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Chapter 1 : General Introduction

Although leaky wave antennas have been studied extensively in the literature, their prac-
tical use is still limited. This work introduces a novel and unique application of leaky wave
antennas and shows their substantial practical use possibilities.

Instead of using leaky wave structures as radiating antennas, we address their application
as feeding systems for microwave planar antennas. For this purpose, we introduce a new leaky
NRD guide based on a grating structure. In fact, because of the NRD guide attractiveness for
microwave and millimeter wave system realizations, various leaky wave antenna structures
based mainly on creating geometrical modifications in the uniform NRD guide have been pro-
posed. However, These structures have not come into practical use because of difficulties in
stability and construction.

The new leaky NRD guide is based on a grating structure consisting of creating a periodic
array of grooves on the upper surface of the dielectric strip. This new leaky NRD guide presents
the advantage of simplicity in construction and physical stability and is of interest because of

its large of leakage rates and its ease of connection with NRD guide integrated circuitry.
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Theoretical analysis of the structure is first presented. The analysis is based on a mode cou-
pling theory between the operating mode of the NRD guide and an oversized multimode rectan-
gular waveguide model. Using this method, we develop simple and practically useful formulae
that express the principal coupling effects directly in terms of all the grating parameters, Se-
ries of accurate measurements of the propagation and leakage constants for various frequencies
and geometrical paramenters have been taken. Very good agreement is found between the
experiments and the theoretical predictions, showing that the presented theory yields accurate
results while presenting the advantage of simplicity and ease of manipulation,

In the second part of this thesis, a novel application of this new leaky NRD guide is intro-
duced. The leaky structure is used as the feeding system for microwave planar antennas. Vari-
ous antenna configurations have been designed and a final structure giving satisfying character-
istics was obtained. The antenna radiated, as designed, in the broadside direction and ideal
field patterns with low sidelobe levels and narrow beam width were measured. The scanning
performance of the antenna was also considered and promising characteristics were obtained.

A feeding system for circularly polarized antennas using leaky NRD guide is also proposed.
The design is based on the same principle as that of the linearly polarized antenna. A design

example was constructed and circular polarization with very low axial ratio was obtained.

Chaper 2 : Theoretical study of the new leaky NRD guide

The structure of the proposed leaky NRD guide is shown in fig. 1. The effect of the gratings
is to create new field components that will excite the TEM mode in the parallel plate region
away from the dielectric strip and change therefore, the guided mode from being purely bound
to a leaky mode. This leakage of energy makes the propagation constant complex with an at-
tenuation constant being a measure of the leakage and a change in the phase constant. {insert
fig.1)

To assess the leakage characteristics of the structure, an analysis method is presented for the
investigation of this leaky waveguide. The analysis is based on a mode coupling theory between
the operating mode of the NRD guide and an oversized multimode rectangular waveguide
model. The effective dielectric constant of the grated strip is expressed as a rectangular
modulation, and the fields in the structure are expanded as a function of the transverse field
components. A general coupling equation relating the coupled mode field amplitudes is devel-
oped. Since we are interested in structures without space harmonics, this equation was then
solved small grating periods. Then, expressions were developed for the radiation angle and the
leakage rate, which are the main characteristics for the design of leaky wave antennas.

The phase constant was found to be determined directly from the dispersion characteristics of

the NRD guide and a simple formula expressing the effective dielectric constant of the structure
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as a function of the grating parameters., Considering the coupling between the NRD guide op-
erating mode and modes of the waveguide model with close phase constants, the leakage con-
stant is determined from a closed form relation permitting ease of calculation and simplicity in
manipulations. The developed theory was found to yield explicit formulae that express the
principal coupling effects directly in terms of the known grating parameters, This theory is
free of lengthy computations and convergence problem from which suffers most of the rigorous
analysis methods, and the numerical results are introduced in a form that enables us to assess
the role of each grating parameters and to predict the change in coupling performance as any of
these parameters varies ; and are therefore particularly useful for design considerations.
Using this theory we have examined the various parametric dependence of the leakage charac-
teristics on the constitutive and structural parameters of the leaky NRD guide. The leakage
rate was found to depend strongly on the groove dimensions and presents a saturation effect
after the groove thickness has reached sufficiently large values along with the apparition of a
cut-off phenomenon for large grating dimensions. It was therefore, found that it is possible to
design leaky NRD guides with any desired leakage amount and radiation angle by adjusting the
different structural parameters of the gratings. Finally, the numerial results obtained using
our theory are compared to those presented previously by Oliner et al. for the gap leaky NRD
guide which can be treated as a particular case of our structure ; and it was shown that our re-

sults are in perfect agreement with the physical explanation of the leakage effect.

