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Fig. 8. (a) Photo~aph of the circuit pattern of the coupler 3-14 on a fine

grained alumina (6, = 9.8) substrate having a thickness of 0.2 mm. (b)

Measured frequency characteristics of the coupler 3-14 in U-band (46–54

GHz).

due to conductor, not dielectric dissipation. Therefore, we assume

that the electrical length has the following complex value:

e=e’–je”

and

G0“/0’ = 0.005 f/f

as determined by experiments in C-band. The theoretical char-

acteristics in Figs. 6 and 7 include the conductor loss. Therefore,

the measured characteristics of the two devices in C-band showed

good agreement with the theoretical ones. The frequency char-

acteristics of the coupler 3-14 in Cl-band are shown in Fig. 8,

together with a circuit pattern. As these characteristics include

three waveguide-to-microstnp trh.nsitions and one matched load,

the measured values in f.J-band were considerably worse than

those in C-band, as shown in Fig. 6.

VI. CONCLUSIONS

Three-dB branch-line couplers with impedanee ranges reduced

to lie within the realizable range of microstrip line were pre-

sented. Couplers with more than four branches are not listed as

they exhibit line impedances exceeding the upper limit of 160 Q.

The impedance ranges in the most practical cases of five- and

six-branch couplers are 52 Q –172 Q and 51 Q –208 Q, respec-

tively. Although only the 3-dB branch-line couplers were consid-

ered here, the design method itself is applicable to branch-fine

couplers with any degree and to various components in millime-

ter-wave IC.
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Characteristic Impedance of an Oval Located

Symmetrically between the Grotmd Planes

of Finite Width

K. V. SESHAGIRI RAO, B. N. DAS, AND A. K. MALLICK

Abstruct —A conformaf transformatiort for the analysis of a transmission

fine with an oval-shaped center conductor symmetrically placed between

two finite ground planes is developed. The formulation is used to ealcnlate
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the characteristic impedances of oval, elliptic, circular, and planar conduc-

tors placed midway between the finite ground planes. Tfte resufts on

im@ance are preSented fOr VtiOUS vafues of ground plane width to
spacing ratios.

I. INTRODUCTION

Analysis of transmission lines having conductors of circular

cross section located symmetrically between ‘infinite ground

planes has been carried out by Wheeler [1] and Crystal [2]. The

analysis of a transmission line having a conductor of elliptic

cross section asymmetrically located between infinite parallel

plates has also been reported [3]. Furthermore, the authors re-

cently developed a conformal transformation for the analysis of

an oval symmetrically located inside a rectangular bo~dary [4].

In the present work, a generalized conformal transformation

using the same mathematical method formulated by the authors

[4] is developed for the analysis of ? transmission line with an

oval-shaped center conductor located symmetrically between two

parallel planes of finite width. This generalized formulation is

then used to determine the characteristic impedances of elliptic,

circular, and planar conductors between these two finite ground

planes.

The parametric equations that describe the oval-shaped

boundary are obtained from the conformal tr~sformation. The

numerical data on the characteristic impedances for the above

cases are presented.

II. GF!NERAL ANALYSIS

Consider a center conductor that is in the form of an oval

placed symmetrically between two finite parallel planes as shown

in Fig. l(a). From the results of the field distribution in the

cross section of the stripline available in the literature, it is found

that the field intensity on the ground plane decays very fast with

an increase in distance from the center of the strip [8]. When the

distance of a point from the center of the strip is 2.5 times the

ground plane spacing, the field intensity decreases to 1 percent of

its maximum value. Hence for ground planes having width equal

to 2.5 times the ground plane spacing, the field intensity at the

open end can be neglected for all practical purposes. It can,

therefore, be assumed without appreciable loss of accuracy that

for the scalar potential function 0, d@/dn = O along AB, BC,

EF, and FG of Fig. l(a). This is tantamount to the assumption

that in the case of center conductor symmetrically located be-

tween the ground planes, the flux line symmetric with respect to

the ground planes has a right angle at the corner. The Schwarz-

Christoffel transformation that transforms the hatched portion of

Fig. l(a) into the upper half of the t-plane in Fig. l(b) is, hence,

given by [5]

[
Z=CI AF(sin-ltlm)–

J&

where Cl, Cz, i, m, and a are constants, and

(l-m)

‘=(l-ma’)’ ‘<m<]

+C2 (1)

and F is an incomplete elliptic integral of the first kind of a given

argument and modulus [6].

The expressions for the constants Cl, C2, A, eccentricities el

4 iY
Z-Plane

(a)

(b)

(c)

+h W-Plane

Fig. 1. Conformrd representation of a transmission line with aa oval-shaped

center conductor between ground planes of fioite width.

and ez, rl, and r2 of Fig. l(a), the b/a ratio as well as the

par~etric equations representing the curved boundary are of

exactly the same form as those derived by the authors in the

previous paper [4].

From numerical evaluations it is found that the parametric

equations represent an ellipse for the values of b/a ranging from

0.2 to 0.5 and 0< maz <0.99. For 0.99< ma2 <1, the boundary

of the center conductor assumes the form of an oval. A linear

transformation of the form t’= t/a is used to transform the

upper half of Fig. l(b) to the upper half of Fig. l(c) [7].

The transformation of the upper half of Fig. l(c) into a parallel

plate of Fig. l(d) is given by [3], [4], [8]

JW’=u+jv=C3 “
dt’

+ cd
0 I(1 - t“)(l- mazt”)

=C3F(@lma2)+C4 (2)

where

t’=sin@.

