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Epitaxial films of -(AlL,Ga;_,)203, f-Gas03, and f-(In,Ga;_,)2O3 were grown
on (001) sapphire substrates via metalorganic chemical vapor deposition
(MOCVD). The compositions of the films as determined from energy dispersive
x-ray analysis (EDX) and x-ray photoelectron spectroscopy (XPS) results were
Xa1=0.57 £ 0.05 and 0.76 &+ 0.05 and X1, = 0.12 + 0.05 and 0.21 + 0.05. The
optical bandgap was found to correspondingly vary between 6.0 &+ 0.2 and 3.9
+ 0.1 eV, as a function of composition via XPS and UV-visible spectroscopy
(UV-Vis). X-ray diffraction, scanning electron microscopy, and atomic force
microscopy revealed the films to be highly-oriented (201)-epitaxial films with
nanocrystalline domains. Schottky- and MSM-based solar-blind UV photode-
tectors were fabricated on the films and showed responsivities at 20 V varying
from > 10* A/W for the Ga;0; devices, > 10° A/W for the (Al,Ga; ,)203 de-
vices and > 102 A/W for the (In,Ga; ,)203 devices. Modest shifts in wave-
length selectivity corresponding with the changes in composition/bandgap
were also measured. Time response measurements on Schottky and MSM
detectors reveal rise and dwell times on the order of a minute, indicating the
presence of photoconductive gain. Noise-equivalent powers were in the fW—pW
regime with specific detectivities (D*) between 10'° and 102 Jones. Scanning
photocurrent maps display large photocurrent generation at the Schottky
interface in the case of a -GasO3 Schottky detector, whereas for an S-(In-
+Ga1_,)203 MSM detector the photocurrent generation occurs in the device
channel and at the Schottky interface.

Key words: f-(Al,Ga;_,)203, -Gas0s3, f-(In,Ga;_,)203,
Metalorganic chemical vapor deposition

INTRODUCTION

UV photodetectors are of high interest to numer-
ous industries and the military for applications
ranging from flame- and missile-plume detection to
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ozone hole monitoring. Due to its ultrawide band-
gap, Gay03 is well suited for UV photodetectors that
are solar-blind and therefore insensitive to wave-
lengths greater than ~ 280 nm. The ability to grow
single crystals of f-GasO3 from various liquid-phase
methods'™® provides further practical advantage for
the use of this semiconductor.

In,03, Gay03, and Al,O3, which have bandgaps of
2.7, 4.6 and 9 eV, respectively,’ form the basis of a
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Group III-oxide alloy system (Fig. 1b). As such, the
potential exists to tune the bandgap of
(Al,Ga,In);0O3-based alloys over a large energy
range and, correspondingly, tune the wavelength
selectivity of photodetectors based on these alloys.
However, the binary oxides have different equilib-
rium crystal structures, which means that a phase
change will occur at a certain composition within
any of the ternary alloys. This study reports results
on epitaxial films of GayOs; and ternary (Al,.
Gai;_,)203 and (In,Ga;_,)203 alloys that remain
within the f phase. We characterize their
microstructural, chemical, and optical properties
as a function of composition, and measure the
photoresponse, time response, and noise spectra of
metal-semiconductor-metal (MSM) and Schottky
photodetectors based on these films. The results
indicate bandgap tunability of ~ 1.5 eV for the
compositions grown. Photodetectors with the high-
est responsivities for their respective material types
are reported.

EXPERIMENTAL

Gag0s3, (AL,Ga; _,)203, and (In,Ga;_,)203 epitaxial
films were grown on (001) c-plane sapphire sub-
strates using metalorganic chemical vapor deposi-
tion (MOCVD). The MOCVD system (Fig. la)
comprised a quartz vertical showerhead above a 2-
inch stage. Gases flowed from above incident on the
substrate where the samples were resistively
heated.

