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Analysis and Design of RF Filters with Lumped
and Distributed Elements
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Abstract: Radio frequency (RF) and microwave filters
characterize a class of electronic filter, intended to function on
signals in the frequency range between megahertz to gigahertz. A
Lumped element RF filters is a passive device whose size across
any dimension is much smaller than the operating wavelength so
that there is minimal change in phase of waveform between the
input and output connections. RF filters can also be designed
using distributed elements in which all the inductors and the
capacitors are replaced by the open and short circuit stubs. This
paper concentrates on an analysis and design of low pass filter
with the help of only lumped elements and a high pass filter with
both lumped and distributed elements.

Index Terms: Lumped elements, RF filters, LC components,
stubs, Advanced Design System (ADS).

I. INTRODUCTION

RF filters allow or prevent selected signals or frequency in
order to eliminate the noise or pass through of unwanted
signals. Major classifications of filters are based on whether it
is digital or analog, passive or active, non-linear or inear, time
invariant or variant, non-causal or causal. The filters may be
active and passive. Butterworth, Chebyshev, Bessel and
Elliptical are some of the types of active filters. An active
filter is a type of analog circuits, in which electronic filter are
implemented using active components classically an
amplifier. The predictability, performance and cost of a filter
is improved by the inclusion of amplifiers. Passive
implementation of linear filter are based on the combination
of resistor, inductor and capacitor. These are jointly identified
as passive filters. Such filters does not need peripheral power
supply and it doesn’t comprise of active mechanisms such as
diodes.

Il. RFFILTERS

There are four types of filters that can reject and allows
signals in a dissimilar way, by means of the accurate choice of
RF filters it is likely to permit required signals and reject
those that are undesired. The basic categories of RF filters
are:
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A. Low Pass Filter:

It discards all frequencies lower than a definite frequency
point and allows signals to pass beyond that threshold.

B. High Pass Filter:

The high pass filter can allow above a certain frequency point
while all lower frequency are attenuated (rejected).

1. ACTIVE AND PASSIVE FILTERS

A. Active Filters:

e An active filter is a analog circuit used to implement
an electronic filter with the help of active
components.

o Amplifiers incorporated in a filter design can be
utilized to improve

» Cost
» Performance
» Predictability of a filter

1) Butterworth: It promises a flat response in the pass
band and an ample roll-off. It approximates the faultless filter
fit in the pass band. This kind of filter is superior and
uncomplicated to realize. It also admirable for audio
processing applications.

2) Chebyshev:Chebyshev filters are digital or analog
filters have steeper roll-off and added passband ripple or
stopband ripple compared to butterworth filters. It is
prominent in RF filter—using inductor and capacitor i,e. LC
arrangement which offers the speedy transition from passband
to stopband. chebyshev filter is extensively used in
application of RF filters in which ripple may not be a
problem. chebyshev filter basics are roll-off, ripple, cut-off
frequency.

B. Passive Filters:

Implementation of passive linear filters are based on the
combinations  of  resistor(R),  capacitors(C)  and
inductor(L).They do not depend upon an peripheral power
supply, so it is called as passive filters and they do not include
active components such as
transistors. simple passive
filters are single element they
contain only one reactive
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component either L or C. More complex filters containing I T
more reactive elements are also available. i
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B. High Pass Filter:

9] (%]
T o . . G L . G047 pF
O ] Ayl
SUR 1 il
Wbt 5
" R=mi
CES N
oo Mot
.. Cond=10E+30
W=t e 03mm
~Jmm
Tl
* Rough=0mm
.. Bhase= -
. Dpeaks .

I Mm
SVt

= W=0733mm.
- L5 0dmn.

o
Stubet="VSubt"
= W=140nn
- L=3%tmm

T

Subst=H3ub!"
= W-0733mm
L= 0Mmm

Fig.7 High Pass Filter with lumped and distributed elements
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Fig.11 Layout of High Pass Filter
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The simulations are implemented using the Advanced
Design System software. The simulation results of the low
pass filter which is calculated with only lumped elements and
the high pass filter designed using the combination of lumped
and the distributed elements, shows that the filter perfectly
allows the desired
frequencies and rejects the
undesired frequencies for
which it was designed.
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V1. CONCLUSION

The design, simulation and analysis of the low pass filter
that is designed using only lumped elements and the high pass
filter designed using the combination lumped and the
distributed elements has been done and the simulation results
show that the filters are perfectly operating in the designed
frequency. The design can be further be implemented and
used for the required applications.
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