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A self-powered solar-blind ultraviolet (UV) photodetector (PD) was successfully constructed on a GayO3/Bi; WOgq
heterojunction, which was fabricated by spin-coating the hydrothermally grown Bi; WOg onto MOCVD-grown Ga, O3 film.
The results show that a typical type-I heterojunction is formed at the interface of the Gay O3 film and clustered Bi; WOg,
which demonstrates a distinct photovoltaic effect with an open-circuit voltage of 0.18 V under the irradiation of 254 nm UV
light. Moreover, the Ga, 03/Bi; WOgq PD displays excellent photodetection performance with an ultra-low dark current of
~ 6 fA, and a high light-to-dark current ratio (PDCR) of 3.5 x 10% in self-powered mode (0 V), as well as a best responsivity
result of 2.21 mA/W in power supply mode (5 V). Furthermore, the PD possesses a stable and fast response speed under
different light intensities and voltages. At zero voltage, the PD exhibits a fast rise time of 132 ms and 162 ms, as well as a
quick decay time of 69 ms and 522 ms, respectively. In general, the newly attempted Ga, O3/Bi, WOg heterojunction may
become a potential candidate for the realization of self-powered and high-performance UV photodetectors.
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1. Introduction

Due to the advantages of non-line-of-sight communica-
tion, high security and strong anti-interference capabilities,
solar-blind deep ultraviolet (UV) detection technology oper-
ating in a wavelength shorter than 280 nm exhibits broad
application prospects in both military and civilian fields, in-
cluding national defense warning and tracking, flame alarm,
ozone hole monitoring, etc.!"»?! Solar-blind deep UV detec-
tors work mainly based on the photovoltaic effect of semi-
conductors with wide band gaps over 4.4 eV. Although
AlLGa;_;N, Zn;Mg;_,O and diamond all have wide band
gaps, Al,Ga;_,N is prone to high-density defects when a high
Al content of 40% is necessary. Meanwhile, Zn,Mg;_,O
tends to undergo phase separation when the relative content
of Mg meets the requirement for a wider band gap, and di-
amond only responds to light with wavelengths shorter than
225 nm.3# Gallium oxide (Ga,03) has five different phases
(a, B, v, €, and ), which endow it with an adjustable band
gap in the range of 4.5 eV-5.3 eV, precisely correspond-
ing to the response light wavelength range below 280 nm.
Among them, the monoclinic Ga;03 (8-Ga;03) is the most
thermodynamically stable phase, with an intrinsic band gap
of about 4.8 eV, good mobility (100 cm?/(V-s)) and a high
breakdown field (8 MV/cm).!!%-12] Furthermore, the high-
quality B-Ga, O3 films can be successfully prepared by various
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techniques,!'>!%! such as metal organic chemical vapor depo-
sition (MOCVD), molecular beam epitaxy (MBE) and halide
vapor phase epitaxy (HVPE), which promote Ga,O3 as one of
the most suitable candidates for solar-blind UV detectors.
According to the device structure, Ga,Os-based solar-
blind UV detectors mainly include metal-semiconductor—
metal (MSM), heterojunction and Schottky photodiode detec-
tors. Among them, the Ga;O3-based heterostructure photode-
tector (PD) exhibits many excellent properties, including low
dark current, strong sensitivity, high photoresponsivity, as well
as a self-powered supply by constructing the interfacial deple-
tion region between two different semiconductor materials. It
thus receives a lot of attention from researchers. Many materi-
als have been reported to form heterojunctions with Ga,0Os,
such as graphene, Ti3C,, BiFeOs, CsCujyl3, PEDOT:PSS,
WOj3, Cul, and 7Zn0.[15-231 1 i>s research confirmed that a het-
erostructure PD possesses a certain improvement in light re-
sponse compared with a single-material PD.[**! The rise and
decay times of Ga;O3/CuSCN heterojunction photodetectors
are 0.19 s and 0.16 s, faster than those of independent CuSCN
and Ga, O3 devices, indicating that the constructed n-Ga, O3/p-
CuSCN heterojunction can effectively improve the photore-
sponse speed. Yan!>>2) constructed an organic—inorganic hy-
brid junction n-f-Ga; O3/p-spiro-MeOTAD PD. The influence
of spiro thickness on the photoelectric performance of devices
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was investigated in detail. The optimal device was achieved,
with an ultrahigh responsivity of 192 mA/W under 254 nm
light with a weak illumination of 2 uW/cm? at zero bias. Cur-
rently, a Ga;03/V, 05 heterostructure PD was designed to pro-
duce a superhigh solar-blind spectral discriminability with a
deep ultraviolet/visible rejection ratio of 6.0 x 10*, a photo-
to-dark current ratio (PDCR) of 2.6 x 107, an on/off switching
ratio of 1.87 x 10° and a high responsivity of 19.8 mA/W in
self-powered mode (0 V).1?7!

