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CHAPTER 2

Literature Survey

2.1 Importance of literature survey:

Survey of literature is the first important step towards a fruitful research. The
importance of literature survey can be briefly outlined into the following three

points:

1. Survey of literature provides an idea about the research and development in

the field opted by a researcher and forms the basis of his/ her research work.

2. Survey of literature provides idea to formulate, analyze, solve a probem. It

informs the researcher about the existing similar kinds of problems.

2.2. Origin of Nanoscience and Nanotechnology:

Nanoscience explores all the phenomena resulting from the transition in the nature
of materials from bulk to nanoscale (1-100 nm). At nanoscale, semiconductor
material behaves extraordinarily because of ‘Quantum Confinement’ or ‘Quantum

Size Effect’ or ‘Size Quantisation ¥

. The nano size results in new quantum
phenomena that yield some extraordinary features due to modification in bulk

properties such as electrical, optical, magnetic, electronic. Thus nano materials are

gateways to an enormous array of possible applications and new technologies.
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2.3 Overview of recent research in the area of solid state thin film/ quantum

dots gas sensor

Synthesis of semiconductor quantum dots and their different applications as various
electronic and optoelectronic devices including different kinds of sensors are the

t U3% Recently, many techniques !'****% like

frontier research areas at presen
molecular beam epitaxy (MBE), radio frequency sputtering (RF), liquid phase
epitaxy (LPE), quenching, chemical route etc. are adopted to synthesize

14341 viz. like

semiconductor quantum dots. But due to manifold advantages
simplicity, low cost, etc. quenching method draws the interest of recent researchers.

A survey of literature has been carried out before starting our experimental work out

of which a few is being illustrated below ---

Al-doped zinc oxide (AZO) thin film is prepared by Mohammad et al.*® using
spray pyrolysis technique to study their structural, optical and electrical properties.
They have reported a maximum conductivity of 0.3 (Qcm)™', and transmittance of
70% when prepared at substrate temperature of 430°C & 0.3% Al-doping.
Maldonado et al.'! have fabricated Indium-doped ZnO thin films by sol-gel
technique & found an average transmittance of 85% in the visible region &
resistivity of 1.3x10? Qcm. Sahay et al.'*! have prepared sprayed ZnO & thermally
evaporated CdS thin film & studied their optical & electrical properties & also used

' have

ZnO thin films for the detection of ethanol & acetone vapor. Nanto et al.”
prepared ZnO thin film for ammonia gas detection and obtained high sensitivity &
excellent selectivity. Chemically deposited ZnO thin films have been prepared by

Mitra et al.”*! to sense the presence of reducing gases, e.g. H, & LPG in ambient

atmosphere. They have reported a high sensitivity (more than 99%) for 3 vol%
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hydrogen and 88% sensitivity for 1.6 vol% LPG in air & also that Pd sensitization

lowers the film conductance & improves the sensitivity significantly.

ZnO thin films have been prepared by Shinde et al.”) using chemical spray method
& studied the effect of molarity of precursor solution on the LPG sensing
characteristics. They have reported the shortest response & recovery time of 84 & 90
sec respectively compared to Mitra et al."*). Mehra et al.'? have studied the changes
of structural, optical and electrical properties of sol-gel derived ZnO films with their

thickness.

Misra et al.l” has prepared the tin oxide thin film by sol-gel technique to study the
alcohol sensing properties of the film and found that the films are sensitive at very
low concentration (100 ppm) of alcohol. Egashira et al.”®! have reported the effect of
gas diffusivity and reactivity on sensing properties of thick film SnO; based sensors.
Fallah et al.”! have fabricated tin-doped indium oxide films on glass substrate at
low temperature and studied the effect of deposition rate on the electrical, optical,

and structural properties of the film.

