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Doping is an efficient way to tune the electrical and photoelectrical performances of one-dimensional

semiconductors which have potential application as active materials in high performance nanoscale

devices. Ga2O3 is one the most promising 1D semiconducting systems. However, controlled doping of

Ga2O3 toward higher photoelectrical performances in Ga2O3-based photodetectors remains

problematic. Herein high-quality In-doped Ga2O3 nanobelts are fabricated through a facile and

effective thermal evaporation process. Their morphology and structure are systematically

characterized. Indium has successfully been doped into the Ga2O3 nanobelts based on the data

obtained. The In-doped Ga2O3 nanobelt-based photodetector has shown a higher sensitivity

(9.99 � 104%), responsivity (5.47 � 102 A W�1), quantum efficiency (2.72 � 105%) and less rise/decay

time (1/0.6 s), i.e. much better figures compared with not only the undoped Ga2O3 nanobelt/film but

also other reported doped photodetectors. In addition, the above photodetector has a wider range

photoresponse. In doping has led to significant improvements in the values of key parameters of the

Ga2O3-based photodetector, beneficial for the fabrication of high-performance photodetectors.
1. Introduction

One-dimensional (1D) nanostructures have become the focus of

worldwide research due to their potential use as active materials

in high performance nanoscale devices and their high surface-to-

volume ratios, and rationally designed surfaces.1–6 Monoclinic

gallium oxide (b-Ga2O3) is a chemically and thermally stable

compound with an optical band gap of 4.9 eV. It is a promising

candidate for application in optoelectronic devices including flat-

panel displays, solar energy conversion devices and optical

limiters for ultraviolet and high temperature stable gas

sensors.7–12 Recently, a lot of effort has been made to synthesize

b-Ga2O3 nanowires or nanobelts by several research groups.13–15

For example, Ga2O3 nanowires were synthesized by a simple

physical evaporation method in an oxygen atmosphere using

GaN powder as a raw material and an Al2O3 substrate with an

indium layer as a catalyst.13 Long Ga2O3 nanowires were
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prepared through thermal evaporation of Ga/Ga2O3 powders in

the presence of Au catalyst and their optical properties were

studied.14 Long straight Ga2O3 nanowires were fabricated by the

vapor–liquid–solid method and their optical wave-guiding

properties were analyzed.15 All these works have been focused on

the synthesis and understanding of the basic properties of

b-Ga2O3 nanowires. But the intentional control of their electrical

and photoelectrical properties is still a challenging issue on the

way toward their real applications in future optoelectronic

devices.

Doping is an efficient way to tune the electrical and photo-

electrical performances of semiconductors. It has been widely

utilized in the semiconductor industry.16–20 For example,

N-doped ZnS nanoribbons show stable and reproducible trans-

port properties, whereas undoped ZnS nanostructures are insu-

lating;21 Al-doped ZnO nanowires possess highly sensitive photo

responses under below-gap light illumination, but undoped ZnO

nanowires are optically inert.17 S doping in In2Se3 nanowires

leads to significant improvements in the transport and photo-

electronic performances, enhancing the conductivity and

improving the sensitivity to visible light.22 Considerable

efforts have been made to synthesize and tune the properties of

variously doped Ga2O3 nanostructures,23–25 but still the most

efficient and simple way has not been found; this needs

additional work. Furthermore, controlled doping of these

nanostructures resulting in a corresponding photoelectrical

performance improvement has never been reported.
This journal is ª The Royal Society of Chemistry 2012
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Herein, we demonstrate a simple Au-assisted thermal evapo-

ration approach to controllably synthesize high-quality, uniform

In-doped Ga2O3 nanobelts. Then, detailed electrical and pho-

toelectrical characteristics of individual In-doped Ga2O3 nano-

belt based photodetectors were investigated. It was found that In

doping had led to the significant improvements in the photo-

electronic properties of Ga2O3 nanostructures, as required for

the fabrication of high-performance Ga2O3-based

photodetectors.
Fig. 1 (a and b) SEM images of abundant Ga2O3 nanobelts. (c and d)

SEM images of In-doped Ga2O3 nanobelts. (e) Comparative XRD

patterns of the Ga2O3 nanobelts and In-doped Ga2O3 nanobelts.
2. Experimental section

Synthesis of In-doped Ga2O3 nanobelts and undoped Ga2O3

nanobelts was carried out in a horizontal tube furnace through a

CVD process as follows. For In-doped Ga2O3 nanobelts, a

Ga2O3 powder, an In powder and a graphite powder were mixed

in the molar ratio of 5 : 1 : 2 and used as the source material.

