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Fig. 4. Four-section power divider tested experimentally. (a) Air triplate line

configuration. (b) Outside view.

band divider composed of four sections should be designed. The

characteristic impedances of those line sections are limited by extreme

impedances Zo~i. and ZO~.X, which are assumed freely at the

beginning of the design process [8]. Undoubtedly, that opportunity

makes their realization easier. Moreover, in the analysis of the even-

and odd-mode two-ports, only one type of step discontinuity has to be

taken into account. It is justified by the fact that they are equivalent

to each other. The compensation of these discontinuities can be

achieved by means of the conventional techniques, for instance, as

described in [12], [14], and [15]. Also, the parasitic shunt reactance

of the isolating resistors can be easily included, in the analysis

of the odd-mode two-ports. In the first approximations, they are

connected in parallel with the half-resistances being sought [see

Figs. l(c) and 2(c)]. The effective two-stage optimization procedure

for calculating the isolating resistors is proposed. Presented numerical

and experimental results confirm the validity of the proposed design

algorithm and indicate that microwave dividers of this type may be

adequate for some practical applications.
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Field Distributions in Supported Coplanar

Lines Using Conformal Mapping Techniques

N. H. Zhu, E. Y. B. Pun, and F’. S. Chung

Abstract— We use confornud mapping techniques to derive the an-
alytical expressions for calculating the field dktributions in supported
coplanar tines. Our calculations agree well with the results obtained
using the point matching method. Our method is an extension of the

approximate technique proposed by Veyres and Hmma [11,and provides
an accurate and fast calculation of the field distributions. Thk method
can be extended to the analysis of other coplanar tines widely used in
monolithic microwave integrated circuits (MMIC) and optical integrated
circuits (OIC) applications.

I. INTRODUCTION

Coplanar lines have been investigated extensively in monolithic

microwave integrated circuits (MMIC’ s). The quasi static analyzes

of various coplanar lines are well studied using the conformal

mapping techniques [1 ]–[8]. The efforts have been directed mainly

toward deriving the approximate analytical formulas for quasistatic

parameters, such as effective dielectric constant and characteristic

impedance. The point matching method [9] can be used to calculate

the field distributions. Unfortunately, its solutions display serious
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Fig. 1. (a) Parallel plate capacitor, (b) and (c) two resolved paratlel plate
capacitor with magnetic or electric wrdls only.

oscillations at the electrode plane. The field distributions can be

calculated using the well-known numerical methods, such as the

finite element method, the method of lines, and the boundary element

method [10]. However, the analytical solutions are more attractive

for the engineers engaged in the CAD of MIC’S and MMIC’S. In

this paper, we derive, for the first time, the analytical expressions for

the field distributions in two typical examples of supported coplanar

lines. The analytical results agree well with those obtained using the

point matching method [9].

II. FORMULATION

Let us first consider the parallel plate capacitor shown in Fig. l(a).

Because the dielectric interface is a magnetic wall, this structure can

be divided into two parallel plate capacitors, as shown in Fig. l(b)

and 1(c). The electric fields of the three structures are identical, and

can be expressed as ~ = – aY C#IO/d where ii~ is the unit vector in the

y direction, C$Ois the applied voltage, and d is the distance between

the two parallel electrodes. From the solutions of the two resolved

structures, the electric displacement in Fig. 1(a) can also be written as

Hence, the same electric field can be obtained since the structure

shown in Fig. 1(a) can be divided into two parallel structures.

Next, we consider the coplanar waveguide (CPW) on two-layered

dielectric substrate as shown in Fig. 2(a). If the supporting material

is replaced by air, this structure is reduced to the coplanar waveguide

with finite substrate thickness. Based on the assumptions made

in [1], the structure can be investigated by resolving it into two

configurations as shown in Fig. 2(b) and 2(c), with magnetic or

electric walls only. By successive conforrnal mapping procedures,

the field distribution produced by the structure in Fig. 2(b) can be

written as

j = -~[dzIm(dW1/dZ) + dvRe(dW~/dZ)]a (2a)

where

kl = sinh(ma/2h)/ sinh(mb/2h), (2b)

k; =+ –k;, (2C)

dW1 /dZ =
(rr/2h) cosh(~Z/2h)

(2d)
sinh(rra/2h) 1 – Z:)(1 – k~Z~) ‘

21 = sinh(xZ/2h)/sinh( rra/2h) (2e)

L“ ( k) is the complete elliptic integral of the first kind, d. and dv

are the unit vectors in the r and y directions, respectively. The field

produced by the structure shown in Fig. 2(c) can be expressed as [11]

I

C,9 $401
0 ---------------— ~

%2 ,, Ih

~,3 Ill

(a)

o

%+,3
.........E.’4?GEEA

(b)

~r3 M~gnetic ‘walls

(c)

Fig. 2. (a) Supported coplamu waveguide, (b) and (c) two resolved structures
for calculating the field distributions.

where

k = afb, (3b)

(l/a)

‘W’dz = /[1 - (z/a)’][1 - (z/b)’] “
(3C)

Because the dielectric interface at y = – h is not a magnetic wall,

we assume that the field produced by the structur~ shown $ Fig. 2(a)

can be obtained approximately by combining E. and Eb linearly,

that is

where CL, ~~ denotes the effective dielectric constant

half-plane, and

A-(k,)k’(k’)
‘Ldf = ‘,3 + (6,2 – G3) K(k~)Ii”(k) “

(4a)

of the lower

(4b)

If the term (eL,ff – G3) is replaced by (cT2 – crs), the continuity

of the normal displacement is satisfied at y = —h, but the difference

in tangent electric fields at the interface becomes larger, and this

will lead to poorer accuracy. Since the interface at v = —h is not

a magnetic wall, CL~~~ is used instead of C,Z in our approximation.

