

measurements were recorded at room temperature in ambient conditions. Under illumination, the sample prepared in argon 

exhibited a linearly increasing current as the applied bias was varied from 0 to 30 V. The current saturated above 30 V. The 

observed asymmetry of the (I-V) data is ascribed to the poor ohmic contacts between the contact pads and the device due to 

either the extremely low free carrier density within the β-Ga2O3 or the mismatch of the work function between β-Ga2O3 and 

Al contacts [34]. 

The photoconductive behavior is attributed to adsorption and desorption of oxygen molecules on the surface of β-



Ga2O3, which typically hosts a high density of oxygen vacancies [35]. Under dark conditions, oxygen molecules may be 

adsorbed on the surface and trap free electrons, contributing to a depletion layer with reduced conductivity. Under optical 

illumination, electron- hole pairs are generated in β-Ga2O3 and diffuse to the surface. Holes may then participate in the process 

of desorbing existing oxygen ions on the surface via the electron-hole recombination process. Electrons, on the other hand, 

would either be collected at the electrodes or recombine with holes that are generated when oxygen molecules are absorbed 

via an ionization process on the surface. 

The measurements suggest that the device corresponding to the film grown in argon operated in the photoconductive 

mode. Its dark current was ~10 nA while the ratio of the photocurrent generated under UV illumination to that of its dark 

current at 20 V was found to be 1.6x103. On the other hand, the β-Ga2O3 grown in air did not exhibit distinctive solar-blind 

photodetector characteristics as shown in Fig. 4(b). It is speculated that arsenic within the sample, as confirmed by EDX, 

interfered with photocurrent generation. This may occur if arsenic species donate electrons during the oxygen adsorption step 

under dark conditions. This would effectively eliminate the depletion layer. Therefore, in the subsequent illumination step, 

even if excess holes are created in the bulk, there is no net concentration gradient to drive them toward the surface unlike in 

the pure β-Ga2O3 case. The resulting I-V data are therefore the same under dark and illuminated conditions.  

 



 
Figure 4. I-V characteristics of (a) β-Ga2O3 (grown in an argon ambient) and (b) β-Ga2O3 (grown in an air ambient), under dark and optical illumination with 
a 270 nm source. (c) is the graph in (a) plotted on a logarithmic scale  There is a three order increase in magnitude of the photocurrent in the argon prepared 
β-Ga2O3 under a 270 nm UV light illumination while the β-Ga2O3 sample prepared in air was non-responsive.  
 

Fig. 5 (a) shows the time dependent photocurrent response of the β-Ga2O3 (Ar) photodetector measured at applied 

biases of 5, 10 and 20 V. There is an increase in photocurrent with increasing bias: -5.10, 9.4, and 16.4 µA at 5, 10, and 20 V, 

respectively. The higher biases help to separate photo-generated electron-holes pairs, resulting in higher photocurrents [36]. 

This behavior was highly reproducible over several hundred UV light on–off switches. The rise and decay times were also 

extracted from the photocurrent response. Here, rise time is defined as the time taken for the response current to increase from 

10 % to 90 % of the maximum recorded current under illumination of UV light with a wavelength of 270 nm while the decay 

time is the time taken for the current to decrease from 90% to 10%. The measured rise times were 1.5 s at 5 V and 1.4 s at 10 

and 20 V while the decay times were 0.5, 0.2, and 0.1 s at 5, 10, and 20V respectively. The rise time and decay times were 

found to decrease at 20 V compared to 5 and 10 V. The observed decreases in rise and decay time with increasing voltage are 

in agreement with the molecular sensitization and electron/hole trapping effect [37]. This hole-trapping mechanism through 

surface oxygen desorption in β-Ga2O3 depends on applied voltage. In other words, a strong field caused by a higher bias 

voltage facilitates faster collection by the electrodes and inhibits the hole-trapping process. Thus, decreased rise and fall times 

are observed as the applied bias voltage is increased. 

Fig. 5 (b) exhibits the effect of optical power on the photodetector response. The device exhibited a maximum current 

of 16.4 µA at the highest incident optical power of 78 µW/cm2. The device exhibited a linear increase in photocurrent with 

incident power. The spectral response is perhaps the most critical parameter for evaluating the device’s potential as a solar 

blind photodetector. Fig. 5 (c) shows the responsivity of the β-Ga2O3 (Ar) device measured from 200 to 400 nm. The device’s 

maximum responsivity of 291.9 mA/W was observed at 270 nm under a bias of 20 V. This responsivity is much higher than 

that of AlGaN-based photodetectors [38, 39] but less than photodetectors fabricated with MgZnO and Zr0.5Ti0.5O2 [7], [40]. 

The corresponding calculated quantum efficiency was 1.34%. 



Figure 5. (a) Time response of β-Ga2O3 (grown in Ar ambient) at 5, 10 and 20 V under alternating darkness and illumination at 270 nm wavelength. 

The detector has an extremely fast response and remains stable over many switching cycles (not shown). (b) The photo-response of argon prepare β-

Ga2O3 device with varied optical input power under 270 nm wavelength light at 20 V. Notice that there is linear correlation between the source power 

and the ensuing photocurrent. (c) Responsivity of the β-Ga2O3 (grown in Ar ambient) device at 20V and 270 nm light illumination 

 

IV. CONCLUSION 

In summary, we have reported a simple growth and fabrication technique for solar-blind photodetectors that are 

sensitive to UV light. The nano-textured morphology of the β-Ga2O3 surface grown from GaAs substrates under inert 

conditions acts as a photon trap for target illumination, thereby improving device sensitivity. The rugged device 

architecture provides for easier handling and removes pitfalls associated with contact formation of other devices derived 

from 1D nanostructures. Given that the starting materials are commercially available, this single step device fabrication 

scheme may be easily scaled to produce high yield, uniform solar blind photodetectors of high structural integrity.  
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