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ABSTRACT
A new open waveguide for millimeter-
slitted

wave applications, mnamely the
asymmetric ridge waveguide, 1is proposed
and analyzed that is at the same time

simple to fabricate and flexible in terms
of electrical characteristics.

The analysis is based on the
development of an accurate transverse
equivalent network and on the derivation

of a dispersion relation which gives
the complex longitudinal propagation
costant in terms of the structural

parameters. A detailed parametric analysis
is then carried out showing how the real

and imaginary  parts of the complex
propagation constant can be controlled
with a good degree of independence from

each other.

1. INTRODUCTION
The expansion of modern communication

systems into the millimeter-wave range
has motivated in recent years the
investigation of the guidance properties

of a number of new open guiding structures
for antenna applications that are simple
to realize from a mechanical point of
view. In fact, due to the reduced
dimensions, structures like conventional
single radiators or conventional phased
arrays can become difficult to fabricate.
The constraint of mechanical simplicity,

however, often results in a limitation
of the range of the electrical
characteristics obtainable. Therefore,

the main features that an ideal guiding
structure should exhibit are ecase of
mechanical fabrication and the possibility
to control independently from each other
the real and imaginary parts of its

longitudinal (z direction) propagation
constant kz=B-Jja. In an experimental
investigation [1j, it was recently shown

that lengths of asymmetric ridge waveguide
with a centered slit on the top wall
could be profitably wused 1in antenna
applications. It is, in fact, well known
that, due to the asymmetry, the dominant

mode of the structure is leaky and that
radiation from the top aperture OCCUTS
so that the longitudinal propagation
constant becomes complex. The authors
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of [1] recognized this feature, and used
resonant lengths of slitted asymmetric
ridge waveguide as separate radiators
for their array but did not perform a
detailed theoretical analysis on which
a systematic design procedure could be
based.
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Fig. 1 The subject of this investigation:
the asymmetric ridge waveguide
with a slitted top wall.

In this paper we present a detailed
theoretical analysis of the asymmetric
ridge waveguide with a continuous slit
on the top wall (Fig. 1) that shows how,

in addition to being mechanically simple,

this open guiding structure is also
flexible from an electrical point of
view. The theoretical approach that we
have followed 1is based on an accurate
transverse equivalent network and on

a rigorous transverse resonance procedure.
The transverse equivalent network developed

takes into account the different heights
of the two arms of the ridge waveguide
as well as the thickness of the slitted

top wall. The network has been developed
by first recognizing that the cross section
of the structure in Fig. 1 can be
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decomposed into a number of separate
constituent parts.Each of these constituent
parts can be described in terms of an

equivalent network so that the complete
transverse equivalent network can then
be easily assembled. From this network

we derived a transverse resonance equation
and, through its numerical solutions,
obtained the complex dispersion behavior
of the structure. Next we performed a
detailed parametric analysis and obtained
the results presented in this paper,
indicating that the slitted asymmetric
ridge waveguide is indeed a very promising
candidate for millimeterwave antenna
applications.

2. THE TRANSVERSE EQUIVALENT NETWORK

In order to develop a transverse
equivalent network for the structure
in Fig. 1, we first recognize that its
cross section <can be decomposed into
a number of constituent parts that can
be independently represented in terms
of equivalent networks. These costituent
parts are: 1) the right and left arms
of the ridge waveguide; 2) the radiating
transition between the vertical parallel

plate region, 7representing the thickness
of the top wall, and the semi-infinite
free space; 3) the central T-junction

of the parallel plate waveguide regions.
For the 1left and right arms of the ridge
waveguide, we have used a slightly modified
version of the network given in [2]

For the top radiating +transition
we have employed the equivalent network

given in 3] (Chap. VIII, pp. 256-258),
that 1is an improved version of the one
given in the Waveguide Handbook [4] for
the same transition. Finally, for the
central T-junction of parallel plate
waveguides we have used the novel
equivalent network representation, given
in  [3] (Cap. V, pp. 143-159). Properly
connecting to each other the separate
equivalent network representations, we
have finally obtained the complete
transverse equivalent network for the
slitted asymmetric ridge waveguide shown
in Fig. 2.

3. THE TRANSVERSE RESONANCE PROCEDURE

AND THE PARAMETRIC ANALYSIS
From the transverse equivalent network

developed we then derived a suitable
transverse resonance equation of the
general form

f(k¢,a,a’',by,ab,c,d,s,1) = 0 (1)

From the solution of (1) we then
computed the value of the complex
propagation constant k; as a function
of all the parameters.

Figure 3 shows the behavior of the
normalized phase constant B/k and  the

928

normalized attenuation constant a/kg
as a function of frequency for the lowest

mode of the structure. The two curves
show that above cutoff the behavior is
as expected, with g/ky following a standard

curve shape and with a/ky, which represents
the leakage of power, decreasing
monotonically with increasing frequency.
Below cutoff the curve of g/ky turns
up again at very 1low frequencies showing

a behavior not generally known, but readily
understood by considering the relations
between the wavenumbers. a represents
primarily the reactive decay of the field,

although there is still some leakage
of power. Therefore, the value of a/kgy
increases suddenly at cutoff.

Several other parametric studies have
been performed but we report here only

the ones that illustrate the most important
features of the structure. In Fig. 4
we show the effect of varying ab/by from
0 to 0.5, while keeping by constant,
at the fixed frequency of 40 GHz. As
we can see, changing this parameter we
strongly affect the value of o/kgq but

we observe very little effect on B/kg.
This feature 1is of key importance in
antenna applications. In fact varying
Ab /by we can taper the aperture
distribution of the antenna in such a

way to satisfy the requirements on the
sidelobes, while keeping constant Bg/kq
along the structure in order to maintain

the same angle of maximum radiation.

Next we computed the values of 8/kq
and a/k, for ab/bp=0.4, Dbut changing
the value of by from bp=0.4a to by=a,
always at 40 GHz. As we <can clearly
see, varying this parameter we observe
a significant variation of 8/ky while
a/kg remains essentially constant.
Therefore, in the design procedure, we
can select the desired value of g/kg,
which is related to the angle of the
radiated beam.

4. CONCLUSION

In this paper we have derived an
accurate transverse equivalent network
for the slitted asymmetric ridge waveguide.
We have obtained a dispersion relation
for the structure via a rigorous transverse

resonance procedure. We have presented
the results of a detailed parametric
analysis showing how the structure, in
addition to Dbeing mechanically simple,
exhibits a good degree of independence
in the control of B8/ky and o/kg, the

real and imaginary parts of its normalized
complex longitudinal propagation constant.

A1l of the results obtained indicate,
therefore, that the slitted asymmetric
ridge waveguide 1is indeed a promising
candidate for millimeterwave antenna

applications.
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Fig. 2 The structure in Fig. 1 can be represented by the transverse equivalent network
shown above.
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Fig. 3 Using the network in Fig. 2, and performing a rigorous transverse resonance,
we can obtain the normalized complex longitudinal propagation

constant (g-ju)/ky as a function of frequency for the structure in Fig. 1.
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4 In this figure we show how we can vary the normalized attenuation constant al/kq
and keep the normalized phase constant B/ kg essentially constant by varying
only the parameter ab/bp in Fig. 1, while keeping by constant.

f=40 GHz Ab/b, =04
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5 The effect of varying only the parameter by in Fig. 1, while keeping ab/by
constant, is to change considerably the value of the normalized phase constant
B/ko and to leave essentially unchanged the normalized attenuation constant a/Kg -
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