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Abstract—In this work, we design a planar half-Luneburg lens
antenna. The gradient of refractive index is realized using a
dielectric slab periodically loaded with air-cavities of varying size.
The cavities are glide-symmetrically arranged. It is demonstrated
that by introducing glide symmetry, the bandwidth and range of
realizable refractive indices are increased compared to a non-
glide-symmetric structure. The lens antenna operates from 22 to
32GHz and can scan its directive beam over a 50 degree range
in the H-plane. The side lobe level in this scan range is lower
than -10 dB throughout the band.

Index Terms—Dielectric lens, glide symmetry, planar Luneb-
urg lens

I. INTRODUCTION

Antennas operating at high frequencies, typically K, -band
and above, are often required to provide a steerable and
directive beam [1]. These properties can be obtained with
conventional phased array antennas. However, at mm-wave
frequencies, the feeding network for phased arrays can intro-
duce prohibitive losses and be expensive. Quasi-optical sys-
tems are considered a promising alternative [2]. In particular,
rotationally symmetric lenses can be used to design antennas
with steerable directive beams.

One rotationally symmetric lens with attractive properties
is the Luneburg lens [3]. A Luneburg lens is defined by the
refractive index distribution
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where ng, p and R are the refractive index of the surrounding
medium, the radial position inside the lens, and the radius
of the lens. The Luneburg lens transforms a cylindrical or
spherical wave at its periphery into a quasi-planar wave at
the opposite side of the lens. The refractive index varies
smoothly in the lens and is matched to the surrounding
medium (typically air) at the periphery of the lens. As a
result, the Luneburg lens does not introduce reflections that
deteriorate the performance of the antenna. On the other hand,
the smoothly varying refractive index of the Luneburg lens can
be difficult to realize.

The refractive index of the Luneburg lens can be realized
using geodesic shapes or metasurfaces. In a geodesic Luneburg
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Fig. 1: Illustrations of the unit cells of the (a) conventional
and (b) glide-symmetric periodic structures.

lens, the gradient of refractive index is mimicked by a de-
formed parallel plate waveguide (PPW) with a homogeneous
medium inside [4], [5]. Typically, the lens is implemented
in an empty (e,=1) deformed PPW. It is noteworthy that
the deformation of the waveguide increases the height of the
antenna, and some recent works have investigated techniques
to reduce this height [6]-[8]. In a metasurface Luneburg lens,
the gradient of refractive index is mimicked with a quasi-
periodic structure [9]-[11], and is typically implemented in a
standard PPW. As a result, the lens can be planar. However, the
manufacturing can be expensive [9], [10], and the bandwidth
of the metasurface is often limited [9], [11].

Due to the rotational symmetry, a Luneburg lens antenna
can steer its directive beam without scan losses. However, also
due to the rotational symmetry, the aperture size scales with
the focal length of the lens, which makes the device bulky. To
reduce the size of the conventional Luneburg lens, the half-
Luneburg lens was proposed [12], where a reflecting plane is
used to reduce the size of the lens by a factor of 2. Note that
the introduction of the reflecting surface brakes the rotational
symmetry of the Luneburg lens. As a result, scan losses are
expected. In [13], a geodesic half-Luneburg lens antenna is
designed. It is demonstrated that a half-Luneburg lens antenna
produces a maximum gain that is comparable to a conventional
Luneburg lens antenna of the same size. The reported scan
losses are roughly 3dB when scanning £30° with respect to
the centre beam.

In this work, we propose a metasurface half-Luneburg lens
antenna that can be cost-effectively produced using additive
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manufacturing. Furthermore, the proposed antenna can be
planar and has a wide bandwidth. The design proposed shares
some key parameters with that described in [14], thus facili-
tating the comparison between the standard Luneburg lens and
the half-Luneburg lens solutions.

II. GLIDE-SYMMETRIC DIELECTRIC
HALF-LUNEBURG LENS ANTENNA

The lens is implemented in a PPW and the graded refractive
index of the half-Luneburg lens is realized using a metasurface.
In the following, we compare the response of a conventional
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Fig. 2: (a) Comparison of the effective refractive index in
the conventional and glide-symmetric structures for two sizes
of cavities and propagation directions. The propagation direc-
tions are defined in Fig. 1. The dimensions are: p=4.2 mm,
h=2mm and ¢,=3. (b) Effective refractive index in the
conventional and glide-symmetric structures at 20 GHz as a
function of the cavity size. The refractive index calculated as
the volume ratio between the dielectric and air is included as
reference.

and glide-symmetric metasurface. We then use the glide-
symmetric metasurface to design a half-Luneburg lens antenna.

A. Glide-symmetric dielectric slab

A structure is glide-symmetric if it is invariant under a
translation and a mirroring [15]-[19]. It has been demon-
strated that glide-symmetric periodic structures can provide
reduced frequency dispersion [9], and increased control of
the anisotropy [9], [20] and effective refractive index [21],
compared to conventional periodic structures. Fig. 1 illustrates
the unit cells of the studied periodic structures. The dielectric
slabs are illustrated in blue and red and are periodically loaded
with air-cavities of widths w distributed in a square lattice
with period p in the xy-plane. The dielectric slabs are placed
between two metallic plates. The unit cell in Fig. 1b is a glide-
symmetric counterpart to the unit cell in Fig. 1a. A similar unit
cell is studied in [14], with the difference that the permittivity
of the dielectric used in this work is €, =3 as compared to
€r=2.25 in [14]. The use of a higher permittivity allows for
a wider range of effective refractive indices, and thus enables
a wider range of devices to be realized.

