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ABSTRACT

Spin coating is an easy and efficient techniqugrtav good quality thin film crystals and amorphdilisis suitable
for many applications in science in technology nignsensors, filters and solar cells. The engineg@md design
for the spin coating apparatus was conceived teatst fabricated indigenously in-house inside theotatory to

grow thin film crystals and amorphous films to sudtious applications. The rotor consists of an WGtor capable
of reaching speeds like 1200 rpm, 2400 rpm and 368@Q A rectangular substrate holder is fabricatad the top
of the stub firmly fixed so that not to spin offilelmeaching the above said high speeds. A transpialid is fixed
with a provision for applying the liquefied chargeriodically as droplets onto the substrate. Alsgihtainer cum
arrestor is fabricated around the spinning platformorder to reduce the splashing and wasting ef¢harge. The
charge is taken in the form of the solution withogatimal texture and super saturation so that gl range order
is maintained else there is scope of accumulatiwh multiple nucleation which will prevent the fifrom a smooth
formation. Homogeneous and Heterogeneous combitatd single layered and multiple layered thin §ilere

realised after effecting a coating with an optingdin speed. The thin films realised after the psscwill be

subjected to structural, functional and optical cheterizations.
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INTRODUCTION

A thin film is a layer of material ranging from fractions ohanometer (monolayer) to several micrometers in
thickness. Electronic semiconductor devices anitalptoatings are the main applications benefifiogn thin film
formations[1]. A familiar application of thin films the household mirror, which typically has anthietal coating
on the back of a sheet of glass to form a reflechiterface. The process of silvering was once confynused to
produce mirrors. A very thin film coating (less tha nano metre thick) is used to produce two-wayars. The
performance of optical coatings (e.g. antireflextior AR, coatings) are typically enhanced whentthie film
coating consists of multiple layers having varythigknesses and refractive indices. Similarly, equic structure
of alternating thin films of different materials gnaollectively form a so-called super lattice whiekploits the
phenomenon of quantum confinement by restrictireggtebnic phenomena to two-dimensions [2]. Work énb
done with ferromagnetic and ferroelecttién films for use as computer memory. It is alsainly applied to
pharmaceuticals, via thin film drug delivery. THimms are used to produce thin-film batteries. THim
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application can also be adopted on dye-sensitinkt sell. Ceramic thin films are also widely ofeusowadays.
The relatively high hardness and inertness of cieramaterials make this type of thin coating of rett for

protection of substrate materials against corrqsixidation and wear. In particular, the use offsgoatings on
cutting tools can extend the life of these itemsbyeral orders of magnitude [3]. Research is beore on a new
class of thin film inorganic oxide materials, cdllamorphous heavy-metal cation multi-component esidvhich

could be used to make transparent transistorathahexpensive, stable, and environmentally befdgn

The act of applying a thin film to a surface isntfilm deposition. This is a technique for depasgitia thin film of
the selected material onto a substrate or ontoiquely deposited layers. "Thin" is a relative terbut most
deposition techniques control layer thickness withifew tens of nanometres. Molecular beam epitdbows a
single layer of atoms to be deposited at a timis. Wiseful in the manufacture of optics (for refiee, anti-reflective
coatings or self-cleaning glass, for instance)ctedmics (layers of insulators, semiconductors, emductors form
integrated circuits), packaging (i.e., aluminiunatad PET film), and in contemporary art [5]. Simifsocesses are
sometimes used where thickness is not importaningiance, the purification of copper by electediplg, and the
deposition of silicon and enriched uranium by a CGNK@ process after gas-phase processing. Depbsiti
techniques fall into two broad categories, depemdim whether the process is primarily chemicaltorspcal.

This paper aims at producing ZnO coatings on ataof transparent glass and opaque metal substrate Glass,
Aluminum and Zinc Substrates respectively. Varicosmpositions of ZnO coatings [6] by varying coatiiges
using Zinc Nitrate (ZnNg) as starting materials were tried. Further theaidé deposition upon metal substrates
aims at totally weeding out the necessity of IT@J{Um Tin Oxide) coatings which is costly for proement and
tedious affair when it is coated inside the labamat

