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ABSTRACT

The purpose of this research is to study the development of pressure transducer
capacitive type by using polysilicon diaphragm on silicon substrate for mini-microphone
application. In the experiment, the size and thickness of rectangular diaphragm are varied. In
terms of diaphragm size, we vary the size of diaphragm as 100x100, 200x200, 300x300 and
400x400 me. Concerning the thickness, we also vary diaphragm thickness as 0.5, 1.0, 1.5 ,and
2.0 pm. By varying these parameters, we are going to acquire the effect of pressure on the
capacitance, sensitivity and frequency respond of transducer. Apart from that, we apply
rectangular acoustic hole in the research and vary the size of this acoustic hole as 5x5, 10x10,
15x15 and 20x20 ;.Lm2 for improving sensitivity and frequency response. In order to find the

. ‘e ™ e
suitable condition, the Coventorware = program is implemented.
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ABSTRACT

A capacitive single-chip silicon pressure transducer with polysilicon diaphragm has been
simulated by using Coventorware'™ software tool. The simulation was performed by varyin
surface dimension 500*500, 1000*1000, 2000*2000, 3000*3000, 4000*4000, 5000*5000 pm"
and thickness of diaphragm in the range of 0.1-0.5 pm with initial pressure from 20 to 100
wPa. After applying simulated pressure, the displacement and surface area were collected for
calculating trend of capacitance and sensitivity. Hence, the suitable condition can be used for
low pressure capacitive microphone for hearing aids device fabrication in the future.

KEYWORDS: Capacitive pressure transducer, diaphragm, sensitivity, hearing aids

1. INTRODUCTION

A transducer is a useful device that converts one type of energy (heat, light, magnetic,
pressure, etc.) to electrical signal. Nowadays, transducers are used in wide range of
applications, for example photodiode, thermocouple and microphone. Microphone is an
acoustic to electric transducer. The microphone structures have mainly 3 types as capacitive,
piezoresistive and piezoelectric. In this simulation, the low pressure capacitive pressurc
transducer was suggested for low pressure capacitive microphone [1], [2] with an application
for hearing aids [3] device. The capacitive transducer structure is shown in Figure 1. The
advantages of this structure are good sensitivity and less temperature dependence. However,
the gap fabrication and controlling of diaphragm mechanical properties are necessary. The
minimum acoustic pressure that human can hear is 20 pPa, therefore the appropriate
diaphragm should have suitable mechanical properties for detecting very low pressure [4].
When the diaphragm was excited by acoustic pressure, it caused the capacitance 1o change.
Therefore, the capacitance influence to electrical signal that was converted back to acoustic
signal at a speaker. The equation, used for calculating the capacitance, is listed in the section
on simulation results and discussion. The mechanical properties that affect to the capacitance

" Corresponding author. Tel: 662 321 4276, Fax: 6627390643,
E-mail:olivertun@hotmail.com

507

123



124

are surface area and distance between plates. The diaphragm surface area and diaphragm
thickness were studied by using Coventarware'™ software tool.
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Figure L. Capacitive transducer (a) Capacitive transducer structure. (b) Capacitive transducer
when pressure is applied.

2. MATERIALS AND METHODS

Coventorware™ [5] software tool was used to simulate capacitive transducer mechanism.
First step, fabrication processes are sequentially arranged into process steps. Then mask
layouts are designed. After that, the 3-D model is constructed by software tool as shown in
figure 2. In preprocessor process, the appropriate finite element sized are determined, because
the finite element sizes influence the accuracy and simulation time. The obtained 3-D models
are brought to simulation step.

k

Figure 2. The 3-D model in pfcprocessor process
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According to the simulation process, the initial pressure is 20uPascal. So the effect of
surface area and thickness of diaphragm can be investigated after simulation as shown in
Figure 3. The dimension of diaphragm is selected at 500*500, 1000*1000, 2000*2000,
3000%*3000, 4000*4000, 5000*5000 um" and the diaphragm thickness is 0.1, 0.2, 0.3, 0.4 and
0.5 pm. After that, the displacement data is collected in each condition and then capacitance is
calculated. In addition, sensitivity trend is also considered in order to study the impact of these
factors. The simulated profiles will be compared with actual experimental profiles that will be
left as future works.

Figure 3. The result after simulation.

3. RESULTS AND DISCUSSION

After simulation, the displacement values and caleulated surface area of diaphragm were
ohtained to compute capacitance as following in equation (1). From Fig. 4(a) to 4(f), they
illustrated the relationship between displacement and pressure for each surface dimension and
thickness. We found that the diaphragm displacement increased with surface dimension
because not only it have more area to receive pressure force but also larger dimension resulted
in more flexible diaphragm. On the other hand, the diaphragm displacements also decrease
with diaphragm thickness. As the resuits could be clearly found that the surface dimension is
more influential to displacement than thickness.
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Figure 4. The displacement of diaphragm when various pressures are applied. The thickness
of diaphragm is 0.1-0.5 pm and various surface dimensions (a) 500500 pm?. (b) 1000%1000
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The capacitance is calculated according to the following equation [6];

