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device is fabricated using a binary lithography process on
flat substrates. Retroflectors thus fabricated may be incor-
porated with other optical components such as optical modu-
lators.

FIG. 1 depicts an example cat’s eye type retroflector 100.
Light 101 incident to the retroflector 100 is focused by the
lens 105 at the mirror position 107 and is reflected back by
the mirror 106 along the incident angle 109. In an example
embodiment, a retroflector operable as shown with reference
to FIG. 1 is implemented.

FIG. 2 depicts an example retroreflector device 200,
according to an embodiment of the present disclosure.
Example retroreflector device 200 comprises a flat lens 211
and a flat mirror 222, which are disposed in a substrate 299.
An optically transparent spacer layer 233 separates the flat
lens 211 and the flat mirror 222.

As used in this sense, the term “transparent” refers to a
property (e.g., transmissivity) of the spacer 233, which for a
frequency range over which the retroreflector 200 is oper-
able optically, allows for transmission through spacer 233 of
substantially all light incident on a surface thereof without
significant optical loss therein (e.g., from absorption or
reflection).

In an example embodiment, the flat lens 211 and/or the
flat mirror 222 are implemented by patterning a layer of
material having a high refractive index in a quasi-periodic
array.

As depicted in FIG. 2 for example, the lens 211 and the
mirror 222 are implemented as a quasi-periodic array real-
ized by gradual changes introduced over diameters of cir-
cular posts, which are patterned over a hexagonal lattice.
Example embodiments may also be implemented with
arrays comprising patterns of other types and kinds of lattice
forms and/or unit cell elements. In an example embodiment,
the flat lens and mirror may be implemented using quasi-
periodic structures having one dimension.

In an example embodiment, the flat lens 211 may be
implemented with a first quasi-periodic lattice shape and/or
unit cell element, the flat mirror 222 may be implemented
with a second quasi-periodic lattice shape and/or unit cell
element, and the first quasi-periodic lattice shape and/or unit
cell element may differ from the second quasi-periodic
lattice shape and/or unit cell element. Thus, the quasi-
periodic lattice shapes and unit cell elements used for
implementing the lens 211 may be different from the lattice
shapes and unit cell elements used for implementing the
mirror 212.

Example embodiments are implemented in which the
quasi-periodic structures comprise lattices of sizes that are
small relative to wavelengths over the retroreflector’s optical
operating range, which prevents or deters scattering into
higher orders of diffraction and related losses or inefficien-
cies. The phase and amplitude of reflection and transmission
of a periodically patterned layer relate to (e.g., depend at
least in part on) the size of the lattice.

Further, the reflection/transmission phase and amplitude
relate to the shape(s) and size(s) of the elements inside each
of the unit cells. An example embodiment of the present
disclosure is implemented in which parameters of the peri-
odic (e.g., quasi-periodic) layer change gradually.

For example, FI1G. 3 depicts a top view of a quasi-periodic
array of posts 300, which form a lens or mirror (e.g., lens
211, mirror 222; FIG. 2) according to an example embodi-
ment. As shown in FIG. 3, parameters of the quasi-periodic
layer change gradually, e.g., over the circumferential con-
tours of each of the successively concentric rings. Thus, a
quasi-periodic structure is implemented to have local trans-
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mission and reflection phases, which may be approximated
by periodic structures having the same or similar parameters
(e.g., layer thickness, lattice shape, element shape/size).

In an example embodiment, selective adjustments made
over the thickness of the periodic layer (layer thickness), the
shape of the lattice (lattice shape), and/or the shape and/or
size of each of the elements thereof (element shape/size)
implement full or partial control over the transmission or
reflection amplitude or phase of a retroreflector.

The quasi-periodic structure characterizing the lens 211
implements an optical function similar to that performed by
a convex lens design, which thus operates to focus radiation
incident thereto (e.g., incident radiation). The quasi-periodic
structure characterizing the mirror 222 implements an opti-
cal function similar to that performed by a concave mirror,
which thus operates to reflect light incident thereon toward
a focal point determined by a concavity characteristic of its
surface.

The focal length of the lens 211 may approximate or be
roughly equal to a radius of curvature of the concave mirror
222 implemented by the mirror’s quasi-periodic structure. In
an example embodiment, the distance of separation between
the lens 211 and the mirror 222 is implemented to approxi-
mately equal the focal length of the lens and thus, adjusted
to maximize the radiation reflected back along the incident
direction.

An example embodiment is thus described in relation to
a retroreflector device. The retroreflector comprises a lens
component operable for focusing radiation, which is inci-
dent thereto at an angle of incidence. The retroreflector also
comprises a mirror component operable for reflecting the
radiation focused by the lens component back along the
angle of incidence. The lens component and/or the mirror
component comprise a quasi-periodic array of elements,
each of which comprises a dimension smaller than a wave-
length of the radiation.

Finite difference time domain simulation results of the set
of Maxwell’s equations computed for a Gaussian beam
incident on a retroreflector (e.g., retroflector 200; FIG. 2) is
shown in FIG. 5, FIG. 6 and/or FIG. 7.

FIG. 5 depicts a plot of simulated values computed for an
electric field, which is associated with a Gaussian light beam
incident on a retroreflector implemented (e.g., as depicted in
FIG. 2) according to an example embodiment. The electric
field of the incident Gaussian beam is shown in FIG. 5. The
beam’s waist is close to the surface of the retroreflector.

FIG. 6 depicts simulated values for an electric field of a
Gaussian light beam reflected from a retroreflector device
(e.g., implemented as depicted in FIG. 2 and in which the
incident field corresponds to the Gaussian beam depicted in
FIG. 5) according to an example embodiment. FIG. 6 shows
the electric field of the reflected beam outside the retrore-
flector. The reflected beam is directed along the same angle
as the incident beam.

FIG. 7 depicts simulated values for a total electric field
within a retroreflector (e.g., as depicted in FIG. 2 and in
which the incident field corresponds to the Gaussian beam
shown in FIG. 5 and/or the reflected field depicted in FIG.
6) according to an example embodiment. The total electric
field inside the retroreflector is shown in FIG. 7. As
expected, the beam is focused by the lens layer and is
reflected back by the mirror layer.

FIG. 4 depicts a side view of a retroreflector device 400,
according to an example embodiment. An example embodi-
ment of the present disclosure implemented for retroreflect-
ing incident infrared radiation is fabricated on a silicon
substrate 499. A low refractive index material 431 such as
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