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Abstract—A simple dual-bandpass filtering structure is proposed. The filter is implemented by means of a new hybrid
waveguide–microstrip technology. The novelty of the structure
is that it combines two standard printed microstrip coupled line
resonators, with a resonance of the base waveguide cavity, to
implement a dual-band operation. Important aspects about the
filter design, useful for practical applications are treated. This
includes a study on the maximum coupling that can be achieved to
the cavity resonance, and guidelines to control the positions of the
two passbands and the transmission zeros. Besides, an example
has been designed, manufactured and tested. The measurements
on the fabricated prototype have confirmed the validity of the new
structure to perform dual-band operation.
Index Terms—Dual-band filter synthesis, dual-band filters, hybrid waveguide–microstrip technology, microstrip resonators, microwave filter.

I. INTRODUCTION

T

HE PROBLEM of the synthesis and design of microwave
dual-bandpass filters has been treated in several recent
contributions using different approaches. By way of illustration,
two synthesis and design techniques for filters with one stopband located between two passbands were introduced in [1]. The
first technique allows to synthesize two passbands with symmetric frequency characteristics. The second method allows to
obtain two passbands with different widths, but with the stoptransmission zeros all placed at the
band determined by
the order of the filter. A different
same frequency, being
approach can be found in [2], where a transformation from a
regular single-passband low-pass prototype to another with two
sub-bands was for the first time presented. Furthermore, a different type of approaches for the synthesis of multibandpass filters are those based on optimization. A very interesting contribution, which employs the coupling matrix of single-band responses, with subsequent optimization of its entries to design
dual and triple-band filters, was proposed in [3]. Besides, a technique that provides all the possible solutions of a given topology
was presented in [4]. This technique is applicable to multiband
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filters within the narrow-band approximation. Finally, a technique presented in [5] guarantees the convergence during the
computation of the coupling matrix for any multiband filtering
characteristic, of a novel iterative algorithm.
In this paper, a new implementation of a simple dual-bandpass filtering configuration is introduced, based on a hybrid
waveguide–microstrip technology. The hybrid technology consists of a compact structure combining the waveguide and the
microstrip technologies, first introduced in [6]. However, only
bandpass transversal filters have been implemented with this
innovative structure until now. In this contribution we propose
the employment of a different coupling topology to implement,
for the first time, a dual-bandpass hybrid waveguide–microstrip
filter.
The synthesis process is composed of several steps. First, we
determine the prototype function with the idea of piecing together the functions of different individual filters, as presented
in [3]. Next, we apply the direct synthesis technique introduced
in [7] to obtain an initial coupling matrix, which will then be
used in an optimization process (see [4], [5], and [8]) to transform the initial coupling matrix into a matrix, which represents
the desired coupling topology of the filter. An important feature
of the final obtained coupling matrix is that only one negative
coupling is required. Therefore, it is suitable to be implemented
using the hybrid waveguide–microstrip technology. In this technology, the change in sign of the electric field of the cavity resonance implements one negative coupling [6]. All other couplings to the printed microstrip resonators are considered positive. With all these considerations, the dimensions of the hybrid
structure are optimized to implement the obtained coupling matrix. Good agreement is obtained between the response of the
coupling matrix, results obtained through full wave simulations,
and measurements, validating the new structure for dual-bandpass operation.
II. TOPOLOGY DESCRIPTION
This contribution is focused on the implementation of a dualbandpass filter by means of an innovative configuration based on
the hybrid structure introduced for the first time in [6]. The new
configuration is shown in Fig. 1. The structure is composed of
two open line printed microstrip resonators, which are mutually
coupled by proximity. They are printed between the input and
the output ports, also implemented with printed microstrip lines.
These microstrip resonators are combined with a waveguide resonance in order to implement the third-order coupling topology
shown in Fig. 2. It can be noticed that the inter-resonator coupling between the two printed line microstrip resonators is implemented as a standard side parallel coupled lines section.
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Fig. 1. Hybrid waveguide–microstrip structure for a third-order dual-bandpass
filter following the coupling topology shown in Fig. 2. The width of the microstrip resonators, and of the input/output ports in the examples of this paper
is 2 mm.

