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Applications of the transmitted phase properties of photonic

crystals in all-optical switches and logic gates

LIANG Wen-yao, XU Zi-hao, LIANG Jun-keng, CHEN Yi-jing
( Department of Physics, School of Science, South China University of Technology, Guangzhou 510640, China )

Abstract: By using the transfer matrix method, phase properties of the transmitted light were studied
from one-dimensional photonic crystal coupled-defect structure with the form as (HL)*A(LH)* containing
N defects. It is found that for £ = 0, the transmitted phase curve is nearly linear. While for £ > 1,
the transmitted phase curve is stepwise and changes drastically around each transmitted peak with the
corresponding phase-shift = or so. When introducing nonlinear materials, slight change of refractive index
will result in a perfect m-phase-transition. Moreover, the transmittance is near zero at the m-phase-transition,
which is helpful to reduce the influence by the dynamic chirp. Such phase properties hold great promise in
designing various phase devices. Based on these properties, the sensitive all-optical switch and logic gate

devices were designed as examples.
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Fig.1 (a) The PC structure with single defect, (HL)*D(LH)* with nr, = 1.38, nu = np = 3.6, and the optical
thickness nrdr, = nudu = Ao/4, npdp = Ao/2 (Ao being the central wavelength), (b) The calculated

transmittance T, reflectance phase ®#r and transmitted phase &1 of the PC structure
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Fig.2 (a) Transmittance T and (b) Transmitted phase &1 for the coupled-defect PCs with the form as
(HL)* A(LH)* containing three defect layers. The solid and dashed lines are for the cases of
k = 0 and 1, respectively
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Fig.3 (a) The transmittance for the PC with or without a substrate, (b) The transmitted phase for the PC

with or without a substrate. The refractive index of the substrate is ns = 1.52
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Fig.4 (a) Transmittance and (b) Transmitted phase &t for the considered PC with a substrate (ns = 1.52).
A&7 is the change of the transmitted phase with An = 0.05%. The values of A &1 are 0.9987 and 1.0037 at I

and II, respectively
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Fig.5 The schematic for the scheme of all-optical switches and logic gates based on the

m-phase-transition properties
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Table 1 XNOR functions of the proposed scheme
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