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Compact Reconfigurable Triple Bandstop Filter Using Defected
Microstrip Structure (DMS)
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Abstract—In this paper, a low-profile triple-notched bandstop filter (BSF) is introduced. The proposed
filter suppresses frequencies of Bluetooth (2.4 GHz), Wi-Max (3.5 GHz), and Wi-Fi (5.2 GHz) using three
defected microstrip structures (DMSs). This BSF may be located in the feed line of an ultra-wideband
(UWB) antenna. Consequently, not only the complexity is reduced, but also the area of the presented
filter (24 x 10mm?) is plummeted. Multiple rectangular slots are etched in the feed line to achieve
multi-notch performance. Additionally, two dumbbell-shaped defected ground structures (DGSs) are
etched in the ground plane to improve matching. Three PIN diodes are used to reconfigure the frequency
response of the filter. By controlling the three diodes, the proposed filter can support six operating
modes. The filter is simulated, optimized, fabricated, and measured to be suitable for cognitive radio
applications. It achieves an insertion loss of (40, 29, and 24) dB and a rejection rate of (184, 215, and
277)dB/GHz at 2.4, 3.5, and 5.2 GHz, respectively. The simulated and measured results agree well.

1. INTRODUCTION

Nowadays, modern wireless communication systems are causing an increasing demand for multiband and
multimode operation antennas. As a result, ultra-wideband (UWB) systems have attracted the attention
of researchers [1, 2] due to their high data rate, low cost, and good resistance to multipath and jamming.
In UWB and multifunctional communication applications, it is necessary to have bandstop filters
(BSFs) [3-5] to suppress any unwanted signal and prevent interference with narrowband technologies
such as WLAN.

To design BSFs with two or more attenuation bands, numerous techniques are available, such as
coupled lines [6-9], capacitively loaded loops [10], split-ring-coupled microstrip transmission line [11,12],
frequency selective surface (FSS) [13], Archimedean spiral electromagnetic bandgap structure [14],
defected microstrip structure (DMS) [15-18], among others. While designing a filter, researchers
face some challenges regarding filter characteristics such as obtaining low insertion loss, excellent
matching, easy fabrication, and small size. Using the DMS technique guarantees the reduction of
the filter size while maintaining good performance because DMS has a high-quality factor, easy design,
and easy integration with radio frequency devices. This technique depends on changing the effective
inductance and capacitance of the microstrip line by introducing different slots that affect the current
distribution [19], thereby changing the frequency response characteristics. In addition, reconfiguration
techniques are used to control the characteristics of the frequency response. One of these techniques is
radio frequency micro-electro-mechanical system (RF-MEMS), which relies on the mechanical movement
of switches to connect or disconnect parts of the antenna [20]. Another technique involves using PIN
diodes [21-23|, which are more compact and much faster, with switching speeds in the range of 1-
100 nsec compared to the RF-MEMS switching speed (in the range of 1-20 psec) [24].
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In this study, a triple-notched BSF is proposed using the DMS technique. Triple stopbands are
achieved at frequencies of 2.4 GHz (Bluetooth), 3.5 GHz (Wi-Max), and 5.2 GHz (Wi-Fi) using triple
DMS structures, which allow for size reduction and low complexity. In addition, to obtain a switchable
BSF, the frequency reconfiguration technique is used by integrating three PIN diodes. This paper is
organized as follows. Filter geometries, performance, and working principles are presented in Section 2.
Section 3 includes the results and discussion. The work is concluded in Section 4.

2. PROPOSED FILTER DESIGN

2.1. Filter Layout

The aim of this work is to obtain a small size and less complex bandstop filter to suppress signals at
frequencies of Bluetooth (2.4 GHz), Wi-Max (3.5 GHz), and Wi-Fi (5.2 GHz). The schematic diagram of
the proposed triple stopbands filter is introduced in Fig. 1. The proposed filter is designed on a Rogers
RO4003C substrate with e, = 3.38, tan d = 0.0027, and thickness of 0.81 mm. The three PIN diodes are
described as Dy, Ds, and D3 as shown in Fig. 1(a). The MA4AGP907 PIN diodes (Size: 0.3 x 0.2mm?)
are utilized to electrically connect/disconnect the DMS to the BSF. Triple crossed DMSs are etched
into the feed line of the antenna to ensures size reduction and generate triple notched rejection bands.
Additionally, two dumbbell-shaped DGSs are etched on the ground plane of the proposed filter at input
and output ports as illustrated in Fig. 1(b), to enhance the matching of the filter. Table 1 shows
the final geometric dimensions of the proposed BSF, which were optimized using the Particle Swarm
Optimization technique (PSO) in CST Version 2021.

Table 1. Optimized dimensions of the proposed BSF [Unit: mm]

Symbol | Value | Symbol | Value | Symbol | Value | Symbol | Value
Ly 24 W 10 Lo 11.8 Wsa 2.4
Ly 1 Wy 1.95 Lgs 8.5 Wss 1.4
Ly, 20 Wi 4 a 1 Lg 1.55
L 17.8 W1 3.4 b 1 S 0.2

c 3

(b)

Figure 1. Geometry of the proposed BSF: (a) Front View and (b) Back view.

