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ABSTRACT: Tin oxide (Sn0O,) is one of the transparent conducting oxide semiconductors N 2w e
that have been widely used in optoelectronic devices. To extend SnO,-based optoelectronic A és )
applications into the deep ultraviolet solar-blind wavelength range, in this research, MgSnO « :}3 le B4 |
alloy thin films were grown on c-sapphire using plasma-assisted molecular beam epitaxy. As == M“_ﬁ &
Mg composition is between 0 and ~24.4 at. %, MgSnO films exhibit rutile structure. The ® W 3,
lattice constants increase as the Mg composition increases. MgSnO films become amorphous 0,\4;&...::'05;:{2,. (:‘.(:,%l;m
as Mg composition exceeds 24.4 at. % and eventually become rock-salt structures as Mg T
composition exceeds 45.9 at. %. The optical bandgap of MgSnO increases with the increase in  £* »° e
Mg composition. Metal—semiconductor—metal (MSM) photodetector devices were & ‘;,, R -
fabricated and characterized. When Mg composition increases, both the dark current and 3*|/ - =
oo [

photocurrent of the devices decrease. High responsivities were observed for all MgSnO MSM [ )
devices 3‘50 20 40 60 80 100 v 0 144 192 244 287

: Mg Composition (at.%) Mg Composition (%)
KEYWORDS: magnesium tin oxide, phase transition, bandgap engineering, ultrawide bandgap semiconductor,
metal—semiconductor—metal photodetectors
1. INTRODUCTION MgO materials, is a potential candidate for solar-blind

Transparent conducting oxide (TCO) semiconductors have photodetection applications. In addition, the ambipolar doping

- 28-33

high transmittance in the visible light range and are often used charia:te.rlstlis. of SnO and dSILOz WereGreft)‘oﬁeg. o Th}lll S
in displays, solar cells, and other optoelectronic devices.'* COH; duim%t 18 E roliert)zlan. the ih b ho ) §on todgeltl Tr
Among these TCO semiconductors, tetragonal rutile structure could lead to bipolar devices with both electron and hole

tin oxide (SnO,) has been applied in many areas such as gas transp or_t in the soliar blind regmﬁ.
34 .S 6,7 In this perspective, Xu et al.”" demonstrated amorphous
sensors, glass coating,” and transparent electrodes.

However, due to its relatively small bandgap (3.6 eV), it is MgSnO ph(')todetectors with bandgap s rar-lging from 4.13 to
. . . 4.67 eV, which confirms the potential of using MgSnO terna
difficult to realize a SnO,-based deep ultraviolet (UV) P §V'e Y

C 8. . . . . alloys to achieve deep-UV photodetectors. Compared to
applications,” including solar-blind photodetection of light 3 ; ) )
with a wavelength below 280 nm, which requires a semi- single-crystal materlal{ amorphous rr}aterlal has multiple
conductor of a bandgap of ~4.4 eV or 1arger.9 To enable this advantages, such as being easy to fabricate on a large scale,

- . . having no grain boundaries, and having a low fabrication
application, ultrawide bandgap (UWBG) semiconductor R IN &
binary compounds such as AIN'"'% and Ga.0.>"'7 have cost.””"”" However, if MgSnO could appear as a single
beenrye xplorSd A recent study of Qin et al.”? dzerrfonstrate da crystalline nature instead of an amorphous nature, the device

Ga,Oy-based photodetector with a high responsivity of 230 A/ performance would be vastly improved. Moreover, the phase
W and a fast decay time of 24 ms. An alternative solution is to transition of MgSnO from rutile to amorphous and to rock-salt

use ternary alloys, in which their bandgaps can be precisely structure is still unclear. In this study, MgSnO thin films with
tuned. Among these alloys, AIGaN"*"* and MgZnO>*** have different Mg compositions were grown by plasma-assisted
been studied extensively., Zhang et al?! demonstrated an molecular beam epitaxy (MBE), and their phase transition and

