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Abstract— This work presents a novel dichroic cell for multi-
band reflector antenna systems that has two different 
configurations using a novel resonant element formed by rings 
connected with tuning stubs. The case study presented shows the 
design of a symmetrical cell using two resonant elements in both 
faces of the dichroic cell and the design of a non-symmetrical cell 
using one novel resonant element in one face of the cell and a 
single ring in the other face. These two configuration allows to 
perform different topologies of dual band feeds. 

Index Terms—Dichroic cell, multiband, SATCOM, 5G, 
reflector antenna. 

I. INTRODUCTION 

During the last decade, high throughput communication 
systems that provide mobile and satellite communications 
services are moving up to higher frequency bands that require 
compact high gain antennas in most cases [1], and also 
including new radio (5G) technologies that enables new 
frequency bands for the interoperability of the communication 
systems. In this sense, satellite communications systems are 
being upgrading in order to meet demands of mobile 
communications in a scenario in which the information and 
communication society is growing swiftly [2]. Besides, the 
ground segment for both gateways and user terminal has also 
to upgrade the available technologies to meet the new 
requirements. 

This work deals with this new systems capacity and 
bandwidth requirements proposing a solution to meet the need 
of obtain multi-frequency band capability. This is also 
important to provide compact solutions to the new opened 
market. From the state of art, we can mention different 
solutions classified in three categories in order to obtain a dual 
band system: hybrid technologies, coaxial and coupled 
sections in the aperture of the element. In [3], authors present 
a hybrid system that also has a mono-pulse sub-system based 
in printed circuit technology integrated to a choke feeder 
antenna, this system presents a cost effective solution but also 
limits the final performance of the antenna system in terms of 
bandwidth and volume. In this sense, this solution increases 
an 80% the size of the aperture of the feed increasing the 
blockage and so reducing the antenna efficiency. From the 

coaxial system solutions, there are different proposals that 
may use or not dielectric materials for obtaining the circularly 
polarization of the electric field. Another technique used, is 
the implementation of turnstile joints in order to separate the 
ports of the system and the frequency bands. In [4], a dual 
band and dual polarization system that uses a turnstile joint to 
move the lower frequency band to the posterior part of the 
feed that ends with a septum-OMT polarizer, and it uses 
another septum-OMT polarizer for the higher frequency band. 
In [5], authors present a coaxial system solution without the 
turnstile joint. This system consisted in an optimized 
corrugated aperture for the Q and K bands. The Q band is fed 
from the centre waveguide section to a dielectric rod, whereas 
in the K band it is fed with the coaxial guide to the horn 
aperture of the system. 

Fig. 1 presents two different geometries that can be used 
to implement multi-band compact reflector antenna systems. 
In Fig. 1(a) one Axially Displaced-Ellipse (ADE) in 
presented, and for this system geometry, a multi-band coaxial 
feed can be implemented. Besides, Fig. 1(b) presents a centred 
solution with a dichroic sub-reflector that separates the 
frequency bands simplifying the feed chain topology to be 
implemented. 

Fig. 1. Dual reflector geometries: (a) Isometric view of ADE dual 
reflector, and (b) isometric view of centered dichroic subreflector. 



II. STATEMENT OF THE PROBLEM 

For a given multiband requirements such as S,C and X, or 
S, X and Ku, or X, K and Ka bands, etc., and regarding the 
state of art with respect to the geometries discussed above, this 
work proposes a novel dichroic cell that can be used for the 
implementation of novel multi-band compact reflector 
antenna solutions for satellite communications. One of the 
most obvious problems, common to all of the designs, is to 
implement multi-band design with high percentage of 
bandwidth at the same aperture of the system as required for 
cutting-edge satellite communication systems. 

III. PROPOSED SOLUTION 

For the solution of the above-discussed problem, this work 
presents a novel dichroic cell. The cell presented consist in 
two faces with six components in each one (four layers of 
dielectric materials, one layer of foam or honeycomb, and the 
multi-band resonant element). This cell has been studied also 
for the implementation of multi pass band filter into a cavity 
of a radiating antenna element as well as for the improvement 
of the axial ratio at the aperture [6] (Patent pending). 

Fig. 2 presents an example of the design of the dichroic 
element. In the case of the symmetrical design, a second novel 
multi-band resonant element is implemented at the back face 
of the cell. Besides, in the case of the non-symmetrical cell, a 
single ring is used at the back face of the cell. With this two 
configuration a degree of freedom is obtained for the 
implementation of the suitable topology of the feed chain in 
terms of frequency band allocation. 

rP 
(a) Patent pending. 

(b) Patent pending. 
Fig. 2. (a) Isometric view of an example of the dichroic cell, and (b) 

expanded isometric view of the dichroic cell. 

