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Microstrip Bandpass Filters using Coupled Feed Lines for Third and Fourth
Generation Communications

Abstract: In this paper, two compact tuneable bandpass filters (BPFs) based on the coupled feed lines are
introduced. To approach a compact size, the coupled feed lines are bended. To design a high performance
single-band bandpass filter (BPF), coupled feed lines are loaded by T-shaped stubs (as main resonators)
and rectangular stubs (as suppressor stubs). Also, the mechanism of coupled feed lines combining with T-
shaped open stubs is analyzed to show a tunable passband. The dual-band BPF includes two big radial-
stubs, two small radial-stubs, two T-shaped structures and spiral coupled feed lines. The LLC model of big
radial-stubs is analyzed to compute the equation of transmission zero using its transfer function. The
passband frequency of single-band BPF resonates at 2.12 GHz (3G) with corresponded-insertion loss of
0.83 dB. Also, for dual-band BPF, the measured insertion-losses of first and second passbands are close
to 0.8 and 1.1 dB, respectively. The frequency responses of BPFs are easily adjusted by altering the
physical dimensions, demonstrating a adjustable performance. To verify the correct operation of circuits,
the proffered filters are implemented and tested.

Keywords: Bandpass filters, Dual-band, Radial-stub, Single-band, T-shaped, Tuneable.
1 INTRODUCTION

Bandwidth selection is one of the important issues in. modern communication systems and the BPFs has
significant place in this case. Today, single-band and dual-band operators have been so prevalent in
wireless communication. The advantages of a BPF can be expressed as: compact circuit size, good
isolation between passbands, high selectivity, and wide stopband [1]. The presented BPFs in [2-30] have
been designed using the various configurations, such as stepped-impedance structures, open-circuited
stubs, T-shaped resonators, substrate integrated waveguide (SIW) technology, balance differential
topology, dual-layer structures and coupled lines that the specifications of each of them are briefly
investigated. In [2], a simple structure dual-band bandpass filter has been introduced with compact
dimensions. But in this design, the circuit presents a weak harmonic suppression in upper stopband. A
compact size dual-band BPF has been fabricated in [3], using stepped-impedance units as resonators,
which cannot provides a wide stopband. In [4], single and dual-band BPFs with coupled lines and a large
circuit area have been designed. This dual-band BPF can be applied at WLAN and WiMAX. Using the
short/open ended stubs two dual-band BPFs with good isolation between the passbands have been
designed and implemented in [5]. Nevertheless, the dimensions of these BPFs are suitable; insertion
losses of passbands are high. The presented BPF in [6] has been implemented using coupled lines with
operational frequencies of 1.57 and 2.45 GHz. The benefit of this filter is compact physical dimensions,
although it deactivate only up to 3" harmonics. Generally, wide-band BPFs cannot provide an strong
harmonic rejection and sharp attenuation near their passbands [7]. By adopting the interdigital structures
as fundamental resonators, BPFs with small size have been fabricated in [8] that both of the complexity of
design and analysis are considered as challenges of these circuits. The presented BPFs in [9-10] have
been designed by coupling the ring resonators with input/output ports. Large size and high insertion
losses of passbands are negative factors of these circuits. Another structure used for designing the BPFs is
balance differential topology [11-15]. This structure has a good immunity to interferer and noise and
improves the isolation among passbands in dual-band BPF. The coupled structures are widely utilized to
design BPFs [16-22]. Compactness and structure simplicity are benefits of this method. Duo to coupling
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effects between the lines, the passband width can be regulated to design narrow- and wide-band BPF, as
well. Stepped-impedance resonators have been employed in [23-24] to design single- and dual-band
BPFs. In [25-26], two dual-band BPFs based on the hybrid structure have been reported that the isolation
between the passbands in these circuits is weak. Substrate integrated waveguide technology is another
method of filter design [27-28]. The features of this technology include a wide stopband and high
sharpness. However, complexity of design and analysis are challenges of this technology. The reported
dual-band BPF in [29] suffers from enormous dimensions and narrow stopband width. A multi-layer
planar BPF with simple topology has been introduced in [30] that has flat group delay and occupies very
small range. Dual-layer and defected coplanar waveguide (CPW) topologies have been applied for
designing dual-band BPFs in [31-32]. These circuits provide a good isolation among the passbands;
nevertheless deactivation of spurious peaks in the upper stopband is not appropriate. Also, the compact
wide-band BPFs in [33-34] have challenges such as weak harmonic elimination in the stopband area.