AlGaN/GaN-based phototransistor with a high responsivity of

3.6 X 107 A/W under 265 nm illumination using a high Received: December 20, 2023 A
electron mobility transistor (HEMT) configuration. In Revised:  February 26, 2024
addition, our recent studies of MgGaO thin films with a Accepted: February 27, 2024

Published: March 11, 2024

bandgap larger than ~5 eV have shown strong deep-UV
photodetection performance.””~>” In analogy to these alloys,
MgSnO, which can be construed as a mixture of SnO, and
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Table 1. Film Thickness, Mg and Sn Composition, Lattice Structure Parameters, and Optical Bandgap for all MgSnO Samples

thickness bandgap

sample (nm) Mg at. % Sn at. % structure XRD d-spacing (A) in-plane (002) rsm (A) lattice parameter (A) (ev

#1 53.31 0 100 Mg,Sn,_,0, (rutile) 2.33 1.49 a=b=466 3.89
c=298

# 5425 14.4 856  MgsSn,_,O, (rutile) 237 158 a=b=474 444
c=3.16

# 55.87 192 808  MgsSn,_ O, (rutile) 2.38 1.57 a=b=476 448
c=3.14

#4 58.58 19.9 80.1  Mg.sSn,_,O, (rutile) 2.39 1.57 a=b=478 4.54
c=3.14

#5 65.84 216 784 MgSn,_,0, (rutile) 2.39 1.57 a=b=478 455
c=3.14

#6 6775 244 756 MgSn,_,0, (rutile) 2.40 N/A a=b=480 461

#7 71.79 28.7 713 Mg,Sn,0, (amorphous) N/A N/A N/A 4.72

#8 63.29 329 67.1  Mg,Sn,0, (amorphous) N/A N/A N/A 4.76

#9 76.00 459 54.1 Mg, Sn,_,O (rock salt) 2.46 N/A a' =b =c =426 5.01

#10 93.66 52.1 479  MgSn,_,O (rock salt) 246 N/A a'=b =c =426 5.20

#11 109.83 58.6 41.4 Mg, Sn,_,O (rock salt) 2.45 N/A a =b =c =425 5.41

#12 312.57 87.3 127 Mg,Sn;_,O (rock salt) 243 N/A a'=b =c =421 5.79
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Figure 1. (a—1) XPS survey spectra and oxygen 1s peak deconvolution in the inset for all MgSnO thin films from samples 1—12.
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Figure 2. (a) Schematic of (i) rutile structure with (200) orientation and (ii) rock-salt structure with (111) orientation MgSnO sample grown on c-
sapphire. (b) XRD pattern in 6/260 scan mode, showing the (200) orientation for rutile structure from samples 1 to 6, and the (111) orientation for
rock-salt structure from samples 9 to 12. No diffraction peaks from films are observed for samples 7 and 8, an indication of an amorphous nature.
(c) XRD rocking curves of the rutile structure (200) peak for samples 2—5 and the fwhm fitted using the Gaussian method are plotted in the
inserted graph. In-plane rsm and the plane distance of (d) (002) plane for sample 2 and (e) (220) plane for sample 12. (f) Lattice parameters as a

function of Mg composition.

bandgap engineering were studied. Metal—semiconductor—
metal (MSM) photodetectors with different Mg compositions
were fabricated and characterized.

2. EXPERIMENTAL SECTION

2.1. Film Growth. A 2 in. c-plane sapphire was cleaned by using
piranha solution to remove any organic substances, then rinsed with
DI water to remove residual acid from the substrate. After being blow-
dried by nitrogen, c-plane sapphire substrate was put into the loadlock
of the MBE chamber (SVT Associates, Inc.). 4 N Mg and 6 N Sn
from Alfa Aesar were used for sample growth. Oxygen flow rate was
set to 2.5 mbar with an RF power of 400 W. Preannealing of substrate
at 800 °C for 15 min was performed, and then substrate temperature
was set to 650 °C for sample growth. After that, the substrate
temperature was increased to 700 °C, and a postgrowth annealing
process with oxygen was carried out for 20 min.

