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Figure 1. Sketch of a waveguide with a grated 
section; A and B are reference planes for defining 
the grated section.

Figure 2. Experimental transmittance of a grated 
waveguide and results calculated with the presented 
model 
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The paper presents a simple coupled mode model to describe near band-edge phenomena in the transmission 
spectra of waveguides with a section containing a rectangular grating.  

Summary
It is well known that the features of the 
near band-edge transmission spectrum of 
a waveguide with a partly grated section 
(see figure 1) are dominated by the effects 
of strong dispersion. In this wavelength 
region sharp transmission peaks (see 
figure 2) are found corresponding to 
strong field enhancement inside the 
cavity, defined by the grated section. 
These phenomena can be explained by 
considering the grating section as a 

Fabry-Perot cavity for the grating mode(s) (strong reflection at the boundaries of the grating 
section), together with the dispersive properties of these modes which are composed of forward and 
backward moving fields. 

It is the aim of the paper to show that 
from the wavelength position of the 
near band-edge transmission peaks 
most of the relevant parameters of the 
grating device can be deduced. First it 
is argued that, due to the symmetry of 
the grating (with rectangular grooves) 
the modal reflection and transmission 
coefficients for the transitions are 
nearly real. Using the latter, the 
approximate shape of the near band-
edge dispersion curve, defined by 

( )  with  the propagation constant 
and  the wavelength, of the 
propagating grating modes can be 
deduced from the positions of the 
transmission peaks for a structure with 
a given grating length. Next, from the 
dispersion curve most of the relevant 

device parameters, such as width of the peaks, field enhancement, modal group velocity, group 
delay and peak position as a function of the length of the grated section can be derived in good 
approximation. The presented theory is illustrated with numerical calculations and results of 
experiments on waveguides with grated sections.  
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Particles shaped as e.g. spheres and ellipses with different refractive indices have been studied under plane wave 
illumination using simulation tools such as 2D-FDTD and 3D-MMP. For specific conditions the power distribu-
tion in the vicinity of the particle’s opposite boundary has resulted in a tightly-focused photonic nanojet.  

Summary 
The emergence of photonic nanojets that appear on the shadow-side of illuminated cylindrical 
particles have been recently studied in very detail [1-2]. The possibility of undergoing the diffraction 
limit [3] can be useful for various applications such as scanning near-field optical microscopy 
(SNOM), high-resolution lithography, advanced optical (and magnetic) data storage schemes, for
immersion lens microscopy and for the fluorescence imaging of living cells [4].  

In this paper, we report on the optimization of various dielectric particle shapes with respect to a 
highly confined power distribution in the resulting nanojet. The latter has been parameterized 
according to the beam waist and its beam divergence. The simulations have been performed using 
an advanced 2D finite-difference time-domain (FDTD) scheme (with a tailored material dispersion 
model and accurate boundary averaging features), whereas 2D and 3D reference simulations were 
carried out with the semi-analytical multiple multipole (MMP) method. Circular and elliptical particles 
with different refractive indices have been extensively analyzed, rendering elliptical particles as a 
promising candidate for highly directed nanojets (c.f. Fig.1). Spherical shapes to obtain optimal 3D 
nanojets pose an additional challenge in order to find the associated refractive indices to the particle 
sizes involved. Other than symmetrical particle shapes are now under further investigation. 

(a)             (b)                 (c) 
Fig.1: Nanojets for two different particle shapes illuminated by a plane wave from the left (  = 500 nm; E-
polarization): Time-averaged Poynting field for the (a) circular shape with d = 5 µm, n = 1.54; (b) elliptical 
shape with d2 = 0.9·d1 = 4.5 µm, n = 1.4. (c) Transversal beam profile of the resulting nanojets (red: circular 
shape, blue: elliptical shape) where the elliptical particle yields a beam waist of WFWHM = 240 nm. 
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