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In this work, Ultra Wide-Band (UWB) microwave filters are designed and fabricated using a rectangular ring resonator.
The UWB microwave filters work in the 3.1GHz to 10.6GHz frequency band, which is designed to coverage the FCC
frequency spectrum for UWB systems. These filters, in addition to being ultra-wideband, are designed to prevent
interference in some frequency bands, such as WiMAX band (3.5GHz), WLAN band (5.2-5.8GHz) and satellite
communication systems (8GHz) band. For this reason, in designing these filters intelligently, it is necessary to take
precautions to ensure producing narrow and precise notches in the frequency response to prevent interference. This
broad bandwidth and narrow notches with adjusted even or odd mode resonator frequencies, can be controlled by varying
the characteristic impedance of the rectangular ring resonator. The proposed structures are simulated and optimized
using HFSS software, so that the results of fabrication and measurement of these filters have an excellent agreement

with the simulation results.
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1. INTRODUCTION

According to the decision of the FCC in 2002, a
bandwidth of 3.1-10.6GHz was dedicated to UWB.
UWB filters with high efficiency and low-cost are
fundamental elements of UWB communication
technology. It is very important in filter design for UWB
that these filters do not interfere with substantial
frequency bands such as 3.5 GHz for Wi-Fi band, 5.2-
5.8 GHz for WLAN band and 8 GHz for satellite
communication technology band [1]. For this reason, in
designing these filters intelligently, it is necessary to
take precautions to ensure producing narrow and precise
notches in the frequency response to prevent
interference.

Recently, the wideband band-pass filter considering
the signal interference based on ring resonator has been
proposed and introduced. The wide pass-band and
narrow notched-band with adjusted odd or even mode
resonator frequencies can be available easily by varying
the characteristic impedance of the resonator [2-4].
Transmission zeros are created to amend selectivity and
harmonic cancellation of the proposed UWB band-pass
filters with notched-bands. To inquire the accuracy of
this method, three of these filters are designed and
simulated with a bandwidth of around 110% [5], [6].

The UWB filter proposed in this paper, has a good in

band and out of band performances and simple structure
can be reached. This paper discusses the design of an
UWSB filter using a rectangular ring resonator that uses
short circuit stub in one of its. Simulations run with
HFSS software, and finally samples are fabricated and
their parameters are measured.

2. UWB BAND-PASS FILTER BY USING
RECTANGULAR RING WITH A SHORT
CIRCUIT STUB

Fig.1 shows a rectangular ring resonator loaded a
short circuit stub on one side of it. If the odd or even
mode signal are excited, an actual short or open appears
along the center of ring and therefore, the circuit model
for these states is equivalent to Fig.1. The even and odd
mode input admittances are given in equations (1), (2)
[7-9]:
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Fig. 1. Equivalent circuit for even-mode and odd-
mode.

The resonant frequencies for the odd or even mode
can be obtained when Zine/Zino = 0 or c. The bandwidth
for the rectangular ring is directly calculated by the odd
or even mode resonator frequencies. The sufficient
bandwidth (UWB) is provided by correct selection of
transmission lines, electrical length and characteristic
impedance values. For this purpose, the appropriate
values are selected for the parameters of Fig. 2 and the
simulations are done by the HFSS software. The values
of these parameters are given in Table 1. The results of
the frequency response curves of the scattering
parameters related to the simulated filter are shown in
Fig. 3. These parameters are calculated and optimized
based on the change of one parameter and the keep fixed
of the remaining parameters. This structure is designed
on a dielectric substrate with: h=0.8 mm, er=3.55, and
tan 6 = 0.002.

Fig. 2. Simulated structure with HFSS software.

Table 1. The values of the parameters for the filter
structure of Fig. 2 (Unit: mm).

Parameter | L1 L2 | L3 | W1 |W2| W3 r

Value 35 |1611)21] 08| 08]137]0.35
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Fig. 3. Scattering paramemt‘éﬂrs of the filter in Fig. 2.

3. DESIGN OF UWB BPF WITH SINGLE
NOTCHED-BAND IN 5.6 GHZ

To omit the interference from WLAN signals (5.3-
5.7 GHz), a UWB BPF with a notched-band is presented,
to prevent the interference by using the weakness created
by this notched. For this purpose, a shunt open stub with
characteristic impedance Zz and electrical length O3 is
connected in the center of above path and on the short
circuit of the rectangular ring resonator (Fig.4). In this
case, the odd mode input admittance is the same as
equation (3), but the even mode input admittance can be
calculated as [10-15]:
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Fig. 4. Equivalent circuit for the second proposed filter.