2.2. Film Characterization. The thickness of the samples was
measured using a Nikon Profilm3D profilometer. The surface
morphology of MgSnO thin films was measured using the tapping
mode by a Dimension 5000 atomic force microscopy (AFM) system.
To analyze the Mg composition and valence band spectra for each
sample, X-ray photoelectron spectroscopy (XPS) characterizations of
different MgSnO thin films were carried out with a Kratos AXIS
ULTRADLD XPS system using an Al Ka X-ray source. During
measurement, vacuum pressure was kept below 3 X 10~ Torr. XRD
6/20 scan was measured using a PANalytical Empyrean Series 2 XRD
system with Cu Ka X-ray (4 = 0.15405 nm) to understand the crystal
orientation. The quality of MgSnO thin films and in-plane distance

1914

were evaluated using a Rigaku SmartLab X-ray diffractometer.
Absorbance and transmittance spectra of MgSnO samples were
obtained using an Agilent Cary 5000 Double Beam UV/Vis/NIR
spectrometer.

2.3. Device Characterization. Current—voltage (I-V) character-
istics were measured on a Signatone S1045 probe station equipped
with a hot chuck, an Agilent 4155C semiconductor parameter
analyzer, and a 265 nm light source with a power of 420 yW. The 265
nm light source was used and controlled by a pulse generator during
the current—time (I—t) measurement process. The light source was
turned on for 40 s, then turned off for 70 s. The voltage applied on the
photodetectors was set to 20 V, and the response current was
collected using an Agilent 4155C semiconductor parameter analyzer.

3. RESULTS AND DISCUSSION

Table 1 shows the characterized parameters of MgSnO
samples in this study with Mg composition ranging from 0
to 87.3 at. % and the thickness ranging from 53.31 to 312.57
nm. AFM images of the selected samples with different
compositions and phases are shown in Figure S1 in the
Supporting Information. The root-mean-square (RMS) rough-
ness is estimated to be between 0.45 and 1.3 nm for these
samples, indicating a smooth surface. We did not find any
relationship between the Mg composition and RMS roughness,
as inferred from AFM results. Figure 1 shows XPS survey
spectra of Sn 3ds, Sn 3d;/,, and Mg 1s for all MgSnO
samples, and the inset graph shows the O 1s peak

https://doi.org/10.1021/acsaelm.3c01804
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Figure 3. (a) Tauc plot absorption spectra of all MgSnO samples. (b) Bandgap vs Mg composition plot. (c) Transmittance spectra of all MgSnO

samples.

deconvolution. Peaks with binding energies located at ~486.5
and ~494.9 eV correspond to Sn 3ds, and Sn 3d;),
respectively, which reveals the Sn*' state in all MgSnO
samples.””"” The binding energy difference of the two Sn 3d
doublets is ~8.4 eV, indicating a good agreement with the
reference data.”” The 4peak at a binding energy of ~1303 eV
corresponds to Mg 1s.”""** The peak areas for Sn 3d and Mg 1s
were extracted to calculate the composition for each sample
and are listed in Table 1. In the insets of Figure la—k, two
peaks at Oy ~ 530.1 eV and Oy ~ 531.6 eV are observed for
sample 1 to sample 11, which correspond to Sn—O bonds and
oxygen vacancies, respectively.39 For sample 12, the Mg—O
bond located at ~529 eV is observed, indicating that the Mg—
O bond becomes the majority bond, as shown in the inset of
Figure 11. Fermi level locations were also extracted from XPS
spectra and are shown in Figure S2 in the Supporting
Information. The Fermi level is 2.46 eV above the valence
band for sample 1, indicating the n-type nature of the film. As
the Mg concentration increases, the Fermi level shifts toward
the valence band.

