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GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL OF ELECTRICAL ENGINEERING

ATLANTA, GEORGIA 30332

"ELEPHONE: (404) 894- 2911

MEMORANDUM TO: Nancy S. McHan

\Q\Q,.

FROM: J. A. Connelly - Project Director

SUBJECT: Monthly Status Report for Switched Capacitor Filter
Design - Honeywell, Inc., Subcontract No. 336915 -
Research Project No. E-21-643

DATE: February 10, 1981

The Project Director and Graduate Research Assistant, Mr. William
Goolsby, visited Honeywell Defense Systems Division in Hopkins, Minnesota

on January 7, 1981. A meeting was held with Bob Payne, John Timmerman,
and Ken Ceola of Honeywell and Al Connelly and Bill Goolsby of Georgia
Tech. The schedule and statement of work as presented in the original
proposal to Honeywell of October 6, 1980 was reviewed and modified. The
modified tasks and schedule are included as a part of this report.

During the afternoon of January 7, 1981, John Timmerman, Ken Ceola,
Bill Goolsby, and Al Connelly visited SSEC and met with Jim Gorecki.
A discussion was held concerning the practical limitations and progress
toward the implementation of the notch and bandpass filters designed
for the NEARTIP application.

Work by Georgia Tech during this activity period has focused on the
development and implementation of a FORTRAN computer program for the
Honeywell system to atd in the design of the following switched capacitor
filters:

Notch (second order with finite rejection)

Bandpass (second order)

Lowpass (second order for Butterworth and Chebychev
responses).

Consideration has been given to selecting appropriated SCF circuit con-
figurations which minimize parasitic effects. To date FORTRAN programs
have been written and installed on Honeywell's Computer System for the
Notch and Bandpass filters. These programs correct for warping effects
introduced by sampled data approach and determine all required capacitor
values. Current efforts are directed toward providing the same computer
analysis routine for the lowpass switched capacitor filter.

AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION



Revised Schedule and Statement of Work
February 9, 1981

Identification of the gpecific types of filters to be developed.

Travel to the DSD Facility in Hopkins, MN is anticipated for the

Principal Investigator and the Graduate Research Assistant. This
task to be completed by January 15, 1981. (completed)

Selection of appropriate switched capacitor circuit configurations
to minimize parasitic effects. These will include a second-order
notch filter with finite rejection, a second-order bandpass filter,
and a second-order low pass filter for Butterworth and Chebychev
responses. The biquad versus ladder and ladder-leapfrog configura-
tions will be studied with respect to sensitivity to capacitor
matching tolerances and to the total required chip area. To be
completed by March 15, 1981.

Development and installation on Honeywell's Computer facilities of
Computer Aid Design Programs for the filters described in (2) above.
Documentation in the final report will be provided showing techniques
for transforming design parameters into required component values

through the use of the S- and Z~ operators. To be completed by
April 15, 1981.

Presentation of preliminary results to DSD personnel. On site
inspection by Honeywell Personnel at Georgia Tech is anticipated.
To be completed by April 15, 1981.

Investigation of available SCF computer simulation programs. Com-
parisons of new routines with DINAP IT and DIANA. No substantial
attempt is anticipated to modify the DINAP II routine to accommodate
non-ideal operational amplifiers. To be completed by May 1, 1981.

Identification of guidelines for element layout and placement on the
LS1 chip. A review of the available literature including notes from
the UCLA short course on SCF design is anticipated with significant
articles and papers being noted. To be completed by June 1, 1981.

Preparation and completion of the Final Report on Switch Capacitor
Filter Design. Travel to DSD by the Principal Investigator and
Graduate Research Assistant for a design review is anticipated.

To be completed by June 15, 1981.
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GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL OF ELECTRICAL ENGINEERING

ATLANTA, GEORGIA 30332

TELEPHONE: (404) 894- 2911

1
§ :
MEMORANDUM TO: Nancy S. McHan N-

N
FROM: J.A. Connelly - Project Director

SUBJECT: Monthly Status Report for Switched Capacitor Filter Design -
Honeywell, Inc., Subcontract No. 336915 - Research Project
No. E-21-643

DATE: March 6, 1981

During the February activity period, work has focused upon the development
and implementation of FORTRAN computer aided design (CAD) programs for second-
order bandpass (BP) and lowpass (LP) filters. Specifically a design procedure
has been developed L[or an ideal bandpass [ilter employing switched-capacitors
and patterened after that of Martin [l1]. This is a different bandpass configu-
ration than that reported previously. The Martin state-variable filter pro-
duces an ideal bandpass response whereas the previous BP filter, patterened
after Gregorian [2], functions as a low-pass filter with heavy peaking in the
pass band.

A CAD procedure has been written for the Martin BP filter and installed on
the Georgia 'Tech computer facilities. The program has been debugged and sample
designs tested and verified. A notable feature of this CAD program is that it
automatically corrects for element warping due to finite clock frequencies.

The Martin BP circuit has a second output port where a second-order lowpass
response can be obtained. A CAD program has been written for the LP filter,
installed, and tested on Georgia Tech's computer facilities. Specifically, this
program allows the designer to select either a Butterworth or Chebychev response.
LI a Chebychev Lype is chosen, the designer then speciflies the permitted ripple
in the passband and the frequency where che response leaves the passband. This
CAD routine also automatically corrects for element warping.

Work has been initiated to study ladder networks for SCF implementation.
A comparison of the characteristics, complexities, and sensitivities of ladder
conligurations versus state-variable and bi-quad configurations will be the
focus of the current activity period. Also the Martin bandpass and lowpass CAD
programs will be transferred to the Honeywell computer system during March.

1. K, Martin, "Improved Circuits for the Realization of Switched-Capacitor
Filters,"IEEE Transactions on Circuits & Systems, Vol. CAS-27, No. 4,
April 1980, pp. 237-241.

2, R, Gregorian, "Switched Capacitor Filter Design Using Cascaded Stages,"
IEEE Transactions on Circuits & Systems, Vol. CAS-27, No. 6, June 1980,
pp. 515-521.
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GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL OF ELECTRICAL ENGINEERING

ATLANTA, GEORGIA 30332

TELEPHONE: (404) 894- 29]]

April 9, 1981

MEMORANDUM
TO: - Nancy §. McHan b.e.l
FROM: .. J..A. Connelly - Project Director\

SUBJECT: W"Mbhthly Status Report for Switched Capacitor Filter Design -
Eg,neyweﬂ Inc., Subcontract No. 336915 - Research Project No.
21-643 "

vt

Activity during March focused on developing ladder networks for switched-
capacitor filter implementation. A design approach was proposed and refined
whereby a second-order notch filter can be developed from a first-order low-
pass ladder network. Appropriate equations describing this network were
generated in both the S and Z - domains. Work is continuing for verifying
the results using the DINAP analysis routine.

Consideration has been given to a new approach for reducing drastically
the capacitor ratios previously required for implementation of the notch and
bandpass filters for NEARTIP. Preliminary results indicate that maximum
capacitor ratios of 50:1 are possible instead of the previous 260:1 values.
Further work in this direction will continue during April.

The Martin bandpass and low pass computer aided désign programs reported
in the Tast Status Report have now been installed on Honeywell's computer
system and are operational.

JAC/md
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GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL. OF ELECTRICAL ENGINEERING

ATLANTA, GEORGIA 30332

'ELEPHONE: (404) 894-2961 May 12, 1981

Mary E. Keller

Mail Station MN 11-2610
Subsystems Administrator
Subsystems Procurement
Honeywell, Incorporated
Ordinance Operations
Defense Systems Division
600 Second Street, NE
Hopkins, MN 55343

Dear Ms. Keller:

Enclosed please find the Monthly Status Report for the month of
April, 198l.

Should you have any questions, please do not hesitate to contact
me at (404) 894-296l.

Sincerely,

Roberta J. Barker
Electrical Engineering

AN EQUAL EDUCATION AMD EMPLOYMENT QPP- TITUTION



GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL OF ELECTRICAL ENGINEERING

ATLANTA, GEORGIA 30332

TELEPHONE: (404) 8p4- 2911

May 11, 1981
MEMORANDUM
TO: Leamon Scott Q}
Q-
FROM: J. A. Connelly - Project Director‘§b

SUBJECT: Monthly Status Report for Switched Capacitor Filter Design -
Honeywell, Inc., Subcontract No. 336915 - Research Project
No. E-21-643

On April 22, 1981 a mid-term design review was held at Georgia Tech.
Mr. John Timmerman from Honeywell reviewed progress made on the project
with J.A. Connelly and W.N. Goolsby. Discussions and demonstrations
were directed toward the computer—aided design programs developed for
low-pass, band-pass, and notch filters. Mr. Timmerman made several
suggestions to improve the usefulness of these programs. Modifications
are being made currently to include these program refinements.

Mr. Goolsby and Dr. Connelly attended the International Symposium
on Circuits and Systems held in Chicago on April 27-29, 1981. Approximately
thirty papers were presented on switched capacitor research by the leading
authorities from throughout the world. Of particular promise is the
possibility of obtaining a new computer analysis program called SCANAL
from the Swiss Federal Republic in Zurich. This program permits modeling
switched-capacitor ladder networks with arbitrary clock phasing and
finite switch parameters. Negotiations have begun to determine the
possibility of securing a copy of SCANAL.

AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTI'TUTION



GEORGIA INSTITUTE OF TECHNOLOGY
SCHOOL OF ELECTRICAL ENGINEERING

ATLANTA, GEORGIA 30332
LEPHONE: (404) 894. 2911 ' August 7, 1981

Mx. Leamon R. Scott

Georgia Institute of Technology
Contract Administration
Administration Building
Atlanta, Georgia 30332

Dear Mr. Scott:
This is to inform you that all research activities associated with the
Switched Capacitor Filter Design Contract between Georgia Tech and
Honeywell, Inc. have been concluded. The approved information is:
Sponsor: Honeywell, Inc.

Defense Systems Division

600 2nd Street N.E.

Hopkins, MN 55343

Title: Switched Capacitor Filter Design

SubContract No.: 336915
Research Project No.: E=21-643
Four copies of the Final Report were delivered to the Sponsor on August 3,
1981 and are now in the possession of R.L. Payne, K.D. Ceola and J.T. Timmerman,
all of Honeywell, Inc.

Thank you for your assistance in the administration of this contract.

Sincerelvw
r

/&.A. Connelly 67
Professor
JAC/jd

cc: Roberta Barker, E.E.
Marsha Seagraves, E.E,

AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION



SWITCHED-CAPACITOR FILTER DESIGN

by
J. A, Connelly
and

W. N. Goolsby

June 1981

Honeywell, Inc.
Defense Systems Division
Hopkins, Minnesota

Final Technical Report
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Abstract

This report is intended as an introduction to the design of switch-
ed-capacitor filters. Basic switched capacitor concepts are presented for
simulating resistances. The effects of aliasing are discussed and two
basic parasitic insensitive integrators are presented. Techniques for
adopting analog active filters to SCFs are given. These techiques include
derivation of the Z~transformed transfer function and creation of the SCF
circuit. Computer—aided design programs are presented to enable the rapid
design of second-order low-pass Butterworth, Chebyshev, and Generalized
filters. CAD programs for second-order bandpass and band reject filters
are presented also. These CAD programs correct for frequency warping due
to finite clocking frequencies, Also the CAD programs permit the designer
to easily minimize capacitance ratios and total circuit capacitance,.
Practical design examples are illustrated for using these CAD programs. A
technique for synthesizing ladder filters is given, and an example is de-

veloped for generating a second order notch filter.



I. INTRODUCTION

The need for Switched-Capacitor Filters (SCF) arises because the
largest RC time constant realizable with the usual on-chip resistors and
capacitors is approximately 10 microseconds [1]. This is too small for
audio band filters which can require time constants as long as 100 milli-
seconds. Standard IC technology can readily fabricate capacitors from
about 1 picofarad to 100 picofarads with smaller values obviously being
preferred since they require less chip area.* To achieve 1 to 100 ms time
constants, resistors from 10 to 1000 megohms are needed. However, no
integrated resistors this large can be diffused, implanted, or deposited
with the accuracy and stability normally required. For these reasons,
analog signal filtering in the audio frequency range normally has utilized
external resistors and capacitors in hybrid IC structures. When accura-
cies of 1% or less are required, laser trimming is often the only way to
realize the desired performance.

Switched capacitor filter design is based on simulating a resis-
tance by using a storage capacitor and a two position (SPDT) switch,
normally implemented with small MOSFETs. The SCF scheme lends itself well
to ICs. Signal voltages can be sensed with FET input amplifiers. Op amps

in NMOS and CMOS have already been demonstrated.

*In MOS technology, typical capacitance density ranges between 0.1 to 0.5
pF/square mil.



II. BASIC SWITCHED CAPACITOR CONCEPTS

A. Switched Capacitor Simulated Resistor

The basic SCF concept for simulating a resistor is shown in Fig.
2.1, At time t=0, the capacitor C is charged to a potential of V1 volts,
representing a stored charge of Q = CVl. At t=TC switch S changes, and the

voltage on C becomes V

9° Assuming Vy <V there is now less charge stored
on C. The net charge transferred during the TC second interval is
AQ = C(v, - V,). (2-1)

When the sﬁitching cycle becomes repetitive with a period of TC seconds,
the rate of charge transfer, or current, is
c(v,-Vv,))
. 1 2
1='Ar£=—T_— (2-2)
c C
The simulated resistance is
R=.‘ﬁ_—l]_g.=_T£=—l—_ (2_3)
i C ch

where fc is the repetitive clock cycle. As a practical numerical example;
a 1.0 pF capacitor switched at 100 kHz frequency simulates a 10 MQ resis-
tance.

When the switching frequency is much larger than the signal fre-
quencies of interest, the sampling time of the signal can be ignored and
the switched capacitor can be considered as a direct replacement for a

conventional resistor. As the signal frequency approaches the switching



At timet=0

At time t =T, /2

s
c
i
Vi— V2
s
=—c
=4
R 1—
- % y
Vi AMA- 2

Fig. 2.1 A switched—capacitor equivalent of a resistor.



frequency, sampled-data techniques are required for proper analysis [2].
In any case the Nyquist criterion must be satisfied by keeping the highest

signal frequency component of interest less than one-half of the clock

frequency.

B. Implementation of the Switched Capacitor Resistor

The most common way of implementing the switched capacitor is to use
MOS transistors and a two-phase clocking scheme as shown in Figure 2.2.
The MOSFETs operate as switches controlled by nonoverlapping clock phases,
¢1 and ¢2, and a frequency fc = 1/TC. When ¢1 is high, Q1 conducts charging

C to V,. When ¢2 is high, C is connected to V Otherwise C 1s connected

1 2°

to neither V1 nor V2.

The principal reason why SCFs are so useful for accurate filtering
in the audio band can be seen by examination of the basic analog integrator
and its switched-capacitor dual shown in Fig. 2.3, The time constant for
the analog integrator is t = R,C, and for the SCF integrator,

172

T = TC(CZ/CI) (2-4)

The relative values of C1 and C2 are determined by photolithographic meth-
ods and matching accuracies of 0,1 percent have been demonstrated [3].
Furthermore, the MOS capacitor closely approaches the ideal capacitor
characteristic and much better stability and linearity are obtained than
that possible with diffused resisto;s. Finally, the capacit;nce ratio has
very little temperature dependence. The dominant conclusion is that a
switched-capacitor resistor makes possible the design of precise, stable,

active RC audio band filters which can be fully integrated using MOS

technology [4].
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Fig. 22 An MOS implementation of a switched capacitor



C. Example of SCF Integrator

The inverting integrator of Fig. 2.3(a) is the basic circuit used in

many analog active filters. Consider that the switch is in position 1 at

some arbitrary time (n—l)TC. The charge stored on Cl is
Ql[(n—l)TC] =C Vin[(n—l)TC] (2-5)
The charge stored on C2 is
Q, [(n—l)TC] = czl:vout (n—l)TC] (2-6)
One full cycle later at time nTC, the previous charge on Cl has been
transferred to C2 so that
Q, (nT,) = Qz[(n—l)TC] - Ql[(n—l)TC] (2-7)
Therefore, we can write
Cop VouenTe) =€y V0 [(n-l)TC] - ¢ Vin[(n-l)TC] (2-8)
Taking the Laplace transform
snT, s(n—l)TC s(n—l)TC
CoV e = CoV -C Vv, e (2-9)
After simplification we have
out _ 1% (2-10)
. sT : :
in C



out

(a)

al '
Vino- ﬁ% o2
S Vout
c

Clock pulses which cause S to be in position 1

NI N

time

Clock pulses which cause S to be in position 2

HH ,

T 2T 3T 4T time

(c)

Fig. 2.3 Ideal integrator: (a) analog circuit; (b) SCF
equivalent; and (¢) two phase clock for driving
switch S.



Recall that

e = e C = cos wTg, + j sin wTC (2-11)

For ul, << 1, Eq. 2-10 becomes
Y c,/C
i (2-12)
in 9%

Thus, the SCF circuit of Fig. 2.3(b) approximates the ideal integrator as
long as the product of the sampling period (TC) and the higheét signal
frequency of interest (w) is much, much less than 1.

As a practical example consider a sinusoidal input signal to the
sampled-data integrator as shown in Fig.2.4. Let the clock frequency be ten
times the input signal frequency. Also, assume the peak amplitude of the
input is 1.0 volts. The input signal is sampled in the middle of every
clock cycle, and this value of Vin is held on Cl for half a clock period

until it is transferred to CZ' The output is held for a clock period until

a new sample is transferred to the capacitor C From Eq. 2-12,

2°

(Cl/Cz)(lOf)(l volt) _ 5(C1/C2)

v = - - = - - volts (2-13)
out j 2nf jm

Now, if we choose Cl/CZ = 1/5, the output voltage will have a 1 volt peak
amplitude and will lag the phase of the input signal by 90 degrees as shown

in Fig. 2.4(d). If we arbitrarily let the output voltage be unity at t=0,

the value of Vout at t=TC can be found from Eq. 2-8 as

- _ . o 1’
c2 Vout(TC) = Cz(l volt) C, sin 18 (2-14)



1 2 C2 .
Vin o——OT (——1——0 Vout
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0.806/- = G _2nfs_ 21 I
A Y C2 fc 10 p 7
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\ /
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Fig. 24 Example of sampled-data integrator: (a) circuit;

(b) clocking phases; (c) input signal and voltage
stored on C,; and (d) output voltage.
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C
Vv (T.) =1 volt - == (0.309) = 0.806 volts (2-15)
out C C
2
This technique can be repeated for the other nine samples per period
of the input signal to determine the Vout at each interval. As the input

frequency is made much, much less than the sampling frequency, the output

distortion is reduced.

D. The Effect of Aliasing in Sampled-data Filters

The previous example and Egs. 2-10 through 2-12 demonstrate how
closely the sampled-data integrator approximates the ideal analog inte-
grator. This distinction between an analog filter and a sampled-data
filter is further illustrated in Fig. 2.5. As the signal frequency fS
approaches the clocking frequency, the magnitude of the frequency response
increases rather than going to zero as in pure analog filters. This effect
is called aliasing. It is often necessary to use an additional analog
filter in cascade with the sampled-data filter to correct for aliasing

effects.

E. Parasitic Insensitive Integrators

The inverting integrator of Fig. 2.4 1is sensitive to parasitic
effects [5]. This results from additional parasitic capacitance between

the upper plate of C, and ground. The parasitic capacitance increases the

1

effective value of Cy» thereby changing the critical Cl/CZ design ratio.
To avoid the inaccuracies and nonlinear effects due to parasitic

capacitive effects, two improved integrator circuits have been developed

and are shown in Fig. 2.6 [6]. The transfer function of these two integra-

tors are completely independent of the stray capacitance between any node
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| Sampled-data '
g analog filter |
3 !
£ | |
g' ‘ Analog: /
g l I ~Z filter | !
| 1 —~L A
0 f fc/2 fo-fs T
Frequency

Fig. 25 The effect of aliasing in sampled-data filters.
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Fig. 2.6 Complementary integrators which are insensitive
to stray capacitances. (a) Noninverting and
(b) Inverting.

12



13

and ground. This enables filter designs to employ very small capacitances
and thus minimize the IC chip area.

The mathematical analysis of the noninverting integrator is iden-
tical to that previously given in Eqs. 2-5 through 2-12. However, the
reversed clock phasing sequence interchanges the plates of C1 for trans-

fering charge C Thus, the negative sign in Eq. 2-8 becomes positive, or

9
Co VoutTg) = Co Voo [(n—l)TC] +C Vin[(“'l)Tc] (2-16)

Here we can utilize a short—-cut by taking the z-transformation of

Eq. 2-16 and recalling that z=eST.

(2-17)

Rearranging we have the desired transfer function in the z-variable, or

Vout - Cl/CZ
Vv, zZ -1
in

(2-18)

Note, the sign is positive indicating the noninverting operation. Eq. 2-18

approximates the ideal integrator for wTC << 1, or

Vout i c,/¢c, . c,/¢, (2-19)
Vin cos wTC + j sin wTC -1 JwEC

The analysis of the parasitic-free inverting integrator of Fig.
2.6(b) is identical to that given above with only a change of sign neces-
sary. However, this circuit does have one important limitation. During

the 99 clock phase, the input is coupled directly to the output through
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both capacitors, and any "instantaneous' changes in Vin will be felt at the
output. Consequently, Vin must be held constant during the ¢2 phase. This
can be done by preceeding this stage with a sample-and-hold circuit, and

sampling the output voltage during only the ¢1 phase.
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ITI. LOW PASS FILTER

A. Resonator Analog Active Filter

Figure 3.1 shows the basic analog active filter selected for low-
pass and bandpass implementations. This circuit is described extensively
in the literature and will not be repeated here [7,8]. This configuration,

called a resonator or state-variable active filter offers these advan-

tages:
1. Has reduced sensitivity to op amp gain bandwidth product;
2, Has grounded noninverting terminal of op amp for reduced sen-
sitivity to input and output impedances;
3. Provides high Q; and
4. Permits separate and independent adjustments of gain, band-
width (or Q), and center frequency or pole frequency.
Provisions for separate and independent adjustments of key param-
eters can be seen from the transfer functions
Low—-pass: ZLP = l/kACZRSCl (3-1)

in  s°+ s/RC, + 1/R,CRC

271
BP S/£SCl
Bandpass: v =3
in s + s/kBCl + l/% C.R.C

(3-2)

4271

Equation (3-1) for the low-pass filter is of the general form

\ G w 2 G w 2
LP oo _ oo (3-3)

. 2 2 2 2
in s + s(wo/Q) + W, s° + sB + Wy

The dc gain is given by



Fig. 3.1

(o) O
Vie = ~Vip

Resonator analog active filter for
realization of second—order lowpass
and bandpass functions.

16
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’7
G, =1 (3-4)
5
The pole frequency fo is
w
o 1
£, =%, = (3-5)
R o
2m R4C2 R7C1
The filter bandwidth and Q are given by
B = 2n(BW) = 1/R,C, (3-6)
W C
o 1
Q=——=R, [ (3-7)
B 3 R4R7C2

Note, that R5 will adjust the gain G, without affecting fo or Q.
Also R3 affects only the bandwidth or Q. The pole frequency depends on

R4, R7, Cl’ and C When tuning, fo should be adjusted first so as to not

2
influence Go or Q.
The resistors in the resonator circuit will be replaced with

switched capacitors in the sampled-data implementation. For each sub-

scripted resistor we can substitute

C
=—2— and a, = (3-8)
Rk OLk Cref k Cref

The o's defined in this way then are the capacitance ratios between each
switched capacitor and a non-switched, reference capacitor. The integrat-
ing capacitors (¢, and CZ) will be taken as the reference elements. For

example, aq is the ratio of the switched capacitor replacing R3 to the

0dd values of o will be referenced to C,. Even

integrating capacitor C,- 1
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o values are referenced to C,,. After Eq. (3-8) is substituted into Eq. (3-

2
1), we have
2
Vip ) a4a5/TC (3-9)
v, 2 2
in s° + (aB/TC)s + a4a7/TC
Sedra and Brackett [9] suggest as a "rule of thumb" setting o4 =0y

to lessen potential problems with the dynamic range of the operational
amplifiers in the circuit. However, to provide maximum flexibility, the

designer can choose the desired ratio between o, and o, according to

4 7
ap = oa.//oa4 (3-10)
With ap specified, a, can be found from
o, = wTo/Vap = 2n £ T /Yo (3-11)
The filter Q from Eq. (3-7) reduces to
a, Vo
R
Q= +-R (3-12)
o
3
The dec gain simplifies to
o
¢ == (3-13)
o o,

In a low-pass filter design, fo’ Q, and G would be known param-
eters., A sampling clock frequency (l/TC) would be chosen. The a values

would then be calculated in the following order:
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B = 2m fo/Q (3-14)

ay = BIg (3-15)
a, =27 foTC//a; » (3-16)
ay = aga, (3-17)
ag = o,G (3-18)

For the second-order Butterworth Filter

Q =+ = 0.7071 (3-19)

V2
Therefore, the only information the designer must specify 1is fo’ Tos G, s
and a.

R

A low-pass Chebyshev Filter will have some peaking in its response

as shown in Fig. 3.2. THere Ap is the ripple width in dB, fp is the
frequency where the magnitude of the response leaves the pass-band, and

f is the frequency of the reflection zero which corresponds to the

refz

frequency where the response peaks. (Note that neither fp or frefz will

correspond to the pole frequency in the transfer functiom).
In a Chebyshev design, fp’ Ap’ and Go are specified. From this
information, fo’ Q, and the bandwidth (in hertz) are calculated according

to Sedra and Brackett [10] as follows:

€ = VIOAP/IO

-1 (3-20)



Magnitude of
Transfer
Function in

dg

0

f

ref z

Fig. 3.2 Lowpass Chebyshev response.

:
frequency

20
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In[l/e +V l/e2 + 1] (3-21)

ARG1 =

N =

1

Q=73 cos{arctan[cosh(ARG1l)/sinh(ARG1)]} (3-22)
= . 12 1

£, = fp/élnh (ARG1) + 3 (3-23)

BW = £./Q (3-24)

A Generalized, second-order low-pass filter is completely specified
by choosing £,,Q (or B), G,y ap, and Tg- With this information, Eqs. 3-14

through 3-18 are used to determine all the o values required.

B. Z-Transformation

Refer to the analog resonator circuit of Fig. 3.1, This circuit can
be transformed to the block diagram shown in Fig. 3.3(a) in the Z-variable.
Note that each resistor is replaced by its corresponding o value. The
inverting integrators are represented as rectangular blocks according to
Eq. 2-10 and the Z=eST identity. The transfer function for the low-pass

and bandpass outputs are

1P o0,
Low-pass: 3 — = (3-25)
in zZ° + (a3-2)Z + 1 - a3 + a4a7
v -a_(2-1)
Bandpass: VBP = 2 (3-26)
in z° + (a3— 22+ 1 —0q + a4a7

Note that both denominators are identical. Also note that as w0, the
transfer function for the low-pass filter approaches G0 =(15/d7.
The block diagram of Fig. 3.3(a) can be simplified when it is

recognized that a noninverting integrator can be substituted for the last



1—2— J
VBP vLp
pd
%
(a)
%}
| =21 % v
1—z—1 1—z—1 LP
vBP

=

(b)

Fig. 3.3 Block diagram representation of the analog
resonator in the z—variable {a) complete
representation of Fig. 3.1 and (b) simpli-
fied version.

—VLp
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two stages. From Eq. 2-18 it should be noted that there is no Z—l delay
term in the numerator of the positive integrator. Hence, Fig. 3.3(b) shows
a simpler version with the Z_l change made, The low-pass and bandpass

transfer functions for Fig. 3.3(b) are:

a4a52

Low-pass: VLP == (3.27)
in Z -Fz(a3 -2 + a4a7) +1 - o
v -a.(Z-1)
Bandpass: VBP = 2 (3~28)

in Z +-Z(a3-2 + a4a7) + 1 - aq

Again note that both denominators are identical and that the low-pass
function approaches G° as w~ 0.

A SCF implementation of Fig. 3.3(b) is given in Fig. 3.4. Sampling
at both outputs should be done only during the ¢1 clock phase. Also, it
would be advisable to preceed the input with a sample-and-hold circuit. If
the input signal were to change during 9 s this change would be felt
immediately at the bandpass output.

The magnitude and phase of the low-pass and bandpass functions can
be determined at any arbitrary frequency, w, by first making the following

substitutions:

Z = cos wT, + j sin wT

c (3-29)

C

22 = cos 20T, + j sin 2wT (3-30)

c c

The low-pass filter transfer function now becomes

a4a5(cos wTC + j sin wTC)

V.

in

cos 2wTC+(cx3—2+cx a.)cos wTC+l—cx

4%7 3-l-j[sin ZwTC-+(a3-2-+a4a7)81n wTC]

(3-31)
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=Vip

Fig. 3.4 SCF implementation of Fig. 3.3(h) for
the low—pass and bandpass filters.
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This complex function can be evaluated in the usual manner to find the

magnitude and phase angle as a function of the w frequency.

