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	 In this work, we fabricated aluminum gallium oxide (AGO) metal–semiconductor–metal 
photodetectors (PDs) with different RF powers of Ga₂O₃ target (PGa), and their characteristics 
were investigated and discussed. At PGa below 160 W, the PDs exhibited high resistance across 
the whole range of wavelengths. When PGa increases to 160 W or higher, both the response and 
rejection ratio improve significantly. The optimal photoresponse occurs when the DC power of 
Al is 80 W and PGa is 180 W, with the rejection ratio about 105, the responsivity 0.2 mA/W, the 
rise time less than 1 s, and the decay time less than 0.1 s. Additionally, the optimal AGO PDs 
have high stability and repeatability demonstrated in the time-resolved response.

1.	 Introduction

	 Transparent oxide semiconductors (TOSs) have attracted considerable attention owing to 
their wide range of applications, including but not limited to LEDs, liquid crystal displays, 
photosensors, and resistive random-access memory. The most used materials in TOSs include 
indium oxide,(1–3) gallium oxide (Ga2O3),(4–6) tin oxide,(7,8) zinc oxide,(9,10) indium gallium 
oxide,(11,12) indium tin oxide,(13,14) and indium gallium zinc oxide (IGZO).(15–18) These materials 
are well known for their excellent electrical conductivity, high optical transparency in the visible 
spectrum, and wide bandgaps.(19,20)

	 UV photodetectors (PDs) have attracted significant interest owing to their diverse 
applications in civilian infrastructure, military facilities, and optoelectronic circuits.(21,22) 
Additionally, UV PDs with a cut-off wavelength range from 200 to 280 nm are classified as 
solar-blind, as solar radiation in this range cannot penetrate Earth’s atmosphere.(23) Therefore, 
solar-blind UV PDs with high stability offer various applications, such as UV leakage detection, 
biochemical sensing, and ozone depletion monitoring.(24)
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	 To enable UV detection, materials with wide bandgaps are preferred, as their large bandgap 
energies correspond to low cut-off wavelengths. As one of the wide-bandgap semiconductors, 
Ga2O3 is a good choice owing to its wide bandgap of 4.9–5.3 eV and high responsivity in the UV 
range.(25–28) However, Ga2O3 has a poor response to light below 250 nm.(29) Thus, Ga2O3-based 
compounds become a potential material. Therefore, we propose the use of aluminum gallium 
oxide (AGO) as a material to manufacture high-performance PDs for the UVC field, as it helps 
increase the bandgap. In this work, the fabrication of AGO UV PDs based on a metal–
semiconductor–metal (MSM) structure was demonstrated. The effects of different Ga2O3 RF 
powers, optical characteristics, and electrical analysis were discussed. Focusing on solar-blind 
UV detection, we hope that the results of this study may provide a useful reference for the future 
research and development of high-performance UV PDs.

2.	 Experiment

	 First, 2 × 2 cm2 quartz substrates were sequentially cleaned using acetone, isopropyl alcohol, 
and deionized water in an ultrasonic bath. Then, a 150-nm-thick AGO film was deposited in the 
same chamber by the co-sputtering method, where aluminum was sputtered using DC power 
and Ga2O3 was sputtered using RF power. While the DC power was fixed at 80 W, to modify the 
composition ratio, the RF power of the Ga2O3 target (PGa) varied from 100 to 200 W in 20 W 
increments. The chamber pressure was kept at 5 mTorr. The Ar and O2 flow rates were set at 90 
and 10 sccm, respectively. To fabricate MSM-structured PDs, Ni/Au interdigital electrodes of 30 
nm/70 nm thickness were deposited on AGO films using an electron beam evaporator. The 
electrodes featured a finger width of 0.1 mm, a length of 1.2 mm, and a spacing of 0.2 mm 
between fingers, as depicted in Fig. 1. For the electrical characterization of the fabricated PD, we 
measured the light current, dark current, and time response using a semiconductor parameter 
analyzer (model B1500, Agilent Technologies) at room temperature and atmospheric pressure. 
The illumination system consisted of a 150 W Xe lamp and a monochromator, which provided a 
wavelength range of 200–800 nm. The power of the monochromator was measured using Nova 
II P/N7Z01550 power meters.