MgSnO thin films with low and high Mg compositions could
possess rutile and rock-salt phases, respectively. Figure 2a
shows schematic of (i) rutile and (ii) rock-salt MgSnO films
grown on c-sapphire substrates, respectively. However, samples
with moderate Mg and Sn contents could have mixed phases
or even appear as amorphous. To reveal the crystal structures
and phases of the MgSnO samples, X-ray diffraction (XRD)
characterizations were performed. Figure 2b shows XRD
pattern in 6/26 scan mode, and peaks located at ~37.7 and
~80.1° are the background signal, which is confirmed by
measuring the substrate only. For sample 1, 26 peaks located at
38.5 and 82.3° correspond to (200) and (400) orientations of
rutile structure,® indicating that the film has a growth
direction of (200) along (0001) c-sapphire, as schematically
shown in Figure 2a. As the Mg composition increases, the
(200) peak location shifts toward a lower angle. When Mg
composition exceeds 21.6 atom %, the (200) peak starts to
disappear from sample S to sample 6. No peaks are observed
from the 6/26 scan results of samples 7 and 8, indicating that
these films are amorphous. As Mg composition continues to
increase beyond 45.9 at. %, the rock-salt structure (111) peak
starts to emerge and shifts toward a higher angle. For example,
20 peaks of 36.9 and 78.4° observed for sample 12 correspond

1915

to (111) and (222) orientations of rock-salt structure,* as
schematically shown in Figure 2a. Because the phase of
MgSnO thin films transforms from rutile to amorphous and to
rock salt as Mg composition increases, the chemical formulas
of the films can be referred to as Mg,Sn,_,0,, Mg,Sn O, and
Mg.Sn,_,O, respectively, where x, y, and z are respective
elemental atomic compositions.

The quality of the MgSnO films was evaluated by XRD
rocking curve measurements. Figure 2c¢ shows normalized
XRD rocking curves of rutile samples 2—S5, and the Gaussian
method was fitted to extract the full width at half-maximum
(fwhm). The fwhm of samples 2—S5 is 0.0831, 0.0897, 0.0928,
and 0.0925°, respectively. These small values suggest that our
samples have high quality.”” Among these samples, however,
when Mg composition increases, the film becomes more
disordered due to its transformation from rutile phase to
amorphous, resulting in the increase of the fwhm, as shown in
the inset of Figure 2c.

Next, we extracted the lattice parameters of crystalline
MgSnO samples. We designate a4, b, and ¢ as the lattice
constants for rutile MgSnO and a’, b’, and ¢’ as the lattice
constants for rock-salt MgSnO. These parameters are
illustrated in the schematic in Figure 2a. According to Bragg’s
law, 2d sin 6 = nA, where d is the distance between the two
planes, 0 is the incident beam angle from the scatter plane, n is
the diffraction order, and 4 is the wavelength of the X-ray. The
d-spacing values can be obtained from the XRD /26 scan
results for (200) planes of rutile and (111) planes of rock-salt
samples, which are listed in Table 1. With these d-spacing
values, lattice parameters a and b of rutile MgSnO films (a = b)
and a’, b’, and ¢’ of rock-salt MgSnO films (a’ = b’ = ¢’) can be
extracted, and they are listed in Table 1. To obtain the ¢ lattice
parameter of rutile MgSnO samples, XRD in-plane reciprocal
space mapping (rsm) characterizations are needed. Figure 2d
shows the XRD rsm results for the (002) plane of sample 2,
and Figure S3 in the Supporting Information shows in-plane
rsm for the (002) plane of samples 1, 3, 4, and S. For rutile
samples, because the lattice parameter ¢ is twice the in-plane
distance of (002) plane, the calculated lattice parameters in the
¢ direction for samples 1—S5 are 2.98, 3.16, 3.14, 3.14, and 3.14
A, respectively, which are listed in Table 1. In-plane rsm for
sample 6 was not obtainable due to the disorder of the film
toward the amorphous structure. In-plane rsm was also
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Figure 4. (a) Schematic of the interdigitated MSM photodetector with a Pt/Au electrode. (b) I-V plot under dark conditions. (c) Schottky
conduction current fitting for sample 2 under dark condition. The inserted plot shows the section fitted using the Schottky model. (d)
Temperature-dependent I—V plot for sample 2 under dark conditions with temperatures ranging from 300 to 460 K. (e) Dark current error plot
extracted at 20 V with different temperatures. (f) Photocurrent spectra of the device sample 2 under different voltages and wavelengths. (g) I-V
plot under 265 nm illumination. (h) Temperature-dependent photocurrent—voltage plot for sample 2 under 265 nm illumination with
temperatures ranging from 300 to 460 K. (i) Photocurrent error plot extracted at 20 V with different temperatures. (j) Total current under 265 nm
illumination and the dark current box plot for samples with different Mg compositions. The inset box plot shows the photocurrent under 265 nm
illumination. (k) Responsivity under 265 nm illumination at 20 V. (1) I—t curves under 265 nm illumination for rutile sample 2 and amorphous