Cleaned Au-coated Si (100) substrates were placed upward in an

alumina boat to collect the products. The temperature in the

center of the furnace was increased to 1000 �C in 30 min and

maintained for 60 min. An Ar flow at a total flow rate of 200

sccm (standard cubic centimeter per minute) was used as the

carrier gas. The furnace power was then switched off and the

material was allowed to cool naturally to room temperature after

the growth. For the undoped Ga2O3 nanobelts, the synthesis

process was similar except that no In powder was used. The as-

prepared samples were characterized using powder X-ray

diffraction (XRD, RINT 2200HF), field-emission SEM (Hitachi-

4800), and TEM (JEM-3000F) equipped with an X-ray energy

dispersive spectrometer (EDS).

To fabricate single-nanobelt detectors, the nanostructures

were removed by sonication from the substrate and subsequently

dispersed in ethanol. The solution was dropped on a thermally

oxidized Si substrate covered with a 200 nm SiO2 layer. Two

electrodes, together with their bonding pads, were exposed by

electron-beam lithography. After development, a Cr/Au (10 nm/

100 nm) film was deposited over the structure followed by a lift-

off process. The current–voltage (I–V) characteristics of the

devices were measured in air and room temperature using an

Advantest picoampermeter R8340A and a dc voltage source

R6144 under light illumination or in dark conditions. A spectral

response for different wavelengths was recorded using a 500 W

Ushio xenon lamp with an illumination bandwidth of 2 nm, and

an Acton Research monochromator with order sorting filters

was used. A time-dependent photocurrent response under

250 nm light illumination for the light-on and light-off states at a

fixed applied voltage was detected, and the incident light power

was calibrated by UV-enhanced Si photodiodes. For electrical

measurements, gate voltages were applied to a n+-Si substrate in

a standard global back-gate geometry.
3. Results and discussion

The morphologies and crystal structures of the as-prepared

undoped and doped Ga2O3 nanobelts are shown in Fig. 1.

Typical scanning electron microscopy (SEM) images of the

product in Fig. 1a–d show abundant undoped and In-doped

Ga2O3 nanobelts, respectively, with a length of up to hundreds

micrometers. The belts’ widths and thicknesses are 200 nm to 1
This journal is ª The Royal Society of Chemistry 2012
mm, and 50–200 nm, respectively. The nanobelts’ surfaces are

smooth and clean without visible contaminations. It should be

noted that the morphology of doped Ga2O3 does not show

visible differences compared with that of the undoped

compound. Comparative X-ray diffraction (XRD) patterns of

the as-synthesized undoped and doped Ga2O3 nanobelts are

shown in Fig. 1e. Except for the Si (100) peak from the

substrates, all the diffraction peaks exclusively correspond to

b-Ga2O3 (JCPDS 41-1103). Notably, the diffraction peaks from

the doped sample are slightly shifted to lower angles relative to

the undoped one, indicating a lattice parameter increase along

the c-axis. This lattice expansion should be attributed to the

incorporation of In into the Ga2O3 lattice: In3+ (0.8 �A) has a

larger ionic radius than Ga3+ (0.62 �A).26 The atomic models of

undoped and doped nanobelts are shown in Fig. S1 and S2.†

The typical transmission electron microscopy (TEM) image in

Fig. 2a also displays a well-defined belt geometry with smooth

sidewalls and a uniform diameter along the entire structure

length. The high resolution transmission electron microscopy

(HRTEM) image in Fig. 2b unveils clear lattice fringes, thereby

indicating that the Ga2O3 nanobelts are structurally uniform and

contain no defects, such as dislocations or stacking faults, sug-

gesting the crystal quality of the Ga2O3 nanobelts has not been

considerably affected by In incorporation. The marked spacings

of z0.23 nm for the lattice fringes agree well with the expected

separations of the (�311) planes in Ga2O3. Energy-dispersive

X-ray spectroscopy (EDS) analysis was further performed to

evaluate the In concentration in the doped Ga2O3 nanobelts.

Besides the strong Ga and O signals (the Cu signals come from
J. Mater. Chem., 2012, 22, 17984–17991 | 17985
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Fig. 2 (a) A typical TEM image of an individual In-doped Ga2O3

nanobelt. (b) HRTEM image of an individual In-Ga2O3 nanobelt. (c) The

corresponding EDS pattern. (d–f) O, Ga, and In spatially resolved

elemental maps, respectively.