To illustrate the behavior of this filter, the layout of
Fig.5 is simulated using HFSS software, and the values
of its parameters are given in Table 2. The changes and
optimization of the parameters are used to adjust the
center frequency of the notched-band at the 5.6GHz. In
Fig.6, the simulation results are considered.
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Fig. 5. Simulated structure of the second proposed filter
with HFSS software.

Table 2. The values of the parameters for the filter
structure of Fig. 5 (Unit: mm).

Parameter L5 L6 L7 W4
Value 3.11 2.8 2.4 0.6
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Fig. 6. Scattering parame?é?s of the filter in Fig. 5.

4. UWB BPF WITH TWO NOTCHED BANDS IN
3.5 GHZ AND 8 GHZ

To omit the interference effect in 3.5 GHz band
WiMax and 8 GHz band satellite communication
technology, a UWB filter with two notched bands is
proposed. To achieve this purpose, as shown in Fig.7,
two transmission lines are used with characteristics
impedances Zz and Za, and electrical lengths 83 and 0a,
is connected in the center of above ring. Moreover, the
even or odd mode equivalent circuits for the rectangular
ring with the open or shorted circuit stubs are presented
in Fig.7. In this case, the input impedance for the odd-
modes is according to the first filter, and the input
impedance for the even-modes changes as illustrated in
the following equation [7]:
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o172
Fig. 7. Equivalent circuit for the third proposed filter.

When Zo, Z1, Z, ©1 and O, are fixed, the input
admittance of circuit is the following as equation (5).
When Ysir goes to c, we will have: Za/Z3 = tanO3 tanOy;
In this case, two different notches are produced. To see
the two notched bands center frequencies placed at
3.5GHz and 8GHz, Z3 should be less than Zs. In this
case, the center frequency of the first notched band can
be regarded as the main resonance frequency; also the
center frequency of the second notched band can be less
than three times the first one [7].

Zztan0,+Z, tan 63

Ysir = JY-
SIR J 3Z4—Z3tan93tan94
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Finally, simulation of this filter is presented in Fig.8.
To improve the results, the dimensions of the filter is
optimized using the electromagnetics simulator. The
optimized values of the parameters are presented in
Table 3, and the results of the simulation are presented
in Fig.9.

i
Fig. 8. Simulated structure of the third proposed filter
with HFSS software.

Table 3. The values of the parameters for the filter
structure of Fig.8 (Unit: mm).
Parameter L7 L8 L9 W5
Value 3.9 15 2.5 0.5
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Fig. 9. Scattering parameters of the filter in Fig. 8.
g gp g Fig. 10. Photographs of the fabricated filters.

5. MEASURED AND FABRICATED RESULTS

The finalized simulated filters are fabricated on TR S ST . e
Rogers 4003 substrate with dielectric constant of 3.65 S e o s e S '
and thickness of 0.5mm. The dimensions of each of the
filters are 17*16 mm?. The fabricated filters are shown
in Fig.10: UWB filter without notched band in Fig.10
(a), UWB filter with single-notched band (5.6GHz) in e
Fig.10 (b), and UWB filter with double-notched band
(3.5GHz and 8GHz) in Fig.10 (c), are seen. The
scattering parameters of these UWB filters, are
measured by  Network  Analyzer in Iran
Telecommunication Research Center (ITRC), and are
shown in Fig. 11.
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Fig. 11. Measured results of the scattering parameters
for the fabricated filters.

6. CONCLUSION

The purpose of this paper is to design and fabricate
UWSB filters in the frequency range of 3.1~10.6 GHz, in
order to prevent interference in some frequency bands,
such as WLAN band, WIMAX band, and satellite
communication technology band. Research on selected
structures has proved that the filters designed based on
one or more analytical equations are far simpler than
filters that have an innovative structure. In this paper,
three samples of these types of filters are simulated and
fabricated: UWB filter without notched, UWB filter with
single notched-band and UWB filter with two notched-
band; so that good agreements between results of
simulation and measurement of these filters are
observed.
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