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Abstract— This work explains the design of wideband
bandpass filter for ISM 2.4 GHz band. 800 MHz of filter
bandwidth is attained without compromise for insertion loss.
FR4 material is used as substrate with dielectric constant 4.4
and height 1.6mm. Return loss at center frequency is
approximately -34 dB and the insertion loss varies between of -
0.7 to -1 dB which found to be stable in 800 MHz bandwidth
range. In this combination of hairpin and stepped impedance is
used to design the proposed filter.
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I. INTRODUCTION

A new wideband and ultra-wideband systems being
deployed with frequency spectrum crowding, there is
demand for wideband filters [1]. There are lots of
techniques can be used to design the type of filters. In this
techniques enhancement of coupling at the starting and
ending stages is considered [2]. Multimode resonators,
defected ground structures (DGS) and combination of high
pass and low pass filter can be used to design such filters
[3]-[5]. 3.1 to 10.6 GHz is range of UWB systems [6]. There
are various types of filters exists such as edge coupled,
stepped impedance, hairpin, baluns etc. [8]; with each have
its own favorable and unfavorable conditions. We can
improve the results of filter by hybriding the two types of
filter structures. Then designed filters are tuned to obtain
required results. In this paper design of combination of
stepped and hairpin filter is proposed. Stepped impedance
filter give better return loss and hairpin structure controls
the bandwidth. Design of proposed filter can carried out be
following steps given below:

Steps:

1] Initially design the stepped impedance Low-Pass filter.

2] Design the Hairpin filter for desired frequencies.

3] Make hybrid of both Stepped and Hairpin filter.

4] Simulate the design using CST Simulation software and
optimize the structure for desired results
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Il. THEORETICAL IMPLEMENTATION OF FILTER

Image parameters method or insertion loss method can be
used to design the filter [9]. In image parameter method two
port filter sections are cascaded without specifying required
response, which offers good attenuation but more number of
iterations are required to achieve the required results. While
in insertion loss method cut —off frequency is specified as
design target and we met the required specification with less
number of iterations. In this paper the design is carried out
using insertion loss method. The proposed design can be
used for Industrial —Scientific- Medical band, with low
insertion loss as much as possible. There are various ways
to design the filter for specific application with specific
requirements, such as Bessel, Chebyshev, and Gaussian etc.
In general in insertion loss method design starts with low
pass filter prototype design then transformation is done from
low pass to band-pass and at last frequency and impedance
transformation is done.

In this work stepped impedance and hairpin filter is design
and combining both filters wideband response is achieved.
The mathematical formulas for designing above filters are
same as given in [8][9].

A. Stepped impedance low pass filter design

Impedance parameters can be obtained by deriving
approximate equivalent circuits for quarter wavelength
transmission lines [9]
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Fig. 1. T-section equivalent for quarter wave transformer
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Deriving further and applying scaling equations, inductors
and capacitors can be obtained as [9],

8l = i (4)
€z,
Bl = R (3)

B. Hairpin resonator design

By folding half wavelength parallel coupled lines we can
obtain hairpin resonators theoretically [8][9]. Equations of
edge coupled resonators are applicable for hairpin design.
But due to folding of parallel coupled resonators in U shape,
coupling between two resonators reduces that should be
considered while designing of filter. Low-pass prototype
filter can be designed by similar way as described in [8].
Bandpass filter can be converted from low pass filter by
using
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In which Qgand Qe are external quality factors at input and
output and coupling coefficients between two adjacent
resonators can be given by M; ;1.

Based on theoretical analysis of odd and even mode analysis
of quarter wave transformers, for hairpin elements we can
write,
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The transfer function for hairpin resonator can be written as,
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Hairpin resonators can be divided into electric coupling,
magnetic coupling, the first mixed coupling, and the second
mixed coupling [10].

Fig. 2. Fixed coupling for hairpin resonators

Two hairpin resonators are cascaded through branch
coupling who’s A; matrix can be shown below,
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the equivalent circuit can be written as,
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Matrices in equation (12) and (13) are conceptually equal
[10]. Here we can obtain even and odd mode impedances as
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I1l. FILTER SIMULATION AND RESULTS

The designed filter can be simulated in CST microwave
studio. The CST Microwave studio works on method of
moments. Using described concept stepped and hairpin
filters have been designed to make hybrid to achieve
improvement in results. After number of trials of low pass-
bandpass ,bandpass- low pass final connection approach is
fixed as shown in fig 3.
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Fig. 3.Realized Filter Structure
Fig. 4 shows the return loss of the designed filter which
works in frequency band from 2.00 to 2.8 GHz with 2.4
GHz as centered frequency
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Fig. 4. Return loss of the designed filter

Fig. 5 shows the insertion loss of the designed filter ranging
in 0.7 to 1 dB in passband range which is less as
requirement of practical filter
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Fig. 5. Insertion loss of the filter

I\VV. HARDWARE AND TEST RESULTS

Fig. 6. Shows the hardware implementation of Proposed
filter which is fabricated on FR-4 substrate.

Mail: asianjournal2015@gmail.comSpecial issues in



Asian Journal of Convergence in Technology

Issn No.:2350-1146, |.F-2.71

Fig. 6.Hardware Implementation of Filter

Fig. 7. Shows the return loss of the fabricated filter which
gives operating frequency band from 2.09 to 2.8 GHz with
nearly centered at 2.4 GHz which matches with the
simulated filter response.

V. CONCLUSION

In simulated results the return loss of filter is about -34 dB
and achieving 800 MHz bandwidth as shown in Fig. 4. The
filter have dimension of around 60 mm X 86.75 mm which
is observed in Fig. 3.

Fig. 6. and Fig. 7. Shows the hardware implementation of
proposed filter which gives the return loss nearly same as
that observed in simulation respectively. 0.7 to 1db is
observed range of Insertion loss of over the filter
bandwidth,
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Fig. 7. Return Loss of Fabricated Filter
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