POLITECNICO DI TORINO
Repository ISTITUZIONALE

Design and Realization of a Low Cross-Polarization Conical Horn with Thin Metasurface Walls

Original

Design and Realization of a Low Cross-Polarization Conical Horn with Thin Metasurface Walls / Sozio, V.; Martini, E.;
Caminita, F.; De Vita, P.; Faenzi, M.; Giacomini, A.; Sabbadini, M.; Maci, S.; Vecchi, G.. - In: IEEE TRANSACTIONS ON
ANTENNAS AND PROPAGATION. - ISSN 0018-926X. - 68:5(2020), pp. 3477-3486. [10.1109/TAP.2020.2975253]

Availability:
This version is available at: 11583/2799218 since: 2020-02-29T21:08:21Z

Publisher:
IEEE

Published
DOI:10.1109/TAP.2020.2975253

Terms of use:

This article is made available under terms and conditions as specified in the corresponding bibliographic description in
the repository

Publisher copyright
IEEE postprint/Author's Accepted Manuscript

©2020 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained for all other uses, in any
current or future media, including reprinting/republishing this material for advertising or promotional purposes, creating
new collecting works, for resale or lists, or reuse of any copyrighted component of this work in other works.

(Article begins on next page)

06 May 2026



MetaHorn paper, IEEE Transaction on Antennas Propagat

Design and Realization of a Low Cross-
Polarization Conical Horn with Thin
Metasurface Walls

V. Sozio, E. Martini, Senior Member, IEEE, F. Caminita, P. De Vita, M. Faenzi, A. Giacomini,
Member, IEEE, M. Sabbadini, S. Maci, Fellow IEEE, G. Vecchi, Fellow IEEE

Abstract—A Ku-band low cross-polarization conical horn
based on thin metasurface walls is presented in this paper, along
with the relevant design method. The necessary boundary
conditions are realized by printing a tensor metasurface on the
internal walls of the horn, which yields a radiation performance
similar to a standard corrugated Gaussian horn, yet with the
benefits of thin walls. The design method is based on the
adiabatic approximate solution for the hybrid mode of a conical
waveguide with generic balanced impedance walls, which allows
the determination of the impedance profile supporting a single
balanced mode. The impedance design is based on the usual
locally flat approximation of the wall and on the assumption of
plane wave incidence. This approach results in an analytic design
method that requires no optimization. The design has been first
validated by solving the problem with homogenized impedance
boundary conditions through a Body of Revolution (BoR)
method of moments. The actual structure, including impedance
wall implementation, is then simulated in full detail with a full-
wave fast code. Finally, the horn has been realized and
experimentally characterized; measurements show excellent
agreement both with theory and with simulations, with cross-
polarization level below -20dB over a two GHz bandwidth.

Index Terms—Horn antennas, hybrid modes, metasurfaces,
modal analysis, surface impedance.

I. INTRODUCTION

ORN antennas with symmetric radiation properties and
low cross-polarization for an efficient illumination of
reflector antennas have been under investigation since the
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1960s. Smooth wall circular horns can be designed by
combining two modes [1], achieving axial symmetry and low
cross-polarization in the radiation pattern, but limited
bandwidth as a drawback. The advent of corrugated horns [2],
[3] has overcome the narrow band issue, still maintaining axial
beam symmetry, low side lobes, and low cross-polarization,
thus, representing a milestone in the history of horn feeds [4].

In [3], it is demonstrated that symmetric patterns can be
obtained with HE-EH hybrid modes. Anisotropic Impedance
Boundary Conditions (AIBCs) at the horn walls are required
to support these hybrid modes. In particular, surface
impedances must satisfy the so called “balanced” hybrid
condition to ensure low (theoretically zero) cross-polarization.
An “artificial” surface is therefore needed to achieve this
condition [5]. Corrugations, both transverse to the direction of
the wave and longitudinal (with dielectric filling material), are
the most known and largely used implementations of these
artificial surfaces. Referring to the boundary conditions in
acoustic, transversely and longitudinally corrugated surfaces
have been described as artificial soft and hard surfaces,
respectively [6]. In [7] these concepts are applied to the design
of hybrid-mode horn antennas.

