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Abstract: 

Pressure sensors are dominating the market because of its simplicity, but it possess bottleneck due to its size and amount of 

pressure it can handle. MEMS technology is preferred as it provides low cost solutions, reduced chip area, integration with 

CMOS technology and sensitivity and selectivity tuning ability. In this paper a Clamped-Clamped (CC) beam d iaphragm model is 

optimized for augment in sensitivity compared to existing sensors. This sensor can be made applicable in detection of intraoc ular 

pressure at a very early stage. This work evaluates the designed diaphragms performance in terms of frequency, force, and 

appropriate displacement. The tuning of diaphragm is done by varying the pressure (10mmHg to 30mmHg). Sensitivity tuning of 

up to 3.9 x 10
-3

1/Pa is achieved in this work. The design CAD automation platform intellisuite® v8.6 is used to validate the 

analytical calculations with work of the art  CAD simulation tool.  

 

1. INTRODUCTION 

A pressure sensor measures pressure of the force applied 

across a surface in terms of force per unit area. A pressure 

sensor usually acts as a transducer converting the mechanical 

force or capacitance due to deformation into other measurable 

form that is it generates a signal as a function of the pressure 

imposed. Pressure sensors are used for control and monitoring 

in thousands of everyday applications involving direct 

measurement or even be used to indirectly measure other 

variables such as fluid/gas flow, speed, water level, and 

altitude. Pressure sensors vary drastically based on technology 

utilized, design considerations, performance parameters, 

application suitability and cost sustainability. A conservative 

estimate would be that there may be over 50 technologies and 

at least 300 companies making pressure sensors worldwide for 

the various applications they can cover.  

There are two basic categories of analog pressure sensors: 

force collective type that replies completely on the pressure 

applied and the other type that completely relies on the other 

modes such as density, thermal conductivity etc material 

properties to sense the amount of pressure being developed. 

Electronic pressure sensors generally use a force collector 

(such a diaphragm, p iston, bourdon tube, or bellows) to 

measure strain (or deflection) due to applied force over an area 

(pressure). These electronic sensors are the need of the hour 

when it comes down to human diseases detection with the help 

of these transducers. . Literature surveys of pressure sensors 

for bio logical development have reported Glaucoma is a group 

of eye diseases, characterized by elevated intraocular pressure 

(IOP). IOP is the pressure exerted by the ocular fluid called 

“aqueous humor” that fills the anterior chamber of the eye. In 

most glaucoma patients, the IOP increases above the normal 

range. Elevated IOP is associated with loss of optic nerve 

tissue, loss of peripheral vision, and leads to blindness if not 

treated; the condition is painless and cannot be detected 

without a pressure measurement, d irect or indirect. Therefore, 

it is imperat ive to have an accurate measurement of the IOP 

[2]. The bio telemetric systems utilizing these pressure sensors 

which are diaphragm based are classified into active sensing 

devices and passive sensing devices. Almost all the devices, 

both active and passive, used capacitive transducers for 

pressure sensing for their low-power consumption, low noise, 

high sensitivity, low temperature drift, and good long term 

stability. Advances in silicon micromachining techniques have 

also helped in the min iaturization of the capacitive pressure 

sensors. Capacitive pressure sensors translate a pressure 

change into a capacitance variation. Capacit ive pressure 

sensors generally operate by sensing the downward 

displacement of a thin, flexible conductive membrane 

(diaphragm) as one of the electrodes, while the other electrode 

is fixed beneath the membrane. Deformation of the movable 

part due to applied pressure is sensed and translated into an 

electrical capacitance change (see figure 1). This paper 

focuses in designing a pressure sensor that can detect the IOP 

at a very early stage with increased amount of sensitivity as 

compared to existing pressure sensors. 