C. MARTLP Computer—Aided Design Program

MARTLP is a computer—aided design program developed from the pre-
ceeding sections and based upon the switched-capacitor filters of Martin
[11]. The program is an interactive, prompting routine which allows the
user to select either the Butterworth, Chebyshev, or Generalized responses
for a second~order system. The program is called by the following com-
mands:

OLD MARTLP

FORTRAN

RUN-10 MARTLP
(The number in "RUN-10" specifies a maximum execution time in CPU seconds;
10 was used arbitrarily.)

After logging on, the menu of commands will appear as shown below.

NEETL MENU?  (J=NO, 1=YES)

=1

A MENU OF COMMANDS FOLLOWS. TO EXECUTE A FUNCTION,
ENTER THE NUMBER OF THE APPROFRIATE COMMAND,

ENTER PARAMETERS FDR BUTTERWORTH LOWPASS FILTER
ENTER PARAMETERS FOR CHEBYSHEY LOWFASS FILTER
ENTER PARAMETERS FOR GENERALIZED LOWFASS FILTER
FRINT MENU

TERMINATE- FROGRAN

WARF FO, BW, AND GAIN.

FRINT CURRENT VALUES.
CALCULATE MAGNITUDE AND FHASE AT FRER.=F
FIND CAFACITDR VALUES AND TOTAL C

CHANGE FOD ONLY

CHANGE CHEBYSHEV RIFPLE WILTH ONLY

CHANGE GENERALIZEL FILTER BANLDWIDTH ONLY
CHANGE FC ONLY

CHANGE ALPHAC=C(2)/C(1} ONLY

15. CHANGE ALFHAR=ALFHA(Z)/ALLFHA(4) ONLY

16. CHANGE GAIN AT F=0 ONLY (DECIBELS)

7. CHANGE CHEBYSHEV PASSBAND EDGE, FF, ONLY,

18. FIND HAGNITUDE AND FHASE AT A SERIES

OF FREQUENCY FOINTS.

19, VIEW EFFECT OF SWEEFPING CLOCK FREQ. DN FO & BW
20. MINIMIZE TOTAL CAF. BY VARYING ONE FARAMETER

O N O L e G g —+
. - . .

—_
—_ .
a =

[

—_
“J
.

—_
& Gl
. .
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The designer then specifies either the Butterworth, Chebyshev, or
Generalized filter type. He is then prompted to input the design param-

eters of fo’ Go’ TC’ etc. as appropriate for the type filter chosen. At

this point the program will have enough information to calculate all o
values and to calculate the frequency response. If a frequency response
calculation is tried at this point, magnitude and phase errors will be

apparent because of the non-zero sampling time, T This effect, known as

c*
warping, must be corrected. Menu Command 6 corrects for frequency warping
by changing fo, BW, and gain values until the actual Z-transformed fre-
quency response matches the desired response to within some prescribed
accuracy.*

MARTLP warps fo’ BW, and Go simultaneously. As an example, suppose
the desired parameters are fo = 1.0 kHz, BW = 100 Hz, and G, = 20 dB.
Suppose the calculated o values produce a frequency response where fo =
1050 Hz, BW = 90 Hz, and the Go = 19 dB. The warp algorithm then adjusts a
new fo' to 950 Hz, a new BW' to 110 Hz, and a new Go' to 21 dB. Frequency
response calculations are repeated with this new data, and new fo, BW, and
Go values are determined. Comparisons are then made with the original fo,
BW, and Go design parameters. If an error greater than 10 ppm exists
between any new parameter and the corresponding design parameter, the WARP
routine is automatically repeated until the accuracy criteria are rea-
lized. Now, the new a values compensate for finite frequency sampling.

Menu Command 9 is used to find capacitor values and the total

circuit capacitance. To execute this command, the program will ask for one

*The programmed accuracy in the MARTLP program is 10 ppm. An internal
modification to the program is necessary if the user desires another ac-
curacy limit.
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or more "free'" capacitor ratios to be specified, such as

a, = C,/C; (3-32)
Any real positive number can be inserted here. However, setting all free
a's equal to unity is the simplest data to provide on the initial trial
design. The broram will then ask for the minimum capacitor value planned
for the actual SCF implementation. A value of Cmin = 1 pF is a reasonable
initial value. Finally, the capacitance density is required. A value of
0.2 pF/mil2 is reasonable.

Menu Command 20 should be used in conjunction with Command 9. This
routine permits the designer to alter any one of the "free'" capacitor
ratios over a prescribed range of values in incremental steps. In this
algorithm, the program steps through the specified range of "free" capaci-

tor ratios. The total circuit capacitance, is monitored. All a

CTOTAL’

values which produce the minimum CTOTAL are stored. If the minimum CTOTAL
occurs at the end point of a range, the designer should extend the range
until the minimum falls inside the range., Minimizing the total circuit
capacitance in this way also minimizes the spread between the largest and
smallest capacitor values required in the circuit,

Experience with the MARTLP program indicates that the number of
WARP iterations will be significantly reduced if the capacitance values
are calculated first after data entry (Command 9). Next use Command 20 to

minimize the total capacitance. Lastly, use Command 6 to warp these

values to produce the desired response.
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Command 19 permits the designer to sweep the clock frequency and
observe the effects on f0 and BW. This command can also be used to

evaluate the sensitivities of f  and BW to clock frequency.

Commands 10 through 17 permit the user to alter one design parameter
without re-entering all of the data. Following the making of such a
" change, the user then can proceed with any of the other menu commands he

desires.

D. Flow Diagram for MARTLP

The flow chart showing the order and branching decisions for the
low-pass SCF follows. The complete FORTRAN listing for MARTLP is given in

Appendix A.



Flow Chart Symbols

) Beginning or ending

Arithmetic processing

\ / Input/output operation

> Subroutine — subroutine name is given

in parentheses inside the symbol

Connecting point

Decision Point

29



MARTLP Flowchart

Main Program

( START )
Y

Initiavlize variables: Warp flag = 0, Cap flag = 0, Type flag =0

#

STATE = 0, i.e., parameters not yet entered

¢

{ Print header message (HEADER)

Need menu? Yes

No

Print menu
(MENU)

\ Input command number /

Reset error flag

@ (from page 39)

C d Yes < Print Butterworth header (TYPHDR)
omman

~

V

No <;

Enter parameters (various)

}

Calculate BW & Q (BUTTER)
Calculate Alphas (ALPHAS)

N\
/

$

Set State = 1
Reset Warp flag
Set type flag = 1

!
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Yes

Command = 2?

No

i |

Print Chebyshev header (TYPHDR)

)

I

Enter Parameters (various)

)

+

Calculate FO, BW, Q (CHEBSHV)
Calculate Alphas (ALPHAS)

¥

State = 1, Warp flag = 0, Type flag = 2

Y
Command = 3?7 =

No

Print General Header (TYPHDR)

)

1

< Enter Parameters (various)

>

!

Calculate Q (GENERAL)
Calculate Alphas (ALPHAS)

i

State = 1, Warp flag = 0, Type flag = 3

Command = 4?

Y

Print Menu
(MENU)




No

Command = 5?

Command = 6?

Yes

C STOP j

Yes Yes

et —
Warp FO, BW, & Gain
(MWARP)
< Recalculate Alphas (ALPHAS)
Set Warp flag = 1

No

Commay

Yes Yes

Recalculate Alphas (ALPHAS)




Commary

No

Com many

No

33

< Recalculate Caps (CAPS) )

T

<

Print out Parameters (PRINT)

)

1

Yes

No

r<

Calculate magnitude & phase at a

particular frequency (FRESP)

Yes

No

hagl—

S

Input caps parameters (PRECAPS)

!

Calculate caps (CAPS)

N

y

N

Print cap values (POSTCAP)

!

CAP FLAG =1




No

Command

=10?

e

34

Yes Yes

Command = 11?

—
Type flag= 1 OR 3?
Print “Invalid Command”’
{ Reenter FO (ENTFO) )
W
Type flag = 1? Calculate BW & Q
(BUTTER)
Calculate BW & Q
(GENERAL)
]
Recalculate alphas
(ALPHAS)
Warp flag=0
[
Yes Yes

No
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Type flag = 2?
Print ""Invalid Command”’ Y g

Y Reenter AP
(ENTAP)

< Calculate FO,BW.Q

(CHEBSHV)

Recalculate alphas
(ALPHAS)

Warp flag =0

Yes

Command = 12?

No

Type flag = 3?

Reenter BW
(ENTBW)

Print "’Invalid Command"’




< Calculate Q (GENERAL) >

—

< Recalculate alphas (ALPHAS) >

L]

Warp flag = 0
|
Yes Yes
Commany
No No
[ '
Reenter FC (ENTFC)
Recalculate alphas (ALPHAS) >
Warp flag = 0
]
Yes
Commafy?Y es
" No

No |

Reenter Alphac (ENTALC)

Recalculate alphas (ALPHAS)

AN N

36
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|

Warp flag = 0

Yes

Comma'y

Yes

No

Reenter Alphar (ENTALR)

Y

Recalculate alphas (ALPHAS)

Y

Warp flag=0

Yes

Commany

NO<

Yes

No

Reenter GO (ENTGO)

!

Recalculate alphas (ALPHAS)

1

Warp flag =0
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Yes

Type flag = 2?

Reenter FP (ENTFP) >
<Calculate FO, BW, Q (CHEBSH >
<Recalculate alphas (ALPHAS) )

Warp flag=0

Yes
Command = 18? Yes
No
No

Calculate magnitude & phase at
a series of points (SPECTRM)

No

Command = 17?

N /
\ Print “Invalid instruction”’

Command = 19?
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Y

Sweep FC & print effect
on FO & BW. (SWEEP)

Yes

Comma'y?Y es. State = 1?
No
—_—
Minimize total capacitance by
varying a parameter, (OPTIMIZ)
-

State = 07

Yes A\Print, "’First command must be 1, 2, ouy

Error flag = 1?

Print error message (ERRMSG) >

(page 30)




Subroutine Warpbg 40

ENTER

Freq. desired = FQ COUNT =0
Phase desired = —90°
Mag. desired = GO

Q desired = FO/BW

Gain = ALPHA(4) * ALPHA(7) * GO/T2

TYPFLAG = 1?7 Yes (Butterworth)
o Mag. at passband edge = GOA/2
Yes (General)
TYPFLAG = 3? - _ Ak * QDES
Mag. at passband edge = (o, * FpDES) 2

Freq. error = F0/105
Mag. error = G0/1(.)4
Maximum number iterations = 30

Phase at passband edge = —90°

F —0

Find the following: (FINDPK) (page 42)
1) Gain at zero freq., EXPGO
2) Freq. of passband magnitude edge, FLEAV

3) Freq. of —90° phase crossing, FPHLEAV

4) Freq. where reflection zero occurs, FREFZ,

l




ERROR FLAG=1?

RETURN

Set RUNFLAG =0, i.e. do not iterate

Y

Iteration count = count + 1

CHOICE = 1?

41

CHOICE = 27

Yes (Warp to magnitude)
Freq. found = FLEAV
(Warp to phase crossing)
= Freq. found = FPHLEAV

Freq. deviation = (freq. desired) — (Freq. found)

ABS. FREQ,
DEVIATION

FO=F0 + (freqf deviation)

'

Recalculate BW & Q
(BUTTER or GENERAL)

b

l

RUNFLAG =1 |, i.e. another
iteration needed.




Gain deviation = (Gain desired) — (Gain found)

ABS. GAIN . GAIN

42

DEVIATION> ERROR?

— ! GO= GO + (Gain deviation)

l

RUNFLAG =1

RETURN

RUNFLAG = 1?

@ (page 40)

\ Print “Maxruns exceeded’’ /

'

Error flag = 1

RETURN




Subroutine Warpchb 43

ENTER

Mag. desired = GO

Mag. of passband edge = GO
Ripple desired = AP

Freqg. of passband edge = FP

Mag. error = G0/10°
Ripple error = AP/10°

Freq. error = FP/10°

Max. iteration count = 50

iteration count=10
Typflag = 2 (Chebyshev filter)

Choice = 1 (Warp to magnitude)

@ (page 45)

Find the following: (FINDPK)
1) Gain at zero freq., EXPGO

2) Freq. of passband mag. edge, FLEAV

3) Freq. of reflection zero, FREFZ

4) Mag. at reflection zero, MAGREFZ.

Yes
ERROR FV RETURN

No




RUNFLAG = 0; iteration count = count + 1

'

Ripple deviation = (Ripple desired) — 20 log (MAGREFZ /EXPGO)

ABS. RIPPLE RIPPLE YES - AP = AP + (Ripple deviation)
DEVIATION = ERROR? +
Recalculate FO, BW,Q
(CHEBSHV)
NO }
RUNFLAG = 1

-

'

Gain deviation = (Gain desired) — EXPGO

ABS. GAIN -, MAG. YES

= ?
DEVIATION ~ ERROR? GO = GO + {Gain deviation)

RUNFLAG =1

Freq. deviation = (Freq. desired) — FLEAV

44



ABS.
FREQ, < FREQ
DEVIATION ERROR?

Y

FP = FP + (Freq. deviation)

<

Recalculate FO, BW, Q
(CHEBSHV)

:

RUNFLAG =1

RUNFLAG = 0?

ITERATION MAX. Yes

RETURN

COUNT < RUNS? >—

No

>@ (page 43)

\ Print “Maxruns Exceeded”

Y

Set error flag =1

RETURN

45



Subroutine Findpk

ENTER

(  Recalculate alphas (ALPHAS)

'

PEAKING =0, AK = 1, THETA =0

I

' Find gain at THETA =0
(MAGPHAS)

Y

Gain at zero freq. = EXPGO = ABMAG

46

(Non-peaking function)

F=0

Search limits: 0 < F < (20 * FO)
Step increment = FO/20

Error = FO * 10°7

ABMAG = EXPGO

(Peaking function)
F=FO
Search limits: FFR < F < (100 * FFR)

1
202
Step increment =_FFR/100

Error = FO * 1077
ABMAG = EXPGO * 104

FFR=FO* \/ 1-




y

LASTMAG = ABMAG
THETA = 2 nFT

'

@ (below)

C Find mag. + phase at THETA (MAGPHAS) >

A

iteration count = count + 1, crossed =

0

Was passband

edge magnitude crossed

in last

Reverse search direction and
halve step size.

DIR =-1 * DIR, STEP = STEP/2

iteration?

Increment freq. in proper direction.
F=F+ STEP * DIR

No
STEP = ERROR? . .

Freq. of passband edge has been found .

FLEAV = F

Yes

F within
search limits?

Print error message

v

(above)

Error flag = 1

RETURN

47
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Chebyshev
Filter ?

Yes No need to find phase crossing.

H Proceed to find reflection zero.

Find -90° phase crossing
* (page 49)
DIR = +1 STEP = FO/(20*Q)
F = FLEAV/10 ERROR = FO *10”7/
DEGPHAS = 0

¢<L ) @ (page 4-19)

LASTPHS = DEGPHAS , THETA = 2 7FT

Y

(  Find phase at THETA (MAGPHAS) )

:

iteration count = count + 1, crossed = 0

o
Was -90 o Reverse search direction and halve step size.
phase crossed in Yes

= =
last iteration? DIR = -1 * DIR, STEP = STEP/2




Increment freq. in proper direction.
F =F + STEP * DIR

No

STEP > ERROR ?

Phase crossing has been found.
FPHLEAV = F

F within
search limits?

\ Print error message J

Error flag = 1

RETURN

Yes
G (page 48)

49

No

Peaking

RETURN

function?

Find reflection zero

{page ¢
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F=FFR, DIR=1, STEP=FFR/40

. FFR
Search limits:

ABMAG=0, ERROR = FO * 107/

< F < (2*FFR)

v

LASTMAG = ABMAG, THETA = 27FT

Y

Gind magnitude at THETA. (MAGPHAS)

)

A

iteration count = count +1

Going wrong direction;
reverse and cut step size,

DIR =-1* DIR, STEP = STEP/2

Increment f: F=F + STEP * DIR

YES

NO

\ Print error message /

-We're done,
FREFZ=F
MAGREFZ = ABMAG

Error flag = 1

RETURN

RETURN



Subroutine Mwarp

ENTER

Gain (dB) = 20 log (Gain)

'

\ Print Header /

Chebyshev Yes Chebyshev filter requires
. r .
filter type? separate processing,
(" Print filter type (TYPNDR) >
Input CHOICE: Warp to
magnitude or phase?
Print objective parameters:
FO, BW, Gain, for Warp. (MWARPI)
Y
( Carry out warp process (WARPBG) >

\ Y

Gain (dB) = 20 log (Gain)

Y
Print warped parameters and
iteration counts. (MWARP2)

RETURN




Y

Print filter type (TYPHDR)

Y

< Print objective parameters: FO, BW, Gain,

for warp. (MWARPI)

)

'

\ Print objective passband edge FP, and ripple AP.

'

/

Carry out warp process
(WARP CHB)

)

'

Gain (dB) = 20 log (Gain)

J

Print warped parameters and
iteration counts (MWARP2)

'

Print warped ripple AP, and freq.
of reflection zero FREFZ,

RETURN

52



MWARPI:

MWARP2:

Subroutines Mwarpl and Mwarp 2

ENTER

L

\ Print FO, BW, Gain  /

RETURN

i

ENTER

ot

\.

Print FO, BW, Gain, warp iteration
count, Findpk iteration count.

RETURN

i

53
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The following subroutines are common to all the computer-aided design
programs. These subroutines are identified as:

SPECTRM

SWEEP

OPTIMIZ

MAGPHAS

FRESP

ALPHAS

PRECAPS

CAPS

POSTCAP

PRINT
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Subroutine Spectrum (MARTLP)

\nput beginning FBEG, & ending FEND, frequencies. /
No

FBEG > 07?

No

FEND > FBEG?

\ Input frequency increment, FINC ;

FINC> 0? — -

Yes

\ Print title line -/

TH = 22T
AK =1

F = FBEG




Yes RETURN )

No
THETA=TH * F

Calculate magnitude & phase
rat THETA (MAGPHAS)
&rim frequency, magnitude, & phasi/

Y

F=F + FINC

56



Subroutine Sweep (MARTLP)

( EN;ER )
Y Print header J

Input beginning freq., FCBEG
Input ending freq., FCEND

/

FCBEG > 0? *A
FCEND > FCBEG?
\ Input freq. increment, FCINC /
A
FCINC > 07 No
Yes

\ Print title line /
1

-K(1) = ALPHA(3)/27
K(2) = ALPHA(4) * ALPHAR/2r
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FC = FCBEG )
- @ (from page 59)

Yes No

C RETURN ) #

BW = K(1) * FC
FO = K(2) * FC
Q = FO/BW

T = 1/FC

MAGLEAV = GOA2

Yes -
(Magnitude at passband edge.)

Type flag = 1?

Y
Type flag = 2? = — MAGLEAV = GO
e 32 Yes MAGLEAY < & ALPHAW) * ALPHA(7) * GO
= - =
ype 19 (2r *FO * T)2

PHLEAV = -90
ICOUNT =0
ICHOICE = 2
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Find freq. of passband edge, FLEAV.
Pass parameters by value only. (FINDPK)

ERROR FLAG = 1?

No

Print FC, FO, BW, FLEAV o (page 58)

!

FC = FC + FINC




Subroutine Optimiz (MARTLP)

ENTER

A No
CAP FLAG =1? Print, ’ Do capacitor
command first”

/

RE
\ Print header /

?

\nput number of desired parameter, CHOICE/

CHOICE OK?

\Input parameter minimum PMIN’, maximty

PMAX, & increment PINC.

PARAM = PMIN

PBEST = PARAM
SUMBEST = SUMC * 106
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Yes
PARAM > PMAX? Print parameter name &
best value.

Y

\ Print optimized total capacitance /

Y

Put optimized parameter into

argument list,

RETURN

Y

C

Recalculate alphas using parameters

being optimized (ALPHAS)

ERROR FLAG = ?

¢

Recalculate caps & total
capacitance (CAPS)

Yes
RETURN

Y

SUMNEW = total capacitance

PBEST = PARAM
SUMBEST = SUMNEW




PARAM = PARAM + PINC
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Subroutine Magphas

M, l

THETA < 1000? —»| THETA =THETA-PI

63

Calculate real and imaginary parts of numerator, RENUM and AIMNUM.

Y

Calculate real and imaginary parts of denominator, REDEN and AIMDEN.

Y

Numerator mag. = RENUMZ2 + AIMNUMZ2

Y

Denominator mag. = REDENZ + AIMDEN2

Y

Function mag. = (Num. mag./Denom. mag.) * Constant

Y

Function phase tan"1 (AIMNUM/RENUM) - tan"! (AIMDEN/REDEN)

Y

Magnitude in dB = 20 log (Magnitude)

Y

1
Phase in degrees = (radian phase) * %?-




Subroutine Fresp

ENTER
Input evaluation
frequency, F.

Y

THETA = 2*PI*F*T

Y

GAIN CONSTANT =1

Calculate magnitude & phase at
freq. F. _ (MAGPHAS)

Print magnitude in dB
and phase in degrees.

RETURN
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Subroutine Alphas (MARTLP)

ENTER

Using FO, BW, Q, FC, T, and other specified parameters,
calculate alphas according to formulas for particular

filter circuit:
ALPHA(3)=2r*BW*T
ALPHA(4) =27 * FO * T/\/ALPHAR
= *
MARTLP ALPHA(7) = ALPHAR * ALPHA(4)

ALPHA(5) = ALPHA(7) * GO
ALPHA(6) =0

Using alphas, calculate numerator (A ) and
denominator (B ) coefficients of particular
z-domain transfer function:
A(1)=A(2)=A(4)=0
A(3) = ALPHA(4) * ALPHA(S)
B(1) =1
B(2) = ALPHA(4) * ALPHA(7) — 2 — ALPHA(3)
B(3) =1+ ALPHA(3)
B(4)=0

Any negative

A Print warning

alphas?

/

Set error flag = |

RETURN
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Subroutine Precaps

ENTER

Input minimum acceptable capacitance, CMIN.

'

Input chip capacitance density, PFPERSQ /

RETURN
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Subroutine Caps

ENTER

- Using alphas & other parameters, calculate caps normalized to minimum of | PF:

c(n=1

C(2) = ALPHAC * C(1)
MARTLP C(4) = ALPHA(4) * C(2)

C(3) = ALPHA(3) * ¢(1)

C(5) = ALPHA(b) * C(1)

C(7) = ALPHA(7) * c(1)

l

Find smallest cap, CSMALL

l

Denormalize caps, making CSMALL = CMIN.
« CMIN

c =cln CSMALL

,1=1,23,..n

)

Sum all caps
SUMC = Z Cli)
i

l

Compute chip area
CPAREA. = SUMC/PFPERSQ

RETURN



Subroutine Postcap

ENTER

\ Print minimum acceptable capacitance, CMIN /
\ Print capacitance values C(l), | = 1,2,3...n /
Y ‘
\ Print total capacitance, SUMC ;
Y
Print capacitance density PFPERSQ,
and chip area used, CPAREA

RETURN
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Subroutine Print

ENTER

Print all major parameters, including
FO, BW, Gain, Alphas, Capacitors,
Total Capacitance, Chip Area, etc.

RETURN
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E. Sample Low-pass Design Using MARTLP

#0GLD MARTLF

FORTRAN

#{RUN-10 MARTLF

SWITCHEL-CAFACITOR FILTER DESIGN FROGRAN FOR
MARTIN LOWFASS FILTER.

FORTRAN VERSION BY W.W. GOOLSEY.

REVISION 4/53/81.

NEED MENUT  (0=NO, 1=YES)

=

A4 MENU OF COMMANDS FOLI.OWS. TO EXECUTE A FUNCTION,
ENTER THE NUMBER OF THE AFPPROPRIATE COMMANI,

ENTER PARAMETERS FOR BUTTERWORTH LOWPASS FILTER
ENTER PARAMETERS FOR CHEBYSHEY LOWPASS FILTER
ENTER PARAMETERS FOR GENERALIZED LOWPASS FILTER
FRINT MENU
TERMINATE FROGRAH
WARF FO, BW, AND GAIN.
FRINT CURRENT YALUES.
CALCULATE MAGNITUDE AND FHASE AT FREQ.=F
FINDO CAFACITDR VALUES AND TOTAL C
CHANGE FO ONLY
CHANGE CHEBYSHEV RIFFLE WIOTH ONLY
CHANGE GEMERALIZED FILTER BANDWINTH ONLY
CHANGE FC ONLY
CHANGE ALFHAC=C(Z2)/C{(1) ONLY
CHANGE ALPHAR=ALFHA(7)/ALFHA(4) ONLY
CHANGE GAIN AT F=0 ONLY (DECIRELS)
CHANGE CHEBYSHEY FASSBAND EDGE, FF, ONLY.
FIND MAGNITUDE AMND PHASE AT A SERIES
OF FRERUENCY POINTS.
19. VIEW EFFECT OF SWEEFING CLOCK FREQG. ON FO & BW
20, MINIMIZE TOTAL CAF. BY VYARYING ONE PARAMETER

Ui o G b =
. * =

SO
- -

U A P B ™ *
M SO0~ by — o e
« % = & w = s & =

ENTER COMMAND NUMBER (#4 FOR HMENU)
=

FILTER TYFE: BUTTERWORTH

ENTER FOLE FREQUENCY, FO (HERTZ)

=3009

ENTER GAIN AT F=0, DBGO (DECIBELS)
=h

ENTER CILLOCK FREGQUENCY, FC (HERTZ)
=100900

ENTER ALPHAC=C2/C1

=1

ENTER ALFHAR=ALFHA(7)/ALFPHA(4)
1
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ENTER COMMAND NUMBER (#4 FOR HENU)
=9
ENTER HINIMUN ACCEPTAELE CAPACITANCE IN PF
=1
ENTER CHIF CAFACITANCE DENSITY IN PF/5Q NIL

=2

FOR MINIMUM C= 1.0000000 PF

ANDII C2/C1= 1.00000000 ,THE CAFACITANCE YALUES ARE:
Cir= 3.303146438 FF

C{2)= 5.3051448 FF

(= 1.4142136 FF

Car= 1.00000000 FF

CitSr= 1.9992423 F

Cit7)= 1.00000000 FF

TOTAL CAFACITANCE USED=  16.01%803 PF

AT 0.2000 PF/5@, AREA USED =  80.09%0 50 MILS

ENTER COMMAND NUMEBER (#4 FOR HMENU)
=20
T0O MINIMIZE TOTAL CAFACITANCE,CHOOSE ONE
FARANETER FROM THE FOLLOWING LIST:
1. ALFHAC=C2/C1
2. ALPHAR=ALFHA(7)/ALFHA(4)
=1

ENTER IN ORDER, SEPARATED BY COMMAS:
FARABETER HWIN. VALUE, MAX. VALUE, STEP INCREMENT

=,1,10,.01

FARAMETER NAKE:

ALFHAL

FOR FARANETER= 1.00000000

THE 5HALLEST VALUE OF TOTAL CAF. = 16.0198035 FF

THE OPTIMIZED PARAMETER HAS BEEN FLACED
IN THE ARGUHENT LIST.

ENTER COMMAND NUMBER (A4 FOR HMENU)
=20
TO MINIMIZE TOTAL CAFPACITANCE,CHODSE ONE
FARAMETER FROM THE FOLLOWING LIST:
1. ALFHAE=C2/C1

2. ALFHAR=ALPHA(7)/ALPHA(4)
=1

ENTER IN ORDER, SEPARATED KY COWHAS:

PARAMETER HIN. VALUE, MAX. VALUE, STEF INCRENENT
=.1,10,.01

PARANETER NAME :

ALFHAR

FOR PARAMETER= 1.00000000

THE SHALLEST VALUE OF TOTAL CAF. =  16.019805 FF



THE OQFTINIZED PARAHETER HAS BEEN FLACED
IN THE ARGUMENT LIST,

ENTER COMMAND NUMBER (H4 FOR HEN)

=18

CALCULLATES MAGNITUDE AND PHASE AT A SERIES

OF FREQUENCY FOINTS. ENTER STARTING AND ENDING
FREQUENCIES (HERTZ), SEFARATED BY A COMMA,
=2995,36095

ENTER FREQUENCY INCREMENT BETWEEN FOINTS (HERTZ)

FREQUENCY (HZ) MAGNITUDE ¢DR) MAGNITUDE FHASE (DEG)

2993.0000 3.0132958 1.4147014 -84.355489
2996.0000 3.0108047 1.4142957 -84.380310
2997.0000 3.0083127 1.4138%00 ~84.405533
2998.0000 3.0058200 1.4134843 -84.430350
2999.0000 3.0033265 1.4130786 ~84.4559540
30006.0000 3.0008322 1.4126729 -84.480343
3001.0000 2.9983371 1.4122671 ~-84.505559
3002.0000 2.9938412 1.4118614 -84.530549
3003.0000 2.9933445 1.4114536 -84.5555331
3004.0000 2.%%08471 1.4110498 -64,380308
3005.0000 2.7883488 1.41006440 -B4.405477

ENTER COMMAND NUMBER (#4 FOR MEWU}

=

A0JUSTS FRERUENCY ANL MAGNITUDE TO COMFENSATE
FOR Z-TRANSFORH WARFING.

