
Majlesi Journal of Telecommunication Devices                                                             Vol. 12, No. 3, September 2023 

  

 
 Paper type: Research paper  

DOI: 10.30486/mjtd.2023.1984324.1032 

How to cite this paper: Z. Dorrani, “Biosensor for Detection of Biological Components using Photonic Crystal”, Majlesi 

Journal of Telecommunication Devices, Vol. 12, No.3, pp.135-139, 2023. 

 

Biosensor for Detection of Biological Components using 

Photonic Crystal 

 
Zohreh Dorrani 

Department of Electrical Engineering, Payame Noor University, Tehran, Iran. 

Email: dorrani.z@pnu.ac.ir  

 

Received: 19 April 2023  Revised: 23 May 2023  Accepted: 7 July 2023 

 

 

ABSTRACT: 

In biosensors, the investigated material is biological components such as cells, proteins, and nucleic acids. All 

compounds of living organisms have sensors with functions similar to mechanical sensors. Most of these sensors are 

special cells sensitive to the external environment's physical characteristics such as light, movement, temperature, 

magnetic field, gravity, humidity, vibration, pressure, electric fields, sound, etc. Biosensors can be made using photonic 

crystals, an example of which is designed here. In order to check the biomolecule detection ability by the biosensor, the 

refractive index around the sensing hole is changed and the output transmission spectrum is limited. By changing the 

refractive index, the transmission spectrum can be measured, which enables the sensor to identify biological molecules. 

In this study, a sensor was designed that is capable of detecting biological molecules. This sensor has good sensitivity, 

which makes it capable of measuring in a small size. The sensor can accurately predict the result, so this sensor is very 

suitable for medical purposes. 
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1.  INTRODUCTION 

Sensors have many medical applications such as 

biomedical research and drug production and testing, 

environmental analysis, food storage, and chemical 

industries [1, 2]. Biosensors observe and analyze 

biological components such as cells, proteins, and 

nucleic acids [3]. The biosensor consists of a bio-

receptor and a transducer that detects the bio-receptor of 

the target bio-molecule. The transducer is used to 

convert the bio-molecule into a measurable signal. In 

biosensors, these two parts are integrated with one 

device [4]. In the design of biosensors, surface plasmon 

intensification phenomenon, interference phenomenon, 

optical waveguide, optical fibers, biological ring based 

on resonator and photonic crystals have been used [5, 6]. 

In recent years, photonic crystal biosensors with 

structures consisting of alternating layers of materials 

have attracted much attention [7, 8]. Photonic crystals 

[9-13] have a wide range of applications in 

communications and devices with sensory applications 

[14,15] and compared to ordinary optical devices, they 

have a significant optical limitation. The optical 

limitation in the photonic band gap and the flexibility of 

wavelength adjustment with the appropriate adjustment 

of structural parameters are reasons for paying attention 

to photonic crystal biosensors. Due to the unique 

characteristics of photonic crystals, various structures 

have been designed to be used as sensors. Photonic 

crystal intensifier nano ring biosensors [16,17] photonic 

crystal fiber sensors [18] micro and nanophotonic crystal 

resonator biosensors [19] are examples of designed 

applications. 

  In this study, a biosensor based on photonic crystals 

was presented. The structure was obtained by creating 

defects in three parts. In order to get the optimal 

structure, simulation was used and the structure was 

improved by increasing the number of rods. 

 

2.  RELATED WORK 

      Using photonic crystals with nanoscale structures, 

sensors are designed that are very sensitive to low 

refractive index changes with a small sensitive area. 

These sensors can provide flexibility and integration. 

Phonon crystal sensors are designed based on the 

measurement of biomolecules and refractive index 

properties [20]. 

       Photonic crystals can be used to measure chemical 

and biochemical parameters [21]. Crystal networks 

coupled to two waveguides have also been used to detect 

cancer cells.  

The sharp edges in the photonic slits can do the sensing 

work. This sensor can work in a wide range of 

wavelengths [22]. 

       The prospect of photonic crystal-based biosensors 

for disease detection has been investigated. These 

sensors do not require long measurements, they have 
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small dimensions, they are cheap, and they have high 

reliability [23]. 

      The photonic crystal biosensor is also able to detect 

various blood components including water, red and 

white blood cells, and hemoglobin. The plasmonic 

material of this sensor is made of gold and the sensor is 

coated with titanium dioxide to work based on the theory 

of surface plasmon resonance. Sensing is done in the 

distance between the gold and the sensing channel. 

Nuclear diffusion occurs in the vicinity of the phase 

matching point, and the loss peak in the nuclear diffusion 

mode is very sensitive to different blood compounds 

with different refractive indices and thus can distinguish 

blood compounds [24]. 

 

3.  PREPOSED METHOD 

      Two-dimensional photonic crystals have been used 

to design biosensors. This structure consists of an array 

of silicon rods in an airfield. The presence of circular 

rods reduces the amount of scattering losses and more 

effectively controls the propagation of the electric field 

mode. Their radius is equal to 𝑅1 = 0 ∙ 4 ∗ 𝑎 where a is 

the lattice constant and the distance between the centers 

of the two bars. The photonic crystal is placed in the X-

Z plane and arranged in a square arrangement. 

A defect has been created in this structure to be used as 

a biosensor. As seen in Fig. 1, the structure contains 

three defects. The two defects above are on the left side 

and the passer on the right side, and one defect is in the 

center. In this structure, in order to increase the optical 

limit of the resonator, it was created by reducing the 

bars. They make small and portable biosensors more 

feasible. 

