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SPECIAL TOPIC — Photodetector: Materials, physics, and applications

Preparation of Ga2O3 thin film solar-blind photodetectors based on
mixed-phase structure by pulsed laser deposition∗

Y M Lu(吕有明)†, C Li(李超), X H Chen(陈相和), S Han(韩瞬), P J Cao(曹培江), F Jia(贾芳),
Y X Zeng(曾玉祥), X K Liu(刘新科), W Y Xu(许望颖), W J Liu(柳文军), and D L Zhu(朱德亮)

College of Materials Science and Engineering, Shenzhen Key Laboratory of Special Functional Materials, Shenzhen Engineering Laboratory for Advanced
Technology of Ceramics, Guangdong Research Center for Interfacial Engineering of Functional Materials, Shenzhen University, Shenzhen 518060, China

(Received 22 August 2018; revised manuscript received 7 November 2018; published online 12 December 2018)

Gallium oxide (Ga2O3) thin films were deposited on a-Al2O3 (112̄0) substrates by pulsed laser deposition (PLD) with
different oxygen pressures at 650 ◦C. By reducing the oxygen pressure, mixed-phase Ga2O3 films with α and β phases
can be obtained, and on the basis of this, mixed-phase Ga2O3 thin film solar-blind photodetectors (SBPDs) were prepared.
Comparing the responsivities of the mixed-phase Ga2O3 SBPDs and the single β -Ga2O3 SBPDs at a bias voltage of 25 V,
it is found that the former has a maximum responsivity of approximately 12 A/W, which is approximately two orders of
magnitude larger than that of the latter. This result shows that the mixed-phase structure of Ga2O3 thin films can be used to
prepare high-responsivity SBPDs. Moreover, the cause of this phenomenon was investigated, which will provide a feasible
way to improve the responsivity of Ga2O3 thin film SBPDs.

Keywords: Ga2O3, mixed-phase, solar-blind photodetector, pulsed laser deposition
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1. Introduction
Recently, solar-blind photodetectors (SBPDs) based on

wide-bandgap semiconductors (e.g. Ga2O3,[1–5] GaN,[6,7]

AlxGa1−xN,[8,9] BN,[10] diamond,[11,12] and Zn1−xMgxO[13])
have been extensively investigated owing to their wide range
of civil and military applications, such as biomedical applica-
tions, flame detection, missile tracking, and intersatellite com-
munication. However, for the AlxGa1−xN photodetectors that
have been prepared, the device performance easily degrades as
the Al concentration increases. The main drawback of BN and
diamond is that their bandgaps are too large, approximately
6.3 eV and 5.5 eV, respectively, which makes their absorp-
tion edges fall at short wavelengths of 193 nm and 225 nm.
Therefore, the full solar-blind UV wavelength cannot be ef-
fectively detected. For ZnMgO SBPDs,[14–17] the main draw-
backs of wurtzite ZnMgO (w-ZMO) and cubic ZnMgO (c-
ZMO) are the relatively large dark current and low responsiv-
ity, respectively. Fortunately, high-performance SBPDs based
on mixed-phase ZnMgO (m-ZMO) thin films have been re-
cently reported, and these devices possess a dark current of
78 pA and a photoresponsivity of 434 A/W,[15] which may be
due to the large amounts of heterojunction interfaces between
w-ZMO and c-ZMO. However, to obtain a high-performance
m-ZMO SBPD, the Mg content of the film must be accurately

controlled, which increases the difficulty of preparing the eli-
gible film and device. Nevertheless, these results still provide
a viable idea that better-performance SBPDs can be fabricated
on gallium oxide (Ga2O3) thin films with mixed-phase struc-
tures.

