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Abstract Tin dioxide, SnO,, is a well-known n-type semiconductor that shows change in resistance in the presence
of gas molecules, such as H,, CO, and CO,. Considerable research has been done on SnO, semiconductors for gas
sensor applications due to their noble property. The nanomaterials exhibit a high surface to volume ratio, which means
it has an advantage in the sensing of gas molecules. In this study, SnO nanoplatelets were grown densely on Si
substrates using a thermal CVD process. The SnO nanostructures grown by the vapor transport method were post
annealed to a SnO, phase by thermal CVD in an oxygen atmosphere at 830C and 1030C. The pressure of the furnace
chamber was maintained at 4.2 Torr. The crystallographic properties of the post-annealed SnO nanostructures were
investigated by Raman spectroscopy and XRD. The change in morphology was confirmed by scanning electron
microscopy. As a result, the SnO nanostructures were transformed to a SnO, phase by a post-annealing process.
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Fig. 1. Schematic diagram of the two zone thermal CVD system used in this research.
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Fig. 2. FE-SEM images of as grown tin oxide
nanostructures with different magnification (a)
x20,000 SnO and (b) x50,000 post-annealed
SnO at 830 °C, (¢) x50,000 post-annealed
SnO at 1030 °C respectively. (a) shows the
morphology of as grown SnO nanostructures
which has the shape of vertically aligned
platelets with high density. (b) & (c) shows
the effect of annealing at 830 °C and 1030 °C
respectively.  Thermodynamically  unstable
material, specially SnO, decompose when it
heated by high temperature over 300 °C and
it could be a reason about difference in
morphology[12].
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Fig. 3. Raman spectrum of as grown SnO (a),
post-annealed SnO at 830 °C (b), and 1030 °C
(c) respectively. (a) exhibits the SnO phase.
SnO shows its inherent peak near 112 cm’ 20 25 30 35 a0 45 50 55 80 85 70 75 20
and 211 cm’’. SnO peaks show very high
intensity due to theiI; thick thickngs a;gld 20 (degree)
density. (b) & (c) exhibit the SnO, phase and Fig. 4. XRD spectra of as-grown SnO nanoplatelets (a),

Sn304 phase. As we can see, there're no more SnO nanoplatelets undergoing annealing at 830
peak near 112 cm™ and 211ecm™ which means °C for 30 min in oxygen atmosphere (b), SnO
SnO phase has been removed by post nanoplatelets undergoing annealing at 1030 °C
annealing of SnO nanostructures. (b) shows for 30 min in oxygen atmosphere (c). The peak
the effect of post-annealing at 830 °C which shown in (b) & (c) correspond to SnO, which
shows various phase of tin oxide such as has rutile structure(JCPDS No. : 41-1445, ICDD
Sn304 and SnO». Also we can observe that (c) No. : 00-021-1250). The peaks marked by a (H)
has similar Raman spectrum compare to (b) in the spectrum (b) are contributed from SnO,
which means Sn3;O4 appear during oxidation which has fluorite structure(ICDD No.
process of SnO in oxygen atmosphere. 00-029-1484), not a rutile structure.

540



F2 BHAE Zh= Sn0 YT xEe dAg adel] B AT

SnO®] Raman &4 23, dA2] 45 Sdto] SnO  SnO9] Tall B Akstabd Foll kg0 A=A Kt
o gusle slstglon, By Aae AR 54 AR Aol
45 fl8ke] XRD 2415 Aldslal, 23E Fig 4 AA, oA dHEE Haste] SnO= st H
o hERLEt, e zEe] 37k 7150] AR el FA7} oA,

Thermal CVD 402 A7 9 Gl Abst+4 1000 °ColA EAE & B¢ YT 259 4571 7]
Hrerrge) wrh 4 248 54 BAe] 9 sElo] AAHR T 2R Size7t 4ol Ao® 1
8t XRD 45 Al#3i9lal, XRD 241275 JCPDS  QIH}. shA|ut b5t ] Tetragonal 7-%2] SnO, =7
Cardel szt vwalel, 44 % AAea et 2EE AWaEe A g @ 5 Aok
ZE AR L2E o5ttt Fig 4(a)= ]
SnO WY=t-Z 80| Tetragonal T-%2 7M1 Qths A

References

S HolZTh Fig 4(b), ()= 27 830 °C, 1030 °Cell A
dx2%® Sn02 XRD Spectrumo]‘jr. Fig 4(b)E w4
SnO Yi=TFZE0] 800 °Co] AHAE7]AA EAe] 2

8¢ Sn0, 29 AHel7t dojdt As A F glrk
Fig 4(b)°ll 7] Z(M)= A% 212 Hexagonal A4 7%
£ 7HE Sn0,9 3duelolt}. dostaor £
g 5/4& A= Rutile 729] SnO= 543 ¢heel|A]
Tetragonal, Hexagonal 5022 AAo]7} dojd 4=

ATk ®uE vl QJri13]. 830 °CollA IAg 2 A%,
Hexagonal ¥} Tetragonal T+ 7}x9] A4 727} A &

AL ol B Aol Wek 4 )tk Fig 4(c)
1030 °CollA 9xz® SnO Yx=7FE9 XRD
Spectra©|t}. 1030 °ColA €A E & 49, Sn09] 3

= ‘0
o] &H3A AR AL &l e 5= 9low Tetragonal

L

T

L/\

2o Ak FF A3 Oxygen-Vacancy Defect)S A4
i e SIlOzE-o’] %}#H 3}(Phase Transformation)”} &
ot g A + drh
4, A&

