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Abstract—A planar antenna that utilize surface waves (SWs)
for leaky wave (LW) excitation is investigated. Specifically, a
surface-wave launcher (SWL) is employed to excite cylindrical
SWs which are bound to a grounded dielectric slab (GDS). By
the addition of a grid of width-modulated printed strips, a high
impedance surface (HIS) can be realized, providing appropriate
conditions for LW radiation. A planar metallic grating lens is
also included in the design of the antenna to achieve in phase
leakage along the aperture. Far field beam pattern results suggest
one-sided beam scanning between 22 and 24 GHz with reflection
losses below 10 dB and gain values of 8.7 dBi at broadside.
Such a printed or planar low-cost and low-profile LWA may be
advantageous for radar systems and satellite communications.

I. INTRODUCTION

Recently, surface-wave launchers (SWLs) and printed
metallic grating lenses [1] have been shown to be a useful
feeding technique for new high gain planar leaky-wave an-
tennas (LWAs) at millimeter wave frequencies [2]. In these
designs slotted configurations in the ground plane of the
utilized dielectric slab can act as an antenna source. Energy
is efficiently coupled into the dominant surface wave (SW)
mode of the slab and bound cylindrical-waves can be excited
with radial propagation along the 2-D guiding surface [2]-[5].
By the addition of appropriately designed gratings or strips,
perpendicular to the direction of radial SW propagation, leaky
waves (LWs) can be excited realizing conical-sector and pencil
beam patterns in the far field. In general, these types of LWAs
are desirable for their low cost and compatibility with other
planar devices and monolithic topologies.

A new type of planar LWA is investigated in this work
that utilizes such a SWL antenna source and a planar metallic
grating lens as shown in Figs. 1-4. A high impedance surface
(HIS) configuration, defined by a grid of width-modulated
printed strips [6], characterizes the antenna aperture on top
of a grounded dielectric slab (GDS). Essentially, by such
variation of the line width, a sinusoidally varying effective
dielectric constant can be achieved where the bound phase
velocity is periodically modulated due to the varying surface
impedance. Leaky waves can be excited on this guiding surface
realizing one-sided fan, and pencil beam patterns in the far
field [7]. A planar metallic grating lens [1],[2] is also included
in the design of the proposed antenna for increased efficiencies

Fig. 1. Planar LWA considered in this work. By placement of width-
modulated printed strips on top of a GDS LWs can be excited along the
aperture. The antenna is feed by a CPW TL and cylindrical SWs are generated
at the origin by a directive SWL source embedded in the ground plane. In
phase leakage is ensured by the addition of a planar metallic grating lens.

and radiation performances. The effectiveness of the proposed
antenna structure will be verified by fabrication and beam
pattern measurements in an anechoic chamber and results will
be compared with the presented HFSS simulations.

A. Planar Surface-Wave Launcher Source

These SW excitation techniques have shown to be ad-
vantageous for many guided and radiative-wave applications
[1]-[5]. Essentially, the slotted configurations in the antenna
ground plane can act as magnetic dipole sources and the
completely planar SWL designs are typically fed by a 50Ω
coplanar-waveguide (CPW) transmission line (TL) as shown
in the inset of Fig. 1. By the appropriate substrate selection
(εr = 10.2, h = 1.27 mm, and tan δ = 0.0023) energy can be
efficiently coupled into the dominant TM0 SW mode of the
slab [5]. In addition, cylindrical TM SW field distribution are
generated from the main SW radiating slot and unidirectional
propagation can be achieved by the addition of two secondary
reflector slots with CPW shorted stubs acting as tuning ele-
ments matching the SW source to the 50Ω TL feed.

B. Planar Metallic Grating Lens for a Uniform Phase Front

A planar metallic grating lens was also included in the
proposed LWA design to achieve in phase leakage and efficient
radiation. Such a grating lens (Fig. 4) was designed for
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Fig. 2. Layout of the printed antenna system defining the position of the
strips, source, and grating lens (l1 = 6.2 mm, l2 = 11 mm, m = 20 mm). A
grid of modulated microstrip lines (parallel to x̂-direction) defines the antenna
aperture where Du, Dv , wmin, and wmax can characterize the HIS unit cell.

