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Abstract 

This article focuses on modeling and performance analysis of microelectromechanical 

system (MEMS) based capacitive pressure sensor for the measurement of intraocular 

pressure (IOP). The normal IOP has range from 10 mmHg to 21mmHg. IOP is the 

important factor in the diagnosis of glaucoma. The corneal curvature of eye changes with 

the change in IOP. Thus IOP can be measured by measuring the variation in the corneal 

curvature. The capacitive IOP sensor analysis is done on different values of thickness of 

diaphragm with applied pressure. This article shows that if the values of thickness and 

radius of diaphragm change then how it will affect on the output behavior   of   IOP 

sensor. In this paper, capacitive    pressure    sensor measures range of pressure from 

0 mmHg to 80 mmHg. This sensor consists of a poly-silicon layer which gets deflected 

when pressure is applied. The analysis is performed on deflection, sensitivity and 

capacitance changes in MEMS capacitive IOP sensor. 
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1. Introduction 
Glaucoma is an ocular condition in which there is loss of retinal cells ultimately leading to 

blindness if untreated. The condition affects about 1-2% of the population and is among the 

leading causes of blindness in the world. The normal intraocular pressure (IOP) varies 

between 10-21 mmHg and the elevated IOP is the important risk factor for glaucoma 

[1][2], that is the second leading cause of blindness; it also damages the optic nerve and loss 

of visual field with increased intraocular pressure (IOP). The condition is painless and 

cannot be detected without pressure measurement, direct or indirect. Therefore, it is 

imperative to have an accurate measurement of the IOP in the case of glaucoma patients [3]. 

As continuous monitoring of intraocular pressure has now become important, several 

groups had then started working towards development of an implantable device that 

transmits this information continuously or whenever required to an external portable 

device. The earliest implantable intraocular pressure sensor was developed by Collins [4]. 

He placed a small passive resonant transensor inside the eye that absorbed energy from an 

external oscillator at different frequencies depending on the IOP. A more recent fully 

developed system that is embedded in an intraocular lens was described by Mokwa et al 

[5]. This device is designed to be implanted following removal of the native lens of the eye. 

Other techniques involve drilling the cornea to place a pressure sensor into the anterior 

chamber. Several research works in implantable pressure transducers have been reported 

[6]. They describe an IOP sensor and transponder where the silicon integrated sensor and 

electronics is implemented in a 2.6 x 2.6 mm die. Currently, with miniaturization of 

biomedical devices developing from MEMS and IC technology, several IOP sensors were 

reported to accomplish continuous and reliable IOP detection. Leonardi et al. designed a 

contact lens IOP sensor based on strain gauge sensing [7][8]. Chen et al. developed an 

unpowered IOP sensor composed of a Bourdon tube. Its pressure response can be monitored 

by moving the pointing tip at the free end of the tube [9][10]. This paper shows that if the 

thickness of diaphragm is changes then how it will affect the output behavior of   IOP 

pressure sensor. 
 

2. Design and theory 
Capacitive pressure sensors translate a pressure change into a capacitance variation. The 

circular diaphragms are used here to work as a capacitor with vacuum as a dielectric between 

them. Both the diaphragms are in clamped edge condition . The applied pressure causes 

deflection in the upper diaphragm of the sensor which in turn changes the gap between the 

two clamped edge circular diaphragms, which finally leads to the capacitance variation 

that is showed in figure 1 [11]. 

Polysilicon is selected to serve as the diaphragm layer due to its ability to be doped to a 

higher electrical conductivity level to minimize the electrical loss during resonance. 

polysilicon usually has a Young’s modulus of 120GPa, and a Poisson’s ratio of 0.22 [12]. 
 
 

Figure 1. Capacitive Pressure Sensor 
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3. Mathematical Modeling of pressure sensor 
1-3- Mathematical formulation of deflection value 

In this paper we have chosen circular diaphragm whose h thickness. E Young’s modulus 
and v Poisson’s ratio are the mechanical properties of the plate. The deflection w(r) 

before touch of the circular plate as a function of radius for (0<r<a) is given by [13]. 

  
Where P is applied pressure, a is the radius of the plate and r is the radial distance 

from the center. At center point of the plate the maximum centre deflection (w0 ) occurs 

at (r=0) and is given by: 
 

 

 
 

 
 

Where D is the flexural rigidity of the plate that can be expressed as: 
 

 

(1) 

 

 

 
(2) 

 

(3) 

 

2-3- Mathematical formulation of capacitance value 

Parallel capacitors are the base for capacitance pressure sensor. The capacitance (C) of a 

parallel plate capacitor is given by: 

(4) 

Where ε0, A and d are the permittivity of gap, the area of plates and separation of plate 

respectively. The concept of capacitance element arises from the fact that it requires a change in 

the capacitance as a function of applied pressure [14][15][16]. Under this condition the gap height(d) 

would decrease resulting in increase of capacitance of the sensor. 
Evaluating the value of capacitance in normal mode: 

(5) 

(6) 

 

(7) 
 

Let 
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Replacing z and solving the integral: 

  

Equation (11) is the expression for capacitance of IOP pressure sensor. 