This paper focuses on the design of applicative, analytical and tuneable BPFs, using the coupled feed
lines.

2 DESIGN PROCESS

The design procedure of the single-band and dual-band BPFs are explained below. These structures are
implemented based on the coupled feed lines.

2.1 Single-band BPF design

Figure 1 shows the layout of single-band BPF. This circuit is composed of the coupled feed lines, T-
shaped resonators and rectangular suppressors. A detailed description of design procedure is presented as
follows:

Unit: mm

suppressors-1 [l

suppressors-2 ||

L8]

suppressors-3

ey —————r .

Fig. 1. Layout of single-band BPF.
2.1.1 Coupled feed lines combining with T-shaped open stubs

Narrow-band bandpass filters can be designed using coupled line structures. The equivalent circuit of a
coupled line is depicted in Fig. 2. The transmission (ABCD) matrix of this structure is presented in (1),

[1].
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where, Zq. and Zy, are the even and odd mode characteristic impedances of coupled line [1]. 6=pI is the
electrical length of line, | is the physical length and the propagation constant is shown by .
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Fig. 2. Equivalent circuit of coupled line, [1].

The dimensions of coupled feed lines are determined to locate the resonance frequency at 2 GHz range.
Also, by bending the structure, an excellent compactness is obtained. Next, for achievement a single-band
BPF with sharp response and to fix the passband at 2.1 GHz, the coupled feed lines are loaded by two T-
shaped open stubs, as depicted in Fig. 3. As seen, these stubs extend the upper stopband up to 6 GHz.
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Fig. 3. Layout and EM-simulation of coupled feed lines combining with T-shaped open stubs.

The performance of coupled feed lines combining with T-shaped open stubs is analyzed. The equivalent
circuit of this structure is depicted in Fig. 4. In Fig. 4, Z,, Z, and Z, are the characteristic impedances of
low impedance stubs, high impedance stubs and transmission lines, respectively. Zi,_ and Z;,, are the input
impedance of low impedance stubs and T-shaped open stubs, respectively. Also, 6, = 0., 8,, 6; and 0 are

the electrical lengths of transmission lines, low impedance stubs, high impedance stubs and coupled lines,
respectively.
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Fig. 4. Equivalent circuit of coupled feed lines combining with T-shaped open stubs.

The ABCD matrix of a transmission line (such as Zy/ 6y) is defined as follows [1]:

cos 6, 1Z,siné,
[Tk = jzisinﬁ1 cosé, | @)

0

The ABCD matrix for T-shaped loaded open stubs (including Z_ and Z;,) is achieved from [1]:

[TL= {Yl ﬂ 3

Yin = i’
' Zinh

where:

Z;,, +]jZ,tand,
X 1
Z, +jZ;, tand,

Z;, =—]JZ cotd,.

Z, =2,

iny

Also, another ABCD matrix for transmission line (such as Zy/ 6,) of [T]z can be similarity defined as
follows:
coséd, JZ,sin6,
[Tk = jzisin 0, cos6, | “)

0
So, the ABCD matrix of sections A and B can be obtained from:

ME=[TEx[TEx[T]. ©)

[M]z =[T]3><[T]2><[T]l. (6)



Hence, the total ABCD matrix is obtained as follows:
Mo =ML x[M]x[M],. (7)
By computing the total ABCD matrix, S,;-parameter in terms of ABCD parameters can be written as [1]:

2
S = :
A+B/Z,+CZ,+D

(8)

According to (8), S,;-parameter is related to electrical lengths such as 6, (6,=5L1) and 03 (6:=fL,) so that
by changing the physical dimensions of T-shaped loaded open stubs (L; and L,), the position of central
frequency can be shifted. As seen in Figs. 5 (a) and 5 (b), by reducing the length of L; and L,, the central
frequency is shifted to upper frequencies. Hence, the central frequency can be fixed at the desired location
by selecting the proper dimensions.
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Fig. 5. Coupled feed lines combining with T-shaped open stubs: (a) EM-simulation (S,;) with different
L, (b) EM-simulation (S,1) with different L.

