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ABSTRACT
In the present work, structural and optical properties of nanocrystalline

Zno5CdosS, CdS and ZnysCdosS / CdS thin films have been investigated in order to
use as window layer for photovoltaic application. Nanocrystalline ZnysCdqsS and
CdS films have been deposited on glass substrates using chemical bath deposition
technique (CBD). The atomic force microscopy (AFM) images showed that the
prepared nanocrystalline thin films are homogeneous and have nano size structures.
XRD analysis showed that, the films have polycrystalline structure with (002)
orientation. From the optical properties results, the films have high transmittance (
70 %). The band gap is found to be higher as comparison with the bulk of the same
films indicating blue shift with respect to the bulk value as a result of quantum size
effect. The electrical properties results show that the resistivity of CdS, ZnysCdgsS
and ZngsCdosS / CdS was (3.50%10%, 3.43x10° and 3.18x10? Q cm ) respectively.

Keywords: CBD technique, Zn,Cd,.,S thin films, Optical properties.
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1. INTRODUCTION

Nanocrystalline semiconductors exhibit changes in the energy band
structure, resulting in quantum size effects. Since the energy levels are
confined to potential wells of small dimensions, the spacing's between the
energy levels increase as the crystal becomes smaller [1]. The quantum size
effect is theoretically classified into two types: one is the exciton
confinement effect and the other is the independent confinement effect of
electron and hole. When the radius of the microcrystal is sufficiently larger
than the exciton Bohr radius, the exciton confinement effect occurs. On the
other hand, when the radius is comparable or smaller than the exciton Bohr
radius, the independent confinement of electrons and holes takes place [2].
Recent developments related to nanoengineered materials have demonstrated
that nanostructure semiconductors offer increasingly greater flexibility and
control in designing various nanoscale structures and devices. The main
motivation is related to continuous trends towards increasing miniaturization
of various structures and devices, improving dimensional precision and the
high flexibility of controlling and designing various material properties by
controlling the sizes of the nanostructures [3]. Porous silicon layers is
regarded as nanomaterials which can be obtained by the electrochemical
etching of silicon substrate in HF based electrolyte solution. Porous silicon is
described as a network of void spaces within a nanostructured silicon matrix
which has the capability to modify the optical properties of silicon in order to
overcome the limitations of the intrinsic indirect silicon electronic bandgap.
The morphology and size-scale of porous silicon features are highly
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dependent on the process parameters. The refractive index profile of porous
silicon layers can be tailored by controlling the porosity of individual layers
via current density during etching process [4]. Ternary alloy is an alloy made
up of three different chemical elements; usually two cations and an anion and
their band gap is a continuous function of composition [5,6]. Ternary
compounds are found to be promising materials for optoelectronic device
applications such as green light emitting devices and expected to improve the
performance of thin film solar cells and photo electrochemical energy
conversion [7,8]. ZnyCd1S has a variable band gap energy of 2.4-3.7eV, is
widely used in heterojunction solar cells, high density optical recording, blue
and ultra violet laser diodes and in low-voltage cathode luminescence [9]. In
solar cell systems, where CdS films have been demonstrated to be effective,
the replacement of CdS with the higher band gap Zn,Cd;S alloys has led to
a decrease in window absorption loss and an increase in the short circuit
current [10]. ZnyCd;«S thin films have been prepared using various
techniques, such as electrodeposition, chemical bath deposition, successive
ionic layer adsorption and reaction (SILAR) and metal organic chemical
vapor deposition. Among these techniques, chemical bath deposition is
simple and cost-effective as compared to the others for large-area solar cell
fabrication [11]. The objective of this work is to prepare nanocrystaline
Zn,Cd;S, CdS thin films and study the structural, morphological and
optical properties for photovoltaic applications.

