
 

 

 

Unraveling the role of dangling bonds passivation in amorphous Ga2O3 for 

high-performance solar-blind UV detection 

Zhengru Li(李正濡), Rui Zhu(朱锐), Huili Liang(梁会力), Shichen Su(宿世臣), and Zengxia Mei(梅增霞) 

Citation:Chin. Phys. B, 2025, 34 (7): 078502.   DOI: 10.1088/1674-1056/adc624 

http://cpb.iphy.ac.cn; http://iopscience.iop.org/cpb 

 

What follows is a list of articles you may be interested in 

 

 

Thickness effect on solar-blind photoelectric properties of ultrathin β-Ga2O3 films 

prepared by atomic layer deposition 

Shao-Qing Wang(王少青), Ni-Ni Cheng(程妮妮), Hai-An Wang(王海安), Yi-Fan Jia(贾一凡), Qin Lu(陆芹), Jing 

Ning(宁静), Yue Hao(郝跃), Xiang-Tai Liu(刘祥泰), and Hai-Feng Chen(陈海峰) 

Chin. Phys. B, 2023, 32 (4): 048502.   DOI: 10.1088/1674-1056/ac8ce9 

Analysis of high-temperature performance of 4H-SiC avalanche photodiodes in both 

linear and Geiger modes 

Xing-Ye Zhou(周幸叶), Yuan-Jie Lv(吕元杰), Hong-Yu Guo(郭红雨), Guo-Dong Gu(顾国栋), Yuan-Gang Wang(王

元刚), Shi-Xiong Liang(梁士雄), Ai-Min Bu(卜爱民), and Zhi-Hong Feng(冯志红) 

Chin. Phys. B, 2023, 32 (3): 038502.   DOI: 10.1088/1674-1056/ac9820 

RF magnetron sputtering induced the perpendicular magnetic anisotropy modification 

in Pt/Co based multilayers 

Runze Li(李润泽), Yucai Li(李予才), Yu Sheng(盛宇), and Kaiyou Wang(王开友) 

Chin. Phys. B, 2021, 30 (2): 028506.   DOI: 10.1088/1674-1056/abcf9d 

Perpendicular magnetization switching by large spin—orbit torques from sputtered 

Bi2Te3 

Zhenyi Zheng(郑臻益), Yue Zhang(张悦), Daoqian Zhu(朱道乾), Kun Zhang(张昆), Xueqiang Feng(冯学强), Yu 

He(何宇), Lei Chen(陈磊), Zhizhong Zhang(张志仲), Dijun Liu(刘迪军), Youguang Zhang(张有光), Pedram Khalili 

Amiri, Weisheng Zhao(赵巍胜) 

Chin. Phys. B, 2020, 29 (7): 078505.   DOI: 10.1088/1674-1056/ab9439 

Transition of photoconductive and photovoltaic operation modes in amorphous 

Ga2O3-based solar-blind detectors tuned by oxygen vacancies 

Yan-Fang Zhang(张彦芳), Xuan-Hu Chen(陈选虎), Yang Xu(徐阳), Fang-Fang Ren(任芳芳), Shu-Lin Gu(顾书林), 

Rong Zhang(张荣), You-Dou Zheng(郑有炓), Jian-Dong Ye(叶建东) 

Chin. Phys. B, 2019, 28 (2): 028501.   DOI: 10.1088/1674-1056/28/2/028501 

-------------------------------------------------------------------------------------------------------------------- 

https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/adc624
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/adc624
https://doi.org/10.1088/1674-1056/adc624
http://cpb.iphy.ac.cn/
http://iopscience.iop.org/cpb
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac8ce9
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac8ce9
https://doi.org/10.1088/1674-1056/ac8ce9
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac9820
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac9820
https://doi.org/10.1088/1674-1056/ac9820
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/abcf9d
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/abcf9d
https://doi.org/10.1088/1674-1056/abcf9d
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ab9439
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ab9439
https://doi.org/10.1088/1674-1056/ab9439
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/28/2/028501
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/28/2/028501
https://doi.org/10.1088/1674-1056/28/2/028501