It is surprising that among these materials, Ga2O3, which
has a bandgap (Eg) of 4.4–5.15 eV, is intrinsically suitable
for solar-blind photodetection. Amorphous Ga2O3 is easily
prepared and has great potential for high-performance pho-
todetection; therefore, it has received extensive attention. For
instance, Kumar et al.[18] comprehensively investigated the
structure, morphology, and optical properties of amorphous
Ga2O3 thin films. Qian et al.[1] showed that the metal–
semiconductor–metal (MSM) SBPD based on an amorphous
Ga2O3 thin film has a responsivity as high as 70.26 A/W; this
is because the amorphous Ga2O3 film possesses a high den-
sity of defects, oxygen vacancies, dangling bonds, etc., which
contribute to the high internal gain. However, both the de-
fects and oxygen vacancies act as trap centers and capture the
photogenerated carriers, and thus hinder the recombination of
hole–electron pairs, which would lead to persistent photocon-
ductivity and ultimately a longer recovery time. Therefore,
much of the work so far has focused on crystallized Ga2O3

thin films. Ga2O3 has five crystal structure phases, α , β , δ , ε ,
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and γ .[19] Among these five phases, monoclinic β -Ga2O3 has
attracted much attention and been extensively investigated due
to its good physical, chemical, and thermal stability. Addition-
ally, the bandgap width of β -Ga2O3 is approximately 4.9 eV,
corresponding to an absorption edge of approximately 250–
280 nm, thus enabling effective detection of the whole solar-
blind UV wavelength.[20–22] For example, Yu et al.[4] fabri-
cated a β -Ga2O3 MSM SBPD with excellent performance by
pulsed laser deposition (PLD) at 800 ◦C; the device possessed
a very low dark current of approximately 1.2×10−11 A, but a
lower responsivity of 0.903 A/W. Interestingly, corundum α-
Ga2O3 has a wider bandgap than β -Ga2O3, which is approx-
imately 5.15 eV, and is intrinsically suitable for solar-blind
photodetection. Recently, Guo et al.[23] reported a device with
an MSM structure based on an α-Ga2O3 thin film, and inves-
tigated the UV photoresponse characteristics. The α-Ga2O3

SBPD possessed a very low dark current, but the responsivity
was also relatively low. Consequently, it can be seen that the
performance of both β -Ga2O3 and α-Ga2O3 SBPDs, such as
the responsivity, remains lower than expected.[4,24] To achieve
a better performance in solar-blind photodetection, we em-
ployed the idea of preparing m-ZMO SBPDs; therefore, sev-
eral mixed-phase Ga2O3 SBPDs were prepared, and the opto-
electrical properties of the SBPDs were definitively studied.

In this work, we explored the growth of Ga2O3 thin
films on a-Al2O3 substrates under various oxygen pressures
at 650 ◦C by PLD. Then, MSM SBPDs based on β -Ga2O3

and mixed-phase Ga2O3 thin films were fabricated. The UV
photoresponse characteristics of the devices were analyzed in
detail.

2. Experimental details
Ga2O3 thin films were grown on a-Al2O3 (112̄0) by the

PLD technique using a KrF laser (λ = 248 nm) with a repe-
tition rate of 2 Hz and a laser energy of 300 mJ. A stoichio-
metric ceramic Ga2O3 target (99.99% purity) with a 29.6 mm
diameter was used for the Ga2O3 thin film deposition. The
substrate was kept 60 mm away from the target, and the sub-
strate was fixed at 650 ◦C during film growth. When the
deposition chamber was pumped to a base pressure below
6.0×10−4 Pa, oxygen gas (99.999%) was introduced into the
chamber, and the deposition oxygen pressure was maintained
at 3.0 Pa, 2.0 Pa, 1.0 Pa, 0.5 Pa, or 0.09 Pa. The oxygen
flow rate and the growth time of the Ga2O3 films were fixed
at 30 sccm and 60 min, respectively, for all samples. After de-
position, all the samples were naturally cooled down to 80 ◦C
at a base pressure of 6.0× 10−4 Pa, and then removed from
the chamber. The thickness of the Ga2O3 layer was measured
by an ET-4000M model high-precision probe profiler manu-
factured by Japan Kosaka Corporation. The crystal structure

and quality of the films were investigated by x-ray diffrac-
tion (XRD) (D8 Advance SS 18KW) with Cu Kα radiation
(λ = 1.5418 Å) as the x-ray source, and the structure of the
Ga2O3 thin films was also confirmed by Raman spectroscopy.
The transmittance spectra of the Ga2O3 films were analyzed
by a UV–visible spectrophotometer (UV-2450) in the wave-
lengths ranging from 200 nm to 600 nm. The surface morphol-
ogy of the film was characterized by field emission scanning
electron microscopy (SEM, SU-70).