Fig. 3 (a) IDS–VDS plots at differentVG at 300 K for an In-doped Ga2O3

nanobelt device. (b) IDS–VDS plots at different VG for an undoped Ga2O3

nanobelt device. (c) Experimental and fitted ln(IDS)–V plots at an inter-

mediate bias at VG ¼ 0.
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the TEM grid), a small peak corresponding to In is apparent.

Quantitative analysis reveals that the In concentration was about

0.8 at.%. Compositional spatial distribution was determined by

the EDS elemental mapping, as shown in Fig. 2d–f, which reveals

that In is uniformly distributed within the Ga2O3 nanobelt. The

above results demonstrate that In was perfectly incorporated

into the Ga2O3 nanobelts by the designed method.

Then, field-effect transistors (FETs) based on individual

undoped and In-doped Ga2O3 nanobelts were fabricated, and

their electrical properties were studied. Fig. 3a and b present the

gate-dependent drain-source current (IDS) versus voltage (VDS)

curves recorded on a representative single FET device. The

doped device exhibits notable gate dependence and is conductive,

reaching a current of 23 nA at a VDS of �10 V and a gate voltage

(VG) of 40 V. The nonlinear curves indicate that Schottky

barriers form between the Cr/Au electrodes and the nanobelt.

Under a positively increasing VG (0/ 40 V), the conductance of

the nanobelt also increases, revealing an n-type conductivity. It

has been reported that the pure Ga2O3 nanowires are normally n-

type semiconductors due to oxygen vacancies.27 The present

nanobelts exhibit similar n-type semiconducting behavior. The

undoped Ga2O3 nanobelts show similar behavior, but possess

much lower currents. The undoped Ga2O3 nanowire has a lower

conductivity (around 10�7 S cm�1), while the doped one exhibits

an enhanced conductivity (around 5.1 � 10�5 S cm�1). It is

known that the conductivity of undoped Ga2O3 mainly origi-

nates from O vacancies that are native donors, and therefore, the

lower conductivity of the undoped nanobelts is likely due to a

higher crystal quality and fewer defects, consistent with the

structure characterization presented above.

We further estimate the carrier concentration and mobility in

the doped nanobelts. The conventional method to obtain such

parameters is to analyze their field-effect behavior using an FET

setup. However, herein the Schottky barriers play an important

role in the electron transport and the FETmodel may result in an

underestimate of the mobility.28 In fact, the present device, as a

metal–semiconductor–metal (MSM) structure, can be modeled
17986 | J. Mater. Chem., 2012, 22, 17984–17991
by two back-to-back Schottky barriers in series with a resistor in

between. Considering that the tunneling current becomes domi-

nant under a reverse bias in a low-dimensional system, therm-

ionic field emission theory is proposed for analyzing the present

semiconductor parameters from the two-terminal I–V curves.29,30

In detail, the reverse-biased Schottky barrier dominates the total

current in the intermediate bias regime of the IDS–VDS curve

(VG ¼ 0):

lnI ¼ ln(JS) ¼ lnS + V[(q/kT) � (1/E0)] + lnJS
This journal is ª The Royal Society of Chemistry 2012
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Fig. 4 (a) Schematic of an individual nanobelt photodetector. (b)

Spectral response of an individual Ga2O3 nanobelt photodetector. The

inset is a typical SEM image of a Ga2O3 nanobelt device. (c) Spectral

response of an individual In-doped Ga2O3 nanobelt photodetector. The

inset is a typical SEM image of an individual In-doped Ga2O3 nanobelt

device.
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where J is the current density through the Schottky barrier, S is

contact area, JS is a slowly varying function of the applied bias,

and E0 ¼ E00coth(qE00/kT) with E00 ¼ h/2[n/(mn*3s30)]
1/2, n is

electron concentration, mn* and 3s are the effective mass of an

electron and relative permittivity of the material, respectively,

and 30 is permittivity of free space. The logarithmic plot of a

current I as a function of bias V gives approximately a straight

line with a slope q/(kT) � 1/E0, as depicted in Fig. 3c. Then n can

be obtained via E0, and the electron mobility can be calculated

using m ¼ s/(nq), with s being the conductivity of the nanobelt.

