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Abstract

In recent years, silicon carbide has emerged as an important material for MEMS application. In
order to fabricate an SiC film based MEMS structure by using chemical etching method, high
operating temperature is required due to high chemical stability. Therefore, dry etching using plasma
is the best solution. SiC film was deposited by thermal CVD at the temperature of 1000C and
pressure of 10 torr. SiC was dry etched with a reactive ion etching (RIE) system, using SF¢/O: and
CF+/Q. gas mixture. Etch rate has been investigated as a function of oxygen concentration in the gas
mixture, rf power, working pressure and gas flow rate. Etch rate was measured by surface profiler
and FE-SEM. SF«/O: gas mixture showed higher etch rate than CF4/O: gas mixture. Maximum etch
rate appeared at RF power of 450W. O, dilute mixtures resulted in an increasing of etch rate up to
40%, and the superior anisotropic cross section was observe :
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Fig. 1. Schematic view of the process flow for
SiC bulk micromachining.
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Fig. 2. SEM image of the surface and cross
section of SiC film deposited by
reactive time (a) 1 hour, (b) 4 hours.

* ]

800 |- T
-s
£ eoof ~#—SF: 90%, O, 10%
< @ CF : 80%, O,: 10%
2
£ 400}
=
2
=

200 | . R

200 300 400 500
Power (W)
a8 3 w8 gaset rf powero] W] WE etch
rate.

Fig. 3. Etch rates as the function of the

reactive gas and rf power.
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Fig. 4. Etch rate as a function of oxygen
content within plasma.
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Fig. 5. SEM image of the cross section of SiC
film etched by oxygen content within
plasma (a) 30%, (b) 40%.
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Fig. 8. SEM image of the cross-section of
back side etched Si wafer.

4.4 B

MEMS &2te] Ags87] 98 SiC diute
thermal CVD el 9alA 1000CY %o A
10 torre] ¥ oA S 71 Yo Z=AFYc)
SFs9t 029 & 7F27F CFast 028 &8 7h2of
H]3] 4 etch rate’} ¢ Sej7} =& AG Fels &
AN, 450 W rf powerdl X At etch rate
b dEtdE A #3dd 5 Ak agm 0.9
FEA WE oY APME 08 FEst 274
of mWetA etch rate’t 748 M Fc) w3
FE Bl FHAY o] ofd 437§
°f HEE RAE FAY 5 U BALH
e oA AgelME ¢¥o] Zslgel walk etch
rate’t A Frtete Ae FAF & Yo
FAE o] 100 mtorr oAl H3} Fiste=

el

Ae& BHel FAc) miAt oz 749 flow rated
A8 AN 40 scem o)AM= etch ratert
HolR = Aeg ey,

303

ArldA R g et s =g, A178 A3E, 20044 39

dAtel 2

B ATE e R 2047 Tgee] a7
A e welamAay  ualy
(http//www.microsystemrekr)®] @T7H A YL

ol FHEHAE ;- AAY A E MS-02-133-0L.

o 238

1] 2F2%, $44, “de& shutol= viutzzs
AT FEA HeAR”, FVNANAYE I =8
A, 49, 43, p. 346, 1991.

(2] M. Mehregany and C. A. Zorman, "SiC
MEMS :
applications in harsh environments”, Thin
Solid Films, Vol. 355/356, p. 518, 1999.

(8] P. M. Sarro, "Silicon carbide as a new
MEMS technology”, Sen.Actuators A, Vol.
82 p. 210, 2000.

[4] S. Sriram, R. C. Clarke, A. A. Burk, Jr., H.
M. Hobgood, P. G. McMullin, P. A.
Orphanos, R. R. Siergiej, T. J. Smit, C. D.
Brandt, M. C. Driver, and R. H. Hopkins,
"RF performance of SiC MESFET's on
high resistivity substrates”, IEEE Electron
Device Lett., Vol. EDL~15, p. 458, 1994.

(5] K. Xie, J. R. Femish, J. H. Zhao, W. R.
Buchwald, and L. Cacas, "Low damage and

opportunities and challenges for

residue-free dry etching of 6H - SiC using
electron cyclotron resonance plasma”, Appl.
Phys. Lett., Vol. 67, p. 368, 1995.

[6] P. H. Yih, V. Saxena, and A. J. Steck, "A
review of SiC reactive ion etching in
fluorinated plasmas”, Phys. Stat. Sol. (b),
Vol. 202, p. 605, 1997.

(7] M. G. Rastegaeva, A. N. Andreev, V. V.
Zelenin, A. 1. Babanin, I. P. Nikitina, V. E.
Chelnokov, and V. P. Rastegaev, ”Silicon
Carbide and related Materials, International
Physics Conference”, Kyoto, Japan, Ser. No.
142, 1995.

(8] P. Chabert, N. Proust, J. Perrin, and R. W.
Boswell, "High rate etching of 4H-SiC



J. of KIEEME(in Korean), Vol. 17, No. 3, March 2004.

using a SF&/O2 helicon plasma”, Appl. Phys.
Lett., Vol. 76, p. 2310, 2000.

[9] AAA, A9A4, Shigehiro Nishino, “Si(100)
219 Yo A4FE 3C-SiC w=te EH 5
A7 A7 AN RS =84, 159, 119, p
953, 2002.

{10] J. Sugiura, W. J. Lu, K. C. cadien, and A.
J. steckl, "Reactive ion etching of sic thin
films using fluorinated gases”, J. Vac. Sci.
Technol. B, Vol. 4(1), p. 349, 1986.

[11] Chabert P, "Deep etching of silicon carbide
for micromachining applications: Etch rates
and etch mechanisms”, J. Vac. Sci
Technol. B, Vol. 19, p. 1339, 2001.