The process of preparing the SBPDs with an interdigi-
tated MSM structure was as follows: a Au (50 nm) film was
grown on the surface of the Ga2O3 film by thermal evapora-
tion, finally forming a Schottky contact. Afterward, electrodes
with an interdigitated structure were fabricated using standard
photolithography and wet etching processes. Both the finger
width and the interspacing were 10 µm, and the finger length
was 500 µm. After fabrication of the device, several perfor-
mance characteristics were analyzed. Spectral responsivity
measurements were carried out using a Zolix solar cell scan
100 measurement system with a 150 W xenon lamp as the light
source. In addition, a Keithely 2450 was used as a bias source
for testing the photoresponsivity of the device under different
bias voltages.

3. Results and discussion
Figure 1 shows the XRD (θ–2θ ) patterns of the Ga2O3

films grown on a-Al2O3 (112̄0) substrates at various oxygen
pressures. When the oxygen pressure decreases from 3.0 Pa
to 2.0 Pa, the a-Al2O3 (112̄0) diffraction peak and the char-
acteristic diffraction peaks of (2̄01), (400), (6̄01), (6̄03), and
(8̄01) belonging to the monoclinic phase of β -Ga2O3 films are
observed, but no characteristic diffraction peak of α-Ga2O3

films is observed. However, upon further decreasing the oxy-
gen pressure to 1.0 Pa, in addition to the aforementioned
diffraction peaks, the characteristic (110) diffraction peak of
α-Ga2O3 films also appears, which is consistent with the re-
sult reported in the literature that α-Ga2O3 can be grown on
a-Al2O3 substrates.[25] It is worth noting that when the oxygen
pressure is further decreased to 0.5 Pa and 0.09 Pa, the results
are basically the same as for the sample grown with an oxy-
gen pressure of 1.0 Pa, which indicates that the mixed-phase
Ga2O3 film with coexisting β -Ga2O3 and α-Ga2O3 can be ob-
tained on an a-Al2O3 substrate. In addition, the intensities of
the (400) and (2̄01) diffraction peaks are the strongest for the
1.0 Pa sample among all of the mixed-phase Ga2O3 thin films.
The specific reason for this phenomenon will be further ex-
plained in detail below.

Generally, regarding the crystal growth orientation of
semiconductor material,[26–28] the higher the dangling bond
density of a certain crystal plane, the greater the attraction
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force to reactive atoms and the smaller the energy of reac-
tive atoms that can migrate to this type of crystal surface.
Conversely, if the dangling bond density of a certain crys-
tal plane is smaller, then the ability to attract reactive atoms
is weaker, and only the atoms with a large migration energy
can migrate to the surface of this type of crystal plane. Fig-
ure 2(a) shows a diagram of the β -Ga2O3 unit cell; the atomic
arrangements of the (4̄02) and (400) planes belonging to β -
Ga2O3 are also displayed. The atomic density of the β -Ga2O3

(400) crystal plane is calculated as 14.462 nm−2 by referring
to the atomic arrangement of (400), and there are three dan-
gling bonds around each atom according to the diagram of the
β -Ga2O3 unit cell; therefore, the dangling bond density on the
surface of the β -Ga2O3 (400) plane is 34.384 nm−2. Similarly,
the atomic density of the β -Ga2O3 (4̄02) plane is calculated as
13.867 nm−2 by referring to the atomic arrangement of (4̄02),
and there are three dangling bonds around each atom accord-
ing to the diagram of the β -Ga2O3 unit cell; therefore, the
dangling bond density on the surface of the β -Ga2O3 (4̄02)
plane is 41.601 nm−2.
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Fig. 1. The XRD (θ–2θ ) patterns of the Ga2O3 films with various oxy-
gen pressures (3.0–0.09 Pa) grown on a-Al2O3

(
112̄0

)
substrates; the

inset is the partial enlargement of the XRD patterns.

