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Chapter 1

INTRODUCTION

Horns have been used as accoustical instruments;
for thousands of years to amplify sound waves. As a
microwave antenna, the forerunner of the horn, namely, the
hollow pipe radiator has been used first by Sir Oliver
Lodge in June 1894. He demonstrated the use of a hollow
pipe radiator for radiating and receiving microwaves.

In 1897, the famous Indian scientist,
Prof.J.C.Bose demonstrated a "Microwave spectrometer"
operating at a frequency of 60 GHz, at the Royal Insti
tution of London. The receiver of the microwave spectro
meter was a pyramidal horn called "The Collecting Funnel".
In the same year, Lord Rayleigh published his famous paper
on waveguide transmission.

After these works, the interest in microwave pipe
radiators and horn radiators did not receive much attention

until late 1930's. Though the concept of electromagnetic
waveguide radiator was suggested in 1936, the first experi
mental and theoretical analysis of the waveguide radiator
was reported by W.L.Barrow and F.M.Green in 1938.



Regarding the electromagnetic horn, the first theoretical
analysis of its operation was reported by W.L.Barrow and
L.J.Chu in 1939. Although the analysis applies speci
fically to sectoral horns, it provides a clear picture of
the operation of electromagnetic horns of any shape. After
the late 1930's the exigencies of World War II produced a
veritable explosion in the development of efficient
radiators of electromagnetic energy.

1.1 ELECTROMAGNETIC HORN ANTENNAS

There are different types of electromagnetic horn
antennas suitable for different applications. Pyramidal
horns, sectoral horns, conical horns etc., are the commonly
used conventional electromagnetic horn antennas.

The flaring of both the principal planes of a
rectangular waveguide results in a pyramidal horn. Since
the waveguide is flared in both the principal planes, the
beamwidths are narrow in both the principal planes. The
beamwidth in any one of the principal planes can be
controlled by varying the flare angle in that plane.

If the rectangular waveguide is flared in the
direction of the E—field, keeping the other dimension



constant, an E-plane sectoral horn is obtained. On the
other hand if the flaring is in the direction of the
H—field without changing the other, a H—plane sectoral horn
is formed. The sectoral horns radiate a fan shaped beam
whose width is very narrow in the flared plane and very
broad in the orthogonal plane.

A conical horn is derived by flaring a circular
waveguide. Conical horns are usually preferred as feeds
for symmetric reflectors due to their axially symmetric
radiation characteristics. Both the pyramidal and the
conical horns are used as standard gain antennas to
standardise other antennas.

Advancements in satellite communication, radio
astronomy and radar technology have triggered research in
the field of antenna theory and design. For most of these
systems, a feed whose aperture field distribution is
matched with the focal plane field of the reflector is
required. In the next sections, the earlier developments
in the field of electromagnetic horn antennas are briefly
discussed.



1.2 APERTURE MATCHED HORNS

The attachment of suitable curved sections to the
outside of the aperture edges of an ordinary horn forms an
aperture matched horn. The attachment of curved sections
reduces the diffractions which occur at the sharp edges of
the horn aperture and provides smooth matching section
between the horn modes and the free space. Compared to
ordinary conventional horns, this leads to smoother
radiation patterns with reduced backlobes, sidelobes and
VSWR.

The aperture matching technique with curved
surfaces can be used in a wide variety of horns. This type
of horns with elliptical, circular or other curved surfaces
can easily attain a large bandwidth.

1.3 MULTIMODE HORNS

The E-plane radiation characteristics of the
dominant single mode horns, both the pyramidal and the
conical, are considerably different from the H-plane
radiation characteristics. This is due to the fact that
the aperture electric field distribution in the H-plane is
tapered, while that in the E—plane is constant. This will



illuminate the aperture edges of the E—plane boundary walls

strongly and results in high sidelobe and backlobes. By
the introduction of additional higher order modes, along
with the dominant mode, the same tapered aperture electric
field distribution can be achieved in both the planes.
This technique is employed in multimode horns. Hence the
edge diffractions are minimised and results in radiation
patterns with beam symmetry, phase centre coincidence for
the E and H—planes, low sidelobe and cross—polar levels.
Some of the multimode horns are briefly discussed in the
following sections.

1.3.1 The Diagonal Horn

The electric field vector in a small flare angle
diagonal horn is parallel to one of the diagonals of the
horn. This diagonal polarisation of the aperture electric
field has given the horn the name "Diagonal horn". The internal
fields of a diagonal horn consists of a superposition of

the orthogonal TEOI and TElO modes in square waveguides.
Consequently the horn possesses only some of the desirable
characteristics of the usual multimode horns which make use

of higher order TE and TM modes.

A diagonal horn reported by A.W.Love exhibits
circularly symmetric radiation patterns with low sidelobes



not only in the orthogonal principal planes, but also in
the intercardinal planes. These desirable features are
achieved only at the expense of increased cross-polarised
levels in the intercardinal planes. Hence this type of
horns are unsuitable where high polarisation purity is
required. Diagonal horns can be converted into circularly
polarised horns by inserting a proper phase shifter and an
orthomode transducer inside the horn.

1.3.2 Multimode Pyramidal Horn

In multimode pyramidal horns, for beam shaping,
apart from the dominant TE mode, the necessary higher10

order modes are suitably mixed. Usually a mixture of TEl2
and TMl2 modes is used. Since these two modes are having
the same propagation constant, they can exist as a hybrid

pair. If the relative amplitudes of the TEl2 and TMl2
modes are properly adjusted to give a linearly polarised
aperture field and when this is added in proper phase with

the dominant TEIO mode, the resulting aperture electric
field distribution will be tapered both in the E and H
planes.

Flare angle change technique can be employed to

generate the hybrid TE12/TM1 pair of modes. The2



efficiency of a multimode horn is less than that of a
dominant mode horn. This is because of the fact that these
horns do not radiate in the axial direction. This class of
multimode horns are well matched. The main disadvantage is
its low frequency bandwidth of 3 to 4 percent.

1.3.3 Multimode Conical Horn

A multimode conical horn is basically designed to
satisfy the same boundary conditions at the horn aperture
boundary for all polarisations. For the conversion of the

dominant TE1l mode, the flare angle change technique can be
used. If the two modes are properly phased, in the central

region of the aperture the electric field of the TMll mode
reinforces that of the TE1l mode. Near the aperture
boundary the two fields oppose one another. Hence the
resulting electric field is heavily tapered in both the E
and H planes. Because of the different dispersion
characteristics of the two modes, this condition can be
satisfied only at a single frequency. Thus it is frequency
sensitive and the bandwidth is only 3 to 4 percent.

1.4 CORRUGATED HORNS

In 1964, A.F.Kay in the United States, showed that
if grooves or corrugations are made on the walls of a



dominant mode horn antenna, the same boundary conditions
will be satisfied for all polarisations. As a result, the
electric field distribution at the horn aperture is heavily
tapered in all planes. This eliminates the spurious
diffractions at the aperture edges of the horn antenna.
Hence, its radiation characteristics like sidelobe level,
cross—polar level and beam symmetry are considerably
improved. He termed this type of feed as "Scalar Feed",
since it offers the same boundary conditions for E and H
fields.

At about the same time, the scientists at the
Commonwealth Scientific and Industrial Research Organisa
tion in Australia showed that the focal region fields of a
paraboloidal reflector consist of superposition of
cylindrical hybrid modes. These hybrid modes were found to
be the natural propagating modes for a circular waveguide
with grooved internal walls. These grooved walls impose
exactly the same boundary conditions on both the electric
and magnetic fields. In 1966, V.H.Rumsey showed that such
a boundary condition at the walls of a horn would lead to
axially symmetric radiation patterns. H.C.Minnet and
B.MacA.Thomas of CSIRO Division of Radiophysics, Australia

presented a method of synthesizing radiation patterns with
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axial symmetry from the study of the fields at the focus of
a circular-aperture paraboloid.

Coincidentally in 1966, R.E.Lawrie and J.Peters
Jr., of Ohio State University, reported a rectangular
pyramidal horn antenna with corrugated E—plane walls. They
used X/4 deep corrugations on the walls and obtained
E—plane radiation patterns with very low sidelobe_ and
backlobe levels. A rectangular pyramidal horn with
corrugated E-plane boundary walls is shown in figure 1.1.

In the United Kingdom, P.J.B.Clarricoats and his
colleagues have done a great deal of work in the field of
corrugated horn, antennas. They have analysed both the
cylindrical and spherical hybrid modes, respectively of a
corrugated cylindrical waveguide and a corrugated conical
horn antenna. They have also pointed out the similarity
between the balanced hybrid modes in a corrugated feed
antenna and those in an optical fibre waveguide.

In Netherlands, at the Technological University of
Eindhoven, research work on corrugated conical horn
antennas has been carried out by M.E.J.Jeuken and
colleagues. M.E.J.Jeuken and C.W.Lambrechtse have compared
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Fig.l.l: Rectangular pyramidal horn with corrugated E-plane
boundary walls
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the experimental results with theory for narrow and wide
flare-angle corrugated conical horn antennas, respectively
and obtained good agreement with them. A detailed analysis
of the operation of Kay's scalar feed is reported by
J.K.M.Jansen et al. In this work, the information concern
ing the design of the scalar feed is also presented.

M.S.Narasimhan and his co—workers at the Indian

Institute of Technology, Madras, have analysed both the
corrugated conical as well as sectoral horn antennas. They
have used a simplified asymptotic solution for analysing
the spherical mode fields in a corrugated conical horn for
calculating the gain and the radiation patterns.
Geometrical Theory of Diffraction (GTD) analysis were
carried out for calculating the patterns of corrugated
conical and sectoral horn antennas. Good agreement between

computed and experimental results were obtained. The
design details pertaining to corrugated conical horns of
optimum proportions that can be used for illuminating a
phased array with a prescribed area are also reported by
Narasimhan.

C.Dragone has presented a corrugated rectangular
horn antenna with radiation characteristics similar to
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those commonly obtained with corrugated horn antenna of
circular aperture. The described horn antenna consists of
four identical corrugated plates whose corrugations are
obtained by numerical machining. As all the four walls of
the horn antenna are made of corrugated plates, for both
the polarisations, the aperture illumination to a good
approximation, is assumed to be having a cosine nature.
Measured radiation patterns from 8.7 GHz to 12.2 GHz showed

good agreement with the theoretical patterns obtained on
the basis of the above distribution. The advantage of this
horn antenna over a corrugated conical horn antenna is that
different beamwidths are obtainable in the two principal
planes.

1.5 DIELECTRIC-LOADED METAL HORNS

Dielectric—loaded metal horn antennas of circular

or rectangular shape have many desirable properties. They
bring about enhancement of aperture efficiency and gain,
have rotationally symmetric beams. Compared to corrugated
metallic horn antennas these are light in weight and have
low production cost. Hence they are employed as feeds in
satellite—borne antennas, in large reflector antennas, in
limited scan arrays and in stacked arrays. Different types
of dielectric loaded rectangular and circular metal horns
are briefly discussed in the following sections.
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1.5.1 Dielectric—Loaded Rectangular Metal Horns

The efficiency with which a horn antenna
concentrates energy inside the main beam depends on the
flatness of the aperture electric field distribution. The
symmetrical E-plane loading of a rectangular horn reported

by Tsandoulas et al. [123] results in LSElO mode of field
distribution. The aperture electric field distribution of
this mode is relatively flat. As a result, the aperture
efficiency of the horn antenna is considerably improved.

The symmetrical E-plane dielectric loading results
in H—plane radiation patterns with reduced beamwidths, but
slightly increased sidelobe levels. Aperture efficiencies
of the order of 92-96% and good frequency bandwidth can be
easily and inexpensively achieved by this technique. An
important application of this type of horn antenna is in
limited scan arrays.

Chan et al. [139] have reported a trifurcated
E-plane metal horn antenna. The dielectric slabs loaded in
the E-plane divides the H—plane of the horn into three
regions. Two perfectly conducting plates divide the
E-plane of the horn into three regions. Compared to
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conventional horn antenna, the H-plane radiation patterns
of these horn antennas are narrow and the E—plane radiation
patterns possess low sidelobe levels. This type of horn
antennas find application in H-plane stacked reflector feed
arrays.

Sabnani et al. [135] have considered a rectangular
horn antenna with an H-plane dielectric slab in the centre.

Due to this type of loading, the mode generated is LSMll
mode. This results in E—plane radiation patterns with
reduced sidelobe levels. This method can be employed for
equalising the radiation patterns of a horn antenna in the
two principal planes.

A double flare multimode horn antenna with the E

plane walls coated with a dielectric material is presented
by Nair et al. [l36]. The higher order modes required for
beamshaping are generated at the symmetric discontinuity
of the oversized square waveguide. Two orthogonal
TE1O + TE/TMl2 and TEO1 -+ TE/TM2l mode sets are used to
generate a circularly polarised elliptical shaped beam.
The higher order modes produce a tapered aperture field
distribiution and make the E—plane far-field beamwidth
approximately equal to the H-plane beamwidth of the other
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orthogonal set of modes and also results in low off-axis
polarisation ratio. Because of the tapered aperture field
iistribution the radiation patterns possess low sidelobe
levels.

1.5.2 Dielectric—Loaded Conical Metal Horns

Rotationally symmetric radiation patterns with low
sidelobe levels can be obtained by loading a thin
dielectric slab inside a metallic horn antenna as suggested
by Satoh [l25]. The dielectric band loaded inside the horn
antenna excites a series of higher order modes, whose
predominant mode is the TM mode. The loading makes the11

phases of the TE and TM modes the same at the horn11 ll
aperture. This condition can be satisfied by a single
dielectric—band at several frequencies. The radiation
patterns of these horn antennas possess low sidelobe levels
and the E and H—plane patterns are nearly identical. This
type of horn antennas can be used as primary feeds for
reflector antennas. The light-weight nature and structural
simplicity also make them suitable for satellite borne
antennas.

Nair et al. [137] have reported the results of an
analytical and experimental study of the propagation and
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radiation characteristics of dielectric—coated conical
horns with small flare angles. Compared to the uncoated
case, the radiation patterns of this type of horn antennas
exhibit low sidelobe levels and improved axial directivity.
The dielectric coating on the walls results in fields which
are no longer purely TE, but hybrid (HE) in nature.

Erik Lier [141] has reported a hybrid mode horn
antenna having simple design and excellent electrical
performance. This horn antenna conists of a conical metal
horn with a dielectric core inside, separated from the
metal wall by another dielectric layer with lower
permittivity than for the core material. The antenna is
found to be exhibiting low cross polarisation and low
sidelobes over a wide frequency range.

Recently Lier and Pettersen [146] have reported a
new type of strip—loaded hybrid—mode conical feed horn
antenna with minimal cross—polarisation at two arbitrarily
separated frequencies. This horn antenna is made of a
hollow conical dielectric waveguide whose outer surface is
completely metallised. The inner surface is loaded with
circumferentially oriented thin conducting strips with a
periodic variation along the horn. Compared to metallic
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corrugated horn antennas, this horn antenna has the
potential of very low—weight and cheapness of fabrication
cost. A strip-loaded hybrid mode conical feed—horn is
illustrated in figure 1.2.

The discussion of different type of feed horn
antennas reveals the importance of development of new type
of feed horn antennas having added advantages and features
over the existing ones. Though the metallic corrugated
horn (Scalar feed horn) is considered as an ideal feed by
virtue of its excellent radiation characteristics, its high
relative weight and the high fabrication cost are the main
undesirable features.

The strip-loaded hybrid mode feed horn antenna
suggested by Lder et al. [146] can be considered as an
alternative to the metallic corrugated horn antenna. But a
conical horn antenna cannot be used where different
beamwidths are required in the two principal planes. In
the present work a strip-loaded, 1ight—weight rectangular
pyramidal horn antenna having low production cost is
developed. This newly developed horn antenna is found to
be simulating the radiation characteristics of an identical
metallic corrugated horn antenna. Hence the new horn
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Conducting strips

Dielectric

Circular
section

waveguide
Metallised
surface

Fig.l.2: A strip-loaded hybrid—mode conical feed horn
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antenna is designated as "Simulated scalar Feed". As the
aperture of the horn antenna is rectangular, different
beamwidths are obtainable in the two principal planes.

1.6 BRIEF SKETCH OF THE PRESENT WORK

This thesis presents the results of an investiga
tion conducted for the development of a new type of feed
horn antenna called "Simulated Scalar Feed". A schematic

presentation of the work is given below.

A review of the past important work done in the
field of conventional/multimode electromagnetic horn
antennas is presented in the first part of the second
chapter. The work carried out on corrugated horns and
surfaces are included in the second part of the review. In
the third part, work on dielectric and dielectric loaded
metal horns are reviewed. In all the parts of the review,
special emphasis is given to theoretical design considera
tions.

The methodology adopted for the experimental
investigations is presented in the third chapter. The
instrumentation utilized and the details of fabrication of
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the new simulated scalar feed are described. The method of
measurements of radiation characteristics of the antenna
are also explained in this chapter.

In the fourth chapter the outcome of the experi
mental results of the investigations carried out on horn
antennas fabricated with different physical dimensions and
different parameters for the E—plane boundary walls are
highlighted. The theoretical explanation used to explain
the experimental results is given in the fifth chapter of
the thesis. A comparison between the experimental and the
theoretical results is also presented in this chapter.

In chapter six, the conclusions drawn from the
experimental as well as the theoretical investigations are
discussed. The advantages and features of the newly
developed simulated scalar feed is examined in this
chapter. Scope of further investigations in this field is
also discussed at the end of this chapter.

The experimental results of the investigations in
related fields carried out by the author during his
research period‘ are incorporated in the thesis as two



22

Appendices. In Appendix I, the development of a new type
of reflecting polariser for e.m. waves and the experimental
results obtained are presented. The method of antenna
radiation pattern measurement using a vector network
analyser is described in Appendix II.
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Chapter 2

REVIEW OF PAST WORK IN THE FIELD

Extensive efforts have been devoted to the
development of efficient feed horn antennas over the past
few decades. In this chapter an overview of important
works in the field of conventional electromagnetic horn
antennas, multimode horn antennas, corrugated horn antennas
and surfaces and dielectric loaded metal horn antennas
related to the present work are presented.

2.1 CONVENTIONAL ELECTROMAGNETIC HORNS AND MULTIMODE HORNS

The forerunner of the horn, namely, the hollow
pipe radiator have been first used by Sir Oliver Lodge. In
June l894, he demonstrated a hollow pipe for radiating and
receiving microwaves in London. In 1897, Prof.J.C.Bose,
the famous Indian scientist, used a pyramidal horn as a
receiver in his spectrometer. He referred it as a
"collecting funnel". Ramsay [1] in his classical review
paper elaborated these past works before 1900.

Although Southworth [2] and Barrow [3] have
suggested the concept of a waveguide radiator, the first

24
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experimental and theoretical analysis of waveguide radiator
was reported by Barrow and Greene [4] in 1938.

In 1939, Barrow and Chu [5] have theoretically
analysed the operation of sectoral horn antennas.
Theoretically calculated radiation patterns were in good
agreement with the experimental ones reported in a
companion paper [6]. Quantitative design curves for
sectoral and pyramidal horn antennas were also presented.

Southworth and King [7] have presented the
experimental results of directive properties of metal pipes
and conical horns. They have measured the on-axis received
power with and without the horn in place. The effect of
different horn parameters like flare angle, aperture size,
horn length etc. on radiation patterns were described.
According to them, the horn system can provide 20 dB power
gain with respect to a half wave antenna.

At the same time, Chu and Barrow [8] have reported

the principles of designing of electromagnetic horn
antennas for obtaining the required beamwidth and gain.
The design data of sectoral horn antennas having shortest
radial length and flare angle for the desired power gain
are also discussed.
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Using vector Kirchoff's formula, Chu [9] has
analysed the radiation properties of hollow pipes and
horns. Power gain of a horn antenna compared to a dipole
antenna is given and formulae for the radiation fields of

TEOl and TElO modes in a sectoral horn are also derived.

The variation of H—plane and E—plane radiation
patterns of rectangular horns as a function of flare angle
for different lengths has been discussed by Rhodes [10].
He has observed the presence of sidelobes in the E-plane
patterns and total absence of sidelobes in the H-plane
patterns. A qualitative explanation of this phenomenon in
terms of the field distribution was given.