Chapter 3 - Experimental Study of the New Leaky NRD Guide

In the previous chapter, we presented an accurate theory for the leakage and phase constants
of the new leaky NRD guide. Accurate measurements were taken of the leakage characreristics
of the structure to verify the theory derived previously.

The present chapter, contains a systematic series of measurements of the phase constant and
the leakage constant for the various frequencies and geometrical parameters, and compares
those measurements with corresponding theoretical data. The purpose of the experimental
study described here was to obtain experimental confirmation of the theory described in chapter
2 for the phase and leakage constant of this new leaky NRD guide, With that goal in mind,
we designed, built, and made careful measurements on a 23 GHz model of the leaky structure
that is actually intended for use at this frequency. The measurements were taken by probing the
electric near field strength along the longitudinal direction for the leakage constant ; and the
standing waves were used to derive the phase constant of the structure,

Some of the important features of the design of the leaky waveguide, mainly the dimensional
features, with the choice and limitations of the structure design, are discussed along with the

introduction of the real structure and the grating structural parameters is first reported. Next,
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we present the exerimental investigation of the leakage effect. In the previous chapter, we have
presented the principle of the structure, and allowing to the theoretical explanation of the leak-
age phenomenon, we have developed the theory for the analysis of the structure, in this sec-
tions those theoretical explanations are verified experimentally. Then, we proceed to the meas-
urements of the leakage characteristics of the leaky NRD guide. The measurements procedure
for the determination of the phase constant and leakage rate are explained and typical measure-
ment results are shown. Finally the experimenal results obtained used the above method are
presented. Comparisons between the theoretical results was made for different guide dimen-
sions, grating structural parameters, and frequencies ; and have shown very good agreement
as shown in the typical case of fig. 2. (insert fig.2)

The agreement between the theory and experiment is seen to be very good for the phase con-
stant with the different parameters. For the attenuation constant, the experimental data is
seen to follow closely the trend of the theoretical curves over the whole range of the different
parameters, This shows that the theory employed describes well the coupling performance of
the structure, The good agreement between the experimental results and the theoretical predic-
tions is logic, since the method used for the analysis is essentially rigorous and systematic care

was taken for the realization of the various experiments.

Chapter 4 : Leaky NRD guide fed planar antennas

Instead of using the leaky guide as a linear source radiating antenna, the new leaky NRD
guide is used in a novel structure as a feeder for microwave planar antennas, the structure of
the introduced antenna is shown in fig. 3. The grooved dielectric strip is sandwitched between
two metal plates and the waves issuing from this leaky guide are used to feed the slots cut in the
upper surface of the structure. A reflector is placed parallel to the guide so that the total leaky
power is used to feed the slots. Since the leaky NRD guide radiates at an angle from the
broadside, it is shifted from the vertical so that the wavefronts of the leaky waves are parallel
to the slot plane exciting them thus longitudinally in phase. To eliminate the inherent grating
lobes, a dielectric slab is inserted in the antenna cavity. The metal plate separation is reduced
accordingly and the slots are created with an interval of the new wavelength. Two sections of
quarter wave transformance are used to assure the transition between the feed system and the
slot array. (insert fig.3)

A design example was built and measured at a center frequency of 23 GHz. The previously de-
veloped theory was used to decide the structural parameters of the leaky NRD guide that allow
the radiation by leakage of more than 90%Gof the fed power over a total length of 250mm. The
total radiating area is 290 X165 mm made of slots of 1mm width and 9.1mm interval,

The measured radiation patterns in the planes parallel ( ) and normal ( ¢) to the slots are
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shown in fig. 4. Broadside radiation is realized in both planes with excellent patterns and
lowlevel sidelobes. The measured gain of this antenna is 32 dB,

The frequency bandwidth of this antenna, determined from the pattern beamwidth and the ra-
diation angle frequency characteristics, was found to be 300 MHz. These antenna characteris-
tics are sufficient for applications where large bandwidth are not needed, however the fre-
quency bandwidth falls short from satisfying the requirements for the new generation of DBS
receivers at this frequency. Ways to improve the bandwidth of the antenna were discussed.

