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a b s t r a c t

Solar-blind photodetection systems, which can convert solar-blind deep ultraviolet light into an electrical
signal, have been designed for practical use owing to their high sensitivity and accuracy. As one of the
most suitable semiconductors for solar-blind photodetection, b-Ga2O3 can construct a pn type photo-
detector with another semiconductor material to meet the demands of energy savings, miniaturization
and high efficiency. As a kind of natural p-type material, delafossite semiconductor materials CuMO2

(M ¼ Al3þ, Ga3þ, In3þ, Cr3þ) have attracted much attention recently. The band alignment of CuMO2 is
staggered with that of n-type b-Ga2O3; hence, the photogenerated electrons and holes tend to transfer
through the interface in the opposite directions, resulting in spatial separation of charge carriers.
Meanwhile, the fast hole diffusion coefficient (10�2e101 cm2 V�1 s�1) of CuMO2 guarantees the transport
of holes, which is difficult in b-Ga2O3 owing to its intrinsic electronic structure. More importantly,
compared with the widely used p-type materials, CuMO2 materials are almost insensitive to UVA light
owing to the forbidden intrinsic direct transitions between the conduction and valence bands. Hence, the
CuMO2/b-Ga2O3 pn junction photodetector exhibits high sensitivity, and the working spectral region is
not extended to the UVA region. In this study, n-b-Ga2O3/p-CuMO2 (M: Ga3þ, Cr3þ) pn junction photo-
detectors were prepared by a simple solution process method. Due to the high crystallinity of the as-
grown CuGaO2 and CuCrO2, the CuGaO2/b-Ga2O3 and CuCrO2/b-Ga2O3 pn junction photodetectors
demonstrate an ultralow off state current of 51/61 fA, a superhigh on-to-off state current ratio of
2.3 � 104/3.5 � 104 and a high rejection ratio (R254/R365) of 2 � 104/2.8 � 104 under a bias of 0 V. The
CuMO2/b-Ga2O3 pn junction photodetector satisfies the requirements of high sensitivity, stable and
energy saving and has wide practical application prospect in solar-blind detection systems.
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1. Introduction

Solar-blind detection systems have been designed for practical
use in modern optical communication, flame detection, deep ul-
traviolet imaging, missile guidance and environmental monitoring
owing to their high sensitivity and accuracy [1e3]. As important
and fundamental building blocks of solar-blind detection systems,
solar-blind photodetectors have gained extensive attention. As the
most widely used photodetector, Si-based solar-blind photodetec-
tors require the use of expensive filters to block high wavelength
photons due to the narrow (1.12 eV) bandgap of Si. In recent de-
cades, numerous ultrawide bandgap semiconductors, such as dia-
mond, AlN, AlxGa1-xN and MgxZn1-xO, have met the criteria of a
solar-blind photodetector with a cutoff below 280 nm [4-8].
However, the problems of epitaxial growth and bandgap engi-
neering still limit their practical application. Ga2O3, especially the
most stable b-Ga2O3 phase, is a natural solar-blind material due to
its ultrawide bandgap (~4.8 eV) [9e18]. Moreover, mature epitaxial
technology and doping engineering guarantee its application in the
solar-blind detection field [19e23].

To meet the demands for photodetectors of more energy sav-
ings, miniaturization and high efficiency, many researchers are
seeking to build a self-powered system. An energy savings photo-
detector can be driven by a built-in electric field, which is mainly
provided by a pn homojunction, a pn heterojunction or a Schottky
junction. As the most used structure, the pn junction can be
fabricated on the substrate by deposited p-type semiconductor and
n-type semiconductor, respectively, and the space charge area is
formed at their interface by carrier diffusion effect [24e38]. How-
ever, it is still challenging to synthesize p-type Ga2O3, and hence,
finding a suitable p-type material is crucial to designing a Ga2O3-
based self-powered photodetector.

