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The paper proposes a method for fabricating gallium oxide substrates from bulk β-Ga2O3 
crystals by the cleavage method. Layers of β-Ga2O3, β-(AlxGa1–x)2O3 and structures of 
β-Ga2O3/β-(AlxGa1–x)2O3 are grown on the prepared substrates by the MOCVD method. 
The surface morphology of the layers and growth regimes are analyzed. The fundamen-
tal possibility of using gallium oxide substrates obtained by the cleavage method for the 
subsequent epitaxy is shown. 
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1. INTRODUCTION 

Over the past ten years gallium oxide has attracted the 
attention of researchers as a new wide-gap semiconduc-
tor, significantly exceeding the band gap (Eg = 4.85 eV 
for β-Ga2O3 [1], Eg = 5.3 eV for α-Ga2O3 [2]) of such ma-
terials as Si, SiC, GaN (Eg = 1.12, 3.3 and 3.4 eV, respec-
tively), which have become traditional for the modern 
semiconductor industry. Of the semiconductors used to-
day in epitaxial technologies, only AlN and AlGaN have 
larger band width (Eg = 6.2 eV), and among bulk materi-
als, AlN and diamond have Eg = 5.5 eV. The most stable 
β form of gallium oxide also has other advantages that are 
important for power and optoelectronics: high breakdown 
voltage (Vbr = 8 MV/cm [3]), and significant hardness [4]. 
Today, methods for creating gallium oxide of n-type con-
ductivity are well studied [5], and in recent years there 
have been works on p doping of β-Ga2O3 [6]. Thus, at the 

present time, we have come close to the use of gallium ox-
ide in the industrial production of semiconductor devices, 
primarily power electronics, and solar-blind photodetectors. 

For the manufacture of a high-quality electronic semi-
conductor device and power electronic devices in particu-
lar, where a high breakdown voltage is crucial, it is im-
portant to ensure the manufacture of low-defect epitaxial 
layers. The most effective way to solve this problem is to 
use homoepitaxy: to grow device structures on “native” 
substrates. And here one more advantage of gallium oxide 
manifests itself — the possibility of manufacturing bulk 
crystals by relatively cheap methods of pulling from the 
melt (the Czochralski, Stepanov or edged defined film fed 
growth, Bridgman, floating zone methods [7]). 

This paper presents the results of developing a method 
for growing high-quality (low-defect) bulk β-Ga2O3 crys-
tals, a method for preparing substrates from the obtained 
crystals, as well as the results of growing β-Ga2O3 and β-
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(AlxGa1–x)2O3 layers on the fabricated substrates by the 
MOCVD method. The main goal of experiments on grow-
ing epitaxial layers in this work was to test the obtained 
gallium oxide substrates and to demonstrate the funda-
mental possibility of using substrates for subsequent epi-
taxy of β-Ga2O3 and β-(AlxGa1–x)2O3 layers. 

2. EXPERIMENTS 

Bulk crystals of β-Ga2O3 were grown on an industrial in-
stallation “Nika-3” (manufactured by EZAN, Russia), de-
signed for growing crystals by the Czochralski method. An 
iridium crucible was used to form the melt. The height of 
the crucible was 26 mm, the inner diameter was 40 mm, the 
wall thickness was about 2 mm. The crucible was placed in 
a thermal zone of zirconium dioxide doped with amorphous 
silicon. A water-cooled inductor was located around the 
zone, providing induction heating of the crucible. The seed 
crystal was attached to the upper rod using a special tool. 
Fragments of previously grown Ga2O3 crystals in the form 
of narrow strips (bars) were used as a seed. The starting ma-
terial for the melt formation was Ga2O3 powder with a pu-
rity of 99.999%. The crystal pulling speed in all experi-
ments was in the range of 0.1 to 0.2 mm/min, and the 
rotation speed was in the range of 5 to 10 rpm. 

The standard approach to the manufacture of sub-
strates from bulk crystalline material (boules) requires cut-
ting, subsequent mechanical or chemical-mechanical pol-
ishing and complex cleaning. However, in the case of a β-
Ga2O3 single crystal, another method for fabricating sub-
strates is available [8,9]. This method uses the nature of 

the cleavage of β-Ga2O3 crystals: thin plates easily peel off 
from the bulk crystal along the (100) cleavage plane. 
Moreover, the surface of the obtained plates (substrates) is 
quite smooth and does not require additional machining. 
The procedure for making the substrate is as follows. The 
ends of the boule are sawn perpendicular to the direction 
of growth (direction [010]). At the end of the boule (on the 
cut), an incision is made about 0.6 mm thick and 3–5 mm 
long. The cut must be oriented strictly parallel to the (100) 
plane. The orientation is determined by the orientation of 
the initial seed crystal. Next, a metal wedge is inserted into 
the slot and pressure is applied with a slight turn of the 
wedge. In this way, substrates were obtained in the form of 
plane-parallel plates with dimensions of about 10×15 mm 
and a thickness of about 1 mm. 

