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Background and Objectives: Due to the rapid development in wireless
communications, bandpass filters have become key components in modern
communication systems. Among the microwave filter technologies, planar
structures of microstrip line are chosen, due to low profile, weight, ease of
fabrication, and manufacturing cost.

Methods: This paper designs and simulates a new microstrip dual-band
bandpass filter. In the proposed structure, three coupled lines and a loaded
asymmetric two coupled line are used. The design method is based on
introducing and generating the transmission zeros in the frequency response
of a wideband single-band filter. A wideband frequency response is obtained
using the three coupled lines, and the transmission zeros are achieved using
the novel loaded asymmetric two coupled lines.

Results: The proposed dual-band filter is designed and simulated on a Rogers
RO3210 substrate for WLAN applications. Dimension of the proposed filter is
11.22 mm x 13.04 mm. The electromagnetic (EM) simulation is carried out by
Momentum EM (ADS) software. Simulation results show that the proposed
dual-band bandpass filter has two pass-bands at 2.4 GHz and 5.15 GHz with a
loss of less than 1 dB for two pass-bands.

Conclusion: Among the advantages of this filter, low loss, small size, and high
attenuation between the two pass-bands can be mentioned.

©2020 JECEL All rights reserved.

Introduction

Microwave integrated circuits (MICs) and radio
frequency integrated circuits (RFICs) require a filter to
eliminate interference, select band, attenuate
harmonics, or eliminate the modulation distortion
caused by active circuits used in communication
transceivers. The microstrip transmission lines are one of
the most common planar transmission lines due to their
simple construction using conventional lithography
processes and easy integration with ICs. Microwave
filters are used as essential elements in each
communication system for discriminating the frequency
components of interest from the unwanted ones. These

Doi: 10.22061/JECEI.2020.7250.376

filters play an essential role in the desired performance
of the transceiver systems. Considering the
advancements of wireless communication, the increase
in bandwidth, and the development of new standards,
small-sized microwave filters with excellent performance
and low cost are required. Today, multiple band
operation is considered to solve the insufficient capacity
of the communication systems. Thus, new microwave
filters should be able to operate in two or more non-
harmonic frequency bands. With the development of
wireless communication standards in the ultra-wideband
context, filters that can operate in two or more
frequency ranges, like IEEE806.16, IEEE806.11, CDMA,
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and GSM are required [1]. The components of the dual-
band or multiple band bandpass filter can be used to
meet this requirement. Almost all bands that are used
for commercial purposes are very close in terms of
position and bandwidths. For example, WiFi, WiMAX,
and GSM systems operate in the frequency bands of 0.9-
1.8 GHz, 2.4-2.45 GHz, 3.5 GHz and 5.2-5.25 GHz. Since
1997 with the approval of using wireless local area
networks (WLAN) for commercial purposes, applications
of this technology have grown quickly. According to IEEE
802.11a/b/g, WLAN is applied in the frequency bands of
2.4-2.45 GHz, and 5.2-5.25 GHz. Considering the
performance of dual-band and multiple-band filters in
the stop-band, their size and construction cost, their
design is very challenging. Since achieving excellent
characteristics for close pass-bands is difficult, recently,
various methods and structures have been proposed to
develop the novel flat multiple-band filters, like
designing the filter in classic form, using multi-mode
resonators (MMR), and introducing and generating
transmission zeros in the frequency response of a
wideband single-band filter. In [2], a dual-band bandpass
filter using open-circuit and short-circuit loaded stubs
has been designed and simulated. The proposed dual-
band filter includes a second-order bandpass filter and a
third-order bandpass filter, which are designed
independently. The characteristics of the dual-band filter
are obtained by combining two single-band bandpass
filters that increases the filter dimension. Another
limitation of the scheme is the short-circuit using via to
ground. The bandwidth of the pass-bands can be
controlled using impedance and length of the stubs. In
[3], a novel microstrip dual-band filter with excessive
loss in the stop-band has been introduced. The structure
of the proposed filter includes coupled transmission lines
and radial stubs. A dual-band bandpass filter using a
novel microstrip dual-mode resonator based on a split-
loop rectangular resonator with an open-circuit stub
loaded has been presented in [4]. The proposed filter is
based on the cross-coupling of a pair of modified
resonators. The first higher order spurious mode is
located at about 6 GHz, which limits the higher stopband
width. In [5], a dual-band bandpass filter using a five-
mode resonator has been proposed. The first three
resonance modes are used for the first pass-band, and
the two other modes are used for the second pass-band.
Although the filter proposed has employed a five-mode
resonator, using five open-circuit loaded stubs to
achieve this goal increases the proposed filter's
dimensions. A simple and effective method for designing
the dual-band bandpass filters with high isolation and
wide stop-band using open-circuit resonators loaded
with one stub has been presented in [6]. The proposed
structure is based on the conventional stub loaded
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resonator (SLR) that increases the filter dimension. In [7],
two cells have been presented for implementation in
passive circuits with a wide stop-band. Both cells include
step impedance resonators and DGS structures. Based
on these two cells, two dual-band bandpass filters have
been designed and constructed. Using this cells and
cascade them to achieve the characteristics of a dual-
band filter increases the filter's dimension. Two single-
band and dual-band microstrip bandpass filters with
source and load loaded with dual-mode ring resonators
based on two-layer structures have been presented in
[8]. In this study, the proposed filter is introduced based
on introducing and generating transmission zeros in the
frequency response of the wideband single-band filter
for WLAN applications. A wideband frequency response
is realized using the three coupled lines, and the novel
loaded asymmetric two coupled lines are used to
generate the transmission zeros in the wideband
frequency response.

