13
ACTIVE FILTER DESIGN

® Low and High-Pass
(Bessel, Butterworth, 1, 2, and 3-dB Chebyshev)

e State-Variable Filter
® Bandpass Filters with @’s less than 10 and 50

e Staggered-Tuned Butterworth Bandpass Filters
(2, 3, or 5 States)

e Notch Filter

BY HOWARD M. BERLIN

X

DESIGNED FOR USE ON TRS-80* SYSTEMS HAVING LEVEL Il BASIC AND AT LEAST 16K RAM.

S0OS .. SAMS SOFTWARE OPERATING SYSTEMS

ISBN: 0-672-26001-8

1 | BLACIKSBLRG 1s eyt 26
NS oS-

* TR5-80 is a registered tragemark ol Radie Shack, a diwision of Tandy Corp.




Copyright (c) 1980 by Howard M. Berlin, Ltd.

FIRST EDITION
FIRST PRINTING~-1380

COPYRIGHT NOTICE

This product is copyrighted and all rights are reserved. The distribution and sale
of this product is intended for the use of the original purchaser only and on the
computer system for which it was originally purchased. One backup copy may be made
for the original computer. Thereafter, copying, duplicating, selling or otherwise
digtributing this product is hereby expressly forbidden.

WARRANTY

Howard W. Sams & Co., Inc., shall have no liability or responsibility to the pur-
chaser or any other person or entity with respect to any 1liability, loss or damage
caused or alleged to be caused directly or indirectly by this product, including
but not limited to any interruption of service, loss of business and anticipatory
profits or consequential damages resulting from the use or operation of this
product.

RETURN PRIVILEGE

This product may be exchanged within ninety (90) days from date of original pur-
chase if defective as related to manufacturing, labeling or packaging. Except

for such replacement, the sale or subsequent use of this product is without war-
ranty or liability. Upon returm, the defect must be explained in writing, detailing
the failure of the product. Please return it, shipping charges prepaild, in its origi-
nal box with a copy of the sales slip or original invoice and your return address to:

Howard W. Sams & Co., Inc.
4300 West 62nd Street
Indianapolis, IN 46268
(317) 298-5400

Attention: Software Service

Your tape or disk will be tested and returned or replaced. Enclose $2.00 to cover
return postage.

Printed in the United States of America



TRE-B0 INSTRUCTIONS

These programs load with the standard TRS-80
'CLOAD' command.

They may be saved to disk if you have a disk
system by using the standard TRS-80
procedures outlined in your DOS manual.

If you have any problem loading these
programs from the cassette, We suggest that
you re-check the volume setting of your
recorder and adjust i1f necessary. If
problems persist, turn the cassette over and
load the programs from the other side. All
programs are recorded on both sides of the
cassette,

These programs have been left unprotected so
that you may make a backup copy or alter
these programs to your specific needs.
These programs are meant for YOUR use only.
We suggest that vou make a backup copy at
this time to protect your software
investment.






PLEASE VALIDATE MY PURCHASE OF YOUR PROGRAM.

(Please print program name)
Purchased: (Date) . From: (Firm)
(Firm City)

In order that we can mail you information on appropriate developments and/o
program updates, please provide the following:

How many disc drives do you own? 5% " 8" Hard
Memory size? K
Languages used, primary secondary

Do you use CP/M?
| learned about [J Retail computer store [ Another source

Advanced Operating [ Direct mail 7 Users group
Systems software [0 Electronic distributor [1 Magazine ad
through: [0 Trade show O Other

I read the following magazines:

Your name (PLEASE PRINT)
Address

City State Zip




PROPER
POSTAGE
REQUIRED FOR
DELIVERY

Advanced Operating Systems
450 St. John Road, Suite 792
Michigan City, IN 46360



Active Filter Design

This tape describes programs for the rapid design of various
types of active filters. Those included are the state-variable filter
(3 op-amps); second- through sixth-order low-pass and high-pass
filters having either Bessel-(best delay), Butterworth {maximally
flat), or Chebyshev (equal ripple) responses; bandpass filters; and
notch filters. Each design determines the performance based on
user selected standard resistor and capacitor values. For a more
detailed discussion about active filters, either the Design or Active
Filters, with Experiments, or the Active Filter Cookbook (Howard
W. Sams & Co., Inc., Indianapolis, IN 46206) are recommended
references.

