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Abstract: Indium tin oxide (ITO) thin films were prepared using the technique of rf-sputtering with oblique angle deposition (OAD).
The films were as-deposited and thermally treated at 250 °C. The combination of substrate inclination and annealing was used for
modifying morphological and structural properties that lead to changes of the optical properties. The resulting films show
morphology of tilted nanocolumn, fissures among columns, and structural changes. The as-deposited films are structurally disordered
with an amorphous component and the annealed films are crystallized and more ordered and the film diffractograms correspond to
the cubic structure of In,0;. The refractive index could be modified up to 0.3 in as-deposited films and up to 0.15 in annealed films
as functions of the inclination angle of the nanocolumns. Similarly, the band gap energy increases up to about 0.4 eV due to the
reduction of the microstrain distribution. It is found that the microstrain distribution, which is related to lattice distortions, defects and
the presence of fissures in the films, is the main feature that can be engineered through morphological modifications for achieving the

adjustment of the optical properties.
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1 Introduction

Indium tin oxide (ITO) is a transparent conducting
oxide (TCO). It is one of the more used TCO in multiple
applications in optoelectronic and photovoltaic devices,
due to its characteristics as wide band gap (about
3.50-3.75 eV) [1] and high transmittance in the range of
visible light, low electrical resistivity and high
conductivity [2]. ITO has been widely researched [3] for
multiple applications and uses, such as windows layers in
solar cells [4], UV-LED [2], touch screen [5], sensors
and actuators [6], nanoelectronics [7] and others. A
material with adjustable refractive index can improve the
performance in photonic and optoelectronic applications,
due to the possibility of a suitable optical adaptation [8],
where either high or low refractive index can be useful
and necessary [9,10]. The adjustment of the optical
properties of ITO continues in the focus of investigation
due to its multiple prospective applications [11—14].

There are several techniques for the growth of

ITO as thin film. For example, sol-gel [15,16], spin
coating [17,18], thermal evaporation or physical vapor
deposition [19], electron beam irradiation [2], and
magnetron sputtering [20—23], among others [24] have
been used for obtaining ITO films. Magnetron sputtering
technique is one of the most used because of the
controllable deposition rate, the good stoichiometric
reproducibility and low growth temperatures [25,26].
Oblique angle deposition (OAD) is a useful
technique in which, by varying the angular position of
the substrate respect to incident vapor flux, it is possible
to obtain three-dimensionally nanostructured thin
films [27] due to the growth of directionally tilted
columns as a consequence of shading effect [28]. The
formation and modification of such nanostructured films
allow to adjust the optical properties in order to find
better performance of optoelectronic devices [8,28]. The
crystallinity, i.e., the conditions of crystalline,
polycrystalline and amorphous phase of a material,
influences the electrical, optical and other properties.
Annealing can be used as a recrystallization method [29]
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to modify physical characteristics in the films.

ITO films in solar cells and other optoelectronic
devices are usually found between two materials and
play the role of light transmission as an optical window,
in addition to as conductive material. Convenient optical
coupling with those neighboring materials is relevant.
For example, in solar cells, a minimal reflection of light
is necessary at the interfaces with the ITO film, which
can be achieved by adjusting the refractive index.

In this work, ITO thin films were prepared using the
technique of rf-sputtering with oblique angle deposition
(OAD) combined with annealing of the films. ITO films,
as-deposited and thermally annealed at 250 °C, are
studied and compared. The effects of combining the
angle of incidence of flux and the annealing on the
optical properties of the films are reported and discussed.

