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ABSTRACT

Presently, ZnO nanostructures have found an intensive interest due to its wide applications in solar cells, UV lasers,
nanogenerators, light emitting diodes, piezoelectronics, gas sensors and field emission devices. In this work, ZnO
nanostructure is grown and characterized by field emission scanning electron microscope (FESEM), Energy
Dispersive Miscrocope (EDS), X-ray diffraction (XRD) and photoluminescence (PL). Two emission peaks at
wavelength 380 nm and 521 nm have been observed which corresponds to near band edge of bulk ZnO and green
emission respectively. These peaks have been attributed to the excitonic transitions occurred from valence to
conduction band and €electronic transitions occurred between deep level defect states due to oxygen vacancies and
interstitial of zinc. XRD measurement showed the hexagonal phase of synthesized ZnO nanostructure. FESEM
analysis showed that the prepared ZnO nanostructure is composed of nanorods/nanowires in hexagonal shape with
the diameter about 40 nm while EDS measurement has confirmed dense nanostructure with the compositional peaks
of zinc and oxygen peaks.
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INTRODUCTION

ZnO is a lI-VI semiconductor material with wide blagap (3.37 eV), high piezoelectric constant anadgohysical
and chemical stability and a large exciton bindémgrgy of 60 meV which is responsible for excitonlitaviolet
emission at room temperature. Nanostructured nadgenave got great interest by the scientific comitgudue to
their amazing physical and chemical propertiesomsparison to bulk material. A wide band gap matdrégs many
benefits like high temperature and power operaticeduced electronic noise and raising breakdowtages. ZnO
has possible applications in gas sensors due targe surface area which enhances the sensingiiep of the
sensors. Further, due to bio-safe characterisfi@® makes it suitable material for biomedical ligggions. Due
to the presence of interstitial defects and vaen@nO nanowires are reported to have behave liketype
semiconductor. A serious problem associated wit® B p-type doping which limits its application éhectronics
and photonics. In-fact, few publications have beeported on p-type doping (Ga and N co-doping n@tho
However, successive p-type doping to ZnO can baosts promising application in nanoscale devicesm p-type
and n-type ZnO nanowires can result as p-n junatiodes and LEDs further, field effect transistbased on such
mechanism can be useful for the fabrication of glementary logic circuits. Excitonic emissions ddween
observed from ZnO nanorods however, the intensftygreen emission increased with decreased diandter
nanowires which is as a result of larger surfaceeiome ratio of thin nanowires which favors a leghevel of
defects and surface recombination. Further, rednascence band has been attributed to the doobizeid oxygen
vacancies however, quantum confinement yields shif¢ in the near UV emission peak ZnO nanobelts.
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Various techniques are available for the synthesignO nanostrcutures such as thermal evapordtsar ablation,
template assisted growth, chemical vapor depos{iitvD)/oxidation, metal-organic vapor-phase epitametal-
organic CVD, template-assisted growth, sol-gel méflthemical bath deposition etc. [1-9]. Amongsthenethods
the thermal evaporation is the most widely useill @smore simple, economic and tunable to its esproperties.
A. Wisitsoraat et al. have demonstrated a new fgalenfor the synthesis of ZnO nanostructure by gishermal
evaporation of ZnO-CNTs mixture [10]. They syntlzesi ZnO polypods including tripods, tetrapods, tpolis
with triangular nanobelts/nanoneedles by thermadpevation of ZnO-CNTs mixture. However, by thermal
evaporation of ZnO and graphite powder under tmeeseondition has produced ZnO particles and sloaf$.rin
addition, considerable carbon content in ZnO nanogire is observed by EDX. The single crystalctiee of ZnO
polypods is confirmed by XRD and TEM whereas phatthescence analysis showed flat green luminedmzerd
between 480 and 530 nm. Aurangzeb Khan et al. bawthesized metallic Zinc nanowires by thermal evagon
and vapor transport methods at low substrate teatyoer (100—208C) with a mixture of ZnO and graphite powder
of ratio 2:1 by weight is heated at nearly 1600[11]. TEM and XRD analysis confirmed the crystadlinature of
prepared ZnO nanowires. The characteristics of Zm@erial is confirmed by cathodoluminescence and
photoluminescence measurements, which showed a dxdgel ultra violet peak emission at 381 nm andaoadr
band centered at 495 nm. The proposed techniqonarafwire synthesis is found to be useful for theppration of
