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Abstract

For the restricted two-variable network
topologies, the explicit characterization may be
obtained using two-variable network functions. In this
paper, explicit two-variable description of some
classes of resonant ladder networks are presented.
Up to a certain complexity, for the regular resonant
ladder structure commonly used in practice, explicit
expressions describing the two-variable scattering

1. Introduction

As is well known, design of two-port lossless
networks with mixed, lumped and distributed
elements offer many practical advantages over those
designed with lumped or distributed clements alone.
Therefore, many rescarchers have examined the
synthesis procedures to design two-variable networks
with lumped and distributed clements[1-6]. In most
of the existing studies, more interest has been
devoted the ladder network structures consist of
cascaded lossless lumped two-ports and
commensurate transmission lines from the technical
realization point of view. But, still exact solution of

the synthesis problem of mixed structures has mot

been obtained analytically.

In recent literature|7-13], the design problem
of lossless cascaded two-ports with mixed elements
has been solved utilizing a semi-analytical approach.
In that approach, by using the topological properties
of ladder networks with two-kind element, contain the
simple lumped elements and uniform transmission
lines, it had been shown that two-variable network
functions could be solved up to a certain complexity.

In this work, by using the semi-analytical
approach, for the explicit description of a special class
of resonant ladder networks, two-variable scattering
functions are obtained.

2. Two-Variable Description of

The Resonant Ladder with Mixed Elements

Consider the resonant ladder network with simple
lumped element and equidclay short-circuited and
open-circuited transmission lines (commensurate
stubs) shown in Fig.1. The generic form of cascaded
two-port composed of lumped elements and stubs can
be described in terms of two-variable canonic
polynomials as follows:
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where; (g, h and f) are real polynomials of the
complex variables p and A; g(p, A) is a Scattering
Hurwitz polynomial; the lower asterisk () denotes the
paraconjugation ie. h.=h(-p,-A).

.The polynomials are related by the paraunitary
condition:

8(@.A)e(-p,-Ay=h(p,A)h(-p,-A)H(p,)-p,-A)  (2)

where, £(p,A) = [1[f; (0) +£;(\)} or
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n represents the number of sections ( the total number
of lumped elements or stubs of the mixed structure).

As it can be casily shown that the two-variable real

polynomials g=g(p,A) and h=h(p,A) can be expressed
in coefficients form as follows:

geM=p"A; B =p'A, (3

where, f i p ¢ - g?), ¥han ), npandmy
are the total number of simple lumped elements and
stubs in the mixed structure respectively.

In order to characterize the mixed elements
network shown in Fig.1, by using the losslessness
condition (2) of two-ports, the two-variable real
canonic polynomials defining the scattering matrix of
the resonant ladder networks are constructed. For the
chosen restricted topologies, the canonic polynomials
have to satisfy some additional conditions to ensure

Fig.1 Generic form of resonant ladder structure
with lumped elements and stubs
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By using the one-variable boundary conditions and
the topologic properties of the mixed element
structures, some constraints for a realizable cascade
structure with positive element values are obtained.
Using these conditions in (2) properly, explicit
expressions yielding the coefficients of the canonic
polynomials (h(p,\) and g(p,\)) are found. For low-
order mixed structures, the obtained explicit solution
to construct the lossless ladder networks is unmique and
constitutes the sufficient conditions. For high order
ladders, the problem can be solved numerically.

In the following, the description of the
resonant ladder structure with mixed elements is
given.

The boundary conditions for the mixed structure

shown in Fig 1 can be established by a direct way as
following :

# Putting p=0 in (2), the obtained polynomials g(0,1),
h(0,1) and f{0,).) define the cascaded of stubs

2(0,M)g(0,-Ayh(0,)h(0,-A+HOMRO0,-A)  (4)

& Putting A=0 in (2), the obtained polynomials g(p,0),
h(p,0) and f(p,0) define the cascade of lumped section
which has the transmission zeros at p=w and

B(P.0)8(p,0)=h(p,0)h(p,0)+(p,0)(p,0) &)

where g(0,A) and g(p,0) are strictly Hurwitz
polynomials ; £(0, A) = 2" and f(p,0)=p°.