LOW-PASS AND HIGH-PASS FILTERS

The LPHP program enables us to design second- through sixth-
order low-pass or high-pass filters having either Bessel, Butter-
worth, or Chebyshev (1-, 2-, or 3-dB) responses. Shown in Figs.
1 through 10 are the circuits of the low-pass and high-pass filters.
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Each second-order section is of the voltage-controlled voltage-
source design (often referred to as a Sallen-Key filter) with both
the frequency determining resistors R and capacitors C made
equal.- For the third- and fifth-order filters, the first section is a
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simple first-order passive network followed by a voltage follower.
The damping values for each second-order section are controlled
by resistors RA and RB. Because the program restricts the design
of the filter to having both the frequency determining resistors and
capacitors equal for each second-order section, the overall pass-
band gain will be fixed, being set by the values chosen for RA
and RB. ’

Example 1

Design a third-order, 350-Hz high-pass filter having a 1-dB Cheby-
shev response. When executed, the LPHP program requires the
following initial information:

Type of filter

Order of filter

Low-pass or high-pass response
Cutoff frequency

Standard capacitor value

From this information, the remaining ideal component values are
determined, after which we are asked to enter standard compo-
nent values that are closest to the ideal values. The output results
and final circuit for the design are shown in Figs. 11 and 12,

Example 2

Design a sixth-order, 3000-Hz Butterworth low-pass filter. As
shown in the output resuits in Fig. 13, we only have to determine
the frequency determining resistors and capacitors as for the first
section, since they are the same for the remaining sections in a
Butterworth design. The final circuit is shown in Fig. 14.

THE STATE-VARIABLE FILTER

The state-variable filter, shown in Fig. 15, uses three operational
amplifiers, so that there are the following output responses: sec-
ond-order low-pass, second-order high-pass, and a single pole
bandpass. Resistors R and capacitors C determine the cutoff (or
center) frequency, while resistors RA and RB control the damping
(or Q). For the low-pass and high-pass outputs, the passband
gain is unity. For the bandpass output, the center frequency gain
will be equal to the value picked for the Q:of the filter.
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LOW-PASS AND HIGH-PASS FILTER DESIGN
SELECT TYPE OF FILTER RESPONSE:

1. BESSEL

2. BUTTERWORTH

3. 1-DB CHEBYSHEV

4, 2-DB CHEBYSHEV

5. 3-DB CHEBYSHEV
‘73
1-DB CHEBYSHEV FILTER DESIGN
SELECT:

LOW-PASS (1) OR HIGH-PASS (2) ? 2
ORDER OF FILTER ? 3
CUTOFF FREQUENCY IN HZ ? 350

18T SECTION (18T ORDERY):

C IN UF-?7 .01
THEN R = 20.56 K-OHMS
TRY ANOTHER VALUE FOR C (YES/NO} ? NO

2ND SECTION (2ND ORDER):

C IN UF 7 .022
THEN R = 18.84 K-OHMS
TRY ANOTHER VALUE FOR C (YES/NO) ? YES

C IN UF 7 .033
THEN R = 12.56 K-OHMS
TRY ANOTHER.VALUE FOR C (YES/NO) ? NO
RA IN K-OHMS ? 10
THEN RB = 15.04 K-OHMS
TRY ANOTHER VALUE FOR RA (YES/NO) ? NO

DESIGN SUMMARY: 3RD ORDER 1-DB CHEBYSHEV FILTER

18T SECTION 2ND SECTION
C (UF) .01 .033
R (K-OHMS) 20.56 12.56
RA (K-OHMS) 10
RB (K-OHMS) 15.05

INPUT STANDARD VALUES FOR:

C (IN UF)? .01,.033

R (IN K-OHMS)? 20.5,12.7

RA (IN K-OHMS)? 10

RB (IN' K-OHMS)? 16

PASSBAND- GAIN FIXED AT 7.96:DB

READY
> - p
Fig. 11. Output results for Exampie 1.