2 Experimental

ITO thin films were deposited on Corning 2947
glass through the technique of sputtering with an ITO
target (90% In,O; and 10% SnO,) of 91.44 cm in
diameter (99.99% in purity from Cathay Advance
Materials Limited, China). The substrates were cleaned
using an ultrasonic bath in distilled water, acetone and
isopropyl alcohol. The distance from target to substrate
was 60 mm and the base pressure was 6.66x10° Pa. The
deposition was performed under a rf-power of 80 W at
room temperature for 30 min with an Ar pressure of
1.33 Pa. The inclination angles of the substrates respect
to the deposition flux were 0=0°, 40°, 60° and 80°
respect to the normal substrate position (a=0°). The films
were cleaved and one of the pieces of each film was
annealed at 250 °C in air for 1 h. This annealing
temperature was chosen because that temperature is
around that for promoting crystallization to avoid
possible negative optical effects in the red and infrared
region due to growth with substrates at high
temperature [30]. Surface and cross-sectional images of
the ITO films were obtained by means of a JEOL 7600F
field emission scanning electron microscope (FESEM).
Structural analysis was accomplished using X-ray
diffraction (XRD) in the grazing incidence geometry
with an inclination of 1° with a D5000 Siemens X-ray
Diffractometer and Cu K, radiation (1=1.5406 A). The
diffractograms were registered in the step scan mode
with a beam incidence angle of 1° and recorded in 0.02°
steps with a step time of 10 s in a 28 range of 15°—70°.
The electrical characterization was carried out with an
Ecopia HMS—5000 van der Pauw Measurement System
at 300 K. The transmittance spectra were recorded with
the help of an Agilent 8453 UV-Vis spectrophotometer
with a 0.1 nm resolution, in the range of 300—1050 nm

and the optical band gaps were calculated only with
direct transitions.

3 Results and discussion

3.1 Morphological analysis

The cross-section and surface SEM images are
shown in Fig. 1 for as-deposited and annealed ITO films
with substrate inclination a of 0°, 40°, 60° and 80°. The
SEM image of the annealed sample with a=80° was
deposited during a longer time in order to observe it
better, although the measurements were carried out in
samples grown during 30 min. The as-deposited films
with 0=0° look dense with grain size of about 40 nm and
smaller as observed from the surface SEM images. In the
cross-sectional SEM images, the columnar structures are
not seen detailed neither well defined, although it is
possible to perceive clearly the morphology of tilted
nanocolumns.

However, in annealed films, different grain sizes
can be observed from the surface SEM images. In
general, the surfaces look like cauliflowers, i.e.,
conglomerates formed by smaller grains as previously
reported [31]. In these cases, the conglomerates range
from spheroidal grains of about 50 nm in diameter to big
ellipsoidal grains with diameters of about 83 nm, and the
average size is around 65 nm. The small grains that
compose the conglomerates have diameter of up to
1020 nm. Besides, fissures with small gaps of up to
about 15 nm are present and divide some of these
conglomerates in all the as-deposited and annealed films
with substrate inclination angles of a>60°.

The dependence of the nanocolumn tilt angle S as a
function of the substrate inclination « is found similar for
both as-deposited and annealed samples, as shown in
Fig. 2. The behavior of nanocolumn tilt is described by

a—3.426
=34.00°| 1 —exp| 2222 1
Prs [ Xp[ 44.559 ﬂ 0

where Sy (°) is the fitted value of f (°). The film thickness
is presented in Fig. 3. The thickness ¢ (nm) is also similar
in as-deposited and annealed films and the behavior
respect to the nanocolumn tilt angles is given by

-53.2°
th = 895—1.156Xp[ﬁﬁt—j

13.6° @

Table 1 tabulates the substrate inclination angle a,
the fitted nanocolumn tilt angle Sy, the fitted average
film thickness g, and the average growth rate yu=t/30.
Since the nanocolumn tilt in the films is the physical
characteristic that rules the changes of other physical
parameters, the fitted nanocolumn tilt angle Ss will be
used as variable of reference.
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Fig. 1 Surface and cross-sectional FESEM images of as-deposited (a, c, e, g) and annealed (b, d, f, h) ITO thin films: (a, b) a=0°;

(c, d) a=40°; (e, f) a=60°; (g, h) 0=80°
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Fig. 2 Nanocolumn tilt angle of as-deposited and annealed ITO Fig. 3 Film thickness as function of nanocolumn tilt angle in

films as function of substrate inclination angle as-deposited and annealed ITO films

3.2 Structural analysis Table 1 ITO thin-film growth parameters

Figure 4 shows the normalized XRD diffractograms

al(°) Bl (°) tr/nm ¥s/(nm-min”")
for the as-deposited and annealed ITO thin films grown o o 038 .
at substrate inclinations a=0°, 40°, 60 and 80°. The 7.
diffractograms of the as-deposited film present not 40 20.6 633 211
well defined peaks with a halo centered at about 60 25.7 510 17.0
26~32°, which indicates the presence of very disordered