Filter Design

A. Three coupled lines

If two or more transmission lines are very close to
each other, the power is coupled between two lines due
to interference of EM fields. Such lines are known as
coupled transmission lines comprised of two conductors
that are very close, although more conductors can be
used. It is usually assumed that the coupled transmission
lines are in TEM mode, valid for strip structures and
microstrip structures. Fig. 1 (a) shows a parallel
symmetric three coupled microstrip line with distance s.
If the TEM mode is considered, the electrical
characteristics of the coupled lines can be described by
measuring the effective capacitances between the lines
and the propagation speed on the line. According to the
transmission theory, a transmission line can be modeled
as a capacitance, inductance, and resistance. A three
coupled structure supports three pseudo-TEM modes
called a, b, and c [9]. To obtain the coupled structure's
parameters, it is sufficient to obtain the capacitive
matrix [C] per unit length. The symmetric three coupled
microstrip lines provide two transmission zeros at f=0
and f=2f,. In this study, three coupled microstrip lines
are used instead of the conventional two coupled lines,
which increases the coupling and fractional bandwidth.
In this case, the current of ports 1, 3, and 5 is zero, and
its transmission matrix is described based on the width
of the lines and their distance [9]. The equivalent circuit
of the three coupled line is shown in Fig. 1 (b).

B. Introducing a New Resonator
In this study, a new resonator is presented using
loaded asymmetric two coupled lines, as shown in Fig. 2.

This new open-circuit resonator comprises an
asymmetric two coupled line with characteristic
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impedance of Zy, and Z,c with an electrical length of &;
and a loaded line with characteristic impedance of Z,,
and electrical length of &,. For the asymmetric two
coupled structure, the relationship of the four-port
network, its voltages and impedance parameters are
represented in the following matrix form.

V 1sa =[Z1axa [ g (1)
B=m/2
0.C. '3 B
I 5| I
. 13 5 _.oc "
s |
0.C. o— 1 4

6=mn/2

-90°

(b)

Fig. 1: (a) three coupled line, (b) its equivalent circuit.

Fig. 2: The proposed new resonator.

The asymmetric two coupled line supports two
pseudo-TEM propagation modes known as ¢ and n. To
obtain the parameters of the coupled structure, it is
sufficient to obtain the capacitive matrix [C] per unit
length.

