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Abstract—A novel multi step quad-ridged horn antenna
(QRHA) with corrugations is demonstrated for operation over the
20 GHz to 40 GHz frequency range. The quad-ridged section is
responsible for ensuring a wideband operation, whereas the
corrugations support hybrid modes to obtain stable radiation
patterns that taper to -16 dB at a half-angle beamwidth of 55° over
the entire range. The multi-step profile improves efficiency by
introducing higher order modes in the horn aperture, and shaping
the sidewalls of the ridge horn contributes significantly to the
radiation characteristics of the horns. To verify results, the horn
is designed and simulated with both CST Microwave Studio and
the nWaveWizard. Good agreement between the results of both
software packages is observed which confirms the validity of this
approach. The input reflection coefficient is mostly better than -20
dB over the entire frequency range, and an aperture efficiency of
75% to 80% is demonstrated.

Keywords— Quad-ridged horn, multistep horn, corrugated
horn, octave band feed, aperture efficiency, radio astronomy.

I. INTRODUCTION

To meet challenges of reducing the number of receivers
required for future large radio telescope arrays, such as the
Square Kilometer Array (SKA), the Allen Telescope Array
(ATA), and the Next Generation Very Large Array (ngVLA),
examples of octave band feed horns are introduced. Such
designs contribute to reducing manufacturing and operations
costs and enable observations that require a wide frequency
range [1-7].

Advantages of quad-ridge waveguide technology are a
decrease of the cut-off frequency of the fundamental mode for
extended bandwidth and the use of dual-linear or, depending on
the feed, dual-circular polarization. In a receiver system, after
separating the individual polarizations, one single-ended low
noise amplifier (LNA) per polarization is required. This is very
useful in radio astronomy as more data can be collected. In
addition, shaping the profile of the horn and its ridges helps to
improve the radiation performance of horns [8]. However, there
exist disadvantages for quad-ridged feed horns (QRFHs) such
as high cross-polarization levels and asymmetric radiation
patterns [9]. Corrugated horn antennas, due to the production of
hybrid modes in the aperture with high efficiency, have very
low cross polarization, low side lobe levels and consequently
good spill-over efficiency when operated with a reflector.
These characteristics have made these type of antennas

kai

Fig. 1. Prototype of the proposed quad-ridge horn antenna with multi-step
flare and corrugations in the aperture.

promising candidates for radio astronomy applications [10].
Nevertheless, what restricts their application for satellite
communications and radio astronomy is their limitation in
achieving wide bandwidth. In recent years, high demand of
octave band antennas with sufficient beam symmetry, low
cross-polarization and high efficiency has led to the
development of different types of ridged corrugated horn
antennas [7, 8,9, and 11].

In this paper, a multistep QRFH with exponential profile
and axial corrugations in the aperture is introduced. The
proposed feed horn is designed to meet the optics of the Next
Generation Very Large Array (ngVLA) radio telescope, which
uses an offset Gregorian dish with a primary aperture diameter
of 18 m and a secondary aperture diameter of 3.2 m. Based on
the specifications of the ngVLA optics, the feed pattern should
taper to -16 dB at the opening half-angle of 55° [12] which has
been achieved in this design. Contributions of this work include
novel exponential profiles for horn and ridges with the aim to
achieve a high aperture efficiency of around 80% as well as
sensitivity over an octave bandwidth (20 GHz — 40 GHz).

II. ANTENNA DESIGN AND ANALYSIS

A. Quad-Ridged Horn Design
Fig. 1 shows the configuration of the proposed QRFH,
which is a six-step horn based on exponential functions for both
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horn and ridge profile. To have more control over the ridge
profile, the exponential function is controlled by two
parameters to achieve more ridge depth near the horn aperture.
A circular waveguide with a radius of 4.04 mm is used for
housing the ridges of 1 mm thickness. The aperture diameter is
53.5 mm and the horn has a length of 17.97 mm.

The beamwidth of a quad-ridged horn is controlled by the
flare angle. A multi-step flare decreases the differential phase
shift at the throat while also providing a larger aperture size for
improving the pattern symmetry of the horn and low back
radiation [8]. Moreover, the matching transition between the
ridged feed and the corrugated horn section is important. In this
study, all parameters are optimized using the built-in
capabilities of CST Microwave Studio.

B. Corrugations

The effective aperture size of the horn is increased by
adding five corrugations in the aperture, as shown in Fig. 1, thus
enhancing radiation. The depth of each corrugation is initially
chosen to be between A/4 and A/2 to obtain equal beam widths,
low cross-polarization levels, and low back radiation. Axial
corrugations are used due to very compact dimensional
requirements and ease of fabrication compared to radial
corrugations. [13].

The corrugations improve the beam symmetry and have a
notable effect on improving the aperture efficiency. Fig.2
displays the effect of the number of corrugations on aperture
efficiency. As the number of corrugations increases, the
aperture efficiency improves. More corrugations could be
added but since this causes a very large aperture size, nulls in
the pattern would appear and reduce the beamwidth required to
feed the reflector.
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Fig.2. Effect of number of corrugations on aperture efficiency.

The optimization procedure was divided into three stages:
The multistep flared parts, the horn with ridges, and the entire
design with corrugations. The optimization involved the search
for the best performance with a genetic algorithm. The aperture
efficiency (€4), input reflection (Si1) and beam symmetry
parameters were combined as a single goal function.

III. RESULTS AND DISCUSSION

For the purpose of validation, the proposed antenna has
been designed and simulated with both pWaveWizard and CST

Microwave Studio. Fig.3 shows the simulated Si; parameter
with both software packages. The results show good agreement
in both simulations, which are better than -20 dB for the entire
octave-band frequency range.
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Fig. 3. Input reflection coefficient of the quad-ridged horn.

Fig. 4 plots the variation of the angular beam width over the
frequency band with both softwares. It is evident that the
beamwidth is around 110° with less than 10° variations in 0, 45,
and 90-degree cuts.
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Fig. 4. Angular beamwidth across the bandwidth.

Fig. 5 illustrates the simulated aperture efficiency based on
the equivalent paraboloid equations presented in [7] (i.e., the
product of phase, amplitude, polarization, and spillover
efficiencies) which is between 75% and 80%.
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Fig. 5. Simulated aperture efficiency and sub-efficiencies of the optimized
horn antenna.

Fig. 6 shows the simulated radiation pattern in the diagonal
plane in steps of 2 GHz, and Fig. 7 displays the simulated
radiation patterns in the E, H and diagonal planes at 26 GHz
and 34 GHz. The agreement between the simulations is good,
and the observed differences between the results are mostly
below 20 dB.
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Fig. 6. CST and Wizard simulated radiation patterns of the proposed feed
in the diagonal plane.
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Fig. 7. CST and Wizard simulated radiation patterns of the proposed feed
in E, H, and D planes at 26 and 34 GHz.

IV. CONCLUSION

This paper presents the realization of a quadruple-ridge
flared horn with axial corrugations that is designed for an
octave bandwidth. The feed exhibits a good impedance match
and beam performance over a 2:1 bandwidth. Its sub-
efficiencies and radiation patterns show that by adopting horn,
ridges and corrugation profiles, more constant beamwidth and

more symmetrical radiation patterns are obtained, hence
improved efficiencies can be achieved. The proposed feed has
a compact structure and can be used for radio astronomy
applications. This model is specifically designed to meet
ngVLA optics and can be scaled for covering higher and lower
frequency bands for any radio telescopes with similar optical
requirements. Agreement between simulations with two
software packages is an indicator of achieving the desired
characteristics for prototyping the presented millimeter-wave
horn antenna.
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