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Abstract—We propose a kind of anisotropic metasurface,
which is composed of orthogonal I-shaped structures and a
grounded plane spaced by a dielectric substrate. The metasurface
has capacity to manipulate the radiating characteristics of x- and
y-polarized waves independently in reflection by changing the
dimensions of each I-shaped structure. By designing
homogeneous anisotropic metasurface, the linear-polarized
incident plane waves can be converted to circular polarized
reflected waves in a broad frequency band. By designing
inhomogeneous anisotropic metasurface, the x- and y-polarized
incident plane waves can be separated and radiated to two
different directions. Moreover, the anisotropic metasurfaces also
have some applications in reflector antenna by using a horn
antenna as a feed, and the incident quasi-spherical waves
generated by the feed can be manipulated to plane waves after
reflected by the metasurface, whose polarizations, directions and
number of beams of the reflected plane waves also can be
controlled as desired.

Keywords—reflective metasurface; anisotropic; polarization;
polarization beam sppliting.

L

Metasurfaces having capacity to manipulate the reflections
or refractions of incoming waves have been attracted more and
more attentions in recent years, which was introduced by
applying a series of metallic structures on the surface of two
different medium to generate the discontinuous phase shifts,
and the anomalous reflection and refraction will happen on this
situation [1]. Many interesting works have been demonstrated
based on such a metasurface [2-8], but the efficiency is usually
low for these transmissive metasurfaces. The another kind of
metasurface - reflective metasurface, which constructed by
metallic structures placed on the top of a thin isolator or
substrate with grounded plane on the bottom, usually has high
efficiency in manipulating the reflection of incoming waves.
By designing the gradient metallic structures on the top of
isolator, the discontinuous phase shifts on the surface can be
achieved to modulate the reflected waves. Many impressive
works also have been proposed based on such reflective
metasurfaces [9-21].

INTRODUCTION

In this paper, we propose a kind of anisotropic reflective
metasurface to manipulate the x- and y-polarized reflected
waves independently with high efficiency, which metasurface
is composed of a series of orthogonal I-shaped structures, so
the phase responses of the reflected waves for both x- and y-
polarized waves can be controlled independently by changing
the dimensions of each I-shaped structure in both x and y
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directions, respectively. Based on this kind of anisotropic unit
cells, a homogeneous anisotropic metasurface to convert the
normally linear polarized incident waves to normally reflected
circular polarized waves in a broad frequency band and a
gradually inhomogeneous anisotropic metasurface to separate
the orthogonal polarizations to different directions have been
designed. Moreover, we will show that the metasurfaces can be
fed by a horn antenna with quasi-spherical incident waves, and
the reflected waves not only can be manipulated to plane waves
with one or more radiation beams, but also the polarization
states of each radiation beam can be designed as desired, which
has a potential application in planar reflector antennas.

II. DESINGING OF ANISOTROPIC METASURFACE
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Fig. 1 The unit cell of anisotropic metasurface and its phase responses.
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The unit cell of anisotropic metasurface - orthogonal I-
shaped structure is shown in Fig. 1, which is a sandwiched
structure composed of orthogonal I-shaped structures as shown
in Fig. 1(a) and a grounded-plane spaced by a dielectric
substrate as shown in Fig. 1(b). The dimensions of structure are
a=6mm, s=2mm, w=0.2mm, d=3mm, =0.018mm, /; and /,,, in
which [; and /;, are changeable independently in both x and y
directions to obtain the reflection phases of two orthogonal
linearly-polarized waves, respectively. Figure 1(c) show that
the reflected phase of E, can be adjusted independently by
changing the length of the I, to obtain the phase changes
covering from 130° to -200°, which has no influence to the
reflected phase of E,. Similarly, the reflected phase of E, also
can be adjusted independently by changing the length of /,
without any influence to the reflected phase of E,. Hence, we
can conclude that the reflected phases of E, and E, can be
adjusted independently by changing the /, and /,, respectively.
We should remark here that the reflected efficiency of the
metasurface is very high, reaching nearly 100%.
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Fig. 2 The homogeneous anisotropic metasurface to realize broadband
circular-polarized reflected waves. (a) The photograph of the homogeneous
anisotropic metasurface. (b) The measurement results.

