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Abstract A novel methodology for designing a microwave filter has been imple-
mented. The designed filter is a wideband dual-band bandpass filter which has been
constructed in digital domain utilizing the chain-scattering parameters for low-pass
parallel coupled lines (LP-PCL), serial transmission lines and shunt connected short
as well as open circuited stubs. Nature inspired metaheuristic algorithms have been
utilized to approximate the magnitude response of the desired transfer function
in reference to the magnitude response of ideal transfer function. The dual-band
bandpass filter designs are proposed for the 2.1 and 5.2 GHz band. The configura-
tion obtained is to be then simulated in the ADS environment utilizing RT Duroid
5880 substrate. The proposed microstrip structure is capable of covering various
microwave applications, most important and common being, the WLAN operating
range.

Keywords Dual-band bandpass filter · Metaheuristic optimization · Microstrip ·
Transmission line elements

1 Introduction

Non-uniform transmission lines have beenused to designmicrowavedual-bandband-
pass filter with more precise and accurate response using Z-domain chain scattering
matrices than the existing models. Specifically, the filter is constructed utilizing a
synthesis method for determining the adequacy of the design technique proposed.

A novel perspective to make use of the well-developed digital signal processing
techniques and optimization algorithms for designing and constructing microwave
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frequency range filters happened to be stated by Chang et al. [1]. Using the chain
scattering matrices of various line sections [2], at first a prototype configuration will
be proposed. The response of the prototypewill be approximated to the ideal response
as desired. The desired response will be achieved by adjusting the impedances of
the stub using Harris Hawks algorithm for optimisation which was also used by Bao
et. al for multilevel thresholding segmentation of colour image [3]. The system is
synthesized using method of moments to determine the validity and usefulness of
the design technique.

Standard methods for designing microwave filters generally commence with the
prototype made for lumped element circuits. These elements are then transformed
using Richard’s transformation to stubs of same electric length [4–7]. Recently,
several filters have been designed using heuristic optimization approach. Oraizi et al.
[8] constructed a microwave LPF with the help of Particle Swarm Optimization,
Mahata et al. [9] gave the design for fractional order digital integrators utilizing
Colliding Bodies Optimization technique. Several microwave filters were designed
and implemented using such algorithms by Gupta et al. [10–13].

A bandpass filter (BPF) allows frequencies to pass through within a range of
onterest to pass while rejecting (attenuating) unwanted frequency components.
Butterworth filter is a form of signal processing filter which is constructed to obtain
a frequency response as flat as achievable in the passband. Thus, for constructing a
filter with maximally flat passband, a butterworth prototype of the filter is used to
approximate the filter design.

Numerous ways to design dual-band BPFs have been formulated in recent years
[14–16]. The optimum method of designing a dual-band BPF is by assembling two
singular band filters having dissimilar passbands [17]. One more efficient technique
is to cascade a bandstop filter (BSF) and a BPF for obtaining dual-band performance
[18]. A technique of designing a selectivity-enhanced Stepped impedance resonator
(SIR) dual-band BPF having two open-circuited stubs is implemented in [19]. For
minimizing circuit area, SIR frequencies are often utilized to form the second pass-
band [20–23]. A dual-band BPF utilizing transversal filtering for obtaining wide
stopband suppression has been implemented in [24]. In [25], a dual-band differ-
ential BPF filter has been implemented through coupling of two similar stepped
impedance Ring loaded resonators (RLR). Stepped impedance ring loaded resonator
was utilized by Weng et al. [26] for implementing a dual-band BPF. Cascaded struc-
ture of transversal filters and loading stubs were used to implement dual-band BPFs
in [27].Wide bandwidth using two end short-circuited SIRwas achieved in the design
[28]. Using the same technology, a dual-wideband has been implemented [29].Wang
et al. [30] made use of bridged-T coils was also identified to obtain dual-band BPF
design with reduced size.

Bandpass filters are widely used in optics such as LIDARS, lasers, etc. These
filters are applicable in WLAN, sonar, control instruments, various medical, and
seismology applications. This paper is organized four sections which includes the
introduction discussed in Sect. 1. Desing of dual-band BPF is explained in Sect. 2
which is followed by Sect. 3 comprising the simulations results for the proposed
design. Finally, the conclusion is included as Sect. 4.
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2 Design of Dual-Band BPF

Several dual-band BPFs have been designed using cascaded stuctures of wideband
BPF and bandstop filter. Similar approach has been used to design dual-band BPF
using serial lines, low-pass parallel coupled lines (LP-PCL) and shunt connected
short as well as open circuited stubs [18]. Highly accurate and wideband design has
been obtained using the proposed methodology.

