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Abstract--This paper presents stepped impedance low pass
filter based on defected ground structure (DGS) cells. The
proposed DGS cell provides low-pass characteristic whose
cutoff frequency could be changed by tuning its dimensions.
Design and analysis of the stepped impedance microstrip low
pass filter has been described using CST software tool. In this
paper, 5" order stepped impedance low pass microstrip line
filter have been designed at 1.4 GHz frequency and
implemented on FR/4 substrate of relative permittivity is 4.3.
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l. INTRODUCTION

A microwave filter is a two-port network used to
control the frequency response at certain point in a
microwave system by providing transmission at
frequencies within the passband of the filter and
attenuation in the stopband of the filter. Microwave filter
designs have been at the forefront of research in both
industry and academia due to increasing specification
levels and demand for advanced communication systems.
Planar microstrip filters, which possess compact size, low
cost, flexible layout and easy fabrication, are preferably
integrated in low power transceiver systems [1].

The realizable filters that are in common use are
Butterworth filter, Chebyshev filter and Bessel filter.
Utilization of Butterworth low pass filter exist
contradiction problems between test precision, stability and
response time. Low order Butterworth low pass filter has
rapid response, small overshoot but bad in test precision,
while high order Butterworth low pass filter is good in test
precision but has slow response, large overshoot and poor
stability [2]. The type of construction of this filter is a
reflective filter which is consists of capacitive and
inductive elements producing ideally zero reflection loss in
the pass band region and very high attenuation in the stop
band region. The practical filters have small non-zero
attenuation in the pass band a small signal output in the
attenuation or stop band due to the presence of resistive
losses in reactive elements of propagating medium [3].

Il.  FITER DESIGN PROCEDURE
Figure 1 shows a general structure of the stepped-

impedance lowpass microstrip filters, which use a cascaded
structure of alternating high- and low impedance
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transmission lines. These are much shorter than the
associated guided- wavelength, so as to act as semi lumped
elements. The high-impedance lines act as series inductors
and the low-impedance lines act as shunt capacitors.
Therefore, this filter structure is directly realizing the L-C
ladder type of lowpass filters of figure 2.
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Fig 1. General structure of the stepped-impedance lowpass microstrip
filter.

Fig 2. L-C ladder type of lowpass filter.

LPF was design at the cut off frequency of f.=1GHz
and formula which is used for the design of LPF is
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Where Zc=Zo = 50Q and ¢, (dielectric constent) = 4.4, W=
width, h=height of dielectric which is taken as 1.6mm.

Effective dielectric constant of dielectric material given by
equation (13) and (14)
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Whereas guided wavelength is given by equation (5)
X 300 (5)
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gre = Effective dielectric constant , f= 1.5 GHz.

Values of inductor and capacitor are given by

C=———¢g Li= ——7Zog; 6
1 2T[Z0fc gl,l anc Ogl ()

Fori=1,23, ... , 6.

Calculation of length of inductor and capacitor is done
using formula

Ag(f) L
l; = gZTSln (2 T f, Z_oc> @)
Age(fe) (8)

lCi = Tsin_l(Z'ﬂ ZocCi)

Table | Dimension of the Stepped Impedance Low Pass Filter for 5 order

Zi=Z1L=72C(2) Wi(mm) li(lmm)
93 0.652 10.79
24 8.822 11.96
93 .652 234
24 8.822 11.96
93 0.652 10.79
50 5 5.55

The proposed design of low pass filter shown in figure 3(a)
and 3(b).

(@) Front View
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(b) Back View
Fig 3. (a) front view of Layout of the designed microstrip stepped
impedance function LPF (b) Back view of ground structure of the
designed microstrip stepped impedance function LPF.

The proposed design of the stepped impedance Low
Pass Filter is shown in the figure 5. FR4 lossy material
with dielectric constant of 4.4, substrate height of 1.6mm
and loss tangent 0.02 used. A hole of circular shaped of
diameter 3mm is introduced in the ground plane which
affects the ground as defected.

The graphs obtain after the simulation CST Software
shown in figure 4.From the graph it is clear that the cut-off
frequency is found to be 1.5GHz for stepped-impedance
low pass filter. Hence stepped impedance low pass filter is
capable of passing the frequency less than 1.5GHz & reject
the frequency after 1.5GHz for the thickness of the
substrate 1.6 mm and relative dielectric constant 3.7
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Fig 3. Simulated result of stepped impedance 5" order low pass filter with
DGS.
CONCLUSION

Fifth order Stepped impedance Low Pass Filter is
design and simulate for the frequency of 1.5GHz. After
design and producing a ground as a defected structure, the
cut off frequency is found at sharp 1.4GHz. This range of
filter is widely used for L-band applications. So for the
application where very sharp rate of cutoff and reduced
label of fluctuation of response is needed than use DGS for
designing filter should be proposed.
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