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ABSTRACT

In this paper a software package used to
design analog filters is described. This filter
design tool uses Mathematica from Wolfram
Research as the numerical engine. This is
called MathFilters. With this package,
students or practicing engineers should be
able to do an analog filter design in a few
seconds, giving more attention to what it can
be done with a filter instead of getting lost in
endless cumbersome numerical calculations.
Several examples showing how MathFilters
works are included. This package runs on an
IBM-compatible PC under Windows 95
with Mathematica 3.0.

INTRODUCTION

Electric filters have a relevant importance in
electronic systems because they are present
in almost any system [l]. For example,
communicating systems make intensive use
of filtering to separate unwanted noise from
the desired signal. Power supplies use filters
to reject ripple and improve the dc signal
quality. Audio equalizers use filters to
amplify or attenuate bands in the audio
range to improve audio quality depending
upon room acoustical characteristics. Digital

video needs digital filters to reduce noise due
to coding and transmission through a noisy
channel.

Filter design 1is an intensive
computational task requiring a significant
amount of numerical calculations to obtain
either the parameters of a filter transfer
function or the element values for a filter
circuit realization.

On the other hand, computer usage
has reached every corner in everyday life.
Thus, computer software development has
become an important part of technological
development. An area that has been most
influenced by this development is education.
Nowadays, there exists a large number of
software packages especially dedicated to
filter design, but they have several
drawbacks. One of the most important is
that those packages have a very high price.

This article describes a software
package whose purpose is to provide a tool
to be used as a teaching aid in analog filter
design courses. The feature of this package
is that it uses Mathematica [2] for the
numerical computations.

There are several advantages in
having a tool similar to the one described in
this article. First, it takes care of all the
cumbersome calculations which do not



provide insight into the solution of the
problem. Second, it allows students to
design a complete filter from specifications
by only giving the input data required and
selecting the desired output data.

MATHFILTERS
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Fig. 1 MathFilters main window

MathFilters is capable of handling
the two fundamental problems of filter
design: aproximation and synthesis. The
available magnitude approximation include
Butterworth, Chebyshev, Inverse
Chebyshev, Elliptic and Thomson. For
synthesis of the network, MathFilters has
the capability of obtaining either the passive
ladder circuit or a cascade of second order
stages (for an odd order there is a first-order
stage) where the user has freedom to choose
from a number of different configurations
such as Sallen-Key, multiple feedback, state
variable KHN, Tow-Thomas and the GIC
based biquad. Figure 1 is the presentation
window.

THEORETICAL BACKGROUND

Mathematica 3.0

Mathematica is a relatively new software
designed for technical computations.
Produced by Wolfram Research, it first
appeared in 1988. Since then, it has become
an important tool for engineers, scientists,
etc. [2,3].
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Flsase choose a fpe of filfer.

mButterworth Filters

Love-Pass, High Pass, Band-Pass, Band:Reject,

uChebyshev Filters

Love-Pass, High Pass, Band-Pass, Band:Reject,

mInverse Chehyshev Filters

Low-Pass, High Pass, Band-Pass, BandReject

mThomson Filters

Love-Pass, High Pass, Band-Pass, Band:Reject,

wElliptic Filiers
Low-Pass, High Pass, Band-Pass, Band-Reject.
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Fig. 2 MathFilters main menu

Approximation Techniques

The approximation techniques used in
MathFilters are the ones available almost in
any filter design course, that is,
Butterworth, Chebyshev, Inverse
Chebyshev, Elliptic and Thomson. These
approximation characteristics were chosen
because they are some of the most
commonly used in textbooks dedicated to
analog filter design and also in applications
in industry. Figure 2 shows the main
window for MathFIlters. Figure 3 shows
the input window to enter data for a
lowpass Butterworth filter.

Spectral Transformations

Calculations are first done for lowpass
filters. Spectral transformations are used to
obtain the desired parameters for highpass,
bandpass, and bandreject filters.



Butterworth Low-Pass Filter

If you don't know the o2des, press here.

Flagse enter the next data

n Order

Flease enter the low-pass filter onder
Frampie: n=73;
Press SHIFT--RETURN after typing the filter oxder.

n=3;

= Maximum Attenuation

Pleass enter the Iow-pass filter masdrr attennation in dB.
Example: amax =3 ;
Press SHIFT+RETURN after typing the filter's masdrour attermation.
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Fig. 3 Input window for a lowpass butterworth filter
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= Poles, Zeroes and Quadratic Factors

J

Vou can dbtain the poles, zernes and quadratic factors of the desired filter. [ order to da so, press SHIFT+RETURN on the next cel
Quarratic factors are in the fonn:

Rs?+Bs +C
Ds? 1 Es +F

poles[n] ‘

Goto:
Input Dists; Poles; Passive Realizstion; Active Realization: Sallen-Key design 1, design 2, design 3, KHI, Muliple Feedback; Transfer
Function, Magritue Plot; Pole & Zero Plots; Main Meny,
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Fig. 4 Here the poles, zeroes and quadratic factors
can be obtained.
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Fig. 5 Output windows for the poles of a lowpass
butterworth filter.

