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Abstract—This paper presents the development of three 
low-cost high-performance horn antennas in Ku band, fabricated 
with the Fused Filament Fabrication (FFF) technology, included 
among the Additive Manufacturing (AM) techniques. The horn 
antennas have been designed, printed, metallized and measured 
in order to assess their suitability for communication applica
tions. They are light and robust structures, quickly manufactured 
and for a very low price, which makes them available for small 
labs with reduced budget or academic purposes. Besides, they 
include some challenging shapes very difficult to achieve with 
traditional manufacturing. Despite all the restrictions, there is 
an excellent agreement between simulations and experimental 
results, which validates the approach to obtain competitive 3D 
printed Ku band horns in plastic. 

I. INTRODUCTION 

Horn antennas play a very important role when it comes to 
antennas used at microwave frequencies. They may be used 
as feeders for large structures in radio astronomy and satellite 
communications, as calibration antennas or in phased arrays, 
among others [1]. Apart from their good performance in terms 
of bandwidth or directivity, one of their main characteristics is 
their simple design and manufacture. Consequently, extensive 
work can be found in the literature regarding how to maximize 
their performance [2], but also about how to improve the 
fabrication process and make it less expensive and more 
efficient. 

In this line of research, the rise of Additive Manufacturing 
(AM) processes, commonly known as 3D printing, has meant 
a radical change and opened up many new possibilities. 
Although the term encompasses different technologies [3] -
from binder jetting to Electro Beam Melting (EBM), including 
material extrusion - they all have in common the rapid man
ufacture of customized devices on demand. The versatility of 
3D printing allows to fabricate designs with innovative shapes 
in different materials, also with the subsequent difference in 
cost. 

When applied to antennas and RF design, the use of AM 
techniques for prototypes and new designs has sensitively 
increased in recent years. However, the material choice has 
determined whether the 3D printing process could be consid
ered as a "low-cost" alternative. The direct fabrication of RF 
devices in metal, for example using EBM, has shown very 
promising results [4], yet the trade off between the benefits 
of AM and the high economic cost of some 3D printing 
processes remains. On the contrary, the use of plastic and 
Fused Filament Fabrication (FFF) has enabled the possibil
ity of quickly manufacturing simple RF devices for small 

research groups with tight budget or for education purposes 
[5]. 

The manufacture of microwave devices by printing plastic 
instead of metal presents two important advantages. As it was 
mentioned, the cost is extremely low: a reliable 3D printer 
may cost less than 1000 € and the thermoplastic needed 
- usually polylactic acid (PLA) or acrylonitrile butadiene 
styrene (ABS) - may cost around 25 € per kg. Besides, the 
printing process is very fast and the resulting devices are 
extraordinary light. 

Of course, there are some relevant constraints to high
light as well, being the most important one the necessary 
metallization process. In order to keep the electromagnetic 
energy confined within the structure and obtain the desired RF 
response, it is imperative to cover the surface with some kind 
of metallic paint. Its conductivity and roughness may lead to 
relatively high losses, and the price of the paint must also be 
considered if the process is still intended to be presented as 
low-cost. Moreover, the 3D printer accuracy may also limit 
the frequency range of the RF device. 

The latest research in the AM field applied to RF en
gineering has allowed to obtain very interesting results for 
all kinds of microwave passive devices [6]- [9]. Regarding 
antenna design, stereolitography has been used to manufacture 
a corrugated horn antenna [10] and conical antennas have been 
partially 3D printed as well [11]. Besides, some antennas have 
been printed in plastic, yet the metallization process has been 
electroplating and has noticeably increased the cost [12]. 

This paper presents three Ku-band horn antennas which 
have been 3D printed using FFF and PLA plastic as the raw 
material. The three prototypes are characterized in terms of 
matching, radiation patter and gain, showing a remarkably 
good agreement with the simulated results. They prove one 
possible application of low-cost AM: the manufacture of fully 
functional antennas that may be used for real communication 
applications such as indoor systems for an unbeatable price. 

