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Abstract

Five hundred-meter aperture spherical radio telescope (FAST) is a multi-disciplinary basic research platform that is used for a
wide range of astronomy research. Currently, narrow-band multi-beam feed are primarily employed for observation. The
development of ultra-wide broadband feed system is beneficial for covering more scientific objectives, while also giving full
play to the advantages of the FAST huge reception area in wider frequency band. This paper focuses on the 0.5-3.3GHz feed
design, which has better than 10 dB simulated return loss across the bandwidth with the method of using fitting curves and
dielectric loading and adding corrugated structures to improve the performance of quad ridge flared horn (QRFH). A centrally
positioned PTFE dielectric rod regulates electromagnetic wave phase velocity, enhancing radiation directivity and main lobe
symmetry. The dielectric rod is formed by two concentric layers with the same dielectric constant but different structures. The
outer layer is evenly slotted to reduce its dielectric constant. The addition of the above technical means ensures the symmetry of
the E-plane and H-plane far-field patterns, making the aperture efficiency of the feed relatively balanced over 6.6:1 bandwidth.
This kind of feed is designed with an emphasis on performance, ease of tuning and manufacturability compared to the case of
multi-layer dielectric rods.
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1. Introduction

The Five hundred-meter Aperture Spherical Radio Tele-
scope (FAST) is national facility available for carrying out
astronomical and astrophysical studies. It is the largest sin-
gle-aperture radio telescope in the world with aperture of
500m diameter. The 19 beam receiver, as the main observa-
tion instrument, covers the frequency range of 1.05-1.45GHz
(e.g., [1]). More than 1000 pulsar have been confirmed as new

pulsars. Now it is necessary to develop a set of ultra-wide
broadband receivers with frequency band coverage of at least
0.5-3.3GHz to meet the requirement of covering multiple
scientific objectives on a single platform.

In the field of radio astronomy, increasing the instantane-
ous bandwidth of the receiver system is beneficial. A larger
bandwidth allows for increased sensitivity to broadband
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phenomena such as pulsars. The bandwidth of receiver sys-
tems based on reflector structures is often limited by the feed
structure. Consequently there has been much interest in the
development of multi-octave feed systems capable of
achieving performance comparable to that of their conven-
tional narrow band counterparts, just like corrugated horns.
Several types of ultra-wideband feed have been developed.
Several representative ones are the Eleven feed (e.g., [2-4]),
QSC antenna (e.g., [5]), the ATA feed (e.g., [6]) and
quad-ridged flare horn (QRFH) (e.g., [7-9]) etc. The Eleven
feed and QSC feed can be seen as a reversed logarithmic
periodic antenna placed on a reflecting plate. This type of feed
has a wide frequency band and relatively stable phase center,
but poor return loss and cross polarization, as well as complex
feed line systems. The ATA feed is the conventional loga-
rithmic periodic antenna with continuous frequency coverage
over 0.5-10 GHz and the phase center shifted along the axis
of symmetry with frequency changes. It is more suitable for
long focal lengths such as dual reflector antennas.
Quad-ridged flare horns can exhibit low loss and a high return
loss. However, they often suffer from a narrowing beam at
high frequencies and asymmetry in the beam between the E
and H planes. Another promising technology for broadband
feed design is dielectrically loaded quad ridged flare horn
with a corrugated skirt (e.g., [10]). This kind of feed can
achieve a near constant beam width over a 6:1 bandwidth. The
feed accepts two linear polarizations which are differentially
fed.

2. Materials and Methods

The primary objective of this feed horn design is to
achieve near constant beam-width and high aperture effi-
ciency across the frequency range of 0.5GHz to 3.3GHz for
the FAST radio telescope, while minimizing performance
trade-offs. The feed horn consists of coaxial line fed quad
ridged structure with a central dielectric rod and choke
groove. This kind of feed is one type of ultra-wideband
Dielectrically Loaded Quad-ridged Flare Horn (hereinafter
referred to as DLQRFH). Figure 1 displays across section of
a HFSS model of the feed.

As shown in the Figure 1, the entire feed is composed of a
square reflection cavity, two excitation probes, four ridge
plates, a spindle shape dielectric rod, and choke groove from
bottom to top. Two probes are installed orthogonally on the
excitation circular waveguide, with the inner-conductors
inserted perpendicular to each other into the opposite ridge
plate. There is a deep hole at the connection between the
ridge plate and the probe, which plays a good impedance
matching role.

47

Figure 1. Cross section of the DLORFH showing.

Due to the capacitance at the edge of the ridge, the cutoff
frequency of the main mode TE11 in the ridged waveguide is
lower than that of a circular waveguide of the same size, while
the cutoff frequency of Higher-Order Modes is higher than
that of a circular waveguide, resulting in a wider bandwidth of
the ridged waveguide (e.g., [11]). Furthermore, spacing of
ridges to each other and ridge thickness are important factors
determining the nominal input impedance of the quad-ridge
horn. In particular, bigger ridge-to-ridge gap near the feed
point implies higher input impedance and vice versa. This is
analogous to a distributed transmission line modeled with
series inductance and shunt capacitance per unit length (e.g.,
[12]). Increased ridge-to-ridge gap implies decreased shunt
capacitance and thus, the nominal impedance increases.

