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ABSTRACT

: The problem is concerned of wave propagation along the uni-
form microstrip and slot lines on circular dielectric substra-
tes. Results obtained by a highly effective numerical solution
give the way for better understanding of modes behaviour in the
lines with laterally compact cross-section modelling real prin-
ted-circuit waveguides. It is shown that no dominant mode lea-
kage is observed as the frequency of operation is increasing.

INTRODUCTION

Although planar microstrip and
slot lines are well-known as the mo-
dels of printed microwave guides, the-
ir circular and other non-planar cou-
nterparts have begun to be interested
in rather recently. These lines may
be prospective as flexible guides and
miniature antennas in microwave app-
lications. Besides, taking into acco-
unt that in practice the frequency of
operation is pushing higher, the cir-
cular lines can turn to be more reli-
able models of real printed-circuit
waveguides on finite (compact) subst-
rates.

Zeng and Wang in [1] and Alexo-
poulos and Nakatani in [2,3] have co-
nsidered the dominant principal modes
on circular cylindrical substrate ar-
ound the central metalic core. Here
we consider open waveguides of similar

geometry, but central conductor is ab-

sent (Fig.1)
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Fig.1 Cross-sectional view of t
guide under congideration
strip-line for 6<o0,
slot-line for ©<Aé.

As has been reported in [4], the
circular shape of cross-section enab-
les one to apply a powerful mathemati-
cal method of treatment and obtain a
highly effective numerical algorithm.
In contrast to [1-3], it is based on
the full-wave dynamic solution. The
results presented cover both principal
and higher order modes on strip and
slot lines with arbitrary strip or
slot widths.

FORMULATION AND TREATMENT OF MODE
SPECTRAL PROBLEM

Assuming the field to be a nor-
mal guided mode with a complex const-
ant of propagation h, one comes to 2-D
cross-sectional eigenvalue (spectral)
problem [4]. Due to the circular shape
of boundaries, fields inside and out-
side the dielectric are expandable in
terms of cylindrical wave functions.
This leads to dual series equations
with a kernel of " trigonometric" ty-
pe for expancion coefficients. By us-
ing so-called Riemann-Hilbert problem
technique, duvual equations are reduced
to infinite system of linear algebra-
ic equations. Mathematical study of
corresponding matrix operator proves
that it is of a Fredholm 2-nd kind ty-
pe. This fact guarantees both rapid
convergence and any desired accuracy
in seeking complex zeros of the deter-




minant provided that the order of tru-
ncation is sufficiently large.

Baged. on this treatment, one
may also compute field structure and
impedance of the mode under investiga-
tion as well as the losses in dielec-
tric core. As for the losses in metal
screen, their correct calculation ne-
eds to take into account finite thick-
ness of real conductor.

PRINCIPAL AND HIGHER ORDER MODES
BEHAVIOUR

Conventional models of open pri-
nted-circuit lines usually contain la-
terally infinite metal conductors or/
and dielectric substrates.Recently it
has been discovered that in these 1i-
nes the dominant surface mode turns
into leaky one provided that frequen-
cy has exceeded certain fixed value.
This phenomenon was discussed in det-
ails by Shigesawa et al. in[5], who
had reported about some new features
of it for strip lines on anisotropic
substrates.

The physical mechanism that pro-
duces this leakage is rather obvious.
If phase constant of a mode ona strip
or slot line h becomes less than the
same quantity g of the principal gui-
ded mode on surrounding dielectric
substrate layer (with or witout cond-
uctor backing), then far from the
strip or slot in lateral direction
the field leaks at an angle ©: cosO=
h/g, while remaining nonradiative in
normal direction. In other words, the
condition h=g makes a threshold of
opening or closing new channel of po-
wer leekage to infinity in the cross-
section, other then the free-spacera-
diation. From this viewpoint it is
clear that for the models of open tra-
nsmission lines on finite substrates
the situation is quite different.The-
re are no channels of leakage here
other then free-space radiation. That
is why neither dominant nor any other
surface mode is expected to have high
frequency cutoff until the substrate
remains to be finite.

However, it seems that essential-
1y no reliable numerical information
is available for open transmission li-
nes on compact substrates. Circular
ones give a lucky chance to obtain it
accurately following the approach des-
cribed above.

