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Design and Fabrication of a Compact UWB BPF with Notch-Band
and Wide Stopband Using Dual MMRs and DGS

Hassiba Louazene® 2 *, Mouloud Challal?, and M’hamed Boulakroune®

Abstract—This paper presents a new design of a compact microstrip ultra-wideband (UWB) single
notch-band bandpass filter (BPF) along with its equivalent circuit model. The basic structure of the
proposed filter consists of dual symmetrical multiple-mode resonator (MMR), four stub-loaded stepped
impedance resonators (SLSIRs), two defected ground structure (DGS) units, and a coupled folded
arm resonator (CFAR) with feeding line. The presented filter is tested using R&S® ZNB20 vector
network analyzer (VNA) to validate the simulated results. A good agreement between the measured
and simulated (EM and circuit model) results is achieved.

1. INTRODUCTION

The unlicensed use of ultra-wideband (UWB) frequency spectrum for short-range communications (3.1
to 10.6 GHz) was approved by the Federal Communications Commission (FCC) in 2002 [1]. UWB
bandpass filters (BPFs) with small size and having good frequency characteristics like low insertion loss
in the passband and good selectivity are essential key components of the modern day communication
systems.

Lately, UWB filters have been developed using multiple-mode resonators (MMRs) [2-8]. Different
filter topologies based on MMR configuration along with stepped impedance [2], rectangle-shaped
defected ground structure (DGS) unit and two symmetrical MMRs linked to quarter-wavelength parallel
coupled lines [5], broadside-coupled microstrip, open loop resonator and DGS units [8] were investigated.
Nevertheless, erroneous resonant passbands affect the majority of these UWB filters. As a result,
several methods for improving the upper stopband of UWB filters have been described and studied
in the literature, including spur-line structures [9], stepped impedance stub loaded resonators [10],
stepped impedance resonator [11], cascading E-shape microstrip structures [12], and cascading several
open-circuited transmission line sections [13]. On the other hand, these filter types can interfere with
undesired narrow-band radio frequencies like WLAN and some satellite communication systems. UWB-
BPFs with one or more notched bands are needed to eliminate these conflicting signals. To overcome
such interference, many design suggestions have been presented in [14-16]. For example, a quarter-
wavelength meander slot-line structure created a notch at 5.8 GHz [17], and a narrow head stub and
two asymmetric stubs were connected to form a notched band from 5.65-5.8 GHz [18]. In [19], a loaded
stub capacitor created a notched band ranging from 3.7 to 7.7 GHz.

In this paper, a novel compact UWB-BPF with single notch-band and wide upper stopband
is investigated. The proposed filter consists of two symmetrical MMRs, four stub-loaded stepped
impedance resonators (SLSIRs), and two rectangular DGS units. To isolate interferences from wireless
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local area network (WLAN) band, a coupled folded arm resonator (CFAR) is inserted with a feeding
line. To understand the behavior of the design, an equivalent circuit model for the proposed filter is
developed. The design process is performed by full wave electromagnetic (EM) IE3D software. Details
of the filter design, fabrication, and measurement are presented and discussed.

2. FILTER DESIGN

Figure 1 shows the configuration of the proposed UWB-BPF, fed by a 50 ohm microstrip line, with a
notch band. The filter consists of two symmetrical MMRs in a parallel-connected configuration with
four SLSIRs and two rectangular DGS units. To reject a 6.2 GHz narrow band, a CFAR is added with
a feeding line. The proposed notched-band UWB-BPF dimensions are indicated in Fig. 1, and their
optimized values are reported in Table 1.
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Figure 1. Proposed UWB-BPF with a notched band. (a) Top view and, (b) bottom view.

Table 1. Optimized parameters of the proposed single notch band UWB-BPF.

