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Hepta-band bandpass filter based on
folded cross-loaded stepped impedance
resonator

Teguh Firmansyah, Supriyanto, Anggoro Suryo Pramudyo,
Cindy Chairunissa, and Mudrik Alaydrus

A hepta-band bandpass filter (HB-BPF) based on folded cross-loaded
stepped impedance resonator (SIR) was investigated. A cross-loaded
SIR microstrip structure was arranged to produce several transmission
zeros. In order to reduce the filter size, a folded cross-loaded SIR was
proposed. The HB-BPF was designed on FR4 microstrip substrate with
er= 4.4, thickness h=0.8 mm, and tan 6= 0.0265. This HB-BPF achieves
transmission coefficients of 0.15 dB, 0.61 dB, 0.45 dB, 1.14 dB, 1.57
dB, 1.77 dB, and 2.08 dB at 0.74 GHz, 1.49, GHz, 2.25 GHz, 3.19 GHz,
3.93GHz, 4.68 GHz, and 5.50 GHz, respectively. The HB-BPF only
occupies 0.1 Ag x 0.22 Ag, where Ag is the guided wavelength at a first
passband centre frequency. A good agreement between simulated and
measured results validates the design method.

Introduction: In modermn wireless communication systems, a multiband
band-pass filter (MBPF) is an important and essential component.
MBPF is a sub-system of a multiband radio frequency transceiver. An
MBPF shall simultaneously operate at several frequencies with high
performance [1]. There are some well-known methods frequently used
for MBPFs design such as microstrip double-layered structure [2], stub-
loaded resonators [3], penta mode resonator (PMR) [4], mixed electric
and magnetic coupling (MEMC) [5], semi-lumped resonators [6], and
stepped impedance resonator (SIR) [7-9]. References [2-3] present
effective methods to design MBPF with good performances by using
microstrip double-layered structure [2] and stub-loaded resonators
structure [3], however the fractional bandwidth (FBW) of this MBPF is
not good. A penta mode resonator was proposed by [4], the result shows
that the filter has a good performance MBPFs with a little poor result at
the last frequency band. The MBPFs proposed by [5-6] are still a fairly
complex filter geometry with complicated designs and an MBPF with
SIR [7] still achieves narrow bandwidth.

In this Letter, a cross-loaded SIR (CL-SIR) microstrip structure
was proposed to produce HB-BPF. The CL-SIR is clearly distinct from
the microstrip structure as used in [1-8]. To the best of our knowledge,
it is the first design of seven-band BPF by CL-SIR, which can
significantly improve transmission coefficients, wider bandwidth,
compact size, and ease of fabrication. A good agreement could be
observed between the simulated and measured results, which
demonstrated the validity of the design.

-
Zin, osa 2Z, 2Z,
Zin, even 2, 031 2, 2z, L —
———p —> 04 0, 7
04 02
b c

Fig. 1 Structure of cross-loaded SIR; even-mode and odd-mode
equivalent circuit

a Structure of cross-loaded SIR (CL-SIR)

b Even-mode equivalent circuit

¢ Odd-mode equivalent circuit

Proposed cross-loaded SIR: The proposed resonator constructed by
several stepped impedance resonators (SIR) is shown in Fig. 1a, where
(Wi, L)) and (W, L) represent the widths and lengths of the SIR. The
cross-loaded is connected to the centre of SIR, where (W3, Ls), and (Wa,
L4) show the widths and length of the cross-loaded step impedance
resonator (CL-SIR). Since the resonator is symmetrical to the A-A’
plane and B-B’ plane, the resonant frequencies for the even and odd
excitation can be extracted from admittance condition Y, = 0 or
impedance condition Z;, = o [10].

For the even excitation as shown in Fig. 1b, the resonance condition
of the structure is found as follows:

ZZ(1+ZZt Ot 6)(Zzt o, + 224 9)+
iz Z an @, tan 6, 27 an 0y 2, an 0,

(t 12 9)(22+22t 9)—0 1
an 6, Zlanl 27 2lean‘l = D

Simultaneously, for the odd excitation, we obtained the following
resonance condition:

Zy
tan 6, tan 6, = Z—2 (2)

with the Z, (n = 1,2,3,4) and 6, (n=1,2,3,4) denote the characteristic
impedance and electrical length, respectively.

