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Abstract: Copper nitride (CuzN) thin films have been implanted onto an electron beam evaporated films of indium tin
oxide (ITO) from Cu metal target using reactive dc Magnetron Sputtering (dcMS) technique in a nitrogen/argon
atmosphere at room temperature. The implantation parameter was kept constant excepting the implantation time. The effect
of implantation time upon microstructural, morphological, electrical, and optical properties have been studied. The
elemental composition of the as-deposited and CuzN implanted has been studied by using the EDXS technique, and the
spectrum shows peaks belonging to In, Sn, O, Cu, and N. A zinc blend structure was observed for all the investigated films
with no sign of impurities. The optical direct energy bandgap E;”t is found to decreases from 3.49 eV to 2.62 eV with
increasing the implantation time of CusN. The refractive index n is increased with increasing the exposure time of
implantation. The refractive index has abnormal behavior in the infrared region due to the strong absorption in this region
that appears in transmission spectra. The electrical resistivity decreases from 1908.22 Q.cm to 165.24 Q.cm with
increasing the duration time of implantation.

Keywords: Reactive magnetron sputtering; ITO substrates; CuzN thin films; Microstructural properties; Optical properties,
Electrical properties.

. electrical, and optical properties of ITO films such

1 Introduction as morphology, energy gap, and impurity type are strongly
) i governed to a large extend by the preparation and growth

Transparent conducting oxides (TCO) have a  congitions [9-11]. Furthermore, due to the various

broad range of physical properties that make them ideal for deposition parameters, films deposited by any process can
several applications such as optoelectronic devices, pave a wide range of characteristics. As a consequence,

antireflection coatings, transparent electrodes in solar cells,  manjpulating the deposition parameters will alter the film's
and heat-reflecting mirrors in glass windows, and many properties.

others [1]. Indium tin oxides (ITO) are widely used in

optoelectronic applications as transparent conductive Transition metal nitrides show a wide variety of
electrodes (TCE) for light-emitting and light detecting Physical properties and applications. In the 3d transition
devices. This is due to its unique properties of highly ~metals (Ti, Cr, Fe, Co, Ni, and Cu) the reactivity with
transparent over the visible spectrum (>80%), very low nitrogen decreases as the atomic number increases [12].
resistivity (~10* Q cm), high carrier concentration Copper nltr_ldes CusN _have gained S|gn_|f|cant interest as a
(~10%*cm™) with mobility around 10-30 cm?Vs, wide new material for optical storage devices and integrated
optical band gap(~3.6-4 eV) and high work functions high-speed circuits, based on their specific propertles,_s_uch
(~4.20 V) [2-6]. ITO is considered one of TCO. [7]. @ the very low temperature of thermal decomposition,
Besides, ITO reveals interesting and technological ~€xcellent electrical properties, and optical qualities [13].
significance in window coatings, solar cells, flat panel ~ The crystal structure of Cu3N is one of the anti-ReOj types
displays, and energy-saving buildings [8]. The structural, with a simple cubic unit cell of lattice constant (a=b =c =
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3.817 A, and o = B = y = 90° [14, 15]. Until now, many
deposition methods have been used to prepare Cu3N films,
such as beam epitaxy [16], atomic layer deposition [17],
pulsed laser deposition [18, 19], dc-triode sputtering [20,
21], and mostly, reactive magnetron sputtering [22-27].

It is well known that the properties of ITO films
are significantly controlled by the type of growth method.
Recently, a lot of different growth techniques have been
used; such as pulsed laser ablation (PLD) [28], electron
beam evaporation [29], chemical vapor deposition [30], ion
beam assisted deposition (ISD) [31], dip coating [32], ion
embedding [33] and RF magnetron sputtering [34, 35].
Many preparation parameters were used to improve the
crystallinity of films including growth temperature; film
thickness, post-annealing temperature, and dc or RF power
[36]. Generally, the implantation process can be used to
improve material properties [37-39]. Thus, this paper aims
to prepare high-quality 1TO films by using the electron
beam deposition technique after that, implantation of CusN
onto those films by using reactive sputtering, and studying
the effects of the implantation time on the structural,
optical, and electrical properties of the ITO films for solar
cells.

2 Materials and Methods
2.1 ITO Ingot Target Preparations

Indium tin oxide ingot target was prepared by a
conventional solid-state reaction method in air. High purity
In,03 (99.99%) and SnO, (99.999%) analytical grade
powders (Aldrich) in stoichiometric quantities of 95 wt. %
In,O5 and 5 wt. % SnO, are mixed in a ball mill for about
one hour. The mixed powder is then compressed into a
disc-shaped pellet by using uniaxial compression at 210
MPa. The pellets were sintered at 1200 °C at a rate of
20°C/min in an ambient atmosphere and then cooled to
room temperature at a rate of 20 °C/min.

