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ABSTRACT: Of late, optical technology has taken the 

research community by storm and have become a vital 

component in sensor applications. Optics has driven a 

new genre called MOEMS(Micro Opto-Electro-

Mechanical Systems)by combining MEMS(Micro 

Electro-Mechanical Systems) and integrated optics to 

miniature optical sensors which can be used for 

mechanical sensing. There, applications as to cause a 

sensitive rangeof shifts in correspondence with pressure, 

displacement, reverberation etc. have made them 

amenable to sensor construction elements. In this paper 

we have proposed anideal design that can be modelled 

and simulated for realizing a real time MOEMS 

mechanical sensor and focused it for the application of 

displacement sensing in submicron range. Structural 

health monitoring is very important in civil structures in 

order to aid in strengthening construction elements for 

promoting increased safety measures and help easy 

maintenance.In this paper, we shall be propounding 

photonic crystal based on mechanical sensor to realize a 

MOEMSstructure using finite difference time domain 

(FDTD) algorithm, a famous computational 

electromagnetism technique and applied to structural 

health monitoring. The simulator utilized in the paper is 

MEEP. 

Keywords -MOEMS, Optical MEMS, photonic crystal, 

FDTD 

 

Introduction 

Structural health monitoring system can be utilized 

to watch over the economical and conditional assessment 

of the civil and military infrastructures. In course of time, 

advancements in material research has compelled civil 

structures to incorporate the sensors for incessant 

monitoring of the civil structures which are vulnerable 

for seismic activities, surface landslip, enormous 

stresses, trusses and pressure. This concept is globally 

appreciated from construction agencies involved in mega 

structures’ projects just like skyscrapers to those for 

small buildings. It is nevertheless,necessary to monitor 

the stress magnitudes of the civil and defense buildings 

to the amount, which it can sustain. The structural 

healthmonitoringsystem should have the capability of 

identifying the precise point of actionof present damage 

on the civil structure, location of thedamage incurred at 

point of application of point forces, different types of 

probable damage sites which hastaken place and it 

should manifest the severity of the damageas to be good 

enough for visual inspection.Optical MEMS which is 

based on the principle of sensing andactuation has vast 

potential in the arena of accelerometer, gyroscopes and 

other measurement and orientation applications that 

allows mechanical movement into any other form of 

interpretation such as GUI objects on touch screens 

mobiles[1]. It integrates microelectronics and mechanical 

structures in the submicron level. MEMS[2] structures 

allows three dimensional micromachining on silicon 

wafer and thus helps in fabricating minuscular objects  

and hitherto very organized, sophisticated and provides 

high performance in sensor and visual devices that are 

seemingly frantic to many manufacturers with the current 

semiconductor technology. 

 

Theory 

The technology[3]applied in this present work is in 

orderto bring about photonic crystal into limelight for 

dimensional construction and temperature analysis with 

silicon crystal. The photonic crystals are periodic 

systems that possessesebbs and tides of dielectric 

constants in different media with a separation of it which 

are symmetrical. These micro elemental structures are 

establishedto realize mechanical effects in only static 

equilibria, in concomitance with multi scale effects and 

structural grain boundary disorders in the constituent 

materials. The two dimensional photonic crystal 

structures is a periodic arrays of unit cells in a vector 

space of parallel holes where total invariance under 

translations is absent in all directions. As thewave fronts 

of the laser source travels[4]via the “photonic crystal” for 

some limited frequencies, no light is allowed to 

propagate through the photonic crystal and sans 

scattering for almost all of the frequencies. This property 

of the photonic crystal is called a photonic band gap 

property or also called restricted gap property.The 

photonic crystals are available in the software such as 

MEEP as one dimensional, two-dimensional and three-

dimensional structures as to be simplified for 

mathematical analysis. As the graphical networking and 

design formulations for three dimensional photonic 

crystal[5] is complicated, we have taken the two-
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dimensional photonic crystal in this work for designing 

of the MOEMS sensor. Defect engineering can be 

performed either by modifying the dimension or 

dielectric constants ( ) of one or more group of elements 

or removal of these from the structure and thus they act 

as optical cavities during the simulation. In the proposed 

structure line defect has been employed. Defects allows 

the user to manipulate and control the flow of light inside 

the photonic crystal[6]. Light can be confined and held at 

that instant of a point in photonic crystal with the use of 

point defect, while in line defect[7] it is protracted to 

generate a waveguide in the photonic crystal. 

In this paper, the modelling of photonic crystal 

consisting of a waveguide carved between two dielectric 

slabsis simulated and the results are analyzed. As and 

when the stress or strain isapplied on the photonic 

crystal, a small bar-like block of the dielectric slab 

movesin between the holes and enables the user to alter 

the dimensions of the waveguide. As a consequence, 

theindex colour profile of the photonic crystal[8] is 

altered and thuschanging the spectra at the terminating 

end. This change in opticalproperty is known to have 

some relationship with the applied stress or strain in 

many ways across the semiconductor material. 

