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Abstract

Gallium oxide (Ga,03)-based photodetectors are attracting more and more attention for their wide range of applications in
optical imaging, spatial communication, etc. In this work, solar-blind deep-ultraviolet thin-film transistors (TFTs) based on
polycrystalline f-Ga,O; thin film were constructed by pulsed laser deposition. The photoelectric performance of p-Ga,0O4
TFT is effectively improved by a Si-doping method. The turn-on voltage (V) of Si-doped p-Ga,O; TFT is negatively shifted
by 20 V, exhibiting enhancement-mode (E-mode) operation. The optimized Si-doped Ga,O; TFT photodetector shows a
high on/off ratio of ~ 10°, a turn-off current (I g) of ~ 107" A at drain voltage (V) = + 20 V, responsivity (R) of 3.23 A/W,
detectivity (D*) of 4.41 x 10'* Jones, and a photocurrent/dark current (iight'Igan) Of ~ 10* at gate voltage (V) = — 5V,
Vp =+ 20 V under 254 nm light. The obtained results suggest that the Si-doping method can effectively modulate the V

of f-Ga,0; TFT and promote photoelectric performance.

Keywords Ga,O; - Si-doping - photodetectors - thin-film transistor - pulsed laser deposition

Introduction

Recently, B-phase gallium oxide (B-Ga,05) has achieved
great attention as a promising semiconductor material for
high-power electronics. Ga,05, with an ultra-large energy
band gap of ~ 4.8 eV, is of great potential in deep-ultra-
violet (DUV) detection.! DUV signatures have a weak
solar background interface because of strong absorption of
stratospheric ozone, contributing to applications in flame
detection, missile early alarm, and so on.? Therefore, pho-
todetectors based on f-Ga,0; have been widely studied in
recent years.> ® Furthermore, the Baliga’s figure of B-Ga,0;
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at 3214 is considerably higher than those of SiC at 317 and
GaN at 846,” which means that f-Ga,O; electronics are more
efficient than other wide band-gap materials.

B-Ga,0; photodetectors have been developed rap-
idly based on various structures, such as Schottky bar-
riers,>° p—n junctions,S’10 metal-semiconductor—metal
(MSM),' 12 etc. Recently, Ga,05 -based thin-film transis-
tors (TFT) have received increasing attention and been
successfully demonstrated.'*!® TFT-type devices achieve
excellent photoelectric performance through three-termi-
nal control, and easily integrate with other devices in cir-
cuits.!” Most transistors are based on bulk single-crystal
B-Ga,0;. Jinho et al. demonstrated a dual-field single-
crystal f-Ga,0O; nano-field effect transistor (FET) with
an off-state hard breakdown voltage exceeding + 400 V.'>
Yaxuan et al. obtained FET solar-blind photodetectors
based on high-quality single-crystalline Ga,0; flakes,
achieving high photocurrent/dark current (/};gn¢/Igan) Of
8 x 10°, a responsivity (R) of 4.79 x 10° A/W, and an
external quantum efficiency (EQE) of 2.34 X 109%.'3
However, high-quality materials always demand strict
experimental conditions. Differently, f-Ga,O; thin films
make up for the defects of bulk materials, along with low
cost, easy growth, great repeatability and flexibility,>!*!!
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most of which show polycrystalline or amorphous phrases
prepared by pulsed laser deposition (PLD), metal—organic
chemical vapor deposition (MOCVD), sputtering, and
spin-coating. Yuan et al. pioneered an enhancement-
mode solar-blind metal-oxide—semiconductor field-
effect phototransistor based on molecular beam epitaxy
(MBE) homoepitaxial $-Ga,O; film, obtaining a high R
of 3 x 10° A/W, an EQE of 1.5 x 10%°%, and short rise
and decay times of 100 ms and 30 ms,!” respectively. Xi
et al. presented amorphous Ga,05:CdO thin film-based
TFT devices prepared by spin-coating, and demonstrated
a large negative shift in the turn-on voltage (V,) due to
the increase in the electron concentration.!* Yuan et al.
investigated a solar-blind phototransistor based on low-
cost magnetron-sputtered amorphous GaO, thin film,
which achieved ultra-high responsivity, detectivity (D),
and EQE.'¢

