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ABSTRACT

Zinc oxide thin films have been deposited on glass substrates at various
deposition times (150mins, 160minsand 170mins) by smple Chemical Bath
Deposition technique. The structure of the deposited ZnO films was
determined by powder X-ray diffraction and it shows several peaks. The
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film has high transmittance at the visible region. This high transmittance
and wide band gap of film suggests its usefulness as host materials in
optoelectronics The reflectance of the deposited ZnO increases with
deposition time. The optical band gap of deposited films was found to be
2.4eV, 2.55eV and 2.8eV respectively which show decrease of band gap
with deposition time. The EDSresult reveal ed that the required phase has

both Zn and O present.

INTRODUCTION

Zinc oxide (ZnO) asanimportant semiconducting
materia occupiesan enviableplace havingawiderange
of potentia applicationg3. ZnOisanimportant elec-
tronic and photonic materia because of itswidedirect
band gap of 3.37eV. Recently, ZnO nanocrystalshave
been used for solar cdll applicationd, ultraviolet lasing
action at room temperature®™ and gas sensors®.

Nanocrystasof ZnO havebeen prepared using both
physical and chemical methods®. Among these are
spray pyrolysis, sputtering, sol-gel spin coating, pulsed
laser deposition (PLD), chemical vapor deposition
(CvD)I1, Generally, most of these methods of syn-

© 2013 Trade Sciencelnc. - INDIA

thes srequirerdativey hightemperaturesor involvethe
useof expensvechemicalsor gpparaus.

Itistherefore advisableto find simple method to
produce ZnO nanocrystalsusing commonly available
chemicas?.

EXPERIMENTAL PROCEDURE

Thedeposition solutionswereformed by first dis-
solving weighed amountsof Zinc nitrateinwater tothe
volumeof 200ml with molar concentrationof 0.1M. To
makethe solution akaline, aqueousammoniasolution
was added with constant stirring. Firstly, the solution
becamemilky —turbid due to the formation of Zn(OH),.
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Further addition of excessammoniadissolved thetur-
bidity and made the solution clear and transparent. The
pH value of theresultant solutionwas~ 12.0. Inorder
to minimizethetemperaturefluctuation during deposi-
tion, awater bath was used. Theglass substrateswere
used inthiswork. Prior to the deposition, the beaker
conta ning thedeposition solutionwasplacedintheweater
bath and maintained at aconstant temperaturefor about
5 minutesto stabilize thetemperature of the solution.
The beaker waskept in the water bath throughout the
deposition processwhile heating and tirring.

The ZnO coated substrates were removed at dif-
ferent depogition timeranging from 150-170mins from
the bath, washed with distilled water, driedinair and
preserved inan air-tight container.

For the deposition of ZnO films, Zn(NQ,), was
used asasource of zinc. When ammoniawasadded to
it, white precipitate of Zn(OH), occurred, which was
dissolved by addition. This can berepresented by the
following equationg*2:

Zn(NO,),+ 2NH,0H — Zn(OH),+ 2NH ,NO,
Zn(OH),+NH,0H (NH,)ZnO, +H,0 +H*

When the sol ution was heated, theionic product
exceeded the solubility product and precipitation oc-
curred onthesubstrate and inthe solutionto form ZnO
nuclel and this was adherent and uniform ZnO film
formed on the substrate by thefollowing reaction2:
(NH4) ZnO, +H*— ZnO + NH40H
Thedeposited ZnO thinfilmswere milky white. Inthe
present work the deposition temperature was 70°C.
The optical absorbance measurementswere madeon
ZnOthinfilmsby UV-VIS-NIR spectrophotometer.
Thedtructureof theZnO thinfilmswasinvestigated by
powder X-ray diffraction technique. The morphology
of theZnO thin film was al so ascertained using Scan-
ning Electron Microscope (SEM).