nanostructure and nanodevices with low cost. FurtifeB Hahn et al. have reported the growth of eettf
hexagonal-shaped ZnO nanorods on nickel-coated®i(&ubstrate via thermal evaporation using metaiinc
powder and oxygen [12]. The characterized samples/ad that the synthesized nanorods were singkatlipe
with the wurtzite hexagonal phase and preferegt@gbwn along the c-axis direction. The ZnO nansredowed a
strong band edge emission with very weak or no deegl emission. A clear observation of free extiat low
temperatures (13-50 K) has found which indicateshigh quality of as-grown ZnO nanorods. D. Yuvagl.
have grown the zinc film containing hexagonal pkteck and tower-like microstructures on Si subssratt high
temperature by thermal evaporation [13]. They fothat the ZnO nanoneedles selectively grown froenfiitets of
the zinc microstructure at temperature above ¥DGn atmosphere however; TEM analysis showed thmagles
crystalline and bicrystalline nanoneedles were rm this oxidation process. Further, based orsthectural and
morphological analysis, a possible mechanism fa $elective growth of ZnO nanoneedles during therma
oxidation was proposed. Y.B. Hahn et al. have preeskthe growth of ZnO nanowires on silicon (10@)strates
by oxidation of metallic Zn powder at temperatuf®&C [14]. TEM analysis and SAED patterns showed that
as-grown nanostructures were highly crystallineature and grown along the [0 O O 1] direction #red obtained
result was found consistent with the XRD analy$ise obtained ZnO nanowires of diameter 30—-60 nmlamgth
2-4 mm showed a reduced near band edge emissithe iV region at 380 nm alongwith a strong deepllev
emission observed in the visible region at 500-B580® at room temperature. Zhong Lin Wang et al. have
demonstrated an effective approach to grow larga;ahexagonally patterned and aligned ZnO nanorbls.
synthesis was based on a catalyst template prodogeal self-assembled monolayer of submicron sphangs
guided vapor-liquid—solid (VLS) growth on a singlgystal alumina substrate [15]. The obtained Zn@onads
were observed uniform in shape and length withieadly aligned on the substrate and distributedbadiog to the
pattern defined by the catalyst template. The egploapproach have possibility of creating patteroee-
dimensional nanostructures for applications as@eagays, piezoelectric antenna arrays, opto@eitrdevices,
and interconnects. Q.X. Zhao et al. have repottedzinc oxide nanorods by vapor-liquid—solid (VL&talytic
growth [16]. The obtained results showed the foiomabf ZnO nanostructure strongly influenced by gnewth
conditions and used substrates. It is notabletkigabriented ZnO nanorods were grown on a substridiiea similar
crystalline structure as ZnO. The diameter andtlemng oriented-ZnO nanorods grown on silicon sudistwere
found to be ~300 nm and 20-35 um respectivelyhurtusing optical pumping lasing action is achiesedoom
temperature. Qian Liu et al. have reported theagfat growth of ZnO nanosheets and nanoneedles &#@m/ZnO
core/shell structure by thermal oxidation of Zn &lmade up of hexagonal nanodiscs or nanoprisménwvéthultra-
low temperature range from 250 to 4@[17]. They observed that the stability differermzrong different facets of
hexagonal Zn crystal structures plays a key rolth@enformation of ZnO nanosheets, nanoneedles lE@n/ZnO
core/shell structure as well as ZnO hollow struesur-urther, vapor—solid mechanism is suggestexkpain the
epitaxial growth process of the ZnO products. BstBis et al. have reported the growth of high dgnartical ZnO
nanorods on silicon substrates coated with Au bigguslectrochemical technique [18]. They have obsgrthe
variations in nanorods diameter from 100-250 nnihwitrresponding lengths of 1-4 um. They achievedgttowth
of ZnO nanorods between neighbouring strip condadioidging the gap between them further photocotidty
was measured after annealing the sample af@0Uena-Zaera et al. have grown the ZnO nanowrayarfrom the
reduction of dissolved molecular oxygen in solusiaontaining different anions [19]. By changing tiegure of
anions in the solution, a significant variationnanowires diameter from 65-110 nm with correspogdémgths of
1-3.4 um was obtained. Nanowires exhibiting thedstvand highest aspect ratios were obtained irridel@and
acetate solutions respectively. By X-ray diffrantimeasurement no spurious phases were observed, ldranging
the chemical nature of the anions in solution afider the dimensions and the deposition rate afteddeposited
ZnO nanowire arrays to be controlled.
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In this paper, thermal evaporation method is engdofor the synthesis of ZnO nanostructure. In $ac, the
details of synthesis process have been presentbd. structural and optical properties of preparedOZn
nanostructure are discussed in Section 3. Fing#gtion 4 concludes the paper.

