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ABSTRACT 

In this paper a 2D Photonic Crystal array in SOI platform having hexagonal periodicity with a ring defect incorporated 

along with two bus waveguides is conceptualized and realized for various applications of optical communication, 

sensing etc. The ring structure filters out a resonant wavelength from the spectrum carried to it through the line defect 

where the resonated peak is determined by the effective ring radius. The hexagonal architecture enables more coupling 

length than an ideal ring structure which helps in better intensity accumulation. The resonant peak exhibited at 1554nm 

in simulation, which is observed in the optical characterization at 1543nm. This is attributed to the fabrication tolerance.  
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1. INTRODUCTION

The area of integrated optics is getting matured by the advent of high resolution fabrication technologies in research and 

the well-established routes of submicron electronics foundry. Among them, Photonic Crystals are one promising area 

where, scope of fundamental studies such as the light matter interaction1,2,3,4, few photon studies5,6,7 etc and application 

diversity covering sensors8,9,10, filters11, sources12, optical buffers13, switches14, are being addressed. Future systems are 

expected to replace many electronic techniques due to the inherent bandwidth, high sensitivity, immunity towards 

electromagnetic interference etc of integrated optical devices. Functionality and compactness are the key features of 

photonic crystal based photonic integrated circuits. Ring resonators are frequency dependent and frequency sensitive 

devices providing functionality independent of power levels involved, and expected to be more sensitive, efficient and 

compact10,15. 

In this work we are demonstrating a basic design of Photonic crystal hexagonal ring resonator coupled with two bus 

waveguides. The device is intended to work in the communication band of optical spectra with center wavelength at 

1550nm. Grating couplers with periodicity of 630nm and etch depth of 70nm is embedded on the same device layer 

along with tapered strip waveguides and 900 bends to facilitate i/p and o/p coupling of the PCRR device. The device is 

also demonstrated by adding free standing micro cantilever structure by etching underneath BOX layer for deflection 

sensing or tuning applications. 

2. DESIGN AND SIMULATION

The Photonic Crystal device is designed using the commercial packages such as RSOFT-Fullwave and Lumerical 

FDTD. We chose to work at 1550nm wavelength as center frequency due to the intended applications of filtering, WDM 

and DWDM in optical communication field and the easy availability of sources for optical characterization. With a line 

defect, by removing the holes along a line completely, the structure supported two guided modes to pass through as in 

Fig 1 and the spectrum allowed through is shown in Fig 2. In the design of ring resonator, a hexagonal ring with the two 

edges facing two bus waveguides is incorporated with a spacing of two consecutive lines of holes giving a separation of 

1065nm between the ring defect and line defects. This design is similar to that shown by Lee et.al16. The device is 

optimized with a lattice constant ‘a’ 410nm, hole radius ‘r’ 120nm, thickness of Silicon slab ‘t’ 220nm to have band gap 

at 1240nm-1600nm. The design of the ring resonator is given in Fig 3. In simulations we noticed that the ring is 

resonating at a frequency ~1554nm as shown in Fig 4. This can be considered as the condition of zero applied force16, 

when this PCRR is considered at the base of the cantilever. In simulations, this ring is having a Quality Factor (Q) of 

856.
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                     Figure 1. Guided modes in a line defect                                 Figure 2. Spectrum transmitted through line defect 

 

 

                     Fig 3. Photonic crystal ring design                              Fig 4. Ring Resonator Resonating at ~1554nm 

 

3. FABRICATION 

Fabrication of the device was carried using the Nano fabrication facilities available in National Nano Fabrication Centre 

(Centre for Nano Science and Engineering, Indian Institute of Science, Bangalore). The fabrication process was initially 

optimized by fabricating the individual components separately. The optimized process flow is given in Fig 5. Fabrication 

is carried out using Raith E-line Electron beam lithography facility. The device platform is Silicon-On-Insulator (SOI) 

with device layer thickness of 220nm. PMMA A4-950 spin coated at 6000rpm is used as photoresist. Combination of 

dil.MIBK and IPA in the ratio 3:1 is the developer used. The developing time is 35sec.  

 

Lithography followed by reactive ion etching (RIE) and wet etching are the processes employed in the fabrication. RIE 

is performed using Oxford Instruments Plasma Technology: ICP-RIE (Fluorine).The gases used for RIE process are SF6, 

C4F8 and ChF3. Besides, isotropic etching of underneath SiO2 is carried out using dil. HF, followed by critical point 

drying (CPD) to release the complete device. The SEM image of grating coupler is shown in the Fig 6. Grating couplers 

with periodicity of 630 nm and etch depth of 70nm is fabricated on the same device layer along with tapered strip 

waveguides of width 500nm and depth 220 nm. The waveguides are bend in 900 in order to facilitate input and output 

coupling of the device from fibers at opposite sides. Fig.7 shows PCRR with hole diameter 253nm and depth 220nm. For 

the fabrication we considered the photonic crystal device over a silicon cantilever. This is to check the feasibility of such 

a configuration as shown in Fig.8 presented in literatures10, 16. Cantilevers are fabricated by etching underneath BOX 

layer of 2μm thickness. Cantilever with width 15μm, length 50μm and thickness 220nm is fabricated. The SEM images 

of the fabricated complete device and the hanging cantilever with photonic crystal ring resonators are show in Fig 9 (a) 

and (b) respectively.  
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Fig 5. Fabrication process flow 

 

       

                                               (a)                                                                                  (b) 

Fig.6 Grating coupler, (a) Top view, (b) Cross sectional view 

                                    

              Fig 7. Photonic Crystal Ring Resonator (PCRR)           Fig 8. Schematic of Photonic Crystal Ring Resonator on cantilever 
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(a)                                                                                     (b) 

Fig.9: (a) False colored SEM image of completed fabricated device. (b) Released cantilever structure with photonic crystal 

4. CHARACTERIZATION  

The schematic of characterization setup is shown in Fig 10.The broadband ASE source operating in C and L band (OZ 

Optics limited) having high frequency spectral stability ensures better measurement and sensing. Optical spectrum 

analyzer (Yokogawa AQ6370) with high wavelength resolution of 0.02nm enables fast measurement. Light 

from broadband source is launched into the device using launching fiber and fabricated input grating coupler. The PCRR 

resonates at a particular wavelength that is measured using optical spectrum analyzer (OSA) with the help of fabricated 

output grating coupler and collecting fiber. Both fibers are single mode polarization maintaining optical fiber 

which are inclined at 100 into the grating in order to provide efficient coupling. The resonant peak exhibited at ~1554nm 

in simulation is observed at 1543nm in optical characterization as shown in the Fig 11. The variation is owing to the 

cumulative effect of various fabrication tolerance. 

 

 

Fig.10 Schematic of optical characterization setup 
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Fig 11. PCRR Resonating at 1543nm at no force condition 

CONCLUSION 

We have successfully fabricated and demonstrated a PCRR structure on a 220nm thin Si cantilever which can be used 

for various sensing applications. This PCRR device is designed for optical communication wavelength, hence can be 

extended to use as opto-mechanical switches or for filtering applications in various communication systems when 

suitable actuating schemes are followed. Optical characterization of the fabricated device yielded good agreement with 

the simulation results within the fabrication tolerance 
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