(10) 

 

 
(11) 

Using Taylor series to evaluate capacitance versus deflection. In general Taylor series can be 

written and expanded as follows: 
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  ; so 
 

Taylor series expansion of tanh -1 is given by: 

  
 

 
 

So evaluating capacitance by replacing the value of (tanh -1) from (13) in (11): 
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3-3- Mathematical Formulation of Sensitivity 

Due to reduction of gap between the diaphragm and the bottom plate the capacitance 

between them increases. Therefore sensitivity can be calculated using a general expression as: 

  (16) 
 
 

 
  

by solving equation (17): 

(17) 

 

 
(18) 

Equation (18) represents the sensitivity of capacitive pressure sensor. Sensitivity of any 

sensor is one of the important   characteristics. So, in this paper by using equation (18) 

can be observed capacitive sensitivity variation of IOP pressure sensor. 

 

4. Results and discussion 
1-4- Capacitive sensitivity versus radius of diaphraghm 

Table 1 shows details of parameters used in this paper. 

 
Table 1: values of design variables [17] 

Number Parameters name Value 

1 Young’s Modulus(E) 120 ×109 N/m2 

2 Thickness (t) 1 µm- 2 µm 

3 Gap depth(d) 1 µm 

4 Poisson’s ratio for polysilicon(v) 0.22 

5 Pressure range 0 mmHg- 80 mmHg 

6 Radius (a) 10 µm -60 µm 

 
The sensitivity of the IOP sensor directly depends on the diaphragm deflection and the gap 

distance between two capacitor plates. Achieving linear pressure response under desired 

pressure range (0–80 mmHg) is an important factor for the device design [17]. Therefore, the 

thickness and the radius of diaphragm of the IOP sensor needs to be carefully designed. 

Figure 2 shows the theoretical calculation of capacitive sesitivity of the membrane under 

different thicknesses with the increase of circular diaphragm [21-23]. 
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Figure 2: Radial Variation of Capacitive Sensitivity with different thicknesses (t) 

 

Due to the obtained result in figure 2, the value of radius should be chosen 50 µm for this 

capacitive IOP sensor, because, for each constant thickness, maximum sensitivity occurs at 

radius 50 µm and after that, the variation of capacitive sensitivity is almost constant. 

 
2-4- Capacitance variation of diaphraghm 

Figure 3 indicates that with increasing external pressure on the diaphragm under various 

thicknesses of membrane at a fixed radius 50 µm, the capacitance increases. It is seen that the 

designed capacitance IOP sensor has a linear shift as a function of pressure within 0 mmHg- 

80 mmHg. 
 

Figure 3: Capacitance Variation with Pressure for Different Value of thickness (t) 

 

According to figure 3, for 1.2µm membrane thickness, at a fixed radius of 50 µm, 

capacitance of pressure sensor has the maximum value among different values of thicknesses, 

so the value of thickness should be chosen 1.2µm for this IOP sensor design. 
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3-4- Variation of center deflection of diaphraghm 

The chosen design values of parameters for MEMS capacitive pressure sensor are shown 
in table 2. 

 
Table 2: chosen design values of parameters 

Number Parameters name Value 

1 Young’s Modulus(E) 120 ×109 N/m2 

2 Thickness (t) 1.2 µm 

3 Gap depth(d) 1 µm 

4 Poisson’s ratio for polysilicon(v) 0.22 

5 Pressure range 0 mmHg- 80 mmHg 

6 Radius (a) 50µm 

 
Figure 4 shows the theoretical calculation of center deflection of the membrane under 

overall applied pressure range (0 mmHg- 80 mmHg) on the diaphraghm for a 50 µm radius 

and 1.2µm thickness circular membrane of IOP sensor. 
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Figure 4: Center deflection variation with applied pressure 

 

Figure 4 indicates the simulation result of equation (2) i.e. centre deflection variation for 

overall applied pressure range. The plot clearly indicates that the centre deflection variation is 

linear at the whole mentioned pressure range. 

 
4-4- Radial variation of deflection of diaphraghm 

Figure 5 illustrates radial variation of deflection under different values of applied pressure 

(0 mmHg- 80 mmHg) at a fixed diaphragm thickness of 1.2µm. 
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Figure 5: Radial Variation of Deflection for Different Values of Pressure at t = 1.2µm 

 

Figure 5 indicates the radial variation of deflection at each applied pressure on the 

diaphraghm. It can be concluded from the simulated result that the deflection of diaphragm 

is maximum at the centre and obvious zero at the clamped edges [18-20]. It should be noted 

that the radial distance is maximum 50µm which is equal to radius of the circular plate for this 

design [24]. 

 

5. Conclusion 
A implantable poly-silicon based wireless capacitive pressure sensor was designed, for 

IOP sensing application. Here the key performance parameter has been described and derived 

mathematically to understand its worth. Step by step calculations are done for the ease of 

understanding. The theory is well supported by the simulation plots obtained from MATLAB. 

This paper focused on modelling and performance of circular diaphragm based capacitive IOP 

pressure sensor with different values of thickness. Also, performance of circular diaphragm of 

IOP sensor under different applied external pressure on upper diaphragm was evaluated. It 

was found that the capacitance of the IOP sensor is roughly linearly proportional to the 

pressure at the pressure range of interest (0mmHg –80mmHg). Fairly high sensitivity of the 

microelectromechanical capacitive IOP sensor was achieved, by minimizing the dimensions 

of the pressure sensitive diaphragm. 
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