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A photonic crystal flat lens insensitive to polarization mode
and light source
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Abstract: A scatterer-size gradient photonic crystal flat lens is proposed, which can simultaneously realize point source
imaging and plane wave focusing in TM and TE polarization modes, and both imaging and focusing break through the
diffraction limit in TM polarization mode, and realize sub-wavelength imaging and focusing in TE polarization mode.
This flat lens can realize polarization-insensitive imaging and focusing without any additional polarization components.
It is expected to be used in the design of multi-functional optical polarization-insensitive imaging and focusing devices,
and can be applied to real-time biological display, high-density optical storage and microelectronic lithography, and im-
prove the application potential of gradient PC flat lens.
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Fig. 1 The model of two-dimensional (2D) triangular lattice

PC flat lens with scatterer-size gradient: The red arrow repre-
sents the light path of plane wave focusing, and the black arrow

represents the light path of point source imaging
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Fig. 2
m (blue). (b)TE polarization band structure of CPC with r = 0.29um (black), 0.39um (red) and 0.49pm (blue). Dot dash line,

(a)TM polarization band structure of common photonic crystal (CPC) with 7 = 0.29um (black), 0.34pum (red) and 0.39u

dot line and solid line represent the first, second and third bands respectively. The EFL of the second TM polarization band of
CPC: (¢)r =0.29pm, (d) r = 0.34pum, (e) r = 0.39um. The EFL of TE polarization band of CPC: (f) r = 0.39um (the second
band), (g) r = 0.44 pum (the third band), (h) r = 0.49um (the third band). (i) The red, purple and black solid lines represent
(¢), (d) and (e) EFL corresponding to the incident light source frequency, respectively. (j) The purple and black solid lines repre-
sent (g) and (h) EFL corresponding to the incident light source frequency, respectively. Because (f) has no negative refraction, it
is no longer studied separately. The blue dot line is EFL of light cone. The black arrow is an incident beam, incident from the air in-
to the PC. The red arrow is the propagation direction of the beam in the PC, that is, the refracted beam. (i) and (j) are only sche-

matic diagrams***',
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Fig. 3 Take A = 3.303um (90.84 THz) as an example. The field distribution of spherical wave stimulated by point source incident
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on the PC flat lens with scatterer-size gradient: (a) TM polarization mode. (b) TE polarization mode. The field distribution of

plane wave incident on the PC flat lens with scatterer-size gradient: (¢) TM polarization mode. (d) TE polarization mode. In TM

and TE polarization modes, the field power of point source (PS) imaging and plane wave (PW) focusing: (e) axis plane (f) im-

age plane and focal plane. STM and STE represent the field power of point source imaging in TM and TE polarization modes re-

spectively. WTM and WTE represent the field power of plane wave focusing in TM and TE polarization modes respectively.
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