In 1949, Woonton et al. [11] have carried out
extensive experimental study on radiation patterns of horn
antennas. The experimental results were compared with the
corrected formula by Stratten and Chu and with Kirchoff's
formula. They have showed that principles in physical
optics can be used for predicting the magnitude of the
E—plane field with an accuracy of 1 dB up to an angle of
20° and that of H-plane field with fairly good accuracy.
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Horton [12] has reported a simple integral method
for computing the radiation patterns of horn antennas of
moderate flare angle. He has showed that when the flare
angle is reduced to zero, the modes of vibration in conical
and sectoral horns approach to that of circular and
rectangular waveguides. The theoretical results were in
good agreement with the experimental ones.

Bennet I13] has analysed a sectoral horn by
considering it as a non—uniform transmission line called
"sectoral transmission line". The experimental curves
presented by him are useful for designing sectoral horns.
Detailed discussion about the physical significance of the
derived normalised functions is also presented.

Rice [14] has used WKB approximation for
calculating the reflection coefficient at the junction of a
straight waveguide and a sectoral horn. Numerical data for
a 60° H-plane sectoral horn is also presented.

Measured radiation characteristics of conical
horns having linear rate of flare employing waveguide
excitation were presented by King [15]. Graphs for
absolute gain of a conical horn as a function of aperture
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diameter for a series of axial lengths are given. The
optimum design data in terms of wavelengths for fabricating
optimum horns are also presented by him.

In the same year, Schorr and Bech [16] have solved
Maxwell's equations for a perfectly conducting conical
waveguide and calculated the propagation coefficients.
They have estimated the field at the mouth of the horn and
the radiation patterns were calculated in integral form.
According to them the same field equations with appropriate
modifications can be used for a pyramidal horn.

Jakes [17] has carried out experimental
investigations on the gain of pyramidal horn antennas. He
has showed that the error in gain measurements due to the
edge effect is less than 0.2 dB, so that the gain may be
computed to this accuracy from their physical dimensions
and Schelkunoff's curve.

Braun [18] has discussed about the errors in the
measurement of gain due to two horns separated by a short
distance. From the experimental curves presented by him:
the error in gain measured at any distance could be
directly obtained. In another paper [19] he has presented
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a table connecting the gain and the aperture size of a
horn. The design procedure of a pyramidal horn with equal
E and H—plane patterns is also given.

Epis [20] has reported a compensated horn having
metallic nails radially on the rim of the horn. This
technique has reduced the fringes of E—field in the E
plane. Hence E-plane beamwidth is considerably narrowed.
The design and development of radiation patterns with beam
symmetry for all polarisations is also presented.

Walton and Sundberg [21] have used a dielectric
lens for correcting the phase—error at the mouth of a horn
and were able to increase the bandwidth.

Russo et al. [22] have used Geometrical Theory of
Diffraction (GTD) for calculating the E-plane radiation
patterns of a pyramidal horn. It has been shown that, when
this theory is applied to a horn, the significant radiation
mechanism are direct radiation from the source at the horn

apex and diffracted radiation due to the edges. The
theoretical E-plane patterns fairly agreed with the
measured patterns.

Tingye and Turrin [23] have used a numerical
integration method for computing the near—field of a
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conical horn. For this they considered the assumption that
the field at the mouth of the horn is same as that existing
at the mouth of an infinite horn of same cross-section.

Later Yu et al. [24] have computed the E—plane
radiation patterns of a pyramidal horn more accurately by
considering higher order diffractions at the edges and
reflections inside the horn. They have proposed a corner
reflector with a magnetic line source at the vertex as a
model for E-plane radiation of horn antennas. For
appropriate approximations diffraction mechanism were used.

Hamid [25] has also used GTD to investigate the
gain and radiation pattern of a conical horn excited by a

circular waveguide operating in the TEll mode. A
systematic procedure for converting the field of the
dominant mode into a geometrical optics ray is presented.
The far-field at a point is taken as the sum of the
geometrical optics rays and the edge rays passing through
the point. Calculated patterns showed good agreement with
the experimental ones.

Using the near—field transmission formula Chu and
Semplak [26] have calculated the ratio between the
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Fraunhoffer and Fresnel gain of pyramidal horns as a
function of its dimension and separation distance. The
calculated corrections have been applied to absolute gain
measurements and obtained an accuracy of : 0.035 dB.

Jull [27] has carried out accurate gain
measurement with revised proximity corrections. He has
considered the mismatch of the horn and the aperture edge
diffraction effects which were not accounted in
Schelkunoff's gain expression. In another paper [28] he
has also incorporated the finite range effect in the
Fresnel zones into Schelkunoff's gain formula for pyramidal
horns. Using this modified expression, the gain can be
easily obtained from two single line curves.

Based on a vector approach, Muehldorf [29] has
calculated the phase centres of different horn antennas.
Different expressions were derived for the phase centres of
E and H—planes. The dependence of horn dimension on phase
centre is also presented graphically.

Narasimhan and Rao [30] have formulated a simple

but sufficiently accurate solution for modes in a conical
horn. with the aid of the vector diffraction formula, the
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radiation pattern and gain of a conical horn with TEll mode
were obtained. The calculated results showed close
agreement with experimental results. Using vector
diffraction formula, the same authors [31] have calculated
the radiation patterns of conical horns with large flare
angles excited in the TEl1 mode. They [32] have also
applied a correction to the already available radiation
formula for E—plane sectoral horns.

Kerr [33] has reported a short axial length broad
band horn antenna. The required H—plane half—power
beamwidth is maintained by the use of a grid type H—plane
boundary wall.

Jull [34] has used GTD for analysing the on—axis
gain of two dimensional E—plane sectoral horns. The
modification of the gain equation has been carried out by
considering the reflection of diffracted field from the
horn and the double diffraction at the horn aperture.

The higher order interaction between two H—plane
sectoral horns have been analysed by Iskander and Hamid
[35]. They have calculated the field distribution at the
horn aperture. A correction for the gain of the horn is
also reported.
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An accurate method of gain measurement of E—plane

sectoral horns is reported by Jull and Allen [36]. They
have put forward a new proposal against Kirchoff's theory
incorporating the exact TE mode field of an open ended10

waveguide.

Mentzer et al. [37] have used slope diffraction
function for correcting the errors around the shadow
boundary region. In the H-plane pattern analysis, they
have included the fields of E—plane edge diffracted rays
also.

In 1981, Mather [38] has developed and presented a
broad-band horn antenna possessing low sidelobe level
characteristics. The antenna is a circular horn whose
aperture is flared like a trumpet. The patterns calculated
using GTD were fairly agreeing with the experimental
patterns. The sidelobe level of this horn antenna was
found to be 75 dB down from the mainlobe level.

Based on multiple image model Menendez and Lee
[39] have reported analytical expressions for the far—fie1d
radiation pattern and reflection coefficient of horn
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antennas. The theoretically obtained radiation pattern and
reflection coefficient were in good agreement with the
experimental results.

In 1962, Love [40] has developed an unusual form
of electromagnetic horn antenna with square cross-section,
called "the diagonal horn". The electric field vector
inside the horn is parallel to one of the diagonals of the
horn aperture. The horn antenna is found to be exhibiting
rotationally symmetric beams with reduced sidelobes not
only in the principal E and H—planes, but also in the
intercardinal planes. These desirable features were
achieved only at the expense of a pair of increased cross
polarised lobes in the intercardinal planes.

Potter [41,42] has reported a new type of conical
horn, referred to as the "dual mode conical horn". Making

use of TEll and TMll mode excitation at the throat and by
adjusting the relative amplitude and phase of these modes,
complete beamwidth equalisation in all planes, complete
phase centre coincidence and sidelobe suppression were
achieved. He has computed the radiation patterns of this
horn theoretically.
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A low—noise multimode cassegrain monopulse feed
with polarisation purity has been reported by Jensen [43].
The monopulse bridge feeding the common aperture section is

a standard four guide monopulse circuit providing dual
polarisation capability. The sum and difference patterns
of E and H-planes were theoretically calculated and
presented.

A definitive development of pattern synthesis for
circular aperture horn antennas is given by Ludwig [44].
Using spherical wave theory, maximum performance
theoretically obtainable from an antenna is derived as a
function of the aperture size. He has showed that the 9
and ¢ components of the radiated field may be synthesized,
respectively, from TM and TE cylindrical waveguide modes.
He has presented examples incorporating upto four modes.

Turrin [45] has reported a dual mode small
aperture horn antenna in which a very’ compact TMll mode
transducer and a circular horn were combined. The relative

phase and amplitude of the generated TMl1 and TEll modes
were adjusted to cancel the electric field at the aperture
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ooundary. As a result, the sidelobe level and other
radiation characteristics of the horn were considerably
improved.

Tomiyasu [46] has effected the conversion of TEll
node into higher order modes by using a large diameter
sonical junction. A time-shared computer was employed for

ietermining the relative amplitudes of the higher order
nodes required to match the TB mode curved phase front.11

Agarval and Nagelberg [47] have analysed and

measured the TElf—+- TMll mode conversion by circularly
symmetric transducers in a circular waveguide. The two
methods employed by them were (i) the simple step change in
radius of the waveguide (ii) a discontinuity covered by a
dielectric ring. Measurements have showed that the
dielectric loaded transducer is independent of frequency
over a wide range.

Small variations of flare angle at one or more
points along the horn were used by Cohn [48] to control the
radiation patterns of pyramidal or conical horns. This
technique has produced a tapered E—plane aperture field and
resulted in equal E and H-plane beamwidths with low
sidelobes.
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Using the same technique Han and Wickert [49] have

described a multimode circularly polarised horn antenna
radiating an elliptically shaped beam. According to them,
axial ratio of less than 2 dB can be achieved over an earth
coverage angle of approximately 9°xl6°. Experimental
patterns were in excellent agreement with the computed
patterns.

By a modal analysis of the discontinuity, English
[50] has accurately predicted the power conversion
coefficients and the phase of the propagating modes excited
by a symmetric step discontinuity in a circular waveguide.

Co—axial feeds radiating sector shaped beams for
paraboloid antennas producing high aperture efficiency and
low spillover have been reported by Koch [51]. Aperture
efficiencies of the order of 68%to 80% were achieved by a
co-axial feed employing only one ring. This type of feed
is found to be producing very little cross-polarisation.

A circularly polarised feed assembly providing
efficient prime focus illumination of a reflector antenna
has been designed by Gruner [52]. Using a multimode horn,
4 and 6 GHz satellite communication bands were separately
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optimised. The corrugations put on the outside of the
waveguide was effective in the 4 GHz band and the radial
step inside the waveguide was effective in the 6 GHz band.
The three components of the feed assembly, the feed horn,
polariser, and the orthomode transducer were briefly
discussed.

2.2 CORRUGATED HORNS AND SURFACES

In 1966, Simmons and Kay [53] have reported an
ideal horn antenna that can be used as a feed for reflector
antennas. By putting closely spaced circumferential
grooves in the wall of a wide flare—angle conical horn they
realised the same boundary conditions for all the
polarisations. This created a tapered aperture E—field
distribution in all the planes. As a result axially
symmetric radiation patterns with low sidelobes with a 2:1
bandwidth were achieved. They termed such horns as "scalar
feeds". A comparison between standard horn and scalar feed
horn is also presented.

At the same time Lawrie and Peters [54] have
reported modifications of horn antennas for low sidelobe
levels. They have used choke slots and corrugated surfaces
in the E—plane boundary walls of pyramidal horns and
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obtained radiation patterns with very low sidelobes and
backlobes. Corrugated surfaces are proved to be superior
to choke slots.

Rumsey [55] have showed that a linearly polarised
horn that has symmetrical radiation patterns in all planes
through the axis can be achieved from a synthetic material
for which the boundary conditions on E and H are the same.
A theoretical analysis for obtaining such patterns from a
circular waveguide is presented.

Minnet and Thomas [56] have studied the radiation
from a cylindrical hybrid mode guide which results in
axially symmetric pattern. The synthesis is developed from
a study of the fields at the focal plane of a circular
aperture paraboloid.

Clarricoats and Saha [57] have theoretically
analysed the cylindrical hybrid modes in a corrugated horn.
A procedure for achieving a balanced hybrid condition in
the horn aperture is discussed by them. In another paper
[58] they have used spherical hybrid modes for analysing
the fields in a corrugated horn. A procedure is described
for the calculation of the radiation pattern of the horn.
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Their calculated radiation patterns were in good agreement
with those computed by Kay et al. [53]. Later the same
authors [59] have used modal expansion technique and
Kirchoff—Huygen method for determining the radiation
pattern of a wide flare—angle scalar horn. These two
methods fairly agreed over a wide range of observation
angles.

Jeuken [60] has carried out experimental
investigation on the bandwidth of small flare—angle
corrugated conical horn antenna. From the observations, he
has concluded that antennas with small diameter have a
symmetrical radiation pattern in the frequency range of
l:l.3 only. In another paper he and Lambrechtse [61] have
calculated the radiation patterns of small corrugated
conical horns with wide flare—angles using Kirch0ff—Huygen

integration method. Theoretical and experimental results
showed good agreement.

MacA.Thomas [62] has carried out investigation on
the bandwidth properties of corrugated conical horns. He
has showed that the aperture fields of corrugated conical
horns remain virtually unchanged over a wide frequency
range. The bandwidth is increased as the length of the
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worn is increased. In another paper he [65] has discussed
:he performance of one and two hybrid mode feeds designed
:o illuminate Parkes 210 ft radio telescope. Measurements
nave showed that the two hybrid mode feed gave an increased
efficiency of 12%.

Narasimhan and Rao [63] have reported a simple
solution for spherical hybrid modes in corrugated conical
norns. The radiation pattern and gain calculated using
this formula yielded accurate results when the flare angle
was less than 20°. Later, in another paper [66] they have
analysed the radiation pattern of a wide—flare-angle
corrugated conical horn. The phase variation of the
aperture field was taken into account and using vector
diffraction formula the far—field radiation patterns were
computed.

Clarricoats et al. [67] have predicted the near
field amplitude and phase patterns of corrugated feed horns
by spherical-mode—expansion method which has been
previously applied only in the far—field. Theoretical
patterns showed good agreement with the experimental ones.

Using cylindrical mode analogy, Clarricoats and
Saha [68] have presented a detailed study of the
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propagation and radiation characteristics of corrugated
waveguide. l:l.5 bandwidth is reported for such a system.
In the second part of the paper [69] they have applied
Kirchoff-Huygen integration over a constant phase surface
at the mouth of the horn for calculating the radiation
pattern. The pattern is also obtained by expanding
aperture field in terms of TE and TM spherical modes.
Excellent agreement is obtained between the two methods and
with the experimental results.

Baldwin and Mclnnes [64] have discussed the
radiation characteristics of a corrugated conical horn.
The theoretically computed radiation patterns were in good
agreement with the experimental ones.

Jansen et al. [70] have investigated the
electromagnetic fields in the grooves of a corrugated
conical horn. They have showed that when the width of the
grooves is small compared with the wavelength, the dominant
gmode in the grooves is TM. Experimental results confirmed
the theory.

The principle of mode conversion using a tapered

reactance cylindrical waveguide surface is described by
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MacA.Thomas [71]. The experimental results of a multistage

converter, which converts a TEll mode into HEll, TMll and
EH12 modes in successive stages are presented by him.

Knop and Wiesenfarth [72] have showed that a
corrugated pipe with large diameter and X/4 teeth carries

the HEll mode and radiates as a "scalar feed". It is
revealed that the E-plane pattern approaches H—plane
pattern and is linearly polarised only if the aperture is
sufficiently large. The beam efficiency of this model is
found to be higher than that of the same size uncorrugated
pipe.

Clarricoats and Seng [73] have used modal matching
technique and Kirchoff—Huygen integration method for
predicting the radiation patterns of a corrugated horn with
oblique angles. The theoretical results have
showed good agreement with the experimental results of a
horn with semi flare-angle of 110°.

Narasimhan [74] has investigated the fields inside
a corrugated conical horn with arbitrary corrugation depth
in the interval O.25A f h E 0.5%. When the corrugatior
depth is equal to A/2, the hybrid mode solutior
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degenerated to the solution for the TE1l mode in a conical
waveguide. In another paper [81] he has described the
design details of corrugated conical horns of optimum
proportions that can be used for the uniform illumination
of a phased array with a prescribed area.

Narasimhan and Rao [75,80] have carried out
analytical and experimental investigations on E—plane
corrugated horns. They have computed the far—field
radiation patterns by two methods; (i) vector diffraction
formula over a constant phase surface at the aperture,
(ii) expansion of aperture field in terms of free space
cylindrical TE and TM wave function.

Caldecott et al. [76] have discussed a corrugated
horn that can be used as a source antenna in a pattern
range and also as a standard antenna for calibration
purposes.

Vu and Hien [77] have designed a wide band single

horn monopulse feed with a circular waveguide. In this
feed, the dominant hybrid mode in the corrugated structure
provided the reference signal, whereas the error signal for

the servodevice is derived from the TMOl mode.
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The electromagnetic properties of the corrugated
surface and waveguide junction in a corrugated horn are
investigated by Mentzer and Peters [78]. They used an
integral equation to study the influence of corrugation
density and tooth thickness on the power loss, surface
current and the scattering from the plane waveguide
surface—corrugated surface junction.

Using power loss method and previously successful
approximations, Hariri et al. [79] have determined the
attenuation coefficient of a rectangular waveguide. The
authors have corrected the error in the earlier predictions
and identified a region in which the corrugated waveguide
exhibits an attenuation advantage over comparable smooth
wall rectangular waveguide.

Frank [82] has proposed the use of tapered slots
in a corrugated horn for bandwidth greater than 3:1. The
experimental result of a test horn operating over the full
7.5 GHz to 18 GHz frequency range is also presented.

Baldwin and Mclnnes [83,84] have discussed the
propagation and radiation characteristics of moderate
flare-angle rectangular horns with transverse corrugations.
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Considering the hybrid modes inside the horn, the radiation
pattern is calculated using Kirchoff—Huygen integration.
Experimental results of a square corrugated horn and
another fully corrugated small horn with rectangular
aperture, producing an elliptical beam for either of the
two orthogonally polarised signals are presented.

The theoretical and experimental investigations on
cross—polar radiation from open—ended corrugated waveguides

are reported by Parini et al. [85]. They have proved that,
good agreement between theory and experiment is achieved
only if the effects of space harmonics, the waveguide
flange and higher order mode are incorporated into the
theory.

Takeda and Hashi Moto [86] have used ring loading
technique for broadbanding the bandwidth of corrugated
conical horns. The investigation has revealed that in the
ring—loaded corrugated horn, the useful bandwidth is 1.35
times broader than that in the conventional corrugated
horn.

James [87] has used a combination of the method of
moments and GTD to predict the radiation properties of 90°
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semiflare angle conical horns having a number of annular
slots in the aperture flange. The theoretically computed
results have showed good agreement with the measured
results.

Terzuoli and Peters [88] have evaluated the VSWR
of a E—plane dihedral corrugated horn using a moment method

solution. They have showed that the use of an appropriate
curved horn waveguide geometry in conjunction with a
tapered corrugation input results in a very small VSWR over
a reasonable band.

Considering the effect of aperture size of horns,
slot width—to—pitch ratio and frequency on the cross
polarisation, MacA.Thomas [89] has presented the design
details of a corrugated conical horn. The design of slots
near the throat of the horn to achieve a low VSWR is also
given.

Guy andi Ashton [90] have reported the radiation
details of a corrugated horn of elliptical cross—section.
This horn has exhibited polarisation purity in both the
planes.
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Worm [91] has reported a feed horn in which the
hybrid modes are generated at a corrugated step
discontinuity at the aperture of the horn. Compared with
feeds developed earlier, this technique has substantially
reduced the electrical length of the horn.

