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Introduction

Modern communication system specialy wireless
system requires a low pass filter with sharp cut off
frequency, wider stop band and miniaturization in the
circuit apart from a considerable power handling capacity
and rejection of spurious noise at the harmonics of cut off
frequency[1].

A traditional high low impedance microstrip low pass
filter does not meet these requirements and has become the
matter of the past. In the modern filter design, concept of
hairpin resonator filter [2] depending up on the extraction
of capacitance value is developed which needs many
computations. Application of Defected Ground Structure
(DGS) and Photonic Band Gap structure (PBG) structure
leads to the same performance as traditional filter [3]-[4].
A new technique of designing microstrip low pass filter
has been discussed in [5], which incorporates the concept
of parallel microstrip line coupling with a rectangular stub.
Thistype of the filter needs even and odd mode analysis.

In the present paper, a microstip low pass filter is
designed with the parameters extracted form the traditional
high-low pass filter design method and a concept of
coupling is added to bring the attenuation pole close to -
3dB point. To minimize the effective area, a patch is
manipulated and response is compared to show the way of
miniaturization of the filter.

Design Analysis

The method of analysis of the filter is based on [6]. A
third order Chebyshev lumped element filter is represented
by the combination of two inductorsin the seriesline and a
capacitor in the shunt line. The prototype values obtained
from the existing table for the filter is converted in to the
microstip stubs using the following formulas as:

For high impedance Z, length of inductance:

l, = (léﬂ j sjn'l(wyzH).

Parasitic capacitance associated with inductance
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For low impedance line Z, length of capacitance:
— -1
l, = ( l%ﬂ) sint(wCZ, ).

Parasitic inductance associated with the capacitance
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where Z,, is the high impedance and Z_ is the low

impedance value. @ isthe angular frequency and A isthe
wave length of high and low characteristic impedance.
Once the values of inductances and capacitance are fixed,
placing inductive lines at the same side of the capacitance,
different attenuation poles in the vicinity of -3dB point is
achieved. It is due to the magnetic coupling of parallel
lines for the different values of spacing between them.

The variation in attenuation pole verses frequency for
different separations between the lines is shown in the
Fig 1.
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Fig.1. Attenuation pole variation



The capacitive stub is modeled in two pardlel

capacitances and given as
C=Cp+C ©)

with C astotal capacitance extracted from the design table,
Cristhe parallel plate capacitance and C; is the fringing
field capacitance associated with electric field lines
passing through air via dielectric to the ground. Cpis
directly proportional to the area of the metal plate.
Different shape of the capacitance is possible in this way
by keeping the total area constant.

Existing Filters Design

A 3% order Chebishev filter with -3dB cut off
frequency at 2GHz and attenuation of 0.1 dB in the pass
band , substrate of dielectric constant 3.2, thickness 0.762
mm,50 ohm port impedance is used to demonstrate the
effect of variation in the geometric shape of the capacitive
stub and effective area. The prototype values and rea
values of inductances and capacitance are shown in
Tablel. Assumed values of high and low impedances are
considered 120 Q and 20 Q respectively [6].

Tablel. Value of Lumped elements

Lumped Prototype Real Value
Element Vaue
L1 1.03 4.10nH
Cc2 1.14 1.81pF
L3 1.03 4.10nH

A. Conventional Micro strip L ow-pass Filter

The prototype values of inductances and capacitance
are converted in to the microstrip structure [6]-[7] using
equations (1) to (4). After reduction of parasitic values, the
actual lengths of different stubs are obtained as shown in
Table 2.

Table 2. Parameters of Inductive and Capacitive Stubs

Element Length Width Effective Areaon
(mm) (mm) | the substrate(mm?)
L1 6.79 0.322 19.34X6.94 mm?
Cc2 5.76 6.94
L3 6.79 0.322

This kind of filter is not suitable for the modern
communication system due to very poor stop band
characteristic.

B. Skirt type Low Passfilter

In this filter design, two inductive lines are placed at
the same side of the capacitive stub. The response of the
filter is characterized by sharp cut off frequency and wide
stop band [5]. Effective areais also reduced in comparison
to the conventional filter. The structure of the filter and its
response are shown in Fig. 2 and Fig. 3 respectively.
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Fig.2. Single sided microstrip low pass filter
The total effective area of this filter is 12.55X 6.94
mm? and single attenuation pole occurs at the frequency

3.55 GHz. Area of the structure can be reduced in the
subsequent proposed microstrip low pass filters.
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Fig. 3. Response of Fig. 2

Proposed Inset Fed Microstrip Low Pass Filter

From the structure shown in the Fig. 2, a portion of
metal of size 3.682X 2.54 mm? is truncated to make room
for the inductive stub as shown in the Fig. 4. The simulated
response of the proposed design is shown in Fig 5. Due to
reduction in the effective area of capacitive patch, - 3db
point shifts to 2.4 GHz. Since the capacitance is directly
proportional to the surface area of the patch, the reduction
in capacitance causes -3db point to shift to higher

frequency.
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Fig. 4. Truncated structure
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Fig.5. Response of the truncated structure

However, shift in -3dB point is comparatively less
(0.4 GHz). It is because that a fraction of reduced
capacitance after the truncation is compensated by
increased fringing field capacitance (C;) at the newly
created edge.

Now, to optimize the proposed Inset fed filter
response at 2 GHz, same cut off frequency of the skirt
filter, area of the capacitive patch shown in Fig. 4 is
increased by 10.43% as shown in Fig. 6. But thisincreased
area of the truncated structure is till less than the area of
skirt type filter. The simulated response of the proposed
filter isshownin Fig. 7.
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Fig. 6. Proposed Inset Fed Low Pass filter
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Fig. 7. Response of Proposed Filter
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Results and Conclusions

Finally, results are compared in tabular form as
shown in Table 3. This shows a reduction in patch size as
well as the total area of the proposed Inset Fed filter over
the existing conventional as well as skirt typefilters.

Table 3. Comparative Simulated Results

Filter Structures Capacitive Effective
Patch Area Areaon
mm? Substrate
mm?
Conventional Low Pass 39.97 134.21
Filter
Skirt Type Low Pass 39.97 87.09
Filter
Inset Fed Low Pass Filter 33.48 63.70

The results show that a miniaturization in the
conventional low pass filter is possible by exploring the
capacitive path and result remains comprehensive one. In
the proposed Inset Fed filter, due to the number of
attenuation poles in the stop band, the curve does not reach
near the -20dB line and attenuation reduces subsequently at
the higher frequency. In the pass band, the return loss is
below -30dbfor Skirt type filter, which further reduces to a
level below-40db and the pass band maximum attenuation
is below 0.01 dB for proposed Inset fed low pass filter
design.

But due to the resonating nature of the structure, the
attenuation zero is -6dB at 7.1GHz. This limitation can be
ignored as it is not appearing at the harmonics of the
fundamental cut off frequency and hence a wide stop band
can be achieved.
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Pateiktas mikrojuostelinis zemadaznis didelio selektyvumo filtras su placia uztvarine juosta. Elektrinés grandinés modelis sukurtasir
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