Patel et al.l'"” have carried out a remarkable work by synthesizing Indium tin oxide
(ITO) thin film for detection of methanol at room temperature. A significant
improvement of sensitivity, selectivity, lower detection limit, and stability in the
film has been observed in their work by depositing ITO films over ultra thin Cu
stimulator film. This approach is promising towards improvement in the
performance of gas sensors at room temperature. Makhija et al.l'"'! have prepared
Indium oxide thin film for the detection of ammonia gas and ethanol vapor and
found that the sensitivity is independent of the thickness of the film for ethanol

vapors while it is dependent on thickness for ammonia gas. It is reported by Shriram
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et al.®®! that acetone sensitivity in semiconductor microstructures increases with
higher doping concentration of impurity like cobalt .Further, Sahay!'*! has reported
acetone sensing by ZnO thin film but it is of long response and recovery time. Nath
et al.l'”¥ have reported the synthesis of ZnS and ZnS:Cu (copper doped ZnS)
quantum dots by chemical method at room temperature. In this technique ZnS and
ZnS:Cu quantum dots are produced by simple chemical reactions where zeolite acts
as matrix and plays the key role in controlling particle growth during synthesis. ZnS
exhibits luminescence properties such as Zn”" related emission. ZnS:Cu possesses
Cu related emission, efficient low voltage electroluminescence, and super linear
voltage-brightness electroluminescence characteristics. This study demonstrates the
technological importance of semiconductor quantum dots prepared by low cost

chemical route.

Mohanta et al.'¥ have reported the synthesis and optical absorption study of
energetic ion-irradiated hydroxyl-free ZnO semiconductor quantum dots .Quantum
dots samples are synthesized by a quenching technique and 100-MeV chlorine ion is
selected for the irradiation experiment with doses 1x10 "' 5x10'* ions/cm® . They
have observed the optical absorption spectra of irradiated quantum dots reveal red
shift of the energy-gap parameter with respect to unirradiated (virgin) quantum dots.
The narrowing of the energy gap of nanoparticles indicate particle growth under ion
irradiation which is confirmed from transmission electron microscope images. The
possible reason for such variations is encountered using an effective-mass

approximation model.

1.[15]

Al-doped ZnO thin film are prepared by Sahay et a using spray pyrolysis

technique to study the sensing properties of the films towards methanol vapor. They
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have reported that sensitivity is found to be maximum at around 275°C in all the
films. Further the films shows fast response & recovery to methanol vapor at higher

operating temperature.

Benny Joseph et all'® have prepared Aluminium-doped zinc oxide films by
chemical spray pyrolysis technique. Variation of structural, morphological, electrical
and optical properties with doping concentration was investigated in detail. The
films are highly transparent to visible radiation and electrically conductive. XRD
studies have shown that the films are polycrystalline in nature with (0 0 2) preferred
orientation. SEM studies have revealed the smooth polycrystalline morphology of
the films. Films deposited at optimum conditions have exhibited a resistivity of

2.45 x 10~ Qm with an optical transmittance of 97% at 550 nm.

Y K Fang et al.!'”! have fabricated SnO, thin film ethanol gas sensor by electron-
gun evaporation and proper annealing in ambient oxygen gas. It has been revealed

that the prepared sensor has high sensitivity and selectivity in detecting ethanol gas.

Liang peng et al.l'®!

have synthesized Copper-doped zinc oxide (ZnO) (1 mol%)
nanocrystals using a sol-gel method and characterized by X-ray diffraction (XRD),
scanning electron microscope (SEM), inductive coupled plasma with optical
emission spectrometry (ICP-OES). The XRD result indicates that the introduction of
copper has no influence on the crystal structure of ZnO, though ICP-OES exhibits
the molar ratio of copper and zinc was 0.86:100. The gas response of the copper-
doped ZnO is also studied to ethanol and acetone without and with the illumination

of 355 nm light. It is found that the ultraviolet light irradiation could enhance the gas

response, and the mechanism with irradiation is discussed. Their results demonstrate
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that light irradiation is a promising approach to achieve large response at room

temperature

Chakraborty et al.l'" have observed that thiourea treatment imposes the recovery
time of tin-dioxide based sensor for detection of methane, though the response time
remains almost the same . they also report that thiourea treatment improves the long

term stability of the sensors.