2.2 Thin Films Deposition

Electron beam evaporation technique (type;
Denton Vacuum DV 502 A) is used to prepare ITO thin
films from the obtained ingot target on a glass substrate
with a thickness of 100 nm. The substrates were carefully
cleaned in the following steps: 15 minutes in acetone, 15
minutes in distilled water, 10 minutes in ethyl alcohol, and
15 minutes ultrasonically washing in deionized water. The
substrates were dried using nitrogen gas. At a pressure of 5
x 10” Torr, the ITO pellet and substrates were then inserted
into the vacuum chamber. To outgas the target and remove
any pollutants, the ITO pellet target was preheated for 5
minutes before the deposition. The substrates were placed
20 cm away from the ITO powder target at room
temperature. The deposition rate was of 2 nm/sec. The
thickness and rate of evaporation of the films were
observed by using a thickness monitor (quartz crystal
monitor DTM 100). After that, the coated films treated
with reactive dcMS system (Denton Vacuum DV-502A

with DSM-300A external sputter head mounted on top of a
bill gar with a maximum power of 300 W and it is protected
by a cylindrical aluminum guard) to implantation CusN the
thin films using high purity copper metal target purity of
99.9%, 1016 mm in diameter and 5 mm in thickness, onto
ITO coated films (see Fig. 1). To obtain the uniform film a
mechanical rotation of the substrate holder (= 40 rpm)
during implantation was used.

The gas flows controlled with a flow meter as a
gas flow rate of the gas mixture and the gas pressure was
monitored by Pirani Penning gauge with Edward's
controller 1005. The high vacuum inside the chamber was
10 Torr, using rotary and diffusion pumps, the working
gas pressure was 30 mTorr, and the duration time during
implantation was 0.0, 5.0, 10, 15, 20, and 25 minutes.
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Fig. 1: Schematic diagram of the dc magnetron sputtering
system.

3 Results and Discussion
3.1 Structural and Microstructure Studies
3.1.1 EDXS Analysis

The elemental composition of the as-deposited and CuzN
implanted films has been studied by using the EDXS
technique. The EDXS spectrum is presented in Error!
Reference source not found.

The spectrum in Error! Reference source not
found. (a) shows three peaks belonging to In, Sn, and O
which indicates that the Sn ions have successfully
incorporated into the In,O3 lattice, while Error! Reference
source not found. (b, ¢, and d) show the peaks belonging
to N and Cu which indicates that the CuzN has successfully
incorporated into the ITO substrate with different ratio.

3.1.2 X-ray Diffraction

The crystal structures of the as-deposited and
implanted films were analyzed with Cu Ka radiation using
grazing angle X-ray diffraction (D8 advance model by
Brucker Company).
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Fig. 2: EDAX of ITO as-deposited and ITO implanted by CusN at (a) 0.0 min. (b) 5.0 min. (c) 15 min. and (d) 25

min.

Fig. 3 presents the XRD diagrams of the electron
beam evaporated ITO and the implanted CusN films at
different implantation times. The as-deposited ITO film
shows diffraction peaks from (222), (320), (400), and (441),
planes, indicating the film is polycrystalline, while the ITO
implanted films with CusN show diffraction peaks from
(111) and (211) with addition to those appears in ITO
without implantation, and the films also are polycrystalline.

The observed diffraction lines were matched with the
standard diffraction data of the Indium Tin Oxide cubic
structure. Additionally, the results confirmed that the
absence of any other reflection line belongs to impurities of
oxide phase and/or metal clusters, which supports the
integration of Sn** atoms in the In** sublattice and confirms
the formation of a pure cubic phase of the implanted ITO

films without any structural transformation. Furthermore, it
was found that as the implantation time increased, the

intensity of the reflection line related to the (222) plane
increased, which is ascribed to improve in the crystallinity
of the deposited ITO thin films because the implantation
treatment helps to rearrange atoms and remove the defect
density in the film.

3.2 Optical Properties

It is well known that the optical parameters of
semiconductors are considered to be the most essential
parameters, thus, the optical properties of the ITO
implanted films are presented and discussed in the
following section.
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3.2.1 The Measurements of Transmittance and
Reflectance

Intensity (a.u.)

with a thickness of 150 nm in the wavelength range of 300
to 2500 nm.

The results indicate that the transmittance is comparatively
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Fig. 3: XRD patterns of ITO thin films

at the various implantation time of CusN.
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Fig. 4: The spectral variation of the absolute value of T(A) and R(A) of as-deposited ITO film and implanted films at

different implantation times.

Fig. 4 shows the measurement results of the transmittance
(T) and reflectance (R) of the as-deposited ITO film and at
the implanted films at different implantation times of CuzN

decreased for the implanted films relative to the as-
deposited film. It has been found that the transmittance
value decreases from 70% for the as-deposited film to 50%
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for the implanted film at 25 min, thereby revealing a film
with high transparency, which is beneficial for optical
device applications [39-41]. Different groups have also
reported similar behavior [37, 42-44]. The increment in the
transmittance is due to the increase in the crystallinity of
the film, where the enhancement in the crystallinity tends to
reduce light scattering and defects, as reported by other
researchers [45, 46]. It was observed that by enhancing the
implantation treatment of the ITO film, a significant shift
(redshift) of the fundamental transmittance edge to higher
wavelengths can be remarked, which indicates that the
energy gap increases when the implantation time increase
to 25 min.

