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ABSTRACT

A new coplanar-waveguide coupled struc-
ture is proposed by incorpotating a backed
conductor on the other side of the substrate.
For this new coupled structure, the effective
dielectric constants as well as the characteris-
tic impedances of the odd and cven modes are
calculated by the spectral-domain method. In
this study, the proposed coupled structure is
characterized by carefully examining the ve-
lated coupling coeflicient. and the associated
field distributions.

INTRODUCTION

The coplanar waveguides (CPW) receive
much attention recently due to the merits of
easy in connecting shunt and series compo-
nents. One disadvantage of conductor-hacked
coplanar waveguides is the unwanted leakage
phenomenon associated with the parallel-plate
transmission line structure. In this study, the
coupling cffect due to finite-width backed con-
ductor is ntilized to transfer the power between
two coplanar waveguides so that a new coupled
structure may be implemented.

Various coplanar-waveguide coupled struc-
tures have been proposed. The broadside-
coupled coplanar-waveguide structures have
the merits of tight coupling and high eflec-
tive dielectric constant ratio [1]-[2], but these
structures are only compatihle with multilayer
MMIC techunology. Bdge-coupled structures
could not achieve tight coupling as the pre-
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g, 1.
coplanar-waveguide coupled structore. (w
Lmm, ¢ = 0.bmm, ¢ = 2.5, h = 0.635mm,
hi = liy = 60mm, a = 1000mm).

Cross secilon of conductor-backed

vious oncs but the whole structures are on the
same plane [3]-[1]. In this study, a new cou-
pled structure which makes usc of a backed
conductor to couple two coplanar waveguides
on the same side of the substrate is proposed
and examined.

FORMULATION

Consider a symmeiric conductor-backed
coplanar-waveguide coupled structure as shown
in Fig. 1 in which a backed conductor of
width [ is introduced in the other substrate
side of two coplanar waveguides. Two copla-
nar waveguides have identical strip width w
and slot width s, and the dielectric constant
and thickness of the substrate are €, and ft, re-
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Iig. 2. EFlectric field distributions for odd and
even CPW modes.

spectively. The coupling mechanism is mainly
conirolled by the width L of hacked conduc-
tor (Fig, 1). To simplify the analysis, our
coplanar-waveguide coupled structure is en-
closed by a conducting box.

Althongh many fundamental modes may
be supported by the multi-conductor systen
(Fig. 1), we arc mainly concerned with the
odd and even CPW modes with field distribu-
tions as shown in'I'ig. 2. These two modes are
respongible for the coupling mechanism associ-
ated with two coplanar waveguides. By using
the spectral-domain method, the oflective di-
electric constants .5, as well as characteristic
impedances Z, of odd and even CPW modes
are calculated, from which the coupling char-
acteristics of the slructure may he examined,

NUMERICAL RESULTS

Fig. 3 shows the cffective dielectric con-
stants and characteristic impedances of odd
and even OPW modes, as well as the related
coupling cocflicient C' under the condition of
I, = 0. Without backed conductor on the other
side of the substrate, the cffective diclectric
constants of the two modes are almost iden-
tical as ¢ > Hmm, and the coupling cocfficient
is smaller than -50dB when d > Smm, showing
that the coupling between two coplanar wave-
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TMig. 3. [iffective diclectric constants, char-
acteristic impedances of odd and even modes,
and related coupling coefficient (L = 0),

guides is not significant.

For the case with d = 5mm, and the width
I. of backed conductor varying from 2mm to
12mm, the resulds lor ¢q5, Z, and (! are shown
in Fig. 4. For L > &mrn, the backed conduc-
tor under the substrate is wide enough to cover
the two transmission lines, and this makes the
difference between the two c¢.py become ob-
vious. With obvious difference between the
characteristic impedances Z,, the coupling co-
ellicient reaches -12dB as L > 9mm, much
larger than the case of 7, = 0. For this case
of I, > 9mm, the two conductors of widths
d and L may be regarded as a parallel-plate
transmission line and the coupling effect asso-
ciated with the TEM wave hecomes significant.
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Fig. 4. Effective dielectric constants, char-
acteristic impedances of odd and even modes,
and related coupling coeflicient (d = mm).

This effect makes the power transfer [rom one
coplanar waveguide to the other easily even in
the lower frequency range,

Fig. 5 shows the clectric field distributions
corresponding to the cases A, B, C, D of Iig,.
4. 'The cases A and B3 are for the odd and
even CPW modes with L = 3mm. Since the
width I of backed-conductor s narrower than
the line spacing (d = Bmm), the coupling ef-
fect is weak and the electric ficlds between two
central conductors of widths d and L are very
small. For the case with I = 10mm, the elec-
tric fields for odd and even CPW modes arce
shown as C and D in Fig. 5. The coupling of-
fect between two coplanar waveguides is more
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obvious than the previous one and the fields
for vdd OPW mode between the central con-
ductors are stronger than those for I = Jmm,
a consequence of the excited TEM wave in the
parallel-plate structure,

CONCLUSIONS

In this work, the coupling elfect due to
backed conductor is utilized to implement a
new coupled structure coruposed of two copla-
nar waveguides. Without backed conductor
on the other side of the substrate, the cou-
pling phenomenon is not obvious. The pro-
posed coupled structure shows signilicant cou-
pling when the backed conductor width L is
wider enough to cover the two coplanar wave-
guides,
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Fig. 5. Flectric field distributions for (A) odd CPW mode with 1. = 3mm, (B) even CPW mode
with L = 3mm, (C) odd CPW mode with £ = 10manr, and (D) even CPW mode with L = 10rmm.
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