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ABSTRACT: Two conical double-ridged horn (DRH) antennas for K and Ka frequency

bands are presented. Detailed simulation and experimental investigations are conducted to

understand their behaviors and optimize for broadband operation. The designed antennas

were fabricated with 0.01 mm accuracy and satisfactory agreement of computer simulations

and experimental results was obtained. The designed conical DRH antennas have voltage

standing wave ratio (VSWR) less than 2.1 and 2.2 for the frequency ranges of 18–26.5 GHz

(K band) and 26.5–40 GHz (Ka band), respectively. Meanwhile, the proposed antennas ex-

hibit low cross-polarization, low sidelobe level, and simultaneously achieve slant polarization

as well as symmetrical radiation patterns in the entire operating bandwidth. An exponential

impedance tapering is used at the flare section of the horns. Moreover, a new cavity back with

a conical structure is used to improve the VSWR. Numerous simulations via Ansoft HFSS and

CST Microwave Studio CAD tools have been made to optimize the VSWR performance of the

designed antennas. Simulation results show that the VSWR of the proposed antennas is sensi-

tive to the probe spacing from the ridge edge and the cavity back structure. The designed coni-

cal DRH antennas are most suitable as a feed for the reflectors of radar systems and satellite

applications. Results for VSWR, far-field E-plane and H-plane radiation patterns, and gain of

the designed antennas are presented and discussed. VC 2011 Wiley Periodicals, Inc. Int J RF and

Microwave CAE 21:602–610, 2011.
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I. INTRODUCTION

Horn antennas have received considerable attention for

transmission and reception of electromagnetic waves in

applications such as reflector feeds, satellite tracking sys-

tems, electromagnetic compatibility testing, electronic war-

fare, radar systems, standard measurements, and detection

systems [1–9]. These antennas have several useful proper-

ties such as wide bandwidth, versatility, easy excitation, rel-

atively simple construction, relatively high gain, and stable

far-field radiation characteristics [10, 11]. The conventional

horn antennas have a limited bandwidth. To extend the

maximum practical bandwidth of these antennas, ridges are

introduced in the flare section of the antenna.

The idea of using ridges in waveguides was adopted in

horns by Walton and Sundberg [12], and completed by

Kerr in early 1970 when he suggested the use of a feed

horn launcher whose dimensions where found experimen-

tally [13]. This is commonly done in waveguides to

increase the cutoff frequency of the second propagating

mode (TM01) and, thus, expand the single-mode range

before higher order modes occur [14–16]. Spreading of

higher order modes arises from power division between

the modes. Because of various field distributions, they

influence the desired radiation patterns and especially the

main lobe deteriorates for higher frequencies. In [17, 18],

an E-sectoral double-ridged horn antenna (DRH) for

broadband application is presented. A detailed investiga-

tion on 1–18-GHz broadband pyramidal DRH antenna

was reported in [19]. In [20], a broadband electromagnetic

compatibility pyramidal DRH antenna for 1–14 GHz was

reported. An improved design of the DRH antenna was

presented in [21]. Another design of the DRH antenna in

the 1–18-GHz frequency range with redesigned feeding

section was presented in [22] where several modifications
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were made in the structure of a conventional DRH

antenna to overcome the deterioration of its radiation pat-

tern at higher frequencies.

The deterioration of radiation patterns at the high end

of the frequency band, cross polarization, back lobe level,

and sidelobe level (SLL) are the significant disadvantages

of the conventional DRH antennas. Based on the articles

available in the open literature, the radiation characteris-

tics of the DRH antennas need to be improved. The pro-

posed conical DRH antennas here do not show the afore-

mentioned disadvantages. Pyramidal DRH antennas have

been investigated in many references. There are rare

articles in the literature which are devoted to design and

analysis of conical DRH antennas in K and Ka bands.