2.1 Two-Port Network

There are many parameters that can be defined for the two port network namely Y-
parameters, Z-parameters, ABCD parameters, S- or Scattering parameters etc. The
microwave two port network is described in respect of S parameters. This is due to
the fact that for a microwave system, it is impossible to measure voltage, current and
phase accurately but power can be measured accurately. S-parameters are converted
to chain scattering parameters or T-parameters since for a network which is made
up by cascading multiple two port networks in series, the T-matrix for the overall
network can be obtained by simply multiplying the individual T-matrices [1].

Given in Fig. 1 is a two-port network. Here, u(1) is the wave incident and v(1)
is the wave reflected at the first port, while u(2) is the wave incident and v(2) is the
wave reflected at the second port. The aforementioned waves are linked to each other
by chain scattering matrices (or T-matrices) Tab, a,b = 1, 2 of the network as shown:

(
u(1)
v(1)

)
=

(
T11 T12
T21 T22

)(
u(2)
v(2)

)
(1)

For each of the line element under consideration, all the finite sections are assumed
to have equal electrical length, i.e., βl = ωτ , where ω is the angular frequency and τ

is propagation delay for each line element. With this, the T-parameters are converted
to discrete-time domain by substituting:

z−1 = exp(−2 jβl) (2)

Fig. 1 Two port network device



510 M. Gupta et al.

T-matrices for the transmission line elements to be used for the proposed filter
configuration are as follows:

A. Serial transmission line [18]:

TS = 1

z−1/2
(
1 − Γ 2

)
[
1 − Γ 2z−1 −(

Γ − Γ z−1
)

Γ − Γ z−1 −Γ 2 + z−1

]
(3)

where z = e jw, Γ = (Z1 − Z0)/(Z1 + Z0). Here, reference characteristic
impedance is Z0 (Fig. 2).

B. Shunt short stub [18]:

TSSS = 1

1 − z−1

[
(1 + a) − (1 − a)z−1 a + az−1

−a − az−1 (1 − a) − (1 + a)z−1

]
(4)

where a = Z0/2Z2 (Figs. 3, 4 and 5).

III. Shunt open stub [18]:

TSOS = 1

1 + z−1

[
(1 + a) + (1 − a)z−1 a − az−1

−a + az−1 (1 − a) + (1 + a)z−1

]
(5)

Fig. 2 Serial transmission line configuration

Fig. 3 Shunt short stub configuration

Fig. 4 Shunt open stub configuration
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Fig. 5 LP-PCL configuration

IV. Low-pass parallel coupled lines [18]:

TLP−PCL = 1

8
(
b21 − b22

)
Z0z− 1

2
(
1 − z−1

)
[
p −s
r

(
4q2 − rs

)
/p

]
(6)

where b1 = Zev + Zov, b2 = Zev − Zov,

p = [4 b21Z0 − 2b22Z0 + b1(b
2
1 − b22) + 4 b1Z

2
0] + (8b21Z0 − 12b22Z0) z

−1

+[4 b21Z0 − 2b22Z0 − b1(b
2
1 − b22) − 4 b1Z

2
0] z

−1,

q = 4
(
b21 − b22

)
Z0z− 1

2
(
1 + z−1

)
,

r = −2b22Z0 + b1
(
b21 − b22

) − 4 b1Z
2
0

] + 4 b22Z0 z
−1

+[−2b22Z0 − b1
(
b21 − b22

) + 4 b1Z
2
0

]
z−2,

s = [2b22Z0 + b1(b
2
1 − b22) - 4 b1Z

2
0] − 4 b22Z0 z

−1

+[2b22Z0 − b1(b
2
1 − b22) + 4 b1Z

2
0] z

−2.