2. EXPERIMENTAL DETAILS

For preparing nanocrystalline ZnosCdosS and CdS thin films,
analytical grade cadmium chloride (0.1M CdCl,), zinc chloride (0.1M ZnCly)
and thiourea (0.1M CS(NH,),) are used. The appropriate quantity of CdCl,,
ZnCl, and CS(NH>), solutions are mixed slowly at room temperature in a
100 ml beaker with continuous stirring by using magnetic stirrer, and making
alkaline by the addition of ammonia solution (NH3OH) to adjust pH=10 of
the reaction mixture by using pH meter, a beaker containing the reaction
mixture is placed in a water bath at 75+2 °C. Immediately, the clean glass
slide is fixed vertically in the beaker for two hours of the deposition time.
Then the glass substrate was removed from the beaker and washed
ultrasonically with distilled water to remove loosely adherent particles and
then dried under sun light. The fabricated films are yellow, highly adherent,
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homogenous then were kept in a desiccator. The experimental details of the
prepared films are present in the Table (1).

Tablel: experimental details for prepared ZngsCdysS and CdS thin films

ZnCl, | CdCl,
Samples (ml) (ml) Bath conditions
(0.1M) |l (0.1m)
Cds 0 20 [ Vol. of CS(NH,),= 20 ml of (0.1 M)
Zny5CdysS 10 10 | Deposition
time =2 hour ,Temperature = 75+2°C, PH=10

The reaction of formation of CdS film can be written as follows [12]:

NH; + H,0 —» NH," +OH™ ... (1)
Cd** + 4NH; — Cd(NHs).* . ... Q)
(NH2),CS + 20H — S% +,H,0 + HoCNy ..o (3)
HS+OH — S* + H,O ... 4)
Cd(NH3),* +S* — CdS+4NH3 ... (5)

In the presence of sufficient NHs, the Cd salt exists predominantly in the
form of Cd(NHs)s**. When the concentration product of Cd** and S* in
solution exceeds the solubility product of CdS, 1.4 x 1072 at 25°C, CdS
precipitates. While, the reaction procedure for the formation of Zn,Cd;xS
may be described by the following steps: Ammonia ion formation [11]:

NH3z + H,O0 — NH,” +OH" ... (6)

Ammonia solution is added to the Cd and Zn salt solutions to form
cadmium tetra-amine ion [Cd(NHs)s*'] and zinc tetra-amine ion
[Zn(NH3)4>], respectively, as follows:

Cd** + 4NH; — Cd(NHs),* ... (7)
Zn** + 4NH; — Zn(NHs).>* (8)

The sulfide ions are released due to the decomposition of thiourea in the

alkaline medium, which is described by the following chemical reactions;

CS (NH2); + 30H — 2NH3 + COs> +HS™ ... 9)
HS+OH —»S* +H,0 ... (10)
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All three of these source ions combine in the reaction mixture leading to the
formation of CdZnS:

(1-X)[ Cd(NH3),* 1+X[ZN(NH3)4*]+S* +NH3 — Zn,Cd1,S  .....(11)
3. RESULTS AND DISCUSSION

3.1 XRD ANALYSIS

Figure (1) shows the X-ray diffraction patterns of ZnysCdosS, CdS
and ZngsCdysS/ CdS films deposited on glass substrates at pH=10 and
constant temperature 752 °C. XRD analysis reveals that the films were
polycrystalline in nature with a prominent broad peak appear at an angle 26
= 26.68° which correspond to (002) hexagonal structured. These peaks are
quite broad, which is indicative of nanosize particle [12]. Also there are two
peaks appear at an angles 44° and 52° corresponding to (220) and (311) plane
of the hexagonal phase. From (002) peaks of the XRD patterns it is possible
to evaluate the average grain size of the samples by using the Well-known
Deby-scherrer formula [13]:

D= kA/Bcosd ... (12)

Where k =0.94, A is the wavelength of X-ray, B is the full width at half the
peak maximum in radians and 0 is Bragg’s angle. The X-ray characterization
of the prepared films are summarized in Table (2). It is also observed that the
structure of nanocrystalline ZnysCdosS / CdS thin films have higher
intensity and sharper peaks as comparing with nanocrystalline ZnysCdosS
and CdS thin films, this effect can be attributed to the increase of both,
thickness and grain size of the structure of ZnysCdysS / CdS thin film.
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Figure 1: XRD spectra of nanocrystalline thin films
(a)- Zn0_5Cdo_5S, (b)- CdS and (C)- ZNgs Cdo_ss / CdS.