2.1.2 Suppressors design

Besides, suppressor elements play an important role in designing microstrip filters to reach a wide
stopband.. For this reason, a pair of suppressors’ type 1 (suppressors-1) is presented in Fig. 6. The
stopband of the structure is from 6.56 to 9.4 GHz. Also to suppress the spurious peaks in higher
frequencies (up to 12.8 GHz), a pair of suppressors’ type 2 (suppressors-2) is introduced in Fig. 7. The
designed suppressors create some transmission zeros to suppress the unwanted harmonics in stopband
range. The frequency of transmission zeros are related to dimensions of open stub. By adjusting the
physical dimensions of suppressors, the location of transmission zeros can be fixed to attenuate the

spurious peaks.
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Fig. 7. Layout and EM-simulation of suppressors-2.
2.1.3 BPF design

In order to achieve a wide stopband, the suppressors-1 and suppressors-2 are merged and they are added
to couple feed lines combined with T-shaped open stubs. The layout and EM-simulation of fundamental
BPF is presented in Fig. 8. As seen, the upper stopband has been increased to 12.8 GHz with -22 dB

suppression level. Also, the insertion loss and return loss in passband are 0.96 dB and 13.5 dB,
respectively.
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Fig. 8. Layout and EM-simulation of fundamental BPF.

Finally, to design a high performance single-band BPF with ‘remarkable specifications like, high
suppression level in stopband area and low insertion loss in passband, a pair of suppressors’ type 3
(suppressors-3) is added to fundamental BPF. The manufactured photo, simulation and experimental
results of single-band BPF are presented in Fig. 9.
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Fig. 9. Photo of manufactured filter, simulation and experimental results of single-band BPF.

As seen in Fig. 10, the single-band BPF has a flexible response so that by tuning the physical lengths of
suppressors-3, the suppression level in upper stopband can be easily regulated.
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Fig. 10. S,; parameter of single-band BPF as a function of different lengths of suppressors-3.

2.2 Dual-band BPF

In this plan, the coupled feed lines are applied to design a dual-band BPF. Figure 11 shows the layout of
dual-band BPF. This structure consists of the coupled feed lines; two big radial-stubs (with radiuses of
R1), two T-shaped stubs and two small radial-stubs (with radiuses of Rs). The filter design steps are

described.
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Fig. 11. Layout of Dual-band BPF.
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For regulation the passbands at 2.1 and 2.6 GHz frequencies and to provide a wide upper stopband, two
big radial-stubs (with radiuses of R;) are applied. The layout and EM-simulation of structure-lare
depicted in Fig. 12(a). Then for suppression the unwanted peaks in the lower stopband, T-shaped stubs
are added, as shown in Fig. 12(b). Finally, for improvement the insertion losses and return losses of
passbands, two small radial-stubs are utilized. The layout and EM-simulation of dual-band BPF are
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exhibited in Fig. 12(c). As seen, the values of insertion losses and return losses in the first and second
passbands are 0.81/16.8 dB and 1.13/15.9 dB, respectively.
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Fig. 12. Layout and EM-simulation: (a) structure-1. (b) structure-2. (c) dual-band BPF.

For the illustrated resonator in Fig. 13(a), the resonator provides a wide rejection band with suitable
suppression devel.-Also, it comprises of a high impedance line, a low impedance stub and one radial stub.

0
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T -40-
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Frequency (GHz)
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Fig. 13 Big radial-stubs: (a) Layout. (b) LC model. (¢) EM and LC simulations.
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The radial resonator generates a transmission zero (Tz) at 5.97 GHz frequency that the stopband width is
tuned by it. For analysis the performance of this resonator, an LC model is presented in Fig. 13(b). In this
model, L; is considered as inductance of high impedance line. L, and C; represent the inductance and
capacitance of low impedance stub, respectively. Also, the capacitance and inductance of radial stub are
presented by C, and L, respectively. The EM and LC simulation results are indicated in Fig. 13(c). The
values of LC model are computed and optimized using formulas outlined in [1]. Also, they are as follows:
L;=3.2, L,=0.1, L3=0.25, C;=0.3 and C,=2.08 (Units: C, pF; L, nH). The transfer function of Fig. 13(b) is
calculated and presented in (1). Next, by equalling numerator of transfer function with zero, the equation
of Tz is achieved as (2). Notice, r is the matching impedance at input and output ports (r=50Q2). By
altering the radius of the resonator, the position of T, is shifted. For instance, by decreasing the R;, Tz
moves to higher frequencies and the stopband width is limitted, illustrating an tuneable stopband. The
effect of changes of Ry is summarized in Table 1.

