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ABSTRACT

Zinc nicke sulphide (ZnNiS) thin films were produced on glass dides by chemical bath deposition technique
(CBD). The structural, composition and optical studies were done. These analyses were obtained using an optical
microscope and XRD (MDq version 2.0 X-ray) diffractometer, energy dispersive x-ray fluorescence (EDXRF) and a
Janway 6405 UV-VIS spectrophotometer respectively. The effects of variation in the deposition time on the
electrical, composition and optical properties of the grown films were discovered. From the XRD results, the films
crystal structure was found to be tetragonal..The presence of many peaks indicates that the grown films are
polycrystalline. An average grain size (D) of the film was estimated to be 0.003um. The compositional study shows
that as the deposition time increases, the Zn?* decreases. The optical analysis indicates that the grown films can be
applied as antireflection films, solar control coating and absorber layer films. These were discovered from their
optical properties.
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INTRODUCTION

Energy is the livewire of any country, the standafrtiving depends on the per capital energy corgiion. Most of
the energy on the earth is received from the sgn RBlants use solar energy for photosynthesis dnde s
carbohydrates, proteins, fats, oil, alcohols, ¢efle and lignin. Humans and animals consume platemals as
primary food. Plants and animal remains are cordetd petroleum products and coal over millionyedrs [2].
Solar energy is therefore the world’s most abundamirce of energy known and used by mankind [3]s Th
renewable energy resource remains inexhaustible tiite. However, the only problem is that the caosimmn
efficiency is still low. Consequently, intensivesearch has been going on to find the suitable filmrs that will
minimize the loss of this energy during conversiéh ZnNiS thin films are one of the ternary chajemide thin
films that have been investigated for specific aapions in the solar industries, optical and eteut devices. The
thin films are also applied in window coatings [Sfarious methods which include thermal evaporation,
electrochemical deposition and chemical bath déposihave been employed for the deposition of fiins [6&7].
The chemical bath deposition (CBD) technique hanlieund to have a low cost and low temperaturéhaakethat
produces quality films for device applications [8}.this paper, ZnNiS thin films which were fabtied through
(CBD) are presented. The structural, optical andpmsitional studies were also carried out.

MATERIALSAND METHODS
ZnNiS thin films were prepared on glass slidesxgisthemical bath deposition technique. The glaseslwere

degreased in hydrochloric acid for 24 hours, washi¢gd detergent, rinsed in distilled water and dria air. The
acid treatment caused the oxidation of halide ionglass slides used as substrate thereby introgucinctional
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groups called nucleation and epitaxial centers bitlwthe thin films were grafted. The degreasedridel surfaces
have the advantage of providing nucleation cenfershe growth of film hence yielding highly adhesiand
uniformly deposited films. The reaction bath foe tteposition of ZnNiS contained 10mls of 1.0M ofZn 10mls

of 1.0M of SC(NH), and 10mils of 14.0M of Ammonia.50mls of distilledter was added to make up 90mis in a
100ml beaker. Ammonia solution was used for duappses as a complexing agent as well as providiatkaline
medium for the growth. The function of the complexiagent is to slow down the reaction in orderlimiaate
spontaneous precipitation. The equations for thetien and deposition of ZnNiS are as follows:

ZnCh + 3NH, <«——p [Zn (NBJJ*" + 2CI
[Zn (NHa)]* 5 ZA"+3NH,

NiCl, + 3NH, <«—— [Ni (NH3),]*" +2Cr
[Ni (NHg)]** «——» Ni*" +3NH,
SC[NH,), + OH «——— ChN, + H,0 + HS
HS + OH “— W+
Zn**+Ni¥*+S — » ZnNiS