II. ANTENNA DESIGN AND MANUFACTURING PROCESS 

The three antennas presented in this paper appear in Fig. 
1, both the CAD and the printed prototype. The first two 
have a similar and standard performance for horn antennas 
in Ku band and they can be directly compared with models 
such as the commercial horn from Flann in [13]. Whereas 
the first one is a classical pyramidal horn, the shape of the 
second antenna is a conformed profile ending in a rectangular 
aperture. Finally, the third model is a conical horn antenna, 



therefore ending in a circular aperture. Besides, it has a lower 
gain when compared with the others. 

In all three cases, the input corresponds to the standard 
rectangular waveguide WR75. The dimensions have been 
optimized so that the return loss is lower than 20 dB between 
10 and 15 GHz. 

When it comes to the manufacturing process, the Fused 
Filament Fabrication has been used. Fig.2 shows the printing 
process ongoing. The 3D printer has an accuracy of ±0.2 
mm, therefore frequencies of Ku band are close to the 
feasible limit, considering the size of the printed devices. 
Only one layer of P L A has been used, therefore the final 
weight of the monolayer antennas is less than 15 gr., which is 
remarkably light compared with metal antennas manufactured 
by traditional means. The printing time is less than 2 hours per 
antenna, which is a very competitive figure as well, and would 
enable their use for educational purposes such as workshops 
or normal-sized groups of students in antenna courses. 

Two other aspects set these antennas apart. Firstly, they are 
robust and yet their smooth surface makes it possible to print 
them as single structures, including the WR75 flange, which 
is an important improvement compared with other works [10]. 
Consequently, the problems derived from splitting structures 
in pieces and reassembling are avoided. As it can be seen in 
[8], such problems may lead to significant losses and a worse 
performance. Then, conformed profiles such as the one in the 
second horn would have been very difficult to manufacture 
with traditional techniques, for example requiring the use of 
molds. 

After the printing process, there is a second step before 
testing the device which consists on the metallization of the 
inner wall of the horn. It is a very critical aspect, and the main 
bottle neck of the process. In some cases, the use of metallic 
paint has been replaced by more sophisticated and reliable 
techniques such as the electroplating, yet the main goal with 
these prototypes is to keep the cost as low as possible. 

The process is conducted by hand, and it barely takes an 
hour, including some extra time required by the paint to dry. In 
previous research, some commercial metal paints were tested 
with empty waveguides working in Ku band [5]. The final 
choice has been RS paint [14], which is silver-loaded and has 
a price of 60 e per bottle of 20 g at the moment of buying 
it. Although the conductivity value is provided, there is no 
information about the variation with frequency. Consequently, 
the effective conductivity derived from previous tests and used 
to simulate the response of the horn antennas is 50.000 S/m. 
However, the surface roughness as well as the paint absorption 
by the plastic may also impact the total losses in the devices. 

All things considered, each of these light and fully func
tional horn antennas may be manufactured and ready to mea
sure in less than four hours for a cost of approximately 15 e . 
This is a considerable advantage, compared with the minimum 
gap of days between simulation and physical implementation 
for this kind of devices when manufactured by other means. 

I I I . EXPERIMENTAL VALIDATION 

Return losses, gain and radiation patterns have been mea
sured in all three horn antennas. Fig.3 shows the measurement 
setup in the anechoic chamber for one of the antennas. 
The experimental responses have been compared with the 

(c) 

Fig. 1: CAD models and manufactured prototypes of the three 
horn antennas: (a) classical pyramidal horn, (b) conformed-
profile horn, and (c) conical horn. 

Fig. 2: Printing setup 

simulations conducted with CST [15], considering the efective 
conductivity σ=50.000 S/m. Besides, the pyramidal horn and 
the conformed profile antenna have been compared with the 
commercial model by Flann [13]. 

A. Return loss level 
The horn antennas were optimized at the design phase so 

that the matching level was better than 20 dB in the WR75 
band, i.e. from 10 to 15 GHz. The responses measured using 
the network analyzer show good return loss values, depicted in 
Fig.4, in spite of some local peaks. However, a small ripple 



Fig. 3: Prototype ready to be measured in the anechoic 
chamber 

Fig. 5: Normalized radiation pattern of the pyramidal horn at 
12.5 GHz in (a) E-plane and (b) H-plane. 