S.S nath et al.®™ have prepared thin film tin dioxide (SnO,) by spray pyrolysis
method to study the sensing characteristics of the prepared film at various

temperatures & concentration level of ethanol.

7 Ben Achour et al. have prepared Al-doped ZnO semiconductor thin films by spray

pyrolysis to study their applications transparent electrodes.

V.S Vaishnav et al.*!! have reported that Indium Tin Oxide (ITO: In,O3 + 17%
SnO;) thin films grown on alumina substrate at 648 K temperatures using direct
evaporation method with two gold pads deposited on the top for electrical contacts
are exposed to ethanol vapours (200-2500 ppm). The operating temperature of the
sensor is optimized. The sensitivity variation of films having different thickness is
studied. The sensitivity of the films deposited on Si substrates is studied. The
response of the film with MgO catalytic layer on sensitivity and selectivity is
observed. A novel approach of depositing thin stimulating layer of various

metals/oxides below the ITO film is tried and tested

T.P Hulser et al.*? have reported that SnO, nanoparticles with small particle size
distribution (¢ < 1.2), and diameters of 10, 15 and 20 nm are deposited on platinum

interdigital transducers with 2 m finger width and 2 m spacing. Impedance
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spectroscopy measurements in synthetic air, taken in the temperature range between
100 and 250°C show a clear dependence of the measured impedance on the particle
size. Three different contributions to the overall impedance have been resolved for
10 nm particles and assigned to the contribution of bulk, inter-granular contact and
electrode contact. Particles of larger diameters do not allow such a clear distinction.
The experimental observations have been analyzed by fitting the measured data with
equivalent circuit functions, where typical serial connections of simple R(resistance)
and parallel RCs(resistance &capacitance) are used for fitting. As expected for a
semiconducting material, the resistance decreases with increasing temperature.
Activation energies of the different charge carrier transport processes are

determined.

Shih Min Chou et al.™ have prepared the ZnO:Al thin films by RF(radio
frequency) magnetron sputtering on Si substrate using Pt as inter digitated
electrodes. The structure is characterized by XRD and SEM analyses, and the
ethanol vapor gas sensing as well as electrical properties have been investigated and
discussed. The gas sensing results show that the sensitivity for detecting 400 ppm
ethanol vapor was ~20 at an operating temperature of 250°C. The high sensitivity
[fast recovery, and reliability suggest that ZnO:Al thin film prepared by RF

magnetron sputtering can be used for ethanol vapor gas sensing.

Bai Shouli et al.®” have investigated Novel CH, gas sensors made of the
nanocomposites of Sn/In/Ti oxides. The nano sized crystalline oxides and their
composites are successfully prepared by a sol-gel and controlled precipitation
method, respectively, through manipulating the salts concentration, precipitation pH

value, aging time and composition of composites. The derived precursors exhibit
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superior thermal stability. To ensure sufficient crystallinity and insignificant grain
growth of the materials, the appropriate calcinations temperatures are 600 °C for 4
h(hour) and 700 °C for 2 h for the precursors of oxides and composites, respectively.
The performance and structure of the composites were characterized by EDX, TEM,
BET, TG-DTA and XRD. The sensing tests show that these nano composites
exhibited high response and selectivity for the detection of CH4 at operating
temperatures between 200 °C and 250 °C and the response depends on the
composition of composites, calcinations temperature, operating temperature and gas
concentration in air. The gas sensing mechanism of the sensors is also discussed by
X-ray photoelectron spectroscopic (XPS) and temperature-programmed desorption

(TPD) studies.

B.Bhooloka Rao et al.” have investigated Sensitivity characteristics of ZnO-based
semi-conductor gas sensors to ethanol vapors with lanthanum oxide and palladium.
The sensitivity of the sintered elements are promoted by the addition of La,O3; and
Pd. Further, the sensor operating temperature is reduced with the noble metal. These
elements have been tested for cross sensitivity for different gases and it has been
confirmed that these are highly sensitive and selective for ethanol vapors at 175°C in
air atmosphere. The promoting effect of the sensitivity of the sensor elements with

lanthanum oxide seems to be related to the selectivity to oxidation of ethanol vapors.