In this article, based on the double-ridged circular wave-

guide, two conical DRH antennas including 50 X coaxial

feed, for K and Ka frequency bands are proposed. Accord-

ingly, an exponential impedance tapering is used at the flare

section of the horns, and using a coax to waveguide transi-

tion with a suitable cavity back structure, the voltage stand-

ing wave ratio (VSWR) performance of less than 2.2 for

both antennas is obtained. The proposed antennas exhibit

low cross polarization, low SLL, and simultaneously

achieve slant polarization as well as symmetrical radiation

patterns in the entire operating bandwidth. Compared to the

conical DRH antenna presented in a previous work [1], the

new designed antennas have several attractive advantages,

such as higher operating frequency, higher radiation effi-

ciency, better radiation patterns, lower VSWR, lower SLL,

and lower back lobe level. Moreover, in this work a new

cavity back with a conical structure is used to improve the

VSWR. The inner conductor and shield of the coaxial probe

should enter very close to the edge of the ridges. Mean-

while, the initial distance between ridges in the circular

waveguide and probe spacing from the ridged edge affect

the antenna characteristics. Therefore, the fabrication mech-

anism is important to the antenna characteristics. The

designed antennas were fabricated with 0.01 mm accuracy

and satisfactory agreement was obtained using computer

simulations and experimental results. In the previous work

[1], numerical simulations have not been checked experi-

mentally. Numerous simulations have been done to opti-

mize the VSWR performance of the designed antennas.

Ansoft HFSS and CST Microwave Studio packages that uti-

lize the finite element and the finite integration techniques

respectively are used for simulations. The simulated and

measured results for VSWR, far field E-plane and H-plane

radiation patterns, and gain of the designed antennas over

the frequency band are presented.

II. CONICAL DOUBLE-RIDGED HORN ANTENNA
STRUCTURE

The structures of the proposed conical DRH antennas are

illustrated in Figure 1. The overall length of the designed

antennas for K and Ka frequency bands are 47 and 33.5 mm,

respectively. The aperture radius of the one covering K band

is 15 mm and the other that covers Ka band is 19.5 mm.

Figure 1 Configuration of the proposed conical DRH antennas. (a) K-band antenna. (b) Ka-band antenna. (c) cut view of Ka-band antenna.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 2 Double-ridged circular waveguides without coaxial

probe. (a) for K band (b) for Ka band.

Figure 3 S12 parameter of the propagation and nonpropagation

modes (TE11 and TM01 modes) versus frequency. [Color figure

can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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In the first step, using Ansoft HFSS the two-port dou-

ble-ridged circular waveguides without coaxial probe are

simulated for the single mode (i.e., TE11 mode) in the K

and Ka frequency bands. Figure 2 shows the details of the

double-ridged circular waveguides. The S12 parameters of

the TE11 and TM01 modes in the double-ridged circular

waveguides versus frequency are presented in Figure 3. It

can be seen that the lowest mode (i.e., TE11) is the funda-

mental propagation mode in the waveguides, with the cor-

responding S12 parameter as 0 dB. Moreover, we observe

that the higher order mode (i.e., TM01) with the S12 pa-

rameter much lower than 0 dB is not propagating. The

characteristic impedance of the fundamental propagation

mode, TE11, versus frequency obtained by the Ansoft

HFSS is presented in Figure 4. As inferred from this

Figure, the characteristic impedance is about 50 X, indi-

cating that there is a good impedance matching between

the coaxial lines and the double-ridged circular wave-

guides for single-mode operation in both frequency bands.

Numerous simulations via Ansoft HFSS and CST

Microwave Studio have been done to optimize the transi-

tional performance. The principal goal is obtaining low lev-

els of VSWR throughout the transformation of the TEM-

mode in the coaxial section to the TE-mode in the wave-

guide. To have a low VSWR, the cavity back dimensions,

the initial distance between the ridges in the circular wave-

guide as well as the distance between the probe and the

edge of the ridge should be optimized. Moreover, the simu-

lation results show that this latter distance affects the

antenna gain and the main lobe of the radiation patterns at

high frequencies. As is shown in Figure 5, for low return

loss, the shield of the coaxial probe is connected to the

lower ridge and the inner conductor is connected to the

Figure 4 The characteristic impedance of the fundamental

propagation mode (TE11 mode) versus frequency. [Color figure

can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Figure 5 Configuration of the designed coax to double-ridged circular waveguide transition. (a) side view for K band. (b) Vertical cut

view for K band. (c) Horizontal cut view for K band. (d) Horizontal cut view for Ka band. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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upper ridge by passing through a tunnel in the lower ridge.

The inner conductor and shield of the coaxial probe should

be very close to the edge of the ridges.

A cavity back is commonly used to improve the

VSWR of the coax to double-ridged waveguide transition.

Simulations show that the VSWR of the proposed anten-

nas is critically sensitive to the structure and dimensions

of the cavity back. To improve the VSWR (lower than

2.2), a cavity back with a conical structure is used. The

cavity dimensions that are obtained using the optimization

tools are shown in Figure 5.

