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Abstract - Cadmium zinc oxide (CdyxZn; x0O) thin films were
deposited at low substrate temperature using advanced spray
pyrolysis technique. Aqueous solution of cadmium acetate and
zinc acetate were used as initial ingredients. The films were
prepared by keeping optimized preparative parameters
constant. Influence of variation of zinc in the ‘CdxZn,xO’
system on the structural, electrical and gas sensing properties of
the films has been investigated. X-ray diffraction studies indicate
polycrystalline nature of the films. Field emission scanning
electron micrograph measurements reveal that the grain size
decreases with increase in zinc content. It is found that films
are sensitive to H,S gas and maximum response is observed at

the operating temperature of 300°C.

Keywords: Cadmium Zinc Oxide, Advanced spray pyrolysis
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[. INTRODUCTION

Gas sensing devices generally used metal-oxide
semiconductor, because of their response to oxidizing and
reducing gases. Now a day’s much attention is given by the
researcher to the development of metal-oxide gas sensors
that detects the toxic gases such as H,S, (CH;3;)SH and
(CH;)S. Among this Hydrogen sulfide (H,S) is one having
typical bad smell and even generated from dump, sewage
etc. Metal oxides in the form of pellets, thick films and
thin films were used in the fabrication of the gas sensors.
Many materials were tried by the researchers to obtain
required properties [1], [2]. Zinc oxide is vital metal-oxide
semiconductor used for detection of combustible and toxic
gases. The principle of gas sensing in case of ZnO is based
on the change in conductivity, when interact with gas
molecules. Furthermore they have generally the disadvantage
of low sensitivity/response at lower concentration of H,S
gas and poor gas selectivity [3], [4]. Therefore different
approaches  like  synthesis methods of  material,
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dopants/additives and sensatization were used in fabrication
of sensor to overcome these problems. Some achievements
were reported by salunke et al. [1], [2], ]5]. They have
studied the gas sensors based on CdO thin films synthesized
by Chemical Bath Deposition (CBD), SILAR and Spray
pyrolysis method. Shewale et. al. [6]-[8] prepared ZnO by
advanced spray pyrolysis technique and observed the effect
of Cu and Sn doping on H,S gas sensing performance.
However, the mixed oxide system was not used by any
researchers in H,S gas sensing. In the present investigation
the thin film of cadmium and zinc mixed oxide were prepared
by advanced spray pyrolysis technique. The Crystal structure
and surface morphology of these films were studied with
XRD and FESEM techniques. The hydrogen sulfide gas
sensing performance of the mixed oxide films was studied by
varying the operating temperature and gas concentration and
results are explained at length.

II. EXPERIMENTAL

Advanced spray pyrolysis (ASP) technique was used to
synthesis CdyZn;,O thin film [9]. A 0.02 M aqueous
solutions of  high purity cadmium acetate
(Cd(CH5C0OO0),.2H,0) (Thomas Baker, India) and
equimolar solution of zinc acetate (Zn(CH;C0OO0),.2H,0)
(Thomas Baker, India) were used asa initial ingredients.
The solutions were prepared in double distilled water.
The solutions were mixed in appropriate volume to achieve
final solution of 300 ml. The required ration is obtained by
varying the value of x from 1 to zero by step of 0.1. The
spraying solution was atomized through a glass nozzle.
During the process of deposition, compressed air is used as
carrier gas and spray rate was maintained at ~5 ml/min.
All the samples were deposited by keeping substrate
temperature and reaction chamber temperature at 210°C and
325°C respectively. The reaction chamber temperature is the



decomposition temperature of zinc acetate. Because
cadmium acetate decompose at lower temperature as
compared to zinc acetate. When the sprayed solution comes
in to the reaction chamber, the reactant  undergoes
pyrolytic decomposition inside the core of furnace and oxide
particles were formed. These particles are pushed upward i.e.
towards the glass substrates and uniform films were formed
on the glass substrate. The substrate to nozzle distance was
set at optimized value of 41 cm. The films deposited with
different concentration of zinc (x=1, x=0.8, x=0.6, x=0.4 and
x=0 ) are denoted by M(), MZO’ M40, Mﬁ()’ Mg() and MIOO
respectively.  Structural, morphological and electrical
properties of these films were studied with reference to the
variation in composition of films. The crystal structure of
CdyZn;,O thin film was studied by using German make
Bruker AXS D-8 Advance X-ray diffractormeter with Cu ka
radiation having wavelength 1.5406 A. The diffraction
patterns were studied by varying diffraction angle from 20° to
80° in steps of 0.2°. The film thickness was measured by
Ambios XP-1 surface profiler. The surface morphology was
examined by the field emission scanning electron micrograph
(FESEM). The home made gas sensing unit was used to test
the H,S gas detection. It consists of hot plate which is
enclosed in airtight stainless still housing. The gas is inserted
into the chamber from septum with a rubber gasket. A Rigol
DM 3062 Digital multimeter is used to measure the
resistance with and without H,S gas exposure. The details of
the setup explained elsewhere [9].

