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Abstract—Additive Manufacturing Laser Powder-Bed Fusion
(AM LPBF) technique is evaluated to manufacture monolithic
antennas in metal, simplifying the conventional procedure based
on, first, manufacturing a dielectric skeleton, and then, applying
a coating process to obtain the desire microwave component. To
validate the technique, a difference pattern array of 4x4 horn
antennas is designed to operate at mm-wave frequencies. The
antenna is based on a complex structure to obtain a difference
radiation pattern by rotating twisted section in two different
orientations. The prototype is manufactured in a monolithic piece
of aluminum alloy AlSil0Mg, providing a single structure that
includes both radiating elements and feeding network, including
twisters and power dividers in waveguide. The prototype is
evaluated in anechoic chamber and planar near-field scanner,
obtaining a good agreement with full-wave simulations within
the operational bandwidth (34 to 36 GHz). The experimental
validation demonstrates that the technique LPBF is a suitable
candidate to produce monolithic metal-only microwave compo-
nents in the K, band.

I. INTRODUCTION

Differential pattern antennas serve crucial roles across
a spectrum of applications where discerning signals from
various directions is paramount. In radar systems, these an-
tennas facilitate precise target tracking, like aircraft, ships,
or weather phenomena, by analyzing phase and amplitude
disparities among signals received by array elements [[1]]. Like-
wise, in wireless communication systems, particularly those
employing beamforming or MIMO techniques, differential
pattern antennas enhance signal reception and transmission
efficacy by directing beams towards desired directions while
mitigating interference. In radio astronomy, they enable the
capture and analysis of celestial signals, aiding astronomers in
deciphering properties of celestial objects through meticulous
measurement of signal disparities across the antenna array.
Moreover, in direction-finding systems, these antennas are
pivotal for navigation, search and rescue operations, and mil-
itary endeavors, as they enable determination of signal source
directions by comparing signals received across the array.
These versatile antennas thus play integral roles in a diverse
array of applications requiring precise signal discernment and
analysis.

Additive Manufacturing (AM) has emerged as an alterna-
tive to traditional manufacturing methods, like CNC milling,
offering speed, precision, and cost benefits [2]. AM’s ability
to create complex geometries has attracted interest beyond
mechanical engineering, notably in microwave engineering.
Three methodologies dominate AM in antenna and mi-
crowave device fabrication: using plastic/dielectric materials
for graded-index lenses [3]-[5]], metasurfaces [6], and trans-
mitarrays [[7]-[9]; plastic components with metallic coatings

like nickel [10], or copper [12]-[15]; and metal-only
AM techniques such as Laser Powder Bed Fusion (LPBF),

ideal for space applications due to dielectric loss-free prop-
erties [I0]-[I5]. LPBF, involving layers of metal powder
melted by a laser, produces lightweight, monolithic microwave
components like waveguide filters, horn arrays, and shaped
parallel plate lenses [[[6]-[20]. These advancements address
alignment issues encountered in milling processes [21]).

II. ANTENNA DESIGN

The design of the horn array with difference pattern starts
from an input port in rectangular waveguide WR28. This input
port undergoes narrows down to achieve a more compact
design and have good matching in the design band. This input
port continues towards a power divider 1:2 in H-plane, using
a septum for impedance matching. Again, each of the outputs
of this 1:2 divider are concatenated by another 1:2 divider
using the same topology. This achieves linear division 1:4 in
the H-plane.

However, to achieve a planar array, a square aperture is
required, with the same number of elements in the verti-
cal and horizontal planes. Given the flexibility that addi-
tive manufacturing allows, it was decided to use 90° twist
sections that allow changing from the H-plane to the FE-
plane. Specifically, if this twist is applied to two elements
with clockwise orientation and two with counterclockwise
orientation, a phase distribution with 180° phase difference is
achieved. Furthermore, this plane change has the particularity
and benefit of being able to reuse the same H-plane divider
used in the input port. For the aperture, four 1:4 dividers have
been stacked, each connected to a set of four rectangular to
square horns. Figure [I] shows an exploded view of the horn
array design with difference pattern, featuring two twisted
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Fig. 1: Exploded view of difference pattern horn array design.



sections in clockwise orientation and two in counterclockwise
orientation.