As this type of circuit gives a second-order response for both the
low-pass and high-pass outputs; it will-not be possible to obtain
optimum performance with all three ouiputs simultaneously. For
either a low-pass or a high-pass Butterworth response, Q must
be equal to 0.707 (damping equals 1.414, or 1/Q). Consequently,
the bandpass response suffers terribly! Even for a second-order
3-dB Chebyshev filter, Q must be 1.3, which is not much better.
We should then design either for a second-order Butterworth low-
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Fig. 12. Final circuit for Example 1.

pass/high-pass response (Q = 0.707), or for a high-Q bandpass
response.

An additional feature of the basic state-variable filter is an addi-
tional operational amplifier stage, as shown in Fig. 16, to simui-
taneously add the low-pass and high-pass filter outputs to create
a notch or band reject filter.

For designing state-variable filters, the program requires the fol-
fowing initial information:

1. Type of response (low, high, bandpass, or notch)
2. Cutoff, center, or notch frequency

3. Damping factor, or Q

4, Standard capacitor value

From this information, the remaining component values are de-
termined, after which we are asked to enter standard component
values that are closest to the ideal values. In addition, we are
then able to determine the response of the filter at a given fre-
quency, based on the standard component values selected.
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LOW-PASS AND HIGH-PASS FILTER DESIGN
SELECT TYPE OF FILTER RESPONSE:

1. BESSEL

2. BUTTERWORTH

8. 1-DB CHEBYSHEV

4. 2-DB CHEBYSHEV

5. 3-DB CHEBYSHEV
?2
BUTTERWORTH FILTER DESIGN
SELECT:

LOW-PASS (1) OR HIGH-PASS (2) ? 1
ORDER OF FILTER ? 6
CUTOFF FREQUENCY IN HZ ? 3000

18T SECTION (2ND ORDER):

C IN UF ? .0022
THEN R = 24.13 K-OHMS
TRY ANOTHER VALUE FOR C (YES/NO) ? NO
RA IN K-OHMS ? 100
THEN RB = 6.8 K-OHMS
TRY ANOTHER VALUE FOR RA (YES/NO) ? NO

2ND SECTION (2ND ORDER):

RA IN K-OHMS ? 18
THEN RB = 10.55 K-OHMS
TRY ANOTHER VALUE FOR RA (YES/NQ) ? NO

3RD SECTION (@2ND ORDER):

RA IN K-OHMS ? 12
THEN RB = 17.78 K-OHMS
TRY ANOTHER VALUE FOR RA (YES/NO) ? NO

DESIGN SUMMARY: 6TH ORDER BUTTERWORTH FILTER
18T SECTION 2ND  SECTION 3RD-SECTION

C (UF) 2.2E-03 2.2E-03 2.2E-03
R (K-OHMS) 24.13 24.13 24.13
RA (K-OHMS 100 18 12

RB (K-OHMS) 6.8 10.55 . 17.78

SELECT STANDARD. VALUES FOR:

C (IN UF) ? .0022,.0022,.0022

R (IN K-OHMS) 7 24,24,24

RA (IN 'K-OHMS) 7 100,18,12

RB(IN K-OHMS) ? 6.8,10.5,17.8
PASSBAND GAIN FIXED AT 12.46 DB

- READY
>
Fig. 13. Results for Example 2.
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A BANDPASS FILTER FOR Q LESS THAN 10

For values of Q less than 10, the multiple-feedback circuit of
Fig. 17 is often used, since it uses a minimum of components.
Furthermore, the design is simplified by making both frequency
determining capacitors equal. Resistors R1 and R3 determine the
center frequency passband gain, while the center frequency is

set by all three resistors.