The metasurface can be constructed by homogeneous unit
cells as shown in Fig. 2(a), which can manipulate the linearly-
polarized incident plane waves to circular-polarized reflected
waves in a broad frequency band with high performance [18].
The lengths of the /. and /, are different with /,=3.6mm and
[,=4.4mm, respectively. To obtain circular-polarized reflected
waves, the angle between the electric-field vector of linearly-
polarized incident waves and x axis should be equal to p=45°
with normal incidence, so the total electric-field vector can be
decomposed to be equal E, and E,. The phase dispersions for
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both E, and E, are similar, and the reflected phase difference
can maintain as 90° in a broad frequency band with fixed /, and
l,, so the linearly-polarized incident waves can be converted to
circularly-polarized reflected waves in a broad frequency band.
Two linearly-polarized horn antennas are used in measurement,
in which one horn is used as emitter to generated v-polarized
incident plane waves and another is used as receiver to receive
both v-polarized and u-polarized reflected waves, respectively,
as shown in Fig. 2(a). We should notice that the receiver and
emitter of the horn antennas are put away from the designed
metasurface to satisfy the far-field condition. The measurement
results are shown in Fig. 2(b), which show that the magnitude
errors between the reflection of E, and E, are less than 1dB
from 9.5GHz to 10.8GHz and the phase difference is always
equal to 90°. Hence, we can conclude that the good circular-
polarized waves have been achieved in a broad frequency band
from 9.5GHz to 10.8GHz.
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Fig. 3 The inhomogeneous anisotropic metasurface to separate the x- and y-
polarized waves to different directions. (a) The photograph of the
inhomogeneous anisotropic metasurface. (b) The measurement results.

The metasurface also can be designed by inhomogeneous
unit cells as shown in Fig. 3(a), which can separate x- and y-
polarized reflected waves to different directions [19]. By
designing the /, and /, gradually increased and decreased along
the y axis, the x- and y-polarized waves will be separated and
reflected to different directions after manipulated by the
inhomogeneous anisotropic metasurface. In measurement, a
rectangular horn antenna is placed in front of the metasurface
as an excitation with v-polarized incident plane waves as
shown in Fig. 3(a). We notice that the horn antenna is also put
away from the metasurface to satisfy the far-field condition.



The far-field measurement results clearly show that both x- and
y-polarized waves are separated and radiated to two different
directions of #=30° and 6=-30° as shown in Fig. 3(b).

Fig. 4 The anisotropic metasurface fed directly by a linearly-polarized horn
antenna.

Furthermore, in order to make such anisotropic metasurface
have potential applications in reflector antenna, we use a horn
antenna as an excitation directly, which is placed near to the
metasurface. Hence, the incident waves generated by the horn
antenna will be quasi-spherical waves instead of plane waves.
By designing the anisotropic metasuface, the quasi-spherical
incident waves also can be manipulated to plane waves after
reflected by the anisotropic metasurface. In addition, the
number of the reflected beams and their polarization states also
can be designed as desired as shown in Fig. 4.

III. CONCLUSIONS

In this paper, we propose an anisotropic orthogonal I-
shaped structure to construct the anisotropic reflective
metasurfaces. The reflected phases of the x- and y-polarized
waves can be manipulated independently by such anisotropic
unit cells. We designed both homogeneous and inhomogeneous
anisotropic metasurfaces to realize broadband circularly-
polarized reflected waves and separated x- and y-polarized
waves to different directions for incident plane waves.
Otherwise, we also propose a potential application of the
anisotropic metasurface in reflector antenna by using a horn
antenna as a feed. The simulation results show that the quasi-
spherical waves emitted from the horn antenna also can be
manipulated to plane waves, and the number of the reflected
beams and their polarization states also can be controlled.
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