Figure 2 illustrates the steps by which the proposed BSF is designed along with the S-parameters
at each step. The main idea is to obtain a BSF in the feed line of the antenna used in cognitive
radio applications. Consequently, a transmission line with a wide width (W,,) is used to be suitable
for etching the DMSs. Firstly, without combining any DMS as shown in Fig. 2(a), there is no notch.
Also, increasing W leads to resonant frequency decline. Then, a rectangular ring slot DMS; is etched
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Figure 2. S-Parameters and the design steps of proposed BSF: (a) feed line without DMS, (b) one DMS
at 2.4 GHz, (c) two DMS at 2.4 and 3.5 GHz, and (d) three DMS at 2.4, 3.5 and 5.2 GHz, respectively.

on the line as shown in Fig. 2(b), resulting in a notch at 2.4 GHz. A second rectangular ring slot DMSs
is etched, as shown in Fig. 2(c), leading to a second notch at 3.5 GHz. The third rectangular ring slot
DMS3 shown in Fig. 2(d) is also integrated, and a third notch is observed at 5.2 GHz. Each DMS has
a length of (A\/2) mm, which is calculated from Equation (1) at 2.4, 3.5, and 5.2 GHz, respectively.

A c

Lot == = 57— 1
T2 of ey @

where c is the light velocity in free space, .5 the effective relative permittivity, and f. the stop band
center frequency.

Figure 3 illustrates the surface current density distributions for the proposed filter at 2.4, 3, 3.5, and
5.2 GHz, respectively. The filter has the ability to stop the current from reaching port 2 at frequencies
of 2.4, 3.5, and 5.2 GHz. The current is stopped at the successive DMS sections. At 3 GHz, for example,
the filter has a passband in-between two transmission zeros. One can notice that the current reaches port
2 with the highest intensity. The design parameters’ initial values are accurately calculated, followed by
their optimization through parametric analysis. Among the various parameters, the most crucial ones
that have a substantial impact on the performance are Ly, Ls2, and Lgs, as depicted in Figs. 4(a), (b),

(c).

2.2. Equivalent Circuit Model

Using the circuit simulator namely Advanced Design System (ADS), the numerical values are calculated
for the equivalent circuit model shown in Fig. 5, with the circuit parameters listed in Table 2. The results
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are then compared with the outcomes obtained from (CST) Microwave Studio software. This model
consists of many sections as shown in Fig. 5. Feeding line sections at the input and output of the filter,
represented by (L1, C1, Lo, and C9) logically have C; = Cy and L1 = Ly. Two parallel resonant sections
(Rq1, La1, and Cyq1) and (Rgo, Lg2, and Cyz) represent the two dumbbell shapes Rg1 = Rg2, Lg1 = L2,
and Cy = Cgg). Sections (Ls1, Cs1, and Cya), (Ls2, Cs3, and Csy) and (Ls3, Cs5, and Cyg) represent
the triple DMSs, respectively. Series capacitors (Cs, Cy, C5, and Cg) represent the coupling between
DMSs, and (L3, L4, L5, and Lg) are shunt inductors corresponding to the thin lines between loops.

afm
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@

N W W N @

Figure 3. Current distributions at (a) 2.4 GHz, (b) 3GHz, (c¢) 3.5 GHz, and (d) 5.2 GHz.
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Table 2. Passive component values in the equivalent circuit model.

Component Value Component Value Component Value
Ly 2.1nH Lg 27.7nH Cs1 3.2pF
4 1.1pF Cs 117.087 pF Cso 1.818 pF
R 0.625Q L 4nH Css 1.92 pF
Lg 1.2nH Lo 2.4nH Csy 1.6335 pF
Ca 1.35pF Lgs 1.728 nH Css 0.864 pF
L3 10nH Cs 207.077 pF Cse 1.49688 pF
Ly 26 nH Cy 135.085 pF Ls 26.9nH
Cs 188.779 pF

Coupling Capacitors o

slot1 | siot2

s00 Ss0n
Port - i S Port
" Feeding Line Feeding Line

1

Figure 5. Equivalent circuit of the proposed filter layout.

3. RESULTS AND DISCUSSION

3.1. Comparison Results

The triple stopbands filter has been fabricated as shown in Fig. 6, using the photolithographic technique
and measured by ROHDE and SCHWARZ (ZVA67) vector network analyzer. The measurements were
conducted using a substrate test fixture, as shown in Fig. 7(a), which reduced filter size by 4 mm. Also,
SMA connectors were soldered to reiterate the measurements as shown in Fig. 7(b), and of course good
agreement between results was obtained.

Figure 8 shows the transmission coefficient (S21) and reflection coefficient (S11) of the presented
filter. The filter exhibits triple-band rejection characteristics at frequencies of (2.4, 3.5, and 5.2 GHz).
From Figs. 8(a) and (b), it is clear that good agreement between simulated and measured results is found.
Additionally, insertion loss of (40, 29, and 24) dB and a rejection rate of (184, 215, and 277) dB/GHz
are achieved at 2.4, 3.5, and 5.2 GHz respectively.