When executed the program requires the following initial infor-

mation:



1. Design determined by knowing either Q, 3-dB bandwidth, or
the 3-dB frequencies

2. Standard capacitor.value

3. Center frequency ,

4. Center frequency voltage gain

after which the resistor values are determined. In addition, we
are then able to determine the filter response at any frequency
based on the standard values chosen.

A BANDPASS FILTER FOR Q LESS THAN 50

The simple multiple-feedback circuit of Fig. 17 is not stable for
values of Q greater than 10. However, relatively simple bandpass
filters having Q values between 10 and 50 are possible with the
addition of a second op-amp and three resistors, as shown in
Fig. 18. Using the BNDPASS2 program, the design of the filter
is simplified by making both capacitors equal, as before. In addi-
tion, because of the nature of the filter design, the center fre-
quency voltage gain must be greater than:

G> (Q)1/2
so that high gain accompanies high Q.
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STAGGERED-TUNED BUTTERWORTH BANDPASS FILTERS

Very often it is required to have a bandpass filter that passes a
range of frequencies, instead of a single frequency. In most cases
a single stage bandpass section like those previously described
will not offer the necessary response. Consequently, it may be
necessary to cascade two or more bandpass sections in order to
do the job. The TUNEDBP program allows for the design of either
a 2, 3, or 4 stage Butterworth (maximally flat passband) bandpass
filter. The program calculates the required center frequency and
Q for each stage. In addition, the insertion loss of the filter is also
determined, which must be made up when designing the indi-
vidual stages. The following example illustrates the use of the
TUNEDBP program.

Example 3

Design a 3-stage bandpass filter having a lower 3-dB frequency
of 2050 Hz and an upper 3-dB frequency of 2350 Hz. When the

STAGGERED TUNED BUTTERWORTH BANDPASS FILTER DESIGN

NUMBER OF STAGES DESIRED ? 3

LOWER 3-DB FREQUENCY (IN HZ) ? 2050

UPPER 3-DB FREQUENCY (iN HZ) ? 2350
CENTER FREQUENCY = 2194.9 HZ
3-DB BANDWIDTH = 300 HZ

1ST SECTION DESIGN PARAMETERS:

CENTER FREQUENCY = 2320.88 HZ Q = 146
2ND SECTION DESIGN PARAMETERS:

CENTER FREQUENCY = 2194.88 HZ Q= 73
3RD SECTION DESIGN PARAMETERS:

CENTER FREQUENCY = 2067.7 'HZ Q= 146

GAIN OF CASCADED STAGES MUST BE AT LEAST 12.2 DB

AMPLITUDE RESPONSE (1=YES, 0=NQO) 71
INPUT FREQUENCY IN HZ ? 1750
AMPLITUDE RESPONSE WITH INSERTION LOSS = —43.5 DB

ANOTHER INPUT FREQUENCY (1=YES, 0=NO) ? 1
INPUT FREQUENCY IN HZ ? 3000
AMPLITUDE RESPONSE WITH INSERTION LOSS = —52.1 DB

ANOTHER INPUT FREQUENCY (1=YES, 0==NO) ? 0
DESIGN COMPLETED

READY
>_

Fig. 19. Output results for Example 3.
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TUNEDBP program is run, the results, as shown in Fig. 19 are
obtained. '

For our example, we see that the first and third sections have
values of Q that are greater than 10 (i.e., 14.6). Consequently, we
should use the filter circuit shown in Fig. 18 and the BNDPASS2
program to calculate each section separately. For the second sec-
tion, the Q is less than 10 (i.e., 7.3), so that we are able to use
the circuit of Fig. 17 and the corresponding BNDPASS1 program.
If the Q of any stage is found to be greater than 50, then the state-
variable filter should be used. In addition, the overall gain of the
three stages must be at least 12.16 dB, or a voltage gain of 4.05
in order to overcome the insertion loss presented by the filter.

Fig. 21 shows one of many circuits that are possible to satisfy our
design. The voltage gain for the first and third sections is 4, while
the gain for the second section is 2, giving an overall gain of 32
(+30.1 dB).

