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INTRODUCTION 

Due to coexistence of high electrical conductivity and optical transparency tin dioxide 
films are widely exploited in electro-optical devices [1]. Room temperature ferromagnet-
ism was recently reported in SnO2 by means of transition metal doping (Co, Mn, Fe, etc) 
[2, 3]. This makes possible the new potential application of SnO2 in the emerging field of 
spintronics. Moreover, recent studies raised the question about the presence of local mag-
netic moments in intentionally undoped SnO2 [3-6]. Furthermore, the chemical and physi-
cal properties of SnO2 are modified by metal or metal-oxyde additives [7] which can act as 
bulk or surface dopant, either by the deterioration of the grain morphology (cristallinity), 
leading to an amorphization when the concentration in dopant is rised enough [8] and 
changing drastically the physical properties of SnO2. Doping of SnO2 films by ferromag-
netic metals can change also their optical properties. For example, blue shift in absorption 
spectra in Sn1-xCoxO2-x films was observed. 

We report here new method of fabrication of transparent conductive tin dioxide films 
doped with ferromagnetic metals and their structural, optical and electrical properties. 

EXPERIMENTAL  DETAILS 

DC reactive magnetron sputtering in plasma of mixture O2 and Ar (with ratio varied 
from 1:10 to 1:3) and DC magnetron sputtering in Ar plasma with following heat treatment 
was used for samples preparation. Tin disk with several thing strips of ferromagnetic met-
als - nickel or kovar (alloy of 17% Co, 29% Ni and 54% Fe) - located radially was used as 
sputtering target. 

After sputtering process samples were subjected to heat treatment in air. Samples ob-
tained by DC reactive magnetron sputtering were annealed within temperature range 200-
600 0C during 5-60 minutes. Thing Sn metal films doped with nickel or nickel, iron and 
cobalt were subjected to 2-stage annealing procedure (1-st stage is heating up to 200 0C and 
oxidizing annealing during 2 hours, 2-d stage is heating up to 450-550 0C with following 
isothermal annealing during 1 hour). 

The surface morphology and chemical composition of the samples were studied using 
scanning electron microscope LEO-1455 VP equipped with an energy dispersive X-ray 
spectrometer. For additional study of surface morphology atomic force microscope 
SOLVER P47 PRO was used.

Optical absorption spectra were measured within 220-900 nm range of wave length us-
ing spectrophotometer SPECORD-M40. 
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In order to test electrical properties, temperature dependencies of the resistance R(T) 
and IV-characteristics were measured in the temperature range 2-300 K in close-cycled 
refrigerator. 

 

RESULTS  AND  DISCUSSION 

Surface roughness was found to increase with growth of annealing temperature. Ac-
cording elemental analysis Ni content in the samples was in the range 0.28-11.92 at.% in 
dependence of the ratio of nickel strips area to the area of tin disk in target. For the films 
obtained from Sn/kovar target ratio between Co, Ni and Fe corresponds to the kovar com-
position. 

Transmission spectra for sample doped with Ni are shown in Fig.1. Estimation of the 
band gap transition energy obtained from these spectra using method described in [9] gives 
values of about 3.6-4.1 eV in dependence of the annealing conditions. 

Resistivity was raised more than 4 orders of magnitude at the temperature decreasing 
from 300 to 2 K as one can see from Fig.2. IV-measurements show non-linear behavior 
indicating importance of tunneling between grain boundary.  
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Fig.1. Absorption spectra of tin dioxide films 
doped by Ni, obtained by DC magnetron sputter-
ing of Sn/Ni target in Ar plasma with following 

1-stage and 2-stage annealing process 

Fig.2. R(T) dependence of tin dioxide films 
doped by Ni, obtained by DC reactive magnetron 
sputtering of Sn/Ni target with following anneal-
ing at 400 0C during 5 minutes. R(T) dependence 
in the range 100-300 K and approximation by Eq. 