The effective refractive index of the two structures are
presented in Fig. 2a for two widths of the air-cavities, w. The
remaining parameters are p=4.2mm and h=2mm to ensure
that the lens operates using the fundamental PPW mode up
to 32 GHz. The effective refractive index is studied in two
directions that are defined in Fig. 1. It is observed that for
the same dimensions, the glide-symmetric structure provides a
wider bandwidth and a lower effective refractive index. These
properties are attractive for the design of a Luneburg lens
since they alleviate the manufacturing. In other words, larger
dimensions can be used to produce a lens using the glide-
symmetric structure. Fig. 2b presents the effective refractive
index at 20 GHz in the conventional and glide-symmetric
structures as a function of the width of the air-cavity, w. The
refractive index calculated as the volume ratio between the
dielectric and air is included as reference. The effective re-
fractive index in the glide-symmetric structure closely follows
the calculation based on the volume ratio. In the design of
the lens, we assume that the minimum wall width that can be
manufactured is 0.4 mm. With this manufacturing constraint
and using the glide-symmetric structure, a half-Luneburg lens
can be realized by varying the widths of the cavities from
3.8 mm to 2.8 mm.

B. Half-Luneburg lens antenna

The glide-symmetric structure is used to design a half-
Luneburg lens antenna operating from 22 to 32 GHz. The
radius of the lens is R=50mm and it is fed with rectangular
waveguides of size 8.1x2mm? placed at the contour of the
lens. Seven waveguide feeds with an angular separation of
10° are used. It is noted that the bandwidth of the antenna
is mainly limited by the feeding waveguides (not the lens).
An exponential flare is used to match the impedance of the
PPW to the free-space impedance. The height of the flare at
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Fig. 3: Illustration of the designed lens antenna with the port
numbers indicated.
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Fig. 4: Normalized electric field distribution in the lens antenna
at 28 GHz when exciting waveguides: (a) 1, (b) 2, (c) 4, and
(d) 7.

the output of the antenna is 17.5 mm. The lens antenna is
illustrated in Fig. 3.

Fig. 4 presents the electric field distributions in the lens
antenna when waveguides 1, 2, 4, and 7 are excited. The
lens transforms the radiation from the feed waveguides to
quasi-planar waves, except for port 1 where aberrations are
observed at the output of the antenna. These aberrations are
caused by the finite size of the reflecting wall in the antenna
[13]. The radiation patterns at 22, 28, and 32 GHz of the lens
antenna are presented in Fig. 5. The E-plane radiation pattern
for port 4 is presented in Fig. 6. It is demonstrated that the
lens produces a steerable directive fan-shaped beam across a
wide bandwidth. In [14], a conventional Luneburg lens antenna
is designed using the same flare and a similar metasurface
with the same radius as the half-Luneburg lens designed
in this work. The achieved peak gain in the half-Luneburg
lens antenna is roughly 1.5 dB smaller than the gain in the
conventional Luneburg lens, although the half-Luneburg lens
occupies only half the volume of the conventional Luneburg
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Fig. 5: Simulated H-plane radiation pattern at (a) 22 GHz, (b)
28 GHz, and (c) 32 GHz.

lens. It is noted that, for the center beam half-Luneburg lens
antenna, the aperture is only slightly smaller than the one in the
conventional Luneburg lens antenna. For the scanned beams in
the half-Luneburg lens antenna, the gain is reduced due to the
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Fig. 6: E-plane radiation pattern for port 4.

smaller aperture size, compared to the conventional Luneburg
lens antenna. Furthermore, significant side lobes appear in the
radiation pattern for port 1. These side lobes are a result of
the aforementioned aberrations. This effect can be reduced by
extending the reflecting wall, which comes at the cost of size
of the antenna. The scan losses in the half-Luneburg lens are
less than 1.5dB when scanning from ¢=20° to ¢=70°.

III. CONCLUSIONS

In this work, we presented a half-Luneburg lens antenna
operating from 22 to 32 GHz. The refractive index distribution
of the lens is realized using a dielectric slab that is periodi-
cally loaded with glide-symmetric air-cavities. Importantly, we
compared the effective refractive indices produced by a glide-
symmetric and conventional structure. From this comparison,
we observed that glide symmetry can be used to increase
the bandwidth and alleviate the manufacturing of the lens.
This allowed for the realization of a larger range of refractive
indices at a lower cost. The lens was fed with seven rectangular
waveguides placed at the periphery of the lens. The resulting
antenna can steer its directive radiation in one plane in a
50° range. The antenna has at most 1.5dB scan losses in
this range throughout the band. These are encouraging results
considering the significant size reduction. The lens can be
manufactured using additive manufacturing.
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