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A Vector-Fitting Formulation for Parameter
Extraction of Lossy Microwave Filters

Ching-Ku Liao, Chi-Yang Chang, Member, IEEE, and Jenshan Lin, Senior Member, IEEE

Abstract—In this letter, a formulation based on the vector
fitting is applied to extract the equivalent circuit model from the
frequency response of lossy cross-coupled microwave filters. By
approximating the lossy response with short-circuit admittance
parameters in partial fractional expansion form, the proposed
method can evaluate the unloaded quality factor of resonators
and extract the transversal coupling matrix simultaneously.
The methodology of the vector fitting can identify the poles and
residues of the short-circuit admittance parameters even when
the poles are on the complex plane. And the extracted transversal
coupling matrix can further transform into the prescribed form
corresponding to the physical layout. The proposed method can be
used in the tuning process of filter designs where the extraction of a
coupling matrix is essential. To verify the method, a cross-coupled
quadruplet filter is used as an example.

Index Terms—Bandpass filter (BPF), coupling matrix, vector
fitting.

I. INTRODUCTION

THE cross-coupled filters based on the model proposed
in [1] and [2] have found wide applications in wireless

communication systems since they can provide the general-
ized Chebyshev response which exhibits the optimal in-band
response and selectivity. However, the tuning of the filters
based on cross-coupled topologies is time-consuming. In order
to tune the cross-coupled filters more efficiently, therefore,
diagnosis methods are needed to guide the process of the filter
tuning [3]–[5]. Since the model proposed in [1] and [2] can
be expressed by a coupling matrix, most diagnosis methods
in the literature are focused on extracting a coupling matrix
from the simulated or measured response. By comparing the
extracted coupling matrix to the desired coupling matrix, one
can determine how to adjust the filter [3], [5].

Most parameter extraction methods are only valid for lossless
filters since this is the assumption in their formulations. Thus,
getting a coupling matrix from a lossy filter response is still an
important research topic. Recently, a modified formulation of
the Cauchy method which can extract the parameters of a loss-
less model from the response of a lossy bandpass filter (BPF)
is proposed [6]. The formulation in [6] can generate character-
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Fig. 1. Canonical transversal array. (a)N -resonator transversal array including
direct source–load coupling M . (b) Equivalent circuit of the kth “low-pass
resonator” in the transversal array.

istic polynomials suitable for the synthesis of a low pass pro-
totype associated with the lossless model of the filter, which is
not feasible in the formulation proposed in [5] and [7]. Strictly
speaking, the methods in [5] would require lossless measured
data and can not give a measure of how lossy a filter is.

In this letter, to take the loss of a filter into consideration, we
propose to use the model in Fig. 1. The model in Fig. 1 was mod-
ified from the model first proposed in [8] for filter synthesis and
known as transversal network. The only difference between the
model used in [8] and here is that we added the conductance, ,
in each branch of the transversal network to model the loss, as
shown in Fig. 1(b). As the formulation in [8], the short-circuit ad-
mittance parameters, also know as -parameters, of the model
in Fig. 1, can be expressed by a polynomial in partial fractional
expansion form. Here, the introduction of the loss positions the
poles of the -parameters on the complex plane instead of on
the imaginary axis as in the lossless case. To effectively get the
short-circuit admittance parameters in the partial fraction expan-
sion form, the technique of vector fitting [9] is applied. The for-
mulation based on the vector fitting can identify the positions of
poles and calculate the residue of the -parameters. The poles of
the -parameters contain the information of how lossy a filter is.
Thus, the proposed method allows:

1) the evaluation of how lossy a filter is from the simulated or
measured data;

2) the generation of the -parameters in the partial fraction
expansion form, which is suitable for the synthesis of a
low-pass prototype by the method in [8].
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II. APPLYING VECTOR FITTING TO PARAMETERS EXTRACTION

Following the formulation in [8], one can determine the two-
port short-circuit admittance matrix for the parallel-con-
nected transverse array in Fig. 1 as

(1)

Thus, if we can approximate the measured or simulated -pa-
rameters by polynomials, , in the following form:

(2)

Note that the residues , , , and are real num-
bers while the is a complex number in general in (2). By com-
paring the first column of the (1) and (2), we can obtain

, 1, , ,
, . Once the , , ,
are determined, the transversal matrix is formed [8]. To

transform the transversal coupling matrix into another coupling
matrix with the prescribed coupling route corresponding to the
physical structure, the methodology in [10] is used in this letter.

