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Abstract—This paper presents the design of a corporate feeding
network (CFN) that enables the generation of a planar surface-
wave (SW) wavefront to excite modulated metasurface (MTS)
antennas with modulation along a single direction. Specifically,
the CFN is adapted for the challenging case of a sparse-array
MTS. To meet the unique requirements of this application, a
novel design concept was developed with the goal of exciting the
MTS using appropriate SWs. The design process considers all
stages leading to prototype fabrication, ensuring that practical
implementation aspects are fully integrated into the proposed
feeding network.

Index Terms—antennas, feeding network, metasurface, surface
waves, grating lobes, stripline.

I. INTRODUCTION

A metasurface (MTS) antenna [1] is typically realized using a
thin, multi-layered printed circuit board (PCB) with metallic
patches periodically arranged on the surface of a dielectric sub-
strate. By varying the dimensions, orientations and shapes of
these patches, spatial modulation of the electromagnetic prop-
erties can be achieved [2]. This allows the generation of leaky
waves (LW) through the interaction between guided/surface
waves (SWs) and the patches, thereby enabling manipulation
of the antenna radiation pattern, while maintaining a compact,
low-profile, and fabrication-friendly antenna architecture suit-
able for modern high-frequency applications.

In this work, we focus on the specific case of a planar
sparse-array MTS designed for one-dimensional (1D) beam
scanning. The array elements are spaced at d = 2λ0, with
λ0 being the operating wavelength in free space. This pa-
per extends the work presented in [3]. An antenna array is
considered sparse when its elements spacing exceeds λ0/2.
However, such large inter-element spacing introduces grating
lobes in the radiation pattern, which degrade directivity by
radiating energy into undesired directions. To mitigate these
effects, the proposed MTS is designed to exhibit a rectangular
embedded element pattern (EEP), which suppresses grating
lobes [4]. The developed test structure comprises 7 periods in
one direction (x) and is uniformly excited in the orthogonal
direction (y). The main objective of this paper is to discuss
the challenges associated with designing the feeding network
for this structure and to present the developed solution along
with its simulation results.

The remainder of this paper is organized as follows. Section
II describes the constraints imposed by the sparse-array MTS
application and outlines its global structure. Section III details

the design of the feeding network. Section IV presents full-
wave simulation results obtained using CST [5] and compares
them with those obtained from an in-house Method of Mo-
ments (MoM) code.

II. DESIGN REQUIREMENTS AND STRUCTURE OVERVIEW

The MTS array consists of three identical cells, each measur-
ing 2λ0 along x and 4λ0 along y, and outlined by a black line
in Fig. 1. Its patches are invariant along the y-axis, where the
spacing is λ0/7, and vary along the x-axis with a spacing of
λ0/12. Along the x-axis, they can be modeled as a surface
impedance with a periodicity of 2/3 λ0 [3]. To collimate the
beam in the YZ plane, a planar wavefront propagating along
the x-axis must be generated so that the patches are uniformly
excited along y.

To achieve this, the metasurface is excited by vertical
elementary dipoles (VEDs), which are physically implemented
as metallic vias. Each MTS cell contains 16 VEDs spaced by
dvia = λ0/4 along the y-axis. This number is chosen to: (i)
place the dipoles sufficiently close along y to effectively ap-
proximate the effect of a line source with vertical polarization
and (ii) match the corporate feeding network, which divides
the power by two at each stage. With 24 = 16 outputs, equal
power is delivered to all VEDs. A top view of the three-cell
array is shown in Fig. 1.

Fig. 1. Top view of the MTS array, composed of three identical cells. Each
cell includes its own feeding network terminating in VEDs that generate the
planar wavefront. The MTS patches are realized using capacitive impedance
elements (squares) and inductive impedance elements (meander lines) [6].



Quarter-wavelength power dividers are a cornerstone of mi-
crowave engineering, particularly in array applications, where
they are commonly cascaded in corporate feeding networks
(CFN). Such dividers have been widely implemented in mi-
crostrip, stripline (SLIN), coplanar waveguide (CPW), and
even waveguide technologies [7]-[10]. Corporate topologies
are favored for their equal power distribution, impedance
matching, and predictable phase control. Stripline implemen-
tations are particularly suited for dense metasurface environ-
ments [11], as they confine fields, limit parasitic coupling
with resonant patches, and shield the structure from Radio-
Frequency (RF) circuits.

