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This paper presents an inter-connected side-shorted coupled-line resonator
topology as a base cell. The base cell is built from two single-shorted
quarter-wavelength coupled-line sections, connected in series to give a half-
wavelength coupled-line that creates a single resonance of bandpass filter
response. Higher-order bandpass filter is produced by adding new single-
shorted coupled-line sections, cascaded in an inter-connected manner to
the base cell. This new topology creates a unique arrangement that caused
cross coupling effects between the resonators, resulting to the occurrence of
transmission zeros that lead to the improvement of selectivity of the higher
order bandpass filter response. For validation of concept, 2" and 3™ order
bandpass filters were fabricated using microstrip technology on Roger 3210
substrate with parameter of &r=10.2, h=1.27 mm and tan 06=3x10-3.
The filters were measured and the results show good agreement with
simulation results.
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1. INTRODUCTION

Rapid developments in wireless communications devices and systems lead to rigorous of high-end
electronic devices. These demands created to the high-end research area and fast developments environment
to produce high performance electronic circuits and devices. This influenced the filter designs especially at
the front-end devices to accommaodate the requirements in achieving better selection, good responses without
sacrificing the cost and compactness.

The conventional parallel coupled-line filter topology was introduced by Cohn [1] in 1937 and are
still being used until today in modern telecommunication systems. The designs varies depending on
the requirement, technology and specifications [2-6]. Further researches and enhancements of the coupled-
line structure still going on until today [7-9]. The passband response of the coupled-line topology depends so
much on the number of coupled-line sections connected to the basic topology of the coupled-line.
As the degree of orders increased, the number of coupled-line sections need to be increased. As a result,
the length of the filter will be increased [10-12]. Furthermore, the arrangement of the coupled-lines sections
are arranged in parallel, hence there is no cross coupling effect between the resonators to produce
transmission zero [13-15]. In this paper, a new concept of coupled-line resonator is proposed where two
shorted quarter-wavelength coupled-line sections are inter-connected to form a bandpass filter response.
This topology produced a half-wavelength resonator to form a single resonance. The interesting part of this
concept is when additional shorted coupled section is introduced and inter-connected to the existing two
coupled-line sections.
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This newly arrangement formed two half wave-length resonators to produce a 2" order bandpass
filter response. With this arrangement, there are cross coupling effects between the resonators which resulted
to the occurrence of transmission zero at the lower stopband. With the presence of transmission zero, the 2™
order bandpass filter become more selective as compared to the conventional parallel coupled-line filter.
The same technique is applied for 3™ order bandpass filter whereby an additional quarter wavelength
coupled-line is cascaded to the 2" order filter design.

For the development of the resonators with a specific center frequency, fo, the impedance level of
the shorted coupled-line section need to be determined. Hence, a basic synthesis of a shorted coupled-line is
presented in this paper. From this basic synthesis, further development of synthesis for the 2" and 3 order
filters are also presented in this paper. Finally, to verify the proposed idea, two bandpass filters up to 3" order
are realized using full wave electromagnetic simulator, fabricated using microstrip technology. The filters are
measured and comparison are made with simulated results.

2. FILTER TOPOLOGY

A two shorted coupled-lines are inter-connected to form a side-coupled shorted half-wavelength
resonator as shown in Figure 1(a). In this configuration, two coupled-lines are inter-connected to create
a single resonance bandpass filter with the first coupled-line having impedances of Zee1 and Z,o1 Whereas
the second coupled-line has the impedances of Zoez, Zooo. This topology is used as a base cell to develop
higher order filters by interconnecting n numbers of coupled-lines to the basic cell. The Z, and Z,, of
the coupled-lines are the controlling parameters to achieve desired electrical responses of bandpass filter in
terms of bandwidth and insertion loss so that the resonator resonates at a given center frequency, fo.
The resonance frequency can be controlled easily by varying the length of coupled-lines whereas
the insertion and return loss can be controlled by varying the width and gap of the coupled-lines. However,
the tolerance of coupling gap is the crucial issue in the coupled-line resonator [16]. To illustrate the concept,
the side-coupled shorted half-wavelength resonator is simulated using full-wave electromagnetic simulation
tool. The impedances of the first coupled-line are set at Zoe1=65Q, Zo1=43€2, whereas the second
coupled-line are Zoex=72Q and Z,,2;=48CQ. As illustrated in Figure 1(b), the ideal response of the filter shown
a single resonance at fo = 1 GHz with bandpass filter response.
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Figure 1. Side-coupled shorted half wavelength filter, (a) Schematic, (b) Ideal frequency response