Vo _ (2r(CC,L,L)S* + (LG, + L,C, + L,C,)S” £1)) o)
v (COLIL +2L,)8° + 2r(L + L)) + L(2C,(L, + L)+ G, + 2L,)S° +a’

where

a=C,(L° +r’CL,)S* +2r(C,(L, + L,) + C, (L, # Ly + L,))S? + (2L, +r*C, + r’C,)S +2r.

C,L, +C,L, +C,L, —/(C;L, +C,L, +C,L;)? —2C,C, L, L,
2C.C,L,L,

Tz = 2r ' @

Table 1 Variation of T, with different lengths of R,

R; (mm) Cs (pF) Ls (nH) Tz (GHz)
4.5 2.08 0.25 5.978
4 1.78 0.2 6.815
3.5 1.7 0.175 7.273
3 1.45 0.125 8.625

Fig. 14(a) shows the magnitude of S,;-parameter for the dual-band BPF as a function of different radius
(Ry) of two big radial-stubs. As illustrated, the suppression level between first and second passbands is
related to radius of two big radial-stubs. Therefore, the desirable suppression level will be realized by
adjusting of this value. Fig. 14(b) illustrates the magnitude of S,;-parameter for the dual-band BPF as a
function of different lengths of coupled feed lines (L;). As can be seen, first and second passbands are
related to lengths of feed lines. Thus, the ideal position of passbands for designer will be obtained using
different lengths of these feed lines.

11



Unit: mm

Magnitude (dB)
it

'207 ":‘l | |1"Yl![l]'\‘l [fl I h T
1.8 1.9 2.0 21 22 23 24 25 26 2.7 28 29 30 3.1

Frequency (GHz)

(@)

Magnitude (dB)
)
T

——LI1=15.2,L2=14.2

-30- —©—L1=14.2,L.2=13.2
—A—1L1=13.2,1.2=12.2
-334 % L1=122,L2-11.2
T SRR MM L LS L
1.81.920212223242526272829303.13233
Frequency (GHz)
(b)
0
-5
~ -10—
m
2
o -15-
=
2
e -20
5 "
= 2570 BG=0.4
2 —©— BG=0.3
30— —&— BG=0.2
—%— BG=0.1 Unit: mm
-35 T | T ‘ T ‘ T ‘ T ‘ T | T ‘ T ‘ T | T ‘ T | T ‘ T ‘ T ‘ T
1.6 1.7 1.8 1.9 2.0 2.1 2.2 23 24 2.5 2.6 2.7 2.8 2.9 3.0 3.1
Frequency (GHz)
(©

Fig. 14. The Sy parameter of dual-band BPF (a) As a function of different radius of two big radial-stubs
(b) As a function of different lengths of coupled feed lines (c) As a function of different band-gaps.
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Fig. 14(c) shows the magnitude of Sy-parameter for the BPF as a function of different band-gap
distances. The central frequencies of first and second passbands are close together, whenever the width of
band-gap is long. Similarly, the central frequencies of first and second passbands are far apart, whenever
the width of band-gap is short. Thus, the desirable frequency distance between passbands (2.1 and 2.61
GHz) can be adjusted. The dimensions of dual-band BPF are: L;=15.2, L,=14.2, L,=0.5 L,=0.7, Ls=0.6,
Le=1.1, L;=0.7, Lg=1.1, Lo=1.2, Lyo=1.4, L1;=7.2, L1,=9.4, L13=10, L14=1.8, L15=2, L1s=1.2, L47=7.8,
R;=4.5, R;=1.8, BG=0.3, BG;=0.6 and BG,=0.8 (all in millimeter).