Otherwise, by making the topological analysis of the
mixed structure in Fig.1, some topologic constraints
on the coefficients of the canonic polynomials besides
the above boundary conditions (4-5), are founded.
Thus, a direct solution up to a certain mixed element
network complexity is obtained.

The founded topologic properties:

e The entries of A, are nonnegative reel numbers,
® g11=p hyy + (1/800). (8810 — borhio)

® by =0 Gk>m; km=0,l,..n)
® gnn=0, (om; km=0,1,.n)
® Bino~lknm (=m, km=0,1,.n)
® p=hoo / g = %1 (8=1)

Squential cascade analysis of the generic resonant
ladder structure under consideration exposes that the
coefficient matrices A, and A, associated with the
mixed structure have the following generic forms:

( hoo h,, hm ¥ hnn—1 0
h, h; h, 0 o
L h,, h.21 0 0
3 0
h,,o 0 0 0 0
0 0 0 0 o
Bw gn Bm *° Bonu 1
Bio 8u B ' B O
A, = B g:m 0 0
Briio B 0 O . 0
1 0 0 -« 0 o0

Usmgtheabovecoefﬁcnentmpemesandbmmdmy
conditions given in (4-5), the lossless equation (2)
could be solved and obtained the explicit expressions
up to 4 sections for the mixed structure and
corresponding realizations characterized by the
expressions are shown in Table-1 and Fig2
respectively.

Conclusions

In this study, two-variable description of a
special class of simple lumped resonant ladders with
commensurate stubs are investigated. By using the
recently derived results for explicit formulas for two-
variable scattering parameters, the explicit
expressions for the resonant ladder network with
mixed elements are obtained firstly in the literature.

Alternatively, by investigating topologic
properties of another resonant simple lumped ladders
with commensurate stubs,the explicit characterization
of some practical resonant networks can be obtained.

It is hoped that the explicit formulas presented
in this smdy will provide an insight into the analytic
approximation problem of two variable networks,
especially in microwave circuit design.
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Table 1 Explicit Formulas and Coefficient Matrices
for The Mixed Structure with Low-Sections

|2 Section |

g)(): , haJ > glﬂ={(h102+2% gOO}”z,
gor={ (o *+2002 8o} %,
gu=phy; + (1/g00)(g10801 -bon o), n=Sgn(hoo)

hy, by O 8w Ba 1
Ah =ihy 0 O Ag =g, 81 O
0 0 0 1 0 0
3 Section
8o hod

g1={ (200800} 7, Bor={ (bor’+2002 8o} 7,
go={ (o™ 2810830} %, Bor={(Bor"+28mBas}'”,
gi2="112 g = o

gu=phy, + (1/goo)(B10801-hoi o), p=Sgn(hoo)
g, =520 (801812 +810803) - 802 (810821 +801830)

g 802 -bo2 820

hy hy by O 80 Bu 8n !
e ho hy 0 0 _|Bo Bu Bn 0
h |h, 0 0 O B [gw 81 0 O
690 9 1 0 0 0

816={ (1o™+2G20 oo}, £a={ (" +2820 840} 7

ey =ger e :%TUM—- [4sected
o= | Bod 4 Section L’ L‘
r S = Za,x

ar={ (oo™ 2 @100 Dok 280810} 7, [ o e
go={0 #2008}, Eo={ b+ 28800}, L. ‘i

80o={ (hoo™+2(8on 8oa-Dor hos)-2 800804}

gu=uhy + (1/g00)(810801 -hmhlo), r=Sgn(hoo) Zyx Zy T

ga= f, grfn, g~ 1 i ‘
by2=(1/ho3)(Bo3812-E04811-B13802) p=-

by =(1/h30)(830821-840811-831820)
Ea=(1/B13)( B24g11- haohy) + Booga1-go12aothor hao)
8i2=(113)( Y24811- Bozbnr + YooB13-8ro8asHhiohios) Z,.x 2z

h ={ ~ A3 /Br) ~ Ay, /1) + 4, 2 -

'] (020 ~ B0/ Bra) +(0, —B 805 1ix) A, | | ; ;
Where,
Bis=gio— 183, B2~B20— 18w, Pa=Bo— 18,
A ~Yor 813— Bro8os + hiohoa + Ya4lhs,
As=[goo82+B2080-hoohos +0. 5A5>-B5(BaoAsHE31820)

D4(gosAstB13g02), Fig. 2. Low-section realizations of the resonant

As= [B48oa1O38a0As], As=(1/g00)(E1080 -hoilho) ladder with mixed elements.

