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Abstract – This paper presents the results of an 

R&T activity led by Anywaves with the support of 

CNES on Ka-band choke-ring horn antennas for 

future Telemetry, Tracking and Control satellite 

applications. Two metal-only antenna topologies 

operating in the frequency band 29.5~30 GHz have 

been designed and optimised for hemispherical 

coverage radiation patterns. Two prototypes, using 

only conventional milling for the first and a 

combination of conventional milling and selective 

laser melting for the second antenna, have been 

fabricated and tested so that the numerically 

calculated RF performance of the antennas can be 

validated. On-platform simulations have also been 

performed so as to characterise the sensitivity of the 

radiation patterns of the antennas. 

 

I. INTRODUCTION 

In Low Earth Orbit (LEO) constellations, low-gain 

antennas (LGAs) with hemispherical coverage radiation 

patterns are essential in Telemetry, Tracking and 

Control (TT&C) satellite sub-systems to secure a 

communication link with the satellite independently of 

its altitude [1]. This is important in the early phase of the 

in-orbit deployment, but also when the altitude and orbit 

control is lost. Ka-band is emerging as an alternative to 

the S- band frequencies broadly used in TT&C sub-

systems. Typical requirements of TT&C satellite sub-

systems include low RF losses, high power-handling, 

relatively high Cross-Polar Discrimination (XPD) 

levels, high Front-to-Back Ratio (FTBR), on-platform 

radiation pattern stability (i.e., low sensitivity against 

the presence of a ground plane), as well as robust 

mechanical and thermal behaviour. 

Antenna elements that can provide hemispherical 

coverage or isoflux radiation patterns are cross-dipole 

antennas [2]-[3], dielectric resonator antennas [4], patch 

antennas [5]-[6], dielectric lens loaded antennas [7], 

conformal printed dipole antennas [8], helical antennas 

[9]-[12], anisotropic metasurface antennas [13], sub-

reflector-based waveguide choke-ring antennas [14], 

dielectric-loaded waveguide choke-ring antennas [15] 

and waveguide choke-ring antennas [16]-[19]. For space 

applications, choke-ring horn antennas and low-gain 

helix antennas are the most appealing candidates owing 

to their robust RF performance and relatively simple 

structure. Helix antennas present a smaller footprint, and 

they are typically preferred when multipath is not of 

primal importance. On the contrary, choke-ring horn 

antennas present lower losses in higher frequencies 

(waveguide-based solution) as well as a sharper roll-off 

and low back-lobe radiation levels. The latter feature 

makes this type of antenna more immune against the 

presence of the platform which can act as a large ground 

plane as well as against scatterers which are likely to 

cause multipath interference. In other words, owing to 

its electrically large footprint, choke-ring horn antennas 

present high radiation pattern stability when placed on 

satellite platforms. 

Choke-ring horn antennas belong to the family of 

primary feeds suitable for sectoral pattern synthesis and, 

as a result, are widely known for their robust 

performance and their ability to fulfil to a good extent 

the above requirements [20]. Given the fact that choke-

ring antennas present diameters of several wavelengths, 

the main advantage for Ka-band solutions relates to the 

small footprint of RF hardware owing to the small 

operating wavelength. Broader absolute bandwidths 

compared to lower frequencies are also considered. 

Additive manufacturing techniques employing metallic 

powder, such as Selective Laser Melting (SLM), have 

been proven to be disruptive and affordable solutions as 

far as antennas and RF hardware are concerned [21]. The 

rapid evolution of this manufacturing process and its 

acceptability for space qualified products within the 

ECSS framework has paved new ways of designing and 

developing waveguide-based solutions and, in many 

cases, this comes to a lower overall cost. The fabrication 

precision remains, of course, an open challenge and a 

particularly critical component where high-frequency 

hardware is concerned. Several axially corrugated 

(choke-ring type) [15], [22]-[26] and longitudinally 

corrugated] horn antennas [27]-[29] in various 

frequency bands can be found in the literature over the 

recent years, a fact that denotes an increasing trend on 

the 3D-printing of such type of antenna elements.  
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In this paper, we present two low-cost, flat-top 

(hemispherical) pattern choke-ring antennas; one in 

conventional milling and one in additive manufacturing. 