The sulphide ions are released by the hydrolysihiofirea but Mg and Nf* ions are from complexes which the
solution of ZnC} and NiC} formed with NH. The Zrf*, Ni** and $ present in the solution combined to form
ZnNiS molecules which were adsorbed on the glads The growth takes place by ionic exchange oftreac
ions. This process is referred to as ion by iorcess and ZnNiS films were deposited on glass sédemiform and
adherent thin films. Five depositions were madé \fiite different deposition time as shown in thieléabelow. For
each deposition, the glass slide which was mouatethe beaker with the synthetic material was tadetnof the
beaker, rinsed with distilled water and allowedlty in air. The structural composition of the gro&nNiS films
was studied with the optical micrograph and X — difractometer MQq version 2.00. The films were further
characterized for optical absorbance using Janw&@56UV — VIS spectrophotometer. From the values of
absorbance obtained, other properties such adrinsmittance, reflectance, and band gap energy determined
through theoretical calculations [10]. These optm@perties were obtained in the wavelength raog280nm —
1000nm.

Table 1: Preparation of ZnNiS Thin Films

Vol. Vol. Vol. | Distilled

Reaction bath Mg\c/l()lkml) CO”‘(:M';"QQ NiCl, CO”(‘,:\)I)'\“Q SC(NH): CO”C'(%:(NH)Z NHs | H,0 D"zh:')me
2 (ml) (ml) (ml) (ml)
Hy 10.C 1. 10.C 1.0 10.C 1.C 10.C | 50 8.C
H, 10.0 1.0 10.0 1.0 10.0 1.0 100 504 10.4
Hs 10.0 1.0 10.0 1.0 10.0 1.0 10[0 50.4 12.4
H, 10.0 1.0 10.0 1.0 10.0 1.0 10[0 50. 16.4
Hs 10.0 1.0 10.0 1.0 10.0 1.0 100 504 20.0
RESULTSAND DISCUSSION
Structural Analysis of ZnNiS Thin Films
Fig. 1: photo micrograph of ZnNiS (hy)
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Fig. 2: photo micrograph of ZnNiS (H.)

Fig 3: photo micrograph of ZnNiS (Hs)
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Fig. 4:X-ray Diffraction Spectrafor ZnNiS Thin Film (Slide Hs)

MD-10. 4/26/10

Exposure Time: 1200/1200sec. Radiation: CuKa, amge:H
Operator: EMDI Akure

File:ottih_H;.smd

The structural characterization of the grown thim$ was studied with the aid of optical microgragid XRD
spectrophotometer.

The structural parameter of the above thin filmevehthat the grain size of the grown thin films eses as the
dip time increases. This may be attributed to tleeease in imperfections of the films with incregsdeposition
time. It also indicates a uniform surface coveragd an average size of 0.Q0d. The grain crystallite size D was
calculated using the Scherer’s formula [11].
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D = K
Bcod

Wherel is the wavelength of X- rag is FWHM (Full width half maximum) given by the Faurther confirmation
of the structure of the grown thin films was dorgng XRD analysis. This helps to analyze variousstalline
aspects. According to Bragg’s law

nA = 2d1kl sin Ohw

The direction of scattered beanig,f is related to the interplanar distancggdn the lattice (hkl) which represents
the property of the material [12]. The XRD pattéon ZnNiS thin films indicates that there is a plinent peak in
20. The presence of large peaks indicates that the i polycrystalline [13]. The outstanding of ciaftites
perpendicular to (111) plane gives rise to theagginal structure.

Compositional Analysis

The determination of the composition of thin filissvery important especially for films deposited ®8D growth
techniques deposition method. The method adoptadisnresearch is the energy dispersive X-ray #aoence
(EDXRF).

The radioisotope x-ray machine has a Silicon-lithidetector (model SL 12170) with Beryllium windoWhen a
sample was placed on an x-ray excitation sourcé°Cithe sample was excited and subsequently chaistizter-
rays were given out and detected by the Si-li dete@ preamplifier attached to the detector anmadifthe signal.
This was sent to the spectroscopy amplifier fothiewr amplification. With the help of the computgstem, the
spectrum was displayed. This was done for a penib8000 seconds after which the spectrum was sé&wed
quantitative analysis. In this work, samples H,, Hs, Hs, and H, were selected for this analysis.®dsource was
used to analyze the quantities of Zn, whitEe was used for the determination of the quantitguwphur. The
contents of Zfi, Ni** and $ for the grown films are shown in table 3.0.

