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Abstract: This paper presents a compact microstrip bandpass filter
exhibiting a wide stopband, high selectivity and easily tunable passband.
The filter comprises of asymmetric resonator structures, which are
interconnected by an inter-digital capacitor to enable the realization of a
wide bandwidth with high rejection level. High selectivity and easily
tunable passband are obtained by optimizing the parameters of the
interdigital capacitor. The filter has high out-of-band rejection 30 dB, less
than 0.6 dB of insertion-loss, up to 5.5 GHz spurii free and more than 15
dB of return-loss. Full-wave electromagnetic simulator ADSTM based on
Method of Moment technology is used to analyze and optimize the
prototype bandpass filter. The proposed technique was verified practically
to validate the design methodology. The experimental results of the
prototype circuit are presented and a good agreement was obtained
comparing with the simulation results. The dimensions of the proposed
filter are 3224 mm2. The filter’s characteristics and compact size make it
suitable for wireless communication systems.
Keywords: Asymmetric Resonator, Bandpass Filter, Microstrip, Spurious
Suppression, Ultra-Wide Stopband

Introduction
Bandpass filters with high selectivity and excellent
out-of-band rejection are essential components in the
design of transmitter and receiver employed in
microwave wireless communication systems. In
particular, the wide stopband bandpass filters are
usually utilized in association with the nonlinear
components to eliminate the undesired interference or
noise in the stopband. It is well known that filters
composed of uniform distributed-element resonators,
e.g., coupled line filters, open-loop resonator filters
suffer from the spurious harmonics at multiples of the
fundamental resonance frequency due to higher order
resonance inherent in such structures Lin et al. (2006).
Several methods have been proposed to shift the
spurious responses higher or to suppress the unwanted
passbands. It has been shown suppression of spurious
signals can be achieved in the traditional parallelcoupled microstrip filters by over-coupling the end
stages Kuo et al. (2003). In another technique a low-

pass filter is cascaded with the bandpass filter to
eliminate spurious harmonics Chang and Tam (2005).
However, the use of an additional low-pass filter
degrades the insertion-loss and increases the size of
the filter. Harmonic suppression can also be achieved
by employing cross-coupling as described in Tu and
Chang (2005), where split-ring resonator or open stub
and spur line are cross-coupled.
Harmonic suppression over a very wide band was
achieved with the assistance of Triangular shaped
capacitive loaded at the open-end of the open-loop
resonators that incorporate “L” shaped slots and
strategically locating open-end stubs within the
resonators Virdee et al. (2010). Ultra-compact two-stage
microstrip bandpass filter based on twist-modified
asymmetric Split-Ring Resonators (SRRs) Tang and Hsu
(2008). This kind of filter can achieve three transmission
poles within the passband and four transmission zeros
below and above the passband. However, the
transmission zero are very close to passband.

© 2019 Mohamad Farhat, Bal Virdee and Nader H. Ghareeb. This open access article is distributed under a Creative
Commons Attribution (CC-BY) 3.0 license.

Mohamad Farhat et al. / American Journal of Engineering and Applied Sciences 2019, 12 (4): 543.548
DOI: 10.3844/ajeassp.2019.543.548

Fragment-loaded open-loop resonators in Zhao et al.
(2014) shows quite compact dimensional size and
well-filtering performance. Moreover, with this
structure the spurious passband suppression of the
microstrip bandpass filter can be controlled. However,
this type of filter is of a complex configuration and
there is a trade-off between reducing its size and
improving its performance.
Stepped Impedance Resonators (SIR) can be used to
shift spurii to a higher frequency by simply modifying
the transmission line’s width. Other approaches to
suppress the higher order harmonics include the
minimization of the difference between the even- and
odd-mode velocities in coupled structures by equalizing
the modal electrical lengths of coupled microstrip lines.
This can be achieved by incorporating a slot in the
ground-plane. This allows tuning of the even and odd
mode phase velocities Kim and Chang (2013) and
Kuo et al. (2017). But the process of fabrication of such
a structure is complicated and expensive. Thus, the
techniques described above are not an effective way to
eliminate the spurious responses.
Other examples of harmonic suppression filtering
using a combination of techniques have been
demonstrated recently by Huang (2015), Tang et al.
(2017), Sen and Moyra (2019) and Yang et al. (2019).
In this paper, we propose a microstrip bandpass filter
structure which comprises asymmetric resonators
interfaced between an inter-digital capacitor Farhat and
Virdee (2018). The resulting structure provides an
excellent higher order harmonic rejection. The design
approach proposed offers high selectivity, excellent
insertion-return loss performance across the passband

and compact size. This is possible by optimizing
parameters of just the inter-digital capacitor.

