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ABSTRACT 
A new coplanar-wilvcguide coupled slruc- 

ture is proposed by incorporating a backcd 
conductor on the other side of the substrate. 
For this new coupled sirucf,iire, the cffeclive 
dielectric constants as well as the charactcris- 
tic impedanccs of Ihe odd and cvcn modes are 
calculated by ihe syedral-domain inothod. In 
this study, thc proposed coupled structure is 
characterized by carefully cxamining Llic I'C- 

lated coupling coefficient and tlic associated 
field distribuiions. 

INTRODUCTION 
The .copla,nar waveguides (CI'W) receive 

much attention rcccntly due to the merits of 
easy in caiiiiecti~ig shunt arid series compo- 
nents. Onc disa,dvantage of conduci;or-baclced 
coplanar waveguides is Ihe uuwantcd leiiltage 
phcnornenon associatcd with the parallel-plate 
transmission line slructurc, In this s i ; ~ d y ,  the 
coupling cffect due to finitc-width backed con- 
ductor is utilixcd to transfer the power between 
two coplanar waveguides so that a ricw coupled 
structure m a y  be iinplemenled. 

Various coplanar- w avcg ui de coup led struc- 
turcs have been propoclcd. The broa,cluide- 
coupled copla,nas-waveguide stiructures liavc 
the merits of tight coupling and high offcc- 
tive dielectric constant ratio [1]-[2], but ihcse 
structures are only camp at ible w i t h mu1 ti layer 
MMIC tcchnology. Edge-c-cmiplcd stritctuccs 
could not achieve tight coupling as the pre- 
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vioile O T L ~ ~ S  hiit t;hc wliole struciiureu are 01'1 I:hc 
same plaiic [3]-[1], I11 this stucly, a new cou- 
pled strucltirc whjcli rrialtes USC or a backer1 
conductor i;o couple two coplariw waveguides 
OII thc same sidr: of the subatratc is proposecl 
an d cxaini ned . 

FORMULATION 
Considcr a syinme(;ric condrictor-backed 

coplaiiar-wi~v~guidc r:oiiplecl stnict ure as showui 
in  tl'ig. 1 iii which EL b d t c d  colic:luctor of 
widlili L is intvtduced in i.iic othcr siibstratc 
side ol' hvo coplanw wavegiiidcs. ?'WO copla- 
iiar wavegrtidcs have irleiitical s h i p  width zu 
a r i d  slot width 5 ,  and tho dielechric constant 
aid tlrickness of Llw sulistrak arc E,. and h, re- 
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Fig. 2. Elcc~ric field clisi,ribiihns for odd a.nd 
even CPW modcs. 

spcctively. The coupling mechanisrli is mainly 
c:onit~ollcd by tho width L of 1~;xkecl conduc- 
tor (Fig. 1). To simplify' thc  analysis, 0111' 

coplanar- wavcgit i de couplod s tr iickur c is en- 
closccl by a, conductiizg box. 

Altliough many fun damentsl modes may 
be suppori;cd by t l i ~  multi-condilclor systein 
(Fig. I.), we arc mainly concai:rlccl with thc 
odd  and even CT'W inodca with field dislrihu- 
tions as shown i n  Ng. 2. These two modes are 
responsildc for t tie cwipling mcchariism associ- 
ated with t,wo coplamr wavcguidcs. Ry using 
the spectral-darnain method, the c:fTcctivc di- 
c1cd;i:ic conslants c e j j  as well as charsctcristic 
impedanccs Zo of odd and even CI'W modes 
we calcalatcd, I'rotn wliich the coupling cbar- 
actcristics of the striicture may Iic exa,miiiefl. 

NUMERICAL RESULTS 
Fig. 3 shows thc r-ffectivc: dielectric m r i -  

stank sncl c1iai:at:bcristic iml)ctliknces ol cidd 
and even CPW modes, as well its ktic idated 
coupliiig coclficisnt C under tlio condition of 
I, = 0. Without backed conthictor on tlic other 
sidc of Ihe mbstrate, tlw cflective tlic:l(:clric 
canslants of t,hc two modes are almost; iden- 
tical as d > Snam, and tlic coupling coeficient 
is smaller thaai -5OdU whon d > 5nm, showing 
that thc coupling betwcx:n two CoplitrliLr wave- 
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guides is ~ i o t  sigrdicant. 

For thc casc with d = &nm, and the width 
L or lmcked cnn.diict;or varying from 2nzm to 
12rnn1, the rcmlts  Lor .Zo arid I: are shown 
in Fig. 4. For I, > 5mm, the: btickcd conduc- 
tor under tho sihstratc is wide enough to cover 
the two 18ransmissiou lines, m c l  lhis rnalces thc 
diffcralico between the  two cc,tj 1m:ome ob- 
vious. With ohvioiis difkcretice between the 
cha,rac:torisiAc impedances &, the coupling co- 
t:IIicient reaches -1.2dR ~ L H  L > 9mm, much 
l i~.~*gcr thaii the  CRW: oJ' 1, = 0, For this case 
or 1, > 9mm, thc Iwo cortdiictors of widths 
d and L inay l x  regarded as a parallel-plate 
Lrarismission line and khc ctmpliog c k c t  asEo- 
c ia fd  with the 'I'EM wi~vt: 1)c:coincs significant;. 
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Fig, 4. Effective dielectric constants, char- 
actcristic impedances of odd and even modes, 
and related coupring coeficicnt; ( d  = 5mm). 

This effect makes the power transfer from one 
copIanar waveguide t o  Lhc other easily even in 
Ihc lower frequency rangc, 

Fig. 5 shows thc clcctric field distributions 
corresponding to  lhc cases A ,  B, C, U of Fig. 
4. ?’he cases A arid L1 are for thc ocld and 
even CPW rrlodcs with L = 3mm. Sincc the 
width I, of backed-conductor is narrower than 
the line spacing (d = h m ) ,  the coupling cf- 
fect is wcak and the electric ficltls belwecn two 
central conductors of widihu d and L are very 
srniall. For the case will1 L = IOtnrn, the elec- 
tric fields for odd and even CI’W rnodcs ait 
shown as C and D in Fig. 5. ‘I’he coupling cf- 
fect between two coplanar waveguides is inore 

obvious than thc pravious one and the fields 
for odd CPW mode between the central con- 
ductors are stronger than thosc Tor = 3m,m, 
a consequence of the excited TEM wave in the 
pard  lcl-plalc s t  niclurc. 

CONCLUSIONS 
In this work, the coupling cll;:cl due lo 

backcd coiit1uc:lor is iitilixcd to impkment a 
new couplccl slntcl,nro composc:d of two copla- 
nar wmwguidcs . W j thoul 11 ackotl coiidu ct or 
on t,hc othcr sidc ol the subutrato, tltc cou- 
pling phcnomcnon is not obvious. The pro- 
posed c.oul)lcd sLnicturc shows +ydicant cou- 
pling when the backed conductor width L is 
wider enough to cover the two coplanar wavc- 
guidcs, 
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