Sahay et al.’”) have studied the electrical characteristics of ZnO thin films prepared
by spray pyrolysis, for ethanol sensors. The sensitivities of the films are measured at
various temperatures and concentrations of ethanol. It is observed that the sensitivity
increases with increasing working temperature. At higher ethanol concentrations, the

sensitivity increases more rapidly with increasing temperature. Further, the films
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showed fast response and recovery times at higher working temperatures. The

sensing mechanism of the films towards ethanol vapor has been explained.

C.S Prajapati et al.*®) have reported that ZnO nano-particle thin films are deposited
on cleaned glass substrates by spray pyrolysis technique using the precursor solution
of zinc acetate dihydrate [Zn(CH3COQO)2-2H20)]. Structural analyses and surface
morphology of the resulting films are carried out by X-ray diffraction (XRD) and
scanning electron microscopy (SEM). XRD analyses confirm that the films are
polycrystalline zinc oxide, possessing hexagonal wurtzite structure with crystallite
size ~25 nm. The SEM micrograph of the film shows a good uniformity and a dense
surface having spherical-shaped grains. Alcohol sensing characteristics deposited
films has been investigated for various concentrations of methanol, ethanol and
prapon 2-ol in air at different operating temperatures. At 150 ppm concentration, the
film shows maximum response (85.2%) to propan-2-ol at the operating temperature
of 250°C; whereas at the same concentration 150 ppm, the maximum responses to
methanol and ethanol at 300°C are observed to be 75.8% and 52.4%, respectively.
Also, the film exhibits selective high response to propan-2-ol, followed by ethanol
and methanol, respectively at each operating temperature up to 275°C. This
selectivity is more pronounced in the region of lower operating temperatures and

concentrations.

P. Mitra et al.'” study the liquid petroleum gas (LPG) sensitivity characteristics of
zinc oxide (ZnO) films for an optimized level of Pd loading. The sensor element
comprises of a layer of chemically deposited ZnO on which an overlayer of
palladium (Pd) sensitiser is formed by a chemical dipping technique. The room

temperature resistance of the film is found to be a sensitive function of the quantity
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of palladium loading, which can be optimized for stable and reproducible sensor
properties. The sensor characteristics that are dependent also on the operating
temperature can be optimized at around 250 °C. A sensitivity of 88% is observed in
presence of 1.6 vol.% LPG in air at this optimum temperature with reasonably fast

response and recovery times.

N.G Petal et al.*”! report that thin films of indium tin oxide (In,Os+Sn0,) (ITO) are
grown on alumina substrate using the direct evaporation method. The sensing
characteristics of these films to methanol vapors are studied at room temperature.
The effects of different concentrations of tin oxide in indium oxide and film
thickness on sensitivity are studied. The effects of thin layers of noble metals—Au,
Ag, Pt and Cu on top of ITO films are studied. A novel approach of stimulated
recrystallization of ITO film by depositing ITO film over ultra thin layer of Cu
stimulator is used to improve the sensitivity, selectivity and minimum detection limit

of methanol sensors operating at room temperature.

JF. McAleer et al.?®! describe a novel type of gas sensor, which relies on the thermo
voltage generated when one region of a porous semiconductor is heated by the
reaction of a combustible gas with oxygen. One of the main attractions of this type
of sensor is that the power requirements are minimal. Use is made of a voltage
measurement, which distinguishes the device from other semiconductor gas

detectors that depend upon the measurement of resistance.

P. Mitra et al® describe the electrical and gas sensing properties of chemically
deposited zinc oxide (ZnO) films. Two activation energy values, 0.3 eV and 0.8-0.9
eV, are determined in the temperature range 300—400 K which are attributed to

oxygen vacancy (Vo) donor and heat of chemisorption of the O, species. The
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adsorption of oxygen on ZnO leads to a stable and highly resistive surface suitable
for sensor operation in the resistive-mode. A high sensitivity (5>99%) is observed
for 3 vol% hydrogen (H») in air along with a strong surface reduction. For liquid
petroleum gas (LPG), a high sensitivity (S=50-75%) is observed in the 0.4—1.6 vol%
concentration range in air which is an important commercial range for LPG alarm

development.