Soft and hard AIBCs are special cases of the balanced
hybrid condition: soft horns assure low sidelobes, but low
gain; hard horns have high gain but also high sidelobe level; a
compromise with a good gain and an acceptable sidelobe level
can be achieved by using finite wall impedances that respect
the balanced hybrid condition. Soft hybrid mode horns have
been designed with foam or solid dielectric cores (one or two)
and strip loaded walls; hard hybrid mode horns have been
realized with strip loaded walls with and without vias, or with
two dielectric cores (see [8] for a complete review about soft
and hard horn antennas).

The development of dual dielectric-core horn antennas
capable of being designed to satisfy any (balanced) AIBCs
between the soft and hard one first appears in [9], [10].
However, dielectric loaded horns are characterized by heavy
weight and high losses.

The advent of Metamaterials (MTMs) and Metasurfaces
(MTSs) and their increasing comprehension has inspired the
realization of synthetic surfaces for symmetric pattern horn
antennas [11]. An approach based on metasurfing [12] has
been used to address sectoral H-plane horns [13]. In [14],
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hybrid-mode soft and hard horn antennas are designed for the
first time with an ideal low index metamaterial wall, as an
attractive alternative to the dual dielectric-core horns. In [15],
metasurface walls, implemented with metallic FSS type
screens and vias on a grounded dielectric layer, are engineered
with a genetic algorithm optimization to provide soft, hard and
balanced hybrid conditions in conical horn antennas over a
wide bandwidth. The design is corroborated by full-wave
simulations. In [16], MTS impedance tapering is introduced to
improve radiation characteristics and impedance matching
over a broader bandwidth; also in this case, the design is
verified through simulations. The impedance tapering profile
in [16] is determined through an optimization procedure based
on the full-wave analysis of the whole horn structure.
However, this kind of optimization can be very time
consuming. On the other hand, a design approach based on a
quasi-analytical modal analysis (similar to what is done for
corrugated horns) has the advantage to be computationally
inexpensive, while providing a physical insight into the horn
behavior.

In this paper, a modal field-based method [7], [17], [18],
[19] is applied for the design of low cross-polarization conical
horns with engineered MTSs walls. As it is well known, the
definition of modes in a structure requires the separability of
the wave equation and of the BCs in the appropriate
coordinate system. In a conical waveguide with impedance
walls, separability is possible only for PEC/PMC BCs and,
approximately, for soft/hard cases. The latter are important,
since they model conical corrugated horns [4], [17], [18].

The conical mode analysis has also been extended in the
adiabatic approximation to conical horns with arbitrary wall
impedances [7]. This will be our starting point to develop an
analytical-based design method for this class of horns.

The paper is structured as follows. Section Il presents the
conical adiabatic mode solution for impedance walls, and its
use on a truncated conical horn. A numerical validation
supporting the theoretical considerations is presented through
a body of revolution Method of Moments (MoM) analysis
with the use of realistic homogenized boundary conditions.
Section 1ll presents the low cross-polarization metahorn
design, including implementation of the theoretical AIBC
through subwavelength slotted patches, and numerical full-
wave results of the detailed antenna structure. Section IV
presents manufacturing and measurements of the antenna.
Finally, conclusions are drawn in Section V.

I1. CONICAL MODES FOR IMPEDANCE WALLS

A metahorn is a metallic horn antenna whose interior walls
are coated with a dielectric material printed with a metallic
texture consisting of subwavelength patches, as shown in Fig.
1. A spherical coordinate system (r,0,¢) is introduced as
depicted there, where r is the radial distance from the cone
vertex. We denote with a and wy the largest and the smallest
circular sections of the horn, respectively, and with & the half
flare angle.
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Fig. 1. Pictorial representation of the metasurface horn, and geometry of its
longitudinal cross-section.

The MTS is effectively modelled in terms of an equivalent
anisotropic impenetrable IBC [20], characterized by a
diagonal tensor, whose matrix representation in spherical

coordinates is
7|5 0 1
=10 Z, 1)

All the entries are purely reactive in the absence of losses, as
implied in the following.

