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Abstract 
We grow GaAs/GaNAs/GaAs core-multishell nan-

owires with their density in the order of 108cm-2 by molec-
ular beam epitaxy (MBE). The MBE is equipped with wa-
ter cooled shroud, resulting in non-efficient adsorption of 
As vapor in the MBE growth chamber. Nanowires were 
grown by plasma-assisted molecular beam epitaxy using 
constituent Ga-induced vapor-liquid-solid growth on 
Si(111) substrates and silicon(111) on insulating (SOI) 
substrate. Probably due to the scattered As within the 
MBE growth chamber, As impinges on the substrate in-
duces nanowires having non-controlled directions as well 
as large nanowire density. On the other hand, the struc-
ture of each nanowires are precisely controlled and show-
ing clear formation of core-multishell structure. 
 
1. Introduction 

III-V semiconductor nanowires (NWs) are promising as 
building blocks in nanoelectronics and nanophotonics. Dilute 
nitride GaNAs are materials of physical and technological in-
terest due to the tunability of their lattice constant and band 
gap. The incorporation of a few percent of nitrogen into GaAs 
leads to an anomalous reduction of the band gap, which 
makes this material suitable for applications in near infrared 
regime light emitters and solar cells [1]. We have recently re-
ported high-quality GaNAs nanowires with 0.5% of N ena-
bling lasing up to 150 K [2]. Such efficient optical character-
istics at the near infrared regime should be suitable for solar 
light absorber, which should be applicable to photovoltaics 
and/or photosynthesis[3,4]. To enhance the ability for those 
applications, the volume nanowire is essential. The larger the 
area and density, the output of those device get larger. Also, 
to reduce the loss of the current flow, the usage of silicon on 
insulating (SOI) substrate is preferable for variety of device 
applications. In this report, we show large density GaAs/Ga-
NAs nanowires gowth on Si and SOI substrate. 
 
2. Experiments 
The investigated samples were simultaneously grown on 
phosphorous-doped n-type Si(111) and SOI substrates in a 
plasma-assisted molecular beam epitaxy (MBE) system 
equipped with a water-cooled shroud. [5,6] A conventional 
solid-source effusion cell was used for supply of Ga, and an 
As-valved cracker cell was operated in the As4 mode. Nitro-
gen was supplied by an electron cyclotron resonance plasma 
source. The surfaces of the epi-ready Si or SOI substrates 

were not treated prior to the NW growth. The substrate sur-
face was thus covered with a thin native oxide with a typical 
thickness of several nanometers. The GaAs NWs core was 
then formed by vapor-liquid-solid growth assisted by constit-
uent Ga seed particles when Ga and As flux were supplied on 
the Si substrate.. We grew GaAs/GaNAs/GaAs core-multish-
ell samples by varying the flux of N atoms using the follow-
ing procedure. The beam equivalent pressure (BEP) of As 
was adjusted to 4×10-3 Pa throughout the growth. The Ga sup-
ply was set to match a planar growth rate of 1 ML/s on 
GaAs(001) before the growth. The V/III BEP ratio was 37 at 
these conditions. The GaAs core growth was initiated by 
opening the Ga shutter under an As overpressure and the 
GaAs core was grown for 30 min at 580 °C. By introducing a 
growth interruption, the catalyst Ga became crystallized. The 
Ga flux was reduced to 0.5 ML during the crystallization. 
Subsequently, the lateral growth became dominant, which 
was expected to form the wire shells. The first GaAs shell was 
grown for 20 min, followed by the second growth interruption. 
During the interruption, the growth temperature was reduced 
to 500 °C and the nitrogen plasma was ignited. We then grew 
the GaAs shell for 5 min, the GaNAs shell for 30 min by 
opening the shutter of the plasma source, and the outermost 
GaAs shell for 30 min. The nanowire consequently formed a 
GaAs/GaNAs/GaAs core-multishell structure. The concen-
tration of nitrogen in the GaNAs layer was estimated to be 
about 3%. 
 