Here, we demonstrate polycrystalline $-Ga,O5 solar-
blind DUV TFTs with gate-tunable photodetection. PLD
was used to deposit the f-Ga,O; thin film on a Si/SiO,
substrate to fabricate TFT-type devices. We discuss the
characteristics of the deposited p-Ga,O; thin film with
and without Si-doping, including their crystallinity, mor-
phology, and defects. Moreover, the electric and photo-
response performances of TFTs based on pure $-Ga,0;
and Si-doped p-Ga,O; are analyzed.

Experimental
B-Ga,0, Preparation and Device Fabrication

A p-type Si substrate was cleaned in acetone, alcohol, and
deionized water. PLD was used to deposit the f-Ga,0; thin
film on the (100)-oriented Si with a 320-nm SiO, layer. A
highly purified (99.99%) Ga,0; ceramic target and a Si-
doped Ga,0; ceramic target (Ga,05: SiO, = 99.5: 0.5 wt%)
were used, respectively, both of which were 50.8 mm in
diameter and 5 mm in thickness. The target—substrate dis-
tance was 69 mm. The substrate temperature during dep-
osition was fixed at 700 °C. The deposition chamber was
pumped down to a base pressure of 3 x 10™> Pa. Subse-
quently, a working pressure of oxygen of 0.1 Pa was intro-
duced. A 248-nm KrF excimer laser, with a repetition rate
of 3 Hz and an energy density of 5 J cm™2, was used to
deposit B-Ga,O; thin films for 30 min. Next, the Ga,O; thin
films were annealed at 800 °C by a rapid thermal annealing
method for 30 min, reducing defects such as oxygen vacan-
cies.?” To fabricate the TFT, Si wafers with a SiO, layer were
used as the gate electrode, gate dielectric, and substrates.
The drain/source electrode regions were defined by depos-
iting Au/Ti (50/20 nm) using e-beam evaporation through
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a shadow mask. The length and width of the channel were
1000 pm and 100 pm, respectively.

Material and Device Characterization

X-ray diffraction (XRD; PANalytical X-pert Powder) with
CuKo radiation was used to measure the crystalline proper-
ties of the films. The surface morphologies and roughnesses
of the films were characterized by scanning electron micros-
copy (SEM; SU-70; Hitachi) and atomic force microscopy
(AFM; Multimode-8; Bruker Nano). The defect type and
content were examined by x-ray photoelectron spectroscopy
(XPS; Kratos AXIS Supra). The electrical performance
was measured using semiconductor parameter analyzers
(Keithley 4200). A 254-nm ultraviolet (UV) light-emitting
diode was provided as the light source to measure the photo-
response properties.