S. Muthuraja et al.”% report that gas monitoring devices consisting of metal oxide
thin films have been very widely applied as chemical sensors. They find profound
use towards detection of toxic pollutant gases and organic vapors. They provide
beneficiary merits as large scale commercial sensors owing to their low price, small
size, high sensitivity and consume very low power. Ethanol is one of the most
commonly and extensively used alcohol, both in the fields of research and industrial
applications. There is an imminent need to develop sensors for its detection with
very sensitivity. In this study, Zinc oxide nanoparticles are prepared by a suitable
soft chemical method. ZnO thick films are prepared from these nanoparticles by dip
coating method. ZnO thick films are coated on an Alumina substrate and the sensor
is tested for ethanol for 50 ppm at various temperatures. The sensor is found to

operate with maximum efficiency at an optimum temperature of 350°

S.Roy and S.Basu®" have reported that Zinc oxide (ZnO) is a versatile material for
different commercial applications such as transparent electrodes, piezoelectric
devices, varistors, SAW devices etc because of its high piezoelectric coupling,
greater stability of its hexagonal phase and its pyroelectric property. In fact, ZnO is a
potential material for gas sensor applications. Good quality ZnO films are deposited

on glass and quartz substrates by a novel CVD technique using zinc acetate as the
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starting solution. X-ray diffraction confirmed the crystallinity of the zinc oxide film
and SEM study reveals uniform deposition of fine grains. Undoped ZnO films are
used for detection of dimethylamine (DMA) and H2 at different temperatures by
recording the change in resistivity of the film in presence of the test gases. The
response is faster and the sensitivity is higher compared to the earlier reported ZnO
based sensors .The operating temperature is found to play a key role in the

selectivity of such sensors.

S.T. Tan et al.’¥ report that the optical band gap of ZnO thin films deposited on
fused quartz by metal-organic chemical-vapor deposition is studied. The optical
band gap of as-grown ZnO blue shifted from 3.13 to 4.06eV as the growth
temperature decreased from 500 to 200°C . After annealing, the optical band gap
shifted back to the single-crystal value. All the ZnO thin films studied show strong
band-edge photoluminescence. X-ray diffraction measurements show that samples
deposited at low temperatures (<450°C) consist of amorphous and crystalline
phases. The red shift of the optical band gap back to the original position after
annealing is strong evidence that the blue shift is due to an amorphous phase. The
unshifted photoluminescence spectra indicates that the luminescence is due to the
crystalline phase of ZnO, which is in the form of nanocrystals embedded in the

amorphous phase.

Based on this literature survey, the present study is carried out.

24



References:

[1]

Luna-Arredondo, E. J.; Maldonado, A.; Asomoza, R.; Acosta, D. R.;
Melendez-Lira, M. A. and Olvera, M. de la L., Indium-Doped ZnO Thin
Films Deposited by the Sol- Gel Technique, Thin Solid Films, Vol.490 ,pp.

132-136,2005.

Sahay, P.P. ; Tewari , S.;Jha, S.and Shamsuddin, M., Sprayed ZnO thin films
for ethanol sensors, Journal of Materials Science, Vol.40, pp. 4791-4793,

2005.

Nanto, H.; Minami, T. and Takata, S., ZnO thin film ammonia gas sensor
with high sensitivity and excellent selectivity, J. Appl. Phys , Vol. 60, p.

482, 1986.

Mitra,P. and Maiti ,H.S. , A wet chemical process to form palladium oxide
sensitizer layer on thin film ZnO based LPG sensor. Sensor and Actuator,

Vol. B 97, p. 49, 2004.

Shinde, V.R.; Gujar, T.P. and Lokhande, C.D., LPG sensing properties of
Zn0O films prepared by spray pyrolysis method: effect of molarity of

precursor solution, Sensors and Actuators B, vol. 120, pp.551-559, 2007.