FILTER TYFE: BUTTERWORTH
YOU MAY CHOOSE TO WARP FO TO APPLICABLE
FHASE OR MAGNITULDE.
ENTER WUMEBER OF DESIRED COMHAND.
1. MAGNITURE

2. FHASE
=
DESIRED FOLE FREQUENCY, FO= 3000.0000 HERTZ
DESIRED POLE BANDWIDTH, BU= 4242.6407 HERTZ
DESIRED GAIN AT ZERD FREQ., IBGO= 6.0000000 DECIBELS
WARPED VARTABLES FOLLOW
Fo= 2995.5411 HERTZ
Bu= 4236.3348 HERTZ
0p66= 1.9952623 DECIRELS
WARF ITERATION COUNT= 2 CYCLES

FINDFK ITERATIGN COUNT= 188 CYCLES

ENTER COMMAND NUMBER (H#4 FOR MENU)

=18

CALCULATES WMAGWITUDE AND FHASE AT A SERIES

OF FRERUENCY POINTS. ENTER STARTING AND ENDING
FREQUENCIES (HERTZ), SEFARATED BY & COMMA.
=399%,3005 ,

ENTER FREBUENCY INCREMENT BETWEEN FOINTS {(HERTZ)
=1



FREGQUENCY (HZ) MAGNITULE (DR) MAGNITUDE FHASE (DEG)
2995.0000 3.0021538 1.4128878 -84.475392
2995.0000 2.9996548 1.4124814 -84.300432
2997.06G00 2.8971550 1.4120750 ~84.325444
2998.0000 2.99446544 1.4114685 ~84.5350471
2995.0000 2.9921531 1.4112629 ~84.575313
3000.0000 2.989650Y 1.4108355 ~84.400527
3661.0000 2.7871479 1.410449) ~84.,4253533
3002.0000 2.98446442 1.4100425 ~84.4659533
3003.0000 2.9821197 1.4096340 ~B4.675526
3004.0000 2.97%96343 1.40922%3 ~64.700512
3003.0000 2.9771282 1.4088229 -84.725492

ENTER COMMAND NUMEER (#4 FOR HENU)
W

FILTER TYFE: CHEBYSHEV

ENTER FFP= FREQUENCY WHERE MAGNITUDE
CHARACTERISTIC LEAVES FASSBAND (MHERTZ).
=300¢

ENTER RIPFLE WIDTH, AP (DECIBELS)
=)

ENTER GAIN AT F=0, UBGO (QHECIREILS)
=)

ENTER CLOCK FREQUENCY, FC (HERTZ)
=10GY0Y

EMTER ALFHAC=C2/C1

=1

ENTER ALFHAR=ALFHA(7)/ALIFHA(4)

=1

ENTER COMMAND NUMBER (#4 FOR MENUY

29

ENTER MINIMUM ACCEFTABLE CAPACITANCE IN FF
=1

ENTER CHIP CAPACITANCE DENSITY IN FPF/S5Q MIL

2,1

FOR HINIMUM C= 1.0000000 PF

AND C2/C1= 1.00000000 ,THE CAFACITANCE VALUES ARE:
Cili= 4,5999704 PF

C(2)= 6.3999704 FF

Cidr= 1.0000009 FF

C(4)= 1.12686492 FF

C(3)= 2.2519312 FF

£(7)= 1.1286492 FF

TOTAL CAFPACITANCE USED= 18.709191 FF

AT 0.2000 FF/SQ, AREA USEDR = 93,3440 58 HILS
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ENTER COMMANLD NUMBER (H#4 FOR HENU)
=20
TO MININIZE TOTAL CAPACITANCE,CHOOSE ONE
PARANETER FROM THE FOLLOWING LIST:
1. ALPHAC=C2/{1
2. ALPHAR=ALPHACT ) /ALFHA(4)
=

ENTER IN ORDER, SEFARATED BY COHMAS:
FARAMETER MIN. VALUE, MAX. VALUE, STEF IRCRERENT

=.07,10,,01

FARARETER NAME:

AlLFHAC

FOR PARAMETER= 0.89000000

THE SHALLEST VALUE OF TOTAL CAF. = 17.839043 FF

THE OFTIMIZED PARAMETER HAS BEEN PLACED
IN THE ARGUMENT LIST.

ENTER COMMAND NUMBER (#4 FOR MENU)
=290
TO MINIMIZE TOTAL CAPACITANCE,CHOOSE ONE
FARAMETER FROM THE FOLLOWING LIST:
1. ALFHAC=C2/CH

2. ALPHAR=ALLPHA(7)/ALFHA(4)
=2

ENTER IN ORDER, SEFARATED BY COMMAS:
PARAMETER MIN. VALUE, MAX. VAILUE, STEF INCREMENT

=.1,10,.01

FARAMETER NAME:

ALPHAR

FOR PARAMETER= 0.79009030

THE SHALLEST VAILLUE OGF TODTAL CAP. = 17.5608836 F

THE OFTIMIZED FARAMETER HAS BEEN FLACED
IN THE ARGUMENT LIST.

ENTER COMMAND WUMBER (#4 FOR HENU)

el
oty

ENTER WINIHUM ACCEFTABLE CAPACITANCE IN FF
=1
ENTER CHIP CAPACITANCE DENSITY IN FF/SQ MIL

=,2

FOR NINIMUM C= 1.0000000 FF

AND C2/C1= 0.8%000000 ,THE CAFACITANCE VALUES ARE:
C{1)= $6.5999706 FF

L{2)=  5.B73%738 FF

£(3)= 1.0000000 FI-

Ct4)= 1.1301483 FF

C(5)= 2.0013781 FF

Ciri= 1.0031634 £F



TOTAL CAFACITANCE USED=  17.608834 FF
AT 0.2000 FF/5@, AREA USED =  88.0442

ENTER COMMAND NUMBER (44 FOR HENWU)
::']8
CALCULATES HMAGNITUDE aWD FHASE AT & SERIES

OF FREQUENCY PDINTS. ENTER STARTING AND ENDING

FREQUENCIES (HERTZ), SEFARATED BY A CONMA.

=2993,300%

ENTER FREQUENCY INCREMENT BETWEEN FOINTS (HERTZ)

=

50 AILS

75

FREQUENCY (HZ) HAGWITURE (DR) HAGNITUDE FHASE (OEBG)
2995.0000 46.20946573 2.0440093 -94.B18585
29%96.0000 6,2060434 2.0431593 -94.859448
2997.0000 6.2024303 2.0423093 -74,900690
2998.0000 6.1988121 2.0414587 -946.941713
2999.0000 4.1951906 2.04046077 ~94.982713
3000.0000 6.1215660 2.0397564 ~97.023498
3001.0000 6,1879382 2.038%044 ~97.064641
3002.0000 6.1843073 2.0380525 -927.105604
3003.0000 6.1806732 2.0372000 9214465264
3004.0009 6.1770360 2.03634M1 -97.187429
3005.0000 4,1733937 2.0354938 -37.228312

ENTER COMMAND NUMBER (4 FOR HENU

=4

AlIJUSTS FREQUENCY ANMD MAGNITUIE TO COMPENSATE

FOR Z-TRAMSFORM WARFING.

FILTER TYFE: CHERYSHEV

WESIKRED POLE FREQUENCY, FB=  2721.48803 HERTZ

DESIRED FOLE BANDWIDTH, BUW=  2411.4493 HERTZ

GESIREDL GAIN AT ZERD FREQ., 0BGO=  4.0000000 GECIRELS

OESIRED FASSBAND EDGE FFP= 3000.49000 HERTZ

DESIRED RIFFLE WIDTH AF=  2.0000000 ]

WARFED VARIABLES FOLLOW

Fo= 2616.5153 HERTZ

BU=  2240.1447 HERTZ

DBGO=  46.0000000 GECTIHELS

WARF ITERATION COUNT= 3 CYCLES

FINOPK ITERATION COUNT= 483 CYCLES

CHEBYSHEY RIFFLE WINTH, AF=  2.2279943 i

REFLECTION ZERQ OCCURS AT 2119.7474 HERTZ

ENTER COMMAND NUMBER (H4 FOR MENU)

=9

ENTER MINIMUM ACCEFTABLE CAPACITANCE IN PF
=1

ENTER CHIF CAFACITANCE DENSITY IN FF/SQ MIL
=,

a Ll



FOR MINIMUH C= 1.0000000 FF

AND C2/C1= 0.87000000 ,THE CAPACITANCE VALUES ARE:
Ctlr=  7.1046091 FF
DE2¥= 4.3231021 FF
£{33= 1.0000000 FF
C{4)= 1.1693327 FF
c{3)= 2.0713442 FF
Ce7is 1.0331423 FF

TOTAL CAPACITANCE USED=
AT 0.2000

18.706772 FF
FF/50G, AREA USED = 93,5339 5@ MILS
ENTER COMMAND NUMBER (#4 FOR HENU)

=18

CALCULATES MAGNITUDE AND PHASE AT A SERIES

OF FREQUENCY FOINTS. ENTER STARTING AND ENDING
FREQUENCIES (HERTZ), SEFPARATED BY 4 COMMA.

=2995,3005

ENTER FREGUENCY INCREMENT BETWEEN POINTS (HERTZ)

=1 !

FREQUENCY (HZ) MAGNITUDE (DR) MAGHITUDE FHASE (DEG)
2995.0000 6.0212694 2.00601542 -102.41285
2996.0000 6.0170212 1.79917a1 ~102.4353423
2997.0000 6.0127701 1.7981979 -102.49558
2998.0000 6.0085160 1.9972195 ~102.536%0
2999.0000 6.0042596 1.99462409 -102.%37829
3000.0000 J.799999%2 1.9952621 ~102.461747
3001.0000 3.9957365 1.9942832 -102,66072
3002.0000 5.9914708 1.7933049Q -192.70194
3003.0000 5.9872024 1.9923247 ~102.74314
3004.,0000 5.9829310 1.9913452 -102.78431
3005.0000 0.77846548 1.9903455 -102,832545

ENTER COMMAND WUNBER

zh

(#4 FOR MENUD)



77

1Vv. BANDPASS FILTER

A, Design Approach

A resonator active filter with bandpass and low-pass responses was

shown in Fig. 3.1, and its transfer function was shown to be

VBP S/R5C

S 1 (4-1)
in s” + S/R3Cl + l/R4C2R7Cl
The peak gain is
G = R3/R5 (4-2)
The center frequency is
W
f = —2—0— = 1 (4_3)
o b
2nVR4C2R7C1
The bandwidth is
B 1
BW = - = ——— (4-4)
27 27 R3C1
The filter Q is
f C
Q = 57 = Ry RR1C (4-3)
B 4R27¢2

The design equations are:

a, = 27rfo TC//aR (4~6)
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a, = o, 4-7)
@, = 27 BW T, (4-8)
ag = a3G (4-9)
The sensitivities are:
f 3f /f
[ - a O/ 8] =1 (4-10)
%4 RN
fO
Sa7 =1 (4-11)
sBY - (4-12)
[0
3
¢ = (4-13)
5
s¢ = -1 (4-14)
O3

The Z-transformation for the bandpass filter was obtained from the

block diagram shown in Fig. 3.3(b) as

ZBP - — 52 (4-15)
in Z +-Z(a3 -2+ a4a7) +1 - oy
AZ+ A
M (4-16)
B2 + B.Z + B_

where
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= = =1
Ap = 7% By
A, =as By =ag = 2+q0, (4-17)
Bo =1 - aq
Now let
JwT .
z=e C=elf (4-18)
+ + jA ind
VBP ) Al cosf A0 i 1 sin (4-19)
V. ~ B. cos26 + B, cosb + B + j(B, sin26 + B_ sinb)
in 2 1 o} 2 1

Note that as w— 0, the numerator of Eq. 4-19 approaches 0. This complex
function can be evaluated in the usual manner to find the magnitude and

phase angle as a function of the w frequency.

B. MARTBP Computer-Aided Design Program

MARTBP is a computer—aided design program which simplifies the de-
sign of a second-order bandpass switched-capacitor filter. The program is

called by the following commands:

OLD MARTBP
FORTRAN

RUN-10 MARTBP

After logging on, the menu of commands will appear as shown on the

following page.



i BEHU OF COAMARDS FOLLOWH. TO EXECUTE & FURCTION,"
PEHTER THE HUREEE OF THE @FPROFRIATE COMMAND. " 80

1. ENTER ALL HEW FARAHETERS"

"2 CALCULATE HAGNITUDE &AND FHASE AT FRER.=F"

"3. FIND CAFACITUR VALUES AND TOTAL C*

"4, PRINT HENUY

"S.  TERHINATE FROGRAA"

Ts. WAERF FO, Bl, &ND PEaAR BAIn.T

"7 FRINT CURRENT FaRAHETER VALUES.®

8. FIND RAGNITUDE Afd FHADE AT & SERIEST

" OF FREBUENDY FOIdls.”

2.0 WIEW EFFECT OF 3WEEMInL CLOCK FREG. OW 84 & FO.¢

"id.  CHANGE FO Oy

“i1. CHANGE BW ONLY"

"12. CHANGE FEAR GAIN ONLY™

"13. CHANGE FC ONLY"

"14. CHANGE ALFHAC=C(21/C4(1) ONLY"

“13. CHANGE. ALFHAR=ALFHA(?)/ALPHA(4) ONLYY

“16. MNIRIMIZE TOTAL CAP. BY VARYING ONE FARAHETER™

Initially, the designer would select Menu Command 1 to enter the

bandpass parameters of f_ , BW, K (peak gain in dB), « and fc (the

R’
sampling frequency). MARTBP now has enough data to calculate all a values
from Eqs. 4-6 through 4-9. Also, the complex frequency response can be
determined by Eq. 4-19 and either Menu Command 2 or Menu Command 8.

Some program efficiency results if Menu Command 3 for finding capa-
citor values and the total capacitance is tried after entering all new
parameters. Then Command 16 should be used to minimize the total capaci-
tance by individually varying one of the '"free" values -a R and @ Next
use Command 6 to warp the o values to compensate for a non-zero sampling
period.*

Command 9 allows the designer to sweep the clock frequency and
observe the effects on BW and fo' Commands 10 through 15 permit the user

to alter one design parameter without re-entering all data. Following such

a change, the user can proceed with any other menu command as desired.

*For additional comments on the warping algorithm, refer to page 25 where
the MARTLP program was discussed.



81

C. Flow Diagram for MARTBP

The flow chart showing program order and branching decisions fol-

lows. A complete FORTRAN listing for MARTBP is given in Appendix B.
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Program MARTBP

Main Program

C START )
!

Initialize variables: Count = 0, Warp flag = 0, Cap flag = 0.

< Print header (HEADER) >

Need 5 Yes Print menu of commands.
menu? -

State = 0, i.e., main parameters hot yet entered.

(MENU)

No
A
O (page 88)

\ Input command number, CMD /

Y

ERROR FLAG =0
=1

Yes Input parameters FO, BW,
/ Gain, & FC.

No {_Calculate alphas (ALPHAS) )

STATE = 1, i.e., parameters
have now been entered and other
commands may be processed.
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Yes

e
.

STATE =I?

Calculate magnitude + phase
at freq. = F (FRESP)

o

Enter minimum acceptable capacitance and
capacitance density. (PRECAPS)

A
Q Calculate capacitors (CAPS) }

(" Print capacitor values (POSTCAP) )

CAPFLAG = |
ag—
Yes
CMD = 4? Print menu of commands
(MENU)
No
-
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- Terminate program

Y
( STOP )

Yes

No

Warp FO , BW, & Peak Gain
(MWARP)

‘ < Recalculate alphas (ALPHAS)_)

_ Y
(  WARPFLAG = | )

Yes

No

( Recalculate alphas (ALPHAS) )

V CAPFLAG =I? Calculate caps
(CAPS)

No




-

Yes

No

Print out all major parameters
(PRINT)

Calculate mag. & phase at a series
of frequencies. (SPECTRM)

N\

Yes

No

Sweep clock freq. & view effect on
FO&BW (SWEEP)

)

Yes Yes

cMD =10?/“

No No

< Reenter FO (ENTFO)

————————
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( Recalculate alphas (ALPHAS)

C Reenter BW (ENTBW)

j

( Recalculate alphas (ALPHAS)

CMD = 127

< Reenter Gain (ENTGAIN)

{ Recalculate alphas (ALPHAS)

STATE =1?

No

et
CMD = [3?
No
—

86



{ Reenter clock freq. FC (ENTFC)

L

K

( Recalculate alphas (ALPHAS)

Yes Yes
CMD = 14?
/ No
- J

{ Reenter ALPHAC (ENTALC)

Y

( Recalculate alphas (ALPHAS)

Yes
No

(Reenter ALPHAR (ENTALR)

1

L Recalculate alphas (ALPHAS)
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Yes

CMD = 16?

No

Minimize total C by varying
one parameter (OPTIMIZ)

:

Recalculate alphas (ALPHAS)

\ Print “First command must
’\ be No. 1"

STATE = 0?

Print error message (ERRMSG) >

@ (page 82)




Subroutine MWARP

ENTER

Warping routines for
Programs MARTBP
and BAND2

Print header message

/

Y

Input choice of warping to magnitude or phase /

Y

Print objective parameters = FO, BW, DBGAIN

J

P d yd -~

Carry out warp process
(WARP)

NO

DBGAIN = 20 log (GAIN)

,

RETURN

Print warped parameters:
and =3 db points.

FO, BW, DBGAIN /

y

Print iteration counts

RETURN
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90
Subroutine WARP

ENTER

Freq. desired = FO
Bandwidth desired = BW

180 in MARTBP

Phase desired = { )
, 0 in BAND2

Mag. desired = GAIN

COUNT =0

:

BW error = FQ * 10_5
Mag. error = GAIN * 10—4

Max. number iterations = 50

— "Warp to magnitude peak

CHOICE = 1?

-Warp to phase Freq. error = FQ * 109

crossing

'

Freq. error = FO * 106

Y @ (page 92)

Find the following: (FINDPK)
1.) magnitude at peak point, PKMAG
2.) freq. of either mag. peak or phase crossing, FPEAK
3.) —3 dB bandwidth, BWEXP
4.) fregs. of -3 dB points, MIN3(1) + MIN3(2).




RETURN

RUNFLAG=0, i.e. do not iterate.
Iteration count = count + 1.

'

Freq. deviation = (freq. desired) - (FPEAK)

ABS. FREQ

Yes

=
FREQ. > R?
DEVIATION SRRO

FO = FO + (freq. deviation)
RUNFLAG =1

BW deviation = (BW desired) — (BWEXP)

ABS.BW BW Yes

DEVIATION ©~ ERROR?

BW = BW + (BW deviation)
RUNFLAG =1

Mag. deviation = (Mag. desired) — (PKMAG)

ABS. MAG. -, MAG.

DEVIATION © ERROR?

GAIN = GAIN + (Mag. deviation)
RUNFLAG =1

91



RUNFLAG =1?

ITERATION Yes

RETURN

< MAX. RUNS?

COUNT

@ (page 90)

\ Print "’Maxruns Exceeded”’

/

Y

Error flag=1

RETURN

92



Subroutine FINDPK

ENTER

Gain constant =

Y

C Recalculate alphas (ALPHAS) }

RETURN

93

-1in MARTEP
+1in BAND2

F=FO
ABMAG = 0

Search limits: (FO-BW) < F < (FO + BW)
Step increment = BW/20

Direction = +1

Error=FO * 10'6

LASTMAG = ABMAG
THETA=2*PI*F*T

Calculate magnitude and phase at THETA |
(MAGPHAS) A

Y

Iteration count = count +1




NEW 5 OLD
MAG. ~ MAG.?

Direction = -1 * Direction
STEP=STEP/2

F=F + STEP * DIRECTION

STEP > ERROR?

PKMAG = ABMAG

F WITHIN

SEARCH Yes

94

LIMITS?

\ Print error message /

Error flag = 1

Y

FMAGPK = F

RETURN

Warp to mag. peak;
no need to find
phase crossing.

° (page 96)

Yes

CHOICE =17




Y

Find phase crossing frequency

¥

180 in MARTBP
0 in Band2

Phase desired =

F=FO + BW/2
DEGPHAS =-400
Error=FO * 10'7

STEP = BW/40
Direction = -1

95

LASTPHS = DEGPHAS
THETA=2*PI*F*T

:

<

Calculate mag. and phase at THETA

(MAGPHAS)

Phase = Degphas
Count = Count +1

Crossed =0

Was desired

phase crossed

in last iteration?

Direction = -1 * Direction
STEP=STEP/2

F=F + STEP * DIRECTIONS




STEP < ERROR?

Yes

LIMITS?

F WITHIN
SEARCH

Yes

AN

Print error message /

Y

Error flag =

1

RETURN

FPEAK = F

Y

Find bandwidth, BW

Y

Min3DB = PKMAG//2

Y

@ (page 94)

-

@ (page 98)

Direction=-1 * | STEP = BW/20

F = FMAGPK + Direction * B‘g’
Search limits: (FO-3*BW) < F < (FO+3*BW)
Error= FO * 10'6

ABMAG = 2 * PKMAG

+
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i

LASTMAG = ABMAG
THETA=2*PI*F*T

Calculate mag. and phase at THETA \>
(MAGPHAS)

l

Iteration count = count +1
Crossed =0

Was -3dB magnitude
crossed in last iteration?

Yes

Direction = -1 * Direction
STEP =STEP/2

F =F + STEP * Direction

No

STEP < E'?Ry

Yes

F WITHIN
SEARCH

Yes

LIMITS?

Y Print error message /

Error flag=1

RETURN
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'

MIN3(l) = F (page 96)

No

> =1+1

Yes

Bandwidth, BWEXP = ABS [ MIN3(2) - MIN3(1) ]

RETURN



D. Sample Bandpass Design Using MARTBP

#0LL MARTRP

#FORTRAN

#RUN-10 HARTEF

SWITCHED~-CAPACITOR FILTER DESIGN PROGRAM FOR
MARTIN STATE-VARIARLE EANDFASS FILTER.
ALGORITHR BY J.A. CONNELLY, FORTRAN VERSION BY
W.N. GOOLSEY. CURRENT REVISION 6/5/81.

NEED HENU? (0=NO, 1=YES)

=

A MENU OF COMMANDS FOLLOWS. T0 EXECUTE & FUNCTION,
ENTER THE NUMBER OF THE AFFROPRIATE COMMAND.

ENTER ALL NEW PARAMETERS

CALCULATE MAGNITUDE AND PHASE AT FREQ.=F

FIND CAPACITOR VALUES ANDI TOTAL C

FRINT MENU

TERMINATE FROGRAM

WARP FO, BW, AND PEAK GAIN.

PRINT CURRENT PARAMETER VALUES.

FIND MAGNITUDE AND PHASE a4T A SERIES

OF FRERUENCY FOINTS.

7. VIEW EFFECT OF SWEEFING CLOCK FREG. ON BW & FO.

L oo L T3 =t
v & u om

s« T NI = Y

0. CHANGE FO ONLY

11. CHANGE BW ONLY

12. CHANGE FEAK GAIN ONLY

13. CHANGE FC ONLY

14. CHANGE ALFHAC=C(2)/C{1) ONLY

15. CHANGE ALFHAR=ALFHA(7)/ALFHAC4) ONLY

16, MINIMIZE TOTAL CAF. BY VARYING ONE FARAMETER

ENTER COMMAND NUMBER (#4 FOR MENU)
=1

ENTER FOLE FREQUENCY, FO (HERTZ)
=30019

ENTER POLE BANDUINTH, BW (HERTD)
=500

ENTER PEAK GAIN (DECIBELS)

=9

ENTER ALPHAC=C(2)/C(1)

=1

ENTER ALPHAR=ALPHA(7)/ALFHA(4)

=]

ENTER SAMFLING FREGUENCY, FC (HERTZ)
=100000
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ENTER COMMAND HUMBER (#4 FOR HENU) 100
gsTER AINIMUN ACCEFTABLE CAFACITANCE IN FF
E;TER CHIF CAFPACITANCE DENSITY IN FF/SD MIL
=,2

Fég HINIMUM C= 1.0000000 FF

Cit)=  31.830989 FF

£e2)=  31.830989 FE

Ci3y= 1.0000000 FF

fi4)= 6.0000000 FF

Ci5i= 1.,0000000 FF

Ci7i=  6.0000000 PF

TOTAL CAFACITANCE USED=  77.641977 FF

AT 0.2000 FF/5Q, AREA USED =  388.310Q 56 MILS

ENTER COMMAND NUMBER (#4 FOR MNENU)
=14
TO HMINIMIZE TOTAL CAFACITANCE,CHDOSE ONE
PARAKMETER FROM THE FOLLOWING LIST:
1. ALFHAEL=C2/C1
2. ALPHAR=ALFHA(7)/ALFHA(4)
=1

ENTER IN ORDER, SEPARATED BY COMMAS:
PARAMETER MIN. VALUE, MAX. VALUE, STEF INCREMENT

=.1,10, .01

FARAMETER NAME:

ALFHAC

FOR PARAMETER= 0.17000000

THE SHALLEST VALUE OF TOTAL CAF. =  44.262257 FF

THe OPTINIZED PARAHMETER HAS REEN PLACED
IN THE ARGUMENT LIST.

ENTER COMMAND NUMEER (#4 FOR MENU)
=16
T0 MINIMIZE TOTAL CAPACITANCE,CHOOSE ONE
FARAMETER FROM THE FOLLOWING LIST:
1. ALFHAC=C2/CH ‘
2. ALFHAR=ALFHA(T7)/ALFHA(4)

=72

EMTER IN DRDER, SEFARATED BY COMHAS:
PARAMETER MIN. VALUE, MAX. VALUE, STEF INCREMENT

=.1,10,.,01

PARAMETER NAME:

ALFHAR

FOR PARANETER= 0.17000000

THE SHALLEST VALUE OF TOTAL CAP. =  44.189983 FF

THE OPTIMIZED FARAMETER HAS BEEN PLACED
IN THE ARGUMENT LIST.
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EMTER COMMAND WUNMBER (84 FOR MENMU)

=3

ENTER MINIMUM ACCEFTABLE CAPACITANCE IN FF

=1

ENTER CHIF CAPACITANCE DENSITY IN PF/5Q MIL
]

FOR MINIMUM C=  1.0000000 FF

City= 31.830989 FF

C(2i=  5.41124631 FF

£i3)= 10000000 FF

C(4)= 2.4738634 FF

Cig)= 1.0000000 FF

Ci7i= 2,4738634 FF

TOTAL CAPACITANCE USED=  44.189983 FF

AT 0.2000 FF/80, AREA USED = 220.950 8Q HILS

ENTER COMMAND NUMBER (#4 FOR MENU)

=8

CALCULATES HMAGNITUDE AND PHASE AT A SERIES

OF FREQUENCY POINTS. ENTER STARTING ANL ENDING
FREGUENCIES (HERTZ), SEFARATEDL EY A COHiMA.
22995, 3005

ENTER FREQUENCY INCREMENT BETWEEN FOINTS (HERTZ)
|

FREQUENCY (HZ) MAGNITUDE (OR) MAGNITUDE FHASE (LEG)
2995.0000 -0.348135460E-01 0.99377045 182.14350
2996.0000 -0.32359233E-01 0.79428144 181.91744
2997.0000 -0.28037294E-01 0.99677729 181.49127
2998.0000 -0.23648004E-01 0.99723814 181.46493
2999.0000 ~0.19791612E-01 0.97772400 181.23844
3000.0000 -0.15868355E-01 0.79817474 ‘ 181.01184
3001.0000 -0.12078458E-01 0.99861038 180.78514
3002.0000 -0.B4221352E-02 0.99903084 180.55%830
3003.0000 -0.48995877E-02 0.99943607 180.33134
3004.0000 -0.15110051E-02 0.99982605 180.10429
3005.0009 0.17434353E-02 1.0002007 179.87714

ENTER COMMAND NUMRER (#4 FOR MENU)
24
FINDS PREVARFED VALUES FOR FO, EW, AND FEAK GAIN.
YOU MAY CHOOSE TO WARP FO TO NAGNITUDE FEAK ’
OR 70 180 DEGREE PHASE CROSSING.
ENTER NUWMBER OF DESIRED COMMAND.
1. HAGNITUDE PEAK
2. 180 DEGREE PHASE CROSSING
=1
BESIRED BANDFASS CENTER= 3000.0000 HZ
DESIRED HANDVWIDTH= 500.00000 HZ
DESIREDN FEAK GAIN= 0. DECIEBELS



PREWARFEL VARIABLES ARE: FO=
BU= 492,19343 HZ

FEAK GAIN= -0.38338722E-01 DECIBELS
THE -30F POINTS WERE FOUND AT:
F1= 2760.4804 AND F2=

2972.15M1

3260.4876

WARPF ITERATION COUNT= 4 CYCLES
FINOFK ITERATION COUNT= 334 CYCLES.

