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ABSTRACT
In this research, we manufactured a commercially available standard-gain conical horn antenna by using a three-dimensional (3D) printer. Such antennas
are expensive, and they take very long to deliver; therefore, it is desirable to fabricate antennas using the 3D printing technique. Hence, we designed
the WR-15 conical horn antenna using SolidWorks. To fabricate this antenna, we used a 3D printer with polylactic acid material. The inner surface of the
antenna was made conductive by coating it with copper and spray painting it with silver. We investigated the performance of the horn antennas. The
scattering parameters of the fabricated antenna painted in silver were compared with the theoretical scattering results and the scattering parameters
taken from commercially available antennas.
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Introduction
In recent years, many tools have been introduced for the evaluation and manufacturing process of products. Three-dimensional (3D) printers play an important role for the development
and production of different kinds of equipment. These printers are used in many fields, such
as medicine, aerospace, and telecommunications. For example, NASA astronauts started to
use 3D printers in space to assist in producing parts and tools in zero gravity. Moreover, companies, such as General Electric, Airbus, and Rolls-Royce, have also been investing to develop
products using 3D technology; 3D printers are being increasingly used for the fabrication of
antennas and waveguides in the fields of radio frequency (RF) and wireless communications.
Researchers have started finding their own way of producing products using 3D printers because RF products are expensive and have a long delivery time. These RF components are
modeled using SolidWorks computer-aided design tools. Then, they are printed using a polylactic acid (PLA) filament, which is a thermoplastic aliphatic polyester derived from renewable
resources and is used in 3D printers.
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After the manufacturing process, conductive materials are used for the coating. This coating
process is performed in different ways, such as painting, electroplating, and taping with copper
or silver. The performance of both copper tape and Caswell copper spray coating have been
compared in [1]. Pyramidal standard-gain horn antennas operating at 28 GHz are manufactured
and coated with these conductive materials [1]. Moreover, this commercially available antenna
was simulated by using a high-frequency structure simulator, and these simulation results were
compared with the experimental measurements. In addition to the radiation pattern of simulation and the experimentally measured results, the return loss parameters S11 for the copper
paint and copper tape were also supported [1]. These 3D printed antennas can also be used for
some radar applications. Snow-monitoring pulsed radar systems use 3D-printed double-ridge
horn antennas [2]. The antenna and waveguide were produced separately to provide effective
coverings for the inner areas of the antenna and waveguide [2]. Furthermore, each section was
also divided into two parts. Then, each part was separately painted with silver spray, and the
parts were combined [2, 3]. Unlike the case for common structures in 3D printing horn antenna
technologies, printed circuit board feed was used to deliver the input signal into the waveguide
[2]. In this research, we provide the measured and simulated radiation patterns and gain. We
also provide the measured and simulated antenna efficiencies between 1 GHz and 8 GHz [2].
Different plastic materials can be used to print the RF components. To observe the performance of various plastic materials, we fabricated a type of pyramidal horn antenna working
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between 7.5 GHz and 18 GHz by using three plastics: acrylonitrile butadiene styrene, PLA, and Vero [3]. These three types of
antennas were experimentally tested using three metallization
processes: vacuum metallization, electroplating, and conductive paint; then, the performance of each antenna was investigated [3]. The most resistive coating process was conductive
painting, and this was followed by vacuum metallizing and
electroplating (in ohms per cm) [3].
Although many ongoing studies have focused on applications
with less than 60 GHz frequency, certain designs work at 60
GHz [4-6]. Unlike this study, which produces a horn antenna
using PLA material, previous studies have investigated metallic 3D printed horn antennas [4-6]. Plastic-based 3D printing of
antennas is more effective than the laser beam melting process
in terms of cost effectiveness and fabrication.
In this paper, we use a 3D model with manufacturing details
that describe the physical properties and covering process of
the material. Section III gives the measurement results as compared with the theoretical and original antenna results. The
conclusions are presented in the last section.
3D Model, Manufacturing Details, and Measurement Setup
3D Model and Manufacturing Details
The standard-gain horn antenna that we designed is based on
the antenna model SAC-1533-15-S2 produced by SAGE Millimeter Inc. [7]. The geometry of the antenna is shown in Figure
1, where B and D indicate the inner and outer diameters of the
horn antenna, respectively. C is the WR-15 waveguide aperture size, and F is the length of the waveguide. A is the holder dimension used for connecting the antenna with the other
equipment. Table 1 gives the detailed dimensions of each part
of the labeled antenna shown in Figure 1.
The designed antenna has been saved as a standard template
library (STL) file. The STL file was imported into a 3D printing
system, and the horns were fabricated using a PLA material