Delafossite semiconductor materials CuMO2 (M ¼ Al3þ, Ga3þ,
In3þ, Cr3þ) have attracted much attention owing to their wide
bandgap and fast hole diffusion coefficient [39e41]. Recently, they
have been widely used in variety of optoelectronic fields, such as
transparent conducting oxides, solar cells, and catalysts [42e51].
However, there are few reports in the photodetector field[44][52]
[54][53]. CuMO2 materials are suitable for constructing a pn junc-
tionwith b-Ga2O3 for the following reasons: 1) The band alignment
of CuMO2 is staggered with that of n-type b-Ga2O3, hence the
photogenerated electrons and holes tend to transfer through the
interface in the opposite directions, resulting in spatial separation
of charge carriers. 2) b-Ga2O3 has low hole mobility owing to its
intrinsic electronic structure, while the fast hole diffusion coeffi-
cient of CuMO2 can guarantee the transport of holes. 3) Highly
Fig. 1. Schematic illustration of formation
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crystalline CuMO2 can be obtained through a convenient and cost-
efficient solution growth process. More importantly, in comparison
with the widely used p-type materials, CuMO2 materials are almost
insensitive to UVA light owing to the forbidden intrinsic direct
transitions between the conduction and valence bands. Hence, the
CuMO2/b-Ga2O3 pn junction photodetector exhibits high sensi-
tivity, and the working spectral region is not extended to the UVA
region.

In this paper, we prepared energy saving solar blind photode-
tectors based on a CuMO2/b-Ga2O3 (M ¼ Ga3þ, Cr3þ) pn junction
through a simple spin-coating method strategy. Highly crystalline
CuMO2 are synthesized successfully by a simple and low-cost hy-
drothermal method and spin-coated on a b-Ga2O3 epitaxial film.
The built-in electric field at the CuMO2/b-Ga2O3 pn junction
spontaneously separates photogenerated electron-hole pairs,
which makes the photodetectors exhibit self-powered properties
under zero bias. Under zero bias, the CuGaO2/b-Ga2O3 and CuCrO2/
b-Ga2O3 pn photodetectors show a photoresponse time of 0.14 s/
0.06 s, a high on-to-off state current ratio (Ion/Ioff) of 2.3 � 104/
3.5 � 104 and a high rejection ratio (R254/R365) of 2.0 � 104/
2.8 � 104. In addition, the achieved photodetectors retain sensi-
tivity to the solar-blind light and an almost unchanged photocur-
rent over a duration of one month under normal atmospheric
storage. These simple, low-cost, high-performance and stable pn
heterojunction self-powered photodetectors have great potential
applications in the solar-blind light detection system field.
2. Results and discussion

Fig. 1 illustrates the fabrication process of the CuMO2/b-Ga2O3
(M ¼ Ga3þ, Cr3þ) pn photodetector. In brief, first, a Ga2O3 film is
deposited on a (0001) plane sapphire substrate by the metal-
organic chemical vapor deposition (MOCVD) method. Then, hy-
drothermally synthesized CuMO2 is dispersed in isopropanol so-
lution and spin coated on the Ga2O3 film. Finally, the electrodes of
the hybrid structure are deposited to fabricate a pn junction
photodetector (more details can be found in the Experimental
Section). Fig. 2b shows the crystal structure of the prepared CuMO2
samples shown in Fig. 2a. X-ray diffraction (XRD) and X-ray
photoelectron spectroscopy (XPS) measurements were performed
to characterize the crystalline structure and composition of CuMO2.
As shown in Fig. 2c, the purity of the samples were confirmed by
indexing all diffraction peaks with rhombohedral structure CuGaO2
(JCPDS#41e0255) and CuCrO2 (JCPDS#39e0247). To further
confirm the element valence in the CuMO2, X-ray photoelectron
spectroscopy was measured. For CuGaO2, peaks locate at 932.3 and
of CuMO2/b-Ga2O3 pn photodetector.



Fig. 2. (a) Optical image of CuGaO2 and CuCrO2 isopropanol solution; (b) Crystal structure of CuMO2; (c) XRD patterns (upper) of the as-grown CuGaO2 and CuCrO2 nanoplates and
the standard XRD patterns (bottom) for orthorhombic CuMO2; (d) XPS spectrums of as-grown CuGaO2 and CuCrO2; (e) and (f) the UVevis spectra of CuGaO2 and CuCrO2 (the inset is
the optical band gap).
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1118.1 eV are corresponding to Cuþ and Ga3þ, respectively. The O 1s
peak located at 530.4 eV can be attributed to the lattice oxygen O2�

in the crystal lattice. While the oxygen vacancies related peak at
about 531.8 eV does not appear, indicating the good quality of the
as-grown sample. Similarly, for CuCrO2, a Cr 2p3/2 peak was iden-
tified at 575.1 eV, corresponding to Cr3þ (Fig. 2d) [43,52,55]. The
UVeVis absorption spectra of the CuMO2 are shown in Fig. 2e and f.
The corresponding optical bandgaps are about 3.4 eV and 3.2 eV,
respectively.
Fig. 3. (a) Typical SEM image of multiple CuGaO2 micro-plates; (b) TEM image of an individ
from the CuGaO2 micro-plate. (d) Typical SEM image of multiple CuCrO2 nanoplates; (e) Typ
and HRTEM image taken from the CuCrO2 nanoplates.
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Scanning electron microscopy (SEM), energy dispersive X-ray
spectroscopy (EDS) and high-resolution transmission electron mi-
croscopy (HRTEM) were applied to further characterize the
morphology and structure of the as-grown CuGaO2 and CuCrO2.
The CuGaO2 were composed of numerous micrometre-sized 2D
micro-plates (Fig. 3a), which is owing to the oriented attachment
(OA) growth mechanism [46,56]. During CuGaO2 micro-plates
growth, CuGaO2 are crystallized gradually in the precursor solu-
tion firstly and then the primary CuGaO2 micro-plates are
ual CuGaO2 micro-plate; (c) the corresponding SAED pattern and HRTEM image taken
ical TEM image of an individual CuCrO2 nanoplates; (f) the corresponding SAED pattern
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integrated by eliminating the common boundary to form a large
particle. As depicted in Fig. 3b, a single CuGaO2micro-plate exhibits
a hexagonal shape with an average diameter of approximately
10 mm. The selected area electron diffraction (SAED) pattern of
CuGaO2 further confirms the CuGaO2 micro-plate is single crystal-
lized (Fig. 3c). As shown in the high-resolution FETEM image, the
lattice spacing of CuGaO2 is approximately 5.26 Å, which can be
indexed to the (003) plane of CuGaO2. Fig. 3def shows SEM and
TEM images of the obtained CuCrO2 sample. The CuCrO2 consists of
ultrasmall nanoplates, which the diameters are approximately
15e25 nm. The 2.71 Å and 2.93 Å interplanar spacings of the
CuCrO2 nanoplates are calculated from the high-resolution TEM
image, corresponding to the (101) and (006) planes of delafossite
CuCrO2, respectively. SFigure 2 shows the elemental maps of indi-
vidual CuGaO2 micro-plate and CuCrO2 nanoplates. It is evident
that Cu, Ga, Cr and O are homogeneously distributed in the micr- or
nanoplates.

The characterization of b-Ga2O3 layer is shown in SFigure 3. The
ð201Þ orientation of the b-Ga2O3 film is confirmed by the XRD
result, in which only the ð201Þ ð402Þ and ð603Þplanes of b-Ga2O3
can be observed. The b-Ga2O3 epitaxial film shows an obvious ab-
sorption edge at approximately 260 nm, corresponding to a
bandgap of 4.85 eV (SFigure 3b). The CuMO2/b-Ga2O3 pn junction
exhibits two absorption edges, which are attributed to the CuMO2
and b-Ga2O3 epitaxial films. To further study the chemical states of
the b-Ga2O3 epitaxial film, the XPS test was performed. As pre-
sented in SFigure 3c, characteristic peaks of Ga 3d, C 1s, O 1s and Ga
2p at 20.1, 285.6, 531.08, and 1118.1 eV can be observed. The XPS
spectrum of the O 1s core level can be resolved into two separate
components. The OI at 531.4 eV is related to the O2� ions in the
lattice, while the OII at 533.5 eV is related to the oxygen vacancies
(Vo). The high peak ratio of OI/(OI þ OII) (~88%) guarantees an ul-
tralow dark current of b-Ga2O3. Meanwhile, as shown in the AFM
image, the b-Ga2O3 epitaxial film exhibits a small root-mean-
square surface roughness of only 2.17 nm.

