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Abstract

This paper describes the characteristics of polycrystalline 8 or 3C (cubic)-SiC (silicon carbide) thin
films heteroepitaxailly grown on Si wafers with thermal oxide. In this work, the poly 3C-SiC film was
deposited by APCVD (atmospheric pressure chemical vapor deposition) method using HMDS
(hexamethyildisilane: Sis(CHaz)s) single precursor. The deposition was performed under various
conditions to determine the optimized growth conditions. The crystallinity of the 3C-SiC thin film was
analyzed by XPS (X-ray photoclectron spectroscopy), XRD (X-ray diffraction) and FT-IR (fourier
transform-infrared spectometers), respectively. The surface morphology was also observed by AFM
(atomic force microscopy) and voids or dislocations between SiC and SiO: were measured by SEM
(scanning electron microscope). Finally, depth profiling was invesigated by GDS (glow discharge
spectrometer) for component ratios analysis of Si and C according to the grown 3C-5iC film thickness.
From these results, the grown poly 3C-SiC thin film is very good crystalline quality, surface like
mirror and low defect. Therfore, the poly 3C-SiC thin film is suitable for extreme environment, Bio
and RF MEMS applications in conjunction with Si micromaching.
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Fig. 1. Schematic diagram for the crystal
growth of poly 3C-SiC thin films by
APCVD.
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Fig. 2. XRD spectra of the poly 3C-SiC thin

film grown on the oxided Si substrate.
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Fig. 3. FT-IR spectrum of the poly 3C-SiC
thin films grown on the oxided Si
substrate.
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#AE S48t £ dFA = binding energy
7} 100.15 eV et 28395 eVel Al 22 Si 2p9) C 1s
o A7t JEfgen o 247 7 dx A=
o mfrAer dAIsH12] 4o FqHY ENE
3}, Si 2pE 45796 %, C 1s= 45487 %= zZ+7+
FAHP o™ Si/CY vl&e] 1 12 veyn o
g}, 1100 ColA gtz omn Sigl Co A
< HAEEE ¢+ g

a# 62 2 me FAR AFE 3C-SiC ¥y
Zolo] W& Yo AHEEEXE GDSE EBA4F

depth profilingE e Aotk FHAMFEH S
NRAA A2 =

EA o A LE *}ﬂ‘% ol A& AW7A] Sigh Cof H]
o] dAA FAHE AS F9d £ 9 ®
Holl 13]3) SiOxell AT SiCE A intensity7F B

= 7%

3C-SiC =9 -r77ﬂ7P HE 5 3fe Z2A4
ﬁ% 2 94 intensity’t F7FEE & 4 itk

a% 7+ 8 sceme] HMDS %3 1100 °Cel
A A

FE 8 A 3C-SiC g %%E% AFM
48 ZAoeZ 10 ym x 10 um 2 3

o7 A Eua
HE 8D e vEd Reld RMS AA7 =
61.201 mm= L}E}‘/‘rc} o8t A= HAzAY

Higke] mel JfdE F glem(13] 53, 2ol

SiC

C 150

O 6.

Fig. 6.

2 um FAZ 39 ohEA
9] Zojo] wWE GDS +4].
Depth profiling of the grown poly
3C-SiC thin films with 2 m by GDS.

3C-SiC ¥rgt

3™ 7. 43% EA 3C-SiC 9o AFM )
WA (rms = 61201 nm).
Fig. 7. AFM images of the grown poly 3C-SiC
thin film(rms = 61.201 mm).
Temp ()
o 12?[! 11;'30 11?0 10:50 1C1IDCI N
E 7 ““a\ Hscom
:]Sj 20 \\ 3
= \\
£ "\
ERUIS N
] \‘\,\
L \.\\G’_—“**—h@ L
a7 075 a5
1/Termp (10004K)
O3 8 AFREd wE gAdA 3C-SiC dahe
AE el
Fig. 8. Growth rate variations of the poly

3C-siC thin films according to growth
temperatures.



J. of KIEEME(in Korean), Vol. 20, No. 2, February 2007.

FAa0o Hrbe 93 dgE Aoz sdHh

g 8& 8 sccmel HMDS fraol A A2
o W2 fZEA 3C-SiC HHe AFAES el
RAolth 1/TE& 5= 3t 1000 °ColA 1200 °C
A EAstd o XRDS FT-IRS] Z¥kek frAFst
A 1100 °C olFollA AFEL FAT HIE B
Ak ol A2 1100 °CAAFH ATA e Eallet A
Aol &3] dojdg 9ueri{14].

