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Abstract – Band pass filters play a significant role in
wireless communication systems. Transmitted and received
signals have to be filtered at a certain center frequency with a
specific bandwidth In this paper, tunable narrow band pass
filter (BPF) development with the assistance of the Richards-
Kuroda Transformation method, on the basis of the known
Chebyshev – Low pass Filter, is presented. This suggested
filter consists of four edge-coupled strip lines. The
performance is compared with other fixed band stripline
filters & other tunable filters. The filter is operated at upper
L-band frequency segment of 1.3 GHz to 1.5 GHz for satellite
application. The proposed circuit is simulated using
MATLAB software & Roger substrate with dielectric
constant of 3.55, substrate height of 0.8 mm. This improves
the performance greatly to achieve the maximum possible Q
within the pass band. The simulation results are good enough
& show smooth tuning. The filter is suitable for integration
within various microwave subsystems.

Keywords – Band Pass Filter (BPF), Radio Frequency (RF),
Band Width (BW).

I. INTRODUCTION

Tunable RF/Microwave filters are essential components
for the next generation reconfigurable radio front-ends in
wireless communication systems with multi-band and multi
standard characteristics & contribute to the overall
performance of a communication system. Strip line filters
play an important role in many RF applications. As
technologies advances, more stringent requirements of
filters are required. The recent developments are focused at
the microwave & millimeter wave technology as it is a
wide spread technology in high data rate communication.
The basic challenges to designers designing a BPF are to
achieve compact size & low insertion loss simultaneously.
The filter is also required to have easy fabrication, good
selectivity, broad stop band, low ripples & high data rate
etc. As it is very difficult to achieve other performance
parameters with very small circuit size, various design
methods are introduced & gained the attention of many
researchers & tunable filters are the best among them
because of their tuning capability.

Many works have been reported that use waveguides for
transmission line filter. However, waveguides systems are
bulky and expensive. Low-power and cheaper alternatives
are strip line and micro strip. These transmission lines are
compact [5]. Edge-coupled strip line is used instead of
micro strip line as strip line does not suffer from dispersion
and its propagation mode is pure TEM mode. Hence it is
the preferred structured for coupled-line filters [4].
Therefore, a third order chebyshev edge-coupled strip line
filter is designed. The band pass filter is simulated by using
MATLAB software.

II. CHEBYSHEV EDGE-COUPLED STRIP LINE

FILTER

In Radio Frequency (RF) applications, for defining
transfer function we use the scattering parameter S21. In
many applications we use instead the magnitude of S21,
the quadrate of S21 is preferred

( Ω) = 11 + ℰ (Ω)
ε is the ripple constant, Fn(Ω) filter function and Ω is
frequency variable. If the transfer function is given, the
insertion loss response of the filter can calculated by(Ω) = 10 1| ( Ω)|
For lossless conditions, the return loss can be found byL (Ω) = 10 log|1 − |S (jΩ)| | dB

In practical implementation, the specification for losses
in pass region can normally be higher than zero.
Chebyshev approach exploits this not so strictly given
specification values. It can be 0.01 dB, or 0.1 dB, or even
higher values. The Chebyshev approach thereby shows
certain ripples in the pass region, this can lead to better
(higher) slope in the stop region. Figure 1 shows the
attenuation characteristics for lowpass filter based on
Chebyshev approach.

Fig1. Attenuation characteristics for Chebyshev approach.

Filter Design Using Coupled Sections
For an Nth order Chebyshev filter, the transfer function

is given as| ( )| = 1 + ℰ ( )
Where H0 is the dc attenuation, ε is the ripple

magnitude, wc is the 3-dB corner frequency, and the
Chebyshev polynomial is given by( ) = [ ( )]

The component values for a Chebyshev lowpass
prototype are determined using the following equations:
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= 2
= 4 , = 2,3, … … ,= 1,= ℎ 4 ,

Where = (2 − 1)2 , = 1,2, … … ,= + = 1,2, … … . .= ℎ(2 )= ℎ 17.372
Where A is the pass band ripple in decibels given by= 10 log(1 + ℰ )

Hence, the information required while designing a filter
is the order of the filter, the ripple factor in the pass band,
and the center frequency. The bandwidth is required while
designing band pass filters. The following are the lumped
element coefficients for a Chebyshev filter.

g1 = 1.5963
g2 = 1.0967
g3 = 1.5963
g4 = 1.000

These values are for a lowpass prototype design with
source and load impedances equal to unity. The
coefficients are nothing but inductances and capacitances
of a lowpass filter ladder network. For filter with 50Ω
impedances at the source and load, the values of
inductances and capacitances need to be scaled. The
design is then transformed to a bandpass version [7] by
converting s to= +

Sbp is the converted complex angular frequency of the
bandpass filter, BW is the filter bandwidth, and w0 = 2πf0,
where f0 is the center frequency. Hence, the transfer
function of this bandpass filter Hbp is= +
The fractional bandwidth of the filter given by= −
Where
f1 is the lower cut-off frequency,
f2 is the higher cut-off frequency.

III. NTH ORDER EDGE-COUPLED FILTER

ANALYSIS

A single microstrip was analyzed and then used for
coupled line sections by making some approximations. A
Z-matrix was then obtained for each coupled section and
converted to the ABCD equivalents. These ABCD

matrices were multiplied to obtain the overall transmission
matrix.

The design specification of the filter is shown in Table I.
The specification of dielectric material is obtained from
Rogers Corporation. It is shown in Table II.