The dependency of the frequency ratios on the impedance ratio is
given in Fig. 2a. The chart shows that by increasing the impedance ratio
(21/Z,), the resonant frequencies will vary from fundamental frequency.
Meanwhile, the f; and f; are more stable than fi, f5, fs, and f7. Fig. 2b
shows the transmission coefficients with varied width W3. It shows that
the transmission coefficients in fs, fs, and f; fall dramatically, but still
higher than -3dB. Fig 2c illustrated the extraction of reflection
coefficients with varied L4. It shows that the variation of L, affected to
reflection coefficients values and it also have effect on the frequency
shift.
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Experiment and results discussion: The HB-BPF was designed on FR4
microstrip substrate with the relative permittivity &= 4.4, a thickness
h=0.8 mm, and a loss tangent tan & = 0.0265. The HB-BPF was
simulated by using Momentum Simulation Advanced System Design
(ADS), whereby a RS-ZVA vector network analyser (VNA) was used
to test the fabricated prototype of HB-BPF. The layout and the
prototype photograph are shown in Fig. 3a and Fig. 3b, respectively.



The dimensions are given as follows (all in millimetres): L; = 10, L, =
10, L3a = 5.0, L3b = 15, L3c = 30, L3d = 5.0, L3e = 5.0, L4 = 10, W1 = 3.5,
W, =3.0, W3 = 1.0, and W, = 3.0. The HB-BPF only occupies 0.1 Ag x
0.22 Ag, where Ag is the guided wavelength at a first passband centre
frequency.

Ws Ly

a b
Fig. 3 Layout and photograph HB-BPF
a Layout
b Photograph

Fig. 4 shows the simulated and measured transmission and reflection
coefficients of the HB-BPF in a wideband response view. The measured
group delays (GDs) of all pass bands below 5 ns are also depicted in
Fig. 4. Table 1 gives the performance comparison of the multiband BPF
with some previous works, from which it can be deduced that the
presented study has great merits of transmission coefficient, wide
bandwidth, compact size, and ease of fabrication.

35

S-Parameters, dB

- N [N w
o o o =3

=)

Group delay, ns

-45

------- Simulated (S21)
----- Simulated (S11)

Group delay (Sim)

Measured (S21)
Measured (S11)
° Group delay (Meas)

-50

0.4

14 24

3.4 4.4

Frequency, GHz

Fig. 4 Simulated and measured results

54

Table 1: Comparison with some previous multi-band BPFs

Pass Frequency Transmilssion Sith -3 dB
RefS: | bands | (GHz) Coefgg)ems Ao | FBW (%)
0.63/1.2/ 0.43/0.86/ 285/10/
[4] 5 1.8/2.49/ 1.10/1.98/ | 0.02 13.6/4.8/
3.46 2.55 4.2
2.1/3.0/ 0.98/1.76 13.7/5.6/
[5] 5 4.0/4.7/ 1.22/1.77/ | 0.01 10.5/5.1/
7.2 2.39 2.9
0.8/1.2/ 29/2.34/ 23/29/3.3
[6] 6 14/18/ 2.59/224/ | 0.01 /3.2/2.0/
2.2/2.5 2.67/2.64 2.0
09/12/ 23/20/23 1.5/13/14
[7] 6 1.4/1.7/ 1277122/ 0.01 /1.3/1.5/
2.0/2.4 2.0 1.4
0.74/1.49/ | 0.15/0.61/ 67.5/32.2/
This 7 2.25/3.19/ | 0.45/1.14/ 0.02 253/12.8/
work 393/4.68/ | 1.57/1.77/ ’ 9.16/6.19/
5.50 2.08 6.00
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Conclusion: A hepta-band bandpass filter (HB-BPF) based on folded
cross-loaded stepped impedance resonators (SIR) was investigated,
which has a good transmission coefficient, wide bandwidth, compact
size, and ease of fabrication. The HB-BPF only occupies 0.1 Ag x 0.22
Ag, where Ag is the guided wavelength at a lower passband centre
frequency. A good agreement between simulated and measured results
validates the design method.
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Fig. 1 Structure of cross-loaded SIR; even-mode and odd-mode equivalent circuit
a Structure of cross-loaded SIR (CL-SIR)
b Even-mode equivalent circuit
c Odd-mode equivalent circuit
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Fig. 3 Layout and photograph HB-BPF
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b Photograph

297x420mm (300 x 300 DPI)



35

30

\
-10
H 25
1
-15 ¢\
|“l 20
m
S 20
g
s 15
g 25
g 10
o .30
12}
5
-35
-40 °
....... Simulated (S21) Measured (S21)
45| ===-- Simulated (S11) Measured (S11) 5
Group delay (Sim) o Group delay (Meas)
-50 -10
0.4 1.4 24 3.4 44 5.4

Frequency, GHz

Fig. 4 Simulated and measured results

Group delay, ns

Fig. 4 Simulated and measured results

297x420mm (300 x 300 DPI)