Jull [92] has proposed a method to produce
circular polarisation using metallic corrugated surface.
The normally incident plane—polarised wave is oriented with
its plane of polarisation at 45° to the grooves of the
corrugated surface. The incident waves on the reflecting
surface can be resolved into transverse electric (TE) and
transverse magnetic (TM) components, in which the tips of
corrugations are parallel to the electric and magnetic
fields respectively. During reflection, the TM component
travels a quarter wavelength further than the TE component
(if the corrugation depth is X/8) which is totally
reflected from the top of the corrugations. As a result, a
differential phase shift of "/2 radian is obtained between
the two orthogonal components. This caused circular
polarisation.

Rotation of plane of polarisation of a beam of
microwaves by metallic corrugated reflecting surface has
been reported by Paul and Nair [97]. The orientation of
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the corrugations with the plane of polarisation of the
incident beam determines the tilt of polarisation. A 90°
rotation of electric field is reported for a surface with
X/4 deep corrugations.

Using a rigorous solution, James [93] has
determined the surface reactance of a corrugated plane
illuminated by £1 plane wave. He has used this result to
establish the range of validity of the usual approximate
solution. The dependence of the surface reactance on slot
depth, width, period and the angle of incidence is also
discussed. In another paper [95] he has used modal field
matching technique to determine the scattering matrix of a

TE1l to HEll mode converter of corrugated waveguide with
varying slot depth. The predicted results are in good
agreement with the experimental data.

James and Thomas [96] have used ring loaded slots

in a TEll to HEll mode converter. The theoretical
parametric study has revealed that a minimum of five ring
loaded slots are sufficient for obtaining a return—loss of
better than -30 dB with a bandwidth ratio of 1.5, which is
superior than obtainable from a varying slot depth
converter.
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Dragone [94] has discussed the assymptotic
properties of the fundamental mode, Hfill, inside a large
waveguide of finite surface impedances. He has applied the
analysis to corrugated waveguides, certain optical fibres
and waveguides with metal walls coated by a dielectric

layer. Approximate expressions for the HEll mode have been
derived for rectangular and circular geometry. It has been
also shown how surface impedances affect the edge
illumination of a feed aperture.

Iskander et al. [98] have used an integral
equation method for formulating the problem of scattering
by rotationally symmetric horn antennas. They have used
this formulation to investigate numerically the radiation
from corrugated conical horns by approximating the
corrugated surface with anisotropic surface impedances.
The obtained results are in good agreement with the
experimental results and other existing methods.

Chu and Legg [99] have presented a three horn
transmission method for measuring the gain of a corrugated
horn designed as a 100 GHZ gain standard. The comparison
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between the measured and the calculated gains has showed
that the ohmic loss in a corrugated horn is very low.

Morris [100] has reported a broad band constant
beamwidth corrugated rectangular horn. The horn has
constant B and H-plane beamwidth over a band width
of 2.4:1. The broad-band nature is due to the end loaded
T—slots whose capacitive admittance is nearly constant in
the band. A large separation between the E and H-plane
phase centres is also obtained.

James [lOl] has studied T —to—HE modeE11 11
converters using ring loaded slots and varying depth slots.
For a return—loss exceeding -30 dB, bandwidth ratios of
1.45 for the varying depth slot converter and of 1.55 for
the ring—loaded slot converter were achieved.

The design and characteristics of a hybrid mode
corrugated horn with a curved aperture of constant radius
of curvature has been reported by MacA.Thomas [lO2].
Design details of a mode converter that can be used with
this horn is also presented. At the design frequency, the
cross-polar and sidelobe levels of the horn system are
better than -50 dB.
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Dragone [103] has derived the scattering matrix of
scattering at a junction of two waveguides with different
surface impedances. It is shown that, under certain
general conditions, the infinite set of equations
specifying the junction scattering coefficients can be
solved exactly by the residue-calculus method. Very simple
expressions between the scattering coefficients and
propagation constants are also obtained.

The propagation characteristics of guided waves in
a rectangular waveguide with transverse corrugations on all
four walls have been theoretically and experimentally
investigated by Obaid et al. [lO5].

Witebsky et al. [106] have presented the design
details of a light—weight rectangular corrugated horn
antenna fabricated from sheet metal. The A/4 choke slots
placed at the aperture of the horn has reduced the E—plane
sidelobes below -55 dB at angles greater than 90°.

Olver and Xiang [107] have used spherical modal
matching technique to analyse the design of throat region
of wide-angle corrugated horns. According to them; the
optimum geometry of the throat design depends on the flare
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angle of the horn. The experimental results have verified
the validity of the theory.

Recently, Kildal and Lier [108] have reported a
conical horn with longitudinal corrugations, called "the
nard horn", that can be used as cluster feed in satellite
antennas. They have showed that, the use of this type of
feed elements reduce the spill over.

Manshadi and Hartop [109] have developed a novel
technique to move the phase centre of a corrugated standard
feed horn without significant degradation of other major
radiation characteristics. For this they have used a
corrugated straight section in conjunction with the
standard horn.

Toral et al. [110] have reported an outdoor far
field measurement technique for radiation patterns, down to
levels 90 dB below the main beam maximum. Conical
corrugated horn antennas and circular polarisation
orthomode transducers were designed and tested.

Arnold and Dendane [111] have applied the concept
of intrinsic modes to the theory of propagation in conical
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horns. The numerical calculations have showed that the

intrinsic mode based on the HEll local normal mode is
sufficient for many applications including the calculation
of cross-polar radiation.

Clarricoats and Saha [112] have analysed and
predicted the attenuation characteristics of the dominant
hybrid mode in corrugated circular waveguides. They have
showed that, over a substantial frequency band including
the optimum frequency used for antenna feed applications,
the attenuation of the dominant hybrid mode is lower than
that of the dominant mode in smooth wall circular
waveguide.

Using finite difference method, Ata et al. [113]
have designed a E—p1ane sectoral horn with channel inserts
at the corners. As a result of the tapered E—plane field
distribution, the sidelobes are considerably improved.
Good agreement is obtained between the predicted and the
measured far—field distributions.

MacA.Thomas et al. [114] have reported a wide
band prime-focus horn that can be used for low—noise
receiver applications. The horn has exhibited excellent
radiation characteristics across a 1.8 to l bandwidth.
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In 1979 Zachariah et a1. [ll5,ll6] have used
corrugated flanges to modify the radiation patterns of H
plane sectoral horns. The tips of the corrugations of the
flanges are normal to the E—vector. The experimental
results have proved that the corrugated flanges are more
effective than the plane flanges for improving the
radiation patterns. On the basis of line sources and ray
optics principle, the radiation patterns are theoretically
analysed.

Pravinkumar and Mohanan [117] have used a
corrugated flanged H—plane sectoral horn for feeding an
offset paraboloidal reflector. The feed system has
improved the coupling between the feed and the reflector.
Experimental data for flanges of varying parameters are
presented.

Vasudevan and Nair [118] have analysed the
radiation characteristics of corrugated corner reflectors.
At the optimum position of the feed, a sharp radiation
pattern is obtained. Line source theory and method of
images were used to analyse the corrugated corner reflector
system and the results were compared with the experimental
ones .
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By attaching corrugated flanges on E and H—plane
sectoral horns, Mohanan et al. [l19,l20] have obtained
axially symmetric radiation patterns. Half power beamwidth
and gain of the antenna system were considerably improved.
The radiation patterns of the corrugated flanged H—plane
sectoral horn were with low sidelobes, backlobes and good
matching. In another paper [121] they have reported the
design and development of a circularly polarised corrugated
flanged H—plane sectoral feed horn. The corrugations were
inclined at 45° to the E—vector component parallel to the
plane of the flange. Depending upon the position of the
flange from the aperture, the flange angle and frequency,
the desired polarisation can be synthesized.

2.3 DIELECTRIC-LOADED WAVEGUIDES AND METAL HORNS

In 1966, Bartlett and Moseley [122] have reported
a dielectric guiding structure called 'dielguide', that can
be employed as a feed for reflectors. This light—weight
plastic feed structure reduced the spillover and provided
uniform reflector illumination. Aperture efficiencies of
75% have been achieved by this technique.

Tsandoulas and Fitzgerald [123] have investigated
theoretically and experimentally the effects of symmetrical
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loading of horn apertures with E—plane dielectric slabs.
Flat aperture electric field distribution has been achieved
by this technique. As a result, aperture efficiency is
enhanced to 92% to 96%,

Hamid et al. [124] have reported the design
details and test results of a simple and light—weight
antenna consisting of a dielectric rod with a conical hole,
loading an open—ended waveguide. Different radiation
patterns are possible depending on the depth of penetration
of the rod into the waveguide.

By loading a thin dielectric band inside a conical
horn antenna, Satoh [125] has realised a wide-band dual
mode horn radiating rotationally symmetric radiation
patterns with low sidelobe levels. A single dielectric
band is required to achieve a wide bandwidth of operation.

James [126] has used semi—empirical method to
optimise a dielectric rod antenna and a dielectric horn
antenna with variable wall thickness. when the flare angle
is reduced to zero, the dielectric walled horn antenna has
exhibited similar patterns to the tapered rod antenna.
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Ashton and Baldwin [127] have theoretically
derived the field distribution in a rectangular horn with a
thin dielectric slab placed centrally along the H-plane.
The horn has exhibited radiation patterns with constant
beamwidth and low sidelobe levels.

Baldwin and Mclnnes [128] have reported consider
able enhancement in the directivity of rectangular horns
loaded with dielectric slabs in their E—plane walls. The
sidelobe levels are slightly increased due to the loading.

Clarricoats and Salema [129] have developed
approximate theory for the propagation and radiation
characteristics of dielectric cone that can be used as a
feed horn to reduce the spillover beyond a subreflector of

small diameter. They have showed that the dominant HEll
mode of the dielectric cone is very much similar to the

HEll mode of the corrugated horn. In the second part of
the paper [130] they have presented a theory for the design
of cassegrain reflectors employing dielectric cone feeds.
A modal approach is used to describe the aperture field
over the sub-reflector, while ray opics is used to
determine the profile of the sub and main reflector
aperture distributions. Calculated results are in good
agreement with the experimental ones.
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Brooking et al. [l3l] have predicted the radiation
patterns of pyramidal dielectric waveguides excited by
pyramidal metallic horns and compared the results with
patterns measured at 9 GHZ, Satisfactory agreement is
obtained, especially in the region of mainlobe. At wide
angles, the pattern corresponds quite closely to that of
the launcher, the metallic pyramidal horn.

Using transmission technique, co11ier and Potter
[132] have made attenuation coefficient measurements of a
square—cross—section dielectric waveguide in the 9-18 GHz
frequency range. The measured results are in good agree
ment with the theoretical prediction given by earlier
workers.

Vokurka [133] has presented a simple feed with
high polarisation purity designed for operating in two
arbitrarily located frequency bands. The grooves of the
corrugated surface of the horn are partially loaded with a
dielectric material.

Martin [134] has reported the radiation patterns
of a dielectric sphere fed from a conical horn. He has
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used a circular dielectric rod in the horn as a matching
device. Improvement in gain and beam symmetry are achieved
by this technique.

Kumar [138] has theoretically predicted the
radiation patterns of a dielectric lined cylindrical
waveguide feed. Experimental patterns are in good
agreement with the predicted ones. Rotationally symmetric
patterns with good polarisation discrimination and 90% to
96% efficiency are obtained.

Aly and Mahmoud [140] have showed that by filling

the slots of a longitudinally slotted horn with a
dielectric, the slot depth required for achieving low
cross—polarisation is considerably reduced. Design curves
for the modal propagation constant of the first two modes
against the frequency, the dielectric constant of the slot
filling material and the geometrical constants of the horn
are presented.

Lier [141] has reported a hybrid mode conical
metal horn antenna with a dielectric core inside and
separated from the metal wall by another dielectric layer
having lower permittivity than the core. The radiation
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patterns are found to be with low sidelobes and low cross
polarisation levels over a wide frequency range.
Theoretical and experimental results are also presented.

Raghavan et al. [142] have analysed a dual mode
dielectric—ring—loaded conical horn by using numerical
modal matching technique. The peak cross-polarisation
bandwidth of the horn is found to be three times greater
than that of a stepped dual mode metal horn.

Using asymptotic technique, Knop et al. [143]
have calculated the radiation fields and cross-polarisation
discrimination of different types of horns. Comparison of
results of a dielectric core, foam-lined horn, a foam core
air lined horn and a corrugated horn are also discussed.

Mahmoud and Aly [145] have reported a new version

of dielectric lined waveguide with very low cross—polar
radiation characteristics. They have realised this by
putting periodic transverse slots in the dielectric lining
of the waveguide. Compared to the continuously lined
waveguide, it has exhibited a very low cross—polar level
over a wide band of frequency.
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In 1987, Lier and Pettersen [146] have reported a
novel type of light-weight hybrid mode conical feed horn
antenna. It comprised of a hollow conical dielectric
waveguide whose outer surface is metallised, and whose
inner surface is coated with circumferentially oriented
conducting strips. It is designed to have minimal cross
polarisation at two arbitrarily separated frequencies as
for a dual depth corrugated horn.

Lee et al. [147] have described a circular wave
guide horn coated with a lossy magnetic material in its
interior wall. This horn is found to be radiating good
circularly polarised waves when the diameter of the wave
guide is larger than the free space wavelength.

The gain and cross-polarisation characteristics of
hard horns and strip-loaded horns are investigated by Lier
[l48]. When, the surface waves are neglected, the two
representations have exhibited almost identical radiation
characteristics.

Definitions for artificially soft and hard
surfaces that can be used for electromagnetic waves are
presented by Kildal [l49]. By an analogy with the soft
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surfaces in acoustics, the transversely corrugated and
other alternate surfaces having the same anisotropic
surface impedance are termed as artificially soft surfaces.
In the same way the longitudinally corrugated surface
filled with a dielectric is defined as artificially hard
surface.

Based on ray theory, Ata and Benson [150] have
reported a new design for a phase corrected horn antenna
which is shorter than one with a hyberbolic secant
refractive index profile.

Kildal and Lier [151] have suggested the use of
circular hard horns as cluster elements for minimising the
spillover of radiation from contoured beam satellite
antennas. Hard horns with square apertures are also
suggested by them.

Olver et al. [152] have investigated the charact
eristics of conical horns loaded with dielectric cones.
Horns loaded with cones made of foam or solid dielectric
are found to radiate low cross-polarisation over" a wide
band of frequencies. Using modal matching technique, the
behaviour of the excited higher order modes responsible for
radiated cross-polarisation is also investigated.
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Kumar [153] has described a cmmmctkwrn<xntaiwiU1a
lossy magnetic material, which can be used for earth
coverage from a geosynchronous satellite. From 8 GHz to
8.3 GHz, the axial ratio of this antenna is better than
0.7 dB in the earth coverage angle.

The characteristic equation of a square hard horn
is presented by Kildal [l54]. The results have shown that
the cross—polar bandwidth of an open hard waveguide is
narrow for large aperture diameters. Within the bandwidth
the aperture efficiency is close to 100%.

Horn antennas having soft and hard boundary
conditions, denoted by soft and hard horns, respectively
are discussed by Lier and Kildal [l55]. Calculated
aperture field distributions, radiation patterns, directi
vity and sidelobe level versus edge taper of a conical hard
and a soft horn with semiflare angle of 5° are presented.

Based on a simple model in which the fields are
expanded into several plane waves, Wang et al. [156] have
analysed a nmgnetically coated horn. By choosing appro
priate horn flare angle and coating thickness, performance
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:lose to that of a corrugated horn is achieved. Due to
iissipative loss a slight reduction in gain is observed.

Cahill [157] has described a practical design for
supporting the inner core of a mm-wave dielectric loaded
iorn. By this technique a good input impedance match,
excellent radiation characteristics and high mechanical
strength are achieved.

Singh et al. [158] have investigated both
theoretically and experimentally, the amplitude of the
aperture field of an E—plane sectoral hollow dielectric
horn. They have obtained a reasonable agreement between
the theoretical and experimental results.

Ghobrial and Sharobim [159] have achieved a
reduction of 7 dB in cross—polarisation in pyramidal horns
by covering the walls of the horn with a dissipative
material. This in turn reduced the co—polar gain by 1 dB.

Bird and Hay [160] have described a xnethod for
calculating the mode reflection and conversion at the
aperture of a dielectric—loaded waveguide terminated in a
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ground plane. Experimental and theoretical results of the
mismatch in a rectangular waveguide with dielectric plates
placed parallel to the H-plane walls are also presented.

Using several simplifying assumptions, Singh et
al. [161] have attempted to determine theoretically the
fields at the aperture of a H-plane sectoral horn with
dielectric walls. The theoretical and experimental results
showed good agreement.

Based on a circular cylindrical and uniform
waveguide model with a periodic strip structure, Lier [162]
has analysed strip—loaded horn with transverse (soft) and
longitudinal (hard) strips. The results have shown that
the soft—strip—loaded horn exhibits the same electrical
behaviour as corrugated horns. The hard horn is found to
be possessing high gain and low cross-polarisation over a
certain frequency range. In another paper [l63], using
dielectric core approach he has discussed a broad—band
elliptical-beamshape horn with low cross-polarisation
levels. Experimental results of horns with rectangular and
elliptical cross—sections are also presented.

Theoretical and experimental investigations on the
effect of placing a dielectric sphere in front of, but
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displaced from, the aperture of a corrugated horn are
carried out by Nair [l64]. The results have established
that this system possesses gain and directivity in excess
compared to conventional corrugated horns of the same
dimensions.

Knop [165] has extended the asymptotic analysis

technique for determining the HEll mode e.m fields that can
exist inside an across the aperture of a metallic wall
conical horn, centrally loaded with a concentric dielectric
material. The theoretical results of two other horns, the
form—core air-lined and the dielectrically loaded horns
agreed well with the experimental results.

The above review of the past work in the field has
revealed the importance of development of new type of feed
horn antennas with added advantages over the existing ones.
Eventhough conical strip—loaded dielectric hybrid—mode feed

horn antennas are reported in the literature, no attempt
has been made to develop strip—loaded dielectric,
rectangular or square pyramidal feed horns so far. This
thesis presents the outcome of the investigation carried
out to develop a new type of light—weight square pyramidal
scalar-feed horn antenna with excellent radiation charact
eristics.
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Chapter 3

METHODOLOGY

This chapter is devoted for highlighting the
experimental methodology and the essential facilities used
for the investigation of various antenna characteristics.
The fabrication techniques and design details of the newly
developed ‘Simulated Scalar Feed‘ are also presented.

3.1 FACILITIES UTILISED

3.1.1 Anechoic Chamber

The evaluation of antenna radiation character
istics has to be carried out in an environment devoid of
reflections from walls and external electromagnetic
interferences. Such conditions are satisfied only if the
measurements are carried out in free—space. The free—space
conditions can be artificially simulated in laboratory by
the use of an anechoic chamber. Eventhough the free—space
conditions are not exactly satisfied by an anechoic
chamber, it minimises the electromagnetic interferences
from external sources and the reflections from the walls.

For antenna radiation characteristics measure
ments, a tapered anechoic chamber is required, whereas for

69
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bistatic scattering studies a rectangular chamber is
required. The present anechoic chamber is having conver
tible features. Depending up on the requirement, it can be
converted from rectangular to tapered configuration. The
schematic representation of an anechoic chamber is shown in
figure 3.1.

A rectangular room of 9.00 metre X 5.00 metre is
used for the construction of the anechoic chamber. The
entire interior surface of the chamber is covered with
pyramidal or wedge shaped polyurethane- form based material
with microwave absorbing materials dispersed inside.
Depending upon the importance of the area of the chamber,
different type of absorbing materials are employed.

For covering the ceiling, sidewalls and a major
portion of the floor area, small pyramids of base 7.60 cm
and height 15.20 cm are employed. The central portion of
the back wall, from where reflections are most likely to
occur, is covered with large pyramids of base 15.20 cm and
height 45.70 cm.

Portions of the chamber, like the tapered
surfaces, from where less reflections are expected are
covered with wedges of base 10.20 cm and height 5.10 cm.
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For covering the walkways of the chamber a
layered flat sheet absorber having five layers with a total
thickness of 15.20 cm is used. Beneath the entire surface,
to increase the total absorption, a densely packed flat
absorber of thickness 5.10 cm has been used. All these
absorbers are finally pasted to the wooden walls of the
chamber using quick drying rubber based adhesives.