A. Characteristic Equation

Separation of variables, as described in [7], [17], [18],
yields the characteristic equation for the conical modes [19].
As a consequence of the periodicity condition dictated by the
rotational symmetry of the horn structure, the azimuthal index
must be an integer number. We denote this number by m. For
any m, a non-integer radial index v depends on the flare angle

6, and on the impedance entries via the following
characteristic equation

[pi”(el)—wzq,)
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where m, and k denote the free-space characteristic
impedance and wavenumber, respectively, and
h,(x)=[ AP () 7ax [IAP(x), where  AP(x) s the
Schelkunoff Hankel function of second kind and order v. In
(2), p'(6)=[dR"(cos6)/d6 /P (cose) , Where P (coso) is the
associated Legendre function of order m and degree v . We
note that the computation of the associated Legendre function
requires the use of hypergeometric functions [21], [22].
B. Adiabatic Solution

A generic modal function solution of (2) is of the kind
F,,(r,0,). In this context, the presence of the radial
coordinate r in the characteristic equation is a well-known

problem, since it does not allow for an exact solution in the
general case. This problem can be circumvented by resorting
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to the so-called “adiabatic” approximation?, which consists in
considering the radial index to be a function of the radial
position r via the solution of (2), i.e. v=v(kr).

It is of interest to study the case kR>>v, for which the
radial function simplifies to its asymptotic constant expression
h,(kR)~—j. In this case, it is apparent from (2) that the

solution for v is independent from the position r only if the
impedance profile is of the kind

NG .NC
z(.,(r)=1%; zr(r)=—1”°T 3)

where C is an arbitrary real constant. It is worth noting that in
this case

Z,(r)-Z,(r)=ny’ @)

which is the well-known balanced condition that ensures zero
cross polarization [25], [3]. We note that this condition is also
the same obtained in [15], [16] for conical balanced horns and
in [26] for dual polarization mode in MTS antennas. Since in
absence of losses the impedance entries are purely imaginary,
(3) implies an opposite capacitive or inductive nature of the
two impedances, together with a specific opposite dependence
on r. This dependence is the first key point in our method. In
fact, for kr>>v, the condition (3) leads to the following
simple asymptotic form of the characteristic equation

N v(v+1) 2_ m Y
(pv (6,)- o J_(sinelj kr>>v  (5)

the solution of which is independent of r, as occurs for conical
modes in presence of PEC walls. It is therefore expected that
the solution of the characteristic equation (2) under the
balanced condition (3) is weakly dependent on r, becoming
asymptotically constant for kr large. This is indeed observed
in Fig. 2, where the solution of (2) for m=1 (dominant mode)
is plotted as a function of r/A for various flare angles. For
increasing flare angles v reaches its asymptotic value more
rapidly. It is also worth noting that very close to the horn
vertex (origin of the reference system) a very small imaginary
part of v is found for small flare angle, not depicted in Fig.2.

C. Local Incidence Angle
The smooth radial dependence of the radial index
legitimates the mentioned local adiabatic solution v(kr)

obtained solving the characteristic equation of the conical
section by section, and the use of it as a basic input for the
MTS design. In doing that, it is important to account for the

2 In [23], [24] a modal field-based approach, based on the definition of
“adiabatic modes”, and their extension to “intrinsic modes”, was presented as
solution to propagation problems when separability conditions are not
completely matched along the z axes. The work presented in those references
was relevant to cylindrical structures which exhibit a local longitudinal
variation of boundary conditions. Along a similar guideline, we use here an
“adiabatic concept” to study the exact characterictic equation for conical
boundaries.

space-dispersivity of the homogenized MTS impedance in its
practical realization with printed texture.
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Fig. 2 Solution of (2) obtained with the use of (3) for various values of the
flare angle and for C=0.06.

To this end, we assume that the local modal incidence angle is

where k,(r) is the normalized radial wavenumber of the
mode, namely [4], [17]:

0 1@ .
K (D) ey e (k) oA (kr)]
J v( r) J 102 J
k H (kr) okr

).

An example of the dependence of incidence angle on the
radial position is shown in Fig. 3.

80

rlA
Fig. 3. Incidence angle as a function of the normalized radial position for a

flare angle of the horn equal to 20° and C=0.06, under balanced hybrid
condition (3).

