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Abstract — Spectral dependencies of absorption coefficient andpersistent photoconductivity in
nanocrystalline indium oxide (In,O3) are studied. Nanostructured In,O; samples with various nanocrystals
size are prepared by sol-gel method and characteed using various techniques. The mean nanocrystadize
varies from 7-8 nm to 39—41 nm depending on the pparation conditions. Structural characterization of the
In,O; samples is performed by means of transmission eteen microscopy and X-ray diffraction. The
analysis ofultraviolet — visible absorption spectroscopyshows that nanostructuring leads to the change in
optical band gap: optical band gap of the 1803 samples (with an average nanocrystal size from @ 41 nm) is
equal to 2.8 eV. We find out thecorrelation between spectral dependence of photoeductivity and optical
properties of nanocrystalline In,O3: sharp increase in photoconductivity was observedotbegin at 2.8 eV
energy equal to the optical bandgap in thén,0; samples, and reached its maximum at energies o233.3 eV.

Index Terms— absorption, nanocrystalline indium oxide, persigtnt photoconductivity, ultraviolet — visible
absorption spectroscopy.

II. EXPERIMENTALDETAILS

. INTRODUCTION The InOz; nanocrystalline samples were prepared by sol-

Indium oxide (n;03) is a wide band gap n-type gel method and then annealed at various tempesature
semiconductopossessing high electrical conductivity andT=300-700°C) during 24 h as described in our previous
optical transparency [1]. The optical and electtoniwork [10]. Depending on the annealing temperatine t
properties of indium oxide make this material dolgégafor samples are called 48:-300, 1n03-500 and 18O5-700.
numerous applications such as optoelectronicssg@asors, After that the phase composition, dispersion degree
solar cells, holographic recorders, thin film triat®'s, particle size and specific surface area of nanocmsites
photocatalystsetc [2-8]. However nanocrystalline indium were studied.
oxide with few-nanometers nanocrystal size may l@khi  The structure of the samples was examined usingyX-r
properties different from the bulk materialherefore a diffraction (XRD) and transmission electron micropy
study of the optical and photoelectrical properidsthe (TEM). The XRD and TEM data were also used for
nanocrystalline I50sis very important. estimation of I1gO; average grain size. The specific surface

It is well known [9] thathere are fundamental (2.89 eV)area of the samples was estimated by the methdomef
and optical band gafgy (3.70 eV) in single-crystalline temperature nitrogen adsorption using the Brunauer-
In,O; (direct optical transitions from the valence ban&Emmet-Teller model [11].
maximum to the conduction band minimum are parity The thin films were prepared by stencil processe Th
forbidden because of the band structure symmeng)tiaat thickness of the obtained thin films was equabi.
the first strong transitions occur from valence ds=0.81 Transmission and reflection measurements in wide
eV belowthe valence band maximum. But there are ngpectral interval A=190 —1100 nm) were made using
data on the optical band gap width in nanocrysi@lli Perkin-Elmer spectrometer (model Lambda 35) with
indium oxide. Furthermore direct measurements e€spl resolution 1 nm. Incident beam was normal to théase
dependences of absorption coefficient in nanocitysga of the samples.
In,O; was not carried out. Optical band gap can also be Samples for photoconductivity measurements had two
determined from analysis of the photoconductivitectral gold planar electrodes spaced at a distance ofn@n5 All
dependence. At the same time detailed studies ef tbtructures demonstrated ohmic behavior in the raridge-
spectral dependence of the photoconductivity of0 V applied voltages. In order to measure the tsglec
nanocrystalline indium oxide also were not caroed dependence of photoconductivity, the samples haen b

In this work spectral dependencies of photoconductivitylluminated by monochromatic light in the range 380 —
andabsorption coefficienin nanocrystalline indium oxide 700 nm by using a spectrometer with a high-powenoxe
with small nanocrystals sizare studiedn detail, value of filament. The intensity of light irradiation was RN/cnf.
the optical band gap of the nanocrystallingliis defined. The value of the photoconductivityl @) was defined
The high quality nanocrystalline J@; thin films with as the difference between the conductivity of tample

different nanocrystal size (7 — 40 nm) have beeguring illumination ;) and dark conductivityof):

investigated in our work. A‘Tph =0, -0,.
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Ill. RESULTSAND DISSCUSSION nanocrystalline indium oxidéTable 1). However as it is

The XRD and TEM analyses of the,@y samples show known [9] here should exist fundamental (2.89 eV) and

a single phase of cubicAB;. The XRD peakindicate its °Ptical band gap (3.70 eV) in single-crystallifg,0s.
good crystallinity. The nanocrystals size increasésle Really according to the theory the direct optical transis
the annealing temperature rises [12]. The designsitof from the valence band maximum to the conductiondban

the samples, annealing temperatures, nanocryszgalssd Minimum are parity forbidden and the first strong

specific surface areas are given in Table . transitions occur f_rom valence _bands 0.81 e\/_ betbey
valence band maximum. According to the data inTihle

| in nanocrystalline indium oxide the optical bagdp is

close to the fundamental one in the bulkQg while

transitions with photon energy abokg are allowed. This

Table 1. The designations of samples, annealing
temperatures, sizes of nanocrystals and speciffaci

areas.
= fact can be explained by the removal of the praioibiof
Annealing Specific the electronic transitions in the nanocrystallingds due to
Nanocrystal | surface .
Sample | temperature| . By eV breaking of the local symmetry.

o size (nm) area . .-

(°C) (m?/g) Moreover, nonzero value of the absorption coeffitie
1n,05-300 300 7.8 100 2g| oObserved for all I50; samples for the quantum energy
In,045-500 500 12-13 35 28 hy<2,8 eV (see Fig. 1(a)) that may be due to thegmes
In,04-700 700 18-20 10 2.7 of energy distributed localized states in the bgapl of the

investigated Ig0; samples.