From the substitution of the coordinates of the points A, C, E, G

in t‘and W’ planes the transformation takes the form

( _~t–F sin ; ma2

W=u+ju=
1) +j

K(ma2)
gy::; (3)

where K( m a2 ) and K( w a2 ) are complete elli tic integrals of the

+first kind with the modulus &a and 1 – ma , respectively,

and

V.=
K’(ma*)

K(ma2)
(4)
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Fi~. 2. Variation of the characteristic imDedance of a transmission line as a

?unction of conductor dimensions.(—-——— a/b = 2.0; — - .— a/b =

2.5; x X x X a/b= 3.3; aud —a/b a 5.0.)

Fig. 3 Variation of the characteristics impedance of a stripline having finite

ground planes as a function of w/b with a/b as parameter. (———— a/b
=2.0; —. —. —a/b=25; XX XXa/b=3.3; md—a/b>5.O.)

III. CHARACTERISTIC IMPEDANCE

The characteristic impedance of the line can be found from the

formula

(5)

For a given impedance of the line, the parameter m a2 can be

found out from (5). Then for the known value of b/a and value

of m a2 obtained above, the value of m can be determined from

Fig. 4. Variation of the characteristics impedance of a transmission line with

circular center conductor between finite ground plarres as a function of the

radius with a/b as parameter. (A AAAa/b = 2.0; a/b = 2.5; x x X x
a/b = 3.3; and —a/b > 5.0.)

the following equation:

K(g) F(sin-lalm)

b=
+ ~ [K(g)– F(sin-’~=i[g)] K’(m)

— (6)
a K’(g) F(sir-lalm)

+ IC[K(g)– F(sit-ld-lg)] K(m)

where

K (compression ratio)= ~ (Fig. l(a)).

After knowing the value of m, a can be found from the value of

m a2 which is already known from (5). The data on the character-

istic impedance are presented in Fig. 2 as constant impedance

contours for various values of a/b (2 to 5). The variation of the

characteristic impedance with the dimensions of the center con-

ductor with a/b as parameters is presented in Figs. 3 and 4 for

the cases of both planar and circular conductors respectively.

IV. CONCLUSIONS

The results presented in Fig. 2 reveal that as the ratio of

ground plane width to ground plane spacing ( a/b) is less than 2,

some difference between the results obtained by the present

method with those for infinite approximation a/b ~ cc is ob-

served. This difference is more pronounced for a planar strip

conductor parallel to the ground planes having widths corre-

sponding to impedances around 50 S2and less. The above planar

strip is the one of a degenerate ellipse with its major axis parallel

to the ground planes. This deviation reduces as the eccentricity

becomes zero. Further, it is also not noticeable for an elliptic

conductor with its major axis perpendicular to the ground planes.
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Spectral Domain Anaiysis of Interacting Microstrip

Resonant Structures

ARVIND K. SHARMA, MEMBER, IEEE, AND BHARATHI BHAT,
SENIOR MEMBER, IEEE

Abstract —An analysis of the interacting microstrip resonant structures,

namely, the haff-wave coupled and the quarter-wave coupled rectangular

microstrfp resonators is performed with the hybrid-mode formulation of the

spWtr~ domain technique. The resonant frequencies in the even and odd

resonance modes are evafuated from the numerical solution of the char-

acteristic equation. Results agree within ~ 1.5 percent of the experimental

values.

I. INTRODUCTION

Among various types of interacting resonant structures in

microwave integrated circuit applications, the half-wave coupled

and the quarter-wave coupled rectangular rnicrostnp resonators

are extensively used as network elements. In such structures, the

propagation of waves is described in terms of the even and odd

modes [1]. There is some difference between the even- and

odd-mode phase velocities at lower microwave frequencies, but,

as the frequency of operation increases, the divergence in the

even- and odd-mode phase velocities becomes quite significant.

In directional couplers, this causes degradation of match, direc-

tivity and isolation. It causes spurious response and reduces the

operating bandwidth of filters. There have been many attempts,

in the past, to investigate the effect of unequal phase velocities

and to achieve their equalization [2]–[4].

In the above eontext, the study of interacting rectangular

microstrip resonators assumes considerable importance. The early
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Fig. 1. Interacting rectangalra’ microstrip resonators: (a) half-wave coupled
parallel rectangular snkrostrip resonatoc (b) quarter-wave coupled parallel
rectangular microstrip resonator.

experimental work by Easter and Ritchings [5] provide some

background information to assess the predictability of resonant

frequencies in the even and odd resonance modes of a quarter-

wave coupled rectangular microstrip resonator. An exact analysis

of interacting resonant structures has been considered intrinsi-

cally difficult [6] and, therefore, there has not been any attempt

to determine the resonant frequencies of the abovementioned

structures. Consequently, various attempts to alleviate the effect

of unequal phase velocities on the performance of the directional

couplers and filters utilized the available information on the

coupled microstrip lines.

In this paper, we have utilized the hybrid-mode formulation in

the spectral domain to analyze these resonant structures. The

divergence in the even- and odd-mode phase velocities of the

abovementioned structures is thus determined in terms of their

resonant frequencies.

II. ANALYSIS

The interacting rectangular microstrip resonant structures in a

shielding waveguide configuration are shown in Fig. 1. The basic

building block in each case is a rectangular microstrip resonator

of length 21 and width 2w. The shielding waveguide has dimen-

sions 2a and d + h. The dielectric substrate of relative permittiv-

ity c, has thickness d above the ground plane.

In the spectral domain analysis of the structure [7]-[11], the

Fourier transform of the dyadic Green’s functions are related to

the transforms of the current densities on the conductors and the

electric fields in the region of the interface complementary to the

conductors, via the equation
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