1.INSTRUMENTATION FOR SPIN COATING

For this experiment the machine a “spin coater’pséhidea is conceived, designed and fabricategeéndiusly in
our laboratory. The rotor consists of an AC motapable of reaching speeds like 1800rpm, 2400rpnB3&0@rpm.
A rectangular substrate holder is fabricated onttipeof the stub firmly fixed so that not to spifi while reaching
the above said high speeds. A transparent likeifivith a provision for applying the liquefied cba periodically
as droplets on to the substrate [7]. A spill cor@acum arrestor is fabricated around the spinpiagform in order
to reduce the splashing and wasting of the charge.charge is taken in the form of the solutiorhvah optimal
texture and super saturation so that the long ramder is maintained else there is scope of accatinal and
multiple nucleation which will prevent the film fnoa smooth formation.
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Fig. 1: Spin Coater with spill arrestor

Homogeneous and heterogeneous combinations oediaggred and multiple layered thin films are izl after
effecting a coating with an optical spin speed [Bie thin films realized after the process will fighjected to
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structural functional and optical characterizatidmere are several major factors affecting the ingaprocess
among these are spin speed, acceleration, spindimeexhaust.

2.SPIN COATING OF ZINC OXIDE THINFILMS

ZnO thin film is one of the II-VI compound semicamdors and is composed of hexagonal wurtzite drysta
structure. ZnO thin film presents exciting inveatigns and results for optical, acoustical andtetsd properties
which meets various applications in the fields t#ctronics, optoelectronics and sensors [9]. ZniD flim is
applied to the transparent conductive films andsiblar cell windows because of the high opticahgraittance in
the visible region studied by the application ofZthin film to the surface acoustic wave (SAW) devand Film
Bulk Acoustic Resonator (FBAR) filter being madechuse of its excellent piezoelectric propertiaghis study,
Zinc Oxide is spin coated on glass substrates Eudom metal substrates using Zinc Nitrate (ZaN&s precursor
optimally in solvent form.

MATERIALSAND METHODS

ZnO thin film is one of the II-VI compound semicardors and is composed of hexagonal wurtzite drysta
structure. ZnO thin film presents exciting inveatigns and results for optical, acoustical andtetsd properties
which meets various applications in the fields lefcgonics, optoelectronics and sensors [10]. Zhi@ film is
applied to the transparent conductive films andduse solar cell window materials because of thé tugtical
transmittance in the visible region studied by &lpglication of ZnO thin film to the surface acouastiave (SAW)
device and Film Bulk Acoustic Resonator (FBAR) diltbeing made, because of its excellent piezoaectr
properties.

The ZnO thin film is prepared using various methsdsh as spray paralysis sputtering, sol-gel spatiieg, pulsed
laser deposition (PLD), chemical vapor depositiofip§ and various other methods. In spite of few mad
regarding to the spin coating method, it naturalys some merits, such as easy method has contobleofical
components and fabrication of thin film at a lowstdinc Nitrate is taken in optimal proportionsdaissolved in
double distilled de-ionised water and applied aspsgron the spin coater to make uniform coating. Tilme
thickness however depends on the evaporation 1&jeof the solvent after spin coating applicatidve distinguish
three possible cases.

1.The solvent is not evaporating this means, the fiilnkness (d) depends only on the rotational dge9 and
spinning time(t)
da w!t'?

2.The solvent evaporates with a constant rate.
d a W-2/3

3.Solvent evaporation varies with the square rodhefangular velocity.
d a W—l/Z

In the spin coating process the interactions batvwsstrate and solution layer are stronger thanirteraction
between solution surface layer and air. During gpan coating process the solvent evaporates, #adsl to an
increasing concentration and therefore increasiisgogity, which effects the pattern of formationheT film

thickness is depends on the viscosity and condemiraf the solution of Zinc Nitrate used [12]. Teore
concentrated the solution is the thicker gets tlme. fThe reverse holds for the dependency of fihitkness on
angular velocity.
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3.X-Ray Diffraction of ZnO thin film
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Fig. 2: Film thickness against angular velocity by varying concentrations of the solution.

