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Summary:

This paper reports a chip-scale MEMS electrochemical angular accelerometer (EAA) based on an SOI
substrate, featuring a monolithically integrated microchannel and sensitive electrodes. By employing 3D
plate electrodes with a reduced 10 um gap, redundant silicon area is minimized. Enhanced high-fre-
quency sensitivity and lowered noise levels are achieved within a compact 10 x 10 x 1.5 mm? footprint,
making the device well-suited for unmanned aerial vehicle (UAV) attitude detection and control.
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Background, Motivation and Objective

Angular acceleration detection is the core foun-
dation for achieving stable flight and safe control
of unmanned aerial vehicles (UAVs). However,
UAV angular acceleration is primarily detected
through gyroscope differentiation, which suffers
from high latency and low accuracy. While min-
iaturized electrochemical angular accelerome-
ters (EAAs) [1-3] have been proposed, they are
often hindered by rapid sensitivity decay and
high noise levels. In this work, an SOl-based
EAA is presented that overcomes depth-to-di-
ameter ratio limits. By significantly reducing an-
ode-cathode spacing, the device achieves en-
hanced bandwidth and high-frequency sensitiv-
ity. Furthermore, the optimization of planar elec-
trodes into 3D plate structures minimizes redun-
dant area and lowers the noise floor, effectively
addressing the inherent limitations of conven-
tional EAAs.

Description of the New Method or System

A chip-scale sensor microfabrication process uti-
lizing an SOI substrate (300-um handle / 2-uym
buried oxide (BOX) / 40-um device layer) is pro-
posed. Initially, deep reactive ion etching (DRIE)
is performed on the backside to remove the han-
dle layer, followed by reactive ion etching (RIE)
of the BOX layer to create through-silicon vias
(TSVs). Subsequently, a Ti/Pt bilayer is sput-
tered for electrode metallization. By leveraging
the 40 ym SOI device layer to surpass conven-
tional etching constraints, 3D plate electrodes
are defined by DRIE, enabling a significant re-
duction in anode-cathode spacing from 50 um to
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10 um. Finally, the processed SOI substrate is
bonded to a glass lid through anodic bonding,
and the device fabrication is completed by sput-
tering metal into the electrode vias.

Results

Experimental results show that the proposed
EAA achieves a peak sensitivity of 1 V/(rad/s?) at
0.01 Hz, featuring improved high-frequency re-
sponse and broader bandwidth. Furthermore,
the noise level is reduced to 4.52x10-
rad/s2/\Hz (-106.90 dB) at 1 Hz, significantly out-
performing the reference devices in Tab 1. The
noise reduction stems from optimized anode-
cathode spacing, enhanced convection suppres-
sion by 3D plate electrodes, and the parasitic-
free SOI substrate. These findings offer a valua-
ble reference for developing high-performance
miniaturized inertial sensors for drone and air-
craft platforms.
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Fig. 1. Diagram of chip-scale EAA based on SOl
Substrate.
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Fig. 2. Fabrication process of the proposed chip-
scale EAA.
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Fig. 3. SEM diagram and physical image of the pro-
posed chip-scale EAA.
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Fig. 4. Graph of sensitivity vs frequency for this work
and Ref. [3].
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Fig. 5. Graph of Noise Power Spectral Density (PSD)
vs frequency for this work and Ref. [3].

Tables

Tab. 1: Performance comparison of the chip-scale
EAA fabricated in this study with other devices.

1] [3] This work
Sensitivity
(Viradss?)) | 90 1 L
Linear
range 297 500 500
(°/s?)
Noise
level at
1Hz 10 | 7.94x107 | 4.52x10°
((rad/s?)
INHz)
Size(mm?) @ 9x7 10x10x1.5 | 10%x10%x1.5
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