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Abstract—This paper presents an all-metal, six-port switched-
beam antenna concept aimed at S-band Non-Terrestrial Networks
(NTN) and High-Altitude Platform Stations (HAPS). The radi-
ator set consists of six capacitively loaded monopoles (top-hat
posts) embedded in a shallow annular cavity. Internal metallic
septa are used to condition the cavity fields and to bias the radia-
tion toward mid-elevation angles, which is desirable for HAPS-to-
ground coverage. By exciting one port at a time while terminating
the remaining ports, the antenna generates six directive beams
providing full azimuthal coverage through electronic switching.
Full-wave simulations confirm strong impedance matching over
2.5GHz to 4.0 GHz and coupling levels consistent with practical
switched-beam operation. The fully metallic implementation
avoids dielectric materials, improving robustness against harsh
environmental conditions.

Index Terms—All-metal antenna, S-band, NTN, HAPS,
switched-beam, multi-port antenna, annular cavity, capacitively
loaded monopole.

1. INTRODUCTION

Non-terrestrial network layers are moving from “nice-to-
have” demonstrations into engineering-driven architectures
where coverage, capacity, and interference management must
be treated jointly. For mobile NTN in particular, antenna
technology is increasingly discussed together with distributed
array concepts and coordinated precoding strategies that can
reshape spatial selectivity at the system level [1], [2]. In
parallel, integrated terrestrial-satellite terminals are pushing
compact multi-band and shared-aperture front-ends, where S-
band is often a practical anchor due to propagation robustness
and sub-6 GHz implementation maturity [3], [4].

Within the NTN ecosystem, High-Altitude Platform Stations
(HAPS) have emerged as a complementary layer positioned
between terrestrial infrastructure and satellite systems, en-
abling regional coverage with reduced latency and flexible
deployment. Several advanced concepts have been proposed
to enhance HAPS communications performance, including
the integration of Reconfigurable Intelligent Surfaces (RIS)
to passively steer signals and improve energy efficiency [5],
[6]. However, such approaches typically introduce increased
system complexity, higher power requirements, and reliance
on active components or dielectric materials that may be
vulnerable to the harsh stratospheric environment, potentially
affecting long-term reliability.

From the HAPS standpoint, the antenna payload’s job is to
radiate power to illuminate the service region with as little
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Fig. 1. All-metal annular-cavity switched-beam antenna concept. The six
ports are placed azimuthally; internal septa are used to condition the cavity
fields and promote mid-elevation radiation.
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Fig. 2. Detail view of one radiating element: a capacitively loaded monopole
implemented as a metallic post terminated by a circular top-hat disk. The
surrounding cavity and septa contribute additional reactive loading and beam
shaping.

waste as possible. A purely zenith-directed beam is rarely
optimal unless the service is strictly nadir-centric. The typical
scenario involves a wide-area footprint with useful links at
mid-elevation angles. In many deployments, the payload also
benefits from a beam set that can be selected dynamically
without requiring a full multi-channel phased array. That
middle ground between a single fixed beam and a true phased
array is precisely where switched-beam architectures remain
attractive.



This work proposes a mechanically robust all-metal antenna
capable of generating six azimuthal sectors though beam-
switching using a single structure with six feed ports. Cavity-
backed switched-beam antennas have proven well suited for
mechanically robust surveillance payloads, with Space ADS-
B implementations demonstrating this approach at L-band [7],
[8]. In this paper, that architectural principle is re-optimized
and scaled to S-band, targeting NTN/HAPS terminals where
a single RF chain plus an RF switching network provides
a practical compromise between spatial selectivity, hardware
complexity, and reliability. The remainder of this paper is orga-
nized as follows. Section II describes the antenna architecture
and beam-switching concept. Section III presents simulated
impedance and radiation results. Section IV concludes the
paper and outlines future developments.

II. ANTENNA ARCHITECTURE

The proposed structure is depicted in Fig. 1 and Fig. 2.
The antenna comprises a solid metal ground plane and an
outer annular wall that forms a shallow cavity. Six radiating
elements are distributed azimuthally and excited through six
independent ports. Each element is realized as a metallic post
terminated by a circular disk (top-hat). A set of internal metal-
lic septa is introduced inside the cavity region; these features
alter the boundary conditions and the field distribution, which
in turn biases the far-field beam away from purely vertical
illumination.

The top-hat increases the effective capacitance at the radia-
tor tip, allowing the element to reach resonance and improved
matching without requiring a taller post. From a design-
intuition standpoint, the radiator can be interpreted through
a simple resonance picture where the post contributes an in-
ductive component and the disk plus its environment provides
an effective capacitance. In practice, the radiator does not
operate in isolation: the cavity contributes reactive loading,
suppresses back radiation, and stabilizes current paths. The
internal septa further influence the cavity fields in a controlled
manner, which is exploited here to shape the beam toward
mid-elevation angles.

