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Fig. 1. (color online) (a) The band structure of a 2D square lattice PhC for the TE polarization; (b) the

3D surface plot of the band structure shown in (a) as a function of wave vectors in z and y directions. The

Dirac-like point is indicated by an arrow; (c) the iso-frequency contour of the forth surface mode.
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Fig. 2. (color online) The electric field patterns of the threefold degenerate modes near the Dirac-like point.
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Fig. 3. (color online) Field distribution in a hollow waveguide: (a) the source is a TE mode of a waveguide

port; (b) the source is a Gaussian beam. The gray rectangle indicates the region of dielectric cylinders.

X 2617 x 21 FGF dnfR B A R 4 (a)
Fiw, ANERLRAREARIFIE T . BT L
E B A TG B AN O 389 1 I 1 0.088, 45 44 13
WA TR AL, BTSSR R, 29K
P55 5 AL B 13.225 GHz(U0 3 B KB 26 7w ) RS i
2 BEAT R 1 13.24 GHz. Z8HKHi 70 S (135
St Bl A T T TS R 3 i gk, 58 12.5 GHz
B B9 47 9354, T 13.5 GHz BT (35 5 % )L
FARZ TR, T T IE R R R X M

%, BATXFIEM 12.5 GHz, 13.5 GHz A3k $i 78 55
13.225 GHz M2 0.05 GHz 3t [ 135 5t 5 BT 3,
o8 H A [ A3 238 Ak 1)~ 350325 S5 6 B TG P ) A8 A %
A, i 4 (b) Fias. MBI FRE S F2 ok v
TG IR A — B0, #E BE A T IR 0 i S
FRIF /N, ARSI AT o0 20 G R T B 1 A B R 4%
1. 1M 13.5 GHz Wiz i35 5 2 JL-F A2 L7 1 5%
Wi, SN T ARREX RIS, A4 LR A RE A EE
AT

174206-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 4 Acta Phys. Sin.

Vol. 64, No. 17 (2015) 174206

ﬁ 10-2
) —o— §=0.000
—— §=0.022
- - - §=0.044
10-3 — - §=0.066
~~~~~ §=0.088
1 "
12.5 13.0 13.5 14.0 14.5
Wi /GHz
0.15 |- (b)
. 0.10
%’r —=— 125 GHz
b - A 13.225 GHz
0.05 -e- 13.5 GHz
0 | | .
0 0.03 0.06 0.09
5

B4 (MTIER) (a) 2617 x 21 FIDGT AR IE 5 2
ToFF BE AR IR R, TR A H KL B BT TE B L B
TR 15 1 2% 2 (b) o FHI RO B 0.05 GHz; (b)
ANFIARE f R 0.05 GHz St 1038 5 2 13 E B o e
BERIARN G R (BT H A = A AR € B 5 Sl X L
12.5 GHz, 13.225 GHz 1 13.5 GHz. ®ZE#ENAFTLF
SRR )

Fig. 4. (color online) (a) The simulated transmission
spectra for PhCs with 26 line x 21 column as the
random degree increases. The dotted vertical line in-
dicates the Dirac-like point. The gray bars indicate
the regions of averaging used in (b); (b) the averaged
transmissions versus § when the frequencies are at 12.5
GHz (black squares), 13.225 GHz (red triangles) and
13.5 GHz (blue circles), respectively. The error bars
indicate the tolerance. The lines with different styles

are guide to the eyes.
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Abstract

Recently, Chan and his collaborators reported that a crossing point of bands can be achieved at the Brillouin zone
center in two-dimensional (2D) dielectric photonic crystals (PhCs) by accidental degeneracy of modes. At the crossing
point, the accidental threefold degeneracy of modes generates a Dirac cone and an additional flat band (longitudinal
mode) intersecting the Dirac cone. This is different from that of the Dirac point at the corner of the hexagonal Brillouin
zone in which only Dirac cone exists. As a result, the crossing point at the Brillouin zone center is called a Dirac-like
point. If the accidental degeneracy occurs by a monopole mode and two dipolar modes, the dielectric PhCs can be
mapped to a zero-refractive-index system in which the effective permittivity and permeability are zero at the Dirac-like
point from the effective medium theory. According to the Maxwell equations, if the permittivity and permeability are
zero, the optical longitudinal modes can exist, in additional to the well-known transverse modes. The additional flat band
at the Dirac-like point is closely connected with the longitudinal mode. For a homogeneous zero-index material (ZIM),
the flat band is dispersionless and the longitudinal mode cannot couple with the external light. But in a finite-sized PhC,
there is always some spatial dispersion, so the flat band is not perfectly dispersionless when it is away from the zone
center. Therefore, if the wave source is a Gaussian beam with non-zero k-parallel components, the longitudinal mode can
be excited. And the effective wavelength of ZIM is extremely large, leading to many scattering properties. However, in a
PhC which behaves as if it had a zero refractive index, it is very interesting to show how the longitudinal mode influences
the wave propagations in the PhC when the longitudinal mode is excited. In this paper, the effect of longitudinal mode
on the transmission properties near the Dirac-like point of PhCs is investigated by numerical simulation. The alumina
dielectric rods can be moved randomly in the structure to result in the disorder of the structure. Our results show
that the transmission properties at the Dirac-like point are very different from those near the Dirac-like point, when
the longitudinal mode is excited. At the Dirac-like point, the transmittance decreases with increasing disorder, as a
result of the influence of the longitudinal mode, which is similar to the one in the pass band. Above the Dirac-like point
without the disturbance of longitudinal mode, the transmittance is insensitive to the disorder in the structure, so that
the structure may mimic a near-zero index materials and have a large effective wavelength. These results may further

improve the understanding about the optical longitudinal mode and the zero refractive material.
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