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Abstract:

Zinc sulfide thin fiims were prepared by thermakporation technique, on glass
substrate(corning 7059) at different substrate smatpres. Films structure and grain size
were determined by X-ray diffraction (XRD) devic€ilms have cubic polycrystalline
structure with lattice constant -5 41 '& The optical constants (refractive index and
absorption coefficient) of a=o.
the films were derived from optical transmissioeapa in the wavelength range 300-700
nm. Data are analyzed by Swanepoel method. Inogasi substrate temperature, the
refractive index of films was increased and alin8l have nearly same refractive index at
wavelength about 630 nm. Optical band of prepailetsfare in the range 3.4-3.62 eV and
was increased with increasing substrate temperailine aim of this study is to obtain
matched properties from ZnS thin films to be usedalar cell applications.

Keywords: ZnS thin film, optical and structural propertiesvéepoel method.

1-Introduction:

The zinc based binary and ternary II-VI gmunds (ZnS, GdZnS, ZnSe, and Gd
«Zny Se are of great important in optoelectronic apfibea[1].ZnS is a well known 11-VI
semiconductor with multi-faceted application andsgessing a direct band gap of 3.68 eV,
high refraction index (2.25 at 632nm), high trartsamce in the visible range, and high
effective dielectric constant (9 at 1MHz)[1-3]dn important device material for the
detection, emitting and modulation of visible areanultra violet light [4],and in particular
for making high resolution colour electroluminescemd cathodoluminescent display of
various types[5].ZnS is believed to be one of thestrpromising material for blue light
emitting laser diode ,and thin film electroluminest displays[6,7].Furthermore the wide
band gap ZnS enjoys the advantage of being higddistive and UV light sensitive having
low dark noise. They are potentially good candigafer visible blind UV imaging
material[8]. Considerable effort has been devowckmtly to controlling the size and the
shape of ZnS nanofilaments so that size and shependent properties can be studied, e.qg,
ZnS nanobelts with wurtzite structure that is grdwnthermal evaporation methods[9]. Our
interest in this material lies behind its use agimdow layer on different window layers for
CdTe and CulnSe group (CIS) base solar cell ddarge band gap, for the construction of
colour electroluminescent display device, also fiee@ construction of room temperature
antiferromagnetics alloy and as IR window in IRs®Em A variety of preparation techniques
has been reported so far to obtain ZnS thin filsesne of them are: Chemical bath deposition
(CBD) that is used due to the possibility of laayea deposition[1,3,10,11]. Sol-gel method
that is employed in industrial manufacturing to aibtstable electroluminescent (EL) and
photoluminescent (PL) properties[12]. Electron bemraporation (EBE) that has fast grown
thin films[5,13]. Pulsed laser vaporization: thatfast thin film evaporation techniques [2].
Waurtzite thin film structure can be obtained by eapliquid-solid (VLS) process[14,15].
Metal organic chemical vapour deposition (MOCVD}teyn used to obtain quantum dot
composites of ZnS[16]. Molecular beam epitaxy (MBig¥tem is also used to prepare high
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quality thin films[8]. Simplest and cheap way totah thin films of ZnS is by resistive
heating technique[4,17], that we used to prepa thm films in this work.

2-The experimental:

ZnS thin films were deposited on clean glass satest by thermal evaporation
technique, vacuum evaporator (Varian 3117) was usedrepare ZnS thin films, and a
tantalum boat was used as a support to evaporé&e. Yme distance between the boat and
substrate was (20 cm). Temperature controller (Yp€TA-3000) was used to control the
substrate temperature. The substrate temperatwseselacted at (Room temperature(R.T),
100,150,200) 0
C. The rate of deposition was varied from 1A3/§).