Bi,WOg is an environmentally friendly n-type semicon-
ductor material with many inherent and research-worthy prop-
erties, such as piezoelectric, ferroelectric, pyroelectric and
good light-harvesting ability.[*3% It has a suitable band
gap of about 2.8 eV, and can be used to detect UV-visible
light. Furthermore, Bi, WOg has a perovskite lamella structure
formed by alternating layers of BiZO%Jr and WOi* along the c-
axis. The unique layered structure of Bi;WOg endows it with
a great possibility to form a heterojunction with Ga;Os3 films
through van der Waals forces. However, BiWOQg is rarely
used as a light-transmitting material for solar-blind UV detec-
tion.

In this work, a Ga;03/Bi;WOg heterojunction was fab-
ricated by spin-coating hydrothermally grown Bi;WOg onto
MOCVD-grown Ga0s3 film. Based on the GayO3/Bi;WOgq
heterojunction, a self-powered solar-blind UV PD with a dis-
tinct open-circuit voltage was constructed. The PD exhibits an
excellent photodetection performance with an ultra-low dark
current, a large light-to-dark current ratio, and a fast transient
response under zero voltage at 254 nm UV light. Furthermore,
a relative band structure diagram of Ga;O3z and Bi;WOg is
provided to illustrate and analyze the inherent physical mecha-
nism of the UV light-driven self-powered heterostructure pho-
todetector.

2. Experimental details

2.1. Fabrication of Ga;03/Bi;WOg heterostructure pho-
todetector

Gay03 thin films were grown on wafer-scale sapphire
substrate by MOCVD at 500 °C and 25 Torr (1 Torr =
1.33322 x 10% Pa) with triethylgallium (TEGa), high-purity
oxygen (O;) gas and argon (Ar) gas as the gallium source,
oxygen source and carrier gas, respectively. The Bi, WOg
was synthesized using the hydrothermal method according to
reference.3!! The derived Bi;WOg powder was cleaned, dried
and then dispersed in dimethyl sulfoxide (DMSO, AR, Al-
addin) to obtain a stable Bi» WOg solution of 1 mg/mL by son-
icating for 1 h followed by continuous stirring for 6 h.

The fabrication process of the heterojunction is shown in
Fig. 1. First, the wafer-scale Ga;O3 film was cut into small
pieces (10 x 10 mm) and the thermal release tape was half-
covered on the surface of one piece of Ga;Os3 film. Then,

the previously obtained Bi WOgq solution in DMSO was spin-
coated on the surface of Ga; O3 film at a speed of 1500 r/min
for 30 s. Afterwards, the integrated Ga,O3/Bi; WOg hetero-
junction was formed by annealing and releasing the tape at
120 °C for 10 min on a plate heater. Finally, a pair of metal
indium (In) with a diameter of 1 mm and a distance of 1 mm-—
2 mm were pressed on the surface of the Ga;O3 and Bi, WOg
as electrodes to form the Ga;03/Bi, WOg heterostructure PD.
The In electrode thickness is at least 1000 nm, which is thick
enough to block the light spots and avoid the UV light passing
through the In electrodes.
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Fig. 1. Processes of the fabrication for the Ga;O3/Bi; WOg heterostructure
photodetector.

2.2. Characterization and photoresponse measurements

A Bruker AXS D8 Advance x-ray diffractometer (XRD)
with a Cu K « radiation source was used to determine the crys-
talline structure of the Ga;O3/Bi;WOg heterojunction. Hi-
tachi Regulus 8220 and FEI Verios G4 field-emission scanning
electron microscopes (SEM) were utilized to characterize the
cross-sectional and surface morphologies of the Ga,O3 and
Bi;WOg. Low-pressure lamps with wavelengths of 254 nm
and 365 nm were used as the ultraviolet (UV) light source.
The photoelectric properties of the heterostructure photodetec-
tor were measured using a Keysight’s BISO5A power device
analyzer, and the voltages were applied to the Ga,O3 during
the tests.

