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Abstract: Sn doping is an effective way to improve the response rate of Ga,0; film based solar-blind detectors. In this paper,
Sn-doped Ga,0; films were prepared on a sapphire substrate by radio frequency magnetron sputtering. The films were charac-
terized by X-ray diffraction, scanning electron microscopy, X-ray photoelectron spectroscopy and ultraviolet visible spec-
troscopy, and the effect of annealing atmosphere on the properties of films was studied. The Ga,0; films changed from amor-
phous to 3-Ga,0; after annealing at 900 °C. The films were composed of micro crystalline particles with a diameter of about 5-20 nm.
The B-Ga,05 had high transmittance for wavelengths above 300 nm, and obvious absorption for solar-blind signals at 200-280 nm.
The metal semiconductor metal type solar-blind detectors were prepared. The detector based on Sn-doped $-Ga,0Os3 thin film
annealed in N, has the best response performance to 254 nm light. The photo-currentis 10 uA at 20 V, the dark-current is 5.76 pA,
the photo dark current ratio is 1.7 x 106, the response rate is 12.47 A/W, the external quantum efficiency is 6.09 x 103%, the spe-

cific detection rate is 2.61 x 10'2 Jones, the response time and recovery time are 378 and 90 ms, respectively.
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1. Introduction

The background radiation of the solar-blind ultraviolet sig-
nal (wavelength 200-280nm) is very low, and the interfer-
ence from the sun can be almost ignored. It has the advan-
tages of high detection sensitivity, strong anti-interference abil-
ity, and high communication accuracy, and is widely used in
military, aerospace and civil fields'-3]. Gallium oxide (Ga,05)
has a band gap of 4.4-5.3 eV, corresponding to 234-282 nm
wavelength, which can cover the sun-blind band, making it a
natural solar-blind detection material* >, The cost of Ga,0j3 sin-
gle crystal substrates is very high. The preparation process of
Ga,0; nanomaterials is complex and difficult to produce in
batches. Therefore, Ga,0O; thin film-based solar-blind detec-
tor has the most commercial application prospect!6l. The prepa-
ration methods of Ga,O; thin films include metal-organic
chemical vapor deposition (MOCVD)7-9], molecular beam epi-
taxy (MBE)I'® 1), atomic layer deposition (ALD)!'2-14], pulse
laser deposition (PLD)!'5: 18], plasma-enhanced chemical vapor
deposition (PECVD)['7], radio frequency magnetron sputter-
ing (RFMS)['8-211 and so on. The MOCVD, MBE, PLD and ALD
methods can strictly control the thickness, composition, and
doping concentration for high quality Ga,O; thin films, but
the equipment is complicated or the growth rate is relatively
slow with a high production cost. PECVD has advantages
such as low cost, high deposition rate, and good uniformity
of film thickness, but it is difficult to achieve controllable dop-
ing. The RFMS method is challenging to obtain high quality sin-
gle crystal Ga,0;s film, but the produced films have the advan-
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tages of good uniformity, high density, and strong adhesion.
Besides, it has the advantages of simple equipment, easy oper-
ation, high deposition rate, low process cost and less environ-
mental pollution, making it suitable for industrialization.

The Ga,0; film prepared by the RFMS method is amor-
phous, and the obtained devices can exhibit obvious photo-
electric response. For example, Zhang et al.?2l fabricated a
deep ultraviolet photoelectric detector with a metal-semicon-
ductor-metal (MSM) structure based on the amorphous
Ga,05 film prepared by RFMS. The fabricated device shows
ultra-low dark current (1.41 x 10-"" A), where the response
rate is 1.77 A/W, and the response time is 114 ms. They
believe that a large number of oxygen vacancies in the film
can provide carriers and increase the responsiveness. Mean-
while, it is also the trap center of photo-generated carriers
and increases the response time. Annealing treatment will
reduce the oxygen vacancy concentration and improve the
response speed, but at the same time, decrease the response
rate. It has also been pointed out that the high resistivity of
amorphous Ga,O; films and the small photo-current of the
solar-blind detector devices limit the response rate of the
devices, such as the amorphous Ga,0; films prepared by Lil23]
using the RFMS method, with a photo-current of 0.846 nA
and response rate of 0.12 mA/W at 30 V bias, and the photo-
electric response of the annealed $-Ga,0; films disappeared.
In contrast, the response rate of Sn-doped B-Ga,O; films
increased to 40 mA/W at 30 V. Both the undoped amor-
phous Ga,0; and B-Ga,0; films prepared by the equipment
used in this work have no obvious photoelectric response.