C =55 A
d
Where:
C is the capacitance of pressure transducer (F),
£ is the permittivity of free space (F/m),
& is the dielectric constant of air,
A is the diaphragm surface area (m’),
d is the separation between plates (m).
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Table 1. The electrical capacitance and trend of sensitivity at various surface dimension and

thickness.
Surface Thicknessm | Electrical capacitance Sensitivity
Dimension F) Ad/AP (a.u)
(||m!l
0.1 1.054114E-12 1.054378E-12 | 2.629254E-11
0.2 1.054056E-12 1.054089E-12 | 3.287661E-12
500*500 0.3 1.054050E-12 1.054060E-12 | 9.746187E-13
0.4 1.054049E-12 1.054053E-12 | 4.113919E-13
0.5 1.054048E-12 1.054050E-12 | 2,107497E-13
0.1 4.220117E-12 4.235796E-12 | 9.707819E-11
0.2 4.216681E-12 4.218643E-12 | 1.220923E-11
1000*1000 0.3 4.216336E-12 4.216827E-12 | 3.055628E-12
0.4 4216252E-12 4,216497E-12 | 1.527007E-12
0.5 4.216222E-12 4.216347E-12 | 7.820476E-13
0.1 1.709840E-11 1.768696E-11 | 2.153559E-10
0.2 1.689412E-11 1,701222E-11 | 4.547710E-11
2000*2000 0.3 1.687345E-11 1.690842E-11 | 1.356358E-11
0.4 1.686844E-11 1.688316E-11 | 5.722638E-12
0.5 1.686665E-11 1.686570E-11 | 3.663744E-13
0.1 3.906790E-11 4,135282E-11 | 1.565292E-10
0.2 3.827800E-11 3.952824E-11 | 9.145028E-11
3000*3000 0.3 3.804346E-11 3.843855E-11 | 2.990193E-11
04 3.798698E-11 3.815296E-11 | 1.267422E-11
0.5 3.796686E-11 3.805167E-11 | 6.497037E-12
0.1 7.212099E-11 7.811900E-11 | 1.178253E-10
0.2 6.930469E-11 7.435107E-11 | 1.083876E-10
4000*4000 0.3 6.801610E-11 7.023163E-11 | 5.133138E-11
0.4 6.769171E-11 6.863249E-11 | 2.241159E-11
0.5 6.757831E-11 6.751860E-11 | 1.448330E-12
0.1 1.175518E-10 1.400949E-10 | 1.515000E-10
0.2 1.117628E-10 1.236484E-10 | 9.518830E-11
5000*5000 0.3 1.074796E-10 1.149496E-10 | 6.691785E-11
0.4 1.062608E-10 1.098288E-10 | 3.383619E-11
0.5 1.058480E-10 1.076518E-10 | 1.751977E-11

* Arbitrary unit

Referring to Eq.1, it is found that electrical capacitance can be calculated from simulation
result. Since d, A, g and g, are constant value. According to Table 1, electrical capacitance
increased with surface area directly. Since small-size microphone is needed, the suitable
surface area should also response low pressure. Otherwise, diaphragm thickness only impacts
capacitance slightly but the microphone durability depend on appropriate diaphragm
thickness. If the diaphragm is excessively thin, it will be broken easily. From displacement
and pressure plot, the trend of sensitivity exhibits the effectiveness of pressure transducer

quality.

Where:

y =20

AC

V is the electrical potential (V),
AQ is the difference charge (C),
AC is the difference capacitance (F).
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When we considered equation 2, AQ is a constant value because of uniform impurity
doping. Since V is inversely proportion to C. The equation for sensitivity could be found
below.

Ve 3

Where:
S is sensitivity of pressure transducer (V/Pascal),
AV is difference electric potential (V),
AP is difference pressure (Pascal).

. I 0
Referring to Eq.2 and Eq.3 by fixing Q, the sensitivity is shown as §' = . From Eq.1,
ACAP
Then sensitivity is given by
Ad
__ond_ o
€€, AAP

In term of Q /(e ,e,), is considered as constant term. So, trend of sensitivity could be

found by Ad /(AAP) which is shown in Tablel. We found that trend of sensitivity increase

with surface area, otherwise, sensitivity decrease with increased diaphragm thickness. From
Table 1, The best sensitivity could be found at 5000*5000 pm®, conversely, the worst
sensitivity could be found at 500%500 pm®. In the actual fabrication, small surface area is
needed for high quantity production. As the same reason above, the 3000*30001.1m surface
area is chosen to be the suitable condition for our fabrication,

Furthermore, the diaphragm thickness is also considered. The great sensitivity could be
found at 0.1 pm and the worst sensitivity could be found at 0.5 um. If diaphragm is very thin,
it is difficult to fabricate and has low durability. So that 0.4 pm thickness is choose to be the
‘appropriate condition.

4. CONCLUSIONS

The simulation of low pressure capacitive transducer with polysilicon diaphragm was
proposed. The dependencies of thickness and surface area of diaphragm on displacement of
diaphragm were studied via simulation work using commercially available coventorware™
simulation software. It concluded that trend of sensitivity increases with surface area and
decreases with increased diaphragm thickness .However, the 3000*3000um” surface area and
0.4 um thickness are the appropriate condition for actual fabrication in the future.
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