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EVOLUTION OF SATELLITE 

COMMUNICATIONS

S
atellite communication 
(satcom) systems are 
constantly moving to-
ward higher frequen-

cy bands as there is an increasing 
need for wider bandwidth. Initial 
commercial satellite systems pri-
marily operated in the C-Band (4 to 
8 GHz) due to its favorable propa-
gation characteristics, including low 
atmospheric attenuation and long-
distance signal transmission. With 
the expansion of satcom during the 
1980s and 1990s, higher frequency 
allocations such as Ku-Band (12 
to 18 GHz) were introduced, en-
abling smaller user terminals and 
improved frequency reuse through 
narrower antenna beams. Later, the 
Ka-Band (26 to 40 GHz) became 
widely adopted for broadband sat-
ellite systems and high-throughput 
satellite (HTS) architectures, which 
employ multiple spot beams and 
more aggressive frequency reuse 
strategies to significantly increase 
system capacity.1-3

The continued growth of global 
broadband demand and the emer-
gence of large satellite constella-
tions have increasingly strained the 
available spectrum in traditional 
satcom bands. As a result, attention 
has shifted toward higher frequen-
cy bands, particularly the Q- and V-
Bands (about 37 to 52 GHz). These 
bands offer substantially larger 
contiguous bandwidths than low-
er frequency allocations, making 
them attractive for satellite feeder 
links between gateway stations and 
satellites in next-generation HTS 
systems.4,5 By moving the high-
capacity feeder links to Q/V-Band 
frequencies, satellite operators can 
preserve lower frequency bands 
such as Ka-Band for user terminals 
while significantly increasing overall 
network throughput.

Several experimental satellite 
missions and research programs 
have investigated the feasibility of 
Q/V-Band satcom. Demonstration 
programs such as the Alphasat Aldo 
Paraboni payload have been used 
to study propagation effects, chan-
nel behavior and adaptive commu-

nication techniques in Q/V-Band 
satellite links. These experiments 
have provided valuable insights 
into the performance of mmWave 
satellite channels and have helped 
validate the potential of Q/V-Band 
frequencies for future broadband 
satellite networks.6,7

The design of microwave hard-
ware operating at mmWave fre-
quencies presents additional engi-
neering challenges, including high-
er component losses, increased 
sensitivity to manufacturing toler-
ances and the need for compact 
and highly integrated antenna feed 
networks. These considerations 
drive ongoing research into high 
performance microwave compo-
nents such as orthomode transduc-
ers, polarizers and diplexers capa-
ble of supporting wideband dual 
polarized operation in Q/V-Band 
antenna systems.5,8,9

Q/V-BAND DUAL CIRCULAR 

POLARIZED FEED SYSTEM FOR 

SATCOM APPLICATIONS

Modern satcom systems increas-
ingly rely on higher frequency bands 
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full electrical specifications of the 
feed system are listed in Table 1.

OMT ARCHITECTURE 

SELECTION

A key design objective for the 
feed system was to achieve high 
electrical performance across the 
entire bandwidth while maintain-
ing a compact, weather-resistant 
mechanical structure. In typical re-
flector antenna systems, the feed 
network is located directly behind 
the feed horn and sub-reflector as-
sembly, making physical size and 
weight important factors. 

The initial design for the OMT 
used a symmetric Bøifot OMT, which 
is commonly used in high perfor-
mance polarization duplexing ap-
plications due to its excellent isola-
tion and broadband characteristics. 
However, the input port orientation 
was orthogonal to each other, mak-

Band feed system (model number 
SAU-403503854-22-DCP1) that 
integrates all of these functions as 
an assembly of a polarizer, OMT 
and two diplexers. The system is 
designed to operate within satcom 
frequency bands, supporting uplink 
operations at 47.2 GHz and 52.4 
GHz and a downlink at 37.5 to 42.5 
GHz. Based on the input port, the 
system can generate a left-hand or 
right-hand circularly polarized sig-
nal for the transmit or receive chan-
nels.  The system provides a low 
insertion loss of about 0.6 dB and 
high port-to-port isolation of about 
50 to 80 dB, depending on the 
channel configuration tested, and 
an axial ratio of 0.5 dB, ensuring 
high polarization purity. Addition-
ally, the entire assembly is enclosed 
with weather-resistant housing, al-
lowing the system to operate reli-
ably in outdoor environments. The 

to meet the growing demand for 
bandwidth and data throughput. 
In particular, Q/V-Band frequencies 
are becoming important for next-
generation gateway and feeder 
link applications due to the large 
availability of spectrum.10-12 These 
systems often require wideband an-
tenna architectures capable of sup-
porting multiple frequency bands 
while maintaining high polarization 
purity and efficient signal separa-
tion between transmit and receive 
paths.

To meet these requirements, ad-
vanced microwave feed networks 
are required to manage polariza-
tion generation and frequency 
separation within compact antenna 
systems. Compared with conven-
tional two-port architectures, Q/V-
Band four-port microwave networks 
enable simultaneous transmit and 
receive operation, significantly im-
proving communication efficiency 
and system capacity. The block dia-
gram of the system is shown in Fig-
ure 1. Such networks are commonly 
implemented in dual-circular-polar-
ization feed systems for high fre-
quency satcom antennas.

