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Abstract

Plasmonic gratings like bull's eye can localize E field in subwavelength dimensions due to
excitation of surface plasmons. Due to this property, when integrated with Ge-on-Si
photodetector they can help in fabrication of ultra small photodiodes with high sensitivity
and high speed of response [1, 2]. Fig. 1 shows the schematic of bull's eye grating in both
top view and cross-sectional view with parameters optimized at 1550 nm. Since bull's eye
grating are used to focus light incident on the grating surface, we have numerically carried
out a frequency analysis for the same using COMSOL Multiphysics® software with plane
wave excitation at normal incidence.

The numerical simulation has been done in 2D axisymmetric model of COMSOL
Multiphysics® software. We have used the frequency domain study under the radio
frequency module. The 2D axisymmetric model has been chosen to accurately replicate
the annular nature of the grating shown in Fig. 1. We have excited the grating with plane
wave of the form exp(-izk_z) with normal incidence. The model has been assigned an outer
layer of perfectly matched layer to minimize reflections. The different parameters of the
grating optimized for 1550 nm are written down under definitions node and are used for
building the geometry [3]. Fig. 2 shows the model used along with the boundary conditions
and the dimensions. The metal used is Aluminium and we assume e(w)="1-(
w_pA2)/(wN2+iyw) where w_p=2.24x1016 rad/s is the plasmon frequency and y=1.22x1014
rad/s is the damping co-efficient [5]. We use a physics controlled mesh with maximum
element size as (2nf_0)/5 where f_0 is the desired frequency.

Fig. 3 shows the E field distribution across the bull's eye grating for w=w_p=2.24x10"16
rad/s . We compute the E field from the output of the grating across frequencies below, at
and above w_p, by a parametric sweep of f_0. It can be seen from Fig. 4 that for
frequencies below we have peaks of high amplitude with narrow line width due to the
presence of localized surface plasmons. The amplitude decreases for frequencies above
w_p and the line widths also become broad. This is due to propagating surface plasmons.
Thus we have investigated frequency response of the bull's eye grating leading to
excitation of surface plasmons at different frequencies.

We have computed a frequency study of the bull's eye grating using Al for 0.8<w_p<1.2.
The enhancement in the E fields due to excitation of surface plasmon polaritons can be
seen at specific wavelengths satisfying the grating coupling equation. These grating when
integrated with Ge-on-Si photodiodes will enhance responsivity at the computed
wavelengths, thus paving the way forward for photodiodes of ultra small active area with
high sensitivity and high bandwidth of operation.
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Top view and corresponding cross-sectional view of the
bull's eye grating

Figure 1:Top view and corresponding cross-sectional view of the bull's eye grating.
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2D Axissymetric model of the bull's eye grating in COMSOL

Figure 2: 2D axissymetric model of the bull's eye grating.
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Figure 3:log_10 |E| at w=w_p=2.24x10"16 rad/s.
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Figure 4: output E field from the cavity vs w/w_p.
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