Filter Design
Filters with the asymmetric structure generally
generate fewer harmonic resonances than their
counterpart, e.g. half-wavelength transmission line
symmetric structures. Therefore, two asymmetric
resonators connected through an inter-digital capacitor,
as illustrated in Fig. 1, is proposed here to enhance
harmonic rejection generated by microwave filters in
order to realize a wide stopband. By changing the
parameters of the inter-digital capacitor, we can adjust
the magnitude of the coupling between the two
resonators that leads to the higher out-of-band rejection
and easily tuning the passband.
Analysis was carried out on the effect of interdigital capacitor finger width WS and the separation
between fingers G on the center frequency and the
bandwidth of the proposed filter. As shown in Fig. 2,
as WS increases the center frequency and the
bandwidth decrease and this leads for easily tuning
the resonant frequency. Where, G as shown in Fig. 3
has more effect of adjusting the magnitude of the
coupling between the two resonators and it leads to
tunable bandwidth.
The proposed bandpass filter has been designed for
a Centre frequency of 2.66 GHz. This was achieved
with the following parameter dimensions: W = 1.7
mm, W1 = 5 mm, W2 = 2.9 mm, L1 = 12 mm, L2 =
5.1 mm, L3 = 7.2 mm and G1 = 1.7 mm. G = 0.7 mm
and WS = 0.7 mm.
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Fig. 1: Schematic diagram of the new proposed filter
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Fig. 2: Relationship between the inter-digital capacitor finger width and normalized resonance frequency
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Fig. 3: Frequency response for different separation between inter-digital capacitor fingers width

Synthesis of the Passband Filter

YO0

The proposed bandpass filter transformed into the
equivalent circuit shown in Fig. 4 with the immittance
inverter. The transformed admittance inverter J12 and J23
of transmission lines Z2 and Z3 and the even and oddmode line admittances Yoe and Yoo can be derived for a
lossless case as Matthael et al. (1980):

Y4

J12  Y2 csc2

(1)

J 23  Y3 csc3

(2)

Yoe
J
 1  34 cot 4
Y4
Y4

(3)

1

J 34
cot  4
Y4

(4)

By matching with the generalized bandpass filter,
the parameters of susceptance (B) and susceptance
slope (b) can be than expressed as following
Matthael et al. (1980):
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B1  Y1 tan1  Y2 cot 2

(5)

B2  Y2 tan2  Y3 cot 3

(6)

B3  Y4 tan4  Y3 cot 3

(7)
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o  B1
1
 Y11 sec 2 1  Y2 2 csc 2  2 
2   
2

(8)

b1 

Rs g0 g1J 012


(9)

b2 

o  B2
2 

b1 

Asymmetric Resonant Structure
The proposed bandpass filter in Fig. 1 is an
asymmetric structure. Hence, the resonant condition for
this step impedance resonator (SIR) can be expressed as
Tang and Hsu (2008):

o

J12  

b3 


  o

1
Y2 2 csc 2  2  Y3 3 csc 2  3 
2

(10)

b1b2
g1 g 2

o  B3
2 

R1  R3  tan 3 tan 4   tan 2  R3 tan 3  tan 4 

(18)

Where:
1
Y4 4 sec 2  4  Y33 csc 2  3 
2


  o

R1  Z1 / Z2 , R2  Z3 / Z2 and R3  Z 4 / Z3

(12)
Y1 

(13)
Y4 

where, gi are the elements values, ω0 is angular frequency in
center frequency and  is the relative bandwidth.
Therefore,
Y1 

2b1  Y2 2 csc2  2
1 sec2 1

(14)

Y3 

2b2  Y2 2 csc  2
3 csc2 3

(15)

Y4 

2b3  Y33 csc 2 3
 4 sec 2  4

(16)

B2

B3

J01

J12

J23

Y2 Y3
2 3

B2

J01

(20)

Using the above expressions, the electrical length

obtained are: 53.18 o, 26.17o, 17.73o, 29.98 o, 45 Ω,
160.7 Ω and 157 Ω respectively. Furthermore, the
optimized values for a desired response the impedance
Z2 and electrical length 4 are 63.84 Ω and 21.91 o,
respectively.

To demonstrate the practical feasibility of the
proposed concept, in Fig. 1 it was fabricated using
standard photolithographic circuit board techniques on
a dielectric substrate with dielectric constant (εr) of
2.17, thickness (h) of 0.794 mm and loss tangent
(tanδ) of 0.0009. In order to make it simpler and
easier to fabricate, inverters J 01 are set to 0.02(1/Y0)
which equates to the system impedance of 50 Ω.
Therefore, a transmission line of 50 Ω can be directly
connected to the input and output ports in this
bandpass filter.
Fig. 5 shows a photograph of the filter, Fig. 6
shows the simulation results and Fig. 7 its measured
performance. The filter has high out-of-band rejection
(> 29 dB), less than 0.6 dB of insertion-loss, up to 5.5
GHz spurii free and about 15 dB of return-loss.
Comparing the simulation with the measured result
shows excellent agreement.

J34
Y3 Y4
3 4
B3

J12

Y1 Y2
1 2

Y2  Y3 tan  2 tan 3
Y

tan  4  2 tan 3  tan  2 
Y
 3


(19)

Simulation, Fabrication and Measurement
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Fig. 4: Equivalent circuit of the proposed microstrip BPF
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Fig. 5: Photograph of the fabricated proposed filter
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Fig. 6: The simulation results of the proposed filter
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Fig. 7: The measured result of the proposed filter
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Conclusion
A new configuration comprised of asymmetric
structure and inter-digital capacitor has been presented to
design a high performance bandpass filter with high outof-band rejection and wide stop band. The presented
technique allows control of the centre frequency and the
fractional bandwidth simple by varying the inter-digital
capacitor parameters. Also the design methodology of
the proposed filter is simple and easy to fabricate.
Comparing to those reported in references the measured
and simulation results of the proposed bandpass filter
shows good improvement over passband insertion- loss
and return-loss. The proposed filter exhibits a wide stopband, high selectivity that is required in modern
communication systems for suppressing undesired
interferences from other wireless systems.
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