Electromagnetic interference shielding [EMI] is
achieved by covering the entire wooden walls of the chamber
by thin aluminium sheets. This is well earthed to prevent
the formation of the fringing waves inside the chamber.
Irrespective of the rectangular or tapered shape of the
chamber, the quiet zone of the chamber is having an area of
1 sq.m. This zone is at a distance in such a way that the
distance between the test antenna placed in this zone and
the transmitter is greater than the distance required for
satisfying the plane wave condition.

The antenna positioner and the associated
accessories are housed in a cellar below the floor level,
beneath the quiet zone. The test antenna is mounted on the
axial rod of the positioner which is protruding above the
floor level. The antenna mount is also covered with
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microwave absorbing material. Using a remote control, the
antenna positioner can be controlled from outside of the
chamber. The average reflectivity of the present anechoic
chamber is -30 dB.

3.1.2 Antenna Positioner and Controller

The radiation pattern of an antenna is the
spacial distribution of electromagnetic energy in the
space. In the present work the radiation patterns are
measured in the receiver mode. In this mode of radiation
pattern measurement, the test antenna has to be rotated
about a vertical axis in the azimuthal plane. For this an
antenna positioner (turn-table) with a remote controlling
facility is required.

The antenna positioner used for the radiation
pattern measurements consists of a rotating circular
platform which is rotated by an a.c. motor. The speed of
rotation of the platform is adjusted using a reduction gear
mechanism. In the present case, the speed of rotation is
chosen as 0.5 rpm. The axis of rotation of the circular
platform passes through its centre and is perpendicular to
its plane. The test antenna is fitted to this using a
mounting mechanism. The maximum load capacity of the turn
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table is 80 kg. During measurements, to avoid the rotation
of the platform beyond the required range, limit switches
are provided. Two calibrated level meters, one for reading
the azimuthal position and the other for antenna output
signal are fitted to the front panel of the turn—table.
Provision is also given for giving the antenna output
signal to a X-Y recorder for plotting the radiation
pattern. This turn—table is kept in the underground cellar
which is just below the quiet zone of the anechoic chamber.

During pattern measurements, as the environment
is to be reflection free, it is not advisable to operate
the turn—table by standing inside the chamber. To avoid
this, a remote control facility is required to operate the
turn—table from outside the chamber. The remote control
unit is having ON/OFF switches and provision for selection
of clockwise or anticlockwise rotation of the turn-table.
The unit is provided with an analogue meter calibrated in
dB for measuring the signal received by the test antenna.
Another meter with LED display gives the azimuthal position
of the test antenna. This remote control unit along with
the other equipments are housed in the control room of the
anechoic chamber. The power cable, the control leads and
the signal cables are taken to the control room through
underground using seperately shielded metallic pipes.
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3.1.3 Network Analyser

For the measurement of radiation patterns and
impedance characteristics of the antenna, an instru
mentation based on microwave vector network analyser is
used. In this section a brief description of the microwave
network analyser is presented.

The description of parameters like impedance or
transfer functions of both the active and passive networks
through stimulus response testing is referred as network
analysis. Thus using a network analyser, the transmission
and reflection characteristics of a test device can be
measured. A network analyser consists of a sweep
oscillator, a transducer, a harmonic frequency converter
(receiver) and a display unit as shown in figure 3.2.

The transducer, which is the transmission/
reflection test unit, is connected between the signal
source and the receiver. This has a threefold function.
The first is to split the incoming microwave signal into
reference and test signals. Secondly, it provides an
extension capability for the electrical length of. the
reference channel so that the distance travelled by the
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test and reference signals are equal. Finally, it connects
the system properly for transmission or reflection
measurements.

In the receiver, the harmonic frequency converter
mixes the RF signal with the output of a local oscillator
and the resulting IF signal is given to the display unit.

For measuring the radiation pattern using this
system, the device under test (in this case, the test
antenna) is to be connected in between the transmitter and
the test port of the harmonic frequency converter.

In the present investigation, the network
analysers used for the measurements are HP 8410 C and HP
8510 B.

The 8410 C network analyser is a manual system.
This system measures the transmission and reflection
characteristics of linear networks in the form of gain,
impedance, reflection coefficient and S—parameters, in the
frequency range of 110 MHz to 18 GHz. A phase—gain display

and a polar display units are available with this system.
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The HP 8510 B network analyser is a fully
computer controlled system. The frequency range of
operation of this system is 45 MHz to 26.5 GHz. Compared
to HP 8410 C, this system is having a number of advantages
and test facilities. For displaying the measured results
two independent channels are provided. These channels can
be displayed individually or simultaneously, with results
displayed in either logarithmic/linear magnitude, phase or
group delay format on polar or rectangular co-ordinates.
Smith chart format is also provided for the direct
measurement of impedance. The displayed results can be
directly plotted by a HP 7475 A plotter. Five independent
markers are provided in the display. Using these markers,
the frequency of measured data can be directly read. The
data processing speed of this system is such that, a fully
error corrected 801 point trace of data is obtained under
two seconds. Hence, adjustments in the device under test
can be done while it is being measured. The capability of
displaying the time domain response of a network is one of
the major advantages of this system.

3.1.4 X-Y Plotter

The signals received by the test antenna at
different azimuthal angular positions are graphically
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plotted using an X-Y plotter. In the present work, the
patterns are plotted using a HP 7047 X-Y plotter. Both the
X and Y axes of this plotter are having a maximum sensitive
range of 0.02 mV/cm. Depending upon the level of the
signal received by the test antenna, various ranges from
0.02 mV/cm to 5 V/cm can be selected by a range selecting
switch in both the axes. In addition to this, verniers are
also provided for setting intermediate ranges. Time base
sweeping is also possible for the axes. Sweep rates from
0.1 sec/cm to 50 sec/cm can be selected.

3.1.5 Rectangular to Square Waveguide Transition

Pyramidal horns with rectangular throat and
aperture as well as square throat and aperture are
fabricated and their radiation characteristics are
investigated. For pyramidal horns with rectangular throat
and aperture, conventional X—band waveguides and microwave
components are used. But in the case of horns with square
throat and aperture, for feeding the horn a rectangular to
square waveguide transition is employed.

The sketch of the rectangular to square
waveguide transition is shown in the figure 3.3. The
transition is fabricated by keeping the broadwall width of
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the X—band waveguide constant at the usual value, while the
waveguide wall parallel to the E vector is gradually
flared. The width of this wall is made equal to that of
the broader wall after a flaring length of 24 cm so that the semi
flare angle of the transition is l.5°. This ensures good
VSWR characteristics for the transition.

3.2 FABRICATION OF THE SIMULATED SCALAR FEED HORN ANTENNA

The main interest of the present work was to
develop a light—weight pyramidal feed horn antenna with
high gain, good impedance matching, low sidelobe, backlobe
and cross—polarisation levels. In order to reduce the
physical weight of the test horn antenna, the entire
structure of the antenna is made up of a low-loss
dielectric material. Commercially available dieletric
material (perspex) with dielectric constant 2.56 is used
for this purpose.

The dielectric substrate, which is available in
the form of flat plate is machined to the required
thickness using a shaping machine. The flat surface of the
machined dielectric plate is then periodically loaded with
thin conducting wires or strips of width 'a' at a period
'd'. The periodic loading of conducting strips can be very
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precisely executed by photolithography and etching
technique. The other surface of the dielectric plate is
completely metallised. The E—plane boundary walls of the
test pyramidal horn are cut from this plate. The H-plane
boundary walls are made from a dielectric plate of uniform
thickness, which is completely metallised. Now, the horn
antenna is constructed in such a way that the loaded
dielectric surfaces of the E—walls are at the intmjor 51¢;
of the horn. The flange at the throat of the horn is also
made from the same dielectric material. Its inner and
outer surfaces are completely metallised.

Pyramidal horn antennas of different physical
dimensions and with different dielectric thickness and
throat profile structures were fabricated. All these
antennas were designed to operate in the X—band frequency
range.

The radiation characteristics of all the horn
antennas were studied. The experimental observations have
showed that, when the thickness of the dielectric substrate

of the E—plane boundary wall is X /4,fE::_U the E—plane
radiation pattern of the horn antenna is with very lowI I \
sidelobe levels. A is the free—space wavelength and cr is
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the permittivity of the dielectric material. This is the
condition for achieving the balanced hybrid mode as
suggested by Lier et al. [l46]. The measured E—plane
aperture electric field distribution of the horn is found
to be cosine in nature as in the case of a metallic
corrugated horn antenna. As the H-plane boundary walls of
the horn antenna are unaltered, the H-plane radiation
patterns are exactly similar to that of a conventional horn
antenna with identical physical dimensions.

The schematic representation of a square
pyramidal horn antenna, fabricated with the optimised
thickness for the dielectric substrate of E—plane boundary
walls, required for the balanced hybrid condition is given
in figure 3.4. This is a 1lJ3cm x 11.8 cm square aperture
horn antenna with a slant length of 13.8 cm and a semi
flare angle of 25 degrees in both the principal planes. At
the throat region of this horn, a small portion of about
1 cm of the dielectric E—plane boundary walls are
metallised. To achieve good impedance matching, after this

metallised portion, the thickness 'hl' of the dielectric
substrate is selected as A/2vrE;:l3 so that the surface
impedance is infinity. Now, this thickness is gradually
tapered to a thidqmssfb = X /4/9 r-l, at the point P. From
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Fig.3.4: Schematic representation of a square pyramidal
horn with optimised dielectric thickness for its
E—plane walls (Simulated Scalar Feed)
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the point P to the aperture of the horn antenna the
thickness is kept at A/4/::;:_. The remaining inner
surface of the E—plane boundary walls are periodically
loaded with thin conducting strips of width 'a' = 2 mm at a
period of d = 4 mm.

A metallic corrugated horn antenna having
identical physical dimensions as the above optimum test
horn is also fabricated. Brass plates were used for this
purpose. As in the case of the newly developed test horn
antenna, the depth of the corrugation after 1 cm of throat
region is A/2. This is gradually tapered to A/4 at the
corresponding point P. Thereafter upto the aperture, the
corrugation depth is kept constant as X/4. The corrugation
width 'a' and period 'd' are 2 mm and 4 mm respectively.

The radiation characteristics of both the test
horn antenna and the identical metallic corrugated horn
antenna were studied. From the experimental results, it is
observed that the newly developed test horn is found to be
simulating the radiation characteristics of the identical
metallic corrugated horn antenna. The experimentally
observed results are discussed in detail in the chapter for
experimental results.
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The basic design parameters of the pyramidal horn
are shown in figure 3.5. The design details of all the
horn antennas fabricated and investigated are presented in
the table 3.1.

3.3 METHOD OF MEASUREMENTS

In the present investigation, the antenna
characteristics measured are (i) radiation pattern:
(ii) impedance and (iii) gain.

3.3.1 Radiation Pattern

The radiation pattern of an antenna is the
graphical representation of the received field intensity/
power by the antenna as a function of direction. A
complete representation of the radiation pattern requires a
three dimensional representation. Hence, for simplicity,
the radiation pattern is often described in terms of
principal E and H-planes. According to the reciprocity
theorem, the radiation pattern can be measured by two
methods: (i) test antenna as receiver, and (ii) test
antenna as transmitter. Using the first method, the
radiation pattern measurements of the test horn antennas
were carried out inside an anechoic chamber. The set-up
used for the pattern measurement is shown in figure 3.6.
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Fig.3.5: Basic design parameters of a pyramidal
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The network analysers HP 8410 C and HP 8510 B
were utilised for the radiation pattern measurements. The
test antenna is mounted on a turn—table which is housed at

the silent zone of the anechoic chamber, with its E—plane
parallel to the E—plane of the transmitting antenna. A
directional coupler is used to derive the required
reference signal from the signal source. This reference
signal is fed to the reference input of the harmonic
frequency converter. The power received by the test
antenna is given to the test port of the frequency
converter. The output of the frequency converter is given
to the network analyser. For plotting the radiation
pattern the network analyser is connected to mix—Y plotter.
The turn—table is rotated through 360° and the co—polar
power pattern is plotted in dB scale. Now the test antenna
is rotated through 90° and the cross-polar radiation
pattern is plotted in the same paper along with the co
polar pattern. In both the measurements, the input power
level to the transmitter is kept constant so that the
cross-polar discrimination of the test horn with respect to
the co—polar pattern is calculated as the difference in
maximum received power levels of the two patterns. The co
polar and cross-polar radiation patterns of all the
fabricated test horn antennas were plotted for different
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frequencies in X—band. As all the power patterns were
plotted in dB scale, the sidelobe and backlobe levels with
respect to the maximum level of the main beam can be
directly obtained as the difference between the main beam
maximum and sidelobe level or backlobe level. Information

regarding the 3 dB or 10 dB beamwidth and the position of
nulls of the pattern are obtained from the radiation
patterns.

3.3.2 Radiation Pattern Measurement Using HP 8510 B
Network Analyser

The HP 8510 B Network Analyser system is
completely controlled by a HP 98785 A computer. A software
is used for measuring and plotting the radiation patterns
of the antenna. The software incorporates all the
facilities of the network analyser like averaging, time
domain capability etc.

In this method the standard transmitting antenna
is connected to Port 1 and the test antenna is connected to
Port 2. The test antenna can be rotated along the
azimuthal plane by a Scientific Atlanta Positioner and
Controller, which are also interfaced to the computer. The
computer will automatically control both the network
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analyser and positioner and enquire and store the data in
it. In one rotation itself, it will acquire the informa
tion of 801 frequency points. The computer and theIfi>7475 A
plotter will give the hard copy of the radiation pattern.
A detailed description of the method of measurement of
radiation pattern using HP 8510 B Network Analyser is
presented in Appendix 11,

3.3.3 Antenna Impedance

The knowledge of the impedance of an antenna is
of prime importance, because it directly affects the
efficiency with which it transfers energy to or from the
antenna. when a microwave signal is fed to an antenna, if
the antenna impedance is not matched with the impedance of
the propagating medium, a part of the signal will be
reflected towards inside the antenna itself. This results
in a standing wave pattern inside the waveguide.

In the case of horn antennas, the impedance of
the antenna and the VSWR are influenced by the reflections
from the throat and the aperture of the horn. The
reflection is accounted by the parameter "reflection
coefficient" (0). It is the voltage ratio of the energy
reflected to the incident energy. A measure of the
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reflection towards inside the horn and hence the formation
of standing waves inside the waveguide can also be
represented in terms of the parameter "VSWR". It is
related to '0' by the relation VSWR %E%. For a perfectly
matched antenna, which is the ideal case the value of
VSWR is unity. On the other hand if the return loss in dB
'R' of the antenna system is measured, then D = lO—R/20

In the present investigation, the antenna
impedance measurements are carried out using the HP 8510 B
vector network analyser. The antenna whose impedance is to
be measured is connected to the Port 1 of the network
analyser. The 'START' and the 'STOP' frequencies of
measurement are selected using the 'STIMULUS' menu and

'PARAMETER' menu is used for setting the S11 mode. Now
using the ‘FORMAT’ menu, the measured results can be
plotted either in ‘LOG MAG‘ format or ‘SMITH CHART‘ format.

After presetting, the system characteristic impedance Z0 is
set to 50 9, so that the centre of the Smith Chart
corresponds to 5032. Now, the complex impedance of the
device under test is displayed on the screen. By selecting
the 'MARKER' and using the knob provided for varying the
frequency, the complex impedance in the R 1 jx format can
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be read from the display. The marker position at the
bottom half of the chart indicates a capacitive impedance,
whereas at the top half indicates an inductive impedance.

If the 'LOG MAG’ format is selected, the SWR or

Return loss in dB at a frequency can be directly obtained
from the display. In this format also the marker and the
knob can be used for obtaining the variation of VSWR or
Return loss with frequency in the range of interest.

The impedance plots of the horn antennas
investigated in the present work are presented in the
chapter for experimental results.

3.3.4 Antenna Gain

The ability of an antenna to concentrate the
radiated power in a direction, or conversely to absorb the
incident power effectively from that direction is termed
variously in terms of its gain, power gain, directive gain
or directivity. The gain of the antenna in this thesis
refers to the power gain.

In the present work, for measuring the gain of
test antenna, a pyramidal standard gain horn antenna of
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Scientific Atlanta is used. Initially the standard gain
horn antenna is placed on the turn-table and the maximum
received power is measured with the help of a HP 8510 B
network analyser. Then it is replaced by the test antenna
and the maximum received power is noted. In both the
cases, the input power level given to the transmitter
antenna is kept constant. The difference in the power
levels received by both the antennas is noted as i g dB.
If the power level of the test antenna is higher than that
of the standard gain antenna then the gain of the
test antenna is GT + g dB. In the other case it will be
G - g dB. G is the gain of the standard gain antenna,T T
which is available from the manufacturer.
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Chapter '4

EXPERIMENTAL RESULTS

Metallic corrugated horn antennas, by virtue of
its scalar boundary wall and radiation characteristics
[53,54], are found to be excellent feeds for large
reflector antennas used in radar, radio astronomy and
satellite tracking. The main disadvantages of these
antennas are their high production cost, heavy weight and
the tedious fabrication process. In this thesis, an
alternate technique for the development of a feed horr
antenna, which simulates all the radiation characteristics
of a metallic corrugated horn antenna, by a very simple,
easy and less time consuming procedure for mass productior
is presented.

This chapter highlights the experimental results
of the investigation carried out for the development of the
new simulated scalar feed horn antenna with excellent
radiation characteristics. In order to optimise the desigr
parameters of the simulated scalar feed horn antenna,
pyramidal horn antennas of different physical dimensions
and different grating parameters for the E—plane boundary
walls were fabricated. All these horn antennas were

97
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constructed for the operation in X—band frequency range.
The E-plane radiation characteristics of these horn
antennas are compared with that of the corresponding
ordinary metallic conventional horn antennas of identical
physical dimensions. Finally, the E-plane radiation
characteristics of the newly developed simulated scalar
feed horn antenna are compared with that of a metallic
corrugated horn antenna of identical physical dimensions.

As the H—plane boundary walls of all the horn
antennas investigated are unmodified, and since they are
identical to that of a corresponding ordinary metallic
conventional horn antenna, (refer page 101, figure 4.1) nc
attempt has been made to study the H-plane radiation
characteristics. The following E—plane radiation charact
eristics of the horns are studied in detail:

1. Radiation pattern
2. Sidelobe level
3. Backlobe level

4. Cross—polarisation level
5. Half-power (3 dB) and 10 dB beamwidths
6. Return—loss

7- Gain



99 —— L"=1‘§*2‘—'fo ~#

Variation of these antenna radiation character
istics of all the horn antennas with frequency are
summarised in the following sections of the thesis. For
convenience, the results of horn antennas of different
physical dimensions and design criteria are presented in
different sections.

4.1 EXPERIMENTAL RESULTS OF HORN H1

The main reason for the presence of high sidelobes
and backlobes in the E—plane radiation patterns of conven
tional metallic horns are due to the strong diffractions
from the edges of E—plane boundary walls. This strong edge
diffractions can be considerably reduced if the illumina
tion of the E—plane boundary walls is reduced as in the
case of H-plane walls illumination.

It is well known that when the depth of corruga
tions on the boundary walls of a metallic corrugated horn
is A/4, the surface admittance is zero. This zero wall
admittance forces the E-field to reduce considerably and as
a result, the sidelobe and backlobe levels in the radiation
patterns of such horns are very much reduced. It is also
observed that a dielectric substrate with a strip—grating
structure on its surface is behaving exactly like a
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metallic corrugated surface [l44]. This has inspired to
apply such kind of surfaces as the E—plane walls of a
pyramidal horn antenna for improving its radiation
characteristics.

With the above idea, a pyramidal horn antenna
whose E—plane walls are fabricated with a dielectric

substrate of uniform thickness h = A/4/E;, loaded with a
strip—grating structure is constructed. Here ‘ X ' is the
free-space wavelength at the design frequency 'h' is the
dielectric thickness and ‘e ' its dielectric constant.

Y.‘

This horn antenna is referred to as horn H1 in this thesis.