EﬂTER COMMAND NUMEER (#4 FOR HENLD

EgTER HIMTEUM ACCEFTABLE CAFACITANCE T# PF
E;TER CHIF CAFACITANCE DENSITY IN FF/3Q8 MIL
=7

F&E MINIMUN C=

1.0000000 FF
C{lr= 32.478971 FF
C(2r=  5.3214250 FF
C{3)= 1.0044240 PF
C{4)=  2.3007905 PF
C{3)=  1.0000000 PF
C{7i= 2.5007905 PF

45.004403 F

TOTAL CAPACITANCE USED= F
225.032

HZ

AT 0.2009 PF/SG, AREA USED = 50 HILS

ENTER CONNAND NUMBER (#4 FOR NENU)

=8

CALCULATES HMAGWITUDE AND FHASE AT A SERIES

OF FREQUENCY FOINTS. ENTER STARTING AND ENDING

FREQUENCIES (HERTZ), SEPARATED BY A COrHA.

=2995,3003

ENTER FREQUENCY INCREWENT BETWEEN FOINTS (HERTZ)

=

FREBUENCY ¢HZ) HAGNITURE (IiB) HAGNITULE FHASE (UEG)
2995.0000 -0.14823214E-902 0.99982934 175.71857
2996.0000 -0.85247891E-03 0.99990136 175.48727
2997.0000 ~0.36207358E-03 0.99995832 173.25606
2998.0000 =0.11012043E-04 0.79999873 175.024813
2999.0000 0.20081231E-03 1.0000231 174.79377
3000.0000 0.27351226E-03 1.0000315 174.5627.
3001.0000 0.20724176E-03 1.0000239 174.3317%
3002.0000 0.21258404E~-0%5 1.0900002 174.10038
3003.0000 ~0.34164937E-03 0.99994066 173.87099
3004.0000 -0.82397174E-03 0.99990514 173.63940
3005.0000 ~0.14445942E-02 0.99983370 173.40881

ENTER COMMAND NUMBER (#4 FOR MENU)

=5

HERTZ
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V. NOTCH FILTER

A. Design Equations

Fig. 5.1 shows a second-order notch filter with the following de-
sirable features:
1. The noninverting input terminals of all op amps are grounded
for reduced sensitivity to input and output impedances.
2. High Q rejection is possible.
3. All critical design parameters are independently adjustable.

The transfer function to the notch output terminal, V! is

2 Cus N 1
vy @R G0, | G ReR.C/C,

5-1
in 3 2 s 1 ( )

s” + +
RCy  RyRGC,C,

52 + B s+ w 2
n n

3 Sz + B.s + u)dz (5-2)

L d

Note that B » the radian bandwidth of the numerator, is separately
and independently adjustable via 04. The zero frequency of the numerator,

W is individually controlled by R Resistor R, influences only W g0 the

8° 6

pole frequency of the denominator. Lastly R5 individually controls Bys the
bandwidth of the denominator. At very low frequencies, the magnitude of
the transfer function approaches R6/R8' At very high frequencies this

magnitude approaches Gge In order to produce symmetrical asymptotic re-

sponses at low and high frequencies, set

o5 = Re/Rg (5-3)



Fig. 5.1 Second-order analog notch filter.
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The simplest notch filter design philosophy is to set Wy T wg Tw e

This frequency then becomes the center frequency of the notch. Here the

magnitude of Eq. 5-2 reduces to simply

<
Q

=
=]
(@]

E

= = (5-4)
in W= d 72

<
=
=]
Q

Thus, C, can be used to provide a finite notch depth at . Alternatively,

4

maximum rejection occurs with C, omitted from the circuit. With C

4 4=
the theoretical notch depth is -», while the practical depth is limited by
parasitic capacitances.

A switched-capacitor implementation of the analog notch filter is
shown in Fig. 5.2. This SCF circuit is a modification of the configuration
described by Gregorian [5]. Note, that this circuit uses only two op amps
instead of the four required for the analog filter. The two simple analog
inverters can be omitted by using the noninverting integrator SCF second

stage.

Using the o substitution from Eq. 3-8, Eq. 5-1 simplifies to

2 2
s® + a4a7s/a3TC + a7a8/a3TC
- G317 2 (5-5)
in s + 0L5s/TC + a6a7/TC

<|<
=z,

There are six o values in this equation and only four design parameters in

Eq. 5-2. Therefore, choose ag = 1 and define

/a (5-6)

776

Now corresponding terms between Eqs. 5-2 and 5-5 can be compared to eval-

uate the o values
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121 «gc, 1?2

S/H

r(|:;_T_:r-r__
191 ® 11
= =4
Cq
s 4
L [\ _|_¢1 J_¢2
j{: . C
e A[‘l/ l — I
= N %6C2 _L Ce !
. N ?1 J_r !_I_T¢2
= - -—QVZ
. +
L
¢2_L 017C1 -|_¢2 .
T C | -

o1 | ¢ 12
i

[l 1

Fig. 5.2 Switched—capacitor implementation of a second—order notch filter,
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U.BBn Bn
@, =-——= — (5-7)
w,vp w,Vp
d d
og = BdTC (5-8)
w, T
0, = ¢ (5-9)
Vo
o, =po, (5-10)
2
0, w T
ag = 3 n C (5-11)
wd/p—

All eight capacitors in Fig. 5.2 can be determined when the ratio between
any two is specified and when the value of the minimum acceptable capaci-

tance, Cmin’ is set, Therefore define

(5-12)

Normally the notch depth specification will cause o, in Eq. 5-7 to be the

4

smallest of the o values. For this condition

Cd=cmin = a402 (5-13)
(The computer-aided design program compares all o values to determine
which is smallest and then sets the appropriate a-capacitor product equal
to Cmin') Now all remaining capacitance values can be found from the

relationships:



lo8

35 %0 2 1
€5 = %C) Cu = %48

C, = a,C, Cq = @(C, (5~14)
Cg = “gC2

Figure 5.3 shows a block diagram representation of the notch filter
in terms of the z-operator. The transfer function for the notch output is

found to be

\ 22 + AlZ + A0
e -K' 3 (5-15)
in z° + Blz + B
[0
(7= 3 -
K 72 (5-16)
5
Ap = oa.(agfa, + 1) -2 (5-17)
A = 1 - o0, (5-18)
o0, — 6. — 2
B =07 > (5-19)
1 1+0
5
1
= — 5-20
B0 T ( )

The magnitude and phase of the notch filter can be determined at any
arbitrary frequency by making the substitutions for Z, given in Eqs. 3-29

and 3-30, into Eq. 5-15.

B. NOTCH2 Computer—Aided Design Program

NOTCH2 is a computer-aided design program based upon the configura-

tion of Gregorian [5]. The program is called by the following commands:



—— a8+a4(1—z_1)

az(1-z"1)

0
VN

A

1-2

T

<

Fig. 5.3 Block diagram representation of the notch filter.

oV
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OLD NOTCH2
FORTRAN

RUN-10 NOTCH2

After logging on, the menu of commands will appear as below.

SWITCHED-CAFACITOR FILTER UESIGN PROGRAM FOR
TIKCON WOTCH FILTER. ALGORITHH BY J.A. CONMNELLY,
FORTRAN VERSION BY W.N. GOOLSEY.

REVISION 6/9/81.

NEED MENU? (0 =NO, 1 = YES)

=1

A MENU OF COMMANDS FOLLOWS. TO EXECUTE & FUNCTION,
ENTER THE NUMBER OF THE AFFROFRIATE COMMAND.

1. ENTER ALL NEW PARAMETERS

2. CALCULATE MAGNITUDE AND FHASE AT FREQ.=F
3. FIND CAFACITOR VALUES AND TOTAL C

4. FPRINT MENU

3. TERMINATE PROGRAN

d. WARF FN AND BUWI.

7. FRINT CURRENT PARAMETER VALUES.

8. FIND MAGNITUDE AND' FHASE AT & SERIES

OF FREQUENCY FOINTS.
9. VIEW EFFECT OF SWEEFING CLOCK FRER. ON FN & RWD
10. CHANGE FN DNLY
t1. CHANGE FI ONLY
12.  CHANGE RUN ONLY
13. CHANGE BWD ONLY
T4, CHANGE RHOD ONLY
13. CHANGE FC ONLY
Te. MINIMIZE TOTAL CAF. BY VARYING ONE PARAMETER

Utilization of the various menu commands follows the same
procedure as previously discussed for MARTLP and MARTBP. A design
_example is given as a further illustration. A complete listing of

the NOTCHZ2 program is given in Appendix C.
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C. NOTCH2 Design Example.

EHTER COMMAND NUMBER (#4 FOR MENL)
=1

FNTER FN (HERTZ)
23009

ENTER FO {HERTZ)
23000

ENTER BWN (HERT I}
=4 .4

ENTER BWD (HERTZ)
=100

ENTER RHO

=.07

ENTER FC (HERTZ)
=200099

ENTER COMMAND NUMRER (#4 FOR MENU)

=3

ENTER HINIMUM ACCEFTABLE CAFACITANCE IN FF
=]

ENTER RATIO C2/CH1

=.8

ENTER CHIF CAPACITANCE DENSITY IN FF/SQ HIL

=.2

FOR MINIMUM C= 1.0000000 FF

ANDI C2/C1= 0.80000000 ,THE CAPACITANCE VALUES ARE:
Cti)= 139.153494 FF

Ci2)= 127.32395 FF

C(3)= 159.15494 FF

Ci4)= 1.02656439 FF

C(3)= 1.0000000 FF

Clé)=  45.355737 PF

C{7)= 3.9686270 FF

C(8)= 43.355737 PF

TOTAL CAFACITANCE USED=  542.34039 FF

AT 0.2000 FF/SG MIl., AREA USED =  27211.70 5G WIS

ENTER COMHAND NUNEER (#4 FOR MENU)
=14
TO HWINIMIZE TOTAL CAPACITANCE,CHOOSE ONE
PARANETER FROM THE FOLLOWING LIST:
1. ALPHAC=C2/C1
2. RHD
=2

ENTER IN ORIER, SEPARATED RY COMMAS:
FARAMETER HIN. VALUE, MAX. VALUE, STEF INCREMENT
=.07,.908,.0001
FARANETER NAME:
RHO
FOR FARANETER= 0.07370000
© THE SHALLEST VALUE aF TOTALL CAF. =  540.11148 F



THE OFTIMIZED FARANETER HAS REEN FLACED 112
IN THE ARGUMENT LIST.

ENTER COMHAMD NUMBER (#4 FOR HMENU)
=14
TO MINIMIZE TOTAL CAFACITANCE,CHODSE ORE
PARAMETER FRON THE FOLLOWING LIST:
. ALFHAC=CZ/C1
2. RHO
=1

EWTER IN ORCER, SEFARATED BY COHHAS:
FARAMETER WIN. Uaiuls, MAX. VALUER, STEP INCREMENT

2,7,.9, .01

PARAMETER NAME:

ALFHAC

FOF PARAWETER= 0.80000000

THE SHALLEST VALUE OF TOTAL CAF. =  S40.11143 PF

THE OFTIMIZED PARAMETER HAS BEEN PLACED
IN THE ARGUMENT LIST.

ENTER COMHMAND NUMBER (H4 FOR MENU)
=7

VALUES AS CURRENTLY CALCULATED ARE:

FN= 3000.0000 HERTZ

Fi= 3000.0000 HERTZ

BUN=  6.4000000 HERTZ

U= 200.09000 HERTZ

RHO= 0.07370000 (DIMENSIONLESS)
ALFHAC= 0.80000000 (DINENSIONLESS)
FC=  200000.00 HERTZ

T= 0.50000000E-05 SECONDS
ALFHA(T) = 1.0000000

ALFHA(4)=  0.78382343E-02
ALPHA(S)=  0.62831853E-02
ALFHACG)=  0.34714414

ALFHA(Z)=  0.25586144E-01
ALFHA(B)= 0.347156416

Ci= 159.15494 FF

Ce2i= 127.32395 FF

C{3i= 139.13494 FF

£(4)= 1.0005413 FF

C{5}= 1.0000000 PF

CC6)=  44,202568 PF

E{7¥= 4.072141% [*F

£(8)=  44.,202368 FF
MINIHUM C = 1.90000000 FF
TOTAL € =  540.11148 FF
AT 0.2000 PF/G0 WIL, AREA USED =  2700.36 50 HILS

ENTER COMMAND NUMBER (#4 FOR MENL)
=4
FINDS PREWARPED YALUES FOR FN AND BED.
YOU MAY CHOOSE TO WARF FN TO MAGNITUDE FEAK
Ok TO 180 DEGREE PHASE CROSSING.
ENTER NUMBER OF DESIRED COMMANGD.
1. MAGNITUDE PEAK
2. 130 DEGREE FHASE CROSSING

i
rJ



BESIRED WOTCH CENTER=  3000.9000 HZ

BESIRED BANDWIDTH= 200 00000 HZ

FREWARFPEDT VARIARLES ARE: FH=  2998.6257 HZ

BWh= 129.30505 HZ

~30E FOINTS WERE FOUND AT:

Fi=  290%.0374 AND F2=  3105.9480 HERTZ
WARP ITERATION COUNT= 3 CYCLES

FINDFK ITERATION COUNT= 144 CYCLES.

ENTER COMMAND HUMEER (#4 FOR MENU)

=7

VALUES AS CURRENTLY CALCULATED ARE:

FH=  2998.6257 HERTZ

Fh= 0 3000.0000 HERTZ

BUN= 5.4000000 HERTZ

BUD= 199.30505 HERTZ

HO= 0.07370000 (DIMENSIONLESS)
ALFHAC= 0.80000000 (UIMENSIONLESS)
FC=  200000.00 HERTZ

T= (¢.50000000E-05 SECONDS
~30B FOINTS ARE LOCATED AT FREQUENCIES:

F1=  2905.0374 AND F2=  3103.0480 HERTZ
ALFHA(3) = 1 0000000
ALFHAC4)=  0.7B582343E~02

ALFHAR({S)= 0 62613527E-02
ALFHACS)=  0.34716614
ALFHA(? )= 0.279586144E~01
ALFHA(B)=  0.34484817

£i)= 1539.70990 FF

C(23= 127.76792 FF

C{3r= 1599.70990 FF

Cid)= 1.0040302 FF

Ciar= 1.0000000 FF

Cioi= 44.3566%7 FF

C{7¥=  4.08483407 P

Ci3Y= 44,21506448 FF
AININUH C = 1.0000000 FIF
TOTAL C = 541.95087 FF
AT 0.2000 PF/58 MIL, AREA USED =  2709.79 S0 HILS

ENTER COMMAND NUMBER (#4 FOR MENU)

=§

CALCULATES MAGNITUDE AND FHASE AT A SERIES

(OF FREBUENCY POINTS. ENTER STARTING AND ENDING
FREQUENCIES (HERTZ), SEFARATED BY A COMHA.
=2995,3005

ENTER FREQUENCY INCREMENT BETWEEN FOINTS (HERTZ)
=1

FREQUENCY (HZ) KAGNITUDE (IR} MAGNITUDE FHASE (DEG)
2995.0000 -24.46346430 0.38637913E-01 124.02022
2996.0000 -29.928037 0.505335685E~01 129.6939%
2797.0000 -27.27979%4 0.43252597E-01 137.40339
2998.0000 ~28.371876 0.37274013E~-01 148.56293
2999.0000 ~27.3484864 0.33310082E-01 163.027439
3000.0000 ~2%9.864939 0.32110942E-01 179.96511
3001.0000 -29.379%11 4,33962579E~-01 196.54333
3002.0000 -28.309473 0.38417257E~01 2M0.21963
3003.0000 -26.975497 0.446913522E-M1 220.41214

3064.0000 -25.6%9782 §.532120779E-01 227.,74038

~Aane AaAanA mA TTAAY R ~ PARN G TIA AT A MTY AANTS
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D. Flow Chart for NOTCHZ2.
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Program NOTCH2

Main Program

START

Initialize variables: Count=0, Warp flag = 0, Cap flag = 0.
State = 0, i.e. main parameters not yet entered.

y

( Print header (HEADER) )
Yes Print menu of mand
Need menu? menu of commands
(MENU)
No
@ (page 121)
\ Input command numbers, CMD 7
Error flag=0

Input parameters FN, FD, BWN, BWD,
RHO, FC. (various)

Y

Calculate alphas (ALPHAS)

y

STATE = 1, i.e. parameters have been

- entered and other commands may now
# be processed. WARPFLAG =0
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!

Calculate mag. and phase at
freq. = F. (MAGPHAS)

—

Enter min. acceptable capacitance, ratio
ALI’HAC and chip capacitance density

!

( Calculate capacitors (CAPS) )

Print min. capacitance, cap. values, total
capacitance, and chip area

CAPFLAG =1

Yes Print menu of commands
(MENU)
No

CMD=3?

\
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3| Terminate Program

Yes

No

( Warp FN and BWD (MWARP) >

( Recalculate alphas (ALPHAS) >
Y
WARPFLAG =1

e
Yes
CMD =7?
No /
=

( Recalculate alphas (ALPHAS) )
Yes Calculate caps
Y CAPFLAG =1? (CAPS)

No
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Print out all major parameters
(PRINT)

Yes Yes
CMD = 8?
No No
-
Calculate mag. and phase at a series of
frequencies. (SPECTRM)

Yes
No
Sweep clock freq. and view effect on
center freq. and bandwidth. (SWEEP)
Reenter FN (ENTFN) }

Y
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Y

' C Recalculate alphas (ALPHAS) )
WARPFLAG =0
e —
Yes Yes
CMD =11?/
No No
C Reenter FD (ENTFD) )
y
4 Recalculate alphas (ALPHAS)
| -
WARPFLAG =0
et

Yes Yes
CMD =127/
No No

-

( Reenter BWN (ENTBWN) D,
Y
Q Recalculate alphas (ALPHAS) ?
WARPFLAG =0
| —




CMD = 13?

No

Yes

Yes

e

No

l

{ Reenter BWD (ENTBWD)

J

{ Recalculate alphas (ALPHAS)

120

Y
WARPFLAG=0
Yes Yes
No No
C Reenter RHO (ENTRHO)
Y
( Recalculate alphas (ALPHAS) 7
WARPFLAG=0
-
Yes Yes
CMD = 15?7
No No
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Reenter FC (ENTFC) )

Y

Recalculate alphas (ALPHAS) )

Y

Yes
CMD=16?

NO

WARPFLAG =0
Yes
No
Minimize total C by varying
one parameter (OPTIMIZ)
y
Recalculate alphas (ALPHAS) )

Print "’First command must
be no. 1.”

Print error message
(ERRMSG) ‘

—>® (page 115)
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Warping Routines for Program NOTCH2

Subroutine MWARP

T Print header message J
Y

i Input choice of warping to magnitude or phase /
Y
\ Print objective parameters: FN, BWD /

Y

Carry out warp process
(WARP)
RETURN

Print warped parameters: FN, BWD,
-3dB points.

Y
\ Print iteration counts J

RETURN




Subroutine WARP 123

ENTER

Freq. desired = FN
Bandwidth desired = BWD
Phase desired = 180

Y
Recalculate alphas independent of FN and BWD
Y
Bandwidth error = FN * 102
Max. number iterations = 50
COUNT =0
Yes
Warp to magnitude peak
No Freq. error = FN * 105

Warp to phase crossing

Y

Freq.error=FN * 106

Find the following: (FINDPK)
1) freq. of either mag. peak or phase crossing, FPEAK

2) -3dB bandwidth, BW
Fregs. of -3dB points, MIN3(1) and MIN3(2).

3)
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RETURN

RUNFLAG =0, i.e. do not iterate
Iteration count = count + 1

Y

Freq. deviation = (freq. desired) - {FPEAK)

ABS. FREQ. Yes e — —
FREQ = ERROR? = (freq. deviation)
DEVIATION RUNFLAG =1
BW deviation = (BW desired) - (BW)
ABS. BW .
BW ERROR? Yes BWD = BWD + (BW deviation)
DEVIATION "RUNFLAG =1

RUNFLAG = 12

RETURN

Yes

ITERATION MAX

=

COUNT RUNS?
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\ Print “Maxruns exceeded” J

Y

Error flag=1

RETURN




Subroutine FINDPK

ENTER

126

Recalculate those alphas dependent on FN
and BWD, ALPHA (5) and ALPHA (8).

)

Recalculate coefficients of z-domain
transfer function.

3

F=FN Direction = +1
ABMAG =0
Search limits: (FN- BWD) <r< (Fn+ BWD)
No
CHOICE = 1?
Yes
Warp to magnitude peak Warp to phase crossing

Y

Step Increment = BWD/20
Error = FN * 106 (page 128)

-

LASTMAG = ABMAG
THETA =2*PI*F*T
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Calculate mag. and phase at THETA
(MAGPHAS)

'

lteration count = count + 1

Direction = -1 * Direction
STEP=STEP/ 2

F = F+ STEP * DIRECTION

No Yes
< ERROR?

STEP

\ Print Error Message /

Error flag = 1

RETURN

(page 129)
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Phase desired = 180
DEGPHAS =-1
Error=FN * 1077

Step increment = BWD/40

128

LASTPHS = DEGPHAS
THETA=2*PI*F*T

Y

Calculate mag. and phase at THETA
(MAGPHAS)

!

PHASE = DEGPHAS
COUNT =+1
CROSSED =0

WAS DESIRED

PHASE CROSSED Yes

IN LAST
ITERATION?

g

DIRECTION = -1 * Direction
STEP = STEP/2

F=F +STEP * DIRECTION




F WITHIN

STEP < ERROR? SEARCH LIMITS?

Yes
\ Print Erl;' message 4//
Error flag=1
RETURN
(page 127‘
< |(pag
Y
FPEAK=F

Y

Find bandwidth, BW

Y

MIN3DB = 1//2

Y

i ©

Direction =-1 * * | ABMAG =0

F = FPEAK + Direction * BVgD Error = FN * 10°6

STEP = BWD/20
Search limits: (FN - BWD) < F <(FN + BWD)
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LASTMAG = ABMAG
THETA=2*PI*F*T

Y

Calculate mag. and phase at THETA
(MAGPHAS)

Y

Iteration count = count + 1
Crossed =0

Yes Direction = -1 * Direction
STEP=STEP/2

MAGNITUDE CROSSED
IN LAST ITERATION?

F=F +STEP * DIRECTION

No Yes

STEP < w

Yes Na

\ Print error message /

Error flag=1

*
URN




MIN3(l) = F

No

I=1+1

Yes

Bandwidth BW = ABS [ MIN3( 2) - MIN3(1) ]

RETURN

131

(page 129)
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Vi. LADDER NETWORKS

A. Biquad Structures

Switched-capacitor filters are sampled-data systems which must be
analyzed in the z-domain. However, SCFs are generally synthesized in the
s-domain since knowledge of s-domain filters is quite mature and since
relatively easy design methods have been developed for the s-domain.

One of the most commonly used techniques in synthesizing arbitrary
frequency-selective filters is to cascade second order biquads. Each
biquad implements one complex conjugate pole pair and either none, one, or
a conjugate pair of zeros. As many biquads as needed are cascaded to
produce a filter of the desired order. This design method possesses
several well known advantages. First, closed form expressions exist for
Butterworth and Chebyshev filters which give<u° and Q for each pole pair in
the desired filter. That is, higher order maximally flat and equiripple
filters are easily factored into biquad sections. Second, high quality
biquad circuits exist which exhibit low sensitivities and allow easy tun-
ing; premier among these are the three-amplifier state-variable circuits.
Thus the cascaded biquad approach is straightforward to implement and
produces good to excellent results, at least in filters of low to medium

order.

B. Ladder Structures

Another technique for synthesizing s-domain filters is the ladder
approach, in which a classical LC passive ladder is first generated, then
converted to an active RC circuit by one of several methods. The ladder

approach can offer lower component sensitivities than cascaded biquad
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structures and is thus attractive in situations demanding high precision
and/or when designing filters of high order or high Q. Ladder design
typically consists of the following steps:
1. Determination of the s-domain transfer function;
2. Determination of the ladder topology and element values for a
low-pass prototype (LPP) ladder;
3. Transformation of LPP to the desired filter type, i.e. high-
pass, bandpass, or notch;
4, Conversion of the transformed passive ladder to an active RC
circuit; and
5. Conversion of the active RC circuit to a switched-capacitor
circuit,
Of course, if a low-pass filter is desired, step 3 should be deleted. This
scheme represents only one possible design method. In particular, one may
wish to replace steps 2 and 3 with a direct ladder design of the desired
filter type, because low-pass to bandpass and low-pass to notch frequency
transformations are only capable of producing even-order filters with

pass-bands geometrically symmetric about the center frequency.

C. Example of Ladder Network Synthesis

To illustrate the design method above, a second-order notch filter

will be generated. The desired filter parameters are:

Filter type: Notch Order (N): 2
R = 27 x 3000 Hz B =27 x 200 Hz
Passband: maximally flat

Finite notch depth; rejection ratio of 30 dB
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Step one is to generate the s-domain transfer function. For a

second-order notch with finite rejection, we have

€

2 0 2
v + — s+
o(s) _ s Q ST Y (6-1)
V——?;; =K n
in 2 o 2
s + Q_ s + UJO
d
where
K = asymptotic gain at DC and infinity

= center frequency in radians

2 = -3 dB bandwidth in radians
d R

— = rejection ratio

Incidentally, for infinite rejection Qn-+m. Step 2 finds a LPP ladder
which can be frequency transformed to achieve the notch function. Fre-
quency-band transformations are summarized in Fig. 6.1, where it is seen

that the LPP-to-band reject transformation is

= — ) (6-2)

where s is the complex frequency variable in the LPP domain, p the complex
frequency variable in the band-reject (BR) domain, and B = wo/Qd is the =3
dB radian bandwidth. Since the LPP-to-BR transformation doubles the order of
the filter, we start with a first order LPP. Also, since the notch
specifications call for maximally flat pass-band response, the LPP should
be of Butterworth type.

Fig. 6.2 shows the canonical realizations of low-pass ladders. For

minimum inductance Butterworth ladders the element values are given by



Minimum inductance

~¢—— Dual networks —»
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Minimum capucitance

L Ty

e

L, T, T

N even _r.c1 T03 ]_CN_l .TRZ R,
— ~O—
L, Ly-1 R, L, L, Ly
N odd (:NI R, R

Ic, _l._c:, ]..‘oj

Fig. 6.1

LC ladders for all—pole low—pass filters

(Taken from Sedra and Brackett, pg. 206).