Chin. Phys. B 34, 078502 (2025)

Unraveling the role of dangling bonds passivation in amorphous
Ga2O3 for high-performance solar-blind UV detection

Zhengru Li(李正濡)1,2, Rui Zhu(朱锐)2,†, Huili Liang(梁会力)2,3,
Shichen Su(宿世臣)1,‡, and Zengxia Mei(梅增霞)2,3,§

1School of Electronic Science and Engineering (School of Microelectronics), South China Normal University, Foshan 528225, China
2Songshan Lake Materials Laboratory, Dongguan 523808, China

3Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China

(Received 8 March 2025; revised manuscript received 31 March 2025; accepted manuscript online 10 April 2025)

Low-cost and large-area uniform amorphous Ga2O3 (a-Ga2O3) solar-blind ultraviolet (UV) detectors have garnered
significant attention in recent years. Oxygen vacancy (VO) defects are generally considered as the predominant defects
affecting the detector performance. Reducing VO concentration generally results in both low dark current and low photo
current, significantly limiting further improvement of the photo-to-dark current ratio (PDCR) parameter. Herein, a deli-
cately optimized atomic layer deposition (ALD) method is revealed having the capability to break through the trade-off
in a-Ga2O3, achieving both low dark current and high photocurrent simultaneously. For a clear demonstration, a-Ga2O3
contrast sample is prepared by magnetron sputtering and compared as well. Combined tests are performed including x-
ray photoelectron spectroscopy, photoluminescence, electron paramagnetic resonance and Fourier-transform infrared spec-
troscopy. It is found that ALD a-Ga2O3 has a lower VO concentration, but also a lower dangling bonds concentration which
are strong non-irradiation recombination centers. Therefore, decrease of dangling bonds is suggested to compensate for the
low optical gain induced by low VO concentration and promote the PDCR to ∼ 2.06×106. Our findings firstly prove that
the dangling bonds also play an important role in determining the a-Ga2O3 detection performance, offering new insights
for further promotion of a-Ga2O3 UV detector performance via dual optimization of dangling bonds and VO.

Keywords: amorphous gallium oxide, magnetron sputtering, atomic layer deposition, ultraviolet detectors,
dangling bonds

PACS: 85.60.Gz, 81.15.Gh, 73.61.Jc, 61.72.jd
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1. Introduction

Solar-blind ultraviolet (UV) (200 nm–280 nm) detectors
have received widespread attention for their potential appli-
cation in flame monitoring, corona detection, missile track-
ing and near-Earth communication.[1,2] With suitable band
gap (∼ 5 eV), stable chemical properties and regulative car-
rier concentration, Ga2O3 is an ideal material for fabricating
solar-blind UV detectors.[3–7] Further, compared with high-
temperature epitaxial growth of crystalline Ga2O3 thin films,
amorphous Ga2O3 (a-Ga2O3) thin films can achieve low-cost
large-area deposition on any substrates. Especially, some re-
cent works have proved that a-Ga2O3 owns detection perfor-
mance comparable to β -Ga2O3 counterpart.[8,9] These fea-
tures position a-Ga2O3 as a suitable material for solar-blind
UV detection.

Benefiting from appropriate growth rate and excellent
surface roughness as well as uniformity,[10,11] radio frequency
(rf) magnetron sputtering is the main method to deposit a-

Ga2O3 thin films. Oxygen vacancy (VO) defects are generally
considered the primary defects in theses a-Ga2O3thin films.
It has been widely accepted that VO acts as a double-edged
sword in the a-Ga2O3 detectors: when the VO concentration is
low, both the light and dark currents of the device would re-
duce; conversely, when the VO concentration is high, both the
light and dark currents would increase.[12–14] As a result, it is
difficult for a-Ga2O3 solar-blind UV detectors to simultane-
ously achieve high photocurrent and low dark current, greatly
hindering the promotion of weak light detection abilities.