To further explore the concept, a third coupled-line is added, inter-connected at the second
coupled-line of the basic cell. In this new arrangement, additional of one half wavelength resonator is
created. All the impedances of the coupled-lines are optimized to achieve an acceptable bandpass filter
response. This newly configuration gives a symmetrical layout arrangement of a bandpass filter of 2" order
filter. Figure 2(a) shows the ideal circuit of the 2" order bandpass filter response, resonate at 1 GHz with
the value of the impedances of the coupled-lines are given by Zee1=87Q, Zo01=43Q, Zoez=47Q and Zy:2=37Q.
For 3" order bandpass filter topology, another one half wavelength resonator is created by inter-connected
one shorted coupled-line into 2" order topology. All the impedances are optimized to obtain the 3" order
bandpass filter response as shown in Figure 2(b).
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This proposed concept can be seen as n + 1 quarter wave-length coupled-line sections
inter-connected to form nth order bandpass filter response. An example of 5" order bandpass filter is
illustrated in Figure 3. Quarter wave-length coupled-line sections are added and inter-connected to each other
with impedances of Zye1=65Q, Zo01=40Q, Zoez=94Q, Zo0:=32Q Zoe3=72Q and Zy3=50Q are set.
The response showed an ideal case in achieving return loss of greater than 20dB. However, as we go for
higher order filter design, the gap of coupled-line sections becoming very small; which is less than 0.2 mm
and therefore difficult to realize using microstrip technology. Next, the impedance values of the shorted
coupled-lines can be determined through their parametric study by using coupled-line equivalent circuit and
transformation [3, 17-19].
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Figure 2. Schematic & frequency response of the side-coupled shorted bandpass filter, (a) A 2™ order filter,
() A 3 order filter with impedances of Zoe1=63Q, Z001=24Q, Zoe2=46Q and Zo02=35Q
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Figure 3. Frequency response of the N order side-coupled shorted bandpass filter

3. SIDE SHORTED COUPLED-LINE RESONATOR SYNTHESIS
3.1. Determination of single shorted coupled-line section

Based on the definitions and parameters of the side short-circuit of two-port coupled-line in [3],
a single shorted coupled-line graph equivalent circuit can be represented as shown in Figure 4. The coupled-
line network with 2-port and one end short-circuited to ground can be defined in terms of capacitance, C,
transformer, T and inductance, L in its equivalent circuit. These basic elements are used for the development
of the circuit synthesis of this newly proposed resonator.
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Figure 4. Equivalent circuit diagram of a single shorted two-port coupled-line section
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By using the network transformations in [17, 18], the definition of the basic elements are defined
and presented in (1)-(3).

Y1

T=4 1
Y, (1)

Y 2
L=Y,, — 3 2
1"y, (2
C=Y22 (3)

To develop the synthesis of side shorted coupled-line resonator, the equivalent circuit diagram in Figure 4 is
used, where

0= % r ffreq
0 ®)
-1
Zue - Y .
v (6)
-1
Yoo - Zoo
(7
-1
Yoe - Zoe
)
2
Yue = Yll - YYi
11 (9)
Y, +Y,
Y., = 00 oe
11 2 (10)
Y -Y
Y., =_00 oe
12 2 (11)
_—
Y12 (12)
I5=—1
s +1 (13)

Int J Elec & Comp Eng, Vol. 10, No. 3, June 2020 : 2523 - 2534



Int J Elec & Comp Eng

ISSN: 2088-8708

a

Next, the equivalent circuit of Figure 4 is transformed into ABCD matrix as shown is Figure 5.
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Figure 5. ABCD matrices for single shorted coupled-line section

where,

AL: ABCD Parameter of shunt inductor
Bt: ABCD Parameter of transformer
Cc: ABCD Parameter of series capacitor

1 0

A=l1 4 (14)
| SZye
T 0

B, = o L (15)
- T
E

C.=|  SYu (16)
0 1

By cross product of the ABCD matrices in (14)-(16), the ABCD matrices in Figure 5 can now be seen as one
single matrix, Msc as shown in Figure 6 with matrix presentation as in (17)-(20).
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Figure 6. Single matric [Msc] for single shorted coupled-line section

A = gut e ar)
By = 2(230_1%(tan o) (18)
Coc = 2ﬁ(tan 0)" (19)
etz ) T @)

3.2. 2" order bandpass filter

Based on the single shorted coupled-line section equivalent circuit and its single matrix, M,
the synthesis for 2" order bandpass filter is developed. As shown in Figure 7, the equivalent circuit of
the three shorted coupled-line sections are cascaded forming three matrices. These matrices are
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inter-connected as illustrated in Figure 8. Since the layout of the 2" order filter is symmetrical, we propose to
have same set of impedances, Zoe1, Zoo1; for first and third coupled-line sections with matrix represent as
Msci1. Whereas for second couple line section, the impedances of Msc, are Zgez and Zooo.
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Figure 7. Equivalent circuit diagram of 2" order bandpass filter
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Figure 8. ABCD matrices of the 2" order bandpass filter

The inter connection of the ABCD matrices in Figure 8, causing the [Msc]: and [Msc]s to be
inversed. By cross product all the matrices, the single matrix is obtained. Finally, this matrix is converted to
S-Parameters and are derived in (21) and (22) as shown below;

_RZ,+5-(Z)T -Uz,
" RZ,+S+(Z,)°T +UZ,

(21)
o _o  Zy(RU-ST)
2 TRZ,+S+(Zy)T +UzZ, 22)
where
L= éoez — éooz —4 ZooZ Zoez2
o2 T Loz (Zoez + Zooz)(tan (9)) (Zoez - Zooz) (23)
Z . —Z Z Z
M — Zoel 00l _4 001 *oel 24
Lot Lo (Z,y 4 Z,,)(10(0)) (Zoor— Zoo) 9
N = (Zoel + Zool) L -4 Zoolzoel2 (25)
Zoel_zool (Zoel—Zool)(tan(Q)) (Zoez—Zooz)
0=2 (Zoel + Zool) oozzoez Zoolzoel(zoez + Zooz) (26)

: +2 =
(Zoel - Zool)(zoez - Zooz) J tan (9) (Zoel - Zool)(zoez - Zooz) J tan (9)
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_ L M
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The S-Parameters of Si; and Sz in (21) and (22) respectively can only be applied for this 2" order resonator
for a given center frequency.