Page 6 of 6



4/7/23, 10:16 AM Gmail - Message from Electronics Letters

M Gma” teguh firmansyah <teguh.firmansyah1@gmail.com>

Message from Electronics Letters
2 messages

Electronics Letters <onbehalfof+eletters+theiet.org@manuscriptcentral.com> Tue, May 2’62.2 T;ﬁ/'t
Reply-To: eletters@theiet.org

To: teguhfirmansyah@untirta.ac.id, teguh.firmansyah1@gmail.com, supriyanto@untirta.ac.id, pramudyo@untirta.ac.id,
cindy.chairunissa@gmail.com, mudrikalaydrus@yahoo.com, mudrikalaydrus@mercubuana.ac.id

Dear Mr. Teguh Firmansyah

| am pleased to inform you that your paper ELL-2017-1121 'Hepta-band bandpass filter based on folded cross-loaded
stepped impedance resonator' has been accepted for publication in Electronics Letters and will appear in a
forthcoming issue in the next few weeks. A complimentary version of the final published version of your paper will be
sent to you in PDF format in due course.

To maintain the speed of publication, proofs are not sent to authors for checking before publication and author
changes at this stage cannot normally be accepted.

The IET now offers authors a choice of publication options. There is the standard Subscription Access option where
authors assign copyright to the publisher; we are now also offering an Open Access option under one of four Creative
Commons Licences, with the author retaining copyright for their work. If you choose to publish your paper Open
Access please be aware that there is an Article Processing Charge (APC) of $2,000. Please see our Author Guide for
more information: http://digital-library.theiet.org/journals/author-guide

You will be contacted shortly asking you to take a decision and sign either a copyright or licence form.

Yours sincerely,

Dr Helen Dyball
Electronics Letters

Electronics Letters, along with all IET journals, now offers authors the option to publish open access.
Follow @ElecLett at www.twitter.com/eleclett for the latest news and highlights from each issue.

The information transmitted is intended only for the person or entity

to which it is addressed and may contain confidential and/or privileged
material. Any review, retransmission, dissemination or other use of,

or taking of any action in reliance upon, this information by persons or

entities other than the intended recipient is prohibited. If you received this

in error, please contact the sender and delete the material from any computer.

Electronics Letters <onbehalfof+eletters+theiet.org@manuscriptcentral.com> Tue, May 2,62'361 Lﬁ;

Reply-To: eletters@theiet.org
To: teguhfirmansyah@untirta.ac.id, teguh.firmansyah1@gmail.com
Dear Mr. Teguh Firmansyah

| am pleased to inform you that your paper ELL-2017-1121 'Hepta-band bandpass filter based on folded cross-loaded
stepped impedance resonator' has been accepted for publication in Electronics Letters and will appear in a
forthcoming issue. A complimentary version of the final published version of your paper will be sent to you in PDF
format in due course.

| would like, however, to go against our usual procedure and ask you to make some changes before we proceed with
publication to clarify some points raised by the reviewers:

The authors claim that they have proposed the first filter in this technology with 7 bands. However this is not true, in
2016 this was proposed: Design of Compact Microstrip Sept-Band Bandpass

https://mail.google.com/mail/u/0/?ik=90a547af37 &view=pt&search=all&permthid=thread-f: 15662834 39753352657 &simpl=msg-f:15662834397533... 1/2


http://digital-library.theiet.org/journals/author-guide
http://www.twitter.com/eleclett

4/7/23, 10:16 AM Gmail - Message from Electronics Letters

Filter With Flexible Passband Allocation

Chi-Feng Chen, Member, IEEE, Sheng-Fa Chang, and Bo-Hao Tseng, article which is not cited by the authors:
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=7452398

The above reference must be introduced.

Please can you address these points (bearing in mind the length restriction of Electronics Letters) and send your
modified manuscript with the changes highlighted to eletters@theiet.org within a week from today. If you require more
time please contact us immediately.

To maintain the speed of publication, proofs are not sent to authors for checking before publication and author
changes at this stage cannot normally be accepted.

The IET now offers authors a choice of publication options. There is the standard Subscription Access option where
authors assign copyright to the publisher; we are now also offering an Open Access option under one of four Creative
Commons Licences, with the author retaining copyright for their work. If you choose to publish your paper Open
Access please be aware that there is an Article Processing Charge (APC) of $1,150. Please see our Author Guide for
more information: http://digital-library.theiet.org/journals/author-guide

You will be contacted shortly asking you to take a decision and sign either a copyright or licence form.