80 29.0 406 13.5

or amorphous material, as previously reported [32],
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Fig. 4 Normalized diffractograms of as-deposited (a) and
annealed (b) ITO thin film with substrate inclinations a=0°, 40°,
60° and 80°

although the peaks can be related to those of In,Os
structure [33]. For the films annealed at 250 °C, the
diffraction peaks are well defined, which indicates that
crystallization and better structural organization take
place. Therefore, we only focused on as-deposited and
250 °C-annealed films. The body-centered cubic phase
of In,O3 can be observed in the 250 °C-annealed films.
In the films, the (222) peak is the most intense, but other
less-intense peaks are also observed. This feature is also
similar to the In,O; pattern, although the peaks are
shifted toward higher angles due to the addition of Sn
and the formation of a solid solution of Sn in In,Os. The
20 values present random behavior without some
tendency under changes of the substrate inclination.
Using the most intense peak (222), we calculated that it
has an average value 26,,=(30.61+0.01)°, which shows
that it is shifted respect to the same peak of the pattern
260,=30.586°.

In order to get information from the diffractograms
in as-deposited films, we carried out the mathematical
subtraction of the halo in the diffractogram and made a
Voigt fitting of (222) peak. From the position of the
(222) peak, and the Gaussian (wg) and Lorentzian (wy)

widths obtained from Voigt fitting peak, it is possible to
calculate the crystallite size Ds. and the microstrain
distribution &, using the expressions [34]: Dg.,=(0.92)/
(wieos ) and e,=(wg)/(4tan 0"), respectively. We only
estimated the crystallite sizes in as-deposited films with
substrate inclinations of 0° and 40° because the low
intensity of the peaks in the substrate inclinations of 60°
and 80° introduces high inaccuracy. They are Dscp oo~
88 nm, g,(~0.003 for a=0° and Dgc400=55 nm and
£1,400°0.002 for a=40°.

Given the presence of several diffraction peaks in
the annealed films, it is possible to calculate the
crystallite size Dywy and effective maximum strain &yy by

the Williamson—-Hall method [35,36] wusing the
expression:
FWHM os0 = D3, +8WTHsin 0 3)

where ¢ and FWHM are the Bragg angle and full width
at half maximum, respectively, and A(=0.15405 nm) is
the X-ray wavelength. @ and FWHM are obtained from
the fitting of each peak.

The lattice parameter is calculated from the (222)
peak using the expression [37]:

W
Ot =5 ., “)
2sin6

The (222) peak angle does not present a clear
tendency. Its average value is 2622,)=(30.605+0.005)°.
The lattice parameter calculated from Eq. (4) for the
peak (222) does not show a tendency and its average
value is a(2=(1.011£0.001) nm, which is similar to
In,035 lattice parameter in the pattern (a;=1.011 nm) [33],
which suggests that the average lattice distortion is not
significant. Table 2 gives the results of morphological
and structural analysis of annealed samples. The
crystallite sizes in as-deposited and annealed films for
0=0° and a=40° approximately agree with each other,
which is certainly expected, since the annealing
temperature and time must not induce significant
morphological changes. The crystallite sizes, determined
from the Scherrer expression using the Lorentzian width
wp in the (222) peak, agree with those observed from
SEM images for the highest substrate inclinations. For a
values of 0° and 40°, the crystallite sizes are larger than
those calculated from Williamson—Hall expression.
However, given that the sizes obtained from Scherrer
expression are related to perpendicular direction to the
(222) plane, it is possible to infer that the difference is
due to preferential growth in that plane direction.

The effective maximum strain ¢ in annealed films
decreases at substrate inclination o=0°, 40° and 60°.
However, it increases for a=80°, which is attributed to
the increase of the fissures in the film and a subsequent
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Table 2 Parameters of ITO thin films from XRD measurements of annealed samples

al(®) P/ (°) Dyy/nm ewn/ 107 219(222)/ © WL(222)/ ©) WG(zzz)/(O) DSch(222)/nm ‘9;1.(222)/ 107
0 0 103 4.4 30.607 0.058 0.140 142 2.23

