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ABSTRACT: This article presents a quad-ridged conical horn antenna with high gain and
low side lobe level for broadband applications. To the best of authors’ knowledge, the pro-
posed structure presented in this article is completely new. The designed antenna introduces
a low VSWR, which is lower than 2.2 for the frequency range of 8-18 GHz, and simultane-
ously achieves high gain as well as dual-polarizations with high isolation between the corre-
sponding excitations. The common impedance exponential tapering is used at the flare sec-
tion of the horn, and a coax to waveguide transition, namely quadruple-ridged circular
waveguide, with a conical cavity is used to improve the VSWR. The proposed antenna struc-
ture is designed and simulated by two well established packages, namely the CST microwave
studio and the Ansoft HFSS, showing there is a close agreement between the results
obtained by the aforementioned softwares. © 2009 Wiley Periodicals, Inc. Int J RF and Microwave
CAE 19: 519-528, 20009.
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I. INTRODUCTION

Horn antennas are widely used for various applica-
tions such as radar, satellite tracking systems, reflec-
tor feeds, EMC testing, electronic warfare, standard
measurement equipment, and detection systems [1—
3]. These numerous applications are due to some fea-
tures such as wide bandwidth, relatively high gain,
and directivity performance, which the Horn antennas
inherently yield [4, 5].

The idea of using ridges in waveguides was
adopted in horns for the first time by Walton and
Sundberg [6], and then completed by Kerr in the
early 1970’s, when they suggested the use of a feed
horn launcher whose dimensions were found experi-

Correspondence to: A. R. Mallahzadeh; e-mail: mallahzadeh@
shahed.ac.ir

DOI 10.1002/mmce.20374

Published online 26 June 2009 in Wiley InterScience (www.
interscience.wiley.com).

© 2009 Wiley Periodicals, Inc.

519

mentally [7]. To extend the maximum practical band-
width of a horn, ridges are introduced in the flare sec-
tion of the conical horn antenna. This is commonly
done in waveguides to increase the cutoff frequency
of the higher order modes and thus expands the single-
mode range before higher order modes occur [8-10].
Moreover, when quadruple-ridge is used in a circular
waveguide, the cutoff frequency of the TE21L mode
becomes close to the TEIl mode resulting in an
increase in bandwidth between the TEl1l and TEI10
modes [11].

To have a single polarization, double ridges can
be used inside the horn antenna. Also, an E-sectoral
horn antenna for broadband application using a dou-
ble-ridge is addressed in [12, 13]. A detailed investi-
gation on 1-18 GHz broad-band pyramidal double-
ridged horn (DRH) antenna is reported in [14]. In
[15], a broadband pyramidal DRH antenna for the
operating frequency of 1-14 GHz is presented. An
improved design for the double-ridged pyramidal
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horn antenna is addressed in [16]. Another design for
the double-ridged pyramidal horn antenna in the fre-
quency range of 1-18 GHz with a refined feeding
section is reported in [17], where several modifica-
tions are made in the structure of a conventional
DRH antenna to overcome the fluctuation in the radi-
ation pattern at higher frequencies.

Dual polarized antennas are commonly used in ra-
dar systems, electronic counter measurement, and
EMC applications. To have dual polarizations, in
[18] a five layered polarizer at the aperture of the
DRH antenna is introduced. A dual-polarized quad-
ridged pyramidal horn antenna is reported in [19].
Recently, a new dual-polarized broadband horn
antenna over the frequency range of 2-26.5 GHz
with a VSWR lower than 3.1 is reported in [20],
wherein a novel technique for transition between
coax to quadruple-ridged waveguide is introduced to
reduce the return loss.

In this article, a dual-polarized conical horn
antenna based on the quadruple-ridged circular wave-
guide for the frequency range of 8-18 GHz is
designed. To improve the VSWR (lower than 2.2), a
conical cavity back is used.

Furthermore, the proposed antenna presents an
isolation >21 dB over the operating frequency.
Moreover, a new technique to design the flare section
is presented. The proposed antenna when compared
with the conventional quad-ridged pyramidal horn
antennas introduced in [20], yields lower side lobe
level (SLL), higher gain, lower VSWR, and lower
cross polarization. The proposed quad-ridged conical
horn antenna is simulated by two established pack-
ages, namely the Ansoft HFSS, which is based on the
finite element method, and the CST microwave stu-
dio, which is based on the finite integral technique.