2.2 Location of Zeros for Multi Section Stubs

Equations (3)–(6) mention T-matrices for unit line, low-pass parallel coupled lines
(LP-PCL) and shunt connected short as well as open circuited stubs in the Z-domain.
Shunt connected open circuited stub provides one zero at z = −1 (Ω = π) and shunt
connected short circuited stub provides one zero at = 1(Ω = 0). Zero at � = π and
� = 0, improves the quality of the parameters for the stopband, while also assuring
that at normalising frequency, a transmission zero is obtained. This ensures a sharp
rejection at the normalising frequency which is in the stop band. Despite the fact that
the serial transmission line element provides a zero at z = 0, the zero obtained is not
found to be feasible. This predicament occurs as the delay in time is represented by
z−1/2 and for all frequencies its magnitude is one. The LP-PCL also contributes one
zero at z = −1 which indicates that it may also be replaced by an open stub but it
provides a higher stopband attenuation rate than the latter.
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2.3 Design Method

The comprehensive chain scattering parameter for a cascaded sequence of multiple
elements which are unit-line, low-pass parallel coupled lines and shunt connected
short as well as open circuited stubs is obtained by successive multiplication of each
element’s chain scattering matrix, i.e.,

(
T11 T12
T21 T22

)
=

∏N

i=1

(
T (i)
11 T (i)

12

T (i)
21 T (i)

22

)
(7)

where total number of stubs is denoted by N, while T (i)
11 , T (i)

12 , T (i)
21 , T (i)

22 are the T
parameters of the i th stub element.

Assuming that the network comprises of P serial lines, Q short stubs and R open
stubs and S LP-PCL, the T11 of the overall cascaded network can be given as:

T11, network (z) =
∑Q+R+P+2S

i=1 gi z
−1

∏P
p=1(1 − 	2)z−

p
2

∏R
r=1

(
1 + z−1

) ∏Q
q=1

(
1 − z−1

)∏S
s=1

(
1 + z−1

)
z−

s
2

(8)

where gi is imaginary and obtained from the characteristic impedance valuess of all
the line elements.

After this, for the network of comprehensive chain scattering matrix, T11 is
calculated and transmission coefficient is obtained as:

Hp(z) = 1

T11overall(z)
(9)

For the line elements which form the structure, impedances are obtained through
a Least Square (LS) based error function which is given by:

E(ω) =
∑

ω

[∣∣Hp(ω)
∣∣ − |Hi (ω)|]2 (10)

Here, Hp(ω) represents the transmission coefficient and Hi (ω) represents the
ideal magnitude response.

A metaheuristic optimization algorithm named Colliding Bodies Optimization
(CBO) is utilized for minimizing the error function. High level of accuracy in the
magnitude response and fast convergence of rate is shown by CBO as compaired
with other widely used available metaheuristic algoriths [13].
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3 Simulation Results

A third order Butterworth bandpass filter is used as a prototype at normalizing
frequency of 10 GHz based on which a network consisting of one shunt connected
open circuit stub, one shunt connected short circuit stub and three serial lines is
obtained as shown inFig. 6. Simulatedmagnitude response for the proposed bandpass
filter is shown in Fig. 7.

Afterwards, a third order Butterworth lowpass filter is used as a prototype at
normalizing frequency of 4 GHz. When we unfold the magnitude response due to
property of symmetricity the overall response for the desired 10 GHz band maps to
a bandstop filter based on which a network configuration consisting of one shunt
connected open circuit stub, two serial lines and one LP-PCL is obtained as shown
as in Fig. 8 and the simulated response for this configuration is shown in Fig. 9.

These proposed designs are then simulated in theADS environment. The substrate
used is Rogers RT Duroid 5880 which has a relative permittivity of 2.2, substrate
thickness of 20 mil and a loss tangent value of 0.0009. Equal length of l = λo/4 is

Fig. 6 Configuration of proposed bandpass filter

Fig. 7 Magnitude response of proposed bandpass filter
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Fig. 8 Configuration of proposed bandstop filter

Fig. 9 Configuration of the proposed bandstop filter

considered for each line element, wherein λo denotes wavelength at the normalizing
frequencies stated above. For the proposed designs, equivalent widths and lengths
of the impedance values are calculated with the help of line calculator and further
optimized in ADS using CBO algorithm and are enumerated in Tables 1 and 2.