Fig. 3. Investigated antenna structure. A directive SWL and a grating lens
were used in the HFSS simulation along with a grid of unit cells (5 by 18)
defined by Du/v = 4 mm, wmin = 0.1 mm, and wmax = 3.7 mm.

bound propagation along the guiding surface and negligible
parasitic radiation into the far field [1],[2]. Without such a
grating lens reduced radiation efficiencies may occur as the
radially directed SW phase front is not well matched to the
longitudinal HIS grid configuration. Furthermore, by addition
of such a planar lens the excited TM SW field distribution
can couple to the metallic grating elements and the phase
velocity of the guided SW field distributions can be altered
and hence controlled [1]. Refraction occurs and bound, plane-
waves can be generated on the guiding surface [2]. The phase
of the resultant TM field distributions (realized 0.5 mm above
the air-dielectric interface) is shown in Figs. 5 and 6 at 23
GHz with and without the grating lens, respectively, and no
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Fig. 4. Planar metallic grating configuration [2] and directive SWL source
(embedded in the ground plane). Origin defined at the main slot of the SWL.
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Fig. 5. Cylindrical TM phase distribution, 6 Ez(z = h+0.5 mm), generated
at 23 GHz on the guiding surface by a directive SWL only.
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Fig. 6. By the addition of a grating lens, bound plane-waves can be generated
on the guiding surface. Simulated TM field distribution shown at 23 GHz.

modulated strips placed on top of the GDS.

II. MODULATED STRIP-LINE CHARACTERISTICS AND
LEAKY-WAVE ANTENNA DESIGN

The antenna aperture is realized by an array of unit cells
with periodicity in two orthogonal directions, u and v, as
shown in Fig. 2. The width of microstrip line was varied
along the u direction to periodically modulate the propagation
constant and phase velocity of the bound SW field distribution
along the perturbed guiding surface. By the presence of the
strip variation the frequency response of the structure can be
controlled and the effective dielectric constant, εeff , can be
modulated around an average value, εavg , as described in [6],

εeff = εavg

(
1 +Mu cos

(
2πu

Du

))
, (1)

where the constant Mu defines the normalized sinusoidal
amplitude and Du is the modulation period. By the appropriate
line widths and strip periodicity LWs can be excited on
the antenna aperture with beam scanning as a function of
frequency in the far field.

Initially a parametric study was carried out by simulating
the entire structure and varying the unit cell along the û-
direction to ensure LW radiation at the operational frequencies
of the SWL source and grating lens (22-24 GHz). The single-
layer substrate characteristics (εr = 10.2 and h = 1.27
mm) were held constant while HIS unit cell dimensions
(Du only) were varied by selecting the appropriate minimum
and maximum strip widths (wmin and wmax). Other designs
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Fig. 7. Far field beam patterns (co-pol, Eθ) in the x-z plane. Results are
shown in dB and normalized to observed maximum at 22.7 GHz.

were investigated (Du = 4.5 mm and Du = 5 mm with
wmin = 0.1 mm, wmax = 3.7 mm), but the presented unit cell
(Du = Dv = 4 mm, wmin = 0.1 mm, and wmax = 3.7 mm),
grating lens, and SWL source offered the best result in terms
of minimal sidelobe levels, increased antenna gain, and pattern
directivity in the x-z plane. In addition, the grating lens and
modulated strips were offset from the origin by l1 = 6.2 mm
and m = 20 mm, respectively, to ensure unwanted coupling
between the source and the metallic strip configurations.

In order to verify the proposed LWA structure simulations
were completed using Ansoft HFSS and results are shown
in Figs. 7-9. Beam pattern results suggest near broadside
frequency scanning with side lobe levels < 7.5 dB below
the observed maximum. In addition, reflection loss values
(Fig. 8) are below 10 dB from 22-24 GHz for the proposed
LWA structure suggesting a good match over the investigated
frequency range.

By observing the phase of the Ex field distribution through-
out the slab and above the air-dielectric interface (in a x-z
cutting plane for z>0) further insight into the operation of the
proposed LWA antenna structure can be understood. Bound
field propagation occurs away from the SWL source at the
origin and the SW field distribution is slightly altered (but still
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Fig. 8. Simulated reflection loss values for the investigated LWA structure.
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Fig. 9. TM field distribution (6 Ex) within the substrate and above the air-
dielectric interface for the simulated LWA in a x-z, y = 0 near field plane
cut at 23 GHz. Bound waves are observed for x < m with propagation along
the guiding surface. By the addition of the modulated strip-lines, parallel to
the x̂-axis, LWs can be excited on the antenna aperture for x > m defining
radiation into the far field and propagation away from the guiding surface.

bound) from x = l1 to x = l2 due to the addition of the grating
lens as shown in Fig. 9. With the addition of the modulated
strip-lines for x > m field propagation occurs away from the
slab in the +x̂ and +ẑ directions and thus is representative
of a uni-directional LW field distribution; ie. leakage occurs
on the antenna aperture and fields combine in the far field
realizing the observed beam patterns.

III. CONCLUSION

A planar LWA structure defined by a HIS of width-
modulated printed strips is presented for beam scanning in
the far field. Physically, the varied strip widths can periodically
perturb bound SWs generated from a SWL source. In phase
leakage and radiation into the far field can be achieved by the
addition of a planar metallic grating lens on top of the GDS.
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