Yours sincerely,

Dr Helen Dyball
Electronics Letters

Electronics Letters, along with all IET journals, now offers authors the option to publish open access.
Follow @ElecLett at www.twitter.com/eleclett for the latest news and highlights from each issue.

The information transmitted is intended only for the person or entity

to which it is addressed and may contain confidential and/or privileged
material. Any review, retransmission, dissemination or other use of,

or taking of any action in reliance upon, this information by persons or

entities other than the intended recipient is prohibited. If you received this

in error, please contact the sender and delete the material from any computer. .

https://mail.google.com/mail/u/0/?ik=90a547af37 &view=pt&search=all&permthid=thread-f: 15662834 39753352657 &simpl=msg-f:15662834397533... 2/2


http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=7452398
mailto:eletters@theiet.org
http://digital-library.theiet.org/journals/author-guide
http://www.twitter.com/eleclett

Hepta-band bandpass filter based on
folded cross-loaded stepped impedance
resonator

Teguh Firmansyah, Supriyanto, Anggoro Suryo Pramudyo,
Cindy Chairunissa, and Mudrik Alaydrus

A hepta-band bandpass filter (HB-BPF) based on folded cross-loaded
stepped impedance resonator (SIR) was investigated. A cross-loaded
SIR microstrip structure was arranged to produce several transmission
zeros. In order to reduce the filter size, a folded cross-loaded SIR was
proposed. The HB-BPF was designed on FR4 microstrip substrate with
er= 4.4, thickness h=0.8 mm, and tan 6= 0.0265. This HB-BPF achieves
transmission coefficients of 0.15 dB, 0.61 dB, 0.45 dB, 1.14 dB, 1.57
dB, 1.77 dB, and 2.08 dB at 0.74 GHz, 1.49, GHz, 2.25 GHz, 3.19 GHz,
3.93GHz, 4.68 GHz, and 5.50 GHz, respectively. The HB-BPF only
occupies 0.1 Ag x 0.22 Ag, where Ag is the guided wavelength at a first
passband centre frequency. A good agreement between simulated and
measured results validates the design method.

Introduction: In modern wireless communication systems, a multiband
band-pass filter (MBPF) is an important and essential component.
MBPF is a sub-system of a multiband radio frequency transceiver. An
MBPF shall simultaneously operate at several frequencies with high
performance [1]. There are some well-known methods frequently used
for MBPFs design such as microstrip double-layered structure [2], stub-
loaded resonators [3], penta mode resonator (PMR) [4], mixed electric
and magnetic coupling (MEMC) [5], semi-lumped resonators [6],
stepped impedance resonator (SIR) [7-9], and multiple coupling paths
[10]. References [2—-3] present effective methods to design MBPF with
good performances by using microstrip double-layered structure [2] and
stub-loaded resonators structure [3], however the fractional bandwidth
(FBW) of this MBPF is not good. A penta mode resonator was
proposed by [4], the result shows that the filter has a good performance
MBPFs with a little poor result at the last frequency band. The MBPFs
proposed by [5-6] are still a fairly complex filter geometry with
complicated designs and an MBPF with SIR [7] still achieves narrow
bandwidth. Furthermore, references [10] present efficient methods to
design MBPF by using multiple coupling paths, however the fractional
bandwidth (FBW) of this MBPF is low.

In this Letter, a cross-loaded SIR (CL-SIR) microstrip structure
was proposed to produce HB-BPF. The CL-SIR is clearly distinct from
the microstrip structure as used in [1-10]. The CL-SIR microstrip
structure can significantly improve transmission coefficients, wider
bandwidth, compact size, and ease of fabrication. A good agreement
could be observed between the simulated and measured results, which
demonstrated the validity of the design.
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Fig. 1 Structure of cross-loaded SIR; even-mode and odd-mode
equivalent circuit

a Structure of cross-loaded SIR (CL-SIR)

b Even-mode equivalent circuit

¢ Odd-mode equivalent circuit

Proposed cross-loaded SIR: The proposed resonator constructed by
several stepped impedance resonators (SIR) is shown in Fig. la, where
(W1, L1) and (W2, L) represent the widths and lengths of the SIR. The
cross-loaded is connected to the centre of SIR, where (W3, L3), and (W4,
L4) show the widths and length of the cross-loaded step impedance
resonator (CL-SIR). Since the resonator is symmetrical to the A-A’
plane and B-B’ plane, the resonant frequencies for the even and odd
excitation can be extracted from admittance condition Y = 0 or
impedance condition Zix = oo [11].