3.3. 3" order bandpass filter

The 3" order bandpass filter is constructed based on the 2" order equivalent circuit as in Figure 7.
A new section of shorted coupled-line is cascaded and connected after section 3 as shown in Figure 9 for 31
order bandpass filter circuit. The arrangement of ABCD matrix is developed by a combination of four
matrices (Msc) as shown in Figure 10.
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Figure 9. Equivalent circuit diagram of 3™ order bandpass filter
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Figure 10. ABCD matrices of the 3 order bandpass filter
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By cross product all the matrices, S-Parameters for 3 order bandpass filter are obtained and
the derivation of the parameters are as shown in (33) and (34).

(Zo) 2 KzMz — I-zNz

2 _
Sll_ (Zo)2K2M2+Zo N2K2+Zo |-2M2+L2N2 (33)
2 _ N,K,—LM,
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(Z) KM, +Z NK,+Z LM, +L,N, (34)
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4. 2P AND 3R"° ORDER FILTER REALIZATION

For validation of the proposed concept, the 2" order and 3 order resonators are realized using
microstrip technology substrate RO3210 substrate with characteristics are given as h = 1.27 mm, & = 10.2,
tan ¢ = 3x10°, The layout with dimensions of 2" order microstrip resonator is as shown in Figure 11(a) and
the photograph of the resonator with size of 48 mm X 40 mm is as shown in Figure 11(b). As shown in
Figure 11(a), the gap of two coupled-lines are very small causing tight coupling effect. In terms of electrical
response, this lead to low insertion loss.

The simulated and measurement S-parameters responses of the 2" order resonator are shown in
Figure 12. We may note that, the frequency for measured result is slightly shifted as compared to
the simulation. The center frequency of the measured result is about 2.043 GHz whereas for the simulation is
found up at 2.0 GHz. This shifted frequency which is around 2.15% shifted may be due to the value of
the dielectric constant of the substrate used. The measured result shows a 2" order response with FBW
of 5.5%, whereas return loss attenuated more than 18 dB and insertion loss is less than 3dB. The significant
of this design is that the measured response had shown a transmission zero at the lower side band. This is due
to the cross coupling effect of the adjacent coupled-line sections.

For the 3 order bandpass filter, the layout is depicted in Figure 13(a) as the coupled-line are
arranged nearly side-by-side surrounding an axis. The immediate advantage of this arrangement is the overall
length of the filter. The 3" order filter is simulated and measurement results are depicted in Figure 14.
The narrow bandpass filter with 5.5% relative bandwidth, the in-band insertion loss is found to be less than 3
dB and the return loss more than 15dB. Furthermore, a transmission zeros are found at the upper and lower
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stopband due to the cross coupling effect between the resonator in the star arrangement inter-connected.
Finally, the proposed topologies are compared with other published works, as tabulated in Table 1.
We observed that the proposed concept has advantages in terms of availability of synthesis, exhibit
transmission zero and narrow bandwidth of less than 6% compared to others.
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Figure 12. Measurement results of the 2™ order bandpass filter
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Figure 13. A 3rd order bandpass filter, (a) Schematic layout, (b) Photograph
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Figure 14. Measurement results of the 3" order bandpass filter

Table 1. Comparison with other related works

Ref. Synthesis Transmission Zero Bandwidth
[20] Yes No 10 %
[21] Yes No 50 %
[22] No Yes 5.69 %
[23] No Yes 80 %
[24] No Yes 98.73 %
[25] No Yes 52.17%
[26] No No 18.18%
Yes
Yes 55%
This work (2“"Yoerger)
(3 order) Yes 5%

5. CONCLUSION

The bandpass filters based on quarter wavelength shorted coupled-line resonator were presented.
As the side shorted coupled-line sections topology support narrow bandwith with transmission zeros in their
frequency responses, compact and selective narrow bandpass filters maybe realized. The order of the filter
can be increased by inter-connecting the number of the shorted coupled-line sections as described in
the paper. The way the inter-connected of the coupled-lines in star-connection arrangement optimized
the surface area of the filter, as compared to traditional way of parallel coupled-lines filter. Furthermore,
the adjacent coupled-lines which are found to be very close to each other contribute to the occurrence of
cross coupling effect which giving birth to transmission zeros. These transmission zeros are found near to
the passband which ultimately improved the selectivity of the filter. Finally, the 2" and 3™ order microstrip
bandpass filter topologies were validated, where the measurement results were found in good agreement with
the simulations results.
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