Optical Properties
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Fig. 5: Spectral transmittance of ZnNiS thin film Fig. 6: Spectral absor banceof ZnNiSthin film (Slide
(SlideH,-Hy) Hi-Hy)
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Table 3.0 Compositional analysisof Zn;x NixSthin films

. Composition | Mgcontent | Nicontent | Scontent . o
Slide No ) Wit% Wi% Wit% ImpurityCl, Wt%
H, 0.000 55.45 - 44.55 -
H. 0.01( 53.1¢ 0.4¢ 43.8] 1.0C
Hs 0.07¢ 52.1¢ 1.37 45.4¢ -
Ha 0.100 52.17 1.81 45.00 1.00
Hs 0.150 51.19 3.98 44.83 -
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Fig. 7: Spectral reflectance of ZnNiSthin film (Slide 0 4 6
Hl! sz H4, H5)

Photon energy hv(eV)

Fig. 8: A plot of absor ption coefficient squared
versus photon energy for (SlideH,;-Hs)

From the composition studies, the grown films digh#ly rich in Zrf*, whereas &is practically constant. The table
also indicates that the content ofZrlecreases with increasing deposition time..

Figure5 is the transmittance spectrum of ZnNi& fhims grown in this work at a room temperaturecldse look
reveals that the transmittance of ZnNiS thin filimsreases as the length of deposition increadss gfown when
the dip time is highest has the highest value @A wiolent (UV) region. Thin films of this profgrare used for
photosynthetic coatings. This is because theyiketylto exhibit selective transmittance of photaihetic active
radiation (PAR). This radiation is useful in th@pess of photosynthesis for green plants [14].

The plot of spectral absorbance of ZnNiS thin fiisgisplayed in figure 6. The figure indicateattthe absorbance
of ZnNiS thin films decreases as the length of déjmm increases. The highest absorbance was aasénthe film
labeled H, This type of thin film is used for window coating the hot regions of the world since it is capaifle
absorbing the harmful UV radiations and leavingittsédde surface cool. It acts as convectional aiditioner.

Figure 7 shows reflectance spectra of ZnNiS thim fgrown. From the plot, it is indicated that theflectance
values of the thin films grown is low especiallythvihe films grown when the length of depositiotoisger than 8
hours. Thin films of low reflectance values arediser coatings in the solar collector plates. Sfiths help to
reduce the loss of incident solar radiation dueeftection. This enhances the efficiency of theasaell collector
plates. In solar energy collection, the aim is taximize the absorption of incident radiation anduee losses
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arising from processes such as conduction, cororeatadiation and reflection. These are bound tuobecause of
the two different media (air and solar collectoatpk).This is disadvantageous since part of thdent radiation is
lost, it has been found that the films grown in Wk reflectance values across the UV, visible aedr IR regions
and hence suitable for anti-reflection thin film&ieh when used, improves the efficiency of the isalallector
plates.

The plot of the average values of absorption coiefiit squared versus the photon energy for ZnNif$ ftim is
displayed on figures 8. From the graph, the banqegeergy was found. The plot shows that the bapdegargy of
ZnNiS thin film is 2.2eV. This was obtained by mxolating the straight portion of the graphs tpoint where
a?=0. The value of the photon energy at that poittiésband gap was obtained from the graphs.

ZnNiS has a high band gap and can be considenedtesial for absorber layer of a solar cell.
CONCLUSION

ZnNiS thin films have been successfully fabricat@uto glass slides using chemical bath deposigohrtiques. The
structural, optical and composition were performEide optical studies showed that the films have leffectance
values in the UV, VIS — NIR regions. This makes ftie suitable for coating in solar collector platas anti
reflection films. Also, ZnNiS films were found tabe high absorbance in the UV region. This properakes the
film candidate for solar control coatings. The stanal analysis indicates that the grown film hasaverage grain
size of 0.004m .The film band gap energy was determined to b2eX/. From this large band gap value, the film is
therefore suitable to be used in the absorber lajesolar cell. An XRD showed that the film hasedragonal
crystalline structure
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