Direction of

Type Transformat ion Transformation Notes
W
LP -+ LPP Q =
w,
LP P
Lep - LP "
P
w
HP - LPP Q wJ-
HP s
W
LPP - HP B
p
w - W
. s2 sl - a
BP LPP Q “‘——pz ool wy upl pr we) Wep
BP
PZ N m02
LPP -+ BP o8 B = WPZ - "“pl
wl 2' w, l
BR -+ LPP Q R Pl
W - W
s2 sl
BR Same as above
LPP - BR e

P o+ ow
[ o}

Fig. 6.2 Frequency band transformations

(Taken from Sedra and Brackett, pg. 244).
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k
odd, Ck
1/N 2(k-D)7
= 2¢ sin [—iiﬁ—l-] s k=1,2,...,N (6-3)
k even, L
k
/ A_/10
where € =V 10 P -1 and Ap is the ripple width in decibels. We set Ap =

3.01 dB or ¢ = 1 for the Butterworth response. Thus the desired LPP is
shown in Fig. 6.3 which is both impedance and frequency normalized. The

LPP transfer function is

[s51] (6-4)

which exhibits a dc gain of 1/2 and a pole at w=1 radian/sec.
The LPP-to-BR transformation of Eq. 6—2 frequency denormalizes the
filter. Using the specified w, and B,

p(21 x 200)

s = (6-5)
p2 + (21 x 3000)2

Examining the effect of the transformation on Cl’ we find that a capacitor
transforms to a series LC combination as shown in Fig. 6.4(a). In the band
reject domain, the ladder becomes as shown in Fig. 6.4(b) which is now
frequency denormalized but still impedance normalized. Note that this
circuit provides (ideally) infinite rejection at w_ since the impedance of
the L'C' combination is zero at resonance. To provide finite rejection we
add Re in series with L' and C' as shown in Fig. 6.4(c). The transfer
function of the circuit of Fig. 6.4(c) is

R
2 f) 1
+ s +
Vol ° L'C’ (6-6)

-1
2
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Fig. 6.3 Butterworth low—pass prototype circuit.
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LPP BR
| L rn 1t
— — > ]
Cc L = 1 C’ = BC
BC 2
wo
(a)
AAA ,_1 -4
=19 L’ L' =g =3979 x 107" H
Vo § R =12
c’ ‘ c'= B—g— =7.074x10°%F
T w§
(b)
19 E L’
Vin c Vo § R =12
R¢

()

Fig. 6.4 Low—pass to band reject transformation: (a) element
substitution; (b) BR circuit with infinite rejection; and

(c) BR with finite rejection.
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If Rf-+0 the numerator becomes (82 + EE) and infinite rejection is achieved

as expected. Comparing Eqs. 6-1 and 6-6 gives

i)g:.R_f i:.Ri:__];/_z. (6_7)
Qn L Qd L
Qn
The rejection q. was specified as 30 dB or 31.62. This gives Rf =
d

0.016334Q.

Step 4 of our synthesis technique consists of finding a way to
convert the ladder of Fig. 6.4(c) to an analog active RC filter. We will
use the operational simulation approach [13]. This approach is often
referred to as the "leap-frog" method, but the term leap-frog is strictly
applicable only to all-pole filters. Since our notch filter includes a
pair of transmission zeros, we must use the more generalized signal-flow-
graph (SFG) form of operational simulation. The SFG method applies to any
LC ladder filter, whether derived using frequency-band transformations or
synthesized directly in the frequency domain desired [14].

Operational simulation copies the internal workings of the LC lad-
der prototype. It produces a circuit in which the signals, say voltages,
at various points are the analogs of the voltages and currents of the LC
prototype. The active RC structure implements all the current-voltage
relationships present in the LC ladder. Hence, the active circuit will
consist of integrators that simulate the operation of inductors and capa-
citors, and summers that simulate the Kirchhoff loop and node equations of
the passive LC ladder. Since by this process a one-to-omne correspondence
is maintained between the integrators in the active circuit and the reac-
tive components in the passive ladder, the resulting active filter retains

the low sensitivity properties of the LC prototype [15].
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For the moment let us ignore Rf and simulate the ladder of Fig.
6.4(b). We will reintroduce Rf later. Referring to Fig. 6.5, we can write

the defining equations

(v, -v) (6-8)
[o}

- L _
I, =3 (Vo) (6-9)
L
I,=1,+ 1, (6-10)
52 LC + 1)
VO = —Il —_SC_— (6-11)

Note that Eqs. 6-8 and 6-10 define summing operations. Eq. 6-9 is a simple
scaling and Eq. 6-11 is a resonance relationship. Now, referring to Egs.
6-8 through 6-11 and to Fig. 6.6, we construct the SFG representation in
Fig. 6.7. Nodes at the top in Fig. 6.7 correspond to signals that simulate
ladder currents, while nodes at the bottom represent simulated ladder
voltages. The value of a node is defined to be its output.

From Fig. 6.7 it is relatively easy to move to an active RC circuit,
since op amps readily implement the operations of summation, scaling, and
integration. The two-integrator loop of the SFG is implemented by a 3-
amplifier biquad in Fig. 6.8. Although 3 op amps are used here, any biquad
circuit would serve. A1 and AZ together form a noninverting integrator
with time constant RACI.‘ Aq forms an inverting integrator with time
constant R3CZ' From the standpoint of maximizing the circuits's dynamic

range it is advisable to make the two time constants equal [16]. We thus

have
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Fig. 6.5 BR circuit with infinite rejection.
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v c
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SFG

1/sL

Fig. 6.6 Ladder building blocks and their SFGs
(Taken from Sedra and Brackett, pg. 745).
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|
I 0
1
_ L —R
"; sC’ 1 L
s SL’
7 ,C)_
_Vo

Fig. 6.7 SFG for BR circuit having infinite rejection.
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-l —0—V,

Fig. 6.8 Active RC realization of BR filter.
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= = TRt -
R4Cl = R3C2 YL'C (6-12)

Since we had chosen R, =R = 1@ in the prototype ladder, all resistors in

Fig. 6.8 other than R3 and R, are set equal to 12. However, R

4 will adjust

9

the overall gain of the filter.

The transfer function of the central biquad in Fig. 6.8 is found to

be
1
V2(s) _ ClRl s
Vx(s) 2 + ClR R (6-13)
12374
with R, = . This is an ideal bandpass function. By embedding the

bandpass biquad in the ladder structure we obtain the overall transfer

function _
PO w
Vos) g €1%3%
Yn et 2ClR s*ttc é R (6-14)
11 1234
- -
which is a notch function with infinite rejection at w _ = ———~l————. To
vC1C2R3Ry

achieve finite rejection we introduce Rx as shown dotted in Fig. 6.8. Rx

plays the same role as R, in Fig. 6.4(c). Rx serves to make A, a leaky

f 1

integrator, i.e. its Q is reduced to a finite value. With Rx in circuit

the transfer function is modified to

- -
2 1 1
s” + s + ————
V_(s) 1 CR_ CC,R R, 615)
] B e R e
C,R_~ 2CR; CC,R.R,
L. -

thus achieving finite rejection.
The circuit of Fig. 6.8 represents the culmination of the design

work done in steps 1-4. It is a second order notch element resonant at



147

3000 Hz, implemented in active RC form. It only remains to convert from
active RC to switched-capacitor form. An examination of Fig. 6.8 yields
only four basic op amp configurations:

(1) inverting summer/amplifier;

(2) noninverting summer/amplifier;

(3) 1inverting integrator; and

(4) noninverting integrator.

These can be implemented in SC form by using circuits presented in previous
chapters. Note that a reduction in the number of op amps will occur in
going to SC form. Al and A2 will collapse to a single amplifier, as will A4
and A53 The complete SC circuit is shown in Fig. 6.9.

The second order notch example presented here would not normally be
implemented as a ladder. The bandpass resonator embedded in the notch
ladder is a biquad circuit of the same type as would be used in a conven-
tional cascaded biquad filter. A second order filter requires only one
biquad, thus the benefits of multiple interconnections offered by ladder
structures do not exist in the second order circuit. But given a sixth
order ladder filter, for example, there would be three biquads embedded in
the overall ladder structure and the multiple interconnections among the
biquads would produce lower sensitivity than a comparable sixth order
cascaded biquad filter. Such a sixth order (bandpass) ladder filter is

illustrated in Fig. 6.10.



Fig. 6.9 SCF implementation of second order notch filter.
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Fig. 6.10 Sixth—order ladder filter for producing a notch response
(Taken from Sedra and Bracket, page 730).
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APPENDIX A

COMPLETE LISTING FOR MARTLP PROGRAM

0LD HARTLF
+.15T

100 HARTLP

200

398

40 DOUBLE FRECISION ALFHA(8),KPRIME,A(4),B(4)
50 DOUBLE PRECISION FO,DBGO,G0,FC,T,ALFHAC,ALPHAR,BW,Q
40 DOURLE PRECISION FP,AF,EFS,FREFZ

70 DOUBLE PRECISION C(8),CHIN,CSHALL,SUMC,PFPERSQ, CFAREA
80 INTEGER STATE,CHD,COUNT,WAKPFLG,CAPFLAG, TYPFLAG,HNENUFLG
90 B0 10 I=1,8

100 10 ALFHA(I)=0.

110 - CHIN=0.

120 CSHALL=0.

130 SUMC=0.

140 FO=0.

150 BW=0.

140 FC=0.

170 T=9.

180 KPRINE=0.

190 00 30 I=1,4

200 A(1)=0.

210 30 B(I)=0.

220 60=0.

230 DBGO=0.

249 CAUNT=0

250 HARPFLG=0

260 CAFFLLAG=0

270 PFPERSQ=1.

280 CPAREA=0,

290 TYPFLAG=0

300C

310C

320C

330C

340C

350 STATE=0

340 CALL HEADER

370 PRINT, "NEED HENU? (0=NO, 1=YES)"

380 READ, MENUFLG

390 IF (NENUFLG.EQ.1) CALL MENU

400 90 PRINT,

410 FRINT, "ENTER CONMAND NUNBER (4 FOR HENU)"
429 READ , CHD

430C

440 1ERR=0

450C

460 100 IF(CHD.NE.1) GO TO 200

470C

480C TYPFLAG=1 INBICATES BUTTERWORTH FILTER



490C
300
310
320
330
540
530
560
370
580
390
600
610
420C
630C
640C
650
460
670
480
590
700
710
720
730
740
230
760
270
780C
790C
gooC
glo
820
830
840
850
840
870
880
890
200
710
920
930
940
9350
960
970
980
990
1000
1010
1020

CALL TYPHLDR(1)

CALL ENTFO(FO)

CALL ENTGO(DBGO,GO)
CALL ENTFC(FC,T)
CALL ENTALC(ALPHAC)
CALL ENTALR{ALFHAR)
CALL BUTTER(FO,BW,Q)
CALL ALPHAS(IERR,ALPHAR,FO,BW,Q,G0,FC,T,ALFHA,A,H)
STATE=1

WARFFLG=0

TYPFLAG=1

200 IF(CHMII.NE.2) GO TO 300

TYPFLAG=2 INBICATES CHERYSHEV FILTER

CALL TYPHDR(Z)

CALL ENTFP(FF)

CALL ENTAP(AF,EPS)

CALL ENTGO(DEBGO,GD?

CALL ENTFC(FC,T)

CALL ENTALC(ALFHAD)

CALL ENTALR(ALFHAR)

CALL CHEBSHV{(FO,FF,BU,AP,EPS,Q)
CALL ALPHAS(IERR,ALFHAR,FO,BW,Q,60,FC,T,ALFHA,A,B)
S5TATE=1

WARPFLG=0

TYPFLAG=2

300 IF(CMD.NE.3) GO TO 400

TYPFLAG=3 INDICATES GENERALIZED FILTER

CALL TYFHDR(3)

CALL ENTFO(FO)

CALL ENTBH{BW)

CALL ENTGOCDBGO,B0)
CALL ENTFC(FC,T)

CALL ENTALC(ALFHAC)
CALL ENTALR(ALFHAR)
CALL GEMERAL(FO,RU,Q)
CALL ALPHAS(IERR,ALFHAR,FO,BW,Q,60,FC,T,ALFHA,A,B)
STATE=1

TYFFLAG=3

NARFFLG=0

400 IF(CHDII.NE.4) GO TO 3500

CALL MENU

500 IF(CHD.NE.D) GO TO 5190

5TOP

510 IF(CMD.NE.6.0R.STATE.EQ.0) GO TO 520

CALL HWARPCIERR,FP,FO,EW,Q,G0,FC,ALFHA,COUNT, TYFFLAG,

&AF,EPS,ALPHAR,T,A,B,FREFZ)

CALL ALFHAS(IERR,ALPHAR,FO,BU,0,60,FC,T,ALFHA,A, &)
WARFFLG=1

520IF(CHAD.NE.7.DR.STATE.LT.1) GO TO 530



~—

1030
1040
1050
1060
1070
1080
1090
1100
1110
120
1130
1140
1130
1160
1170
1180
1190
1200
1219
1220
1239
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1340
1370
1380
1390
1490
1410
1420
1430
1449
1450
1440
1479
1480
1490
1500
1310
1320
1530
1540

135

330

540

600

700

80O

700

1000

1100

1140

CALL ALFHAS(IERR,ALFHAR,FO,BW,Q,60,FC,T,ALFHA,A,B)
IF(CAPFLAG.ER.1) CALL CAPS(PFPERSQ,CPAREA,ALPHA,C,
3CSHALL, SUMC,CHIN,ALPHAL)
CALL PRINT(ALPHA,FO,BW,G0,0BG0,FC,ALPHAC,ALFHAR,T,C,
SCHIN,SUMC,WARFFLG,CAFFLAG, TYFFLAG,PFPERSE,CPAREA)
IF(CHD.NE.B.0R.STATE.EQ.Q) GO TO 540
CALL FKESP(ALFHA,T,A,B)
IF(CHD.NE.7.0R.STATE.EQ.0) BO TO 400
CALL PRECAPS(CHIN,ALFHAC,FFPERSD)
CALL CAFS(PFPERSA,CPAREA,ALPHA,C,CSMALL,SURC, CHIN, ALIEHAD)
CALL FOSTCAF(CNIN,ALFHAC,C,SUHC, PFPERSQ, CFAREA)
CAPFLAG=1
IF{CMD.NE.10.0R.STATE.ER.O) GO TO 700
IF(TYPFLAG.EQ.2) PRINT, "NOT VALID FOR CHEBYSHEY"
IF(TYPFLAG.NE.2) CALL ENTFO(FO)
IF(TYPFLAG.ER.1) CALL BUTTER(FG,BU,G)
IF(TYPFLAG.EQ.3) CALL GENERAL(FO,BW,Q)
CALL ALPHAS(IERK,ALFHAR,FO,BW,Q,60,FC,T,ALPHA,A,B)
WARPFLG=0
IF(CHDLNE.11.0R.STATE.ER.0) GO TO 800
IF(TYPFLAG.NE.2) PRINT, "NOT VALID FOR NON-CHEEYSHEY"
IF(TYFFLAG.ER.2) CALL ENTAP(AF,EFS)
IF(TYFFLAG.EQ.2) CALL CHEBSHV(FOD,FF,EW,AF,EFS,0)
CALL ALFHAS(IERR,ALFHAR,FO,EBW,Q,60,FC,T,ALPHA,&,B)
WARFFLG=0
IF(CHD.NE.12.0R.STATE.EQ.0) GO TO 900
IF(TYPFLAG.NE.3) PRINT, "NOT VALID FOR NON-GENERAL"
IF(TYFFLAG.EQ.3) CALL ENTBU(BU)
IF(TYFFLAG.EG.3) CALL GENERAL(FO,EW,0)
CALL ALFHAS(IERR,ALFHAR,F0,EW,Q,60,FC,T,ALFHA,A,B)
WARFFLG=0
IF(CHD.NE.13.0R.5TATE.EG.O) 60 TO 1000
CALL ENTFC(FC,T)
CALL ALFHAS(IERK,ALFHAR,FO,EW,Q,60,FC,T,ALPHA,4,B)
WARFFLG=0
IF(CHD.NE.14.0R.STATE.EQ.0) GO TO 1100
CALL ENTALL(ALFHAL)
CALL ALPHAS{IERK,ALPHAR,FD,BW,0,60,FC,T,ALPHA,A,R)
WARFFLG=0
IF(CHD.NE.15.0R.STATE.EQ.0) GO TO 1150
CALL ENTALR(ALPHAR)
CALL ALPHAS(IERR,ALFHAR,FO,EW,q,50,FC,T,ALPHA, &, B)
WARPFLG=0
IF(CHD.NE.14.0R.STATE.EQ.0) GO TO 1160
CALL ENTGO(DBGO,G0)
CALL ALPHAS(IERR,ALFPHAR,F0,BW,0Q,60,FC,T,ALFHA,A,E)
WARFFLG=0 .
IF(CHD.NE.17.0R.STATE.EQ.0) 6O TO 1209
IF(TYFFLAG.NE.2) FRINT, "NOT VALID FOR NON-CHEBYSHEY®
IF(TYFFLAG.EQ.2) CALL ENTFP(FF)
IF(TYFFLAG.EQ.2) CALL CHERSHY(FO,FF,BU,AF,EFS,3)
CALL ALFHAS(IERR,ALPHAR,FO,BW,8,G0,FC,T,ALFHA,A,B)
WARFFLG=0



2100
2110
2120
2130
2144
21539
2160
2170
2180
2190C
2200¢C
2210C
2220C
2230C
2240
2250
2260

22720
2280
2290
2300C
2310C
2320
2330
2340
2330
23460
2370
2380
2390
2400
2410
2420
2430
2440
2450C
2460C
2470C
2480C
2490C
2500
2510
2520
2530
2540
2350C
2540C
2570C
2589C
2390C

100

124

979

IF(F.GT.FENIN GO TO 799
THETA=TH+F

CALL MAGFHAS(ARK,A,B,THETA,ABNAG, DEMAG,RADPHAS, GEGPHAS)

PRINT 120, F,uBHAG,ABHAL,DEGFHAS
FORMATIG!S.E,34,515.8,3%,615.68,3X,0610.87
F=F+FINC

GO TO 100

RETURN

END

SUBROUTINE BUTTER(FO,BEW,Q)
[OUBLE PRECISION FO,8W,0,DSGRT
EW=0SART(2.000)FD

@=F0/BY

RETURN

END

SUBROUTINE CHEBSHV(FO,FF,BU,AF,EPS,Q)

DOUBLE FRECISION FO,FF,BW,AP,EFS,Q,REFS,ARGT, ADNEGA
DOUBLE FRECISION LSQRT,DLOG,LCOS,DATAN,DCOSH,ISINH
EFS=DSQART(10. 000+« (AF/10.000)-1.000)

REFS=1./EFS
ARG1=BLOG(REFS+{SQRT(REFS++2+1.Q00))/2.
B=1./(2.%DCOSCDATANC(DCOSH (ARGT ) /DSINH(ARGT))))
AOREGA=RSART (HSINH(ARGT ) *+2+0.500)

FO=FF+ADNEGA

BU=FG/0

RETURN

ENT

SUBROUTINE GENERAL(FO,B8U,R)
IOUBLE PRECISION FO,BU,Q
@=F0/BY

RETURN

£



- 1360
570
1389
1590
1609
1610
1420
1630
16490
1aZ0
1660
1679
1680
164%0
1700
1710€
1720C
1730C
1740C
1750
1760
1770
1780
1790
1800
1819
18200
1820C
1840C
1850C
1869
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1270
1980
19990
2000
2010
2020
2030
2040
2050
2060
2079
20890
2090

1200

1250

1253

1250

1275

1309

20

30

IF(CHD.NE.18.0R.5TATE.ER.O) GO TO 1230 x

CALL SPECTRH(A,B,T)
IF(CMD.NE.19.0R.STATE.EQ.0) 6D TO 1255

CALL SWEEP(IERR,ALFHA,G0,TYPFLAG,ALPHAR)
IF(CHD.NE.20.0R.STATE.EQ.0) GO TO 1260

CALL OFTINIZ(CAPFLAG,ALFHAR,FO,EW,Q,60,FC,T,

SALFHA,A,B,FFPERSG,CFAREA,C,CSMAILL ,SUMC,
SCHIN,ALPHAC,IERR)

CALL ALPHAS(IERR,ALPHAR,FO,EH,0,G0,FC, T,ALFHA A, B)
TF(STATELNE.G) GO TG 1275
FRINT, “YOUR FIRST COMMAND NUST BE #1, #2, OR #3."
IF(IERR.ER.Q) GO TO 1300

CALL ERRMHS6
5O TO 90
END

SUBROUTINE ERKHSG

FRINT, "COMFUTATION HAS BEEN HALTED DUE TO THE"
FRINT, “OCCURRENCE OF AN ERROR. CHECK CURRENT"
FRINT, "PARAMETER YALUES AND RESTART WITH COMMAND"
FRINT, "1,2, OR 3."

RETURN

END

SUBROUTINE SPECTRH(A,B,T)
DOURLE FRECISION FREG,FEND,FINC,F,TH,THETA,AK,A(4) E(4)
IOUBLE FRECISION AEMAG,DBMAG,RADFHAS,DEBFHAS,T

PRINT, “CALCULATES MAGNITUDE AND PHASE AT A SERIES®
PRINT, “OF FREQUENCY POINTS. ENTER STARTING AND ENDING"
PRINT, "FREQUENCIES (HERTZ), SEFARATEL BY A COMMA,"

READ, FREG,FEND

IF(FBEG.GE.0.0D0. ANDLFEND.GT.0,000) GO TO 7

FRINT, "INVALID PARAMETER(S), FLEASE REEHTER FEEG AND FEND®
B0 T0 5

FRINT, "ENTER FREQUENCY INCREMENT BETWEEN POINTS (HERTZ)"
READ, FINC

IF(FINC.GT.0.000) 60 TO 20

FRINT, "INVALIU INCREHENT; FLEASE ENTER A FOSITIVE VALUE"
60 TO 10

FRINT,

PRINT,

PRINT 30,

FORMAT(2X, "FREQUENCY (HZ)",4X,"MAGNITUDE (DR)",4X,

$"MAGNITUDE™,8X,"FHASE (DEGI™)

FRINT,
TH=2.00043.141592453589793+T
AK=1.000

F=FBEG



2400 SUBROUTINE SWEEF(IERR,ALFHA,G0,TYPFLAG,ALPHAR)

2610 INTEGER TYPFLAG

262 DOUBLE PRECISION FCBEG,FCEND,FCINC,TWOFI,K(2),FC,BW
7630 DOUBLE FRECISION FO,0,T,HAGLEAY,G0,SART,ALPHA(S)
2640 DOUBLE FRECISION A(4),B(4),FLEAV,PHLEAV,FFHLEAY

7650 DOUBLE FRECISION FREFZ,HMAGREFZ,ALFHAR,ALFHAA(B)

2660 DOUBLE PRECISION GOA,ALFHARA

2470 FRINT, "ILLUSTRATES EFFECT OF SWEEFING CLOCK FREQUENCIES"
7880 FRINT, "(FC) ON FOLE FREQUENCY AND BANDWIDTH, FOR A"
2690 FRINT, "SERIES OF CLOCK FREGUENCIES. ALFHAS AND OTHER"
2700 FRINT, "FARAMETERS ARE NOT ALTERED BY THIS ROUTINE.®
2710 PRINT, "ENTER BEGINNING AND ENDING CLOCK FREQUENCIES"
272 FRINT, "(HERTZ), SEFARATED BY A COMMA."

2730 10 READ, FCBEG, FCEND

2740 IF(FCBEG.6T.0.000.AND.FCEND.GT.FCBEG) 60 TO 20

2750 FRINT, "ENTER BEGINNING:0 AND ENDYBEGINMING."

2740 GD TO 10

2770 20 PRINT, “ENTER CLOCK FREQUENCY INCREMENT (HERTZ)."
2780 30 READ, FCINC

2790 IF(FCINC.GT.0.000) GO TO 40

1800 PRINT, "ENTER INCREHENT0."

2810 GO T0 30

2820 40 FRINT,

7830 PRINT,

28490 PRINT 50,

2850 50 FORMAT(2X,"CLOCK",15X,"FO",14X,"BH", 13X, "PASSEAND™)
1860 PRINT 40,

2870 40 FORHAT(2X,"FREQ.",50X,"EDGE")

2880 90 THOFI=2.00043.141592453589793

28990 K(T)=ALFHA(I}/TUWOFI

2900 K{2)=ALPHA(4)+#DSQART (ALFHAR) /TUHOFI
2910C

2920 o 390 I=1,8

2930 390 ALPHAA(I)=ALFHA(I)

29490 G0A=GO

2930 ALFHARA=ALFHAR

2960C

2970C

2980 FC=FCBEG

2990 100 IF(FC.GT.FCEND) GO TO 999

3000 BU=K{1)+FC

3010 FO=K{2):#[C

3020 A=FO/&W

3030 T=1.000/FC

3040 IF(TYPFLAG.EA.1) MAGLEAV=GO/DSART(Z.0W0)
3050 IF(TYFFLAG.EQ.2) HMAGLEAV=G0

3060 IF(TYPFLAG.ER.3) MAGLEAV=(Q*ALFHA(4)*ALPHAL IGO0/ (T+42))
3079 &/ C(TUOFT+FD)=*+2)

3080 FHLEAV=-~%0.0D0

3090 ICOUNT=0

3100 ICHOICE=2

31149C

3120C

31300



3149
31350
3160
31720
3189
3199
J3200C
J210C
3220
3230
3244
3250
3260C
3270C
3280C
3290C
3300C
3310
3320
3330
3340
3330
3340
3370
3380
3390C
3400
3419
3420
3430
3440
3430
3460
3470
3480
3490
3500
3310
3520
3530
3540
333
3360
3570C
3380C
3390
3600
3610
3620C
3430
3640
3650
3640
3670
Jb680
3690

1

2
<

0

70
00

Lt
~

60

20

80

CALL FINDFK{IERR,FO,0,G04,FC,T,ALPHAA,A,B,HAGLEAY,
SFLEAV,PHLEAY,FFHLEAY,FREFZ, HAGREFZ, TYPFLAG,
SICOUNT,ICHOICE,ALPHARA,BU)

IF(IERR.EG.1) RETURN

PRINT 200, FC,FD,EW,FLEAY
FORHAT(G15.8,3X,615.8,3%,615.8,3%,615.8)

FC=FC+FCINC
60 TO 194
RETURN

END

SUBROUTINE OFTIKIZ(CAFFLAG,ALFHAR,FO,B4,q,60,FC,
&7,ALPHA,A,B,PFFERSQ,CFAREA,C,CS5MALL, SUMC,
SCMIN,ALFHAC,IERR)

INTEGER CAFFLAG

DOUBLE PRECISION FPARAM,FMIN,FHAX,FINC,PREST,SUNNEW,SUMBEST

DNOUELE PRECISION ALPHAR,FO,BW,Q,G0,FC,T,ALFHA(B)

DDUBLE PRECISION A(4),B(4),FFFERSA,CFAREA,C(8)

DOUBLE PRECISION CSHALL,SUMC,CMIN,ALPHAC

IF(CAPFLAG.EQ.1) GO TO 50
PRINT, “PLEASE CALCULATE CAFACITORS (COMNAND #9) FIRST."
RETURN

FRINT, "T0 MINIMIZE TOTAL CAFACITANCE,CHGOSE ONE"

PRINT, "FPARAMETER FROM THE FOLLOWING LIST:"

FRINT, " 1. ALFHMAC=C2/C1"

PRINT, ™ 2. ALFHAR=ALFHA(S) /ALFHA(Z)

READ, ICHOICE

IF(ICHOICE.NE.1.AND.ICROICE.NE.2) 6O TO 50

FRINT,

FRINT, "ENTER IN ORDER, SEFARATED BY CONMNAS:®

FRINT, "FARAMETER MIN. VALUE, HAX. VALUE, STEF INCREHENT"

READ, FHIN, FHAX, FINC

IF(FHIN.GT.0.000.AND. FidAX.GT . PHIN.ANDLPINC.BT.0.000)

360 TD 70
FRINT, "ENTER PHAX:PHIN:O AND INCREMENTH0."
GO TD 40

FARAN=FMIN
FREST=FARAH
SUMBEST=5UNC*1.0D4é

IF(FARAN.GT.FHAX) GO TOD 200

IF(ICHOICE.EG.1) ALPHAC=FARAH

IF(ICHOICE.EG.2) ALFHAR=FARAN

CALL ALPHASUIERR,ALPHAR,FO,BW,Q,60,FC,T,ALFHA,A,B)
IF(IERR.ER.1) RETURN

CALL CAPS{FFFERSQ,CPAREA,ALFHA,C,CSHALL,SUNC,
SCMIN,ALFHAL)



3700C
37050
3704C
3710
3720
3730
3740
3750C
3769
377
3780C
i790C
3800
3810C
3320C
3830
3840
3850
3860
3870
3880
3890
3900
3919C
3920
3930
3940C
31950
3960
3970
3980
1990C
4000
4010
4020C
4030C
4040C
4050C
4060C
4070
4080
4090
4100
4110
4120
4130
4140C
4150
4160
4170
4180C
4190
4200
4210
4220
4230
4249
4250

1

09

10

SUMNEW=5UNC

IF (SUMNEW.GE.SUNBEST) GO TO 100
FBEST=FARAN
SUMBEST=5UMNEU

CONTINUE
FARAM=FARAM+FINT

60 TO 30

CONTINUE

PRINT, "FARAMETER NAME:"

IF(ICHOICE.EG.1) PRINT, "ALFHAC"

IF(ICHDICE.EG.2) FRINT, "ALFHAR"

PRINT 210, PBEST

FORMAT("FOR FARAMETER= ",F13.8," ,")

PRINT 220, SUMBEST

FORMAT("THE SHALLEST VALUE OF TOTAL CAP., = ",G15.8,"

IF{ICHOICE.EQ.1) ALFHAC=FEEST
IF(ICHOICE.EQ.2) ALPHAR=PBEST

PRINT,

FRINT,

FRINT, "THE OFTIWMIZED FARAMETER HAS BEEN FLACED"
FRINT, "IN THE ARGUMENT LIST."