For the even excitation as shown in Fig. 1b, the resonance condition
of the structure is found as follows:

Z; Zy Z; Z;
— (1 + Z—tan 6, tan 93) (—tan 63 + —tan 04) +
1

474 274 2Z,
(t 6 +22¢ 9)<ZZ+ZZt 9)—0 1
an 6, Z an 6, 27, T 2z, an 6, | = D

Simultaneously, for the odd excitation, we obtained the following
resonance condition:

Z
tan @, tan 6, = — 2
Z;
with the Z, (n = 1,2,3,4) and 0. (n=1,2,3,4) denote the characteristic
impedance and electrical length, respectively.

The dependency of the frequency ratios on the impedance ratio is
given in Fig. 2a. The chart shows that by increasing the impedance ratio
(Z1/Z2), the resonant frequencies will vary from fundamental frequency.
Meanwhile, the f> and f3 are more stable than fi, fs, fs, and f7. Fig. 2b
shows the transmission coefficients with varied width W3. It shows that
the transmission coefficients in fs, fs, and f7 fall dramatically, but still
higher than -3dB. Fig 2c illustrated the extraction of reflection
coefficients with varied La. It shows that the variation of L4 affected to
reflection coefficients values and it also have effect on the frequency
shift.
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Fig. 2 Frequency ratio, transmission coefficient, and reflection

coefficient

a Relationship between impedance ratio and normalized resonance

b Transmission coefficients characteristics with varied stub width W3
¢ Reflection coefficient characteristics with varied stub length La

Experiment and results discussion: The HB-BPF was designed on FR4
microstrip substrate with the relative permittivity &= 4.4, a thickness
h=0.8 mm, and a loss tangent tan & = 0.0265. The HB-BPF was
simulated by using Momentum Simulation Advanced System Design
(ADS), whereby a RS-ZVA vector network analyser (VNA) was used
to test the fabricated prototype of HB-BPF. The layout and the
prototype photograph are shown in Fig. 3a and Fig. 3b, respectively.
The dimensions are given as follows (all in millimetres): L; = 10, L, =
10, L3a = 5.0, L3b = 15, Lac = 30, L3a = 5.0, L3 = 5.0, L4 = 10, W1 = 3.5,
W2 =3.0, W3 =1.0, and W4 = 3.0. The HB-BPF only occupies 0.1 Ag x
0.22 Ag, where Ag is the guided wavelength at a first passband centre
frequency.



a b
Fig. 3 Layout and photograph HB-BPF
a Layout
b Photograph

Fig. 4 shows the simulated and measured transmission and reflection
coefficients of the HB-BPF in a wideband response view. The measured
group delays (GDs) of all pass bands below 5 ns are also depicted in
Fig. 4. Table 1 gives the performance comparison of the multiband BPF
with some previous works, from which it can be deduced that the
presented study has great merits of transmission coefficient, wide
bandwidth, compact size, and ease of fabrication.
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Fig. 4 Simulated and measured results

Table 1: Comparison with some previous multi-band BPFs

Pass Frequency Transmi.ssion Size 3 dB
RefS: | pands | (GHz) COefg};‘)ems Ao | FBW (%)
0.63/1.2/ 0.43/0.86/ 28.5/10/
[4] 5 1.8/2.49/ 1.10/1.98/ 0.02 13.6/4.8/
3.46 2.55 4.2
2.1/3.0/ 0.98/1.76 13.7/5.6/
[5] 5 4.0/4.7/ 1.22/1.77/ 0.01 10.5/5.1/
7.2 2.39 2.9
0.8/12/ 2.9/2.34/ 23/29/
[6] 6 14/18/ 2.59/2.24/ 0.01 33/32/
22/25 2.67/2.64 2.0/2.0
09/12/ 23/20/23 1.5/1.3/
[7] 6 1.4/1.7/ /1271227 0.01 1.4/1.3/
20/24 2.0 1.5/14
10 7 11..055// 11.;// 11'?55// 11..83// 0.027 8//445/ /55/ 57 '/5
[10] 2.05/2.35/ | 2.05/2.35/ ’ .6 5'
2.85 2.85 ’
0.74/1.49/ | 0.15/0.61/ 67.5/32.2/
This 7 2.25/3.19/ | 0.45/1.14/ 0.022 253/12.8/
work 393/4.68/ | 1.57/1.77/ ’ 9.16/6.19/
5.50 2.08 6.00

Conclusion: A hepta-band bandpass filter (HB-BPF) based on folded
cross-loaded stepped impedance resonators (SIR) was investigated,
which has a good transmission coefficient, wide bandwidth, compact
size, and ease of fabrication. The HB-BPF only occupies 0.1 Ag x 0.22
Ag, where Ag is the guided wavelength at a lower passband centre
frequency. A good agreement between simulated and measured results
validates the design method.
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