Fig. 3. Dual-bandpass prototype function, obtained by piecing together individual filters.

when symmetry is employed, the coupling terms will satisfy
and
. The requirement of symmetry
is not needed in the topology, but will simplify the design and
optimization tasks of practical transfer functions.
III. DESIGN EXAMPLE AND PRACTICAL ISSUES

Fig. 2. Coupling scheme of a third-order fully canonical filter.
the direct coupling from source to load.

M

represents

TABLE I
COUPLING MATRIX OF THE TOPOLOGY FOR THE
DUAL-BANDPASS DESIGN

The
by
coupling matrix of this third-order
configuration presents the form shown in Table I. In the hybrid
structure, the mode excited in the partially filled cavity behaves
. Furthermore, the structure includes resas resonator 1
, which are coupled together. These
onators 2 and 3
resonators will be implemented in the hybrid structure with the
two microstrip printed lines shown on the left side of Fig. 1.
These two printed line resonators are sided coupled in order to
term of the coupling matrix. Finally, the hyimplement the
brid structure implements a direct coupling between source and
.
load, represented in Fig. 2 by
As recognized in [6], the change in sign of the electric field associated to the waveguide mode from the input to the output port
is responsible for the existence of a negative coupling. Therewill satfore, the coupling term corresponding to resonator
. No other negative coupling
isfy the relation
term is present in the matrix. This coupling configuration makes
the dual-band design with the hybrid-structure of Fig. 1 possible, as it will be shown in the next sections. Note also that,

In this section, important aspects about the filter design,
useful for practical implementations, are studied. Besides, we
are going to present an implementation example employing
the innovative hybrid structure introduced for the first time
in [6], but with the new configuration shown in Fig. 1 for the
implementation of dual-band responses.
The synthesis method requires the computation of a prototype
function to start with. To carry out this step, we use the approach
introduced in [3], where the functions of individual filters were
separately designed according to [9]. Then, they are put together
to compose the final prototype function. Our design example
consists of a dual bandpass filter with 21 dB of return loss,
and three transmission zeros at 1.5, 4.5, and 4.8 GHz. Its center
frequency is 4.8 GHz and its whole bandwidth is 362 MHz. The
lower passband has two poles, whereas the upper passband has
one pole (network of order 3). The first step of the design procedure will let us to determine the exact position of these three
poles. The obtained prototype function is shown in Fig. 3, where
the three individual filters used to compose the whole filtering
function can be clearly distinguished. After the synthesis of the
individual filters, the poles of the prototype function, required
for the synthesis of the final filter, can be easily calculated. In
our example the poles are found to be placed at 4.650, 4.682,
and 5.002 GHz. Once the poles and the transmission zeros have
and
of the
been found, the numerator polynomials
scattering parameters can be calculated as follows [10]:
(1)
The value of the constant is adjusted to obtain 21 dB reand
, the denominator polyturn loss. Besides, with
can be found using the alternating pole singularity
nomial
principle, as mentioned in [10]. Thereby, we have totally determined the transfer and reflection scattering parameters
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and
, and the transversal coupling matrix can be synthesized with the procedure described in [7], obtaining

(2)
However, the implementation of this coupling matrix with the
hybrid waveguide–microstrip technology is difficult, mainly because two negative couplings are required between the input/
output ports and two of the resonators. A more convenient coupling topology to implement the dualband response employing
the hybrid technology is the previously described configuration
of Fig. 2.
In order to compute a coupling matrix that represents the
topology proposed in Fig. 2, we can use optimization techniques
(see [4], [5], [8]). These techniques produce several possible solutions for the topology under study. One possible solution is
:
given by the following coupling matrix

(3)
An alternative but equivalent coupling matrix can also be obtained. This alternative matrix results to be

(4)
It is important to note that the inter-resonator coupling
is much smaller in the coupling matrix
term
than with the first option given by the
matrix
. This can make the
coupling
matrix more interesting for practical purposes, specially when
high coupling values are difficult to implement. Besides, the
indicates that the resonance associated to the sign
solution
change implements the upper passband of the filter (for the
, the diagonal element
is the lowest value of
resonator
all the diagonal elements). In the hybrid structure, the cavity
mode will implement this resonance, and therefore it will take
care of the upper passband of the filter. The remaining two
in Fig. 2) will be implemented
coupled resonators ( and
by the parallel coupled microstrip lines, and will form the
second-order lower passband.
It can be observed that these properties are not shared by the
. In fact, the matrix
combines the resonance that
matrix
changes sign in the lower passband with one of the other coupled
resonances. In the hybrid structure this requires the combination
of the cavity mode with one of the microstrip line resonators,
making more complex the design and optimization procedure of
the structure. For these reasons, the next designs will be based
.
on the solution given by the coupling matrix