In this work, the feeding network is implemented as a
four-stage stripline CFN, at the operating frequency of 24
GHz. This configuration minimizes unwanted coupling to the
metasurface patches while ensuring uniform excitation of the
VEDs. The CFN stack-up is shown in Fig. 2 and consists
of four metallic layers separated by dielectric substrates: two
bottom substrates with thickness hsub = 0.762 mm, a top
substrate with thickness htop = 1.524 mm, and copper layers
of 35 µm thickness. The substrate used is ROGERS4350b,
which has a relative permittivity of ϵr = 3.66 and a loss
tangent of tan δ < 0.004 up to 77 GHz. The stripline network
is located in the second layer from the bottom, with the VEDs
providing vertical transitions to the patches on the top layer. To
reduce simulation time and memory requirements, the results
are presented for a three-cell array.

Fig. 2. Schematic of the layer stackup, highlighting key elements including
the VEDs wall, pads, and antipads.

III. FEEDING NETWORK DESIGN

Considering the constraints discussed above, the resulting
feeding network is shown in Fig. 3. Designing such a network
is challenging, particularly due to mutual coupling effects,
which can lead to strongly uneven current distribution. Each
branch of the corporate divider terminates in a VED, which
excites SWs. These waves interact and may introduce mis-
match and phase imbalances among the VEDs, preventing the
formation of a proper planar wavefront. Since the metasurface
relies on these SWs for excitation, such effects cannot be
entirely avoided and must instead be compensated. Several
mitigation strategies were investigated, including adjustments
to transmission line length and width, as well as the insertion
of matching stubs.

Tapered lines are used to smooth the transition between
50 Ω lines and 100 Ω T-junctions, as shown in Fig. 3,

Fig. 3. Top view of the feeding network of one cell of the sparse-array MTS.
Highlighted details include matching stubs, tapered lines to reduce T-junction
discontinuities, and the CPW-to-stripline transition.

following the techniques reported in [12], [13]. The corporate
feeding network itself comprises quarter-wavelength matching
lines, each featuring a 70.7 Ω line of length λdiel,70/4. This
length is determined using CST’s analytical impedance tool.
The key design parameters used in this work are summarized
in Table I.

TABLE I
TABLE OF THE VARIABLES USED AND THEIR UNITS

Variable Symbol Value Units
Free-space Wavelength at 24 GHz λ0 12.5 mm

Dielectric Wavelength of 70.7 Ω line λdiel,70 6.5292 mm

Realtive Permittivity ϵr 3.66 F/m

Width of 50 Ω line W50 0.85 mm

Width of 70.7 Ω line W70 0.42 mm

Width of 100 Ω line W100 0.164 mm

Thickness of the lower dielectric slab hsub 0.762 mm

Thickness of the top dielectric slab htop 1.524 mm

Distance between two VEDs dvia 3.125 mm

Height of the VED hV ED 2.321 mm

A. CPW-to-Stripline Transition Design

Feeding the buried SLIN network presented above requires a
dedicated transition, as the line is confined between dielectric
slabs and ground planes and cannot be directly accessed. To
address this, a CPW to SLIN transition was implemented,
inspired by the design in [14]. This approach allows the
connector to be mounted at the edge of the PCB, avoiding
the need to drill through the metasurface patches and thereby
preventing additional disruption of the radiating structure. A
detailed view of the transition is shown in Fig. 4.

This edge-fed configuration confines the unwanted SWs
generated by the central signal via at the edge of the PCB.
Such waves could otherwise couple strongly to the VEDs and
distort the planar wavefront by introducing magnitude and
phase errors. To mitigate this effect, stitching vias (also called
via fencing) [15] are positioned around the signal via. These
vias act as an electromagnetic shield, confining the fields; they
also provide a low-impedance path to the ground planes for
the return currents.

Via design is also critical: when the length of a via exceeds
λ0/10, it begins to behave as a resonant element or a trans-



Fig. 4. Front and back views of the CPW–SLIN transition, showing stitching
vias and optimized pads for 50 Ω matching.

mission line, potentially introducing mismatch [16]. In this
design, the signal via length is close to a quarter-wavelength in
free space. Proper 50 Ω matching was achieved by optimizing
the pad and antipad radii at each layer of the PCB (see Fig.
2) and carefully arranging the stitching vias. A back-to-back
structure was simulated to validate this transition and ensure
that the matching does not degrade the performance of the rest
of the circuit.

A pressure connector from SV Microwave [17] was selected
to feed the CPW. It is screwed onto the PCB so that its inner
conductor applies direct pressure on the CPW trace, as shown
in Fig. 4. This choice allows the MTS to be fed from below the
ground plane and provides the flexibility to remove or replace
the connector when necessary.

