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An Original Approach to the Design of
Bandpass Cavity Filters with Multiple Couplings

Giuseppe Macchiarella

Abstract—A novel approach to the design of general cavity
filters with each cavity coupled to an arbitrary number of
other cavities is presented. This approach is based on a suitable
characterization of the filter structure which does not require
to model separately the cavities (resonators) and the coupling
elements. Suitably defined equivalent admittances are associated
with each cavity allowing to design the filter structure once the
parameters of a suitable low-pass prototype are given; an efficient
procedure for the synthesis of such a prototype with equiripple
passband response is also presented which allows to arbitrarily
prescribe transmission zeros placed in the complex plane (even
asymmetrically). The described design approach is particularly
convenient when the filter structure does not allow a simple
modeling of the resonators and coupling elements separately. This
is the case of slot-coupled cavity filters and of filter structures
based on arrays of coupled transmission lines. It is also shown
that the simplified design approach often adopted in the past,
where only two coupled cavities at a time are considered, can
produce large errors even in the case of filters with all attenuation
poles at infinity (i.e., two couplings per cavity).

Index Terms—Bandpass filters, cavity resonator filters, mi-
crowave filters.

I. INTRODUCTION

T HE DESIGN of direct coupled bandpass cavity mi-
crowave filters is a matter widely investigated in the

literature. The basic approach proposed in the pioneering
works of [1]–[3] (mainly in the area of waveguide filters)
is still adopted for the practical realization of several filter
structures. Originally most of the works discussed the design
of filters with all attenuation poles at infinity, but in the
following years several authors have investigated possible
design approaches for microwave filters also with transmission
zeros at finite frequencies. In particular, [4]–[6] proposed the
use of multiple-coupled cavity configuration for realizing such
zeros; these works, however, are mainly concerned with the
network synthesis problem (i.e., the evaluation of the coupling
coefficients between the cavities in order to obtain the desired
transmission characteristic). More recently, other works have
investigated the synthesis of general low-pass prototypes with
transmission zeros suitable for direct-coupled cavity design
[7]–[9].

It is important to observe that once the coupling coefficients
required between the cavities have been evaluated with one
of the above methods the design of a filter following the
original Cohn’s approach (with or without transmission zeros)
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requires a separate modeling of both of the cavities (through
equivalent resonators) and the coupling structures (generally
by means of impedance or admittance inverters); moreover,
it is necessary that the equivalent parameters of the coupling
structures and resonators are independent of each others. There
are, however, some cases (depending on the specific filter
structure considered) in which either the separate modeling of
the coupling structures and the resonators cannot be performed
with accuracy or there is a strong interaction between these
elements (the first situation happens, for instance, with closed
metal cavities coupled by means of slots in the common walls;
the second one is typical of coupled-line filters). In the case of
slot-coupled cavities it is usual to design the filter according
to the following simplified approach [4], [10], [11]:

1) coupling coefficients evaluated with one of the aforesaid
methods;

2) cavities dimensioned with all the couplings removed;
3) geometrical dimensions of the coupling structures de-

termined by considering a single coupling at a time
(i.e., two cavities coupled through the coupling structure
considered, discarding all the couplings with the other
cavities).

It can then be observed that although this approach allows
the use of highly accurate field-based numerical methods
(i.e., mode matching, finite elements, integral equations, etc.)
for evaluating the geometrical dimensions of the coupling
structures there is an intrinsic inaccuracy due to discarding for
each cavity pair all of the couplings but one. This inaccuracy
concerns the dimensioning of both the coupling elements and
the cavities; however, the small errors in the tuning frequency
of the cavities can be easily compensated during the filter
alignment, while those on the coupling structures require long
and expensive cut-and-try experimental adjustments for the
proper filter operation.

In this paper, a general approach for designing multiple-
coupled cavity filters is presented, which overcomes the afore-
said drawbacks; this approach, applicable to a large class of
specific filter structures, is based on the introduction of suitable
equivalent cavities which include the effect of the coupling el-
ements. The unknown geometrical dimensions of the coupling
structures for a given set of the coupling coefficients values
are evaluated by solving a nonlinear system with an efficient
numerical method. A novel method is also presented for eval-
uating the coupling coefficients when transmission zeros are
required (either purely imaginary, complex, or even frequency
asymmetric). This method is based on the synthesis of a gen-
eral low-pass prototype with an equiripple passband response.
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Fig. 1. General configuration of multicoupled cavity filters. Each cavity can have an arbitrary number of couplings with other cavities (represented in
the figure by the coupling coefficientskmn).