The axial length of the horn opening (flare section)

should satisfy the inequality L > k, where k is the wave-

length of the center frequency [12]. For the desired gain,

�10–12 dB, over the operating frequency range, the aper-

ture size is determined from the simulation of the horn

antenna without the ridges. The length of the horn opening

(flare section) for K and Ka frequency bands are 39.5 and

26.5 mm, respectively. As mentioned in [1], the above

dimensions are obtained through extensive simulations and

optimization to provide the desired bandwidth along with

good radiation characteristics. The design of the tapered

section is the most significant part in the DRH antenna

design. The detailed design of the exponential tapered

ridges is explained in [1]. The final shapes of the ridges

are exponential like taper and are shown in Figure 6.

III. RESULTS AND DISCUSSION

In this section, we present the simulation and experimental

results for the proposed conical DRH antennas. To check

the accuracy of simulations, we have compared the out-

comes of both simulator packages HFSS and CST. Closed

results confirm the accuracy of simulations. To justify the

results, the designed antennas were fabricated, tested, and

compared with the simulations. The pictures of the fabri-

cated antennas are shown in Figure 7. The horn antennas

and the double ridges are fabricated using, aluminum and

copper, respectively. Copper is used for the ridges due to

increased mechanical strength during machining.

The simulated and measured VSWR of the designed

antennas are presented in Figure 8. It is seen that maximum

value of the VSWR is less than 2.1 and 2.2 for the fre-

quency ranges 18–26.5 GHz (K band) and 26.5–40 GHz

(Ka band), respectively. The discrepancy between theory

and experiment is partly due to the fabrication imperfec-

tions. The connection of probe causes a capacitive effect

which in turn changes the input impedance of the DRH

Figure 6 The conical DRH antennas made from 15 smaller

waveguides each of different height. (a) Vertical cut view for K

band. (b) Horizontal cut view for K band. (c) Horizontal cut view

for Ka band. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

Figure 7 The photographs of the fabricated antennas. (a) K-band antenna. (b) Ka-band antenna. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]
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antenna. This effect also contributes to the measurement

error. The simulated and measured far-field E-plane (u ¼
90�) and H-plane (u ¼ 0�) radiation patterns of the pro-

posed antennas at several typical frequencies are presented

in Figures 9 and 10. It can be observed that they have satis-

factory radiation patterns with low SLL over the entire

frequency band. The cross-polarization level is very impor-

tant, especially when horn antennas are used as feeds for

reflector antennas. The designed antennas provide linear

polarization with a cross-polarization level about 40 dB

lower than the copolarization level at boresight in all of the

measured radiation patterns.

As was mentioned in the introduction, the commer-

cially available ridged horn antennas investigated by the

authors displayed significant pattern deterioration at higher

frequencies. At higher frequencies, the single main lobe

split into some large side lobes that grow around the

0�center axis so that the main lobe appears to be strongly

indented. This deterioration, which results in a sudden

gain reduction in the E- and H-plane measurements, can

be visualized in a three-dimensional (3D) simulated radia-

tion pattern plot [19]. Figure 11 shows the 3D simulated

far-field radiation patterns of the proposed antennas. As

shown in this figure, the proposed antennas have desirable

Figure 8 Simulated and measured VSWR of the proposed antennas. (a) K-band antenna. (b) Ka-band antenna. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 9 The simulated and measured radiation patterns of the K-band antenna. (a) E-plane at 18 GHz, (b) H-plane at 18 GHz,

(c) E-plane at 26.5 GHz, (d) H-plane at 26.5 GHz. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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characteristics, i.e., they have one dominant main lobe

without squint in the entire frequency band.

In practice, the radiation patterns are presented only

in the E- and H-planes and, consequently, just show a

gain drop in the broadside direction. The large side

lobes, however, will not be detected in a standard E-

and H-plane testing procedure and, therefore, do not

appear on pattern measurement data sheets [19]. To

investigate the existence of the sidelobes, the horn

antennas were brought into a 45� azimuthally diagonal

position. In this plane, the principal goal is obtaining

slant polarization performance. The simulated and meas-

ured Ey and E/ patterns in the diagonal plane (u ¼ 45�)

at several typical frequencies are shown in Figure 12.