Figs. 2 and 3 show the results
of computations of normalized phase

and leakage constants for modes onci-
rcular lines with different strips or
slots. No leakage is observed for any
frequencies above low-frequency surf-
ace wave cutoff, and the modes remain
to be purely bounded.
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Fig.2 Dispersion of E;/H; modes on a
glot 1ine with €=2.25, 6=0.7°,

Besides, dispersion curves show
that there exist some values of frequ-
ency for which the curves come close
cae to another, pointing out to the
effect of mode "coupling" between the
principal and e.g. higher order modes.
The narrower the strip or the slot,
the more close coupling is observed.A
comment should be made thatthere are
two orthogonal mode families in circu
lar lines with different field symme-
tries in the cross-section: one mayle
designated as E;/Hz while the other as
Ez/H%. The coupling mentioned takes
place within the same family of modes.
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Fig.3 Dispersion of E;Aﬂ; modes on a
strip line with & =2.25, §=1°.

It is worth to emphasize that op-
en metal-dielectric lines can never
operate as purely single-mode guildes
because of several surface modes pro-
pagating without low-frequency cutoff.
These modes are usually called princi-
pal ones after Sommerfeld, who had di-
scovered them firstly on a conducting
wire. As may be shown, their number is
equal to N+2, where N is the number
of conductors.Thus the lines presented
in FPig.1 support three principal mo-
des: one of them is former TEM wave
of a screen (a single wire line) slo-
wed by dielectric rod while two others
are principal modes of a rod, pertur-
bed by a screen.

Nevertheless, if one of guided
modes has significantly greater value
of phase constant than all the others,
it is called a dominant one, and the
line may be viewed as a quasi-single-
mode guide.

Analytical treatment, as well as
numerical computations, show that on
circular lines having narrow strip or
slot the dominant modes are of diffe-
rent symmetry families. On strip line
this is a "strip" mode, or quasi-E
which is a principal one, while m
glot line this is a "slot" mode, or
quasi-H__, which has extremely low but
finite cutoff frequency. The latter
tends to zero with narrowing the slot
as 0(1n-10). Below the cutoff slot mo-
de turns into a leaky wave radiating
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to surrounding free space just in the
same manner as any other higher order
mode.

Fig.4 shows the evolution of dlot-
line modes to strip-line ones. Both
quasi-Ege and quasi-Hy, modes are of a
singular nature, as the former does
not exist on a single dielectric core,
while the latter does not exist in a
closed waveguide. With narrowing the
strip or the slot phase constants of
these two modes tend to the same walue
k((e+1)/2) 1/2. Circles and triangles
in Fig.4 represent experimental veri-
fication of this evolution. Disagree-
ment with theoretical curves is due
to the finite thickness of real condw
cting screen. Note that the mode coup-
ling effect takes place again, altho-
ugh its explanation is not so straig-
htforward as for curves in Figs.2,3.
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Fig.4 Evolution from slot-line modes
to strip-line ones on substrate
with &€=2.25, ka=1.T76.

Seeking the eigenfunction of ini-
tial boundary value problem correspon-
ding to the eigenvalue of h , one ob-
taines field structure of the mode.
Fig.5 gives transverse E-field pictu-
res for strip and slot modes on the
small diameter lines.

Fig.5 Transverse E-field structure
for strip mode (8§=10°) and slot
one (O=100). €=2025’ ka=1c5¢




After finding the fields, it is
possible to calculate mode characteri-
stics needed for microwave applicati-
ons. For dominant modes one may intr-
oduce jmpedances in a conventional way
through the longitudinal current over
the strip or the voltage over the slot
related to the total cross-sectional
power of the mode. The results of can-
putations are presented in Figs.6,7.
When comparing them with similar qua-
ntities for another transmission lires
one should remember that strip and
slot mode impedances have different
definitions.
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Figs.6,7. Strip- and slot-mode imped-
ances versus normalized fre-
guency for € =2.25.

Losses in dielectric core are
proportional to the fraction of power
propagating inside the core, while lo-
sses in metal screen are caused bythe
currents on inner and outer surfaces
of the screen (see [4]). With narrow-
ing the slot or the strip the former
tend to a constant while the latter
grow infinitely, as in Figs.8,9. Los-
ses dependenc es versus frequencyshow
a linear growth of dielectric losses
for both types of lines. As for losses
in metal, they grow less rapidly and
even decrease for gtrip line due to
field concentration inside the diele-
ctric substrate.
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FPigs.8,9. Strip- and slot-mode losses
in metal (go0lid line) and
dielectric @ashed line) for
substrate/screen parameters
a=1mm, w=0.1mm(thickness),

6=5.10"7s" 1 (conductivity),
€=2.25(1+1.107%).,
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