RESULTSAND DISCUSSION

Sructural characterization

Thecrygtalographic structure of theZnOfilmswas
examined by powder X-ray diffractiontechnique. The
Figure 1 showsthe XRD pattern of ZnO filmswhich
was deposited on glass substrates at different deposi-
tion time (150mins, 160mins, and 170mins). Thefilm
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deposited thedifferent timewasanneded at 673K for
15 minutes because the solid ZnO particlesmay form
in aqueous sol ution only whenthetemperatureisabove
70°C. Several diffraction peaks were noticed. From
Figure 3.1(aand b) theminor diffraction peaksof (102),
(110), (103) and (112) are approved of randomly ori-
ented ZnOfilmg*3. The appearance of thesmall pesks
may be dueto the formation of new crystalliteswith
random orientations. Thegrain sizefor thethreediffer-
ent sampleswas cd culated from the X -ray diffraction
databy using Scherer’s formula.

0.9

- Bcoso (1)
Where A = wavelength of the X- rays (1.5406%), =
FWHM of the peak with highest intensity and 6 = dif-
fractionangle

Thedidocation density was cal culated by therela
tion:
3=1/D? @)
WhereD isthegrainsize

Themicro strainwascdculated by theformula

3

Figure 1. The XRD pattern of the deposited ZnO for the
deposition timeof (a) 150minsand (b) 170mins
From TABLE 1 below, as the deposition time in-
creasesthegrain sizeincreases but the dislocation
density and micro strain decrease. One can under-
stand that the degree of crystallinity improveswith
increasein deposition time, and would conclude that
theformation of new crystallites decreasesthe dis-
location density (imperfection of crystallites) and
micro strain.
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TABLE 1: Microgructural propertiesof deposited ZnO thin
films

Depqsition Gsri;uén %fn(;cta;/t(lg; Micro strrain(s) Thickness
Time  mp  linéin? 10° (A)
150mins 22,71 1.94x10" 1.50 890
160mins 26.43 1.43x10" 1.31 960
170mins 27.43 1.33x10" 1.26 1130

Optical propertiesof deposited ZnO

Theopticd trangmittanceof thethinfilmsintheUV-—
Vis-NIR wavelengthrangeispresented in Figure 2a. It
can beseenthat thefilm hashigh transparency (>50%)
for thefilmswith depositiontimeof 150minsat theVis-
ibleregion. Also noticed ishigher transparency of film
at lower depositiontime. Thefilmsdepositiontime of
150minsand 160minshavere atively hightranamittance
at theNIR region and could possibly be used asmate-
ria for poultry roofsand wallswhichismore advanta-
geousthan using the conventiond methodsof hesting™.

Figure 2b showsthe reflectance of ZnO film de-
posited at different deposition time (150mins, 160mins
and 170mins). All thefilmsshow low reflectanceinthe
UV-VIS-NIR region. The sampledeposited with the
depositiontimeof 150minsexhibited theleast reflec-
tance, and the highest deposition timehaving thegreet-
est reflectance.

TheZnOthinfilmwith depostiontime150minshas
wider band gap when compared with those 160mins
and 170minsasshownin Figure 2c. Theband gaps of
thedeposited ZnO thin film decreaseswithincreasein
depostiontime, thetheory behind thisiscaled thequan-
tum sizeeffect. Theoptica band gap of deposited films
wasfoundto be2.4eV, 2.55eV and 2.8eV for films of
150mins, 160minsand170minsrespectively. Thiswide
band gap and the high transmittance exhibited by this
film suggest that thefilm can a so be used ashost mate-
rid inoptoe ectronicsapplicationsasreportedinlitera:
turel®s,

Ener gy disper sive spectr oscopy

Energy dispersive X-ray spectroscopy (EDS or
EDX) isanandytical technique used for theelemental
analysisor chemical characterization of asample. The
EDSresult in Figure 3isfor the samplewith thedepo-
sitiontime of 150mins. The EDS of theZnO sample
was done by the SEM (JEOL-JSM 5800) machine.
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Figure2: Aplot of (a) transmittance (b) reflectanceand (c)
band gap of thedeposited ZnO films
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Figure3: EDSresult of thedeposited ZnO
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TheEDSresultsreved that therequired phase hasboth
Zinc (Zn) and Oxygen (O) present inthesample. Also
observable on the graph are the presence of Mg, Si
and Ca, probably from the glass substrate used for the
deposition of ZnOthinfilms.
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