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Abstract- In this paper, we will present the design
and the fabrication of a new configuration of a
microstrip low pass filter. The originality of this
work is that the final proposed filter is miniature
and presents good performances in term of
insertion loss around -0.15dB and it has a wide
stopband until 7 GHz. The design of such filter is
based on the use of optimization and tuning
methods integrated into two electromagnetic
solvers ADS and CST-MWS. After the fabrication,
the final LPF structure is tested which give a good
agreement between simulation results for the both
solvers and measurement responses. The proposed
filter has a cutoff frequency of 2.33 GHz which
makes it suitable for many standards like DCS
"Digital communication system", and UMTS
"Universal Mobile Telecommunications System"
bands. The final circuit presents an area of
20x20mm?>.,

Index Terms- DCS, | SM, low pass filter, microstrip,
planar filters.

[. INTRODUCTION

The filters are one of the primary and
important components of a microwave system,
especialy in wireless and mobile communication
systems. Low pass filter must be included at the
transmitting end and the receiving side of the
system to get desired spectrum. A filter is a two-
port network used to control the frequency
response at a certain point in an RF or microwave
system by providing transmission at frequencies
within the passband of the filter and attenuation in
the stopband of the filter. When designing a
planar filter, miniature dimensions of the circuit
are desired. To do so, we can use many
techniques by applying for example fracta theory
to the filter, which enable to create longer current

lines on a smaler surface [1-2]. Another
technique used, is the insertion of etched dotsin
the ground plane (called defected ground
structure, DGS) which can create an eguivalent
parallel  resonant circuit permitting the
miniaturization of the final circuit [3]. Also, the
combination between DGS concept and a fracta
approach for the design of a compact low pass
filter can reduce significantly the dimensions [4].
Designing microwave planar filters demand to
have a high selectivity and low insertion loss for
the transmission frequency band [5-13]. In the
same time, a special attention must be given to
the achievement of wide attenuated bands for
low-pass filters. One of the most popular
approaches for the achievement of LPF is based
on the adternate cascade of high and low-
impedance transmission-line  segments. By
consequent, we should use a large number of
sections to produce a significant signal
attenuation levels in the rejected band. In this
work, we will introduce a new compact miniature
microstrip LPF topology with low insertion loss
and a large attenuated stopband, the achievement
of such circuit is obtained by using tuning and
optimization methods.

I1. DESIGN PROCEDURES

Compact low-pass filter designs with a sharp
attenuation response are challenging. Most
classical approaches used for filter synthesis are
Butterworth or Chebyshev types, but they require
a high-order design to achieve a good selectivity
near the passband. TEM structures of stripline
and microstrip lines are ideal for LPFs [14]. A
waveguide LPF is not possble because
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waveguides have low cutoff frequencies. The
design of a microwave LPF closely follows the
idealized lumped-element circuit. Fig.l [14]
presents the relationship between a microwave
lowpass filter and a low-frequency lowpass filter
prototype. Where high-impedance transmission
line can be replaced by a series inductance. A
short section of a low-impedance transmission
line can be replaced by a shunt capacitor.
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Fig.1. Stepped impedance microstrip LPF: layout of
5th order filter (a); equivalent circuit (b)

If the length ¢ of a high-impedance section is
less than A/8. Where the electrical lengths of the
inductor sectionsto be calculated as[15]:

bl = LZRO (inductor) (1)

h

and the electrica length of the capacitor sections
as[15]:

cz,
Ry

Where R, is the filter impedance and L and C are
the normalized element values. And the actual

values of Z, and Z, are usually set to the highest

and lowest characteristic impedance that can be
practically fabricated.

pi-
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After the validation of the filter based on the
lumped elements we can pass to microstrip
configuration by the last adequate transformation.
But not always simple to achieve a LPF having
sharp stopband, therefore, this work will describe
the design of compact low pass filter based on
optimization and tuning methods.

