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ABSTRACT:

The procedure to compute the scattering param-
eters of a general asymmetric and multiple coupled
finline multiport is formulated in terms of the
normal mode parameters of the structure. The normal
mode parameters of the structures are computed by
applying the spectral domain technique to general
shielded multilayered structure.In addition, closed
form expressions for the immittance parameters and
characteris-tically terminated scattering parameters
of the asymmetric coupled line and three line struc-
ture are presented.The multiport parameters of the
finline structure are used to design filters, coup-
lers and power dividers.

INTRODUCTION:

Symmetrical coupled finline structures have
been studied for various applications as directional
couplers and other circuit elements [1-3]. Spectral
domain and related techniques have been used to com-
pute the propagation constants associated with asym-
metric and multiple coupled finline structures [1-3].
In this paper, in addition to the computation of the
normal mode parameters associated with a general mu-
ltiple coupled finline structure, the procedure to
compute the scattering parameters of a general fin-
line multiport is formulated in terms of these para-
meters.The analysis and design procedure for coupled
line filters and couplers are presented in terms of
these multiport parameter matrices. Such structures
offer additional degree of freedom in the design of
multiport circuits at millimeter wave frequencies as
compared to a pair of identical coupled fin lines.

NORMALMODEPARAMETERS:

The numerical technique formulated to solve for
the normal mode parameters of the general finline
structure here is the spectral domain technique
and represents a direct extension of the procedure
used in [3] for single and symmetrical coupled fin-
lines. Here in Fig.1, the electric and magnetic fi-
elds are expanded in terms of modal fields and the

application of the boundary conditions at each int-
erface leads to the dyadic Green’s function inter-
relating the aperture fields and the surface curr-
ents. The slot fields are then expressed in terms
of series of known basis functions with unknown
coefficients. For example for the single sided str-
ucture of Fig la,the currents and fields are rela-
ted by the boundary Green’s function as given by:
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The Galerkin ~rocedure, that is taking the inner
product of both s;des by the same basis function and
utilizing the Parseval’s theorem lead to the deter-
minantal equation whose roots give the phase const-
ants for the all the dominant normal modes of the
coupled fin structure. We have used the Chebychev
polynomials with edge terms for the basis and the
test functions.

The total power associated with each eigenvalue
is then computed.Computation of the power associated
with each slot for each mode and the normalized vol-
tage across each slot for each mode also leads to
the line mode impedance (or admittance) matrix cha-
racterizing the general fin line structure. The slot
mode characteristic impedance is defined by using the
power voltage definition as,

Zsm = Vsm2/Psm ..(2)

where V~m is the the integral of the electric field
along the slots for mode m and Psm is the power as-
sociated with that mode.

This results in a NxN characteristic admittance
matrix where N is the number of slots in the system.
The normalized voltage across the slot for each mo-
de defines a voltage eigenvector matrix [Mv].

MULTIPORT PARAMETERS:

Impedance (or admittance ) matrix of the finite
length multiport can then be derived by solving the
equivalent coupled line equations for the finite
length structure in the same manner as for the case
of asymmetric and multiple coupled microstrips [4-7].
For example the short circuit admittance matrix of
the coupled system is given by,

[Ya] [Yb]
. .‘Ysh]= [Yb] [Ya]

,(3)
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[Ya] =-.j[Ysm]*[Mvl [Cot(fiil )diag[Mv]-l ..(4)

[Yb] =-j[Ysm]*[Mvl [CsC(fiil )diag[Mv]-l ..(5)

The admittance matrix is used to compute the elem-
ents of the 2N port scattering parameters required
for the multiport analysis and design.

For asymmetric two and three line structures
the admittance impedance and the general circuit
parameters as well as the scattering parameters
for characteristically terminated lines can be ob-
tained in a closed form as for the case of coupled
microstrips [4,5,8,9]. These can then be used to
formulate the design procedure for the directi-
onal couplers, power dividers and filters.

EXAMPLES:

The admittance parameters of a two port filter

consisting of asymmetric coupled finline structure
are given by (inset Fig.4):

Yll= -j[YclRncot(#cl) -YnlRccot(Bnl)]/Rd ..(6a)

Y13= j[Yclcsc(#cl ) -Ynlcse(/3nl )]/Rd ..(6b)

Y33= -j[Yc2Rccot(13cl) -Yn2Rncot(@nl)]/Rd ..(6c)

Rd =Rc - Rm

The frequency respose of a typical coupled fin st-
ructure is shown in Fig.4. The coupled asymmetric
finline and multiple coupled finline structures in
general lead to both co- and contradirectional cou-
pling as for the case of coupled dielectric wave-
guides. The contradirectional coupling which resu-
lts in coupling to the side or thenear end port can,
however, be decreased by reducing the difference be-
tween the line mode impedances. The techniques used
in the past for the analysis and design of codirec-
tional couplers have been the coupled mode analysis
and normal mode analysis with loose coupling approx-
imation [10-12]. The analysis and design procedure
presented here is based on the scattering matrix
derived from the normal mode parameters without any
assumptions regarding loose coupling or the termin-
ations .