Figure 3(b) shows a diagram of the α-Ga2O3 unit cell
and the atomic arrangement of the (110) plane. According
to Fig. 3(b), the number of dangling bonds around each atom
is three, and the atomic and dangling bond densities of the
α-Ga2O3 (110) plane are 10.157 nm−2 and 30.471 nm−2, re-
spectively. The dangling bond densities of these three crys-
tal planes are ranked in ascending order as follows: β -Ga2O3

(4̄02) > β -Ga2O3 (400) > α-Ga2O3 (110). Therefore, theo-
retically, the order of the three crystal planes in terms of the
atomic attraction to reactive atoms is β -Ga2O3 (4̄02) > β -
Ga2O3 (400) > α-Ga2O3 (110). The attraction force of the
α-Ga2O3 (110) plane is the weakest, which implies that the
growth of the α-Ga2O3 (110) plane requires higher migration
energy. Both the probability of atoms colliding with each other

and the number of collisions are small when the oxygen pres-
sure in the chamber is low. As a result, more reactive atoms
from the target can reach the surface of the substrate and mi-
grate to the α-Ga2O3 (110) plane. In contrast, fewer Ga and
O atoms from the target can reach the surface of the substrate
and migrate to the α-Ga2O3 plane when the oxygen pressure
in the chamber is high. It should be noted that this indicates
good agreement between our research result and the theory of
crystal growth. Coincidentally, the experimental method for
and the theory of this difference in structure growth have been
reported in the relevant literature for the growth of ZnMgO
thin films.[29]
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Fig. 2. (a) Diagram of β -Ga2O3 unit cell, and the atomic arrangement
of (400) and (4̄02) planes; (b) diagram of α-Ga2O3 unit cell, and the
atomic arrangement of the (110) plane.

α Ga2O3

100 200 300 400 500 600 700 800 900 1000

240 264 288

0.09 Pa

0.5 PaIn
te

n
si

ty

1.0 Pa
♠ α Ga2O3

♦ β Ga2O3

∆

∆ Al2O3 

♦ ♦

∆

∆
∆

∆

∆

0.09 Pa

0.5 Pa

1.0 Pa

2.0 Pa

In
te

n
si

ty

Raman shift/cm-1

Raman shift/cm-1

3.0 Pa

♠

a Al2O3
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To further confirm that the Ga2O3 thin film is present in
the form of a mixed-phase structure with coexisting α and
β phases when the oxygen growth pressure does not exceed
1.0 Pa, Raman spectrum measurements were performed. Fig-
ure 3 shows the Raman spectra of Ga2O3 thin films grown
with various oxygen pressures on a-Al2O3 (112̄0) substrates.
The inset displays a partial enlargement for the 1.0 Pa, 0.5 Pa,
and 0.09 Pa samples. It can be clearly seen that the charac-
teristic Raman peaks of β -Ga2O3 films appear at 170 cm−1,
200 cm−1, and 350 cm−1.[30,31] Interestingly, in addition to
the aforementioned characteristic Raman peaks belonging to
the β -Ga2O3 film, another Raman peak for the Ga2O3 film ap-
pears at 251 cm−1. According to the literature,[32] β -Ga2O3

films have no Raman peaks within 200–300 cm−1, and there-
fore the Raman peak at 251 cm−1 belongs to α-Ga2O3. The
same results are obtained when the oxygen pressure is further
reduced to a pressure of 0.5 Pa or 0.09 Pa. This is consistent
with the observation from XRD patterns. On the basis of this
result, it can be confirmed that by reducing the oxygen growth
pressure, it is possible to grow a mixed-phase Ga2O3 thin film
with coexisting α-Ga2O3 and β -Ga2O3.