M

Fig. 4. Response of the coupling matrix
).
tion (matrix

M

versus the original prototype func-

In addition, it is important to remark that it is possible to
with the hybrid strucimplement the final coupling matrix
ture shown in Fig. 1, corresponding to the coupling topology
sketched in Fig. 2. This structure implements one sign change
in the coupling terms of the matrix, thanks to the change in sign
of the electric field associated to the resonant mode excited in
the partially filled cavity [6]. As it can be seen from the expres, this is just the necessary sign changes needed to
sion of
implement this coupling matrix.
can now be comThe response of the coupling matrix
pared with the original prototype function given by the coupling
. Both responses are plotted together in Fig. 4. Note
matrix
that the third transmission zero is not shown in this figure, since
it is very far form the passband. This is due to the value of the
.
direct coupling term, which is very small
In general, the structure proposed in Fig. 1 will always exhibit
small direct coupling values, so it will not be possible to approach this transmission zero to the passbands of the filter. We
can observe that both responses are very similar, demonstrating
coupling matrix accurately corresponds to the
that the final
desired dual-bandpass transfer function.
An important issue when designing filters with a new structure, is to establish the limits in the bandwidth that can be implemented from a practical point of view. Following the coupling
above, the lower passband is implemented by the two
matrix
coupled line microstrip resonators. The bandwidth of this lower
passband is controlled by the couplings from the input/output
and
). It can be observed
ports to these resonators (
in Fig. 1 that these couplings are implemented as standard side
in Fig. 1).
parallel microstrip line couplings (gaps
Consequently, the expected maximum bandwidth is equivalent
than in standard filters based on microstrip coupled line sections
[11], [12].
In a similar way, the resonant mode excited in the partially filled cavity forms the upper passband of the filter.
The bandwidth associated to this passband is controlled by
the coupling from the input/output lines to this cavity mode
. This coupling will depend on the type of
substrate used, and on the length of the input/output printed
in Fig. 1). For the dielectric substrate of our
lines (
,
mm), the coupling to the cavity mode
example (
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Fig. 5. Cavity mode resonator bandwidth as a function of the port lengths (left
y -axis), and of the coupling term M (right y -axis).

TABLE II
DIMENSIONS OF THE DESIGNED DUAL-BANDPASS
HYBRID STRUCTURE

can be extracted from the graphic shown in Fig. 5. This figure
gives the 3 dB bandwidth of the doubly terminated resonator, as
a function of the length of the input/output lines (left -axis of
the graphic). It is well known that this 3 dB bandwidth is related
[13]. The final relation to the
to the external coupling
coupling is given in the same graphic, using the right -axis. It
can be seen in the graphic that the maximum coupling that can
be implemented with this specific dielectric substrate is around
. Consequently, the matrix
above represents a
transfer function with the maximum possible bandwidth for the
upper passband, that can be implemented using our structure
. In any case, the
with this specific substrate
bandwidth of the upper passband can be easily adjusted by
using the data
selecting the appropriate lengths
of Fig. 5. If other dielectric substrates are used in the hybrid
structure, the design of the upper passband can be aided by
producing a similar graphic as shown in Fig. 5, computed for
the new substrate.
The dimensions of the structure after optimization for the
are collected in
implementation of the coupling matrix
Table II. The electrical behavior of the hybrid filter can now be
obtained. For this purpose, a full wave spectral domain integral
equation technique for multilayered shielded structures has
been used [14]. The response of the structure, together with
are
the ideal response provided by the coupling matrix
presented in Fig. 6, showing good agreement.
Another important practical aspect when designing
dual-bandpass filters is how to control the proximity of

Fig. 6. Ideal model (M ) versus full wave simulated results of the designed
hybrid structure.