RETURN
END

FF")

SUBROUTINE MAGFHAS(AK,A,B, THETA,ABHG, DBHG ,RADFHAS , DEGFHAS)

HOUBLE FRECISION AK,A(4),B(4),THETA,ABMG,IBNG,RADFHAS
DOUBLE PRECISION DEGFHAS,PI,CO5TH,COS52TH,COS3TH,SINTH
DOUBLE PRECISION SIN2TH,SIN3TH,ANAGHUM,ARGNUM,ARFHASE

DOUBLE PRECISION AMAGDEN ,ARGDEN,RENUM,AIMNUW,REUEN,ATHDEN

DOUBLE FRECISION DABRS,DCOS,D5IN,DS@RT,H_0G10,0ATANZ
FI=3.1415%26533589793

IF(THETA.LLT.1.003) G0 TO 20
THETA=THETA-PI
G0 TO 10

COSTH=DCOS{THETA)
COS2TH=DCOS(2.000+THETA)
COS3TH=[COS (3. 000+ THETA)
SINTH=DSIN(THETA)
SINZTH=D5IN{2.0D00+THETA)
SINITH=DSIN{(3. 000+ THETA
HAKPHASE=F1



4240
4270
4280
4290
4300
43190
4320
4330
4340
43590
4340
43790
4380
4390
4400C
4410C
44200
4430C
4430C
4450
4440
4470
4480
4490
4500
4310
4520
4530C
4540
4550
4560
4570
4980C
4590
4600
4610
4520
46390
4640
44650C
4640C
44670C
4480C
45699
4700
4710C
4720C
47360
4740C
4750C
4760
477
4780
4790
4800
4810C

IF(AK.GE.0.010) AKFHASE=0.0D0%
RENUM=A(4)+«COS3TH+A(I ) +COB2TH+A{2)+COSTH+A(T
ATHNUN=A(4)*5INITH+AC3 ) *SIN2THHA(2 ) #3INTH
REDEN=BC4)*COSITH+B(3)*«COS2TH+B{(2)*COSTH+EB(1)
ATHDEN=B{4)+SINITH+B(3)*SIN2TH+E(2)#SINTH
AMAGNUN=TISHRT (RENUM+RENUN+ATMRUM+«ATHNUN)
ARAGUER=ISART(REDEN:REDEN+ATHIEN«ATHIEN )
ABNG=(AHAGNUH/ AMAGIEN ) #DABS (AK)
RAUFHAS=DATAND (ATHNUM, RENUM ) -TATANZ (ATHIEN, REDEN) +AKFHASE
IFCABMG.LT.0.0D0) FRINT, "ABMG= ", 438G
DRHG=20.+#DLOET O CABHG)

NEGFHAS=RAIFHAS*180./F]

RETURN

END

SUBROUTINE FRESP(ALPHA,T,A,E)

DOUBLE PRECISION ALFHA(S) ,KPRIHE,A(4),B(4),AEHAG
DOUELE PRECISION PI,T,F,THETA,DBNAG, DEGFHAS, RADFHAS
FI=3.141592653589793

FRINT, "ENTER EVALUATION FREQUENCY IN HERTZ"

REAT, F

KPRIME=1.

THETA=2#F T%F T

[EHAG=0,

DEGFHAS=0.

CALL. HAGFHAS{KFRIME,A,B, THETA,ARHAG, DBHAG,
&KADIFHAS, DEGFHAS)

FRINT 10, F

FORHAT("AT F= ",G15.8," HERTZ")
PRINT 20, DEHAB

FORMAT(" HAGNITUDE= ",G15.8," DE")
FRINT 30, DEGFHAS

FORMAT (" PHASE= ",G1%5.8," DEGREES")

RETURMN
END

SUBROUTINE ALLPHAS(IERK,ALFHAR,FO,BW,Q,G0,FC,T,4LFHa,4,8)
[IOUBLE FRECISION ALFHA(B),A(4),B(4) ALFHAR,FO,BW,0
UOUBLE FRECISION GO,FE,T,TWOFI
TUOFI=2.+3.141992633589793

T=1./FC



4820C
4830
4840
4830
48460
4870
48890
4890C
4900
4910
4920
4930
4940
4950
4940
4970
4980C
4570C
3000
5010
5020
5030
5040
5050
5060
5070
3080
3090C
53100C
5110
9120
5130C
31400
3150C
31400
3170C
3180
5190
3200
3210
5220
5230
5240
5230
5260C
5270C
5280¢
5290C
33000
3310
5320
3330
53400
53300
9340
5370
3380
3390
5409
5410

410

490

BU=F0/@

ALPHA (I = TR T#BUW+T

ALFHACH = (TWOFI*#FO+T) /DBBRT{ALFHAR)
ALFHA(7 ) =aLPHAR+ALFHA (4)
ALFHAC(S)=ALFHA(7)*G0

ALFHA{6)=0.0D0

5(4)=0.

A(3)=0.

AL2Y=ALPHA{4 ) *ALFPHA(S)

Ai11=0,

Bidi=Q,

B(3)=1,
B(2)=ALFHA(S ) #ALPHAL(Z ) +ALFHA(Z) -2,
B(1)=1.-ALFHA{3)

10 400 I=3,7

IF CALFHA(I) GE.0.000) GO TO 400

PRINT, "WARNING: NEGATIVE ALFHA VALUE--"
PRINT, "RECHECK INFUT PARAMETERS."

FRINT 410, I, ALPHA(I)
FORMAT{"ALPHA(", I1,%) = *,615.8)

IERR=1

CONTINUE

IF(TERR.EG.1) RETURN

RETURN
END

SUBRQUTINE FRECAPS(CMIN,ALFHAC,FFFERSA)

LOUBLE PRECISION ALPHAC,CMIN,PFFERSQ
FRINT, "ENTER MINIMUM ACCEPTABILE CAFACITANCE IN PF"
REAL, CHIN

FRINT, "ENTER CHIP CAFACITANCE DENSITY IW PF/5Q MIL"

READ, PFFERSQ

RETURN

END

SUBROUTINE CAFPS(FFFERSG,CPAREA,ALFHA,C,CSHALL,SUNC,CHIN,ALLFHAC)
DOUBLE PRECISION ALFHA(B),C(8),FFFERSQ,CHAREA,CSHALL
DOUBLE PRECISION SUMC,CMIN,ALFHAC

Citir=t.
C¢2)=ALFHACHC(1)
C{4)=ALFHA(4)2C(2)
CO3)=ALPHACDI#C (1)
CLD1=ALFHALSI#L (1)
C{7)=ALFHA(7)*C(1)



A-11

5420C

5430 CSHALL=AMINT(C(1),C(2),C03),C(4),0(5),C(7))

544 D0 10 I=1,5

5450 10 C{I)=C(I1)#CHIN/CSHALL

5460 C{7y=C(7)+CHIN/CSHALL

547 SUKC=0.

5480 0o 20 1=1,5

5490 20 SUMC=SUAC+C(D)

5500 SUMC=SUMC+E(7)

5510 CRAREA=SUMC/FFFERSO

5520(

5539C

5540 RETURN

555 END

55600 ‘

5570C

55800

5590C

5400C

5410 SUBROUTINE POSTCAF(CMIN,ALFHAC,C,SUMC,PFFERSQ,CFAREA)
5420 DOUBLE PRECISION C(8),CHIN,ALFHAC,SUMC,FFPERSA,CPAREA
5630 FRINT 340, CHINM

5640 340 FORMAT("FOR MINIWUM C= ",G15.8," PF")

3650 PRINT 350, ALFHAC

5660 350 FORMAT ("AND C2/C1= ",F15.8," ,THE CAPACITANCE VALUES ARE:")
5470 FRINT,

5480 10 360 I=1,5

5690 FRINT 370, 1,0(1)

5700 370 FORMAT("C(",11,%)= ",615.8," FF")

5710 340 CONTINUE

5720 PRINT 372, C(7)

5730 372 FORMAT("C{7)= ",515.8," FF")

5740 FRINT,

5750 FRINT 380, SUMNC

5760 380 FORNAT("TOTAL CAPACITANCE USED= ",515.8," FF")
5770 PRINT 390, PFPERSA,CPAREA

5780 390 FORWAT("AT ",G11.4," FF/5Q, AREA USED = “,513.4," 50 HILS")

3790 RETURN

5800 END

5810C

5B20C

5830C

58400

5850

58640 SUBROUTINE FRINT(ALFHA,FO,EW,G0,D860,FC,ALPHAC,ALFHAR,T,C,
5870 §CHIN,SUHC,WARPFLG,CAPFLAG, TYPFLAG,FFPERSR, CRAREA)

5880 DDUBLE PRECISION ALFHA(B),C(8),FO,BUY,50,D860,FC,ALPHAC
5890 DOUBLE FRECISION ALPHAR,T,CHIN,SUMC,PFFERSQ,CFARER
5960 INTEGER CAFFLAG,WARPFLG,TYFFLAG

5910 CALL TYPHDR(TYFFLAG)

5976 FRINT, "VALUES AS CURRENTLY CALCULATED ARE:"

5930 FRINT 100, FO

5940 100 FORHAT("FO= “,G15.8," HERTZ™)

5950 PRINT 110, EW

9960 116G FORMAT("BU= ",G15.8," HERTZ™)



3970
3980
3996
4000
8010
4020
B30
5049
4030
6060
G790
4089
4090
6100
4110
4120
6130
46140
6130
45160
4174
4180
4190
6200
4210
6220
6230
6240
4230
5260
5270
46280
6290
4300
6319
43200
a330C
5340C
63300
63600
63719
46380
463%0
4400
6410
4420
4430C
6440C
44500
§4460C
44708

130

149

134

1460

PRINT 120, GO

FORHAT("GO= “,615.8," (DINENSIONLESS)™)
FRINT 130, [EGO

FORHAT{“UEGO= ",515.8," DECIBELS™)

FRINT 140, FC

FORMAT("FO= ", 615.8," HERTZI™)

FRINT 150, T

FORMAT("T= ", G15.8," SECOAMDS"

FRINT 160G, ALFHAC

FORMAT("ALPHACSALFHA(Z) /ALFHAC) = ¥ ,F15.9)
FRINT 170, ALFHAR

FORRAT (" ALFHAR=ALFHA(? ) ZALPHATd)= *,F15,8)

4 10 10 I=3,5

210

390
30

FRINT 5, I,4LPHACD)
FORMAT("ALPHA(",T1,")= ",615.8)
CONTINUE
PRINT 11, ALPHA(7)
FORNAT(“ALFHA(7)= " ,615.8)
IF(CAPFLAG.EQ.1) GO TO 12

60 TO 30
oo 20 I=t,5
FRINT 15, I1,C4I)
FORMAT("C(",11,")= ",615.8," PF")
CONTINUE
PRINT 372, C(7)
FORMAT("C(7)= ",G15.8," PF")
FRINT 200, CHIN
FORKAT("MININUK C= ",615.8," FPF")
FRINT 210, SUHC
FORMAT("TOTAL C= ",615.8," FF")
FRINT 390, PFFERSQ,CFARER
FORMAT{"AT ",G11.4," PF/S@, AREA USED = ,Gi3.4,"
CONTINUE
RETURN
END

SUBROUTINE ENTFO(FD)

DOURLE PRECISION FO

FRINT, "ENTER FOLE FREQUENCY, FO (HERTZ)"
KEAL, FO

RETURN

END

8@ nILS™M)
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4480
4490
4300
43190
4520
6930
6549
453500
43400
93700
45800
S90C
4400
6610
4620
6630
46640
46450
46660C
4646740C
46480C
4690C
67000
Aa719
6720
4730
4749
4790
a74690
4770
47890
4790C
4800C
4810C
4B820C
48390
4840
4830
4840
46870
4680
4890
4900C
4910C
4720C
4930C
4940C
46750
6960
4970
46989
4990
7000
7010C

SUBRGUTINE ENTFP(FF)

DOUBLE FRECISION FF

PRINT, "ENTER FF= FREBUENCY WHERE MAGNITUQE "
FRINT, "CHARACTERISTIC LEAVES PASSBAND {HERTZ)."
REAL, FF

RETURN

END

SUBROUTINE ENTEW{BW)
DOUBLE FRECISION B

PRINT, “ENTER BANDWIDTH, BU (HERTZ)"
READ, BY

RETURN

END

SUBROUTINE ENTGO(LBGO,GO0)

DOUBLE FRECISION BBGO,GO

FRINT, "ENTER GAIN AT F=0, DBGO (DECIRELS)"
READ, DERGD

G0=10.#+{0B60O/20.)

RETURN

END

SUBROUTINE ENTFC(FC,T)

[OUBLE FRECISION FC,T

FRINT, "ENTER CLOCK FREQUENCY, FC (HERTZ)"
kEAD, FC

T=1./FC

RETURN

END

SUBROUTINE ENTALC(ALFHAC)
DOUBLE PRECISION ALFHAC
FRINT, "ENTER ALFHAC=CZ/C1"
READ, ALPHAC

RETURN

END

A-13



70200
7030C
7040C
7050¢
7040
7070
7080
2699
7100
7110
7120
71300
7140C
7150C
71400
7170
7180
7190
7200
7210
722
7230
7240C
7250C
73400
7270C
7280
7290
7300
7310
7320
7330
7340
7350
7340C
7370C
7380C
7390C
7400C
7410
7420
7430
7440
7450
7440
7470
74380C
7490C
75000
7510C
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SUBROUTINE ENTALR(ALFHAR)

IOUBLE FRECISION ALFHAR

FRINT, "ENTER ALFHAR=ALFHA(T)/ALFHA(4)Y
READ, ALFHAR

RETURN

END

SUBROUTINE ENTAF (AF,EFS)

LOUBLE PRECISION AP,EFS,DSQRT

PRINT, "ENTER RIFFLE WIDTH, AP (QECIBELS)"
READ, AF
EFS=DSART(10.000%+(AF/10.000)-1.,000)

RETURN

w0

SUBRGUTINE HEADER

FRINT, "SWITCHEL-CAFACITOR FILTER DESIGN FROGRAM FOR®
FRINT, "MARTIN LOWPASS FILTER."

FRINT, "FORTRAN VERSIODN BY W.N. GOOLSEY."

FRINT, "REVISION 6/3/81."

FRINT,

RETURN

END

SUBROUTINE TYFPHIR(TYFFLAG)

INTEGER TYFFLAG

IF{TYFFLAG.EQ.1) PRIHT, “FILTER TYPE: BUTTERWORTH"
IF(TYFFLAG.EQ.2) PRINT, “FILTER TYFPE: CHEBYSHEY™
IF(TYPFLAG.EQ.3) PRINT, "FILTER TYFE: GENERALLIZED"
RETURH

END
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F610
S820
7630
2640
7630
7660
7670
7680
7690
7700
7710

770
PN A

7730
7740
7750
7760
7770
7780
7790C
7800C
7810C
7820¢
7830C
7840
7850
7860
7870
7880
7890
7900
7910
7920
7930
7940
7950
7960
7970
7980
7999
8000
8010
8020
8030
8040
8050
8060
8070
3080C
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SUBROUTINE AENU

FRINT, "4 MENU OF COWMANDS FOLLOWS. TO EXECUTE A FUNCTIOW,"
FRINT, “ENTER THE NUMKER OF THE APFROFRIATE COMHMANI.*

FRINT,

PRINT, "1. ENTER PAKAMETERS FOR BUTTERWORTH LOWFASS FILTER"
FRINT, “2. ENTER FARANETERS FOR CHEBYSHEY LOWFASS FILTER"
FRINT, “3. ENTER FARANETERS FOR GENERALIZED LOWFASS FILTER"
FRINT, "4. FRINT HENU"

FRINT, “S. TERWINATE FROGRAM®

FRINT, “4. WARF FO, BW, AND GAIN."

FRINT, "7. FRINT CURKENT VALUES."

FRINT, "8. CALCULATE HAGNITULDE AND PHASE &T FREG.=F"

FRINT, "9. FIND CAPACITOR VALUES AND TOTAL C"

PRINT, "10. CHANGE FO ONLY"

FRINT, "11. CHANGE CHEBYSHEY RIFFLE WIDTH ONLY"

PRINT, "12. CHANGE GENERALIZED FILTER BANDNIOTH ONLY"
FRINT, "13. CHANGE FC ONLY"

FRINT, “14. CHANGE ALPHAC=C{(2)/C{(1} ONLY"

FRINT, "15. CHANGE ALPHAR=ALFHA(7)/ALFHA(4) ONLY"

FRINT, "16. CHANGE GAIN AT F=0 DNLY (DECIBELS)"

FRINT, "17. CHANGE CHEEBYSHEY FASSEAND EDGE, FF, ONLY."
FRINT, "18. FIND NAGNITUDE AND FHASE AT A SERIES"

PRINT, ™ OF FREQUENCY FOINTS.®

PRINT, "19. VIEW EFFECT OF SWEEPING CLOCK FRER. ON FO & BW"
PRINT, "20. HININIZE TOTAL CAF. BY VARYING OHE FARAMETER"
RETURN

END

SUBRDUTIHE WARPEG(IERR,FO,EH,Q,60,FC,ALFHA, COURT,

COUNTZ2,CHOICE, TYFFLAG,T,A,H,ALFHAR)

DOUBLE PRECISION MAGLEAV,ALFHA(B),MAGNESQ, MAGFRAC
DOUBLE FRECISION A(4),B(4),MAGERR,HAGREFZ,PI,F0,BW,Q
DOUBLE PRECISION GO,FC,T,ALPHAR,FUGES,FHASDES,QDES
DDUBLE FRECISION AK,FERROR,FFRAC,PHLEAY,FLEAV,FFHLEAY
DOUBLE FRECISIDN FREFZ,FFOUND,FDEVN,AFOEVN,GIEVN
GOUELE FRECISION AGDEWN,USQRT,DABS

INTEGER COUNT,COUNT2,RUNFLAG,HAXRUNS,CHOICE, TYFFLAG
FI=3.14159265356897%3

FIOES=FQ

FHASDES=-90.0

WAGDESD=G0

QUES=FO/RW

AK=ALFHA{4)#ALPHACT ) #60/ (T*+2)

IF(TYPFLAG.EQ.1) WAGLEAY=GO/DSART(2.000)
IF(TYFFLAG.EQ.3) MAGLEAV=AK#QUES/ ({2.%PI#FUES)#%2)
FERROR=FDES#*1.0E-5

HAGERR=MAGLESO*1.0E-4

FFRAC=1.0

MAGFRAC=1.0

MAXRUNS=30

COUNT=0

COUNT2=0



g0
8100
8110
8120
8130
8140
8130
3160
8170
4180
319D
8200
5210
8220
8230
8240
8250
8260
8270
8280
3290
8300
8319
8320
83390
8340
8350
8360
3370
3380
8390
8400C
841QC
3420C
3430C
8440C
8450
8460
8470
3480
8490
8500
3310
8220
3530
8540
893
8560
857
8389
8§3%0
8600
8610
8620
5630

10

ra
<

30

40

G=0GES
PHLEAV=FHASDES
CALL FINDFK(IERK,FO,Q,G0,FC,T,ALFHA,A,B,HAGLEAY,FLEAY,
&FHLEAV,FFHLEAV,FREFZ ,MAGREFZ, TYFFLAG,
SCOUNT2,CHOICE,ALPHAR, BW)
IF(IERR.EQ.T3 RETURN
RUNFLAG=9
COUNT=COUNT+1
IF{CHOICE.EQ.1) FFOUND=FLEAV
IF{CHOICE.ER.2) FFOUNL=FFHLEAV
FUEUN=F HEG-FFOUAD
AFIEVN=ABS{FIEVN)
IF(AFDEVN.LT.FERRORY GO TO 20
FO=FO+FFRAC+#FDEYN
IF(TYFFLAG.EA.1) CALL BUTTER(FD,EBW,0)
IFCTYFFLAG.EQ.3) CALLL GEMERAL(FD,EBW,R)
RUMFLAG=1
GOEVN=MAGDES0-60
AGDEVN=ABS (GDEVN)
IF(AGDEVN.LT.MAGERR) GD TO 30
GO0=G0+HAGFRAC*GIEVN
RUNFLAG=1
IF(RUNFLAG.EG.1) GO TD 40
RETURN
IF(COUNT.LE.MAXRUNS) GO TD 19
FRINT, "HAXRUNS EXCEEDED IN WARFEG."
PRINT, "MWAXIHUM ITERATION COUNT EXCEEDED WHILE®
FRINT, "TRYING TO WARF."
TERR=1
RETURN
END

SUBROUTINE WARFCHE(IERK,FF,AF,FO,BU,8,60,FC,ALFHA,COUNT,COUNTR,
&T,4,B,EPS,ALFHAR,FREFZ)

INTEGER COUNT,COUNTZ,RUNFLAG,MAXRUNS, TYPFLAG,CHOICE
DOUBLE FRECISION MAGLEAY,NAGLESO,MAGERR,NAGFRAC

DOUBLE PRECISION MAGREFZ,A(4),8(4),FP,AF,FO,BY,q,50
DOUBLE PRECISION FC,ALFHA(B),T,ALFHAR,FREFZ,PI,FOES
DOUBLE FRECISION RIPIES,RIFERK,RIFFRAC,FERROR,FFRAC
DOUBLE PRECISION PHLEAV,FLEAV,FPHLEAV,EXPRIF,RIPTEVN
DOUBLE PRECISION ARIFDEY,EFS,GHEVN,AGHEUN,FOEUN, AFDEVN
DOUBLE FRECISION DABS,DLOG10

PI1=3.141592453589793

FOES=FF

KAGDES0=60

MAGLEAV=GD

RIFDES=AP

MAGERR=MAGDESO* 1, 0E~5

HAGFRAC=1.0

RIFERR=RIFDES#1.0E-13

RIFFRAC=1.0
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87300
387400
8750L
5740
8770
378¢
8790
880¢
8810
8820
8830
8840
4850
8B40
8870
3880
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8900
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94350
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2110C
9120
7139
9140C

F180L
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30

40

1900
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FERRUR=FUES*{.QE~3
FFRAC=1.0
FHLEAV=-90.0
KAXRUNS=50

COoUnNT=0

COUNT2=0

TYPFLAG=2

CHOICE=1

CALL FINDFK(IERR,FG,Q,G0,FC,T,ALFHA,A,R,
SMAGLEAV,FLEAV,FHLEAV,FPHLEAV, FREFZ,
%MAGREFZ,TYFFLLAG,COUNT2,CHOICE ,ALFHAR , EW)

IF(IERR.EQ.1) RETURN

RUNFLAG=0

COUNT=COUNT+1

EXFRIF=20.*0L0610 (MAGREFZ/60)

RIFDEVN=RIFOES-EXPRIF

ARIFIEV=AES (RIFUEYN)

IF(ARIPDEV.LT.RIFERR) GO TO 20

AP=AF+RIPFRAC*RIFDEYN
CALL CHEBSHV(FO,FUDES,BUW,AF,EFS,R)
RUNFLAG=1

GDEVN=HAGTESO-GO

AGOEVN=ARS (GIEVN)

IF (AGDEYN.LT.NAGERR) GO TO 25

G0=GO+HAGFRAC*GIEVN
RUNFILAG=

FOEYN=FDES-FLEAY

AFDEVN=AES (FIEVN)

IF (AFDEYN.LT.FERROR.AND.RUNFLAG.EG.Q) GO TO 390

FE=FF+FFRAC*FIEUN
CALL CHERSHY{(FO,FP,BW,AF ,EFS,0)
RUNFLAG=1
IF (RUNFLAG.EG.1) GO TO 40
G0 TO 100
IF (COUNT .LE.HAXRUNS) 60 TO 10
FRINT, "HAXKUNS EXCEEDED IN WARFCHE"

PRINT, "MAXIHUM ITERATION COUNT EXCEEBED WHILE®

FRINT, "TRYING TO WARP."

IERR=1

RETURN

CONTINUE

RETURM
END
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9140C

9170C

9180 SUBROUTINE FINDPK{IERR,FO,Q,EXFGO,FC,T,ALPHA,A,B,MAGLEAY,FLEAY,
9190 §FHLEAV,FPHLEAV,FREFZ, HAGREFZ, TYFFLAB, COUNT ,CHOICE , ALFHAR , BU)
9200 IOUBLE FRECISION HAGLEAV,MAGREFZ,A(4),B(4),ALFHA(S)
9210 DOUBLE FRECISION LASTHAG,LASTFHS,FO,R,EXFGD,FC,T

§220 IOUBLE PRECISION FLEAV,FHLEAY,FFHLEAV,FREFZ, ALFHAR, BU
9230 DOUBLE FRECISION FI,THETA,AK,ABMAG, DEHAG,RATFHAS

9249 DOURLE FRECISTON DEGFHAS,RRO0T2,F,FFR,FLO,FHI,IIR
7250 DOUBLE PRECISION STER,ERROR,DSURT

§260 INTEGER TYPFLAG,COUNT,CHOICE,CROSSED, PEAKING

9270 F1=3.141592653589793

9280 PEAKING=0

9290C

9300 CALL ALFHAS(IERR,ALFHAR,FD,EW,G,EXFGO,FC,T,ALFHA,A,B)
9310 IF(IERR.ER.1) RETURN

9320C

9330C FIND EXFBO

9340C

9350 THETA=0.

93690 AK=1.

9370 CALL MAGFHAS (A, A,H, THETA, ABMAG, DBMAG , RADFHAS , IEGFHAS )
9380 EXFGO=AENAG

33%0C

5400 FIND FLEAV=FREQ. WHERE CHARACTERISTIC LEAVES FASSEAND
9410C

9420C RROGT2 IS MADE SLIGHTLY LARGER THAN ACTUAL

9430C 1/08RRT(2) TO ALLOW FOR MACHINE IMPRECISION

9440C IN CONFUTING "G".

9450C

94640C

9470 RRODT2=1./08BRT(2.000)+1.00-7

5480 IF(R.GT.RROOT2) PEAKING=1

9490 IF(PEAKING.EQ.0) GD TO 100

9500 F=FO

9510 FFR=DSART (1, =1./ (2. #Q#2) ) #F 0

9520 FLO=FFR

9530 FHI=100.*FLO

9540 DIR=1.

955 STEF=FFR/100.

9560 ERROR=F0#1.0E-7

9570 ABHAG=EXPGO+1 . 0E 4

9586 60 TO 210

9590 100 F=0.

9400 FLO=0.

9610 FHI=20.#F0

9620 DIR=1.

9630 STEP=F0/20.

9640 ERROR=FO#1 ., 0E-7

9650 AGHAG=EXF G0

9660 210 LASTHAG=ARNAG

9670 THETA=2#F [#F T

7680 CAlLL MAGFHAS{AR,A,B,THETA,ABMAG, DBMAG, RAUFHAS , IEGFHAS)



5670
$700
9710
9720
9730
9740
9750
9740
9770
97an
1790
$500
5810
9820
9830
9849
9850
9860
5§70
9880
9890C
9900C
9910C
9929
9930
5949
9950
9960
9970
5980
9999
10000
10010
10020
10030
16040
10050
10060
10070
10080
10090
10100
10110
10120
10130
10140
10150
10160
10170
10180
10190
10200
10210
10220
10230
10240
10250

COUNT=COUNTHI
CROSSED=D
IF(ABMAG.LT.HAGLEAV.AND.LASTNAG.GT . #AGLEAVY CROSSED=1
IF(LASTMAG.LT.HAGLEAV .AND.ABHAG.GT .MAGLEAV) CROSSEI=1
IF(CRDSSED.EQ.0) GO TO 220
DER=-1.%01IR
STEF=STEF/2.
220 F=F+STEF+DIR
IF{STEF.GE.ERRORY GD TO 239
FLEAV=F
GO 1O 364
230 IF(F.GT.FLO.ANDCFLLTWFHTY GO TH 210
FRINT, "QUT OF RANGE IN TRYIWNG TO FIND FLEAY.Y
FRINT, "FOINT WHERE WAGNITUDE CHARACTERISTIC LEAVES®
FRINT, "FASSBAND CANNOT BE FOUND BY ROUTINE FINDFK."
IERR=1
RETURN
300 CONTINUE
FLO=0.
FHI=FLEAV#3.

FIND FREG. OF ~-90 DEGREE OR WHATEVER FHASE FHLEAV SFECIFIES."