I11. Results and Discussion
A. X-ray diffraction and morphology studies

Fig.1 shows the X-ray diffraction pattern for the typical
samples. It is observed that when x=1films are grown along
(111) and (002), with some less intense peaks along (220),
(311) and (222) planes. However, at x=0 films grow along
(100), (002) and (101) plane with some minor peaks (102),
(110) and (103). This indicates the polycrystalline nature of
the films. The standard d values from JCPDS card no. 05-640
are compared with observed d values and it indicates that
films exhibits rock salt type crystal structure with preferential
orientation along (111) direction. This also indicates the
formation of pure CdO initially for x=1, i.e. for sample M.
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Fig. 1 X-ray diffraction patterns for the typical Samples.
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Fig. 2 FESEM Images of the typical sample

As x tends to zero, i.e. for sample Mg there is a complete
shift in structure from rock salt to wurtzite with change in
preferential orientation and peak matchs with those given in
JCPDS card no. 05-664 indicating the formation of pure ZnO.
It is further seen that with increased in zinc concentration the
degrees of polycrystallinity of the film decreases. Sample Mg
shows the existence of mixed phase with decrease in intensity
of different peaks with decreases in orientation. While the
peak intensity for sample M, is notably greater than one of
sample Mg. Such type of behavior is reported by Vigil et. al.
[10].

Fig.2 shows the FE-SEM images of CdxZn;.xO thin film
with different Zn concentration. The images were obtained at
magnification of x 20,000. From FESEM images it is
observed that all film are free from cracks and are compact. It
is further observed that sample Mg, exhibits the well defines
grains and are circular; however, surface looks somewhat
porous. It is also observed that grain size decreases up to ~48
nm indicating that the sample is nanocrystalline with
relatively large surface ratio and that is the requisite for good
sensing performance of the sensor. These results are in good



agreement with X-ray diffraction results.
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Fig. 4. Variation of resistance verses time for typical sample
B. Gas sensing characteristics

It is known that the gas response gets considerably
influenced by the surface morphology, crystallinity, doping
and operating temperature of the metal-oxide semiconductors.
In the present case the crystallnity and surface morphology is
considerably changed by addition of zinc oxide in cadmium
oxide. In order to obtain the performance of these films to
sensing the hydrogen sulfide gas, the resistance of the film
was measured in air and in hydrogen sulfide gas environment
and sensitivity of the sensor can be calculated by using the
following equation.

_ (Ra—Rg)
§=——£x100 (1)
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Where ‘R,’ is the resistance of sensor in ambient environment,
‘R,’ is the resistance of sensor measured when exposed to the
H,S gas. The sensitivity of the sensors was determined using
the measured values of resistance.

In order to study the effect of zinc addition on the H,S gas
detection all the samples were exposed to 50 100 ppm of H,S
at 250°C operating temperature. From this experiment it is
observed pure CdO and pure ZnO exhibits poor response,
however, sample with 40% of zinc exhibits better
performance. This may happens because of the favorable
structure and morphology of this films for gas sensor. These
observations force us to study detail performance of the
typical sample Mgy These observations are controversial to
our previous observations; because we have reported good
sensitivity for the ZnO films. However, this observed
controversy may be due to the change in deposition procedure
of ZnO films. From the pilot experiments it is found that films
of cadmium oxide and mixed oxide are not responding at low
concentration of H,S. So it is decided to perform the
experiment above 80 ppm. In order to obtain the optimum
operating temperature of the mixed oxide, sample Mg, was
used. The resistance of this film was measured in air and when
exposed to the H,S gas at different operating temperature and
sensitivity was obtained using the above equation 1. Fig.3
shows the variation of sensitivity of the sensor with operating
temperature to 80 ppm of H,S gas, for typical sample Mgy.
The sensitivity curve is in Gaussian shape. Initially the
sensitivity increases with the operating temperature, attend
maximum value at 300°C and for further increase in
temperature it decreases. The low response to H,S gas at
low operating temperature may be due to slow reaction of
gas molecules with surface adsorbed oxygen species. This
happens due to the low thermal energy of gas molecules. At
the optimal operating temperature, H,S reacts to the film
surface to inject the electron into conduction band, because of
that electron concentration increases and resistivity of the film
decreases. On the other hand at the higher operating
temperature causes to increases the carrier concentration,
which reduces the Debye length and this might be one of the
reason for decreased in sensitivity at higher operating
temperature that is above 300°C. The other possibility is that
at higher operating temperature there will not be enough
oxygen species to react with the gas.