2 AT E Fal7ks AR YE G A&
A= A9 AH3}EA S Thermal CVDE ©]-&3ke] 2
A 9 dAP e 235 By A4S A5t
o, o3 o] A28 WY 4k

AA, SnO Yi=7Z2E A5, Si 713 $elA =2
EWHE 7z Nanoplatelets FE]Z A= A0,
Raman Spectroscopy 214¥} Si 713+9] Peako] ¢F3f
A AZd A2 RY % vhae] FA F18] F
AA AE AL & ¢ 9ok

=4, SA8E X33 830 °C, 1030 °C F 3§ =¥
n) k8] Sn;O, Phase”} A5k Ao 2 io]cq, o] AL

541

L. E. Smart, E. A. Moore, Solid State Chemistry : An
introduction, pp.201-204, CRC Press Taylor & Francis
Group, 2005.

G. Korotcenkov, S. H. Han, B. K. Cho, “Material
Design for Metal Oxide Chemiresistive Gas Sensors”,
Journal of Sensor Science and Technology, Vol.22,
No.1, pp.1-17, 2013.

DOL: https://dx.doi.org/10.5369/JSST.2013.22.1.1

1. Sayago, M. J. Fernandez, J. L. Fontecha, M. C.
Horrillo, J. P. Santos, “Synthesis and characterization of
SnO, nanowires grown by CVD for application as gas
sensors”, 2015 10th Spanish Conference on Electron
Devices (CDE), Madrid, Spain, 20 April, 2015.

DOL: https://dx.doi.org/10.1109/CDE.2015.7087486

M, Di Giulio, G. Moicocci, A. Serra, A. Tepore, R.
Rella, P. Siciliano, “SnO, thin films for gas sensor
prepared by r.f. reactive sputtering”, Sensors and
Actuators B: Chemical, Vol.25, No.1-3, pp.465468, 1995.
DOI: https://dx.doi.org/10.1016/0925-4005(94)01397-7

M. Aziz, S. S. Abbas, W. R. W. Baharom,
“Size-controlled synthesis of SnO, nanoparticles by
sol-gel method”, Materials Letters, Vol.91, pp.31-34, 2013.
DOI: https://dx.doi.org/10.1016/j.matlet.2012.09.079

G. E. Patil, D. D. Kajale, V. B. Gaikwad, G. H. Jain,
“Preparation and characterization of SnO, nanoparticles
by hydrothermal route”, International Nano Letters,
Vol.2, No.1, pp.2153-2155, 2012.

DOL: https://dx.doi.org/10.1186/2228-5326-2-17

H. Das, B. Krishnan, G. Melnychuk, Y. Koshka,

“Local-loading Effect in Low-temperature Selective

Epitaxial Growth of 4H-SiC by Halo-carbon Method”,

Materials Science Forum, Vol.600-603, pp.163-166, 2009.

DOI: https://dx.doi.org/10.4028/www.scientific.net/MSF.
600-603.163

S. A. Oh, K. C. Kim “Growth of Two-Dimensional
Nanostructured VO, on Graphene Nanosheets”, Journal
of the Korea Academia-Industrial cooperation Society,
Vol.17, No.9, pp.502-507, 2016.

DOI: https://doi.org/10.5762/KAIS.2016.17.9.502

S. Y. Ma, X. H. Yang, X. L. Huang, A. M. Sun, H. S.
Song, H. B. Zhu, “Effect of post-annealing treatment on
the microstructure and optical properties of ZnO/PS
nanocomposite  films”, Journal of Alloys and
Compounds, Vol.566, pp.9-15, 2013.




a7 8hs] = A] A9 A9%, 2018

DOI: https://dx.doi.org/10.1016/].jallcom.2013.02.179

[10] M. A. Haque, S. Mahalakshmi, “Effect of Annealing on
Structure and Morphology of Cadmium Sulphide Thin
Film Prepared by Chemical Bath Deposition”, Journal of
Advanced Physics, Vol.3, No.2, pp.159-162, 2014.
DOI: https://dx.doi.org/10.1166/jap.2014.1116

[11] Y. He, D. Li, J. Chen, Y. Shao, J. Xian, X. Zheng, P.
Wang, “Sn;O4: a novel heterovalent-tin photocatalyst
with hierarchical 3D nanostructures under visible light”,
RSC Advances, Vol.4, No.3, pp.1266-1269, 2014.
DOI: https://dx.doi.org/10.1039/C3RA45743E

[12] Z. R. Dai, Z. W. Pan, Z. L. Wang, “Growth and
Structure Evolution of Novel Tin Oxide Diskettes”,
Journal of American Chemical Society, Vol.124, No.29,
pp-8673-8680, 2002.

DOI: https://dx.doi.org/10.1021/ja026262d

[13] Y. Li, W. Fan, H. Sun, X. Cheng, P. Li, X. Zhao, J. Hao,
M. Jiang, “Optical Properties of the High-Pressure
Phases of SnO,: First-Principles Calculation”, The
Journal of Physical Chemistry A, Vol.114, No.2,
pp-1052-1059, 2010.

DOI: https://dx.doi.org/10.1021/jp909021r

A F Uong-1l Kim) [+3149]

7] Z(Ki-Chul Kim) [FA13]¢]
01993 2¢ : o}FFigtu &8y}
(e18h
° 1996\ 29 : olFusta Tk
22383 (o]84Ah
02002 29 : olFdistu thehel

=28t} (o] shetAh
02002 49 ~ 2006\ 39 : F=-
AAEAIATY I

542