3.2.2 Absorption Coefficient and Optical Energy
Band Gap Studies

The inter-band transitions and optical energy gap
of semiconductors are mainly determined from the
absorption coefficient. Consequently, the transmission and
reflection measurements of the as-grown and implanted
films are used to calculate the absorption coefficient () by
the relation [47]:

a2 _pnd o ap2y211/2
aziln (1-R)*+[(1 :; +4R2T?| 1)

where d is defined as the thickness of the implanted films.
Fig. 5 demonstrates the wavelength-dependent absorption
coefficient measurement of as-grown and implanted ITO
films. It is found that three absorption coefficient regions
are observed; absorption in the NIR range, transparent
region, and strong absorption region in the UV range.
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The absorption coefficient decreases as the implantation
time increases in the near IR and strong absorption regions.
The latter regime is used to determine the energy gap,
where a prominent reduction in the absorption curves is
obtained due to the electron excitation from the VB to CB.

Furthermore, using Tauc's model to fit the results
of optical measurement of as-deposited and the implanted
ITO film, the optical energy gap, Eg, can be evaluated [48]:

ahv =a,(hv-E,)° )

Where o, a, ¢, and v, are the Tauc parameter (dependent
on the transition types), the absorption coefficient, index
(referring to optical transition type), and the photon energy
of incident light, respectively. Taking into account the
direct allowable transition type between the bands of
c=1/2, the extrapolation of the linear part of the
dependence of (ahv) 2 on photon energy (hv) is used to

determine the E;”“ from the intercept of the extrapolated

line to (ahv)? = 0. As the implantation time increases, E;pt

decreases from 3.49 eV to 2.62 eV, this can be ascribed to
the decrease in crystallinity and the crystallite size of the
films, which leads to an increasing in defects. According to
the Davis Mott model, defects will generate localized states
in the bandgap [49].
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Fig. 5: The variation of absorption coefficient versus the energy for the as-deposited ITO film and implanted films at

- different implantation times of CusN.
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Fig. 6: A plot of (ahv) ? versus the energy (hv) for the as-deposited ITO film and the implanted films at different
implantation times of CusN.
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Fig.7: A plot of (ahv) 2 versus the energy (hv) for the as-deposited 1TO film and the implanted films at different
implantation times of CusN.
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3.2.3 Optical Constants Determination

The refractive index (n) and extinction coefficient k (

dro . .
k = 7), the so-called optical constants, are estimated

according to the light reflection theory in which the
reflectively of the film is represented in terms of Fresnel's
coefficient [50]:
R=[(n—1)2+k2]/[(n+1)2+k2] 3)
Fig. 8 shows the spectral behavior of the refractive index of
as-deposited ITO and implanted films. It is found that the

refractive index n is increased with increasing the exposure
time of implantation. The refractive index has abnormal

behavior in the infrared region due to the strong absorption
in this region that appears in transmission spectra.

3 Electrical Studies

Fig. 9 illustrates the electrical resistivity for the as-
deposited ITO film and implanted films at different
implantation times of CusN. The electrical resistivity of as-
deposited and implanted ITO films found to be reduced
from 1908.22 Q.cm to 165.24 Q.cm with increasing the
duration time of implantation. This remarked reduction in
electrical resistivity is ascribed to the improvement of the
film crystallinity and the increase of the film grain size.
These results are in agreement with those reported in the
kinds of literature [51, 52].
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Fig. 8: The spectral variation of the refractive index of as-deposited ITO film and implanted films at different

implantation times of CusN.
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Fig. 9: The variation of electrical resistivity of ITO film with the duration time of implantation CusN.
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4 Conclusions

In summary, ITO thin films were fabricated by electron
beam evaporation onto clean glass substrates. The CusN
was implanted by reactive dc magnetron sputtering on the
surface of the ITO films. The effect of implantation time
upon microstructural, morphological, optical, and electrical
properties was investigated. A zinc blend structure was
observed for all the investigated films with no impurity
phase appears in the XRD pattern. The elemental
composition spectrum of the as-deposited and CuzN
implanted films shows peaks belonging to In, Sn, O, Cu,
and N. The optical direct energy bandgap E,”* is found to
decreases from 3.49 eV to 2.62 eV with increasing the
implantation time of CusN. The refractive index n has a
normal dispersion from the lower wavelength till A = 1050
nm and an abnormal trend at higher wavelengths due to
strong absorption in the NIR region. The electrical
measurements show that as the implantation time increases
to 25 min, the electrical resistivity decreases from 1908.22
Q.cm to 165.24 Q.cm, which is ascribed to the
improvement of the film crystallinity and the increase of
the grain size. The tunability for both optical properties

represented with (n, E;’pt) and electrical properties

represented with resistivity p recommend the implanted
ITO thin films with CU3N for solar cells and optoelectronic
devices.
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