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Fig. 1. (a) Illustration of the unit cell of the dielectric photonic crystal for the realization of PLM; (b) band structures of the

photonic crystal for transverse-electric polarization; (c¢) equal frequency contours in the second band; the red lines denote the equal

frequency contour at fa/c = 0.3427 ; (d) pseudo-local effective parameters of the photonic crystal.
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Fig. 2. Electric field-distribution for a transverse electric-polarized Gaussian beam incident from air onto the (a) PLM plate and

(b) LMC plate under 30°-incidence at fa/c = 0.3427 .
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Fig. 3. (a) Transmittance through the PLM plate as the function of the incident angle in the LMC background; (b) electric field-dis-
tribution when an electric monopole source is placed on the left side of the PLM plate in the LMC background.
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Fig. 4. Left: equal frequency contours of the photonic crystal-based PLM (red) and the background medium (gray) at (a) fa/c = 0.3427

and (b) fa/c = 0.3556. Right: electric fields-distribution for a transverse electric-polarized Gaussian beam incident from the back-
ground medium onto the PLM under 25°%incidence at (a) fa/c = 0.3427 and (b) fa/c = 0.3556.
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Fig. 5. (a) Illustration of an all-angle phase grating based on the PLM; (b) electric field-distributions for transverse electric-polar-

ized plane waves incident onto the phase grating under 10°- (left), 45°-

(middle) and 60°- (right) incidences.
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Pseudo-local effect medium theory”
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Abstract

Effective medium theory is of great importance for using the artificial microstructure materials to extend
the optical parameters. In this article, we develop a new kind of effective medium theory for artificial
microstructures with nonlocal effects, like photonic crystals, which we name the pseudo-local effective medium
theory. The optical properties of the pseudo-local effective medium are described by effective local permittivity
€’? (w) and permeability ‘%’ (w), together with an additional wave vector k,. We find that the pseudo-local
medium exhibits a unique blend of local and nonlocal characteristics. On the surface normal to k., the pseudo-
local medium is optically equivalent to its local medium counterpart. While on the surface parallel to k., the
abnormal wave phenomena induced by inherent nonlocality, such as negative refraction and total reflection,
may occur. Furthermore, it is found that a n phase shift is added to transmission wave through the pseudo-
local medium composed of odd number of unit cells under all incident angles. Based on this unique feature, an
all-angle phase grating is proposed. Our work opens a route towards the advanced optical devices based on the

pseudo-local effective media.

Keywords: pseudo-local effect medium, effective medium theory, photonic crystal
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