40 20.6 51 3.2 30.598 0.070 0.139 117 2.22
60 25.7 50 3.1 30.608 0.146 0.136 56 2.17
80 29.0 55 3.7 30.597 0.141 0.132 58 2.11

increasing of the surface defects. The microstrain 6.0

distribution was calculated from the expression for &, in o

the most intense (222) peak. The microstrain distribution 351 7 4

on the (222) plane decreases as the nanocolumn tilt PN

) . . . . 5.0F e

increases, as displayed in Fig. 5. The substantial S =

diminishing of the microstrain distribution with Qz 45l - g

nanocolumn tilt angle increasing means that the effects g L

of the defects and lattice distortions tend to be spatially 4.0t 7

more located and the neighbor lattice is less affected. ¥ -

That diminution of the microstrain distribution with the 35 4

nanocolumn tilt angle increasing can be related to the

columnar growth taking place in a more organized way, 30 0 10 15 20 25 30 35

for example, as stacked grains, which results in the Bl (©)

reduction of grain boundary in growth direction [8].

Fig. 6 Io2)/lu0 as function of nanocolumn tilt angle

(+ indicates ratio for same peaks in In,O5 pattern [33])

224 pa—
222+ »\‘\ ® Table 3 Electrical measurements in ITO as-deposited and
Vi annealed films
2.20 \ . -3 2.1l
\ Film La/(®)  p/(Q-cm) ne/cm u/(em™V s )
T 2.18¢ LS 0  1.62x10°  1.81x10% 214
= °
$2.16 i As- 206  1.13x107°  2.86x10% 10.01
s1aL \ deposited 257  8.96x107%  2.03x10" 3.43
L 20.0  4.49x107%  4.02x10%° 0.346
2121 ; -3 20
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Bl (©) 257  7.85x10 1.00x10 0.794
Fig. 5 Microstrain distribution as function of nanocolumn tilt 29.0 1.27x107%  1.98x10% 2.49

angle

The (222) to (400) peak intensity ratio /22400y s
a function of the nanocolumn tilt angle is shown in
Fig. 6. For =0°, L222)/l100) is similar to that of the In,O;
pattern, which suggests random orientation of the
crystalline domains like in powder. However, as the
nanocolumn tilt angle increases, there is a tendency to
grow preferentially in the (222) direction.

3.3 Electrical analysis

From the electrical measurements, it is observed
that the major carriers are electrons as expected for ITO
films. Table 3 gives the values of resistivity p, bulk
carrier concentration n. and the mobility x. Figure 7
shows the behaviors of resistivity, electron concentration
and electron mobility as functions of the nanocolumn tilt

for as-deposited and annealed ITO films. However, in
these electrical characterizations, it is found that for high
nanocolumn tilt angles the results are inaccurate due to
the presence of fissures in the films, which introduce
distortions in the measurements. In spite of the
uncertainty of their values for high column angle
inclination, it is possible to appreciate a general tendency
to increase the resistivity and to decrease the electron
concentration as the nanocolumn tilt increases. For low
nanocolumn tilt angles, the resistivity is higher for
annealed films than for as-deposited ones, which can be
explained from the fact that the lattice is organized better
and the annealing-passivated defects are related to the
resistivity. For high tilt angles, the resistivity increases
and becomes higher for as-deposited films than for
annealed ones.
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Fig. 7 Behaviors of resistivity (a), carrier concentration (b) and
mobility (c) of as-deposited and annealed films

Since no morphological changes are perceived in
annealed films respect to as-deposited films for the same
nanocolumn tilt angle, it is possible to consider that the
main contributions to the variation of electric properties
are structural distortions, the punctual defects and the
presence of fissures. In a first instance, the increase of
resistivity as nanocolumn tilt angle increases is due to the
increase of the amount of fissures. In as-deposited films
for high nanocolumn tilt angles, high concentrations of
surface defects are associated to the fissures. The
punctual defects, both on the surface of the fissures and

inside the nanocolumns, favor the increase in the
concentration of electrons and the conductivity. On the
other hand, the proper fissures that can constitute
barriers, and the ionizable traps, cause a contrary effect.
Therefore, the results depend on the combination of
those effects. The diminution of the electron
concentration can be associated to the same causes.
Simultaneously, the growth of tilted nanocolumns
induces the film growth taking place in a more organized
way, which can be observed from the diminishing of the
strain. The combination of all those features reduces the
electron concentration and increases the resistivity, as
shown in Figs. 7(a, b).

