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Analog and Digital Filter Design Using Microcomputers

A package of three programs for the design of analog and digital filters was developed.
These programs are as follows: 1) FILTER-for analog cascade filter design; 2) LADDER-for leap-
frog and ladder type filters; and 3) DIGITFILT-for the design of digital filters. The first two
programs were developed for the IBM PC environment, and DIGITFILT was developed for the
Macintosh computer.

The FILTER program was designed for undergraduate courses where the students may
exercise not only various types of synthesis such as Butterworth, Chebyshev, Inverse Chebysheyv,
Bessel-Thompson, and Elliptic, but also they could experience how manually set pole and zero
locations effect magnitude, phase, delay, and transient responses. Based on the result of the
synthesis, students may choose practical circuit implementations using one of fifteen possible first
and second order sub-circuits. The program generates a SPICE input file for final design
verification including Monte Carlo analysis.

The most common approach for ladder type filter designs is the use of tables, which are not
required when the program LADDER is used. The program LADDER was developed for graduate
courses. LADDER designs more advanced forms such as ladder and Girling-Good circuits which
are less sensitive to the parameter variations. The LADDER program can also be used to find
prototypes for switched capacitor and switched current filters. This program has the unique feature
of finding not just one, but many different circuits for each Elliptic or Inverse Chebyshev transfer
function. The program also has some analysis methods such as Monte Carlo and parameter
sensitivity built in.

The program DIGITFILT is a digital filter program for the use in digital filter design. This
program does the designs of IR filters using the methods of Butterworth, Chebyshev, Inverse
Chebyshev, and Elliptic, and the designs of FIR filters using traditional Fourier Series methods
and the more modern Parks-McClellan method. Included in the Fourier Series method are many
windowing options including the Kaiser window which calculates the optimum order to meet the
desired specifications. This program also allows the manual movement of poles and zeros to see
their effect on the magnitude and phase responses. DIGITFILT implements common Macintosh
User Interface Protocol for ease of use.

These programs are available free of charge for educational purposes.
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The Circuit Values

The input resistance is 1.G000000000
%ngucgorgig= g.ggggggg gapacigor[g%= 0.29193830
nductori2l= . apacitorf2l= 0.0523709 Zero = . =
[nuctontzis 010000000 Capacicortdls  lizsiness e
nductori4l= .3 2 apacitorid4l= 0.1815771 Zero = 23762
Inductorf51= 0.0000000 Capacitor[5l= 1.2423217 0.2376211
Inductorisl=  0.7410824 Capacitoriél= 0.2062053 Zero = 0.1525151
Inductori7l= 0.0000000 Capacitori{7l= 0.1627212
The output resistance is 1.00000017:238
The Circuit Values
The input resistance is 1.0000000000
Inductorlfil= ©0.0000000 Capacitor{ll= S4 ’
Inductori2l= 0.460792212 Capacitorizl= 42 Zero = Q.2374211
Inductorf3l= 0.0000000 Capacitori3l= 763
Inductori4l= 1.4412124 Capacitor(4l= S32 Zero = Q.1528151
Inductarfsl= . CapacitorisSl= 13
Inductoritl= Capacitoriétl= 02 Zero = 0.047063E
Inductori7l= Capacitor{71= =29
The output resistance is 1. 0060000247
The Circuit Values
The input resisztancz2 is 1.0000000000
Inductor Capacitort
Inductoriz Capacitortiz Zerno = O 2374211
Inductor Capacitorl
Inductor Capacitort Iero =  Q,0470635
Inductor Capacitori
Inductor Capacitori lero = ©Q.1322151
ITnductorl’ Capacitort
The output resistance is 1.0000002041
>y
A AT ARTA AN A'ATA' AT
L2 L4 Lé
{ 3 [ I
_‘/\J'ﬁ'v'ﬂ‘u/"' 41 lr B | J
Rin c2 c4 Cé <.
o S ——— )
o - c3 - o7 «:ﬁ::__ Rout
LADDER.

3 of 6 possible circuits for a 7th order Inverse Chebyshev transfer function and the

corresponding circuit diagram.
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LADDER. Graph of sensitivity data, generated using the sensitivity analysis in LADDER. for a
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Lowpass Filter Design

A Type the desired filter specifications.

-1 |< A (pass band dB) ¢ m

A (stop band dB) = -20

Fi 2

What is the sampling frequency? (hz) 1000.

What is the corner frequency F17? (hz) 100.

What is the corner frequency F27? (hz) 150.

DONE

Highpass Filter Design
Type the desired filter specifications.

-1 |<A(passbanddB)< | o

A (stop band dB) = -20

“F1 F2

What is the sampling frequency? (hz) 1000.

What is the corner frequency F1? (hz) 100.

What is the corner frequency F2? (hz) 150.

DONE

DIGITFILT. Specification screens for lowpass and highpass filters.
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DIGITFILT. Screen prints of the magnitude and phase graph and the unit circle diagram for a

Parks-McClellan filter with an order of 27.
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DIGITFILT. Graph of a Fourier Series filter with a Kaiser window using data generated from
DIGITFILT.



