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Fabrication of 3-Dimensional Microstructures for Bulk Micromachining
by SDB and Electrachemical Etch-Stop
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Abstract

This paper ‘reports on the fabrication of free-standing microstructures by DRIE (deep reactive ion
etching). SOI (Si-on-insulator) structures with buried cavities are fabricated by SDB (Si-wafer direct
bonding) technology and electrochemical ‘etch-stop. The cavity was formed the upper handling wafer
by Si anisotropic etch technique. SDB process was performed to seal the formed cavity under vacuum
condition at -760 mmHg. In the SDB process, captured air and moisture inside of the cavities were
removed by making channels towards outside. After annealing (1000C, 60 min.), the SDB SOI
structure with a accurate thickness and a good roughness was thinned by electrochemical
etch-stop in TMAH solution. Finally, it was fabricated free-standing microstructures by DRIE. This
result indicates that the fabrication technology of free-standing microstructures by combination SDB,
electrochemical etch-stop and DRIE provides a powerful and versatile alternative process for

high-performance bulk micromachining in MEMS fields.
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Fig. 1. Fabrication process sequence of SOI stru-
ctures with buried cavity.
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Fig. 2. Configuration for electrochemical etch-stop.
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Table 1. DRIE conditions for 3-D microstructure

fabrication.
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Fig. 3. Leakage current-voltage characteristic curve

of p-type - Si wafer.
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Fig. 4. (2) Leakage current-time characteristic curve
and (b) etch-stop step at - electrochemical
etch-stop, respectively,
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Fig. 5. AFM images of (a) Si wafer and (b) SOI
substrates with buried cavities etch-
stopped by electrochemical etch-stop in

TMAH solution, respectively.
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Fig. 6. (a) Cross sectional view and (b) SEM image
of SDB 301 structure with buried cavity.
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Surface photography of fabricated 3-di-
mensional microstructures for bulk micro-
machining by SDB SOI substrates with
buried cavity and DRIE.

Fig. 7.

4. 4 B

¥ dAFedAE wragy AZ424E SDB
SOI 7149} vretsio) M 88t o cavityg ZE



1. of KIEEME(in Korean), Vol, 15, No. 11, November 2002,

&9 SOl 718g AxH £, A4 29 ¢ 9
g5 Aol g4 E B4 - Bk £9, DRIE
1&g ol&std Si WA welzEoANE 324
ATZ2EE ARt 944, WE cavity® dA4 8
¥, SDB SOl &% #izsta, PPEY OCPAE ¥
4sted #Hristery HAAPAYe R FHEF FAA
16 mmolir, Zolet Fe]l Zkzh 18, 900 mwmel HE
cavity® Z¥ SDB SOl 728 AatgtozH te
g =719 WE cavity® e SDB SOI +39] A
4 St g gty

w2t A, B cavity® ZE SDB SOL Z]#-g A
Z% ¥, DRIE 71&& o &8« A% 324 o4
TEEES ¢EA Sig £ W1 A B
£ ol 8% 5 3o, WA HAAHRYE o
23 FEZe JHE FA Aolet 59 dwr
E ¥9€ 4 Y wWHEd, Ha vielaRvilg
MEMS ®olollM f884 8% 4+ 98 ses
rdh: R:R=0

#ate 2

2 d7e Agrese 2147 ZEEe] A7)
WArglel 48t MY 2AEY AeAnAdT
Mgl o8 AFHAAH, oo FAEHYT

an g

{11 M. A. Huff, M. S. Mattner, T. A. Lober, and
M. A. Schmidt, “A pressure-balanced electro-
statically actuated microvalve”, IEEE Solid-
State Sensors & Actuators Workshop, p. 123,
1990.

{21 P. Barth, F. Pourahmadi, R. ‘Mayer, ].
Povdock, and K. Pertersen, “A  monolithic
silicon accelerometer with integral air damping
and over-range protection”, IEEE Solid-State
Sensors & Actuators Workshop, p. 35, 1988,

(3] E. W. Maby, M. W. Geis, Y. L. Lecos, D. J.
Siversmick, R. W. Mountain, and D. A.
Antoniadias, "MOSFET's on silicon prepared
by moving melt zone recrystallization of
encapsulated poly-crystalline silicon on an
insulating substrate”, IEEE Electron Device
Letter, Vol. EDL-2, p. 241, 198},

[41 M. Ishida, 1. Katakabe, and T. Nakamura,

"Epitaxial: ALOs films on Si by low-pressure
chemical vapor deposition”, Appl. Phys. Lett.,
vol. 53, p. 1326, 1988,

[8) Y. kita, Y. Kunii, M. Yakahashi, and K.
Kajiyama, "Multiple SOI structure fabricated
by ‘high dose oxygen implantation and
epitaxial growth”, Jon. J. Appl. Phys., Vol. 20,
p. LH09, 1981

[6] A. Yamada, O. Okabayashi, T. Nakamura, E.
Kanda, and M. Kawashima, "A computer
controlled polishing. system  for silicon~on-
insulator”, Proc, of the 5th Int. Workshop on
Future Electron. Devices, Jpn., p. 201, 1988

[71 . M. Nowordlski, E. Klaassen, J. Petersen,

cand N. I Maluf, "Fabrication of SOI “wafers
with buried cavities using silicon fusion
bonding - and  electrochemical  etchback”,
Bensors & Actuators A, Vol. 54, p, 709, 1996.

[8] K. Mitani and U, M. Gosele, "Formation of
interface bubbles in bonded silicon wafer : a
thermodynamic model”, Appl. Phys, Lett,, Vol.
54, p. 543, 1992,

[9] 8. Cristoloveanu and S. S. Li, "Electrical
Characteristics . of ~ Silicon on  insulator
Materials and: Device”, Kluwer Academic, p.
16, 1995.

[10] V. M, Mcneil, 8. 5. Wang, K. Y. Ng, and M.
A, Schmidt, "An investigation of the electro-
chemical etching of (100)silicon in CsOH and
KOH", [EEE Solid-State Sensors & Actuators
Workshop, p. 92, 1990,

{11} A. Soderarg, "Investigation of buried etch stop
layer in silicon made by nitrogen implan-
tation”, J. Electrochem. Soc., Vol. 139, p. 561,
1992,

[12}' G, 8. Chung and J. S. Park, "A study on
electrochemical  etch-stop in TMAH/IPA/
pyrazine solutions”, J. Korea Sensors Soc.(in
Korean), Val. 7, p. 126, 1998.

131 G. S. Chung and K D. Kang, "A study on
pre-honding according to HF pre-treatment
conditions in . Si wafer direct bonding”, J.
Korea Sensors Soc{in Korean), Vol. 9, p. 134,
2000.

[14}'G. 5. Chung, W. J. Lee, and J. S. Song,
"Electrochemical etch-stop characteristics of
TMAH/TPA/pyrazine solutions”, Sensors &
Materials, Vol. 12, p. 103, 2000.



