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Abstract

Electrodeposition Technique was used to deposit tliims of Zinc Sulphide (ZnS) on
fluorine doped Tin Oxide (FTO) glass substrate. Tkabsorbance of the deposited
films was studied using M501 UV-VIS spectrophotoeré the range of 300-900nm
using a step size of 20. Investigation reveals ttia absorbance of the deposited films
increased with the bath composition. The grown fidnshowed low absorbance value
in the range of 0-2.3 and a high transmittance valin the range of 0-0.9 for all the
deposited films. The absorbance of the depositéuisidecreased as the wavelength
and the photon increased. The average optical bajagh energy of the film was found
to be 2.8eV.
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1.0 Introduction

Zinc sulphide (ZnS) is found in nature as Zinc bler(also called Sphalerite 8rZnS and with a cubic structure) and
wurtzite @-ZnS, which is a hexagonal structure). The nameabeasfe minerals are used to designate the corrdsperystal
structures. Zinc sulphide is an important 11-VI gmund semiconductor material and is commercialgdusa solar cells [1],
infrared windows [2, 3], and phosphor materialgdbping with transition or rare-earth metals [4, Bjere has been growing
interest in developing techniques to prepare semligctor ZnS thin films. ZincSulphide semiconductath a wide band
gap energy which is suitable for applications ilasaells, solar selective decorative coatings, lighit emitting diode, photo
catalysis and phosphors in flat panel displays. Zm8 films are nontoxic to human body, very cheam abundant.
Thesemiconductor thin films deposition from aqueassution [6-10] becomes increasingly popular beeait has
advantages of economical and capability of large ateposition. Various techniques have been emgplay@repare ZnS
thin films including successive ionic adsorptioratéan method [5], electrodeposition[6], chemicaltbaeposition [11],
spray pyrolysis [12], vacuum evaporation [13] andspd laser deposition [14]. Electrodeposition isffeeveral advantages:
it is relatively economical; it can be used onrgdascale; and it is conducted at low-temperatitbough there has recently
been a growing interest in the electrodepositiodr® film due to these advantages, two issues baneerned us. The first
is that heat-treatment is necessary after depnositiorder to adjust the ZnS stoichiometry, thugeiting the advantages of a
low-temperature process. The second is that elbeasition is often performed at a relatively nagapotential, indicating
that a sub-reaction of hydrogen evolution reductionld arise, leading to a reduction in currenicefficy [15]. For these
reasons, we have been strongly interested in acdlgievsingle electrodeposition of ZnS films at @ laver potential (a more
positive potential) and without heat-treatment.

In this paper electrodeposition method is usedédpodit ZnS thin films onto substrate (FTO) to stildy effect of bath
composition on the optical properties of ZnS. Salvezsearchers have grown Zinc sulphide (ZnS) loying many growth
parameters and using different techniques as tellvever, the several author’s reports are ofteansibn the effect of bath
composition on the results obtained.

2.0 Materials and Methods
ZnS thin films were prepared on the glass substreteorine doped Tin Oxide (FTO) by electrodepositiechnique. The
substrates were cleaned ultrasonically by detergm@ation, acetone, and deionized water, respdgtit@ensure the
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complete cleanness. The reaction bath for dBposition of Zinc Sulphide (ZnS) was compbsd four electrolyte
Zinc Chloride (ZnG), hydrated Sodium Sulphide @$aH,0), Potassium tetraoxosulphate VI ,80,) and
Tetraoxosulphate VI acid ¢80O,). The growth of ZnS films were determinedthwrespect to the different bath
parameters which includes time of depositaond substrate for the deposition, the comatoh and the pH of the
solution were kept constant throughout th@eeixnent. The pH value was maintained at &tble the concentration
of the compounds were maintained as prepaed).10M ZnCh, 0.10M N&S.H0, 0.10M K,SQO, and 0.10M
H,SQ, with the following reactions;

ZnC|2(aq) + N@S.HzO(aq) — ZnSS) + 2NaCJaq) + HO0 (1)

20cnt each of ZnGl and NaS.H,O was measured into 100tnbeaker using burette. 20tnof K,SO, was
measured into the same 108cheaker containing Zngland NaS.H,O respectively to serve as the inert eléytio
which helps to dissociate the Zn from theCE and S from the N&.H,O to form the required ZnS film on the
substrate and the solution was acidified wWiti®Ocni of dilute HSO, which serves to adjust the' Ralue. The
entire mixture was stirred with the glassl @ achieve uniformity.