The crystal structure and orientation of the Zn@ films were investigated by X-ray diffraction (XR patterns.
The XRD spectra for ZnO thin films shown in figuBdelow.
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Fig.3: Comparative powder XRD spectrum

Powder X-Ray diffraction was carried out using @iRBiefert Diffractogram where the crushed and paed
sample was analysed using X-rays from a €UK=1.54059 A) radiation) radiation. The observed gealere
compared with ICDD file no. 35-1482 and hexagoraO (wurtzite, JCPDS 36-1451. The lattice constants for
hexagonal ZnO film are reported in JCPDS standata a=3.24982 A andc=5.20661 A [13]. The analytical
method [14] was used to calculate lattice constaraadc for ZnO film. The calculated values afandc were
found to be 3.21907 A and 5.15760 A, respectivEhese calculated values are in agreement with JGRIES

XRD diffraction peaks belonging to (100), (002)giif1) planes were observed in all the ZnO films pared to
powder diffraction data of zincite structure. ThRIX patterns of all the samples indicated enhanctethsities for
the peaks corresponding to(002)plane, indicatirefgpential orientation along the c-axis The XRDapeindicate
that the films are of polycrystalline structure €Tgirain size of crystallites was found to be inrdmege of 25-32 nm.
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The values of the optical band gap and Urbach en@gergy associated with the nature of coatingméal)
changes with chuck rotation rate.

Table 1: Indexing tablefor ZnO peaks from XRD

(h k1) 26 d&) TTo  TC(hKI)
(100) 32.080 27878 1.4 0.0788
©02) 34760  2.5788 100 5.6285
(101) 36580  2.4546 3.0 0.1689
(102) 47879 18984 0.5 0.0281
(110) 56919 16164 0.4 0.0225
(103)  63.159 14709 1.3 0.0732

Table 2: Comparative available and reported values of XRD

Oheen (A%) | dycens(AY) | (ki)
2.80 2.82 (100)
2.63 2.60 (002)
2.51 2.48 (101)
1.92 1.91 (102)
1.61 1.63 (110)
1.39 1.38 (112)

4.Optical propertiesof the ZnO thin films

The optical transmittance and absorption co-efficepectra of the thin films in the UV-Visible wdgegth range

are present below. A PE Lambda UV-Vis spectrophetemwas engaged to take the spectrum. Some sharp
absorption peaks were seen at 300nm, 327nm, 38&spectively in the UV region. The thin films weruhd to
have around 90% transmission which depicts thetgualformation from spin coatings.

Transmission Spectra of Spin Coated ZnO film
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Fig. 4: Transmission spectra of ZnO thin film
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Absorption of Spin coated ZnO
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Fig. 5: Absor ption spectra of ZnO thin film

A shift of the initial absorption edge was obseneasul this is associated with Burstein-Moss effécthe visible
region, all the films are seen to be highly tramspihaving minimal to very minimal absorption

5.Thel-V characteristics of the thin film
The measured dark and illuminated |-V charactesstire shown in figure.
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Fig. 6: |-V Characteristicsof ZnO thin films

Ohmic behaviors and non-linear behavior in the dtWves were observed in the ZnO thin films in dankl under
light illumination, respectively. The current ageven voltage for the films under light illuminatias higher than
that under dark conditions. This indicates thatlidfet illumination increases the production ofetten hole pairs.

The |-V characteristics of the films in dark anddenillumination shows that the spin coated Zn@® fims are
sensitive to light. It is thought that becauselwdse properties, ZnO thin films can be used aasa olar cell
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material and also as a window material in phot@rolapplications. The effect of the light on thenB shows that
the obtained ZnO thin films can be used as a plttiiec material owing to its photoconductive nature

6. FTIR spectrum of ZnO thin films

The FTIR spectra was taken using the same PE-Larapéetrophotometer between 400-4000nm range. Fig. 7
shows the FT-IR spectra of ZnO thin film, absomtiands near 3411 ¢iwhich represent O-H stretching mode,
those at 2911 crhare C-H bending mode, and 1409-1605 care the C=0 stretching mode. As the temperature
increases, the organic band at 1409-1605 @srremoved, but the bands arising from the absormf atmospheric
CO2 on the metallic cations at 2303 ¢rand bonding between Zn-O (611¢n¥35 cm?) are clearly represented.
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Fig.7: FTIR Spectrum of ZnO thin film
CONCLUSION

A versatile spin coating apparatus was indigenobislif using natively available materials. A cogtiof Zinc Oxide
which is a promising Solar Cell material [15] isogin as a thin film on glass substrate [16]. Theagrahin films
were confirmed for their structural parameters gsiRD analysis. The |-V response of the grown filofsZinc
Oxide confirms photoconductive behavior [17-19].IRTanalysis indicates the essential vibrations 22Dwhich
confirms the bonds in Zinc Oxide.
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