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ABSTRACT

Zinc oxide (ZnO) is a promising material in nandteclogy applications, for example in nano-electosnand
nano-robotic technology. The objectives of our warrk to study the effect of thickness on the airattoptical,
electrical and mechanical properties of ZnO thim&. ZnO thin films were coated using chemical lattnique
for various thickness. All the coated films werarelterized by XRD, FTIR, UV, PL and electrical meaments.
The results are discussed herein.
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INTRODUCTION

[4-JP]ZnO is a versatile (opto)-electronic matewiéth direct band gap of 3.37 eV and a large excénergy of 60
meV, which attracted a lot of attention recentliieThigh exciton binding energy in Zno crystal caswee efficient
excitonic emission at room temperature [1]. Mosinpinent crystalline structure of ZnO is wurtzit@ey although,
it also exists in the cubic zinc blende and rodksaiuctures.In wurtzite type, each Zn ion is suned by a
tetragonal coordination. This give rise to polamsyetry along the hexagonal axis, which is respéasibr a
number of properties of ZnO.Thin films of Zno haween widely used in transparent electrodes, sudaoestic
wave devices, field effect transistors and displayice$2].Nano scale porous structures of ZnO with high swrfa
area find applications in chemical sensors and salitq 3]. However obatining ZnO films with superior opticaid
electrical properties suitable for device appligasi is still a technological challenge. Several napproaches, use
of variety of substrate and experimental conditiars enabling a wide range of optical and eledtpcaperties of
ZnO thin films.Flavio Leandro et gH] found that the film thickness has a strong infesnn the optical absorption
of nanostructured-Fe,O; nano thin films. They reported that, stress indudee to increased thickness, generates
defects in the crystal lattice of the hermatitenfilvhich in turn increases the e-h recombinatiamcessThe use of
photochemical cells in solar energy conversion deised importance in the last few decaffgs ZnO is also an
attractive material for PEC cell for water splifimainly due to its high electro chemical stabilMoreover defect
induced ZnO can act as a best solar absorbing iaatéth higher effeciency.In view of this in ourgsent work,
we made an attempt to prepare ZnO nano structhiedilims with various thickness.

MATERIALSAND METHODS

2.1 Prepartion of ZnO thin Films

A traditional method of preparing ZnO nano parsadle achieved using chemical bath techniques. @iharide and
NaOH were used as the starting materials. Ammor8ointion was used to maintain the PH at 9.ZnO wapared
by double distilled water. Heating the liquid phas&FC with continuous stirring yield the ZnO particfeaverage
nano meter size. Now the cleaned glass substraterisrsed in above processed sol to coat overubstimte. This
method is based on the sequence of reaction suthstrate surface. ZnO is formed by the followiegcation
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(CH;CO0),7, » 2CH,COO- + zr"
NFCO=NH,+ H20 - 5 @ H,0
Zn+ OF , ZnO

The coating time is varied from 30 mins to 3 hroider to vary the thickness of the ZnO filrRsllowing drying
and heat treatment is to generate porous strucfilmezion the substrate. Residual organics are veahdy washing
the films with acetoneThis method does not require sophisticated andreskpe instruments. Also by this method
we have prepared pin-hole free thin films.

2.2 Characterizations Made

The average thickness of the coated films were uredsby Semi-Consoft in thickness measuring unit.As
synthesized ZnO powder was subjected to powderaX-diffraction (PXRD) analysis, using an X- raywiter
diffractometer, PAN alytical with scintillation cater and monochromated Cuy, K. = 1.54056 A) radiation.. In
order to understand the chemical compositions @ptiepared sample in the present study, we haviedaut EDS
measurements using JEOL SEM Model, JSM — 5610L\hréog electron microscope .The optical absorption
spectra of coated films were recorded in the raf@d0-800 nm using Consoft lI8pectr ophotometer.

RESULTSAND DISCUSSION

3.1 Structural Analysis
In order to confirm the material of the grown filand to determine the particle size, powder X-rafratition
(PXRD) data were collected for the powder scratcfieth the film. The observed PXRD data were indekgd
matching with the data available for ZnO Grain luister sizes were determined using the Scherrendiar.
K
D = —m—
[} cos B

where D is the mean diameter (size) of the gradn;0.9) is the size factof, is the full width at half maximum (in
radians),A is the wavelength of the X-radiation used amfdi®the angle at which the maximum intensity was
observed. The grain size obtained in the presemtystvas 8.621nm which confirm the nanostructurethaf
synthesized material. The energy peak at XXX eVficmis the prepared material as ZnO.

