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4 | CONCLUSIONS

A compact uniplanar MIMO antenna with band-notched
characteristic has been designed for UWB applications. A
compact size of 33 X 26 mm? is obtained with the help of a
half circle-slot antenna structure. The back-to-back place-
ment and a rectangular slot on the ground are employed to
achieve a good port isolation. The measured results show
that the proposed antenna obtains an impedance bandwidth
varying from 3 to 11 GHz except rejection band of 4.5-
5.5 GHz and the port isolation of less than —15 dB is also
received. In addition, the acceptable gain and omnidirec-
tional radiation pattern and the ECC of less than 0.03 are
also realized. The measurements above prove that the pro-
posed antenna is a good candidate for UWB MIMO
applications.
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Abstract

A multilayered, multi-conductor stripline resonator is pro-
posed. It is shown that increase in the number of
conductors leads to increase the unloaded Q-factor and
decrease the resonant frequency, with increasing the
effects for thinner dielectric interlayer. Application of the
resonator to the bandpass filter enables designing bandpass
filters with very wide and deep stopbands. To prove this, a
4-pole bandpass filter, having central frequency 360 MHz
and an overall size of 15.5 X 31.75 X 845 mm3, was
designed and fabricated.
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1 | INTRODUCTION

A widespread use of wireless engineering in modern com-
mercial and residential communication systems leads to con-
siderable contamination of the air with spurious signals. To
meet this challenge, in the last few decades, the need for fil-
tering these signals has been steadily growing. It needs to be
stressed here that the filter to be considered for such a use
must be compact and cause low insertion loss. To simplify a
communication system, and thus to reduce its cost, a new
generation of bandpass filter that has wide stopband with
maximum possible depth would be required. Three types of
such a filter can be singled out in this regard. The first
type is a microstrip filter, based on quarter-wave stepped-
impedance resonator.'™ Such a filter is easy to fabricate and
tune after fabrication; however, it is rather large in size and
its stopband may extend to 5-7f; (fo is a central frequency of
a filter) at level —40...—50 dB. The second type, LTCC fil-
ter,*> is the most compact filter at the moment, but its stop-
band is rather shallow, limited by level —30...—40 dB, and
width less than 5fy The third type is the multilayered
stripline filter.%” It is sufficiently compact in comparison to
the microstrip filters; it causes much less insertion loss and
the width of its stopband is roughly the same as that of the
microstrip filter.

FIGURE 1 3D model of the resonator; and its cross-sections along
a, b planes. [Color figure can be viewed at wileyonlinelibrary.com]

In this letter, we develop an idea of multi-conductor reso-
nator that can be implemented in a multilayered structure. The
idea of 2-layered structure was presented by several groups
nearly the same time.*'* Earlier,'' we proposed a 3-layered
stripline resonator, which enables designing and fabricating a
6-pole filter that has 10.7f; stopband with 100 dB depth. Later,
a multi-conductor microstrip resonator'”> was proposed that
has sufficiently higher Q-factor in comparison to that of other
compact microstrip resonators. These two types of resonator
are physically very similar, and, therefore, it follows that the
resonator’s performance can be improved by increasing the
number of conductors in the structure. It thus appears possible
to achieve a very compact resonator having high unloaded Q-
factor and an ability to create bandpass filters with very wide
and deep stopband. In Section 2, we present a multi-conductor
resonator, based on a multilayered stripline structure and dis-
cuss how geometric parameters influence the resonator’s per-
formance. Section 3 presents the 7-layer conductor resonator
and 4-pole bandpass filter with 10% bandwidth, based on the
resonator designed and fabricated for this work.