For the mechanical design of the differential pattern horn
array, once again, thanks to the manufacturing possibilities,
an envelope conforming to the vacuum design was created.
This envelope typically has a thickness of 1.5 mm.

III. MANUFACTURING PROCESS USING LASER POWDER
BED FUSION

To validate the design of the proposed monolithic horn
array difference pattern antenna, incorporating various com-
ponents such as waveguides, power dividers, twisters, and
horn antennas, the decision was made to manufacture and test
the aggregate version. AM LPBF technology was employed
for fabrication, involving the deposition of metal powder
layer-by-layer on a build plate, followed by selective melting
using a laser beam as a heat source to achieve the desired
structure. The resulting monolithic piece integrates the horn
antenna array with the feeding network, utilizing solely alu-
minum alloy AISilOMg, with an electrical conductivity of
o=1.68 x 107 S/m [22]. This method eliminates the need for
subsequent assembly and coating steps, streamlining produc-
tion from two or three steps to just one, thereby reducing
assembly errors and enhancing device performance. Post-
processing of the prototype involves removing fabrication
supports, sandblasting the outer surface, and machining the
flanges for improved interface contact. The complexity of the
design, including twisted sections, is challenging to produce
via traditional methods, particularly when difference pattern
antennas, where phase distribution along the aperture of
the component is a critical aspect. Since LPBF was cho-
sen from the beginning, the antenna design was tailored to
accommodate process constraints. For instance, mechanical
surfaces in the 4x4 horn antenna array were designed with
no inclination exceeding 45° to align with manufacturing
capabilities. Additionally, managing high temperatures during
production is critical to prevent thermal deformations that
could impact electromagnetic response. Thermal optimization
was employed during cooling using multiple thicknesses to
mitigate potential deformations.

For the manufacturing of the monolithic component, the
printing direction followed the orientation of the z-axis with
a rotation of 45°, as depicted in Fig.[I] with the flange placed
against the building plate and the aperture positioned at the

Fig. 2: Photographs of the addivitely manufactured difference pattern
horn array antenna in AlSilOMg.

Reflection Coefficient (dB)

Measurement
= = =Simulation

36 37 38
Frequency (GHz)

Fig. 3: Scattering parameters of difference pattern horn array proto-
type, comparing measured (solid lines) with simulated (dashed lines)
results.

top. This orientation offers the advantage of design symmetry
relative to the printing bed and reducing the need for supports
during fabrication. Additionally, due to the design of the horn
array, there are no areas presenting overhanging challenges.

After manufacturing the monolithic piece using aluminum
alloy AlSi10Mg, post-processing steps were initiated. Initially,
the piece was detached from the printing bed along with
the manufacturing supports. Subsequently, the supports were
removed, and the piece underwent thorough cleaning. To
further refine the surface, sandblasting was performed using
glass microspheres. Finally, a machining cut was applied to
the flange area, where an additional thickness of 500 pm
had been incorporated to ensure proper contact with the
measuring equipment. Overall, a surface roughness of 5-6 um
as-built is expected, and it is reduced down to 3-4 um after
sandblasting. In Figl] it is depicted a photograph of the
additively manufactured difference pattern horn array antenna
in aluminum alloy AlSil0Mg.

IV. MEASUREMENTS

The prototype of difference pattern horn array antenna,
manufactured using additive techniques, underwent measure-
ment and experimental validation at the University of Oviedo,
Spain. Initially, the reflection coefficient was assessed using
the Agilent N5247A PNA-X vector analyzer to ensure proper
functionality. The reflection coefficient compared with simu-
lation is depicted in Fig. [3] The maximum measured reflection
coefficient is -10.8 dB, compared with a maximum value of
-17dB in the simulation. Despite minor variations, primarily
due to manufacturing tolerances, the measured results, below
-10dB closely align with simulated data, validating the per-
formance of the device in the design frequency band.