Some device structures have been designed and proposed
to mitigate the double-edged sword of VO. In three-terminal
phototransistors, by working in negative gate voltage to de-
plete the channel, the dark current can be effectively sup-
pressed while the photocurrent keeps at a high level.[15,16]

However, this method hardly solves the common negative
bias illumination stress (NBIS) effect causing slow detection
rate and terrible stability.[17,18] Fabrication of heterojunctions
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is also a common method to marginally suppress dark cur-
rent by interface barrier and promote photocurrent by built-
in electric field.[19–21] In addition, Zhu et al. innovatively
constructed a VO-rich a-Ga2O3/VO-poor a-Ga2O3 doublelayer
structure, achieving an ultra-high photo-to-dark current ratio
(PDCR) (> 109) by employing a periodic bias-switching op-
eration mode.[22] However, while these approaches solve the
VO dilemma to a certain extent, they also increase the fabri-
cation complexity and integration cost of the devices, without
fundamentally addressing the issues inherent in the thin films
themselves.

In contrast to a-Ga2O3 thin films fabricated by sputtering,
some a-Ga2O3 thin films synthesized by atomic layer deposi-
tion (ALD) manifest high photocurrent, even under low VO

concentration conditions.[23–25] However, this performance
promotion cannot be reasonably explained from the perspec-
tive of VO considering the above-mentioned VO’s double-
edged sword role. Therefore, it is necessary to explore the
internal mechanism of the promotion for a further manipula-
tion of a-Ga2O3 detectors’ performance.

In this work, we prepared the a-Ga2O3 thin films by
ALD and sputtering and characterize them using x-ray pho-
toelectron spectroscopy (XPS), photoluminescence (PL) spec-
troscopy, electron paramagnetic resonance (EPR) and Fourier-
transform infrared spectroscopy (FTIR). The comparative re-
sults show the passivation of dangling bonds in a-Ga2O3 film
deposited by ALD contributes to a high photo current. Inter-

estingly, its lower VO concentration accounts for a low dark
current as well. Finally, the solar-blind UV detectors based
on the a-Ga2O3 (ALD) films were annealed under nitrogen
atmosphere at 350 ◦C for an optimized interface contact and
suppressed persistent photoconductivity (PPC) phenomenon,
thereby further enhancing the detection performance.

2. Results and discussion

Firstly, the effect of deposition temperature on the film
qualities has been investigated in thermal ALD growth pro-
cess. A series of Ga2O3 films were prepared with 1000 cycles
on quartz substrates at 250 ◦C, 300 ◦C, 350 ◦C, and 400 ◦C
respectively. Ozone and triethylgallium are adopted as pre-
cursors where one cycle consisted of a 0.3-s triethylgallium
exposure, a 30-s nitrogen purge, a 10-s ozone exposure, and
a 30-s nitrogen purge. Figure 1 shows the structural, optical,
and chemical characterization results, and Table 1 presents the
key data of these Ga2O3 films. A characteristic peak originat-
ing from the quartz substrate is observed at 22◦ in Fig. 1(a),
indicating the amorphous structure nature of Ga2O3 films.
The transmittance spectroscopy in Fig. 1(b) illustrates that all
a-Ga2O3 films exhibit distinct absorption in the solar-blind
UV region. Moreover, the inset obtained by Tauc’s method
demonstrates that the band gap of a-Ga2O3 films increases
from 4.80 eV to 5.02 eV as the growth temperature rises from
250 ◦C to 350 ◦C, suggesting more abundant oxidation status.
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Fig. 1. Characteristics of Ga2O3 (ALD) films grown at different temperatures. (a) XRD curves, (b) transmittance spectra. The inset shows the plot of
(αhν)2 versus hν for these Ga2O3 (ALD) films. (c) O 1s core level spectra. (d) The A FM topography of these Ga2O3 (ALD) films surface.
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To determine the chemical state of O element, the core
level spectra of O 1s were measured by XPS and calibrated
with C 1s peak (284.8 eV). As exhibited in Fig. 1(c), all the O
1s spectra can be fitted with three peaks centered at 530.8 eV,
531.7 eV, and 532.6 eV, which are named as OI, OII, and
OIII, respectively. It has been recognized that OI peak cor-
responds to the lattice oxygen, OII peak is assigned to VO, and
OIII peak is associated with hydroxyl and carbonyl species ad-
sorbed on the film surface.[26–28] It is obvious that VO con-
centrations gradually decrease as the growth temperature rises
from 250 ◦C to 350 ◦C, which can be inferred from the in-
creasingly larger OI:OII values (from 1:0.24 to 1:0.17). It
means more abundant oxidation occurs. It should be noted
that the band gap and VO concentration of a-Ga2O3 reach sat-
uration above 350 ◦C. Combined with the fastest growth rate
(41.88 nm/1000 cycles) shown in Table 1 and the smallest sur-
face roughness (0.279 nm) shown in Fig. 1(d) at 350 ◦C, we
can get that the Ga source can be completely oxidized, while
an increased desorption rate leads to a decrease in growth
rate and an increase in film roughness at temperatures above
350 ◦C. Therefore, we will only discuss a-Ga2O3 (ALD) film
deposited at 350 ◦C in the following experiments.