SEM was used to further elucidate the relationship be-
tween the surface morphology and crystal orientation. Fig-
ure 4 shows the SEM images of the Ga2O3 thin films grown
at various oxygen pressures, with a magnification of 35 K. It
can be clearly seen that the surface morphologies of the Ga2O3

thin films grown at 0.09 Pa, 0.5 Pa, and 1.0 Pa are rougher than
those at 2.0 Pa and 3.0 Pa, which could be because the latter
exhibit a single phase. The results are consistent with the ob-
served XRD patterns and Raman spectra. Obviously, the result
suggests that the surface morphology of the Ga2O3 thin film is
rougher when the Ga2O3 thin film is mixed-phase because the

growth rates of different crystal orientations are discrepant.
Figure 5 shows the absorbance spectrum of the Ga2O3

thin films deposited at different oxygen pressures, where the
substrate temperature was 650 ◦C. The inset is the (αhν)2 ver-
sus hν plot of Ga2O3 films grown with different oxygen pres-
sures. It is evident that all the Ga2O3 thin films have a signifi-
cant absorption cut-off edge, which is located at 250–300 nm.
A further analysis of the optical spectra was performed to cal-
culate the energy bandgap. For α and β phase Ga2O3 with a
direct bandgap, the absorption follows the power law:[2,33]

(αhν)2 = k(hν −Eg), (1)

where α is the absorption coefficient, hν is the energy of the
incident photon, k is a constant, and Eg is the bandgap. The
optical absorption coefficient α of the film is evaluated using
the formula below:[33]

α = ln(100/T )/d, (2)

where T is the transmittance of the thin film, and d is the thick-
ness of the thin film. The optical bandgap is determined by
extrapolating the linear region of the plot (αhν)2 versus hν

and taking the intercept on the hν axis. As shown in the il-
lustration, when the oxygen pressure is reduced from 3.0 Pa
to 2.0 Pa, the optical bandgap of the Ga2O3 thin films changes
quite slightly due to their same single β phase. However, the
optical bandgap of the Ga2O3 thin films changes significantly
and by a larger amount compared to the former films when the
oxygen pressure is decreased from 1.0 Pa to 0.09 Pa. The main
reason for this phenomenon is that all the films are mixed-
phase Ga2O3, and the lower the oxygen pressure, the higher
the proportion of α-Ga2O3.

Fig. 4. SEM images of Ga2O3 thin films: (a) 3.0 Pa, (b) 2.0 Pa, (c) 1.0 Pa, (d) 0.5 Pa, (e) 0.09 Pa.
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Fig. 5. UV–visible transmittance spectra of the Ga2O3 thin films grown
at various oxygen pressures. The inset shows the plot of (αhv)2 versus
hv used to estimate the bandgap.

Figure 6 shows the spectroscopic photoresponsivity of the
fabricated Ga2O3 SBPDs measured at a bias of 25.0 V at dif-
ferent wavelengths ranging from 200 nm to 600 nm, and the
inset is a schematic diagram of the device structure of the
SBPD. It is evident that the photoresponsivity exhibits a signif-
icant increase of approximately two orders of magnitude when
the oxygen pressure decreases from 2.0 Pa to 1.0 Pa. More-
over, the photoresponsivity values of all mixed-phase Ga2O3

SBPDs are approximately two orders of magnitude higher than
those of the single β -Ga2O3 SBPDs, and the photoresponsiv-
ity reaches a maximum of 12 A/W; the Ilight/Idark reaches a
maximum of 191.3. Interestingly, the crystal structure of the
Ga2O3 thin film changed from a single β phase to a mixed-
phase when the oxygen pressure was reduced from 2.0 Pa to
1.0 Pa. As has been reported, the dangling bonds and inter-
face states could cause a high internal gain that will lead to a
high responsivity and a persistent photocurrent effect.[1,15] A
detailed analysis, according to previous reports, is as follows.
The responsivity (R) of photodetectors can be expressed as[34]

