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AAbbssttrraacctt  

This paper presents the performance characteristics evaluation 
of MEMS capacitive pressure sensor. This type of absolute 
pressure measuring sensor is used for pulse rate measurement. 
Polysilicon material provides a higher sensitivity when chosen 
as diaphragm material. Two MEMS capacitive pressure sensors 
with varying geometries are analyzed in Matlab simulation 
software. The geometries are very common having parallel 
plates with spring loaded. In first stage the shape of the parallel 
plates is circular and in second case of the parallel plate is 
square. During modeling of these two diffident shaped sensors, 
the area of parallel plates in both cases is considered as equal. 
Once the geometries are formed, the electromechanical 
analyses have been performed. It is observed that these types 
of pressure sensors can withstand a wide range of absolute 
pressure from kilo Pascals to several order of mega Pascals. In 
this work, Matlab environment is employed to model this sensor 
and accurate model is devised to study its performance. 
Simulation results are obtained and compared with published 
work of FEM (Finite Element Method) based Multiphysics 
simulation platform and full argument is obtained. The proposed 
model allows handling different parameters affecting the 
performance of this sensor. 
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11..  IInnttrroodduuccttiioonn  

The microfabricated pressure sensor is one of MEMS devices used in a 

wide range of applications. In MEMS technology, piezoresistive pressure 

sensors are very common. However, in the past years capacitive pressure 

sensors have received attention due to several advantages in comparison to 

piezoresistive pressure sensors. The main disadvantage of the 

piezoresistive pressure sensor is the inherent temperature dependence of 

piezoresistive coefficients [1]. Moreover, capacitive pressure sensor has 

lower power consumption than piezoresistive pressure sensor [2]. But 

piezoresistive pressure sensor most widely used than capacitive pressure 

sensor because of two reasons; capacitive structure is more complicated to 

fabricate and the capacitive sensing principle is sensitive to parasitic 

capacitances. The structure of the capacitive pressure sensor is more 

complicated, because it involves formation of a cavity that separates the 

two sensing electrodes from each other. Formation of such a cavity is done 

in two different ways. For first case multiple film depositions and etch of a 

buried sacrificial layer [3–6] or in second case bonding after the cavity has 

been etched into one of the wafer. Wafer bonding is done by fusion 

bonding of two silicon wafers or anodic bonding of a silicon wafer and a 

glass wafer [7–9]. Capacitive pressure sensors are required in applications 

including bio-medical systems, environmental monitoring and industrial 

process control. Capacitive pressure sensors provide low noise, high 

sensitivity, have low temperature sensitivity and are preferred in many 

emerging high performance applications and can withstand a lot of 

vibration. Micromachined capacitive pressure sensors have typically used 

an elastic diaphragm with springs and a sealed cavity in between the 

diaphragm and the substrate below. There is a pair of parallel plate which 

forms capacitor. Lower plate is fixed and upper plate acts as movable plate 

which is attach with spring and four boundaries are fixed. Pressure is 

applied on upper plate; it deforms which changes the distance between 

two plates due to this capacitance changes. The change of capacitance is 

used for measuring pressure [10, 11].The design parameters of MEMS 

based diaphragm type capacitive pressure sensors using Matlab software is 

explored. Two different shaped diaphragms with the same area for sensing 

high absolute pressure are designed.  
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Mechanical, electromechanical as well as material studies are performed. 

The analyzed results are in the form of 2-D plots. The outcome of these 

designed sensors are discussed and compared against their efficiencies.  

 

22..  MMeetthhooddss  aanndd  mmaatteerriiaallss  

AA..  MMaatthheemmaattiiccaall  mmooddeelliinngg::      

The maximum stress for circular diaphragm is given by [12]: 

  

                                                          (1) 

 

 

The maximum deflection of the circular plate occurs at the centre position 

of the plate is given by [13]: 

 

                                                (2) 

 

 

The maximum stress at the middle of each edge for square diaphragm is 

given by [12]:     

 

                                                       (3)  

 

 

The maximum deflection for square diaphragm is given by [14]: 

 

                              (4)                                            

     

 
 

Where:  

: is the total force acting on the plate, 
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 : is the diaphragm thickness, 

: is the radius of the diaphragm, 

: is the pressure difference across the diaphragm,  

: is the Young’s modulus of the diaphragm material, 

: is the Poission’s ratio of the diaphragm material, 

: is the reciprocal of the Poisson's ratio 

 

Eq. 1, Eq.2, Eq. 3 and Eq. 4 are describing for performing the analytical 

analysis of the proposed MEMS based capacitive pressure sensor. 