Five epitaxial films were investigated in this
study; one Gay03 (GO-1), two (Al,Ga;_,)203
(AlIGO-1 and AlGO-2), and two (In,Ga;_,)203
(InGO-1 and InGO-2). The films were deposited
using an in-house custom-built MOCVD system
consisting of a cylindrical quartz reactor (with two
inlets at the top for the precursors: one for metalor-
ganic precursor injection and the other for injection
of oxygen), a gas delivery system and a vacuum
system connected through flanges. All films were
grown at 100 Torr with an Ar carrier gas. The
chamber was evacuated with the use of a mechan-
ical pump. The substrates were placed on the
sample stage (Hastelloy susceptor) and were heated
using an induction heating arrangement. The sus-
ceptor temperature was measured using an optical
pyrometer. Once the growth temperature was
reached, the precursors were introduced into the
reactor through the gas inlets. The flow of the
precursor gases to the quartz chamber was con-
trolled using mass flow controllers calibrated for
each gas. Over the course of the work a variety of
process parameters were explored. Small variations
in the process parameters (gas phase precursor flow
rate) and substrate temperature affect the resulting
film composition, which in turn will vary the
composition, bandgap, and conductivity. For exam-
ple, changing the precursor supply ratio at a fixed
temperature changes the grown film alloy composi-
tion; changing the temperature does the same. The
precursors also react differently with oxidizer
species, and gas phase reactions tend to increase

with  concentration and thus can cause
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Sample T(°C) P(kPa) TEGa(sccm) TMAI/TMIn(sccm) TeOS(sccm) Op(sccm) Rate(nm/hr) Thickness(nm)
GO-1 800 13.33 20 = 5 225 250 250
AlGO-1 800 13.33 80 10 - 225 750 750
AlGO-2 800 13.33 80 10 5 225 750 750
InGO-1 600  13.33 80 20 - 90 250 250
InGO-2 600 13.33 80 20 5 225 350 350

Fig. 1. (a) MOCVD growth setup used to grow GayO3, (Al,Gai_)203, and (In,Ga;_,)-O3 films at Structured Materials Industries, Inc. (SMI). (b)
Diagram illustrating the bandgaps and differences in bond length (i.e., structural mismatch) of thermodynamically stable phases of Ga,O3, Al,O3,
and In,O3. (c) Growth conditions for Ga,Os, (Al,Ga;_)203, and (In,Ga;_,)203 films in this study.
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homogeneous reactions in the gas phase that can
reduce film growth rates and/or produce particles
that may be incorporated into the growing film. We
did not systematically study these complex interre-
lationships for these films. The Gay03; (GO) and
(Al,Ga;_,)203 (AIGO) films reported in this study
were grown at 800°C, whereas the (In,Ga;_,)203
(InGO) films were grown at 600°C and annealed in
ambient air at 800°C (the growth temperature of the
GO and AlGO films) for 1 h to crystallize the films.
The metalorganic sources triethyl gallium (TEG),
trimethyl aluminum (TMA), and trimethyl indium
(TMIn) and tetra orthosilicate (TEOS) (for doping)
were placed in bubblers. The bubbler systems were
designed such that a carrier gas of Ar bubbled
through the precursor and transported the vapors of
the metalorganic source to the chamber. The growth
conditions, growth rate, and thickness for each film
are tabulated in Fig. 1c. All films were nonconduc-
tive when measured using Hall effect and four-point
probe measurements.

The films were characterized structurally, chem-
ically and optically using a variety of complemen-
tary techniques, including x-ray diffraction (XRD),
scanning electron microscopy (SEM) with energy
dispersive x-ray analysis (EDX), atomic force micro-
scopy (AFM), optical transmittance in the UV-
visible range, and x-ray photoelectron spectroscopy
(XPS). XRD characterization was conducted using a
Panalytical X’pert Pro MPD x-ray diffractometer
with Cu-Kuo radiation (1 = 0.154 nm). Scans were
obtained in the 0-20 geometry. Optical properties of
the films were measured in the UV-visible (~ 230—
800 nm) range using an OLI 770 multichannel
spectroradiometer. AFM was performed using a
Solver Next I AFM/SPM with a Si tip in semicon-
tact mode. The SEM imaging and EDX character-
ization were conducted using a Phillips XL30
Scanning Electron Microscope (SEM) at 10 keV
using Ku emission lines. The mole fractions (X; or
X1n) of InGO and AlGO films were calculated from
EDX measurements by taking the atomic percent-
age of Al or In and normalizing with respect to the
atomic percentage of Ga. XPS was performed at the
Swagelok Center for Surface Analysis of Materials
(SCSAM), using a PHI Versaprobe 5000 Scanning x-
ray Photoelectron Spectrometer with an Al Ko x-ray
source with a spot size of 100 um. The compositions
of Al, Ga, In, and O were calculated by using the
area under the high-resolution curves (Fig. 2) and
weighted with the respective sensitivity factors for
each elemental species. These atomic percentages
were used to determine the mole fraction, X; or Xi,,
of AIGO and InGO films, respectively. Prior to the
XPS measurements the samples were etched in-situ
with a 3 kV Ar beam for 2 min to remove contam-
inants from the top ~ 20 nm from the surface.