The epitaxial growth of β-Ga2O3 and β-(AlxGa1–x)2O3 
layers on the prepared substrates was performed on an 
Epiquip VP-50 MOCVD setup upgraded for oxide 
growth. This setup has a horizontal reactor with induction 
heating. The epitaxial growth was carried out at a temper-
ature of 750 °C and a pressure of 100 mbar. The carrier 
gas flow (nitrogen) was 4.5 slm (liter per minute under 
standard conditions), oxygen flow was 1 slm, trimethyl-
gallium (TMGa) and trimethylaluminum (TMAl) flows 
were 21 µmol/min and 6 µmol/min, respectively. The 
growth rate of the epitaxial layers was about 750 nm/h. 

3. RESULTS AND DISCUSSION 

The surface roughness of the obtained substrates was stud-
ied using atomic force microscopy (AFM). Images of the 

Fig. 1. AFM image of the substrate surface: a) surface map, b) roughness profile along the marked line. 

 (a) 

(b) 
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substrate surface obtained using the AFM facility (NT-
MDT, Russia) are shown in Figure 1. The height of the 
steps on the surface does not exceed 3–4 nm, which is 
comparable with the relief of commercially produced sub-
strates and is sufficient for the epitaxial growth process. 

At the same time, the growth surface remains oriented 
parallel to the (100) plane, while the system of steps on the 
surface is not regular, as on standard substrates, which are 
usually misoriented by 0.2–0.3° relative to the crystal 
plane. This, as will be shown below, leads to an island 
mechanism of layer growth, instead of layer-by-layer 
growth of steps (the so-called step flow growth). 

Layers of β-Ga2O3 and of β-Ga2O3/β-(AlxGa1–x)2O3, 
as well as a system of eleven pairs of alternating layers 
of β-Ga2O3/β-(AlxGa1–x)2O3 were grown on the obtained 
substrates. The aluminum content in the epitaxial layers 
was determined by the EDX method (Energy-dispersive 
X-ray spectroscopy) and amounted to 4 at.% for a single 
layer β-(AlxGa1–x)2O3 and 2 at.% for the layer system. 
The images of the layers on the cleavage of the struc-
tures, obtained using a scanning electron microscope, are 
shown in Figure 2. 

The surface morphology of the grown β-Ga2O3 layer is 
shown in Figure 3. It is clearly seen that the layer has an 
island surface, which is typical for layers grown on non-

misoriented substrates. The surface of gallium oxide lay-
ers obtained in Ref. [10] for substrate misorientation an-
gles less than 0.1° has a similar shape. 

Thus, we can conclude that gallium oxide substrates 
obtained by the cleavage method make it possible to grow 
continuous layers of gallium oxide and a solid solution of 
β-(AlxGa1–x)2O3 on their surface, but in the island growth 
mode. To implement growth in the step-flow growth 
mode, the substrate surface must be misoriented. 

4. CONCLUSION 

The paper describes the procedure for fabricating sub-
strates from bulk gallium oxide crystals by cleavage along 
the (100) cleavage plane. The surface roughness of the ob-
tained substrates and the height of the steps are quite low. 
This made it possible to grow layers of β-Ga2O3 and β-
(AlxGa1–x)2O3 on the obtained substrates by the MOCVD 
method with an aluminum content of 2 at.% up to 4 at.% 
As far as the authors know, this is the first experiment in 
Russia on the epitaxial growth of gallium oxide layers on 
bulk gallium oxide substrates made in Russia. However, 
due to the absence of misorientation of the substrates and 
the system of regular steps, the island growth of the layers 
is predominantly realized. 

Fig. 2. Images of layers on the cleavage of the structures obtained using a scanning electron microscope: (a) β-Ga2O3 layer, about 0.9 μm 
thick, (b) β-Ga2O3 layers (bottom) and β-(AlxGa1–x)2O3 (top), about 0.5 µm each, (c) a system of 11 pairs of β-Ga2O3/β-(AlxGa1–x)2O3 
layers, each pair is approximately 0.16 µm thick, as well as a lower β-Ga2O3 layer adjacent to the substrate, about 0.9 µm thick. 

 (a) (b) 

(c) 
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Fig. 3. AFM image of a surface fragment of an epitaxial gallium oxide layer grown on a bulk gallium oxide substrate: (a) surface map, 
(b) profile along the marked line. 

 (a) 

(b) 
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Аннотация. В работе предложен метод изготовления подложек оксида галлия из объёмных кристаллов β-Ga2O3 методом скола. 
На изготовленных подложках методом MOCVD выращены слои β-Ga2O3, β-(AlxGa1–x)2O3 и структуры β-Ga2O3/β-(AlxGa1–x)2O3. 
Проанализирована морфология поверхности слоёв и режимы роста. Показана принципиальная возможность использования под-
ложек оксида галлия, полученных методом скола, для последующей эпитаксии. 

Ключевые слова: оксид галлия; объёмные кристаллы; подложки; MOCVD; морфология поверхности 


