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Abstract

This paper reports on the development of high aspect ratio structure and 3-D integrated process for
MEMS-based micro gas turbines. To manufacture high aspect ratio structures, Deep Reactive lon
Etching (DRIE) process have been developed and optimized. Specially, in this study, structures with
aspect ratios greater than 10 were fabricated. Also, wafer direct bonding and Infra-Red (IR) camera
bonding inspection systems have been developed. Moreover, using glass/silicon wafer direct bonding, we
optimized the 3-D integrated process.
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Fig. 1 Top and bottom view of the five wafer
bonded micro turbine system.
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Fig. 2 Computational meshes: (a) rotor blade; (b)
nozzle guide vane.
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SPM cleaning
(H2S04:H;0,=4:1)

& RCA cleaning
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(c)
Q SPM cleaning
(d)

Fig. 4 Wafer bonding scheme: (a) initial cleaning;
(b) aligned wafer direct bonding; (c)
thermal annealing; (d) last cleaning.
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Fig. 5 Scalloping effects: (a) top; (b) middle; (c)

bottom side in the high aspect ratio
structure.
4. M=k A1}

4.1 High aspect ratio structure X%}

A AN A EE 110 o]4e] High
aspect ratio TFERES FHSF7] 3| Test pattern
o o3 5A HIME AAT F Az Bzt
t}. o] ® High aspect ratio structure 217} 3ol A
53§98 "& F3o) 3¥AHE Scalloping
Aroldth. o]+ Fig. 5 9 #o] High aspect
ratio structure & W A whef ot2 A e



AccV an WD b—————r ymm
DOKY 30 17x 162 Mictodevice Matenals Lub

(d)

Fig. 6 Micro turbine fabrication results: (a) forward
end plate; (b) air inlet/exhaust flow channel
in 2nd plate; (c) rotor blades and nozzle
guide vanes; (d) rotor blade.
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Fig. 7 IR camera picture: bare wafer bonding using
Karl Suss BA-6.
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Fig. 8 Reversible seal package for 3-D integrated
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