2 | STRIPLINE MULTI-
CONDUCTOR RESONATOR

The structure of the resonator is presented in Figure 1. It con-
sists of a multilayered metal-dielectric structure, suspended
in the middle of a metallic case. The metal strip conductors
are separated by thin dielectric layers (interlayers) and elec-
tromagnetically connected with each other. The conductors
with odd numbers are short-circuited at one edge of
the structure and those with the even numbers, at the
opposite edge.
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(A) Dependence of resonant frequency (solid line) and unloaded Q-factor versus number of conductors (dashed line) in the structure; (B)

Dependence of Q-factor vs. thickness of dielectric layers in the structure. [Color figure can be viewed at wileyonlinelibrary.com]

Each conductor in the structure can be considered a
quarter-wave resonator. When the thickness of dielectric
interlayer is very small, as compared to the distance between
the conductors and the upper and bottom walls of the case,
the electromagnetic coupling between them is very strong
and mainly inductive. High-frequency currents of the lowest-
frequency mode f; flow along the conductors in the same
direction, while the voltage on the adjacent conductors has
different signs. This results in the summation of the inductive
and capacitive couplings and consequent significant repul-
sion of the eigenfrequencies of the resonator that leads to a
significant lowering of the first-mode frequency.

This fact can be proved by the dependencies of a reso-
nant frequency and the unloaded Q-factor versus the number
of conductors in the resonator, presented in Figure 2A. The
dependencies were obtained by simulation, using AWR
Microwave Office. Fifty micrometer of dielectric layers hav-
ing € =3.5 and tand = 0.001 were chosen as the base for
copper-strip resonator of 2.5 mm width having 0.9 overlap
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FIGURE 3 Dependence of resonant frequency and the ratio of the fre-
quencies of the two lowest modes versus the thickness of dielectric layers in
the structure. [Color figure can be viewed at wileyonlinelibrary.com]

with adjacent conductors. The distance between the multilay-
ered structure and the walls was 4 mm. The resonators were
tuned at 500 MHz for each number of conductors to deter-
mine their Q-factors. The length of the 2-layer resonator was
13 mm, while that of 11-layer was only 4.3 mm. One can
see considerable similarity between the curves presented in
Figure 2A and those obtained for multi-conductor microstrip
resonator, described earlier.'? So, for the resonator under
investigation, we can use the same equivalent circuit and
theory as those proposed for the microstrip. The unloaded
quality factor of the lowest resonance and its frequency can,
therefore, be estimated using the next expressions:

QN \/7Q27 fN / f2) (1)

where O, and f, denote respectively the unloaded Q-factor
and resonant frequency of a two-conductor stripline resona-
tor on the suspended substrate, and N the number of conduc-
tors in the structure. One can see from Equation (1) that the
increase in the number of conductors in the structure results
in the rise of the resonator’s unloaded Q-factor and simulta-
neous lowering of its resonant frequency.

It is obvious that the mode of repulsion depends on the
distance between the conductors and, thus, on the thickness
of the interlayers. This repulsion reflects first in the ratio of
the frequencies of the two first modes and, as a result, deter-
mines the width of stopband. Also, the Q-factor is influ-
enced. Therefore, the behavior of Q-factor and the mode
ratio vs. resonator structural parameters become important
issues, especially for designing a filter. A simulation was
performed for three structures having 3, 5, and 7 conductors
in the resonator. The width and overlapping of the conduc-
tors chosen, as also the dielectric parameters of the inter-
layers, were the same as those of the conductors used earlier.
For each structure, the resonator was excited, using the
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FIGURE 4 Frequency response of the fabricated resonator (solid
line) in comparison with that of the simulated resonator (dashed line).

[Color figure can be viewed at wileyonlinelibrary.com]

inductive coupling with the central conductor of the resona-
tor. This renders the coupling of the resonator with the feed-
lines week enough for estimating the unloaded Q-factor, and
suppressing the resonator’s second mode. The results, pre-
sented in Figure 2B, show that the Q-factor increased by
26%, with increase in the number of conductors in the reso-
nator, and 10% with simultaneous decrease in the thickness
of the interlayers and in the length of the resonator (4.1 times
for 3-conductor structure, 4.4 times—>5 conductors and 4.7
times—7 conductors). Moreover, when the thickness of the
interlayers decreased to 0.2 mm and less, a significant
change was observed in the Q-factor.