The open-circuit impedance matrix of this four-port
network can be obtained considering the superposition
of modes ¢ and n. The elements of the open-circuit
impedance matrix [Z] are as follows [10]:
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Zog =2Zpn=— } -
1 "ss Ll—Rc/Rﬂ) (-Rz/Rc) (1-2)
=7 =7 =7 =-j
12 21 34 43
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( c/ 71') c ( 7[/ c) Vg

z z
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2
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(L-Rg /R,)

@-Rz/Rc)

where ¥, and U, are the electric length of the
asymmetric two coupled transmission line in mode c and
mode 1. The equations governing the electric length of

the line are as follows: 6 = Bl that ﬁzj—n and
g

[ . . . .
Ag = e Where [ is the physical length of the line, 8 is

the propagation constant, A, is the wavelength, and &. is
the effective dielectric constant of the line. Zy;c and Zy;,
are the characteristic impedance of line 1, Rc and R, are
the parameters of the two excitation modes that are
obtained using the capacitance per unit length. The Zy;,
Zoir, Rc and R, are defined in Appendix. Fig. 3 shows the
asymmetric two coupled microstrip line used in the
proposed resonator. This asymmetric coupled line
operates as a band stop filter. The input is taken by
connecting ports 1 and 2, and the output is taken from
ports 3, while the ports 4 is open-circuit. “Equation (3)”
describes the equivalent coupling line conditions:

I, =0 (1-3)
I+l =1; (2-3)
Vg =Vy =V, (3-3)
V3 =Vo (4-3)
8,
I,
“—
I 2 W, 3 —
1'%
1 w, 4 —s O.C.

Fig. 3: The proposed structure using the asymmetric two
coupled lines.

By applying the equivalent coupled line conditions in
“(1)”, we have:

Vi =Zygly+Z1p(05 =11) +Z43l0 (1-4)
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Vi =Zol  +Z5o(1i —17)+Z1410 (2-4)
Vo =2Zq3l1 +Z14(0; —17)+ 244l (3-4)
Va=Z14l1+ 2241 —11)+ 21500 (4-4)

Therefore, by solving these equations, the impedance
matrix of the equivalent two-port network is obtained
using the following equations:

Vi|_| %1 Ziz}{'i} c
[Vo} [2'21 Z3 1110 ©)

where
2
214200 ~Z
2o f11%227%12 (1-6)
Z11-2Z1p+ 2
Z44Z1g —Z10Z4a—Z10Z4q +Z L
, , 11214 212213 212214t 2132
Z1p=2p = 7 7.7 (2-6)
11744121422
22 _27..7 22 2
. 21172209299+ 2192 99 213t 2293794~ 214
Zy = (3-6)

21172219+ 29

The parameters of the above impedance matrix can

be calculated using “(2)”. By converting the impedance

parameters of the dual network to transmission
parameters of ABCD, we have [10]:
A cos G cos b, (R =R )

Re(@-R;)cosd, —R . (L-R;)cosq;

(1-7)
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In “(7),” it is assumed that the electrical length of the
line for both modes are equal (8,=0.=9,). In Fig. 2, the
transmission matrix of ABCD is obtained as the product
of the two coupled line's transmission matrices and the
open-circuit stub loaded. The transmission matrix of the
equivalent dual line is represented with [ABCD],, which
is extracted from “(7)”. The transmission matrix of the
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loaded line is represented with [ABCD],. Thus:

A B A B A B
R s ®

where
cos 6. JjZ 5 sin 6.
A2 82 . 2 2 2
=| Jsing, (9)
C D cos 6.
2 2 2
Z3

Considering the definition of the transmission matrix
as follows:

HEEH Y

The input impedance of the equivalent network of
Fig. 2, is calculated using the following equation,
assuming that the two lines are of the same length
(91=9,=1/2). It should be noted that the stub loaded is
open-circuit (/,=0).

Z; = —{iR coto[Z, cos2 O(Re —R )

+ReR 7 5in% O(RZ g1 ~ R Zgy,)]

ReZ 0302 o1, (Re — Rz JHAI2RGR 7Z g C5C O
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2 2 (11)
+Zo(ReRyZoye + (FR7zZg1, +(-2Zy¢
2
+22017[)R7T _ZO]_;[)RC + R;z'ZOlc )(RC - R”)]COS 0
2,2,.22 2,2 2 2
*ReR7z (ReZg1e *RzZ01r ~2ReZ01c ~2RzZ 011

2 2 .2
+Z 01 +Z41,)SINT 0220121, (R —D(Re —1)}
For resonance, when Z,, is zero, by calculating & for

assumed R, and R, the transmission zeros' location can
be obtained using the following equations:

1. |2NR
tan 7 (
0= R +1 (12)
T
2
where
z
R=_0lc (1-13)
ZOlzr
z
N =2 (2-13)
Zo1c

If is defined at the central frequency of f,, then the
relationship between R and location of the transmission
zeros for different values of N is calculated using Fig. 4.
In all cases, three transmission zeros resulting from
length, quarter wavelength at the central frequency of f,
are shown.



