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ABSTRACT

This paper presents a full-wave solution for the characteristics of cylindrical microstrip open-end

discontinuities.

Numerical results are obtained using the exact Green's function in a moment-method

calculation. Results for the frequency-dependent reflection coefficient from the open-end discontinuity
are presented, and the equivalent terminal conductance and capacitance for the open-end discontinuity

are also evaluated and discussed
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I. Introduction

The study of cylindrical microstrip discontinuities
is important for applications involving microwave and
millimeter-wave integrated circuits on cylindrical
surfaces. Such cylindrical microstrip circuits can be
used as feeding circuitry for cylindrical microstrip
patch antennas (Ke and Wong, 1994) employed on
high-speed aircraft and missiles. Recently, many stud-
ies treating microstrip discontinuities on planar geom-
etries (Alexopoulos and Wu, 1994; Harokopus et al.,
1991; Kobayashi and Sekine, 1991; Yanget al., 1989;
Jackson and Pozar, 1985) have been published; how-
ever, very scant information is available in the litera-
ture on cylindrical microstrip discontinuities. In this
paper, the analysis of a cylindrical microstrip open-end
discontinuity is presented. A rigorous full-wave analy-
sis using a Green’s-function formulation is performed,
and the results are calculated using a moment-method
calculation. The reflection coefficients from the open-
end discontinuity for different curvilinear coefficients,
defined as the ratio of the inner to outer radii, i.e..R=a/
b (Alexopoulos and Nakatani, 1987), are calculated.
Results for a larger value of R are also compared with
that of a planar open-end discontinuity (Alexopoulos
and Wu, 1994) to ascertain the numerical calculation.
The equivalent terminal conductance and capacitance
at the open-end discontinuity are also evaluated and
discussed.

Il. Theory

Figure 1 shows the geometry of a cylindrical
microstrip open-end discontinuity. The microstrip line
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Fig. 1. The geometry of a cylindrical mictostrip open-end discon-
tinuity.
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with width W has an open-end discontinuity at z=0
and is of infinite length in the -Z direction. The cy-
lindrical grounded substrate has a thickness & (=b-a)
and a relative permittivity £,. The outer medium is air
with permittivity &, and permeability ;. To begin
with, the current density on the microstrip line is
modeled. For the current far away from the open-end,
a traveling-wave of the form J (¢,z)=2f@)exp(-jBz)
is assumed, where B is the effective propagation
constant of the microstrip line with infinite length,
and f(¢) is chosen to be uniform. This assumption
is adequate when the width and substrate thickness
of the microstrip line are much less than the operat-
ing wavelength (Jackson and Pozar, 1985; Yang
et al., 1989). In this case, the propagation con-
stant, B, which is required for the solution of an open-
end microstrip line, can be solved for by imposing a
boundary condition that the electric field must vanish
on the microstrip line. Thus, B can be obtained by
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where G, (b, p, B), a Green’s function in the spectral
domain, denotes the Z-directed electric field at p=b due
to a unit of z-directed current at (b, ¢, z), and f (p)
is the Fourier transform of f(¢); Héz)(x) is a Hankel

function of the second kind with order p, and J,(x) is
a Bessel function of the first kind with order p. The
prime in the equation denotes a derivative with respect
to the argument.

Next, the current density near the open-end is
modeled as (Yang et al., 1989; Jackson and Pozar,
1985)

T (9.2)=2f(9)g(z) (C))
with
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where I'is the reflection coefficient from the discon-
tinuity at z=0; g(z) is a piecewise sinusoidal basis
function chosen to represent currents that are the higher-
order propagating modes;/, are the unknown expansion
coefficients for the PWS function, and d is the half-
length of the PWS mode. The sinusoidal functions of
Eq. (7), chosen to be several (m/2) circles in length
(Jackson and Pozar, 1985), represent the incident and
reflected traveling waves of the fundamental propaga-
tion mode.