Applying this procedure to the I–V curves and assuming the

relevant physical constants, such asmn* and 3s (for Ga2O3,mn*z
0.342me, 3s z 10, me being the free electron mass),31–33 the elec-

tron concentration of the In-doped nanowire is estimated to be

9.66 � 1016 cm�3, and the electron mobility is calculated to be

3.3 � 10�3 cm2 V�1 S�1. Therefore, on the basis of the above-

discussed comparison, it is believed that the electrical behavior of

the present doped nanobelt is greatly modulated by In doping.

Ga2O3 possesses a direct wide bandgap and has potential

applications in optoelectronic devices, such as photodetectors

and solar cells. To assess the photoelectrical properties of the

doped Ga2O3 nanobelts, photodetectors based on individual

doped and undoped nanostructures were constructed. The set-up

of a photoconductive device for the photoresponse measure-

ments on an individual nanobelt is shown in Fig. 4a. A mono-

chromatic light illuminated the nanobelt connected to one pair of

Cr/Au electrodes, and the photoresponse was measured by using

a two-probe method. To decently compare the undoped and

doped nanobelts detectors, we choose devices of a similar width

and channel length from among numerous devices prepared. The

insets of Fig. 4b and c show the SEM images of typical devices, in

which the nanobelt width and channel length are approximately

460 nm and 1.9 mm, respectively. Fig. 4b and c represent the

comparative spectral response of the undoped and doped Ga2O3

nanobelt photodetectors at a 6.0 V bias at room temperature.

The undoped photodetector shows a high sensitivity to deep

ultraviolet light with a cutoff wavelength of 260 nm. This

corresponds to a photon energy that is close to the bandgap

(4.9 eV, 260 nm) of Ga2O3 and implies a bandgap excitation

related process. With further decreasing the wavelength

(increasing the phonon energy), the responsivity gradually

increases and reaches a maximum value at 250 nm. It is worth

noting that the responsivity at 250 nm is about 3 orders of

magnitude higher than that in the ultraviolet and visible light

ranges, which indicates that the present photodetector is intrin-

sically ‘‘solar-blind’’. For the doped one, the preferred optical

range is generally similar, showing a high sensitivity to deep

ultraviolet light. However, the latter has a responsivity within a

larger range, from 210–310 nm, revealing the smaller band gap

arising from In doping.

Fig. 5a and b show the comparative I–V curves of In-doped

Ga2O3 nanobelt-based and undoped Ga2O3 nanobelt-based

photodetectors exposed to 250 nm 19 mW cm�2 light and under

dark conditions. The I–V curves display a nonlinear behavior,

which may be attributed to the Schottky barriers at the metal–

semiconductor contacts.34 For the doped nanobelt, an enhance-

ment of current is observed when the device is illuminated using a

250 nm light with the energy above the threshold excitation

energy, Eg (<4.9 eV, 260 nm). At a fixed voltage of 6.0 V, the
This journal is ª The Royal Society of Chemistry 2012
photocurrent (91 pA) is about 910 times larger than the dark

current (0.1 pA). Such an increase in current is attributed to the

electron–hole pairs being excited by the incident light, which has

an energy larger than the band gap, and also to the desorption of

oxygen at the nanobelt surface.35,36 For the undoped case, a

similar phenomenon is seen when the device is illuminated,

except a smaller photocurrent. At a voltage of 6 V, the photo-

current is �5.3 pA, much smaller than in the doped case. These

results indicate that the photocurrent dramatically increases after

In-doping. A corresponding logarithmic plot (Fig. 5c) clearly
J. Mater. Chem., 2012, 22, 17984–17991 | 17987
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Fig. 5 (a) I–V curves of the individual Ga2O3 nanobelt photodetector. The inset is the schematic band diagram of Ga2O3. (b) In-doped Ga2O3 nanobelt

photodetector under illumination with the 250 nm wavelength light and in dark conditions. The inset is the schematic band diagram of In-doped Ga2O3.

(c) Logarithmic plot of (a) and (b). (d) In-doped Ga2O3 nanobelt photodetector under 300 nm light. The inset is the schematic band diagram of In-doped

Ga2O3 under 300 nm light illumination.
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shows that the ratio of photo current to dark current of the

undoped nanobelt photodetector is around 102. As for the doped

one, this value increases to 103, indicating much higher sensi-

tivity. Fig. 5d shows the I–V curves of the doped nanobelt device

illuminated by a 300 nm light (i.e. with a lower energy than the

band gap of Ga2O3). It is worth noting that the device still

exhibits a photocurrent of�2 pA at 6 V, demonstrating a smaller

band gap after In doping. This can be explained by the fact that

In doping16–22 results in a mid-band gap energy level which

reduces the energy gap required for charge separation, as shown

in the schematic band diagram in the insets of Fig. 5a, b and d.