Fig. 2. Equivalent circuit of the general filter configuration in Fig. 1. Nodes
1, 2, 3, � � � represent suitable reference sections of the cavities.

To give evidence of the effects arising from discarding mul-
tiple couplings during the design, the numerical simulations on
some test filters (designed with both the simplified approach
and the procedure proposed here) have been performed and
the results obtained are discussed in the paper.

II. FUNDAMENTALS OF THE DESIGN

A. Modeling

The general filter structure in Fig. 1 can be represented
through the admittance matrix defined at the
reference ports of the resonators. A possible circuit model
of the structure is given in Fig. 2, where the admittances
and are dependent on the elements of through the
following relationships:

(1a)

(1b)

In (1b) the admittance has been split into two parts
in order to introduce which represents the tuning sus-
ceptances required for the practical alignment of the filter
(they are generally realized by means of metallic screws); the
summations in (1b) are performed over all the coupling admit-
tances connected at node. Note that represents
the equivalent resonator modeling theth resonant cavity.

Let consider the th cavity with all the couplings to the
neighboring cavities: each coupling admittance can be

Fig. 3. Splitting of Y�k;i into two series-connected admittancesY 0

k;i and
Y

00

k;i; insertion at the junction node of a short circuit (electric wall) or an
open circuit (magnetic wall).

arbitrarily split into two series connected admittances
and (Fig. 3). Introducing open circuits or short circuits at
the junction points between these admittances, the following
equivalent admittances can be defined:

(2a)

(2b)

From a physical point of view represents the equiva-
lent admittance of theth cavity with magnetic walls inserted
inside the coupling structures at the sections corresponding to
the junction points of and . is the equivalent
admittance of the th cavity with an electric wall inserted
inside the coupling structure between cavitiesand , and
magnetic walls inserted inside all the other coupling structures.

It can be observed that independently of the specific lo-
calization of the sections where magnetic or electric walls
are inserted, the coupling admittances can be expressed
as a function of and through the following
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relationship:

(3)

Equation (3) has been obtained by deriving and from
(2a) and (2b) and taking into account that is the series of

and ; note also that is independent on the tuning
susceptances and .

Using (2) and (3), all the elements of the overall ad-
mittance matrix can be computed as a function of the
equivalent admittances and , which, in turn,
can be derived through the analysis of each physical cavity
suitably terminated (by means of electric and/or magnetic
walls introduced inside the coupling elements). This allows
to take into account in the computation of the parameters of
the equivalent resonators necessary for the filter design the
effect of all the couplings outgoing from each physical cavity.
In this way, the overall accuracy of the design can be very high
depending only upon the degree of accuracy of the evaluation
of the admittances and . Note that very often the
practical dimensioning of the coupling structures in coupled-
cavity filters is performed by discarding for each pair of cou-
pled resonators all couplings but one [4]. This approach makes
the design of the filter relatively simple but it may require rele-
vant experimental adjustments, especially in case of moderate
bandwidth with transmission zeros close to the passband.

It can be observed that although and depend
on the actual localization of the electric and magnetic walls
introduced inside the coupling susceptances, is indepen-
dent on this choice. The sections where it is convenient, from
a computational point of view, to place the electric and/or
magnetic walls (for the numerical evaluation of and

) are dependent on the specific filter structures; for
example, in the case of cavity resonators coupled through
thin diaphragms or slots, the right placement of the electric or
magnetic walls is just in the sections of the coupling elements;
in the case of comb filters, the electric or magnetic walls
can be conveniently located midway between the coupled line
resonators.

B. Development of a General Design Procedure

It is known that the coupling between resonatorsand in
the direct-coupled cavities’ filters can be expressed by means

of the coefficient defined as [12]

(4)

where is the midband angular frequency of the
filter and is the susceptance slope parameter of theth
cavity; in absence of losses one gets

(5)

where is the resonance angular frequency of theth
cavity.

Equation (4) can then be evaluated as a function of the
equivalent admittances and by using (2), (3),
and (5). Once the numerical values of the coupling coeffi-
cients have been obtained (for instance, by means of the
normalized low-pass prototype presented in Appendix A) the
system of nonlinear equations given by (6), at the bottom of
the page, must be solved in order that the actual filter structure
approximates the electrical response of the de-normalized
prototype.