To solve for the unknown expansion coefficient,
I,,, the boundary condition that the electric field on the
microstrip line must be zero is again applied, which
yields
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In the equations above, g, , fs ,and f, are the Fourier

transforms of g,, fi(Bz), and f,(Bz+7/2), respectively,
and are given as
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Then, by following Galerkin’s procedure des-
cribed in Jackson and Pozar (1985), the integral
equation in Eq. (8) can be converted into a matrix
equation:
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By solving Eq. (12), the reflection coefficient I" and
the coefficients 7, for the PWS expansion functions can
be obtained. Once I is calculated, an open-end ad-
mittance Y can be defined as

Y 1-I

ST (1)~

(16)

where Z; is the characteristic impedance of the
cylindrical microstrip line and can be calculated
using the theoretical approach described by Alex-
opoulos and Nakatani (1987); G is the open-
end conductance, and Cj is the open-end capacitance. .
That is, the open-end discontinuity can be charac-
terized by an equivalent circuit with a terminal con-
ductance and a terminal capacitance as shown in
Fig. 2. The conductance accounts for the radiation
and surface wave losses, and the capacitance is due
to the fringing electric field at the open-end. Results
of the reflection coefficient and the open-end admit-
tance for a cylindrical open-end microstrip line
with various parameters have been calculated and
analyzed.

lll. Numerical Results and
Discussion

Figure 3 shows the reflection coefficient magni-
tude at a cylindrical microstrip open-end discontinuity
with different curvilinear coefficients. In the calcu-
lation, four PWS functions in Eq. (6) and six cycles
of the sinusoidal functions in Eq. (7) were used for the
expansion of the current on the microstrip line, which
results in good convergent solutions. From the results,
it is found that the curvature effect on the reflection
coefficient magnitude is significant. Itis also observed
that the reflection coefficient magnitude decreases when
the curvature increases (i.e., the value of R decreases).
However, as for the phase of the reflection coefficient,
the obtained results show very small variations for
different values of R and are not presented for brevity.

Figure 4 shows the results of the equivalent ter-
minal conductance for an open-end microstrip discon-
tinuity with R=0.8. The planar results (Alexopoulos

Fig. 2. The equivalent circuit of the cylindrical open-end microstrip
line shown in Fig. 1.
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Fig. 3. Thereflection coefficient magnitude at a cylindrical microstrip

open-end discontinuity; £,=9.9, A=0.635 mm, W=0.635 mm.
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Fig. 4. The terminal conductance of an open-end cylindrical
microstrip line; €,=9.9, A=0.635 mm

and Wu, 1994) are also shown for comparison. Dif-
ferent microstrip-line widths of W/h=0.6, 1.0, and 1.4
are presented. It is seen that the terminal conductance
is larger for a cylindrical open-end microstrip line, as
compared to the planar case, which suggests that the
radiation and surface wave losses at a microstrip dis-
continuity increase when the curvature increases. The
results for the terminal capacitance are presented in
Fig. 5. It is found that the curvature decreases the
terminal capacitance at a microstrip open-end discon-
tinuity.

Finally, it should be noted that only the results
for operating frequencies up to 20 GHz have been
presented here. For higher frequencies, the wavelength
of the wave propagating on the microstrip line becomes
comparable or greater than the microstrip-line width
and the substrate thickness. In this case, the ¢ -directed
current on the microstrip line should be considered, and
the theoretical formulation and numerical computation
will become much more complicated.

IV. Conclusions

The frequency-dependent’ characteristics of a
cylindrical microstrip open-end discontinuity have been
studied using full-wave analysis and moment-method
calculation. The reflection coefficient, terminal con-+
ductance, and terminal capacitance for different stripline
parameters have been calculated and discussed. Sig-
nificant curvature effects on the characteristics of the
cylindrical microstrip discontinuity have been observed.
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Fig. 5. The terminal capacitance of an open-end cylindrical microstrip
line; €=99, h=0.635 mm.

The accuracy of the theoretical results has also been
checked, in a limiting case, with good agreement
with the solutions of a planar open-end discontinuity
case.
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