After depositing Ti/Au electrodes, CuMO2/b-Ga2O3 pn photode-
tectors were successfully prepared, and their photoelectric perfor-
mances were investigated. The CuGaO2/b-Ga2O3 pn photodetector
exhibits a superlow off state current of 100 pA at �5 V and 51 fA at
0 V (Fig. 4a). Owing to the lack of sufficient charger carriers in the
Ga2O3 epitaxial film with GU intrinsic resistance, the rectifying
effect under dark conditions is not obvious. Under illumination at a
1000 mW/cm2 light intensity density 254 nm light, the current in-
creases to 0.54 nA at 0 V, 24.9 nA at �5 V and 2.3 nA at 5 V,
exhibiting rectification and self-powered characteristics. For the
CuCrO2/b-Ga2O3 pn photodetector, the current is 18 pA at �5 V,
Fig. 4. IeV characteristics of the (a) CuGaO2/b-Ga2O3 and (b) CuCrO2/b-Ga2
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61 fA at 0 V and increases to 0.70 nA at 0 V, 27.2 nA at �5 V and
0.8 nA at 5 V under 1000 mW/cm2 254 nm light irradiation (Fig. 4b).
To further investigate the origin of the self-powered and rectifying
property of the pn photodetectors, we fabricated and measured the
b-Ga2O3, CuGaO2 and CuCrO2 based metal-semiconductor-metal
photodetectors. As shown in SFigure 4, the linear characteristics
of the IeV curves confirm the ohmic contact between b-Ga2O3,
CuGaO2, CuCrO2 and the Ti/Au electrodes. The ohmic contact
property of the single devices verifies that the self-powered
manner of CuMO2/b-Ga2O3 pn photodetectors originates from the
formation of a built-in electric field at pn junction interface.

To systematically assess the performance of CuMO2/b-Ga2O3 pn
junction photodetectors, their representative IeV and I-T charac-
teristics for different power intensities and applied voltages were
researched and presented in Fig. 5 and Fig. 6, respectively. The IeV
curves of the CuGaO2/b-Ga2O3 pn junction photodetector deviate
from the coordinate origin and exhibit a negative photocurrent
(Fig. 5a). The photocurrent increases linearly to 0.7 nA as the light
intensity density increase to 1000 mW/cm2, which demonstrates a
distinctive augmentation based on the fundamental rule of more
absorbed photons producing more free charge carriers (Fig. 5b).
Moreover, the high repeatability of the I-T curves demonstrates the
sensitive and repeatable response to the light signal of the CuGaO2/
b-Ga2O3 pn junction photodetector. The on-to-off state current
ratio (Ion/Ioff) is related to the signal-to-noise ratio of the photo-
detector. The Ion/Ioff of the CuGaO2/b-Ga2O3 pn junction photode-
tector at 0 V achieves a superhigh value of 2.3 � 104. The
responsivity (R) is usually regarded as an important parameter to
evaluate sensitivity of photodetectorwhich can be calculated by the
formula R ¼ (Iphoto � Idark)/(PS), where I, P and S represent the
current, light intensity density and effective area, respectively. The
width of effective area is about 0.3 cm, and the distance between
two electrodes is about 0.1 cm, thus the S of the effective irradiation
area in our work is counted as 0.03 mm2 (SFigure 5). As shown in
Fig. 5c, the responsivity of the photodetector achieves the
maximum value of ~0.025 mA/W at 0 V with light power intensity
of 50 mW/cm2. The ability to detect weak light is another important
index for a detector, which is usually measured by the detectivity
(D). As shown in Fig. 5d, the maximumD value of 0.9� 1011 Jones is
obtained at 0 V with light power intensity of 50 mW/cm2. Both of R
and D display the gradually declining trend as the power intensity
strengthening. The CuGaO2/b-Ga2O3 pn junction photodetectors
also expresses an excellent device performance under reverse-
biased voltages. As shown in Fig. 5e, with the applied voltages in-
crease from �0.5 to �5 V, the photocurrents keep increasing and
the I-T curves maintain a highly stable and repeatable shapes. For
O3 pn photodetector under dark and illumination with light-254 nm.



Fig. 5. (a) IeV characteristics of the CuGaO2/b-Ga2O3 pn photodetector under 254 nm light irradiation with various power intensities; (b) I�T responses of the pn photodetector at
0 V with various power intensities; (c) photocurrent and responsivity as a function of the power intensities at 0 V; (d) detectivity as a function of the power intensities at 0 V; (e) I�T
responses of the photodetector at various biases with 1000 mW/cm2 light-254 nm illumination; (f) the response time of the photodetector under 1000 mW/cm2 light-254 nm
illumination at 0 V.

Fig. 6. (a) IeV characteristics of the CuCrO2/b-Ga2O3 pn photodetector under 254 nm light irradiation with various power intensities; (b) I�T responses of the pn photodetector at
0 V with various power intensities; (c) photocurrent and responsivity as a function of the power intensities at 0 V; (d) detectivity as a function of the power intensities at 0 V; (e) I�T
responses of the photodetector at various biases with 1000 mW/cm2 light-254 nm illumination; (f) the response time of the photodetector under 1000 mW/cm2 light-254 nm
illumination at 0 V.
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more detailed research, the photoresponse time under a 0 V bias is
fitted to calculate the response time using a second-order expo-
nential equation. The rise and decay times are about 0.26 s/0.14 s at
0 V, which are given in Fig. 5f.