Design of a Microstrip Dual-Band Bandpass Filter Using Novel Loaded Asymmetric Two Coupled Lines for WLAN Applications

1.20
1
LI
Vol _
1.15 Vo 101
Y I
‘ I .
& 110 \ A 1"y
\ ol‘l I.‘I
vy ot
1.05 1 v oy
X L
N | o
1004 : ‘ ‘
0.8 0.9 1.0 1.4 1.2
fify

Fig. 4: Variations of the location of the transmission zeros vs. R
for different values of N.

C. Implementation

In this paper, the initial design starts with a third-
order elliptical bandpass filter and a ladder circuit
equivalent to the lumped elements. Then, admittance
inverters (J) are used to approximate the lumped
elements to the distributed elements. An ideal
admittance inverter is a two-port network in which the
input admittance is equal to the inverse load
admittance. Thus, it can be used to convert the series
elements to parallel elements and vice versa. An
admittance inverter can be constructed using a quarter-
wave converter with proper characteristic impedance.
The Schematic of the generalized proposed dual-band
filter is shown in the following Fig. 5 (a). The proposed
dual-band bandpass filter is shown in Fig. 5 (b). The
proposed filter includes a symmetric three coupled
microstrip line and loaded asymmetric two coupled
microstrip line.

8=n/2 8=mn/2 B=n/2 6=mn/2
— —
J L L J
Z Z,
-90° T c Tc -90°

(b)
Fig. 5: (a) Schematic of the generalized proposed dual-band
filter (b) The proposed dual-band filter.

Results and Discussion

The proposed dual-band microstrip filter shown in Fig.
5 (b), is designed and simulated on a Rogers RO3210
substrate with the thickness of 0.64 mm. The dielectric
constant is 10.2, and the loss tangent is 0.0027. The
proposed structure is simulated and optimized using
momentum in ADS, as shown in Fig. 6. The dimensions
after optimization are list in Table 1.

Table 1: Dimentsions of the proposed filter (milimeter)

Wg Wl WZ W3 W4

058 033 0.27 1.05 0.20
Ws We $1 Sz Lo
1.80 4.85 0.12 0.10 0.75
Ly L, L Ly Lg
765 475 032 480 0.50
Conducting strip

t=17pum

Fig. 6: Simulation of the proposed filter in Momentum ADS.

The frequency response of the proposed filter is
shown in Fig. 7.

The proposed filter includes two pass-bands at the
central frequencies of 2.4 GHz and 5.15 GHz with
fractional bandwidths of 22.9% and 15.5%. The
maximum insertion losses and the return losses in the
first band are 0.5 dB and 11 dB, and they are 1 dB and 9
dB in the second band.

Also, there is one transmission zero between the two
pass-bands at the frequency of 3.68 GHz with maximum
attenuation of 49.5 dB.

Dimension of the proposed filter is 11.22 mm x 13.04
mm or 0.23 A; x 0.27 A, where A, is the wavelength of
the 50-Q microstrip line over the substrate at central
frequency of the first passband (2.4 GHz).

The input and output of the proposed filter are
terminated with an impedance of Z,=50 Q. Therefore,
the width of the feedlines (W,=0.58 mm) are designed to
provide matching with the characteristic impedance of
50 Q.
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-20

-304

S-parameters (dB)

40

-50 T T T T T T T 1

Frequency (GHz)
Fig. 7: Frequency response of the proposed filter.

In the following figure, the frequency response of the
proposed filter is evaluated by the termination resistors
of 25 Q and 75 Q. As can be seen, any mismatch at the
circuits' input and output connected to the feed lines of
the proposed filter can degrade the insertion loss at two
frequency bands, particularly the second passband. As
can be seen in Table 2, the proposed filter exhibits better
insertion loss at the central frequencies, particularly at
the first passband. Although the insertion loss of the
filter in [2] is almost the same as the proposed filter, but
its dimensions is 24.4 mmx17.5 mm, which is larger than
the proposed filter.