THE NOTCH FILTER

Fig. 20 shows a notch filter for values of Q less than 25. For values
of Q greater than 25, the state-variable notch filter should be used.
As with all the filter designs discussed, both capacitors are made
equal to each other.

The NOTCH program requires the following initial information:

1. Design determined by knowing either Q, 3-dB bandwidth, or
the 3-dB frequencies

2. Standard capacitor value

3. Notch, or null frequency

4. Passband voltage gain

after which the remaining resistor values are determined.
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Fig. 20. Notch filter.
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SAMS SS.. TECHNICAL SOFTWARE PROGRAMS
FOR TRS-80, APPLE, AND OSI

PLOTTING GRAPHS FOR LINE PRINTER (3 Programs)
Cartesian Plots. Semi-Logarithmic Plots. Polar Plots.
No. 26000—TRS-80 (tape); No. 26023 —APPLE (tape); No. 26016~0SI (tape);
No. 26009—APPLE (disk); No. 26030—CS! (disk).

ACTIVE FILTER DESIGN (6 Programs)

Low and High-Pass (Bessel, Butterworth, 1, 2, and 3-db Chebyshev).
State-Variable Filter. Bandpass Fifters with Q's less than 10 and 50.
Staggered-Tuned Butterworth Bandpass Filters (2, 3, or 5 states). Notch Filter.
No. 26001—TRS-80 (tape); No. 26024—APPLE (tape); No. 26017—CSI (tape);
No. 26010—APPLE (disk); No. 26031—CO8I (disk).

DESCRIPTIVE STATISTICS & REGRESSION ANALYSIS (3 Programs)
Descriptive Statistics (mean, standard deviation, variance, kurtosis, z-scores).
Cunvilinear Regression (linear, inverse, polynomial, exponential, logarithmic).

Multivariable Linear Regression.
No. 26002—TRS-80 (tape); No. 26025—APPLE (tape); No. 2601808l (tape);
No. 26011—APPLE (disk); No. 26032—OSI (disk).

ELECTRONICS | (5 Programs)
Zener Diode Voltage Regulator Design.

555 Timer Design (monostable and astable circuifs). Transistor Bias Parameters.
Single-Stage Transistor Amplifier Design. Heat Sink Selection and Design.
No. 26003—TRS-80 (tape): No. 26026—APPLE (tape); No. 26019-—-08I (tape);
No. 26012—APPLE (disk); No. 26033—0SI (disk).

ELECTRONICS Hi (7 Programs)
4-Quadrant Arctangent Function.
Rectangular/Polar Conversion and Complex Number Mathematics,
Minimum and Maximum Values of an Array.
Roots of Polynomials with Real Coefficients.
Inverse Laplace Transforms of a Transfer Function.
Solution of Simultaneous Equations with Real and Complex Coefficients.
No. 26004—TRS-80 (tape); No. 26027 —APPLE (tape); No. 26020—08! (tape);
No. 26013—APPLE (disk); No. 26034—COSI (disk).

ELECTRONICS 11l (8 Programs)
Average and RMS Values of a Periodic Function.
Fourier Series Expansion of a Periodic Function.
Fourier Transform and Spectrum Plot. Analysis of Damped Oscillations.
Impedance Matching Pads. PI-TEE (delta-wye) Transforms.
No. 26005—TRS-80 (tape): No, 26028 —APPLE (tape); No. 2602109 (tape);
No. 26014—APPLE (disk); No. 26035—QOSI (disk).

PLOTTING GRAPHS FOR VIDEO DISPLAY (5 Programs)
Histograms. Cartesian Plots. Semi-Logarithmic Plots, Log-Log Plots. Polar Plots.
No. 26006—TRS-80 (tape); No. 26029—APPLE (tape); No. 26022—08! (tape);

No. 26015—APPLE (disk): No. 26036—08! (disk).

Howard W. Sams & Co., Inc.

4300 W. 62nd Street, Indianapolis, Indiana 46268 USA
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