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Bandpass Filter using Asymmetrical coefficients
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Abstract: This paper presents a new concept of bandpass filter
design based on quarter-wave resonator which covers |SM band
(2.4-2.48 GH2) can be used for applications such as wireless
fidelity (Wi-Fi) and Global System for Mobile communication
(GSM). A fifth-order Butterworth bandpass filter is designed
using standard filter coefficients with fractional bandwidth of
50% for the center frequency of 2.1 GHz. Filter design isachieved
using quarter-wave resonator, and the obtained response satisfies
the desired filter specifications. The insertion loss of 21 dB is
achieved at the cutoff frequency of 2.1 GHz The passband
frequency of 1.877 GHzto 2.772 GHzis achieved in the proposed
design. The standard coefficients of the Butterworth filter were
modified to propose a new type of asymmetrical filter coefficients.
The designed filter has better response than existing method in
terms of bandwidth and insertion loss. The designed Bandpass
filter hasa passband frequency of 1.8 GHzto 2.7 GHz Therefore,
the designed bandpassfilter can be used for both Wi-Fi and GSM
applications simultaneously.

Keywords : Bandpass Filter (BPF), microstrip, Butterworth,
quarter-wave resonator.

. INTRODUCTION

Most of the recent wireless technologies have flexible
frequency profiles, giving rise to the need for multiband
bandpass filters [1]. Band Pass Filter (BPF) is one of the
important modulesin the radio receiver chain to perform band
selection operation as per the application requirements.

The RF receiver block diagram is shown in Fig. 1. In the
receiver, the bandpass filter is located just after the antenna
and before the low noise amplifier (LNA). It is used to
suppress out of band noise and to eliminate the image
frequency in super heterodyne receivers. In the transmitter, it
islocated before and/or after the power amplifier. It isused to
reject the spurious signals generated by the Local oscillator
(LO) and to minimize theinter modulation productswhich are
generated at the RF up and down converter circuits.
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Fig. 1. RF receiver block diagram

The filter design process starts with the selection of a
particular type of filter. The most commonly preferred filters
for RF applications are Butterworth, Chebyshev and Elliptical
Filters [2]. Among these filters, Butterworth exhibits a
maximally flat response. In addition, it exhibits a nearly flat
passband without any ripple[3].

The usage of Butterworth polynomial based coefficient
selection for filter design is one of the universally accepted
design methodology [4]. The microstrip bandpass filter
designs always demand compact size, sharp roll-off, and wide
stopband characteristics[5] — [7]. The width and length of the
microstrip filter structure directly depend on the value of the
normalized filter coefficients[8]. The normalized coefficients
of standard Butterworth approach follow symmetrical
distribution, which in turn provides the symmetrical nature of
microstrip filter structure.

In this paper, asymmetrical natures of normalized filter
coefficients were proposed. These proposed coefficients are
used for designing a bandpass filter. The designed filter has
the advantages of low power dissipation, less width, and ease
of implementation.

In the first section of this paper, the introduction of
microstrip bandpass filter was given. In the second section of
this paper, the general approach of quarter-wave resonator
based bandpass filter design is discussed. In Section Il the
performance analysis of bandpass filter using the existing and
proposed coefficients was done using ADS co-simulation.
The proposed work was concluded in section V.

[I. BANDPASSFILTER DESIGN USING QUARTER
WAVE RESONATOR

There are several approaches available for the design of a
bandpass filter. However, the quarter-wave resonator based
BPF design is compact in nature. The specifications for the
proposed filter are Butterworth type, order 5, center
frequency 2.1 GHz and fractional bandwidth 50%. Table 1
shows the normalized coefficient values of the standard
Butterworth filter for the order value (N) up to six.
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These coefficients value clearly describes the existence of
symmetry between the values. The step by step process of RF
filter design is shown as block diagram in Fig. 2.