The representative IeV and I-T characteristics of the CuCrO2/b-
Ga2O3 pn photodetector were researched and are presented in
Fig. 6. The photodetector exhibits an Ion/Ioff of 3.5 � 104 at a
1000 mW/cm2 light intensity density. As shown in Fig. 6c and d, at
5

zero bias, the R and D of the photodetector achieve maximum
values of 0.12 mA/W and 4.6 � 1011 Jones at 50 mW/cm2 light,
respectively. The rise and decay times are about 0.35 s/0.06 s for the
CuCrO2/b-Ga2O3 pn photodetector. The photocurrent of the pho-
todetectors under 365 nm light irradiation are measured and listed
in SFigure 6, which exhibit a limited photocurrent of a few fA. Thus,
the rejection ratio (R254/R365) of the pn junction photodetector with
1000 mW/cm2 illumination at 0 V can reach 2 � 104 (CuGaO2/b-



Fig. 7. Energy band diagrams of the (a) CuGaO2/b-Ga2O3 pn junction and (b)CuCrO2/b-Ga2O3 pn junction.

Table 1
The self-powered device parameters comparison of photodetectors based on Ga2O3 from previous works and this work.

Materials Ioff (A) Ion/Ioff Response time (s) Rejection ratio Ref

Ga2O3/ZnO z10�9 127 0.27 690(R251/R400) [60]
Ga2O3/p-Si z10�8 940 1.80 1 � 103 (R254/R400) [61]
Ga2O3/NSTO z10�6 20 0.07 / [11]
Graphene/Ga2O3 z10�9 83 0.96 / [62]
Ga2O3/SiC z10�10 3.8 0.31 / [63]
Ga2O3/GaN z10�10 5 0.08 152 (R254/R400) [64]
Sn:Ga2O3/GaN z10�11 104 0.02 6 � 103 (R254/R365) [12]
Ga2O3/Diamond z10�9 37 / 135 (R254/R400) [15]
Ga2O3/CuSCN z10�12 4.1 � 104 0.04 1 � 104 (R254/R365) [58]
Ga2O3/CuCrO2 z10�14 (0 V) 3.5 � 104 0.06 2.8 � 104 (R254/R365) This work
Ga2O3/CuGaO2 z10�14 (0 V) 2.3 � 104 0.14 2.0 � 104 (R254/R365) This work
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Ga2O3) and 2.8 � 104 (CuCrO2/b-Ga2O3), presenting a high spectral
selectivity. SFigure 7 show the responsivity curves of the devices at
a bias of �5 V. The maximum responsivity of the both two devices
are located at 250 nm, which corresponds to the optical absorption
edge of Ga2O3 film. The result indicates that the photogenerated
carriers of the devices are mainly excited by solar-blind radiation
with a higher energy than Ga2O3 bandgap. The photoresponses of
the two devices are much larger under solar-blind radiation
(<280 nm) than under UVB (280e320 nm) and UVA (320e400 nm).

To fully understand the intrinsic physical mechanism of the self-
powered CuGaO2/b-Ga2O3 and CuCrO2/b-Ga2O3 photodetectors,
the corresponding schematic diagrams of the charge carrier
transport and pn junction energy band are depicted in Fig. 7. The
band energy level positions of the b-Ga2O3 film and CuGaO2 and
CuCrO2 were obtained according to literature reports [48,57e59].
Combined with the measured bandgap values, the CB/VB of b-
Ga2O3, CuGaO2 and CuCrO2 is 3.1/7.9 eV, 1.9/5.3 eV and 2.1/5.3 eV,
respectively. Consequently, once b-Ga2O3 is put in contact with
CuGaO2 or CuCrO2, a classic type II heterojunction is built (Fig. 7a
and b). Upon light illumination, considerable electron-hole pairs
will be generated and then separate quickly under the driving force
of the built-in field. These photo-induced charge carriers will form
a large photocurrent even without an applied voltage, which can
support the self-powered operation of the photodetector.