Therefore, the doped nanobelt displays a higher photocurrent

than the undoped device under 250 nm light illumination. In

addition, the In-doped photodetector has a wide-range

photoresponse.

The time response is usually the key factor for sensor perfor-

mance and it determines the capability of a photodetector to

follow a fast-varying optical signal. Fig. 6a and b show the

comparative time responses of the undoped and doped nanobelt

devices, respectively, under pulsed incident 250 nm light created

by a manual chopper. During illumination ON, the current of the

undoped nanobelt photodetector rapidly increases to a stable
17988 | J. Mater. Chem., 2012, 22, 17984–17991
value of�8 pA, and then sharply returns to its initial value as the

light is turned OFF, indicating the excellent stability and

reproducible characteristics of the device. For the doped case, the

same phenomena are seen except for a much larger photo current

in the latter case. It should be noted that the detection limit of our

current (dc) picoampermeter is 0.3 s. The time intervals taken for

the current to increase from 10% to 90% of the peak value or vice

versa are defined as Tr and Td, respectively. Under closer

examination, Tr and Td of the undoped detector are z2.4 s and

<0.6 s, respectively. For the doped one, these values becomez1 s

and <0.6 s, respectively. Therefore, the response time shows a

small decrease. The regarded values are comparable with those of

many reported and prospective 1D nanostructure-based photo-

detectors. It is worth noting that the response time is longer than

the decay time for both present devices studied. Since the increase

of a photocurrent is related to the process of desorption of

oxygen at the nanobelt surface, which is a relatively slow process,

the response time is becoming a little longer. However, when the

light is OFF, the current decreases quickly due to the larger

resistivity of the device.

The sensitivity of the photodetector, defined as (Iphoto � Idark)/

Idark in percent, the spectra responsivity (Rl), defined as the
This journal is ª The Royal Society of Chemistry 2012
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Fig. 6 (a) Time response of an individual Ga2O3 nanobelt at a bias

voltage of 8 V. (b) Time response of an individual In-doped Ga2O3

nanobelt at a bias voltage of 5 V.
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photocurrent generated per unit power of incident light on the

effective area of a photoconductor, and the external quantum

efficiency (EQE), defined as the number of electrons detected per

incident photon, are the key parameters to evaluate the perfor-

mance of a photodetector. The larger values of sensitivity,Rl and

EQE – the higher performance a photodetector has. The Rl and

EQE can be calculated using equations: Rl ¼ I/PS and EQE ¼
hcRl/el, where I is the difference between a photocurrent and a

dark current, P is light intensity, S is effective illuminated area, h

is Planck’s constant, c is velocity of light, e is electronic charge

and l is excitation wavelength. Remarkably, the calculated

sensitivity, Rl and EQE for the In-doped Ga2O3 nanobelts are as

high as 9.09 � 104%, 5.47 � 102 A W�1 and 2.72 � 105%,

respectively, for the incident wavelength of 250 nm at 6 V, which
Table 1 Comparison of the characteristic parameters for undoped Ga2O3 sem

Photodetector
Spectral responsivity/A
W�1

Ga2O3 nanowire 33.7
Ga2O3 nanowire —
Ga2O3 thin film 8 � 10�5

Ga2O3 single crystal 2.6–8.7
Ga2O3 nanobelt —
Ga2O3 nanobelt 32
In-doped Ga2O3 nanobelt 5.47 � 102

This journal is ª The Royal Society of Chemistry 2012
are not only higher than the values for the undoped Ga2O3 but

also for most of the reported doped photodetectors,17,22,28,37–44 as

summarized in Tables 1 and 2.

The large photo-dark current ratio, high sensitivity, fast

response and highRl (or EQE) may be ascribed to the chemically

pure, high-quality single crystals grown, their large surface-to-

volume ratio, shorter channel length, and lower recombination

barrier.45–48 Several unique characteristics of the present In-

doped Ga2O3 nanobelt devices are thought to significantly

improve the observed responsivity compared to the previous

devices: (1) superior crystal quality (the density of traps induced

by defects is thus dramatically reduced and the photocurrent

rapidly reaches a steady state both on rise and decay stages). (2)

Larger surface-to-volume ratio (the dangling bonds on the

nanostructure surface can serve as recombination centers for

photogenerated carriers, which would enhance the free carriers’

recombination and shorten the decay time). (3) Shorter channel

(a short channel can result in shortening the photocarrier transit

time, thus increasing the responsivity). (4) Lower recombination

barrier (band bending usually occurs at the semiconductor

surface due to Fermi-level pinning, which results in a recombi-

nation barrier for electron–hole pairs).

