High selectivity UWB bandpass filter with
controllable bandwidth of dual notch bands
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A technique to implement and control the bandwidth of notch bands in
an ultra-wideband (UWB) bandpass filter (BPF) based on signal super-
position is described. The filter is realised by employing two wideband
BPFs in a parallel configuration to establish two signal paths between
input/output ports. The proposed technique can substantially increase
the bandwidth of the notch band by ~370% in comparison with the
notch-band filter designs based on transversal signal interaction. The
proposed filter exhibits a quasi-elliptical response over the span of
the UWB spectrum defined by the Federal Communication
Commission. The compact filter design has a size of 88.92 mm?.

Introduction: Ultra-wideband (UWB) technology offers great potential
for high-speed data, voice and video transferring over a wide frequency
span with low transmission power. This low-cost technology is suitable
for emerging short-range wireless applications. Bandpass filters (BPFs)
required for integration in UWB systems must provide low insertion
loss, high selectivity and flat group delay to minimise distortion of
UWRB signals. In addition, to reduce the size of the transceiver and effi-
ciently utilise the UWB spectrum with signals from other services, many
UWB BPFs with single or multiple notch bands have been explored over
the past few years based on the following techniques: transversal signal
interaction [1-3], composite right/left-handed transmission-line unit
cells [4], multilayer LCP technology [5], the triple-mode stepped impe-
dance resonator (SIR) [6], the E-shaped resonator [7] and defected
ground structures (DGSs) [8]. From a practical point of view, DGS
and multilayer LCP filter designs are complex and have a high manufac-
turing cost.

In this Letter, a novel approach is introduced to implement and
control the bandwidth of the notch bands within the UWB spectrum.
The proposed technique of creating notch bands is based on signal
superposition for different transmission paths. The technique enables
the bandwidth of the notch band to be increased by ~370% in com-
parison with the techniques based on transversal signal interaction
concepts [2].

Methodology: Fig. 1a shows the structure of the proposed UWB filter.
It comprises two transmission paths, each of which includes a folded tri-
section SIR that is electromagnetically coupled with the input/output
lines to enable signal transmission. The input signal propagates from
port 1 to port 2 along paths 1 and 2 through the wideband filters, referred
to here as filter-A and filter-B. The design of the wideband BPFs is
described in [2]. To have more control over the resonant modes, tri-
section folded SIRs are employed in the filter design. Fig. 15 shows
the equivalent circuit model of the proposed resonator. Since the SIR
is symmetrical in the P—Q-plane, its resonance condition can be ana-
lysed using even-mode and odd-mode analyses [2]. The approximate
equivalent circuits for odd-mode and even-mode excitations are illus-
trated in Fig. 1b. The resonance conditions for even-mode and
odd-mode are defined by
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In [2], the notch bands are generated based on transversal signal inter-
action. Although two notch bands can be created within the UWB spec-
trum by forcing the signal propagating on paths 1 and 2 to cancel at the
output port, the problem with this method is that it is not capable of pro-
ducing wide notch bands, especially in the case of the second notch
band. To achieve a wider and a more controllable second notch band,
the approach proposed here is based on the superposition of signals of
the individual BPFs. In this case, the bandwidth of the second notch
band can be controlled by changing the lengths L, +d; and L, +d,
corresponding to filter-A and filter-B, respectively. Figs. 2a and b
shows the individual s,; and phase response of the filter-A and
filter-B, respectively. The first notch band at about 5.2 GHz is generated
based on transversal signal interaction as discussed in [1]. In this region,
the two wideband BPFs have equal S,; magnitude (see Fig. 2a) and a
phase difference of about 180° (see Fig. 2b) as predicted by the
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transversal signal interaction concept. It can be observed from Fig. 2a
that there is a gap of about 8—10 GHz between the S, of filter-A and
filter-B which contributes to the creation of a wide second notch band
due to the superposition of signals in the final filter structure.
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Fig. 1 Configuration of proposed UWB filter, and equivalent circuit model
(odd-mode and even-mode) of folded tri-section SIR

a Configuration of proposed UWB filter

L,=69,d\=2, L,=13.4,d,=0.1, Ly=4.6, Ly=5.4, Ls=0.5, W,=0.1, W, =
0.2, W3=0.3, Wy=1, Ws=0.7 and S=0.12 (dimensions in millimetres)

b Equivalent circuit model (odd-mode and even-mode) of folded tri-section SIR
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Fig. 2 Simulated insertion loss of individual wideband BPFs in Fig. la, and
phase response of filter-A and filter-B

a Simulated insertion loss
b Phase response

Simulated and measured results: The prototype of the proposed filter
design was fabricated on a commercial dielectric substrate with a thick-
ness of 32 mil and a dielectric constant of 3.38. The actual size of the
filter is 24.7 x 3.6 mm?, which is ~6% more compact in comparison
with [1, 2]. Fig. 3a shows the photograph of the fabricated filter.
Figs. 3b and ¢ show the simulated and measured S-parameters (S,;
and S;;) and the group delay of the proposed filter, respectively.
These results confirm that the proposed filter exhibits an UWB response
from 2.96 to 11.75 GHz, with a corresponding fractional bandwidth
(FBW) of 119.5% for a return loss > 10 dB. The measured insertion
loss is better than 1.19 dB. The first and second notch bands are from
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4.97 to 5.37 and 8.79 to 9.20 GHz, respectively. The bandwidth of the
second notch band has been increased by about 370% in comparison
with the design in [2]. Moreover, the filter has an almost flat group
delay with maximum variation which is <0.3 ns except at the notch
bands. Table 1 compares the proposed filter with some of the best pub-
lished UWB filters in terms of size, FBW, notch FBW and location of
the notch bands.
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Fig. 3 Photograph of fabricated filter; measured and simulated S-parameters
of proposed filter; group delay
a Photograph of fabricated filter

b Measured (dotted) and simulated (solid) S-parameters of proposed filter
¢ Group delay

Table 1: Comparison of proposed filter with reported filters

Ref. Size (mm?) | FBW (%) fnotch (GHz) | Notch FBW (%)

[1] 94 123.2 52 8.8

[2] 94 123.2 5.21/9 7.73/0.96

[3] 127.90 101.9 5.2 3.8

[4] 78.80 114.5 5.7 1.73

[5] 405.70 106.3 5.4/5.98/6.76 | 1.11/1.34/2.95

[6] 612 118.8 5.2/5.85/8 3.6/3.6/4.1

[7] 296.40 108.2 5.9/8 4.6/3

[8] 480 118 5.3/7.8 10.5/11.02
This work 88.92 119.5 5.2/8.9 7.73/5.19

Conclusion: A novel technique has been described to implement and
control the bandwidth of the notch bands in a UWB BPF design

based on the signal superposition approach. The quasi-elliptical UWB
filter exhibits sharp dual notch bands. The bandwidth of the second
notch band can be increased by ~370% in comparison with the notch
band created using transversal signal interaction. The proposed UWB
filter exhibits excellent insertion loss, return loss and group delay per-
formances. In addition, the filter has a compact size of 88.92 mm?.
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