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Vertical Growth of Amorphous SiO, Nano-Pillars by Pt Catalyst Films
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Abstract One-dimensional nanostructures have attracted increasing attention because of their unique electronic,
optical, optoelectrical, and electrochemical properties on account of their large surface-to-volume ratio and quantum
confinement effect. Vertically grown nanowires have a large surface-to-volume ratio. The vapor-liquid-solid (VLS)
process has attracted considerable attention for its self-alignment capability during the growth of nanostructures. In
this study, vertically aligned silicon oxide nano-pillars were grown on Si\SiO»(300 nm)\Pt substrates using two-zone
thermal chemical vapor deposition system via the VLS process. The morphology and crystallographic properties of
the grown silicon oxide nano-pillars were investigated by field emission scanning electron microscopy and
transmission electron microscopy. The diameter and length of the grown silicon oxide nano-pillars were found to be
dependent on the catalyst films. The body of the silicon oxide nano-pillars exhibited an amorphous phase, which is
consisted with Si and O. The head of the silicon oxide nano-pillars was a crystalline phase, which is consisted with
Si, O, Pt, and Ti. The vertical alignment of the silicon oxide nano-pillars was attributed to the preferred crystalline
orientation of the catalyst Pt/Ti alloy. The vertically aligned silicon oxide nano-pillars are expected to be applied as

a functional nano-material.
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Fig. 1. Schematic diagram of vapor transport method
for wvertical growth of amorphous SiOy
nano-pillars by Pt catalyst films.
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Fig. 2. FE-SEM images of the amorphous SiOy
nano-pillars as grown on Pt catalyst film with
20 nm thickness, (a) tilted image (tilted angle

is 14%), (b) cross-sectional SEM image.
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Fig. 3. FE-SEM images of the amorphous SiOy
nano-pillars as grown on Pt catalyst film with
40 nm thickness, (a) top view image, (b)
cross-sectional SEM image, and (c) magnified
cross-sectional SEM image.
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Fig. 4. (a) Cross-Sectional FE-SEM image of amorphous
SiOx nano-pillars as grown on Pt catalyst film

Ti K series

with 20 nm thickness.
individual SiOx nano-pillar fabricated by
focused ion beam(FIB) process, (c) EDS
mapping images of individual amorphous SiOx
nano-pillar fabricated by FIB process as shown
in (b).

(b) TEM image of
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Fig. 5. HR-TEM images of amorphous SiOx nano-pillars
of (a) head part and (b) body part of Fig. 4. (b).
The insets are selected area electron diffraction
(SAED) patterns of red circle areas.

4. 2=

Aol A+ Thermal CVDE ©]§3to] Fu| 54

3ek} Source A Ti0, I-9-HE ©]-83l] VLS &
S8 HEF SAbo|= tieotolo] & T]ge] F2 0"

AIANAY AR AR SAlE YkeTxEd]

Morphology ¢} A7 8t AV oM, ohEa

e Az U

B
Pt ™
=

J Al

3

X0, o
o

o

2~
e

1. 8% HEZ SAol= Y xES
Pt @2} Source &2 Ti09] Ti &0l
B2 dregxEY] v FEs F4stn

Adujge] 71918kl VLS 40

o

o

S OR!
Wz 2
s Mo

fu

2
ofo

ol
-

oo 4o N omy
of 1o N oX ox o
[o o

ol
=
N ox

703

(1]

(2]

B3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[12]

References

S. lijima, “Helical microtubules of graphitic carbon”,
Nature, Vol. 354, pp. 56-58, 1991.
DOI: https://doi.org/10.1038/354056a0

D. Gao, R. He, C. Carraro, R. T. Howe, P. Yang, and
R. Maboudian, “Selective Growth of Si Nanowire Arrays
via Galvanic Displacement Processes in Water-in-Oil
Microemulsions”, Journal of American Chemical
Society, Vol. 127, pp. 4574-4575, 2005.

DOI: https://doi.org/10.1021/ja043645y

M. H. Huang, S. Mao, H. Feick, H. Yan, Y. Wu, H.
Kind, E. Weber, R. Russo, and P. Yang,
“Room-Temperature Ultraviolet Nanowire Nanolasers”
Science, Vol. 292, pp. 1897-1899, 2001.

DOI: https://doi.org/10.1126/science.1060367

H-K. Park, M. H. Oh, S-W. Kim, G-H. Kim, D-H.
Youn, S. Lee, S-H. Kim, K-C. Kim, and S-L. Maeng,
“Vertically Well-Aligned ZnO Nanowires on c-AlLOs
and GaN Substrates by Au Catalyst”, ETRI Journal, Vol.
28, No. 6, pp. 787-789, 2006.

