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The effect of nitrogen (N3) partial pressure on the structure and bandgap tunability of RF magnetron sputtered

Ccds Cadmium Sulphide (CdS) thin films is investigated by varying N5 partial pressure in Ar/N; mixture. In presence

RF sputtering
Thin-films
Optical properties
N, concentration

of Ny, films have a polycrystalline structure with (002) preferential orientation, which leads to defect-free,
continuous, dense, and fibrous structures with increased roughness. The average optical transmittance
increased to > 80 at 500-2500 nm for 30 % N3, partial pressure, whereas the band gap decreases from 2.45 eV to

2.30 eV with increasing Ny concentration. This work shows that the bandgap of sputtered CdS thin films can be
tuned with the variation of Ny concentration for customized applications.

1. Introduction

Semiconductor thin films play an important role in basic and in-
dustrial research, owing to their ability to control the electrical and
optical properties. [1-3] Due to their significant optical transmission,
cheaper cost, tunable bandgap, and high absorbance coefficient [4], CdS
thin films have applications in optoelectronics, LED, transistor, and solar
cells. [5-9] CdS thin films have been fabricated by various techniques
including spray pyrolysis [10,11], Electrodeposition [12], pulsed laser
deposition [13], sputtering [14], and thermal evaporation. [15] Among
the other methods, RF magnetron sputtering can deposit the films at low
temperatures with high coverage, better adhesion, and high film quality.
Several studies have been performed to optimize factors such as
bandgap, deposition time, and thickness to produce high-quality CdS
thin films. The optical bandgap of CdS layer can be improved by thin-
ning the CdS layer by forming alloys at either the cation (CdZnS) or
anion (CdS:O) sites. [16].

Here, we have studied the influence of nitrogen (N2) concentration in
Ar/N, mixture on the bandgap tunability and structural variations of
CdS thin films fabricated by RF magnetron sputtering. [17] Structural
properties revealed that CdS thin films are homogeneous without de-
fects, or voids, and have shown a polycrystalline structure in (002)
preferential orientation. Thin films sputtered at a higher concentration
of Ny partial pressure with Ar/N; mixture have shown a decrease in
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optical bandgap by 0.15 eV than those fabricated with pure Ar gas.
[18,19] The impact of changing the Na/Ar sputtering ambient compo-
sition on the intrinsic properties of sputtered CdS films is quantified,
which can be utilized as an n-type semiconductor layer in second-
generation thin-film solar cells.

2. Experimental details

CdS thin films were synthesized via RF magnetron sputtering (Kurt J.
Lesker Co) under controlled growth conditions with a variation of Ny
concentration (10% to 30% with a step size of 10% in Ar/Ny mixture).
The chamber was initially evacuated to a high vacuum of 8x10° Torr.
The gas flow rate of sputtering gas Ar (99.99% purity) was set to 60 sccm
and deposition time was 60 min. All samples were deposited in the same
environment.

The phase identification and chemical compositions of fabricated
sputtered films were examined by using XRD, (Stoe XPERT-PRO). The
surface structures, morphology, and roughness of thin films were
analyzed by FESEM, (Hitachi S4160) and AFM, (Solver Next, NT-MD).

3. Results and discussion

XRD spectra (Fig. 1) represents a body-centered cubic CdS structure
with a preferential growth in the (002) direction. [20] The strength of
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Fig. 1. XRD pattern of sputtered CdS thin films and tabular summary of structural parameters for different N%.

Fig. 2. FESEM images of sputtered CdS thin films at different No%.

significant peaks increases, indicating that crystallization along the
corresponding direction is substantially better at higher N concentra-
tions without any changes in orientation preferences. Multiple diffrac-
tion peaks are observed at 10 % Ny concentration.

Micro-strain and Dislocation density [21] of sputtered thin films are:

e =pcos(0)/4
8 = n/D?

where § is the full-width half-maximum (FWHM), ¢ is strain, and Bragg’s
angle is 0. D is the average crystallite size.

Scherer’s equation was used to calculate the crystallite size. [22] A
tabular summary (Fig. 1) is provided on dislocation density, grain size,
and crystallite size for CdS thin films. Due to the higher N flow rate, and
the variation in the mean free path of molecules, the deposited mole-
cules do not have sufficient mobility to settle down in a stable orienta-
tion. At higher nitrogen partial pressures, the fluctuation in the mean
free route may lead the atoms to alter orientation during the develop-
ment of thin film, resulting in a preferred orientation along (002).