XRD measurements techniques have been used tondetethe crystal structure of
ZnS thin films, X-ray diffraction spectra were reded with PHILIPS (PW 1053) X-ray
diffractometer with Cul¢ radiation(40KV and 20mA) for@values over 20-400ptical
measurements of all thin films samples were caroatiusing UV-VIS spectrophotometer
type (Thermo spectronic) in the range 300-800nnroatm temperature, to obtain the
absorbance and transmission spectra at room tetaperAll measurements were carried out
in Basrah university-college of science-physicsattpent)

3: Results and discussion:

3.1: Structural properties:

The XRD patterns show that the ZnS films deposiigdhermal evaporation onto
glass substrate have polycrystalline structurerawelal only one peak that coincides with the
position for (111) diffraction line for zincblenaeystal structure or (002) diffraction line for
wurtzite structure .So it is possible to conclulai ffilms have the cubic crystal structure with
the preferred orientation in the <111> direct{fig.(1)) as it was observed in Ref.[18].

Lattice parameter of ZnS thin films were calcethtising the relation (1)and it

was 5.41A
dmal(W+IC+H2 )& (1)

Where ¢hy) is the planner distance of the preferred peakn8 /A, kI are the miller
index a is the lattice parameter of ZnS. Grainssaethin films were estimated according to
line broadening analysis of the one strong peakr@® thin films on X-Ray pattern, and
because it is impossible to eliminate the effe¢tstains and sizes on line broadening, these
values of grain sizes were done approximately liyguSherrer equation:

that was very clasé¢htat of powder source.

D=1.155M/H cos) ... (2)
Where0 is a Bragg angle, H is integral breadth, ansla wavelength of X-ray source.
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ZnS powder

Fig. 1. XRD patterns of ZnSthin films prepared
at different substrate temperatures
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The results of evaluations are shown in table [fBojn the table the grain sizes of the
ZnS films are increased with increasing of substtamperature and we note that the increase
is not large due to decreasing of films thicknegs wcreasing of substrate temperature .

Table[2]: grain size, energy gap and thicknessvaried substrate temperaturefor ZnS

thin films.
Substratetemperature(Ts) C Grain size (D) (nm) Energy Thickness
gap(eV) (nm)
R.T 17.5 34 110(¢ Preser
10¢ 22 3.41 80C work
15C 24.¢ 3.5€ 100(
20C 27.€ 3.62 30C
bulk 3.6¢ - Ref.[9]

3-2: Optical properties:-
3-2-1: Determination of optical constants:

The transmittance spectrum of all ZnS thin filmegared, exhibits peaks and valleys
that are associated with interference effects [8g2) .The interferences are fully coherent,
and then the locations of the interference maxinthrainima are related to the real pari (
of the complex refractive index[19]:

n'(A) = NQ)+HKA) oo (3)

Where n %), is the refractive index, and k)( the extinction coefficient.

For the method proposed by Swanepole, the optmastants are deduced from the
finger patterns in the transmittance spectrum[18].practical situation for a thin film on a
transparent substrate is shown in Fig (3)[20].Time has thickness d and complex refractive
index nQ.) :

2dn@)=mi (4)
Where m is the interference order and d is the thiokness .The values of m takes integer

number for maxima and half integer for minima. Theestions, therefore, arises concerning
the determination of i\j and d only from transmittance data[21].
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Figure 2. Four typical transmission spectra for prepared samples of different substrate
temberatures
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Figure 3. System of an absorbing thin film on thick finite transparent substrate.

Swanepod method[22,23]

The transmission spectrum can be roughly divided four regions Fig. (2). In the
transparent regior€0) the transmission is determined by n (refractndex of film) and s
(refractive index of transparent substrate) throoghtiple reflections. In the region of weak
absorption regiono is small and the transmission begins to decrebsehe medium
absorption regiom is large and transmission decreases mainly duket@ffect ofa .In the
region of strong absorption the transmission desa®alrastically due to almost exclusively
the influence of [22-24].