Table-1: Normalized elemental values of standard

Butterworth filter
No gl g2 g3 g4 g5 g6 | g7

2.0 1
14142 114142 1
1.0 2.0 1.0 1.0
0.7654 |1.8478 [1.8478 |0.7654 |1.0
0.6180 (1.6180 |2.0 1.6180 |0.6180 (1.0
0.5176 |1.4142 |1.9319 |1.9319 |1.4142 |0.5176 |1.0
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Fig. 2. Design steps of a bandpassfilter

The filter design starts from the evaluation of prototype of
low pass filter components and converting it to the desired
type of filter. Here the low pass to bandpass conversion is
followed using equations 1 to 4. The series configured
inductor (L) and capacitor (C) is evaluated from (1) and (2).
The shunt configured inductor and capacitor are evaluated
from equation 3 and 4. The bandpass filter using lumped
componentsis shownin Fig. 3.
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where L, and C, are inductor and capacitor value placed
in bandpassfilter. Ryis the center frequency of the filter and A
isthe fractional bandwidth of the filter.
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Fig. 3. Lumped Element Bandpass filter
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Fig. 4. Structure of bandpassfilter usng quarter wave

resonators

The implementation of the bandpass filter in microstrip
formis achieved using quarter wave resonator. Quarter wave
based resonators were effectively used to redlize the
miniaturized version of RF circuits [9]-[10]. The electrical
length of microstrip transmission line sections and stubs is
M4. Fig. 4 shows the fina implementation of bandpass filter
using quarter wave sections. In the first stage series
combination of capacitor and inductor are converted to
connecting transmission line with impedance Z,. In the final
stage shunt configured capacitor and inductor are transformed
to ashort circuited transmission line as shown in Fig. 5. Both
connecting transmission line and stubs are A/4 long at the
center frequency (Ro) of pass band.

The bandpass filter design can be accomplished by using
equivalent stubs for the paralel resonant circuits and
connecting lines, and equating the response to that of a
lumped element bandpass filter. The equivalent bandpass
filter has two degrees of freedom in terms of L and C, or
equivalently wo, the slope of the admittance at the resonance.
For astub resonator the corresponding degrees of freedom are
the resonant length and characteristic impedance of the
transmission line. Asshown in Fig. 5, the equivalent structure
of short-circuited transmission line stub can be approximated
asparallel LC resonator when its length is near 90°.
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Fig. 5. Simplification of lumped element bandpassfilter
into transmission line sections.
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“o J which alows admittance to be

then 2
approximated as:
N P L B R U LU (6)
Zy, \2 20,) Z,, 20, 2,0,

For frequencies in the vicinity of the center frequency, the
admittance near resonance of the parallel LC network is as
follows:

Y=ja)Cn+_l ='C"wcn|_n_ 1
ja)Ln Ln . CnLn
=j C(‘” &ngjanm
L \w, o

(7)

CL,=

s gives the characterigtic impedance of the
transmission line stub in terms of the resonator parameters as
_mol, oz (8)

"4 4wC,

Then the quarter-wave sections of line between the stubs as
ideal admittanceinvertersare considered. Then the equivalent
circuit can represent the bandpass filter. Thus, with reference
to theterminated circuit the admittance Y seen looking toward
the L2, C2 resonator is

4
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whereas it is used as @5 The admittance at
the corresponding point in the equivalent circuit is given by
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The required characteristic impedance for the first two
stubsis shown in (13). By extension, it can be shown that the
general result for the characteristic impedance of the n™ stub
in afilter of order N isgiven by

(13)
ZOZ

7l A

49, (14)

These results apply only to filters having input and output
impedance of Z, Therefore, it is appropriate for maximally
flat filters and so cannot be used for equal ripple designs with
order ‘N’ even since in equal ripple design of even order
element does not have unit element value for the resistance of
1Q at the frequency of 1 rad/sec, but maximally flat
coefficients have the unit element for all values as shown in
Table 1. Therefore these techniques used effectively in
maximally flat design for al values of N compared to equal
ripple design.

on

[11. RESULTSAND DISCUSSION

The bandpass filter design using the normalized
coefficients of standard Butterworth filter will produce the
structural  overlap between shunt transmission lines.
Therefore, the asymmetrical nature of normalized coefficients
was proposed for the bandpass filter design. Table 2 shows
the proposed normalized element values up to an order of 6.1n
the design of bandpass filter short-circuited stubs are used. So
that the filter cannot be simulated in layout window in ADS.
Therefore, the co-simulation is performed in schematic option
of ADS. Fig. 6 shows the schematic structure of band pass
filter for the proposed coefficients shown in Table 2. Fig. 7
shows the design of bandpass filter using co-simulation in
ADS.