In (6) the summations are performed over all resonators
coupled to ( ). In addition, the resonance of each cavity
must also be imposed from (7a), taking into account (2) the
tuning susceptances can be directly derived ((7a) and (7b)
shown at the bottom of the next page). Equations (6) and (7)
generally depend, through the equivalent admittances
and , on all the geometrical and electrical parameters
which define the specific filter structure considered; however,
a number of these parameters are, in general, preliminarily
assigned according to some suitable criteria (minimization of
the losses, reduction of the overall volume, optimization of
the out-of-band behavior, and so on); also, the geometrical
dimensions of the cavities may be imposeda priori (then
determining the values of the susceptances). The design
procedure presented here assumes, as design unknown, only
the geometrical parameters which determine the couplings be-
tween the cavities; moreover, the number of these parameters
is assumed to be equal to the overall number of couplings.

The design can then be performed by numerically solving
the system (6) of nonlinear equations, as a function of the
geometrical coupling parameters of the specific filter structure;
during the solution of the system, given a set of unknowns
values, the resonance condition (7b) determines the values
of the tuning susceptances [required for evaluating the
left-hand side (LHS) of (6)].

(6)
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The numerical solution of the nonlinear system is based on
the minimization of a cost function (nonlinear least squares
optimization). A very efficient algorithm is represented by
the Gauss–Newton Method which has been employed for
designing the test filters considered in the following section.
In spite of the strong nonlinearity of the system to be solved,
acceptable solutions have always been found for all the designs
performed.

C. Expression of the Coupling Coefficients as a Function of
the Resonance Frequencies of the Equivalent Cavities

It is known that the coupling coefficients between two cou-
pled resonators can be given as the function of two resonance
frequencies related to suitably defined equivalent resonators
[11]. It has been found also that in the general case considered
in this paper (array of resonators with multiple couplings) the
coupling coefficients can be expressed as the function of the
resonant frequencies of the equivalent admittances and

through the following relationship:

(8)

where and are the resonant frequencies of
and , respectively. Note that (8) has not been

analytically derived and so it cannot be stated that it exactly
holds; however, the accuracy has been verified by applying (8)
for computing the coupling coefficients in several test filters
(designed with the method presented here) and comparing
these values with those originally obtained from the synthesis
of the low-pass prototype.

III. V ERIFICATION OF THE DESIGN PROCEDURE

The aim of this section is to show the improvement in
the design accuracy obtainable through the novel approach
with respect to the evaluation of each coupling element one
at a time (discarding all the others). Some test filters have
been designed following both approaches and the simulated
responses obtained in the two cases have been compared in
order to emphasize the effects produced by discarding the
presence of multiple couplings in the design.

It is well worth observing that the overall accuracy in the
design of a generic filter structure (including those considered
here) depends both on the aspects concerning the multiple
couplings (to which this paper is devoted) and also on the
accuracy of the modeling of the resonators; this means that the
overall design accuracy is affected, in the novel approach, by

the numerical evaluation of the equivalent admittances
and .

However, this aspect of accuracy (i.e., the cavity modeling)
is common to whatever approach is followed in the design of
coupled-cavities’ filters. The most accurate methods are based
on the numerical evaluation of the electromagnetic field inside
the cavities (mode-matching method, integral equation tech-
nique, spectral domain approach, and so on); these methods,
however, are generally not suitable for filter design procedures
(as that presented here) because of the very long computer time
they typically require. For design purposes, a less accurate but
more viable choice consists in the representation of the cav-
ities by means of simple equivalent circuits suitably defined.
In the case of overall unsatisfactory accuracy, optimization
procedures may be employed after the design using a more
sophisticated model for the cavities’ characterization (note that
the direct optimization without a preliminary design gives
generally unsatisfactory results, especially for narrow-band
filters with transmission zeros close to the passband).

In the following (since the focus of this paper is not on the
accuracy of the cavity modeling), a simple equivalent circuit
has been adopted for computing the admittances and

; however, it is worth noting again that the improve-
ment of accuracy in the test filters design determined by taking
into account the multiple couplings in each cavity (which is
the matter investigated here) can be demonstrated as well.

