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Abstract

This paper presents a simulation study of diaphragm based piezoelectric acoustic sensor. It describes the results of 

modeling, dynamic behavior study of circular and square structured diaphragm and comparative study of diaphragm 

structure on the basis of SPL (sound pressure level) and Displacement using Comsol Multiphysics.
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Introduction

MEMS acoustic sensors are dominating the market due to several advantages like batch fabrication, low noise level, 

integration feasibility, better sensibility and stable frequency response. This device converts dynamic acoustic 

pressure in to displacement which in turn is converted to charge or voltage and used for sensing or storage for later 

use.

The acoustic sensors/transducers have been in use for well over a century. Today, they are used in computers, cellular 

phones, digital cameras, hearing aids, mp3 players, motion pictures and public address systems. In micro domain, 

miniaturized mechanical and electro-mechanical elements are made using the techniques of micro fabrication. The 

MEMS research and development community has demonstrated a number of micro sensors and actuators.

Depending on their use, acoustic sensors are constantly being redesigned to incorporate the different needs of the 

society. The researchers are constantly experimenting with raw materials and design to improve their sound quality, 

sensitivity and frequency response. The quest for exploring the powerful MEMS technology and using it to improve 

the acoustic sensor design through simulation is the motivation behind the work.

The diaphragm of the microphone vibrates at its natural frequency when hit by a frequency which matches its 

fundamental frequency. The frequency response of this MEMS transducer device is a key tool in understanding 

device performance. Below the resonance frequency, the movement of the diaphragm is controlled mainly by the 

elasticity of the diaphragm itself and with air as a medium, displacement is proportional to the sound pressure [1]. 

Hence it is important to make sure that the resonant frequency of the membrane has to be at least 3 to 5 times the 

highest applied frequency for sensing applications and it has to be almost equal to the applied frequency for energy 

harvesting applications.

The literatures in this direction are divided into different categories namely, electro acoustic sensors designs, 

dynamic behavior of membrane. About the Design and Fabrication of Piezoelectric Acoustic Sensor, Sherief Saleh.et 

al (2006), gave the basic design steps, modeling, sensor fabrication process involved, measurements, and simulation 

results. In paper titled 
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"

design of acoustic sensor with stainless steel diaphragm with piezoelectric material (ZnO) being sputtered in macro 

scale is discussed. This paper gives details about choice of the material, fabrication, characterization and the 

dimensions of the target used for sputtering [2]. A paper titled.  "A new analytical solution for diaphragm deflection 

and its application to a surface-micro machined pressure sensor",  William P. Eaton (2009) et.al .of Plummer Sandia 

National Laboratories discussed analytical solution for large deflections of a clamped circular diaphragm with built-

in stress. "Free Vibration Analysis of circular plates with holes and cut-outs"  by Shrikant B. Thakare et.al (2013), 

described detailed review of the investigations on the vibration of plates of various shapes, including circular and 

elliptical plane forms. The result from this study can be used for parametric studies for dynamic behavior and non-

destructive material evaluation during the initial design process.

Diaphragm Design

The simulation and analysis of various parameters namely sensitivity, resonant frequency, displacement at the center 

of the diaphragm due to pressure, is based on small deflection theory [3].

The mathematical equation for the natural frequency of the membrane is given by (Young) as follows,

where, Knis the mode of vibration, D is the flexural rigidity, w is the uniform load on the diaphragm including its own 

mass, g is the acceleration due to gravity, r is the radius of the diaphragm [4].

1)  Diaphragm Shapes

While simulating square and circular diaphragm, diameter of the circle and diagonal of the square are made equal for 

comparative study. This diaphragm is placed at the center of a large sphere which is the air medium (defined as fluid 

domain) whose diameter is large compared to the structure dimension.

a. Circular diaphragm

Material: PZT-5H, Radius=5000µm Thickness=10µm, Radius of the sphere=20000µm

This diaphragm is placed in the center of the sphere which is the air medium (defined as fluid domain). Fig. 1, 2 and 3 

represent the simulated model of circular diaphragm, SPL, displacement along its diameter respectively.

b. Square diaphragm

Material: PZT-5H, Side length=3535µm Thickness=10µm, Radius of the sphere=20000µm

Fig. 4, 5 and 6 represent the simulated model of square diaphragm, SPL, displacement along its diagonal 

respectively.

Diaphragm-type acoustic sensor based on sputtered piezoelectric thin film",   Atul Garg and K. Rajanna (2005), the 
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2)   Observations

The membrane performance simulations of the acoustic sensor such as its dynamic behavior at different audible 

frequencies have been successfully carried out using Comsol Multiphysics. From the above simulations it is clear 

that at frequency of 8 kHz, the maximum deflection can be seen for circular diaphragm with better SPL than the 

square structured diaphragm. Since the sensitivity of circular diaphragm is better at SPL range of 88dB to 93dB, it 

finds applications mainly in areas like noisy workplace, average street traffic areas, and industrial machine 

environment.

I Circular Membrane II Square Membrane

Fig. 1 : Simulated Circular Structured diaphragm Fig. 4 : Simulated square structured diaphragm

Fig. 2 : SPL along diameter of the diaphragm Fig. 5 : SPL along diagonal of the diaphragm

Fig. 3 : Displacement along diameter of the diaphragm Fig. 6 : Displacement along diagonal of the diaphragm



10 ANUSANDHANA - Journal of Science, Engineering and Management, Vol-05, Issue - 02, December 2016

Conclusion

The dynamic behavior of circular and square structured diaphragm based piezoelectric acoustic sensor has been 

analyzed using Comsol Multiphysics software package. Acoustic sensors have shown interesting possibilities in 

terms of their sensitivity to a number of different parameters like frequencies in air environment. The proposed 

simulation comparative study on the basis of displacement and SPL has been done. From the simulation it is clear that 

the sensitivity of piezoelectric acoustic transducers is better for circular diaphragm rather than the square/rectangular 

diaphragm. We found that SPL range is two times more for circular diaphragm than the square structure diaphragm. 

Hence, the circular structured diaphragm is preferred.
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