
 
Vol. 3, No.  2, Page 109-117 

Copyright © 2009, TSI® Press 
Printed in the USA.  All rights reserved 

 

MEMS Based Digital-Controlled 
Vibratory-Beam-Accelerometer 
 
Takayuki Fujita1,2*, Hiroki Okada1 and Kazusuke Maenaka1,2 
1Graduate School of Engineering, University of Hyogo, JAPAN 
2JST-ERATO Maenaka Human-sensing Fusion Project, JAPAN 
 

Received Date: March 31, 2009; Accepted Date: June 12, 2009 

 
Abstract 
This paper provides MEMS (micro-electromechanical systems) vibratory beam accelerometer 
(VBA) for human movement measurements, which have a digital control system. The device 
structure with size of 5 × 5 mm2 includes a frame, heavy mass, thick suspension beams, and thin 
vibrating beams made of silicon single crystal. The VBA measures acceleration using the resonant 
frequency change of the vibrating beams, which are designed to provide little resistance to move-
ment along the sensitive axis and stiff resistance on the off-axis. This provides low off-axis sensi-
tivity and high shock survivability. In this study, we designed a fully digital PLL (phase-locked 
loop) circuitry in a FGPA (field programmable gate array) based hardware controller. By Allan 
deviation, we proved that our system shows an extremely high resolution of 34 µG Hz− 1/2 and wide 
dynamic range of 90 dB in a device operation at 1 mTorr ambient pressure. 
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1. INTRODUCTION 
Currently, large numbers of MEMS (micro- 
electromechanical systems) accelerometers are 
commercialized, and are being widely used in 
many fields, such as air bag control systems in 
automobiles, video game controllers, and also 
medical applications. Real-time measurement 
of human movement is highly important in 
clinical or rehabilitative diagnosis.  

Recent progress in MEMS based sensors, such 
as accelerometers and gyroscopes, allow a 
small and lightweight sensor device, which can 
be wore on human-body and measured a 3D 
body movement with fewer invasions [1]. In 
such applications, MEMS accelerometers 
aimed at providing high resolution and high 
stability have been reported [2-3]. The vibra-
tory beam accelerometer (VBA), which is a 

resonant type sensor, is a powerful candidate 
for such high performance accelerometers [4]. 
Resonant type sensors inherently afford high 
stability, and resolution of the µG order, be-
cause a stabilized frequency reference can 
easily be obtained, and the resolution can be 
improved by increasing the mechanical quality 
factor (Q-factor) of the vibrating structure. 
Since MEMS resonators generally have a high 
Q-factor, the resonant mechanism is suitable 
for high performance MEMS sensors. In our 
group, some MEMS VBA devices have been 
reported [5-8]. Analog/digital, mixed signal- 
processing circuitry, using an overtone PLL 
(phase-locked loop) technique has been de-
veloped for detecting the resonant frequency 
[5]. The system’s PLL was realized with an 
analog circuit. 
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