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Abstract: 
With proliferation of wireless sensor networks (WSN) and Internet of Things (IOTs) where communication requires major share 

of power, low power communication systems have become important and urgent requirement. Many systems (Things) are also 

deployed in harsh environment where semiconductor electronics may not work as anticipated. It is due to their inherent thermal 

and radiation sensitivity due to minority carriers generation. Many alternatives are being explored to tackle these issues and 

MicroElectroMechanical system (MEMS) are being explored as one of the important alternatives. The objective of this paper is to 

use the MEMS components for detection of introcular pressure at a very early stage and communicate the detection utilizing 

minimum power. MEMS diaphragm is the electromechanical device with wide application range, is used as pressure detection 

element in this design for an IOT sensor node.  It has a performance advantage over its semiconductor counterpart, primary being 

the very low leakage power dissipation and majority carrier device. The use of MEMS components will lead to the improvement 

in saving power and deployment in sensitive prone applications or sensitive areas. 
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I.  INTRODUCTION  

The third generation communications, networking and data 

link environment require severe and often conflicting 

requirements on the electronics designed for these 

applications. For general communications systems in both 

commercial and military applications, there is a continuous 

movement to smaller, secure systems that have increased 

functionality and reduced power consumption. The current 

state of-the-art circuit designs use a combination of many 

gallium arsenide (GaAs) FETs (field effect transistors), p–i–n 

(PIN) diodes, and/or varactor diodes to achieve the required 

detection and tuning functions. The units fabricated using 
these components are characterized by high power 

consumption, low reliability, and high manufacturing cost.. 

With proliferation of wireless sensor networks (WSN) and 

Internet of Things (IOTs) where communication requires 

major share of power, low power communication circuits have 

become important requirement. 

 Recently many systems are being deployed in harsh 

environment such as high temperature and heavy radiation 

sensitive areas. In such environment semiconductor 

electronics may not work because of their inherent thermal 

and radiation sensitivity. They cause carrier generation and 

alter electrical properties drastically and thus limit the 
operating conditions. Many alternatives are being explored to 

raise the operating temperature of electronics as well as 

radiation sensitivity and MEMS are emerging as important 

alternative [1]. 

Literature survey of pressure sensors for biological 

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, direct or indirect. Therefore, it is imperative 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 

miniaturization of the capacitive pressure sensors. Capacitive 

pressure sensors translate a pressure change into a capacitance 
variation. Capacitive pressure sensors generally operate by 

sensing the downward displacement of a hin, 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 as 

in figure 1. This paper focuses in desiging 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 

       
However, the major drawback of MEMS components 

particularly diaphragm is limited lifetime at this time and may 
be only suitable for the systems which have limited mission 
time. However, research is being done to improve the 
reliability and sensitivity of these devices and hopefully with 
longer life would be available very soon.  

 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. MEMS is an emerging technology which uses 

the tools and techniques that were developed for the Integrated 
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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 

capacitive sensors offer many advantages that will play a very 

crucial role in militarization and development of 3rd world 

generation [4].  

 
II. Design 

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, 

flexibility, electro-mechanical properties and ease of 

micromachining. Sensor was fabricated by exploiting 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 capacitive 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 role 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 stucture 

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 dimaensions are in accordance with 

available literature design in earlier reported work [2]. Still to 

reduce the gap of tolerance/error one should think of 

optimising the design with respect to al lthe important 

parameters considered. 

 

III. Optimization 

 For optimizing the number of parameters in our 

diaphragm design we have to try a number of combinations 

which is similar to a factorial design of an experiment where 
each and every combination is tried with respect to each and 

every parameter considered which is a monotonous process 

and consumes a great amount of time [4]. So for enhanced 

optimization with lesser efforts Taguchi method of DOE 

(Design of Experiment) can be implemented and then the 

respective ANOVA analysis can be performed to get our vital 

parameters from varied parameters considered. 

 

3.1 Taguchi Method – The Taguchi method involves reducing 

the variation in a process through robust design of 

experiments. The overall objective of the method is to produce 
high quality product at low cost to the manufacturer. The 

Taguchi method was developed by Dr. Genichi Taguchi of 

Japan who maintained that variation. Taguchi developed a 

method for designing experiments to investigate how different 

parameters affect the mean and variance of a process 

performance characteristic that defines how well the process is 

functioning. The experimental design proposed by Taguchi 

involves using orthogonal arrays to organize the parameters 

affecting the process and the levels at which they should be 
varied [4]. Instead of having to test all possible combinations 

like the factorial design, the Taguchi method tests pairs of 

combinations. This allows for the collection of the necessary 

data to determine which factors most affect product quality 

with a minimum amount of experimentation, thus saving time 

and resources.  

 The Taguchi method is best used when there are an 

intermediate number of variables (3 to 50), few interactions 

between variables, and when only a few variables contribute 

significantly. The Taguchi arrays can be derived or looked up. 

Small arrays can be drawn out manually; large arrays can be 

derived from deterministic algorithms. The arrays are selected 
by the number of parameters (variables) and the number of 

levels (states). 

 

Taguchi Method Design of Experiments→ the general steps 

involved in the Taguchi Method are as follows: 

 

1. Define the process objective, or more specifically, a target 

value for a performance measure of the process. This may be a 

flow rate, temperature, etc. The target of a process may also be 

a minimum or maximum; for example, the goal may be to 

maximize the output flow rate. The deviation in the 
performance characteristic from the target value is used to 

define the loss function for the process.  

 

2. Determine the design parameters affecting the process. 

Parameters are variables within the process that affect the 

performance measure such as temperatures, pressures, etc. that 

can be easily controlled. The number of levels that the 

parameters should be varied at must be specified. For 

example, a temperature might be varied to a low and high 

value of 40 C and 80 C; increasing the number of levels to 

vary a parameter at increases the number of experiments to be 

conducted.  
 

