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Design and simulation of capacitive type comb-drive
accelerometer to detect heart beat frequency

Abstract

MEMS Accelerometers are one of the most common inertial sensors, a dynamic sensor
capable of a vast range of sensing. The basic principle of operation behind the MEMS
accelerometer is the displacement of a small proof mass etched into the silicon surface of
the integrated circuit and suspended by small beams. MEMS accelerometers in Structural
Health Monitoring systems can be able to measure the range of acceleration +4g with
increasing sensitivity and decreasing cross sensitivity. In this paper, we have designed and
simulated the MEMS capacitive comb drive accelerometer with respect to the vibrational
frequency of the chest wall. The design consists of a proof mass (4000umx6200um) with
movable electrodes (2500um>200pum), fixed beam of electrodes (2500pumx>200pum) and
a cantilever beam as a spring (1000umx2000pum). The Device operates in dynamic mode
and simulated using COMSOL MULTIPHYSICS 5.2 version software. The output total
displacement at 20Hz is 1.52E-10um and at 40Hz is 1.45E-9um, acceleration at 20Hz is
9.63E-7m/s? and at 40Hz is 9.19E-6m/s? is measured. The simulated results are correlated
to the modeling results at the range of frequency 20Hz-40Hz.

Keywords: inertial sensors, MEMS accelerometer, sensitivity capacitive comb drive,

Volume 2 Issue 3 - 2017

Ashok Kumar P, Girija Sravani K, Sateesh |,

Prakash Raaju GKS, Srinivasa Rao K
Department of ECE, KL University, India

Correspondence: K Srinivasa Rao, Department of ECE, KL
University, Green Fields-522502, Andhra Pradesh, India,

Email drksrao@kluniversity.in

Received: January 30,2017 | Published: April 10,2017

proof mass

Introduction

The cardiovascular diseases generally have no symptoms and it can
be identified by chest pain or shortness of breath. The diagnosis of heart
diseases is often done by observing the heart beats. These heart beats
can be monitored by different structural health monitoring systems.
Structural Health Monitoring (SHM) systems collect and analyze
information about a civil structure so that indications of a structure
distress can be identified early. The existing SHMs ECG, BCG, PPG,
UCG are costly devices, contains more number of components and
is difficult to handle for long time ambulatory monitoring of heart
functions and its motions. Miniaturization of Bio-medical sensors
has increased importance of Microsystems technology in medical
applications. Bio-MEMS sensors play an important role in heart rate
monitoring. The optical sensors! based on the blood flow, the pressure
sensors® which transform the vibrations (due to pumping of blood by
heart) into electrical signals and body worn sensors using mechanical
transducers® are the existing designs for monitoring the heart rate.
Recent research has shown that accelerometer sensors can be used
to reliably detect some physical activity types when tested on small
datasets. In this paper, the* MEMS inertial sensor called capacitive
type comb-drive accelerometer is designed to monitor heart beat
frequency with increasing sensitivity (+4g) and decreasing cross-
sensitivity. The accelerometer is placed on the chest wall a slight
variation on the chest surface due to heart beat allows visualizing
the heart motion for assisting and understanding heart function. The
device produces linearity at the heart beat frequency range.

Design structure and principle of operation

Figure 1 illustrates the MEMS comb drive capacitive accelerometer®
that can be used prototype design of Multiphysics model. The comb
drive structure consists of proof mass with interdigitated fingers
extending from the frame. The proof mass is suspended from the
fixed beams with two cantilever springs. The capacitor plates are
arranged such that there are two types of plates: fixed and movable

plates as shown in Figure 1. When the proof mass vibrates with the
input vibrations then the movable plates are also moves developing a
capacitance with the given voltage of 5V across the plates. According
to Newton’s second law any external inertial forces due to acceleration
displace the supporting frame relative to the proof mass. This in turn
applies a force F=ma on the spring with m being the mass of the proof
mass and a being the acceleration. The spring is deflected until its
elastic force equals the forced produced by the acceleration. In the
first order force acting on the spring is proportional to its displacement
F=kx. Hence,
m

a:?x (1)

Where a is the acceleration produced by force,
m is proof mass;

k is the spring constant;

x is the displacement of the proof mass.

Initially when there is no acceleration i.e, a=0, then there is no
displacement of the proof mass and electrodes attached to it hence
there will be the nominal capacitance about 5.1pF. When the device is
placed on the chest wall and senses any external acceleration changes
the displacement of proof mass the changes can be monitored along
each axis and then analyzed to provide the information of the heart
motion occurring.

