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Abstract — The design of dual-band microwave filters using
capacitively loaded cavities (CLCs) is presented and discussed.
Two different structures of the dual-mode resonators based on
two CLCs nested one into another and on combination of a CLC
with a complimentary split-ring resonator (CSRR) are
considered. Advantages and challenges of the both designs are
discussed. Design examples of the advanced resonators and
filters implemented in the low temperature co-fired ceramics
(LTCC) as well as printed circuit board (PCB) technologies are
presented.

Index Terms — Cavity, complimentary split-ring resonator, dual-

band filter, low temperature co-fired ceramics, substrate
integrated waveguide.

I. INTRODUCTION

Multi-band microwave devices are highly demanded for
modern and future wireless communication systems. Among
them, multi-band filters are the mostly required components.

A number of design methods for dual-band microwave
filters are known to the date. A dual-band filter can be
designed as cascade of a broadband bandpass filter and a
bandstop filter [1]. A similar approach deals with introduction
of transmission zeroes inside the passband of a broadband
filter [2], [3]. Besides, a dual-band filter can be realized as a
parallel integration of two bandpass filters [4] or as a structure
using interference between the waves propagating in two
different ways [5]. Employment of dual-mode resonant
structures like a step-impedance resonator is also a widely
spread technique to design of dual-band filters [6].

Substrate integrated waveguide (SIW) has recently become
a very popular technology for a design of low-profile low-
weight microwave filters with a low insertion loss over
passband [7], [8].Various designs of dual-band filters in STW
technology have been reported in literature [9], [10]. SIW
structures loaded by the complimentary split-ring resonators
(CSRRs) are commonly used in these designs [7]-[10].

Based on low-profile waveguide or cavity structures, SIW
filters still occupy a rather large area that is mostly remarkable
for low-frequency applications.

On the other hand, loading a cavity with a capacitive post
can result in a dramatic reduction of resonator size while still
maintaining a relatively high unloaded Q-factor [11], [12]. It
has been experimentally demonstrated that a highly loaded
cavity can be smaller than one eighth of the guided
wavelength (A,/8) whereas its Q-factor still remains much
higher with respect to conventional quasi-lumped element and
transmission line resonators [13].

978-2-87487-031-6 © 2013 EuMA

660

We have recently introduced a design concept for small-
size low-loss dual-band filters based on nested CLCs with
different resonant frequencies which can be chosen almost
arbitrarily [13]. Moreover, such an approach allows reducing
the area occupied by the dual-band filter.

In this paper the design method is discussed in more details
and illustrated with some examples. A different design
technique is also considered that allows designing dual-band
SIW filters based on CLC and CSRR in combination.
Advantages and challenges of the both design methods are
discussed. The design examples implemented by means of
two fabrication technologies: the low temperature co-fired
ceramics (LTCC) technology and the printed circuit board
(PCB) technology are presented. The results of electro-
magnetic simulations are compared with experimental data.

II. ADVANTAGES OF BANDPASS FILTERS ON MINIATURIZED
CAPACITIVELY LOADED CAVITIES

The design principle of bandpass filters based on CLCs and
their advantages for telecommunication applications are well
illustrated by the example presented in Fig. 1.

The three-pole LTCC filter consists of three coupled low-
profile cavities operating in the TM;;, mode. Each cavity is
loaded by a conductive post with a capacitive plate at one end
(Fig. 1-a). Sidewalls and the square post are formed by rows
of stacked via holes. The electric field is concentrated between
the capacitive plate and the top of the cavity whereas the
magnetic field distribution remains nearly the same as in an
unloaded cavity. Hence, the power dissipation in the metallic
parts does not change significantly in presence of the load.

The filter resonators are coupled to each other by means of
an iris in the mutual sidewall. Though the nature of such a
coupling is generally mixed, the main contribution comes
from the electric field (i.e., capacitive coupling). The value of
the coupling depends on the iris size. The larger the iris size,
the tighter is the coupling. The outermost resonators are
connected to external circuits by inductive coupling elements.
An equivalent diagram of the filter is shown in Fig. 1-b.