sample 7.

performed on selected rock-salt samples to double check the
lattice constants. Figure 2e shows the rsm result of the (220)
plane of sample 12, and the in-plane distance of (220) is
estimated as 1.49 A, leading to a lattice parameter in the ¢’
direction of 4.21 A, which is consistent with the result obtained
from the 6/26 scan. Figure 2f shows a plot of the lattice
parameters as a function of the Mg composition. For rutile
structure samples, as Mg composition increases, lattice
parameters along a and b direction expand and are followed
by a linear relationship a = b = 4.66 + 0.00568 X (Mg at. %).
The lattice parameter along the ¢ direction does not change
much as the change of Mg composition. In rock-salt-structured
samples, as Mg composition increases, the lattice parameters
a’, b’, and ¢’ reduce and are followed by a linear relationship a’
= b = ¢ = 432-0.00129 X (Mg at. %).

Absorbance spectra of MgSnO samples were obtained and
converted to absorption coefficient using the equation

a = 2303 X ?, where «a is the absorption coeflicient, A is
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the absorbance obtained from the spectrometer, and ¢t is the
film thickness in centimeters. Figure 3a shows the Tauc plot
absorption spectra of all MgSnO samples. Optical bandgap can
be extracted from the x-axis intercept of Tauc plot using the
equation (ahv)® = ¢ (hv — E,), where h is Planck’s constant, v
is the frequency, c is constant, and E, is the optical bandgap.
Here, linear regression with 7 = 0.999 was fitted to extract the
optical bandgap of each sample. Figure 3b shows the
relationship between the optical bandgap and Mg composition.
As Mg composition increases, optical bandgap increases. In the
rutile Mg,Sn, O, samples, the bandgap with a unit of eV can
be fitted using the equation: E,(x) = 3.89 + 0.04x, where x is
Mg at. %. Transmittance data T was calculated using the
equation: A = 2 — log(% T), where A is the absorbance, and
the spectra are shown in Figure 3c. All samples show a high
transmittance exceeding ~80% in the visible light range.

To explore the photodetection performance of these
MgSnO thin films, MSM photodetectors were fabricated by
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patterning an interdigitated Pt (20 nm)/Au (100 nm)
electrode on the films, as shown in the schematic of Figure
4a. The metal contact fingers of the MSM photodetector are
220 pm long, 5 pm wide, and 3 pm in spacing with 15 fingers
on both sides. Here, we report devices based on both rutile and
amorphous MgSnO thin films only but not for those based on
rock-salt MgSnO thin films because these rock-salt MgSnO
films were found extremely insulating. Figure 4b shows the I—
V characteristics from —20 to 20 V for samples 1, 2, 3, 6, and 7
under dark conditions. Relatively symmetric characteristics are
observed for all samples, and the current increases with the
increase in the applied voltage in both polarities. As Mg
composition increases from samples 1 to 7, the dark current
decreases under the same voltage. An MSM device can be
considered as two metal—semiconductor (MS) junctions
connected in series. Under any applied bias, the MSM device
contains a forward-biased MS junction and a reverse-biased
MS junction. The current flowing through the MSM device is
limited by the reverse-biased MS junction. At moderate and
larger bias, the Schottky conduction with a consideration of
image—force}éor;ering is assumed, and the current density ] can

be given by

J = A* Tzexp

—q(¢y — \gE/4ne,)
kT

1

where A* is effective Richardson constant, T is temperature, g
is electron charge, ¢y is Schottky barrier height, and k is