 

               
        Figure.1 Clamped-Clamped diaphragm - Front View 

The acronym MEMS stands for micro-electro-mechanical 

systems. MEMS in their most basic forms are d iminutive 

versions of traditional electrical and mechanical devices such 

as valves, pressure sensors, hinged mirrors and gears with 

dimensions measured in microns and manufactured by 

techniques similar to those used in fabricating microprocessor 

chips [3]. So basically MEMS are the batch-fabricated 

integrated micro scale systems that: 

• Converts physical stimuli, events, and parameters to 

electrical, mechanical, and   optical signals and vice versa. 

• Performs actuation, sensing and other functions.  

MEMS represent an extraordinary technology that promises to 

transform whole industries by helping us reduce cost, bulk and 

power consumption while increasing performance, production 

volume and functionality by orders of magnitude. MEM is an 
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emerging technology which uses the tools and techniques that 

were developed for the Integrated Circuit industry to build 

microscopic machines. These machines are built on standard 

silicon wafers. The real power of this technology is that many 

machines can be built at the same time across the surface of 

the wafer, with no assembly required. Since it is a 

photographic-like process, it is just as easy to build a million 

machines on the wafer as it would be to build just one. These 

tiny machines are becoming ubiquitous, and are quickly  

finding their way into a variety of commercial and defense 

applications. MEMS based technology is seeing its  use in the 

fields of automobile, electronics, bio-medical and defense. 

MEMS-based sensors are a crucial component in automotive 

electronics, medical equipment, hard disk drives, computer 

peripherals, wireless devices and smart portable electronics 

such as cell phones. Of all the products MEMS capacit ive 

sensors offer many advantages that will play a very crucial 

role in militarizat ion and development of 3
rd

 world generation 

[4]. 

2. THEORY OF OPERATION 

      In  this section, the theory of operation of capacitive 

pressure sensor is studied   

A. Force: The electrostatic force is the amount of load 

generated across the diaphragm as in Fig.1 on application of 

pressure which results into deflection of diaphragm. The 

electrostatic force is best understood by considering the power 

delivered to the time dependant capacitor as shown in the 

equation  

                             C = 0rA/d                                            (1) 

Where, є0 = permittivity of air, єr = dielectric constant, A = 

electrode area, d = distance between the plates 

B. Deflection: It is a term that is used to describe the degree to 

which a structural element is displaced under a load. So on 

application of the electrostatic force the deflection as shown in 

figure below that will be generated  across the electrodes can 

be calculated by using Equation 2  (see figure 2). 

                              
    

    
                                                 (2) 

Where F = force, l = enforced length, E = young’s modulus, b 

= width of the beam, t = thickness of the beam. 

                 
                          Figure.2 Deflection VS Pressure      

Table 1. MEMSs Sensor Available Today 

Vendor Acuity GE Murata 

Model AC3030 P161 SCB10H 

Type Piezoresistive Piezoresistive Capacitive  

Pressure 

Range(mmHg

) 

0 to 375 -50 to 300 0 to 900 

Die size (mm) 1.6 x1.6 x 0.4 1.2 x 0.7x 0.7 
1.4 x 1.4 x 

0.85 

The range coverage of MEMS sensors available today is very 

broad as shown as a glimpse from above (Table 1) [5].  For 

the requirements of IOP range we require a sensor which is 

bio compatib le and mostly the sensitivity and accuracy of the 

sensor can be guaranteed. For this we have designed a 

diaphragm utilizing polysilicon which is bio degradable and 

compatible. The quality or condition of being sensitive is 

required so that intraocular pressure based disease like 

glaucoma can be detected at very early stage with greater 

accuracy. This study and investigation of capacitive sensor 

design in the next section is to be utilized it for more 

applications. 