In order to determine the response and recovery time of the
typical (Mg) sample resistance was measured as a function of
concentration of the Hydrogen sulfide gas at optimum
operating temperature. Fig. 4 shows the variation of resistance
with time for the typical sample. It is seen that resistance
decreases when the film is exposed to the hydrogen sulfide
gas.
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Fig. 5 Variation of response and recovery time with gas
concentration

The resistance of the film decreases with increase in gas
concentration. It is noteworthy that, variation in resistance is
almost linear when exposed to the gas. However, the recovery
path of the film is not linear. This is observed for all gas
concentration. The injection of H,S induced a remarkable
variation in the electrical resistance of the sensing layer. It is
also observed that the resistance value returns to its initial
baseline value after release of H,S gas from the chamber.
This concludes that the adsorption of H,S on the surface layer
is reversible. It is further observed that there is no saturation in
the sensor response at the highest concentration of H,S (200

ppm).

From the Fig. 4 response time and recovery time of Mg,
sample at all concentration of hydrogen sulfide was calculated
and are plotted in Fig. 5. It is seen that response time is very
short as compared to the recovery time. The response time is
slightly varies with gas concentration for the sample Mg,
however, the recovery time increases with increase in
concentration of the hydrogen sulfide gas. With increase in
gas concentration slight decrease in response time may be due
to the increase in availability of gas molecules with increase in
concentration of gas. From the Fig. 5 it is observed that
recovery time varies from 67 to 79 seconds. This slight
increase in the recovery time may be due to the increase in
desorption time due to the large number of adsorbed gas
molecules; when exposed to higher concentration of H,S gas.

Fig. 6 shows the bar chart and it indicates the variation of
sensitivity with H,S gas concentration at an operating
temperature of 300°C for typical sample M. It is found that
sensitivity varies from ~14% to 20% when the sensor is
exposed in the range of 80 to 200 ppm of H,S. The increase in
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sensitivity with gas concentration is attributed to the
availability of the large number of gas molecules with
increase in gas concentration. These films are tested for gas
sensing for three months at an interval of a week. Very small
edging is observed after three months. This exhibits that films
shows good response after three month. That confirms the
stability of the films for gas sensing.

IV. Conclusion

CdxZn; xO thin films were synthesized at low substrate
temperature using advanced spray pyrolysis technique. The
film grown at low substrate temperature 210°C and at various
Cd and Zn ratio are polycrystalline in nature. FE-SEM
measurement reveals that the surface morphology of the film
changes continuously with decrease in the grain size due to Zn
addition and it is low for pure zinc oxide. The measured grain
proves that the films are nanocrystalline in nature. The
sensitivity measurement study exhibits that films are sensitive
to hydrogen sulfide gas and exhibits 20% sensitivity at 300°C
operating temperature. This is promising for the future
development of these devices for practical application in H,S
gas sensing.
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sample

V. Reference

[1] R. R. Salunkhe, D. S. Dhawale, U. M. Patil, C. D.
Lokhande, Sensors and Actu. B 136 (2009) 39.
[2] R. R. Salunkhe, D. S . Dhawale, D. P. Dubal, C. D.
Lokhande, Sensors and Actu. B 140 (2009) 86.

[3] Vikas Patil, Shailesh Pawar, Manik Chougule, Bharat
Raut, Mulik Ramesh, Shashwati Sen, Sens. & Trans. J. 128
(2011) 100~ 114.



[4] S. G. Pawar, S. L. Patil, M. A. Chougule, B. T. Raut, S.
A. Pawar, R. N. Mulik, V. B. Patil, J. Sens. Technol. 1 (2011)
9-16.

[5]JR. R. Salunkhe, V. R. Shinde, C. D. Lokhande, Sensors
and Actuators B 133 (2008) 296.

[6] P. S. Shewale, V. B. Patil, S. W. Shin, J. H. Kim, M. D.
Uplane, Sensors and Actuators B 186 (2013) 226.

[7] P. S. Shewale, G .L. Agawane, S. W. Shin, A . V.
Moholkar, J. Y. Lee, J. H. Kim, M. D. Uplane, Sensors and
Actuators B 177 (2013) 695.

[8] P. S. Shewale, B. N. Kamble, A. V. Moholkar, Jin Hyeok
Kim, And Mahadeo D. Uplane, IEEE sensor journal. 13, 5,
(2013)

[9] P. S. Shewale, S. I. Patil, M. D. Uplane, Semi-cond. Sci.
Technol. 25 (2010) 115008.

[10] Osvaldo Vigil , Francisco Cruz, Guillermo Santana,
L1dice Vaillant , Arturo Morales-Acevedo, Gerardo
Contreras-Puente, Applied Surface Science 161 (2000) 27.

244




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