The operating mode is intentionally simple. One port is
excited while the other five ports are terminated in 50 Q.
Under this condition, the excited radiator dominates and the
cavity/septa environment shapes the resulting beam. Switching
the active port rotates the main lobe in azimuth, providing a
six-sector coverage solution with a single RF chain and an RF
switching network. The aim is not to replace a phased array,
but to provide a practical beam-set with considerably lower RF
complexity while still enabling a degree of spatial selectivity
consistent with NTN-oriented trends.

Full-wave electromagnetic simulations were performed in
CST Studio Suite. The structure was modeled as a perfect
electric conductor (PEC) in this stage. Multi-port S-parameters
were computed by exciting one port at a time and matching
the remaining ports. The same termination condition was
used for radiation computations, so that each reported pattern
corresponds to a realistic switched state.
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Fig. 3. Simulated S-parameters magnitude for the six-port structure under
matched terminations. The antenna is well matched over the target 2.5 GHz to
4.0 GHz region, with coupling levels consistent with port-switched operation.

The performance is assessed over the full simulated band
from 2 GHz to 4.5 GHz, with particular attention to the region
where the design is intended to operate and the matching is
strongest. Besides input matching, inter-port coupling is eval-
uated with the non-excited ports terminated in 50 €2 to ensure
that inactive ports remain well behaved in each switched state.
Radiation patterns are reported at 3 GHz, close to the band
centre, where the mid-elevation beam bias introduced by the
annular cavity and the internal septa is clearly observed.

III. SIMULATED RESULTS

The simulated S-parameters magnitude is reported in Fig. 3.
The input reflection coefficient exhibits its best behavior across
2.5GHz to 4GHz, where |S;;| remains below —-10dB and
typically reaches values around -25dB to —14dB. Outside
that range the matching degrades progressively, which is
consistent with a fixed-geometry top-hat radiator embedded in
a cavity where higher-order reactive effects become increas-
ingly relevant. Coupling between ports remains within levels
compatible with switched-beam operation. Inactive radiators
do not capture a dominant fraction of the launched power,
which is important for efficiency and for maintaining pattern
stability across switching states. In practical hardware, these
coupling levels also ease the requirements on the switching
network because excessive leakage into off-states tends to
distort the effective illumination.

The switched-beam behavior is summarized in Fig. 4, which
collects the simulated 3D realized-gain patterns at 3 GHz for
each port state. The core observation is repeatability: as the
excited port moves from Port 1 to Port 6, the main lobe
rotates accordingly, producing six distinct azimuth sectors
while preserving a broadly comparable lobe shape. This can
be seen directly by comparing Fig. 4a through Fig. 4f.

A further observation is the nature of the beam tilt itself.
Although the main lobe rotates cleanly in azimuth, its elevation
angle remains broadly consistent from port to port, confirming
the expected azimuthal symmetry of the structure. In an
all-metal cavity-backed structure this behavior is plausible
and, in fact, expected: the annular boundary and the internal
septa break the “free-space monopole” symmetry and bias
the cavity-supported current paths, imposing a preferential
illumination angle that is identical for all six sectors. The
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Fig. 4. Simulated 3D realized-gain patterns at 3 GHz in linear scale for the
six switched states. The main beam rotates in azimuth with port selection,
yielding six-sector coverage within a single-column figure.
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Fig. 5. Simulated realized gain and directivity.

peak realized gain is consistently around 11 dBi for each port,
confirming directive sector operation with a single compact
structure.

IV. CONCLUSION

An all-metal six-port switched-beam antenna concept for S-
band NTN/HAPS has been presented. The design combines
capacitively loaded monopoles with an annular cavity and
internal septa, achieving strong impedance matching across
2.5 GHz to 4 GHz while delivering six directive beams that ro-
tate with port selection. Simulations at 3 GHz show repeatable
sectorized radiation with peak realized gains around 11 dBi.
Ongoing work will quantify beam metrics (peak direction,
beamwidth, and crossover levels) across the full band and
will incorporate manufacturability tolerances and experimental
validation.

TABLE I
KEY GEOMETRICAL PARAMETERS OF THE PROPOSED ANTENNA.

Parameter Value Parameter Value
Outer cavity radius, r_out 115mm  Inner cavity radius, r_in 93 mm
Cavity height, cavity_h 12.12mm Top ring height, ring_ w  0.36 mm
Septa length, septa_l 18.66 mm Metal thickness, metal ¢ 1mm
Post height, post_h 8.32mm  Post radius, post_r 0.55 mm
Top-hat height, hat_h 0.36 mm  Top-hat radius, hat_r 4.28 mm
Feeding port gap, port_gap 0.36 mm  Post gap, post_wall_gap 21 mm

TABLE II
SIMULATED TOTAL RADIATION EFFICIENCY

f (GHz) Directivity (dBi)  Realized Gain (dBi)  7mtot
2.5 9.6 9.1 0.88
3.0 11.2 10.8 0.91
3.5 12.6 12.3 0.93
4.0 13.3 12.9 0.91
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