Ridge profile transforms the 50 Ohm input impedance to
377 Ohm free-space impedance at the horn aperture. The
quadruple-ridged configuration consists of two sets of sym-
metrically distributed ridges, typically arranged orthogonally
to enable dual-polarized operation. Bandwidth expansion
(0.5-3.3 GHz) and impedance matching improvements are
achieved by optimizing geometric parameters such as ridge
gap and ridge flare angle.

An embedded coaxial feed port within the ridged wave-
guide allows multi-directional flexible excitation by adjusting
feed point positions through-holes on ridges. As such, ap-
propriate profile selection is paramount to obtaining good
return loss performance. Various different profiles have been
reported in literature, for example, elliptical, exponential,
linear, Gaussian, Fermi-like, some of which were evaluated as
part of the design process (e.g., [13]). The best results have, so
far, been achieved by the exponential profile which is the
profile used in this work, namely.

X(z)=Ae"+Bz+C (1)

Which, A and y are related to the size of the mouth radius,
while B and C mainly affect the trend of curve changes. This
article mainly uses this curve as a reference to fit the curve and
make local adjustments during the simulation process until a
satisfactory result is achieved.
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The application of dielectric rods in broadband antennas is
beneficial to control the beam width and phase center stability
of far-field directional patterns (e.g., [14, 15]). A centrally
positioned polytetrafluoroethylene (PTFE) dielectric rod (er=
2.1, tan® < 0.0002) regulates electromagnetic wave phase
velocity, enhancing radiation directivity and main lobe
symmetry. The dielectric rod is formed by two concentric
layers with the same dielectric constant but different struc-
tures. The outer layer is evenly slotted to reduce its dielectric
constant. The purpose of this structure is to approximate a
graded dielectric configuration with a high-permittivity core
and low-permittivity periphery.

At low frequencies (below 1.7 GHz), the beam pattern is
predominantly governed by the annular choke grooves, which
suppress edge diffraction and stabilize side-lobe levels. At
high frequencies (above 2 GHz), the beam-width is primarily
determined by the PTFE dielectric rod, which regulates phase
velocity distribution and enhances directivity.

This design achieves frequency adaptive beam control by
leveraging geometry-dependent dominance of choke grooves
(low-frequency diffraction management) and dielectric phase
correction (high-frequency focusing).

3. Results

The horn model simulation is performed in HFSS, with the
radiation boundary, with final meshes of about 257791 tet-
rahedral, and with a good convergence history. For parametric
optimization, the interpolating sweep is used; all final results
have been controlled using discrete frequency sweep. The
simulated results of S parameter and far field pattern for the
design model are as follows.

3.1. S Parameter

The simulation results of S parameter for the UWLF are
shown in the Figure 2. The return loss of two ports is better
than 15dB at most frequency points. The isolation is better
than 40dB throughout the entire frequency band.
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Figure 2. S-parameter for the DLORFH.
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3.2. Far Field Pattern

The far field patterns of E and H plane for this kind of feed
are shown in Figure 3 and Figure 4.
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Figure 4. H-plane Far field pattern for the DLORFH.

The reason for the significant difference in the far field
patterns of some frequency point is mainly due to the discon-
tinuity caused by the influence of the ridge. The field distri-
bution on its aperture surface is multimode, and the mode
ratio also changes with frequency.

3.3. Aperture Efficiency

By importing the far-field pattern of the feed into CST and
combining it with the reflector antenna (f/D=0.4611), the
gain of each frequency point can be calculated. By compar-
ing it with the theoretical gain obtained by the physical ap-
erture of the reflector antenna, the aperture efficiency of dif-
ferent frequency points can be obtained. We calculated the
aperture efficiency results of the same structure and ridge
curve with or without dielectrics loading and choke groove.
The results are shown in the Figure 5.
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Figure 5. Aperture efficiency of the DLORFH and QRFH without
dielectrics and choke groove.

4. Discussion

The simulation results show that the S-parameter perfor-
mance and the rotational symmetry of the far field pattern for
this kind of feed is good. However, the beam constant needs to
be improved. This leads to low efficiency at some frequency
points. As mentioned earlier, the shape of the ridge will affect
the distribution of the electric field on the aperture surface,
and the changes in the horn wall will also affect the stability of
the far-field pattern.

5. Conclusions

The present paper has introduced and discussed the design
and simulation of the ultra-wideband Dielectrically Loaded
Quad Ridged Flare Horn with a corrugated skirt (DLQRFH)
for FAST. The simulation results illustrate that the perfor-
mance of return loss and aperture efficiency for this kind of
feed has improved significantly compared to traditional
QRFH. It also can be seen that the performance indicators can
meet the design requirements, proving that this method is
feasible. In order to further expand the bandwidth character-
istics of the antenna and improve its electrical performance,
the next step can be to use optimization design and simulation
experiments to improve the antenna design.

Abbreviations

FAST Five Hundred-meter Aperture Spherical Radio
Telescope

QSC Quasi-self-complementary

ATA Allen Telescope Array

QRFH Quad Ridge Flared Horn

DLQRFH Dielectrically Loaded Quad-Ridged Flared
Horn

HFSS High Frequency Structure Simulation

CST Computer Simulation Technology
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