To increase the carrier concentration of Ga,0; films, ele-
ments such as Sn can be used for doping. For example, Mi
et all?Y prepared Sn-doped B-Ga,O; thin films (Sn doping
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Fig. 1. (Color online) Schematic diagram of solar-blind photodetector
with MSM structure.

atomic ratio of 0-20%) on sapphire substrates using the
MOCVD method, and the film resistivity decreased with increas-
ing Sn doping concentration by five orders of magnitude
when the doping concentration was 15%. Feng et al.l?5! pre-
pared Sn-doped B-Ga,0; microfilaments by the conventional
chemical vapor deposition technique, and prepared MSM pho-
toelectric detectors based on a single $-Ga,O; microwire,
with a response rate of 12 A/W and external quantum effi-
ciency of 5887%. Zhao et al.l?8! prepared Ga,_,Sn,0O3 (x = 0,
0.2, 0.6, 1.0) thin film solar-blind photo detectors using the L-
MBE method, and under the same bias conditions, the
response rate of x = 0.2 sample to 254 nm light was several
orders of magnitude higher than that of x = 0 sample. Hou27]
prepared undoped and Sn-doped B-Ga,0; film-based solar-
blind UV detectors using MBE, and Sn doping increased the
response rate of the devices from 8.11 to 127.89-444.51 A/W.
We would use the RFMS method to prepare Sn-doped Ga,0;
thin films and investigate the effect of annealing atmo-
sphere on the photoelectric detector performance. Using the
RFMS method to develop photoelectric detectors with stable
performance and high response is research with significance
and application value.

In this paper, Sn-doped $-Ga,0j3 thin film materials were
prepared on a c-plane sapphire substrate using RFMS. The
quality of the films was improved by annealing treatment.
The structure and optical properties of Ga,0j5 thin films were
characterized using an X-ray diffractometer (XRD), field emis-
sion scanning electron microscope (SEM), energy dispersive
spectrometer (EDS), X-ray photoelectron spectroscopy (XPS)
and ultraviolet-visible (U-vis) spectroscopy. MSM type devices
were prepared, the photoelectric response performance of
the devices under 254 and 365 nm illumination was tested,
and the corresponding working mechanism was analyzed .

2. Experiment

2.1. Materials and devices preparation

The 1.5 x 1.5 cm? sapphire substrates were cleaned ultra-
sonically for 10 min using acetone, anhydrous ethanol, and
deionized water in that order. The surface was blown dry
with high purity N,. The films were deposited on the sap-
phire substrates using a Sn-doped Ga,0; target (Ga,03 : SnO,
=95 : 5 at%), research RFMS method, setting the sputtering
power to 140 W, sputtering gas of high-purity Ar,, gas flow
rate to 40 sccm, working air pressure to 1.0 Pa, sputtering con-
tinuously at room temperature for 2 h. The produced films
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Fig. 2. (Color online) XRD spectrum of Ga,Os films.

were annealed at 900 °C for 2 h in nitrogen (500 sccm) and
air atmosphere respectively. Ti/Au (80 nm/50 nm thickness)
interdigital electrodes (300 um in length, 50 ym in width, and
30 um in pitch) were deposited on the prepared Ga,0Oj; films
using standard lithography and electron beam evaporation
process. The MSM type solar-blind photoelectric detectors
had been prepared based on Ga,0; films, and the device struc-
ture is shown in Fig. 1.

2.2. Performance characterization

The structural properties were characterized by the X-ray
diffraction (XRD, model: Bruker D8 Advance). The surface mor-
phology and thickness of the films were tested by a scan-
ning electron microscope (SEM, model: JSM-7610FPlus). The
chemical composition of the films was determined by the X-
ray photoelectron spectroscopy (XPS, model: Thermo SCIEN-
TIFIC ESCALAB Xi+). The transmission spectra of the Ga,0;
films were measured by ultraviolet-visible spectroscopy (UV-
vis, model: UV-2400), and the /-V and /-t electrical properties
of the solar-blind photoelectric detectors under different
photo conditions were tested by a semiconductor device ana-
lyzer (model: Keysight 1505).

