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Abstract- Photonic crystal (PC) based biosensor is highly sensing device in the field of forensic science. This biosensor is 
utilized in order to analyze and monitor the biological evidence obtained at the crime scene. The structure is created and 
simulated by considering different case samples. In such case we can consider the samples as hair, saliva, serum (Sperm), 
skin, DNA, blood cells as an evidence. The simulations are performed by designing structures for the case samples and 
results obtained are considered as a key evidences result, this date will be stored as a reference. These result data will be 
compared with the existing criminal database. The comparison of the results will be helpful in suspecting criminals. In this 
paper, we have gone for designing a two dimension photonic crystal based optical sensor with a line defect which can sense 
distinctive samples of DNA. The acquired result from the band structure shows that for a little change in the refractive index 
of DNA samples there will be significant shift in the frequency. for example, MEEP (MIT Electromagnetic Equation 
Propagation) which depends on FDTD technique is utilized as a part of demonstrating and designing of Phc. The Q-factor of 
the proposed of design 13526. 
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I. INTRODUCTION 
 
Forensic science is a scientific methodology to 
investigate the committed crime. Forensic science 
using DNA investigation, DNA (Deoxyribonucleic 
acid) it’s called the building block or hereditary 
material of life, DNA identify by double helix 
structure from of DNA. This shows up as twisted 
ladder, and built up the part of DNA as the material 
that makes up the hereditary code of living beings. 
The DNA compound patterns are used to determine 
the development of the life from and individual life. 
DNA is distinctive  in each cell all through an each 
individual body. DNA is same for blood, semen, 
saliva, skin, hair cell. DNA is different in two 
individuals, but it is identical for twins.  
DNA is analyzed by highly accurate scientific 
equipment for criminal investigation. Initially, DNA 
molecules are removed from the suspect DNA 
samples, the segments are separated from molecules 
and measured. The evidence DNA data are compared 
with the suspect DNA sample. If both biological data 
will not match each other, the suspect is not 
considered for the committed crime. If both data 
matches with each other a statistical data analysis is 
performed for the suspect DNA samples. The 
probability of statistical data analysis compared with 
crime scan DNA. Juries use these results to identify 
the suspect is guilty or innocent. Now there are 
several different techniques available to detect 
biological components this technique required more 
time or days to give a report. The Photonic biosensor, 
play an important role in forensic science to detect 
the biological evidence at the crime scene and to 
identify the suspect. Biosensor is a vital important 
tool for investigating and identifying of biological 
and chemical components  part of clinical food, Law 

and environmental monitoring ,This outstanding 
ability, including and specificity and sensitivity, low 
cost,  quick response, conservative in size and simple 
to work. Photonic crystal (PC) is a periodic structure 
of dielectric material which acts as a sensing element 
and also the strong interaction of a light. When the 
graph is plotted by a transmission spectrum value 
versus the frequency value without making a defect, 
and then some portion of the frequencies do not pass, 
When If we make defect or by an changing the 
structure material we will plot the chart and some part 
of the restricted   frequency is additionally passed so 
along these way photonic crystal (PC) is an detecting 
component. Photonic band gap (PBG) [2] structures 
can be utilized for the bio-analytes sample 
identification. Indeed, even a moment or little 
variation  in an refractive index (RI) of the different 
DNA cells  [3], the photonic band gap (PBG) 
structure will give a particular change in output 
frequency and amplitude, Giving results are 
exceptionally delicate and unmistakable which can be 
observed effectively, evaluated and measured by the 
biosensor. Photonic crystal can be classified in three 
types. One-dimensional, Two-dimensional, Three-
dimensional. In the paper, we have made a line defect 
structure for two dimensional photonic crystal 
biosensor [4] to analyze optical properties of the 
analyte for DNA samples. 
 
II. DETAILS EXPERIMENTAL 
 
2.1. Theory  
Photonic crystals are class of periodic structure of 
dielectric material which a specific frequency 
propagates of light in a prohibited band gap. 
Photonics that control the flow of light.  Deviation of 
light in a lattice structure can be controlled by Defect 
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engineering. The Master mathematical equation (1) 
clarifies the development of light in photonic crystal. 
This mathematical equation is gotten by 
understanding Maxwell's Electromagnetic Equation. 
 

∇ × ∇ × H =
с

× H  -------- (1) 
Where, magnetic field of the photon H(r), 
permittivity is ϵ and angular frequency ω. By above 
Equation (1) the frequency 'ω' is inversely 
proportional to the dielectric function. 
 
2.2. Sensor Design 
To investigate the distinctive DNA samples by 
utilizing two dimensional photonic based optical 
sensor. We have created square lattice with a line 
defect structure. 
The design consists of Rods in air configuration and 
replace with DNA samples monitor by the sensor 
device. Depends upon refractive index of DNA 
samples and the propagation method of light will 
change in photonic crystal. 
 