, [gE . . .
Boltzmann’s constant. The term f is image force lowermg,
TTE

where E is electric field, and & is permittivity of the
semiconductor. Here, we assume that the voltage applied
across the two junctions is approximately equal to the voltage
applied to the reverse bias junction. Based on the Schottky
conduction equation, In(I) is proportional to V*% and the
current increases as the temperature increases. Figure 4c shows
the current fitting In (I) vs V"/* plot for sample 2 at 300 K
under a voltage range of —9.44 to —20 V, and the linear
regression fitting exhibits * = 0.999. The inserted graph in
Figure 4c shows the I—V characteristics of sample 2 that was
fitted using the above Schottky conduction model. Although
the Schottky conduction model can reasonably explain the
dark I-V characteristics for rutile MgSnO MSM devices, it is
noted that the current transport can also be contributed by
other mechanisms, including generation currents from defects,
carrier replenishment from electrodes, trap-assisted band-to-
band tunneling, etc. In the amorphous MgSnO MSM devices,
as seen from the fitting results for sample 7 in the Supporting
Information Figure S4, hopping current transport was also
possible. Figure 4d shows temperature-dependent I-V
characteristics ranging from 300 to 460 K for sample 2
under dark conditions, and Figure 4e shows the dark current
error plot of sample 2 by measuring over 10 data points at a
voltage of 20 V. The current increases as the temperature
increases, which confirms the positive correlation between the
temperature and the dark current in the above equation.
Figure 4f shows the photocurrent spectra from 200 to 800
nm under different voltages for sample 2. Two peaks are
observed at ~287 and ~526 nm. The peak at ~287 nm (~4.3
€V) may be due to band-to-band absorption process, and the
peak at ~526 nm (~2.4 €V) may correspond to optical
transitions involving oxygen vacancies."**’ Figure SS in the
Supporting Information shows similar photocurrent spectra of
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other samples (samples 3, 6, and 7). The rejection ratio of
samples 2 and 7 at 250 and 400 nm (R,spum/Riconm) IS
obtained from the responsivity spectra at 10 V on the MSM
photodetector, as seen in Figure S6. The calculated rejection
ratio for 2 and 7 is 893.49 and 1642.44, respectively. Sample 7
has a larger bandgap than sample 2, which results in a higher
rejection ratio. Figure 4g shows the I—V characteristics of
samples 1, 2, 3, 6, and 7 under 265 nm illumination. Compared
with the dark current levels, as shown in Figure 4b, the
currents under illumination have increased for each device,
indicating the formation of photocurrents. Figure S7 shows the
power-dependent photocurrent measurement results of
samples 2 and 7. A 265 nm light source with an incident
power of 9.89, 37.33, and 63.79 W was used to illuminate the
photodetectors. Current increases as the power increases in
both samples 2 and 7. This is because higher light intensities
will generate more electron—hole pairs, resulting in a higher
photocurrent. Figure 4h shows temperature-dependent photo-
current—voltage characteristics of sample 2 under 265 nm
illumination, and the photocurrent increases as the temper-
ature increases. Figure 4i shows the photocurrent error plot of
sample 2 by measuring over 10 devices, which confirms the
increase in photocurrent at higher temperature. Figure S8 in
the Supporting Information shows a similar temperature-
dependent photocurrent—voltage plot and error plot by
measuring over 10 devices for other samples. The temper-
ature-dependent photocurrent results may be due to the fact
that photogenerated carriers move faster under higher
temperatures. In addition, temperature-dependent detrag)ping
of the photogenerated carriers may have played a role.’
Figure 4j shows dark current and total current under a 265
nm illumination box plot versus different Mg compositions,
and the inserted box plot shows photocurrent as a function of
Mg compositions. Both dark current and photocurrent
decrease with the increase in Mg composition. MgSnO with
a higher Mg composition has wider optical bandgap, in turn, it
results in larger Schottky barrier height, which is responsible
for smaller dark current. The generation of photocarriers will
be less in MgSnO samples with wider bandgap under the same
excitation wavelength, leading to less photocurrent. The