To obtain approximated -parameters of simulated or mea-
sured data in the form of (2), the technique of vector fitting is ap-
plied. The vector fitting technique is a general methodology for
the fitting of measured or calculated frequency domain response
with rational function approximation [9]. Instead of directly fit-
ting the data into a ratio of two polynomials, the methodology
generates a polynomial in partial fractional expansion form. The
source code can be obtained from the authors of the paper [9], but
it can not be directly used to determine the polynomials that fit
the model in Fig. 1. The reason is that the formulation in [9] is in
the bandpass frequency domain , 2 , and the generated
polynomials can not fit into the model in Fig. 1 even after band-
pass-to-lowpass frequency transformation. To apply the formu-
lation of vector fitting to fit the model in Fig. 1, the formulation in

[9] is followed except that the symbol stands for normalized fre-
quency . For the need of parameter extraction, one must
calibrate the position of reference planes of the input and output
ports [4], and then fit the and simulta-
neously. Thus, stack the and to form a
vector , as shown in the following equation:

(3)

The procedure in [9] is followed to identify the poles. As men-
tioned in [9], final positions of poles are determined through it-
erative calculations and not sensitive to the starting positions of
poles. It is worth noting that the complex poles come in pairs in
[9]; however, for the case here, it is not necessary for the poles to
be in complex pairs since they are in the normalized frequency
domain. After identifying the poles, one can identify the corre-
sponding residues and obtain the polynomials in (3).

III. EXAMPLE

To illustrate the proposed method, a cross-coupled quadru-
plet filter is given as an example. The layout of the filter is the
same as [11, Fig. 4] excluding the coupling controlling line.
The center frequency and fractional bandwidth of the filter are
2.4 GHz and 3.75%, respectively. To demonstrate the ability of
extracting the coupling matrix from a lossy filter response, the
conductor loss is included. The simulation was performed using
Sonnet [12] and the result is shown in Fig. 2. The method in [4] is
usedtocalibrate thepositionof thereferenceplane.Thefollowing
bandpass-to-lowpass frequency transformation is adopted:

(4)

where and are bandwidth and center frequency of the
filter, respectively. By using the proposed method, the extracted
normalized transversal coupling matrix is calculated to be
(5), shown at the bottom of the page, along with other param-
eters 0.1472, 0.1427, 0.1539, and
0.1501. Then, transform the coupling matrix into the cou-
pling matrix which corresponds to the coupling route of the
cross-coupled quadruplet by the method in [10]. The matrix
is (6), shown at the bottom of the page.

(5)

(6)
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Fig. 2. Simulated and extracted results of the cross-coupled quadruplet filter
under consideration.

With the approximation that the unloaded quality factor of
each resonator is the same, we can get a measure of how lossy
the filter is by calculating the average value of . In this case,
the average value of is 4
0.1476. From the quantity , we can evaluate the unloaded
quality factor, , by . In this case, is
equal to 180.67. A normalized coupling matrix [M] is related
to the responses of and via the following equa-
tions [13]:

(7)

(8)

Here, , ,
is similar to the 2 2 identity matrix except

that 0, and is the diagonal matrix
diag 1 . Substituting the extracted

coupling matrix with 0.1476 into the (7) and (8),
one can obtain the response shown in Fig. 2.

IV. CONCLUSION

The transversal network including a conductance in each
branch has been proposed to model a lossy filter. The technique
of vector fitting has been applied to obtain the approximated
short-circuit admittance parameters which correspond to the
transversal network. With the help of the vector fitting, the
poles and residues of short-circuit admittance parameters can
easily be identified. Using the poles and residues, a transversal
coupling matrix corresponding to the measured or simulated

response was constructed. The transversal matrix can be trans-
formed to the prescribed form corresponding to the physical
layout. In addition, the loss term can be extracted from the
positions of poles. The proposed method is useful in com-
puter-aided filter tuning, where the extraction of the coupling
matrix is essential. A cross-coupled quadruplet filter was used
as an example to verify the theory, and the extracted response
fits well with the simulated result.
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