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ABSTRACT

The existing theory for the inverted strip dielectric waveguide neglects the presence of additional consti -
tuent modes and the coupling between them at the strip sides. An improved theory which accounts for these
features reveals interesting unanticipated physical effects, including leakage, resonances, mode coupling and-. .-. .
modifications in transvers; field distributions.

Summary

Associated with the resurgence in interest dur-
ing the past few years in millimeter waves, several
novel waveguiding structures have been proposed which
are suitable for millimeter wave integrated circuits
but which avoid the high loss associated with the me -
tallic strip of microstrip line at these high frequencies.
One of the most promising of these is the inverted

,0
strip dielectric waveguide, J‘ L the cross section of
which is shown in Fig. 1. This waveguide, which was
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Figure 1: Cross section of the inverted strip die-
lectric waveguide for millimeter waves.

proposed by Itoh, has the added virtue that the 10Ss
due to the metallic ground plane is also minimized,
since the dielectric constant values are so chosen that
most of the energy resides in the upper dielectric
sheet. The dielectric strip serves to confine the guided
wave laterally, but the field in the strip region is eva-
nescent vertically, with the result that the field be-
comes small when it finally reaches the metallic
ground plane, and the ground plane current remains
low as a consequence.

The published theoretical analysis 1 for the
propagation characteristics of this waveguide type is
approximate, but it serves well enough to produce
reasonable agreement with available experimental re -

1
Suits . However, when a more careful examination is
made of the comparison between theory and measure-
ments, it is seen that the agreement is poor in some
regions and that, in fact, some puzzling discrepancies

appear. We have conducted an improved analysis of
the behavior of the structure, and we will show in this
paper that this improved theory not only produces
better agreement with measurement but also reveals a
number of very inte resting and fundamental propaga -

tion effects which the earlier approximate analysis

misses entirely.
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The approximate theoretical analysis 1 mentioned
above utilizes the so-called IIequivalent dielectric con-

stant!! (edc) method, which is essentially a simplified

transverse resonance procedure that as;sumes the

presence of only one mode, the lowest TM mode, in

each of the constituent transverse regions comprising
the guide cross section. Furthermore, in the trans -
verse resonance taken under these cond]. tions in the
horizontal direction, the geometrical di;scontinuities
present at the strip sides are completely neglected
since each constituent region is viewed as possessing
an Ilequivalent dielectric constant. f!

The first thing that a more accurate analysis re -
veals is that in each constituent region in the guide 1s

cross section at least two propagating modes, one TM

and the other TE, must be present simultaneously

under almost all conditions. In fac~the dielectric
sheet or dielectric strip thickness were increased,

then the number of modes present simultaneously

would increase to four or to six, etc. When we ex-
amine the three structures actually analyzed and mea-

1
sured by Itoh, we find that four sirnultane ous m odes
are present in two of them , and that six simultaneous
modes are present in part of the thir-uiding strut -
ture.

The second key point that a more accurate analy-
sis indicates is that the TE and TM modes which are

present necessarily couple to each other at the geo-

metrical discontinuities corresponding to the sides of

the strip. This coupling requirement is readily proven

by an examination of the field components that must be
present at these strip sides.

As will be shown, the simultaneous presence of
these other modes in the constituent regions, and their
coupling at the strip sides, produce a number of in-

teresting and sometimes important physical effects

not observed earlier. Among these effects are the

following:

a) Uncle r appropriate conditions, leakage from
the strip sides can occur, changing the dominant

bound mode into a leaky mode.

b) Under appropriate conditions, for certain
frequencies or strip widths, resonance effects can
occur.

c) The transverse field behavior, both verti -
c ally and horizontally, can differ significantly from
what one expects on the basis of the dominant mode
alone.

d) If discrete modes higher than the lowest TE
and TM ones are present in the individual constituent

regions, the guided modes associated with them will



almost always be leaky.

These previously unexpected propagation effects
could produce unwanted performance difficulties uncle r
some circumstances, or else advantage could be taken
of them if it is known in advance what the effects are
and when they occur. Furthermore, by a proper choice

of dimensions or dielectric constants these effects can
either be made to appear or be eliminated.