B. Feeding Network Simulation Results

After several optimization iterations, the feeding network was
successfully matched over the frequency band of interest, i.e.,
23.4–24.4 GHz, as shown in Fig. 5. The reflection coefficient
approximately remains below −10 dB across this range. While
achieving wideband matching proved challenging, bandwidth
was prioritized over perfect return loss, and this level of
performance was considered satisfactory.

Fig. 5. Reflection coefficient of the MTS as a function of frequency.

Beyond impedance matching, one of the design criteria is
the generation of a planar wavefront, which requires that all

VEDs support currents of equal magnitude and phase. To
evaluate this, lumped ports were inserted into each VED,
allowing the extraction of current phase and magnitude. The
cuts in the VEDs were kept sufficiently small so as not to
affect the impedance during simulation. Fig. 6 reports the
phase of the currents in all 16 VEDs, the phase difference
remains below 30° at 24 GHz, with a slightly larger deviation
observed toward the lower edge of the band.

Fig. 6. Phase of the currents in the 16 VEDs, with f1 = 23.5 GHz and
f2 = 24 GHz highlighted as examples where the phase uniformity is deemed
unacceptable and acceptable, respectively.

Phase uniformity across the VEDs is the most critical factor
for planar wavefront generation, even more so than magnitude
uniformity. The current magnitude in the lumped elements
may vary by as much as 5 dB relative to 1 ampere RMS.
As expected from the symmetry of the structure with respect
to the x-axis, opposite ports show similar behavior. However,
phase deviations remain visible between certain pairs. A max-
imum phase difference below 30◦ is considered acceptable.
Fig. 7 illustrates how phase differences impact the resulting
wavefront by comparing the propagating x-component of the
electric field at two frequencies: 24 GHz (see Fig. 7b) where
the maximum difference is below 30◦ and 23.5 GHz where it
exceeds this threshold (about 80◦, see Fig. 7a), as shown in
Fig. 6.

Fig. 7. Comparison of the x-component of the propagating electric field
extracted from CST simulations: (a) at 23.5 GHz and (b) at 24 GHz.

At f2 = 24 GHz, the x-component of the electric field forms
the desired planar wavefront, whereas at f1 = 23.5 GHz,
significant phase mismatches prevent proper SW formation.
This highlights the importance of minimizing phase error
across all VEDs to ensure consistent metasurface excitation.



IV. SPARSE-ARRAY METASURFACE RESULTS

The validation criterion before manufacturing this antenna
is the radiation pattern obtained when simulating the entire
structure. As mentioned in the introduction, the EEP should
have a rectangular shape such that it filters out the grating
lobes when computing the radiation pattern. Fig. 8 compares
EEPs obtained with CST (solid blue line) and with a Method
of Moments (MoM) in-house tool [3]. MoM simulations have
been conducted for both a 3-cell array (dashed blue line) and
a two-dimensional (2D) infinite array of cells along x and y
(solid red line).

Fig. 8. Comparison between the EEP of 3-cell and infinite arrays using both
CST software and MoM at the operating frequency of 24 GHz.

Good agreement is observed between the simulated EEPs.
Compared to the objective (dashed red line), the main lobe
exhibits a rather sharp rectangular profile, although in CST
simulations, while its angular width is narrower than in MoM.
The sidelobe level (SLL) also differs slightly, reaching −8
dB in CST compared to −9 dB with MoM. Infinite-array
simulations predict significantly lower SLLs, indicating that
increasing the number of cells in CST simulations would
further reduce sidelobe contributions and bring results closer
to the ideal MoM case.

V. CONCLUSION

A feeding network for a sparse-array metasurface has been
designed and validated through full-wave simulations. The
proposed structure relies on a four-stage corporate stripline
divider that delivers uniform excitation to 16 vertical ele-
mentary dipoles (VEDs) per cell, ensuring the generation
of a planar surface-wave front. The integration of tapered
lines, matching stubs, and a CPW–stripline transition provides
satisfactory matching and minimizes parasitic coupling with
the metasurface patches. The feeding network had to be
carefully optimized to ensure homogeneous phase distribution
across the feeding pins, allowing proper planar surface wave
excitation.

Simulation results demonstrate satisfactory matching over
23.4–24.4 GHz, with reflection coefficients mostly below −10
dB, and confirm that the feeding network preserves phase
uniformity across the VEDs. The resulting radiation patterns

show the desired rectangular main lobe and grating lobes
suppression, with agreement between CST and MoM models.

These findings validate the proposed feeding concept as a
robust candidate for metasurface excitation and the generation
of the desired sharp embedded patterns. Future work will
focus on fabrication and experimental characterization, as well
as extending the approach to larger arrays to further reduce
sidelobes.
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