Photodetectors comprising 48 interdigitated con-
tact fingers with nominal 50 ym finger widths and
finger spacings and an area of 0.625 cm?® were
fabricated using a standard photolithography

process. Prior to the photolithography process the
samples were ultrasonicated in acetone, isopropyl
alcohol, and deionized water for 10 min each. Two
layers were spin-coated on the samples prior to
patterning: a layer of hexamethyldisilazane
(HMDS) to form an adhesion layer on the surface,
and AZ 4210 photoresist. The samples were subse-
quently exposed to UV light for 1 min prior to
developing the resist. Schottky detectors were fab-
ricated comprising Ti/Au (20 nm/50 nm) ohmic con-
tacts and 5-nm-thick Ni Schottky contacts. Metal-
semiconductor-metal (MSM) photodetectors com-
prised two symmetrical 5-nm-thick Ni Schottky
contacts. All contact metals were deposited via
electron-beam evaporation in an ultra-high vacuum
system. The ohmic contacts were annealed at 400°C
for 5 min in an Ar atmosphere prior to deposition of
the Schottky contacts.

The photoresponse measurements were per-
formed using a monochromator with a Xe-arc lamp
source, with P, measured down to ~ 200 nm at a
slit-width of 10 nm using a Thorlabs UV-enhanced
Si photodiode. The light was illuminated from the
top of the device at a 45° angle, with a spot size of
~ 1 cm?. The photocurrent was then measured and
normalized to the beam power. The extracted
relative responsivity was calibrated to a broad area
hand-held 254 nm Hg-vapor lamp with a uniform
illumination density at 6.5 uW/cm?, comparable to
the power in the monochromator beam at 254 nm to
obtain an absolute R(41). The I-V measurements in
the dark and under illumination were performed
using an HP4155C parameter analyzer with a probe
station.

The noise and transient measurements were
performed with a Keithley 2610 2-channel source-
meter to bias the device, with the device source
routed into a current trans-impedance pre-amplifier
whose input functioned as a virtual ground to
measure the drain current Ip, which was also
monitored using the source-meter. The output volt-
age was fed into an oscilloscope where the time
dependence of current under 250 nm illumination
was measured. In the dark, the drain current was
allowed to stabilize for 5 min before taking data.
The time trace of the dark current was converted to
a frequency dependence using the FFT function on
the oscilloscope, enabling measurement of the dark
noise spectrum between 1 and 50 Hz. Scanning
photocurrent maps (SPCM) were generated with
illumination of a 444 nm laser, a chopper frequency
of 113 Hz, and a bias of 500 mV with a resolution of
1 ym.

RESULTS

XPS and EDX measurements were employed as
complementary tools for estimation of film compo-
sitions. Figure 2 shows high-resolution Ga 2ps/, Al
2p, and In 3ds,e XPS peaks from respective films.
Small differences in the Al 2p and In 3d peak
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positions between samples could be due to the
different compositions and therefore different bond-
ing arrangements of the atoms, as well as differ-
ences in surface band bending; some charging due to
the nonconductive sapphire substrate could also
affect the binding energy positions. As mentioned in
the Experimental section, the compositions as esti-
mated from XPS measurements were calculated
using peak areas rather than the precise peak
positions. The estimated compositions from XPS
were X, = 0.20 and 0.11 for (In,Ga;_,)203 in InGO-
1 and InGO-2, respectively. For the AIGO films,
XPS yielded estimated compositions of X, = 0.76
and 0.59 for (Al,Ga;_,)203 in AlIGO-1 and AIGO-2,
respectively.

Film compositions were also estimated from EDX
measurements. EDX yielded estimated composi-
tions of X1, = 0.21 and 0.12 for (In,Ga;_,)203 in
InGO-1 and InGO-2, respectively. For AIGO-1 and
AlGO-2, EDX yielded an estimated composition of
Xa1 = 0.66 and 0.54 in (Al,Ga;_,)20s3, respectively.

