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Abstract

A hybrid mode analysis of the coupled

microstrip-coplanar lines was done, and
the transmission and reflection charac-
teristics at each port of the lines were
calculated. Applying the coupling
characteristics of these lines, a double-

sided and miniaturized VCO was made.

Introduction

To miniaturize radio communication
equipment to make it portable, one of the
most effective ways is to use double-sided
integrated circuits. An example of a
double-sided IC is the microstrip-slot
line directional coupler proposed by
F.C.de Ronde in 1970 (l). However, the

uses of the coupled microstrip-slot lines
are very limited because devices cannot be
connected in series to a slot line. We
then developed the coupled microstrip-

coplanar lines, which can be connected
with devices either in series or parallel.

This is the desired situation for develop-
ing a double-sided IC for use in
miniaturized radio equipment. In this
paper, we analyze the characteristics of
the coupled microstrip-coplanar lines,
apply it to a VCO module, and confirm a
prototype module through actual operation.
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Fig. 1 Coupled microstrip-coplanar
lines arranged in a shield
case
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Eigenmode Analysis of the Coupled
Microstrip-Coplanar Lines

Fig.1 shows a shielded three-layer
dielectric structure in which coupled
microstrip-coplanar lines are arranged.
In these coupled lines, the impedance
matrix is given as :

The eigenvalues for the impedance

[z] and orthogonal eigenvectors
spending to the eigenvalues are :
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Fig. 2 Eigenmode excitations

Fig. 3 Excitation of coupled lines
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The eigenvalues are referred to as even-
like and odd-like mode impedances Ze and
Zor respectively. The reflection and
transmission coefficients under each
eigenmode excitation shown in Fig.2 are :

Zx(z2-zl)+j(Z~
R=

-xlz2)tanex
. (5-a)

x Zx(z2+z1)+j(zj +z1z2)tanex

2zx~/cosOx
Tx = (5-b)

Zx(z2+z1)+j (Z:
‘zlz2)tanex

Using the
reflection
under any
under the
given as :

x=e,o

superposition principle, the

and transmission coefficients

type of excitation, such as

condition shown in Fig.3, are
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Calculation of Parameters

To obtain dispersion characteristics of

the type of structure shown in Fig.1, we
employ the “spectral domain” method (2),

(3),(4),(5). Let the electrical and the
magnetic potential functions be @~(x,Y)
and O;(X,Y) (i=l,2,3)r respectively.
These scalar functions satisfy the
Helmholtz equation. To transform the
Helmholtz equation into the spectral
domain, we introduce the following Fourier

integral :

J
L

@;’h(kn,y)= @~’h(x,y) EXP(jknx)dx. (7)
-L

Solving the transformed Helmholtz
equation, the following potential func-
tions are obtained :

@~ (kn,y)=AsinhylyFe (kn)

@~ (kn,y)=Dsinhy3 (hl+h2+h3

@~(kn,y) =EcoshYlyFo(kn)

@~(kn,y)=[BsinhY2 (hl+h2-y)+CcoshY2
(hl+h2-y)]Fe(kn)

y)Fe(kn)

(8)

@)kn,y)=[=hy2 (hT+h2-Y
(hl+h2-y

+Gsinhy
]Fo(kn)2

@:(kn,y)=Hcoshy3(h1+h2+h3-y)Fo(kn)

where Fe(kn)=\~Lcos (knx)EXP(]knx)dx

Fo(kn)=~ELsin(knx)ExP(jknx)dx

kn=(n+0.5)m/L

Taking into account the boundary condi-
tions at the interfaces y=hl and y=hl+h2,
the unknown constants are determined and
the following set of coupled equations can
be obtained :

In Eq.(9), 1x1 and Izl are the transformed
current densities and Exl and Ezl are the
electric fields at y=hl, while 1x2, 122,

Ex2 and Ez2 are the same parameters at

Y=hl+@i ~pl,;ye Eq.(9), we expand
Ixi, into a finite series
using a complete set of basis functions,
as shown in the following equations :

Ixi = ~l~~~)sin(lflx/Wi):even mode(10-a)

Izi =
~l(s~)p2(l-l)(xzwi)

and

~l$)sin(l~x/wi)

(lO-b)

I=
xi

:odd mode(ll-c)

Izi =
~l~h~)p2 (1-~) ‘Xiwi)

(l I-d)

Where Pn(x/Wi) (i=l,2) is Legendre’s
polynomial. Applying Galerkin’s method
and Parseval’s identity, the following
equation can be obtained- :

.

=0
(12)

,.
where K~;l = !~Ix,lGijIx,m -

nz z

From Eq. (12), the propagation constants
can be calculated.
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Fig.4 shows electric fields under both
eigenmode excitations. From the configu-
ration of the electric fields, we define
the characteristic impedances correspond-
i ng to the eigenmode excitations, such
as :

Ze = 4P ~Ve i I(l+p)2 (13-a)

Z. = v(l+l/p)2 / 4Pave (13-b)

P
ave ‘ 1’2ReJl

E x H?a dxdy (13-C)

i
I(l+p)= ~:2 IZ2 (X) dx (13-d)

J

hl + h2
v(l+l/p) = ~1 Ey(O,y) dy . (13-e)

AS hybrid mode calculation for z12 is

difficult, we determine it using TEM
approximate ion.

Fig. 5 shows an example of the coupling
characteristics calculated using this
method.
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Fig. 4 Electric field distribution
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Fig. 5 Calculated coupling

characteristics
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VCO Using Coupled Microstrip-cc)planar

Lines

We fabricated a small size VCO for a

900 MHZ band using the coupled microstrip-
coplanar lines. The signal generated by
the oscillator on the main plane of the
substrate is fed to the buffer amplifier
on the opposite side. This is done by
using the coupling characteristics between
the Ag/4 microstrip resonator and the
coplanar line which face each other
through the substrate. A hybrid Vco
circuit made for trial is shown in Fig.6.
With dimensions of 15x22x12 mm, its output
power was O dBm at VCC=5.5 V. The
measured characteristics of oscillating
frequency versus tuning voltage were about
7 MHz/V, while C/N ~ 70 dBc (typically 73
dBc at offset frequency=25 kHz, bandwidth=
15 kHz). Fig.7 shows the oscillating
characteristics of the VCO fabricated for
trial.
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Fig. 6 Trial VCO circuit using coupled
microstrip-coplanar lines

I -r4

Fig. 7 Oscillating characteristics
of VCO fabricated for trial
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Conclusions

A new coupling configuration incorpo-
rating two transmission lines to form both
sides of a substrate, termed coupled
microstrip-coplanar lines, was developed.
A hybrid mode analysis of the coupled
microstrip-coplanar lines was done, and
the coupling characteristics were applied
to a VCO module to facilitate miniaturiza-
tion of components. Judging by the VCO
module’s performance and size, we
concluded that the method for miniaturiza-
tion mentioned in this study is effective.
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