3. Create orthogonal arrays for the parameter design indicating 

the number of and conditions for each experiment. The 

selection of orthogonal arrays is based on the number of 

parameters and the levels of variation for each parameter, and 

will be expounded below. 

  

4. Conduct the experiments indicated in the completed array to 

collect data on the effect on the performance measure.  

 

5. Complete data analysis to determine the effect of the 
different parameters on the performance measure. 

 

3.2 ANOVA Statistical Analysis – analysis of variance 

(ANOVA) is a collection of statistical models, and their 

associated procedures, in which the observed variance is 

partitioned into components due to different explanatory 

variables. In its simplest form ANOVA provides a statistical 

test of whether or not the means of several groups are likely to 

be equal. So foremost ANOVA performs complete data 

analysis to determine the effect of the different parameters on 

the performance measure. 
 

3.3 DOE Using Taguchi & ANOVA – to optimize our design 

of the cantilever switch the Taguchi method is engaged and 
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Table 1 shows the various control factors selected and Table 2 

shows the factor levels of analysis. 

 
Table 1 – Control Factors 

 

 

Table 2 – Factor Levels 

Table 3 shows the L27 orthogonal array adopted for ten 

control factors with three factor levels. 

 

 
Table 3 – L27 Array 

 

So if we have 10 factors then in factorial design the no of 
experiments will be very high where as it can be reduced to 

just 27 level of experiments with the help of Taguchi method 

of DOE. L27 array can have up to 13 parameters but L27 array 

can be used for 10 parameters as well as the remaining level of 

parameters can be ignored which can be used for indication of 

errors known as pooling. 

In our design the crucial analytical calculations are that of pull 

in voltage, deflection and the current density so the trial runs 

are calculated according to the L27 array and Table 4 shows 

the calculated values of deflection, sensitivity and frequency 

with respect to different levels of experiment. 

 
Table 4 – Experimental Trial Runs 

Through the ANOVA analysis performed we were able to find 

out the percentage contribution of each factor as shown in the 

graphs below: 

 
Fig 2. Percentage Contribution Deflection 

 

 

Fig 3: Percentage Contribution Sensitivity 

 

Fig 4: Percentage Contribution Frequency. 

From the percentage contribution one finds out that the effect 

of parameter six which is young's modulus is the highest 

effecting all the three considerations of coverage. That is 

deflection is correlated to sensitivity which moreover plays 

crucial role in the frequency.  Effect of young's modulus on all 

the three constraints is shown in the below figures. 

 
Fig 5. Young's modulus effect on deflection. 
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 Fig 6. Young's modulus effect on sensitivity. 

 

 
Fig 7. Young's modulus effect on frequency. 

 
Deflection is a parameter that is restricted based on pressure 

and the gap between the diaphragm and electrode. So to utilize 

the maximum range of deflection we require greatest 

sensitivity for least deflection. So in order to reduce deflection 

we require slots/patches to ease out the pressure leading to 

reduction in deflection but increase in sensitivity as shown in 

below figure 8.   

 
Fig 8. Effect on slots in sensitivity. 

 

Hence we optimize the design where sensitivity plays the most 

crucial role in our application. To validate our design we 

simulated the best probable designs with the help of CAD tool 

Intellisuite and validated the taguchi output. 

 

IV. Simulation 

 

For simulating MEMS capacitive pressure sensor diaphragm 
as specified in the previous section, FEA(finite element 

analysis) method is used via intellisuites intillesense platform  

to validate the optimize design, and analyze the mechanical 

properties of the device. 

 

 
Fig 9. Pressure Diaphragm. 

 

 
Fig 10. Pressure Diaphragm with one slot. 

 

Figure 9, 10 and 11 show the pressure based analysis of the 

three optimized design found best feasible via taguchi DOE. a 

diaphragm with no slots in figure 9 shows that the pressure 

sensor can detect the defined range very easily but the 

resonance frequency of stabilization is limited by the three 

modes of operation. making the design prone to much noise. 

This noise is reduced by a slot at the centre which stops the 4 
way oscillation of the design with no slots to 2 way 

oscillation. This reduction helps increase the sensitivity along 

with the frequency range. Still the best feasible design is 

shown in figure 11 where one have just single mode of 

oscillation making the design best in terms of deflection, 

sensitivity and frequency requirements.  

 

 
Fig 11. Pressure Diaphragm with multiple slots. 

 

VII. CONCLUSION 

 

The advantages of MEMS pressure sensor have been explored 

that shows a huge contribution in increase of sensitivity as 

compared to previous literature reported sensors. We have 

optimized our designs with vigorous computations but saved 

time as compared to factorial designs because of DOE. The 

optimization shows us the interdependence of  parameters like 

material with limitations to physical dimensions with the goal 

of increase in frequency for IOT sensor node but mostly 

sensitivity for IOP early detection. The stability and sensitivity 

is highlighted with the three simulated design where the peak 
resonating frequency is achieved to be of 0.1Mhz for the least 

amount of pressure range 5 to 8mmHg making early detection 

a possibility. This provides greater accuracy and range of 

detection/confirmation of IOP diseases where the deflection 

actual(1um) is 40 percent of the distance between electrodes; 

providing a scope of utilization in many more applications and 
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not just IOP detection. The sensitivity achieved is 10.38x10-5       

1/pa for the same considerations of pressure against  compared 

literature papers yielding just 5.96x10-5 1/pa. Yielding a 

significant increase in sensitivity the primary objective of our 

project/research. Future work is to overcome the limitations of 

fabrication; to build a sensor node IOT compatible MEMS 
pressure sensor for IOP that validates our best optimized and 

simulated sensor.    
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