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SYNTHESIS OF INDIUM TIN OXIDE (ITO) AS A TRANSPARENT CONDUCTING LAYER FOR
SOLAR CELLS BY RF SPUTTERING
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Abstract: Thin films of indium doped tin oxide (ITO) were prepared using indigenously
designed and locally fabricated RF sputtering unit. Electrical, optical, morphology and
structural properties of these films are investigated as a function substrate temperature (Tgyp).
The UV-Vis Spectroscopy analysis showed that the deposited films have an average
transmission ~ 85 % in the visible region of solar spectrum. Electrical characterization
revealed that the electrical conductivity of ITO films is 2.82x10° S/cm. The low angle XRD
analysis showed that the films have preferred orientation in (400) direction with average
particle size 26.4 nm. The SEM images show nice surface morphology with uniform size
distribution and crack free film deposition. The obtained results indicate that the synthesized
ITO can be useful as a transparent conducting electrode in a-Si:H based solar cells.
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Introduction:

Indium doped tin oxide  substrate temperature on electrical, optical,

(ITO) thin films are widely used in opto-
electronics devices, flat panel display, photo-
(EQ)
applications. The attractiveness of ITO is

voltaic and electro-chromic
related to its low resistivity and high optical
transmittance from visible to near infrared
(NIR) light. However, these properties are
strongly dependent on preparative methods
and respective process parameters. Varity of
deposition methods such as reactive ion
plating [3], DC diode sputtering [4], RF
sputtering [5], reactive evaporation [6-7],
8],
deposition, spray pyrolysis [9] etc. have all
been used to deposit ITO films. Each method
has its own advantages and limitations.

electron  beam chemical vapor

Among these RF sputtering has been used
extensively for the synthesis of ITO films due
to high deposition rate and possibility of
deposition at low substrate temperature.

In the present work, an attempt have been
ITO films
indigenously designed and locally fabricated
The

made to synthesized using

RF sputtering unit. influence of

morphology and structural properties has
been investigated systematically.

Film Preparation: Fig. 1 shows schematic of
indigenously designed, locally fabricated
Radio Frequency (RF) sputtering system
employed for the deposition of the Indium

Tin Oxide (ITO) thin films.
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Fig. 1: Indigenously designed, locally
fabricated RF sputtering system
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It consists of a cylindrical stainless steel
chamber (process chamber) coupled with a
turbo molecular pump (TMP) followed by a
roughing pump which yields a base pressure
less than 107 Torr. A target of 3 inch
diameter (99.99%, Vin Karola Instrument,
USA) was used for the deposition of ITO
films and was kept facing the substrate
holder approximately 7 cm away. The
substrate holder can be rotated using a
stepper motor with variable speed. The
substrates can be placed on substrate holder
which is heated by inbuilt heater using
thermocouple and temperature controller.
The pressure during deposition was kept
constant by using automated throttle valve
and measured with capacitance manometer.
Sputtering and reaction gases can be
introduced in the process chamber through a
specially designed gas bank assembly which
consist of mass flow controllers (MFCs) and
The

employed during the deposition of ITO thin

gas mixing. process parameters

films are listed in Table 1.

Table 1:
during the deposition of ITO thin films

Process parameters employed

Process parameter Value
Deposition Pressure 5 Torr
Deposition Time 30 min
RF Power 100 W
Distance between substrate 7 cm
holder and target electrode

Ar gas flow rate 60 sccm

Substrate temperature 100°C-250°C

Prior to each deposition, the substrate
holder and deposition chamber were baked
for one hour at 100 °C to remove any water
vapor absorbed on the substrates and to
reduce the oxygen contamination in the film.
After that, the substrate temperature was
brought to the
appropriately

desired value by

setting thermocouple and
controller.

temperature Deposition was

carried out for desired period of time, and

films were allowed to cool to room
temperature in vacuum.

Film Characterization: To measure the
sheet resistance (Rghee) Of ITO films, Al
electrodes, 1 cm apart were deposited on top
of the film

evaporation technique with base pressure >

using vacuum thermal
10”° mTorr. After the electrodes deposition,
the film was loaded to a specially designed
sample holder and the contacts were made
using silver paste. A voltage of 60 V DC was
applied between electrodes and the current
was measured using an electrometer
(Keithley, Model 6514). The measurements
were carried out at room temperature and
atmospheric pressure. Low angle X-ray
diffraction pattern were obtained by X-ray
(Bruker D8

Germany) using CuKa line (A = 1.54056 A).

diffractometer Advance,
The average crystallite size was estimated
using the classical Scherrer’s formula [29].
The scanning electron microscopy (SEM)
images were recorded using JSM-6360A
scanning electron microscope with operating
study the
morphology of the films. The band gap of

voltage 10 kV to surface

the films was deduced from transmittance
of the
deposited on corning glass and were
measured using a JASCO, V-670 UV-Visible
spectrophotometer in the range 250-1100 nm

and reflectance spectra films

by using the procedure followed by Tauc
[25]. Thickness and Refractive index of the
determined by UV-Visible
spectroscopy using the method proposed by

films was

Swanepoel [28]. Hall measurements were
Hall Effect
Measurement System (HMS-3000).