{insert fig.4)

The application of the structure as a beam scanning antenna was also discussed. The antenna
was found to present various particular characteristics that make of it a very serious candidate
for use as a beam scanning antenna. Sufficient beam scanning, compared to well known scan-
ning antenna performnce, was found in one plane with a little beam variation in the other pl
ane, The scanning occured with radiation patterns keeping low sidelobes and narrow beam-
widths.

The obtained results, for both the broadside and the beam scanning antennas, confirmed the
validity of this new application of leaky wave structure as planar antenna feeders and verified
the exactness of the presented design concept. The measured antenna characteristics also
showed the practical use possibility of this structure and presented it as a serious candidate for
use as a broadside and beam scanning antenna for various application at this and higher fre-

quency ranges.

Chapter 5 - LLeaky NRD Guide Fed Circularly Polarized planar Antennas

In this chapter, we introduce the design concept of leaky NRD guide fed planar circularly
polarised antennas and present the results of measurements carried out on a design example.

The principle of operation is based on the results obtained so far for the leaky NRD guide fed
linearly polarized planar slot array antenna, The design concept is to use two identical anten-
nas similar to the one investigated in previous chapter and orient them at a right angle to ob-
tain circular polarization. The two leaky NRD guides are fed from the same source, and a feed-
ing arrangement is designed to provide equal. and in phase quadrature, amplitude to both
dielectric strips. The feeding system consist of using an NRD guide symmetric directional cou-
pler which provides the desired power division to the different feeding structures of the anten-
na. The circularly polarized antenna was then actually constructed, and its different character-
istics were measured at 23 GHz.

The structure and dimensions of the feeding system is the same as that used for the linearly
polarized antenna, The radiating structure of the antenna is made of four layers, the metal

groundplane, the metal step of the matching circuit, the teflon sheet, and finally the upper
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metal plate on which the slot grid is created using etching technology.

The radiation patterns in both planes show very close characteristics to those obtained for
the linearly polarized antenna which confirms the validity of the design principle. The meas-
ured gain of the antenna is 29 dB for a total radiating area of 160X 160mm. Polarization meas-
urements showed that good circular polarization is obtained with an axial ratio of 0.3dB. The

less than 1 dB axial ratio frequency band width is 3560 MHz.

Chapter 6 - General Conclusion

In this thesis, a novel application of leaky waveguides which shows their practical use possi-
bilities and enhances their attractiveness for microwave and millimeterwave system realiza-
tions is introduced.

Leaky waveguides have so far been very limited in practical use applications despite their
frequent investigations in the literature, This thesis describes a new feeding system for micro-
wave planar antennas which is based on a leaky waveguide structure, The purpose of this re-
search was to investigate new methods for the developments of the design of new antenna con- .
figurations compatible with the ever progressing microwave and millimeter wave technology.

On the other hand, since its introduction, the nonradiative dielectric waveguide, has devel-
oped into a promising transmission medium and integrated circuit technology based on this
structure is well established. Millimeter and microwave equipments using this technology are
made so compact that the antenna is commonly the most bulky component of the system. Inter-
est has been then stimulated for investigations of new ways to design microwave antennas to
meet the new requirements of system realizations. For this purpose, a new leaky wave struc-
ture based on the NRD guide was then introduced. And the new leaky NRD guide was then used
as the feeding system of a microwave planar slot array antenna.

The highly promising results obtained with the different antennas showed the validity of the
design concept of this new feeding system and presented it as a serious candidate for microwave

and millimeter wave system realizations.
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Fig. 1 Structure of the leaky NRD guide. Fig. 2 Typical theoretical and experimental
results for the grating parameter dependence
of the leakage characteristics.
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Fig. 3 Structure of the leaky NRD guide fed planar slot array antenna.
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Fig. 4 Measured antenna radiation patterns in the planes parallel ( 8 ) and normal ($ ) to the slots.
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