Table 2: XRD data of nanocrystallites ZnosCdosS, CdS and Zng s
CdosS/CdS thin films.

- —
sample (degree) | d(m) | (hkt) | FWHM Gr(ar']rr}s'ze
(from XRD)
Cds 2668 | 03340 | (002) | 2.379 5
ZnosCosS 2668 | 03321 | (002) | L840 3
ZnosCdosS/CdS | 2668 | 03251 | (002) | L.301 7

3.2 ATOMIC FORCE MICROSCOPY (AFM) ANALYSIS

Figure 2 shows two-dimensional and three-dimensional AFM
images of the prepared nanocrystalline thin films. Clearly, the substrate
surface is well covered with grains are uniformly distributed over the
surface. The image shows well defined particle like features with granular
morphology and indicates the presence of small crystalline grains.
Nanocrystalline Zngs CdysS deposited on CdS thin film presented a slight
increase on the surface roughness. The Root Mean Square (RMS) roughness
which is defined as the standard deviation of the surface height profile from
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the average height, is the most commonly reported measurement of surface
roughness [14]. The root mean square, the average roughness and maximum
height of the prepared nanocrystalline thin films were listed as shown in
Table (3).
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Figure 2: AFM images of nanocrystalline thin films with 2 dimension and 3
dimension. (a)- ZnosCdosS, (b)- CdSand (c¢) - ZnesCdosS/
Cds
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Table 3: The surface texture properties of the prepared nanocrystalline thin

films.
Roughness | Root mean | Ten point Average
Sample average square height grain size
(nm) (nm) (nm) (nm)
Zno,5Cd0.5S 2.32 3.27 44.5 5
CdS 2.74 3.55 26.8 7
ZnysCdysS / CdS 2.5 3.21 29.1 11

3.3 OPTICAL PROPERTIES

Figure 3 shows the optical transmission spectra of ZngsCdgsS,
CdS and ZnysCdpsS / CdS nanocrystalline thin films as a function of
wavelength in the wavelength range 300-1100 nm. The difference in the
transmission values as a result of different thickness of the prepared films.
The spectra of these films show an average transmission of above 70 %. Also
the optical transmission curves of ZnysCdysS / CdS and CdS thin films are
observed to be slightly shifted towards the longer wavelengths in comparison
with ZngsCdosS thin film, this effect is due to an increase in thickness of
each the structure ZnysCdysS / CdS and CdS thin films. The absorption
coefficient were calculated using the lamberts law:

a=(2.303A)t

Where t is the film thickness and A is the absorbance of the material. The
fundamental absorption, which corresponds to electron excitation from the
valence band to conduction band [15], can be used to determine the nature
and value of the optical energy band gap. The relationship between the
fundamental absorption coefficient (o) and incident photon energy (hv) can
be written as [16,17]:

(ahv)’™ = A (hv- Eg)

where A is a constant, h is the planck’s constant and n is also a constant,
which depends on the type of transition. For direct allowed transition n = 2,
for indirect allowed transition n=%. To determine the possible
transitions, (ahv)™ versus (hv) was plotted. The corresponding band gap
energies were obtained from extrapolating the straight portion of the graphs