carried out wusing Ecopia

Results and discussion:

The variation of sheet resistance and
deposition rate as a function of substrate
temperatures is shown in figure 2. As seen

from the figure at low temperature (< 200
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°C) the sheet resistance decreases with
increase in substrate temperature and at
high temperature (> 200 °C) it increases
again. The minimum sheet resistance (10 Q)
has been obtained for the ITO film deposited
at substrate temperature 200 °C.
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Fig. 2: Effect of substrate temperature on
sheet resistance and deposition rate
Thus, substrate temperature 200 °C is an
optimized substrate temperature for our
system RF sputtering unit. At this substrate
temperature the deposition rate is

reasonably high (44 nm/min).

The low angle X-ray diffraction (XRD)
pattern of Indium doped tin oxide (ITO) thin
different
temperatures is shown in figure 3. As seen

films prepared at substrate
from the XRD pattern the prepared films are
polycrystalline having peaks at 20 ~ 21.6°
30.6°% 35.5°, 37.8° 48.4°, 60.7° associated with
(2w), (400), (4m), (521), (622)
diffraction  planes respectively. These
diffraction peaks consistent with JCPDS Data
Card # 89-4598 for ITO films. These results
confirm the formation of Indium doped tin
oxide (ITO) thin films by RF sputtering. The

dominant diffraction peak is (400) signifying

(222),

that the films have preferred orientation in
(400) direction. However, the film prepared
at substrate temperature 250 °C, the
dominant diffraction peak is (211) suggesting
that the preferred orientation in ITO films
prepared using RF sputtering changes from

(400) to (211) direction.
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Fig. 3: XRD pattern of ITO films prepared
at different substrate temperatures
Figure 4 show the
microscopy (SEM) image of ITO thin film

deposited at 100 °C and 200 °C.

scanning electron
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Fig. 4: SEM image of the ITO thin film
deposited at 100 °C and 200 °C
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It has been observed that with increase in
substrate temperature the uniformity in the
film and the film
prepared at substrate temperature 200 °C

structure improves
shows nice surface morphology with uniform
size distribution and crack-free deposition.
Fig. 5 shows the Energy-dispersive X-ray
spectroscopy spectrum (EDS) of ITO film
deposited at substrate temperature 200 °C.
The inset shows the weight % and atomic %
of element present in the film.

Spectrum 1

Element  Weight Atomic
% %

(0] 38.44 81.80

56.03 16.61

5.53 1.59

Full Scale: 4957 cts Cursor: 0.000 ke
Fig. 5: EDS of ITO film deposited at
substrate temperature 200 °C
These results confirm the formation of
nearly stoichiometric ITO films by using RF

sputtering.

Fig. 6 represents the transmission spectra of
ITO films deposited at different substrate
temperatures.
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Fig. 6: Transmission of films prepared
at different substrate temperatures
It can be seen from the transmission
spectrum that all films have the transmission

above 82 % in the ultraviolet-visible region
of the electromagnetic spectrum. We have
estimated the optical band gap of films using
the Tauc method. Fig. 7 display typical Tauc
plot for the ITO film prepared at substrate

temperature 200 °C.
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Fig.7: Typical Tauc plot

It has been observed that with increase in
substrate temperature no significant change
in optical band gap. The band gap was

found to be constant ~ 3.26+0.2 eV over the

entire range of substrate temperature
studied.
The semiconductor properties of all

prepared ITO films are also analyzed by
using by Hall measurement. Table 2 shows
the values of the Hall parameters obtained
for the
temperature 200 °C.

film deposited at substrate

Table 2: Hall measurement parameters
obtained for ITO film deposited at 200 °C

Hall parameter Value
Bulk concentration (cm?) -3.69x10”°
Charge carrier ~ mobility 38.5
(cm?/V.s)

Hall coefficient (cm?/C) -1.69x10
Conductivity (S/cm)) 2.28x10°
Sheet concentration (cm™) -4.19x10'°

From the Hall measurement analysis it has
been confirmed that the deposited films are
n-type with significantly high conductivity.
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Conclusion: In the present study thin films
of indium doped tin oxide (ITO) were
prepared using indigenously designed and
locally fabricated RF
Electrical,

sputtering unit.

optical,  morphology  and
structural properties of these films are
investigated as a function substrate
temperature (Tg,). The UV-Vis spectroscopy
analysis showed that the deposited films
have an average transmission ~ 85 % in the
visible region of solar spectrum. The
maximum electrical conductivity obtained
for films is 2.82x10° S/cm. The low angle XRD

analysis showed that the films have preferred
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