The design and optimization as well as the measurement 

results of the two solutions are also shown and 

discussed. Last, we present simulation results of on-

platform analyses assuming the antennas on 

nanosatellites in order to monitor the pattern stability 

and the influence of realistic platform environments on 

the antennas’ radiation. This study allowed us to 

compare the two manufacturing methods on specific 

criteria such as the cost and industrialization axes. 

 

II. SPECIFICATIONS AND ANTENNA DESIGN 

The CAD models of the two choke-ring horn antennas 

are depicted in Fig. 1, with Fig. 1(a) showing the 

perspective back and front view of the antenna designed 

for conventional manufacturing and Fig. 1(b) the 

perspective back and front view of the antenna designed 

for hybrid manufacturing, namely, the choke-ring horn 

part was fabricated in additive manufacturing and the 

septum feeder in milling (i.e., the two antennas have the 

same microwave device as excitation network). 

The antennas were optimized using TICRA’s CHAMP 

3D software [30], which employs mode matching to 

solve for fields in the interior region of the horn and 

BoR-MoM for the exterior region. A 2-stage 

optimization approach was employed. First, a genetic 

algorithm was used to optimize the antenna’s 

performance while a gradient algorithm was employed 

to fine-tune the antenna at the end. The optimization of 

choke-ring horn antennas is highly dependent on the 

initial radiation pattern; the one occurring by the 

feeding waveguide. The requirement is the least 

possible directive radiation pattern with, at the same 

time, low cross-polarized radiation as well. As a result, 

the feeding waveguide should present the smallest 

possible cross-section defined by the cut-off of the two 

fundamental modes (i.e., TE11h and TE11v) and a 

relatively low initial reflection coefficient (i.e., around 

-15 dB). Given the fact that there was an opportunity to 

explore two manufacturing techniques and, therefore, 

fabricate two antennas, we decided to design the 

second antenna with a quad-ridged feeding waveguide. 

Since ridged waveguides present lower cut-off 

compared to classical hollow waveguides, smaller 

cross-sections of the former can be considered. As a 

result, for a given frequency, ridged-waveguides 

provide a wider-beamwidth radiation pattern compared 

to the case of a hollow waveguide. 

The total antenna was optimized for S11 < -18 dB, 

directivity above 0 dBi over a solid angle of |θ| > ±80° 

(i.e., a minimum total solid angle of 160°), directivity 

flatness of 0~6 dBi and XPD > 6 dB over the specified 

solid angle of |θ| > ±80°. The frequency bandwidth for 

this case was around 2%. The total antenna design was 

finalized after the design and inclusion of a single-port  
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Fig. 1. CAD model of the two choke-ring horn antennas: 

(a) Conventional manufacturing model and (b) Hybrid 

manufacturing (the choke-ring horn in additive 

manufacturing and the septum feeder in milling) model. 

 

septum polarizer, similar to the one referred to [31]. 

After the finalization of the total design, a sensitivity 

analysis of the total structure was performed. This 

showed that the antennas present an acceptable 

sensitivity for manufacturing tolerances up to 20~30 

μm. The total size of the antenna in Fig. 1(a) is 

107×107×44 mm3 and of the antenna in Fig. 1(b) is 

107×107×48 mm3.  

 

III. PROTOTYPING AND MEASUREMENTS 

A. Prototyping 

The two prototypes of the choke-ring horn antennas are 

shown in Fig. 2. Each antenna consists of two building 

blocks: the radiating part (choke-ring horn) and the 

feeding part (septum polarizer). Last, an SMA 2.9 

connector is used as a coaxial interface. As explained 

above, the septum feeder, which is the same for both 

antennas, is fabricated in conventional milling, a well-

established and highly reliable manufacturing 

technique. The difference between the two antenna 

elements lies on the radiating part (choke-ring horn), 

where the first is a machined element [Fig. 2(a)] and the 

second is a 3D-printed in SLM element [Fig. 2(b)]. The 

mass of both antennas is lower than 100g.  