The horn H1 is a rectangular pyramidal horn
antenna whose selected physical dimensions are that of an

optimum horn [l70]. The aperture dimensions are a1 =
4.7 cm, bl = 3.7 cm. The slant lengths of the horn antenna
in the E and H—planes respectively are OE = 12.5 cm, pH ‘
14.6 cm, and the corresponding semiflare angles in the

above planes are ¢E = 16°, wH = l7.5°. As stated earlier,
the thickness 'h' of the low loss dielectric substrate used
for the fabrication of the E-plane walls is 0.55 cm so that

the condition I1 = X/4/E; is satisfied at 8.5 GHz. The
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entire inner surface of the E-plane boundary wall is
periodically loaded with thin conducting wires of diameter
a = 0.007 X at a period d = 0.056 X, where ‘A ' is the free
space wavelength at the design frequency, 8.5 GHz. The
outer surface of the E-plane boundary walls is completely
metallised. No modification is made on the H—plane
boundary walls of this horn. They are also fabricated with
a uniform thick dielectric substrate whose inner and outer
surfaces are completely metallised so that they are
identical to the H-plane walls of a conventional metallic
horn. The longitudinal cross-sectional view of horn H1 is
given in figure 4.1. Unfortunately, the impedance matching
of the horn antenna was very poor. Hence, to achieve good
impedance matching, at the throat region of the horn, about
3 cm portion of the inner surface of the E-plane boundary
walls is completely metallised. This structure is derived
after many experimental iterations.

A conventional horn antenna (HlM) of identical
physical dimensions as that of the horn H1 is fabricated.
The radiation characteristics of the horn Hl are compared
with that of the above conventional horn.

The typical E-plane radiation patterns of the
horns H1 and EH11 at the design frequency 8.5 GHz and at
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11 GHz are compared in figure 4.2. The radiation pattern
studies showed that at the design frequency (8.5 GHz) the
E—plane radiation pattern is worsened as far as the side
lobe level is concerned. But at higher band edge it is
found that the horn H1 is better than HlM. The probable
reason for this may be the poor design criteria of
dielectric thickness h == A /4/E_;, A close look on the
boundary condition shows that the correct design criteria
for the dielectric thickness is h A /4/gr:1, This design
criteria is discussed in detail in other sections.
Nevertheless, the other radiation characteristics of this
horn H1 are also discussed in this section.

The typical H-plane radiation patterns of the two
horns, at the centre frequency 10 GHz, are compared in
figure 4.3. In other frequencies also, it is found that
the H-plane radiation patterns of the horns H1 and HlM are
almost identical. As stated earlier, this may be due to the
unaltered metallic nature of the H—plane walls of horn Hl.
Since, all the horn antennas discussed in the following
sections are with unaltered H—plane boundary walls, their
H-plane radiation characteristics are not presented in the
remaining sections of this thesis.
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The typical variation of return—loss of the two
horns with frequency is given in figure 4.4. Eventhough
the return—loss characteristics of the horn H1 is poor in
the 8 GHz to 9.8 GHz frequency range, above 9.8 GHz it is
well within the tolerable limit.

The variation of sidelobe and backlobe levels of

the horns H1 and HlM with frequency is shown in figure 4.5.
Though the design frequency of the horn H1 is 8.5 GHz, the
exhibited minimum level of sidelobe is occurring at the
frequency of 11 GHz. In the case of backlobe character
istics also, it is found to be higher at the design
frequency than at 11 GHz. At the design frequency,
8.5 GHz, the backlobe level of the horn H1 is -21.3 dB,
whereas at 11 GHz, it is -27.6 dB.

The variation of the 3 dB and 10 dB beamwidths of

the horns with frequency is presented in figure 4.6. Upto
10 GHz, no drastic change in the 3 dB or 10 dB beamwidths
of the horn EU. is obtained. However, above 10 GHz, the
3 dB and 10 dB beamwidths of the horn are found to be
increasing considerably. At 12 GHz, the 3 dB beamwidth of
the horn H1 is 350, which is almost equal to the 10 dB
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beamwidth of the conventional horn HlM. The 3 dB and 10 dB

beamwidths of the conventional horn HlM, in the entire
8 GHz to 12 GHz frequency range, are more or less found to
be decreasing with the increase of frequency.

The frequency response of the cross—polarisation
of the horns H1 and HlM is shown in figure 4.7. Although
the cross—polarisation levels of the horn H1 are higher
than that of the conventional horn HlM, its exhibited
cross—polar level at 11 GHz is better than -29 dB.

The gain of the horn H1 and the conventional horn
HlM at different frequencies in 8.5 GHz to 12 GHz frequency

range is compared in figure 4.8. In the entire above
frequency range the gain characteristic of the horn H1 is
found to be poorer than that of the conventional horn HlM.
From 8.5 GHz to 10 GHz, the 3 dB and lO dB beamwidths of
the horn Hl are narrower than that of the conventional horn

HlM. Even then, as normally expected, the gain of the horn
H1 is not found to be higher than that of the conventional
horn HlM ix: the above frequency range. Moreover, above
10 GHz, though the 3 dB and 10 dB beamwidths of the horn H1

are considerably increased, the expected corresponding
reduction in gain is not observed. On the other hand it is
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found to be increasing. The overall reduction observed in
the gain characteristics of the horn H1 may be due to its
increased cross—polar characteristics compared to that of
the conventional horn HlM.

From the study of the experimental results of the
two horns, it is found that, mainly, except in the case of
gain, the horn H1 is preferable to the conventional horn
HIM. In order to explore the possibility of achieving
further improvements in the radiation characteristics and
for validating the experimental results obtained, another
rectangular pyramidal horn with different physical
dimensions is fabricated. The fabrication details and the
experimental results of this horn antenna are presented in
the next section.

4.2 EXPERIMENTAL RESULTS OF HORN H2

The second horn (H2) is also a rectangular
pyramidal horn, but of different physical dimensions than
the earlier horn H1. The aperture dimensions of the
present horn H2 are a1 = 5.9 cm bl = 4.5 cm.Its E and
H—plane slant lengths are DE = ll.4 cm and pH = 12.3 cm
respectively. The respective semiflare angles in the

above principal planes are ¢E = 22° and wfi = 25°.
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As in the case of horn H1, the E—plane boundary
walls of the present horn H2 are also fabricated with a
flat dielectric plate of thickness h = 0.55 cm, so that the

condition h =3/4&5: is satisfied at 8.5 GHz. Here ‘A ‘ is
the free-space wavelength at the design frequency, and 'er'
is the dielectric constant of the substrate used. At the
throat region of the horn, after the 3 cm metallised
portion, about 1.8 cm ( ::A/2) region of the inner surface
of the E—walls are periodically loaded with thin conducting
wires of diameter a = 0.007 x at a period d = 0.028x. For
the entire remaining inner surface of the E—walls, upto the
aperture of the horn, the period of loading is 0.056%. The
outer surface of the E—plane walls are completely
metallised.

A conventional horn (H2M) of identical physical
dimensions as that of the horn H2 is also fabricated. The
radiation characteristics of the horns H2 and HZM are
compared and the results are presented in the following
part of the thesis.

The typical E-plane radiation patterns of both the
horns H2 and H2M at the design frequency 8.5 GHz and at
11 GHz are compared in figure 4.9. From the figure it is
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well understood that the sidelobe levels of the present
horn H2, especially at 11 GHz, is very much lower than that
of the conventional horn H2M. As in the case of horn H1,
here also, considerable variations in the H—plane radiation
patterns of the horns H2 and H2M are not observed. The
typical H-plane radiation patterns of the two horns at
10 GHz are given in figure 4.10.

The frequency response of the return—loss of the
horn H2 in the 7.5 GHz to 14 GHz frequency range is shown
in figure 4.11. Eventhough the return—loss characteristic
of the conventional horn H2M (better than -20 dB in the
entire X—band of frequency) is found to be better than that
of the horn H2, for frequencies from 11 GHz to 12.4 GHz,
the return—loss of horn H2 is within the tolerable limit.
However, in the lower edge of the frequency band
considered, its return—loss characteristics is found to be
poor.

The variation of sidelobe and backlobe levels of
the horns H2 and H2M with frequency is given in figure
4.12. In the 8 GHz to 10.5 GHz frequency range, the
E—plane radiation patterns of the conventional horn H2M are
found to be possessing shoulderlobes in the mainlobe. As
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the frequency is increased from 8 GHz, the level of the
shoulderlobes are found to be increasing. At 10.5 GHz, the
observed shoulderlobe level is -5.5 dB. Moreover, for
frequencies above 10.5 GHz, the shoulderlobe levels are
found to be considerably reduced. However, in the case of
present horn H2, such shoulderlobes are totally absent and
its radiation patterns are found to be with very low
sidelobes. Here also, as observed in the case of horn H1,
the exhibited minimum level of sidelobe is at ll GHz
instead of at the design frequency 8.5 GHz. At 11 GHz, the
observed sidelobe level of the horn is -23.4 dB, whereas at
8.5 GHz, it is only -11 dB. The backlobe characteristics
of the horn H2 is also found to be better than that of the
conventional horn H2M, especially above 9.3 GHz.

The cross—polarisation levels of the two horns at
different frequencies in the 8 GHz to 12 GHz frequency
range are compared in figure 4.13. As observed in the
earlier case, compared to the conventional horn, the cross
polar characteristic of the present horn H2 is found to be
slightly poor. However, above 10.5 GHz, its cross
polarisation level is better than -30 dB.

The 3 dB and 10 dB beamwidths of the two horns

with frequency are shown in figure 4.14. As expected, the
3 dB and 10 dB beamwidths of the conventional horn H2M are
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found to be more or less decreasing with the increase of
frequency. From 8 GHz to 10 GHz, the horn H2 also exhibits
similar variation in beamwidths. However, above lO GHz,
both the 3 dB and 10 dB beamwidths of the horn H2 are found

to be increasing with frequency. This may be due to the
tapering of the electric field across the E—plane aperture
of the horn.

The variation of gain of the two horns with
frequency is plotted in figure 4.15. At the central
region, the gain of both the horns are found to be almost
equal. But, in the lower and upper edges of the frequency
band the conventional horn exhibits better gain character
istics than that of the horn H2.

The most important outcome of the analysis of the
experimental results of the horn H1 and the horn H2 is
regarding the design criteria employed for the fabrication
of their E—plane boundary walls. Although the E—plane
boundary walls of both the horns were fabricated with a
dielectric thickness h = 0.55 cm, satisfying the condition

h = X/4/E; at 8.5 GHz, they exhibited minimum sidelobe
levels at the frequency of 11 GHz. Recently, [146] it has
been shown that, for strip-loaded dielectric wall horns,
the balanced hybrid mode condition is satisfied only if the



120

8-dB Beamwldth. deg. 10-dB Beamwldth. deg.80 BO
60

40

201o ' L ' o8 9 1o 11 12
Frequency, GHz

-’_ 8-dB Beamwldth H2 “— 8-dB Beamwldth H2M
4- 10-dB Beamwldth H2 *9‘ 10—dB Beamwldth H2M

E‘ig.4.l4: Variation of 3 dB and 10 dB beamwidths of
horns H2 and H2M with frequency

Gem,dB
O

10'O L l I8 9 1O 11 12
Frequency, GHZ

—*—‘HornI42 —+—'Hornlfi2N

Fig.4.l5: Variation of gain of horns H2 and H2M with
frequency



12l

substrate thickness satisfies the condition r1 =A/4/E;7T1
For h = 0.55 cm, the frequency at which this condition is
satisfied is approximately 11 GHz. Moreover, compared to
the horn H1 of earlier section, though the horn H2 showed
improvements in its sidelobe characteristics, the return
loss study showed poor impedance matching. Hence, with an
eye on further improvement of radiation characteristics,
especially the impedance matching of the horn, two
pyramidal horns of rectangular throat and square aperture
are fabricated. The E-plane boundary walls of these horns
are fabricated with dielectric substrate having tapered
profile structure. The experimental results of these horns
are presented in the next section of the thesis.

4.3 OPTIMISATION OF RADIATION CHARACTERISTICS BY TAPERED
DIELECTRIC E—PLANE WALLS

The analysis of the experimental results of the
horns H1 and H2 have shown that the dielectric thickness
'h' of the E—p1ane wall of a horn should satisfy the

condition h = A/44:::1 instead of h = A/4/E;, Both the
horns H1 and H2 were fabricated with uniform thick
dielectric E-plane boundary walls. This may be the reason
for poor impedance matching of these horns. Hence, as
stated earlier, in order to explore the possibility of
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improving the radiation characteristics, especially the
sidelobe and impedance characteristics, two pyramidal horns
with tapered dielectric E—plane walls satisfying the
balanced hybrid condition are fabricated.

Both the horns, horn 3 (H3) and horn 3A (H3A), are

pyramidal horns with rectangular throat and square aperture
having identical physical dimensions. The aperture
dimensions of the horn antennas fabricated are a1 = bl =
5.9 cm. and the slant lengths in the E and H-planes
respectively are pE = 11.4 cm and OH = l2.l cm. The
corresponding semiflare angles in the above planes are ¢E
= 27° and 4% = 25° respectively. Different tapered profile
structures are employed for the fabrication of the E—plane
boundary walls of these horns. The inner surface of the E
plane walls of these horns are loaded with strip-grating
structures of different period and strip parameters and the
outer surface is completely metallised.

In horn H3, at the throat region, after the 3 cm
metallised portion, the thickness of the dielectric
substrate is 0.7 cm. This is gradually tapered to a
thickness of 0.44 cm at the aperture of the horn so that
the mean thickness of the substrate is h = 0.57 cm. For
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the mean thickness 'h' the balanced hybrid mode condition h =

X/4/g;:1 is satisfied at the frequency of 10.5 GHz. The
entire remaining inner surface of the E—walls are
periodically loaded with thin conducting strips of width
a = 0.07Aat a period d = O.l4X_ 'x ' is the free-space
wavelength at the mean design frequency of 10.5 GHz.

In the case of the horn H3A, the thickness of the
dielectric substrate at the corresponding point of the
throat region is 0.8 cm. As in the earlier case a gradual
tapering makes this thickness equal to 0.4 cm at the
aperture of the horn. Here, the mean thickness h = 0.6 cm
satisfies the balanced hybrid mode condition at the
frequency of 10 GHz. Thin conducting wires of diameter a =
0.0083xare then periodically loaded on the inner surfaces
of the E—walls, at a period of d = 0.033X. As stated
earlier, all other physical dimensions of both the horns H3
and H3A are identical. The radiation characteristics of
the horns H3 and H3A are compared with that of a
conventional horn (H3M) of same physical dimensions. The
conventional horn H3M is derived from the horn H3, by
covering its entire strip-loaded E-plane wall surface with
thin conducting foil.

The study of the return—loss characteristics of
the two horns H3 and H3A with frequency has showed that, ir
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the entire X—band of frequency, the impedance matching of
the horn H3A is better than that of the horn H3. The
variation of return-loss of the two horns with frequency is
shown in figure 4.16. In the entire X-band of frequency
the maximum level of return-loss exhibited by the horn H3
is -12.8 dB, whereas in the case of the horn H3A, it is
-17.65 dB.

The typical E—plane radiation patterns of the
horns H3 and H3A at their design frequencies, compared with

that of the conventional horn H3M are given in figure5 4_17
and 4.18. The saddle on the mainlobe of the E-plane
radiation patterns of the conventional horn is attributed
to the out-of—phase relation of the edge diffracted and the
direct rays. However, the E—plane radiation patterns of
both the horns H3 and H3A are found to be xdithout such
saddles and their sidelobe levels are very much improved
than that of the identical conventional horn H3M. The H
plane radiation patterns of both the horns H3 and H3A are
found to be identical to the H—plane radiation patterns of
the conventional horn H3M (refer page 103). Hence they
are not presented in the thesis.

The sidelobe levels of the three horns at
different frequencies in the 8 <3Hz to 12 GHz range are
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shown in figure 4.19. Above 9 GHz, the sidelobe levels of
the horns H3 and H3A are found to be very much improved
than that of the conventional horn H3M. However, the
-20 dB sidelobe bandwidth of the horn H3A is better than
that of the horn H3.

The variation of backlobe levels of the three
horns with frequency is given in figure 4.20. In the
entire 8.5 GHz to 12 GHz frequency range, compared to the
backlobe levels of the conventional horn, the horns H3 and
H3A show better characteristics. Here also, as in the case
of sidelobe characteristics, the horn H3A exhibits better
backlobe characteristics than that of the horn H3.

The frequency response of cross—polarisation
levels of the horns is presented in figure 4.21.
Throughout the frequency range of interest, the cross—polar
discrimination characteristics of the horns H3 and H3A are

well within the tolerable limit. Moreover, at the design
frequencies, the horns H3 and H3A show slight improvement
than the corresponding cross—polar levels of the
conventional horn H3M.

The 3 dB beamwidths of the three horns in the
8 GHz to 12 GHz frequency band are plotted in figure 4.22.
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Fig.4.19: Variation of sidelobe level of horns H3, H3M
and H3A with frequency
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Fig.4.20: Variation of backlobe level of horns H3, H3M
and H3A with frequency
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Fig.4.22: Variation of 3 dB beamwidth of hornsH3, HBN
and H3A with frequency
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As expected, the 3 dB beamwidths of all the three horns are
found to be decreasing with the increase of frequency.
However, compared to the 3 dB beamwidths of the
conventional horn, considerable reduction in the 3 dB
beamwidths of both the horns H3 and H3A is observed. The
observed wider beamwidth of the conventional horn is due to

the presence of saddle on the mainlobe of its radiation
patterns. As explained earlier, this is attributed to the
out—of—phase relation between the direct and edge
diffracted rays. However, in the case of horns H3 and H3A,
due to the balanced hybrid mode condition, the E—plane
aperture edge diffractions are minimised so that the
radiation patterns are void of such saddles on the
mainlobe.

The typical variation of the 10 dB beamwidths of
all the three horns is shown in figure 4.23. In this case
also, as observed in 3 dB beamwidth, the 10 dB beamwidths
of the horns H3 and H3A are found to be considerably
reduced. Nevertheless, above 11 GHz, the 10 dB beamwidths

of the two horns are observed to be increasing with
frequency. In the above frequency range, ie., from 11 GHz
to 12 GHz, the 10 dB beamwidths of the horn H3A are found

to be slightly wider than that of the horn H3.
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The gain of the three horns at different
frequencies is shown in figure 4.24. In the entire 8.5 GHz
to 12 GHz frequency band, the gain characteristics of the
horns H3 and H3A are found to be better than that of the
conventional horn. In the lower side of the frequency band
the horn H3A shows better gain characteristics than the
horn H3. On the other hand, in the upper side, the horn H3
shows a slight improvement in its gain than that of the
horn H3A.

From the above experimental observations, it is
clear that the horn H3A is exhibiting better radiation
characteristics than the horn H3. However, to explore the
possibility of achieving further improvements in the
radiation patterns and the impedance matching, a pyramidal
horn with square throat and aperture was fabricated.

4.4 OPTIMISATION OF VSWR BY PROPER METALLISATION OF THE
THROAT REGION

A close look on the impedance variation with
frequency of the horns H3 and H3A reveals the fact that the
impedance matching of the horns are not good in the entire
X-band region. However, in the designed frequency region
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Fig.4,23: Variation of 10 dB beamwidth of horns H3,
H3M and H3A with frequency
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Fig.4.24: Variation of gain of horns H3, H3M and H3A
with frequency
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the impedance matching is within the tolerable limit. The
main reason for the high VSWR is due to the poor design of
the throat region.

Usually in the case of an ordinary conventional
metallic pyramidal horn, the impedance matching is found to

be 9005- S0 to improve the impedance matching
characteristics of the present horn, as in the case of an
ordinary conventional metallic horn, the immediate vicinity
of the throat region is metallised. This section shows the
effect of metallisation of the throat region E—plane walls
to different extents. Another factor considered here is
regarding the physical dimensions of the horn. In the
previous section, both the horns investigated, H3 and H3A
were with rectangular throat and square aperture. As
stated earlier, in order to explore further improvements in
the radiation patterns, the impedance matching and the
possibility of obtaining symmetrical radiation patterns in
the two orthogonal principal planes, a pyramidal horn with
square throat and aperture is fabricated.