Optical transmittance and reflectance measure-
ments were conducted to determine the optical
properties and bandgaps of the films. Figure 3a
displays the normalized transmittance of GO-1,
AlGO-2, InGO-1, and InGO-2. Transmittance and

reflectance data can be used to determine the
bandgaps by the Tauc relation:®

(¢hv)*=A(hv — Eg), (1)
where o = — 1In<Z5, T is the transmittance, R is the
reflectance, and d is the film thickness. Extrapola-
tion of the curve for GO-1 yields a bandgap of
4.6 +0.1eV, which is within the range reported for
p-Gag03. Similarly, InGO-1 and InGO-2 samples
yield bandgaps of 3.8+ 0.1eV and 4.0+ 0.1eV,
respectively. The wavelength (energy) range of our
OLI 770 multichannel spectroradiometer was insuf-
ficient to extrapolate a bandgap value for AIGO-2
although it is apparent from the curve that the
bandgap shifts to higher energy.

XPS was used as a complementary method to
estimate bandgap values. Bandgaps were calculated
from XPS measurements by taking the difference
between the onset of inelastic losses before the
elastic Ga 2ps/» peak and the core level of the elastic
Ga 2psse peak.” A linear extrapolation is performed
before the onset of inelastic losses, occurring at a
slightly higher energy than the given elastic peak,
to where the onset of inelastic losses reaches a
minimum; the difference between the onset of
inelastic losses and the core energy level of the
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Fig. 2. High-resolution XPS scans of (a) the Ga 2pz» peak, (b) the Al 2p in (Al,Ga;_,)203 films. (c) the In 3ds» peak in (InyGa;_x)203 films.
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peak is equated to the bandgap. This method of
estimating band gaps provides an alternative to
optical measurements, for which most setups are
limited to wavelengths > 200 nm and therefore not
useful for measuring band gaps ~ 6 eV or greater.
The XPS-determined bandgap values for GO-1,
InGO-1, InGO-2, AlIGO-1 and AIGO-2 were found
tobe 4.6 £ 0.2 eV,4.0+ 0.2 eV,4.2 +0.2,eV, 6.0 +
0.2 eV, and 5.6 £ 0.2 eV, respectively, which are in
close agreement with the respective Tauc-plot
values.

XRD was performed to identify the crystal struc-
ture and phases of the films. Figure 4a displays 0—
20 scans for 20 = 15°-85°. Ga,03 displays a set of -
Gay0; (201) peaks, typical for GayOs films grown on
(001) sapphire.’®! The (In,Ga;_,)205 and (AL,
Ga;_)203 films displayed peaks near the {201}
GayOspeaks but shifted slightly to lower and higher
angles, respectively. The small shifts to lower
(higher) angles shown in Fig. 4b are attributed to
a small increase (decrease) in the lattice parameter
associated with In (Al) incorporation,”'?~*® and
further indicate that these epitaxial alloy films are
p-phase (201)-oriented. The films also displayed a
minor peak at 20.4° that could not be identified. In
contrast, for reasons that have not been determined,

AlGO-1 was primarily amorphous. Composition
estimations from these peak shifts would require
higher resolution XRD measurements and a com-
prehensive XRD analysis of standard references.

Figure 4c, d and e show representative SEM (left)
and AFM (right) images of GO-1, InGO-1, and
AlGO-2, films. From the images we estimate that
GO-1 is comprised of in-plane rotational domains
~ 100-200 nm in size; similar domains ~ 300—
400 nm and ~ 600-800 nm appear to be present in
the AIGO-2 and InGO-2 films, respectively.

Figure 5 summarizes the compositions and band-
gap values determined from the characterizations of
p-(Al,Ga;_,)2O3 and p-(In,Ga;_,)2O3 described
above. The plot shows the bandgap values plotted
as a function of incorporated In and Al, as deter-
mined in this study, and compares them with
bandgap values from the literature for films grown
by other methods. The bandgap values in this study
span ~ 1.5 eV for f-(Al,Ga,In);03; films and are
mostly in agreement with other reported values,
although there 1is some difference for the
(In,Ga;_,)203 compositions. The differences could
be due to uncertainty in the compositions estimated
in previously reported films or due to microstruc-
tural influences from these nanocrystalline films.
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Fig. 4. (a) Survey XRD scans showing preferred (201) orientation for Ga,Os, (Al,Ga_,)203, and (In,Ga;_,)>05 growth on c-plane sapphire
substrates. (b) Shift of XRD peaks to the right for crystalline AIGO-2 and to the left for INnGO-1 and InGO-2. SEM (left) and AFM (right) of (c) GO-

1, (d) AIGO-2, and (e) INnGO-1 films.
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Fig. 5. (a) Bandgap versus composition for other f-(Al,Ga;_)203,
and f-(InyGas_,)203 Squares represent MOCVD growth, triangles
represent MBE growth and circles represent PLD growth. (b)
Table displaying the results of the bandgaps and compositions
obtained from XPS, EDX and Tauc plots for the GayOs,
(Al,Gag_,)203, and (In,Ga;_,)203 films.