The capacitance between two parallel electric conductive plates is given 

by [15- 16]: 

                                                            (5)            

Where:  

: is capacitance, 

: is dielectric constant of vacuum, 

: is the dielectric constant of material,  

: is area of electrode plate, 

: is the gap between two electrode plate. 

 

The relationship between the capacitance change and the applied pressure 

for circular and square diaphragms is defined as sensitivity and is given by 

[17-21]: 

      (6)      

 

Where:  

: is the sensitivity,   

: is the change in capacitance, 

:  is the pressure difference across the diaphragm,  

 " is the radius of the diaphragm, 
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:  is the thickness of the diaphragm  

: is the Young’s modulus of the diaphragm material, 

 :  is the Poission’s ratio of the diaphragm material, 

 is the area of the moving plate 

: is the sensing gap between the moving plate and the fixed plate 

BB..  MMaattllaabb  mmooddeelliinngg  

Matlab software is used to predict mechanical response to a load, such as 

force or moment applied to a part of the constructed model. This part is to 

be simulated is broken down into small discrete element – this procedure 

is called meshing. Each element has a no. of nodes and its corners at 

which it interacts with neighboring element. Thus the system Partial 

Differential Equation (PDEs) is assumed to be linear element within the 

nodes and is solved in matlab modeling. 

CC..  SSeennssoorr  llaayyoouutt  

For design purpose, the two different geometries (circular and square) of 

the diaphragm are designed in such a way that their area between the 

plates is made similar. Both cases there are two plates. Lower one is fixed 

and upper one is movable. Pressure is applied on upper plate. Distance 

between two plates changes when pressure is applied and due to these 

capacitance changes. The dimensions of both the square and circular 

shaped capacitive pressure sensor is provided below as shown in Fig. 1 

 



Minufiya J. of Electronic Engineering Research (MJEER), Vol. 24, No. 1&2, Jan-July 2015. 
 

____________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 

     

Fig. 1: Cross-section and 3D view of the sensor geometries 

Table 1: Parameters used in MEMS capacitive pressure sensor 

Side length of square diaphragm [μm] 60  

Radius of circular diaphragm [μm] 33.84  

Thickness of diaphragm [μm] 1.5  

Separation gap between the plates [μm] 3.0  

 

33..  MMaatteerriiaall  AAnnaallyyssiiss  

The physical properties of Polysilicon are recorded in table 2. These 

properties are used in performing the analysis of the two designed MEMS 

based capacitive pressure sensor model in Matlab software. 

Table 2: Properties of Polysilicon material  

Young's modulus [pa] 160x10
9
 

Poisson’s ratio 0.22 

Density [kg/ ] 2320 

Thermal expansion coefficient [ ] 2.6x10
-6

 

Thermal conductivity [W/m*K] 34 

Relative permittivity 4.5 
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44..  RReessuullttss  aanndd  ddiissccuussssiioonn  

A wide range of mechanical, electromechanical and polysilicon material 

studies of the proposed two geometrical structures have been performed in 

the Matlab Software. In this paper, effect of various parameters for 

designing sensor is analyzed and discussed below. 

AA..  DDeessiiggnn  sseennssoorr  llaayyoouutt    

Two types of geometrics are designed. Sensor layouts are given on Fig.2 

and Fig.3. Deflection is maximum at center of the diaphragm and 

minimum at side of the diaphragm. 

 

 Fig.2: Square sensor layout (a) top view (b) side view 

Applied pressure vs. deflection is measured and change in capacitance is 

measured. In Fig. 2(a, b) and 3(a, b) red colure shows maximum 

deflection at center of the diaphragm and blue colure shows minimum 

deflection at side of the diaphragm. 

BB..  EEffffeecctt  ooff  DDiissttaannccee  bbeettwweeeenn  ttwwoo  DDiiaapphhrraaggmmss  

Distance between two diaphragms is very important parameter for 

designing diaphragm type capacitive pressure sensor. If the distance 
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between two plates increases, the capacitance decreases. In Fig.4, the 

change in capacitance due to varying distance between two diaphragms is 

plotted. These studies we have done only with square shaped diaphragm 

as the area of two geometrical shapes diaphragms is considered as equal. 