53
Web Site of the Journal www.Jutg.utq.edu.iq




Journal of Thi-Qar University Vol.11 No.4 DES 2016

on the hv axis at (ahv)’" = 0, [18]. Figure 4 shows the variation in the
absorption coefficient as a function of wavelength. In general, the value of o
increases with decreasing wavelength of the prepared films show high
coefficient of absorption ( o >10° cm™ for A< 450 nm and 10* cm™ for A >
450 nm ). It is clear that the value of the absorption coefficient (a) of
nanocrystalline ZngsCdosS / CdS thin film structure increases as comparing
with CdS and ZngsCdosS thin films. Figure 5 illustrated the optical band gap
of the prepared nanocrystalline thin films. The band gap values are found to
be 3.93, 3.8 and 3.7 eV for the nanocrystalline ZnysCdysS, CdS and
ZnosCdosS / CdS thin films respectively. It is clear that the band gap
decreases when deposited Znos5CdysS on CdS thin film, this is attributed to
increase in the thickness which leads to enhancement in crystallinity of the
nano-size structure of ZnysCdysS / CdS thin films. The calculated optical
band gap values are larger than the typical value of the bulk Zn,Cd;.x S (3.6
eV) and CdS (2.4 eV), this is attribute to the quantum size effect as expected
from the nanocrystalline nature of the prepared thin films.
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Figure 3: Transmittance spectra of nanocrystalline thin films versus
wavelength( a)- ZngsCdosS, (b)- CdS and (c¢) - ZngsCdosS / CdS
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Figure 4: Absorption coefficient of nanocrystalline thin films versus
wavelength( a)- ZnysCdosS, (b)- CdSand (¢ )- ZngsCdysS / CdS
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Figure 5: Optical energy gap of nanocrystalline thin films
(a)- ZnpsCdosS, (b)- CdS and (c¢) - ZngsCdosS/ CdS
3.4 ELECTRICAL MEASUREMENTS

The electrical behavior of prepared films, was analyzed by
measuring their resistivity, Conductivity, mobility, carrier concentration and
average Hall coefficient. Table 4 summarizes the obtained Hall
measurements which were made by high quality instrument type (HMS-

55
Web Site of the Journal www.Jutg.utg.edu.iq




Journal of Thi-Qar University Vol.11 No.4 DES 2016

3000). The resistivity is observed to increase from CdS ( i. e. x=0), to
ZnosCdosS, this attributed to zinc incorporation which increases the
resistivity. The mobility is observed to show an opposite behavior. The
negative sign in Hall coefficient and carrier concentration indicates that the
as-deposited thin films have n-type conductivity. The decreases in resistivity
of ZnosCdosS / CdS may be ascribed to increases in thickness of ZngsCdosS
/ CdS. A wide bandgap combined with low resistivity is the crucial
requirement of window material in solar cells.

Table 2: Electrical properties of the prepared nanaocrystalline thin films.

Sample

Resistivit
y (€ cm)

Conductivi
ty (Q cm)™

Mobility
(cm?/Vs)

Carrier
concentrati
on (cm)

Ava. Hall
coefficient
(m?/C)

CdS

3.50x10°

2.85x107

4.28x10*

-4,15x10"

-1.50x10’

ZnosCdy5S

3.43x10°

2.91x10™

4.37x10°

-4.15x10%

-1.50x10°

-1.51x10°

ZnosCdosS/CdS | 3.18x10° | 3.13x10° | 4.75x10° -4.11x10%

4. CONCLUSIONS

Nanocrystalline Zn,Cd;S, CdS and ZnyCd;«S / CdS thin films
have been synthesis on a glass as substrate, the structural studies confirm that
the films have polcrystalline structure with (002) orientation, while AFM
images show that the films have uniform and homogenous surfaces without
crack. From the optical properties results, the transmittance nearly more than
70 % with wide band gap as a result of quantum size effect. The resistivity
of CdS, ZnesCdosS and Zngs CdgsS / CdS were  (3.50x10%, 3.43x10° and
3.18x10% Q cm ) respectively. From our results, the prepared nanocrystalline
thin films are good candidate in order to be used in solar cells or
photodetector.
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