Furthermore, according to Garrido’s photoconductive gain

model for GaN photodetectors,49 the current increment of the

present nanobelt device caused by conductive volume modula-

tion can be written as:

DI ¼ W(Wdark � Willum)qmnVbias/L

where DI is the measured current difference between dark and

photo currents, Wdark is the surface depletion region (SDR)

width in the dark, Willum is the SDR width under light, W is the

nanobelt width, L is the device channel length, q is electron

charge, m is electron mobility, n is carrier density and Vbias is

applied bias voltage. Since the values of W, L, Wdark, Willum and

Vbias are similar for both undoped and doped photodetectors, DI

is mainly determined by m and n. Obviously, m and n values for

the doped nanobelt are larger than those for the undoped one,

which is also confirmed by the documented electrical perfor-

mance. What’s more, according to Prades’ systematic studies of a

photodetector based on individual n-type nanowire, the photo-

current Iphoto is given by the equation:50

Iphoto ¼ q(W/L)bhsmVbiasFph

where three different contributions are clearly identified. The first

one is related to geometric parameters of the device (W/L), the

second one to the intrinsic properties of nanobelts (bhsm), and
iconductor photodetectors from previous reports with the present work

EQE/%
Photo-dark current
ratio Ref.

1.67 � 104 4.0 � 102 28
— 3.7–21.5 37
— — 38
— z102 39
— 6.67 � 102 40
1.59 � 104 102 This work
2.72 � 105 9.10 � 102 This work
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Table 2 Comparison of the characteristic parameters for doped 1D inorganic semiconductor photodetectors from previous reports with the present
work

Photodetector
Spectral responsivity/A
W�1 EQE/%

Photo-dark current
ratio Sensitivity/% Rise time/s Decay time/s Ref.

Al-doped ZnO nanowire — — z20 1.9 � 103 — — 17
S-doped In2Se3 nanowire 1.3 � 103 3.3 � 105 9.4 9.3 � 102 — — 22
Co-doped ZnO nanobelt — — 84.6 8.36 � 103 z60 250 41
Cu-doped ZnO nanobelt 4.0 � 102 1.7 � 105 z102 9.9 � 103 9 17 42
Sb-doped ZnO nanobelt — — 23 2.2 � 103 — — 43
In-doped CdSe nanowire — — 2.2 2.1 � 102 <30 >60 44
In-doped Ga2O3 nanobelt 5.47 � 102 2.72 � 105 9.10 � 102 9.09 � 104 z1 <0.6 This work
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the third one only depends on the experimental conditions

(VbiasFph). Considering that the values of b (the fraction of

photons not reflected by the surface), h (the quantum efficiency

of carrier generation by one photon), and s (carrier lifetime) are

similar for the undoped and doped nanobelts, the larger m

(carrier mobility) contributes to the larger photocurrent. It has

been known that doping is an efficient way to increase the

sensitivity and responsivity of a photodetector. In fact, it has

clearly been demonstrated in our work based on the above-dis-

cussed models.
4. Conclusions

In summary, we developed a facile and effective thermal evap-

oration process for the synthesis of high-quality In-doped Ga2O3

nanobelts. Their morphology and structure were systematically

investigated. Successful doping was verified by XRD and EDS-

mapping results. The detailed electrical and photoelectrical

characteristics of individual undoped and In-doped Ga2O3

nanobelt based photodetectors were investigated. The In-doped

Ga2O3 nanobelt based devices showed a higher sensitivity (9.09

� 104%), responsivity (5.47 � 102 A W�1), quantum efficiency

(2.72 � 105%) and shorter rise/decay time (1/0.6 s); the parame-

ters which are superior compared with not only the undoped

Ga2O3 devices but also reported doped photodetectors. Indium

doping led to significant improvements in photoelectronic

properties of Ga2O3 nanostructures. These are beneficial for the

fabrication of high-performance future Ga2O3-based optoelec-

tronic nanodevices and their smart integration into technology.
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