Mehra, RM.; Jain, A.and Sagar, P.,Changes of structural, optical and
electrical properties of sol-gel derived ZnO films with their thickness,

Materials Science-Poland, vol.25, No.1,2007.

Mishra, S.; Ghanshyam, C.; Ram, N.; Singh, S.; Bajpai, R.P.and Bedi, R.K,
Alcohol sensing of tin oxide thin film prepared by sol-gel process, Bull.

Mater. Sci., vol. 25, No. 3, pp. 231-234,2002.

25



[10]

Shimizu,Y.; Maekawa,T.; Nakamura,Y. and Egashira, M., Effects of gas
diffusivity and reactivity on sensing properties of thick film SnO,-based

sensors, Sensors and Actuators B, vol.46,pp. 163-168, 1998.

Fallah, H.R.; Ghasemi,M.; Hassanzadeh, Ali and Steki, H.,The effect of
deposition rate on electrical, optical and structural properties of tin-doped
indium oxide (ITO) films on glass at low substrate temperature , Physica B.

vol.373,pp. 274-279, 2006.

Patel. N.G., Patel. P. D., Vaishnav. V.S., Indium tin oxide (ITO) thin film
gas sensor for detection of methanol at room temperature, Sensors and

Actuators B, vol.96,pp. 180-189,2003.

Makhija, K. K.; Ray, Arabinda.; Patel, R. M. ; Trivedi, U. B. and Kapse, H.
N., Indium oxide thin film based ammonia gas and ethanol vapor sensor ,

Bulletin of Materials Science, vol. 28, pp.9-17,2005.

Sahay, P.P., Zinc oxide thin film gas sensors for detection of acetone, J.

Mat. Sci., vol. 40, p. 4383-4385, 2005.

Nath, S.S.; Chakdar, D.; Gope,G.; Kakati,J.; Kalita,B.; Talukdar,A.and
Avasthi,D K., Green luminescence of ZnS and ZnS: Cu quantum dots

embedded in Zeolite matrix, J. Appl. Phys. vol.10, pp.94305-94309, 2009.

Mohanta,D.; Nath, S.S.; Bordoloi,A.; Mishra, N.C.; Dolui, S.K. and
Choudhury,A., Optical absorption study of 100-MeV chlorine ion irradiated

hydroxyl free ZnO semiconductor quantum dots, J. Appl. Phys., Vol. 92,

pp.7149-7152,2002.

26



[17]

Sahay, P.P. and Nath, R K., Al-doped ZnO thin films as methanol sensors,

Sens. Actuators B: Chem. vol.134, pp.654-659, 2008.

Joseph, Benny.; Manoj, P. K.and Vaidyan, V. K. , Studies on the structural ,
electrical and optical properties of Al-doped ZnO thin films prepared by
chemical spray deposition, Ceramics International, vol.32 pp. 487—

493,2006.

Fang, Y.K.and Lee, J.sJ., A tin oxide thin film sensor with high ethanol

sensitivity, Thin SolidFilms, Vol.169, pp.51-56, 1989.

PengIndium, Liang.; Xie, Teng-Fegn.; Yang, Min.; Wang, Ping.; Xu, Dan.;
Pang, Shan. and Wang, De-Jun., Light induced enhancing gas sensitivity of
copper-doped zinc oxide at room temperature , Sens. Actuators B: Chem , pp.

659-660, 2008.

Chakraborty, S.; Mandal, I.; Ray,l.; Majumdar,S.and Sen,A., Improvement
of recovery time of nanostructured tin dioxide-based thick film gas sensors
through surface modification , Sens. Actuators B: Chem. , vol. 127, pp.554-

558, 2007.

Nath, S.S. and Nath, R.K, Tin dioxide thin film-based ethanol Sensor
prepared by spray pyrolysis; Sensors and Materials, vol.21, pp. 95-104,

2009.

