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Abstract: The proposed work demonstrates the performance evaluation of graded index photonic 

crystal resonator structure using finite element method. This exhibits generation of lower energy 

resonating mode having 125% higher sensitivity than conventional resonator structures. 

 

1. Introduction 

The periodic nano-photonic structures are considered as a primary element in various integrated optics applications. 

This is because of their inherent capability to control, manipulate and guide light with less attenuation [1], where 

gradient refractive index distribution can further be applied to add extra design freedom. This enables to obtain a very 

high refractive index contrast within same material and consequently leads to almost negligible interface induced 

losses. Thus, it provides design scalability at any user defined wavelength range. Additionally, this also leads to modify 

the mode dispersion characteristics more effectively, hence plays major role in designing beam aperture and deflector, 

high efficiency bending waveguides, high-efficiency couplers, self-focusing media, artificial optical black holes, and 

antireflection coatings [2].  

In the manuscript, this property is used to design a highly efficient graded refractive index photonic crystal 

resonator (GI-PhCR) structure, where RI varies exponentialy along the width of the layer. The proposed GI-PhCR 

structure comprises a single silicon material having RI of 3.45 and physical thickness of 112nm. The exponentially 

grading mechanism is used to design “Substrate/(G,B)3/ D/ (G,B)3/Air” structure, where ‘G’ is the graded refractive 

index material (exponentially graded silicon from 1.6 to 3.45) and ‘‘B’ is the porous silicon (RI = 1.6) having physical 

thickness of 242nm [3]. The exponential graded refractive index is denoted by n(y), ( 𝑛𝐸(𝑦) = 𝑛𝑖exp (𝛽𝑦)) with 𝛽 as 

the exponential grading parameters. The structural response is compared with the conventional step index photonic 

crystal resonator structure. The conventional design comprises layers of material ‘A’ and ‘B’ forming “Glass/(AB)3/ 

D/ (AB)3/Air” structure. Material ‘A’ is considered as a high RI silicon material (RI = 3.45) having physical thickness 

of 112nm, whereas material ‘B’ is the porous silicon (RI = 1.6) having physical thickness of 242nm. This gives the 

46% index contrast between step index design, as shown in Fig. 1. 

 
Fig. 1: Schematic diagram of the proposed design with (a) Step index layers showing refractive index variation within the structure (dash line), 

and (b) Graded index layers showing exponentially refractive index variation within the structure (dash-dot line). 

2.  Results and Discussions 

The performance analysis of the proposed design is carried out using both finite element method (FEM) and transfer 

matrix method (TMM). Introduction of defect layer ‘D’ leads to generation of resonant mode in the structure. The 

analysis depicts that for the same materials and constant parameters, the GI-PhCR structure exhibits comparatively 

lower energy resonating mode. The analysis is further extended to compare the sensing performance of both the 

structures. The analyte having equivalent RI of cholesterol is infiltrated within the structure. The cholesterol 

concentration of 200mg/dl (equivalent RI = 2.49) and 300mg/dl (equivalent RI = 3.47) are considered as normal and 



high-risk level in human body [4,5]. Thus, analyte of 2.49 RI is considered as reference. The reflectance spectrum of 

step index PhCR and GI-PhCR structure with varying defect layer thicknesses are shown in Fig. 2. Here, defect layer 

thickness under analysis is varied from Dh to 1.5Dh. 

 
Fig. 2. Reflection characteristic of proposed structure at normal incidence (a, b) step index resonator structure with defect layer thickness Dh, 1.5Dh. 

and (c, d) Graded index resonator structure with defect layer thickness Dh, 1.5Dh  

For defect layer thickness equivalent to Dh, the SI-PhCR structure possess 128nm/RIU average sensitivity over 

the wavelength range of 1400 to 1600nm, whereas the average sensitivity (𝑆 =
∆𝜆

∆𝑛
  ) value of GI-PhCR structure is 

287nm/RIU. Similarly, for defect layer thickness equivalent to 1.5Dh, the SI-PhCR structure possess 186nm/RIU 

average sensitivity over the wavelength range of 1550 to 1800nm, whereas the average sensitivity value of GI-PhCR 

structure is 316nm/RIU.  Thus GI-PhC structure exhibits 124% higher sensitivity then conventional SI-PhCR device. 

Therefore, our proposed GI-PhCR structure possesses relatively higher sensitivity and much better performance to 

detect various analyte concentrations compared to recently reported designs. 

3.  Conclusion 

In summary, an exponentially graded photonic crystal resonator structure is proposed in “Substrate/(GB)3/ D/ (GB)3” 

configuration to be used as nano-photonic sensors. The structural parameters like number of layers, defect layer 

thickness, grading profile and porosity values are optimized to obtain the best results. Under the optimum structural 

parameters, the proposed GI-PhCR demonstrate 124% higher sensitivity value in comparison to conventional SI-

PhCR at normal incidence. The obtained sensitivity is high enough to detect a small concentration of analyte. 
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