Il. DESCRIPTION OF THE ANTENNA
CONFIGURATION

The proposed antenna structure is shown in Figure 1.
The overall length of the designed antenna and the ra-
dius of the horn aperture are 77 and 31.6 mm, respec-
tively. The designed antenna contains three main parts:
a quadruple-ridged circular waveguide, a conical cav-
ity back, and finally the flare section with tapered
quadruple-ridges. In what follows, the detailed design
for the aforementioned parts will be described.

A. Design of the Quadruple-Ridged
Circular Waveguide

The quadruple-ridged circular waveguide and a coni-
cal cavity back are the two main parts of the coax to
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Figure 1. Configuration of the proposed quad-ridged
conical horn antenna. [Color figure can be viewed in the
online issue, which is available at www.interscience.
wiley.com.]

waveguide transition. The quadruple-ridged circular
waveguide is a circular waveguide which is loaded
by four ridges. In the circular quadruple-ridged wave-
guide, the lowest modes are TE11, TE21, TE10, and
TE31, respectively. The TE21 mode, splits into
TE21L and TE21U. The TE21L is evolved from two
in-phase TE21 modes, each polarized in one of two
orthogonal directions, in a circular waveguide. The
TE21U is evolved from two antiphase TE21 modes
in a circular waveguide. The TE11 is a symmetrical
mode which always represents the lowest mode in
the circular waveguide, thus serves as the fundamen-
tal propagation mode. The TE21 and TE10 mode rep-
resent the two lowest odd modes. Contrary to being
in a single or double-ridged circular waveguide, the
TE21L mode is not only the second lowest mode, but
also has a cutoff frequency very close to that of the
TE11 mode, when the ridges are heavily loaded. The
TE31 is the second-lowest symmetrical mode which
has a much higher cutoff frequency than the TE10
mode [11].

For single-mode operation, an increase of the
bandwidth between the TE11 and the TE10 modes
and an impedance matching to coax (50 Q) can be
obtained by loading ridges with a very small gap. To
do this, at first a two port quadruple-ridged circular
waveguide without coaxial probes (Fig. 2) is simu-
lated for the TE1l mode (the single mode) in the
operating bandwidth. The height, width, and spacing
of the designed ridges are, respectively, # = 9.1 mm,
w = 2.4 mm, and s = 3.8 mm. Also, the radius and
the overall length of the circular waveguide are r =
11 mm and / = 20 mm, respectively. The S12 param-
eters of the TE11 and TE10 modes in circular wave-
guide versus the frequency are shown in Figures 3
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Figure 2. Two port quadruple-ridged circular waveguide
without coaxial probes. [Color figure can be viewed in the
online issue, which is available at www.interscience.
wiley.com.]

and 4. Figure 3 shows that the lowest mode (TE11) is
the fundamental propagation mode in the waveguide,
because the corresponding S12 parameter is 0 dB.
TE21L mode is close to the TEIl in cutoff fre-
quency. This fact distinguishes a quadruple-ridged
circular waveguide significantly from a single- or
double-ridged circular waveguide. However, if the
TE21L mode is sufficiently suppressed or not excited,
the frequency bandwidth between the TEI1 and the
TE10 can be very large [11]. In Figure 4, we observe
that the higher order mode, TE10, cannot propagate
in the circular waveguide, because the S12 parameter
is much lower than 0 dB. The characteristic imped-
ance of the fundamental propagation mode, TE1l,
versus frequency is shown in Figure 5, which is
obtained by the Ansoft HFSS. As is inferred from
Figure 5, the characteristic impedance varies between
51.1 Q (8 GHz) and 50.2 Q (18 GHz), which shows
there is a good impedance matching between the
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Figure 3. S12 parameter of the propagation mode (TE11
mode) versus frequency. [Color figure can be viewed in
the online issue, which is available at www.interscience.
wiley.com.]
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Figure 4. S12 parameter of the nonpropagation mode
(TE10 mode) versus frequency. [Color figure can be
viewed in the online issue, which is available at www.
interscience.wiley.com. ]

coaxial line and quadruple-ridged circular waveguide
for the entire frequency bandwidth.