- = Z)y=25 Q. Zgy =50 O
= =Z)N=50 O, Zgy =25 Q
——2)y=50 O, Zgy =50 O
=2 =B0 O 2oy 175 O

S, (dB)

Frequency (GHz)

(a)

- — Zy=250,Zgy1=50 O

— - —Z)y=50 0, Zgy1=25 O
—— Z)\=50 ©, Zoy 750
— -~ Z)y=50 ©, 2oy =75

—= - ZINET5 Q, Zoy =50 O

S,, (dB)

6.0 65
Frequency (GHz)
(b)
Fig. 8: Effect of termination resistors mismatch on the
frequency response of the proposed filter at the (a) lower band
(b) upper band.
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Conclusion

This study presents the design, simulation, and
optimization of a flat microstrip dual-band filter with
symmetric three coupled lines and asymmetric two
coupled lines. The proposed filter is designed for
wireless local area networks (WLAN) with two pass-
bands at the frequencies of 2.4 GHz and 5.15 GHz. The
proposed filter has a maximum insertion loss of 0.5 dB
and 1 dB and a return loss of 11 dB and 9 dB for the first
and second pass-bands.

The proposed filter is designed and modeled
systematically. This filter can also be implemented on a
Rogers substrate with small dimensions of 11.22 mm x
13.04 mm or 0.23 Ag x 0.27 Ag, Ag is the wavelength at
the central frequency of the first pass-band.

The proposed filter could thus be a good choice for
multiband receivers.
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Table 2: Comparison of the proposed filter with its dual-band counterparts

Ref. f01 (GHZ) f02 (GHZ) ILoq (dB) Lo, (dB) RLp1 (dB) RLg, (dB) Size (Angg) Size(mmxmm)
[2] 2.4 5.2 0.3 0.7 22.1 20.8 0.28 x0.20 24.4x17.5
[4] 2.12 3.91 0.92 2.11 17.3 15.4 0.24 x0.18 26.4x20.3
[6] 3.5 5.25 1.87 2.33 >20 >20 0.459 x 0.323 27x19
[7] Filter A 3.17 3.91 1.76 1.63 >20 >20 0.389x0.177 27x12.5
[7] Filter B 3.16 3.90 1.87 1.67 >18 >20 0.385x0.213 26.9x14.75
[11] Filter A 1.8 5.8 1.33 1.7 21 13 0.23x0.17 28x%20.5
[11] Filter B 2.4 5.8 1.35 1.97 17 15 0.39x0.25 35x22.5
[12] 2.82 3.21 1.9 1.7 21.6 16.1 2.76 x1.30 21.4x10.1
[13] 3.78 4.82 1.38 1.82 14 33 0.16 x0.31 -
This work 2.4 5.15 0.5 1 11 9 0.23x0.27 11.22x13.04
Appendix
[4] H.Chen, K. Chen, X. Chen, “Planar dual-mode dual-band bandpass

The asymmetric two

coupled line supports two

pseudo-TEM propagation modes known as ¢ and n. To
obtain the parameters of the coupled structure, it is
sufficient to obtain the capacitive matrix [C] per unit
length. The phase velocity vc, and the voltage ratio of
the two lines R, are obtained from the following

relations:
- _(P1tDy i% (D, —D,)? +4E,E, T2 (1-14)
R :i[(a2 —D,)++/(D, —D,)? +4E,E, | (2-14)
where
D, =(C41Co22— C15C012)/ (V2 det[C, ) (1-15)
Dy =(Cy5C011 — C15C01)/ (V2 det[C, ) (2-14)
E; =(C1,C025— CraCor) /(VE det[C, ) (3-14)
E, =C1,C011—Co1z (4-14)
[Col=Co1:C022—C21s (6-14)

where vy is the phase velocity in free space. The
impedance of the i-th line in the j-th mode Z;; can be
obtained from the following equations:

1
Zyyy = -
01/ v/(Ca1 +R,Crr) (1-16)
1
Zoy; (2-16)

V;(Cpa +R;Cy)

The elements of the open-circuit impedance matrix

[2] are given in “(2)".
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