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ABSTRACT The magnesium oxide is one of the promising candidate’s materials that can act as solar
blind photodetectors. However, the intrinsically low thermal conductivity of MgO, which is restrict the
application in electric device. The magnesium oxide exhibits the poor conductivity which could improved
by doing method. This paper fabricated magnesium indium oxide (MgInO) solar-blind photodetectors by
doping indium oxide with magnesium oxide through co-sputtering deposition method. The photodetector
comprises a bottom glass substrate, an MgInO thin film, and an interdigitated gold electrode to complete
the metal-semiconductor—metal structure of the solar-blind photodetector. The experimental results indicate
that the photo-to-dark-current ratio is 1.4 x 10%, and the responsivity is 1.47 A/W when a reverse bias voltage
of 2 V is applied. Furthermore, the noise equivalent power and detectivity are 7.77 x 10~'! W and 1.75 x

10" cm H %> W—! with a 2 V bias voltage, respectively.

INDEX TERMS MgInO, photodetectors, solar blind.

I. INTRODUCTION

Ultraviolet (UV) photodetectors have numerous important
applications. Photodetectors operating in the solar-blind
region caused by their low natural background permit several
applications, such as ozone monitoring, microbial decon-
tamination processing, UV phototherapy, and spectropho-
tometry analysis. UV light can be divided into solar (wave-
lengths below 290 nm) and visible (wavelengths below
400 nm) blinds; the UV wavelength working region of the
fabricated solar-blind detector is located at UV-C (280-
100 nm) [1]. These application examples must use UV
light at UV-C, so a short-wavelength UV light detector is
probable.

Wide-bandgap materials can have a large energy band
depending on the cutoff wavelength, so they are suitable for
detecting UV light. Common wide-bandgap materials, such
as ZnO, TiO;, SnO;, gallium oxide (Gay03) and [2]-[6],
were reported in previous articles. GayOs exhibits high-
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transparency and high-breakdown electrical field with a band
gap of 4.9 eV, which is naturally suitable for solar-blind
detection. GapO3 has been used in photodetector, power
device, and resistive element [7]. However, GapyO3 exhibits
poor conductivity caused by the large energy band gap, which
can increase the conductivity by the method for enhanced
device performance [8]. Solar blind is increasingly used in the
solar-blind region to tune the energy bandgap through doping
method, such as the MgZnO, ZnGaO, and AGO [9]-[11]
material systems.

MgO possesses low electrical conductivity but high ther-
mal conductivity. This low electrical conductivity can be
solved by doping indium oxide (InpO3) with MgO. In,O3
is an n-type semiconductor material, has high conductivity,
and has a direct wide energy gap. InpO3 has a bandgap
of 3.75 eV in the visible-blind region, which is suitable
for a visible-blind photodetector. By contrast, the energy
band of MgO is approximately 7.7 eV. The energy gap and
conductivity of MgO can be modulated by doping In,O3
with components used in the solar-blind region. Doping can
increase the electron concentration to improve the electrical
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characteristics and reliability of components [12]. Previous
studies indicated that doping In, O3 with another metal, such
as ZnQO, Zr, Al, and Ga [13]-[16], can enhance electrical
properties and stability and be used in various semiconductor
components.

Wenckstern et al. [17] introduced (InyGaj_x);03 thin
film with variation of the indium content for application in
solar-blind region. Zheng et al. [18] introduced Mgp 49Zng 51
O-based metal -semiconductor-metal solar blind photode-
tectors on lattice matched ZnO substrates by using cosput-
tering method. Liu er al. [19] reported Zn,GeO4 and
In,Ge,O7 nanowire mats ultraviolet photodetectors on rigid
and flexible substrate by using a chemical vapor deposition
(CVD) method. To date, doping InpO3 with MgO has not
been reported for use in UV photodetector, so it is worth
exploring.

Photodetectors can be classified by structures, such as p-n,
p-i-n, avalanche, and metal-semiconductor-metal (MSM)
photodetectors [20]-[24]. We build upon the MSM struc-
ture owing to its easy fabrication and low capacitance.
In the present work, MgO-doped In,O3 MSM-structured
solar-blind photodetectors are fabricated by co-sputtering,
and the -V characteristic, responsivity, and noise properties
are reported.