3. Results and discussion

Figure 2(a) shows a high-resolution cross-sectional SEM
image of the Ga,Oj3 film. It is observed that the Ga,O3 film
grown by MOCVD is very uniform with a thickness of about
310 nm. As shown in Fig. 2(b), the spin-coated Bi,WOg on
the surface of Ga,O3 exhibits cluster-like morphologies as-
sembled from sheet-like structures. The XRD pattern of the
Ga03 film grown by MOCVD is shown in Fig. 2(c). In addi-
tion to the sharp diffraction peaks from the sapphire substrate,
there are three obvious diffraction peaks located at 19.11°,
38.83°, and 59.83°, which can be assigned to the (201), (402),
and (603) crystal planes of the monoclinic crystal structure of
the B-GayOs film. Figure 2(d) shows the XRD pattern of the
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Ga03/Bi; WOg heterojunction after spin-coating. By careful
comparison, three relatively weak extraneous diffraction peaks
appear and can be ascribed to the (020), (131), (060), (200),

310 nm

bl

Regulus 2.0kV 10.7mm x35.0k SE(UL) 1,00um

and (002) crystal faces of the orthorhombic Bi,WO¢ (JCPDS
No. 39-0256), which suggests successful preparation of the
Gay03/Bi; WOg heterojunction.
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Fig. 2. (a) A cross-sectional SEM image of the Ga, O3 film; (b) an SEM image of Bi; WOg surface morphology; XRD patterns of (c) the Ga,O3

film and (d) the Ga;03/Bi, WOg heterojunction.

Figure 3(a) exhibits the I-V curves of the Ga; 03/Bi; WOgq
heterojunction under illumination of the UV light at 254 nm
with different light intensities. Under the same voltage, a
greater photocurrent (Iphoto) is generated when the PD is ra-
diated by stronger light intensity. This is because a greater
number of photo-generated carriers will be excited by the
higher light intensity. Similarly, when a larger voltage is ap-
plied under the constant incident light intensity, the photo-
generated carriers will be separated more efficiently, and thus
a larger photocurrent will also be formed. It is noteworthy
that the PD exhibits ultra-low dark currents of only ~ 6 fA
at 0 V and ~ 55 fA at 5 V (Fig. 3(b)), which are signifi-
cantly lower than those of many other reported Ga;O3-based
heterojunctions.3>=*! The extremely low dark currents (gari)
can be attributed to a relatively low concentration of defects in
the high crystalline quality 3-Ga,Os film, as well as an interfa-
cial barrier induced by the formation of a space charge region
with the separation of electron—hole pairs at the heterogeneous
interface between Bi, WOg and 3-Ga, O3, which can constrain
and suppress the carriers across the heterogeneous interface
of the heterojunction. Due to the high resistance (~ TQ) of
the fabricated Ga,03/Bi; WOg heterojunction, it does not dis-
play notable rectifying behavior.!*! The Iphoto under 254 nm
(331 pW/cmz) UV light are, respectively, 0.2 nA at 0 V and

5.6 nA at 5V, implying a large PDCR of 3.5 x 10* at 0 V
and 1.0 x 10° at 5 V (Figs. 3(c) and 3(d)). Additionally, it
can be seen in Fig. 3(e) that the constructed Ga;03/Bi,WOg
exhibits a distinct open-circuit voltage (Voc) of ~ 0.18 V, as
well as the typical photovoltaic effect and self-powered op-
eration behavior. Since the Ohmic contacts have been con-
firmed via the linear /-V relationships of the In/Ga;O3/In and
In/Bi; WOg/In structures in Fig. 3(f), the self-powered behav-
ior is considered to stem from the successful fabrication of
the Ga, O3/Bi, WOgq heterojunction. Apart from the significant
photocurrent observed at 254 nm, there is a relatively small
photocurrent of 0.97 pA at 5 V under the irradiation of 365 nm
UV light in Fig. 3(c), which should come from the Bi,WOg
film in the heterojunction. It is noteworthy that there is a pro-
nounced zero-drift (~ 1.8 V) for the Bi, WO¢s/Ga, 03 PD un-
der 365 nm light. This can be attributed to the mobile ion-drift
induced current®®%-38! originating from the intrinsic ionic de-
fects of Gap 03 and Bi;WOg, 13401 which should be caused by
the oxygen ions’ migration due to their low activation energy
(0.52 eV-0.68 eV).[*!1 Many interface states will also generate
during the formation of the heterojunction between Bi, WOg
and GayOs3. These ionic defects and interface states will trap
electrons and lead to dark current hysteresis.[*>*3] When il-
luminated by light, the mobile ion-drift induced current will
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be obscured by photogenerated carriers. Because the photo-
induced carriers generated under 365 nm UV light are a little
too weak to thoroughly overlap with the mobile ion-drift in-
duced current, the pronounced zero-drift (~ 1.8 V) can still
arise under 365 nm light. Once the Bi;WO4/GayO3 PD is il-
luminated with 254 nm light, a large number of photo-induced