Table 1. Comparisons of key data of Ga2O3 (ALD) films grown at
different temperatures.

Temperature (◦C) 250 300 350 400

Thickness (nm) 29.98 38.55 41.88 39.32
Eg (eV) 4.80 4.98 5.02 5.02
OI/OII 1:0.24 1:0.22 1:0.17 1:0.17

Roughness (nm) 0.385 0.369 0.279 0.285

In our previous works on sputtered a-Ga2O3 films the in-
fluence of oxygen flux on device performance has been ex-
plored in detail.[29,30] Because a-Ga2O3 (ALD) film has low
VO concentration, for better comparison, we chose an oxy-
gen flux of 1 sccm to deposit a-Ga2O3 film by sputtering in
current work. In the following comparative experiments, a-
Ga2O3 films prepared by ALD and sputtering are labeled as S1
and S2, respectively, while their thickness maintains∼ 80 nm.

Firstly, planar metal–semiconductor–metal (MSM) UV
detectors with Au (40 nm) Schottky contact are fabricated on
S1 and S2, respectively. The schematics of device structure
and the device photograph under an optical microscope are
shown in Fig. 2(a). The detectors are equipped with interdig-
ital electrodes consisting of 50 pairs of fingers, each 5 µm in
width, 5 µm in spacing, and 150 µm in length as shown in
Fig. 2(b). Figure 2(c) illustrates the I–V curves for S1 and S2
under dark and illumination of 254 nm (100 µW ·cm−2). It can
be apparently seen that the PDCR of S1 is much higher than
that of S2. Taking 10-V bias voltage as an example, the dark
current of S1 and S2 are 7.72× 10−13 A and 7.96× 10−14 A
respectively, while the photo current are 1.59× 10−6 A and
9.97× 10−10 A, respectively. Therefore, the PDCR of S1
(∼ 2.06× 106) is over two orders of magnitude higher than
that of S2 (∼ 1.25×104). The time-dependent photo-response
behaviors of S1 and S2 under a periodic 254-nm UV light illu-
mination are shown in Fig. 2(d). Compared to S2, S1 exhibits
obvious PPC effect, which can be solved in the following an-
nealing process.
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Fig. 2. The device structure and detection performance of S1 and S2. (a) The schematics of device structure and its magnified photograph under an optical
microscope, (b) the interdigital electrode image under the microscope, (c) the I–V curves under 254-nm illumination and in dark, (d) transient response
curves under periodic 254-nm UV light illumination.
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According to the role of the double-edged sword of VO,
the reason for the promoted PDCR of a-Ga2O3 (ALD) films
cannot be explained merely from the perspective of VO. To in-
vestigate the underlying factors causing the performance dif-
ferences between S1 and S2, we performed a comprehensive
characterization of the 80-nm sputtered a-Ga2O3 and ALD a-
Ga2O3 films. We first compared the O 1s core-level spectra of
the two a-Ga2O3 films, assessing the concentration of Vo de-
fects. As shown in Fig. 3(a), the proportion of OII are 0.33 and
0.16 for sputtered a-Ga2O3 and a-Ga2O3 (ALD), respectively,
when taking OI as 1. The OI/OII ratio is significantly higher
in the a-Ga2O3 (ALD) film, indicating a lower concentration
of VO defects in this film. However, the PL observation seems
contrary to the XPS results. As shown in Fig. 3(b), the PL
curves excited with 257 nm at 80 K demonstrate an enhanced
deep-level emission in a-Ga2O3 (ALD) sample. The intensity
of the emission peak around 580 nm for a-Ga2O3(ALD) film
is approximately ten times larger than that of the sputtered a-
Ga2O3 film. This deep-level emission is usually assigned to
VO.[31–33] Considering a-Ga2O3 (ALD) film exhibits a lower
concentration of VO than sputtered a-Ga2O3 film, it can be
speculated that the former has much fewer non-radiative re-
combination centers than the latter.[34]