We present in Fig. 2 calculations for the basic

surface wave characteristics of the constituent regions
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Figure 2: Basic surface wave characteristics for the

constituent regions comprising the guide cross section.
!lEf fe~tive dielectric con~tant!l value ~ as a function of

strip height for all of the discrete modes existing at

that frequency (81, 7 GHz).

comprising the inverted strip guide cross section. The

calculations are in the form of the lieffective dielectric
constant, !! Ceff, which is proportional to the propaga-

tion constant, as a function of dimensions for the spe -

cific parameters chosen by Itohl for hie three wave -

guides . (Actually, the plots are given as neff =

( ~eff)
1/2

vs. h, which is the height of the strip, when

d, the height of the upper layer, f, the frequency, and
the dielectric constant values in each region are speci -
fied. ) The two curves labeled Cl = 1.0 correspond to

the constituent portions of the guide cross section

which are outside of the strip portion, whereas the
two curves labeled Cl = 2.1 hold for the strip region

itself. The three cases examined by Itoh correspond
toh=0.794 mm, 1.588 mm and 3.175 mm. Both ln -
side and outside of the strip region, at least 4 modes

are present simultaneously, 2 TE modes and 2 TM

modes. In his analysis, Itoh assumed that only the
lowest TM mode was present.

Several other interesting features also follow
from Fig. 2. Note that the lowest TM mode, which is
the mode incident and the one which contains most of
the power, is no Ionge r the !Idominant !! mode in the
sense that it is the slowest mode , as it is for a single
dielectric layer on a ground plane. As h increases, a

cross-over occurs, and the TE mode becomes the
Ildominantl! one . It is the occurrence of this interest-
ing cross -over that makes possible the leakage and

resonance effects.

The curves in Fig. 2 are used in a simple way

to determine when these leakage and resonance effects

will appear. It will be shown in the talk how these

curves are used for this purpose, and a simple cri-

terion in this connection will be presented. As men-
tioned earlier, the leakage and resonance effects arise
because of the TE-TM couvlimz which occurs at the

strip sides. The TM wave’ ins?de the strip region,

which is incident at an angle on the strip side, excites
a reflected propagating TM wave inside, an evanescent
TM wave outside. and (due to the cou~line) TE waves
both inside and outside ‘the strip regi&. “If the TE
wave excited outside is propagating rather than evanes -
cent, it carries away a small amount of energy at each

reflection, resulting in a leaky mode rather than a

purely bound mode. If the TE wave inside the strip

region is closer to the normal than the TM wave, then
resonance effects occur at certain strip widths. (Simi-

lar leakage and resonance behaviors have been reported
.

for strip waveguides for integrated optics, 3 but certain
differences are present in this millimeter wave struc-

ture. )

One or the other of these special effects can be

present (or absent) depending on the precise dimensions

of the structure. Table I summarizes the resonance
and leakage behavior for three sets of dimensions for

the inverted strip waveguide, using the dielectric con-
stant values employed by Itoh.

TAB LE I

Basic mode: lowest TM
el =2.1, C2 =3.8

case d/1 h/1 Resonance Leakage

1 0,10 0.20 no yes, if W/k <0.3

2 0.20 0.15 yes yes, if W/X< 1.5

3 0.10 0.10 no no

For case 1, we see that leakage can occur with-
out resonance effects. However, the leakage may be
eliminated if the strip width is increased beyond about

O. 3)L, which is not difficult to accomplish. On the

other hand, in case 2 we observe both resonance and

leakage, where the leakage would be present over a
rather wide range of values of W/X. In case 3, neither

effect is present, showing that it is certainly possible
to de sign the waveguide without encounte ring these
problems.

A detailed theoretical analysis includ.ng all of
the constituent m odes present and their coupling to
each other at the strip sides has been performed for
a number of different wavegulde parameters. In the
talk, comparisons w1ll be shown between the results
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of these theoretical calculations and the data presented

by Itohl for both the longitudinal propagation constant
and the transverse field distributions.
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