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We analyse the coupling of light between optical fibers and silicon waveguides in the 
Silicon-On-Insulator (SOI) platform. This platform, providing both high-index contrast 
and low optical absorption, along with CMOS compatibility, is the leading candidate for 
the realisation of integrated photonic circuits in silicon[1]. However one outstanding 
issue is how to couple light from a single-mode optical fiber (which is the optimal 
system for long distance light propagation) into the SOI waveguide, taking into account 
the large difference in the lateral dimensions of the modes. 

Solutions involving the etching of a grating on top of the waveguide, called grating 
couplers (Cs), have been proposed and implemented in the last decade [2]. In SOI with 
standard waveguide thickness of 220 nm, proper optimisation leads to a relatively high 
coupling efficiency (up to -1.9 dB (65%) for apodized 1D Cs [3], and up to -3.2 dB 
(48%) for uniform 2D Cs [4]). However, such Cs have relatively narrow bandwidths 
(the -1 dB bandwidth is usually around 40 nm) which is unconvenient for many 
applications. In this work, we theoretically analyse the bandwidth problem for 1D Cs 
in 220nm SOI operating at λ=1.55 µm (the structure is sketched in Fig. 1) using FDTD 

simulations.  

 

Fig. 1. Sketch of the grating structure and parameters involved. 

We analyse the dependence of the bandwidth as a function of the grating parameters, 
restricting ourselves to uniform gratings. oing beyond previous works, we study this 
behaviour as a function of the diameter of the fiber mode (Mode Field Diameter, or 
MDF), which corresponds to varying the grating footprint. For standard single-mode 
fibers used in telecommunication, the MFD is fixed to 10.4 μm, but can be reduced by 
employing lensed fibers. We show that the bandwidth is mainly determined by two 
contributions. The first is the finite dimension of the spot of light incident on the 
grating, which, in agreement with [5], tends to decrease with increasing MFD. The 
second is due to the intrinsic width of the photonic mode that mediates the coupling 
inside the grating coupler [4]. As a general rule, increasing the bandwidth can be 
achieved by reducing the MFD.  
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We then go beyond uniform gratings, and consider a general optimization (apodization) 
to determine the optimum combination of bandwidth and peak coupling efficiency, by 
varying the width and position of each groove in the grating. We achieve this with a 
Particle Swarm Optimisation (PSO) algorithm with Multi Objectives [6]. The aim of this 
algorithm is to find the so-called Pareto front, namely the ensemble of all structures 
that provides the best compromise when maximising both bandwidth and coupling 
efficiency,  yielding the maximum coupling efficiency for a given bandwidth, and vice-
versa. The results of this analysis, carried out for different values of MFD (4, 6, 8 and 
10.4 µm), are presented in Fig. 2. They clearly show an inverse relation between 
bandwidth and CE, and an increase of achievable bandwidth on reducing the MFD. 

 

Fig. 2. Pareto fronts found for each optimization. Inset: fixed parameters of each 
structure (the period refers to the chirped grating used a starting point). 

In conclusion, we have identified the role of MFD as a main control parameter in 
determining the achievable bandwidth, and we have illustrated a promising strategy to 
analyse the relation between coupling efficiency and bandwidth for non-uniform 
grating couplers.  Bandwidths of up to 80-100 nm can be achieved, with only a slight 
reduction of the maximum CE.  The results of this work have application in broadband 
photonics, such as multi-channel wavelength division multiplexing and environmental 
sensing. 
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