Fig. 4: Measured and simulated return loss level for (a) 
pyramidal horn, (b) conformed-profile horn, and (c) conical 
horn. 

is observed in all three antennas, which may be explained 
by considering the multiple reflections due to the surface 
roughness and small discontinuities that may appear on the 
walls. 

B. Radiation pattern 

The normalized radiation patterns in azimuth and elevation 
(E and H-plane) have been measured at 12.5 GHz. 

Fig.5 corresponds to the classical pyramidal horn, whereas 
Fig.6 and Fig.7 include the results of the conformed profile 
and conical horn antennas respectively. In all three cases, 
the measured response follows the theoretical curve quite 
closely, specially for the main lobe. A closer look to the 3 dB 
bandwidth may be taken using Table I. The highest difference 
between simulation and measurements is barely 6°, for the 
conical antenna. 

Finally, regarding the cross-polarization level, its measure
ment is limited by the anechoic chamber used, yet its level 
is always 30 dB below the main lobe in both planes for the 
three horn antennas. 

Fig. 6: Normalized radiation pattern of the conformed-profile 
horn at 12.5 GHz in (a) E-plane and (b) H-plane. 

Fig. 7: Normalized radiation pattern of the conical horn at 
12.5 GHz in (a) E-plane and (b) H-plane. 



TABLE I: Simulated and Measured 3 dB Beamwidth 

E-plane H-plane 

Measured Simulated Measured Simulated 

Pyramidal Horn 

Conformed Horn 

Conical Horn 

34° 

24.8° 

33 ° 

33° 

30.2° 

38 ° 

31.4° 

28.6° 

39 ° 

30.7° 

31.1° 

45 ° 

C. Gain 

The gain over frequency has also been measured, between 
10 and 15 GHz. It includes both ohmic and reflection losses. 
Fig.8a shows the gain for the pyramidal horn, compared with 
the simulations and the commercial model by Flann [13]. The 
printed horn does not get gain levels as high as the metallic 
model, with differences up to 1.5 dB. The performance is 
worse at the low part of the band. Besides, there are some 
discrepancies with the simulated response, caused by the lim
itations of the manufacturing process. However, considering 
the low-cost of the 3D printed antenna and the difficulties of 
the metallization, the results are suitable enough. 

In Fig.8b, the results for the horn with the conformed profile 
appear. In this case, the experimental response follows both 
the commercial and simulated curves very accurately. Again, 
the worst values appear at low frequencies. 

Finally, Fig.8c shows the experimental results for the coni
cal horn antenna, compared with the simulation. In this case, 
the commercial model has not been used, since its gain was 
higher. The measured response remains below the simulated 
results, but quite close, in spite of some low values around 
10 GHz, as it happened with the other prototypes as well. 

Fig. 8: Gain over broadband compared with simulations and 
commercial horn antenna from Flann for (a) pyramidal horn, 
(b) conformed-profile horn, and (c) conical horn. 

I V . CONCLUSIONS 

The design, fabrication and experimental characterization 
of three 3D printed horn antennas working in Ku band is pre
sented in this paper, as a proof of the applicability of the Fused 

Filament Fabrication. After the design and optimization, they 
have been printed as a single piece - including the waveguide 
flange - using P L A and as monolayer structures, which makes 
them incredibly light and robust at the same time. Besides, 
some difficult shapes have been easily manufactured, such as 
the conformed profile of one of the antennas. Then, they have 
been carefully metallized painting them by hand. 

The experimental results show an excellent agreement with 
the conducted simulations, and for some features such as gain 
they may even be compared with commercial models. Return 
loss level is below 20 dB and 3 dB beamwidth values are very 
close to the expected ones as well. 

These antennas are a perfect example of how fully func
tional RF devices may be manufactured in a quick and 
extremely cheap way, making them widely available. The 
cost of FFF is very low, not only compared with traditional 
fabrication processes, but also with other A M or metallization 
technologies. Yet, their competitive performance makes them 
suitable for communication applications such as indoor sys
tems, and proves once more the impact of new manufacturing 
processes in the antenna engineering field. 
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