Comparisons between the devices in this work and some pre-
vious reports are listed in Table 1. As solar-blind photodetectors, the
CuMO2/b-Ga2O3 pn photodetectors show a low dark current, a high
Ion/Ioff and a superhigh rejection ratio at 0 Vcompared to some
other photodetectors. In addition, the lifetime reliability and device
stability of our achieved photodetectors were tested over a duration
of one month with normal atmospheric storage. The photodetec-
tors retain sensitivity to the solar-blind signal and an almost un-
changed photocurrent (SFigure 8). Such excellent device reliability
benefits from the material stability of the b-Ga2O3 and CuMO2.
6

3. Conclusion

In this study, highly crystalline CuMO2 (M ¼ Ga3þ, Cr3þ) are
synthesized successfully by a simple and low-cost hydrothermal
method and spin-coated on a b-Ga2O3 epitaxial film to construct
CuGaO2/b-Ga2O3 and CuCrO2/b-Ga2O3 pn photodetectors. The
matched band alignment enables the well-designed photodetec-
tors to work in energy saving mode. The CuGaO2/b-Ga2O3 and
CuCrO2/b-Ga2O3 photodetector show remarkable properties, such
as an ultralow off state current of 51 fA/61 fA, a superhigh off-to-on
state current ratio of 2.3 � 104/3.5 � 104, a high detectivity value of
0.9 � 1011/4.7 � 1011 Jones and a high rejection ratio of 2 � 104/
2.8 � 104. Meanwhile, these pn photodetectors possess ultrastable
reliability even after one month. These simple, low-cost, high-
performance and stable pn heterojunction self-powered photode-
tectors have great potential applications in solar-blind light
detection systems.

4. Experimental Section

Synthesis of CuMO2: The hydrothermal synthesis process of
CuGaO2 and CuCrO2 are modified from the previous reports. For
CuGaO2 micro-plates, in a typical synthesis, briefly, precursor so-
lution is consisted of 2.8 mmol Ga(NO3)3$xH2O, 2.8 mmol
Cu(NO3)2$3H2O, 24 mL deionized water, 16 mL ethylene glycol and
12 mL 0.5 m KOH. Then, the Teflon autoclave filled with precursor
solution was maintained at 200 �C for 24 h. The obtained CuGaO2

precipitate was washed with diluted NH3$H2O, HNO3 solution and
deionized water several. The obtained CuGaO2 micro-plates need
store in absolute isopropanol solution for further use. For CuCrO2
nanocrystals, precursor solution is consisted of 15 mmol
Cr(NO3)3$9H2O and 15 mmol Cu(NO3)2$3H2O, 5.0 g NaOH and
70 mL deionized water. The Teflon autoclave was maintained at
240 �C for 60 h. Then obtained CuCrO2 precipitate was washed and
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stored as mentioned above.
Synthesis of Ga2O3 Thin Films: The MOCVD growth uninten-

tionally doped Ga2O3 thin films were obtained from the Beijing
Gallium Family Technology Ltd. The thickness of the as-grown
Ga2O3 film was approximately 450 nm.

Fabrication of CuGaO2@b-Ga2O3 and CuCrO2@b-Ga2O3 Photode-
tectors: To fabricate the devices, an 2-inch Ga2O3 film was cut into
10 � 10 mm pieces by a laser cutting machine. Then the CuGaO2/
CuCrO2 isopropanol solution (10 mg/ml) was spin coated on the
Ga2O3 film at 3000 rpm for 40 s. After releasing the tape at 150 �C
for 1 min, square electrodes of 30 nm Ti and 70 nm Au were
deposited on the surface of the Ga2O3 region by the RF magnetron
sputtering method using a metal mask.

Material Characterization: The structure and morphology of the
CuGaO2/CuCrO2 were characterized by field-emission SEM (S4800,
Hitachi) and TEM (JEM-2100). The phase of CuGaO2/CuCrO2 and
Ga2O3 was checked by an X-ray diffractometer (D8 Discover, Cu Ka
radiation, l ¼ 0.15 418 nm). Absorption spectra were obtained by a
UV-VIS spectrophotometer (U-3900). Chemical analysis was per-
formed with an XPS system (K-Alpha). The morphology of the
Ga2O3 films was characterized by AFM (XE100E).

Photoelectrical Measurements: The IeV characteristics and time-
dependent curves of all the photodetectors were measured using a
Keithley 4200-SCS. For comparison, Ga2O3, CuGaO2 and CuCrO2
devices with metal-semiconductor-metal (MSM) structures were
also prepared and measured. All characterizations and measure-
ments were performed under room temperature and ambient
conditions.
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