According to [25], RF circuits with negative group delay (NGD) are beneficial in several analog-
signal-processing applications. The group delay response of the filter is shown in Fig. 8(c). The proposed
filter exhibits flat passbands of 0.5 ns approximately and an (NGD) of 3, 2.5, and 1.9ns at 2.4, 3.5 and
5.2 GHz, respectively.
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(a) (b)
Figure 6. Photograph of the proposed DMS-BSF: (a) Front view and (b) Back view.
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Figure 8. (a) Sa1, (b) S-parameter, (c) Group delay of the proposed filter.
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3.2. Reconfigurability Concept of the Proposed BSF

The characteristics of the three diodes are illustrated in Fig. 9. These diodes work according to the
states shown in Table 3. It is obvious that the proposed BSF has three rejection bands (2.4, 3.5, and
5.2 GHz) with all diodes (D1, D2, and D3) ON. The proposed filter has two stopbands in two cases: the
first case at (2.4 and 3.5 GHz) when D; and Dy are ON, but D3 is OFF, and the other case at (2.4 and
5.2GHz) if D; and D3 are ON, and D9 is OFF. If D; is ON, and both Dy and D3 are OFF, only one
stopband is available (2.4 GHz) or (3.5 GHz) if D; and D3 are OFF, but Dy is ON. When all diodes
are OFF, the filter acts as a direct transmission line without any notch.

Table 3. States of Dy, Do, and Dsg.

State | Dy | D2 | D3 | Notchat frequency (GHz)
0 OFF | OFF | OFF All band pass
1 | oN | oN | oN 2.4/3.5/5.2
2 ON | ON | OFF 2.4/3.5
3 | ON | OFF | ON 2.4/5.2
4 ON | OFF | OFF 24
5 OFF | ON | OFF 3.5
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Figure 9. S-parameters according to Dj, Dy, and D3 states: (a) state 0, (b) state 1, (c) state 2, (d)
state 3, (e) state 4, (f) state 5.

Table 4 lists a detailed comparison of the proposed filter with recently reported BSFs. Based on
this comparison, this work proposed a DMS BSF that offers several advantages over other designs. It
provides three rejection bands (2.4 GHz, 3.5 GHz, and 5.2 GHz) with sharper rejection levels. Moreover,
it has a smaller size (240 mm*®) than many other published designs. Additionally, it demonstrates
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Table 4. Comparison with other reported BSFs.

Design Rejection Bandwidth Rejection Size Reconfi-
Ref. Technique Bands (GHz) Level (mm?2) gurable
(GHz) (dB)
Coupled-Line
6] Stub-Loaded 1'5??{126‘4/ 0.3/0.7/0.55 20/25/38 300 no
shorted (SIR) )
Capacitively
[10] Loaded Loops 2.95/3.68 | 0.0745/0.0782| 15.04/15.1 900 yes
(CCLs)
[11] A split-ring: 4.05/4.75 NA 18/15 NA yes
Resonator (SRR)
Archimedean
Spiral
[14] | Electromagnetic | 3.5/5.2/7.4 | 1.07/0.41/0.61| 35.6/28.2/24.9 480 1o
Bandgap
Structure
[16] DMS 3.8/6.7/9.5 | 0.73/0.45/0.31| 55/36/35 741 1o
DMS and
1.56/2.4/ 0.08/0.07/
[19] Dual-Mode 3.5/5.25 0.06/0.12 27/26/25/30 420 no
Resonator
[21] DMS 5.5/11.5 NA 24/18 495 yes
Slotted Patch
[23] Resonator 1.85/4.2 NA NA 2200 yes
with DGS
This
Work DMS 2.4/3.5/5.2 | 0.3/0.17/0.089 40/29/24 240 yes

reconfigurability, making it adaptable for different applications. It also achieves wider operational
bandwidth and wider upper passband solely using one technique “DMS technique”. In addition, it can
be integrated in the feed line of the antenna, which showcases its efficiency and simplicity.

4. CONCLUSION

A low profile BSF with three rejection bands is presented. Three DMSs are etched to produce triple-
notched stopbands at Bluetooth (2.4 GHz), Wi-Max (3.5 GHz), and Wi-Fi (5.2 GHz). To enhance the
performance of the reflection coefficient S11, two dumbbell-shaped DGSs are etched in the ground plane.
Three PIN diodes are used to control the band-notched characteristics of the proposed BSF through six
states, providing reconfigurability. The lumped element circuit model of the filter has been obtained
using ADS, and the results agree well with the CSTMWS. Then, the filter has been fabricated and
measured. A 40dB insertion loss is achieved at 2.4 GHz, 29dB insertion loss at 3.5 GHz, and 24 dB
insertion loss at 5.2 GHz. Moreover, the filter has a rejection ratio of 33.7, 68.38, and 133 at 2.4, 3.5,
and 5.2 GHz, respectively. The simulated and measured results exhibit good agreement.
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