Table-2: Normalized elemental valuesfor proposed

c C -1 coefficients
= ?(“’_“’O]{j %[“’—“’}zo] gl g2 g3 g4 95 g6 |97
L\w, o Clo, o,
(10) ["1.414
These two results are exactly equivalent for al frequencies | o 1
if the following conditions are satisfied 1.847 | 0.765
[C. _ e 8 4 1
L, L, 1.931 1.414 | 0517
2 [C_ [L 9 2 6 1
°\L, ~\c, (11) | 1961 | 1662 | 1111 | 0390
Using the fact L, C;= L,C, = 1/wy’ alows these two 6 9 1 2 1
equations to be solved for L; and L, as 1'375 1782 1";14 0.908 0'39;12 1
2 . .
L= Zz"l 1982 | 1.847 | 1586 | 1.217 | 0.765 | 0.261
oL, 9 8 7 5 4 1 |1
L=L (12)
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Fig. 6. Schematic Diagram of Bandpassfilter
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Fig. 7. Design of bandpassfilter in co-simulation
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Fig. 8. Response of Bandpassfilter using lumped
components
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Fig. 9. Response of bandpassfilter by using existing
coefficients
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Fig. 10. Response of bandpassfilter by using proposed
coefficients

The substrate used to design and realize this fifth-order
filter is FR4 with height 1.6 mm and permittivity as 4.6. The
filter specifications are given as design frequency 2.1 GHz,
order 5 and fractional bandwidth of 50%. The response of the
bandpass filter using lumped componentsis shown in Fig. 8.

The lumped filter redlization is to verify whether the
normalized coefficients were selected appropriately or not.
The response of the filter shows that the filter is providing a
bandpass response from 1.661GHz to 2.657GHz. This
lumped filter realization follows the circuit theory concept. If
the lumped structure is transformed into a microstrip
structure, then the concept of field theory will be followed for
producing simulation response and a small deviation of the
response from the desired one is expected. The response of
the bandpass filter using standard Butterworth filter and
proposed coefficient filters are shown in Fig. 9 and Fig. 10.
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Fig. 11. Response of bandpassfilter in co-simulation by
using standard butterworth filter coefficients
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Fig. 12. Response of bandpassfilter in co-simulation by

using proposed coefficients
Table-3: Comparison of Filter Performance for the order

N=5
Filter Parameter Standard Proposed
butterworth filter Coefficients
Coefficients
Transmission line 5.882 24.92
Width (mm) values
19.797 22.14
25.283 16.90
19.797 9.82
5.882 1.93
Passhand ripple Yes No
Insertion loss at Cutoff
-3.003dB -3.001 dB
frequency
Bandwidth 845 MHZ 882 MHzZ

The response of the bandpass filter in co-simulation using
standard Butterworth filter coefficients and proposed
coefficientsareillustrated in Fig. 11 and Fig. 12 respectively.
The passband frequency of the filter using proposed
coefficients starts from 1.8 GHz and it ends at 2.7GHz. In the
passband fregquency, two frequency bands such as 1800 GHz
for GSM and 2.45 GHz for Wi-Fi applications are covered
with better return loss. Therefore, the proposed bandpass
filter has the capability to operate Wi-Fi and GSM
simultaneously. In the passband there are no ripples. The
bandpass filter response is analyzed between existing and
proposed coefficients and some of the filter parameters are
tabulated in Table 3.

IV. CONCLUSION

The bandpass filter design using quarter-wave resonator
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based microstrip structure for standard maximally flat
Butterworth filter was verified and then smulated using ADS
2015. The simulation results indicate the shortcomings such
as|ow bandwidth and high transmission linewidth. In order to
overcome these drawbacks an asymmetrical nature of filter
coefficients was proposed. The design is implemented in
microstrip schematic and layout options and the simulated
results are verified using ADS 2015 EM simulation. The
response of bandpass filter using proposed coefficients is
better than existing method in terms of less passband ripple
and better bandwidth of approximately near to 1GHz. The
designed Butterworth filters have passband frequency of
1.882GHz to 2.764GHz. Therefore, it can be used for
wireless technologies such as Wi-FH and GSM
simultaneously.
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