     To create the central defect, first, a 7*7 array is 

removed and then a rod with a radius R1 = 1 ∙ 32 ∗ a  is 

placed in the center. Around it, two circular structures 

are arranged in a triangular shape and the radius of each 

rod is equal R1 = 0 ∙ 4 ∗ a. 

 

 
Fig. 1. Biosensor structure, an upper waveguide for light entry and a lower waveguide for the light exit. 

 

In photonics, an energy-free band or stop band refers 

to a range of photon frequencies in which photons with 

this frequency cannot pass through the material. This 

property has made photonic crystals have many 

applications. The plane wave expansion method is used 

to obtain the photon stop band. Fig. 2 shows the stop 

band of the structure. The stop band for TE mode is in 

the range. 285 ≤ ωa/2πc =
𝑎

𝜆
≤ .415 , and  0.735 ≤

𝑎

𝜆
 ≤ 0.745 where ω is the angular frequency, a is the 

lattice constant 𝑎 = 0.655𝜇𝑚 , c is the speed of light in 

free space, and λ is the free space wavelength. 

 

 

 

 

 

         (1) 𝑎

𝜆
= 𝑓 

 
𝜆 =

𝑎

𝑓
=

0.655

0.285
= 2.228𝜇𝑚 

1.578 ≤ 𝜆 ≤ 2.228 .  
 0.879 ≤ 𝜆 ≤ 0.891 
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Fig. 2. The stop band of the structure. 

 

4.  RESULT 

 The sensitivity in the biosensor is obtained by using 

the displacement ratio of the sensitivity wavelength in 

two ways. In the first method, the magnitude of the 

sensor's resonance wavelength changes in response to 

changes in the refractive index, and in the second 

method, the displacement of the resonance wavelength 

is defined on the weight of the identified biomolecules. 

 In order to investigate the biosensor, the finite 

difference method in the time domain is used for the 

propagation of electromagnetic surface waves. A two-

dimensional Gaussian wave was used for stimulation. 

Fig. 3 shows the propagation maps using the simulation 

method.  

 
Fig. 3. Propagation maps using simulation method. 

 

The light enters the structure from the entrance part 

and after passing through the circular path, it is 

transferred to the exit path. 

 Fig. 4 shows the monitor changes per wavelength. 

 
Fig. 4. Monitor changes per wavelength. 

 

 

 The designed sensor is sensitive to the wavelength 

range of 2.14 µm and has a max. 

 According to the simulation obtained from Fig. 4, 

we choose the wavelength 𝜆 = 2.14𝜇𝑚 . The quality 

factor can be calculated according to the following 

relationship: 

 

(2) 
𝑄 =

𝜆

∆𝜆
= 267.5 

 

 The structure of the designed photonic biosensor can 

be optimized using several parameters.  

 

 
 

(a) 
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(b) 

Fig. 4. (a) Propagation maps in the optimized 

model, (b) Added holes are indicated by 

rectangles. 

 

These factors include: adding bars in the structure for 

effective light diffusion and shortening the response 

time. For this purpose, 6 holes have been added to the 

structure, which is shown in Fig. 5-b using a rectangle. 

By comparing Fig.s 5(a) and 5(b) find that the 

response time is shorter and the response can be seen 

from 50 seconds onwards, if without additional bars the 

response from 75 seconds onwards is obtained. 

In order to check the biomolecule detection ability 

by the biosensor, the refractive index around the sensing 

hole is changed and the output transmission spectrum is 

checked. If the transmission spectrum can be measured 

by changing the refractive index, the sensor has the 

ability to identify the biological molecule. Each value of 

the refractive index can be considered equal to a specific 

state in the measurement cavity. 

A refractive index equal to 1 was taken into account 

for the main stage of the sensing cavity without 

biomolecule attachment. The transmission spectrum of 

the biosensor output in six different refractive indices 

listed in Table 1 is shown in Fig. 6. 

 

Table 1. Refractive index of materials. 

material Refractive index 

Air (without 

biomolecules) 
𝑛 = 1 

Dry weather  𝑛 = 1.243 

aluminum 𝑛 = 1.244 

Water 35 degrees  𝑛 = 1.325 

Water 𝑛 = 1.33 

DNA molecule 𝑛 = 1.45 

 

According to the obtained results, the resonance 

wavelength has been transferred to longer wavelengths 

when the biological molecule is connected to the sensing 

cavity. Calculation of the sensitivity during the binding 

of the molecule has been carried out. With biomolecule 

binding, the dose resonance wavelength is the same as 

the main resonance wavelength. The sensitivity of the 

biosensor can be calculated using the following 

equation. 

 

(3) 𝑆 =
∆𝜆

∆𝑁
=

10𝜇𝑚

0.45
= 22.2

𝑛𝑚

𝑅𝐼𝑈
  

 

Resonance wavelength transmission by changing the 

refractive index can be used to identify different 

biomolecules such as identifying different types of 

proteins, identifying different types of viruses, 

identifying DNA molecules, or identifying the 

concentration of glucose molecules. 

 

 
Fig. 6. Output transmission spectrum in the sensor. 

 

 

5.  CONCLUSION 

A biosensor based on two-dimensional photonic 

crystals with a square arrangement was introduced in 

this research. To increase the efficiency of the two-

wavelength sensor was used on both sides of the 

intensifier to enter and exit the light. By connecting the 

biological molecule to the sensing cavity, the refractive 

index of the sensing cavity changed and caused the shift 

of the intensity wavelength in the output transmission 

spectrum. The sensitivity is equal and the quality factor 

is equal. Due to its small size, this sensor is immune to 

electromagnetic interference and has high quality and 

sensitivity. 
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