Results and analysis
Displacement analysis

When the device is placed on chest wall, the input acceleration is
produced due to vibrations of the chest wall. The total displacement
and capacitance at different heart beat frequencies is observed (Figure
2).
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(A) 3D view of MEMS comb-drive accelerometer structure.
(B) Mass-Damper-Spring system.
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Figure 2 Simulation for total displacement at different heart beat frequencies and graph against acceleration.
Conclusion 2. Xu Wang, Jingjing Jin, Shilong Li. Measurement and analysis of heart
signal based on the pressure sensor, 6" [EEE international conference on
In this paper proposed design of comb-drive accelerometer®’ is Industrial Informatics; Korea: IEEE; 2008.

carried out with suitable capacitive sensing technique. Hence the 3. Domenico Zito, Domenico Pepe, Bruno Neri. Werable System-on-a-chip

. . . s
accelerometer 18 ca.paCI'tlve type comb-drive accelerometer. The pulse radar sensors for health care: system overview AINAW “07. 21+
mathematical modeling is done for to find the mass, spring constant International Conference; Canada: IEEE; 2007.

and other preliminary parameters. The device is modeled at the
resonant frequency 20Hz hence the device senses the acceleration . ) ) ;
. K Srinivasa Rao, et al. Design and simulation of MEMS-based
only between 20Hz-40Hz (maximum frequency of heart under . o . .
. . . . piezoelectric  accelerometer. International journal of current
statlgnary COI}dlthn.). The displacement apd capacitance Va}ues are engineering and technology, India: INPRESSCO; 1999.
obtained by simulating the accelerometer in COMSOL Multiphysics
software. By obtaining the simulated results it is concluded that when
the displacement is in between 1.52e-10 to 1.45e-9 range then the
person is in normal heart beat frequency range 20Hz-40Hz otherwise

4. Siram Sai Krishna, Nuti Venkata Subrahmanya Ayyappa Sai,

W

. Kavitha BS, Rudraswamy SB, Venugopal CR. Capacitive accelerometer
characteristics study, Excerpt from the Proceedings of the 2012
COMSOL Conference in Bangalore; India: 2012.

the person is affected with Tachycardia or Bardycardia. 6. Ndu Osonwanne JV, JV Clark. MEMS comb drive reduction beyond
minimum feature size: a computational study, Excerpt from the

Ackn owledgements Proceedings of the COMSOL Conference 2010 Boston; USA: 2010.
None. 7. Senturia SD, Stephen D. Microsystem Design. USA: Kluwer Academic

Publishers; 2001.

Conflict of interest 8. Shefali Gupta TP. Optimizing the performance of MEMS electrostatic

comb drive actuator with different fleture springs. Excerpt from the
Proceedings of the 2012 COMSOL Conference in Bangalore; India:
Springer; 2005.

The author declares no conflict of interest.

References

1. Ake Oberg P. Optical sensors for heart-and respiratory rate measurements,
proceedings of the 18" Annual international Conference of the IEEE;
Netherlands: IEEE; 1996.

Citation: Kumar AP, Sravani GK, Sateesh J, et al. Design and simulation of capacitive type comb-drive accelerometer to detect heart beat frequency. Int | Biosen
Bioelectron. 2017;2(3):90-91. DOI: 10.15406/ijbsbe.2017.02.00024


https://doi.org/10.15406/ijbsbe.2017.02.00024
http://ieeexplore.ieee.org/document/646475/
http://ieeexplore.ieee.org/document/646475/
http://ieeexplore.ieee.org/document/646475/
http://ieeexplore.ieee.org/document/4618175/
http://ieeexplore.ieee.org/document/4618175/
http://ieeexplore.ieee.org/document/4618175/
http://ieeexplore.ieee.org/document/4224197/
http://ieeexplore.ieee.org/document/4224197/
http://ieeexplore.ieee.org/document/4224197/
https://www.comsol.com/paper/download/182923/krishna_abstract.pdf
https://www.comsol.com/paper/download/182923/krishna_abstract.pdf
https://www.comsol.com/paper/download/182923/krishna_abstract.pdf
https://www.comsol.com/paper/download/182923/krishna_abstract.pdf
https://www.comsol.com/paper/download/152949/skavitha_poster.pdf
https://www.comsol.com/paper/download/152949/skavitha_poster.pdf
https://www.comsol.com/paper/download/152949/skavitha_poster.pdf
https://www.comsol.com/paper/mems-comb-drive-gap-reduction-beyond-minimum-feature-size-a-computational-study-9179
https://www.comsol.com/paper/mems-comb-drive-gap-reduction-beyond-minimum-feature-size-a-computational-study-9179
https://www.comsol.com/paper/mems-comb-drive-gap-reduction-beyond-minimum-feature-size-a-computational-study-9179
http://www.springer.com/us/book/9780792372462
http://www.springer.com/us/book/9780792372462
https://www.comsol.com/paper/download/152681/gupta_paper.pdf
https://www.comsol.com/paper/download/152681/gupta_paper.pdf
https://www.comsol.com/paper/download/152681/gupta_paper.pdf
https://www.comsol.com/paper/download/152681/gupta_paper.pdf

	Title
	Abstract
	Keywords
	Introduction
	Design structure and principle of operation 

	Results and analysis  
	Displacement analysis  

	Conclusion
	Acknowledgements
	Conflict of interest 
	References
	Figure 1
	Figure 2 