R = Iph/Pinc, (3)

Iph = wtq(∆nµe +∆pµh)Vb/l, (4)

where Iph is the photocurrent; Pinc is the incident light power;
w, t, and l are the width, thickness, and length of the interdig-
itated electrode, respectively; q is the electron charge; ∆n and
∆p are the minority electron and hole concentrations, respec-
tively; µe and µh are the electron and hole mobilities, respec-
tively; and Vb is the bias voltage.

Apparently, at a fixed bias voltage, the photoresponsivity
of the UV detector is determined by the photocurrent, and the
photocurrent is proportional to the number of carriers gener-
ated under illumination and their mobility. Furthermore, the
number of carriers and their mobility are related to the UV
absorption coefficient of Ga2O3 thin films and the ability of

photocarriers to transmit in Ga2O3 thin films.[34] As shown in
Fig. 5, the maximum value of the light absorption coefficients
of different samples is approximately two times the minimum
value, but the maximum value of the photoresponsivity of the
samples is approximately two orders of magnitude higher than
the minimum value. Therefore, the high responsivity of the
mixed-phase Ga2O3 SBPDs can be ascribed to the high in-
ternal gain, which is caused by the large number of dangling
bonds in the interfaces between the α and β phases in Ga2O3.
The relationship between the responsivity (R) and internal gain
(G) can be expressed as[1,15,33]

R = G
qλη

h̄c
, (5)

where λ is the wavelength of the incident light, η is the quan-
tum efficiency, h̄ is Planck’s constant, and c is the velocity of
the incident light. Thus, assuming that the quantum efficiency
is 100%, the incident photons are completely absorbed. The
internal gain is proportional to the photoresponsivity.
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Fig. 6. Spectroscopic photoresponsivity of Ga2O3 SBPDs measured
at a bias of 25.0 V at different wavelengths ranging from 200 nm to
600 nm. The inset is a schematic diagram of the fabricated Ga2O3 thin
film MSM structure photodetector.

As mentioned above, there are a large number of dan-
gling bonds in the mixed-phase Ga2O3 films, which cause a
great number of heterojunction interfaces between monoclinic
β -Ga2O3 and corundum α-Ga2O3. Theoretically, the many
heterojunction interfaces are responsible for the high respon-
sivity and low dark current of the photodetector devices.[15]

Apparently, high-responsivity devices have been fabricated on
mixed-phase Ga2O3 thin films, but unfortunately, an undesired
high dark current has also been acquired. The detailed results
are as follows. Table 1 shows a comparison of the Ilight, Idark,
and Ilight/Idark for the devices with different oxygen pressures.
Both the light and dark currents of the mixed-phase Ga2O3

SBPDs are approximately three orders of magnitude greater
than those of the single β -Ga2O3 SBPDs. This phenomenon
is likely caused by the large number of dangling bonds be-
tween monoclinic β -Ga2O3 and corundum α-Ga2O3, which
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cause a high interface density. Furthermore, due to the dan-
gling bonds, defects such as phase transformation dislocations
are easily generated. These defects act as hole traps and can
trap hole carriers, which would reduce the probability of re-
combination of non-balanced carriers and prolong carrier life;
therefore, the light and dark currents of the devices are even-
tually larger. Another possible reason for this is that when the
oxygen pressure in the cavity is low, the Ga2O3 thin film is in
a gallium-rich and oxygen-deficient state. Furthermore, oxy-
gen vacancies are generated in the film, and oxygen vacancies
can provide free electrons as donor levels, and finally result
in a higher dark current of the mixed-phase Ga2O3. Addi-
tionally, it can be seen that the dark current decreases slightly
with a reduction in oxygen pressure, probably because the pro-
portion of α-Ga2O3 increases and the proportion of β -Ga2O3

decreases. It must be noted that the Ilight/Idark of the device
reaches 191.3 for the 1.0 Pa film, which is much higher than
that of other mixed-phase Ga2O3 SBPDs with the 0.5 Pa and
0.09 Pa films. According to previous research results of our re-
search group, the cause of this phenomenon is that the mixed-
phase Ga2O3 thin film grown at 1.0 Pa mainly grows along
(400) and