IF(TYPFLAG.EQ.2) GO TO 400
IF(PEAKING.ER.0) GO TO 310
F=FLEAV/10.
DIR=+1,
STEF=F0/(Q+29.)
ERROR=FD#1,0E-7
EGFHAS=0.
GO 1O 320
310 F=FLEAY/1D.
OIR=+1.
STEF=FO/(Q+2G,)
ERROR=1.0E=-7+F0
LEGFHAS=0.
320 LASTFHS=DEGPHAS
THETA=2#PI#F#T
CALL MAGFHAS(AK,A,RB,THETA,ABHAG, DBHAG,RAIPHAS,DEGFHAS)
COUNT=COUNT+1
CROSSED=0
IF(BEGFHAS T JFHILEAV.AND.LASTFHS .6T.FHLEAV) CROSSED=1
IF(LASTPHS.LT.FHLEAV.AND.IEGFHAS .GT.PHLEAV) CROSSED=1
IF(CROSSED.EQ.O0) 6O TO 330
DNIR=-1.+0IR
STEF=3TEF/2.
330 F=F+STEP+DOIR
IF(STEF.GE.ERROR) GO TO 340
FFHLEAV=F
6O TO 400
340 IFA(F.OGT.FLOLAND.FLILT.FHI) GO TQ 320
FRINT, "0UT OF RANGE IN TRYING TO FIND FPHLEAV."
FRINT, "FOINT WHERE PHASE CHARACTERISTIC ILEAVES™
FRINT, "FASSBAND CANNOT BE FOUND BY ROUTINE FINDPK."
IERR=1
RETURN
400 CONTINUE

A-19



10260C
102700
102800
10290
10300
103190
10320
10330
0349
10350
10340
10370
10380
10390
10400
10410
10420
10430
10440
10450
10460
10470
104890
10490
10500
10510
10520
10530
10540
1055
10560
10570
10380C
10590C
10600C
10610C
106200
15630
14640
10430
10640
10670
10680
10690C
10700
10710C
1072
10730
10749
10750

419

429

430

10

NOW FIND REFLECTION ZERQ FOR PEAKING FUNCTIOWS.

IF(PEAKING.EG.D) GO TO 500
F=FFR
FLO=FFR/Z.
FHI=FFR=+Z,
fIR=1.
STEF=FFR/4G.
ABHAG=0.
ERROR=FO%1,0E-7
LASTHAG=ABNAG
THETA=2#FPI#F+T
CALL KAGFHASCAK,A,B, THETA,ABHAG, IBHAG,RAGFHAS, DEGFHAS)
COUNT=COUNTH+I
[F(ABHAG.BT.LASTMAG) GO TO 429
DIR=-1.%D1IR
STEF=STER/2.
F=F+STEF+DIR
[F{STEP.GE.ERROR) GO TOD 430
FREFZ=F
MAGREFZ=ABi1AG
G0 TG 900
IF(F.GT.FLO.AND.F.LT.FHI) GO TO 410
FRINT, "NO REFLECTION ZERO FOUND,"
FRINT, "FINDPK CANNOT FING REFLECTION ZERQ OF"
FRINT, "CHEBYSHEV FUNCTION."
IERR=1
RETURN
CONTINUE
RETURN
END

SUBROUTINE MWARF(IERR,FF,F0,BW,Q,60,FC,ALLFHA,COUNT,TYFFLAG,
&AF  EFS,ALFHAR,T,A,B,FREFZ)

DOUBLE FRECISION ALPHA(B),A(4),K(4)

DOUEBLE FRECISION FF,FO,BW,H,60,FC,AF,EFS,ALFHAR

DOUBLE FRECISION T,FREFZ,DBGO,0LOGTO

INTEGER COUNT,COUNTZ2,CHOICE,TYPFLAG

IBGO=20.+%DLOG10(G0)

FRINT, "ADJUSTS FREQUENCY AND HMAGNITUDE TO COMFENSATE"
FRINT, "FOR Z-TRANSFORM WARFING."

FRINT,

TF(TYRFLAG.EQ.ZY GO TO 140



10760
10770
10730
10790
10800
10810
19820
10830
108490
10830
10860
10870
10880
10890
107000
109100
10920
109390
10940
10939
10960
10970
10980
10790
116090
11910
11020
11030
11940
11450
11960
11070
11080
11090C
11100C
1M11oc
111200
11130
11140
11130
11160
11170
11130
11170
11200
11210
1122
11230C
11240C
112350C
=~ 112400
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CALL TYPHOR(TYFFLAG)

FRINT, "YOU MAY CHOOSE TD WARF FO TO AFFLICABLE "

PRINT, "PHASE OR MAGNITUDE."

FRINT, "ENTER NUMBER OF DESIRED COMHAND,"

FRINT, ™ 1. HAGNITUDE"

PRINT, " Z. FHASE"

READ, CHOICE

CALL MWARFT(FO,BW,DBGD)

CALL WARFEG(IERR,FO,BU,0,50,FC,ALFHA,COUNT,COUNTZ,
4CHOICE,TYFFLAG,T,A, B, ALFHAR)
IF{IERR.EQ.1) RETURN

EGO=20.#0LOG10(GO)

CALL MUARF2(FD,BH,50,COUNT,COUNT2)

RETURN

100 CALL TYPHOR(TYPFLAG)
CALL MWARF1(FD,BW,DEGO)
FRINT 110, FF
110 FORMAT("DESIRED FASSBAND EIGE FP= “,615.8," HERTI")
FRINT 120, AF
120 FORMAT("DESIRED RIPFLE WIDTH AP= ",615.8," 0E")
CALL WARFCHB(IERR,FF,AF,FO,EW,Q,60,FC,ALPHA,COUNT,COUNT2,
%T,A,B,EFS, ALPHAR,FREFI)
IF(IERR.EQ.1) RETURN
DBGO=20.+ILOGI0(GO)
CALL MWARF2(F0,BW,DEGD,COUNT,COUNT2,FREFZ)
FRINT 130, AP
130 FORMAT("CHEBYSHEYV RIFFLE WILTH, AP= *,G15.8," NE")
FRINT 140, FREFZ
140 FORMAT("REFLLECTION ZEROD OCCURS AT ",615.8," HERTZ™)
RETURN
END

SUBROUTINE MWARP1(FO,EY,D860)
DOUBLE PRECISION FO,8W,DEG0O
FRINT 10, FO
10 FORNAT("DESIRED FOLE FREQUENCY, FO= ",615.8," HERTZ")
PRINT 20, EW
20 FORMAT("DESIRED POLE EANDMIDTH, BU= ",615.3," HERTZ™)
FRINT 30, DBGO
30 FORMAT("DESIRED GAIN AT ZERO FREG., DBGD= *,615.8," CECIRELS™
RETURN
END



11270
11280
11299
11300
113190
11320
11330
11340
11350
11340
11370
11380
113%0
11400
11419
114290
11430
11440

SUBROUTINE HWARF2(FO,BU,0B60,C0UNT,COUNT2,FREFZ)

DOUBLE PRECISION FO,BW,DBGO,FREFZ
INTEGER COUNT,COUNT2

FRINT,

FRINT, "WARFED VARIABLES FOLLOW®
FRINT 10, FO

FORMAT("FO= ",G15.8," HERTZ")
PRINT 20, AW

FURMAT (“BW= ", 515.8," HERTZ":
FRINT 30, DEGO

0 FORHAT("0OBGOD= ",G13.8," DECIBELS™)

PRINT,

FRINT 40, COUNT

FORMAT("HARF ITERATION COUNT= ", 14,"
FRINT 50, COUNTZ

FORMAT("FINODFK ITERATIOWN COUMT= ",I3,"

RETURN
END

CYCLES™)

CYCLES™)

A-22



APPENDIX B

COMPLETE LISTING FOR MARTBP PROGRAM

010 MARTEBF

#_ IS8T

10C HaRTEF

20C

JOC

490 BOUBLE PRECISION ALFHA(?) KPRIME,C(7),MINI(2)
50 DOUBLE PRECISION CHIW,CSMALL,SUMC,FO,BUW,DEGAIN,GAIN
460 DOUBLE PRECISION FC,T,A3,A2,A1,A0,B3,82,B1,80,ALFHAC,AILFHAR
70 UOUBRLE PRECISION CFAREA,PFFERSO

80 INTEGER STATE,CMD,COUNT,WARPFLG,CAFFLAG
20 bg 10 1=1,7

100 10 ALFHA(I}=0.

110 po 29 1=1,7

12 20 C(I)=0.

130 CHIN=0.

140 CsHaLL=0.

150 SUMC=0.

160 FO0=0.

170 BW=9,

180 DBGAIN=0.

190 GAIN=Q.

200 FC=0.

210 T=0.

220 KFRIME=Q.

230 A3=Q.

240 A2=0.

250 A1=0.

260 AQ=0,

270 B3=0.

280 B2:=0.

290 B1=0.

300 §0=0.

319 COUNT=0

320 HINI(1)=0,

330 MING(2)=0.

340 WARFFLG=0

350 CAPFLAG=0

3460C

3700



390
4900
410
420
430
440
450
180
470¢
480
490C
500
510
520
530
549
550
560
570
580
590
400
410
420
430
840
450
660
470
480
490
700
210
720
739
740
750
769
770
780
790
800
810
820
830
849
850
840
370
889
890

STATE=0
CALL HEADER
FRINT, "NEED MENU?T (0=NC, 1=YES)"
READ, MENUFLG
IF (NENUFLG.EQ.1) CALL HEWNU
90 FRINT,
FRINT, "ENTER COMMAND NUMBER ($4 FOR MENU)™
READ, CHD

TERR=0

100 IF(CHD.NE.1) GO TO 200

CALL ENTFO(FO)

CALL ENTBU(BW)

CALL ENTGAIN{(DEGAIN,GAIN)

CALL ENTALC(ALFHAC)
CALL ENTALR{ALPHAR)

CALL ENTFC(FC)

CALL ALPHAS(ALFHAR,IERR,FO,BW,GAIN,FC,
8T,ALFHA,A3,A2,A1,A0,53,52,B1,80)

STATE=1

200 IF(CHD.NE.2.0R.STATE.EG.0) GO TO 300
CALL FRESF(ALFHA,T,A3,A2,41,40,83,52,K1,80)
300 IF(CHD.NE.3.0R.STATE.EG.0) GO TO 400

CALL FRECAFS(CHIN,PFPERSH)

CALL CAPS(PFPERSR,CPAREA, ALPHAC,ALFHA,C,CSMALL ,SUMC, CHII0

CALL POSTCAP(PFPERS@,CPAREA,CHMIN,C,SUNC)

CAFFLAG=1

400 IF(CHD.NE.4) GO TO 500
CALL HENU
500 IF(CHDILNE.S) GO TD 510
STOP
510 IF(CMD.NE.4.0R.STATE.EQ.¢) GO TO 520

CALL HWARF(ALPHAR,IERR,FO,BW,GAIN,
4DEGAIN,FC,ALPHA,COUNT,HINS)

CALL ALFPHAS(ALFHAR,TERR,FO,8W,GAIN,FC,T,ALPHA,
$43,A2,41,A0,83,82,81,80)

NARPFLG=1

520 IF(CHILNE.7.OR.STATE.LT.1} GO TO 400

CALL ALPHAS(ALPHAR, IERK,FO,BW,GAIN,FC,T,ALFHA,
£A3,A2,A1,A0,B3,82,81,80)

IF(CAPFLAG.EG.1) CALL CAFS(PFFERSG,CPAREA,ALLPHAC,
$ALFHA,C,CSMALL, SUMC, CHIN)

CALL PRINTCALPHAC,CPAREA,PFPERSQ, ALFIHAR,
$ALPHA,FO,BW,GAIN,IBGAIN,FC,T,C,CHIN, SUKC,
SUARFFLG,CAPFLAG,MIN3)

600 IF{CMD.NE.3.0R.STATE.EQ.0) GO TO 625

CALL SPECTRM(AZ,A2,AT1,A0,B3,52,81,80,T)
625 IF(CHD.HE.9.0R.STATELER.O) GO TO 450

CALL SWEEP (ALPHAR,IERR,ALFHA,GATI)
650 IF(CMO.NE.10.0R.STATELER.O) GO TO 700



700
710
920
930
240
150
949
970
980
7570
1600
1010
1029
1030
1049
1050
1060
1970
1080,
10%0
1100
1114
1120
1139
1149
1130
1160
1170
1180
11%0
1200
1219
1220
1230
1240
1250C
12600
1270C
1280C
1290
1300
1310
1320
1330
1340
13590
1360
1370
1380
1390
1400
1410
1420
14390
1449

&
700

[

800

900

1040

1100

1130

1200

1273

1309

on

~d

CALL ENTFO(FD)

CALL ALFHAS(ALPHAK,IERR,FD,BW,GAIN,FC,T,ALPHA,
A3,42,A1,A0,83,82,51,80)
IF(CHO.NE.11.0R.STATE.EG.O) 6O TO 800

CALL ENTEW(BW)

CALL ALFHAS (ALFHAR, IERR,FO,EBN,GAIN,FC,T,ALFHA,
43,42,A1,A0,83,82,K1,E0)
IF(CHULNE.12.0R.STATE.EQ.O) GO TO 900

CALL ENTGAIN(LEGAIN,BAIN

CALL ALFHAS(ALFHAR,IERK,FO, BN, GhIN,FC,T,ALFHE,
$A3,42,A1,40,83,82,81,80)

IF(CAD.NE.13.0R.STATE.EB.0) GO TO 1000
CALL ENTFC{FC)
CALL ALFHAS{ALPHAR,IERR,FO,8W,GAIN,FC,T,ALFHA,
$A3,42,A1,40 ,83,B2,E1,BQ) ‘
IF(CHU.NE.14.0R.STATE.ER.0) 6O TO 1100
CALL ENTALC(ALPHAL)
CALL ALFHAS(ALFPHAR,IERR,F0,Ed,GAIN,FC,T,ALFHA,
$43,42,A1,A0,B3,K2,K1,80)
IF(CHD.NE.15.0R.STATE.EQ.0) 6O TO 1150
CALL ENTALR (ALFHAR)
CALL ALPHAS(ALFHAR,IERR,FO,BW,BAIN, C,T,ALFHA,
3A3,02,A1,A0,83,82,B1,E0)
IF{CHB.NE.14.0R.5TATE.EG.0) GO TO 1200
CALL OPTIMIZ(CAFFLAG,ALPHAR,FO,BU,GAIN,FC,
$T,ALPHA,A3,42,A1,A0,83,62,81,80,PFPERSE,
§CFAREA,C,CSHALL, SUNC, CHIN, 4LFHAC, IERR)
CALL ALPHAS(ALFHAR,IERR,FO,BW,GALN,FC,
§T,ALFHA,A3,42,41,40,63,82,B1,B0)
IF(STATE.NE.O) GO TO 1275
FRINT, “YOUR FIRST COHMAND HUST HE #1."
IF(IERR.E@.0) B0 TO 1300
CALL ERRKHSG
60 TO 990
END

SUBROUTINE SFECTRM(A3,A2,A1,A0,83,B2,81,80,T)

DOUBLE PRECISION FEEG,FEND,FINC,F,TH,THETA,AK

IOUBLE FRECISION 43,A2,A1,A0,B3,B2,B1,R0

DOUBLE PRECISION ABMAG,DANAG,RALFHAS,DEGFHAS,T

PRINT, "CALCULATES MAGNITUDE AND FHASE AT 4 SERIES"
FRINT, "OF FREQUENCY FOINTS. ENTER STARTING AND ENDING"
FRINT, "FREQUENCIES (HERTZ), SEFARATED BY A CONHA."

READ, FEEG,FEND

IF(FREG.GE.0.000.AND.FEND.GT.0.000) GO T0 7

FRINT, "INVALID PARAWETER(S), FLEASE REENTER FBEG AND FENL"
GO T0 5

FRINT, "ENTER FREGUENCY INCREMENT BETWEEN FOINTS (HERTZ)"
REAL, FINC

IF(FINC.GT.0.000) GO TD 20

FRINT, "INVALID INCREMENT; FLEASE ENTER A FOSITIVE VALUE"
50 TO 10



1450 20 FRINT,

1460 FRINT,

1470 FRINT 30,

1480 30 FORMAT(2X,"FRERUENCY (HZ)",4X,"MAGNITUDE (DE)“,4X,
1490 i"HAGNITUDE™,8X,"FHASE (DEG)™

1500 FRINT,

1510 TH=2,000+3.141592652589793+T

152 At==1.000

1530 F=FBES

1540 100 IF{F.GT.FEND} BO TO 999

1550 THETA=TH*F

1560 CALL MAGFHAS(AK,A3,A2,A1,A0,83,82,51,B0, THETA,

1570 SARHAG, DEMAG, RADFHAS, DEGFHAS)

1580 FRINT 120, F,DENAG,ARMAG,NEGFHAS

1590 120 FORNAT(G15.8,3X,615.8,3%,615.8,3X,615.8)

1600 F=F+FINC

1610 GO TG 100

1620 999 RETURM

1630 END

1640C

1450C

1660C

1670C

1680C

1690 SUBROUTINE ERRHSG

1700 FRINT, "COMFUTATION HAS EEEN HWALTED DUE TO THE"

1710 PRINT, "OCCURRENCE OF AN ERROK. CHECK CURRENT"

1720 PRINT, "FARANETER VALUES AND RESTART WITH COMHANDG #1."
1730 RETURN

1740 END

1750C

17600

17760

1780C

1790 SUBROUTINE SWEEF (ALFHAR, IERR,ALFHA,BAIN)

1800 DOUBLE PRECISION GAINA,ALFHAA(Y),ALFHAR

1810 DOUBLE FRECISION FCHBEG,FCENI,FCINC,TWORI,K(2),FC,BW
1820 IOUBLE FRECISION FO,8,T,GAIN,PSQRT,ALFHA(7)

1830 DOUBLE PRECISION BUEXF,FFEAK,FHASE,ICOUNT

1840 DOUBLE PRECISION ICHOICE,PKHAG,HIN3(2)

1850 FRINT, “ILLUSTRATES EFFECT OF SWEEFING CLOCK FREQUENCIES"
1860 PRINT, "(FC) ON FOLE FREQUENCY AND BANDWIDTH, FOR a"
1879 FRINT, "SERIES OF CLOCK FREQUENCIES. ALFHAS AND OTHER"
1860 PRINT, "PARAMETERS ARE NOT ALTERED BY THIS ROUTINE."
1890 FRINT, “ENTER BEGINNING AND ENDING CLOCK FREQUENGIES®
1900 PRINT, "(HERTZ), SEFARATED RY A COHiA."

1910 10 READ, FCBEG, FLEND

1920 IF (FCBEG.5T.0.000.ANDLFCEND.GT .FCREG) GO TO 20

1930 PRINT, "ENTER BEGINNINGO AND ENDYBEGIMNING."

1940 60 TO 10

1939 20 FRINT, "ENTER CLOCK FREGUENCY INCRENENT (HERTZ).®
1960 30 READ, FCINC

1970 IF(FCINC.GT.0.0D0) GO TG 490

1980 FRINT, "ENTER INCREMENT=0."

1990 6o TO 39



2900
20190
2020
2030
2040
2050
20490
20740
2080
2090
RARNL
2119
2129
2130C
2140C
2150
2140
2170
2180
21990
2200
2210

2220

ALL

2230C
2240C
2250¢C
2260
2270
280
23%0
236§
2310C
23200
2330
2340
2350
2360
23700
2380C
23700
2400L
2410C
2429
2439
24490
2430
2440
2470
2480
2490
25690
2510
0
G

[N
Pa X

~

1§

[
[ ) Ry &

2
3

N

-

40

40

70

300

100

199
200

999

FRINT,

FRINT,

PRINT 50,
FORMAT(3X,"CLOCK" , 15X, "FO" , 16X, "BN", 13X, "PEAKING")
PRINT 40,

FORMAT (3X, "FRER. ", 50X, "FREQ.")
TWOPT=2.600+3.141592653589793
Ke1)=aLFHAC3) /TWORT
Ki2r=alFHATH)*DSART (ALPHAR) /TUOF]
0o 300 I=1,7

ALFHAATTY=ALPHACT)

GAINA=GAIN

ALFHARA=ALFHAR

FC=FCEBEG

IF(FC.GT.FCEND) GO TO 799
BU=K(1)*FL

FO=K({2)+FC

A=F0/BY

T=1.00G/FC

ICOUNT=0

ICHOICE=1

CALL FINDFK(ALFHARA, IERR,FO,BW,GAINA,T,FC,ALIPHAA,
SENEXF,FPEAK,FHASE, ICOUNT, ICHOICE,FKMAG, HIN3)
IF(IERR.EQ.1) RETURN

PRINT 200, FC,FO,BU,FREAK
FORMAT(G15.8,3X,615.8,3%,615.8,3%,515.8)

FC=FC+FCING
60 TO 100
RETURN

END

SUBROUTINE OFTIMIZ(CAPFLAB,ALFHAR,FQ,RU,GAIN,FC,
§T,ALFHA,A3,A2,A1,A0,83,52,K1,B0,FFFERSE,
8CPAREA,C,CSMALL , SUKC, CitIN, ALFHAC, IERR)

INTEGER CAPFLAG

DOURLE FRECISION FARAM,PHIN,PMAX,FINC,FEEST, SUNNEN,SUMREST

DOUBLE FRECISION ALFHAR,FO,BW,GAIN,FC,T,ALFHA(7)

DOUBLE FRECISION A3,42,A1,40,R3,82,81,50,FFFERSR,CPAREA,C(T)

DOUBLE FRECISION CSMALL,SUNC,CHIN,ALPHAC

IF(CAPFLAG.EG.T) GO TO 50
FRINT, "PILEASE CALCULLATE CAFACITORS (COMMAND H3) FIRST."®
RETLRN
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200

PRINT, "T0 MININIZE TOTAL CAFACITANCE,CHOOSE ONE
PRINT, “FARAMETER FROM THE FOLLOWING LIST:"
FRINT, " 1. ALPHAC=C2/C1"

FRINT, " 2. ALFHAR=ALFHA(7)}/ALFHAC4}"

READ, ICHOICE

IF{ICHJICE.NE.1.ANDLJICHOICE.RE.2) GO TD 39

FRINT,

FRINT, "ERTER IN ORDER, SEFARATED BY COMMAG:"

FRINT, "PARAMETER flN. VALUE, H4X. ValLUE, S5TEP INCREMENT®

READ, FHIN, FAAL, FINC

IF(rMIN.GT. 0. 000 AND L FHAX.GT.PHINJAND  FIAC.GT.0.000)
460 10 70

FRINT, "ENTER FHAXHFMIN:O AND INCREMENT:0."

GG TO 490

FARAM=PMHIN
PBEST=IARAM
SUMBEST=SUNC*1.0014

IF(FARAKH.GT.FMAXY GO T3 200
IF(ICHOICE.EQ.1) ALPHAC=FARAH
IF(ICHOICE.EQ.2) ALFHAR=FARAN
CALL ALFHAS(ALFHAR,IERR,FO,RU,6AIN,FC,
T ,ALPHA,A3,A2,41,A0,B3,82,B1,B0)
IFCIERR.ER.1) RETURN

CALL CAFS(FFPERSR,CFAREA,ALFHAC,ALFHA,C,CSMALLL,, SUKC,CHIN)

SUNNEW=5UMC

IF{SUMNEW.GE .SUNBEST) GO 70 100
PREST=PARAM
SUMBEST=SUMHNEW

CONTINUE
FARAM=I"ARAM+FINC

GO TO 80

CONTINUE

FRINT, "FARAMETER NAMZ:"

IF(ICHOICE.ER.1) PRINT, “ALFHAC"
IF(ICHOICE.EQ.2) PRINT, “ALFHAR"

FRINT 210, PREST

FORRAT{"FOR PARABETER= ",F15.8," ,")

FRINT 220, SUMBEST

FORMAT("THE SMALLEST WALUE OF TOTAL CaPR. = 7,
IF{ICHOICE.EQ. 1) ALLFHAC=FBEST
IFCICHOICE.EQ.2) ALFHAR=FBEST

15.8,"

[=y]
[ ]

PRINT,
PRINT,

FF")



3080
3090
I1G4C
3110
3120
31308
31400
3150C
3140C
31700
3189
31940
3200
3219
3220
3230
3240
32540
3260
3270
3289
3290
3360
3310
3320
3330
3340
3330
13460
3370
33840
33990
3449
3410
3429
3430
3440C
3450C
3440C
347QC
3480
3494
3500
3510
3520
3530
3540
3590
15460
3570
3580
3590C
3800C

10

30

40

FRINT, "THE OFTIMIZED FARAMETER HAS BEEN FLACEDM
FRINT, "IN THE ARGUMENT LIST."

RIETURN
END

SUBROUTINE MAGFHAS(AK,A3,A2,A1,A0,83,82,81,80,
STHETA,ABHG,IBHG, RAIPHAS, DEGFHAS)

DOUBLE PRECISION AK,A3,A2,A1,A0,B3,B2,81,EG, THETH,ABMG
DOUBRLE FRECISION LBMG,RALFHAS,DEGFHAS,FI,CO08TH,C052TH
DOUELE FRECISION COS3TH,SINTH,SINZTH,SIN3TH,RIZNUA
DOUEBLE PRECISION AIMNUM,REUEN,ATMLEN,AKFHASE

DOUBRLE PRECISION DCOS5,DSIN,DATANZ,DLOG1G,DSART,DARS
FI=3.14159263358%793

IFC(THETA.LT.1.003) GO TO 20

THETA=THETA~FI
GO0 TO 10

CONTINUE

COSTH=DCOS(THETA)

COS2TH=DCOS{2.0D0+THETA)

COS3TH=DCOS{3.0D0*THETA)

SINTH=USIN(THETA)

SINZTH=0SIN(2.0D0+THETA)

SIN3TH=D5IN(3.QNG#THETA)

AKPHASE=F]

IF(AK.GE.0.0D0) AKFHASE=0.000Q
RENUM=A3+COS3TH+A2+COB2TH+ATXCOSTH+AQ
ATHNUN=A3*SINITH+AZHSIN2TH+AT+SINTH
REDEN=BI+CO53TH+B2+COS2ATH+B1+COSTH+EBO
ATHDEN=B3+SINSTH+B2#GIN2TH+B1+5INTH

ABMG=DISART (RENUM#+2+ATHNUM++2) /BSART (REDEN-+#2+ATRDEN++2)

ABMG=ABNG*DAES (AK)

FI IS5 ADDEL TO RADFHAS TO MAKE ARGUMENT IN
THE RANGE 90 TO 270 DEGREES.

RAGFPHAS=DATAN2 (ATHNUM ,RENUM) ~DATANZ {ATHOEN ,REDER) +F 1
RADFHAS=RALIFHAS+ARFHASE
TWOPI=2.000%P1
IF(RADBFHAS.LT.TWOFI) 60 TO 40
RALFHAS=RAIFHAS-TWOFI
GO TQ 340
CONTINUE
DBNG=20,000+0L0G10(ABNKG)
HEGFHAS=RALIFHAS+180.Q00/ 1
RETUR#M
END



4140C
41390
4160
4170
4189
41%0
4200
4274
4229
4230
4240C
42500
4269
4270
4280C
4290C
4300C
4310
4320
4330
4340
4350
43460
4370
43890
4390L
4400C
44100
4420
4430
4440
4450
4460
4470
4480
4490
45090
4510
4520C
4530
4540
4550
4560
4570
4580
4590
4600
4610C
44620
4630C
4640C
4450
46410
46700

410

4G4

30

M 400 I=1,7

IF(ALPHA(I) .GE.0.0D0) GO TO 409

FRINT, "WARNING: NEGATIVE ALFHA VALUE--"
FRINT, "RECHECK INPUT FARAMETERS.™

FRINT 410, I, ALFHACD)
FORMATC"ALFHRAC, I1,") = “,0615.8)

IERR=1

CORTIHUE

IFCIERRVEQ@LT) RETURW

RETURN
EnD

SUBROUTINE PRECAFS{CMIN,PFPERSR)

DOUBLE FRECISION CHIN,FPFFERSQ
FRINT, "ENTER MININUM ACCEFTAELE CAFACITANCE IN FF™
READ, CHIN

PRINT, "ENTER CHIFP CAFACITANCE DENSITY IN PF/S5Q MIL"

READ, PFPERSQ

RETURN

END

SUBROUTIME CAFS(FFMERSQ,CPAREA,ALPHALC,
ZALFHA,C,C5MALL, SUHC,CHIN)

DOURLE FRECISION ALPHA(?),C{7),CSHAlL,SUNC, CHIN, ALFHAL
DOUBLE FRECISION FFFERST,CrAREA

Cl1i=1.