This Figure gives useful information about cross-polar-

ization level. In this plane, according to Ludwig’s third

definition [23], the cross-polarization is equal to (Ey þ
Eu)/1.414. It is found that the cross-polarization level in

this plane is larger than the standard E- and H-planes as

expected. The close values of vertical and horizontal

Figure 10 The simulated and measured radiation patterns of the Ka-band antenna. (a) E-plane at 26.5 GHz, (b) H-plane at 26.5 GHz, (c)

E-plane at 40 GHz, (d) H-plane at 40 GHz. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 11 3D far-field radiation patterns of the antennas obtained by Ansoft HFSS. (a) K-band antenna at 18 GHz. (b) Ka-band antenna

at 40 GHz. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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gains represent the good performance of the proposed

antenna for slant polarization.

The simulated and measured gains of the proposed

antennas versus frequency are presented in Figure 13. The

antenna peak gain is �12.2 and 13 dB for K and Ka bands,

respectively. The gain variation within the bandwidth is

less than about 2.5 dB. The results show that the simulated

gain is in good agreement with the measured gain across

the entire frequency band. According to these results, the

proposed conical DRH antennas can be useful as a feed

for the reflectors in broadband direction finder systems,

satellite, and communication systems applications.

Figure 12 The simulated and measured radiation patterns of the antennas in the diagonal plane. (a) Results for K-band antenna at 18

GHz. (b) Results for K-band antenna at 26.5 GHz. (c) Results for Ka-band antenna at 26.5 GHz. (d) Results for Ka-band antenna at 40 GHz.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 13 The simulated and measured gains of the antennas versus frequency, (a) Results for K-band antenna. (b) Results for Ka-band antenna.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 14 Radiation efficiency calculated from the measured

parameters. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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The antenna radiation efficiency can be written as:

e ¼
G

ð 1� Cj j2ÞD
(1)

where G, D, and C are gain, directivity, and the reflection

coefficient of the antenna, respectively [24]. The simulated

radiation efficiency at the center frequency is 96 % and 94 %

for K and Ka bands, respectively. For calculation of D based

on measured data the following approximate equation is used.

D ffi
72815

h2E þ h2H
(2)

where yE and yH are the half-power beamwidths (in

degrees) in E- and H-planes, respectively [24]. Figure 14

depicts the calculated radiation efficiency of the antennas.

The maximum value of radiation efficiency is �94.3 and

93.4% for K and Ka bands, respectively. It can be seen

that the efficiency variation is around 8.7 and 6.7% over

the frequency band.

As mentioned before, the performances of the proposed

antennas are sensitive to the probe spacing from the ridge

edge and the cavity back structure. The simulated VSWR of

Ka-band antenna for various cavity back length (Lc), 1, 2, 3,

and 4 mm are presented in Figure 15a. This factor affects the

performance of the proposed antenna most effectively. As

shown in this figure, the VSWR deteriorates within the whole

band as Lc changes. The best value for Lc in the designed

antenna is 2 mm. Through extensive simulations, it is found

that the VSWR critically depends on the probe spacing from

the ridge edge (S). Figure 15b shows the simulated VSWR of

the Ka-band antenna for various S values. As the results

show, the VSWR varies within the whole band as S value

changes. It can be seen that the optimum value of S is 0.8

mm. Based on these results, if this dimensional tolerance in

fabrication procedure is not lower than 0.2 mm, the antenna

performances deteriorate within the whole band. Although not

shown, similar results were obtained for the K-band antenna.

IV. CONCLUSION

Two conical DRH antennas for K- and Ka-frequency bands

have been proposed. An exponential impedance tapering is

used at the flare section of the horns, and using a coax to

waveguide transition with a suitable cavity back structure, the

VSWR performance of less than 2.2 for both antennas is

obtained. Moreover, the proposed antennas exhibit low cross-

polarization, low SLL, and simultaneously slant polarization

as well as symmetrical radiation patterns in the entire operat-

ing bandwidth. Compared to the conical DRH antenna pre-

sented in a previous work, the new designed conical DRH

antennas have higher operating frequency band, lower

VSWR, higher radiation efficiency, better radiation patterns,

lower SLL, and lower back lobe level. In this work, numerical

simulations have been checked experimentally and satisfac-

tory agreement is obtained. Ansoft HFSS and CST Microwave

Studio packages are used for simulations. Simulation results

show that the performances are sensitive to the probe spacing

from the ridge edge and the cavity back structure. Based on

these characteristics, the proposed conical DRH antennas can

be useful as a feed for the reflectors of radar systems, direction

finder systems, satellite, and microwave applications.
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