
Accepted Manuscript

Title: Using pseudo electrostatic spring constant to improve
the resolution of micro-machined accelerometer

Authors: Xingyin Xiong, Ning Cong, Zongwei Li, Kedu Han

PII: S0924-4247(17)30591-5
DOI: http://dx.doi.org/10.1016/j.sna.2017.08.041
Reference: SNA 10296

To appear in: Sensors and Actuators A

Received date: 5-4-2017
Revised date: 3-8-2017
Accepted date: 22-8-2017

Please cite this article as: Xingyin Xiong, Ning Cong, Zongwei Li,
Kedu Han, Using pseudo electrostatic spring constant to improve the
resolution of micro-machined accelerometer, Sensors and Actuators: A
Physicalhttp://dx.doi.org/10.1016/j.sna.2017.08.041

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.sna.2017.08.041
http://dx.doi.org/10.1016/j.sna.2017.08.041


Using pseudo electrostatic spring constant to improve the 

resolution of micro-machined accelerometer 

Xingyin Xiong1,2, Ning Cong1,2, Zongwei Li1 and Kedu Han1 
1 Institute of Geology and Geophysics Chinese Academy of Sciences, Beijing, 100029, China 
2 University of Chinese Academy of Sciences, Beijing, 100049, China 
 

* Corresponding author.  Tel.:+8601082998609   

 E-mail address: xiongxingyin@mail.iggcas.ac.cn 

 

Highlights 

 The pseudo electrostatic spring constant was first proposed and it was used to 

adjust the resonant frequency to optimize the system NTF to improve the resolution.  

 This adjustment had no influence on the stability of the closed-loop and it was 

implemented on FPGA to make the system more flexible. 

 After the adjustment, the system noise floor could achieve about 160ng/√Hz within 

the 50-300Hz signal bandwidth. 

 The experimental results confirmed the theoretical analysis and simulation results.  

 

Abstract:  

 High-resolution accelerometers have commonly used an electrostatic force-

feedback sigma-delta closed-loop. In order to improve the resolution of the 

accelerometers, high-order noise shaping filters has been used. However, it is difficult 

to trade off between the stability and the noise shaping ability to design high-order 

sigma-delta closed-loop, especially with the high-Q acceleration sensors. In this paper, 

a pseudo electrostatic spring constant is proposed based on the electrostatic force-

feedback sigma-delta closed-loop accelerometer. It uses to adjust the resonant 

frequency of the system transfer function to achieve a lower noise level in the signal 

band, and this adjustment is outside the closed-loop without influence on the stability 

of the closed-loop system. The concept of the pseudo electrostatic spring constant, the 

system analysis and simulation are presented. The integrated measurement system is 

implemented on the PCB. The system noise floor can achieve about 160ng/√Hz after 

the adjustment by using the optimal pseudo electrostatic spring constant. The 

experimental results confirm the theoretical analysis and simulation results. 
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