N1=8n 08w, Y2a~Bm— SaBos, Yo Boo—Sogms
S1=(o/hso); 87=(hor /hgs), S3=(hoy Mao), ds=(hyo/haa)
Ls=go — 8330, ™3=gio— dugam,

Ar=Bo2 831 = 81 a0+ hoy hsp+ BasAs,

134



"ELECO'99 INTERNATIONAL CONFERENCE ON ELECTRICAL AND ELECTRONICS ENGINEERING"

References

[1] D.C. Youla, ‘Synthesis of n-ports containing
lumped and distributed elements °, in P.L
Brooklyn, ed., Proc. Symp. Generalized Networks,
pp. 289-343, Polytechnic Press, New York, 1966.

[21 D.C. Youla, JD.Rhodes and P.C.Marston,
‘Driving point synthesis of resistor terminated
cascades composed of lumped lossless 2-ports and
commensurate TEM lines’ IEEE Trans. Circuit
Theory, vol.CT-19, pp.648-664, Nov.,1972.

[31 JD.Rhodes, ‘Solution to the approximation
problem for a class of 2-variable resonant ladder
networks °, IEE PROC., vol.119, pp.537-540,
May., 1972.

[4] S.O. Scanlan and H. Baher, ‘Driving point
synthesis of resistor terminated cascades
composed of lumped lossless 2-ports and
commensurate stubs’, IEEE Trans. Circuit Theory,
vol. CAS-26, No.11, pp. 947-955, Nov.,1979.

[S]1 M.N.S. Swamy and H.C. Reddy, ¢ Two-variable
analog ladders with applications’,
Multidimensional Systems, pp. 267-315, Marcel
Dekker, New York. 19986.

[6] B.S.Yarman and A. Aksen,‘An integrated design
tool to construct lossless matching networks with
mixed lumped and distributed elements for
matching problems’,JEEE Trans. Circuits and
Systems, vol.39 pp. 713-723, Sept. 1992.

[7] A.Fettweis,"On the scattering matrix and the
scattering transfer matrix of multi-dimensional
lossless two-ports’ , Archiv Electr. Ubertragung.,
vol. 36, pp. 374-381, Sept. 1992.

[8] A. Aksen, ‘Design of lossless two ports with mixed,
lumped and distributed elements for Broadband
Matching’, PhD. Dissert., Lehrsthunl fuer
Nachrich- tentechnic, Ruhr-Universitaet Bochum,
1994,

[9] A Aksen and B.S.Yarman: ‘A semi-analytical
procedure to describe lossless two-ports with
mixed lumped and distributed elements’, IEEE Int.
Symp. On Circuit and Systems, vol.5-6, pp.205-
208, 1994.

[10] A Sertbas, ‘Description of Generalized Lossless
Two -Ports Ladder Networks with Two-variable’,
PhD. dissertation, Istanbul University, 1997.

[11]) A . Aksen and B.S.Yarman: ‘Cascade Synthesis of
Two-Variable Lossless Two-Port Networks of
Mixed, Lumped Elements and Transmission
Lines: A semi-analytical procedure’, NDS-98,
Poland, July 12, 1998.

[12] A.Sertbas, B.S.Yarman and A Aksen: ‘Explicit
two- variable description of a class of band-pass
lossless two-ports with mixed, lumped elements
and transmission lines’, NDS-98, Poland, July 12,
1998.

{131 A Sertbas, A. Aksen and B.S.Yarman :
‘Construction of Some Classes of Two-Variable
Lossless Ladder Networks with Simple Lumped
Elements and Uniform Transmission Lines’ TEEE
Asia-Pasific Conference, Thailand, November 24-
27, 1998.