MATERIALSAND METHODS

We have used thermal evaporation method to symie&iO nanostructure on p-type (100) silicon suaibestrFor
synthesis, the source material i.e. mixture of @slpased ZnO and graphite powders of ratio 1:1 kegt in the
centre of the quartz tube. While silicon substafté.5 cnf was kept at the end of the tube towards downstrafam
N, gas with distance ~5-10 cm from the source mdterfefore placing the silicon substrate in theetbwas
cleaned with a buffer solution to remove the naixide layer and further washed with de-ionized eraf he
temperature of the furnace was ramped upto P05t a rate of 50 °C per minute under the condtant of high
purity N, as carrier gas (30-35 SCCM). The process was tton80mins and further after the furnace cooled to
room temperature the silicon substrate taken outfthe tube for the characterization. The surfatsilcon
substrate was found whitish in color. The morphglagd composition of the as prepared sample wamiexa by
field emission scanning electron microscope (FESHithchi S-4800) scanning electron microscopy. Tiectural
property of the as prepared sample was analyzedXkbwy diffraction (D8 Advance, Bruker AXS).
Photoluminescence measurement was done at roonmetatupe using xenon lamp as the source with eiaitat
wavelength 325 nm (Photoluminescence SpectronfééekinElmer-LS-55).

RESULTSAND DISCUSSION

The crystallinity and crystal phase of ZnO nangdtire synthesized on silicon substrate was exalmyex-ray
diffraction (XRD) which is shown in figure 1. XRpattern shows the intense peaks@t&lues corresponding to
(100), (002), (100), (102), (110), (103), (112),012 (004) and (202) planes of hexagonal phase d Zn
nanostructure.
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Figure 1. X-ray diffraction pattern of as prepared ZnO nanostructure

The obtained XRD pattern has got good matching witrers reported works [10, 20] and standard JCE&8
(Card N0.36-1451). The sharp peaks in the XRD saexinfirmed the high degree of crystallinity oépared ZnO
nanostructure.

Figure 2 shows FESEM images of ZnO nanostructuepared at 1058C for 30mins. Figure 2(a) and (b) reveals
that the prepared nanostructure consists of hexdghaped of ZnO nanorods and nanowires grown lworsi
substrate. Figure 2(c) is the magnified image gfirie 2(b) in which formation of nanowires can bsible and
figure 2(d) depicts the high magnification imageZzofO nanowires with average diameter about 40 nm.
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Figure 2. FESEM images of ZnO nanostructure prepared on silicon substrate

The chemical composition of prepared ZnO nanosiractvas observed by an energy dispersive scan&EB&)
spectroscope attached to FESEM. Figure 3 depictX Efectra of as prepared ZnO nanostructure by thlerm
evaporation on silicon substrate which confirmst thhee synthesized product is composed of zinc angdjen.
However, the presence of silicon peak in the spattis due to the used silicon substrate. Our rasujood
consistent with others reported works [12, 14].
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Figure 3. EDS pattern of ZnO nanostructur e showing elemental composition
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The room temperature PL spectrum of ZnO nanostregitepared by thermal evaporation is shown infei@u In
PL spectrum two emission peaks can be clearly gbdeat 380 nm and at 521 nm. The emission peaR&Q nam is
corresponding to the near band edge of ZnO whergask at ~521 nm indicates green emission.
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Figure 4. Photoluminescence of as prepared ZnO nanostructure prepared by thermal evaporation

The near band edge emission is attributed to tlogtamic transitions occurred from valence to conaturc band
however, green emission is attributed to the ededtrtransitions occurred between deep level defetes due to
oxygen vacancies and interstitial of zinc. [10-12, 21].

CONCLUSION

We have used thermal evaporation method to symt&&iO nanostructure on p-type (100) silicon salstrThe
crystallinity and crystal phase of ZnO nanostrueturere examined by XRD and confirmed hexagonal eludis
ZnO nanorods/nanowires. The nanostructure composednorods/nanowires was observed by FESEM wigh th
diameter about 40 nm. EDS analysis shown that sgitbd product is composed of zinc and oxygen velsere
silicon peak is of silicon substrate used. By raemperature PL measurement two emission peaksabserved at
380 nm (near band edge) and at 521 nm due to gneéssion. The near band edge emission is attribtatettie
excitonic transitions occurred from valence to amitbn band however, green emission is attribuedhie
electronic transitions occurred between deep ldeédct states due to oxygen vacancies and intaelstitzinc.
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