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Characterization of laser ablated AgInSe, films
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AglnSe, (AIS) thin films have been grown directly on silicon by means of a pulsed laser deposition
technique. The X-ray diffraction studies show that the films are textured in the (112) direction. Increase
of the substrate temperature results in a more ordered structure. Composition of the samples has been
analysed by EDAX. It was found that the stoichiometry is better maintained with the PLD technique than
with other traditional methods like thermal evaporation. The optical studies of the films show that the
optical band gap is about 1.20 eV. The results of investigations may be of interest for a better understand-
ing of the growth processes of chalcopyrite thin films on silicon materials.
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1. Introduction

The I-1II-VL, compounds are ternary analogues of II-VI compounds having high
absorption coefficient and good thermal stability [1]. The chalcopyrite semiconductor
AgInSe, (AIS) is one of the most attractive materials in thin film solar cell applica-
tions because of its high optical absorption coefficient. These compounds crystallize
in chalcopyrite structure which is closely related to a zinc blend structure. Ternary
chalcopyrite compounds have photovoltaic properties that have potential use in solar
cells since their optical band gap lies between 0.8 eV and 2.0 eV and can be grown
either as n or p type [2]. The efficiency of 19.5% has been reported by Contreras et al.
in CulnGaSe; [3]. AgInSe, having a band gap of 1.20 eV and the melting point of
780 °C has applications in photovoltaic and optoelectronic devices. Matsuo et al. stud-
ied AgInSe, films grown by the thermal evaporation technique, taking Ag,Se and
In,Se; as starting materials [4]. Ramesh et al. obtained the efficiency of 7.5% in
p-AglnSe,/n-CdS solar cells in which AgInSe, is used as the absorber material [5].
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A number of physical and chemical deposition techniques such as flash evaporation [6],
radio frequency sputtering [7], thermal evaporation [8—10], solution growth [11, 12] and
hot pressing [13] have been used for the preparation of AgInSe, under various experi-
mental conditions. All these techniques have advantages and disadvantages, depend-
ing on the type of application intended for the films. It is important to obtain high
quality AIS films for improving solar cell performance. However, the common prob-
lem encountered during synthesis is to preserve the stoichiometric amount of selenium
due to high volatility in Se containing compounds. The pulsed laser deposition (PLD)
technique has been shown to be an excellent way to fabricate high temperature super-
conductors [14] and multicomponent oxide films [15, 16], especially with respect to
compositional reproduction and high deposition rate. PLD has many advantages and
technological possibilities. These advantages are the effectiveness and simplicity of
the deposition equipment, high deposition rates and low temperature deposition,
a wide spectrum of deposition parameters for the control and optimization of film
properties. In addition, PLD enables accurate control both the stoichiometry and the
film thickness. The growth of AIS on Si substrates is of interest, since it is regarded to
be a prerequisite for the direct integration of this material with the more dominant Si-
based technologies. In this paper, an attempt has been made to grow AglnSe, films on
Si substrates with (100) orientation by laser ablation. We report on the synthesis of
AIS thin films using the (PLD) technique in which Se volatility can be minimized.
Structural and optical properties depending on substrate temperature of films fabri-
cated by pulse laser deposition have also been studied.

2. Experimental

Ablation of a polycrystalline target 25 mm in diameter was achieved using a mul-
titarget, ultra high vacuum (UVH) pulse laser deposition (PLD), KrF excimer laser
system (A = 248 nm, the laser rate of 3 Hz and the pulse energy density of 1-2 J/cm?).
The complete set up of the system is shown in Fig. 1. The synthesis of the target was
performed using a stoichiometric mixture of Ag, In and Se, followed by sealing in
a quartz tube ampoule. The sealed quartz tube was heated at 900 °C for 48 h and
cooled slowly. A polycrystalline chalcopyrite structure was obtained as the resulting
compound. The details of the synthesis of the AIS target have been described else-
where [10]. The target substrate distance was kept at 40 mm. The chamber was evacu-
ated to the pressure lower than 2.7x10°® Pa before ablation. The (100) oriented Si sub-
strates were chemically cleaned and etched in a dilute HF solution prior to
introduction into the chamber. All substrates were also cleaned in an ultrasonic bath
before deposition. The ablated AIS was collected on a Si(100) wafer. The silicon sub-
strates were then mounted on a direct heating sample holder made of a stainless steel
sheet. AIS/Si films were grown with the deposition temperatures 300 K and 473 K.
Laser pulses were incident at the angle of 45° on the target, over the surface scanned
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by the focused laser beam. The deposited films were finally cooled to room tempera-
ture in vacuum.
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Fig. 1. Complete PLD set up