The filter with the Chebyshev response was designed for
UMTS/LTE-2100  applications  (2110-2170 MHz)  and
embedded in nine layers of DuPont Green Tape™ 951 LTCC
(e, =17.8, tan 8 =0.002). Six of them are 210 um thick after
sintering, two other layers have the thickness of 42 um, and
more one layer has the thickness of 95 um. Thus, the total
height of the LTCC structure is about 1.44 mm. The filter
occupies the area of 19 mm x 7 mm (0.38), x 0.144,).
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Fig. 1. Three-pole Chebyshev bandpass LTCC filter based on iris-coupled
CLCs: (a) structure; (b) equivalent diagram; (c) measured (solid lines) and
simulated (dashed lines) characteristics.

The filter characteristics were simulated with the aid of the
Ansoft HFSS 3D electromagnetic field solver. The simulated
and measured filter performances are plotted in Fig. 1-c. The
in-band insertion loss does not exceed 1.2 dB that corresponds
to an average unloaded Q-factor of the resonators equal to 150,
i.e. at least three times higher than for a quasi-lumped element
LTCC resonator. Furthermore, the filter exhibits no spurious
response over a wide frequency range (at least up to 10 GHz).

III. DESIGN OF DUAL-BAND FILTERS USING CAPACITIVELY
LOADED CAVITIES

A. Nested capacitively loaded cavities

CLCs being of different size and having different resonant
frequencies can be nested one into another in such a way that
the inner cavity serves as the capacitive load for the outer
cavity [13].

Fig. 2-a illustrates a structure of such a matreshka-type
dual-mode resonator consisting of two nested CLCs. An
equivalent diagram of the resonator is shown in Fig. 2-b.
Advantages of the dual-mode resonator of this kind are as
follows: i) the resonant frequencies can be chosen almost
arbitrarily; ii) a transmission zero is provided between the
resonant frequencies; iii) less occupied area compared with

LTCC

a)

LTCC

)
Fig. 2. Two nested CLCs: (a) cross-section of the dual-mode resonator and
(b) its equivalent diagram; (c) cross-section of the dual-mode resonator with
an additional transmission zero and (d) its equivalent diagram.

two single mode cavities; iv) a sufficiently high Q-factor; v)
no spurious response over a wide frequency range.

A transmission zero below every resonant frequency can be
easily introduced by surrounding the dual-mode resonator
with an external conducting box as shown in Fig. 2-c. The
corresponding equivalent diagram is presented in Fig. 2-d.

The frequency behavior of the resonators of both types was
analyzed by numerical simulations and confirmed with an
experimental investigation (Fig. 3). Test structures of the dual-
mode resonators with as non-multiple resonant frequencies as
for=748 MHz and fy,=1748 MHz were designed and
fabricated in the multilayer LTCC technology (Fig. 3-a).
Embedded in 16 layers of DuPont Green Tape'™ 951, the
dual-mode resonator with a transmission zero has the only
size of 7.6 mm x 5.2 mm. The height of the LTCC structure is
2.9 mm. The linear size of the resonator does not exceed A,/18
at fo; and A,/8 at fp,. Simulated and experimentally obtained
characteristics of the dual-mode resonators are plotted in
comparison in Fig. 3-b and 3-c.

B. Dual-band filters on nested capacitively loaded cavities

A structure of coupled dual-mode resonators based on two
nested CLCs is schematically shown in Fig. 4-a. The outer
cavities are coupled to each other through an iris in the mutual
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Fig. 3. Dual-mode LTCC resonators on nested CLCs: (a) photograph of a test sample; (b) measured (solid lines) and simulated (dashed lines) characteristics of
the resonator; (c) measured (solid lines) and simulated (dashed lines) characteristics of the resonator providing an additional transmission zero.
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Fig. 4. Coupled dual-mode resonators based on nested CLCs: (a) cross-section
of the structure and (b) equivalent diagram.

side wall. Additional irises in the adjacent side walls of the
inner cavities are used to provide a coupling between them.

An equivalent diagram of the coupled resonators is
presented in Fig. 4-b. The coupling between the tanks with the
resonant frequencies fo; and fy, > fo; is represented by the
capacitances C,, and C,, of different branches of the circuit.
At the frequency f;; the two coupling capacitances get
connected in parallel, so the total capacitance of the coupling
is C/fo1)=C.q+C,. Meanwhile, at fy, the coupling
capacitance is C(fyy) = Ce,-

The following design method is suggested for the filters
based on nested CLCs. As the first step, two single-band
filters with the central frequencies fy; and fy, are designed
separately using a conventional synthesis technique. Then the
coupling values of the filter designed for f;, are corrected as
C'=C,—C,. After this, the two filters are integrated as
shown in Fig. 4-b. The method can be also used to design
dual-band filters with additional transmission zeros based on
the resonator structure of Fig. 2-c.