B. Coaxial to Quadruple-ridged Circular
Waveguide Transition

It is necessary to use a transition between the two
coaxial probes and the quadruple-ridged circular
waveguide. Two coaxial probes are used for the verti-
cal polarization and the horizontal polarization. The
transition between the coaxial probes and the quadru-
ple-ridged circular waveguide plays an important role
for the isolation and the return loss. To have a low
VSWR, the cavity back dimensions as well as the dis-
tance of the probe from the edge of the corresponding
ridge should be optimized. Moreover, the results
show that the distance between the probes and the
edge of the ridges affects the antenna gain and the
main lobe of the radiation pattern. Numerous simula-
tions have been made to optimize the transition pa-
rameters. As is shown in Figure 6a, the shield of the
coaxial probe is connected to the lower ridge and the
inner conductor is connected to the upper ridge by
passing a tunnel through the lower ridge. The second
coaxial probe follows the same procedure. As is
shown in Figure 6b, the horizontal ridges are shorter
than the vertical ridges, because there should be a
gap between the probes. This is due to the fact that
the probes should be placed at the end of the ridges
to have a low VSWR. The gap between the horizontal
and the vertical ridges is optimized to d = 0.85 mm
(Fig. 6b).

A cavity back is commonly used to improve the
VSWR of the coax to quad-ridged waveguide transi-
tion. As are shown in Figures 7 and 8, two configura-
tions for the cavity back is used, a cylindrical and a
conical cavity back. The former has a VSWR not
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Figure 5. The characteristic impedance of the propagation mode (TE11 mode) versus fre-
quency (simulated by Ansoft HFSS). [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com.]
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Figure 6. (a) Coaxial probe entrance to the horizontal
ridges in the waveguide transition and (b) the vertical and
the horizontal ridges in the waveguide transition with
coaxial probes. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]
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Figure 7. Cylindrical cavity back in the waveguide tran-
sition: (a) overall view and (b) side view. [Color figure
can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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Figure 8. Conical cavity back for return loss improve-
ment in the waveguide transition: (a) overall view and (b)
side view. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]

greater than 2.6, as well as an isolation <16 dB,
which may not be adequate in certain applications.
The latter, however, will enhance the VSWR as well
as the isolation.
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C. Determination of the Axial Length
and Aperture Size of the Designed
Conical Horn

The axial length of the horn opening (flare section)
should satisfy the inequality L > A, where 1 = 27/f
and f is the wave number [6]. For the desired gain,
~14-15 dB, at center frequency (13 GHz), the aper-
ture size is determined from the simulation of the
horn antenna in the absence of the ridges. The radius
of the horn aperture is found to be 31.6 mm and the
length of the flare section is 50 mm.

D. Design of the Tapered Part

The design of the tapered section is the most signifi-
cant part in the antenna design. The exponential
tapered ridges transform the impedance of the guide
from 50 Q at the feeding point (quadruple-ridged cir-

TABLE I. The Design Detail Dimensions of the Tapered Part (at 13 GHz)

Radius of the

Height of the

Waveguide Waveguide Characteristic Tapered Ridge Length of the Tapered
Number Aperture (mm) Impedance (Q) (mm) Ridge (mm)
1 11.0 50.0 9.1 3
2 12.2 56.4 10.2 3
3 135 63.7 11.3 3
4 14.7 71.8 12.3 3
5 15.9 81.1 13.1 3
6 17.2 91.0 13.8 3
7 18.4 103.2 14.3 3
8 19.7 116.5 14.5 3
9 20.9 131.5 14.4 3
10 22.1 148.4 13.9 3
11 23.4 167.4 13.2 4
12 25.0 196.7 11.9 4
13 26.7 231.1 10.3 4
14 28.3 271.5 7.9 4
15 29.9 318.9 5.2 4
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Figure 10. The quad-ridged conical horn antenna includ-
ing 15 smaller waveguides of different height. [Color fig-
ure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]

L T T

12 13 14 15 16 17 18
Fraguency (GHz)

25 T T T T T

1 15 44 15 16 AT 8
Freguency (GHz)

s & 1 1

Figure 11. Simulated VSWR of the quad-ridged conical
horn antenna with cylindrical cavity back: (a) VSWR of
port 1 and (b) VSWR of port 2. [Color figure can be
viewed in the online issue, which is available at www.
interscience.wiley.com.]

1 4 15 W 17 18
Fraquency (GHz)

b i —
|=--HFS8

i 43 4 15 46 47 18
Fraquency (GHz)

Figure 12. Simulated VSWR of the proposed quad-ridged
conical horn antenna with conical cavity back: (a) VSWR of port
1 and (b) VSWR of port 2. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com.]
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Figure 13. Isolation S12, (a) quad-ridged conical horn
antenna with cylindrical cavity back and (b) quad-ridged
conical horn antenna with conical cavity back. [Color fig-
ure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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Figure 14. Radiation patterns: (a) E-plane at 8 GHz, (b) H-plane at 8 GHz, (c) E-plane at 13
GHz, (d) H-plane at 13 GHz, (e) E-plane at 18 GHz, and (f) H-plane at 18 GHz. [Color figure
can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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TABLE II. He Radiation Pattern Characteristics of
the Proposed Antenna for E-Planes and H-Planes at
Various Frequencies