D. Impenetrable vs Penetrable Impedance

The knowledge of the incidence angle, together with (3), is
the second key point for the MTS synthesis. It is indeed well
known [20], [27] that a MTS realized by printed elements over
a grounded slab can be modelled by an “impenetrable” surface
impedance, but the resulting value is dependent on the local
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wave-vector. This is because the homogenized impedance
takes into account both the contribution of the grounded
dielectric slab, typically wavevector dependent (and therefore
requiring the knowledge of the local incidence angle,
identified by (6) in our method), and of a homogenized
“penetrable” impedance associated with the printed
metallization. The latter is almost independent from the wave-
vector in a broad frequency range. The resulting combination
of the two contributions, approximated through a local
transmission line model, leads to the impenetrable impedance.
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Fig. 4. Impenetrable reactances (a) and penetrable reactances (b) vs. the radial
distance from the horn vertex. Note the different ranges in the vertical scale.

Example of opaque (impenetrable) reactances X4, X, and of
transparent (penetrable) reactances X g“"s”, XTP are

plotted in Fig.4 as a function of the radial normalized distance.
The dielectric substrate selected for the MTS metallic printing
has a thickness h; = 1.016 mm and a permittivity of ¢, =
3.6. The example is relevant to a conical horn working at
12GHz with a flare angle 18.445°. The surface impedances are
defined through (3) with C=0.0788 in order to obtain feasible
values of the transparent impedance along the entire horn.

It is noted that the use of thinner substrates is also possible
in principle, but it would require the use of patches with
higher capacitance, which, in turn, would imply a narrower
bandwidth for the metahorn.

E. Radiation patterns for truncated mode

It is interesting to investigate the radiated field obtained by
truncating the conical unimodal horn. To this end, the
equivalence principle is applied to a spherical cap passing
from the rim of the truncated cone (see Fig. 5b) [17].

To validate the solution obtained with the modal adiabatic
currents, a full wave MoM-BoR analysis method with
penetrable impedance BCs has been applied to the analysis of
the same structure [28]. In the MoM-BoR fomulation, the field
of the TE11 mode at the horn throat is used as excitation,
while the MTS is represented with a homogenized transparent
impedance tensor over a grounded slab with &, = 3.4 (see Fig.
5d). The agreement between the two methods reveals the
accuracy of the adiabatic mode model and the capability of the
MTS to filter out spurious component deriving from the TE11
excitation. In particular, full wave simulations confirm that the
chosen impedance profile is able to provide a very low cross-
polar horn. Note that the adiabatic modal currents on the
spherical cap rigorously predict zero cross polar components.

I1l. METAHORN DESIGN WITH HE11 MODAL REACTANCE

A. Impedance design with metallic patterning

The transparent impedance walls are next implemented in
practice through the design of subwavelength cross-slotted
patches printed on the grounded dielectric slab. Examples of
the implemented unit cells are represented in Fig.6. The two
arms of the cross slots etched inside the metal of the patches
may have different lengths in order to manage with a certain
independency the TE and TM components of the MTS tensor.
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Fig. 5: Normalized far field radiation patterns as a function of the observation
angle & comparison of two methods for various flare angles. (a)
Mmax=3A ; (C) rmax=10A (results obtained at 15 GHz). Solid lines: results
obtained with equivalent modal currents over the aperture-cap radiating in free
space (b); dashed lines: MoM-BoR results obtained with homogenized
transparent reactance sheet impedance over grounded dielectric slab (d).
Ecxcitation is provided by using field of a TE11 in circular waveguide.

It is worth noting that being the desired impedance only
dependent on r, the cell geometries differ along the radial horn
profile, while they do not change in the azimuthal direction.
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LPphi
Dphi

Fig. 6. (a) Numerical model of the horn with MTS constituted by metallic
subwavelength patches with etched cross slots; (b) circular waveguide
transition with longitudinal corrugations; (c) local planar periodic problem
with triangular lattice and mesh; (d) geometric parameters of the individual
cell for the surface impedance database construction by periodic MoM.