To determine optical band gap of theO; samples, the ~ The spectral dependences of nanocrystalline indium
reflectance and transmission spectra were measamed oxide photoconductivity (normalized to unity) ateosn in
then the absorption coefficient was calculated using theig. 2.When the photon energy is 2.7 — 2.8 eV (depending

formula [13] on the nanocrystals size) a sharp increase of the
photoconductivity begins. This energy thresholddsal to
['”[%y#ﬂ the optical band gap energy as defined above. While
a="—n photon energy increases the photoconductivity dyick

where R and T are the reflectance and transmittancéeaches a maximum (at the energies of 3.2 — 3.3 eV,
coefficients, respectively,h is film thickness of depending on the nanocrystals size), and then asese

nanocrystalline 1505 (Fig. 1(a)). This reduction can be explained by the small lifiets of
6.0x10° . . . . the nonequilibrium charge carriers in the surfaaget of
(a) the semiconductor due to the strong surface reauatibin
- YN (photons with energin>E, is preferentially absorbed near
RS surface).
_ 40x10°F gt 1 . o
' 1 n
5
3 —
2.0x10° In,0,-300 | >
o In,0,-500 g
In,0,-700 <
0,0 . I I I E_c T o~ ann]
' 2 3 4 5 6 7 . —=—1n,0,-300
hv, eV —4—In,0,-500
(0) [ & mo-s00] A (o7 In0,700)
o 1.0x10%F o In,0,-500 ] 01,_5 20 25 30 35 40
£ In,0,-700 o hv, eV
% Fig. 2. The spectral dependences of photoconductivity of
~ nanocrystalline indium oxide (normalized to unityhe
72 5,0x10"” 8 inset showshe spectral dependences of photoconductivity
‘E:i of investigated samples at energiedf— 2,5 eV.
In addition, the relative photoconductivity (theioaof
0.0 i the photoconductivity to its maximum value) decesas
1 2 4 5 6 7 with growth of nanocrystal size. This reduction in
hv, eV photoconductivity obviously can be explained by the
Fig. 1. Absorption coefficient spectra (a) and a plot of decrease of the relative change in the free elestro
(ahv)? versushy (b) of nanocrystalline h©s. concentration under the illumination with the nanystals
size growth.

Fig. 1(b) shows a plot of(ahv)* versus hv that ~ As can be seen from the inset in Fig. 2 the
corresponds to direct allowed transitionssemiconductor photoconductivity for the sample B;- 300 is nonzero at
materials So one can see thidie direct allowed transitions photon energies lower than the optical band gags Th
with photon energy of2.8 eV are observed in sample is photosensitive to green light (photocatidity
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has been registered since the photon energy waseXp
Apparently, the photoconductivity at 2.25he < Ej is
associated with the presence of localized statéiseilband
gap of this sample. It should be noted that thene a
evidently localized states in the band gaps ofséw@ples
In,0s- 500 and IpO5- 700, however the photoconductivity
at energiedw < Ey is not visible on a background of the
relatively high dark conductivity of these samples.

[1]

[3]

V. CONCLUSION

The results of this study indicate that nanostniiotu
leads to the change in optical band gap: opticatilgap of
the InO; samples (with an average nanocrystal size from 7
to 40 nm) is equal to 2.8 eV may be dudhe removal of [5]
the prohibition of the electronic transitions ineth
nanocrystalline 150; due to breaking of the local
symmetryThe nonzero value of the absorption coefficient
for all In,0O; samples for the quantum enefyy<2,8 eV is  [6]
observed. It may indicate the presence of energlyilolited
localized states in the band gap of the investiyatgO;
samples.

There is a correlation between spectral dependefice[7]
photoconductivity and optical properties of nanstaitine
In,05. Sharp increase in photoconductivity was obsereed t
begin at 2.8 eV energy equal to the optical bandgape
In,O; samples, and reached its maximum at energie2of 38]
- 3.3 eV. The photoconductivity increase with pimoto
energy growth from 2.8 eV to 3,2 eV can be assediat
with an increase of the optical absorption near the
absorption edge. Subsequent photoconductivity dsere
with growth of photon energy atv> 3,2 eV can be [9]
explained by the increasing role of surface recouaion.

It was found out that the samples with low dark
conductivity were photosensitive not only to UVHhigout
to visible light, in particular the hD;-300 sample with a [10]
smallest nanocrystal size (7 - 8 nm) was photoseadio
green light (photoconductivity was registered sirtbe
photon energy was equal to 2.25 eV), which can I
explained by the generation of electrons from lizeal
levels located in the bandgap.

[4]

[11]
[12]
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