3. Result and discussion

Fig. 2 shows the XRD patterns of the unannealed,
annealed in nitrogen and annealed in air Ga,0s films, the test
method was grazing incidence, and the incidence angle was
1°. The unannealed film had no obvious diffraction peaks and
only had large wave packets in the diffraction angle range of
20°-40°, which indicate that the crystalline quality of the
films grown under this condition was poor. After annealing in
nitrogen or air, sharp diffraction peaks were observed, indicat-
ing that the crystal quality was significantly improved. There
were three strongest diffraction peaks located at 30.41°,
31.52° and 64.81°, corresponding to the [-401], [-202] and
[-712] crystal orientation of $-Ga,0O; (JCPDS Card No. 87-
1901), while the other obvious diffraction peaks belong to -
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Fig. 3. (Color online) SEM of Ga,05 thin films: (a) unannealed, (b) annealed in nitrogen, (c) annealed in air. (d) EDS spectra of Ga,0s thin films.

Ga,0; too. The diffraction peaks of the sapphire substrate
and tin were not found in the figures, indicating that the
films were uniform and dense, and the tin dopants were well
dissolved in Ga,0; without the second-phase segregation, or
the concentration of second-phase was lower than the test-
ing accuracy of XRD.

Figs. 3(a)-3(c) show the SEM surface and cross-sectional
images of Ga,0; films: unannealed, annealed in nitrogen atmo-
sphere, and annealed in air atmosphere. It can be seen that
the surface of the unannealed film was composed of tiny parti-
cles about 5-20 nm in diameter, with a uniform thickness of
about 278 nm and a good bond with the substrate. After
annealing in nitrogen atmosphere, the size of the tiny parti-
cles was more uniform, and the thickness of the film slightly
increased to about 300 nm. Due to the lattice mismatch
between the Ga,0; film and the substrate, and the different
thermal expansion coefficients at high temperatures, the adhe-
sion between the film and the substrate was reduced. The
uneven thickness of the film after being annealed in an air
atmosphere was probably due to the reaction between oxy-
gen in the air and the film at high temperatures.

From the results of XRD, it can be seen that high-tempera-
ture annealing makes the film transform from amorphous to
polycrystalline. In the process of crystallization, the anneal-
ing atmosphere had a certain effect on regulating the atomic
percentages of gallium, oxygen and tin. As shown in the EDS
results (Fig. 3(d)), the peaks of Sn elements existed in all
three Ga,0; film samples. Sn ions may be a substitution or
interstitial doped in Ga,0s. The atomic ratios of Ga : Sn were
40.8 : 1 (unannealed), 48.9 : 1 (N, annealed) and 43.1 : 1 (air
annealed) respectively, Sn decreased after annealed both in
N, and air, and Sn content was lower in the N, annealed sam-
ple. The atomic ratios of O : Ga were much greater than 3 : 2,
so there were many other absorbed oxides on the surface of
Ga,0; films, including physical adsorption and chemical
adsorption, such as carbon, hydrogen or others.

To reveal the chemical bonding states and compositions
in thin films, the typical XPS survey spectra of the unan-
nealed, annealed in N, and annealed in air Ga,0; thin films
were shown in Fig. 4(a), which were dominated by the spec-
tra of Ga (2s, 2p, 3s, 3p, 3d), Sn 3d, O 1s and C 1s, the auger
peaks from the gallium (Ga LM1,Ga LM2) and the oxygen (O
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Fig. 4. (Color online) The XPS analysis for the Ga,Os thin films: (a) survey peaks, (b) Ga 3d spectra, (c) Sn 3d spectra, and (d) O 1s spectra.

KL1) were clearly observed tool?8-3%. The peak of Ga 3d at
20.4 eV indicates the lattice Ga-O bond in the Ga3* oxidation
state, and the weak O 2s peak was observed at the 23.1 eV,
as shown in Fig. 4(b)i28 31, Fig. 4(c) shows the typical Sn 3d
peaks at ~495.1 eV (3d3/2) and ~486.7 eV (3d5/2) with an
energy difference of ~8.4 eV from the Sn*+ oxidation state cor-
responding to its substitution on the lattice Ga sitel?8 301, The
peak at ~ 491.4 eV was also detected due to the 3d core level
of metal Sn (Sn%. The existence of Sn° indicated that Sn
dopants were not fully oxidized!?8], The peak area ratios of
Sn*+:Sn% were 42.5% : 57.5% (unannealed), 55.6% : 44.4% (N,
annealed) and 57.4% : 42.6% (air annealed). O 1s XPS spectra
of Sn-doped Ga,0; films were resolved into three compo-
nents centered at 530.6, 531.4, and 532.1 eV for lattice oxy-
gen (Ga-0 and Sn-0 bonds), oxygen vacancy, and O-H (C-0)
bonds, respectively!26-32 (as shown in Fig. 4(d)). The peak
area ratios of lattice oxygen : oxygen vacancy : O-H (C-O)
were 38.5% : 48.8% : 12.7% (unannealed), 64.1% : 12.2% :
23.7% (N, annealed) and 71.4% : 11.4% : 17.1% (air annealed)
respectively. The concentration of lattice oxygen increased
and oxygen vacancy decreased during the crystallization of
the film. The ratio of O-H (C-0) increased in the N, annealed
sample and decreased in theair annealed sample, which
caused the changes of oxygen concentration, in agreement
with the EDS results.