The scattering parameters of two line and symm-
etrical three line structures terminated in non mode
converting impedances are readily derived [8-9].
Ideal couplers can then be realized in terms of the-
se expressions. As an example, ideal two line codir-
ectional coupler re~uires ecwal mode im~edances for
both lines,i.e, Zcl’=Z~l and then Zc7=Z;7. Such
structure terminated

Sii ‘O , i=l,2,3,4
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The above equations can be used to realize any arb-
itrary coupling by properly chosing the asymmetry
in terms of Z2/Zl= -RcRn.For the three line struc-
ture with input at port 2(inset Fig.5), it is seen
that for arbitrary but non mode converting termin-
ations,
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Again equal mode impedance case leads to an ideal
coupler. Expressions like the ones given above form
the basis for an initial design based on this ideal
case results. The final anlysis and design is the
based on the exact computation of the scattering
parameters of the multiport.

inated three line structures in an inhomogeneous medium,
IEEE Trans.MTT, pp 22-26;1981
[9] D. J. Gunton, E. G.S. Paige, An analysis of the general
asymmetric directional coupler with non mode inverting
terminations,IEE J. MOA,pp 31-36,1978
[10] P.K.Ikalainen, G.L. Matthaei, Design of broad
band deilectric waveguide 3-dB coupler, IEEE Trans
MTT. DD 621-628:1987

RESULTS:

In order to show the variation in the normal mode
parameters, the results for a two coupled finline
structure are shown in Fiq.2. Note that the slot
mode impedances of line 2-are related to that of
line 1 in terms of the mode voltage ratio Rcv and
RDV which are the elements of the eigenvector mat-
rix as shown in ref. [4]. Figure 3 shows the normal
mode parameters of a symmetrical coupled three line
structure. Here Rh and R. are the components of the
eigen vector corr&pondi~g to the even-even and even-
odd modes[5].

Figure 5 shows the scattering parameter of a sy-
mmetrical three line structure which is propose j for
appli ation as a three way power divider (1S241 =
IS2612= C and 1S2512= 1-2C ) e.g. C=.33 for a 3 way
divider and .5 for a 3 db hybrid.

In conclusion a general unified procedure to
compute the normal mode parameters of asymmetric and
multiple coupled fin line structures has been pres-
~r’+ These parameters are then used to analYse an

formulate design procedure for coupled fin line cir-
cuits such as filters couplers and power divider at
millimeter wave frequencies.

[11] P~K. Ikalainen, G.L. Matthaei, Wide band, forward
coupling microstrip hybrid with high directivity,
IEEE Trans MTT, pp 719-725;1987
[12] C. Vassilopoulos, J. R. Cozens, Combined directional
and contradirectional coupling in a three waveguide
configuration, IEEE Trans QE,pp 2113-2118;1989
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Fig.1 Cross-sectional view of multiple
coupled finline

1.2
Q

}
180 a5

Fig.2 Normal mode parameters of an asym-
metric coupled finline as a func-
tion of the frequency. a=7.l12mm,
b=3.556mm, d=.127mm, 6r=2.22,
wl=.lmm, w2=.3mm, s=.2mm, hl=3.556mm.
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Fig.4 The frequency response of an asy-
mmetric coupled finline two port
section(sllown in inset). a=7.l12mm,
b=3.556mm, d=.127mm, ~r=2.22, w]=.lmm,
w2=.3mm, s=.2mm, hl=3.556mm,
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Fig.3 Normal mode parameters of mult-
iple coupled finline as a func-
tion of the frequency. a=7.l12mm,
b=3.556mm, cl=.127mm~cr=2.22, wl=

w3=.3mm, w2=.45mm, sl=s2=.2mm,
hl=3.556mm.

‘El,w,A~._
0.00

24.0 24.6 25.2 25.8 26.4 27.0 27.6 ?8.2 2E.8 29.4 3(

a

s 4

‘-’kc
26 20 30 32 3fF 36 38 40

FREQUENCY(GHZ)

Freauency [GHzI

Fig.5 Variation of scattering parameters
of three slot coupled finline with

.0

frequency(shownl in inset). a=7.l12mm,
b=3.556mm, d=.127mm, ~r=2.22, WI=
w3=.3mm, w2=.45mm, sl=s2=.2mm,
hl=3.556mm.
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