provided by RAISE3D. The permittivity and loss tangent of the
material varied according to the E and H directions [8]. The permittivities of the E and H directions were 2.74 and 2.83 at 60
GHz, respectively. The tangent losses of the E and H directions
were 0.0141 and 0.0161, respectively, at 60 GHz [8].
In the first part of the plating process, the inner surface of the
3D printed horn antenna was coated with copper. This coating
operation was used with electroplating. Electric currents were
used in the electroplating coating process in which the plating
metal was transferred to the conductive or nonconductive surfaces [9]. To provide conductivity to nonconductive materials,
the surface of the nonconductive material should be coated
by processes such as graphite coating, conductive lacquering,
electroless plating, or vaporized coating [9]. In this electroplating process, the inner surface of the antenna was first softened with acetone to provide minimum roughness. Then, the
inner surface was covered with graphite to make this surface
conductive; this graphite covering also ensured that the copper particles inside the copper sulfate (CuSO4) solution could
conduct to the graphite coppered surface of the antenna. We
dissolved 200 gr CuSO4 in 1 L water in the first part of the solution. Then, 100 mL hydrochloric acid (HCI) was added to this
solution. To maintain the acidity of the solution, we used HCI.
Before using HCI as an acid in the solution, we used vinegar.
However, the conduction of the Cu electrons into the graphite
surface decreased gradually because of the declining the level of vinegar in the solution. The copper-plated horn antenna
is depicted in Figure 2(a). However, the performance of the
copper-plated antenna was not satisfactory because of resistivity and other effects related to the roughness. The solution
used for the covering operation did not allow the surface to be
covered equally with the same thickness because parts of the
inner surface, which were covered early with , were prone to
be covered with free Cu electrons in the solution. At the end,
these parts were thicker than most other parts; this could be
observed clearly during the plating.
In the second part of the fabrication process, the horn antenna was spray painted with silver. This process started with the
same treatment applied for the copper plating, namely, providing signal conductivity throughout the inside surface of the
horn antenna without any distortion. Some hardness of the
inside surface was eliminated by using acetone. Then, this surface was painted with conductive silver material. After that, the
performance of the silver-painted antenna was investigated at
60 GHz. The silver-painted horn antenna is illustrated in Figure
2(b).
Measurement Setup
The parameters of the designed antenna were measured using
the setup shown in Figure 3. This measurement setup was com-

Figure 1. Shape of the antenna

Table 1. Dimensions of the antenna
A (mm)
19

B (mm)

C (mm)

D (mm)

E (mm)

F (mm)

10.77

2×4

4.4

23.5

9.59
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Figure 2. a, b. Copper-coated antenna (a), Silver-painted antenna (b)

Comparison of the Measurement Results
The antenna was originally designed to work between 58 GHz
and 68 GHz; the best performance was expected to be observed at approximately 60 GHz. Therefore, the horizontal and
vertical propagation tests of the antenna were used at 60 GHz.
To make the comparison fair, these values were also compared
with the theoretical results [10]. The theoretical and measurement results are interpreted in Figure 3.
The measurement results for the both the propagation directions were also compared with the original antenna parameters given in the datasheet [7]. This comparison is depicted in
Figure 4. Although there were some mismatches for the horizontal and vertical polarizations, the general trend was very
similar for both the directions.

Figure 3. Test setup

posed of a typical transmitter and a receiver structure, which
functioned between 50 GHz and 75 GHz. The same antenna was
used on both sides of the system. The transmitter part of the
system was placed in a fixed position, then the receiver antenna was placed in the far-field region to determine the radiation
beam pattern of the antennas; the receiver antenna was placed
at a distance further than 20 times the wavelength of the antenna. Then, the receiver antenna was moved in the vertical and
horizontal directions for observing the radiation pattern.

The efficiency of the antenna was also measured to observe the
effectiveness of the 3D printed antenna. To compare the efficiency of our fabricated antenna with that of the silver-painted
3D printed horn antenna, we measured the received power of
the pyramidal antenna. The transmitter and receiver antennas
were positioned as close as possible, and the received power
was measured. The received power was found to be 181 mVpp
and 188 mVpp for the pyramidal and conical horn antennas, respectively. Hence, the efficiency was approximately 100% for
the silver-painted 3D printed horn antenna (Figure 5).
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Figure 4. Measurement vs. theoretical results

Figure 5. Measurement vs. original results

Conclusion
Researchers have been trying to use antennas as effectively
as possible because such equipment are expensive, and they
take quite long to deliver. Recent developments in 3D printing
technology is quite helpful for manufacturing these materials.
We fabricated antennas using PLA with 3D printers. Then, we
painted the inner surfaces of these antennas. In our design, we
showed that these type of antennas that work in the millimeter
and sub-millimeter wave region can be produced by using 3D
printing technology. We proved that 3D printed antennas can
work efficiently in high frequencies. The theoretical and experimental results were quite close. The original and experimental
measurement results also matched substantially. In addition,
the efficiency of our proposed antenna was very similar to that
of other commercially produced antennas.
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