The identification of the unit cell geometry needed to get
the desired transparent impedance is based on two
assumptions: i) a local planar periodicity with a triangular
lattice ii) a planar unit cell and a square patch contour. The
assumption (i) means that in each individual position a patch
is surrounded by identical patches, periodically distributed on
a triangular (skew) lattice. This allows for the use of a MoM
based on periodic boundary conditions. Concerning the
assumption (ii), it consists in approximating the curved surface
on which each patch is printed with a planar one, and the
slightly trapezoidal shape of each patch with a square shape.
This is done by a geometrical projection over the tangent
plane in each point.

v (TE)

=

T

~short circuits

(a) (b)
Fig. 7. (a) Local plane-wave incidence with modal incidence angle over the
local flat MTS: (b) transmission line equivalent network for the retrieval of
the anisotropic modal impedance.

The skewness of the lattice in (i) (Fig 6¢) is fundamental for
the accuracy of the impedance extraction. Indeed,
accommodating an integer number of patches over azimuthal
rings implies a different number of patches in radially
contiguous rings; in turn, this implies a small misalignment
between neighboring patches that can be adapted to a local

periodicity only with a skew angle of the local lattice.

The geometry of the unit cell is depicted in Fig. 6. The
period along the radial direction Dr is kept constant and equal
to 5.2 mm (~\/5); the period along the azimuthal direction
Dphi is slightly varied around this value so as to accommodate
an integer number of unit cells in each ring, ranging from
5.13mm to 5.33mm. From the theoretical model, each ring is
characterized by an objective impedance and an incidence
angle of the plane wave. Furthermore, the skewness angle of
the lattice is determined by the unit cell period. In order to
determine the right geometry of a local patch providing the
desired value of impedance, a database has been constructed
by analyzing unit cells with different geometries with a
periodic MoM. The geometrical parameters involved in the
database construction are the two lengths of the arms of the
cross slot (LSphi and LSr), the skewness angle of the lattice.
The size of the patches, LPphi and LPr varies slightly in each
ring (LPphi ranges from 4 mm to 4.4 mm, LPr from 4.8 mm to
4.9 mm); the slot widths are kept constant and are equal to
WSphi=WSr=0.51mm.

A relationship among the parameters and the values of the
opaque impedances entries is established. The transparent
reactance X, Xy are individuated through a TE-TM two-port
transmission line model, excited by a plane wave coming from
the incidence modal angle (Fig. 7). The transmission line
model is limited to the dominant Floquet-wave mode of the
local periodicity, while the higher order modes are
incorporated in the equivalent transparent reactance. The
database is first constructed with a coarse sampling of the
parameters values, and next interpolated to get continuous
values. The research of the optimal set of geometrical
parameters that realizes a given couple of reactance entries is
done by an optimization algorithm. The research of the
optimal value is facilitated by using the geometry of
contiguous patches as an entry guess. We note that the
required transparent impedance matrix is diagonal; since, in
general, the skewed lattice may create a small coupling among
the polarizations; this coupling must be compensated by acting
on the degrees of freedom of the unit cell.

B. Launcher

In order to emulate the hybrid port of the conical horn, a
mode-launching region of the horn must be designed to
transform a TEi1; mode in input circular waveguide into a
hybrid HE;1 mode at its output section (horn throat). The
longitudinal profile of the final structure is reported in Fig. 8.
The optimized values of the geometrical parameters are
reported in TABLE I.

TABLE |
GEOMETRICAL PARAMETERS OF THE LAUNCHING SECTION
WGin wg di n r rs I
11.9 mm 15.24 mm 10.37 mm 12.4 mm 13 mm 13.5mm 14.10 mm
Is hewgs hcwgz hewgs hy ha hs
14.6 mm 10 mm 12.6 mm 15.96 mm 3.85 mm 7.95 mm 6.49 mm
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Fig. 8. Longitudinal profile of the horn with semi-flare angle 18.445°,
a=49.8mm, wg=15,24mm (a) and of the launcher section (b). The valued of
the parameters for the launching section are reported in Table I.