Results and Discussion

The XRD study was carried out on pure -Ga,O; film and
Si-doped p-Ga,O; film. Figure 1a shows the XRD diffraction
patterns of the Ga,O; films grown on the (100) Si substrate
deposited at 700 °C. Both samples show polycrystalline
B-Ga,05 with a monoclinic structure. The peaks indexed to
(—201), (110), (— 402) and (— 601) are dominant in the pure
B-Ga,0; film, while such peaks decrease in the Si-doped
B-Ga,0; film, indicating that the Si-doping method might
have reduced the crystallinity in the presence of lattice dis-
tortion. Different growth temperatures and the rapid thermal
annealing method are also discussed in detail in the Support-
ing Information (see Figures S1, S2). A cross-section SEM
image of B-Ga,0; is shown in Fig. 1b. The thickness of the
B-Ga,0; film is ~ 86 nm (depositing time 30 min). Figure 1c
and d present the 3D AFM images of the surface of the
B-Ga,O; films in a 5 x 5 pm? area. The root-mean-square
surface roughness of the Si-doped p-Ga,O; films is 1.26 nm,
which is smaller than that of pure $-Ga,0; films (2.59 nm),
suggesting that the Si-doped p-Ga,O; film is relatively
smooth. Pure Ga,O; film exhibits a state of high resistance
while the carrier density is 9.5 x 10'° cm™. The Si-doped
Ga,0; film exhibits n-type conductance, and the resistiv-
ity and carrier density are 1986 Q cm and 2.4 x 10'® cm=,
respectively, as previously reported.?! In brief, the crystal
quality is slightly reduced after Si-doping, and both films
are of good quality with flat surfaces and high uniformity.
XPS measurements were performed to identify defect
types and defect concentrations. The charge—shift spec-
trum was calibrated using an adventitious C 1ls peak at
284.8 eV. Figure 2a and d shows the XPS survey scan of
pure B-Ga,Oj; thin film and Si-doped B-Ga,O; thin film,
respectively. Both curves show characteristic peaks of Ga
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Fig.1 (a) XRD curves of pure B-Ga,O; film and Si-doped $-Ga,0O; film. (b) Cross-section SEM image of -Ga,Oj; film. AFM images of (c) pure
-Ga,0; film and (d) Si-doped p-Ga,Oj; film.
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Fig.2 (a) XPS spectra of pure B-Ga,0Oj5 thin film. (b, ¢) Ga 2p core peak and O 1s peak of pure f-Ga,O; thin film, respectively. (d) XPS spectra
of Si-doped p-Ga,05 thin film. (e, f) Ga 2p core peak and O 1s peak of Si-doped p-Ga,Oj; thin film, respectively.

2p, 3p, 3d), O (1s) and C (1s), and there is no significant
difference between them. Thus, a small amount of Si-dop-
ing would not have a huge impact on the composition of
thin films. Recent studies show that Si would diffuse into
the oxide from the Si substrate when annealed at a higher

ternperature.zz’23 Similar situations have occurred in Al,O;,
GaN, and so on.?*?* The XPS narrow scans of the Ga 2p
core level and O 1s level were also conducted. Figure 2b and
e shows the Ga 2p peaks of pure Ga,0O; film and Si-doped
Ga,0; film, respectively. The Ga 2p peak can be separated
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into two peaks, one corresponding to Ga* (Ga,0), the other
to Ga>* (Ga,0,)*. For pure Ga,0;, the relatively lower peak
appears at 1117.8 eV (Ga™), and its higher peak appears at
1118.1 eV (Ga*"). The peak ratio of Ga*/Ga’*" is 19.18%.
For the Si-doped Ga,0;, the peak ratio increases to 38.55%,
implying that the Ga,O5 content reduces and crystal quality
degrades. In other words, Si-doping results in poor crys-
tallization, which might be caused by lattice distortion and
changed electron orbits. Therefore, the XPS results exactly
match with the XRD curves (see Fig. 1a). From Fig. 2¢
and f, the O 1s peaks of two samples are compared and the
charge—shift can be divided into two components: the lower
one is assigned to lattice oxygen ions (Oy), and the other to
the oxygen ions in the oxygen vacancies regions (OII).26‘28
Thus, the peak ratio of Oy/ Oy is used to characterize the
content of the oxygen vacancies, while there is little dif-
ference between the two samples, 26.01% and 25.50%, for
pure Ga,05 and Si-doped Ga,O; , respectively. It is said that
there is no obvious relevance between oxygen vacancies and
Si-doping. It is worth noting that the binding energy (BE) of
Si-doped samples positively shifts by 0.2-0.3 eV. Since the
Si atoms are expected to be the electron donor, the carrier
concentration increases correspondingly, resulting in Fermi-
level movement. Absorption curves show a lower band gap
of the Si-doped sample compared to the pure one (see Figure
S3, Supporting Information). Therefore, the BE peaks shift
to being higher because of Fermi-level movement (for the
details of the XPS analysis data, see Table SI in Supporting
Information).?