Maximum
Magnitude of
Frequency the Cross SLL HPBW
(GHz) Plane Polar (dB) (dB) (deg)
8 E —7.6 —14.9 60.1
8 H —6.7 —14.6 49.9
13 E —5.6 —18.2 20.1
13 H —4.2 —18.4 332
18 E —2.7 —21.5 17.9
18 H —4.9 21.9 29.3

cular waveguide) to 377 Q at the aperture of the horn
antenna [6]. The impedance variation in the tapered
part is as follows:

Z(y) =Zpe”, (0<y<L), (1)

where y is the distance from the waveguide aperture
and L is the axial length of the horn opening (flare
section), which is determined in Section C (with L =
50 mm). Then, & is obtained from the following equa-

tion [21]:
1 (Z

where Z, and Z; are, respectively, the characteristic
impedances of quadruple-ridged circular waveguide
and free space. Figure 9 depicts the reflection coeffi-
cient of exponential taper line, I', versus fL.

To derive dimensions of the flare section regarding
the exponential tapering, the following algorithm is
proposed:

The axial length of the flare section (L) is divided
into 15 subsections, resulting 15 smaller quadruple-
ridged circular waveguides. Each corresponding aper-
ture size is obtained from the main conical horn
antenna structure. Then, the height of each quadru-
ple-ridged circular waveguides should be optimized
(the Ansoft HFSS is used), such that the correspond-
ing characteristic impedance holds according to eq.
(1). The designed details for the corresponding
dimensions of the tapered section at 13 GHz are
given in Table I. Once the heights of the ridges are
obtained, they are merged together to shape the flare
section of the horn antenna (Fig. 10).

lll. SIMULATION RESULTS

The designed antenna as is discussed in the preceding
sections, are analyzed by two commercially available

software packages, the HFSS and the CST softwares.
The simulation results show that there is a good
agreement between the results obtained by two afore-
mentioned softwares. This confirms the accuracy of
simulations.

The VSWR of the quad-ridged conical horn
antenna with cylindrical cavity back is presented in
Figure 11. It can be seen that the VSWR is <2.6 for
the frequency range of 8—18 GHz for both of excita-
tions. Also, the VSWR of the proposed quad-ridged
conical horn antenna with conical cavity back is pre-
sented in Figure 12, showing the resulting VSWR is
<2.2 for both of excitations.

The isolation, S12, between the two coaxial ports
is better than 16 and 21 dB, respectively, for the cy-
lindrical and the conical cavity back (Figs. 13a and
13b).

Figure 14 shows the copolar and the cross-polar
far-field radiation patterns in the E-plane (y-z plane)
and the H-plane (x-z plane) at 8, 13, and 18 GHz for
the proposed antenna with conical cavity back, show-
ing low-cross polarization, low SLL, low-back lobe,
high gain, and satisfactory far-field radiation pattern.
Table II provides main characteristics of the proposed
antenna, such as the maximum magnitude of the
cross polar, SLL, and half power beam width in both
the E-plane and the H-plane at various frequencies.
Compared with the proposed conventional quad-
ridged pyramidal horn antennas in [20], the proposed
antenna (with lower aperture size) gives the better
SLL, gain, isolation, and cross polarization. The radi-
ation patterns are shown in Figure 14.

The proposed antenna gain versus frequency is
shown in Figure 15. It can be seen that the antenna
gain increases as the frequency increases. The maxi-
mum value of gain is around 16.2 dB and occurs at
the end of the operating frequency band (18 GHz).

14
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Figure 15. Gain versus frequency for the proposed
quad-ridged conical horn antenna. [Color figure can be
viewed in the online issue, which is available at www.
interscience.wiley.com.]
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Simulation results show that the gain and the radia-
tion pattern are the same for both of the horizontal
and the vertical polarizations.

IV. CONCLUSION

In this article, a novel dual-polarized quad-ridged
conical horn antenna is proposed for the frequency
band of 8-18 GHz. A conical cavity back is used to
enhance the VSWR (<2.2) and also the isolation
(>21 dB). Moreover, the proposed antenna yields
high gain, dual-polarizations, low SLL, low-cross
polarization, and satisfactory far-field radiation pat-
tern. To verify the accuracy of the simulated results,
two commercial software packages, the HFSS and
the CST are used. Compared with the conventional
quad-ridged pyramidal horn antennas, the proposed
antenna achieves better radiation pattern, which
makes it suitable to be used in various applications.
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