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ABSTRACT

Multimode rectangular horn radiators have been in widespread use as reflector antenna
feed elements for many years. These horns provide equal E and H planes over moderate
bandwidths. With a few simple additional design considerations, however, these same
horns can operate over two separate frequency bands. Dual mode operation is achieved by
designing to prohibit generation of higher order beamshaping modes for lower operating
band. Thus the horn operates as a square pyramidal horn at the low band and as a
traditional multimode horn in the upper band. Upper band performance is not affected;
however, efficiency in the lower band is somewhat less due to unequal beamshapes
characteristic of square pyramidal horns. A horn utilizing these design concepts was
developed and tested. Resultant horn geometry, corresponding reflector antenna aperture
efficiencies and beamshapes at both bands are presented.

INTRODUCTION

This paper discusses utilization of a well-known pyramidal multimode horn design for dual
band applications. Multimode radiators using TE12 and TM12 modes for beam shaping, as
originally presented by S.B. Cohn (1) have found widespread use as feed elements in
cassegrain antenna systems. They feature 1) symmetric beamshapes, 2) low sidelobes, 3)
symmetric structure permitting circular of linear polarizations, and 4) simple design
permitting economical fabrication. Traditionally, horns of this type operate in a single band
over a possible 20% bandwidth with high efficiency. With judicious design, however,
these “Cohn” horns can operate as simple pyramidal horns at frequencies below which
their multimode performance occurs. Operating in this manner they can provide dual band
frequency coverage. Device symmetry permits any combination of linear or circular
polarization over the two frequency bands. Upper band performance, where multimode
operation occurs, is unaffected by addition of the lower band. Lower band performance
suffers reduced efficiency due to unequal beamshapes in the principal planes. Even so,
combined aperture taper and primary spillover losses of 1.6 dB are realistic.



HORN DESIGN

Design of a dual band version of a Cohn horn is essentially the same as that of a traditional
Cohn horn with the exception of a few additional design constraints. To comprehend
overall horn operation it is necessary to first understand how a Cohn horn operates and
then what additional constraints are required for dual band operation. A brief description
follows for Cohn horn design (see aforementioned reference to S.B. Cohn’s original article
for a thorough development.)

Simple square pyramidal horns suffer unequal beamshapes primarily due to a non-
symmetric energy distribution in the horn aperture. In the E plane the energy distribution is
roughly uniform and rolls off rapidly at the horn edge. This distribution produces relatively
narrow beamshapes and high sidelobes (-13 dB). By comparisons in the H plane, the
energy distribution rolls off as a sine function to zero at the horn’s edge. It produces a
broader beamwidth and low sidelobes (-23 dB). Equal E and H plane performance is
achieved by conversion of a portion of E plane dominant mode TE10 energy into TM12 and
TE12 energy. The resulting E plane aperture distribution closely resembles that in the H
plane, producing symmetric E and H plane far field distributions. Beamshaping TM/TE12

modes are generated by multiple flare angle changes, as in the geometry in Figure 1.
Lengths 11 and 12 are designed to allow TE10 and TE/TM12 modes to sum in phase in the
horn aperture.

Approximate formulas for the amount of beam shaping modes produced at a flare angle
change were developed by Cohn. For the TE/TM12 modes the resulting equation is

(1)

where a1 is the guide dimension at the transition and 21 and 22 are waveguide flare angles
before and after the transition respectively. For 21 - 22 <0, phase of the beamshaping mode
lags that of the TE10 mode by 90E. Similarly, for 21 - 22 >0,  a 270E lag is introduced. For
the horn geometry of Figure 1, it is therefore required that there be a differential phase shift
of 180E between points A and B with a 90E phase shift between B and the horn aperture.
This will ensure that beamshaping TE/TM12 modes and dominant TE10 modes are in phase
in the aperture.

Differential phase shifts, due to different phase velocities of the TE10 and TE/TM12 modes,
can be calculated using equations 2 and 3. Equation 2 describes the phase shifts for TE1n

and TM1n modes in a square pyramidal horn. Equation 3 predicts phase shifts in the
intermediate square waveguide section. Both equations yield 2n in radians. Differential
phasing is calculated from these equations by setting n equal to 0 or 2 and calculating
No - N2 for TE10 and TE/TM12 modes.



(2)

where

(3)

The amount of beamshaping mode generated controls pattern shape. For equal E and H
plane beamwidth at - 10 dB points, Cohn suggests a ratio of .66 while a ratio of .84 will
produce minimum sidelobe levels. Fractions of beamshaping modes produced at flare
angle changes are cumulative.

Dual band operation is achieved quite simply by ensuring that the intermediate mode
chamber, as in Figure 1, will support only the dominant TE10 mode at the lower band. This
chamber, used to produce higher order beam shaping modes at the upper band, appears as
a simple dominant mode square waveguide at the lower frequency. The resulting radiation
pattern is simply that of a square pyramidal horn. Care must be exercised in the sizing of
the square waveguide section feeding the horn to ensure propagation at the lower band and
no problems at the upper band. Due to the inherent unequal beamwidths of an
uncompensated, square pyramidal horn, however, the low band efficiency will be less than
that of the upper band.

PERFORMANCE

A horn element was developed and tested utilizing the dual band Cohn horn concept.
Several horns were constructed in the development sequence to minimize amplitude taper
and primary spillover losses across the upper band. This was accomplished by adjusting



the length of the intermediate mode chamber, 11, in Figure 1. Efficiencies were calculated
from measured E and H plane primary horn patterns. Figure 2 shows efficiencies achieved
across the high frequency band. These efficiencies include aperture taper and primary
spillover losses when used with an equivalent .3 f over d reflector. Final horn dimensions
given in Table 1 are normalized to the high band center frequency wavelength. E and H
plane patterns taken at the high band center frequency are shown in Figure 3. E and H
principal plane patterns for the low band center frequency are shown in Figure 4.
Calculated amplitude taper and primary spillover efficiency for the lower frequency band
is 1.6 dB. VSWR’s for both bands are below 1.1:1. Cross polarization levels for both
bands are typically 30dB below the co-polarized beam peak.
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TABLE    - 1 -

NORMALIZED FEED DIMENSIONS

ITEM LABEL DIMENSION

WAVEGUIDE
LAUNCHER

Ao .918

INTERMEDIATE
SECTION WIDTH

A1 1.798

HORN APERTURE A2 1.748

INTERMEDIATE
SECTION LENGTH

L1 1.588

APERTURE
LENGTH

L2 .988

FIRST FLARE
ANGLE

21 30.0

APERTURE
FLARE ANGLE

22 9.5



FIGURE 1.  BASIC HORN GEOMETRY

FIGURE 2.  UPPER BAND APERTURE EFFICIENCY
VS. FREQUENCY



FIGURE 3   DEGREES OFF/BORESIGHT-HIGH BAND CENTER
FREQUENCY PATTERNS

FIGURE 4.   DEGREES OFF BORESIGHT-LOW BAND CENTER
FREQUENCY PATTERNS