The proposed LPF is mounted on an FR4
substrate characterized by a thickness of 1.6 mm,
a relative electric constant of 4.4, a loss tangent
of 0.025 and a conductor thickness of 35 pm.
After many series of optimization we have
validated the structure shown in Fig.2.
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Fig.2. The configuration of the proposed LPF
including the optimized parameters

The dimensions of each part of the proposed low
passfilter arelisted in Table 1:

Table 1: Dimensions of the filter in mm

a b [« d e

2 4 1 5 2,82

Firstly, this LPF structure was validated into
simulation by using Momentum which is a 2D
electromagnetic solver integrated in ADS, the
simulation of such circuit has taken into account
a high density of meshing to cover the whole
circuit. After that and before passing to
fabrication, we have launched a comparison
between ADS and ancther 3D electromagnetic
solver which is CST-MWS. As presented in
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Fig.3, we have nearly the same results with the
same behavior of the LPF.
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Fig.3. CST and ADS simulation results comparison

The designed filter has a cutoff frequency of 2.4
GHz with an important regjected band. To study
the current distributions, Fig.4 depicts the current
flow for two different frequencies. The first one
is in the bandwidth at 1.75 GHz and the second
one in the attenuated band at 7.8 GHz.
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Fig.4. The current distribution of the proposed LPF:
(a) at 1.75 GHz and (b) at 7.8 GHz
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In order to obtain the desired frequency response
of the low pass filter, several parametric studies
were achieved. Fig.5 shows the evolution of the
S-parameters of the proposed filter versus the
variation of the critical geometric parameter a.

S-Parameters dB
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Fig.5. Frequency response of the proposed low pass
filter under different values of the geometrical
parameter a

As can be seen, the variation of this parameter
has no effect on the location of cut-off frequency
and the passband bandwidth. In fact, the
periphery of the proposed outside resonator is
kept unchanged, thus the cut-off frequency is not
affected. In return, changing the value of the
parameter a from 2 mm to 3 mm will decrease the
frequency of the transmission zero and enhance
its attenuation. Therefore, controlling the position
and the attenuation of this transmission zero can
enlarge the attenuation band and suppress the
spurious resonant frequencies. Conseguently,
from these studies, we can conclude that the
periphery of the outside resonator can control the
cut-off frequency and passband bandwidth, while
the width of the inside sguare resonator can
control the attenuation and location of the
transmission zeros and by the way the width of
the attenuation band.

I1l. FABRICATED DEVICE AND
MEASUREMENT

The designed L PF was fabricated by using LPKF
machine and tested using an R&S VNA. As
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shown in Fig.6, the fabricated filter having a
volume of 20x20x1.6 mm?®.
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Fig.6. Photograph of the fabricated LPF

Asillustrated in Fig.7, the test of the LPF shows
that we have a good agreement between
simulation and measurement in term of return
loss and insertion loss. The fina circuit is
validated with a low insertion loss around -
0.15dB and a wide frequency band for the
attenuated band. As we can see the level of
attenuation in the stopband is reaching 7 GHz.
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Fig.7. Simulation and measurement results comparison
for the proposed LPF

The final circuit is compact miniature and low
cost, it can be used for many wireless
applications, the achieved cutoff frequency makes
the LPF suitable for GSM, DCS and UMTS
applications.
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IV. CONCLUSION

This paper has presented the different steps
followed to achieve a microstrip miniature LPF.
The fabricated circuit presents good
performances with a low insertion loss in the
bandwidth and large attenuated stopband. Which
permit to use it for high frequencies until 7 GHz
with an important level of reection. The
validation of this circuit has followed many steps
and series of optimization by using different
methods integrated into electromagnetic solvers.
The fina LPF configuration is simple compact
which avoid using standard approaches as
stepped-impedance or others which increase the
dimensions of the filters. The different
techniques and steps followed can be exploited
to match the same LPF to another frequency
bands looking for other applications.
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