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G = s + B lhe: + aB(fos + tex) — koEyylia. (A7)

Variables v1, va,5, 7y3 are roots of characteristic equations in regions
1, 2, and 3, respectively. The remaining constants appearing in the
above equations are given as

Z0 = jwio Yo = jweo (A-8a,b)
55" = sinhqapd  c5® = coshyapd (A-9a,b)
cf3® = cothya pd  thy'"® = tanh v, pd (A-9¢,d)
ct; = cothvyihg cty = coth~ysh; (A-10a,b)

where w is the angular frequency.
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Characterization of Cylindrical Microstriplines
Mounted Inside a Ground Cylindrical Surface

Ruenn-Bo Tsai and Kin-Lu Wong

Abstract—A full-wave analysis for the frequency-dependent character-
istics of a cylindrical microstripline mounted inside a ground cylindrical
surface is presented. Numerical results of the effective dielectric constant
and characteristic impedance for various microstripline parameters are
calculated and analyzed. Strong dispersive behavior is observed for such
cylindrical microstriplines.

I. INTRODUCTION

For many practical applications, microstrip antennas need to be
conformed to curved surfaces. This also makes necessary the design
of conformal microstrip circuits that form the excitation network of
the antenna. This paper presents the study of a microstripline printed
on the inner surface of a cylindrical substrate that is enclosed by a
conducting ground cylinder. This kind of cylindrical microstripline
can find applications in feeding a slot-coupled cylindrical microstrip
antenna [1]. In this case, the energy can be coupled from the
microstripline to the antenna through a coupling slot in the cylindrical
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Fig. 1. Geometry of a cylindrical microstripline mounted inside a cylindrical

ground surface.

ground plane. Such an accurate design of this new configuration of
cylindrical microstriplines is still not available in the open literature,
we present here a full-wave analysis of such a microstripline. The
frequency-dependent characteristics of the effective dielectric con-
stant and characteristic impedance of the microstripline are calculated
and analyzed.

II. THEORETICAL FORMULATION

Fig. 1 shows the geometry under consideration. The microstripline
is assumed to be infinitely long and with a width of w = 2a¢., and
the substrate has a thickness of k(= b—a) and a relative permittivity
of .. Given a narrow microstripline (i.e., w € 27/ ke, k. is the ef-
fective wavenumber), the surface current density on the microstripline
can be approximated by

T (¢, 2) = 2J.(¢)e’"* ¢))
with
— . |#| < ¢
J. am/$3—¢? . 2
<¢>{0,¢ o, @

After expanding the spectral-domain Maxwell’s equations in cylindri-
cal coordinates, we find the Z-component electric field E. (p, n, k.)
and magnetic field Jij »(p, n, k.) to satisfy the following wave
equation:

in region 1 (the inner free-space region)
1.d d 2 oy | = .
[; a (P@) + (ko — kz):|\1!2(p7 n, k) =0 (3)

and, in region 2 (the substrate region)

1 d d 2 2 = _
[p P (pdp> + (erko kz)]\lfz(p, n, k) =0 4)
where \i/z denotes Ez or FNIZ; ko = w/poeo. The field spectral
amplitude is defined as

- 1 T [ . .
Fp, k) = o / / Tlp, ¢, 2)e "I dzdg. (5)

The above spectral-domain wave equations can be solved using the
Green’s function technique. The longitudinal electric field at p = a
is related to the surface current density on the microstripline as (in
the spectral domain) [2], [3]

E.(a,n, k) =GE (a, n, k) J.(n) (6)
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where the spectral-domain Green’s function GZEZJ is the Z-directed
electric field at p = a due to a unit-amplitude z-directed electric
current element at (a, ¢o, zo). The full expression is listed in the
Appendix.

Then, by applying the boundary condition that the microstripline
surface current and the electric field are complementary to each other
at p = a, we can derive

¢a
Ez (a$ ¢, Z>JZ(¢)a’d¢
_¢G,

= > GY(a,n, k) Js(nda)e ™ =0 (7)

n——oo

where Jo(nega) is a Bessel function of the first kind with order zero.
Thus, by seeking the root of the characteristic equation

E GE (a, n, —k)JE(nds) =0 ®)

n=—o0

the effective propagation constant k. and, in turn, the effective
dielectric constant e, 55 = (k./ko)* can be obtained.

As for the calculation of the characteristic impedance of a cylin-
drical microstripline, we adopt the power-current definition [4], i.e.,

Z, =2P/I% 9

where Ip is the total surface current; P is the time-average Poynting
power flowing along the z axis inside the region of 0 < p < b and
can be calculated from

1

b 27
P:§Re[/ (Ex H*)-2pdodp|. (10)
o 0

The asterisk denotes a complex conjugate. Then, by applying Parse-

val’s theorem, the time-average power P of (10) can be expressed
in the spectral domain as

1 & = =
P=EZ(P1+P2)

(11
with
o~ a ~ A~ 1* ~ o~ *
1=/0 (B H” — B I pdp,
BT 2grVY mEg) gD s
= [l e - ek e i,
(12)
2 YO @ _ 5O @)
PQ:/ Wy H —EJH, lpdp,
AR g ps®) g -
= [eE Ve - s e i ap
(13)

) TN O i) o~ i ~ i
where the Green’s functions GEZJ , sz‘]( >, szj ¢ ), and szj( ),
¢ = 1, 2, are given in the Appendix.

