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Abstract We fabricated subwavelength structures (SWS) on GaAs substrate using a thermally dewetted 

Ag nanoparticle for broadband antireflection purpose. The Ag nanoparticles formed by thermal dewetting 
were used as an etch mask for dry etch process to fabricate antireflective SWS. The tapered pillars on 
the GaAs were fabricated, on average, with distances below 200 nm, satisfying the required 
antireflection condition.

The Fresnel reflection of incident light comes from the large refractive index discontinuity at 

the interface of two media. The high refractive index of GaAs results in the reflection of up 

to 40% of the incident light, which severely limits the performance of GaAs based 

optoelectronic devices. Thin film coatings are commonly utilized to suppress undesired Fresnel 

reflection. However, the stabilityproblems induced by adhesiveness and thermal mismatch are 

often associated with such approaches. Recently, subwavelength grating structures (SWS) with 

dimension smaller than the wavelength of incident light have been considered an alternative to 

thin-film coatings, which are more stable and durable than surface coatings [1-6]. For the 

fabrication of SWSs, e-beam or laser interference lithography is usually used. However, the 

practical applications are highly restricted by the high cost or the complications of the 

procedures. In this study, we propose simple and low-cost fabrication method for antireflective 

SWSs on GaAs using thermally dewetted Ag nanoparticle.

For SWS fabrication, Ag films with thickness of 5, 10, and 20 nm was deposited on the SiO2 

(50 nm) coated GaAs surface by using e-beam evaporator. The samples were heated at 500℃

for 1 min under a nitrogen atmosphere in order to form separated nano-particles. Then, the 

dry-etching of a SiO2 film was conducted in the reactive ion etcher (RIE) using CF4/O2 gas 

mixture. Subsequently, the underlying GaAs were also etched using inductively coupled plasma 

(ICP) etcher with a laser interferometer system at an optimum condition, i.e., SiCl4 (7.5 

sccm)/Ar (2.5 sccm) with rf power of 50W and ICP power of 200W. The residual Ag/SiO2 

mask was removed using buffered oxide etcher (BOE). The scanning electron microscopy 

(SEM) measurements were performed to observe the thermally dewetted Ag nanoparticle and 

antireflective SWSs. 

In order to clarify the characteristics of the Ag particle, we measured the diameter of Ag 

particle and the distance between each nearest particles using SEM images. The average 

diameter of Ag particle varies with about 50, 100 and 200 nm as the initial film thickness 

increase with 5, 10 and 20 nm, respectively. The distance between each nearest particle also 

increases as the initial film thickness increase. This implies that the diameter and period of 

Ag particle can be controlled by changes of the initial film thickness. The fabricated SWS 

with conical profile have the period of ~200nm and the height of ~300 nm. The reflectance of 
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the fabricated SWS was measured using UV-VIS-NIR spectrophotometer (Cary 500, Varian). 

The reflectance in the band of 300-1100 nm is below 6%, which is obviously decreased from 

above 30% for the flat GaAs. This result indicates that the thermal dewetting process has 

potential for the fabrication of antireflective SWS and its optoelectronic device applications.

300 400 500 600 700 800 900 1000 1100
0
5

10
15
20
25
30
35
40
45
50

 

 

R
ef

le
ct

an
ce

 [%
]

Wavelength [nm]

 SWS GaAs
 Bulk GaAs

Figure 1. SEM images of (a) thermally dewetted Ag 

nanoparticles on GaAs substrated, (b) fabricated SWS 

with tapered profile on GaAs

Figure 2. Measured reflectance of 

the bulk GaAs and SWS GaAs as 

a function of wavelength 

REFERENCE

This work was partially supported by the IT R&D program of MKE/IITA [2007-F-045-03] 

and the Core Technology Development Program Next-generation Solar Cells Institute for Solar 

and Sustainable Energies (RISE), GIST.

REFERENCE

1. P. Lalanne and G. M. Morris, "Antireflection behavior of silicon subwavelength periodic 

structures for visible light," Nanotechnology 8, 53-56 (1997).

2. K. Kintaka, J. Nishii, A. Mizutani, H. Kikuta, and H. Nakano, "Antireflection microstructures 

fabricated upon fluorine-doped SiO2 films," Opt. Lett. 26, 1642-1644(2001).

3. Y. Kanamori, M. Ishimori, and K. Hane, "High efficient light-emitting diodes with 

antireflection subwavelength gratings," IEEE Photon. Technol. Lett. 14, 1064-1066(2002).

4. M. Ishimori, Y. Kanamori, M. Sasaki, and K. Hane, "Subwavelength antireflection gratings 

for light emitting diodes and photodiodes fabricated by fast atom beam etching," Jpn. J. Appl. 

Phys. 41, 4346-4349 (2002).

5. Z. Yu, H. Gao, H. Ge, and S. Y. Chou, "Fabrication of large area subwavelength 

antireflection structures on Si using trilayer resist nanoimprint lithography and liftoff," J. Vac. 

Sci. Technol. B 21, 2874-2877 (2003).

6. Y. M. Song, S. Y. Bae, J. S. Yu, and Y. T. Lee, "Closely packed and aspect-ratio 

controlled antireflection subwavelength gratings on GaAs using a lenslike shape transfer," Opt. 

Lett. 34, 1702-1704 (2009).

F2C-3/Photonics Conference 2009/743


	Main
	Contents
	Print
	Return


<<
  /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


