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Abstract—A new monolithic design of a miniature bandpass filter for manufacture by means of multilayer
printed-circuit-board technology has been developed. It is demonstrated using a fourth-order filter that
multi-conductor strip resonators used in the design ensure both miniaturization and high selectivity of the
device. The passband center frequency of the manufactured filter is  f0 = 546 MHz, the fractional bandwidth
is Δf/f0 = 25%, and the insertion loss is 0.8 dB. The filter has a wide high-frequency stopband, which extends
up to a frequency of 10f0 at a level of –30 dB. The filter dimensions are 15.0 × 12.0 × 4.3 mm (0.027λ0 ×
0.021λ0 × 0.007λ0, where λ0 is the wavelength in vacuum at frequency f0) and the mass is only 1.8 g. The per-
formances of the filter and the accessibility of its design for surface mounting show that the device has great
potential.
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The most important devices of modern radio engi-
neering systems of signals transmitting, receiving, and
processing are bandpass filters, which determine not
only the quality of radio equipment, but often its
dimensions and even price as well. Therefore, it is
important to develop new miniature filter designs with
high selectivity and low cost in mass production. To
accomplish this, various designs based on strip resona-
tors, including multi-conductor ones [1, 2], which not
only have the smallest dimensions among electrody-
namic resonators, but also a relatively high unloaded
Q-factor, are being actively investigated. Importantly,
the Q-factor of a multilayer resonator increases and its
dimensions decrease with an increase in the number of
conductors and a decrease in the thickness of dielec-
tric substrates [2]. However, as the number of conduc-
tors increase, the resonances of the higher oscillation
modes monotonically decrease and approach the res-
onance of the first operating oscillation mode. This
reduces both the filter high-frequency stopband and
the attenuation in it, which obviously degrades the fre-
quency selectivity of the filters, especially those with
the wide passbands.

In this Letter, the above-mentioned problem of a
multi-conductor resonator is solved by means of a spe-
cial connection of its even or odd conductors near
their free ends. Filters based on such resonators are
manufactured using multilayer printed-circuit-board

(PCB) technology widely used in production of vari-
ous microelectronic devices, including filters, as a
rule, of conventional designs [3, 4]. A positive aspect
of using the PCB technology for producing multi-
conductor resonators is the ability to reduce the inser-
tion loss in the filter passband as compared with the
attenuation in smaller low-temperature cofired
ceramic (LTCC) devices [5–7] with the use of thin
dielectric layers and copper conductors [8]. In addi-
tion, the development of PCB technology has
achieved a high accuracy in positioning of conductors
in multilayer structures with the possibility of simulta-
neous fabrication of many devices on a large area of
  the structure. This significantly reduces the filter cost
in mass PCB production as compared with other tech-
nologies for manufacturing miniature devices.

Figure 1 shows the design of the investigated
monolithic filter based on multi-conductor strip reso-
nators. Each filter resonator is formed by six strip con-
ductors located one above the other and separated by
thin dielectric layers. The conductors are connected to
a ground at one end (the next but one on opposite
shielding housing sides). The role of shielding housing
is played by multilayer-structure outer surfaces metal-
ized by electrodepositionof copper with final gilding.
The fundamental difference of the investigated struc-
ture from the available designs is the connections of
even or odd conductors of the edge filter resonators by
645
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Fig. 1. Design of a monolithic multi-conductor strip resonator filter.
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Fig. 2. (a) Design of a six-conductor resonator with jumpers between nonadjacent conductors, (b) its eigenfrequency spectrum
(solid line), and frequency spectrum of this resonator without jumpers (dashed line).
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through metallized cylindrical holes cut along the
diameter axis (see Fig. 1). The hole metallization
serves as a central conductor of the coplanar line seg-
ments that represent the input and output filter ports
available for surface mounting of the device.

Let us demonstrate that an advantage is possessed
by a multi-conductor resonator consisting, for exam-
ple, of six strip conductors (Fig. 2a) at free ends of
nonadjacent conductors (the next but one) connected
by wire jumpers. So as not to overburden the figure,
the dielectric layers are not shown. The solid line in
Fig. 2b shows the calculated frequency response of the
TE
investigated resonator connected to the transmission
lines with the weak coupling and the dashed line shows
the frequency response of this resonator without
jumpers (with disconnected strip conductor ends).
The calculation was made using the electrodynamic
analysis of the resonator 3D models in the CST Studio
Suite software package under the assumption that five
dielectric spacers between conductors made of an
RO4350B™ material with permittivity ε = 3.48 had
thickness h1 = 0.102 mm and two outer layers of the
same material had thickness h2 = 1.524 mm. The
width of all the strip conductors in the structure is
CHNICAL PHYSICS LETTERS  Vol. 47 No. 9  2021
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Fig. 3. Photographs of the monolithic filter (top and bottom views and in the evaluation board) and its frequency response. The
solid and dashed lines show the calculation; the dashed line shows the experiment.
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1 mm, their length is 13.1 mm, and the total resonator

length is 15 mm.