Fig. 1.	 (Color online) Schematic of AGO PD.
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3.	 Results and Discussion

	 In Fig. 2(a), the transmittance spectra under different PGa values are shown. It can be 
observed that all the AGO films exhibit high optical transparency in the visible light band, with 
a transmittance rate of nearly 90%, and low transmittance in the ultraviolet region, particularly 
in the UVC range. The optical bandgap of AGO thin films can be determined using the Tauc 
relation as follows:(30,31)

	 ( ) ( )  n
gh A h Eα υ υ= − .	 (1)

	 Figure 2(b) shows the Tauc plot derived from transmittance data. By extending the linear 
region of the curve to the x-axis, the optical energy gap of the film can be determined. Given that 
the energy gap of aluminum oxide is 6.3 eV and that of gallium oxide is 4.9 eV, an increase in 
PGa leads to a decrease in energy gap from 5.9 to 5.7 eV. As a result, the optical energy gap 
varies with different gallium oxide power levels. As PGa increases, the reduction in bandgap 
suggests that the physical properties of the AGO film become closer to those of Ga₂O₃. This 
implies that the electron affinity of the film shifts from that of Al₂O₃ (1.97 eV) toward that of 
Ga₂O₃ (4 eV). Consequently, not only does the bandgap of the AGO thin film slightly decrease, 
but the Schottky barrier between the metal and the AGO film also undergoes a significant 
reduction, leading to an increase in current once both a bias voltage and appropriate illumination 
with sufficiently high photon energy are applied. As a result, the corresponding photoresponse is 
expected to be enhanced. This suggests that if AGO MSM PDs are fabricated, they may exhibit 
improved performance owing to the reduced Schottky barrier.
	 To evaluate the UV photodetection capability of Ga₂O₃ films when co-sputtering AGO at 
different PGa values, we fabricated AGO MSM PDs as described above and measured their 
performance under specific conditions. The wavelength of the light source applied to devices 

Fig. 2.	 (Color online) (a) Transmittance spectra and (b) Tauc plot of AGO thin films with different Ga₂O₃ power 
levels.

(a) (b)
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ranges from 360 to 200 nm with 10 nm intervals and the bias applied to devices ranges from 0 to 
10 V. The I–V characteristics of PGa ranging from 100 to 200 W are shown in Fig. 3. At lower 
PGa (100–140 W), although the films exhibit a photoresponse, the measured photocurrent-to-
dark current ratio is less than 10, with most of the current being noise. Since the photocurrent 
above 250 nm is mostly noise, we only showed the response in the 200–250 nm range. As PGa 
increases to higher power levels (160–200 W), the dark current remains at 10−14 A, which is the 

(a) (b)

(c) (d)

(e) (f)

Fig. 3.	 (Color online) I–V curves under illumination of different wavelengths for AGO PD with Ga₂O₃ RF power 
ranging from 100 to 200 W. (a) 100, (b) 120, (c) 140, (d) 160, (e) 180, and (f) 200 W.
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measurement limit of the equipment. Under light irradiation near 210 nm, the photocurrent is 
relatively significant, ranging from approximately 10−10 to 10−9 A. 
	 The responsivity of AGO MSM PDs at low PGa values from 100 to 140 W, calculated from 
200 to 250 nm in 10 nm intervals, is shown in Fig. 4(a). On the other hand, Fig. 4(b) shows the 
responsivity of AGO MSM PDs at high PGa values from 160 to 200 W, measured from 200 to 
500 nm in 10 nm intervals. As PGa increases, the maximum responsivity increases from 0.02 to 
0.2 mA/W under 210 nm light illumination. The rejection ratio (RR) reaches a maximum of 8.9 × 
104 at 180 W. The I–V data, responsivity, and RR values for high PGa values are summarized in 
Table 1. In this work, we define RR as an indicator of UV wavelength selectivity. A higher RR 
indicates a higher UV selectivity in the deep-UV range. Specifically, RR is defined as the ratio 
of the responsivity at 210 nm to that at 300 nm and can be expressed as

	
( )
( )
 210 nm

 = 
 300 nm

Responsivity
RR

Responsivity
.	 (2)

	 A possible explanation for these results is that as PGa increases, the Schottky barrier between 
the metal and the AGO film undergoes a significant reduction. Although the peak responsivity 
occurs near 210 nm for all PGa values, this reduction facilitates the transport of photoexcited 
carriers, leading to a substantial photocurrent.(32) This effect is crucial for achieving a notable 

(a) (b)

Fig. 4.	 (Color online) Responsivity of different wavelengths of AGO MSM PDs with Ga2O3 RF powers ranging 
from (a) 100 to 140 W and (b) 160 to 200 W.