Vaishnav, V.S_; Patel, P.D. and Patel, N.G., , Indium Tin Oxide thin film gas
sensors for detection of ethanol vapors, Thin Solid Film, Sciencedirect,
Proceedings of the 4th International Workshop on Semiconductor Gas

Sensors (SGS 2004) , 21 October , vol. 490, Issue 1, pp. 94-100, 2005.

27



[23]

[26]

[28]

Hulser, T.P.; Wiggers, H.; Kruis, F.E. and Lorke, A., Nanostructured gas
sensors and electrical characterization of deposited SnO, nanoparticles in
ambient gas atmosphere, Sens. Actuators B: Chem. , vol. 109, pp.13-18.

2005.

Chou, Shih M_; Teoh, Lay G.; Lai, Wei H.; Su, Yen H. and Hon, Min H.,
7Zn0O:Al Thin Film Gas Sensor for Detection of Ethanol Vapor, Sensors, Vol.

6, pp.1420-1427, 2006.

Shouli,B.; Liangyuan,C.; Pengcheng,Y.; Ruixian,L.; Aifan,C. and Liu,C.C.,
Sn/In/Ti nanocomposite sensor for CH4 detection , Sens. Actuators B:

Chem., vol. 135, pp.1-6, 2008.

Rao, Bhooloka B., Zinc oxide ceramic semi-conductor gas sensor for ethanol

vapor, ScienceDirect, Materials Chemistry and Physics, vol.64, Issue 1,

pp.62-65, 2000.

Prajapati, C.S. and Sahay, P.P., Alcohol- sensing characteristics of spray
deposited ZnO nano—particle thin films, Sensor and Actuators B, vol.160,

pp.1043-1049, 2011

Patel, N.G.; Patel, P.D. and Vaishnav, V.S., Indium tin oxide (ITO) thin
film gas sensor for detection of methanol at room temperature, Sensors and

Actuators B, vol.96, pp. 180-189, 2003.

McAleer, J.F.; Moseley, P.t.; Bourke, P.; Norris, JO.W. and Stephan, R.,
Tin dioxide gas sensors: use of the seebeck effect, Sensors and Actuators,

vol. 8, Issue 3, pp 251-257, 1985.

28



[33]

[34]

[35]

Mitra, P.; Chatterjee, A.P. and Maiti, H.S., ZnO thin film sensor, Materials

Letters, vol. 35,pp. 33-38, 1998.

Muthuraja, S.; Govardhan, K.; Khan, Nawaz.; Rooban, Mohana. and
Vijayaraghavan., Ethanol Sensor Based on Dip Coated ZnO Thick Films,

Journal of Applied Sciences, vol.12,pp.1618-1623,2012.

Roy, S. and Basu,S., Improved zinc oxide film for gas sensor applications,

Mater.Sci., vol. 25, pp. 513-515, 2002.

Tan, S.T.; Chen, B.J. ; Sun, X.W. and Fan, W.J., Blueshift of optical band
gap in ZnO thin films grown by metal organic chemical-vapor deposition,

Journal of Applied Physics, vol. 98, p. 013505, 2005.

Nath, S.S.; Chakdar,D.; Gope,G.and Avasthi, D.K, Effect of 100 MeV
Nickel Ions on Silica Coated ZnS Quantum Dots, J. Nanoelectron.

Optoelectron. , vol. 3, pp.180-183, 2008.

Nath, S.S.; Chakdar, D.; Gope,G. and Avasthi, D.K, Novel effect of Swift
Heavy Ion on ZnO quantum dots prepared by quenching method,

Nanotrends J. nanotech. its application, vol.3, pp.1-10, 2008.

Shriram, B.; Patik, P.P. and Mahendra, A., More acetone vapor sensing
characteristics of cobalt — doped SnO; thin films, Sens Actuators B: chem.,

vol.125, pp.126-130, 2007

Mohammad, M.T.; Hashim, A.A. and Al-Maamory, M.H., Highly
conductive and transparent ZnO thin films prepared by spray pyrolysis
technique, Materials Chemistry and Physics, doi:10.1016/j.matchemphys.

11.009, 2005.

29



