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The human ear receives the sound signals from the ambient and converts those signals to
the electrical domain and transmits them to the brain. According to the prevalence of
human hearing impairments and necessity of using the hearing aid, this paper has been
concentrated on the design of microphones to be implanted inside the ear. The intended
design for this application is using micro-electro-mechanical technology and piezoelectric
material. In order to optimal design, the proposed octagonal diaphragm was simulated in
COMSOL software and was compared with available designs (Square and Hexagonal).
According to the evaluated parameters, the designed diaphragm has the center
diaphragm’s displacement and the first resonant frequency, 0.113 nm and 380 kHz
respectively. The used piezoelectric material is AIN.
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1. Introduction

The ear is a sensitive organ which receives sounds and converts its motion waves to an
electrical signal and sends it to the brain. The human ear is able to understand frequencies between
20 Hz and 20 kHz. The ear includes three different parts: external ear (for receiving waves),
middle ear (for useful vibrations) and inner ear (for starting nerve stimulation) [1].

External ear canal is a tube with approximately 2-3 cm length and 1 cm® volume which
ends to the eardrum. Sound vibrations are transmitted by the air to the end of the tube; afterwards,
they spread to the middle ear through the solid and liquid environments [2,3].

The middle ear is located in a bony cavity called tympanic cavity and is reached the
throat by the Eustachian tube. The oval window transfers the eardrum vibrations to the inner ear
through the middle ear bones and the round window causes vibrating the liquid within the inner
ear [4]. The inner ear consists of two organs: the semicircular canals which serve as the body’s
balance organ and the cochlea which serves as the body’s microphone.

According to the studies, 17 out of 1,000 children aged under 18 and 314 of the 1,000
people aged 65 years suffer from this disease in America. In addition, it is estimated that by 2015,
more than 700 million people will suffer from the slight hearing [5].

The hearing aids can be classified into four groups according to their position:

Behind the ear (BTE), inside the ear (ITE), inside the canal (ITC) and completely in the
canal (CTC) [6,7].

The main purpose of the hearing aids is development of implantable microphone in the
ear. About 50 years ago, the dimensions of the microphones were large (approximately 4 X 6 mm
with 6 mm height) which their performance was limited by electromagnetic and mechanical noises
and they could not neutralize these factors. Therefore, this type of microphones had a very low
sound quality.
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By developing micro electro mechanical (MEMS) technology (about 20 years ago), the
size of microphones were became smaller; as a result, the cost was reduced and some other
advantages were obtained [8]. MEMS microphones can be produced in one of the piezoresistive,
capacitive or piezoelectric methods. Despite requiring high bias voltage in capacitor microphones,
using this type of microphones is more common than the others [9]. It should be noted that the
word piezo is a Greek word and it means pressure. Having a large dynamic range, no need to input
power, very accurate displacement, low power consumption and fast response time (at least pm)
are the main advantages of pizoelectric microphones [10-14]. Meanwhile, piezoelectric
microphone has been proposed with hexagonal diaphragm by using micro-electro-mechanical
technology in order to design implantable hearing aid in [15].

In this paper, our goal is to study an octagonal diaphragm with corresponding sizes to
the hexagonal and square diaphragms proposed in [15] in order to achieve maximum central
diaphragm’s displacement and first resonant frequency through a simulation process in COMSOL
software. Considering the results of the simulations the octagonal diaphragm presents better
efficiency in terms of the mentioned parameters in contrast to the other diaphragm’s shapes.

2. Material and Methods

In this section, designing of the proposed Micro Electro Mechanical piezoelectric
Microphone’s Diaphragm has been presented. In addition, the achieved results from simulations
and their comparisons with other designs have been illustrated.

2.1 The design of proposed Micro Electro Mechanical piezoelectric Microphone’s
Diaphragm. According to the previous experiments in [15], achieving the maximum central
displacement, stress and strain distribution as well as the first resonant frequency for the MEMS
microphone’s diaphragm, highly depends on its shape. Therefore, designing and selecting
appropriate shape plays an important role for the performance of the diaphragm.

In this paper, the octagonal shape has been considered in designing proposed diaphragm
for MEMS microphone micro-electro-mechanical microphone’s diaphragm due to utilizing in
implantable hearing aid application. The considered conditions for the process of designing
includes: applied pressure of 10 Pa, damping 0.0001, frequency range of 20 Hz to 20 kHz,
thickness of the diaphragm with 10 pum, piezoelectric material of AIN, Substrate of Si. The
simulations have been done in COMSOL software. Then, the simulation results of the square and
hexagonal diaphragms [15] have been compared with octagonal diaphragm under identical
conditions.

Mesh analysis and 3D simulation of the proposed diaphragm have been shown in Fig. (1-a
, 1-b).