 

(a)                                   (b) 

Fig.3: Circular sensor layout (a) top view (b) side view 

 

 

Fig. 4: Plot of capacitance with the variation of the distance between the plates 
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CC..  EEffffeecctt  ooff  tthhiicckknneessss  ooff  ddiiaapphhrraaggmm  oonn  sseennssoorr  ppeerrffoorrmmaannccee  

1- Deflection  

Thickness is very important parameter for diaphragm deflection. If 

diaphragm thickness is increased, deflection decreases. Diaphragm 

deflection is inversely proportional to diaphragm thickness as shown in 

Fig.5 (a) circular diaphragm and Fig.5 (b) square diaphragm, which show 

how the deflection for different diaphragm thickness varying with applied 

pressure. For different diaphragm thickness, deflection in circular shaped 

diaphragm is higher than in square shaped diaphragm. FEM and 

MATLAB results [12] showed that the deflection increased with applied 

pressure as theoretically predicted in Eq. (2) and Eq. (4) as shown in Fig. 

5(a). 

 
Fig.5: Plot of the deflection with diaphragm thickness, with the range of applied 

pressure from (0-3) MPa (a) For circular shaped diaphragm, (b) For square 

shaped diaphragm. 

 

2- Stress 

If diaphragm thickness is increased, stress decreases. Diaphragm stress is 

inversely proportional to diaphragm thickness as shown in Fig.6 (a) 
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circular diaphragm and Fig.6 (b) square diaphragm, which show how the 

stress for different diaphragm thickness varying with applied pressure. If 

diaphragm thickness increases then pressure withstand capability also 

increases. For different diaphragm thickness, stress in square shaped 

diaphragm is much higher than in circular shaped diaphragm. 

 
Fig.6: Plot of the stress through different diaphragm thickness with the range of 

applied pressure from (0-3) MPa (a) For circular shaped diaphragm, (b) For 

square shaped diaphragm. 

 

 

3- Change in capacitance 

Change in capacitance is measured with respect to applied pressure is 

shown in Fig.7 (a) circular diaphragm and Fig.7 (b) square diaphragm; it 

is observed that applied pressure vs. change in capacitance is maximum 

for thin diaphragm. As a result, low thickness diaphragm is more sensitive 

than high thickness diaphragm. For different diaphragm thickness, change 

in capacitance in circular shaped diaphragm is much higher than in square 

shaped diaphragm. FEM and MATLAB results [12] showed that the 

change in capacitance increased with applied pressure as shown in Fig. 7(a 

and b). 
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Fig.7: Plot of change in capacitance through different diaphragm thickness with 

the range of applied pressure from (0-3) MPa (a) For circular shaped diaphragm, 

(b) For square shaped diaphragm. 

 

4- Sensitivity  

If diaphragm thickness is increased, sensitivity decreases. Diaphragm 

sensitivity is inversely proportional to diaphragm thickness as shown in 

Fig.8 (a) circular diaphragm and Fig.8 (b) square diaphragm, which show 

how the sensitivity for different diaphragm thickness varying with applied 

pressure. If diaphragm thickness increases then pressure withstand 

capability also increases. For different diaphragm thickness, sensitivity in 

circular shaped diaphragm is much higher than in square shaped 

diaphragm. 

 

DD--  EEffffeecctt  ooff  aapppplliieedd  pprreessssuurree  oonn  sseennssoorr  ppeerrffoorrmmaannccee  

1- Deflection   

If applied pressure is increased, deflection increases as shown in Fig.9 (a) 

circular diaphragm and Fig.9 (b) square diaphragm, which show how the 
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deflection for different applied pressure varying with diaphragm thickness. 

For different applied pressure, deflection in circular shaped diaphragm is 

higher than in square shaped diaphragm. 

 
Fig.8: Plot of sensitivity through different diaphragm thickness with the range of 

applied pressure from (0-3) MPa (a) For circular shaped diaphragm, (b) For 

square shaped diaphragm. 

 
Fig.9: Plot of the deflection through different applied pressure with the range of 

diaphragm thickness (a) For circular shaped diaphragm, (b) For square shaped 

diaphragm. 
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2- Stress  

If applied pressure is increased, stress increases as shown in Fig.10 (a) 

circular diaphragm and Fig.10 (b) square diaphragm, which show how the 

stress for different applied pressure varying with diaphragm thickness. For 

different applied pressure, stress in square shaped diaphragm is much 

higher than in circular shaped diaphragm. 

 

Fig.10: Plot of the stress through different applied pressure with the range of 

diaphragm thickness (a) For circular shaped diaphragm, (b) For square shaped 

diaphragm. 