3. DES IGN 

An ultra thin and flexible polymer based capacitive pressure 

sensor manages the problem of size limitation and operation 

on curved surface. Liquid crystal polymer is a very good 

biocompatible material because of its chemical inertness, 

flexib ility, electro-mechanical properties and ease of 

micromachining. Sensor was fabricated by exp loiting parylene 

as a residual stress of thin parylene film is in the range of 30-

50MPa [3]. Another parameter to be considered while 

designing sensor is air gap thickness. Change in air gap 

thickness provides bigger change in capacitance value as from 

equation 1. Seal-off technique is generally used to fabricate 

thin membrane which acts as a pressure sensor. Advances in 

silicon micro matching techniques have helped in 

miniaturization of capacit ive pressure sensor. It offers 

possibility to reduce the size of total system [5]. Hence the 

design in terms of feature size is to play a crucial ro le for 

sensitivity amplification the main motto of our sensor. 

Along with the sensor shape, size material is also considered 

while designing as resonance frequency plays a crucial role to 

bring about stability. The device structure considered for 

increasing the sensitivity is L = 550um, w = 550um and 

thickness of 4um and the gap between the bottom electrode is 

1.5um. The dimensions are in accordance with available 

literature design in earlier reported work [2]. For the IOP 

pressure of 10mmHg the analytical deflect ion can be 

calculated as with change in material design: 

Table 2. Deflection Formulation  

Beam Type Slope 

at 

Ends  

Deflection at 

any end with 

respect to x 

Maxi

mum 

and 

centre 

deflec

tion 

 

Beam Simply Supported at Ends – Concentrated 

load P at the Centre  

 

 

 

 

 

 

 

 

 

Where deflection using PI
3
/48EI is calculated to be 0.133um 

from Table 2 [6]. Simulat ion of the design is the need for 

validating the considerations of the factorial design that can be 
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optimized based on parameter tuning for increasing the 

sensitivity as in next section. 

4. RES ULT AND ANALYS IS 

For simulating MEMS capacit ive pressure sensor diaphragm 

as specified in the previous section, FEA (finite element 

analysis) method is used via intellisuites intillesense platform 

to optimize the design, and analyze the mechanical properties 

of the device. The objectives of analysis are firs t, to verify the 

deflection of the diaphragm due to the mechanically applied 

force between the diaphragm and the bottom electrode. 

Second, is to verify the deflection and capacitance between the 

diaphragm and the bottom electrode to evaluate sensitivity 

(see figure 3).  

 
               Figure.3 Central Node Pressure Evaluation 

 

The standard material properties are specified in accordance 

with the simulation software and the literature survey [2]. 

Figure 4 h ighlights the materials used for evaluation for the 

plain surface as well as the slotted diaphragm. 

 
                Figure.4 Materials Evaluated During Analysis 

The deformation in the Z axis of the diaphragm with an 

applied pressure of 10mmHg is investigated to validate the 

formula evaluation. Figure. 5 shows the maximum central and 

maximum deflection of the clamped diaphragm is 0.133µm 

which is equivalent to the analytical value validating our 

design.  

 
                                  Figure.5 3D Deflection 

We can see that the slotted diaphragm has more deflection 

1.04µm than the clamped one 0.133µm under same load (see 

figure 6). So, for the maximum applied pressure, the centre 

deflection of the slotted diaphragm increases by ten folds.  

 
                                  Figure.6 3D Slotted Diaphragm 

 
            Figure.7 Displacement Vs Frequency – Diaphragm 

A slotted diaphragm as shown in Fig 6 will increase the 

deflection but we observe a reduction in frequency that is by 

adding slots to the diaphragm the resonance frequency reduces 

by 3 KHz as derived from Figure. 7 and 8. 

 
 Figure.8 Displacement Vs Frequency - Slotted Diaphragm 

 

5. CONCLUS ION 

For the requirement of IOP the range of increase of sensitivity 

is limited to the amount of gap between the electrodes. For the 

exploitation of this range in terms of sensitivity we need to 

select the diaphragm that deflects the least on the same 

pressure under test. Hence a uniform surface diaphragm is 

better as compared to slotted that shows an improvement of 

sensitivity to the order of 3.9x10
-3

1/Pa where the resonating 
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frequency calibrated is for 34.5Hz which gives more stability 

as compared to slotted diaphragm.  
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