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Fig. 1. (color online) Schematic of one-dimensional
N-layer photonic crystal consisting of arbitrary mate-

rials.
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Fig. 2. (color online) The relations between reflection
phase and the thickness of surface layer for the simple
structure of Hg(LH)7 at central frequency: (a) Nor-
mal incidence case; (b) refection phases of both TE
and TM polarizations, and (c) the phase difference
between the two polarizations at an incident angle of
30°.
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Fig. 3. (color online) The relations between reflec-
tion phase and the thickness of surface layer for the
coupled-cavity photonic crystal at w/wg = 1.02513:
(a) Normal incidence case; (b) refection phases of both
TE and TM polarizations, and (c) the phase difference
between the two polarizations at an incident angle of
30°.
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Fig. 4. (color online) Panels (a) and (b) are the distri-
butions of reflectivity and reflection phase difference
AO = O1g — 01 at an incident angle of 30°, respec-
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Fig. 5. Several typical curves of the relation between
reflection phase difference A8 and the thickness of sur-

face layer.
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Fig. 6. (color online) (a) Schematic of the designed
photonic crystal with two-dimensional periodic varying
thickness of surface layer form 0 to Ag/4; (b) schematic of
light-path configuration for eliminating coherence based

on one-dimensional photonic crystal.
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Abstract

In this paper, we first improve the traditional transfer matrix method to adapt to one-dimensional photonic crystal
consisting of arbitrary materials, and then use it to study the reflection phase characteristics of two kinds of photonic
crystals, i.e., a simple periodic photonic crystal structure and a coupled-cavity asymmetric photonic crystal with gradually
changed thickness of surface layer. For both of the structures, the reflectivity within photonic band gap is above 98%
and hardly affected by the thickness of the surface layer. However, their reflection phases exhibit distinctly different
properties. For the simple photonic crystal structure, the reflection phases of both TE and TM polarizations are
sensitively dependent on the thickness of surface layer, but their phase difference is almost the same as the thickness of
surface layer varies, which cannot change the polarization of reflected light. While for the coupled-cavity asymmetric
photonic crystal structure, studies show that the degenerate defect modes within photonic band gap will split as the
thickness of the surface layer varies. Moreover, around the splitting defect modes the reflection phases of both TE and
TM polarizations, as well as their phase difference, are sensitively dependent on the thickness of surface layer, resulting
in sensitive polarization change of reflected light. The physical reason is attributed to the dramatic phase change caused
by the splitting of degenerate defect modes. The above reflection phase characteristics of coupled-cavity asymmetric
photonic crystals have potential in lowering or even eliminating the coherence of lasers in some special application cases.
As an example, we design a one-dimensional photonic crystal structure with two-dimensional periodic varying thickness
of surface layer. After an oblique incident narrowband laser beam is reflected from this structure and then focused
by a lens, various polarized light beams (including linear polarized light beams along different directions, left-hand (or
right-hand) circular (or elliptical) polarized light beams) will exist simultaneously, whose superposition will produce
optical field with random phase and polarizations in the focal region. These results can effectively reduce the coherence

of lasers, which holds promise in many fields such as laser nuclear fusion.
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