 

B. Measurements 

The measurements of the two antenna prototypes have 

been performed into the compact range spherical near 

field multi-probe scanner for antenna pattern 

measurements chamber by MVG StarLab. The method 
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(b) 

Fig. 2. Prototypes of the two fabricated choke-ring horn 

antennas: (a) Conventional manufacturing prototype and 

(b) Hybrid manufacturing prototype. 

 

employed is the so-called indirect measurement 

technique which is based on Huygens’ Principle. This 

demonstrates that it is possible to reconstruct the 

electromagnetic field in any location of the space from 

the measurement of the tangential field on a closed 

surface surrounding the radiating sources. In simple 

terms, this technique applies a Near-Field to Far-Field 

(NF to FF) transformation through appropriate spherical 

wave expansion operations. The peak gain accuracy (or 

measurement uncertainty) varies as a function of the 

AUT operating frequency and peak realized gain value. 

The total range is between ±0.3 ~ ±1.5 dB. In the case 

of 30 GHz and low realized gain (around 6 dBi) the 

measurement uncertainty as prescribed by MVG’s 

technical datasheet is around ±0.9 dB. 

Fig. 3 shows the simulated and measured reflection 

coefficient of the antenna prototype in milling. The two 

curves indicate that the measurements and simulations 

agree to a good extent. A frequency shift of around 500 

MHz is observed as the principal difference and is 

attributed to manufacturing tolerances. The measured 

S11 remains below -18 dB over 29.5~30 GHz.  

 

 
Fig. 3. Simulated and measured reflection coefficient of 

the antenna prototype in milling. 

Figs. 4 to 5 show the radiation performance of the 

antenna prototype in milling. The antenna presents co-

polar radiation between 0 to 5.5 dBi and minimum XPD 

above 5 dB over |θ|≤ 80° and 29.5 to 30 GHz. The 

front-to-back ratio is above 20 dB. Measurements 

present less fluctuations over the azimuthal plane which  

 

 
(a) 

 
(b) 

Fig. 4. Radiation performance of the antenna prototype 

in milling at the central frequency of 29.75 GHz (φ = 

0°:5.625°:180°): (a) RHCP and LHCP radiation patterns 

and (b) XPD. 

 

 
                   (a)                                          (b) 

 
                   (c)                                          (d) 

Fig. 5. Radiation performance of the antenna prototype 

in milling across frequency: (a) maximum realized gain, 

(b) minimum realized gain over |θ|≤ 80°, (c) broadside 

XPD and (d) minimum XPD over |θ|≤ 80°. 

1 

2 

1. Septum feeder (milling) 

2. Choke-ring horn (SLM) 
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is attributed to the interpolation of StarLab between 

sampled measurements of its probes as well as non-

idealities at simulations and measurements.  

Fig. 6 shows the simulated and measured reflection 

coefficient of the antenna prototype in hybrid 

manufacturing. A good agreement between simulations 

and measurements is observed. A frequency shift of 

around 700 MHz is observed and is attributed to 

manufacturing tolerances which now relate also to the 

additive manufacturing of the choke-ring part. The 

measured S11 remains below -16 dB over 29.5~30 GHz. 

Figs. 7 to 8 show the radiation performance of the 

antenna in hybrid manufacturing. The co-polar radiation 

lies between -0.5 to 6 dBi and the minimum XPD above 

5 dB over |θ|≤ 80° and 29.5 to 30 GHz.  

 

 
Fig. 6. Reflection coefficient of the antenna prototype in 

hybrid manufacturing. 

 

 
(a) 

 
(b) 

Fig. 7. Radiation performance of the antenna prototype 

in hybrid manufacturing at the central frequency of 

29.75 GHz (φ = 0°:5.625°:180°): (a) RHCP and LHCP 

radiation patterns and (b) XPD. 