carriers are generated, which form a considerable photocur-
rent to overwhelm the mobile ion-drift induced current in the
heterojunction. Thus, the mobile ion-drift induced current dis-
appears under 254 nm UV light, and the zero-drift (~ 0.18 V)
in Fig. 3(e) is derived from the depletion layer in the hetero-
junction with evidence of the self-supply phenomenon at 0 V.
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Fig. 3. The I-V curves of the Ga;03/Bi; WOg heterojunction (a) under illumination of different light intensities and (b) in dark conditions;
(c) I-V characteristics in a logarithmic coordinate of the Ga;03/Bi, WOg PD under dark and illumination conditions; (d) the PDCR of the
Gay03/BiaWOg PD under 254 nm at 5 V voltage; (e) I-V curves of the Ga; O3 film and Ga;03/Bip WOg heterojunction under 254 nm UV light;
(f) I-V characteristics of In/Ga;O3/In and In/Bi; WOg/In under 254 nm light illumination.

The time-dependent photoresponse performance of the
PD under illumination is demonstrated by periodically switch-
ing the 254 nm UV lamp on/off every 5 s. As shown in
Figs. 4(a) and 4(b), whether being radiated under different
light intensities of 69 uW/cm?-331 pW/cm? or operating at
various voltages of 0 V=5V, the regular step-type /- curves in-
dicate that the GayO3/Bi, WOg heterojunction PD can respond
quickly and work stably. When the UV lamp is turned on,
the photocurrent appears quickly, as a large number of photo-
generated carriers are excited by UV light in the heterojunc-
tion. When the UV lamp is turned off, the photocurrent disap-
pears rapidly. The self-powered performance test of the PD is
displayed in Fig. 4(a). Even though the applied voltage is ab-
sent, the PD can still exhibit a good photoresponse to 254 nm
UV light. This is because the electron—hole pairs originating
from the excitation of UV light can be rapidly separated by
the built-in electric field at the interface of the Ga; O3/Bia WOg
heterojunction. Moreover, the photocurrent exhibits a nonlin-
ear relationship with light intensity, and a power-law function,
Iphoto o< P9, can be used to further investigate the numerical re-
lation of the photocurrent with the light intensities (P), where
0 is an index reflecting the degree of photoresponse. The fitted
curve is plotted in Fig. 4(c); the 6 is estimated to be 0.358 and

suggests a high number of intrinsic defects inside the hetero-
junction, which may be caused by the numerous layers and in-
terfaces between the clustered Bi;WOg and Ga; O3 films after
spin coating. Responsivity (R) is a key parameter that assesses
the photoelectric conversion performance of a PD to a certain
light signal.[?) As shown in Fig. 4(d), the responsivity de-
creases from 2.21 mA/W to 1.68 mA/W as the light intensity
increases from 97 pW/cm? to 331 uW/cm?. This is because
the self-heating phenomenon will be induced, and the charge
carriers will be more prone to scattering and recombination
when the UV light intensity is stronger than 97 pW/cm?, al-
though more electron—hole pairs will generate.