Once the reflection coefficient was successfully validated,
radiation pattern measurements were carried out. Firstly, the
prototype of the difference pattern horn array was placed in
the anechoic chamber (spherical range) of the University of
Oviedo, Spain. In Fig. @a an image of the measurement setup
for the anechoic chamber is depicted. The normalized radia-
tion patterns for the primary planes (¢ = 0° and ¢ = 90°)
at 34 GHz are illustrated in Fig. [3 for both copolar (CO) and
cross-polar (CX) Linear Polarized (LP) field components. It
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Fig. 4: Measurement setup for the horn array additively manufactured
prototype in (a) spherical range in anechoic chamber and (b) planar
acquisition range.

is also presented a comparison from a full-wave numerical
simulation, performed in CST Microwave Studio |]2;3'[], with
measurements in Fig. [5] showing an excellent agreement.
Dashed lines for ¢ = 0°, dotted lines for ¢ = 90° and solid
lines for simulations.

The measured level for the null of the co-polarized com-
ponent with respect to the maximum is -27dB at 36 GHz,
with SLLs remaining below -10dB. It is important to note
the frequency squint that happens around the center of the
pattern due to electrical dimensions. Additionally, it is also
presented in Fig. [6] the measured normalized radiation pattern
for CO in the U-V plane at 34, 35 and 36 GHz respectively
compared with simulations.

Furthermore, the prototype was also measured in the planar
acquisition range in the University of Oviedo, Spain. A picture
in Fig. [ illustrates the prototype of the difference pattern
horn array antenna mounted in the measurement setup in a
planar acquisition range in semianechoic environment. The
setup is comprised of an open-ended waveguide in the Ka-
band used as near-field probe. Both probe and the prototype
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Fig. 5: Normalized radiation patterns of difference pattern horn array
prototype at 34 GHz, comparing measured (dashed and dotted lines)
with simulated (solid lines) results.
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Fig. 6: U-V Normalized radiation patterns of the difference pattern
horn array for (a) measurements at 34 GHz, (b) simulations at
34 GHz, (c¢) measurements at 35 GHz, (d) simulations at 35 GHz,
(e) measurements at 36 GHz and (f) simulations at 36 GHz.
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are connected to the Agilent N5247A PNA-X vector analyzer.
Then a 100x 100 mm? plane is measured at 95 mm from the
center of the antenna to get most of the radiated power. The
grid is sampled each mm from 32 to 38 GHz. This measure-
ment campaign is used to evaluate the phase difference in the
aperture.

In Fig. m near-field measurements are illustrated, both in
amplitude and phase, for frequencies of 34, 35, and 36 GHz.
Remarkably, in Fig. [7a] [7c| and [Te] amplitudes are shown with
a null in the central part for the z-cut corresponding to the
center of the aperture. Furthermore, in Fig. [7b} [7d] and [7f}
it is clearly observed how the upper part of the aperture,
i.e., the linear arrays with counterclockwise twists, exhibit
a phase difference of 180° compared to the lower part of the
aperture, corresponding to the sections with clockwise twists,
confirming the correct design and operation of the difference
pattern.
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7: Near-field measurements of difference pattern horn array

prototype: (a) Amplitude at 34 GHz, (b) Phase at 34 GHz, (c)
Amplitude at 35GHz, (b) Phase at 35 GHz and (a) Amplitude at
36 GHz, (b) Phase at 36 GHz.

V. CONCLUSION

This paper presented a difference pattern horn array antenna
experimentally validated by means of additive manufacturing
technique LPBF. The manufacturing of a monolithic compo-
nent allows to reduce misalignment errors and leakage, while
giving the freedom of using only H-plane power dividers,
thanks to the twist sections. Overall, a good agreement has
been found between simulations and measurements, indicating
the potential of AM LPBF for microwave components in the
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