A. Test Filter Structure

The filter structure chosen for testing the novel design ap-
proach is constituted by the generalized slot-coupled combline
filter [13]; this structure is of particular interest in mobile
communications applications, allowing the construction of
high-selectivity, phase-equalized filters.

The structure under consideration is shown in Fig. 4. The
basic resonator is constituted by a circular metallic rod of
diameter and length placed inside a rectangular cavity
having the cross-section dimensionsand , respectively. The
rod is short-circuited at one end and resonates with a capacitive
susceptance (generally realized through a metallic screw) at
the other end. The cavities are displaced in the structure in
two parallel rows (folded configuration) in order to allow
couplings between nonadjacent resonators. The couplings are
realized by removing part of the walls which separate adjacent
cavities (each resonator can have at most three couplings in
this configuration). The input and output ports are of a coaxial
type and are coupled to the rod in the first and last cavities by
means of taps at a suitable distance from the short circuit (the
design of the taps is not considered in this work).

(7a)

(7b)
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(a)

(b)

Fig. 4. Schematization of the generalized slot coupled combline filters. (a) Top view. (b) Side views. The arrows in the top view show all the possible
couplings for the considered structure.

The design unknown parameters are represented here by the
length of the slots (the walls are removed starting from the
open side of the rods); all the other geometrical parameters
must be preliminary assigned according to suitable criteria.
For instance, when negative couplings are required, the length

must be larger than 45(the usual value adopted in a comb
filter). A typical choice in this case is between 60–80 .

The cross-section dimensionsand must be chosen suf-
ficiently small to allow the realization of the largest coupling
coefficients (positive and negative) obtained from the electrical
synthesis. Another aspect to be taken into account in the choice
of the above parameters is the unloaded Q factor of the cavities
(which determine the overall losses of the filter).

Note, however, that the aspects concerning the choices
for the optimum design of generalized comb filters are not
faced in this paper (the aforementioned aim of which is the
investigation of the effects produced by multiple couplings in
the cavity filter’s design).

In accordance with this aim the admittances and
related to the filter structure described above, are

modeled by means of a simple equivalent circuit, which is
described in detail in Appendix B. This model is adopted for
both the design and analysis of the filter; in particular, the
frequency response is obtained through the following steps:

1) computation of the overall admittance matrix using
(1)–(3) (Section IIA), taking into account the frequency
dependence of all parameters;

2) computation of input–output impedance matrixof the
filter (order 2) by inverting the matrix (order ) and
extracting the elements , , , ,
where is the number of filter cavities;

3) computation of the filter response (attenuation) vs fre-
quency from matrix .

During the analysis, the coupling of the external loads with
the first and last resonators is described by means of ideal
transformers.

B. Results from the Test Filter

Electrical requirements typical of radio mobile applica-
tions are assumed for the test filter. It is constituted by
six cavities and it shows a passband equiripple response,
with a pair of imaginary transmission zeros imposed for
improving selectivity and a pair of complex zeros imposed
for equalizing the passband group delay response. Table I
shows the values assigned to the filter design parameters
together with the transmission zeros’ locations obtained from
a numerical search procedure. The synthesis of the normalized
low-pass prototype (following the procedure in Appendix A)
gives the coupling coefficients, also specified in Table I;
note that being the transmission zeros symmetrically located
around the passband, the prototype does not contain the
couplings between resonatorsand (the generalized
comb structure considered here is then suitable for the filter
realization).
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TABLE I
ELECTRICAL SPECIFICATION AND COUPLING COEFFICIENTS OF THETEST FILTER

TABLE II
PRELIMINARY ASSIGNED GEOMETRICAL PARAMETERS.

Fig. 5. Comparison between the frequency responses of the test filter (with
the transmission zeros) designed according to the new procedure (continuous
line) and the simplified old approach (dashed line).

In Table II the preliminary geometrical dimensions assigned
to the resonators are reported; note that the electrical res-
onator’s length is large enough (55) to allow the realization
of the negative coupling .