Il. DEVICE FAVRICATION AND CHARACTERIZATION

To fabricate a UV photodetector, a glass substrate was
cleaned by using acetone, isopropanol, and deionized water.
This process was repeated thrice to remove the particles
or grease from the glass. First, the magnesium indium
oxide (MgInO) film was deposited on the glass substrate
by co-sputtering using InpO3 and MgO targets. The InpO3
and MgO powers were 30 and 100 W at 1 x 10~ Torr,
respectively. The flow rate of Ar was set at 50 sccm, trace oxy-
gen was added, and the growth pressure was 5 mTorr. After
MgInO thin film deposition, the film was annealed in 50 sccm
Ar flow at 300 °C for 1 h. An Au layer was deposited into
MgInO thin films through an interdigitated shadow mask by
electron beam evaporation. The schematic diagram is shown
in Fig 1. The total optical area was 0.18mm?. Finally, com-
ponents were produced. The thickness of the electrode layer
and MgInO thin film layer was 100 nm. All parameters were
analyzed using an Agilent BIS00A semiconductor device
analyzer. For the UV light source, the 150 W Xenon lamp was
used in our experiments. All measurements were conducted
at room temperature in dark room.

Ill. RESULTS AND DISCUSSION

Fig. 2 shows the X-ray diffraction (XRD) diagram of MgInO
thin film. No diffraction peaks can be found. The result
demonstrates that the MgInO thin film is amorphous phase.
Fig.3. illustrates the energy bandgap of Inp O3, MgInO, and
MgO. A Tauc plot was used to determine the optical energy
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FIGURE 1. Schematic of MgInO PDs.
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FIGURE 2. XRD diagrams of MgInO PDs.
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FIGURE 3. Absorption coefficient spectra of MgInO thin films.

bandgap, as shown in the following equation:
(ahv)? = A(hv — Eg) 1)

where o is the absorption coefficient, hv denotes the
photoenergy, A is a constant and Eg represents the energy
bandgap. The optical energy bandgaps of In,O3 and MgInO
were approximately 3.7 and 4.46 eV, respectively. The
bandgap of MgO cannot be measured; the theoretical value
of MgO was 7.7 eV [25]. We prepared the MgInO film,
which confirmed that the incorporation of In,O3 into MgO
can adjust the energy gap. Also, it is worth noting that
the composition of the In in MgInO were 9.98 at%.
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FIGURE 4. 1-V characteristics of MgInO PDs.
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FIGURE 5. Responsivity of MgInO PDs with various applied bias voltages.

Furthermore, the cutoff wavelength of the film was in the
solar-blind UV spectral region.

The I-V characteristics of MgInO PDs were measured
under dark and UV illumination (A = 280 nm) conditions as
shown in Fig. 4. With an applied bias voltage of 6 V, the photo
current was 3.3 x 10~% A, and the dark current was 2.5 x 10~8
A. Therefore, the photo-to-dark-current ratio (Ipn/Igark) was
1.32 x 10*. The amplified current was significantly observed
under UV illumination. The responsivity of the device was
measured by applying various bias voltages at 200-450 nm
wavelength range as shown in Fig. 5:

_ iight — Laark Ipn

5> @

R =
P opt P opt

where ILjjghy is the photo current, Igak indicates the dark
current, and P, represents the incident optical power. The
responsivity of MgInO PDs with an applied bias voltage
of 2 V was 1.47 A/W at the wavelength of 280 nm. The
MgInO PD response in the 290-350 nm wavelength range
indicated that the photoenergy was lower than the bandgap
energy that still has a response, which means the photo
generated carriers assisted with defect states. The defect can
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FIGURE 6. Noise power densities of MgInO PDs under various voltages.

be trap states and band tail states by structure defect, which
especially in the amorphous metal oxide system [26]. The
UV-to-visible rejection ratio was defined as the responsivity
measured at 280 nm divided by the responsivity measured
at 450 nm.