Passive Filters
Passive Filter design is available for
Butterworth, Chebyshev, Elliptic and

Thomson filters. The topology obtained is
the ladder one.
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= Passive Realization

A passive realization of the desited filtey can be olstained in this section. In order to do so, press SHIFT+RETURN on the next cell
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Diagram (s) shows the passive realization for an even order filter
Dicggem (1) shows the passive zealization for an odd order filter

1= | passive[n]

PASSIVE REALIZATION
Cl- 0,999209
3= 0,999209

Lz= 1.99842
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Fig. 6 Passive realization window.

Active Filters

The cascade approach is used for active
filter design. There are several available
topologies for the biquad stages: Sallen-Key,
multiple feedback and state variable KHN
and Tow-Thomas stages as well as the GIC-
based biquad.
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m Active Realization: Sallen-Key design 1

You can cbtain this setive realization of the desired filter. In oxder fo do so, please type the value of the caparitor €2, in farads, and then press
SHIFT+RETURN, (c = C2)
Example: ¢= 0001 ;

Vent Cy Vv,

4 stage of a Sallen-Key realization.

© = 1; salleni[n] ‘

Goto:
Input Data, Poles; Passive Realization; &ctive Realization: Sallen-ey desizn |, design 2, desizn 3, KHMN, Multiple Feedhck, Transfer Furction,
Ilagnitus Plot; Pols & Zewn Plots: Main Mern
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Fig. 7 Input window for an active design Sallen-Key
design 1.

Transfer Function Data




It is possible to obtain poles, zeroes and
quadratic factors, and the numerator and
denominator polynomials for the transfer
function. Magnitude, phase, and group
delay plots, as well as a pole and zero plots
can be obtained.Figs. 8, 9, and 10 show
typical windows. Figs. 11 and 12 show an
example for a 10" order Chebyshev
bandreject filter.

]
= Magnitude Plot

¥oucan chisin the magnitude plot of the desired filter. In order to do so, please type the value of the lower Limit {xlolim) and upper Limit (xuplim)
of the x wis in radkeg, type the value of the lower Limit (ylolm) and wpper limit (yuplim) of the y wis in radiseg, and then press
SHIFT+RETURN, (xlnlite= x axis lowe lieit), Gaupline= s upper lneit), (ylolin= y axis lower lieit), (yuplin= y axis wpper linit)

Example: slolim = 0 ; xuplim = 10 ; ylolim = 0 ; yuplim = 1 ;

Please waik, plotting may iake several minastes

)= | xlolim = 0; xuplim = 5; ylolim = 0; yuplim - 1; magplot[n];
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Goto:

Ingt Dot Poles; Passive Realization; fctive Realization: Sallen-Key desizn |, desizn 2, design 3, KHN, Multiple Feedbark, Transfer Function,
Msgrituds Plat. Pole & Zero Plats: Main Menn,
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= Transfer Function
You can cbtain the tranfer fanetion of the desived filter. In oxder to do so, press SHIFT+RETURN on the next cell
InfE0]= | function[n] ‘
1
e ——— L
1.00238 +2.00317 5 +2.00158 3¢ + 5°
Goto:
Input Dats; Poles; Passive Realization; Active Realization: Sallen-Key design 1, design 3, design 3, KHN, Multiple Feedback; Transfer Function; J
Magnitude Plot; Pole & Zero Plots; ain Mem,
I <l | AWV
Fig. 8 Transfer function window.
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= Pole & Zero Plots
Vo can olytain the ragnitude plot of the desired filtez, In order to do so, please type the value of the lower Limit (xplolim) and upper limit
(spuplir) of the xaxis in radiceg, type the valus of the lower Limit (yploli) and upper Limit {ypuplim} of the ¥ axis in radiseg, and then press
SHIFT+RETURN. (xplolin= x axis Iowrer limit), (xpuplir~  axis wpper limit}, (yplolim=  axis lower lirit), {ypuplin~ ¥ wds upper limit)
Exxamaple: xplolim = -2 . xpuplim = 2 ; yplolim = -2 ; ypuplim =2,
xplolim = -2; xpuplim = 2; yplolim = -2; ypuplim = 2; polplot[n]; ‘
o to;
Input Date; Poles; Passive Realization; Aetive Realization: Sallen-Key design 1, design 2, design 3, KHN, Multiple Feedback; Transfer Function; J
Ilagnitude Plot; Pole & Zero Plots; Main Wenu.
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Fig. 9 Pole & Zero Plot window.

Fig. 10 Magnitude plot window.
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Fig. 11. Example showing the magnitude for a 10"
order bandreject Chebyshev filter.
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Fig. 12. Pole and zero plots for the bandreject
Chebyshev filter.

CONCLUSIONS

In this article we presented a description of
a software package that can be used to
design analog filters that 1is named
MathFilters. This package can be used in
the classroom or by practicing engineers. It
is user friendly and can be used with any
IBM-compatible computer with Windows
95 and Mathematica 3.0. Examples showed
the main characteristics of MathFilters.
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