The remaining experiments describe the results
of photodetectors that were fabricated from each of
the five films described above. MSM photodetectors
based on f(-(Al,Ga;_,)203 films with lower Al-con-
tent>?1% and f-(In,Ga; )9035 Xim = 0.05-0.36)
films'®151718 hayve been reported previously. Fig-
ure 6a, b, and ¢ shows the photoresponsivity as a
function of wavelength for the working MSM detec-
tors (at 12 V, forward bias) and Schottky detectors
(at — 12V, reverse bias) overlaid with the normal-
ized film transmittance. Because only a few devices
fit on each 1 x 1 cm sample, some device types on
certain samples did not work and are therefore not
displayed in the plots. For GO-1 and AIGO-2 devices
(Fig. 6a, b), the responsivity increases in accordance
with the locations of relatively sharp absorption
edges, as expected. For the (In,Ga;_,)>O3 detectors
the transmittance and the photoresponse also
increase at approximately the same location, but
the transmittance curve increases more gradually,
suggestive of an indirect bandgap (Fig. 6¢). Fig-
ure 6d shows the responsivity of a detector from
each film, normalized to the maximum response of
the respective detector. A wavelength shift of
~ 30 nm from lower to higher wavelengths is
observed for the (Al,Ga;_,)203, and (In,Ga;_,)203
photodetectors, respectively. With respect to device
performance, the peak responsivity values are
shown in a table in Fig. 7d. To our knowledge these
values are the largest responsivities reported for
Gay03 thin film detectors, (Al,Ga;_,)2O3 photode-
tectors, and (In,Ga;_,)203 photodetectors to date.

Figure 7a, b shows rise and dwell times for the
devices in response to 250 nm light. Figure 7e
tabulates the rise times measured by taking the

difference between the times where the current
reaches 10% of its value and when the current
reaches 90% of its value under illumination. The
dwell times are measured by taking the difference
between the times where the current reaches 90% of
its value and when the current reaches 10% of its
value after the illumination is removed. The slow
response time, with rise and dwell times on the
order of a minute, coupled with ultrahigh respon-
sivities point towards photoconductive gain being
the contributing gain mechanism.

Such high responsivity values indicate the pres-
ence of photoconductive gain, as a quantum effi-
ciency of 100% should yield much lower
responsivities in this range. During illumination,
instead of the UV light directly promoting an
electron from the valence band to the conduction
band, it could promote the electron to a trap state.
In trap states, emptying and filling occurs slowly
and, depending on the number of these trap states,
their energy level, and their density, they can serve
to substantially increase the time response of
detectors. Photoconductive 1%ain was observed in
Gas03 by Armstrong et al.”” in an EFG Tamura
substrate. The gain was attributed to self-trapped
holes (STHs) in the depletion region. STHs, which
are effectively immobile positive charges that occur
in f-Gas0s3 due to local deformation potentials in the
lattice, can drastically increase the hole recombina-
tion time in devices.?%?!

Figure 7c displays the noise power density for the
measured devices. Measured noise power density,
S,.(f), can be converted into total noise current, i2:

@2) = 1 S,u(F)df (2)

0

Because these detectors are very slow, an ade-
quate i2 can be calculated using a bandwidth, B =
1 Hz.

Noise equivalent power (NEP) is the smallest
optical power that can be detected for a given noise
level, and is given by:

(@)
o, 3)

where R is the peak responsivity in A/W. The
frequency dependence of the GO-1 Schottky and
MSM detector is well fit with a 1/ dependence,
whereas the InGO-1 MSM, InGO-2 MSM and
Schottky are well within a 1/f dependence. For
detectors on InGO-1 and InGO-2 the 1/f trend
diverges around 10 Hz as the devices go into the
flatband condition. Similarly, for the GO-1 devices
the MSM detector diverges from I/f2 around 10 Hz
into a 1/f behavior, whereas the GO-1 Schottky
detector diverges from 1/f° to 1/f around 20 Hz. 1/f
noise, referred to as flicker noise or a fluctuation in
conductivity, is attributed to distributed trap states

NEP =
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Fig. 8. SPCM of (a) GO-1 Schottky photodetector and (b) INnGO-1 MSM photodetector. A laser using sub-bandgap (444 nm) light is rastered
across the sample and the photocurrent is measured in the devices. Schematic of (c) Schottky photodetector with Ni—Ti/Au contacts and (d) MSM

photodetector with Ni-Ni contacts.

throughout the bandgap, whereas 1/f° noise corre-
sponds to discrete, highly populated trap states.
These results therefore suggest discrete trap states
in the GO devices and distributed trap states in the
bandgap of the InGO devices.