Table 1
Characteristics of AGO MSM PDs.
Ga2O3 RF 
power (W)

Photocurrent 
at 210 nm (A)

Photo/dark 
current ratio

Peak responsivity 
(A/W) RR

100 3.19 × 10−12 7.06 1.98 × 10−7 —
120 6.99 × 10−12 25.24 8.25 × 10−7 —
140 4.50 × 10−12 16.23 5.72 × 10−7 —
160 2.38 × 10−10 1.29 × 103 2.86 × 10−5 7.59 × 102

180 1.88 × 10−9 2.62 × 103 2.30 × 10−4 8.95 × 104

200 9.95 × 10−10 2.75 × 103 7.96 × 10−5 1.60 × 103
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RR. At PGa below 160 W, the photoexcited carriers cannot overcome the barrier, causing the PDs 
to exhibit high resistance across the whole range of wavelengths. However, when PGa reaches 
160 W, photoexcited carriers begin to generate a more notable photocurrent. The optimal 
performance at 180 W results from a balance between carrier transport efficiency and Schottky 
barrier reduction. At higher PGa, excessive ion bombardment induces lattice strain, increasing 
defect density and phonon scattering, which reduces carrier mobility and makes it more difficult 
for photoexcited carriers to reach the electrodes, thereby lowering the photocurrent at 200 W.(33) 
Additionally, while increasing PGa reduces the Schottky barrier, excessive reduction at 200 W 
leads to a significant increase in dark current owing to thermionic emission or tunneling effects, 
decreasing the light-to-dark current ratio and weakening the overall photoresponse. At 180 W, 
these competing effects reach an optimal balance, where the barrier is sufficiently lowered to 
enhance carrier transport while lattice strain and dark current remain controlled, resulting in the 
highest responsivity and RR.
	 The time-resolved response of AGO MSM PDs is also discussed. Figures 5(a)–5(c) show the 
time response of PDs with PGa values ranging from 160 to 200 W, and the average response 
times are listed in Table 2. This power range demonstrates significantly enhanced responsivity, 

Fig. 5.	 Time-resolved response of AGO MSM PDs with Ga2O3 RF powers of (a) 160, (b) 180, and (c) 200 W.

(a) (b)

(c)
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making it more suitable for time response measurements. The AGO PDs exhibit high stability 
and repeatability, with a rise time of less than 1 s and a fall time within 0.1 s. The rise time is 
defined as the duration required for the current to increase from 10 to 90% of the peak value 
under continuous illumination, whereas the fall time is the duration required for the current to 
decay from 90 to 10% when the light source is removed. The measurements were conducted 
under 210 nm illumination with a bias voltage of 10 V, and all devices were switched ON/OFF 
for three cycles. Notably, the fast-falling behavior suggests that the AGO PDs exhibit a minimal 
persistent photoconductivity (PPC) effect, which is commonly observed in IGZO-based 
PDs.(34,35) Although the exact mechanism is still under investigation, the reduced PPC observed 
in this study may be related to the improved film quality achieved through the current deposition 
process. A performance comparison of the solar-blind PDs with AGO is shown in Table 3. 
Compared with previous reports, our devices exhibit notably lower dark current, higher RR, and 
faster time response, demonstrating the improved performance achieved through our fabrication 
process and device design. Therefore, in this work, we not only demonstrate the viability of 
AGO for UVC detection but also highlight the importance of process optimization in achieving 
high-performance UV sensors.

4.	 Conclusions

	 The results demonstrated that the performance of AGO PDs varies with PGa. When PGa 
increases to 160 W or higher, both the response and RR improve significantly. This improvement 
can be explained by the Schottky barrier between the metal and the AGO film. As PGa increases, 
the barrier between gallium oxide and the metal decreases. With a smaller barrier, photoexcited 
carriers can generate a more significant photocurrent, leading to higher response and RR.

Table 2
Average response time of AGO MSM PDs with high Ga2O3 RF powers.
Ga2O3 RF power (W) Rising time (s) Falling time (s)
160 1.55 0.04
180 0.51 0.06
200 1.16 0.08

Table 3
Performance comparison of solar-blind PDs with AGO.
Reference Dark current (A) Peak responsivity (A/W) RR Rising time (s) Falling time (s)

This work ~10−14 2.30 × 10−4 
@10 V, 210 nm 8.95 × 104 0.51 0.06

Ref. 36 ~10−12 0.07 
@5 V, 230 nm 1.54 × 103 — —

Ref. 37 ~10−12 0.50 
@5 V, 240 nm 1.24 × 102 ~2 ~0.05

Ref. 38 ~10−13 1.38 
@5 V, 230 nm — ~3 ~0.30

Ref. 39 ~10−12 0.50 
@5 V, 240 nm ~103 — A few seconds
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	 Our best-performing process parameters are obtained when the DC power of Al is 80 W, PGa 
is 180 W, and the argon/oxygen ratio is 90/10 sccm. Under these conditions, the peak wavelength 
is 210 nm, the responsivity is approximately 0.2 mA/W, RR is about 104, the responsivity is 0.2 
mA/W, the rise time is less than 1 s, and the decay time is less than 0.1 s with high stability and 
repeatability.
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