A

y xled

a) b)

Fig. 1: (a),(b) The proposed octagonal diaphragm with a radius of 350 pum.
a). 3D mesh analysis of octagonal diaphragm with a radius of 350 um.
b). Analysis of 3D center displacement of the octagonal diaphragm with a radius
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of 350 pm.
Also the applied piezoelectric and substrate material in the proposed structure was AIN
and Si, respectively. Their details of properties are listed in Table 1.

Tablel: Material properties used in the proposed diaphragm.

Material Young's Poisson ratio Density (kg/m°)
modulus(GPa)

Si 166 0.23 2330

AIN 330 0.24 3300

2.2 The simulation results of the micro-electro-mechanical piezoelectric

microphone’s diaphragm.

In this section, analyses of the resonant frequency and the diaphragm’s central center
displacement have been simulated with Octagonal shape in the COMSOL software. In the
simulations, it is assumed that the diaphragm is symmetric and linear. As it was explained in
Section the design of proposed MEMS piezoelectric Microphone’s Diaphragm, for designing of
the proposed diaphragm, Octagonal shape is considered. To achieve optimum dimension, the
Octagonal diaphragm has been analyzed and simulated in three different dimensions. Results of
the performed simulations for the considered shape along with different dimensions and
comparing the Octagonal diaphragm with Hexagonal and Square diaphragms have been provided
in the following sub-sections.

2.3 Central displacement of the diaphragm.

This parameter is an important factor in designing a diaphragm. Provided that the
diaphragm is linear, then the more center displacement of it will cause more favorable
performance. The obtained results of simulations for evaluating the center displacement of the
octagonal diaphragm with radiuses of 176um, 350 um, and 700 um are 0.077nm, 0.113nm, and
1.97nm, respectively (Figure 2).
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Fig. 2: comparison of the average center displacement of the octagonal diaphragm with a
radius of 176 pm, 350 um and 700 pum in term of frequency range (20 Hz-20 kHz).

The center displacement of the octagonal diaphragm with three different radii radiuses has
been compared with the central displacement of hexagonal and square diaphragms in [15] and the
experiments results have been shown in Figure 3.
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Fig.3: Comparison of the average center displacement of the Octagonal diaphragm with
Hexagonal and Square diaphragms in term of frequency range (20Hz-20 kHz).

It can be seen from the Fig (2-3), increasing the dimension in all three shapes (square,
hexagonal and octagonal) leads to increase the amount of center displacement in the diaphragms.
As it can be inferred from the above Figures an octagonal diaphragm’s efficiency with radius
350um is more acceptable for the medical application, in contrast to the other dimensions or
shapes. For instance the octagonal diaphragm smaller than 350pm (176um) will have less center
displacement and the octagonal diaphragm with greater dimensions (700um and 1060um) would
not be suitable for the implantable hearing aid application. Therefore, octagonal diaphragm is the
suitable shape for using in implantable hearing aid applications.

2.4 The first resonant frequency of the diaphragm

The first resonant frequency of the diaphragm should be specified in the design. The
results of the first resonant frequency simulations of the diaphragm for the octagonal, hexagonal
and square shapes with dimensions corresponding 350um (in terms of the hearing frequency
range) have been illustrated in Figure 4.
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Fig. 4: Comparing the resonant frequency of Octagonal, Square and Hexagonal diaphragms.
According to figure 4, it can be seen that the first resonant frequency of square diaphragm

with side length of 500 pum is greater than the first resonant frequency of hexagonal and octagonal
diaphragms with radius of 350 um.
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3. Conclusion

In this study, the proposed diaphragm’s dimensions have been considered proportionally
to the implantable hearing aid application. Besides, the proposed diaphragm’s dimensions are
suitable for medical applications and also have a good performance. For designing the
piezoelectric micro-electro-mechanical diaphragm, it has been considered an octagonal shape with
three various dimensions and it has been compared with hexagonal and square shapes with the
corresponding sizes. Meanwhile in this paper, the used piezoelectric material has been chosen AIN
because of its high sensitivity and stress. The analyses and simulations have been done in the
COMSOL software. The obtained simulation results show that the Octagonal diaphragm with
diameter of 700 um and thickness of 10 um under the same condition has more center
displacement than the Square and Hexagonal diaphragms with corresponding dimensions. Under
applied pressure of 10 Pa along the Z axes, damping 0.0001 and frequency range of 20Hz to
20kHz, the first resonant frequency and the center displacement of the Octagonal, Hexagonal and
Square diaphragms are380 kHz,419.96 kHz, 575.18 kHz and 0.113 nm,0.101 nm,0.054 nm,
respectively. Due to the difference of 111and 209 percent of center displacements in the Octagonal
diaphragm, compared to the displacements of the hexagonal and square shapes, it is deduced that
using the octagonal diaphragm is favorable to the implantable hearing aid applications.
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