The structure of the as prepared powder and pulse laser ablated films on Si(100)
wafers was observed with a 6-20 X-ray diffractrometer using CuK,, radiation to
study the orientation and crystallinity of the films. The analysis of the composition of
the product has been carried out by the energy dispersive analysis through X-rays
(EDAX), together with field emission scanning electron microscopy (FESEM). The
optical studies were performed on films grown on glass substrates, using the same
conditions as used for the deposition on Si substrates [9, 17]. Glass was chosen only
for the optical measurements. It is noted that AIS/glass exhibits a similar composition
to that found in AIS/Si films. The absorption spectra of AgilnSe, films were recorded
in the wavelength range 200-1100 nm, using a UV-VIS Perkin-Elmer spectropho-
tometer.The microstructure was studied using field emission scanning electron mi-
croscopy (FESEM-FEI Quanta 200 F). To prevent the charge build up during FESEM
observation, samples were coated with gold using a sputtering system.

3. Results and discussion

The XRD profile of the as-prepared powder is shown in Fig. 2a. The pattern indi-
cates that AIS is polycrystalline in nature and exhibits a prominent (112) peak of chal-
copyrite phase, in addition to other (220), (204), (312) and (116) peaks of very small
intensity. The films prepared on the Si(100) wafers at room temperature are character-
ized by the absence of diffraction peaks, indicating their amorphous nature. However
the AIS films obtained at 473 K indicate high orientation in the (112) plane, parallel to
the silicon substrate along with a reflection from the (204) plane of comparatively
small intensity (Fig. 2b).
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Fig. 2. XRD pattern of as synthesized powder (a) and films (b)
fabricated by PLD on Si(100) wafers at 300 K and 473 K

The crystallite size is calculated from the FWHM value of the (112) peak by using
Scherrer’s formula

D= 0.91 0

Pcosb
and is found to be 6 nm, where A is the wavelength of X-rays, 3 is the FWHM in radi-
ans, 0 is the Bragg angle. XRD studies confirm that by performing laser ablation,
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AgInSe, can be grown on silicon wafers. These preliminary results indicate the possi-
bility of producing device quality chalcopyrite—AgInSe,/Si heterojunctions by pulse
laser ablation for photovoltaic applications.

Fig. 3. FESEM of laser ablated AIS films
on Si(100) wafer at 473 K

Field emission scanning electron micrograph of an AIS nanostructured film depos-
ited by pulse laser deposition at 473 K on Si(100) substrate is shown in Fig 3. It de-
lineates the shape and distribution of crystallites. Densely packed grains elongated in
one direction are exhibited by AIS film grown at 473 K. It is also observed that grains
are more homogeneous, uniformly distributed and densely packed as compared with
the films deposited by thermal evaporation on the same substrate, Si(100), and at the
same deposition temperature [9]: these are the major advantages of PLD, along with
pore free growth.

Analysis of the composition of AIS films grown on 100 oriented silicon wafers
was carried out by the energy dispersive analysis through X-rays. This elemental
analysis showed that films obtained at 473K are almost as stoichiometric those pre-
pared by thermal evaporation with Ag 28.96%, In 27.41% and Se 43.63%. The sele-
nium percentage deviates to some extent due highly volatile nature of the element.

The optical studies were carried out on AIS films grown on glass substrates under
the same conditions as those used for deposition on Si substrates [9, 17]. It is noted
that AIS/glass has a similar composition to that found in AIS/Si films. The linear na-
ture of the plot near the absorption edge confirms that ablated AgInSe, films show
semi-conducting behaviour with direct band gap [18]. The band gap energy (£,) was
estimated based on the recorded optical spectra from the equation of Bardeen [19].

ahv=A(hv-E,) )

where A is a constant, ¢ is the absorption coefficient, 4v is the photon energy, and »
depends on the nature of the transition. For direct transition, n =1/2 or 3/2, while for
the indirect one n = 2 or 3, depending on whether they are allowed or forbidden, re-
spectively. Here the best fit to the experimental data was obtained for n = 1/2. The
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dependence of (0Av)® on hv yields a straight line, indicating that the fundamental ab-
sorption edge could be due to direct allowed transition.
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Fig. 4. Dependence of (a/v)* on E

These results are in conformity with those reported earlier for thermally evapo-
rated AIS [6, 8—10]. The band gap energy is estimated to be 1.20 ev (Fig. 4). Various
authors reported different values for the band gap energy of AglnSe, films [6,8],
which may be attributed to different proportions of Ag/In/Se in the composition.

