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ABSTRACT

In the present work, we have investigated opticabperties including UV-visible transmission and
photoluminescence (PL) spectroscopy of titled tfiims preparedby sol-gel spin coating method. In UV-visible
spectroscopy result shows that the prepared tlimi§ transparent and transmission spectra vaeésden 68 to 90% in
visible and infrared region with sharp cut off &3nm. In PL study shows several visible emissieaks ranging from
380 to 650 nm with near band edge (NBE) peak atr380The ratio 1:5 of ZnO:Sn@&hows maximum PL intensity. The
PL intensity is found to decrease with increaseréti® of SnQ in ZnO. The highest intensity peak centered att88420
nm which show the violet emission. The presendadiftdrent broad peak shows the defect of the syithef the thin film.
When the ratio are increased i.e. 1:2, 1:3, 18 (Zn0:SnQ), it shifted towards lower wavelength i.e. bluéftitg takes
place. The humidity sensing of pure ZnO and ZnO: St films shows promising properties and the iietstudy is
included in this work. Response and recovery tifngamples is very low which shows suitability oépared samples for

Sensors.
KEYWORDS: Zno, Sng, Spin Coating, UV, PL Aand Humidity Sensing.
INTRODUCTION

Zinc-oxide (ZnO), being a wide band-gap3(37 eV, at 300 K) and having large exciton bindémgrgy of~60
meV at room temperature, is one of the most paikatid attractive semiconducting materials for @pgibns in various
photonic and optoelectronic devidds-6]. ZnO is highly interesting and most widely studieghsparent conducting oxide
materials. Due to wide band gap semiconductor\igely used for production of green, blue, ultdet and white light
emitting devices. Among various synthesis methaa$ sis thermal decomposition method, co-precipitathethod, solid
state reaction method, hydrothermal method andjsloinethod etc. have been applied for the premarati metal-oxides
like ZnO and Sn@and their compositeld, 7-11] Different methods have been applied to obtainalr@tide and their
composites thin films, i.e. ZnO thin films are gmovwy different techniques such as pulsed laser sigépo (PLD),
magnetron sputtering, MOCVD, spray pyrolysis anith gpating etd12-16]. In this work, sol-gel spin coating method has
been used to prepare ZnO/Sn@in films because sol-gel technique is most wideded and simplest approach due to its
comparatively simple processing as there is no méestly vacuum system and it has a wide-ranga@tdge of large
area deposition and uniformity of the films thickse The sol-gel process also offers other advastégethin film

deposition including outstanding control of theiciiometry.
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The optical properties including UV-visible optidahnsmittance, photoluminescence (PL) and humishtysing
properties of ZnO/Sn{xomposites synthesized by sol-gel method has ineested in details. Recently many efforts have
been made to investigate the sensing properti#nOfbased sensof$7]. On the other hand, given that the performance
of oxide based sensors strongly depends on thi fabthe microstructures of the sensing matefiiain film of ZnO and
their composites are expected to exhibit high degoé sensitivity, because the sensing mechanisnolias
chemisorptions followed by charge transfer at thdage lead in to change in resistance of the sgnsiement. In a
conventional humidity sensor made of metal oxideshsas ZnO, Snfetc, the powder/solution of metal oxide is coated

onto the surface of an inorganic insulating sliméorm a humidity sensing film.
EXPERIMENTAL
Sample Preparation

The precursor for spin deposition is prepared I®galving zinc acetate; ethanol and diethanolamideA) is
respectively. ZnO Solution was obtain by dissolvitigc acetate (0.5M) under magnetic stirring aiGh a solution of
ethanol (100ml) and DEA (some drops) for 1 houmitirly a solution of 0.5M Snglin water was prepared by dissolving
required amounts of SnCin water under magnetic stirring at 8G until colour-less and transparent solution was
obtained. The solution was then heated to 420and kept at the temperature to evaporate watrhgdrochloride.
Precursor solution of pure 0.5M ZnO and 0.5M ge@lution was taken to obtain the ratio of the onigtof above solution
in 1:2, 1:3, 1:4 and 1:5. It may be noted that wtrenquantity of ZnO solution is more than a priatp is formed. Film
deposited by spin coating method using spin cat@000 rpm for 20 sec after each layer film gotesied at 106C for
proper fixing. The process of coating cycles apeated until the desired thickness was obtaingwhlllyithe films were
subjected to rapid photo thermal processing at 45®or 2 hours in a low vacuum. When the films aepakited it is
putted in oven for 30 min and then covered by bytswer in the box so that no moisture or dustigaris absorbed on the
surface of film. Thus there were obtained five ske®pf pure ZnO and ZnO/Sa@omposite with different ratio as 1:2,