 

Methodology 

Finite Difference Time Domain (FDTD) method 

isapplied in this work using the simulator MEEP, a very 

famous computational electromagnetism follower 

available as an open source tool. The FiniteDifference 

Time Domain method deducts accurately, the four time 

domain Maxwell's equation in any media specified by the 

user. The method bifurcates the wave vectors in timeand 

space and deductsthe electric and magnetic induction 

elements in space.MEEP is a simulator available from 

MIT group of researchers for designing, modelling and 

stimulating various photonic crystal structures including 

the band gap material series. It is a time domain based 

tool and incorporates the FDTD method in an easy to 

access terminal codes in Linux environment. The 

transmission and the reflection spectrum[6] areobtained 

as a data element column-wise and using the MEEP tool, 

the data is extracted in a dot out(.out) format for plotting.  

 

MEEP solves the Poynting vector (Equation 1) and 

computed the fluxes[9]. 

 

……..(1) 

 

Where, 'P' is power, 'E' and 'H' are electric and Magnetic 

fields, and 'ω' is the frequency. 

The obtained output of MEEP is interpreted as the 

transmission spectrum[5], which on modification with 

stress impelled manifests as a unique identity for the 

operation of sensors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Design 

The proposed design of the micro-displacement pressure 

sensor comprises of a two dimensional, square lattice 

semiconductor band gap based photonic crystal with a 

line defect created in rods-in-air configuration.  

The design parameters incorporated are: 

a) Rods in air configuration. 

b) Radius of rods r = 0.19μm. 

c) Square Lattice. 

d) Lattice constant 'a'=1μm. 

e) Dielectric constant of the Air is 1 

f) Height of slab is infinity 

g) Light source: Unit Gaussian Pulse with center 

frequency at 0.4, width of the pulse is 0.3. 

h) Minimum distance between dielectric slabs is zero μm 

and the maximum distance is 2 μm 

This model consists of a waveguide carved between two 

dielectric slabs while monolithically intact, as the fresh 

semiconductor does not allow EM wave interactivity. 

Both dielectric slabs are dynamically exchanging motion 

with respect to each other when the pressure is exerted. 

The structure of the model is enumerated in the Fig. 1 

with utmost separation allowed between dielectric slabs. 

 

Operation 

The Gaussian EM wave in the visible region as a 

pulse[10] is passed via one end of the photonic crystal 

vis-à-vis the spectrum analyzer is placed in the opposite 

terminating end. The applied pressure (stress/strain)[3] 

facilitates the movement of the dielectric plate just as a 

real rigid structure of semiconductor by reducing or 

increasing the distance between two dielectric slabs 

while simultaneously letting light into the waveguide. 

Figure 1: Complete structure of Photonic crystal 
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The movement of the plate is considered in 10 steps, 

with each 0-step of 0.1μmbrought  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

closer to the other plate, but observing caveat as to not let 

the pinch-offoccur. The modified dimension of the 

waveguide recreates the light travelling in different 

environment as per changing parameters like dielectric 

constant, shape and vacuum of waveguide and thereby 

causing changes in the transmission spectrum.  

The transmission spectrum is obtained at each increment 

of 0.1μm increase or decrease in distance between the 

two dielectric slabs in the simulator output by obtaining 

the data from MEEP and by plotting in any relational 

database software application. This elemental mechanical 

displacement of the semiconductor slabs and plate 

structures amends the phenomenon of electromagnetic 

waves travelling into it which allows for the shifts in the 

wavelength and thereby altering the transmission 

spectrum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Result 
The frequency of all the intended displacements ranging 

from zero micron to one micron are all sequentially 

enumerated. The obtained graph for easy analysis is 

plotted in Matlab with frequency as discrete input and 

transmission flux with gridlines. The proposed structure 

has steps at two different temperature. Fig 5 to Fig 10 

displays the frequency based transmission spectrum for 

displacement ranging from 0 μm to 0.5 μm in steps of 0.1 

μm at twenty temperature dependent stress-strain is not 

analyzed as the tool doesn’t perform dynamic analysis. 

We see that the dip at 30 degrees Celsius is much sharp 

than those at 20 degree Celsius. The mechanism of light 

flow as a pattern of spreading in space is shown in Fig. 2. 

a b 

c 
d 

e f 

Figure 3:Upward movement of the bottom plate while the top 

plate is held rigidly fixed.(a) is for Ez having 0.1 displacement, 

(b) is for 0.2 displacement and so on until (e) for 0.5 units of 

displacement in the MEEP simulator for the proposed MOEMS 

structure. 

a b 

c 
d 

e 

Figure 2: Downward movement of the top plate while the 

bottom plate is held rigidly fixed.(a) is for Ez having 0 

displacement, (b) is for 0.1 displacement and so on until (d) 

for 0.5 units of displacement in the MEEP simulator for the 

proposed MOEMS structure. 
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Figure 4: Propagation of light in terms of Electric 

(blue) and Magnetic (red) fields in Ez region of 

observation. The propagation of light is from a source 

at center 000, and at  (a) in the figure, the propagation 

begins and terminated at the end of simulation at  (h). 

and Fig 3.All that the light does is spread in a region of 

space as waveguide. 