Although the solution does not strictly satisfy the boundary conditions

at Y = O and Y = – h, the field variation tendencies toward the
limitation of the structure parameters and dimensions are reasonable.

Let 52 and I& indicate the fields in domain II and III. From the

properties of ~a and fib, it follows that this solution will satisfy the

following requirements:

1) Ez = O and EV # O on the electrodes.

2) Ex # O-and EV = O in the gaps.

3) – j;: Edl=q$O.

4) When h 40 or @ ~ ~s,$z ~ ~b and k~ + tib.

5) When h --i CO, E2 -+ Eb.

6) When c,2 d co, 22 h J!?band & -+ O.
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Fig. 3. Field distributions in (a) the % dkection and (b) the y direction for coplanar waveguide with the following parameters:

a = 0.25 mm, b = 0.45 mm, h = 0.2 mm, c,l = 1, C,Z = 20, and e.s = 10. Dashed line: the point match method; solid line: the present method.
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Fig. 4. Same as Fig. 3 but for the coplanar strips with
and +3 = 10.
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the following parameters: a = 0.25 mm, b = 0.75 mm, h = 0.2 mm, erl = 1, C,Z = 12.9,

The integration path starting from an arbitmry point XG on the which

ground conductor and ronning to an arbitrary point xc on the center

electrode can be arbitrarily chosen in domain I and II. For the
CLeff = ~r3 + (cr2 — c,3 )

11-(ki)Il-(k)

supported strips (CPS), the field can be obtained from (4a), but in K(kl)K(k’)’
(5a)
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~ = &[-Fi.Re(dW’I/dZ) + iiuIm(dlJ’l/dZ)], (5b)L1

kl = tanh(ira/2h)/ tanh(nb/2h), (5C)

dW1/dZ

(~/2h)—

tanh(rra/2h)c osh2(nZ/2h) ~(1 – Z~)(l – k~Z~) ‘

(5d)

Zl=tanh(nZ/2h )/tanh(ma/2h), (5e)

~~ = &[-& Re(cZW/dZ) + i& Im(cZW/dZ)]

(5t-)

k anddlV/dZ aregiven in(3b)and (3c), andk’ = <~.

III. RESULTS

Onr analytical expressions are applied to the supported coplanar

waveguide considered in [5] andcoplanar strips. The computed field

profiles are plotted in Figs.3 and 4. The results obtained using

the point matching method [9] are also given in the figures for

comparison. The series expansion including 400 terms is used and the

calctrlated domain is 10 mm. From Fig. 3, onecansee that the results

forthecase~= –0.3mmare notgood. However, this isunimportant

because only the fields near the electrode gaps are of interest for

the practical applications. In Figs. 3 and 4, the results at v = O

obtained by the point matching method are not included because of

the serious oscillations. The case g = –h is not calculated since the

normal electric field is not continuous. The comparison shows that

the proposed analytical expressions give excellent descriptions for the

field distributions, even for the case when the coplanar waveguide has

a large dielectric difference between the substrate and the supporting

material.

IV. CONCLUSION

h summary, we have derived analytical expressions forcalculat-

ing the field distributions in two typical supported coplanar lines,

including coplanar lines with finitely thick substrate. This method

provides an accurate, simple and fast approach to calculating the

field distributions in coplanar lines. Calculated results agree well

with those obtained using the point matching method. Although

only symmetric coplanar waveguide and coplanar strips have been

discussed, our method can also be applied to the analysis of other

coplanar transmission lines, such as covered supported coplanar

waveguide, overlayed coplanar waveguide [5], and modified coplanar

stnpline [7]. Using the coordinate transformation [11], this method

can be extended to analyze the coplanar lines fabricated on anisotropic

substrate, which are widely used for integrated optical devices [12].

Hence the present methods are very useful for MMIC and other

similar applications where field distributions are essential.
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Network Representation and Transverse

Resonance for Layered Chirowaveguides

Xu Shanjia and Du Kai

Abstract-This paper presents an equivalent network method for

dispersion analysis of general chirowaveguides. First, wave propagation
in each homogeneous layer is represented by two pairs of transmission
lines, the matrix wave impedance is defined. Next, the transformation
properties of the input impedance are established. It is then demonstrated
that the transverse resonance condition involving the previously obtained
matrix impedance leads to the dispersion equation for the wavegnides.
The numerical results show that this network approach is feasible and
practicable.

I. INTRODUCTION

In recent years, anumber ofpapers have appeared in the literature

[1]-[5] attaching different tindsof chirowaveguides and the guided

wave properties in these new waveguides. Creative use of chiral

material, especially for integrated circuits, has been envisioned. The

multilayered planar chirowaveguides will become the building block

and thus is the foundation for analysis of a large class of chiral

guided wave strictures. Inouropinion, theexisting methods are not

general enough to enable the interested worker in the microwave and

millimeter-wave areas to readily solve for the propagation constant
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