The EPR measurements were applied to unravel the ori-
gin of non-radiative recombination centers in a-Ga2O3 (ALD)
films. Figure 3(c) shows the EPR spectra of sputtered a-

Ga2O3 and a-Ga2O3 (ALD) films at 10 K and 9.37 GHz.
The sputtered a-Ga2O3 film exhibits a distinct EPR signal at
g = 2.003, while the a-Ga2O3 (ALD) film shows no notice-
able signal. The intensity of the EPR signal is proportional
to the number of unpaired electrons.[35,36] The signal strength
indicates that the number of dangling bonds in sputtered a-
Ga2O3 film is much larger than in a-Ga2O3 (ALD) film. Dan-
gling bonds are generally considered as main non-radiative
recombination centers, which explains why the PL intensity
of a-Ga2O3 (ALD) film is significantly higher than that of
sputtered a-Ga2O3 film. The FTIR spectra of sputtered a-
Ga2O3 and a-Ga2O3 (ALD) films are shown in Fig. 3(d). The
curve of sputtered a-Ga2O3 exhibits broad bands at 2662 cm−1

and 3676 cm−1 and a sharp peak at 2262 cm−1. The a-
Ga2O3 (ALD) curve shows a broad band at 2650 cm−1 and
sharp peaks at 2251 cm−1 and 3669 cm−1. Three peaks are
observed in both samples, which can be attributed to O–H
stretching vibrations.[37–39] The intensities of all three peaks
in the a-Ga2O3 (ALD) are stronger than those in the sputtered
a-Ga2O3, indicating a higher O–H density in the a-Ga2O3

(ALD) film. The presence of O–H bonds in the films likely
serves to passivate dangling bonds. Based on the above com-
prehensive characterization results, we believe that low dan-
gling bonds density and low VO concentration contribute to
the much higher PDCR in S1. Low dangling bonds density in
a-Ga2O3 (ALD) film may originate from the self-limit growth
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of ALD and the passivation of H from triethylgallium, which
requires further research in the future.[40,41]

As mentioned above, S1 exhibits an obvious PPC effect
as shown Fig. 2(c). To improve its time-response property,
we employed two different annealing treatments to investigate
their impact on the detectors’ performance. The first one in-
volved annealing the a-Ga2O3 (ALD) films in a nitrogen at-
mosphere at 350 ◦C for 30 minutes, followed by the deposi-
tion of electrodes and the fabrication of device, labeled S1′.
The second is to anneal the final device under the same con-
ditions, labeled S1′′. Figure 4(a) shows the I–V curves mea-
sured before and after annealing. Taking 10-V bias voltage as
an example, the dark current of S1, S1′, and S1′′ are 7.72×
10−13 A, 2.97× 10−12 A, and 8.15× 10−14 A respectively,
while the photo current are 1.59×10−6 A, 3.53×10−8 A, and
2.61×10−7 A respectively. Therefore, S1′′ exhibits the high-
est PDCR, with a value of 3.20×106. Time-dependent photo-
response behavior of S1, S1′, and S1′′ under a periodic 254-nm