3. Results and Discussions 
Figure 1 (a) show the plan-view scanning electron micro-
scope (SEM) images of the NWs. We observe the clear for-
mation of NWs. As seen in the figure, NWs exist over the area 
having their density in the order of 108cm-2. The direction of 
the wires are not regular. Figure 1 (b) shows an enlarged im-
age of Fig. 1(a). Those NWs typically have a length of 5-6 
μm and an average diameter of approximately 350 nm. On the 
substrate, we also observe areas dominantly having NWs of 
vertical alignment. Figure 3 (c) shows 30o-tilted SEM image 
of the NWs on the identical Si substrate for the area dom-
inantly having vertical alignment. As seen in the image, on 
the are, most of the NWs have vertical alignment. The area 
without the existence of NWs coule be due to initial sub-
strate condition having some unexpected contamination, 
or a result of scratch at the handling of the samples. Note 
that we observe NWs having non-vertical alignment as 
seen in Fig. 1 (a) and (b) for most of the area on the sub-
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strate. Also, we have never achieved this dense NWs den-
sity until we employ water cooled shroud, as previously 
we have used liquid nitrogen-cooling system. As vapor 
does not efficiently adsorbed on the shroud when we use 
the water cooling system, hence in that case, As-dominated 
growth chamber pressure is preserved even though As 
pressure was terminated by closing valve of As valved 
cracker cell. Probably, the scattered As species impinge on 
the substrate surface, which would enhance the nucleation 
and development of the NWs for arbitrary directions. 

 
Fig. 1 (a) Plan-view SEM images of nanowires grown on Si substrate, 
(b) its enlarged image, (c) 30o-tilted SEM image of the nanowires 
for the area dominantly having vertical alignment on Si substrate. 
 
Fig. 2 shows cross-sectional transmission electron micro-
scope image of nanowires grown on Si. We can observe hex-
agonal structure having three layered core-multishell struc-
ture, corresponding to the intended GaAs/GaNAs/GaAs 
structure. Hence, individual the NWs observed in Fig. 1(a)-
(c) have the observed core-multishell structures. 
Fig. 3 (a) is plan-view SEM image of the NWs grown on SOI 
substrate, and (b) is its enlarged image. The sample was sim-
ultaneously grown with the sample shown in Figs. 1 and 2. 
We confirmed the formation of the NWs, its structure seems 
to have like a flower seems to be formed by the development 
of arbitral wires from a cores. The diameter of the wires are 
about 350 nm, mostly identical with the samples grown on Si, 
suggesting the formation of the core-multishell NWs shown 
in Fig. 2. Consequently, we obtained intended dense NWs on 
both the Si and SOI substrate. 

 
Fig. 1 (a) Cross-sectional transmission electron microscope images 
of the nanowire grown on Si. 

 
Fig. 3 (a) plan-view SEM image of the NWs grown on SOI 
substrate, and (b) its enlarged image. 
 
4. Conclusions 
   We grow GaAs/GaNAs/GaAs core-multishell NWs with 
their density in the order of 108cm-2 by MBE equipped with 
water cooled shroud. NWs can be formed on Si(111) sub-
strates and SOI substrates. Probably due to the scattered As 
within the MBE growth chamber, As impinges on the sub-
strate, inducing nanowires having arbitraly directions as well 
as large nanowire density.  
 
Acknowledgements 
   We gratefully acknowledge the funding support from KA-
KENHI (No. 16H05970) from Japan Society of Promotion of Sci-
ence. 
References 
[1] Ed. F. Ishikawa and I. A. Buyanova, Novel Compound Semi-

conductor Nanowires: Materials, Devices and Applications, 
2017. 

[2] S. Chen, M. Jansson, J. E. Stehr, Y. Huang, F. Ishikawa, W. M. 
Chen, I. A. Buyanova, Nano Lett. 17 (2017) 1775. 

[3] J. A. Czaban, D. A. Thompson, R. R. LaPierre, Nano Lett. 9 
(2009) 148. 

[4] C. Liu, N. P. Dasgupta, P. Yang, Chem. Mater. 26 (2014) 415. 
[5] Y. Araki, M. Yamaguchi, and F. Ishikawa, Nanotechnology 24, 

(2013) 065601. 

 

- 1138 -



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