The evaluation of the coupling slots’ length has been
performed by following both the design approaches considered
here (i.e., the novel one proposed in this paper and the
simplified one recalled in the Introduction). The values of
obtained in the two cases are shown in Table III; it can be

TABLE III
SLOTS LENGTH COMPUTED WITH THE NOVEL PROCEDURE AND WITH THE

SIMPLIFIED APPROACH, WHICH DISCARDS THE MULTIPLE COUPLINGS

TABLE IV
SLOTS’ LENGTHS AND COUPLING COEFFICIENTS FOR THEALL POLES TEST FILTER

seen that the differences are relatively large. The inaccuracy
of the simplified design approach is evident by examining the
frequency response (attenuation) of the two designed filters
reported in Fig. 5; note that the tuning susceptances in the
simplified design have been computed on the actual filter
structure (i.e., taking into account all the couplings between the
cavities). This means that the degradation of the filter response
is only due to neglecting the multiple couplings during the
design and not to mistuning effects.

Examining the results shown above, one could attribute the
large differences resulting from the two design approaches
to the presence of the two additional couplings required for
realizing the transmission zeros. As a matter of fact, this is
not completely true. In fact, even if any transmission zero is
required, there are two couplings for each cavity. So, if the
slot length realizing one of these couplings is computed by
disregarding the presence of the other, the same inaccuracy
previously found will result.

This has been verified with the above test filter by removing
the couplings 1–6 and 2–5; the resulting six-poles Chebychev
filter has been designed again following the two approaches
investigated here and the results (the coupling slots’ lengths)
are reported in Table IV, together with the required coupling
coefficients.

As can be seen from Table IV, the differences in the slots’
lengths values obtained from the two design approaches are
similar to those obtained when the transmission zeros were
present. The simulated frequency response of the filter (Fig. 6)
also confirms the previous considerations. Concluding this
section, it is advisable to again remark that the purpose pursued
here has not been to develop an accurate design procedure for
slot-coupled combline filters, but to show that discarding mul-
tiple couplings during the filter design may produce relevant
errors; however, the discrepancies shown here between exact
and approximate design cannot be generalized to whatever
filter configuration (in fact, other structures may present far
less pronounced differences).
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Fig. 6. Frequency behavior obtained with the two design approaches when
the test filter has only two couplings per cavity (Chebychev response).

IV. CONCLUSION

A novel approach to the design of cavity filters with multiple
couplings between the cavities has been presented. The method
is based on the definition of suitable equivalent uncoupled
cavities obtained by introducing electric and/or magnetic walls
inside the coupling structures. The dimensioning of the cou-
pling structures is performed through the numerical solution
of a nonlinear system of equations expressing the require-
ments imposed by the coupling coefficients values and by the
resonance condition. The values of the coupling coefficients
(and of the tuning frequency of each resonator) are obtained
through the synthesis of a low-pass prototype, which allows
the imposition of an arbitrary frequency response even with
asymmetric transmission zeros. By means of a test filter, the
improvement in the design accuracy has been demonstrated
(with respect to a simplified design approach which considers
a single coupling at a time).

APPENDIX A
GENERAL EQUIRIPPLE LOW-PASS PROTOTYPE

The general low-pass prototype is synthesized in the form
of the cross-coupled network in Fig. 7; in order to also allow
an asymmetric response, frequency invariant susceptances
are introduced in parallel to each normalized capacitance.
It is known [14] that a similar network allows to obtain in
the prototype transfer function arbitrary transmission zeros
(both complex and imaginary) with an equiripple response in
passband.

The transfer function is represented by parameter ,
where is the normalized complex frequency. The

Fig. 7. General cross-coupled prototype network. Each node represents a
capacitancegi in parallel with a frequency invariant susceptancebi; the
parametersJij are the admittance inverters between nodesi andj.

Fig. 8. Relevant geometric parameters of the genericith cavity inside the
slot-coupled combline filter. The reference section is located at the end of
the round rod.

attenuation characteristic can then be expressed as

(A1)

where depends on the required passband ripple andis a
generalized Chebychev function expressible as a ratio of two
polynomials

(A2)

where is the order of the filter (number of poles), is the
number of transmission zeros, whose values are , and

are the reflection zeros. Note that are real numbers
because the reflection zeros must be on the imaginary axis.
The transmission zeros are in general complex numbers
which must be symmetrically prescribed with respect to the
imaginary axis in order to synthesize the low-pass prototype
as the cross-coupled network in Fig. 7.

(A3)
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Fig. 9. Equivalent circuit of the cavity represented in Fig. 8. Each transmission line section is defined by the characteristic impedanceZc;x and by the length
LX . The admittanceY t

kmay represent eitherY t
k;(0) or Y t

k;(S;i) depending on the electric and/or magnetic walls located at the slots’ sections.