 

3- Change in capacitance 

Change in capacitance is measured with respect to diaphragm thickness is 

shown in Fig.11 (a) circular diaphragm and Fig.11 (b) square diaphragm; 

it is observed that diaphragm thickness vs. change in capacitance is 

maximum for thin diaphragm. For different applied pressure, change in 

capacitance in circular shaped diaphragm is much higher than in square 

shaped diaphragm.  
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Fig.11: Plot of the change in capacitance through different diaphragm thickness 

with the range of applied pressure (a) For circular shaped diaphragm, (b) For 

square shaped diaphragm. 

 

4- Sensitivity  

If applied pressure is increased, sensitivity decreases. Diaphragm 

sensitivity is inversely proportional to applied pressure as shown in Fig.12 

(a) circular diaphragm and Fig.12 (b) square diaphragm, which show how 

the sensitivity for different applied pressure varying with diaphragm 

thickness. For different applied pressure, sensitivity in circular shaped 

diaphragm is much higher than in square shaped diaphragm. 

Table 3: Results obtained for both circular and square diaphragms at pressure 3 MPa 
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Fig.12: Plot of the sensitivity through different applied pressure with the range of 

diaphragm thickness (a) For circular shaped diaphragm, (b) For square shaped 

diaphragm 

Table 4: Results obtained for both circular and square diaphragms at diaphragm 

thickness 0.5µm 

 

55..  CCoonncclluussiioonnss  

In this paper, two different models of MEMS based capacitive pressure sensor 

are analyzed. One having circular shaped whereas other having square shaped 

diaphragm. The results obtained evaluating the performance of MEMS capacitive 
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pressure sensor for both circular and square diaphragms in deflection, stress and 

sensitivity as shown in tables 3 and 4. 

Detailed simulation based analyses on the mechanical, electromechanical as well 

as polysilicon material was performed. From the results obtained, it is shown that 

the circular diaphragm has the lowest stress on its edges when applying the same 

pressure as on a square diaphragm, but the largest centre deflection can be seen 

in circular diaphragm and sensitivity of circular diaphragm is greater than 

sensitivity of square diaphragm. Besides, Matlab modeling was performed to 

simulate the mechanical characteristics of the diaphragm and the comparison to 

FEM (Finite Element Method) based Multiphysics simulation platform is 

presented. As analyzed from the mechanical analysis that designed model can 

withstand a high absolute pressure range extends to several of mega Pascals. This 

design technology allows for simple and inexpensive batch fabrication and 

integration of this type of sensors with dedicated signal detection circuits. Thus, 

the practical implementation of these designed sensors will cater wide range of 

applications over a varied field (biomedical, robotics etc). 
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 ملخص البحث

 
فى هذه الورقة البحثية نقدم تقييم للنظم الميكانيكية والكهربية الدقيقة الخاصة 

بأجهزة استشعار الضغط حيث يستخدم هذا النوع من استشعارات الضغط فى 

قياس معدل النبض. تم تحليل الاداء لنوعين من اجهزة استشعار الضغط بأشكال 

المحاكاة الماتلاب حيث ان احد هذين  هندسية مختلفة وذلك باستخدام برنامج

تم تقييم اداء النظم  0النوعين يأخذ شكل دائرى فى حين الاخر يأخد شكل مربع

الميكانيكية والكهربية الدقيقة الخاصة بأجهزة استشعار الضغط من خلال المقارنة 

التي تم الحصول  من النتائج بين الانحراف والضغط والحساسية لكلا النوعين

نفس  عند تطبيق هأطراف ضغط على أدنى لديه الدائري الشكل أن تبينفإنه  ،عليها

ولكن يمكن ان ينظر الى اقصى انحراف وذلك من  ،مربعالشكل ال على الضغط

خلال الشكل الدائرى عنه فى الشكل المربع كما يتضح ان حساسية الشكل الدائرى 

ى برنامج المحاكاة اعلى من حساسية الشكل المربع وتم عرض تلك النتائج عل

 (.FEM) مطابقتها مع النتائج الموضحة على برنامجالماتلاب وتأكد من 

ولهذا يتضح من التحليل الميكانيكى ان هذا النموذج المصمم يمكن ان يتحمل 

 (.several of mega Pascals) الى اقصى مدى من الضغط المطلق يصل

لانواع من اجهزة استشعار هذا التصميم التكنولوجى يسمح بتصنيع ودمج هذه ا

التكاليف الضغط مع الدوائر المخصصة فى كشف الاشارة وذلك ببساطة وقلة فى 

 واسعة من  مجموعة تلبيةل مصممةهذه المجسات التنفيذ العملي ل وهكذا، فإن

   .(.الخ ...الروبوتاتالطب الحيوي، ) فى مجالات متنوعة مثلالتطبيقات 