Parameter L1 | L2 | L3 L4 L5 | Lé | L7 | L8 | /
Dimension (mm) | 5.59 | 4.44 | 5.52 | 12.305 | 6 | 6.64 2 09 | /
Parameter W1 W2 W3 | W4 | W5 | W6 | W7 | W8 | S
Dimension (mm) | 3.15 | 2.6 | 0.3 | 0.61 3 1031869 | 03 | 0.3

Figure 2 shows different design steps of the proposed UWB-BPF. Filter A structure consists of a
single MMR, connected to two SLSIRs positioned above the substrate and a DGS unit, which is realized
by etching rectangular defects on the ground plane of the substrate. The next filter, Filter B, is obtained
by combining two filters of type A in order to enhance the upper stopband response. The third and last
filter, Filter C, is simply Filter B structure with a CFAR inserted with a feeding line. The simulated
insertion loss characteristics for the three developed prototypes of the proposed filters are shown in
Fig. 3. According to the graphs, the reference filter, Filter A, has a narrow upper stopband, from
12 GHz to 13 GHz, with attenuation loss less than 15dB and an ultra-bandwidth of 112.32%, extending
from 3.2 GHz to 11.4 GHz. Filter B structure has a broad upper stopband from 12 GHz to 25 GHz with
attenuation loss superior to 15dB and occupies a 98.92% ultra-bandwidth, from 3.3 GHz to 9.75 GHz,
with low insertion loss of 0.8dB. The structure of Filter C has an ultra-bandwidth of 98.92% with
attenuation loss higher than 15dB and low insertion loss of 0.8 dB.

Parametric studies are done to comprehend how some crucial filter parameters affect the notched
properties. Fig. 4(a) depicts the insertion loss graph after changing the length of the coupled arm
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Figure 2. Design steps of the proposed UWB-BPF. (a) Filter A, (b) Filter B and, (C) Filter C.
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Figure 3. Simulated S»; parameters of different filter configurations.

(L7). The 3dB notched bandwidth increases from 0.15 GHz (for L = 1.40mm), 0.35 (for L = 2mm)
to 0.45 GHz (for L = 2.59mm), and its center frequency moves to a lower frequency range. Fig. 4(b)
illustrates the impact of the folded arm resonator gap (W8). The graph shows that when W8 rises, the
notch frequency decreases with some bandwidth reductions. Fig. 4(c) shows the effect of varying the
length L4. It can be observed that when L4 rises, the upper stopband attenuation rises as well with a
fixed notch center frequency.

Figure 5 illustrates the surface current distribution of the notchband filter structure at 6.2 GHz
(i.e., notch-band frequency). From Fig. 5, it can be seen that the CFAR has a very high current
concentration at a frequency of 6.2 GHz. This indicates that the resonator is tightly connected to the
fundamental UWB filter at its notch-band frequency (6.2 GHz). Furthermore, Fig. 5 tells us that the
resonator dimensions cause the creation of transmission zeros (TZs) in the UWB spectrum.

In order to analyze the behavior of the proposed filter, an equivalent circuit model is developed
as shown in Fig. 6(a). The parameters of the MMR curve, as a function of the inductances (L2, L3,
and L4) and capacitance (C2), determine the passband width of the UWB filter [20]. In addition, the
parallel arrangement of L1 and C'1, which are connected via C0, depicts the microstrip line that joins
the two MMRs. Through C5 and C6, this microstrip line is capacitively linked to the DGS in the
ground plane, whereas the circuit of L5, C'3, and C4 represents the DGS unit. L6 and C8 are arranged
in parallel to represent the coupled folded arm and are connected in series with C'7.
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Figure 4. Simulated Sy; for different values of (a) L7, (b) W8 and, (c) L4.

Figure 5. Current distribution at 6.2 GHz.

The following equation relates the notch location to the lumped parameters:

f(6.2CGHz) =1 / 21/ (L6CS + L6CT) (1)

To get the appropriate response, the lumped components are adjusted and optimized using advanced
design system (ADS) software. These are the optimal lumped parameters: L1 = 2.9nH, L2 = 1.71nH,
L3 = 1.32nH, L4 = 6.5nH, L5 = 1.482nH, L6 = 0.95nH, and C0 = 0.0044pF, C1 = 1.3pF,
C2 = 42pF, C3 = 0.385pF, C4 = 0.303pF, C5 = 0.132pF, C6 = 0.132pF, C7 = 0.328 pF,
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Figure 6. Equivalent circuit model for the proposed structure. (a) An electrical circuit consisting of
an inductor (L), and a capacitor (C), (b) S-parameters comparison between equivalent circuit and EM
simulations.

