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Abstract: Zinc oxide (ZnO) thin films have attracted in-dep#search interest due to its large utility in a
variety of optoelectronic devices. It finds impaorita due to its large exciton binding energy of 6&Mvaind the
existence of well developed epitaxial growth preessand is used as transparent electrodes in callar
replacing expensive Indium Tin Oxide (ITO) eleceedNano grained ZnO films have been effectivebduss
effective gas sensor elements in various form. Beedt is an n-type semiconductor normally cryiiaig with
hexagonal wurtzite structure in which lattice Zoras are tetrahedrally coordinated to four Oxygemat For
device development, preparation of nano crystalind preferentially oriented films with uniform afatge
surface area morphology is essential to be prepasad) a simple and low cost chemical route. Hezrlt®
films were prepared by a novel and simple Jet NebulSpray (JNS) Pyrolysis technique. The struttana
morphological properties of these films were stddising which methanol gas sensing characteriste&®
recorded and the results are presented. Au/ZnQrattsire was formed as the sensing gadget andettisos
shows good sensitivity to methanol gas. The mininaumd maximum gas limits were recorded as 50 and 400
ppm respectively of methanol gas even when theoseves operated at room temperature.
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Introduction and Experimental

ZnO is called a 1l-VI semiconductor because Zind @xygen belong to the 2nd and 6th groups of the
periodic table, respectively. This semiconductos lsaveral favorable properties: good transparehigh
electron mobility, wide band gap, strong room-terapge luminescence, etc. ZnO thin film presents
investigating optical, acoustical and electricabgarties which meet extent applications in thedfebf
electronics, optoelectronics and sensors as showmei Figure 1 [1]. ZnO gas sensors have beencttkd in
various forms such as single crystals, sinteretefselthick films, thin films, hetero-junctions. ifhfilms of
ZnO are expected to exhibit high degree of gasithdtys because of the fact that the sensing magm
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involves chemisorptions followed by charge transfiethe surface leading to change in resistantkeofensor
element [2]. ZnO thin films are used as transpaedettrodes in solar cells replacing expensiveumdilin
Oxide (ITO) electrodes. For device development,piteparation of nano crystalline and preferentialignted
films with uniform and large surface area morphgligyessential to be prepared using a simple awdclust
chemical route. So, ZnO films were prepared by wehand simple Jet Nebulizer Spray (JNS) Pyrolysis
technique. The structural and morphological properof these films were studied using which methgas
sensing characteristics are recorded and the sesdtpresented using XRD and UV-Visible spectiayaris.

ZnO thin films with nano grains were deposited dasg substrates at different temperatures under the
optimized JNS Pyrolysis condition.

Physical Properties Of zno Rocksalt (B1) Eincb].cnde (B3) Wurtzite (B4)
Molar mass 81.408 g/mol
Density 5.606 g/cm? _
Solubility Soluble in water
Melting point 1975 °C
Band gap 33eV N
Refractive index 20041 | Y et gl e
Exciton binding 60 meV (b) ©
energy Stick and ball representation of ZnQ crystal
Giice evergy | ot Keaimale | gt i ot B0, © i

Figure 1: Attractive Properties of ZnO
Results and Discussion

XRD Analysis

The XRD patterns of the deposited and annealed tBirCXilms are analyzed as shown in the Figure 2
[3]. The XRD pattern of the deposited and annealed00°C film shows amorphous nature whereas the al
other annealed films show polycrystalline natur#.te annealed films show a preferential orietatalong
the (100) direction. As the annealing temperatazeases, the crystalline quality of the films @ages. At
higher annealing temperatures, the grain growtnisanced and re-crystallization effect is promirrestilting
in better crystalline nature for the films. Theusture and orientation of polycrystalline thin fdndepend on
the processing parameters [4]. The improvementrircisiral features can also be due to the redudtiche
Oxygen vacancies at higher annealing temperatlitesaverage sizes of the particles in the filmsestamated
by the Debye Scherrer equation [5].
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angle andg,,, is the full width at half- maximum (FWHM) in radiaof the main peak in the X-ray diffraction

pattern. The determination of the average sizé®fctystallites using the Scherrer equation shbasthe size
of the crystallites increases as the annealing éeatpre increases.

—(1) , Where/ is the X-ray wavelengthg,, is the Bragg diffraction
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Figure 2 XRD spectra of ZnO thin films (A) as deposited éhnealed at 350, (C) 400,
(D) 450 and (E) 50T
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UV-Visible Spectra Analysis

The optical transmission spectra for a wavelengtige of 350- 900 nm for the deposited and annealed
films are shown in as shown in the Figure 3. Tigh transmittance shown by the films is an indimatihat the
films are highly crystalline and have high degrdestichiometry [6]. The sharp reduction in optical
transmittance around 350 nm corresponds to thénsntr band edge of ZnO [7]. The sharp decrease in
transmittance near the band edge is observedlftireafiims and is an indication of the high crytite quality
of the films as envisaged by the XRD.

(ahv) = A(hv - Eg)“ —»( 2 ) , WhereFE,is the band gap corresponding to a particular iians
occurring in the filmA is a band edge constamt,is the transition frequency and the exponentharacterizes
the nature of band transitiom=1/2 and 3/2 corresponds to direct allowed andctii@bidden transitions and
Nn=2 and 3 corresponds to indirect allowed and imdif@rbidden transitions, respectively [8]. Theiogk band
gap E, can then be obtained from the intercep(aifiv )° vs. hv for direct transitions. It is observed that for

all the films, the best straight line is obtained h = 1/2, which is expected for direct alloweansition. The
calculated band gap values are in good agreemémtivd reported values as shown in the Table 1.
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Fiqure 3 Transmittance spectra of as deposited and ann2alg films

Table 1 Structural and Optical Parameters of ZnO Thin Films

Annealin .
temperatL?re Thickness (nm RS (:]o#]?hness Band gap (eV) AR (tor/(?)nsmntance
K
As-deposited 198 - 2.92 57
573 175 - 3.19 76
673 160 15.0 3.20 74
773 159 11 3.23 87
873 149 8.0 3.25 92

Conclusions

ZnO thin films with nano grains were deposited dasg substrates at different temperatures under the
optimized JNS Pyrolysis condition. Films deposiggd350°C, 400°C and 450°C revealed good crystsflini
with hexagonal structure as observed from the XRBults. All the films showed three intense peaks
corresponding to (100), (002) and (101) planesréstingly the ZnO films deposited at 400°C werghlyi
preferentially oriented along the (002) plane. Pneg of this triplet confirmed the formation of hgwrnal
structured ZnO films and the broad nature of trekpaeveals the presence of nano grained morpholdtggh

is also confirmed by the surface morphological igtsictarried out by scanning electron microscopyindys
these nano structured ZnO film matrix, a novel Zr&3ed methanol gas sensor was fabricated. AuAnO/
structure was formed as the sensing gadget andehsor shows good sensitivity to methanol gas. The
minimum and maximum gas limits were recorded aarid 400 ppm respectively of methanol gas even when
the sensor was operated at room temperature.
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