The transmission T for the case of Fig.(2) is anplex function and is given by :

T=T(A,s,nd¢) (5)
And for convinces, equ. (5) can be written in teiwhng) and absorbanceX(24]:
T= AX ] (6)
B-CXcosp+ DX
Where:
A=16rfs ... (6a)
B=(n+P¥n+s) . (6b)
C=2(R1)(r-) e (6¢)
D=(n-%n-¥) . (6d)
4md
CD:T .................. (6e)
X=exp (ed) e (6f)
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Now if Ty and T, are maximum and minimum values of the envelopetion of the
transmission andslis the maximum value of the transmission in theealoe of the film, then
substrate refractive index s y Bnd T, are given by the following equations:

2
s:i+[T_12—j ....................... )
S S
AX
= AR, 8
MTB-CX +DX?2 ®)
AX
T 9
™ B+CX +DX? ©)

For further analysesyland T, are now considered to be continuous functiors of
and thus of i) and X{.) as shown in the envelopes in FigEbr anyL , Ty has a
corresponding valuel; The absorption coefficientfor the regions of medium absorption
will be non-zero. From equations (8) and(9)can l@ioed an equation that is independent of
X[20]..

1
T, T, A
The determination of the envelopes are based opatabolic interpolation between
three nearest adjacent maximumfDr minimum(T,) for anyA ,Ty has corresponding value

T, ,and T, has corresponding valug, , substituting equations (6a-6f) into (10) and sav
for n()) yields:

nW)=[N+HN>-H"J* (11)
Where
_ 2
N=2g i —Tm  STHL (12)
T,T. 2

The film thickness can be determined if we assupamah i the refractive indices for two
adjacent maxima(or minima) & and\, then the film thickness is given by:

/11/12

= M (13)
2(/]1”2 _/]2”1)
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Figure4.Variations of refractiveindex n with wavelength for different substrate temperatures
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From the Fig. (4), the refractive index, n, is fdulo decrease with the increasing in
the wavelength of incident photon for all samplasd tends to be constant at higher
wavelengths. And also note that refractive indexjnoreases with increasing in substrate
temperature of films and become nearly equal né&r rem for all films, the increases of n
with substrate temperature may be attributed taribeeasing of particle size of these films.
The calculated films thickness obtained by using. @) was tabled in table[1]. The thickness
of thin films decreased with the increasing sulsttemperature.

3-2-2: Optical band gap:
The transmission spectra of the ZnS thin films tua shown in Fig( 2 ) showed
transmission of more than 80% in the visible rarifee high transparency in the visible
region is consequence of the wide band gap ofilims.fThe optical absorption coefficieat
was deduced from the transmission spectra usingethgon:
=10 exp(-ad)

Where d is the thickness of the fijlh ,lo are the intensities of the transmitted and
incident light respectively.

ZnS is a direct band gap semlconductor (see fidt®),band gap of the films was
calculated by plotting the value ¢ hv)? against photon energy . The straight line portion
and the intercept of this liner portion on the gyeaxis at(a hv)? equal to zero gives the band
gap[10]. The(ahv)? againsthv plots of the ZnS films are shown in Fig( 6 ),thend gap
values of the ZnS thin films at different substregmperature are shown in table[1],it can be
noted that band gap value of the fiims are incidas&h increasing of the substrate
temperature and reaching to the value of ZnS imalterial.
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Fig. 5. absorption coefficient (a0 )vs. photon energy (hv(eV))for different substrate temperature.
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Fig. 6. (ahv)?vs. hv plots of ZnSthin filmsfor different substrate temperature.

4- conclusions.

A series of the ZnS thin films with different sitaée temperature are prepared by
thermal evaporation technique. In this study, thituence of substrate temperature on the
structural and optical properties of ZnS thin filmas investigated. The X-ray diffraction
(XRD) patterns analysis indicates that the crystaicture transfers from wurtzite in powder
material to zincblend structure in thin fiims formand reveals that these films have
polycrystalline nature with lattice parameter a5 41 A .As the substrate temperature
increases from R.T to 200C, the average grainis@eases from 17.5 nm to 27.6 nm.

The concepts of the Swanepoel method for the datatimn of optical properties of
thin films were evaluated .The refractive indexickiness, absorption index; extinction
coefficient and optical band gap of thin films dspped on transparent substrate several orders
of magnitude thicker than the films. We showed thatapplication of the Swanepoel method
is straightforward.
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Optical properties analysis of all the films byngsSwanepol methods indicates that
with the increasing substrate temperature the againdex of films increases and all films
have nearly the same refractive index at waveleragibut 630 nm. Band gaps values
increased and reached the value of bulk materfad tfansmission of all samples was high in
visible range.
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