3 SIMULATION AND MEASUREMENT RESULTS

The simulation results have been extracted using Advanced Design System (ADS2011.10) software. The
designed filters have been implemented on Rogers RO4003 substrate (g, = 3.38, thickness = 0.508 mm
and loss-tangent = 0.002) and they have been tested using a HP8757 network analyzer. Photograph of the
manufactured filter, simulation and experimental results are illustrated in Fig. 15. The single-band BPF
has a wide upper stopband up to 12.7 GHz with suppression level of -25 dB and the return loss of its
passband is about -24 dB. For dual-band BPF, the return-losses are 16.8 and 15.9 dB in first and second
passbands, respectively. Also, the rejection in stopband area is more than -20 dB up to 10 GHz. The
operational frequencies of first and second passbands have been located at ~2.1 and ~2.6 GHz,
corresponding to the 3G and 4G. The proposed circuits and some introduced papers in [2-34] are
compared in Tables 2 and 3.

O_ - '_ . v | =
-10f B St
. ny \ -20 dB
n -20~-7x ----------- — ~re
- [ 'l
= \ / ff
_§ - :n ‘\‘f'/ W‘ |
?0 r ‘"'1821
<
= -40 _
: Measured
-50 ; W‘""&"“m“&' S D Simulated|]
00 2 4 6 8 10

Frequency (GHz)

Fig. 15. Photograph of the manufactured filter, EM-simulation and measurement results of Dual-band

BPF.
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Table 2. Comparison among some reported works and dual-band BPF

Refs, f(GHz) | FBW (%) | RL (dB) ILdB) | Size (22)
2] 3.5/5.24 - 14/15 1.52/1.65 151
2] 10/4.85 | 28.4/111 2023 1.69/2.44 0.012
4] 2.49/3.49 15.6/8 11/25 12/1.2 i
[B]-BPFA | 18/58 8.76/4.05 21/13 1.33/L.7 0.039
[5]-BPFB 2.4/5.8 4.63/3.6 17/15 1.35/1.97 0.097
[6] 157/2.45 9/8.5 175226 | 126024 0.01
[6]-BPF1 13/25 12.37233 36/22 0.99/0.5 0.004
[B]-BPF2 | 121/248 | 26/10.3 20025 0.6/0.43 0.0045
9] 3.4/5.56 4.46.8 18/11 2.16/1.93 §
[10] 2.4/5.2 9.2/9.5 30/12 14027 0.032
[22] 2.45/5.2 18/4.8 20/19 0.6/0.9 0.025
[25] 2.55/3.65 | 6.72/5.45 20/18 1.20/2.13 0.119
[36] 210263 | 2.15/1.48 | 19.3/30.7 | 0.68/1.08 0.028
D“""B';,bFa”d 210262 | 176/1527 | 16.8159 | 0.81/1.13 0.028

Table 3. Comparison among somereported works and single-band BPF

Refs. f (GH2) FBW (%0) RL (dB) IL (dB) Size (Ag)
[4] 2.48 11.2 11 1.2 -
[11] 1.5 - 15 1.2 0.0266
[12] 1.5 - 20 1.6 0.034
[18] 1 10 13 1.2 0.0288

[24]-BPF1 2.45 32 22 0.2 -
[24]-BPF2 2.8 23 26 0.2 -
[28] 8.4 7.9 25 1.53 0.042
[35] 2.79 1.64 20 0.9 0.024
Single-band
BPE 2.12 1.93 24 0.83 0.028

4 CONCLUSION

Two compact BPFs using the coupled feed lines have been designed and tested. The miniaturized BPFs
have wide stopband. By adopting the T-shaped open stubs and conventional rectangular suppressors on
the coupled feed line, a single-band BPF is manufactured for 3G applications. To display an adjustable
passband, the coupled feed lines combining with T-shaped open stubs using equivalent circuit are
analyzed. In passband, the insertion loss and return loss are 0.83 and 24 dB, respectively. The unwanted
frequencies in upper stopband are attenuated up to 12.7 GHz (6f.) with -25 dB suppression level. In dual-
band BPF, the performance of big radial resonator is analyzed using its transfer function to calculate the
formula of transmission zero. Also, the central frequencies are 2.1 and 2.62 GHz, that it is suitable for 3G
and 4G applications.
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