 

 

There seems as if the patterns of electric and magnetic 

fields are repeating in the same pattern in the space as 

that shown by Joannopoulos[4]. As these are distinctly 

wavering in every image of Fig. 2 and Fig. 3, we can get 

a feeling that the light interaction with the MOEMS 

structure is having a signature identity while in a static 

analysis of the design without much care for energyloss. 

Hence we are provoked to carry out a light confinement 

experiment. In addition, it is known that silicon is 

abundant material but poor at temperature sensitive 

applications and hence we need to change the material to 

germanium. Also having considered few numbers of rods 

in air, we cannot assess a true structure-property 

correlation; for this a large number of rods in air are 

needed to be considered. All that our structure did was 

give a bare minimum at an applied Guassian pulse.  

 

There is a great deal of information as to facilitate an 

understanding for what can be done at the simulation 

level for the realization of a MOEMS device. Structural 

analysis is needed to be performed, as there seems a 

structure and electromagnetic spectrum interrelationship 

in terms of field distribution; there is hence a need for 

simulation tools that apply computational physics and 

mathematical modelling techniques like meshing with 

FEM. 

 

It is also clear from Fig. 4 that the electric field (blue) is 

trying to concentrate at the point if source while 

magneticfield is trying to surround the electric field. 

These structures have to allow the confinement of light 

in the region at the center of the MOEMS structure. In 

order to do this we need to change the center frequency 

and also the field frequency bandwidth. The frequency is 

also fixed based on the wavelength of light intended to 

be passed into the waveguide.  

 

The figures 5 to 10 have shown that there is a sort of 

shift in the frequency. There in, the shift is not rational 

but random. However, we are in a position to tell that 

confinement has resulted in distinct peaks in all 

situations. Hence a particular displacement under static 

conditions is known to possess a unique frequency 

spectrum. This observation will be further gravitated 

only with further investigations for different 

configurations of the structure and thereby we shall know 

a hypothesis to propose for the sort of data generated 

from these structures. 

a b 

c d 
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g h 
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Figure 5: Transmission Spectrum for zero displacement at 30 

deg. 

 

Figure 6: Transmission Spectrum for 0.1 displacementat 

30 deg. 

 

Figure 7: Transmission Spectrum for 0.2 displacement at 

30 deg. 

 

Figure 8:Transmission Spectrum for  0.3  displacementat 30 

deg. 

 

 

Figure 9: Transmission Spectrum for  0.4 displacementat 

30 deg. 

 

 

Figure 10:Transmission Spectrum for  0.5  displacement 

at 30 deg. 
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Figure 11: Transmission Spectrum for zero 

displacementat 20 deg. 

 

Figure 12: Transmission Spectrum for 0.1 

displacementat 20 deg. 

 

Figure 13: Transmission Spectrum for 0.2 

displacement at 20 deg. 

 

 
Figure 14: Transmission Spectrum for 0.3 

displacementat 20 deg 

 

Figure 15: Transmission Spectrum for 0.4 

displacementat 20 deg 

Figure 16: Transmission Spectrum for 0.5 displacement 
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Table 1: MOEMS reaction TABULATED RESULT ( 30
o
 

Celsius) 

Displacement 

 

Peak 

Amplitude 

Peak 

frequency 

Shift in 

frequency 

0 -665 0.38500 0.00000 

0.1 -760 0.40627 0.02127 

0.2 -340 0.41250 0.00623 

0.3 -208 0.41348 0.00098 

0.4 -132 0.40100 0.01248 

0.5 -127 0.40008 0.00092 

 
Visibly distinct shift in both wavelength and frequency 

are observed, proving the sensor to be sensitive to even a 

smallest change in the input displacement and 

corresponding pressure can be observed. This sensor will 

be very useful in different applications like aerospace, 

defense and pressure sensitive applications. Further, it 

can be designed and fabricated to measure expansion, 

compression, or other mechanical parameters. 

 

Table 2: MOEMS reaction TABULATED RESULT ( 

20
o
Celsius) 

 
Conclusion 
In this paper, we are successful in modeling and 

analyzing MOEMS based displacement pressure sensor 

using photonic crystal in sub-micron range. The varying 

spectrum of the waveguide can suitably and efficiently 

represent and measure the stress or strain applied on the 

object. The sensor design consisting of a two-

dimensional square lattice photonic crystal structure and 

it is simulated and analyzed for detecting the change in 

the pressure for corresponding displacement level in sub-

micron range. 
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Displacement 

 

Peak 

Amplitude 

Peak 

frequency 

Shift in 

frequency 

0 -650 0.38000 0.00000 

0.1 -800 0.40625 0.02625 

0.2 -337 0.41300 0.00675 

0.3 -205 0.41400 0.00100 

0.4 -130 0.40525 0.00875 

0.5 -125 0.40435 0.00090 