The transient response of the Ga;03/Bi; WOg heterojunc-
tion was further investigated. The /-t curves of the current
rise and decay processes of the PD are fitted by the following
second-order exponential equation: = I +Ae’/™ + Be /%,
where [ is the steady-state photocurrent, A and B are con-
stants, 7 is time, and T is the relaxation time constant.!'® The
fitted rise time (7;) and decay time (74) of the ultraviolet tran-
sient response curves under different voltages (0 V, 1 V, and
5 V) are shown in Fig. 5. It is noteworthy that the transient re-
sponse curves show different uptrends under different voltages
at 254 nm UV light. At zero voltage, the PD exhibits a fast rise
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Fig. 5. The fitted transient photocurrent response curve under 254 nm UV light at (a) 0 V, (b) 1 V, and (c) 5 V.

time, 7;; and 7y (132 ms and 162 ms), as well as a quick decay
time, 7q; and Tgp (69 ms and 522 ms), respectively. Obviously,
there is a significant photocurrent overshoot phenomenon at
zero voltage (Fig. 5(a)). This is mainly due to the fact that
a large number of photogenerated electrons and holes gen-
erate when the PD is illuminated by the strong 254 nm UV
light. The photo-generated carriers cannot be transported to
the external circuit promptly due to the non-radiative recom-
bination and the relatively small built-in electric field in the
heterojunction at zero voltage, thus resulting in instantaneous
charge aggregation and crowding. Certainly, the overshoot-
ing phenomenon disappears when a voltage is applied, which
can contribute to the separation of charge carriers and suppres-

sion of non-radiative recombination. It can be found that as the
voltage increases from 1 V to 5V, the rise time increases while
the decay time slightly reduces at 254 nm UV light (Figs. 5(b)
and 5(c)). The persistent photoconductivity**! can be used
to explain this rise time dependence with increasing voltage.
A higher applied electric field induced by a higher voltage
will facilitate the release of photogenerated electrons and holes
from defect centers; the photoconductive gain becomes larger
but at the expense of a slower photo response speed.[?!! This
could be due to the limited electron collection capacity of the
electrode pairs or the existence of defects at the heterojunc-
tion interface; the electrons become relatively congested when
passing through these interfaces at a higher voltage, resulting

047301-5



Chin. Phys. B 32, 047301 (2023)

in a slower response speed of the device. The delay time is
mainly determined by the recombination process,*’! and the
similar delay times under 1 V and 5 V indicate the relatively
stable trapping states.
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Fig. 6. Schematic energy band diagrams of the (a) Ga;O3; and BiWOg,
and the constructed heterojunction under (b) dark and (c) ultraviolet illu-
mination at zero voltage.

Figure 6(a) presents a relative band structure diagram of
Gay03 and BiyWOg to illustrate the inherent physical mecha-
nism of self-powered photodetection based on the constructed
heterojunction. The electron affinity (), work function (P)
and band gap (E) of B-Ga;03 and Bi; WOg are determined as
4.0eV,4.16 eV, and 5.01 eV, and 5.0 eV, 5.15 eV, and 2.8 eV,
respectively.[*®] As shown in Fig. 6(b), a typical I-type band
alignment with an electronic barrier is formed at the interface
of the Gay03/Bi;WOg n—n heterojunction. According to An-
derson’s electron affinities rule,*”] the vacuum electron level
is always continuous when Bi, WOg and Ga; O3 form a hetero-
junction. Once the two come into contact, electrons will trans-
fer from Gay O3 to Bi;WOg while holes will diffuse in the op-
posite direction, as the Fermi level position of Ga; O3 is higher
than that of Bi,WOg. GayOs3 forms a positive space charge
region (electron depletion region) close to the interface, while
Bi, WOgq forms a negative space charge region (hole depletion
region) near the interface. The energy levels of Bi,WOg and

Ga;03 near the interface will bend upward and downward un-
til the Fermi levels are aligned, respectively. A stable built-in
electric field will form at the interface from Ga; O3 to Bio WOg.
When UV light is illuminated, considerable ground-state elec-
trons will be excited from the valence band to the conduction
band, and these photo-generated electrons and holes will over-
come the potential barrier and promptly transport away to form
a photocurrent on the external circuit under the drive of the
built-in electric field (Fig. 6(c)). Therefore, a UV light-driven
self-powered mode is realized in this Ga;O3/Bi;WOg hetero-
junction photodetector.
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Fig. 7. (a) The spectral response of the Ga;03/Bi;WOg heterojunction
PD at 0 V; (b) the reliability of the Ga;03/Bi,WOg heterojunction PD
measured after being stored in the atmosphere for two months.