The aperture dimensions of this square pyramidal

horn H4 are a1 = bl = 5.9 cm. The E and H—plane slant
lengths are pa = pH = 12.8 cm respectively. The semiflare
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angles of the respective planes are\bE = WH = 25°. The E
plane boundary walls of this horn are fabricated from a
flat dielectric plate of thickness h = 0.52 cm. For this
thickness, the balanced hybrid mode condition is satisfied
approximately at the frequency of 11.5 GHz. At the throat
region of this horn, 3 cm portion of the E-plane wall is
completely metallised. The remaining entire E-plane wall
surface is periodically loaded with thin conducting strips
of width a==0.077).and period d = 0.154 Awhere ‘A ' is the
free-space wavelength at the design frequency.

The square pyramidal horn H4A is derived from the
horn H4 by reducing its 3 cm metallised portion to 1 cm.
The remaining 2 cm portion at the throat region is also
periodically loaded with strip gratings of same width and
period as in the case of horn H4.

A conventional horn (CH) of identical physical
dimensions as that of horn H4 is also fabricated. The
radiation characteristics of the horns H4 and H4A are
compared with that of the conventional horn in the
following part of this section.

Typical E-plane radiation patterns at 11.5 GHz of
the two horns H4 and H4A, which are of different throat
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metallisation extents, compared with that of the
conventional horn are given in figure 4.25. It is observed
that compared to the conventional horn, the beamwidths of
the present horns H4 and H4A are narrow and are found to be

good in all respects. The pattern of the conventional horn
at this frequency shows a saddle on the mainlobe. This
saddle formed on the mainlobe is attributed to the out-of

phase relations between the direct and diffracted rays.
But in the case of the present horns H4 and H4A, due to the
balanced hybrid mode condition, the diffracted Yays are
nearly absent and the minimum on-axis field is eliminated.
As explained earlier, the H—plane patterns of both the
horns H4 and H4A are almost identical to that of the
conventional horn. Hence they are not shown in this
section. Throughout the frequency band, the E-plane
radiation patterns of the horn H4 are found to be narrower
than its H—plane radiation patterns. At the design
frequency, 11.5 GHz, the E and H—plane 3 dB beamwidths of
the horn H4 are l6.7° and 20.8° and the 10 dB beamwidths

are 33° and 46.4° respectively. However, in the case of
horn H4A, the 3 dB and 10 dB beamwidths of the E—plane
pattern at 11.5 GHz are found to be much larger than those
of the corresponding H—plane pattern. At this frequency
the E and H-plane 3 dB beamwidths of the horn H4A are 36.8°
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and 20.8°, whereas the 10 dB beamwidths are 60.3° and 46.4°

respectively. Hence as expected [104] the property of
beamwidth equilisation in the two orthogonal principal
planes is not observed.

The variations of the sidelobe and backlobe levels

of the three horns with frequency are shown in figures 4.26
and 4.27. Compared to the sidelobe levels of the
conventional horn, the sidelobe characteristics of both the
horns H4 and H4A are found to be within reasonable limits.

Regarding the backlobe level, the horn H4A which is having
a 1 cm metallised portion at the throat region is slightly
better for the -30 dB backlobe level bandwidth.

Frequency response of cross-polarisation of the
horns is shown in figure 4.28. The -30 dB cross
polarisation bandwidth of the horn H4A is found to be
better than that of the other two horns.

Figures 4.29 and 4.30 shows the variation of 3 dB
and 10 dB beamwidths of the above horns with frequency.
From the studies it is observed that for sharper beams the
horn H4 is better than the horn H4A. The beamwidths of the

horn H4 are found to be virtually uniform in the 9.5 GHz to
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Fig.4.26: Variation of sidelobe level of horns H4, CH
and H4A with frequency
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Fig.4.27: Variation of backlobe level of horns H4, CH
and H4A with frequency



140

0 Cross-polar level, dB

10'

Frequency, GHZ
—*— Horn H4 '-*— Horn CH -** Horn H4A

Fig.4.28: Variation of cross—polarisation level of
horns H4, CH and H4A with frequency
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Fig.4.29: Variation of 3 dB beamwidth of horns H4, CH
and H4A with frequency
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12 GHz frequency range. For frequencies below 9.5 GHz, the
large 10 dB beamwidths of this horn are due to the
deteriorated shape of the radiation patterns. However, in
the case of horn H4A, above 9.5 GHz, considerable changes
in the 3 dB beamwidths are observed. Upto 11 GHz, the 3 dB
beamwidth increases with frequency whereas above ll GHz, it
decreases with increase in frequency. On the other hand,
the 10 dB beamwidths are found to be increasing with
frequency. As in the case of 3 dB beamwidth, above 11 GHz,
a reduction in 10 dB beamwidths is observed with frequency.

The variation of gain of the three horns with
frequency is presented in figure 4.31. As expected, the
gain of the horn H4 is found to be higher than that of the
other two horns.

Return-loss studies showed that the conventional
horn is better than the horns H4 and H4A. In the X—band

frequency, the maximum levels of return—loss exhibited by
horns H4 and H4A are -13.18 dB and -11.62 dB respectively,
whereas for conventional horn it is better than -20 dB.
Moreover, it is again found that in the case of horn H4A,
the variation of return—loss is smoother and better than
that of horn H4 in the X-band of frequency. The return
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Fig.4.30: Variation of 10 dB beamwidth of horns H4,
CH and H4A with frequency
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Fig.4.31: Variation of gain of horns H4, CH and H4A
with frequency
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loss variations of the horns with frequency are given in
figures 4.32(a) to 4.32(c).

From the above studies it is clear that most of
the radiation characteristics of a strip—loaded horn can be
controlled by simply adjusting the extent of metallisation
of the E—plane walls near the throat region. It is also
well understood that, except the gain characteristics, the
horn H4A is exhibiting better radiation characteristics
than the horn B4. In the earlier studies it was observed
that, compared to the strip—loaded horns with unifonfly thick
E—plane walls, strip—loaded horns with tapered E—plane
walls were exhibiting better radiation characteristics.
Hence, inorder to explore the possibility of achieving
further improvements in the radiation characteristics,
another square pyramidal horn with tapered dielectric E
plane boundary walls is fabricated. The experimental
results of this horn are presented in the next section.

4.5 OPTIMISATION OF GAIN AND IMPEDANCE MATCHING OF A
SQUARE PYRAMIDAL HORN BY TAPERED E-PLANE WALLS

The comparative study of the radiation character
istics of the horns H3 and H4A (Section 4.4) has showed
that the gain characteristic of the horn H4 is better than
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that of the horn H4A. This observed improvement in gain of
horn H4 may be due to the extended metallised portion at
its throat region of the E-walls than that of the horn H4A.
Moreover, its frequency response of return-loss was also
within the tolerable limits. Also, the earlier studies
have revealed that the radiation characteristics of horns
with tapered dielectric E-plane walls are better than that
with mfifonmy thick dielectric E-plane walls. Hence, for
optimising the radiation characteristics, the present
square pyramidal horn is fabricated with strip—loaded
tapered dielectric E-plane walls having 3 cm metallisation
at its throat region.

The aperture dimensions of the present square

pyramidal horn (H5) are a1 = bl = 5.9 cm. The E and
H-plane slant lengths are pE = pH = 12.8 cm. The corres
ponding semiflare angles in these planes arew E =q,H = 25°
respectively. All the basic physical dimensions of this
square pyramidal horn H5 are identical to that of the horn
considered in the previous section.

As stated earlier, at the throat region of the E
plane walls of the horn H5, 3 cm portion is metallised.
After the metallised portion, the thickness of the
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dielectric substrate is 0.75 cm. This is then gradually
tapered to a thickness of 0.55 cm at the aperture of the
horn so that the mean thickness h = 0.65 cm satisfies the
balanced hybrid mode condition approximately at the
frequency of 9.2 GHz. The entire remaining inner surface
of the E—plane walls are then periodically loaded with thin
conducting strips at a period d = 0.06lA and a/d = 0.5,
where ‘X ' is the free-space wavelength at the design
frequency.

Typical return—loss variation of the horn with
frequency is shown in figure 4.33. The return—loss is
better than -15.69 dB in the entire X—band frequency
region. For all the frequencies above this, in the entire
X-band, the return—loss is well within the tolerable
limits.

The typical E-plane radiation pattern of the horn
H5 at the design frequency, 9.2 GHz, is shown in figure
4.34. As the basic physical dimensions of the present horn
B5 are identical to that of the conventional horn of
previous section 4.4, for comparison, the E-plane radiation
pattern of the conventional horn at 9.2 GHz is also plotted
in the same graph. As explained earlier, the radiation
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pattern of the new strip—loaded horn H5 is narrow without
any shoulderlobes or saddle in the main beam. The H-plane
radiation patterns of this horn are found to be identical
to the H—p1ane patterns of the conventional horn. Hence
they are not presented here (refer section 4.1, page 103).
It is also observed that the E—plane radiation patterns of
this horn, in the entire X-band of frequency, are narrower
than its H-plane radiation patterns.

In figure 4.35, the variation of sidelobe and
backlobe levels of the present strip—1oaded horn H5 and the
conventional horn is shown. Compared to the conventional
horn, the sidelobe and backlobe levels of horn H5 are found
to be considerably improved. The sidelobe level of horn H5
is found to be better than -20 dB in the entire 8 GHz to
12 GHz frequency range. As shown in figure 4.36 the cross
polarisation level of horn H5 is better than -25 dB in the
entire 8.5 GHz to 12 GHz frequency range. Moreover, its
variation with frequency is also found to be smoother than
that of the conventional horn.

Frequency response of the 3 dB and 10 dB beam
widths of horn H5 compared with that of conventional horn
is shown in figure 4.37. In the entire X-band frequency
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region, the 3 dB beamwidth is found to be decreasing with
increase of frequency. However, above 10.4 GHz, the 10 dB
beamwidths are found to be widened with increase of
frequency.

The typical variation of gain with frequency of
horn H5 and conventional horn is given in figure 4.38. In
the entire frequency range of 8.5 GHz to 12 GHz, the gain
of the present horn is better than that of the conventional
horn and it is found to be gradually increasing with
frequency.

From the above experimental results it is evident
that the radiation characteristics of the present strip
loaded horn H5, fabricated with tapered dielectric E—plane
walls, are much better than that of the horns H4 or H4A of
previous section 4.4, which are fabricated with uniformly
thick dielectric E—plane walls.

4.6 EFFECT OF INTERIOR TAPERING AND EXTERIOR TAPERING
PROFILE OF THROAT REGION

In the case of a metallic corrugated horn it is
observed that the impedance matching is poor if the
corrugation depth is kept uniform at A /4. This is
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because, a A/4 deep corrugation will act as a surface
impedance of infinity and cakes high mismatch at the throat
region of the horn [89]. On the other hand, if the
corrugation depth at the throat region is X/2, it will act
as zero surface impedance and hence it behaves as a plane
surface. So scientists [89,lOl] proposed a gradual
tapering of corrugation depth from A/2 to A /4 in the
vicinity of the throat region, and thereafter constant at
X/4 upto the aperture of the horn to improve the impedance

mismatch.

This technique is extended to improve the
impedance bandwidth of the simulated scalar horns.
However, the earlier studies have proved that the balanced
hybrid mode condition is obtained when the thickness of the

dielectric substrate is A /4/;f;:l instead of A/4¢’;;L
However, in the design of the present horn, in order to
provide the tapered profile structure in the vicinity of
the throat region, instead of metallising 3 cm portion,
only 1 cm portion is metallised. After the 1 cm metallised
portion, in the vicinity of the throat region the
X /2/flE;:l to A/4 /?;:l tapering profile is employed for
improving the impedance matching of the horn.
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The horn H6 is a square pyramidal horn with
aperture dimensions a1 = bl = 5.9 cm. The E and H—plane
slant lengths are D E = pfi = 12.8 cm. The corresponding
semiflare angles in the above planes are ¢E == ¢H = 25°.
The E-plane cross—sectional view of the horn H6 with
interior tapering profile for the throat region is shown in
figure 3.39(a). At the throat region of the horn, after
the 1 cm metallised portion, the thickness of the
dielectric substrate (h ) is A/2% er-1. This is then1

gradually tapered to a thickness of h2 = 3/4 /er-1 at the
point of P. From the point P to the aperture of the horn,

the thickness is kept constant at A /4/ Er-1 so that the
balanced hybrid mode condition is satisfied at 8.4 GHz.
IA is the free-space wavelength at the above frequency.

The X/2 /EZTT to X /4/FE;:l tapering section used
at the throat region of the horn causes an abrupt angular
variation at the throat region. This may reduce the
impedance matching of the horn. On the other hand, if the
dielectric tapering is done on the outer surface of the E
plane walls, this can be avoided and hence there is a
possibility of improvement in the impedance bandwidth. The
horn H6A is another square horn of identical physical
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dimensions as that of the horn H6, but the tapered profile
structure is at the exterior side of the E—plane boundary
walls. The E—plane cross—sectional view of the horn H6A
with exterior tapering is shown in figure 4.39(b).

The variations of the return-loss of the two horns
H6 and H6A with frequency are compared in figure 4.40.
From the comparative study it is well understood that the
abrupt angular variation caused by the interior tapered
profile structure at the throat region of the horn H6 is
not degrading its return-loss characteristic as expected.
Actually, compared to the horn H6A, which is designed with
an exterior tapered profile structure for the throat
region, slight improvement is observed, especially, for
frequencies around the design value. In the entire X-band
of frequency, the maximum return-loss level exhibited by
the horn H6 is -19.16 dB, whereas by the horn H6A it is
-18.6 dB.

The E—plane aperture electric field distribution
of both the horns H6 and H6A at different frequencies were
measured. The measured electric field distributions of the
horns, at 8.4 GHz, 8.8 GHz and 10 GHz along with the
theoretical cosine distribution are given in figure 4.41.
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Fig.4.39: E—plane view of horn H6 with interior
throat tapering profile and horn H6A
with exterior throat tapering profile
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In the case of both the horns, at the design frequency,
8.4 GHz, the measured E-plane aperture electric field
distributions are found to be almost cosine in nature. But
at this frequency, the aperture distribution of the horn
H6A is exhibiting slightly increased tapering than the horn
H6. In the higher frequencies, it is also observed that
the deviation of aperture distribution of horn H6A from the
theoretical cosine distribution is less compared to that of
horn H6. In the case of horn H6, at 10 GHz, at the centre
of the aperture, a dip in the aperture field distribution
is observed.

The typical E—plane radiation patterns of the
horns H6 and H6A along with that of the conventional horn
(CH) at different frequencies in X—band are shown in
figures 4.42(a) to 4.42(d) and figures 4.43(a) to 4.43(d).
It was observed that at the design frequency, the aperture
distribution of both the horns H6 and H6A are nearly cosine

in nature. As expected the sidelobes of the two horns at
this frequency are found to be very low. As observed,
because of the reduced tapering of the aperture electric
field at higher frequencies, the sidelobe levels of the two
horns are also found to be increasing with frequency.
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However, at higher frequencies, in the radiation pattern of
the horn H6, the presence of shoulderlobes are observed.
The level of the shoulderlobes are found to be increasing
with frequency. At 11 GHz, the observed shoulderlobe level
of this horn is -3.2 dB and it is increased to -1.25 dB at
12 GHz. Though the sidelobes of the horn H6A are alsc
increasing with frequency, such shoulderlobes are not
observed in the radiation patterns. At higher frequencies,
eventhough it shows a "bottle-neck nature” (BNN) in its
radiation patterns, the 3 dB beamwidths are found to be
reduced. The BNN of the patterns may be due to the merging
of shoulderlobes with the mainlobe. Nevertheless, as ir
the earlier cases, the H-plane radiation patterns of bot?
the horns H6 and H6A are found to be identical to that of
the conventional horn. In the case of these horns also,
throughout the frequency range of interest, the expected
beam symmetry in the two principal planes is not observed.

The frequency response of sidelobe levels of the
three horns is plotted in figure 4.44. At the desigr
frequency, the sidelobe levels exhibited by the horns HE
and H6A are -29 dB and -30 dB respectively. As explainec
earlier, due to the presence of shoulderlobes, fox
frequencies above 8.8 GHz the sidelobe characteristic oi
the horn H6 is found to be deteriorated.
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The variation of backlobe levels of the horns with

Erequency is presented in figure 4.45. Compared to the
:onventional horn, the backlobe characteristics of both the
iorns H6 and H6A are found to be hmxovai However, the horn
{6A shows a better characteristic than the other two horns.

The frequency response of cross—polarisation of
the three horns is shown in figures 4.46. Nevertheless,
the -25 dB cross—polarisation bandwidth of the horn H6 is
setter than the other horns. At the design frequency,
8.4 GHz, the cross-polar level of the horn H6 is -32 dB,
whereas that of the horn H6A is -23.3 dB.

The variation of 3 dB beamwidth of the three horns

with frequency is given in figure 4.47. In the entire
frequency range of interest, the 3 dB beamwidth of the horn
H6A is gradually decreasing with frequency. But, in the
case of the horn H6, from 8.4 GHz to 10.8 GHz its 3 dB
beamwidth is decreasing with frequency and above 10.8 GHz
it is found to be increasing. The large beamwidths at
higher frequencies are attributed to the shoulderlobes of
the radiation patterns. Above 9 GHz the patterns of the
conventional horn also possess shoulderlobes. The
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’ig.4.44 Variation of sidelobe level of horns H6, CH
and H6A with frequency.
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?ig.4.45 Variation of backlobe level of horns H6, CH
and H6A with frequency.
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?ig.4.46 Variation of cross-polar level of horns
CH and H6A with frequency.
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Fig.4.47 Variation of 3 dB beamwidth of horns H6,
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variation of 10 dB beamwidth of the horns with frequency is

given in figure 4.48. In this case also, upto 9.8 GHz,
both the horns H6 and H6A show a decrease in beamwidths

with frequency and above this frequency, the beamwidths are
found to be increasing considerably.

The frequency response of gain of the horns is
presented in figure 4.49. In the entire 8.4 GHz to 12 GHz
frequency range, the gain of both the horns H6 and H6A are
better than that of the conventional horn. Moreover, as
expected, in the lower part of the frequency band horn H6
shows better gain characteristic than horn H6A and in the
upper part, the horn H6A shows gain improvement.

From the above analysis it is observed that both
the horns H6 and H6A are exhibiting better radiation
characteristics only in the lower edge of the frequency
band. This is because of the fact that the design
frequency, 8.4 GHz, is also at the lower edge of the
frequency band. Hence, in the further investigations, the
design frequency selected is that of at the central region
of the frequency band of interest. Another significant
observation of the above analysis is that, for better
radiation characteristics, the exterior tapering is
preferable to the interior tapering profile.
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Fig.4.48 Variation of 10 dB beamwidth of horns H6,
CH and H6A with frequency.
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Fig.4.49 Variation of gain of horns H6, CH and H6A
with frequency.
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4.7 OPTIMISATION OF RADIATION CHARACTERISTICS OF HORN
ANTENNA WITH INTERIOR TAPERING AT THE VICINITY OF THE

THROAT REGION

The analysis of the experimental results of the
horns with interior and exterior tapering profile structure
for the throat region has revealed that, for better
radiation characteristics, the exterior tapering is
preferable to the interior tapering profile. Nevertheless,
in the present investigation of the thesis, the chief
interest is to develop a strip-loaded horn that simulates
the radiation characteristics of a metallic corrugated horn
of identical physical dimensions and design criteria; As
the corrugations of a metallic corrugated horn are usually
machined on the inner surface of the E—plane boundary
walls, in the present investigation stress is given in the
development of a strip-loaded horn with interior tapering
profile structure.