III. NUMERICAL RESULTS AND DiSCUSSION

The effective dielectric constant as a function of kob for vatious
curvilinear coefficients is calculated. The curvilinear coefficient R is
defined to be the ratio of inner to outer radii, i.e., R = a/b {2]. A
typical result is shown in Fig. 2(a) and (b) for two different stripline
widths of w/h = 1.0 and 2.0, respectively. The substrate is assumed
to have a relative dielectric constant ¢, = 9.6. Two data points of
a planar microstripline (R = 1.0) with w/h = 1.0 are also shown
in Fig. 2(a) for comparison. It is seen that the obtained effective
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Fig. 2. Effective dielectric constant, €. ¢ ¢, as a function of kob for various

curvilinear coefficients; €, = 9.6, h = 3.04 mm. (a) w/h = 1.0. (b) w/h =
2.0.

dielectric constant is very sensitive to the values of R and kob.
Another interesting result of the dependence of e.; s on the stripline
width is presented in Fig. 3. It is found that €., approaches to the
value of e, for a larger stripline width. For the limiting case that the
stripline width is 2ma, i.e., the geometry becomes a coaxial line, the
value of €55 is found to be the same as .

Fig. 4 shows the results of the characteristic impedance as a
function of kob. Two stripline widths of w/h = 1.0 and 2.0 are
presented. It is seen that the obtained characteristic impedance for
larger values of R approaches the data points of a corresponding
planar microstripline (w/h = 1.0). This gives us confidence in
the numerical results obtained here. It is also observed that the
variation of the characteristic impedance with kob is more sensitive
for smaller values of R, and the variation is also more significant for
the microstripline with smaller width.

IV. CONCLUSION

The frequency-dependent characteristics of a cylindrical mi-
crostripline mounted inside a ground cylinder are obtained by using
an exact Green’s-function formulation. Numerical results show that
the effective dielectric constant and characteristic impedance of the
microstripline are greatly affected by the curvature variation, and
strong dispersive behavior of the microstripline is also observed.
These are important considerations for the accurate design of such
cylindrical microstriplines.
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APPENDIX

There are nine Green’s functions derived for this study. They are

GE’ = E. at p = a due to a unit-amplitude Z-directed current at

(U/, (ZSO . 20 )7

GEZJ Vo= E, in region 7 ({ = 1, 2) due to a unit-amplitude 2-
directed current at (a, ¢o. z0),

szj © = Hy in region i (i = 1,2) due to a unit-amplitude
Z-directed current at (a, ¢o, 20),

szj - E; in region ¢ (i = 1.2) due to a unit-amplitude

() s . .o
GET™ = H, in region i (i =

1
)
1
£-directed current at (a, ¢o, zg)
1
Z-directed current at {(a, do. 20)

, 2) due to a unit-amplitude

whose spectral amplitudes are, respectively, given as

_ Jm (a_ 7_1A2)7

C~;~Ez] s ,k; A
ze (a,m, k:) D ke po

GEI () k) = NG (a 3 7_A2>Mu)
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232
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B (12b) Tn(720) = T (120) HE (120)
It is also noted that A; and As are calculated using a similar
algorithm given in [2], and J,(«) is a Bessel function of the first
kind with order n; Hﬁn(r) is a Hankel function of the first kind

with order n. The prime in the equation denotes a derivative with
respect to the argument.

A,
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Attenuation of the Parasitic Modes in a
Shielded Microstrip Line by Coating
Resistive Films on the Substrate

Young-Hoang Chou and Shyh-Jong Chung

Abstract—In this paper, propagation characteristics of even-symmetric
hybrid modes in a waveguide-shielded microstrip line with the presence of
the resistive films affixed to the two sides of the center strip is investigated.
The method of lines with modifications concerning the inhomogeneity of
the surface between the air and substrate layers is used for analysis. After
a validity check of the analysis by considering two special structures, i.e.,
a microstrip line (R,, = oo) and a coplanar waveguide (R,, =0), the
resistance R, and the width 117, of the film are varied to see the influence
on the propagation and attenuation constants of the dominant mode as
well as the higher-order (parasitic) modes. Optimal combinations of the
resistance and the width are found so that the resistive film has the largest
attenuating effect on the higher-order modes but has no interference with
the dominant one.

[. INTRODUCTION

Microstrip circuits are often enclosed in metal packages to pre-
vent mechanical damage and electromagnetic interferences from the
environment and to provide electrical isolation between different
parts of the circuits. However, these metal enclosures may have
two important influences on the circuit performances. The first is the
proximity effect which occurs when the package wall is close to the
circuit. The second is the coupling between the circuit signals and
the parasitic modes of the housing introduced when the operating
frequency is above the cutoff frequency for higher order mode
propagation [1], [2]. Proximity effect on the characteristic of the
dominant mode can be minimized by the use of an eletrically large
enclosure which, however. can support several propagation (parasitic)
modes. As indicated in [1], the erratic circuit behaviors caused by the
parasitic coupling of these higher-order modes are more important
than the proximity effects. Therefore, it is more desirable to device
efficient ways to suppress the propagation of these modes.

Several possible approaches for suppressing the parasitic modes
were summarized in [3], which included the deformation of the
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