p

f
i
ofN Mo

2 o

ATAZ ApEEe] 4
APCVDE ©&A 3C-
MEMSE ¢33 49

oty
O o® o
3

o
W
Py 2
. o
S
o
ok
e
o
A

0

i

= A% 479 4
o EE, wgrbae f3g) u

o I oX,

-3
oh,

&0 ®oge o
B
o2
D
O

©,
2
&
s
ET‘

= =

'~ Hﬁo
L
e,
oxl
P,L'
X,

ro, P

o X

R i

i

whebd, APCVDH %
g3l AstEe 2E SUIBAA 4
3C-SiC gtk A Y SiC-MEMSe]

B B =

g"gA0g 7hdc

oL
Jo o

oo A 4
o
i3
oAl

O

sl A1

ZAtel 2
2 QRAF AGHA AP
A¢AIE FIANEI

m

g1k

Ho
el

[1] M. R. Werner and W. R. Fahrner, "Review

on materials, microsensors, system, and
devices for high-temperature and harsh—
environment applications”, IEEE Trans. on
Indus. Electro., Vol. 48, p. 249, 2001.

[2] N. Barbour and G. Schmidt, “Inertial sensor
technology trends”, IEEE Sensors J., Vol. 4,
p. 332, 2001.

[3] L. A. Liew, R. A. Saravanan, V. M. Bright,

160

M. L. Dunn, J. W. Daily, and R. Rajhrner,

"Processing and characterization of silicon

carbon-nitride  ceramics:  application of
electrical properties towards MEMS thermal
actuators, Sensors & Actuators A, Vol. 103,
p. 171, 2003.

[4] P. M. Sarro, "Silicon carbide as a new
MEMS technology”, Sensors & Actuators
A, Vol. 82, p. 210, 2000.

[5] G. Kotzar, M. Freas, P. Abel, A. Fleischman,
S. Roy, C. Zorman, J. M. Moran, and J.
Melzak, "Evaluation of MEMS materials of
construction for implantable medical devices”,
Biomaterials, Vol. 23, p. 2727, 2002.

6] D. Gao, B. J. Wijesundara, C. Carraro, R.
T. Howe, and R. Mabudian, "Recent progress
toward manufacturable polycrystalline SiC
surface micromachining technology”, IEEE
Sensors J., Vol. 4, p. 441, 2004.

[7] D. Gao, B. J. Wijesundara, C. Carraro, R. T.
Howe, and R. Mabudian, "Characterization
of residual strain of residual strain in SiC
films deposotion using 1, 3-disliliabutane for
MEMS application”, J. Microlith., Microfab.,
Microsys., Vol. 2, p. 259, 2003.

[8] Y. T. Yang, K. L. Ekinci, X. M. H. Huang,
L. M. Schiavone, M. L. Roukes,

"Monocrystalline silicon carbide nanoelectro—

and

mechanical systems”, Appl. Phys. Lett., Vol
78, p. 162, 2001.
9] C. R. Stoldt, C. Carraro, W. R. Ashurst, D.
Gao, R. T. Howe, and R. Maboudian, "A
low-temperature CVD process for silicon
carbide MEMS”, Sensors & Actuators A,
Vol. 97, p. 410, 2002.
M. B. J. Wijesundara, G. Valente, W. R.
Ashurst, R. T. Howe, A. P. Pisano, C.
Carraro, and R. Maboudian, "Single-source

[10]

chemical vapor deposition of 3C-SiC films
in a LPCVD reactor I. growth structure,
and chemical characterization”, ]. Electrochem.
Soc., Vol. 151, p. C210, 2004.

U. Mandracci, M. Meotto, and G. Barucca,
"Polycrystalline SiC growth and characteri—
zation”, Appl. Surf. Sci., Vol. 238, p. 331, 2004.
[12]1 R. J. Jwanowski, K. Fronc, M. Heinone, and

[11]



[13]

"XPS and XRD
crystalline 3C-SiC grown by sublimation”, J.
Alloys & Compounds, Vol. 286, p. 143, 1999.
S. R. Kodigala, 1. Bhat, T. P. Chow, J. K.
Kim, and E. F. Schubert, "Surface studies
of SiC epitaxial layers grown by chemical
vapor depositions”, Materials Sci & Eng. B,
Vol. 129, p. 22, 2006.

Paszkowics, study of

[14]

A7) A 2o =2, A208 A2E, 20079 29
G. Brauer, A. Anwand, F. Eichhorn, W.
Skorupa, C. Hofer, C. Teichert, ]. Kuriplach,
J. Cizek, 1. Prochazka, P. G. Coleman, T.
Nozawa, and A. Kohyama, "Characterization
of a SiC/SiC composite by x-ray diffraction,
atomic force microscopy and posifron
spectroscopies”, Appl. Surf. Sci., Vol 252,

No. 8, p. 3342, 2006.