In each of the reaction baths prepared, lassgsubstrate and carbon electrode were ectgoh to a DC power
supply source and the time was maintaine@0ds) for different contraction df,SO,

Table 1: Preparation of ZnS Thin Films

Slide Volume of | Bath composition | Volume Bath composition Deposition Deposition | Volume

No Zn(NO3),.6H,0 of Zn(NO3),.6H,0 of K,SO, | of K;SO, (M) time (s) voltage (v) of H,SO,
(cm?) (M) (cn) (cn)

A 20.00 0.10 20.00 0.10 90.00 3.00 5.00

H 20.00 0.20 20.00 0.10 90.00 3.00 5.00

I 20.00 0.30 20.00 0.10 90.00 3.00 5.00

2.1 Optical Characterization
The absorbance of ZnS thin film was obtained by mawerized monochromatic beam spectrophotometer (V1%Q
wavelength range of 300-900nm in the step of 20mhe base of the thin film deposited glass substratas mounted
vertically on a rotating holder at sample compartmespectively and scanned to obtain the absoebahthe film. The
wavelength from 300nm-400nm falls in the UV regidB0nm-700nm falls in the VIS region and 700nm-38dalls in the
NIR region. Other properties which include: trarisamice, reflectance, refractive index, optical khiess, coefficient of
absorption, extinction coefficient, optical conduity and dielectric constant were derived using tbrmula below
From the law of conservation of energy we obtained,

A+T+R=1 2
Where A is the absorbance, R is the Reflectanmd Tas the transmittance, give by

T404 3)
Refractive index n and the Optical thickness tgiven in [12]

1+R 4R 2

T-R | (1-R)2 K )

1-R?
m(——)

t= ®)
a
Coefficient of absorption and photon energy E are given by

o= (6)
E= (7)
Extinction coefficient k and Optical conductivisyare given by
K=< ®)
o= (9)
Real dielectric constamf. and Imaginary dielectric constanf13]
&= n? —k? (10)

& = 2nk

3.0  Discussion of Results
Figurel shows the plot of absorbance as a funcdtiavavelength of the films deposited at constanetof 3min and voltage
of 3V respectively. From the graph, it is obsertteat at 0.1M, 0.2M, and 0.3M respectively, the abance falls at the
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range of 0.2-0.1, 2.1-1.1, and 2.2-1.2 respectivEte deposited films show high absorbance in pighton energy and low
absorbance in low photon energy. The absorbantieeofieposited films also increased with increasddth composition.

The high absorbance in the UV region makes ZnSuusefforming p-n junction solar cell with otherigble material for

photovoltaic application, in the other hand a Idwg@bance of 0.2-0.1 alsomake ZnS thin film us&fulbptical component
in high laser window application [16].
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Figure 1: Plot of absorbance as a function of wavelength

Figure 2 Shows plot of transmittance as a functibmvavelength, At 0.1M, the transmittance tend ¢overy high which

increases at the range of 0.52-0.7 while at 0.2M @3M respectively the transmittance range obthiwas at 0.01-0.07
respectively and at a wavelength range of 300nnm800 he high transmittance makes ZnS thin film efuismaterial for

pyroelectric detector, while low transmittance meakauseful for double glazed windowing.
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Figure 2: Plot of transmittance as a function of wavelength
The plot reflectance as a function wavelength #gBishows that at 0.1M a good thin film of abo@-0.09 is deposited on
the glass substrate but an increase in bath cotigrosif 0.2M, and 0.3M respectively gives a negatialue between -1.2 to
-0.3 respectively at wavelength of 300nm-900nn@r36-800nm and 300nm-900nm respectively. Investigateveals that
high reflectance of 0.2-0.09 can be used as a phiotioetic radiation device and as a sensor.
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Figure 3: Plot of reflectance as a function of wavelength
Figure 4 shows the optical conductivity as a funttdf photon energy. At 0.1M, the optical condutyivis relatively
constant while at 0.2M and 0.3M, the optical coriity gives a value of 5.6E-8 and 5.4E-8 respetiv

5E+17 -

> R L CRR iy otk sttt tatatatatatatataty

)

g 5 X DD O oD A O DO D XA DA

2 SEHTA D 0 W 07 Y WY D NV T P 607 N Y o L

S OB ARIRAMR SO S SN SN AN R i N MEN R S

=) Rl R RPN R SR S A\ G\ G\ LR e R LI Sl R A G

T B8 A & & 2 A R P AV QDT S

g %- I'}). fl/. l‘\/. f}/. fl/. f\/. I»- N- N- I». I»- N- N.