It can be speculated that high-temperature annealing
made the process of crystallization of the films, the oxygen
vacancies and atomic ratio of Sn reduced after annealing

L J Li et al.: Preparation of Sn-doped Ga,03; thin films and their solar-blind photoelectric

both in N, and air atmosphere, while the Sn*+ substitution dop-
ing ratio increased.

Fig. 5(a) shows the transmission spectra of Ga,0; films:
unannealed, N, annealed and air annealed, with wave-
lengths set from 200 to 800 nm. At 365 nm, the transmit-
tance of the unannealed sample dropped to 73%. In the
250-300 nm range, the transmittance of all three samples
dropped sharply, indicating that the samples absorbed light
in this wavelength range significantly. A plot of (ahv)2-hv is
shown in Fig. 5(b), where the absorption coefficient a is
derived using Eq. (1)B33%

a= (/") (1)

where T is the thickness value of the film and T is the transmit-
tance. After the absorption coefficient is derived, it is brought
into Eq. (3):

hv = %, (2)
(ahv)/" = B(hv - Ey), (3)

where h is Planck's constant, v is the incident photon fre-
quency and A is the wavelength. n is taken as 1/2 and £ is
the band gap of the semiconductor material. The band gaps
of the unannealed, N, annealed, and air annealed samples
were estimated to be 4.86, 4.94 and 4.89 eV, respectively. The

......
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Fig. 5. (Color online) (a) Transmission spectra of Ga,0j5 thin films. (b) The plot of (ahv)2-hv.
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Fig. 6. (Color online) (a) I-V curve in dark condition. (b) I-V curve at 254 nm wavelength illumination. (c) /-V curve at 365 nm wavelength illumina-

tion of Ga,Oj3 thin films.

band gap increased due to the reduction of Sn atomic ratio
after annealing. The N, annealed sample had the best crys-
talline quality and the largest band gap.

Figs. 6(a)-6(c) show the /-V characteristic curves of the
photoelectric detectors made from three thin film samples,
unannealed, annealed in nitrogen and air atmosphere, res-

L J Li et al.: Preparation of Sn-doped Ga,03; thin films and their solar-blind photoelectric

pectively. The detectors after annealed exhibited good
Ohmic contact in the bias voltage range of -20 to 20 V, and
the current shows a good linear relationship with the bias volt-
age. Fig. 6(a) shows the I-V curves under dark conditions, the
three samples had dark current of pA level at 20 V, and the cur-
rent-voltage curve slightly deviates from Ohm's law. Figs. 6(b)
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Fig. 7. (Color online) Photocurrent at 254, 365 nm illumination and dark current logarithmic curves of Ga,0O5 thin films: (a) unannealed, (b)

annealed in nitrogen, (c) annealed in air.

and 6(c) show the -V curves of the fabricated devices under
254 and 365 nm illumination, with currents of uA level and
nA level respectively. Figs. 7(a)-7(c) show the logarithmic
curves of the photo current and dark current of the devices
at —20 to 20 V bias voltage, from which it can be seen that
the photo-to-dark current ratio (PDCR) of the unannealed
and annealed in air atmosphere devices at 20 V bias voltage
were 10°, while the PDCR of the annealed in nitrogen device
was 106.