 
                   (a)                                          (b) 

 
                   (c)                                          (d) 

Fig. 8. Radiation performance of the antenna prototype 

in hybrid manufacturing vs frequency: (a) maximum 

realized gain, (b) minimum realized gain over |θ|≤ 80°, 

(c) broadside XPD and (d) minimum XPD for |θ|≤ 80°. 

 

From Figs. 8(c) and 8(d) we can see that the frequency 

shift is also depicted in the radiation performance of the 

antenna. Although the performance of this antenna is 

slightly degraded over the elevation range of |θ|≤ 80°, 

it is underlined that owing to the quad-ridged feeding 

waveguide, the antenna presents a broader radiation 

pattern extending up to|θ|≤ 85° where the realized gain 

remains above -0.5 dBi (0 dBi in simulations).  

 

IV. ON-PLATFORM ANALYSIS 

This section provides the simulation of the antenna on a 

12U satellite platform model. This allows us to monitor 

the antenna’s sensitivity in terms of radiation 

performance against the presence of a satellite platform.  

Fig. 9 depicts the setup of the on-platform analysis. The 

simulation was performed by CST’s time domain solver. 

A Tx and an Rx antenna have been mounted on the 

platform, with both antennas operating in RHCP. The 

simulation setup included a total number of 500 million 

mesh cells, while the total simulation time was 17h on a 

workstation with an Intel(R) Xeon(R) Gold 6330 CPU 

@ 2.00GHz and 256 Gb of RAM.  

Although not shown for sake of brevity, the S-

parameters remain identical between the on-platform 

and standalone cases. Moreover, the coupling between 

the two antennas is below -110 dB in Tx-band and -60 

dB in Rx-band.  

Figs. 10(a) and 10(b) show the simulated 3-D RHCP and 

LHCP realized gain radiation patterns of the on-platform 

analysis for the Rx antenna (worst-case), respectively. 

The hemispherical radiation performance with relatively 

low cross-polarized level is clearly depicted here. Figs. 

10(c) and 10(d) show the simulated RHCP realized gain 

radiation patterns and the XPD patterns over θ for the 

four principal azimuthal planes (0°:45°:135° φ-cuts). 
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Although, the central frequency of 29.75 GHz is shown 

here, the results are rather similar for the two rest 

frequency points.  

The antenna presents coherent radiation performance for 

the two cases, meaning with and without the presence of 

the 12U satellite platform over the bandwidth. A slight  

 

 
Fig. 9. The simulation setup of the on-platform analysis. 

 

 
                    (a)                                        (b) 

 
(c) 

 
(d) 

Fig. 10: Simulated realized gain radiation patterns of the 

on-platform analysis (setup in Fig. 9): (a) 3-D RHCP 

29.75 GHz, (b) 3-D LHCP 29.75 GHz, (c) RHCP 29.75 

GHz (0°:45°:135° φ-cuts) and (d) XPD 29.75 GHz 

(0°:45°:135° φ-cuts). 

degradation both in the co-polar radiation pattern and 

the XPD around +60° to +80° of the elevation range θ is 

observed. The Tx antenna’s radiation is, as expected, 

more insensitive against the platform. The current study 

is going to be experimentally characterized at a later 

stage, with measurements of the developed antennas on 

a real satellite platform. 

 

V. CONCLUSIONS 

This work presents the development of two choke-ring 

horn antennas operating in the Ka-band. Conventional 

milling and combination with SLM have been selected 

as manufacturing solutions. Robust radiation 

performance over |θ|≤ 80° has been achieved. The 3D-

printed prototype presents slightly shifted performance 

owing to manufacturing tolerances. On-platform 

simulations of the first antenna model showed rather 

insensitive RF performance, which is a reassuring point 

for the realistic case of mounting the antenna elements 

on a real satellite platform where the presence of 

adjacent components might influence the antennas’ 

performance. 
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