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Abstract—A new planar resonator design in which a single conductor is replaced by three parallel stripe con-
ductors located one above the other on a suspended two-layer substrate is proposed. It is shown that the res-
onator longitudinal sizes can be significantly reduced and, at the same time, the resonator intrinsic Q factor
and frequencies of higher oscillation modes can be increased. A fourth-order bandpass filter with a central
frequency of the transmission band (relative width 5%) of 1 GHz has been developed and fabricated. This fil-
ter has a —100-dB rejection band up to frequencies exceeding 10 GHz. The filter is enclosed in a metallic case
with an internal size of 38 x 12 x 7.5 mm. It is shown that a similar filter fabricated in accordance with low-
temperature cofired ceramic (LTCC) technology has a —40-dB rejection band up to 30 GHz, with sizes

reduced to 5.0 x 4.25 x 1.24 mm.
DOI: 10.1134/S1063785013080026

Conventional microwave bandpass filters (BFs)
have spurious transparency windows at resonant fre-
quencies of higher oscillation modes; therefore, they
have a relatively narrow high-frequency rejection
band. However, modern communication systems and
various designs of special radio equipment call for
miniature, generally planar, BFs having not only a
wide rejection band (RB), but also a high level of inter-
ference suppression therein. It is also known that sim-
ple addition of sections in widespread microstrip filters
in order to increase the level of interference suppres-
sion in rejection bands leads to an unacceptably large
loss of the desired-signal power because of the rela-
tively low intrinsic Q factor of resonators. The Q factor
of planar resonators can be increased using high-tem-
perature superconducting films as conducting materi-
als [1]; however, application of these devices is limited
by their high cost and the necessity of maintaining
cryogenic temperatures.

The rejection-band width in BFs can be increased
several times using irregular microstrip resonators [2—
4]; however, these irregularities generally reduce the
intrinsic resonator Q factor and, correspondingly,
increase the loss in the transmission band. One of the
spurious bands can be suppressed by conductive con-
nection of filter ports to the conductors of the outer
resonators at points where the nodes of high-fre-
quency voltage of the corresponding oscillation modes
are located [5—7]. Several spurious passbands can be
suppressed simultaneously using resonators with non-
coinciding resonant frequencies of higher modes [8];

however, in this case, deep damping of microwave
power in the filter RB cannot be obtained in principle.
The RB width can be increased significantly by fitting
the length of the coupling region of adjacent filter res-
onators [9, 10] so as to compensate for their inductive
and capacitive interaction at the resonant frequencies
of higher oscillation modes, as was shown previously
[11]. However, this approach also cannot be used to
satisfy the requirements to the RB characteristics of
modern filters. Note that, in all the above-described
filters, the high-frequency RB edge does not exceed
81, (fy is the central frequency of the filter transmission
band) and the RB damping level is no more than
40 dB.

The rejection-band characteristics can be
improved by fabricating planar filters on a suspended
substrate with a two-side pattern of stripe conductors
[12]. However, filters based on miniature coaxial reso-
nators are characterized by unprecedentedly high RB
characteristics [13]. For example, in the fourth-order
filter based on these resonators the RB reaches 47f; at
a level of —90 dB [14, 15]. However, filters based on
these resonators are technologically less efficient in
comparison with planar designs.

In this paper, we report the results of studying an
original miniature stripe resonator on a suspended
substrate (Fig. 1a), which can be used to design BFs
(Fig. 1b) with unprecedently high RB characteristics
relative to all other planar configurations. The resona-
tor is based on a two-layer dielectric substrate sus-
pended in the middle of a metallic case in the form of
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Fig. 1. (a) Longitudinal cross section of a stripe resonator and (b) a filter stripe board: (/) two-layer suspended dielectric substrate,

(2) stripe conductors, (3) metallic-case walls, and (4) filter ports.

a parallelepiped. Its conductive part consists of three
stripe conductors arranged one below the other on the
surfaces of the layers of the combined dielectric sub-
strate. Two external conductors located on the external
substrate surfaces are connected to one of the lateral
walls of the case with one end, whereas one end of the
internal conductor located between the layers is con-
nected to the opposite lateral wall. The other ends of
the stripe conductors are opened and spaced by the
same gaps from the corresponding lateral walls.

The first three oscillation modes in the resonator
under consideration have maxima of high-frequency
voltage only near the free conductor ends. For the first
(main) oscillation mode with lowest frequency f, the
currents in all three conductors flow in the same direc-
tion. For the second mode with higher frequency f,,
the currents in the upper and lower conductors flow in
opposite directions, while the current in the internal
conductor is zero. For the third mode with frequency
/3> f, the currents in the upper and lower conductors
flow in the same direction, while the current in the
internal conductor flows in the opposite direction. It is
noteworthy that the second oscillation mode, for
which the currents in the upper and lower conductors
are oppositely directed, is not excited when the reso-
nator is connected to the port by the central conductor
(as in the filter design shown in Fig. 1b). Therefore,
the filter RB width is determined by the f3/f, ratio.