- . . AI .
responsivity is calculated using R; = —, where Al is the

photocurrent and P is the incident light power illuminating the
semiconductor. The effective area for all devices is 1.116 X 10*
um? and the total incident power onto MSM devices is
calculated to be 66.2 nW. Figure 4k shows the responsivity box
plot of MSM samples with different Mg compositions. For Mg
composition at 0, 14.4, 19.2, 24.4, and 28.7 at. %, the average
responsivity is ~7226, ~596, ~253, ~75, and ~45 A/W,
respectively. Responsivity decreases as the bandgap increases
with the Mg composition. This is reasonable since more
photocarriers are generated in the narrower-bandgap materials,
contributing to higher photocurrents. As a comparison, other
wider-bandgap materials such as MgGa,0,”' and AlGaN>’
based photodetectors exhibit a lower responsivity of 0.89 and
0.19 A/W, respectively. Nevertheless, this does not mean that
wider-bandgap MgSnO semiconductors are inferior to
narrower-bandgap SnO, semiconductors for photodetection
applications. Generally, when higher-energy photons are the
target to detect, photodetectors based on wider bandgap
semiconductors have better signal-to-noise performance since
lower-energy photons will not be absorbed. In addition, they
also perform better in higher-radiation and higher-temperature
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environments. While these moderate responsivity numbers are
acceptable, much higher responsivities can be achieved by
improving the film quality using a buffer layer,” using different
electrodes,®® or by fabricating avalanche photodetectors.”***

Figure 41 shows the I—t characteristics of the MSM
photodetector samples 2 and 7, representing the devices
based on rutile and amorphous MgSnO, respectively. The
currents of both devices increase after the light is turned on
and quickly reach plateau. After the light is turned off, the
currents decrease sharply to the levels that are consistent with
the dark currents in the I—V measurement in Figure 4b. The
rise time for samples 2 and 7 is calculated to be 1.33 and 3.4S s,
respectively. The fall time, which is defined as the time
duration for the change when the current decays to its value of
1/e, was fitted using the equation: I = Ioe™"", where I is the
current, I is the photocurrent at the steady state, ¢ is the time,
and 7 is the lifetime of the carriers. The fall times for samples 2
and 7 are 1.78 and 1.51 s, respectively. The response time of
the photodetector is mainly affected by carrier trapping of the
defects inside the film. High-quality films have fewer defects,
which results in a longer response time. These numbers
suggest that rutile samples have higher crystal quality than
amorphous samples.”®

4. CONCLUSIONS

In this research, we have comprehensively studied wide-
bandgap MgSnO semiconductors in terms of phase transition,
bandgap engineering, and their photodetector device applica-
tions. MgSnO thin films with different Mg compositions
ranging from O to 87.3 at. % were grown using plasma-assisted
MBE. MgSnO are rutile, amorphous, and rock-salt structures
when Mg compositions are less than ~24.4%, between 24.4
and 45.9%, and larger than ~45.9%, respectively. For rutile
structure samples, as Mg composition increases, lattice
parameters along the a and b directions expand, and the
lattice parameter along the ¢ direction does not change much.
In rock-salt-structured samples, as Mg composition increases,
the lattice constant decreases slightly. Crystalline MgSnO thin
films with a lower Mg composition have high quality, as
revealed by XRD rocking curves. The optical bandgap
increases with the increase in Mg composition and can be
summarized as Eg(x) = 3.89 + 0.04x for rutile samples. MSM
photodetectors based on rutile and amorphous MgSnO
samples were fabricated and characterized. Mg composition-
or bandgap-dependent photoresponse was studied. Rutile
samples have a higher responsivity but a slower response
time compared to amorphous samples. High photoresponsivity
and excellent I—t characteristics among the MgSnO photo-
detector samples suggest that MgSnO thin films are promising
for deep-UV solar-blind photodetection and other photonic
and electronic applications.
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