(
2̄01

)
planes, with the wider bandgap of (400) β -

Ga2O3 and relatively high density of boundaries at the inter-
faces between the (400) and

(
2̄01

)
planes leading to a higher

Ilight/Idark.[35]

Table 1. Comparison of Ilight, Idark, and Ilight/Idark for the devices with
different oxygen pressures.

Oxygen pressure/Pa Structure Ilight/A Idark/A Ilight/Idark

3.0
β -Ga2O3

7.25× 2.39× 303.1
2.0 3.01× 5.04× 173.3
1.0

mixed-phase Ga2O3

6.03× 1.78× 191.3
0.5 3.08× 1.65× 55.2
0.09 4.01× 1.55× 39.2

To deeply investigate the response speed characteristics
of the device, 266 nm wavelength light was used to illumi-
nate the device, and a transient response time test was per-
formed. Figure 7(a) shows the transient response of Ga2O3

SBPDs with various oxygen growth pressures at a bias of 25 V
under 254 nm light illumination. We observed that the incre-
ment of the signal intensity was rapid when the excitation light
was turned on. However, by turning off the excitation light, a
relatively slow response occurred in the device. This slowly
decaying response was ascribed to the oxygen-related hole
trap states generated at the surface of the Ga2O3 thin film.[24]

These hole trap states would reduce charge carrier recombi-
nation because some carriers are captured as the traps empty.
Therefore, a slow decay time occurred when the incident light
was turned off (Fig. 7(a)). Additionally, the rise time and de-
cay time of the mixed-phase Ga2O3 SBPDs are longer than
those of the single β -Ga2O3 SBPDs, as shown in Figs. 7(a)

and 7(b). This is due to the high density of dangling bonds
at the junction of α-Ga2O3 and β -Ga2O3 in the mixed-phase
Ga2O3 thin film, and higher-density acceptor interface states
can be introduced. These acceptor interface states can capture
a large number of photogenerated holes and reduce the carrier
recombination to prolong the lifetime of the photogenerated
carriers.
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Fig. 7. The transient response of Ga2O3 SBPDs with various oxygen
pressures at the bias of 25 V under 254 nm light illumination: (a) the
drop time, and (b) the rise time.

4. Conclusion
In summary, Ga2O3 thin films were deposited on a-Al2O3

substrates by PLD with different oxygen pressures at 650 ◦C.
By observing the XRD patterns and Raman spectra, it can be
found that as the oxygen pressure in the chamber decreases
from 3.0 Pa to 0.09 Pa, the crystal structure of the Ga2O3 thin
film changes from a single β phase to mixed-phase. Due to
the presence of a large number of dangling bonds at the inter-
face of different internal structures of the mixed-phase Ga2O3

thin film, a high internal gain can be obtained, and therefore,
the photoresponsivity can be greatly improved. The results of
spectral responsivity tests show that the maximum responsiv-
ity of mixed-phase Ga2O3 SBPDs reached 12 A/W at a bias of
25 V, which is approximately two orders of magnitude higher
than that of the single β -Ga2O3 SBPDs, with the response
wavelength located at 260 nm. Additionally, the Ilight/Idark
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reached two orders of magnitude higher in the mixed-phase
than in the single β -phase Ga2O3. In fact, there is no deny-
ing that further effort should be focused on reducing the dark
current and improving the response speed of the mixed-phase
Ga2O3 SBPDs. The significance of our research work lies in
the exploration of the feasibility of preparing a mixed-phase
structure Ga2O3 film via the PLD method and further fabri-
cation of a mixed-phase structure Ga2O3 thin film-type SBPD
with excellent performance.
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