i

Counts
1

0] | | g
Frrmee et ol Nl et il YV SO A 4
Figure 1: PXRD and EDAX spectrum of ZnO nano powder
3.2 Thickness M easurements
Thickness and coating time for all the preparedpasnare tabulated in Table 1.
As the time increases, the thickness also increases
Samplecode | Coatingtime (min) | Thickness(nm)
Film1 30 25.321
Film2 60 55.525
Film3 90 78.230
Film4 120 141.615
Film5 150 161.267
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Pelagia Research Library



N. Nithya et al Adv. Appl. Sci. Res., 2012, 3(6):4041-4047

3.3AFM M easuremnts

In order to understand the surface features arel disgribution of prepared films in the presentdgtuwe have
carried out AFM analysis using a Shimadzu atomicdanicroscope.AFM images of the 5 films are shawfigure
.The surface roughness decreases with increasickn#ss. Also it confirms the grain size obtainegirf XRD
patterns.

Figure 2: AFM images of ZnO thin films
3.4 UV-spectral M easurements
Optical characterization of thin films gives infaation about other physical properties, e.g. bar eyzergy and
band structure, optically active defects etc., dmekefore may be of permanent interest for sevdifférent
applications. The spectra were recorded with medésan speed and sampling interval 0.5 in the wagthe
range190-800 nm. The UV-Vis spectrum is shown guFe
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Figure 3: UV-Vis spectra of ZnO thin Films

Plot for determining optical bandgap from UV-Vissabption data of ZnO films with variable thicknes® shown
in Figure3. The fundamental absorption, which cgpomds to electron excitation from the valence b&nd
conduction band, can be used to determine the \afiube optical bandgap. The absorption coefficienivas
determined using the relation,

2.303 log( absorption

a = - L ) > (31)
Thickness of the sampl
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The relation between the absorption coefficientand the incident photon energw])ttan be written ag7]:

(ahv) = A (h) - Eg)n , e (3.2)

Where, A is a constant,y &S the bandgap energy of the material and expome&t@pends on the type of transition
[8]. The value of optical bandgap was calculated lizaprlating the straight line portion aftp)* vs hv graph to
hv axis. The values obtained for the optical bandigaven in table 2.

Sample name Optical band gap energy | Cutoff wavelength
ev nm
Film 1 4.94 251
Film 2 5.31 234
Film 3 5.46 227
Film 4 5.60 222
Film 5 5.87 211

As the thickness increases, the band gap alscasesevhich in turn increases the optical absorption
3.5 Photoluminscence M easur ements
All the five films prepared in the present studyiit five prominent peaks (two peaks coupled)hia PL spectra.

The peaks are observed at around 408, 446, 48@rH630 nm. The PL spectra indicate clearly thatfitms have
very high PL yield.

[miamnly

Wavelenghh {nm}

Figure4 : PL spectraof ZnO thin filmsfor variousthickness

3.6 Photo conductivity M easurements

With increasing thickness of the ZnO films both doaductivities (} and },) increase linearly with the applied field,
but |, is found to be greater than that gf9]. This indicates the positive photoconductive natirall the fourteen
systems considered in the present st{lj]. The positive photoconductivity, in general, igribtited to the
generation of mobile charge carriers caused byatisorption of photongll]. If the effect of light is primarily
either to increase the density of free carrierdoodecrease the resistance of barriers in the gwaterial, then
photoconductivity resultgl2]. The action of light in this case is to decredseheight of the barrier, thus permitting
greater charge carrier flow between different ragiof the photoconduct§t3].
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3.7 Dielectric M easur ements

The measurement of dielectric constant and diételctss as a function of frequency and temperatid interest
both from theoretical point of view and from thephgd physicqd14].

Theg, values obtained for the thinner film

Figure5: Photo conductivity of ZnO thin films

Applied Field (v/cm)

is very dmiéhen compared to that observed for thicker fittg. All
the three electrical parameters increase withrtbeease in temperature for all the five filfd§].
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Figure 6: Variation of dielectric constant with temperature and thickness for various frequencies
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Figure 7: Variation of dielectric loss factor with temperature and thickness for various freguency
CONCLUSION

The feasibility of ZnO thin film nanostructure pegption in an aqueous medium by a simple chemia#h b
technique was demonstrated. As the coating timee@ses linearly, thickness increases with nonlinvesiations.
XRD spectra show that, all the five films belongwarsite structure also thickness variation producieange in
intensity of the diffracted beam. The UV spectra@asurement confirms that higher thickness film ligher band
gap due to more electron — hole production. Buthimnest films show love , value.
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