C8 = 0.374pF, Cc = 0.61pF. Fig. 6(b) depicts the comparison of S-parameters between equivalent
circuit and EM simulations.

3. EXPERIMENTAL VERIFICATION

The proposed filters, without and with a narrow notch band, are fabricated using a PCB prototype
machine as shown in Fig. 7. The prototype testing is performed by using a Roche & Schwarz ZNB20
vector network analyzer (VNA) operating from 10kHz to 20 GHz. Fig. 7(a) displays the simulated and
measured S parameters of the proposed filter without a notch band. The observed bandwidth ranges
from 3.8 to 9.5 GHz with an insertion loss of 1.8dB and a return loss of more than 3 dB. The stopband
has an attenuation loss greater than 13dB which is wide up to 2 GHz.

From Fig. 7(b), it is evident that the response of the proposed filter, with a single notch band,
exhibits a passband bandwidth from 3.8 to 9 GHz which corresponds to the UWB spectrum designated
by the FCC. The attenuation loss of the notch, located at 6.2 GHz, is higher than 11 dB. The insertion
loss is less than 2dB, and the return loss is more than 15.75dB over the passband except for the notch.
The stopband has an attenuation loss greater than 13 dB which is extended up to 2 GHz. Fig. 7(c)
shows group delay comparison between simulated and measured results. The group delay is flat and
modest, spanning between 0.2 and 0.5 ns.
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Figure 7. S-parameters comparison between measured and simulated results, (a) UWB-BPF without
a notch band, (b) UWB-BPF with a narrow notch band and, (c¢) comparison of group delay between
measured and simulated data.

Table 2 compares the performance of the proposed UWB-BPF with notched band to other UWB
filters designs reported in the literature. It is noticeable from Table 2 that the presented design is
distinct from the others, and the performances are comparable to the other designs. The proposed filter
is superior in terms of wide stopband response and relatively quick roll-off rate and small in size.

Table 2. Comparison between current design and previous related works.

Ref Used material | Notches (GHz)/ Notch Stopband (GHz)/ | roll-off rate Size
e
er/h (mm) attenuation (dB) technique Attenuation (dB) | (dB/GHz) | (Ag X Ag)
FR4
[21] 5.8/60 SIR 14/20 11.88 0.47 x 0.26
(4.4/1.6)
FR4 A4
[22] 5.1/45 ./ . 12/10 17 0.28 x 0.09
(4.6/0.8) short-circuit SIS
FR4
[23] 5.2/20 DMS 14/12 21.25 0.83 x 0.55
(4.4/1.6)
R R L-shaped
[2q] | Tosers Rossso 7/20 shape 18/10 23.8 0.4 % 0.26
(2.2/0.5) resonator
R 5880
[25] o8ers 5.85/19 stepped slot 18/10 49 0.78 % 0.19
(2.2/0.5)
FR4
[26] 5.8/22 DGS units 14/12 - 1.12 x 0.16
(4.3/1.62)
Rogers RO-4350 inverted E and
[27] 5.1-8.3/19-15 10.6/10 - 0.06 x 0.02
(3.66/0.76) T shaped SR
R RO4350
[28] | OB 5.8/30 CRR 14/20 24.28 0.81 x 0.4
(3.66/0.5)
Thi FR4
" 6.2/11 CFAR 20/13 17 0.69 x 0.32
work (4.3/1.62)
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4. CONCLUSION

In this article, a new structure of a single notch band UWB-BPF has been presented. The filter has been
designed based on two symmetrical MMRs, four SLSIRs, two DGS units, and a CFAR with feeding line.
The proposed filter has been successfully simulated, fabricated, and tested. The measurement results
have shown that the filter response had a passband range from 3.8 and 9 GHz. The insertion loss in
the entire passband was less than 2dB, and the return loss was around 13dB on average extended up
to 20 GHz. The notch band with an attenuation of around 11dB at 6.2 GHz had a sharp attenuation.
The group delay was between 0.2 and 0.5ns. An acceptable agreement has been achieved between
the simulated (EM and circuit model) and measured results. Because of its small size, the proposed
prototype is simple to incorporate into current communication networks.
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