In Figure 3, the results for the first oscillation mode and
the ratio of the two first modes’ frequencies are presented.
Analysis of these results shows that, with increase in the
number of conductors, the dependence of the 1st mode fre-
quency on the interlayer thickness became stronger. For
example, the change in interlayer thickness from 1 mm to
0.05 mm of a 3-conductor structure led to 3.8 times change
in the frequency (from 3182 to 846 MHz), 4 times for 5 con-
ductor structure, and 4.2 times for 7 conductor structure.
Finally, a 7 conductor resonator with 0.05 mm thickness of
the interlayer will be 7.1 times shorter and will have a Q-fac-
tor that is 36% higher than that of the 3 conductor resonator
with 1 mm-thick interlayer. However, it was found that
increase in the number of conductors decreased the ratio of
the frequencies of the two first modes (Figure 3); the maxi-
mum ratio for 3-conductor structure was found to be 18.4
and that for 7-conductor structure only 10.4.

3 | 4-POLE BANDPASS FILTER

A 7-conductor resonator and a 4-pole bandpass filter on its
base, having 10% fractional bandwidth were designed and
fabricated to prove the results of the simulation. A 50 pm

FIGURE 5 Photograph of the fabricated filter. [Color figure can be
viewed at wileyonlinelibrary.com]

polyamide tape, having loss tangent 0.008, was used as the
interlayer in the experiment. The fabricated resonator (its fre-
quency response is presented in Figure 4) had the 1-st reso-
nant frequency f,=122.5 MHz and size 5 X 185 X
8.05 mm”’. The measured unloaded Q-factor was found to be
only 112, obviously because of very high tangent loss, but it
is in good agreement with the simulation result (Q = 115).

The 4-pole filter (Figure 5) fabricated and tuned to central
frequency 360 MHz had an overall size of 15.5 X 31.75 X
8.45 mm’>. The topology parameters were as follows: length
of the resonators / = 15.5 mm; the overlap between conduc-
tors was 0.97 and the width of the conductors w = 2.5 mm.
The gap between the inner resonators was 5.75 mm and that
between inner and outer resonators 5 mm. A galvanic con-
nection of the top conductors of the external resonators to the
feedlines was chosen to create an optimum match.

The comparison of the frequency responses obtained for
the simulated and fabricated filters in the wide band is shown
in Figure 6 and that in the narrow band in the inset of the
same figure. The fabricated filter had minimum in-band inser-
tion loss of 2.5 dB and maximum return loss of 11 dB. One
can see a good agreement between the results of simulation
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FIGURE 6 Comparison of the frequency responses of the fabricated
filter (solid line) with that of the simulation (dashed line). [Color figure
can be viewed at wileyonlinelibrary.com]
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and experiment. The measured stopband of the filter was
found to be 60 dB up to 44f; and 110 dB up to 24f,.

4 | SUMMARY

This letter has described an investigation of a multilayered,
multi-conductor stripline resonator, which consists of metal-
dielectric structure suspended in the middle of a metallic case.
All the conductors in the resonator have strong mutual induc-
tive coupling, and hence the previously proposed theory for
interdigital microstrip resonator can be incorporated. Increase
in the number of the conductors leads to raising the unloaded
Q-factor and lowering the resonant frequency; moreover, with
tinier interlayers, the effects magnify.

A 4-pole passband filter was designed and fabricated,
based on the resonator. It was found that, for the central fre-
quency of 360 MHz and 10% fractional bandwidth, the overall
size of the filter was only 15.5 X 31.75 X 8.45 mm® (0.019)
X 0.038A X 0.0131). The fabricated filter has upper stopband
up to 44f, at level —60 dB and 24f; at level —110 dB.
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Abstract

In this article, a linearly polarized 4-element linear array in
Ku band is presented. The single element consists of a cir-
cular microstrip patch capacitively coupled to a printed
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