1:3, 1:4, 1:5 films which is designated as samplds c, d and e respectively.
Instrumentations

The optical properties of the samples were chariaetk by UV-visible absorption spectroscopy (Perkimer
LS-35 spectrometer) and photoluminescence (PL) tepmopy (Perkin Elmer LS-55 fluorescence spectteme
Humidity sensing properties have been measuredgusamdmade device as reported in the litera{W&]. The
observation is obtained by Keithley resistivity BretTo test the stability, the sensor was exposediri for 2-3 days,
followed by measuring resistance at various %RH Vdriations of resistance for all the depositéd films were studied
as a function of relative humidity (RH). Further fi@sistance measurements, we have depositedoglestwith silver

paste on both sides of thin films. The humiditysieg properties of ZnO/Sn®ave also been investigated in details.
RESULTS AND DISCUSSIONS
UV Visible Transmittance Spectroscopy

Optical transmittance spectra of the prepared ZnOj4$hin film samples have been recorded using UV-visible

spectroscopy at room temperature. Figlireshows the UV-vis optical transmittance spectra ofOZSnQ thin films
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deposited by sol-gel spin coating method. UV gragihew the film is transparent and transmission tspe@ry between
68% - 90% in visible and infrared region with shamgt off at 300 nm. The measurements have beem takdéhe
wavelength scanning mode for normal incident angain temperature.

100

©
o
1

=]
o
1

(a) Pure Zn0

(b) ZnO/SnO, (1:2)
(c) ZnOISnO, (1:3)
(d) ZnO/SnO, (1:4)
() ZnOISnO, (1:5)

Transmittance (%)
(=] ~
o o
1 1

)]
o

T T T T T T T T T T T T
300 400 500 600 700 800 900 1000
Wavelength (nm)

Figure 1: UV-Visible Transmittance of Pure Zno andZno/Sno, Composites with
Ratio 1:2, 1:3, 1:4, 1:5as A,B,C,Dand E

Photoluminescence (PI) Spectroscopy

Photoluminescence (PL) spectra of the prepared ZmQ#thin film samples deposited by spin coating are shown
in the Figure 2. In the PL spectra several emispreks in the visible range 380 to 650 nm is olkesrihin film of 1:5
i.e. sample “e” is found to be maximum PL intensithe pure ZnO shows minimum PL intensity wherehas SnQ
concentration added in the pure ZnO sample, busid the improvement in the PL intensity. The higghmeak centered at
380 to 420 nm which show the violet emission aregresence of different broad peaks shows the defdébe synthesis

of the thin film. It is clearly evident that whehet ratio are increased i.e. 1:2, 1:3, 1:4, 1:5hifted towards lower
wavelength i.e. blue shifting takes place.
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Figure 2: PL of Pure Zno and Zno/Sne Composites with Ratio 1:2, 1:3, 1:4, 1.5 as A, B,,® and E.
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Humidity Sensing

Figure 3 shows that the effect of resistivity ahtfilm with variation of humidity. The observatios obtained by
Keithley resistivity meter. To test the stabilitthe sensor was exposed in air for 2-3 days, foltbg measuring
resistance at various %RH. There are almost nogdsam the resistance, which also indicates thel gaability of the
sensor. From the criteria as discussed above, ghgos has prominent stability and is quite prongisior a practical
humidity sensor. The thin films sample of ZnO/Sn@th ratio1:4 i.e. sample “d”. It is means that the rationlofl of
zinc-oxide and 4 ml of stannic oxide can be uasd good sensor because it shows very high retyistt low humidity
with giving maximum slope at 65 %RH. Again as comgglato ZnO, ZnO/Sngthin films gives lower slopes and its
response and recovery times are more than sampleatdng ration of ZnO/Sn@(1:4). From the graph, it indicates that
the linear decrease in resistance with increasinpidity in 25-70% RH which proves the suitabilitf @omposite for
humidity sensing purposes. The sensitivity wasutated with slope of curve and is found approxina&t80%RH. Further
change in resistance at 90%RH with time is measanedcurve which reveals the response time 10fse®5 %RH of