A four-port circularly polarized 
microwave network designed for 
shared transmit and receive op-
eration must perform three primary 
functions: polarization isolation, 
frequency duplexing (separation of 
transmitting and receiving frequen-
cy bands) and circular polarization 
synthesis. These functions ensure 
proper generation of circular polar-
ization while effectively separating 
the uplink and downlink signals to 
minimize interference between the 
transmit and receive paths. 

Eravant has developed a Q/V-

 Fig. 1  Block diagram of the feed 
system.
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TABLE 1

ELECTRICAL SPECIFICATIONS

 Parameter
Receive Transmit

Minimum Typical Maximum Minimum Typical Maximum

Frequency (GHz) 37.5 40 42.5 47.2 50 52.4

Insertion Loss (dB) 0.6 (Typical)

Return Loss (dB) 15 (Typical)

Polarization Dual Circular Polarized (LHCP and RHCP)

Port-
to-Port 
Isolation

Rx-LHCP
 to 

Tx-LHCP 
(dB)

50 (Typical)
Rx-RHCP

to 
Tx-RHCP 

(dB)

Rx-LHCP
 to 

Tx-RHCP 
(dB)

85 (Typical)
Rx-RHCP

to 
Tx-LHCP 

(dB)

Tx-LHCP 
to 

Tx-RHCP 
(dB)

20 (Typical)
Rx-LHCP

 to 
Rx-RHCP 

(dB)

Axial Ratio 0.5 (Typical)
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ing system inte-
gration difficult. 
Additionally, typi-
cal Bøifot OMTs 
have a square 
antenna port, ne-
cessitating wave-
guide transitions 
to connect the 
polarizer. 

To meet the 
compact struc-
ture requirement 
and minimize the 

use of additional components, a turnstile orthomode 
transducer with a circular antenna port was used.13 The 
turnstile configuration uses a junction that naturally di-
vides the electromagnetic fields into orthogonal polar-
ization components. This rotational symmetry provides 
excellent amplitude and phase balance between po-
larization channels, enabling strong polarization over 
a wide frequency range. The symmetric structure also 
helps suppress unwanted mode conversion, which is 
particularly important for maintaining polarization pu-

rity at mmWave frequencies. This design ensures that 
the input ports are coplanar, allowing the two diplex-
ers to remain in the same plane and facilitating system 
integration. Another advantage of the turnstile archi-
tecture is its compatibility with circular waveguide an-
tenna interfaces. The circular antenna port allows the 
polarizer to be connected directly to the OMT, creating 
a compact and mechanically straightforward feed as-
sembly. By maintaining a symmetric circular interface at 
the antenna side, the design preserves the natural field 
distribution (TE11) within the circular waveguide while 
minimizing structural complexity. This approach reduc-
es the overall feed length and improves mechanical ro-
bustness, both of which are beneficial when integrating 
the feed system into reflector antenna assemblies. The 
measured performance versus simulated performance 
of the OMT is shown in Figure 2, and the photo of the 
developed OMT is shown in Figure 3. 

POLARIZER DESIGN

Another important design consideration for the feed 
system was the selection of the circular polarizer architec-
ture. Several polarizer implementations were evaluated, 
including corrugated polarizers and dielectric (Duroid-
based) polarizers, both of which are commonly used in 
wideband mmWave antenna systems. Corrugated po-
larizers can provide very broad bandwidth performance 
and are often used in applications where coverage of 
the entire waveguide band is required. However, main-
taining very low axial ratio performance with corrugated 
structures can be challenging, particularly when com-

 Fig. 2  Simulated and measured performance of the 
OMT, isolation vs. frequency (a), return loss vs. frequency (b), 
insertion loss vs. frequency (c).
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 Fig. 3  Photo of the developed OMT.
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 Fig. 4  Simulated and measured performance of the 
polarizer, insertion loss and return loss vs. frequency (a), axial 
ratio vs. frequency (b).
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pact geometries are required. The 
advantage of the corrugated design 
is its consistency, and it is preferred 
for a design for manufacturing pro-
cess. Dielectric polarizers can also 
be used; however, the dielectric 
constant stability and loss issues of 
the dielectric slab can pose signifi-
cant design challenges. In addition, 
the manufacturing process can be 
tedious, and the required skills can 
be a limiting factor in consistently 
achieving high performance.

To balance per-
formance, manu-
facturability and 
design complex-
ity, the final imple-
mentation employs 
a quad-ridge cir-
cular waveguide 
polarizer.12 These 
are well-suited for 
mmWave feed net-
works because they 
provide a good 
compromise be-
tween bandwidth, 
axial ratio perfor-
mance, manufactur-
ability and mechani-
cal simplicity. By 
carefully optimizing 
the stepped wave-
guide structure for 
the operating Q/V-
Band frequency 
ranges, the design 
achieves low axial 
ratio performance 
while maintaining 
a compact geom-
etry compatible 
with the integrated 
feed assembly. The 
resulting polarizer 
provides stable cir-
cular polarization generation while 
supporting the overall objective of 
a compact and mechanically robust 
feed system. The measured perfor-
mance versus simulated performance 
of the polarizer is shown in Figure 4, 
and the photo of the developed po-
larizer is shown in Figure 5. 