The bottom-gate TFTs were fabricated employing those
B-Ga,0; thin films as channels, and the device's schematic
structure is shown in Fig. 3a. To explore the photoelectric
characteristics of p-Ga,O; TFT, optoelectronic performance
measurements were conducted under 254-nm DUV light
illumination with an intensity of 245.9 yW cm~2. Figure 3b
presents the drain current (Ip)-gate voltage (V;) transfer
curves of pure $-Ga,0; and Si-doped Ga,O; TFTs in the
dark and under illumination. Over the channel current, the
gate shows an apparent field-effect control ability and a low
turn-off current (I ;) of ~ 107! A. The on/off ratio of pure
B-Ga,O, TFT is over 10 at the drain voltage (V) = + 20V,
and there is a slight increase in the on/off ratio after Si-
doping. Furthermore, Si-doped Ga,O; TFT shows a V,, of
— 4.4V, while the V of pure $-Ga,O; TFT is 14.3 V. That
is to say, the Si-doped Ga,O; TFT works in depletion mode
and the pure f-Ga,O; TFT works in enhancement mode. A
negative shift of V (about — 20 V) is observed in the Si-
doped sample. $-Ga,O; prepared by PLD has a high resist-
ance due to the many oxygen vacancies and other defects,”
so it is inevitable that the V of the device is large. It is said
that pure Ga,O; TFT is usually turned on with difficulty.
For more carriers supplied by Si-doped TFT, it is easier to
present an open state when it reaches a certain value. In
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addition, the estimated field-effect carrier mobility (ppg)
of the pure and Si-doped samples are 0.14 cm? V~! s7!
and 0.15 cm? V=1 g7, respectively, verifying the effect of
increasing carrier concentration on mobility. The g can be
obtained from the following:*

2
L 2 (Vi
e = o = ) ()
FE ch<aVG>

where L and W denote the length and width of the channel,
respectively, C, is the gate dielectric capacitance per unit
area, and V; is the gate bias. Similarly, the photocurrent of
the Si-doped Ga,O; TFT is larger than that of pure Ga,0O;
TFT due to a higher carrier concentration. The measured
results demonstrate that the Iy;,, /74, is higher than 104,
showing ultra-high sensitivity under DUV light. In order to
quantitatively assess the photoelectric performance of both
Ga,0; TFTs, key figure-of-merit of the photodetectors have
been calculated. The responsivity is defined as the photocur-
rent generated per unit power of the incident light on the
effective area of a photodetector, which can be obtained at
Vp =+ 20V bias as follows:

_ ]light - Idark

P,Ss @

where Iy, is the photocurrent, /4, is the dark current,
P, is the light intensity, and S is the effective illumination
area of the device. As shown in Fig. 3b, the R of the pure
Ga,0; TFT and the Si-doped Ga,O; TFT are estimated to
be 2.20 A/W (Vg =+ 5 V) and 3.23 A/W (Vg=-5V),
respectively, indicating the sensitivity of B-Ga,05 photo-
detectors in the solar-blind region. The EQE factor can be
determined by:
hc

2
EQE = q_/lR X 10°%, 3)

where & is the Plank’s constant, ¢ is the velocity of light, and
A is the wavelength of light. The EQE of the pure Ga,O; TFT
and the Si-doped Ga,O; TFT are estimated to be 1.1 x 10°%
and 1.6 x 10°%, respectively, under corresponding condi-
tions. Another important factor, D", which is usually used to
describe the smallest detectable signal, can be expressed by:

Rsl/Z
D= —mM—.
(qu dark) 2 @

The D" of the pure and Si-doped samples are calculated
to be as high as 4.23 x 10"3 Jones and 4.41 x 10'3 Jones,
respectively, surpassing most ever-reported Ga,0O; photode-
tectors.”!*3! The high D" can offset the impact of the noise
from the relatively high dark current.
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Fig.3 (a) Schematic structure of the B-Ga,0O; TFTs. (b) Ip-Vg
transfer curves of pure B-Ga,O; and Si-doped p-Ga,0; TFTs in
the dark and under 254-nm light illumination with an intensity of
245.9 W cm™2 (c, d) Iy-Vj transfer curves of pure f-Ga,0, and Si-

Figure 3c and d shows the Ip—V; transfer curves of pure
B-Ga,0; and Si-doped p-Ga,O; TFTs measured at different
Vp in linear and logarithmic scales, respectively. From the
linear scale, it is clear that I}, grows as V|, increases and,
when V, reaches a certain value, I, tends to be constant.
Figure 3e and f presents the Ip—Vy, curves of the two TFTs
in the dark, respectively. As we can see, I, reduces as Vg
decreases from 60 V to 20 V, with a step voltage of — 10 V.
The comparison shows that the Si-doped sample has a
higher value of I, under different voltages.
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doped p-Ga,O; TFTs measured at different Vi, in linear and logarith-
mic scales, respectively. (e, f) I-Vp output characteristics with Vg
decreasing from 60 V to 10 V with a step voltage of — 10 V in the
dark.

To explore the relationship between the photo-response
characteristics and light intensity, different light intensities
varying from 38.4 pW cm™ to 245.9 yW cm™ have been
tested. Figure 4a and b presents the I)-V; transfer curves
of the pure f-Ga,0; and the Si-doped p-Ga,O; TFTs in the
dark and under 254-nm light illumination, respectively, with
the intensity varying from 38.4 pW cm™2 to 245.9 yW cm—2
at Vp =+ 20 V. Itis obvious that the photocurrent increases
with increasing light intensity, showing a higher /g7,
ratio. No matter the value of the light intensity, the Si-doped
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Fig.4 (a and b) I,-Vg transfer curves of pure B-Ga,O; and Si-
doped Ga,0O; TFTs in the dark and under 254 nm light illumina-
tion, respectively, with the intensity varying from 38.4 pW cm™ to
245.9 pW cm™2 (c and d) Time-dependent photo-responses of the
pure $-Ga,O; and the Si-doped Ga,05 TFTs under 254 nm light with

sample shows better light sensitivity. The values of the key
factors R, D", and EQE measured under different light inten-
sities are shown in Table SII in Supporting Information.
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different light intensities, respectively. (e and f) Experimental and
fitting curves of the rise and decay process photo-responses, respec-
tively, under 254 nm light with the intensity of 245.9 pW cm™2. (g
and h) R and EQE as functions, respectively, of light intensity.

The Ip—V output characteristics with V; decreasing from
60 V to 10 V, with a step voltage of — 10 V, under differ-
ent light intensities, are shown in Figure S4 in Supporting
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Information. By comparison, the photocurrent of the pure
Ga,0; TFT tends to be flat as the V; increases in the ini-
tial stage, while that of the Si-doped sample grows rapidly.
Because there are large amounts of defect states in the
B-Ga,0; thin films and the Ga,0,/Si0, interface, most of
them serve as carrier-capturing centers. The traps can be
populated by photo-excited carriers as V; increases. Since
there are more carriers in the Si-doped sample, the trap-
populating process performs faster, and more carriers are
involved in the current transmission. '+