In comparison, the unannealed device had the minimum
dark current and photo current at 254 nm illumination, and
the maximum photo current at 365 nm illumination. The dark
current of the annealed devices increased because the crys-
talline quality of the films improved, making the carrier mobil-
ity higher. The dark current of the nitrogen annealed device
was smaller than that of the air annealed device due to the
lower Sn doping concentration. There were strong grain
boundary potential barriers in polycrystalline Ga,Os films,
resulting in the dark current as low as the pA level. At 254
nm illumination, a large number of photogenerated carriers
reduced the grain boundary potential barrier, causing the pho-
tocurrent up to pA level. The photo current of the nitrogen
annealed device was maximum. This may be due to the fact
that the quality of films annealed in nitrogen atmosphere
was better, the grain size and thickness distribution were uni-
form, and the excited carriers were less scattered by lattice

and grain boundary, meanwhile, slightly higher concentra-
tion of oxygen vacancy might provide more carriers. The unan-
nealed device had the smallest band gap and the lowest trans-
mittance to 365 nm illumination, thus absorbing more
energy, causing obvious photocurrent, while the nitrogen
annealed device had the minimum photo current at 365 nm
illumination, due to the lowest Sn doping concentration and
largest band gap. It can be inferred that Sn doping reduced
the selectivity properties of the detector to the solar-blind sig-
nals.

All three solar-blind photoelectric detectors had certain
responses to 365 nm light, and more significantly, to 254 nm
light. The photo-current of the nitrogen annealed device was
10 yA at 254 nm illumination and 20 V bias voltage condi-
tions (dark current was 5.76 pA at 20 V), PDCR was 1.7 x 106,
while the response to the 365 nm photo was the weakest. It
can be inferred that the nitrogen annealed device had the
best response rate and selectivity to solar-blind signals.

However, the photo-current of the undoped Ga,0; films
prepared by the same process was nearly the same as their
dark-current. The photoelectric responses of Sn-doped Ga,03;
films were significantly improved, indicating that Sn doping
effectively increased the carrier concentration and reduced
the grain boundary potential barrier.

Figs. 8(a)-8(c) show the /-t curves of the three Ga,0;
solar-blind photoelectric devices under 20 V bias voltage for
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unannealed, annealed in nitrogen and air atmosphere, respec-
tively. By setting the switching duration of the 254 nm photo
source to 5 s, the devices showed good consistency over multi-
ple photo-dark cycles, indicating that the devices had good sta-
bility and repeatability. Figs. 8(d)-8(f) are partial images of
Figs. 8(a)-8(c), respectively, which show the response (t,) and
recovery (tgq) time characteristics of the devices to light. The
response and recovery time of the unannealed device could
be divided into two periods, the fast response period and the
slow response period, so the time was longer, 7, was 540 ms,

and 14 was 600 ms. 1, for the air atmosphere annealed device
was 390 ms and 1y was 124 ms; 1, for the nitrogen atmo-
sphere annealed device was 378 ms and 74 was 90 ms. It can
be inferred that nitrogen atmosphere annealing was an effec-
tive way to improve the response and recovery speed of the
device.

Fig. 9 shows the PDCR curve of the devices unannealed,
nitrogen annealed and air annealed with a bias voltage range
of -20 to 20 V. The PDCR of the devices was above 10° in
most voltage ranges. The PDCR varied slightly in the ranges

L J Li et al.: Preparation of Sn-doped Ga,03; thin films and their solar-blind photoelectric ......
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Table 1. Key parameters of Ga,0Os thin film photoelectric detector.

Material Structure PDCR R (A/W) EQE (%) D* (Jones) T,/T4 Ref.
Ni/Au/B-Ga,03 MSM 103 14x103 05 2.0x 1012 1.1s/0.3s [36]
Au/B-Ga,03/Si MSM 6.13 96.13 477 x10% - 32 ms/78 ms [37]
Ni/Au/B-Ga,05/Ti/Au MSM 104 9.78 425% 103 392x10™  519pus 138]
Au/Graphene/B-Ga,0s/In MSM - 6.1 298x103 - 0.625/0.67 s [39]
Graphene/f-Ga,0; wafer MSM 228 x 102  0.01 5 - 30 ns/2.24 us [40]
a/B-Ga,05 NRAS PEC 2.0x103 26x104 - 2.8 x10° 0.545/1.63 s [41]
B-Ga,03 NRAS PEC 28.97 38x103 186 0.295/0.16s5  [42]
LIG(Graphene)/Ga,05 - 372x 103  0.043 - 6.73x 102  0.45/0.065s [43]
Ti/Au/B-Ga,05 MSM 510 0.06 283 - 2.925/2.97 s [44]
Ti/Au/B-Ga,05 MSM 773 91.9 - 7.2x10"3 54s/21s [45]
Au/B-Ga,03/Au MSM 16x103 1823 - - 0445/0.72s  [46]
a-Ga,03/Cu,0 PEC - 42x10% - - 1035/10.1s  [47]
MSM@Unannealed 421%x10° 1.86 9.08x 102 4.94x10"  0.54s/0.65s
B-Ga,05 thin films MSM@N, annealed 1.75x10% 1247 6.09x 103 2.61x10"2 0.37s/0.09s This work
MSM@Air annealed 944%x10° 856 418%x 103  1.59%x102  0.395/0.12s
hcR
24 —e—Unannealed EQE = — x100%, (5)
—=— N, annealed a
—*—Airannealed where ¢ is the speed of light, and g is the total electronic
charge. As a parameter characterizing the ability of the
16 device to detect noisy optical signals, the specific detection
g rate is given by Eq. (6)3°!:
E
s D= 6)
08 - V2qldark/s
Under 254 nm UV illumination and 20 V bias voltage, the
calculated results are shown in Table 1. Among them, the nitro-
oo L gen annealed B-Ga, 05 thin film solar-blind photoelectric detec-
1 1 1 1 1