DIPLEXER DESIGN

Lastly, the feed network’s final 
component is the diplexer used 
to separate the transmission and 

 Fig. 5  Photo of the developed 
polarizer.

 Fig. 6  Simulated and measured performance of the 
diplexer, passband performance vs. frequency (a) and return 
loss vs. frequency (b).
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 Fig. 7  Photo of the developed 
diplexer.
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the simulated performance in Fig-
ure 6, and the photo of the devel-
oped diplexer is shown in Figure 7.

receiving frequency bands. Tradi-
tional waveguide diplexers are typi-
cally implemented using two band-
pass filters connected through a T-
junction. While this 
configuration is 
relatively straight-
forward when the 
passbands are nar-
row, designing two 
wideband band-
pass filters that op-
erate efficiently in 
proximity becomes 
significantly more 
challenging when 
the required band-
width increases.

To address this 
challenge, the di-
plexer used in this 
design employs 
sidewall coupling 
within the main 
waveguide struc-
ture. By carefully 
controlling the di-
mensions of the 
coupling wave-
guide, lower fre-
quency signals pro-
duce a highpass 
response at the 
coupled port. This 
architecture sim-
plifies the overall 
diplexer design by 
reducing the need 
for multiple inde-
pendent bandpass 
filters while still 
achieving strong 
isolation between 
the transmit and 
receive channels. 
Additional match-
ing steps are incor-
porated within the 
coupling section to 
improve high fre-
quency matching, 
while the overall 
rejection charac-
teristics can be ad-
justed by control-
ling the length of 
the coupling wave-
guide. The mea-
sured performance 
is compared with 

 Fig. 8  Measured return loss performance of the feed system; 
receive side insertion loss and return loss vs. frequency (a) and 
transmit side insertion loss and return loss vs. frequency (b).
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sion through the feed network. The 
return loss is measured to be about 
15 dB typical across the operating 
bandwidth, demonstrating good 
impedance matching at the ports. 
Polarization isolation between RX-R 
and RX-L, and between TX-R and TX-
L, is measured at about 30 dB typi-
cal. Isolation between the transmit 
and receive channels for the same 
polarization (TX-L to RX-L and TX-R 
to RX-R) is measured to be about 50 
dB typical. In addition, cross-channel 
isolation between the opposite po-
larization transmitting and receiving 
paths (TX-R to RX-L and TX-L to RX-
R) typically exceeds 85 dB, confirm-
ing strong isolation between signal 
paths within the integrated feed 
system. The measured axial ratio is 
about 0.5 dB typical across the op-
erating bandwidth, demonstrating 
high polarization purity of the circular 
polarization network. 

SYSTEM INTEGRATION

The developed SAU-403503854-
22-DCP1 feed system is shown 
in Figure 10. It is designed with 
a flexible architecture that allows 
straightforward integration into a 
wide range of antenna and ground 
station systems. The compact wave-
guide interface and modular feed 
network enable the unit to be readi-
ly incorporated into various reflector 
antenna configurations without sig-
nificant modification to the existing 
RF front-end. In addition, the design 
can be adapted to meet specific 
customer requirements, including 
adjustments to frequency ranges, 
waveguide interfaces or mechani-
cal configurations. This flexibility al-
lows the feed system to be tailored 
for specialized satcom applications 

 Fig. 10  Photo of the developed Q/V-
Band feed system.

MEASURED PERFORMANCE

To validate the performance of 
the feed system, the assembled 
unit was tested across the operat-
ing Q/V-Band frequency ranges. 
Measurements were performed to 
evaluate key parameters, includ-
ing return loss, insertion loss, port 
isolation and axial ratio. The mea-
sured results demonstrate good 

agreement with the simulated per-
formance and confirm that the feed 
network maintains strong polariza-
tion purity and isolation across the 
operating bandwidth.

The measured RF performance of 
the feed system is shown in Figures 
8 and 9. The insertion loss across the 
passbands is about 0.6 dB typical, 
indicating efficient signal transmis-
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while maintaining the design’s core electromagnetic 
performance.

CONCLUSION

This article describes the design and implementation 
of a Q/V-Band dual circular polarized feed system for 
satcom applications. The integrated architecture com-
bines a circular polarizer, turnstile orthomode transducer 
and diplexers into a compact feed network capable of 
supporting simultaneous transmit and receive operation 
across the Q/V-Band frequency ranges. Careful selection 
of the OMT, polarizer  and diplexer architectures enabled 
the design to achieve low insertion loss, high port isola-
tion and excellent polarization purity while maintaining a 
compact, weather-resistant structure suitable for reflector 
antenna integration and outdoor applications. Measured 
results validate the RF performance of the feed system 
and demonstrate its suitability for HTS communication 
systems operating at mmWave frequencies.
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