The photo-responses of the pure B-Ga,0; and Si-doped
Ga,0; TFTs with different light intensities under alternate
on and off cycles are shown in Fig. 4c and d, respectively. It
can be clearly observed that the photocurrent increases step
by step when the light intensity increases gradually. Mean-
while, the Si-doped Ga,O; TFT shows a higher and more
stable photocurrent at different light intensities. Figure 4e
and f presents the response times of the pure -Ga,0O5 and
Si-doped Ga,O; TFTs under 254 nm light illumination with
the intensity of 245.9 pW cm™2, respectively. The rise time
(t,) and fall time (z,) are then defined as the times taken by
the signal to vary between 10% and 90% of the saturation
value. As shown in the photo-response fitting curves, the ¢,
are 1.1 s and 0.5 s for the TFTs made from pure Ga,0O5 and
Si-doped Ga,0;, respectively. And the ¢, are 0.4 s and 0.9 s
for the TFTs made from Ga,O; without and with Si-doping,
respectively. The fast-response component can be attributed
to the rapid change of carrier concentration as soon as the
light is turned on/off.** The ¢, for the pure Ga,0; TFT is
much higher than that for the Si-doped Ga,O; TFT. The
photo-response of a semiconductor is a complex process,

—]
(a) (b)

\.; Ee . __ _ >
V.- D --—----- E | o
‘ . Y0 o2 ' Ve .
Wi~ O W,
Ey N

Si Si0, Ga,0, Si Si0,

including electron—hole generation, trapping, and recombi-
nation.** The photo-generated carriers may firstly fill the
traps and reach their maximum after the traps are saturated,
while a lower density of traps is involved in this process
for pure B-Ga,0; with better crystalline quality, Si-doping
induces more carriers participating in current transfer, which
shortens the time to reach the maximum value. The fast
decay process indicates weak persistent photoconductivity
(PPC), for which the light-induced current persists after the
excitation has been removed.** The anion vacancies with
a metastable state and the presence of surface states may
contribute to the PPC behavior.>*>° According to the XRD
curves (see Fig. 1a), the Si-doping method has reduced the
crystallinity in the presence of lattice distortion. Disloca-
tion defects can act as recombination centers of non-equi-
librium carriers,?”*® resulting in a longer carrier lifetime in
the f-Ga,0; thin film. As shown in Fig. 4g and h, the R and
EQE, respectively, of both samples decrease with increasing
light intensity, which is similar to previous reports.'®* The
maximum values of R and EQE of the Si-doped Ga,0; TFT
reach 5.8 A/W and 2.8 x 10° , respectively, under 254-nm
light illumination with the intensity of 38.4 pW cm™. The
thermal effect-induced carrier scattering and absorption
saturation may induce this phenomenon.***

Figure 5 illustrates the mechanism of the on/off states and
photo-responses of semiconductors. An energy band dia-
gram model is proposed to describe the observed transfer
characteristics in Fig. Sa—c. Due to the presence of oxygen
vacancies both in bulk Ga,0; and the Ga,O; film, a nar-
row region of depletion with the positively ionized oxygen
vacancies appears on the surface of the G21203.41’42 When

Oxygen vacancy

O  Photohole

[T~ @ Photoelectron
(© \

. . . « EC | XG:O | _ 3 . Ec
_________ Eg SO bt

02 E . ) 02
EV EV

Ga,0, Si Si0, Ga,0,

Fig.5 Schematic energy band diagrams of Ga,0; TFTs. Model of transfer characteristic: (a) Vg =0V, (b) V5> 0V, (c) V5 < 0 V. Model of
photo-conductance process: (d) in the dark without bias, (e) in the dark with bias, (f) under UV illumination with bias.
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Table I. Comparison of the key device parameters of our Si-doped Ga,O; solar-blind DUV TFT and other polycrystalline or amorphous Ga,O5