3.4 Optical analysis

Figure 8 shows the transmittance spectra of the
samples obtained at different inclination angles a for
as-deposited and
transmission value in the range of 500—-1050 nm is
T=80%, and oscilling is between 70% and 90%. The
optical band-gap energy, E,, was calculated employing
the Tauc plot and the relation (agpshv)* o<(hv—E,) [38], as
displayed in the insets of Fig. 9, where only direct
transitions were considered. The band gap energy values
increase from 3.587 to 3.961 eV for the as-deposited
samples and from 3.748 to 3.927 eV for the annealed
samples, as shown in Fig. 9(a). It is noticeable that for
non-inclined substrates there is a relatively large
difference between the band gap energy of as-deposited
film and that of annealed film, AE,~0.16 eV. However,
this difference reduces

annealed films. The average

to nearly zero for high
nanocolumnar tilt angles. On the other hand, the band tail
parameters calculated by exponential fitting of the region
below the band edge [39] are displayed in Fig. 9(b) and
suggest that the structural disorder diminishes as the
nanocolumn tilt angle increases. However, a coincidence
of the tail parameters for as-deposited and annealed films
can be perceived as the nanocolumn tilt angle increases.
This behavior agrees with that of the microstrain
distribution &,. Taking into account the behavior of the
electron concentration, we consider that the changes of
the band gap energy are not linked to the Moss—Burstein
effect.

The band gap energy E, has been described to be
dependent on maximum strain & by a linear function
Ey(e)=Eqtaqe, where the Ey is the non-strained band
gap energy and aq(=—4.21 eV) is the ITO potential of
deformation [40]. However, the band gap energy depends
monotonously on the microstrain distribution &, as
shown in Fig. 10(a). Therefore, we can consider that the
band gap energy also depends on the microstrain
distribution and coarsely it could be described by
the expression Ey(e,6,)=FEq0tad(e£f(e,)) where flg,) is a
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function of the microstrain distribution. However, the
absorption profile, from which the band gap energy is
determined, would begin from the minimum band gap
energy, 1., Egmin(6.6)=Eqtase—aqf(e,), and the
absorption edge corresponding to higher band gap
energies in the range of g, would be underlying.
Therefore, given that the effective strain is erratic, not
linear, and does not show a clear tendency, the behaviour
of the band gap energy could be ruled by the behaviour
of the microstrain distribution that decreases as the
nanocolumn tilt angle increases. It is noticeable that
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between a=0° and a=80° the variation of the band gap
energy is about 5%, which approximately agrees with
variation of the microstrain distribution in the same
range of a. The tail parameter E,, which is related to the
material disorder, increases as a function of the
microstrain distribution &,, as shown in Fig. 10(b). In this
case, we associate the increase of the tail parameter to
the increase of surface defects due to the increase of
fissures in the films. The apparent contradiction can be
explained from the fissures contributing to lattice
relaxation. The practically linear E, dependence on the
tail parameter E, for as-deposited and annealed films
observed in Fig. 10(c) indicates that E, and E, are
strongly dependent on the microstrain distribution.

The refractive index (n) is calculated from the
equation:

1+R 4R
—++ K2

"SR R )

where R is the normal-incident light reflection, k is the
extinction coefficient defined as Ak=apA/4T, o 1S the
absorption coefficient and A is the wavelength. In the
region below the band gap energy, the absorption can be
disregarded, i.e., 4—0. Then, the expression T+R+A=1
can be reduced to R=1-7, from which it is possible to
estimate the reflected light [24]. However, generally in
those thin films it is not possible to appreciate a defined
value of refractive index because of the optical
interference. Thus, in order to reduce the effect of
these oscillations, we apply the proposed adjustment in
Ref. [27] for the determination of the refractive index
beginning from the band-tail fitting. Figure 11 exhibits
the refractive indexes as a function of the wavelength for
different substrate holder tilts in as-deposited and
annealed ITO films in the region near the band edge and
the low-absorption one. Although the analysis can be
extended to the absorption edge energy region, the
obtained refractive indexes are not reliable, since the
absorption is high, i.e., 4#0. In this energy region, only
approximately estimated values are used.