The specific detectivity, D*, describes the smallest
detectable signal and is independent of area and
bandwidth. D* can be calculated by:

. JVAB
D' =SEp (4)

where A is the area. Figure 7f displays calculated
NEP and D* values. Our detectors have NEPs in the
low pW-fW regime. To the best of the authors’
knowledge, these NEP are the lowest reported for
Gas03 and (In,Ga;_,)503 thin film detectors.

Scanning photocurrent maps (SPCM) were
obtained for the GO-1 Schottky device (Fig. 8a)
and the InGO-1 MSM device (Fig.8b). In this
technique a 444 nm laser rasters over a biased
device and spatially measures the photocurrent.
Figure 8a illustrates photocurrent generation at the
semi-opaque (~ 5 nm) Ni Schottky metal on the GO-
1 Schottky photodetector, where a photocurrent of
4-7 nA is observed. A smaller photocurrent of ~ 1
nA was measured in the channel between the
contacts. In contrast, for the InGO-1 MSM the
photocurrent under the semi-opaque Ni contacts
was smaller than the photocurrent measured in the
channel.

The high responsivity, slow time response, and
SPCM of our GO-1 Schottky detector provide strong
evidence that the gain mechanism provided in /-
Gay03 photodetectors is due to interfacial trapping.
The boundaries separating nanocrystalline domains
within the films would give a higher density of
dangling bonds that act as surface trap states for
electrons/holes. However, there is very little pho-
tocurrent generated in the GO-1 Schottky channel
(Fig. 8a), implying surface trap states cannot be a

dominating effect in the gain mechanism. Metal
induced gap states (MIGS) could play a role in the
interface trapping, however similar photoconduc-
tive gain has been established for other Schottky
metals, such as Au,?? Pt,2® Ti,?* and other orienta-
tions of f-GasOs5 , such as (100),% (010).%® It seems
unlikely that MIGS could play a similar role in all
such scenarios. However, STHs as initially theo-
rized by Armstrong et al.'®, and further observed in
other -GasOs-based photodetectors,?®21?* have the
means to provide photoconductive gain. In the case
of the GO-1 Schottky, photoconductive gain is
attributed due to the strong trapping at the 5 nm
Ni contact.

Similar arguments can be espoused in the case of
the InGO-1 MSM detector, as it also has high
responsivity and slow time response. However, the
SPCM indicates significant recombination in the
device channel as well as both Schottky contacts.
There is no established literature on gain mecha-
nisms in $-(In,Ga;_,)203 photodetectors, but results
suggest that surface states in the channel and
trapping at the Schottky interface, due to STHs,
both play a role. In the channel, it can be speculated
a high density of surface states within nanodomain
boundaries act as negatively charged defects that
bend energy bands upward. When illuminated, as in
the case for GasOs3, these surface states are filled
and the barrier is lowered, resulting in higher
photoconductivitg. A similar effect is reported in
ZnO nanowires.”

CONCLUSIONS

In this study we characterized the orientation,
compositions, and band gaps of fS-phase
(Al,Ga,In)503 highly-oriented epitaxial films grown
on (001) sapphire by MOCVD, and measured their
performances as Schottky and MSM UV photode-
tectors. The calculated bandgaps were observed to
vary over a range of ~ 1.5eV, as a function of
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composition. The resulting photodetectors, which
includes the highest Al-content pf-phase (Al,.
Gai_,)203 photodetector reported to date at X =
0.57 + 0.05, demonstrated low NEP and ultrahigh
responsivities, which indicates the presence of pho-
toconductive gain. The turn-on wavelengths for the
photodetectors showed modest shifts (~ 30 nm) in
accordance with the respective increase or decrease
in the bandgaps of the films. The achievement of
high photocurrents with such low incident light
intensity opens up the possibility of using f-
(Al,Ga,In);03 materials as low-light sensing
detectors.
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