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Abstract—A dielectric loaded profiled conical horn antenna is
shown in this paper. With the smooth profiled flare and two
loaded dielectric core materials, this horn offers wideband gain
and low side-lobe level. Additive manufacturing and metal
plating have been used to address the fabrication challenges. The
cost of the manufacturing has been significantly reduced.
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L INTRODUCTION

Additive manufacturing (AM) technology constructs
successive layers of materials to create three-dimensional (3D)
objects. It has garnered immense attention from many
applications including biology, aerospace, electronics, and
electromagnetics [1]-[4]. AM allows arbitrary geometries and
internal structures that are difficult to realize using traditional
machining techniques. Composite structures with the desired
set of properties over a wide range of frequencies can be
constructed [5], [6]. These structures could be viewed as
artificial dielectrics and provide a means of altering the
electromagnetic (EM) properties that offers extra freedom in
choosing of materials for radio frequency (RF) designs.

This paper presents an additively manufactured and metal
plated conical horn antenna. The conical horn has smooth
sinusoidal profile with two dielectric materials loaded in the
core to realize low side-lobes and low cross-polarization over
the frequency range [7], [8]. The two dielectric cores are
concentric with the outermost metal shell and both of them
have the same profiles. It is challenging to fabricate this horn
with a heterogeneous dielectric by using the traditional
manufacturing techniques, particularly for the outer dielectric
shell due to the thin thickness. Furthermore, the required
dielectric materials may not be available off-the-shelf. With the
advent of AM, and assisted by metal plating, this profile horn
antenna can be rapidly but inexpensively prototyped in-house.
This turns the design from a concept to a finished product in
days instead of many months.

II.  PROFILED HORN DESIGN

The sketch of the dielectric loaded profiled horn is shown
in Fig.1. The sinusoidal profiles with p =2 and 4 = 0.8 can be
described as Equation (1):

a(z) = D2—9+ (%—Dz—g) (1 —A)LZ—f+Asinp (:—ff)] (1)
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Fig.1. Sketches of proposed smooth profiled conical horn antenna, (a) side
view, (b) front view.
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TABLE 1. DESIGN PARAMETERS OF THE PROFILED HORN

ANTENNA
Name Description Value
Dg Waveguide diameter 20.27 mm
Lg Waveguide length 29.98 mm
Df Flare diameter 87.61 mm
Lf Length of the flare 138.30 mm

T Thlckness (?f the outer 4.00 mm
dielectric layer

Relative permittivity of the

. 1.60
core material

el

Relative permittivity of the

&2 outer dielectric layer

1.06

The design parameters are shown in Table 1. The outer
dielectric is covered with a metal shell layer and the horn is fed
by a circular waveguide.

Simulation results by using CST indicate that this profiled
horn antenna offers 17.0 to 20.1 dBi gain over the frequency
range from 9 to 15 GHz - shown in Fig.2. Fig.3 shows the
radiation patterns of the horn. It can be seen that the profiled
horn produced symmetrical patterns around the boresight axis
and low side-lobe level (less than -33 dB) were obtained.

III.  MANUFACTURING AND MEASUREMENT RESULTS

The entire horn has been additively manufactured in a
single-process by using the same material (polylactic acid)
which had dielectric constant of 2.78. The desired dielectric
constants for the dielectric cores were realized by creating non-
solid internal structures with air inclusions [5]. After the
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Fig.2. Simulated gain of the profiled horn antenna
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Fig.3. Simulated gain patterns of the profiled horn antenna at 10 GHz

two dielectric cores were created, the outer surface was metal-
plated by using conductive spray. A circular X-band
waveguide flange was also fabricated and metalized to
connect this horn to a standard circular waveguide feed. The
fabricated horn with the flange is shown in Fig.4. The
measured radiation patterns are shown in Fig.5.

IV. CONCLUSIONS

This paper has presented the design and fabrication of a
smooth profiled conical horn antenna loaded with two
dielectric materials by using advanced AM technique. The two
different dielectric loaded materials have been additively
manufactured with the desired sinusoidal profiles in a single
process. The dielectric loaded profiled horn antenna offers
wideband gain and small side-lobe values. Manufacturing
details, in-depth analysis of the horn antenna performance will
be presented at the conference.
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Fig.4. Additively manufactured profiled conical horn antenna that is fed by a
circular X-band waveguide
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Fig.5. Measured radiation patterns of the additively manufactured profiled
horn antenna at 10 GHz
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