20 -15 -10 5 0 5 0 15 20
Voltage (V)

Fig. 9. (Color online) Curve of photo-dark current ratio (PDCR) chang-
ing with bias voltage.

of -20 to -7 V and 4 to 20 V, indicating that the photodetec-
tors had a wide operating voltage range and could maintain
high sensitivity at smaller driving voltages. When measuring
the dark current, the contact resistances between the two elec-
trodes and the material below the electrodes were large and
slightly different, which caused the current-voltage curve to
deviate from Ohm's law (as shown in Fig. 6(a)). When measur-
ing the photo current, the symmetry of the curve was good,
due to the reduction of the contact resistances. Therefore,
the PDCR of the unannealed, nitrogen atmosphere annealed
and air atmosphere annealed devices achieve the maximum
at -3.6,-2.4, and -2 V respectively.

In addition, the response rate (R), external quantum effi-
ciency (EQE) and detection rate (D*) are also three important
pieces of data in the performance of solar-blind detection
devices. The response rate is obtained from Eq. (4)34%:

_ lignt = laark

, 4
P54S @

where P,s, is the optical power density of 254 nm UV (10 W/m?)
and S is the effective area (8.1 x 108 m2). The external quan-
tum efficiency is given by Eq. (5)34:

tor had the best performance: PDCR (1.75 x 109), R
(12.47A/W), EQE (6.09 x 103%), D* (2.61 x 10'2 Jones), T,/T4
(0.39 s/0.12 s). It is worth noting that the distance between
interdigital electrodes of the photoelectric devices prepared
in this paper is 30 um, and the distance can be further
reduced to obtain a higher response and detection rate. At
present, there have been a large number of relevant research
reportsB36-481 and reviews*? 59 on gallium oxide solar-blind
photoelectric detection devices. The performance indicators
of some devices are listed in Table 1. Compared with the litera-
ture, the devices made in this work had a good comprehen-
sive performance.

4. Conclusion

In this paper, Sn-doped Ga,0; films were prepared by
the RFMS method, and photoelectric detectors were fabri-
cated by photolithography, electron beam evaporation and
other processes. The experiment results show that the three
kinds of photoelectric detectors have good repeatability and
stability, and have obvious response to 254 nm light. The
PDCR value is 10° or higher, and the response to 365 nm
light is weak, and the response and recovery time are less
than 1 s. Sn doping effectively increased the carrier concentra-
tion and reduced the grain boundary potential barrier, but
also reduced the selectivity of the detectors to the solar-blind
signals.

However, among the three as produced devices, the nitro-
gen annealed device has the lowest Sn concentration, the

L J Li et al.: Preparation of Sn-doped Ga,03; thin films and their solar-blind photoelectric ......



largest band gap, and the best comprehensive performance.
The high-temperature nitrogen atmosphere annealing may
be an effective method to reduce defects and improve the
crystalline quality of the film. In addition, this work did not
compare the samples with different doping concentrations
and did not explore the best Sn doping concentration for
solar-blind photoelectric detection performance.

In summary, the device fabricated by the nitrogen
annealed film has excellent performance (the photo-current
is 10 uA and the dark-currentis 5.76 pAat 20V, PDCRis 1.7 x 109,
response rate is 12.47 A/W, response time is 378 ms, and recov-
ery time is 90 ms). This prepared by the RFMS method. The
Sn-doped Ga,0O; thin film based solar-blind photoelectric
detector has a low cost, high response rate and stable perfor-
mance, and has promising practical application prospects.
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