the two passbands. The location of the bands can be adjusted
, which give
using the diagonal elements of the matrix
the shifts in resonant frequencies of all the resonators with
respect to the center frequency of the filter. These adjustments
can be implemented very easily with the new hybrid structure
proposed. Since the second-order lower passband is controlled
by the two coupled microstrip line resonators, their resonant
frequencies can be easily controlled by acting on their lengths
and
in Fig. 1). It is worth noticing that, according to
(
the matrix
, both resonators are synchronously tuned to each
. Therefore, for this design the lengths of
other
, and their value
both line resonators will be equal
will control the position of the lower passband. Also, the level
of ripple in this lower passband is controlled by the amount of
.
coupling between these two resonators
In a similar way, the upper passband is controlled by the resonance associated to the sign change, which in the hybrid structure is implemented by the resonant mode excited in the partially
filled cavity. The position of the upper passband, relative to the
. In
lower passband, is controlled by the diagonal element
the hybrid structure the resonant frequency of the cavity mode
can be controlled with the dimensions of the shielding enclosure. A convenient way to do this is by adjusting the width of the
cavity (dimension “ ” in Fig. 1). Consequently, by acting only
on the cavity width, the upper passband can be conveniently approached to the lower passband.
To demonstrate that this is indeed the case, we present in
Fig. 7 the response of the same filter as before, but for different
values of the cavity width. We can observe that the lower passband is hardly affected, while the upper passband effectively
approaches to the lower passband. The coupling matrices for
the three filters shown in Fig. 7 are essentially the same as maabove, expect for the element
that changes as
trix
for
mm,
“ ” increases. Specifically,
for
mm, and
for
mm.
It is also interesting to investigate alternative transfer functions that can be implemented with the new hybrid structure proposed. One interesting alternative is to try to reverse the lower
and upper passbands of the presented design. Since the resonance that changes sign takes care of the upper passband, one
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Fig. 7. Full wave simulated results of the designed hybrid structure for different
values of the cavity width (b), showing how the proximity of the two passbands
can be controlled.

possibility is to place this resonance at a frequency lower than
the other two resonances. However, with this alternative not only
the bands are swapped, but also the lower transmission zero
changes position, moving in between the two passbands. As a
result, the two transmission zeros now combine into a pair of
complex transmission zeros. This behavior can be easily shown
by considering the matrix

(5)
, except for the
This matrix is equal to our previous matrix
. This term is now the largest in the diagonal of
element
the matrix, indicating that the resonance that changes sign is
now below the two other resonances. For the hybrid structure,
the implementation of this coupling matrix is easily done, by
mm.
just increasing the width of the cavity to a value of
The response of the coupling matrix
is plotted together with
the response of the hybrid structure, in Fig. 8. We can observe
that the transmission zeros are now located between the two
passbands, and they are combined in the complex plane. We
have also verified that the complex transmission zeros cannot
be brought to the frequency axis using a symmetric network.
An asymmetric network could still be used for this purpose, but
it complicates the optimization tasks of the hybrid structure. In
any case, this response may be useful for single-band operation
and phase equalization. However, for dual-bandpass operation
the high rejection properties provided by the transmission zeros
in the frequency axis have been lost.
To maintain the high rejection properties between the two
passbands of the filter, the location of the transmission zeros
must be maintained at both sides of the second-order passband
by
(see Fig. 4). This can be achieved in the last matrix
changing the sign of the inter-resonator coupling
. The
, but with a negative value
response of the coupling matrix
is shown in Fig. 9. In the same
for the coupling term
figure we also include the electrical performance of the original
design. We can observe that the upper and lower passbands have

Fig. 8. Ideal model (M ) versus full wave simulated results of the designed
hybrid structure with b = 40 mm.

Fig. 9. Ideal model (M , but with M < 0) versus full wave simulated results
of the original response (with b = 34 mm).

been effectively swapped together, obtaining an almost perfect
symmetric response with respect to the original transfer function. This time the transmission zeros appear correctly at both
sides of the second-order passband, which now occupies the
upper passband of the filter. However, for the practical implementation of this transfer function using the hybrid structure,
a negative sign is required between the two printed line resonators. This negative coupling between the printed line resonators cannot be implemented with the proposed configuration, where simple half-wavelength printed resonators are proposed. A more complicated layout employing open-loop resonators could be used to implement this negative coupling (see,
e.g., [15]).
Finally, higher order dual-band filters can also be implemented by employing the hybrid technology under study. A
possible extension is obtained just by adding an additional
microstrip resonator between the input/output ports in Fig. 1.
This new structure will correspond to the coupling topology
shown in Fig. 10, where in the upper branch the three printed
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TABLE III
DIMENSIONS OF THE MANUFACTURED DUAL-BANDPASS
FILTER IN HYBRID TECHNOLOGY

Fig. 10. Coupling scheme of a fourth-order fully canonical filter. Again,
represents the direct coupling from source to load.