O _15E+18 -

5 1(0.3M)

:;a 2E+18 —=—H(0.2M)
-2.5E+18 - ——A(0.1M)
3E+18 -

Photon Energy, (eV)

Figure 4: Plot of optical conductivity as a function of photenergy

Figure 5-7 shows the plots of absorption coeffitiEquare as a function of photon energy for slidet A.1M a band gap was
observed to be 3.6eV, 0.2M a band gap of 2.3e\6fole H is obtained and the band gap energy of\2&e).3M for Slide
I. Investigation reveals that ZnS thin film is udeih functional layer materials [16]. This also kea ZnS useful for p-type
conductivity as a semiconductor material. It metinag absorption coefficient square as functionphanergy also depend
on the bath composition of thin film deposited hsvged.
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Figure 5: Plot of absorption coefficient square as a functibphoton energy (Slide A)
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Figure 6: Plot of absorption coefficient square as a functbphoton energy (Slide H)
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Figure 7: Plot of absorption coefficient square as a functibphoton energy (Slide 1)

Figure 8 shows the plot of refractive index as cfion of photon energy. It is reveal that at 0.1Ng refractive index is
zero, when there is increase in thephoton energy ft.3—4.0 while at 0.2M and 0.3M, the refractimeléx decreases
downward from O to -1.7, as the photon energy mses from 2.3-2.5 and 3.5-3.8. This kind of mate@da be used in
optical components and multispectral applications.
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Figure 8: Plot of refractive index as a function of photoreryy
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Figure 9 shows the plot of extinction coefficiest fanction photon energy. At 0.1M there was aistitease from 0.009-
0.02 in the UV region to the VIS region while a2®. and 0.3M, we have an increase from 0.9 - 0.1% @® - 0.15

respectively. Investigation reveals that this loxtirection coefficient can be useful in incandesckamhp dome exposure.
Therefore ZnS thin film is applicable.
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Figure 9: Plot of extinction coefficient as a function of gbn energy

Figure 10 shows the plot of real dielectric constna function of photon energy, at 0.1M, the dielectric constantis zero
while at 0.2M and 0.3M the real dielectric increageVIS region. This reveals that ZnS has a gdetectric thin film as a

result of increase in thebath composition whiclkigeful in the fabrication of capacitors and storafjenergy. This shows
that increase in thebath composition increaseditiectric material of thin films deposited.
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Figure 10: Plot of real dielectric constant as a function bd{on energy
Figure 11 shows the plot of imaginary dielectrimstant as a function of photon energy, at 0.1Mith&ginary dielectric
constant is zero. At 0.2M and 0.3M gives zero wkiilere was an increase in the photon energy frem226eV and 3.4—

3.8eV.
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Figure 11: Plot of imaginary dielectric constant as a functidmphoton energy

4.0 Electrical Properties of CuSe Thin Films

The electrical properties of the deposited copptarsde films were studied using a standard foumtgarobe technique. The
arrangement was made in such a way that the vo#tagess the transverse distance of the films wassured using silver

paste on top of the coated slide to ensure goodoobmmtact to the film. The four point probes wareanged such that the
two outer probes were connected to current suppdythe two inner probes to a voltage supply. Asenirflows between

the two outer probes, voltage drop across the ipraves was measured. The sheet resistivity athihefilm depends on the
current, voltage and thickness values of preparedftm. Equations:

=" =4523t (11)

m2r1
= reststllmty - 14 (12)

14.523xthlckness 4,523t

o=1 (13)

Table 2: Electrical Property of CuSe Films

SAMPLE AVERAGE AVERAGE THICKNESS SHEET SHEET ELECTRICAL

VOLTAGE (V) | CURRENT (A) | (Q/m) RESISTIVITY RESISTANCE CONDUCTIVITY
(Q/m) Q) (Q/m)

A 2.1x10° 4.3010° 168 3.4310° 14.22 7.2910°7

H 2.1510° 4.36¢10° 178 3.5410° 14.24 8.3810"

[ 2.1x10° 4.3%10° 179 3.6410° 14.26 8.4310"

5.0  Conclusion

Zinc Sulphide thin films have been successfullyppred by electrodeposition technique.The absorbahtke deposited
films falls at the range of 0.2-0.1, 2.1-1.1, an2}-2.2 respectively. The deposited films show kagkorbance in high photon
energy and low absorbance in low photon energy.aliserbance of the deposited films also increastdimcreased inbath
composition.The transmittance tend to be very higiiich increases from the range of 0.52-0.7 whil®.2M and 0.3M
respectively the transmittance range obtained w84-0.07.The transmittance of the ZnS films éases at the visible and
near infrared region, this make ZnS a good canditiatbe used as antireflection coatings. The vafueefractive index
remain nearly constant in the wavelength range 9@@m; this behavior represents an optical stghilithin this spectral
range.
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