 
Figure 1: Design of 2-D photonic crystal line defect 

 
Design and simulation Result is finished with the help 
of MEEP tools. Design plan Specifications are: 
 Rods in air configuration.  
 Radius of rods ‘r’ = 0.2.  
 Lattice Constant ‘a’ = 0.99.  
 Di-electric constant of air is replaced with the 

sample.  
 Light source with Gaussian pulse with centre 

frequency 0.295 and width of pulse 0.1.  
2.3. Tools used for Simulation 
1. MIT Electromagnetic Equation Propagation 

(MEEP)  
2. Mat Lab 

Meep (or MEEP) is a software tool used to design the 
electromagnetic systems such as photonic crystals. It 
uses finite difference time domain (FDTD) [7]. The 
full form of the MEEP is (MIT Electromagnetic 
Equation Propagation) [7]. The program file of the 
Meep is a control file with an extension ".ctl" 
Geometry, current sources, outputs computed, and 
everything else specific to the required calculations is 
specified in the program file and program file written 
in a scripting language. MEEP can be used to design 
and implement the photonic crystal structures, and to 
obtain transmission, reflection spectrums and other 
important parameters. The Matrix Laboratory is a 
numerical method computing environment and 4th-
generation programming language and used to plot 
graphs chart and doing for the spectrum analysis. 
 
III. RESULTS AND ANALYSIS 
 
The input samples found near the crime scene are 
considered and match to the samples obtained from 
the suspects using a photonic sensor. The dielectric 
constants of skin, saliva, serum, DNA, hair, and 
blood are taken as the input samples. The 
transmission spectrum is obtained from various DNA 
samples using the output from MEEP simulation tool. 
The shift in the frequency is observed as the dielectric 
constant is changed corresponding to the different 
DNA samples. 
The transmissions spectrums are shown in “Fig. 1 and 
Fig. 7” show the distinct color represents different 
DNA samples using the output from MEEP 
simulation tool. MEEP provides the frequency versus 
output transmission flux as well as harminv values. 
The number of frequencies where output flux had to 
be evaluated was 500 (nfreq=500). All the 500 values 
got through MEEP are imported to an excel sheet. 
The values in excel sheet are then imported into 
MATLAB and are plotted using MATLAB. 

 

 
Fig. 1 Transmitted spectrum for Blood sample analyte 
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Fig. 2 Transmitted spectrum for DNA sample analyte 

 
Fig. 3 Transmitted spectrum for Hair sample analyte 

 
Fig. 4 Transmitted spectrum for Saliva sample analyte 

 
Fig. 5 Transmitted spectrum for Serum sample analyte 

 
Fig.6 Transmitted spectrum for Skin sample analyte 

 

 
Fig. 7 Transmitted spectrum for Blood, DNA, Hair, Saliva, 

Serum, Skin sample analyte 
 
The outcomes of results are organized shift as a part 
of the wavelength in transmission spectrum for 
various DNA samples appeared. 
 

Table [1]: Shows shifts as a part of the wavelength and 
amplitude samples 

 
 
CONCLUSIONS 
 
Biosensors can play a great role in enhancing the 
procedures of crime detection. The field of forensic 
sciences will have a new way to detect and find out 
the criminal in a more efficient and accurate manner. 
The transmission wave is acquired for DNA samples 
utilizing MEEP tool. The shift as part of wavelength 
and amplitude is sufficiency is seen by changing the 
di-electric constants value for various DNA 
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samples. The photonic based sensor was design and 
the outcomes of results for propagation examination 
of DNA. Particular spectrum got for every case is 
examined. The Quality factor of the proposed design 
is 13526. The Peak wavelength, Amplitude and shift 
in wavelength for different DNA samples as show in 
Table [1] respectively. In this way the sensor 
composed is exact and effective. In the field forensic 
sciences will have another approach to distinguish 
and discover the criminal in a more effective and 
precise way. The sensor can be created as a lab-on-
chip sensor that identify in proficient way in this way 
giving an ease, low vitality convenient framework. 
 
REFERENCES 
 
[1]. Biosensor Developments: Application in crime 

detection Vijayata Singh, Mohit Kamthania, 
Rajendra Pavan, Swati Singh, Nitin Kumar 

[2]. J. D. Joannopoulos, S. G. Johnson, J. N. Winn, 
and R. D. Meade, Photonic crystals molding the 

flow of light. Princeton: Princeton University 
Press, 2007.  

[3]. Steven G Johnson and J. D. Joannopoulos, 
Introduction to Photonic Crystals, Massachusetts 
Institute of Technology,  June 2001.  

[4]. Australian Research Council Centre of 
Excellence for Nano-Scale Bio-Photonics. 
http://ab-initio.mit.edu/meep 

[5]. The National Human Genome Research Institute 
fact sheet  Deoxyribonucleic Acid (DNA). 

[6]. The New Genetics, a publication of the National 
Institute of General Medical Sciences.  

[7]. The Virtual Genetics Education Centre, by the 
University     of Leicester, offers information on 
DNA, genes, and Chromosomes.  

[8]. Optical and Di-electric properties of DNA, 
T.Inagaki,    R.N.Hamm   and E.T.Arakawa.  

[9]. Nischita R, , Fleming Dackson Gudagunti, Preeta 
Sharan, and T Srinivas. "2-D photonic crystal 
based Bio-chip for DNA analysis of breast 
cancer". 

  
 
 
 

 