The dual-band bandpass filter is obtained by cascading the bandpass filter and the
bandstop filter designs obtained above. Figure 10 gives layout of proposedmicrostrip
dual-band bandpass filter. The stubs have been bent at 90 degrees to make the design
more compact. The dimensions of the filter areW1 = 1.526mm,W2 = 3.162mm,W3

= 0.288 mm, W4 = 1.4 mm, W5 = 3.819 mm, W6 = 1.0004 mm, W7 = 0.338 mm,
W8 = 1.4 mm,W9 = 2.2 mm, L1 = 4.51 mm, L2 = 4.881 mm, L3 = 5.882 mm, L4 =
4.127 mm, L5 = 4.341 mm, L6 = 5.299 mm, L7 = 14.959 mm, L8 = 7.158 mm, L9

= 7.496 mm, L10 = 6.7 mm, L11 = 6.493 mm, L12 = 8.917 mm, L13 = 6.778 mm.
0.2 mm of diameter is used to create via holes. Total size of proposed filter is 58.3
× 15.8 mm. Simulated response for the proposed filter is shown in Fig. 11.
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Table 1 Widths and lengths of line elements for the proposed bandpass configuration

Line element Impedance (ohms) Width (mm) Length (mm)

Z0 50 1.526 5.466

Z1 29.791 3.162 5.332

Z2 114.41 0.288 5.738

Z3 53.203 1.385 5.484

Z4 25.718 3.819 5.299

Z5 61.805 1.083 5.529

Table 2 Widths and lengths of line elements for the proposed bandstop configuration

Line element Impedance (ohms) Width (mm) Length (mm)

Serial Transmission Line Z3 = 53.534 1.369 13.757

Z4 = 39.638 2.139 13.555

Shunt Open Stub Z2 = 107.768 0.338 14.315

Coupled Line Zev = 77.735
Zod = 45.71

1.004 14.457

Spacing between coupled line =
0.2 mm

Fig. 10 Microstrip layout of proposed dual-band bandpass filter

Fig. 11 Magnitude response of proposed dual-band bandpass filter



516 M. Gupta et al.

Table 3 Performance of proposed microstrip dual-band bandpass filter

Passbands Centre
frequency
(GHz)

Band (3 dB)
(GHz)

Bandwidth
(GHz)

3 dB
Fractional
BW (%)

Insertion
loss (dB)

Return
loss (dB)

Passband 1 2.1 1.215–2.98 1.765 84 0.13 26.3

Passband 2 5.16 4.501–5.833 1.332 25.81 1.1 7.7

Performance parameters of the designed filter are shown in the Table 3. Further-
more, the comparison of proposed filter in this workwith other few recently proposed
dual-band bandpass filter based on various performance parameters is shown in the
Table 4.

It can be observed from Table 4 that the filter design proposed in this work
outperforms many other previously acclaimed dual-band bandpass filters. The size
of the proposed design is also comparable and the design is easy to fabricate as it is
single-layered.

Table 4 Comparison of proposed dual-band bandpass filter with its counterparts

Filter Centre
frequency
(GHz)

3 dB
Fractional
BW (%)

Insertion loss
(dB)

Return loss
(dB)

Size (λo ∗ λo)

Designed in
[23]

2.82/3.21 5.2/5.1 1.9/1.7 21.6/16.1 2.76 * 1.3

Designed in
[24]

3.78/4.82 11.3/10.6 1.38/1.82 14/33 0.16 * 0.31

Designed in
[25]

1.57/2.38 9.9/6.5 1.21/1.95 19/24 –

Designed in
[26]

2.6/5.8 10.4/3.6 1.1/2.15 >20 0.26 * 0.34

Designed in
[27]

2.4/4 8/39 1.4/1 – 0.48 * 0.9

Designed in
[30]

2.3/5.25 54/20 0.8/0.8 >20 0.3 * 0.3

Designed in
[32]

2.4/5.2 51.9/23.3 0.3/0.7 22.1/20.8 0.28 * 0.2

Proposed
dual-band
bandpass
filter

2.1/5.16 84/25.81 0.13/1.1 26.3/7.7 0.6 * 0.16
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4 Conclusion

An efficient and realizable design of a dual-band bandpass filter having a wide pass-
band has been provided in this work. The discrete-time (Z-domain) transfer function
is obtained using the T-matrices. CBO algorithm has been used to minimize the
Least Square based error function. After running multiple iterations, the optimum
impedance values are achieved. The proposed design is obtained by implementing a
cascaded structure comprising of a bandpass filter and a band-stop filter. Simulated
response of the proposed design has wide bandwidths at 2.1/5.16 GHz which makes
it suitable for various applications.
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