The frequency response of the resonator without

jumpers (the dashed line in Fig. 2b) has six resonances

corresponding to six oscillation modes of a system of

six strongly coupled quarter-wave resonators. The

lowest resonance corresponds to the oscillation mode

for which the currents in all the conductors are codi-

rected and the charges at free ends of neighboring con-

ductors have opposite signs, as in the case of strongly

coupled quarter-wave microstrip resonators forming

an interdigital structure [9, 10]. The inclusion of

jumpers between nonadjacent strip conductors almost

does not affect the resonant frequencies of the first

and sixth oscillation modes, since the charges on all
TECHNICAL PHYSICS LETTERS  Vol. 47  No. 9  202
the closed conductors have the same sign for these
modes. However, these jumpers prevent the excitation
of resonances of the rest four oscillation modes, since
for them, depending on the mode number, on all the
conductors closed by jumpers or some of them, the
charges have opposite signs. Thus, in the design of a
multi-conductor resonator with jumpers, the differ-
ence between frequencies of the first two resonances
corresponding to the first and sixth oscillation modes
of the resonator without jumpers increases by many
times. As a result, in the filter based on such resona-
tors, not only does the high-frequency stopband
broaden, but the attenuation level in it increases.
Obviously, rarefication of the spectrum of resonances
of oscillation eigenmodes in the multi-conductor res-
onators with jumpers between nonadjacent conduc-
1
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tors will be observed in the resonators with more than
three conductors.

To experimentally test the performance of the pro-
posed fourth-order filter design (Fig. 1) with each res-
onator formed by six strip conductors, a parametric
synthesis of the device was previously performed by
the electrodynamic analysis of its 3D model in the
CST Studio Suite software package. The parameters
of the dielectric layers of the filter were as mentioned
above for the investigated resonator (Fig. 2a). For cer-
tainty, the conductor width was 1 mm in the internal
resonators and 0.8 mm in the external ones. In the
synthesis, the filter passband center frequency was set
to be f0 = 545 MHz and the relative bandwidth was at

a level of –3 dB Δf/f0 = 25%.

Synthesis yielded the remaining design parameters
of the device, including the gap between a pair of
internal resonators (1.64 mm) and a pair of external
resonators (1.93 mm). Basing on the obtained param-
eters, a monolithic filter was fabricated by the multi-
layer PCB technology using photolithography (see
photographs in Fig. 3). The filter dimensions are
15.0 × 12.0 × 4.3 mm or 0.027λ0 × 0.021λ0 × 0.007λ0

in units of wavelengths in vacuum at the passband cen-
ter frequency, while the filter mass is only 1.8 g. The
measured frequency dependences of insertion loss
S21(f) and return loss S11(f) of the experimental filter

are shown by dotted lines in Fig. 3a; solid and dashed
lines show the calculated dependences obtained by the
parametric synthesis of the device. The dependences
shown in Fig. 3 demonstrate good agreement between
the calculation and experiment.

The passband center frequency of the fabricated
filter is f0 = 546 MHz and the fractional bandwidth

measured at a level of –3 dB is Δf/f0 = 25%. The min-

imum insertion loss in the filter passband was only
0.8 dB, and the maximum level of return loss in the
passband was –15 dB. The stopband high-frequency
edge at –30 dB extends to 10f0. It should be noted that

the similar filter without interlayer connections has a
stopband width of only 2.2f0 at the same level.

Thus, a new miniature monolithic design of the
bandpass strip filter manufactured using the multi-
layer PCB technology was investigated.

The filter housing is formed by the outer surfaces of
the multilayer structure, which are metallized by elec-
trodeposition of copper with final gilding. The minia-
ture dimensions and high selectivity of the filter are
obtained by using multi-conductor strip resonators, in
which nonadjacent conductors are connected by
through metallized cylindrical holes. The hole metal-
lization serves as a central conductor of the coplanar
line segments, which are the input and output filter
ports accessible for surface mounting of the device.
The measured characteristics of the fabricated fourth-
order filter are in good agreement with the character-
istics obtained during the parametric synthesis of the

device. The aforesaid demonstrates the prospects of
the developed filter design for use in various radio
engineering systems.
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