As the investigations showed, frequency f
decreases with a decrease in layer thickness /, and the
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Jf3/f; ratio, which characterizes the relative RB width of
a bandpass filter based on these resonators, increases
very rapidly. Note that the intrinsic Q factor of the first
resonance monotonically increases with a decrease in
h, and, the higher the Q factor of the insulator used,
the more pronounced this effect is. For example, when
RT/Duroid 5880 is used the Q factor increases by
approximately 15%. It is noteworthy that, in our study,
h, was reduced with the frequency of the first oscilla-
tion mode of the resonator maintained constant (f; =
1 GHz) by a corresponding decrease in resonator
length /.. Hence, the observed increase in Q, from 364
to 417 is obviously related to only the decrease in
ohmic loss in the resonator due to the shortening of its
stripe conductors.

Thus, to increase the relative RB width of a filter
based on the resonator under study, one should use a
combined dielectric substrate with layers that are as
thin as possible. As a result, the upper RB boundary
can be increased to a frequency that exceeds the cen-
tral frequency by a factor of more than 40. In this case,
the resonator length decreases with a simultaneous
increase in the intrinsic Q factor. The analysis also
showed that the RB width grows with an increase in
stripe conductor width w and distance 4, from the sur-
faces of the combined dielectric substrate to the upper
and lower surfaces of the metallic case (Fig. 1); how-
ever, this rise obviously leads to the corresponding
increase in the filter sizes. The increase in the permit-
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Fig. 2. (a) Operating filter breadboard and (b) measured
frequency dependences of reflection (S7;) and transmis-
sion (.55;) loss.

tivity of the substrate layers slightly increases the RB
width but, naturally, reduces the filter sizes.

To check experimentally the possibility of fabricat-
ing planar bandpass filters with unprecedently high
RB parameters based on the resonator investigated, we
synthesized a fourth-order filter using 3D electromag-
netic design simulation (Fig. 1b). The measurement
results and a photograph of the filter prototype are
shown in Fig. 2. The two-layer substrate (12 x 4 x
38 mm in size) was made of Rogers R04003C™ with
thickness 4, = 0.2 mm (g, = 3.4, tand ~ 0.002). The
width of all stripe resonator conductors is w = 3 mm.
Conductor lengths /, for the internal and outer resona-
tors are 9 and 9.25 mm, respectively. The air gap
between the dielectric substrate and metal case sur-
faces is 4, = 3.5 mm. The gaps between the stripe
conductors are S; = 6.5 mm for the internal pair of
resonators and 5, = 5.75 mm for external pairs of
resonators. The filter fractional bandwidth mea-
sured at —3 dB with respect to the minimum loss
level is 5% and its central frequency f; ~ 1.0 GHz.
The RB upper boundary at a level of —100 dB
extends to 10.5f;. The minimum loss in the transmis-
sion band is about 3 dB.

The proposed bandpass-filter design can also be
implemented using the technology of multilayer inte-
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Fig. 3. Calculated frequency dependences of reflection
(S77) and transmission (.5,) loss of miniature monolithic
filter, synthesized to be prepared according to LTCC tech-
nology.

grated circuits based on low-temperature cofired
ceramics (LTCC) [16]. In this case, the filter is a
monolithic structure in which the conductors are
placed in a dielectric matrix without air gaps. The pos-
sibility of fabricating a monolithic filter based on a sus-
pended substrate with a two-side pattern of stripe con-
ductors [12] was demonstrated in [17].

Figure 3 shows the frequency response of a mono-
lithic filter composed of the four above-considered
resonators, which was synthesized by 3D electromag-
netic simulation. The filter is based on LTCC materials
[16] and has the following design parameters.
The dielectric layers (ceramic sheets) filling the entire
filter volume are made of Heratope CT2000 (¢, = 9.1,
tand = 0.002); the layer thicknesses are 4, = 20 um
(between stripe conductors) and 4, = 600 pm
(between conductors and screens; three sheets per
200 pm). The stripe-conductor width is w = 0.5 mm;
conductor lengths /; of the external and internal filter
resonators are 4 and 3.95 mm, respectively. The
total resonator length is /. = 4.25 mm. The conduc-
tor material is a layer of Ag-based HF612 cofired
conductive paste 10 pm thick with a surface resistance
of 2 mQ. The distances between conductors are
0.75 mm for internal pair of resonators and 0.625 mm
for external pairs of resonators.

The filter developed has a central frequency of the
transmission band f; = 1.0 GHz and a fractional band-
width of 10%. The minimum loss in the filter trans-
mission band is 1.7 dB. The RB width is ~11f; at the
level —70 dB and ~30f, at the level —40 dB. The filter
sizes are 1.24 x 4.25 x 5 mm.

Thus, we proposed a miniature design of an origi-
nal stripe resonator based on a two-layer suspended
substrate and analyzed its parameters. This design can
be used to fabricate planar microwave bandpass filters
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with an unprecedently wide and deep rejection band.
It was shown that devices based on these resonators
can be implemented as monolithic structures using
LTCC technology.
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