material is very low and recovery time after blogvigry air is very high i.e. 13 sec.
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Figure 3: The Variation of Resistivity with Relative Humidity of Pure Zno and Zno/Sng Thin
Films with Ratio 1:2, 1:3, 1:4, 1:5as A, B, C, Drd E.

CONCLUSIONS

In conclusions, pure ZnO and ZnO/Snfin films have been synthesized via spin coatimgthod at room
temperature. The optical properties have been edudsing UV-vis and PL spectra. The PL analysiswsha violet
emission and blue shift with increasing Srf@ntent in pure ZnO. In humidity sensing propsttieesponse and recovery
time is found to be low. The sample d (ZnO/$n04) shows highest response. The humidity senmgsigit shows a good

stability and suitability for humidity sensors.

Acknowledgment

The author Abhay S. Jaiswial thankful to Department of Science and Technolfi@$T), India for providing
Inspire fellowship vide letter no.DST/INPIRE/02/Z3013754.

Index Copernicus Value: 3.0 - Articles can be sernb editor@impactjournals.us




Synthesis, Optical and Humidity Sensing Propertiesf 61
Pure Zno and Zno: SngThin Films

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16

17

S. K. Mishra, S. Bayan, P. Chakraborty, R.K. Sstasa, Appl Phys A115 1193-1203 (2014)
N. Saito, H. Haneda, T. Sekiguchi, N. Ohashi, k&gachi, K. Koumoto, Adv. Matef.4, 418 (2002)
H. Kind, H. Yan, B. Messer, M. Law, P. Yang, Advatdr.14, 158-160 (2002)

C. Soci, A. Zhang, B. Xiang, S.A. Dayeh, D.P.R. iApl. Park, X.Y. Bao, Y.H. Lo, D. Wang, Nano Lé€t.
1003-1009 (2007)

Z.-P. Sun, L. Liu, L. Zhang, D.-Z. Jia, Nanotechoml 17, 2266—2270 (2006)

S.K. Mishra, R.K. Srivastava, S.G. Prakash, J.ydIG@ompd539, 1-6 (2012)

S.K. Mishra, R.K. Srivastava, S.G. Prakash, J. M&ei., Mater. Electror24, 125-134 (2013)

S.K. Mishra, R.K. Srivastava, S.G. Prakash, R.2lavaA.C. Pandey, Opto-Electron. R&8, 467 (2010)
R. Kripal, A.K. Gupta, R.K. Srivastava, S.K. Mish&pectrochim. Acta Part 29, 1605 (2011)

A Tripathi, S.K. Mishra, A. Pandey and R.K. Shukldyiater Sci: Mater. Electra?d, 4951-4957 (2013)
P. Pushpharajah, S. Radhakrishna and A. K. Almfinal of Materials Science, 32, (1997) 3001-3006.

J.D. Ye, S. L. Gu, S. M. Zhu, T. Chen, L. Q. Hu@#n, R. Zhang, Y. Shi and Y. D. Zhenipurnal of Crystal
Growth, 243(2002) 151-160.

J. B. Lee, S. H. Kwak and H. J. Kiffhin Solid Films, Vol. 423, No. 2, January 2003, 262-266.

L. Znaidi, G. J. A. A. S. lllia, S. Benyahia, C.rishez and A. V. Kanaewhin Solid Films, Vol. 428, No. 1-2,
March 2003, pp. 257-262.

R.K. Shukla, A. Srivastava, A. Srivastava, K.C. BybJ. Crys. Growth 294 (2006) 427-431
. D. Mishra, A. Srivastava, A. Srivastava, R.K Shuldaplied Surface Science 255 (2008) 2947-2950

. S. Dixit, A. Srivastava, RK Shukla, A Srivastavtial review 14 (2007) 186-188

Impact Factor(JCC): 1.9586- This article can be dowloaded from www.impactjournals.us