The antenna reflector geometry proposed for the system 
is presented in Fig. 3 (a) and (b), for the symmetrical and the 
non-symmetrical design, respectively. The geometry of the 
reflector system consist of a centred solution with a dichroic 
sub-reflector. With this design, two different feed topologies 
can be obtained. 
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Fig. 3. Geometry and distribution of the working bands in the system, (a) 

Symmetrical and (b) Non-symmetrical designs. 

With these configurations and designs of the cell, more 
than three different bands can be obtained. For this work, we 
are interested on the analysis of only three bands for a multi-
band system for satellite communications. The three bands 
under analysis can be distributed in two different 
configurations that depend on the design of the cell. This is, if 
the design is the symmetrical one, two bands at transmission 
separated by one band at reflexion can be obtained (Fig. 4 (a)). 
For the case of the non-symmetrical design, the first performs 
at transmission and the two other bands at reflexion (Fig. 4 

(Jo))-
Fig. 5 shows the response of the two cell configurations 

for the highest theta angle supported, and for a constant phi 
angle of 0°. For the symmetrical cell design in Fig. 5 (a), the 
response for both Theta = 0° and Theta = 25° is presented. This 
is observed that for the higher frequency band poor 
performance is achieved for higher Theta angles. In this sense, 
this is important to mention that major effort has been done in 



the optimization of the non-symmetrical design but not in the 
symmetrical one. This is observed from the preliminary 
results of the symmetrical design that narrow band systems 
can be implemented using this configuration. 

For the non-symmetrical cell design in Fig. 5 (a), very 
good and promising results are obtained. In this sense, more 
than 15% of bandwidth below -20 dB of S21 is obtained for 
both the central and the higher frequency bands, while for the 
lower frequency band it is for a 7% of bandwidth below -15 
dB of SI 1. This means that this novel dichroic cell is suitable 
for the future antenna systems that will support the Very High 
Throughput Satellite systems (VHTS) at the K/Ka bands at the 
time it supports also X band operation. Furthermore, the non
symmetrical cell has the same performance when this is 
evaluated for an impinging Theta angle of 25°. 

The evaluation of the Theta angle range is important since 
this limits the sub-reflector geometry design. This defines the 
maximum valid half-subtended angle of the sub-reflector. If 
the half-subtended angle is larger than 25°, then the non
symmetrical cell have to be evaluated or a new cell 
optimization have to be done, for the Theta angles above 25°. 
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Fig. 4. Response of the S - Parameters of the two designs of the dichroic 
cell, (a) Symmetrical design and (b) Non-symmetrical design. 
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Fig. 5. Response of the S - Parameters with the best and worst case of 
theta indicent angle of the two designs of the dichroic cell, (a) 

Symmetrical design and (b) Non-symmetrical design. 

IV. PARAMETERS FOR DESIGN 

The design parameters involved for the tuning of the three 
bands under analysis are: The length of the stub that connects 
the interior ring with the exterior one, the diameter of the ring 
at the back face (if we are at the non-symmetrical design), the 
separation between the stubs lines, the period of the cell. 

The length of the stubs tunes the central band, while the 
separation between their lines tunes the inferior and superior 
bands. In the case of a non-symmetrical design, the impact of 
the diameter of the back face ring implies the tuning of the 
inferior and superior bands, while the width of it adjust the 
level of adaptation of the lower band. 

Another important parameter for the design of the dichroic 
sub-reflector using the proposed cell is its period. The impact 
of this affects all the bands, but the higher impact is noticed at 
the lower and the higher frequency bands. 

Furthermore, the distance between the layers is an 
important parameter that determines the frequency at 
transmission. Thus, in this problem a tuning of the transmitted 
frequency band can be done also by adjusting this distance. 



V. CONCLUSION 

A novel dichroic cell for multi-band systems have been 
presented. This novel cell has two possible configurations 
(Symmetrical and non-symmetrical designs) with their own 
reflectors geometry and feed topology definition. 

The novel dichroic cell presents wide range for a theta 
sweep. This is observed for the Non-symmetrical design that 
it can support from a theta 0° up to 25° keeping it critical 
performance as required for VHTS systems. For dichroic sub-
reflectors with larger half-subtended angle than 25°, further 
cell optimization is required as discussed in this paper. 

Depending on the requirement for bandwidth and so the 
system application such as GNSS satellite tracking or 
SATCOM systems, it can be used the narrow band 
configuration (symmetrical) or the broadband configuration 
(Non-symmetrical), respectively. 

The proposed design has a number of tuning parameters 
for design that allow adjusting the dichroic cell performance 
in order to achieve the system requirements. These design 
parameters are the length of the stub that connects the interior 
ring with the exterior one, the diameter of the ring at the back 
face (if we are at the non-symmetrical design), the separation 
between the stubs lines, and the period of the cell. 

Detailed analysis of the design parameters for the VHTS 
SATCOM application will be presented in the conference 
speech. 
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