Table I: Specifications of band pass filter
Tuning range 1.3GHz-1.5GHz

Passband ripple 0.5 dB
Attenuation at center frequency ≥ 30 dB
Port impedance 50Ω

Table II: Specifications of dielectric material from rogers
corporation [22]

Dielectric Material Used
Roger 4350 from

Rogers
Dielectric Constant 3.55
Loss tangent, tan δ 0.004
Substrate Height h 0.8 mm

Fig.2. Characteristics for a chebyshev filter with 0.5dB
ripple [1]

Since chebyshev filter has steeper descent into the stop
band then other filters, this type of filter is chosen in this
work. Order of filter can be determined by the attenuation
characteristic shown in figure 1 for 0.5dB ripple. Based on
design specification second order filter is chosen using the
edge coupled structure.

Table III: Third order chebyshev filter coefficients
Order g0 g1 g2 g3

1st 0.6986 1.0000

2nd 1.4029 0.7071 1.9841

3rd 1.5963 1.0967 1.5963 1.000

The element value for second order are taken from table
III of normalized value of 0.5 dB equal ripple low pass
prototype.
After getting a low pass prototype, it is transformed into a
band pass design. Richards transformation and Kuroda’s
identities are used from the lumped to distributed filter
design.
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Fig.3. 3rd order edge coupled stripline filter [1]

IV. TUNABILITY WITH A TUNING CAPACITOR

IN SERIES

The implementation and study of tunable resonators in
stepped impedance resonators has been made by B.
Kapilevich et al.. A similar approach has been applied to
edge- coupled filters. A capacitor has been inserted in
series with the coupled sections. The symmetry of the
filter has not been affected. No bandwidth compensation
scheme has been adopted which would require tunable
input and output matching sections.

The tuning action can be observed theoretically since
the ABCD matrix of the tunable resonator gets multiplied
to the coupler ABCD matrices. Hence, the overall ABCD
matrix of the filter is shown as.

Where ABCDt is the tuning resonator transmission
matrix, ABCD1 and ABCD2 correspond to the
transmission matrices of the first and second halves of the
filter, respectively.
In case of a capacitor C as the tuning element in series

For this schematic, the MATLAB results were obtained.
For the values of tuning capacitor as 1 pF and 50 pF, the
MATLAB plots obtained through code for the return loss
and insertion loss.

In this process, a lot of reflection occurs and much less
energy gets transferred to the other half of the filter. This
in-turn affects the tenability of the filter. The center
frequency of the simulated response drops from 1.59 GHz
to 1.39 GHz as there is a change the tuning capacitance
from 10 pF to 50 PF. We see a greater variation in the
center frequency compared to the simulated results.
The two parameters (insertion loss & return loss) are
crucial to analyze to obtain the good performance of any
filter. A good filter will have high return loss & low
insertion ripples in the pass band. The performance of any
tunable filter is measured in terms of quality factor or Q
factor, where Q is the ratio of centre frequency to the
bandwidth of any filter. Higher the value of Q the better is
the tunable filter. In this a work a strip line filter is

designed with strip line sections of 21.98mm and 22.38
mm respectively. This filter is then tuned to different
frequencies with help of external tunable capacitor.

Fig.4. Return loss characteristics of tuned filter

Fig.5. Insertion loss characteristics of tuned filter

V. RESULTS AND DISCUSSION

The tunable filter model consists of four strip line
sections each having impedance of 50Ω.and equally
spaced with d =0.8mm. Only the external capacitance is
changed to find the optimum Q factor, while the filter
geometry and element values remain constant. A
continuous tuning of external capacitor is done &
corresponding change in Q factor & center frequency is
observed using MATLAB and the best result was found
for each capacitance value.

Fig.6. Centre frequency tuning with capacitance change
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Fig.7. Q factor tuning with capacitance change

The change of Q factor & center frequency with respect
to change in capacitance for C=1PF to 50 PF are shown in
fig.

VI. COMPARISION WITH PREVIOUS WORK

The filter considered here is same as in [1], but the filter
proposed is tunable while the [1] had a fixed band, other
parameters are compared in table. The proposed filter
shows good tunable characteristic then other basic tunable
filters. The port impedance and ripple is also constant.
Table 1 shows the comparison of [1] with the new design.

TABLE IV: Comparison table of [1] and this paper
S.

No. Parameter As in [1] In this paper

1
Tuning range Fixed band

1.3GHz-
1.5GHz

2
Frequency band

19.7Ghz-
20.2GHz

Variable band

3 Pass band ripple 0.5 dB 0.5 dB
4 Attenuation at center

frequency
≥ 30 dB ≥ 30 dB

5 Q Factor 39.9 ≥99
6

Port impedance
50Ω 50Ω

7 Material dielectric
constant

2.33
3.55

8 Loss tangent of
material used

0.0012
0.004

9 Substrate height 0.508 0.8

VII. CONCLUSION AND FUTURE SCOPE

In this paper MATLAB is used to obtain maximum
possible Q factor ,Filter is tuned to various frequencies
and it is found that the changes made in this design gives
better values of Q it is maintained above 100 which is
acceptable value for any strip line filter and is better than
the previous work. The best result is obtained as maximum
value of Q achieved is 822 & minimum value is 99.Hence
it shows efficient tuning characteristics.

As a compromise in bandwidth is observed the work can
be extended to improve the bandwidth also while
maintaining the Q factor, same experiment can be done for
wide pass band and wide tuning range.
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