C. Full-wave MLFMM analysis

The final design in Fig. 8 has been analyzed by two
software codes: a code by IDS based on a Multilevel Fast
Multiple method (MLFMM) [29] and the aforementioned
BoR-MoM code based on homogenized transparent
impedance (see Fig. 5d). The results shown in Fig. 9 present a
final comparison among the results obtained by the MLFMM,
the BoR-MoM and the modal currents over the aperture-cap
radiating in free space (like in Fig. 5b). The MLFMM results
are obtained by exciting the circular waveguide cross-section
with a horizontal dipole; while the results from BoR-MoM
have been obtained by exciting the circular waveguide section
with a TE1x mode. Surprisingly, it is seen that the results by
the modal aperture currents predict accurate co-polar pattern
up to -10dB from the maximum. The accuracy of the BoR-
MoM analysis is also surprising, since the analysis is based on
homogenized theoretical values of the impedance surface.
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Fig. 9. Comparisons of the radiation patterns obtained from various numerical
models for the final geometry in Fig. 8.

Fig. 10. Final Metahorn Engineering Model.

IV. MANUFACTURING AND MEASUREMENTS

A. Manufacturing

The realized conical metahorn is shown in Fig. 10. It has been
realized by using a flexible substrate on which the metasurface
is printed. An intermediate rigid dielectric substrate machined
to conical shaped is placed between the metasurface and the
metallic wall. The outer conical horn is made of aluminum
alloy and it is manufactured by means of traditional CNC
turning machine. Several materials have been traded-off for
the intermediate conical slab. The most appropriate resulted to
be ULTEM™ 2300 [30], an amorphous thermoplastic polymer
which combines mechanical, thermal and electrical properties.
According to measurements conducted with a WR75
waveguide set-up on two material samples, dielectric relative
permittivity is 3.62 at X-band, loss tangent varies between
0.029 and 0.050 in the frequency range 10-15GHz. This has
been bonded onto the inner wall of the metallic horn. The
flexible substrate is DuPont™ Pyralux AP8545R [31]. This
material is a copper-clad laminate based on a polyimide film
bonded to copper foil. Among its main characteristics, this
material is flexible, highly reliable and temperature resistant.
The thickness chosen for the substrate is 4 mils (100 microns),
the relative dielectric constant is 3.3 at X-band, the loss
tangent is 0.004.

The substrate has been printed in plane by a
photolithographic process, curved and bonded over the rigid
dielectric part in autoclave with the help of a conical mold.
The total thickness of the dielectric slab and the flexible
printed circuit board matches the nominal design value of
1mm. The transition between the circular waveguide and the
conical horn is done by CNC turning machine and fastened to
the conical part with a precision flange. The metallic launcher
is composed by several axial corrugations (see Fig. 8). A
commercial Ortho-Mode Transducer (OMT) is connected to
the corrugated launcher in order to feed the two linear
polarizations (H/V) of the conical horn with high purity and
port-to-port decoupling.
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Fig. 11. Antenna under test in the MVG Star Lab 18 spherical near field
antenna test range.

----Reflection coefficient (X-pol) W/O MTS
----Reflection coefficient (Y-pol) W/O MTS
—— Port-to-Port decoupling W/ MTS

-=-=-Port-to-Port decoupling W/0 MTS
—— Reflection coefficient (X-pol) W/ MTS
—— Reflection coefficient (Y-pol) W/ MTS
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N
a

10 10,25 10,5 10,75 11

11,25 11,5 11,75 12
Frequency [GHz]
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Fig. 12. Scattering parameters at the input ports of the bare metallic horn
(dashed lines) and of the metahorn (continuous lines).

B. Measurements

Scattering parameters of the manufactured horn have been
measured in a fully anechoic chamber at Microwave Vision
Group (MVG) (ltaly, Pomezia) using an Anritsu Vector
Analyzer (MS4647B). The accuracy of the test set-up is +/-
0.05 dB at -0.5dB levels and +/-1dB at -30dB levels. The
radiation pattern has been measured with the MVVG Star Lab
18 spherical near field antenna test range [32] (Fig. 11),
equipped with 14 probes in the range 6-18 GHz, mounted with
equal spacing on a circular arch. The geometry of the set-up
ensures minimum interference and low ripple on the radiation
patterns. The measured S-parameters at the input coaxial ports
of the horn, including the OMT, are shown in Fig. 12. The
resulting operational bandwidth, considering -15dB reflection
coefficient, ranges from 10.5 to 13 GHz, with a port-to-port
decoupling better than -35dB. These achieved results widely
cover the expected frequency range. For the sake of
comparison, the same figure also reports the reflection
coefficient for the same conical horn without MTS, i.e. with
bare metallic walls. As it can be seen, the presence of the MTS
does not degrade the input port matching and the port-to-port
decoupling.

