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Abstract: We present a device that flows a beam incident at any position and angle along the input
side of a lattice to a single zone at the output. We report the performance of the device. © 2021 The Author(s)

1. Introduction

Spatially-variant photonic crystals (SVPCs) are periodic structures that are bent, twisted, or otherwise spatially
varied to achieve an optical function while minimizing deformation of the unit cells to preserve optical properties of
the lattice, like self-collimation [1]. Self-collimation is a phenomenon observed in photonic crystals where light is
forced to propagate along a specific direction within the lattice without diffracting. Self-collimating SVPCs have
unlocked a vast domain of possibilities for new optical devices. They have been used to control the beam direction
at both microwave and optical frequencies [2,3], and more recently, to control multiple properties of light at the
same time [4]. In this work, we demonstrate a photon funnel design based on self-collimating SVPCs. Numerical
simulations show that the photon funnel collects light incident at any position and angle along the input and directs it
towards a concentration zone at the output.

2. Device Design, Results, and Discussion

The photon funnel design, shown in Fig. 1(a), is composed of 60x60 unit cells with lattice spacing a. The unit cell
used for this design is described in [5]. To evaluate the optical performance of the device, we performed numerical
simulations using the finite-difference frequency-domain (FDFD) method [6,7]. We used a Gaussian beam source
with a wavelength of 1o = a/0.4831 and a beam width of w = 4/0. We calculated the insertion loss (IL) by integrating
the Poynting vector at the right side of the simulations with and without the photon funnel present and calculating
their ratio.
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Fig. 1. (a) Photon funnel design for a 6060 unit cell lattice. The arrows along the left side depict the source at different positions along the input
side of the lattice. The concentration zone, located along the center of the lattice at the output side, is 15 unit cells wide. (b) Insertion loss
calculated by varying the position of the source along the input side of the photon funnel. The average insertion loss (dashed line) is only 0.6 dB.

For the first test, we varied the position of a source at normal incidence from the top of the lattice (ys = 4a) to
the bottom of the lattice (ysre = 56a), as depicted by the arrows in Fig. 1(a). The results of this sweep are given in
Fig. 1(b), where the average insertion loss (IL = 0.6 dB) is denoted by the dashed line. It is clear that this design
performs very well no matter the position of the source. The simulations in Fig. 2 show the fields for three cases.
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g. 2. Electric fields from FDFD simulations of the photon funnel. (a) The source is incident at y. = 4a and the insertion loss is IL = 0.58 dB.
(b) ysre =30a and IL = 0.26 dB. (¢) yse = 56a and IL = 0.52 dB.

To calculate the angular acceptance of the photon funnel, we performed an angle sweep between +15°. For each
angle, we varied the position of the source from the top of the lattice to the bottom of the lattice and calculated the
average insertion loss. The results, given in Fig. 3(a), show that the insertion loss remains below 3 dB for incident
angles |Ginc| < 12°.

Next, we calculated the fractional bandwidth (FBW) of the photon funnel by setting i, = 0° and performing a
wavelength sweep between 0.85 < Ainc/A0 < 1.20. The results, plotted in Fig. 3(b), show that this design has an
insertion loss less than 3 dB for wavelengths between 0.88 < Ainc/40 < 1.17. This gives an impressive FBW of 29%.

@ S (b)

4+ 4

83’ 83,

= =

=Py =Py
1} 1}
0 : : ‘ ‘ : 0 : | :
-15 -10 -5 0 5 10 15 0.9 1 1.1 1.2

. A JA

inc inc " 0

Fig. 3. Insertion losses calculated from the parametric sweeps on the photon funnel. (a) Results obtained from the angle sweep. (b) Results
obtained from the wavelength sweep.

3. Summary

In conclusion, we demonstrated a photon funnel design that flows a beam incident at any position and any angle at
in the input face to a concentration zone at the output face with an average insertion loss of only 0.6 dB. The FBW
of this device is calculated to be 29% and the angular acceptance is |finc| < 12°.
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