M

implemented by the cavity resonance. All the other three resonances can be implemented by coupling, in inline configuration,
three printed line resonators of the same type, as shown in Fig. 1.
, we also see that the three resonators couFrom the matrix
pled in the upper branch are not anymore synchronously tuned,
is different from the diagonal terms
since the diagonal term
and
).
associated to the other resonances (
IV. EXPERIMENTAL IMPLEMENTATION

Fig. 11. Response of the coupling matrix

M.

line resonators are coupled inline. However, a limitation of the
hybrid structure is that the cavity mode is always directly coupled to both the input and the output ports. Consequently, it is
not possible to couple more resonators, in inline configuration,
in the lower branch of Fig. 10.
In spite of this limitation, it is possible to synthesize a dualbandpass response with the topology shown in Fig. 10. In this
case each passband has two reflection zeros, and two transmission zeros are used to separate the two passbands of the filter.
Being a fully canonical filter, the total number of transmission
zeros that can be implemented at finite frequencies is four. A
coupling matrix that satisfies all these requirements is

(6)
The response of this coupling matrix is presented in Fig. 11. We
can observe from the response that the prototype presents a total
bandwidth of 450 MHz, centered at 4.7 GHz. The filtering response is composed of two second-order passbands with a total
of four transmission zeros. Two transmission zeros are located
to the left of the lower passband, whereas the two remaining
transmission zeros are located between the two passbands.
Note that it is possible to implement this coupling matrix
with the hybrid structure proposed in this paper, since all the
element, which is
couplings are positive, apart from the

In this section, a third-order example has been designed, manufactured and tested, in order to provide experimental verification of the novel structure. The substrate selected for manufacand
turing is an RT Duroid with relative permittivity
thickness of 1.57 mm. The prototype implements a dual bandpass filter with 17 dB of return loss, and three transmission
zeros at 1.4, 4.3, and 4.6 GHz. The center frequency is 4.7 GHz
coupling matrix
and its bandwidth is 430 MHz. The
corresponding to the topology shown in Fig. 2 results to be

(7)
The dimensions of the designed and manufactured dual-bandpass filter, obtained after optimization, are shown in Table III.
For the manufactured prototype, two RT Duroid substrates are
piled up together to obtain the total required dielectric height of
mm. This extended thickness is needed to obtain the
to the cavity
required high coupling value
mode.
In Fig. 12, we present the results obtained from the analysis of
the structure, and we compare them with the predicted response
matrix. We can observe good agreement between both
of the
responses. In addition, we present in Fig. 13 the measured results of the manufactured prototype, and we compare them with
simulated results using the full wave spectral domain integral
equation technique reported in [14]. In the simulations, losses
, and
are included in the dielectric substrate
m . However,
in the printed metalizations
losses in the shielding cavity were not included due to limitations of the software. It can be observed that the simulated and
measured results are in good agreement. The minimum insertion
loss of the filter inside the lower passband is 1.3 dB, whereas
inside the upper passband the minimum insertion loss increases
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Due to the relative large bandwidth of this design, the resulting topology does not exhibit high sensitivity to mechanical
tolerances. The mechanical precision achieved during manufacturing was of 0.05 mm. With these mechanical tolerances, the
agreement between measured results and simulations is reasonable. A photograph of the manufactured prototype is shown in
Fig. 14.
V. CONCLUSIONS

Fig. 12. Comparison of ideal model and full wave lossless simulation results.

A dual-bandpass filtering structure with a specific coupling
topology has been proposed. The filter configuration, which provides dual-bandpass operation, has been implemented by means
of a novel hybrid waveguide–microstrip technology. Important
aspects about the filter design, useful for practical applications,
have been highlighted throughout the paper. Two designs have
been illustrated in order to show the validity of the proposal.
Finally, one of the designs has been manufactured and tested,
showing good agreement with respect to the predicted results.
REFERENCES
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