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Synthesis of Prototype Filters With Triplet Sections
Starting From Source and Load

Giuseppe Macchiarella, Member, IEEE

Abstract—This paper describes a method for synthesizing an
inline prototype filter with a triplet section starting from source
and/or from load. This topology allows placing one or two trans-
mission zeros without using cross-couplings inside the filter (it is
only required to couple the source (or the load) to the first (or the
last) two resonators. The proposed method employs the coupling
matrix of a generic prototype, obtained through well-established
procedures; then, the coupling matrix of the desired inline topology
is determined with a procedure based on multiple matrix rotations
(similarity transforms) and numerical optimization.

Index Terms—Bandpass filters, circuit synthesis, elliptic filters.

I. INTRODUCTION

I T is known that the synthesis of a low-pass prototype filter
with generalized Chebycheff response can be realized by

various multiple-coupled topologies [1]–[3]. However, in some
cases, it could be required to introduce one or two transmission
zeros without using cross-couplings between resonators; this
can be achieved by coupling the source (load) to both the first
(last) two resonators (an example of this topology is shown
in [4], concerning a dual-mode dielectric resonator filters).
Recently, some works have appeared [5], [6] which treat the
synthesis of a folded prototype with a cross coupling between
source and load (this allows to increase the maximum number
of transmission zeros up to the order of the filter). However,
the inline topology described above (which can be considered
as a “triplet section” starting from source or load) has not been
explicitly considered in the literature (the classical method
proposed by Bell [7] includes source and load, but does not
give an explicit procedure for the practical implementation of
the synthesis for the case here considered).

We have, then, developed a method for synthesizing the cou-
pling matrix of an inline prototype with one or two triplet sec-
tions, starting from source and (or) load. The method starts with
the synthesis of an arbitrary coupling matrix which satisfy the
required filter response (the Atia ortho-normalization method
[1], [3] or the Cameron canonical prototype method [2] can be
employed to this purpose); then, using a suitable numerical pro-
cedure based on similarity transform, the coupling matrix of the
desired topology is eventually computed.

II. SYNTHESIS OF THEPROTOTYPE

It is here assumed that the prototype exhibits the general-
ized Chebicheff response; then, the following parameters must
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Fig. 1. Topology of the inline prototype network. Each black node represents
a unit capacitance in parallel with a frequency invariant susceptanceb ; J are
the admittance inverters parameters between nodesi andj; the white nodes are
the source and load resistances (assumed unitary).

be given: the number of poles, the passband return loss RL,
the number and values of the imposed transmission zeros (max.
2, pure imaginary). Various methods may be found in the lit-
erature which allow to compute the characteristic polynomials
determining the synthesis of the prototype (they are generally
indicated as [2], [3], [8]; their zeros represent
respectively the poles, the reflection zeros and the transmission
zeros). The scheme of the prototype that we want to synthesize
is given in Fig. 1 (the meaning of the network elements is ex-
plained in the figure caption).

In order to represent the network in Fig. 1, the formalism
based on the coupling matrix can be adopted [7]

(1)

Note that has order being input and output nodes
included in the matrix topology.

As said before, various methods exist for synthesizing a
generic prototype exhibiting the same frequency response as
that here required from the network in Fig. 1 [2], [3]; however,
the associated coupling matrix will have in general a very
different topology from . Moreover, generally does not
include in the topology the source and load nodes (i.e., the
order of is ).

The first step for obtaining the matrix , once the synthesis
of a generic prototype with coupling matrix has been per-
formed, is to determine a new matrix with source and load
nodes included

(2)

where and end are
the source and load resistances as obtained from the synthesis
of the generic prototype (note that they are in general different
from unity).
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A possible approach for synthesising the network in Fig. 1
consists in a suitable transformation of in order to obtain the
same topology of ; this can be realized by means of the matrix
rotation method. This method has been widely employed for
the synthesis of cross-coupled prototype filters [1], [3], [8]. Its
main drawback is that the suitable sequence of matrix rotations
required for given starting and ending (transformed) topologies
it is not knowna priori. Here, we propose an implementation of
this method that does not require the knowledge of the optimum
sequence of rotations, which is determined through a suitable
optimization procedure.

It is known [3] that a similarity transform of the matrix
of order (equal to ) is defined by ,
where is the rotation matrix of order, pivot and
angle , defined as follows:

(3)

The conservation of the transfer function is also true for subse-
quent applications of the above transformation. So we assume
that the transformed matrix can be expressed as

(4)

where is the overall number of distinct pivots , for a
given order may be considered as the maximum number of
independent rotations, and it is given by .
It can be observed that the topology of the transformed matrix

is determined by the set of rotation angles .
In fact, assuming that the desired topology of the transformed
matrix is compatible with the original frequency response
(associated to ), the required values of the rotation angles
can be found numerically by imposing to zero the elements
of corresponding to the cross-couplings not included in
the new topology. In other words, the set of rotations angles

can be found by solving the following system
of nonlinear equations

(5)

where and refer to all the elements of which must vanish
(only the elements above the main diagonal are considered being
the matrix symmetric).

The numerical solution of the above system may be per-
formed through the minimization of a nonlinear cost function

defined as

(6)

In the practical implementation of the minimization procedure,
the Gauss-Newton method has been used, because it allows a
fast and accurate solution and it is little sensitive to the starting
point.

III. EXAMPLE

As an example of application of the synthesis method pro-
posed, let consider the following electrical specifications.

• Degree 5.
• Return Loss 23 dB.
• Transmission zeros at .

Using the procedure developed in [9], the polynomials
are computed and, from these, the generic

coupling matrix from Atia [1], [3] is obtained

The load and generator resistances have the same value:
.

Note that the above matrix is not unique and all its elements
may be in general different from zero. Now, applying the novel
procedure, the inline prototype of Fig. 1 is synthesized; the rota-
tion angles obtained from the optimization procedure are shown
in the first equation at the bottom of the page. The new cou-
pling matrix resulting after the matrix rotations is given by the
second equation shown at the bottom of the page. The computed
response of the inline prototype is finally reported in Fig. 2.
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Fig. 2. Reflection and transmission response of the synthesized prototype.

IV. CONCLUSION

A procedure for the synthesis of an inline prototype filter
with triplet sections including source and/or load has been pre-
sented.The prototype exhibits the generalized Chebycheff re-
sponse with one or two transmission zeros placed on the imag-
inary axis. The proposed method is based on multiple rotations
of the coupling matrix obtained from a generic prototype; the
values of the rotation angles are determined through an efficient
optimization procedure.

The method presented can be easily extended to accommo-
date also quadruplets involving source and/or load nodes (this
allows to place pair of transmission zeros, either complex or
pure imaginary in the prototype transfer function).
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