Figure 12 shows the effective refractive index, n, at
A=800 nm for as-deposited and annealed ITO films. The
refractive indexes of as-deposited films are smaller than
those of annealed films, and diminish as nanocolumn tilt
angle increases. Since there are not morphological
changes in the annealed films respect to as-deposited
ones for the same nanocolumn tilt angle, it is possible to
consider that the main contributions to the variation of
the refractive index are structural distortions, the
punctual defects and the presence of fissures which
produce light scattering [27]. The films, after annealing,
present better structural organization and the defects
tend to passivate, as discussed before. The combination
of both phenomena reduces the light scattering [27],
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although the fissures remain, and the refractive indexes
are higher. It is remarkable that the refractive indexes,
Masdep ANA Manneat, are linearly dependent on microstrain
distribution for as-deposited and annealed films,
respectively. Such dependences are described by the
following expressions although these expressions are
only valid for a minimum value of the microstrain
distribution:

Mas-4ep=23605,~3.6 (62)
Nannea=1240£,~0.7 (6b)

3.5 Porosity analysis

The porosity, P, can be determined from the
refractive index in porous, 7, and non porous, n,
materials acording to the expression [41]:

n]f—l
P=1- T (7
n?—

Porosity from Eq. (7) is P=0 in dense non-porous
materials, since n,—n. In porous materials, where n,—1,
porosity tends to be a maximum value, i.e., P—>1. Taking
into account that the films grown without substrate
inclination, i.e., o=£=0°, are dense, we considered the
corresponding refraction index » in as-deposited and
annealed films as reference in order to calculate the film
porosity. We took the porosity at A=800 nm, a
wavelength where the absorption is so low that can be
disregarded. Figure 13 displays the porosity calculated at
A=800 nm as a function of the nanocolumn tilt angle in
as-deposited and annealed films. The porosity is related
to the shadowing effect and it depends on the substrate
inclination angle. Porosity in as-deposited films is found
higher than that of annealing films. However, no
significant changes of the microstructure, as fissures, can
be appreciated in a comparison of as-deposited and
annealed films with the same substrate inclination. Thus,
we consider that the different refractive indexes for the
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Fig. 13 Porosity calculated at 4=800 nm as function of

nanocolumn tilt angle in as-deposited and annealed films

same substrate inclination are mainly associated to the
influence of defects and structural disorder. Besides, the
porosity increases as the nanocolumn tilt angle increases
due to the increase of the fissures in the films, which,
besides, introduce additional scattering effects. Hence,
and the porosity
shows that the microstrain

the refractive index diminishes
Figure 14

distribution diminishes as porosity increases. This

increases.

seeming contradiction can be explained from the fact that
the porosity is mainly related to the fissures in the films
which increase as the substrate inclinates, and the
distribution microstrain depends on defects and lattice
distortions which diminish as substrate inclinates.
However, this behavior suggests that the fissure
formation induces the relaxation of the lattice
distortions.
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Fig. 14 Correlation between porosity and microstrain
distribution in annealed films

The engineering of optical properties in ITO films
from  morphological modifications can  benefit
photovoltaic devices by reducing the antireflecting effect
between the TCO and the electron transfer layers,
although it can be used in other optoelectronic devices.
Under morphological modifications and convenient
annealing, it is possible to tune the effective I1TO
refractive index in an approximate range of 1.4-2.1,
which includes the refractive index of glasses, and the
band gap energy can change from 3.6 to almost 4 eV. It is
noticeable, and as a subsequent deduction from the
dependences of electrical and optical properties, that
rather than the effective or maximum microstrain, the
predominant influence comes from the microstrain
distribution given by the spatial dispersion of the lattice
distortions due to structural disorder and defects. A
dependence of optical properties on the microstrain
distribution was also found in CdTe films grown by close
space sublimation (CSS) with OAD [8], which induces to
think it is a generalized physical feature.
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4 Conclusions

(1) By using the OAD technique combined with
thermal annealing, the optical properties can be tuned
according to the substrate inclination and, consequently,
to the tilted column morphology.

(2) Fissures that confer porosity to the films grown
with high substrate inclination are observed and play an
important role in the optical property tuning.

(3) In as-deposited films, the refractive index could
be changed between 1.7 in films
non-inclined substrate, i.e., 0° tilted columns and 1.4 in
films with 29° tilted columns. In ITO films annealed at
250 °C, the refractive index changes from 2.1 to 1.95 in
films with the same range of column tilt angles.

(4) The band gap energy increases up to almost
0.4 eV as a function of the nanocolumn tilt angle.

(5) These results allow the tuning of optical
properties, mainly the refractive index, by morphology
engineering in order to enhance the antireflecting effect
in ITO films, although other application can be found in
photonics and optoelectronics.
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