











043514-5

Shi et al.

- - - 0=0.2758 4
- —=0=0.2828

—0=0.2899 |
— - =0=0.2970
= -+ Q=0.3041
===-0=0.3111 7

-
o
T
—~
D
~

o
o]
T

Intensity (Arb. Units)
o o
S (=]
L} L)

o
N
T

5d 10d 15d 20d 25d 30d 35d
Distance along Y-Coordinate

FIG. 6. (Color online) Simulated electromagnetic wave propagation of the
PC composite (PC,+PC,, PC, has 17 layers in the center and PC, has 7
layers at each side) at a normalized frequency of (a) Q=0.2758, (b) Q
=0.2899, (c) Q2=0.2970, and (d) Q=0.3111. (e) Wave intensity along
y-coordinate measured by the line receiver.

Quantitative analysis [Fig. 6(e)] based on the FDTD
simulated results indicated that for all the frequencies within
AQ,,,, most waves were collimated and confined in the cen-
ter region after they passed through the PC composite. The
transmittance of the PC composite is between that of PC,
and PC, because the introduction of PC, between PC; and
the background medium serves as a refractive index match-
ing layer, thus improving the transmittance. As a result, the
transmittance in the PC composite was comparable to the
single PC-based collimation lens, which coincides with the
observations in Figs. 4—6. The curvature of the wave fronts
after passing through the PC composite are of the same order
as those that pass through the single PCs, indicating that the
collimation quality is maintained while the working fre-
quency range is broadened. The FDTD-simulated results
(Fig. 4-6) indicate that in comparison to single PC struc-
tures, a PC composite features better collimation perfor-
mance in a wider frequency region; this finding was con-
firmed by the PWE method (Sec. III).

V. SUMMARY

The collimation phenomena of PC composites were in-
vestigated numerically through both PWE and FDTD meth-
ods. The flat bands were the key to determine the self-
collimation characteristics of electromagnetic waves. An
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optical collimation lens composed of two PCs (GaN cylin-
ders in air) with different filling fractions greatly enlarged the
collimation region over a wide frequency range, thereby re-
alizing wide-band optical collimation. The methodology de-
scribed in this work allows one to confine optical energy
flow over long distances of operation, enabling applications
such as light-emitting diodes, imaging devices, biosensors,
and waveguides.%f45
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