A design example of the three-pole dual-band filter for
application at 698-798 MHz and 1710-1788 MHz is
demonstrated in Fig. 5. The filter was implemented in the
LTCC technology using the above mentioned structure of the
dual-mode resonator (Fig.2-c.). The filter is as small as
12 mm x 7.6 mm, corresponding to only A,/12. It provides a
low insertion loss (1.4 dB and 2.1 dB in the lower and higher
passbands, respectively) and a high selectivity.

C. Dual band filters on combination of a capacitively loaded
cavity and a CSRR

A dual-mode resonator can be designed as a combination of
a CLC and a CSRR formed on the cavity top cover (Fig. 6-a).
The cavity operates at the lower resonant frequency while the
upper resonance is provided by the CSRR. An equivalent

Input Ce
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Fig. 5. Three-pole dual-band LTCC filter on nested CLCs: (a) structure; (b) equivalent diagram; (c) characteristics obtained by the full-wave simulation.
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Fig. 6. Dual-mode resonator on combination of a CLC and a CSRR:
(a) structure; (b) equivalent diagram; (c) measured (solid lines) and simulated
(dashed lines) frequency responses.

diagram of the dual-mode resonator is shown in Fig. 6-b.

The size of such a dual-mode resonator is limited by the
dimensions of the single mode cavity. Since the CSRR is a
planar structure, its integration with cavity does not result in
an increase in height of the structure as for the dual-mode
resonator on nested CLCs. However, the unloaded Q-factor of
the CSRR is lower in comparison with that of the CLC. Hence,
the dual-band resonators of this type can be favourably used
when the insertion loss in the upper filter passband is not of a
crucial importance e.g. to design filters with the upper
fractional bandwidth being wider than the lower one.

Characteristics of the dual-mode resonator with the
resonant frequencies of 2.4 GHz and 5.6 GHz are presented in
Fig. 6-c. The resonator implemented on 1.7 mm thick two-
layer Rogers RO4003 (g,=3.55, tand=0.0027) PCB
occupies the area of 10 mm < 10 mm corresponding to A,/8 at
the lower resonant frequency. The unloaded Q-factor is
around 130 at the both resonant frequencies.

A coupling between such the dual-mode resonators can be
provided in the same way as for the single-mode cavities.
Changing the iris size influences the coupling between the
CLCs as well as the coupling between the CSSRs. In order to
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Fig. 7. Two-pole dual-band filter based on CLCs with integrated CSRRs: (a) structure; (b) equivalent diagram; (c) measured (solid lines) and simulated (dashed

lines) characteristics.

adjust the coupling between the CSRRs independently, they
are connected by a slotline (see Fig. 7-a) providing a tapered
coupling whose value depends on a connection point position.
An equivalent diagram in illustrated by Fig. 7-b.

A two-pole dual-band filter for WLAN application at
2.3-24GHz and 5.1-58 GHz was designed using the
resonator structure under consideration (Fig. 7). The filter
PCB has the size of 20 mm x 10 mm. The simulated and
measured frequency responses of the filter are presented in
Fig. 7-c. The experimentally observed operating bandwidths
are narrower than the simulated ones that resulted in a slightly
increased insertion loss level. The measured insertion loss in
the two passbands is 2.5 dB and 1.4 dB, correspondingly.

IV. CONCLUSIONS

Small-size low-loss dual-band filters can be designed using
the dual-mode resonators based on CLCs. Two different
structures of such advanced dual-mode resonators have been
considered and applied to the design of dual-band SIW filters
for telecommunication applications. A design method for the
dual-band filters on nested CLCs has been proposed. A dual-
band filter design using CLCs with integrated CSRRs has
been discussed as well. The high-performance dual-mode
resonators with and without additional transmission zeros and
dual-band filters based thereof have been designed and
investigated. The experimental characteristics are in good
agreement with those predicted by the full-wave simulation
that proves the proposed design concept and methods.
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