Based on the definition, the UV-to-visible rejection ratio
was 4.37 x 10* at an applied bias voltage of 2 V. A high
UV-to-visible rejection ratio by four orders of magnitudes,
such as MgInO PDs, is potentially used for solar-blind pho-
todetector. Fig. 6. shows the noise power spectra of MgInO
PDs at various bias voltages and a measurement frequency
of 1-1000 Hz in the dark region. When a high voltage was
applied, the noise power was increased. Photodetectors have
four types of noise: shot, generation—recombination, thermal,
and flicker noises (1/f). Flicker is a low-frequency noise
that affects the low-frequency range. Flicker noise caused by
material defects or the imperfection of the fabrication process
leads to mobility fluctuation caused by lattice and impurity
scattering [27]. Generally, the noise spectral density power
can use a Hooge-type equation:

A

Su(f) = SO(F), 3)
where S, is a bias-independent constant, I§ denotes the dark
current of the device, and o and B represent the fitting
parameters. This measurement shows that the main noise of
MgInO PDs is flicker noise. To measure the noise equivalent
power (NEP) and normalized detectivity (Dx), the total noise
current power of the PDs can be determined through the
following equation:

B
uﬁ=£&m#

1
=f&m#
0
— Solln (B) + 1] @

which is calculated by integrating Sn(f) for a given band-
width (B). The NEP can be obtained through the following
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FIGURE 7. NEP and D* of MgInO PDs under various bias voltages.

equation:

(i)’
NEP = —— 5
R &)
where R is the responsivity of PDs. The normalized

detectivity can be expressed by:

D — YAVB ©
NEP

where A indicates the area of PDs, which is 0.18 cm?,
and B represents the bandwidth, which is 1000 Hz. Fig. 7.
shows the calculated NEP and D* with various applied
bias voltages. The NEP of MgInO PDs was 7.77 x 107!!
W with an applied bias voltage of 2 V. After calcula-
tion, the D* of MgInO PDs was 1.75 x 10! cm HZ%
W~! under an applied bias voltage of 2V. The photo cur-
rent generation mechanism of a semiconductor is includ-
ing electro-hole generation from valence-band to conduction
band and defect conduction ban transition when under the
UV illumination. On the other hand, the electrons recombine
with holes through the recombination centers or band-to-band
annihilation process during the illuminate is turn off [28].
Asregard, the MgInO MSM PD exhibited the schottky behav-
ior can be explained as follows Guo et al. [5]. The fewer
oxygen vacancies imply the depletion region is thick in the
dark, which hinders to charge transportation In this situa-
tion, the charge carrier mainly determined by the thermionic
emission.

To summarize, Table 1 shows the performance of MgInO
PDs compared with that of different material systems in other
studies, from the cutoff wavelength, which can be calculated
by Eg (eV) = 1240/A. The MgO can tunable by alloying
with Ino O3 as promising candidates for solar-blind detection;
thus, this material system can be applied in field-emission,
transistors, or fabrication on flexible substrate [29]-[32].
Meanwhile, Guo et al. reported B-Ga;Os-based solar-
blind photodetectors based on heterojunction structure
and pn junction structure to improve the photoconductive
type photodetector performance because of the persistent
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TABLE 1. Performance of MgInO PDs Compared With Other Solar-Blind
Photodetectors.

Applied Responsivity  cut wavelength ~ Fabrication

Sample bias (V) (AIW) (nm) method  Rf
MgInO 2 1.47 280 RF sputter ‘I];;i
GaZTO 10 0.091 280 RF sputter  [36]
Ga,03 5 0.903 250 Pd“;;f)‘;?;zr 37
Mg,Zn, O 3 0.31 284 RF sputter [38]
Alz%;jg‘s’yc" 5 0.12 250 RF sputter  [39]

photo-conductivity effect [33]-[35]. Therefore, the MgInO
photodetector can consider above structure to fabricate a
zero-power consumption solar-blind photodetector.

IV. CONCLUSION

MgInO MSM solar-blind photodetectors were fabricated on
glass by co-sputtering using MgO and In;O3 targets at
room temperature. The optical bandgap energy of MgInO
was 4.46 eV, and the cut-off wavelength was approximately
280 nm. The responsivity increased with the measured volt-
age. The measured voltage increased with the NEP and D*.
Furthermore, the responsivity of MgInO PDs with an applied
bias voltage of 2 V was 1.47 A/W. The UV-to-visible rejection
ratio was 4.37 x 10* at an applied bias voltage of 2 V. The
noise equivalent power of 7.77 x 10~ W and the detectivity
of 1.75 x 10" cm Hz"> W~! were observed.
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