The present strip-loaded square pyramidal horn

(H7) is a small aperture horn of aperture dimensions a1 =
bl = 3.5 cm. The E and H-plane slant lengths are OE = pH =
20.3 cm and the corresponding semiflare angles in the above

planes are ¢E == WH = 9.5°. The E-plane cross-sectional
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view of the horn H7 is given in figure 4.50. It is
fabricated with dielectric E-plane boundary walls having an
interior tapering profile structure at the vicinity of the
throat region. As in the case of horn H6 of the previous
section 4.6, after the 1 cm metallised portion at the
throat region, the thickness of the dielectric substrate
(h is X /2/ er-1 where X is the free—space wavelength at1)

the design frequency, 10 GHz, which is the centre frequency
of the 8 GHz to 12 GHz frequency range. This thickness is

then gradually tapered tc> a thickness h = A /4/ er—l at2

the point P. Fpom the point P to the aperture of the horn,

the dielectric thickness is kept constant at X/4/_E;:T so
that the balanced hybrid mode condition is also satisfied
at 10 GHz. The entire remaining inner surface of the E
plane walls is then loaded with thin conducting strips at a
period d = 0.133 A and a/d = 0.5. As in the case of
earlier horn antennas, the entire outer surface of the horn
is completely metallised.

The typical E and H—plane radiation patterns of
the horn at the design frequency are given in figure 4.51.
From the figure it is clear that the E and H—plane patterns
of the present horn are almost identical. The variation of
the 3 dB and 10 dB beamwidths of the E and H—p1ane
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Fig.4.50: E—plane view of horn H7
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Fig.4.51 E— and H-plane radiation patterns of horn H7
at 10 GHz.
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radiation patterns of the horn is presented in figure 4.52.
In the central region of the 8 GHz to 12 GHz frequency
band, the 3 dB and 10 dB E-plane and H-plane beamwidths of
the horn are found to be more or less same. The deviation
from the beam symmetry is observed to be much more
predominant in the lower edge of the frequency band than
the upper edge.

The frequency response of the sidelobe, backlobe
and cross—polarisation levels of the horn is shown in
figure 4.53. As in the above case, the horn is found to be
exhibiting better sidelobe and backlobe characteristics in
the central region of the 8 GHz to 12 GHz frequency band.
However, in this region, the cross—polar level is found to
be slightly high. In the entire 8 GHz to 12 GHz frequency
band the maximum sidelobe level exhibited by the horn is
-17.5 dB. Though the horn is designed at 10 GHz, the
observed minimum level of sidelobe level, -30.7 dB, is
observed at 9.8 GHz. At the design frequency the exhibited
sidelobe level is -22.5 dB.

The variation of the return—loss of the horn with

frequency is shown in figure 4.54. In the entire X-band of
frequency, the maximum level of return—loss is better than
-19.75 dB.
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Fig.4.52 Variation of 3 dB and 10 dB b__e-amwidths
of horn H7 with frequency.
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O Sldelobe 8. Backlobe level, dB Cross-polar level, dB 0-10* 1-10
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E‘ig.4.53 Variation of sidelobe, backlobe and cross
polarisation levels of horn H7 with frequency.
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The frequency response of the gain of the horn is
plotted in figure 4.55. As expected, the gain is found to
be increasing with frequency. At the design frequency, the
gain of the horn is 16.3 dB.

From the analysis of the radiation characteristics
of the horn H7, it is observed that its cross—polarisation
characteristic in the frequency range considered is
slightly high. Moreover, the achieved maximum sidelobe
suppression level is only -17.5 dB. The small aperture of
the horn 2.5% at the design frequency, may be the cause of
such observed characteristics.

4.8 RADIATION CHARACTERISTICS OF A SIMULATED SCALAR FEED
HORN ANTENNA

The study of the radiation characteristics of the
horn H7 has revealed that, the achieved cross—polarisation
and sidelobe level characteristics in the frequency band
considered are poorer than -20 dB. The small aperture of
the horn may be the root cause of the poor performance. In
order to validate the observed results, a strip—loaded
square pyramidal horn of larger aperture dimension is
fabricated. The radiation characteristics of this strip
loaded horn antenna in the X—band frequency is studied in
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Fig.4.55 Variation of gain of horn H7 with frequency.
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ietail. From the study, it is well understood that this
1orn antenna is simulating the radiation characteristics of

a scalar feed horn antenna. Hence, the new strip—loaded
norn antenna is designated as ‘Simulated Scalar Feed‘ horn
antenna (SSF horn antenna).

The E—plane cross—sectional view of the SSF horn

antenna is given in figure 4.56. The aperture dimensions

of the SSF horn antenna are a1 = bl = l.965A , where ‘A '
is the free—space wavelength at the design frequency,

10 GHz. Its E and H—plane slant lengths are OE = OH =
4.27A and the corresponding semiflare angles in the above

planes respectively are WE = Wfi = 25°. The same design
criteria employed for the horn H7 of previous section 4.7
is extended in the fabrication of the E—plane boundary
walls of the SSF horn antenna also. At the throat region
of the horn, after the 1 cm metallised portion, the
thickness of the dielectric substrate hl is 3/2 /?;:T:
This is then gradually tapered to a thickness h2 =
X /4/rE;:l at the point P. From the point P to the
aperture of the horn, the dielectric thickness is kept
constant at A/4/ er-l so that the balanced hybrid mode
condition is satisfied at 10 GHz. Thin conductind strips
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Fig.4.56: E—plane View of simulated scalar feed horn antenna
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are periodically loaded on the entire inner surface of the
E-plane walls at a period d = O.l33X and a/d = 0.5. The
outer surface is completely metallised.

The E—plane aperture electric field distribution
of the horn at different frequencies in X-band were
measured. The measured aperture field distributions at
different frequencies, compared with that of the theore
tical cosine distribution, are shown in figures 4.57(a) and
4.57(b). From the figures it is clear that the aperture
field distributions of the horn at these frequencies are
almost cosine in nature.

The radiation characteristics of the SSF horn
antenna are found to be very much improved than that of the
corresponding identical conventional horn. Hence, no
attempt has been made to compare the radiation character
istics with that of the identical conventional horn.
However, for a direct information about its frequency
response of gain, a comparison with the gain characteristic
of the identical conventional horn is made in figure 4.58.
The gain of the SSF horn antenna, in the entire 8.4 GHz to
12 GHz frequency range, is found to be better than that of
the conventional horn.
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Fig.4.58 Variation of gain of SSF horn and horn CH
with frequency.
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The typical E and H-plane radiation patterns,
along with the cross-polar pattern, of the SSF horn antenna
at the design frequency, l0 GHz, are shown in figure 4.59.
From the figure it is clear that the expected beam-symmetry
of the radiation patterns in the E and H—planes is not
achieved. In the entire 8 GHz to 12 GHz frequency band,
the beamwidths of the E and H—plane patterns are observed
to be unequal. The shoulderlobes and saddle observed on
the mainlobe of the E-plane radiation patterns of the
conventional horn of identical dimensions, which are
attributed to the out—of—phase relation between the direct
and edge diffracted rays, are found to be totally absent in
the E—plane radiation patterns of the SSF horn antenna, in
the entire 8 GHz to 12 GHz frequency band. Since the E
plane radiation patterns of the SSF horn antenna at other
frequencies in X-band, compared with that of an identical
metallic corrugated horn are presented in the next section
of the thesis, they are not shown in this section.
Moreover, as observed in the earlier cases, the H—plane
radiation patterns of the SSF horn antenna are found to be
similar to the H—plane patterns of the identical conven
tional horn.

The variation of the sidelobe and backlobe levels

of the horn with frequency is shown in figure 4.60. The
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Fig.4.59 E— and H-plane radiation patterns along with
cross—polar pattern of SSF horn at 10 GHz.
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maximum level of sidelobe exhibited by the SSF horn
antenna, in the entire 8 GHz to 12 GHz frequency band, is
-25 dB and the corresponding backlobe level is -29 dB.

The frequency response of the cross-polarisation
of the SSF horn antenna is found to be better than -25 dB,
in the entire 8 GHz to 12 GHz frequency band. At the
design frequency, 10 GHz, the observed cross-polar level is
-32 dB. The cross-polarisation level variation of the SSF
horn antenna with frequency is presented in figure 4.61.

The 3 dB and lO dB beamwidth variation of the E
plane radiation patterns of the SSF horn antenna is given
in figure 4.62. Since the E and H—plane patterns are found
to be asymmetrical in the entire frequency band, as stated
earlier (refer page 103) H—plane beamwidth characteristics
of the SSF horn antenna are not presented in the thesis.
The E-plane 3 dB beamwidths of the horn are found to be
decreasing with increase of frequency. On the otherhand,
from 8.5 GHz to 10.6 GHz the 10 dB beamwidth decreases with

frequency and above 10.6 GHz it increases with frequency.

The return—loss characteristic of the SSF horn
antenna in the 7.5 GHz to 14 GHz frequency range is shown
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in figure 4.63. From the figure it is observed that in the
worst case, the return-loss is -17.29 dB in the useful X
band region.

From the analysis of the above experimental
results of the SSF horn antenna, it is obviously clear that
it is simulating the radiation characteristics of a scalar
feed horn antenna like a metallic corrugated horn antenna.
Hence, in order to validate the observed results, a
metallic corrugated horn (MCH) antenna of identical
physical dimensions and design criteria as that of the SSF
horn antenna is fabricated. The radiation characteristics
of the MCH antenna and the SSF horn antenna are compared
and are presented in the next section.

4.9 COMPARISON OF RADIATION CHARACTERISTICS OF A SIMULATED
SCALAR FEED HORN ANTENNA AND A METALLIC CORRUGATED
HORN ANTENNA

A close look on the radiation characteristics of
the SSF horn antenna reveals the fact that it is simulating
identical radiation characteristics of a metallic
corrugated horn antenna. Hence, it will be of interest if
we compare its radiation characteristics with that of a
metallic corruoated horn (MCH) antenna of identical
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physical dimensions. For this purpose, an identical
metallic corrugated horn antenna is fabricated and its
radiation characteristics are compared with that of the SSF
horn antenna. The observed results are presented in the
following section of the thesis.

The E—plane boundary walls of the MCH antenna are

fabricated with a metallic corrugated surface of
corrugation period d = 0.l33A and a/d = 0.5, where 'A ' is
the free-space wavelength at the design frequency 10 GHz.
At the throat region of the horn, after 1 cm of plane
metallic portion of the E—plane walls, the slot depth of
the first corrugation is 0.5 A. As in the case of the SSF
horn antenna, this is gradually tapered to a slot depth of
O.25A at the point P. From the point P to the aperture of
the horn, the slot depth is kept constant at 0.25 A so that
the balanced hybrid mode condition is also satisfied at the
design frequency, 10 GHz.

The E—plane aperture electric field distribution
of the MCH antenna at different frequencies in X—band are
measured. These measured aperture field distributions are
compared with that of the corresponding aperture field
distributions of the SSF horn. In figure 4.64, the
aperture electric field distributions of the two horns at
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9.6 GHz, 10 GHz and 10.4 GHz are compared. From the
figure, it is observed that the E-plane aperture electric
field distributions of the two horns are almost identical
and cosine in nature. However, the tapering level of the
electric field at the aperture edges of the SSF horn
antenna is found to be slightly better than that of the MCH
antenna.

The typical E-plane radiation patterns of the two
horn antennas at different frequencies in X-band are
compared in figures 4.65(a) and 4.65(b). Though slight
dissimilarities are observed, the radiation patterns are
found to be more or less identical in nature. For
frequencies above 9 GHz, as observed in the case of E—plane
aperture electric field distributions, the sidelobe levels
of the SSF horn antenna are found to be slightly better
than that of the MCH antenna.

The variations of the sidelobe and backlobe levels

of the two horns with frequency are shown in figure 4.66.
In the entire 8 GHz to 12 GHz frequency band, the sidelobe
characteristics of the SSF horn antenna are found to be more or

less identical to that of the MCH antenna. However, as
observed in the case of E—plane aperture electric field
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distribution of the horns, almost in the entire 9 GHz to
12 GHz frequency range, the SSF horn antenna shows a slight
improvement than the MCH antenna. At the design frequency,
10 GHz, the sidelobe level of the SSF horn antenna is
-25 dB, whereas, that exhibited by the MCH antenna is
-24 dB. Eventhough, above 10.2 GHz, the backlobe level of
the SSF horn antenna is slightly higher than that of the
MCH antenna, in the entire 8 GHz to 12 GHz frequency range,
the observed maximum backlobe level of the SS? horn antenna

is -29 dB.

The frequency response of the cross-polarisation
levels of both the horns are presented in figure 4.67.
Here also, in the entire frequency band of interest, 8 GHz
to 12 GHz, the SSF horn antenna shows better character
istics than the MCH antenna. The maximum cross-polar level
exhibited by the SSF horn antenna in the above frequency
range is -24.3 dB, whereas that exhibited by the MCH
antenna is -23 dB.

The typical variation of the 3 dB and 10 dB
beamwidths of the two horns with frequency is shown in
figure 4.68. From the figure it is well understood that,
in the entire 8 GHz to 12 GHz frequency range, the 3 dB and
10 dB beamwidths variations of both the horns are
identical.
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Fig.4.66: Variation of sidelobe and backlobe levels
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The return—loss variation of the MCH antenna with

frequency is given in figure 4.69. In this case, compared
to the case of SSF horn antenna (figure 4.63) the MCH
antenna shows slightly better matching characteristics.

The typical variation of gain of the two horns
with frequency is plotted in figure 4.70. Throughout the
8 GHz to 12 GHz frequency band the gain variationsof the
two horns are almost identical in nature. The slight
reduction of gain observed in the case of SSF horn antenna
may be due to the dissipation of power in the dielectric
substrate used for its E-plane wall construction.

The comparative study of the radiation character
istics of the SSF horn antenna and the corresponding
identical MCH antenna has validated the simulating
behaviour of the SSF horn antenna. Moreover, compared to
the metallic corrugated horn antenna, the newly developed
"Simulated Scalar Feed" horn antenna possesses the
advantages of low production cost, ease of fabrication,
light-weight etc. Mass production of this type of
simulated scalar feeds with the required precision in the
strip parameters is inexpensively possible if photolitho—
graphic technique is employed.
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As the newly developed scalar feed horn antenna is
simulating the radiation characteristics of an identical
metallic corrugated horn antenna, the theoretical explana
tion of the newly developed scalar feed horn antenna is
tried on the basis of the theory of Inetallic corrugated
horn antennas with appropriate modifications. The
theoretical analysis is presented in the next chapter.
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Chapter 5

THEORETICAL ANALYSIS

Theoretical explanation for the E-plane radiation
patterns of newly developed simulated scalar feed horn
antenna is presented in this chapter. A comparative study
of the experimental results of the simulated scalar feed
horn antenna with those of an identical metallic corrugated
horn antenna has showed that the simulated scalar feed is
simulating the radiation characteristics of the metallic
corrugated horn antenna. Hence the theoretical explanation
is based on the theory of metallic corrugated horn antenna
with appropriate modifications. A comparison between the
experimental and the theoretically computed E—plane
radiation patterns of the simulated scalar feed horn
antenna at different frequencies in X-band is given as the
last part of this chapter.

5.1 ANALYSIS OF E—FIELD DISTRIBUTION OF E-PLANE APERTURE

It is well known that the E—plane aperture
electric field distribution of a metallic corrugated horn
antenna whose corrugation depth is judiciously selected for
the balanced hybrid mode of operation is cosine in nature.

208
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In the present investigation, the E—plane aperture electric
field distribution of the newly developed simulated scalar
feed is also found to be almost cosine in nature. This is
well understood from the comparison of E—plane electric
fields of the SSF horn antenna and the identical metallic
corrugated horn antenna. [Section 4.9; figures 4 .65],
Hence, as stated earlier, the E—plane radiation patterns of
the present SSF horn antenna are explained on the basis of
theory of metallic corrugated horn antennas.

In order to calculate the radiation pattern, first
the E—plane aperture electric field distribution of a
square waveguide with simulated corrugated surface as its
E-plane boundary walls is calculated. For this, the theory
suggested by Dragone [104] in the case of a metallic
corrugated waveguide is used. Once the aperture electric
field is obtained, the flaring of the horn in the two
principal planes are also accounted and the E-plane far
field radiation patterns are calculated on the basis of
vector diffraction formula.

The sketch of the waveguide with strip—grating
structure on its E—plane boundary walls is shown in figure
5.1. The waveguide is directed along Z—axis and v and T
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Fig.5.l: Sketch of a waveguide with strip—grating
structure on its dielectric E—plane walls
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are the unit vectors which are respectively directed
normally and tangentially to the boundary surface such that

T = Iz X v, where I2 is the unit vector along Z—axis.

The surface impedances ZT and Z2 are defined by
the longitudinal field components ET and HT and are given
by]

ET E‘.ZT = __ and Z = .3 (5.1)
Z

Since at the boundary surface. ET = 0, only the impedance
Zz exists. However, as Z2 is imaginary, a real parameter Y
is introduced and it is defined as,

. ZJY = —— (5.2)
Z

Z

where Z = q/8 is the free space impedance.

As per the indices given to the four walls of the

waveguide in figure 5.1, Yn denote Y of the nth wall.
Since the opposite walls are identical in nature, Y1 = Y3
and Y2 = Y4. Now for a wave polarised in the Y direction,
Y1 = 0c. Then the transverse components of the electric
field are given by,
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E = 0 ; E = '3BzCOSCIX COS eX Y vy
where a ,8 and'Y are the propagation constants.

other ;field components can be determined
Maxwell's equations:

E = 193 cosax cos~yy e-jsz2 B 2 .
Hx = — %(gw + %3) cosax cos Yy e 382a . . —'
HY = 5% sinax sinyy e 382

H = i9 sinax cosyy e_jBzZ m

For the dominant HEl1 mode,

Gal = TT/2

As Ez varies with x as cosd x, we get

l—a/d k tan(YCh)

2 2 2

(5.3)

using

(5.4)

(5.5)
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k is the free-space propagation constant. As stated
earlier, for the dominant HEll mode, for large kal and kbl

ozal — an Y 1- (-1?) (5.6)n/2 d b n/21 Y2
1

In the case of a square waveguide, a1 = bl.

Hence, the aperture electric field of the waveguide under
consideration is given by the equation,

Ey = cos<1x cosyy e_JBz (5.7)
5.2 ANALYSIS OF FAR-FIELD E-PLANE RADIATION PATTERNS

Equation (5.7) is the E—plane aperture electric
field distribution of the waveguide fabricated with strip
loaded dielectric substrate as its E—plane boundary walls.
In the case of a horn antenna, due to the flaring, a
quadratic phase shift for the aperture field along the
aperture is accounted by the factor e_j4" Y2/X L‘
Incorporating this quadratic phase variation, the E—plane
aperture electric field of the horn antenna is given by,

\ . . 2
E = cos ax cos‘yy e_jBze_}4nY /AI’ (5.8)
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In the above expression, L is the distance from
the phase centre to the aperture of the horn. As a
rectangular to square waveguide transition is used to feed
the SSF horn antenna, the effective phase centre of the SSF

horn antenna along with the transition is experimentally
determined by plotting its phase patterns for different
axes of rotation. The E—plane radiation pattern of the SSF
horn antenna along with its phase pattern plotted
for at an axis of rotation of L = 18 cm at 10 GHz is given
in figure 5.2.

The far-field radiation pattern in the E—plane
(¢ = “/2) of the simulated scalar feed horn antenna, based
on the vector diffraction formula [3o,166,169] is given by,. . k
E = k exp (-jkR) (l + —r—cos 9)S§E/ exp(jky sin 9)dx.dy9 NR k S Y

(5.9)

where kr = (k2 — n2/4a12)%

The theoretically calculated E—plane radiation
patterns compared with the experimental ones at different
frequencies in X—band are given in figures 5,3 and 5,4, The
theoretically obtained 3 dB and 10 dB beamwidths of the SSF
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horn antenna compared with that of the experimental ones
are presented in the table 5.1. From the table it is clear
that the theoretical beamwidths are almost agreeing with
the experimental values. In the theoretical calculations,
the fields within the dielectric substrate are neglected.
This may be the reason for the small discripencies between
the theoretical and experimental radiation patterns.
Eventhough the theoretical calculations cannot predict the
nulls of the patterns, the main beams are well predicted
with a good accuracy.
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Table 5.1: Comparison of theoretical and experimental 3 dB
and 10 dB beamwidths of the SSF horn antenna

Frequency 3 dB BEAMWIDTH (DEG.) 10 dB BEAMWIDTH (DEG.)
(GHZ) Theory Experiment Theory Experiment

8.4 23.6 21.6 42.2 41.7
9.0 22.1 22.8 39.9 42.2
9.4 20.6 20.9 38.0 39.2
10.0 18.8 20.0 36.0 34.9
10.4 17.5 17.4 36.0 33.0
10.8 18.1 16.6 36.5 32.6
11.2 16.2 16.5 37.0 34.9
11.6 15.4 15.7 36.5 40.0
12.0 15.4 15.5 37.0 50.0
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Chapter 6
CONCLUSIONS

6.1 INTRODUCTION

The conclusions drawn and the comments on the

results of the investigations carried out for the
development of the 'Simulated Scalar Feed‘ horn antenna are
presented. The advantages of the newly developed simulated
scalar feed horn antenna over the existing feed horn
antennas are examined in this chapter. The chapter
concludes with the description of scope for further work in
the field of simulated scalar feed horn antennas.