(1) is shown in the lower inset figure. R(T) de-
pendence in the scale LnR-T-1/4 is shown in the 

upper inset figure 

For samples obtained using 1-stage annealing process resistivity raised more than 4 or-
ders of magnitude at the temperature decreasing from 300 to 2 K. IV-measurements show 
non-linear behavior indicating importance of tunneling between grain boundary. 
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As shown in the inset to Fig.2, at high temperatures (~130-300 K) temperature depend-
encies of the resistance R(T) can be approximated by typical law for fluctuation-induced 
tunneling model [10] inherent for heterogeneous systems and polycrystalline semiconduc-
tors: 

R = R0 exp[T1/(T + T0)],    (1) 
where parameters T0 and T1 depends on the height and width of barrier between con-

ductive regions in heterogeneous systems or between grains in polycrystalline semiconduc-
tors. 

As one can see from the upper inset to Fig.2, at T<130 K R(T) dependences can be ap-
proximated by typical law for variable-range hopping due to existence of deep levels in 
forbidden zone of tin dioxide: 

   R = R0 exp(TM/T)1/4,    (2) 
where TM is constant depending on localization length and density of states. 
For more conductive samples obtained using 2-stage annealing process resistivity was 

raised less than 1 order of magnitude at the temperature decreasing from 300 to 2 K. De-
tailed analysis of experimental results will be reported elsewhere. 

 

CONCLUSIONS 

Method of fabrication of tin dioxide films doped by ferromagnetic metals was devel-
oped. Sputtering and annealing regimes were determined for fabrication samples with co-
existence of high conductivity and high transparency in the visible range of electromag-
netic spectra. Best results were obtained for samples obtained by DC sputtering in Ar 
plasma with following 2-stage annealing process (2000C during 2 hours and 4500-5500C 
during 1 hour). 
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tation of SEM and AFM measurements. 

 
REFERENCES 

1. Chopra, K. L. Transparent conductors--A status review / K. L. Chopra, S. Major and 
D. K. Pandya // Thin Solid Films. 1983. Vol. 102. P1. 

2. Ogale, S. B. High temperature ferromagnetism with a giant magnetic moment in transparent co-
doped SnO(2-delta) / S. B. Ogale [et al.] // Physical Review Letters. 2003. Vol. 91. P. 077205. 

3. Sundaresan, A. Ferromagnetism as a universal feature of nanoparticles of the otherwise non-
magnetic oxides / A. Sundaresan [et al.] // Physical Review B. 2006. V.74. P. 161306(R). 

4. Hong, N.H. Ferromagnetism observed in pristine SnO2 thin films. / N. H. Hong, N. Poirot, 
 J. Sakai // Physical Review B. 2008. V.77. P.033205. 

5. Torres, C. The role of the dopant in the magnetism of Fe-doped SnO2 films / C. Torres [et al.] // 
Journal of Magnetism and Magnetic Materials. 2007. V.316. P. e219. 

6. Wang, H. Role of intrinsic defects in ferromagnetism of SnO2: First-principles calculations /  
H. Wang [et al.] // Physica Status Solidi (b). 2010. V 247. P 444. 

7. Batzill, M. The surface and materials science of tin oxide / M. Batzill, U. Diebold // Progress in 
Surface Science. 2005. V. 79. P. 47. 

 109



 
5-ая Международная научная конференция «Материалы и структуры современной 

электроники», 10–11 октября 2012 г., Минск, Беларусь 
 

8. Vijayalakshmi, S. Physical properties of zinc doped tin oxide films prepared by spray pyrolysis 
technique / S. Vijayalakshmi, S. Venkataraj, M. Subramanian, R. Jayavel // Journal of Physics D: Applied 
Physics. 2005. V.41. Issue 3. P. 035505. 

9. Majumder, S. Liquid petroleum gas sensor based on SnO2/Pd composite films deposited on 
Si/SiO2 substrates / S. Majumder, S. Hussain, R. Bhar, A. K. Pal // Vacuum. 2007. V. 81. P.985. 

10. Sheng, P. Fluctuation-induced tunneling conduction in disordered materials / P. Sheng // Phys. 
Rev. B. 1980. V.21. P. 2180. 
 

 110



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