4. Conclusions

We have successfully deposited silver indium selenide films directly on Si (100)
substrates by the pulse laser deposition technique. The films show a tetragonally dis-
torted chalcopyrite structure. Room temperature deposited films are amorphous in
nature while AIS films deposited at 473 K appear to have preferential texture oriented
in the (112) direction. Crystallites of 6 nm size were obtained. On silicon wafers, from
optical measurements, the band gap energy is estimated to be 1.20 eV. We believe that
these preliminary results may be of interest for a better understanding of the growth of
chalcopyrite thin films on silicon materials, since it is regarded to be a prerequisite for
the direct integration of these materials with the dominant Si-based technologies.

Acknowledgements

One of the authors (D. P.), acknowledges the Council of Scientific and Industrial Research (CSIR),
New Delhi, India, for awarding a Senior Research Fellowship (SRF) grant to carry out this project.



Laser ablated AginSe; films 205

References

[1] TELL B., SHAY J., KASPER H.M., J Appl. Phys., 43 (1972), 2469.

[2] JosePH C.M., MENON C.S., Semicond. Sci. Techn., 11 (1996),1668.

[3] CONTRERAS M.A.,RAMANATHAN K., ABUSHAMA J., HASOON F., KEANE J., YOUNG L., EGAAS B.,
NourI R., Prog. Photovolt. Res. Appl.,13 (2005), 209.

[4] MAaTsuo H., YosHINO K., AND IkARI T., Phys. Stat. Sol. (c), 3 (2006), 2644.

[5] RAMESH P.P., UTHANA S., SRINIVASALU B.N., JAYARAMA P.R., Vacuum, 47 (1996), 211.

[6] PATEL S.M., PATEL A.D., Thin Solid Films, 111 (1984), 53.

[7] WEIR R.D., JEssop P.E., GARSIDE B.K., Can. J. Phys., 65 (1987), 1033.

[8] KorASHY A.E., ABDEL-RAHIM M.A., ZAHED H.E., Thin Solid Films, 338 (1999), 207.

[9] PATHAK D., BEDIR.K., KAUR D., Appl. Phys. A, (2009), DOI 10.1007/s00339-009-5083-8.

10] BEDIR.K., PATHAK D., DEEPAK, KAUR D., Z. Cristallogr. Suppl., 27 (2008), 177.

11] SHARMA R.P., Indian J. Pure Appl. Phys., 33 (1995), 711.

12] MENG A., CHRIS B., JAGDESE J.V., J. Am. Chem. Soc.,128 (2006), 7118.

13] YosHINO K., KINOSHITA A., SHIRAHTA Y., OSHIMA M., YOSHITAKE T., OzAKI S., IKARI T., J. Phys.,
Conf. Ser. 100 (2008), 042042.

[14] DukkAMP D., VENKATSAN T., WU X.D., Appl. Phys. Lett., 51 (1987), 619.

[15] OTUBO S., MAEDA U., MINAMIKAWA T., YONEZWA Y., MORIMOIO A., SHIMIZU.T., Jpn. J. Appl. Phys,.

29 (1990), 133.
[16] KiDOH H., YASHIMA H., MORIMOTO A., SHIMIZU T., Jpn J. Appl. Phys., 33 (1994), 4094.
[17] BECHIRI L., BENABDSLEM M., BENSLIM N., DIEKOUN A., OTMANI A., MAHADDJOUBI L., MADELON R.,
RUTERANA P., NOUET G., Catal. Today, 113 (2006), 226.
[18] PANKOVE l 1., Optical Processes in Semiconductors, Prentice Hall, New York, 1971.
[19] Photoconductivity Conference, J. Bardeen (Ed.), Wiley, New York, 1956.

— r—,—_—

Received 5 June 2009
Revised 13 October 2009




<<
  /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 false
  /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 [481.890 680.315]
>> setpagedevice