6.2 CONCLUSIONS FROM EXPERIMENTAL INVESTIGATIONS

From the experimental observations, it has been

found that horns with E—plane wall thickness k/4/ Er are
poor in gain characteristics compared to identical
conventional horns. However, if one is interested only in
sidelobe supression, this technique is successful upto a
certain level.

Pyramidal horns with rectangular throat and square
aperture are investigated later. They are fabricated with

221
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tapered E—plane walls whose mean thicknesses satisfied the

balanced hybrid mode condition A /4/FE;:T' at their
corresponding design frequencies. As the balanced hybrid
mode condition is satisfied at their design frequencies,
compared to the identical conventional horn, these horns
have showed considerable improvements in their radiation
characteristics. Though the return—loss characteristics of
these horns are slightly deteriorated, around design
frequencies, they are well within the tolerable limits. In
the entire 8 GHz to 12 GHz frequency range, the gain
characteristics of the horns are found to be considerably
better than that of the identical conventional horn.

Pyramidal horn with square throat and aperture is
also constructed and studied. The E—plane walls of this
horn are fabricated from a flat dielectric substrate
satisfying the balanced hybrid mode condition at 11.5 GHz.
At the throat region of this horn, about one wavelength
portion of the E-walls are metallised. Experiment is
repeated for different metallisation lengths at the throat
region of E—plane walls. It is found that the optimum
metallisation length required at the throat region is
nearly equal to one wavelength. In brief, it can be
concluded that some of the radiation characteristics of a
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strip—loaded horn can be controlled by simply adjusting the
extent of metallisation of E-plane walls at its throat
region.

Since the H-plane walls of the horns investigated
are not altered, the H-plane radiation patterns are found
to be identical to that of corresponding identical
conventional horns.

To study the possibility of obtaining improvement
in impedance matching, a square pyramidal horn with tapered
dielectric E-plane walls is fabricated. The mean thickness
of the E-plane wall of this horn satisfied the balanced
hybrid mode condition at 9.2 GHz. The radiation
characteristics like sidelobe level, bakclobe level, cross
polarisation level and return-loss of this horn are found
to be considerably improved than that of earlier horns and
the identical conventional horn. The exhibited
improvements in its radiation characteristics may be due to
the tapered nature of its E-plane walls.

In order to explore further improvements in the
radiation characteristics, especially in impedance
matching, two square pyramidal horns with a X/2/er-1 to
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X/4,€::l tapering structure in the vicinity of the throat
region are fabricated and tested. For the first horn this
tapering is at the interior side of the horn, whereas for
the second one it is at the exterior side of the horn. The
return-loss studies of both the horns have clearly proved
that the abrupt angular variation caused by the interior
tapering is not degrading its matching characteristics as
expected. Both the horns are found to be exhibiting good
sidelobe level characteristics in the lower side of the
8 GHz to 12 GHz frequency region. This is due to the fact
that the design frequency, 8.4 GHz, of both the horns is
also at the lower side of the frequency region considered.
The radiation characteristics of the horn having exterior
tapering are found to be slightly better than that of the
horn with interior tapering.

The SSF horn antenna is found to be well matched
with a maximum return-loss of -17.29 dB in the useful X

band region. Compared to the identical conventional horn,
its gain characteristic is considerably improved. From the
analysis of the experimental results it is clear that the
SSF horn antenna is simulating the radiation
characteristics of a scalar feed horn like a metallic
corrugated horn antenna.
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In order to validate the observed radiation
characteristics of the SSF horn antenna, its radiation
characteristics are compared with that of a metallic
corrugated horn antenna fabricated with identical physical
dimensions and design criteria. The comparative study of
the E—plane aperture electric field distributions, E-plane
radiation patterns and other radiation characteristics like
sidelobe, backlobe and cross-polar levels and also the 3 dB
and 10 dB beamwidths of both the horns has showed that they
are exhibiting identical radiation characteristics.
Compared to the metallic corrugated horn, the slight
reduction of gain observed in the case of SSF horn antenna
may be due to the dissipation of power in the dielectric
substrate used for its E—plane wall construction.

Compared to the metallic corrugated horn antenna
the newly developed simulated scalar feed horn antenna
possesses advantages like light-weight, low production
cost, ease of fabrication etc. Mass production of this
class of feed horn antennaswith the required precision in
the strip parameters of grating structure is inexpensively
possible if the techniques of photolithography and etching
are employed.
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6.3 CONCLUSIONS FROM THEORETICAL ANALYSIS

The theoretical explanation of the SSF horn
antenna is based on the theory of metallic corrugated horn
antennas as suggested by Dragone with appropriate
modifications. Eventhough the nulls of the radiation
patterns were not fully realised by this theory, the main
beam characteristics are well explained. Losses that may
occur in the dielectric substrate of the E-plane walls of
the SSF horn antenna are not considered in the theoretical

explanation. This may be the cause of slight discripencies
observed in the theoretical and experimental 3 dB and 10 dB
beamwidths.

6.4 SCOPE OF FURTHER WORK IN THE FIELD

Though the newly developed strip—loaded SSF horn

antenna is a square pyramidal horn antenna, beam symmetry
is not observed in its E and H—plane radiation patterns.
The possibility of obtaining symmetrical radiation patterns
in the two principal planes can be explored. Moreover, in
the present SSF horn antenna, conducting strips are loaded
transversely (with respect to the axis of the horn) in the
E—p1.ane boundary walls. The effect of longitudinal or



227

inclined orientation of the conducting strips can be
investigated. The possibility of obtaining elliptically or
circularly polarised wave by the use of 45° orientation of
strips can also be investigated.

In the present investigation, only the E—plane
boundary walls of the SSF horn antenna are fabricated with
strip-loaded dielectric walls. The same technique can be
employed on the H—plane boundary walls of the horn and its
effect on H—plane radiation patterns can be studied. Such
strip-loaded surfaces can also be used for fabricating
sectoral horn antennas and the resulting radiation
characteristics can be studied.
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Appendix 1

DEVELOPMENT OF A NEW REFLECTING POLARISER FOR E.M.WAVES

Al.l INTRODUCTION

Metallic surfaces with rectangular corrugations
have many applications in antenna engineering, especially
in the design of corrugated feed horn antennas. This type
of reflecting surfaces are also capable of rotating the
plane of polarisation of an incident linearly polarised
electromagnetic wave or producing a circularly’ polarised
wave [92,97]. However, the fabrication of such metallic
corrugated surface with the required precision is a time
consuming and tedious job. Moreover, a large amount of
material is wasted in the process of fabrication. The
possibility of obtaining identical results from alternative
reflecting surfaces which are less expensive and easier to
fabricate are explored and the experimental results of the
investigation are presented here.

The newly developed reflecting surface is found to
be simulating identical properties of a metallic corrugated
reflecting surface. Hence it is termed as "Simulated
Corrugated Reflecting Surface" (SCRS). Compared to a
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metallic corrugated surface, the SCRS is less expensive,
easy to fabricate and lighter.

Al.2 DESIGN DETAILS OF SCRS

The schematic representation of a SCRS is given in
figure Al.l. One surface of a low—loss dielectric plate of
uniform thickness 'h' is periodically loaded with thin
conducting wires (or strips) at a period 'd' and gap 'g'.
The parameter 'd' is such that d < 3/2, so that higher
order modes are not propagated. 'A' is the free-space
wavelength of the incident electromagnetic wave. The other
surface of the dielectric plate is completely metallised
with copper. Depending on the grating parameters g, d and
the thickness 'h' of the dielectric plate, the SCRS is
found to be capable of tilting the plane of polarisation of
the incident wave or producing circular polarisation.

The phenomenon of rotation of plane of
polarisation of a linearly polarised incident wave or
production of circular polarisation is qualitatively
explained as follows. As stated earlier, if the linearly
polarised incident electric field is at an angle of ¢ = 45°
to the length of the strips, it can be resolved into two
components namely TE (component parallel to the length of
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4———Metallised
surface

Dielectric

Conducting
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Fig.Al.l: Schematic representation of a simulated
corrugated reflecting surface
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the strip) and TM (component perpendicular to the length of
the strip) components. During reflection, the TB component
is totally reflected from the top of the conducting strips,
while the TM component penetrates into the dielectric
substrate and gets reflected from the conducting ground
plane. Hence, the reflected TM component is lagging the

corresponding TE component by a phase of 4” h/Ad, where Ad
is the wavelength inside the dielectric medium. By
adjusting the thickness 'h' of the dielectric plate, any
desired polarisation can "be achieved at a particular
frequency.

A1.3 EXPERIMENTAL ARRANGEMENT

The experimental arrangement used for measuring
the polarisation characteristics of the wave reflected from
the SCRS is shown in figure Al.2. The equipment used and
the measurement technique employed for the polarisation
study are discussed in the following sections.

Al.3.l The Transmitter

A small X—band rectangular pyramidal horn antenna

of high cross-polarisation discrimination of -30 dB is used
as the transmitting antenna of electromagnetic radiation.
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Al.3.2 The Receiver

Another small X—band rectangular pyramidal pick—up

horn antenna is employed for receiving the reflected waves
from the SCRS. This pick-up horn is mounted on a
polarisation positioner, which can be automatically rotated
about its axis using a remote control unit.

In order to avoid the direct coupling between the
transmitting and receiving antennas, they are placed in
such a way that the angle of incidence is 9° as suggested
by Jull [92] for corrugated plate. Moreover, for total
elimination of the coupling, microwave absorbing materials
are interposed between them. It has been established that,
for angles of incidence less than 10°, the differential
change in phase shift between the TE and TM components is
less than 1°. Hence the above experimental arrangement
nearly satisfies the condition of normal incidence. The
entire experiment is conducted in a microwave anechoic
chamber.

A1.3.3 Antenna Polarisation Positioner

For studying the polarisation characteristics of
the reflected wave, it is necessary to rotate the receiving
antenna about its axis. A motorised antenna polarisation
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Fig.Al.3: View Of the antenna polarisation positioner
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positioner with a remote control facility is used for this
purpose. A view of the antenna polarisation positioner is
given in figure Al.3. In this, a rectangular waveguide
piece is passed through two bearings A and B which are
fitted on a metallic frame. One of the ends of the
waveguide piece is connected to a pyramidal horn and the
other end to a crystal detector with an adjustable short.
The circular tooth wheel fitted to the waveguide is coupled
to the gear box D. The gear box is connected to a 6 V DC
motor through a pulley and belt. A wire wound linear
potentiometer connected to the end of the adjustable short
rotates in synchronization with the horn.

Al.3.4 x—Y Plotter

The signal received by the receiver antenna
mounted on the polarisation positioner is plotted usingan
HP 7047A X—Y plotter. For this, the DC voltage from the
potentiometer connected to the end of the adjustable short
of the receiver horn is given to one of the axes of the X-Y
plotter. The signal detected by the crystal detector of
the receiving horn is given to the other axis of the
plotter. Hence, as the receiver horn ‘mounted on the
polarisation positioner is rotated through 360°, the
signals received at different angular positions of the
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receiver horn in a vertical plane can be plotted. This
plot between the received signal and the angle of rotation
is the polarisation pattern of the wave reflected from the
SCRS.

Al.4 EXPERIMENTAL RESULTS

This section is presented into two parts. In the
first part, the experimental results of SCR surfaces which
are capable of converting a linearly polarised incident
electromagnetic wave into a circularly polarised wave are
presented. In the second part, the experimental results of
an SCRS which tilts the plane of polarisation of an
incident linearly polarised e.m. wave are discussed.

Al.4.1 Production of Circularly Polarised Waves

The experimental arrangement shown in figure Al.2
is employed to study the circular polarisation
characteristics of the waves reflected from the SCR
surfaces of different grating parameters and dielectric
thickness. The design parameters of the different SCR
surfaces used for the experimental investigation are given
in the table A.l.
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Table A1.1: Design parameters of different SCR surfaces
investigated

FrequencySCR surface d/A h/A g/d H ‘ (GHZ)
1.a 0.093 0.1085 0.96 9.3;
1.b 0.165 0.1155 0.96 9.9
2.a 0.1092 0.1092 0.96 10.92
2.b 0.1958 0.1175 0.96 11.75
3.a 0.1373 0.103 0.892 10.3
3.b 0.1587 0.0992 0.892 11.9
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The typical variation of axial ratio with
frequency of the reflected wave from the different SCR
surfaces investigated are presented in figures Al.4 to
Al.6. From the figures it is evident that the newly
developed SCR surfaces are almost capable of producing
circularly polarised wave gby reflection. when I1 = d =
0.10921, and g/d = 0.96, the minimum axial ratio obtained
is 0.145 dB at 10.92 GHz. For analysing the sense of
circular polarisation of the reflected wave, left and right
handed circularly polarised helical antennas were used as
the receivers. The observations have showed that when the

conducting wires or strips of the grill structure on the
surface of the dielectric substrate is at an angle of 135°
with respect to the H-vector in the clockwise direction, a
left handed circular polarisation is obtained. On the
other hand, when this angle is 45°, a right handed circular
polarisation is resulted.

Al.4.2 Rotation of Plane of Polarisation by SCRS Technique

It has been observed that, for an optimum
dielectric substrate thickness, the SCR surfaces are
producing circularly polarised waves for g/dz: 1. However,
when the value of q/d is decreased, the SCRS is found to be



Axial ratio, dB

239

Q 1 I I 1 I8.5 9 9.5 10 10.5 11
Frequency: GHz

Fig.Al.4: Variation of axial ratio with frequency of
SCR surfaces 1.a and 1.b.

1.33  >\
1.b-, d/x

0.093:
0.165;

h/A
h/A

0.1085;
0.1155;

0.96
0.96

g/d
9/d



Axial ratio, dB

10'

Fig.Al.5:

240

1 1 1 1 J10.5 11 11.5 12 12.5
Frequency, GHz

Variation of axial ratio with frequency of
SCR surfaces 2.a and 2.b.

2-as d/A = 0.1092, h/A = 0.1092; 9/d = 0.96
2.b ;d/A = 0.1958, h/A = 0.1175; 9/d = 0.96



Axial ratio, dB

241

2.5 '

3.a

2.0

3.b

1.5 r

1.0 —

0.5 L

O I I L 1 l I9.5 10 10.5 11 11.5 12 12.5
Frequency, GHz

Fig.Al.6: Variation of axial ratio with frequency of SCR
surfaces 3.a and 3.b.

3.a, d/A = 0.1373, h/)\ = 0.103, g/d = 0.892
3.b ; d/A = 0.1587, h/A = 04992, g/d = 0.892



242

exhibiting the property of tilting the polarisation of the
linearly polarised incident wave. The experimental
arrangement shown in figure Al.2 is also utilized for
studying the polarisation tilting characteristics of the
SCRS.

%CRS with different grating parameters and
dielectric substrate thickness were fabricated and tested.
A SCRS with d/A = 0.1433, h/A = 0.1082 and g/d = 0.5, at
an angle of incidence of 20° exhibited a polarisation tilt
of 90° for 48° orientation of the incident electric field
with the length of the strip. when the incident electric
field is parallel or perpendicular to the length of the
strip, the reflected wave is found to be plane polarised in
the same plane as the incident wave and the surface behaves
just like a conducting surface. The results are shown in
figure Al.7. The experiment is repeated for different
angles of incidence. It is observed that, as the angle of
incidence is increased, the angle of orientation (¢) of the
incident electric field with the length of the strip,
required for 90° tilt of plane of polarisation is also
increased. As in the case of corrugated surface [92], here
also, it is observed that, for small angles of incidence
( <lO°), the angle of orientation of the incident electric
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d/A = 0.1433 and h/A = 0.10823) at an
angle of incidence 20° from normal

Incident electric field parallel to
the length of strips
Incident electric field at 48°
the length of strips

to



244

field required for the 90° tilt of plane of polarisation of
the reflected wave is found to be nearly 45° and beyond
that it increases. The variation of the required angle of
orientation ¢ of the incident electric field with the angle
of incidence is given in figure Al.8.

A1.5 CONCLUSIONS

The experimental investigation on the reflection
characteristics of SCRS has showed that the newly developed
SCRS simulates the identical reflection characteristics of
a metallic surface with rectangular corrugation. However,
SCRS are much light, less expensive and easy to fabricate.
This type of surface can be easily fabricated by
photolithographic technique with high precision. The
tedious job of corrugation cutting can be avoided if the
technique of SCRS is adopted. These SCRS's may find
applications in cassegrain antenna design, in the reduction
of radar cross-section of targets, in the development of
simulated corrugated scalar feed horns and in reduction of
permanent echoes from buildings at airports provided with
instrument landing systems.
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Appendix II

ANTENNA RADIATION PATTERN MEASUREMENT USING

VECTOR NETWORK ANALYSER

The experimental measurements determine the actual

performance of an antenna. In this appendix the
technique/flow chart used for radiation pattern measurement
using HP 8510 B Network Analyser and Scientific Atlanta
Positioner controlled by HP 9000, 300 series Instrumenta
tion Computer is presented. A new software was developed
for the measurement. The measurements are made properly
and precisely taking care of all precautions.

The flow chart of the radiation pattern
measurement procedure of an antenna is presented in figure
A2.l. At the start of the measurement, the following input
data are given to the computer,

i) Start frequency, Stop frequency, Step frequency
ii) Start angle, Stop angle, Step angle
iii) Source power, Averaging, Smoothing etc.

After entering all these parameters the
measurement set-up is calibrated in the frequency band of
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Move positioner
to start angle

Trigger network
analyser to take

measurement

V

Store data in
memory

Check for
stop angle

Store data intoa file

Plot

Stop

Fig.A2.1: Flow chart of radiation pattern measurement procedure
usinq HP 8510 B network analyser
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interest. Now the transmitting and receiving antennas
(antenna under test) are boresighted and a response
calibration is done for S21. For starting the measurement,
now the positioner is moved to the start angle of the
measurement. The calibration of the measurement set up
can be avoided if instrumental state is called. In
instrumental state, the calibration stored in any of the
eight CAL SET in the network analyser can be recalled. If
time domain analysis is required, it can be selected in the
network analyser. For doing time domain analysis, the
antenna under test is boresighted. Now the network
analyser is set for time domain mode operation. In this
mode, for eliminating unwanted reflections, proper
windowing and gating are possible. After selecting the
proper window and gate, the network analyser is brought
back to the frequency domain and the positioner is moved to
the start angle of measurement. Now the network analyser
will be triggered to take measurement and the computer will
acquire the data of each step angle from the network
analyser. The positioner will wait until the data is
taken. After that, a control pulse will be sent to the
positioner to move through the next step angle and another
pulse will be sent back to the computer for taking the
data. Like this, the data will be taken for each and every
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step angles of measurement. At each step, the measurement
will be done 64 times (or the averaging factor given). The
measured data can be stored in computer, which can be used
for obtaining the radiation pattern of the desired
frequency. The hard copy of the radiation pattern can be
plotted by the HP 7475A plotter. The experimental
arrangement used for plotting the radiation pattern in the
present study is shown in figure A2.2. A typical radiation
pattern of a horn antenna plotted using the above
measurement procedure is presented in figure A2.3.

A2.1 CONCLUSION

A procedure for radiation pattern measurement of
an antenna integrating an HP 8510 B Network Analyser and a
Scientific Atlanta Positioner along with an HP 9000, 300
series Instrumentation Computer is described in this
appendix.
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