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This paper presents finite element analyses of laser action in honeycomb structures with

randomly positioned dangling bonds for the first time. Lasing phenomena in honeycomb

photonic crystals with random dangling bonds and that without dangling bonds are sim-

ulated. Population inversion of optically active medium, introduced to hexagonal hollows

of honeycomb structures, is modeled by negative imaginary part of relative permittivity.

The ratio of radiative power of amplified light waves and that of non-amplified light waves

are computed as amplification factor. In order to compare properties of those lasing phe-

nomena each other, distributions of electric field amplitudes of lasing states and radiation

directions are investigated. Giant amplifications of the energy of light waves flowing out

from the systems, that is, lasing phenomena are observed in both structures. Random

lasing phenomena occur in honeycomb photonic crystals with random dangling bonds.
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Fig.1 A honeycomb structure.

Table 1 Parameters to create analysis models.
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Fig.2 A honeycomb structure with removed dielectric links
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Fig.3 Finite elements.
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Fig. 4 Spectrum of the amplification factor in the range
0.1 < wa/27c < 1.0 for v = 0.002,0.005, and 0.010. The

number of computation points are 10001 for wa/2mc axis.
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Fig.5 The band structure of the honeycomb structure and
the distributions of electric field intensity, in a unit cell, of

3rd, 4th, and 5th lowest bands on wave vector k = (7/3q, 0).
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) Imaginary part. (c) Structure.

(a) Real part.
Fig. 6 Anti—symmetrlcal electric field distributions of 4th
band on wave vector k = (7/3a,0) with respect to the I'-K

direction. The number of expanded plane waves is 10201.
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Fig. 7 Amplification factor computed in the honeycomb
model for the range 0.790 < wa/27c < 0.820 and 0.00 <
v < 0.03. The numbers of computation points are 501 and

201 for wa/2mc and v axes, respectively.

(wa/2mc,v) = (0.79612,0.00150). (b) (wa/27c,~v) = (0.80554,0.00165).

Fig. 8 Electric amplitude distributions of lasing states of
lowest two thresholds in honeycomb structures in the range
0.790 < wa/2mwc < 0.820.
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lowest two thresholds in honeycomb structures in the range

0.790 < wa/2mwc < 0.820.
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Fig. 10 Amplification factor, for the range 0.625 <
wa/2me < 0.695, computed in the honeycomb structure with
random dangling bonds. The numbers of computation points

are 1001 and 201 for wa/2mc and 7 axes, respectively.

Fig. 11 Amplification factor, for the range 0.800 <
wa/2me < 0.835, computed in the honeycomb structure with
random dangling bonds. The numbers of computation points

are 501 and 201 for wa/2mc and 7 axes, respectively.
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Fig. 12 Electric amplitude distributions of lasing states of
lowest two thresholds in the honeycomb structure with ran-

dom dangling bonds in the range 0.625 < wa/2mwc < 0.695.

P S

3n/2 3n/2
(a) (wa/2me,v) = (0.63501,0.00645). (b) (wa/2mc,~) = (0.64306, 0.00645).

Fig.13 Polar plots of radiation directions of lasing states of
lowest two thresholds in the honeycomb structure with ran-
dom dangling bonds in the range 0.625 < wa/27c < 0.695.
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Fig. 14 Electric amplitude distributions of lasing states of

lowest two thresholds in the honeycomb structure with ran-
dom dangling bonds in the range 0.800 < wa/27c < 0.835.
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Fig.15 Polar plots of radiation directions of lasing states of
lowest two thresholds in the honeycomb structure with ran-
dom dangling bonds in the range 0.800 < wa/2wc < 0.835.
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