DOI: https://doi.org/10.4218/etrij.06.0206.0138

C. H. Wang, A. S. W. Wong, and G. W. Ho, “Facile
Solution Route to Vertically Aligned, Selective Growth
of ZnO Nanostructures Arrays”, Langmuir, Vol. 23, pp.
11960-11963, 2007.

DOI: https://doi.org/10.1021/1a702296q

S. H. Lee, D. H. Lee, W. J. Lee, and S. O. Kim,
“Tailored Assembly of Carbon Nanotubes and
Graphene”, Advanced Functional Materials, Vol. 21, pp.
1338-1354, 2011.

DOI: https://doi.org/10.1002/adfm.201002048

H. Na, J. H. Park, J. Hwang, and J. Kim, “Site-specific
growth and density control of carbon nanotubes by direct
deposition of catalytic nanoparticles generated by spark
discharge”, Nanoscale Research Letters, Vol. 8, p. 409,
2013.

DOI: https://doi.org/10.1186/1556-276X-8-409

D. Xu, X. Yan, P. Diao, and P. Yin, “Electrodeposition
of Vertically Aligned Palladium Nanoneedles and Their
Application a Active Substrates for Surface-Enhanced
Raman Scattering”, The Journal of Physical Chemistry,
Vol. 118, pp. 9758-9768, 2014.

DOI: https://doi.org/10.1021/jp500667f

J-S. Noh, J. M. Lee, and W. Lee, "Low-Dimensional
Palladium Nanostructures for Fast and Reliable
Hydrogen Gas Detection”, Sensors, Vol. 11, pp.
825-851, 2011.

DOI: https://doi.org/10.3390/s110100825

L. Wang, Y. Kang, X. Liu, S. Zhang, W. Huang, and S.
Wang, “ZnO nanorod gas sensor for ethanol detection”,
Sensors and Actuators B, Vol. 162, pp. 237-243, 2012.
DOI: https://doi.org/10.1016/1.snb.2011.12.073

G. K. Mor, K. Shankar, M. Paulose, O. K. Varghese,
and C. A. Grimes, “Use of Highly-Ordered TiO,
Nanotube Arrays in Dye-Sensitized Solar Cells”, Nano
Letters, Vol. 6, No. 2, pp. 215-218, 2006.

DOI: https://doi.org/10.1021/n1052099j

J-M. Wu, H. C. Shih, and W-T. Wu, “Formation and
photoluminescence of single-crystalline rutile TiO,




FIAIS71E 8] =g A A9d A, 2018

[13]

[14]

[15]

[16]

nanowires  synthesized by thermal evaporation”,
Nanotechnology, Vol. 17, pp. 105-109, 2006.
DOI https://doi.org/10.1088/0957-4484/17/1/017

J. Wu, Q. Gu, B. S. Guiton, N. P. de Leon, L. Ouyang,
and H. Park, “Strain-Induced Self Organization of
Metal-Insulator Domain in Single-Crystalline VO,
nanobeams”, Nano Letters, Vol. 6, No. 10, pp.
2313-2317, 2006.

DOL: https://doi.org/10.1021/n1061831r

L. Hongwei, L. Junpeng, Z. Minrui, T. S. Hai, S. C.
Haur, Z. Xinhai, and K. Lin, “Size effect on
metal-insulator phase transition in individual vanadium
dioxide nanowires”, Optic Express, Vol. 22, No. 25, pp.
30748-30755, 2014.

DOI: https://doi.org/10.1364/0E.22.030748

Y-S. Lai, J-L. Wang, Z-C. Liou, and C-H. Tu,
“Tailoring of amorphous SiOx nanowires grown by rapid
thermal annealing” Chemical Physics Letters, Vol. 453,
pp. 97-100, 2008.

DOLI: https://doi.org/10.1016/j.cplett.2008.01.026

Y. Shi, Q. Hu, H. Araki, H. Suzuki, H. Gao, W. Yang,
and T. Noda, “Long Si nanowires with millimeter-scale
length by modified thermal evaporation from Si
powder”, Applied Physics A, Vol. 80, pp. 1733-1736.
2005.

DOI: https://doi.org/10.1007/s00339-003-2469-x

0|

<—v

Hlo] Q.

X| Y(Jee-Eon Lee) [™3|H]
020161 2€¥ : EQdIga A48k

a3 st} (ﬂ%b
020179 99 : AL A
AT (A7)

Al FLok>
e YA, AUATAE 24, 71548 UeiA

Zl 7] &(Ki-Chul Kim) ENEE

01993 24 : ofFftu Eujdt3t
CEZ)

019961 29 : o}FEtw
)8t (o] Ah

02002 29¥ : olFdigw tiEty
)8ty (o]shukAh

020021 49 ~ 20061 3¢ :
AAFEAATE AdA+

S A skehedht g

ot
02008 3€ ~ &4 :

<Al Rol>
7164 HeiA, uAdE 2, 714 Bk




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