Sample results of measured RHCP and LHCP radiation
patterns are shown in Fig. 13 in the frequency range 10.7-12.5
GHz. These results are obtained by measuring the two linear
polarizations of the horn independently and then computing

the resulting circular polarization in post-processing, assuming
ideal feeding with equal amplitude and phase quadrature
between the coaxial ports. To minimize the impact of the
OMT un-idealities on the measured axial ratio, its channel
imbalance between ports is calibrated out.
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Fig. 13. Directivity patterns at various frequencies; comparison between
measurements and simulation (MLFMM, IDS code)
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The plots shown in Fig. 13 also present the numerical
results calculated with MLFMM tool from IDS, showing a
good agreement in a range of -30 dB level. The adiabatic
mode simple prediction (not shown here for not overcrowding
the pictures) actually shows an accuracy over -30 dB from the
co-polar components, namely of the same order of those in
Fig. 9. This confirms the validity of the extremely simplified
method as an effective and reliable design tool for initial
sizing of the structure. The overall performances in the
operational bandwidth are illustrated in Figs. 14-17. In
particular, Fig. 14 reports the maximum directivity, Fig. 15 the
peak cross-polarization level with respect to the maximum co-
polarized field, and Fig. 17 the radiation efficiency. In order to
better highlight the improvement introduced by the MTS, the
performance of the metallic horn without MTS are also
reported in the same figures.

Cross-polar discrimination (XPD) has been calculated as
the difference between the co-polar component at broadside
and the maximum value of the cross-polar component in the
main beam angular region |4<17°. It is seen that between
11GHz and 13 GHz, the cross-polar level is 25dB below peak
in average, with minima beyond 30dB. These levels are
comparable with the achievable performance of a generic
corrugated horn. The improvement with respect to the bare
metallic horn is around 10dB.
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Fig. 14. Measured maximum directivity as a function of frequency for the

proposed metahorn prototype and for the same horn without MTS.
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the proposed metahorn prototype and for the same horn without MTS.

—— Metallic
—— Metasurface

Directivity (dBi)

N
40 ' . . I . .
-150 -100 -50 0 50 100 150
theta (deg)
Fig. 16. Measured co-polar pattern in the E-plane at 12GHz for the proposed
metahorn prototype and for the same horn without MTS.
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Fig. 17. Measured radiation efficiency as a function of frequency for the
proposed metahorn prototype (blue and yellow lines) and for the same horn
without MTS (red and green lines)).

On the other hand, the insertion of the MTS implies a
slight decrease of the radiation efficiency (between 0.5dB and
1dB), mainly due to dielectric losses. This aspect could be
improved by selecting materials with a lower loss tangent.

Finally, in order to show the improvement introduced by
the MTS in the side lobe level, co-polar radiation patterns in
the E-plane (X-polarization) are shown in Fig. 16 for both the
metahorn and the bare metallic horn. As it can be seen, SLL is
significantly improved in the presence of the MTS. A similar
behavior is also found at the other frequencies of the
operational band.

V. CONCLUSION

A low cross-polarization conical horn based on thin
metasurface walls is presented. The design is performed by
emulating with printed metasurfaces the boundary condition
supporting the HE;; mode in conical waveguide with
anisotropic impedance BCs on the walls. These BCs exhibit
1/r and r dependencies for the two components of the tensor
impedance, and they support a mode perfectly balanced in
polarization. The tensor-impedance is implemented by
printing patches with two slots over a grounded slab, without
using any optimization method for correcting the impedance.
With respect to previously published solutions for metahorn
implementation, the one proposed in this paper is simpler to
manufacture since no vertical metalizations are required and it
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offers the advantage of thinner walls and reduced mass with
respect to a corrugated horn. These characteristics, combined
with the possibility to shape the radiation pattern by
redesigning the MTS, make the proposed design particularly
suitable for space applications, where performance
requirements are demanding, and mass and bulkiness
reduction are of primary importance. Final measurements of a
20dB gain Ku-band prototype have evidenced a cross-polar
level below -20 dB over 2GHz bandwidth around 12GHz,
with a best performance of less than -30dB.
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