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Capacitive Accelerometer with High Aspect Ratio Single Crystalline Silicon Microstructure
Using the SOI Structure with Poly Crystalline Silicon-Based Interconnect technique
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Toshimasa YAMAMOTO  Nobuyuki KATO Masaki MATSUL Yukihiro TAKEUCHI Yoshinori 0TSUKA Shigeyuki AKITA

In this paper we propose a process to establish a capacitive accelerometer by embedding poly
crystalline silicon based interconnection in the SOI (Silicon on Insulator) structure, thereby making
the surface of the sensor substrate as flat as possible. With this process, a structure with a high
aspect ratio made of single-crystalline silicon can be achieved.

In recent years, various types of sensors, such as capacitive accelerometers and gyros, based on
surface micromachining technology have been reported, but their performance is currently limited by
cross-axis sensitivity and electronic noise. So, to improve their performance, sensors need large sense
capacitance and large mode separation. They are achieved by structures with high aspect-ratio and
dielectric separation. Some processes which achieve these structure by using single crystalline silicon
as its structure based on the SOI substrate are suggested®?. The sensor needs to be capped during
the mounting process so that it is resin-molded or, in the case of gyros, is packaged in a vacuum
environment, and if possible the surface of the sensor substrate should be made flat.
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Fig. 1 Sensor cross sectional image with a cap
viewed diagonally
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Fig. 2 Accelerometer image with a cap viewed from
above

OO0O000oooooooooDDORg20000
gbobooooooooonobmooooogo
gboboooooooo Zdoomoooooogon
gboooooobooboboboboooooooogo
goboboooobooooboooobooooobo

gbobogobogooooosoligbgogooog
gobooboobobuooboooobooboboon
gobooboobobuooboooobooboboon
oobooooboooooooooboosoliogno
gobooboobbuooboooboobbooo
gobooboobbuooboooboobbooo
gbobooboobobuooboooboobbooo
[mogooboobbooboo™ooboobobooon
gbbooboobbuooboooboobboon

gobooboobmboobooboboooboon

0400

2.00000000
Fig20O0OO0OOO0OO0OO0OOOOOOOOCOOOOO
ooboooooooooboocoooboboOoo 20000
ooboooooooooboocoooboOooboooo
oooooooooooboobobooooboOooon
ooz200000000O0CO00O0C000O0O0000
ooooooooooobocoobooooboooo
oboobobooboobooosoioooooooogn
oooooooooooboooooooobooooo
oooo
gooooobooooboooooooooooog
solgcgoooooooooboboooboooooon
OO000o0oooo0ooo0o0ooo0ooo0gn Fig.3
oo0oooO0o0o0oO0oooooOoODO0O0FRig.300
Fig20000oO0oOoOoOooooo

graove for photolithography grrove foryovabfe structure oxide(sacrificial layer)

S

Si substrate

polysilicon thin film{interconnection) anchor for movable structure nitride film

o [T1T 1N mﬂ'ﬁiﬂh 1

nitride film  oxide film polysilicon thin film (flatterned by polishing)

®

thermal oxide |
Si substrate|

D Silicon Silicon dioxide @ Silicon nitride D polysilicon

Fig. 3 Process flow of the capacitive accelerometer
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Fig. 6 Changes in the polycrystalline silicon before
and after annealing
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Fig. 11 Cross-sectional SEM photograph of
capacitive accelerometer with poly
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Fig. 13 Block diagram of the circuit examined
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