For determining the unknown reflection zeros a closed
form expression for must be available. It has been
found that the expression proposed by [8] for imaginary
transmission zeros works as well also for complex zeros if
given in the following form (see (A3) at the bottom of the
previous page). Once the zeros have been imposed, the
polynomial at can be expressed as

(A4)
The coefficients can be computed with a polynomial

fitting procedure by selecting some values of in the range
(–1, 1) and computing the corresponding values with
(A3). The selection of the normalized frequencies is not
critical, even if the order of the filter is high; however, using
a nonuniform distribution of the frequency points (with an in-
creasing number toward the passband edges) the computations
become faster and more accurate. Once the coefficientsare
known, the reflection zeros are readily determined and
the poles of the transfer function can be obtained by building
up the polynomials and , which define the scattering
parameters and in the complex plane

(A5)

Note that the roots of are , the roots of are
, and the poles of the transfer function are the roots

of . These can be obtained from the polynomial
, defined as

even
odd)

(A6)
and selecting the roots of with the negative real
part.

Once the transfer polynomials , , and have
been determined the synthesis of the prototype low-pass can
be carried out using the procedure described by [14] based on
the chain matrix description of the normalized network loaded
with unitary resistances. At the end of the synthesis procedure

the values of the prototype parameters, , and are then
available.

The denormalized passband filter is obtained by substitution
of the capacitance and the susceptances with equivalent
parallel resonators having the following parameters:

(A7)

where and represent the resonant frequency and
the susceptance slope parameter ofth equivalent resonator,
respectively. is the midband filter frequency, is the filter
bandwidth, and is an arbitrary reference admittance.

The load and generator resistances of the denormalized filter
are given by

(A8)

Finally, the coupling coefficient between resonators
and is obtained through

(A9)

Note that the frequency response of the denormalized pass-
band filter around does not exactly follow that of the
normalized prototype around the origin due to the presence
in the prototype of the frequency invariant susceptances; how-
ever, the approximations introduced are generally acceptable
for narrow or moderate bandwidth filters.

APPENDIX B
A SIMPLIFIED MODEL FOR COUPLED CAVITIES

IN GENERALIZED SLOT-COUPLED COMBLINE FILTERS

As explained in Section IIA, each cavity in the filter
structure considered in this paper can be coupled at most
with the other three cavities, as illustrated schematically in
Fig. 8. The admittances and are defined by
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Fig. 10. Cross sections of the equivalent transmission lines in Fig. 9. The dotted lines represent either an electric or a magnetic wall, depending on the
specific admittance (Y t

k;(O), Y
t
k;(S;i)) to be evaluated; the continuous lines are the actual metal boundaries of the cavity.

inserting electric and/or magnetic walls in the places of the
three possible slots in theth cavity. The evaluation of these
admittances can then be performed (considering only the TEM
mode) by means of the simple equivalent circuit reported
in Fig. 9. This circuit is constituted by the cascade of four
transmission-line sections, terminated with a short circuit at
one side and with a capacitive susceptance (representing
the tuning screw) at the other side. The admittances and

are evaluated at the section of . The equivalent
transmission lines, whose lengths depend on the slots lengths
as shown in Fig. 9, are of coaxial type with the inner conductor
of circular shape (the resonator rod), the outer cross section (of
rectangular shape) is constituted by electric and magnetic walls
(at least one electric), depending on the slots’ lengths and on
the specific admittance ( , ) to be evaluated. With
reference to the cavity in Fig. 8, a schematic representation
of the equivalent transmission lines’ cross sections is given
in Fig. 10, where the continuous lines are the actual metal
boundaries of the cavity and the dashed lines represent either
electric or magnetic walls depending on the admittance to be
evaluated.

To perform the computations with the equivalent circuit
the characteristic impedances , , , and of
the transmission lines must be known. Their computation,
however, can be made once at the beginning of the design
procedure (in fact they do not depend on the design unknown,
i.e., the slots lengths ). For designing the test filter these
characteristic impedances have been numerically computed
with a method based both on conformal transformation and
on finite difference solution of Laplace equation [15].

In conclusion, it is worth remarking that the model presented
here is suitable only for a first order design of slot-coupled
combline filters (all high-order modes excited at the discon-
tinuities determined by the slots and the tuning screws are
discarded); it is, however, adequate to perform comparisons
with different filter design approaches, as explained in Section
III.
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