Furthermore, the reduction in surface energy may be one of the reasons
for such an orientation shift. The crystallite size of a sputtered thin film
deposited in Ar/Ny environment is smaller in comparison to the film
deposited in pure Ar; implying that the crystallite size of the sputtered
film decreases in the presence of Nj. No discernible influence on the
films’ dislocation density or micro-strain with the addition of nitrogen.

The FESEM images (Fig. 2) of sputtered thin films show a variation of
nitrogen concentration on surface morphologies and microstructures
properties of the thin films. It has been reported that Ny in films can be
present from the residual gas and the working gases (Ar + Nj). [23] It
can be observed from Fig. 2 (a-b) that the film surfaces have grassy and
rough morphology. It can be noted that the film at higher N3 concen-
tration had a fibrous grain and fine valleys, Fig. 2 (c-d). The increase in
N, concentration promotes a smoother surface. The fibrous grains were
grown from the substrate to the surface, which provides good adhesion
between the glass substrate and the bulk layer of thickness. Filled
morphology without voids of spherical grain structures is achieved due
to the generation of charge carriers during the reaction with Nj.

AFM analysis (Fig. 3) shows that films are consistent and homoge-
neous. The AFM pictures revealed that the surface is made up of small,
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Fig. 4. (a) Transmission spectra (b) plot of («¢hv)? vs. photon energy for CdS thin films at different Ny%.

tightly packed, and homogeneous structures. The kinetic energy of
sputtered CdS particles is lower at lower Ny concentrations than at
higher Ny concentrations, resulting in more random orientation and
various grain sizes, which leads to surface roughness. As the N, con-
centration rises, the kinetic energy (KE) of the CdS particles rises and
bombardment with high KE particles can result in increased surface
roughness. An increment of KE at intermediate Ny concentration has
decreased the roughness of the surface but increased again at higher Ny
concentration, attributed to the large coarse grain. An incremental rise
of Ny concentration leads to the destruction of the surface and the cre-
ation of voids and defects in the structure. Structural properties of CdS
thin films deposited with 30 % N are in remarkably good agreement
with the FESEM and XRD spectra.

The transmittance spectra (Fig. 4) of CdS thin films at various Ny
concentrations in the Ar/ Ny mixture were measured with the wave-
length range 500-2500 nm by UV-Vis spectroscopy. Transmission
spectra reveal that the average optical transmittance is > 80%, which is
appropriate for solar cells and other optoelectronic applications.[24]
The structure of the film, which is influenced by different sample
preparation techniques, film thickness, and deposition parameters, has a

substantial impact on transmission. The presence of interference fringes
in the visible region of transmittance spectra represents that sputtered
CdS films have better crystallinity and small defect density near the band
edge; whereas the presence of sharp absorption edges in the visible re-
gion of transmittance reveals that the films have a smooth surface,
supporting the findings from FESEM.

The bandgaps were determined using the modified Tauc’s method
equation-

ohv = A(hv —Ey)'?

where a is the absorption coefficient, hv is the incident photon energy, A
is constant, and Eg is the optical bandgap energy.

Fig. 4 (b) depicts the fluctuation of the optical bandgap as a function
of Ny concentration. The bandgap at pure Ar is about 2.45 eV. When Ny
concentration is increased by 10%, 20%, and 30% the bandgap reduces
from 2.38 eV, 2.35 eV to 2.30 eV, respectively. These bandgap values
were smaller than the bulk CdS band gap (2.42 eV). [25] Here, CdS can
be an effective window material in different photovoltaic applications
such as CdS/CdTe and CdS/CusS solar cells because of its optimized
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bandgap. [26].
4. Conclusion

To conclude, the effects of Ny on the structural and optical properties
of sputtered CdS thin films were investigated. The introduction of Ny
concentration in the Ar/ Ny mixture during the deposition of CdS thin
films changed their crystallinity and exacerbated their amorphous
character, as confirmed by the XRD spectrum. FESEM and AFM analysis
reveals the production of continuous, smooth, and dense films free of
defects, vacancies such as cracks, and protrusion. The UV-visible ab-
sorption spectra revealed that the bandgap decreases significantly with
the variation of Ny content. With increased N, partial pressure, a sig-
nificant increase in transmittance > 80 at 500-2500 nm was observed.
This work shows that by including N5 in Ar gas during deposition, op-
tical characteristics of sputtered CdS thin films can be tuned. CdS with
such a narrow bandgap (2.30 eV) can be employed as window material
in numerous optoelectronic device applications, such as solar cells.
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