UV light illumination is shown in Fig. 4(b). The PPC of S1′

hardly changes compared to S1, while the PPC phenomenon
of S1′′ is notably depressed The only difference between S1′

and S1′′ is the sequence of annealing, with the former occur-
ring before the fabrication of the device and the latter after. It
indicates that the interface of S1′′ has been modified through
annealing. Moreover, in contrast to S1, both the increased dark
current and decreased photocurrent decrease suggest the pos-
sibly increased dangling bonds in S1′. As we discussed in the
FTIR spectra, low dangling bond density may benefit from the
self-limit growth of ALD and the passivation of H. The direct
annealing of S1 may induce the dissociation and escape of H,
which counts for the above-mentioned results. Contrarily, the
deposition of electrodes on S1 before annealing can mostly
reserve the passivation effect and promote the Schottky bar-
rier quality between Au and Ga2O3. Therefore, it is observed
that the dark current and photocurrent in S1′′ slightly decrease
combined with the obviously suppressed PPC.
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and in dark. (b) Transient response curves of devices S1, S1′, and S1′′ under 254-nm illumination. (c) Response spectrum of S1′′. (d) Response spectrum of
S1′′ at different operating voltages.

Table 2. Key performance comparison of the a-Ga2O3 solar-blind UV detectors mentioned in this work.
The working voltages are all kept at 10 V.

Samples I254 Idark I254/Idark R (A/W) R254/R400

S1 3.90×10−10 7.96×10−14 4.99×103 5.24×10−3 2.58×104

S2 1.59×10−6 7.72×10−13 2.06×106 7.15 2.20×105

S2′ 3.53×10−8 2.97×10−12 1.19×104 1.93×10−1 7.20×105

S2′′ 2.61×10−7 8.15×10−14 3.20×106 1.50 1.05×106
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Since S1′′ exhibits the optimal performance, we will fo-
cus on the other characteristic parameters of S1′′ in the fol-
lowing discussion. Figure 4(c) shows the response spectra of
S1′′ under 254-nm illumination at 10 V, with an R254/R400
rejection ratio greater than 106. R254 and R400 represent the
device responsivity under illumination at 254 nm and 400 nm,
respectively and the rejection ratio as high as 106 demonstrates
a superior solar-blind detection ability. Figure 4(d) presents
the specific responsivity under 254-nm illumination for S1′′ at
bias voltages of 5 V, 10 V, and 20 V, with responsivities of
0.13, 1.50, and 8.80 A/W, respectively. It suggests that the
detection performance can be further improved by increasing
working voltage. Finally, we summarize all key device param-
eters for a-Ga2O3 solar-blind UV detectors mentioned in this
work in Table 2. Benefitting from optimized ALD deposition
method and annealing promotion of interface, S1′′ exhibits the
best performance in this work.

3. Conclusion
In summary, a comprehensive investigation reveals that

the high PDCR in a-Ga2O3(ALD) films derives from both low
VO concentration and low dangling bonds density. Low dan-
gling bond density may benefit from the self-limit growth of
ALD and the passivation of H. It is the decrease of dangling
bonds that compensates for the low optical gain induced by
low VO concentration. Moreover, the Au/Ga2O3 interface
quality is promoted via annealing, which significantly con-
tributes to a greatly suppressed PPC. Finally, we get an a-
Ga2O3 solar-blind UV detector with excellent performance.
Our study offers new sight for the route to promotion of PDCR
in a-Ga2O3 solar-blind UV detector.
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