thin film photodetectors

Materials Structures  Growth method R (A/W) D" (Jones) 1,/t4 () Ligndlarc  Laanc (A) Ref.
Amorphous Ga,0;:CdO  TFT Spin-coating 2.17 1.71 x 10"? 1631.15 1.61x107'2 14
Amorphous Ga,05 TFT RF-magnetron sputtering 4000 2.50 x 10" 50/> 400 16
Polycrystal f-Ga,05 MSM RF-magnetron sputtering  96.13 0.032/0.078 > 1000 1.43x 1072 11
Polycrystal f-Ga,05 MSM Sol-gel method 0.00113 0.1/0.1 78.66 328x107° 33
Zn0/Ga,0; Heterojunction PN CVD > 1000 - 11 9
Polycrystal f-Ga,0, MSM MOCVD 26.1 125x 10" 0.48/0.18 10000 3.4x 1078 45
Polycrystal f-Ga,05 MSM MBE 153 5/10.3 45 7.00x 1078 38
-Ga,0; Nanosheet MSM Mechanical exfoliation 3.3 4.00 x 10" 31
Polycrystal Si:p-Ga,0, TFT PLD 323 441 x 103 0.57/0.9 31600  2.51 x 10~'"  This work
using positive Vg bias, the depletion region becomes nar- Conclusions

rower, which is attributed to conductivity (see Fig. 5b). The
applied negative V; bias expands the depletion width and
reduces the effective channel thickness (see Fig. 5c), show-
ing the off state. For the Si-doped Ga,O; TFT, the Si atoms
can provide electrons acting as donor, neutralizing the oxy-
gen vacancies at the interface and narrowing the width of the
depletion region. The photo-response of a photodetector is a
complex process including electron—hole generation, trap-
ping, and recombination.**** Figure 5d—f presents the photo-
conductance process in the Ga,0; TFTs. Similarly, electrons
flow from Ga,Oj; to metal until both Fermi levels line up
(see Fig. 5d). A small number of carriers are able to partici-
pate in electron transport when applying positive Vi, in the
dark (see Fig. 5f). Upon light-on conditions, electron—hole
pairs are generated (hv — e~ + h*).*! The photogenerated
electrons are trapped in positive charge density in the deple-
tion region.** After the recombination between the holes and
the oxygen vacancies, the uncombined electrons become the
major carriers which contribute to the photocurrent. Upon
light-off conditions, oxygen molecules reabsorb onto the
surface and current reduces to its original value.

Table I lists several key parameters of our Si-doped
Ga,0; solar-blind DUV TFT and other photodetectors
based on polycrystalline or amorphous Ga,0; materials
with different device structures. The main parameters of our
Si-doped Ga,Oj; solar-blind DUV TFT, such as responsiv-
ity, detectivity, and Jjjg¢/I 4, and response times, are better
than most other photodetectors based on polycrystalline or
amorphous Ga,0O; materials. Meanwhile, the TFT structure
shows its superiority, resulting in a large /j;yp,//4,0 ratio and a
lower dark current. Furthermore, various methods have been
employed to fabricate Ga,O; photodetectors with high per-
formance, but there have been no reports on PLD-prepared
TFT-type Ga,0; photodetectors. Our work presents a simple
and convenient fabrication process which gives polycrystal-
line $-Ga,O; TFTs a high potential for the development of
photodetectors in the future.

@ Springer

A solar-blind DUV TFT based on polycrystalline $-Ga,0;
thin film by PLD has been proposed. The Si-doping
method greatly increases carrier transport, although it
affects the crystal quality of the thin film. The V, of the
Si-doped B-Ga,0; TFT, which works in enhancement
mode, was modulated about — 20 V compared to a pure
one. The Si-doped Ga,O; TFT displayed excellent transis-
tor characteristics with a high I, on/off ratio of ~ 10°, I
of ~ 107" A at V}, = + 20 V. Both $-Ga,0; TFTs showed
high sensitivity to 254-nm UV light under different light
intensities. An R of 3.23 A/W, an EQE of 1.5 X 10°%, a
D" of 4.41 x 10" Jones and an I,/ of ~ 10° were
achieved at V; = — 5, V =20 V for the Si-doped device
under 254-nm light illumination with the intensity of
245.9 pW cm™2. Our work provides a new method of Si-
doping to improve p-Ga,0; TFTs, which advances the
development of DUV TFTs based on Ga,Os.
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