Figure 7(a) illustrates the spectral responsivity of the
Gay03/Bi; WOg heterojunction PD at 0 V with the wavelength
ranging from 200 nm to 700 nm. The rapid reduction from
260 nm to 300 nm in the responsivity—wavelength curve in-
dicates that our Ga;O3/Bi, WOg heterojunction PD works in
the solar-blind spectral region. Furthermore, the constructed
Gay03/Bi; WOgPD possesses a great spectrum selectivity with
an Rys0 nm/R360 nm rejection ratio of 1.5 x 103. To validate
the operational reliability of the Ga;O3/Bi;WOg PD, the tran-
sient response of the Ga;03/Bi;WOg PD after storage in the
atmosphere for two months was measured. As shown in
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Fig. 7(b), the PD can still demonstrate a timely and sensi-
tive photoresponse to 254 nm UV light (331 uW/cm?) and
keeps the unattenuated photocurrent two months later. Af-
ter operating continuously for 770 s with 77 periodic on/off
switching, the transient response also maintains great repeata-
bility, as before. The stable photocurrent and the reproducible
operation states demonstrate the great stability of the fabri-

cated Ga;03/Bi;WOg PD. In summary, the self-powered UV
photodetector based on the GayO3/Bi,WOg heterojunction
performs well with an ultra-low noise and a stable photore-
sponse. A comprehensive performance comparison between
our Gay03/BiaWOg heterojunction PD and other recently re-
ported Ga;Os-based heterojunction PDs is summarized in Ta-
ble 1.

Table 1. Photodetector performance comparisons with other recently reported GayO3-based heterojunction PDs.

Heterojunction UV light (nm) Self-power Tgark (A) PDCR 7, (ms)/1q (ms) Ref.
63x107%@0V 3.5%x10*@0 vV
Gay03/Bi;WOg 254 Yes 55x1074@5Vv 1.0x10°@5V 132/69 this work
42x1074@-5V 22x100@—-5V
p-CuSCN/n-Ga, 03 254 Yes l4x107"@-5V 1.29x10*@—-5V 450/260 [24]
Cs3Cusls/B-Gay O3 265 Yes 1.2x1072@0V 5.1x10*@0 V 374/454 [32]
B-Gay03/4H-SiC 254 No 1.67x1071%@-10V  3.84x10°@—10V 180%/3104 [48]
Diamond/f-Ga, O3 nano-layer 254 No <1.0x1072@-15V  39x10°@—-15V 5604/954 [49]
Ga, 03/NiO 245 Yes 1.09x107°@—15V 9.15x 10°@—15V 12/8 [50]
B-Gay03/y-Cul 254 Yes 47x107B@-5V 1.08 x 10°@—5V 28/199 [20]
CH3NH;Pbl3/B-Ga, 03 254 No 5.6x107%@10V 146 x 10°@10V 110/4504 [36]
B-Gay03/0-MoO3 254 Yes 231 x1072@10V 3x10°@10V 430/640 [35]
PEDOT:PSS/B-Ga,0; 255 Yes 8.46x107°@0 V - 60%/882 [51]
MoS,/B-Ga, 03 245 Yes 9x107B@0Vv ~6.7x102@0V - [52]
Graphene/B-Ga, 03 254 - LLIx107%@2V - 84830%/219190* [53]

Note: marked by A means that the rise time was obtained from 10% to 90% of the peak output photocurrent; correspondingly, the decay time was

obtained from 90% to 10% of the peak output photocurrent.

4. Conclusion

In summary, a self-powered solar-blind UV PD was con-
structed on a Ga;O3/Bip WOg heterojunction, which was fab-
ricated by spin-coating hydrothermally grown Bi;WOg onto
MOCVD-grown Ga0O3 film. A typical type-I heterojunc-
tion is formed at the interface of the Ga,O;3 film and clus-
tered BioWOg. A distinct photovoltaic effect with an open-
circuit voltage of 0.18 V is demonstrated under the irradi-
ation of 254 nm UV light. Moreover, the Ga;03/BiyWOg
PD displays an excellent photodetection performance with an
ultra-low dark current of ~ 6 fA, a high PDCR of 3.5 x 104,
a fast rise time of 132 ms and 162 ms, as well as a quick
decay time of 69 ms and 522 ms in self-powered mode
(0 V). Furthermore, a best responsivity result of 2.21 mA/W
is also received in power supply mode (5 V). The newly at-
tempted Ga;03/Biy WOg heterojunction provides an important
opportunity for the broadening of heterojunction materials and
further investigations on Ga;O3-based self-power solar-blind
photodetectors in the future.
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