C{2)=ALFHAC*C(T)

C(31=ALPHALI)*C (1)

COA)=ALFHA(4)*L(2)

C9)=ALPHA(S)#C(1)

C{7)=ALFHA(Z }+L (1)

CSMALL=DOMINTCC(T3,C(2),0(3),C004),0¢(5),C(7))
Do 10 1=1,5

CeI)=C(I)+«CHIN/CSMALL
C(Z)=C{7)«CHIN/CSHALL

SUMC=0.

no 30 I=1,5

SUMC=5SUMC+C(I)

SUMC=SUMC+C(7)

CFAREA=SUMC/FFFERSA

RETURN

END



35143k

3420 SURROUTINE FRESF(ALFHA,T,A3,A2,41,40,83,82,61,50)
3630 DOUBLE PRECISION ALFHA(7),KFRINE,T,A3,42,A41,A0
3640 DOURLE PRECISION B3,B2,E1,B0,FI,F,THETA,DBNAG
3850 GOUELE FRECISION DEGPHAS,ABHAG,RAIPHAS

3460 P1=3.141592653589793

3670 PRINT. "ENTER EVALUATION FREQUENCY IN HERTZ®
3520 REAL, F

3490 KFRIME==1,4D0

3760 THETa=2ef ] eF#T

37100

3720 IBHAG=0.

3730 DEGFHAS=0.

3740 CALL MAGFHAS(KPRIHE,A3,A2,41,40,B3,82,K1,50,
3750 STHET4, ABHAG, DEMAG,RAIFHAS , DEGFHAS)

3760C

3770 PRINT 10, F

3780 10 FORMAT(" AT F= ",615.8," HERTZ")

3790 PRINT 20, DBNAG

3800 20 FORMAT(" WAGNITUDE= “,G15.8," D&")

3810 PRINT 30, DEGFHAS

3820 30 FORMAT("FHASE= ",515.8," DEGREES")

3830 RETURN

3340 ENI]

3850C

1340C

1870¢C

3880 SUBROUTINE ALPHAS(ALFHAR, IERR,FO,BW,GAIN,FC,T,ALFHA,
3890 $43,A2,A1,A0,53,82,K1,50)

3900 DOUBLE FRECISION ALFHA{7),FO,BW,GAIN,FC,T,TNOFI
3910 DOUBLE PRECISION 43,A2,A1,40,H3,52,81,B0, 4LFHAR, ISORT
3920 TUOFI=2.00043.141592653589793

3930 T=1./FC

3940C

3950 ALPHA (3) = TUDP T+ BU*T

3960 ALPHA(4)= (TUOFI#F0%T) /DSART (ALFHAR)

3970 ALPHA(S)=ALPHA(3)*GAIN

3980 ALFHAC7)=aLPHA(4) #ALFHAR

3990C

4000 ALFHA(1)=0,0D0

4010 ALFHA(2)20.010

4020 ALLPHA(6)=0.000

4030C

4040 A3=0,

4050 ° a2=0.

4049 Al=-ALPHA(S)

40790 AO=ALFHA(S)

4080 E3=0.

4090 B2=1, .

4100 B1=ALFHA (4 ) EALFHA (7 )+ALFHA(3) -2,

4110 BO=1.-ALPHA(D)

4120C

4130C



48650C

4490C

4700 SUBRDUTINE FOSTCAF(FFPERSA,CPAREA,CHIN,C,SUKE)
4710 IOURLE FRECISION C(7),CHIN,SUME,FFFERSA,CPAREA
4720 FRINT 340, CHIN

4730 340 FORMAT("FOR NINIHUM C= ",515.8," FF")
4740 PRINT,

4750 00 340 I=1,5

4769 FRINT 270, [,C(D)

4770 370 FURMATCD(Y, 11,02 ", 615.8," FF")

4730 340 CONTINUE

4790 I=7

4800 FRINT 370, I1,C(I)

4810 FRINT,

4820 FRINT 380, SUMC

4830 180 FORMAT{"TOTAL CAFACITANCE USED= “,G15.8," FF™)
4840 FRINT 390, FFPERSG,CFAREA

4850 390 FORHAT("AT ",611.4," FF/58, AREA USED = ",Gi3.4," SQ@ NILS™)
4840 RETURN

4870 ENT
4880C
4890C
4900C
4919 SUBROUTINE FRINT (ALFHAC,CFAREA,PFFERSQ,
4929 SALFHAR,ALFHA,FO,BU,GAIN, DBGAIN,FC,T,C,
4939 $CHIN,SUHC,WARPFLG,CAPFLAG,HIN3)
4940 IOUBLE FRECISION ALFHA(?),C(7),HIN3(2),CPAREA,FFFERSE
4959 DOUBLE PRECISION FO,BW,GAIN,DEGAIN,FC,T,CHIN
4960 IOUBLE PRECISION SUHC,ALFHAL,ALFHAR
4970 IHTEGER CAFFLAG,WARFFLG
4980 FRINT, "VALUES AS CURREHTLY CALCULATED ARE:"
4990 FRINT 100, FO
5000 100 FORMAT("FD= “,615.8," HERTZ™)
50190 PRINT 110, BU
5020 110 FORMAT("BW= ",G15.8," HERTZ")
5030 PRINT 120, GAIN
5040 120 FORMAT("GAIN= ",615.8," (DIMENSIONLESS)")
5050 PRINT 130, DBGAIN
5060 130 FORMAT("DEGAIN= ",G15.8," DECIBELS")
5070 PRINT 140, FC
5080 140 FORKAT("FC= “,G15.8," HERTZ™)
5090 PRINT 150, T :
5100 150 FORMAT("T= ",G15.8," SECONDS")
5119 IF(WARFFLG.EQ.O) GO TO 2
5120 FRINT, "-30F FOINTS ARE LOCATED AT FREBUENCIES:"
5130 FRINT 1, MINI(1),MIN3(2)
5140 FORMAT("Fi= ",615.8," AND F2= ",615.8," HERTI")
5150 G0 TD 4

3140 2 CONTINUE

3170 4 00 10 I=3,5

3180 FRINT 5, I,ALFHALT)

5190 5 FORMAT("ALFHA{(",I1,")= " ,619.8)
5200 10 CONTINUE



B-11

3210 I=7

3229 PRINT &, I, ALFHA(I)

3230 FRINT 160, ALFHAC

3240 160 FORMAT("ALFHAC=C(2)/C(1)= " ,F15.8)

2230 PRINT 170, ALFHAR

5260 170 FORMAT("ALFHA&R=&LPHA(7)/ALFHA(4)= ",F15.3)
3270 IF(CAFFLAG.ER.TY 60O TG 12

5280 60 TO 30

GERG P2 00 20 I=1,5

3300 FRrist 15, 1,000

5310 15 FORMAT("C(",I11,")= ",615.8," FPF")
5320 20 CONTINUE

3330 1=7

G340 FRINT 15, I, C(I)

3330 PRINT 200, CMIN

5360 200 FORMAT("MIMIMUM C= *,613.8," PF")
33790 FPRINT 210, SUMC

3380 210 FORMAT("TOTAL €= ",613.8," FF")
3390 PRINT 220, PFPERSQ,CFAREA

5400 220 FORMAT(“AT ",611.4," FF/5Q, AREA USED = ",813.4," 50 #IlLS")
3410 30 CONTINUE

5420 RETURN

3430 END

5440C

54350C

3460C

5470 SUBRROUTINE ENTFOCFO)

5480 DOUBLE FRECISION FO

94990 FRINT, "ENTER FOLE FRERUENCY, FO (HERTZ)"
3509 REALD, FO

3310 RETURN

5520 EWl

23300

S9540C

3550C

3560 SUBROUTINE ENTEW(BU)

3570 DOUBLE PRECISION BW

5580 FRINT, "ENTER FOLE RANDMIDTH, BW (HERTZ)"
3390 READ, EU

5600 RETURN

5610 END

3620C

3630C

53640C

5650 SUBROUTINE ENTGAIN(DBGALN,GAIN)
5669 DOUBLE PRECISION DBGAIN,GAIN

34670 FRINT, "ENTER FEAK GAIN (DECIEELS)"
3480 READ, DEGAIN

3690 GAIN=10.,000++(DBGAIN/20.009)

3709 RETURN

3719 Eng

3720C

3730C

3740C



575990
5760
3770
37890
3790
5800
3810C
5820¢C
38304
5940
SB30
3860
5879
5880
38990
5900C
3510C
3920¢
5930
3940
5930
5960
3970
3980
9990C
4000C
S0°10C
4020
6030
460490
4030
46040
6070
4080
4090
$1000
4110C
$120C
4130
4140
4150
46160
46170
4180
4190
46200
62190
6220
4230
4249
6259
62690
4270
46284

SUBROUTINE ENTALC(ALPHAC)
BOUELE FRECISION ALFHAC

FRINT, “ENTER ALFHAC=C(2)/C(1)"
READ, ALPHAC

RETURN

END

SURROUTIME ENTALR(ALFHAR)

DOUBLE FRECISION ALFHAR

FRINT, “"EMTER ALFHAR=ALPHA(?)/ALFHACH)"
REAL, ALFHAR

RETURN

Enl

SUBROUTINE ENTFC(FC)

IQUELE FRECISION FC

FRINT, "ENTER SAMFLING FREQUENCY, FC (HERTZ)"
KEAD, FC

RETURN

ENT

SURROUTINE HEADER

FRINT, "SWITCHED-CAFACITOR FILTER DESIGN FROGRAM FOR"
PRINT, "MARTIN STATE-VARIABLE BANDFASS FILTER."

PRINT, "ALGORITHM BY J.A. CONNELLY, FORTRAN VERSION BY "
FRINT, "W.N. GOOLSBEY. CURRENT REVISION 4/5/871."

PRINT,

RETURN

END

SUBROUTINE MENU

FRINT, "A MENU OF COWMANDS FOLLOWS. TO0 EXECUTE A FUNCTION,"
FRINT, "ENTER THE MUABER OF THE APFROFRIATE COMMAND."

FRINT,

FRINT,

FRINT, "1. ENTER ALL NEW FARAMETERS"

FRINT, "2, CALCULATE MAGNITUDE AND PHASE AT FREQ.=F"

PRINT, “3. FIND CAFACITOR VALUES AND TOTAL C*

PRINT, "4. PRINT MENU"

FRINT, "5. TERHINATE FROGRAN"

FRINT, "6. WARF FO, BW, AND PEAK GAIN."

FRINT, “7. PRINT CURRENT PARAMETER YALUES."

PRINT, "8. FIND MAGNITUDE AND PHASE AT A4 SERIES"

FRINT, “  OF FREQUENCY POINTS."

PRINT, "9. VIEW EFFECT OF SWEEFING CLOCK FREQ. ON RW & FO."
PRINT,

B-12



4290
8300
4310
6320
6330
4340
6359
45360

LT 70

235k
4380
43900
440590
4410C
5420C
6430C
6440
6450
5460
6470
4480
4490
4300
4310
6520
4530
4540

4390

4540
4570
4580
4590
4600
6610
6620
46630
4640
66350
6440
46700
&6480C
46900
4700
67190
6720
6730
46749
47590
46740
4770
4780
6790
468090
4810
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FRINT, “10. CHANGE FO ONLY"

PRINT, “11. CHANGE BU ONLY"

FRINT, "12. CHANGE FEAK BAIN ONLY"

FRINT, "13. CHANGE FC ONLY"

FRINT, "14. CHANGE ALFHAC=C{(2)/C(1)} ONLY"

FRINT, "15. CHANGE ALFHAR=ALPHACFI/ALFHAL4) ONLY"

FRINT, "16. NINIMIZE TOTAL CAF. EY YARYING ONE FPARAHETER"
FRINT,

RETURN

ENG -

SUBRGUTINE WARF(ALFHAR,IERR,FO,BU,GAIN,FC,ALFHA,COUNT,
SCOUNT2,CHOICE,.HINZ)

DOUBLE PRECISION ALPHA(?),MAGRES,MAGFRAC,MAGERR
DOUBLE PRECISION FO,BY,GAIN,FC,MINI(2},MAGDEVN
DOUBLE PRECISION FDES,RWDES,PHASDES,FI,T,RBWERRDR
UGUBLE FRECISION BWFRAC,ERROR,FRAC,BWEXP,FFEAK,FHASE
DOUBLE PRECISIOM FKMAG,FUEYN,AFDEVUN,BUNEYHN,ABUGEVN
DOUBLE FRECISION AMAGDEVY,ALFHAR

DGUBLE PRIECISION TARS

INTEGER COUNT,COUNT2,RUNFI.AG,HAXRUNS,CHOICE
FUES=FGO

BULES=BU

FHASHES=189.0

MAGHES=6AIN

PI=3.1415%9246535389793

T=1./FC

BWERROR=FLES*1.0E-3

BUFRAC=1.00

MAGERR=GAIN+1.0E-4

MAGFRAC=0.800

HAXRUNS=50

COUNT=0

COUNT2=0

FIND MAGNITUDE FEAK OR FHASE CROSSING?

IF(CHOICE.E@.1) GO TO 3
ERROR=FDES*1,0E-4
FRAC=1.0
GO TO 19

ERROR=FDES*1.0E-3

FRAC=1.000

10 CALL FINGPK(ALFHAR,IERR,FO,BUW,6AIN,T,FC,ALFHA, BUEXF,FFEAK,

SFHASE,COUNT2,CHOICE, PKHAG,HIND)
IF(IERR.EQ.1) RETURN

RUNFLAG=0

COUNT=COUNT+1

FOEYN=FDES-FFEAK



4820
4830
68490
4850
4860
4874
&880
48%0
270
4919
4920
4930
4940
4950
4960
4970
4980
4990
7000
7010
7020
7030
7040
7050C
7060C
7R708
70390
7090
7100
F119
F120
7130
7140
2150
7160
7170
2180
7190C
7200
7210
7220
7230
7240C
7230
7260
7270
7280
7290
7300
7310C
7320C
7330C
73400

30

40

AFDEVN=DAES(FDEVN)
IF (AFDEVN.LT.ERROR) GO TO 20
FO=FD+FRAC*FUEVN
RUNFLAG=1
BUDZVN=BULES -BUEXF
ABWOEVN=DIARS (BUDEVN)
IFCABROEVN.LT.BUERROR) GO TO 30
BU=RU-+BUFRAC+BUDEVN
PUWFLAG=
HAGDEVR=HAGUES -FPRHMADG
AMAGDEV=LARS (HAGIEVM)
IF{ARAGDEY . LT.HAGERRY GO TO 335
GAIN=GAIN+HAGFRAC+*MAGDIEVN
RUNFLAG=1
IF(RUNFLAG.ER.1) GO TO 40
RETURN
IF (COUNT.LE.HAXRUNS) GO TO 10
FRINT, "MAXRUNS EXCEEDED IN WARP."
FRINT, "ITERATION COUNT EXCEEDED WHILE TRYING TG "
FRINT, "WARF. UWARF ATTENFT ABORTED."
IERR=1
RETURN
END

SUBROUTINE FINDFK{ALFHAR,IERR,FO,BJ,GAIN,T,FC,ALFHA,BUEXF,

YFFEAR,FHASE,COUNT,CHOICE, FKHAG,MINI)
DNOUBLE FRECISION ALFHA(7),LASTHAG,MINIOB,HIN3(2),ALFHAR
IOUBLE PRECISION FO,BU,GAIN,T,FC,BREXF,FFEAK,FHASE
IOUBLE PRECISION FRHAG,KPRIME,LASTIFHS,FIL,AZ,42,A81,A0
[IOUBLE PRECISION B3,.B2,B1,BKQ,F,0IVISOR,ABMAG,FHI,FLO
DOUBLE FRECISION DIR,STZF,ERROR,THETA,DEMAG, RADFHAS
IIOUBRLE PRECISION LEGPHAS,PHASDES,FMAGFK,IABS,DSART
INTEGER COUNT,CROSSELD,CHOICE
FI=3.141592653587753
[TRIAL=0

KERINE=-1.000

CALL ALPHAS(ALFHAR, TERR,FO,BUW,BAIN,FC,T,ALFHA,
§A3,A2,A1,A0,83,52,51,80)

IF(IERR.EQ.1) RETURH

F=F0
DIVISOR=2.0
ABNAG=0.
FHI=FO+HU
FLO=FO-BW
DIR=1.

FIND MAGNITUDE PEAK AND RETURN YALUE "FKMAG" AT F.
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7350 5TEF=RW/20.

734G ERROR=FD=*1.0E-4&

7370 10 LASTHAG=ARMAD

7380 THETA=2#P T#F*T

7390 CALL MAGFHAS(KFRIME,p3,A2,A1,A0,R3,B2,E1,R0,

7400 YTHETA,ABMAG, IBEMAG , RADFHAS ,IEGIFHAS)

2410 COUNT=COUNT+1

7429 IFCABRMAG.GT.LASTHAG) GO T0 240

7439 DIR=-1.*0IR

7449 STEF=3TEF/DIVISOR

7450 20 F=F+5TEF*DIR

J457 IF{8TEF.GELERROR) 30 TO 30

7470 FRKHAG=ABMAG

7480 50 1O 100

7490 30 IF(F.GT.FLO.AND.F.LT.FRIY G0 TO 19

7500 PRINT, "NO FEAK FOUND BETWEEN FLOD AND FHI.”

75310 FRINT, "ROUTINE FINDPK FAILED TO FIND MAGNITUDE FEAK"
7520 PRINT, "WITHIN FRESCRIBED SEARCH FREGUENCIES. WARP"
7530 FRINT, "ATTEMFT ABORTED."

75490 [ERR=1

7350 RETHURN

7540C

79720C

7580¢C IF CHOICE=1 THEN MO NFED TO FINO PHASE CROSSING
7590C

2600 100 FMAGFK=F

7610 IF(CHOICE.EQ.1)Y GO TO 390

7620C

74630C

76400 FIND FHASE CROSSING FREQUENCY

7650C

7660 200 PHASDES=180.0

7670 F=FO+BU/2.000

74689 DEGPHAS=-400.

7690 ERROR=FD#1.0E-7

2700 DIR=-1.0D00

7710 STEP=BU/40.

2720 210 LASTFHS=0UEGFHAS

7730 THETA=24F[#F+T

7740 CALL MAGPHAS(KFRIME,A3,A2,81,40,R3,82,81,80,

7750 STHETA,ABHAG,DBMAG,RADFHAS , DEGPHAS)

7760 FHASE=TEGFHAS

/770 COUNT=COUNT+1

7780 CROSSED=90

7790 IF(BEGPHAS.LT.PHASIES .AND.LASTPHS .6 T.P"HASDES) CROSSED=1
7800 IF(LASTFHS.LT.FPHASDES.AND.DEGFHAS.BT.FHASDES) CROSSED=1
7810 IF(CROSSED.EQ.O) GO TO 229

7820 DIR=-1.*DIR

7830 STEF=STEF/DIVISOR

7840 220 F=F+STEP+DIR

7850 IF(STEF.LT.ERROR} GO TO 3¢0

7860 IF(F.GT.FLO.AND.F.LT.FHI} GO TO 210

7870 PRINT, “0UT OF RANGE IN TRYING TO FIND FHASE CRDSSING."
7880 PRINT, "ROUTINE FINDFK FAILED TO FIND PHASE CROSSING
7890 FRINT, "WITHIN FRESCRIBED SEARCH FREQUENCIES. WaARP"
2900 FRINT, "ATTEMFT ABORTED."

7910 [ERR=1

7920 RETURN



79300
7940C
7950¢
7940C
7970C
7980C
7990
40000
40100
8020C
8030C
3040C
8059
3060
8079
30890
8090
2109
8119
3120
2130
8149
8150
8149
2170
8180
3199
8200
32190
8220
5230
§240
3250
260
827
8280
3299
8300
3310
8320
8330
83400
8350C
83490
8370
8380
8390
8400
8410C
3420C

300

410

420

439
300

FFEAK 15 RETURNED A5 FRER. OF MAGNITUUE FEAK
FOR CHOICE=1, OR A5 FREQ. OF FHASE CROSSING FOR
CHOICE=2.

FFEAK=F

NOW FIND BANDWIDTH, BU.

MINSDE=FRMAG/DSART(2.000)
Do 300 I=1,2
DIR=(~1,)##]
F=FHAGFK+DIR*BW/2.0D0
FHI=FO+BUW+3.000
FLO=F0-EBW+3.000
STEP=BW/20.
ERROR=FD:#1.0E~4
ABMAG=FRHAGH2Z.
LASTHAG=ABMAL
THETA=2#PL#F*T
CALL MAGFHAS(KPRIME,A3,A2,A1,A0,B3,82,B81,80,
STHETA,ABMAG, DBHAG, RADFHAS, BEGFHAS)
COUNT=COUNT+H
CROSSED=0
IF(ABMAG.LT . HINJDB.AND.LASTHAG.GT. . MINIUB) CROSSEL=1
IF(LASTHAG.LT.HINSDB.AND.ABMAG.GT.MINIOB) CROSSED=1
IF(CROSSED.EQ.O) GO TO 420
DIR=-1.4DIR
STEF=STEF/DIVISOR
F=F+5TEF*DIR
IF(STEP.LT.ERROR) GO TGO 430
IF(F.6T.FLO.AND.F.LLT.FHI) GO TO 419
FRINT, “OUT OF RANGE IN TRYING TO FIND' 30B BUW."
PRINT, "ROUTINE FINDPK FAILED TO FIND ONE OR BOTH -3I0B"
PRINT, "POINTS WITHIN THE PRESCRIBED SEARCH FREQUENCIES.™
FRINT, "WARF ATTEWFT ABORTED."
IERK=1
RETURN

HIN3(I)=F

CONTINUE
BUEXP=DABS(MINI(2)-MINI(11}]
RETURN

END
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84308 )
4440 SUBROUTINE HWARF (ALFHAR, TERR,FO,BW,GAIN,

8450 $DBGAIN,FC,ALFHA,COUNT,iiIN3)

8460 DOUBLE FRECISION ALFHA{(7),MIN3(2),FO,BM,GAIN,DEGAIN
8470 DOUELE FRECISION FC,DLOG10,ALPHAR

3480 INTEGER COUNT,COUNT2,CHOICE

8490 FRINT, "FINDS PREWARFED VALUES FOR FD, BW, AND PEAK GAIi."
8500 FRINT, "YOU HAT CHOOSE TO WARP FO TO WAGNITUDE FEAK"
#8510 FRINT, "Of TO 150 DEGREE FHA=: CROSSING."

3520 FRIHT, “ENTER HUNBER OF DESIRED CONMANT,®

4530 PRINT, © 1. MaGHITUDE FEAK"

6940 FRINT, © 2. 180 UEGREE PHASE CROSSING"

8950 READ, CHOICE

8560 FRINT 10, FO

8570 10 FORMAT("DESIRED BANDPASS CENTER= “,315.8,"HI")

8580 FRINT 20, BW

8590 20 FORMAT("DESIRED BANDUIDTH= ", 615.8,"HI")

3600 PRINT 25, DBGAIN

8610 25 FORMAT("DESIRED PEAK GAIN= ",G15.8," DECIBELS")
8620 PRINT,

8430 CALL WARP (ALPHAR, TERR,FO,BW, GAIN,FC,ALPHA,

8640 %COUNT, COUNT2,CHDICE,MINZ)

8630 IF(IERR.EG.T1} RETURN

3660 DBGAIN=20.+0L0OG10 (GAIN)

8670 PRINT 30, FO

8680 30 FORMAT("FREWARFED VARIABLES ARE: FO= ",G15.8,"Hi")
3490 FRINT 35, BW
3700 35 FORMAT("EBW= “,615.8,"H42")

37190 FRINT 37, DHGAIN

8720 37 FORMAT("FPEAK GAIN= “,515.8," QECIBELS"}
8730 FRINT, "THE -3DB FOINTS WERE FOUND AT:"
3740 FRINT 38, MIN3(1),HINZ(2)

8730 38 FORRAT("F1= ",5613.8,"  AND F2= ",515.8," HERTZ"
3760 FRINT,

8770 FRINT 40, COUNT

8780 40 FORMAT("WARF ITERATION COUNT= ",13," CYCLES™)
8790 FRINT 50, COUNTZ

8800 50 FORMAT("FINUPK ITERATION COUNT= ",I5," CYCLES.™)
8810 RETURN

8820 ExD



14GC
240
IGE
4G
a0
&6
70
30
90
100
110
120
130
140
159
1690
170
180
179
200
214
220
230
247
256
260
270
230
294
300
310
320
330
349
R0
Ja0
370
RSN
390C
4004
410C
4208
439
440
450
450
470
480
490
500
510

990

APPENDIX C

COMPLETE LISTING FOR NOTCH2 PROGRAM

NOTLHZ

GOUELE FR
[OURLE FR
UOURLE FFR
DOUBLE FREC

ALFHALEY, CO3)  KFRIKE, HIN3(2)
CEAALL, SUNC, CRIN,FN,FD, BUN,BUD, RHO

HOFC,T,A1,40,81,50, THETA, ABRAG, DENAG

RADFHAS, DEGPHAS,ALFHAC, PFFERSH, CPAREA

INTEGER BT4TE,CHD,COUNT,WARFFLG,CAPFLAG

ng 1o 1=1,8
L(1y=0,
ALFHA(T =9,
S5UHC=0.
CHIN=D.
Fil=0.
FIi=0.
BUN=0.
BWD=9.
RHG=0,
FL=0,

T=0.
KFRIME=D.
A1=0.
AG=0.
E1=9,
BO=0.
THETA=0.
ARMAG=0.
IBHAG=0.
RADFHAS=0.
BEGFHAS=0.
COUNT=0
HINIC1)=0,
MINS(Z)=0,
WARFFLG=0
CAFFLAG=0
PFRFERSG=1.
CFAREA=D.

STATE=0
CALL HEADER
PRINT,

FRINT, "NEED MENU? {D =NO, t = YES)"

READ, RMENWUFLG

IF (MENUFLG.ER. 1Y CALL MENU

FRINT,

FRINT, "ENTER COHMAND NUMBER (#4 FOR #ENUDY

READ , CMD



5IOC

534 TERR=0

5400

550 100 IF(CMD.NE.1) GO TO 200

540 CALL ENTFN(FN)

570 CALL ENTFIMFID

550 CALL ENTEUN{EUN)

590 CALL ENTRUD (RN

500 CALL ENTRHOCRHDD

510 CALL ENTFCIFC)

530 CALL ALFHAS(IERR, 1,40, B1, B, F0 F0 BUN, BUTL RHOL,FD, T, ALFRAT
570 STATE=1

440 WARFFLG=0

450 200 IF(CHU.ME.2.0R.3TATE.EG.0) GO TO 300

440 CALL FRESF(ALFHA,T,&1,A0,51,80)

470 300 IF(CHD.NE.3.0R.STATE.EQ.0) GO TD 400

480 FRINT, "ENTER MINIHUW ACCEFTARLE CAFACITANCE IN FF"

490 READ, CHIN

760 FRINT, "ENTER KATIO C2/C1"

710 READ, ALFHAC

720 PRINT, "ENTER CHIF CAFACITANCE DENSITY IN FF/S0 SIL®

730 READ, FFPERSO

740 CALL CAPS(ALFHA,C,CSHALL,SURC,CHIN,ALFHAC,FFRERSR, CFAREA)
750 CAFFLAG=1

740 FRINT 340, CHIN

770 340 FORMAT("FOR MINIAUM C= *,G1%5.8," FF™)

780 PRINT 350, ALFHAC

790 350 FORMAT("AND C2/C1= ",F15.8," ,THE CAFACITANCE VALUES ARE:™)
400 FRINT,

810 Io 340 I=1,8

320 PRINT 370, 1,C(D)

930 370 FORMAT(MC(",11,")= *,G15.8," FF™

840 340 CONTINUE

350 FRINT,

540 FRINT 380, SUAC

370 380 FORMAT ("TOTAL CAFACITANCE USED= ",G15.8," FF")

580 FRINT 390, FFFERSA, CFAREA

550 390 FORMWAT("AT ",511.4," FF/S0 MIL, AREA USED = ",613.4," 5@ HILS™)
300 400 IF(CHD.NE.4) GO TO 500

910 CALL HEMU

929 500 IF(CHDLNE.S) G0 TO 550

919 STOF

940 S50 IF(CMELNE.6.O0R.STATE.ER.Q) GO TD 540

950 CALL MUARF(IERR,FN,ID, BUN, BT, kRHD,FC, ALFHA, COUNT, HIN3)
940 CALL ALFHAS(IERR,AT,A0,B1,B0,FN,FD,BUN,BUD, RHO,FC,T,ALFRA)
979 WARFFLG=T

980 560 IF(CHD.NE.7.OR.STATE.LT.1) GO TO 400

990 CALL ALFHAS(IERR,AT,A0,E1,50,FN,FD,BUN, WD, KHD,FC,T ALFHA)
1000 IF(CAFFLAG.ER.1) CALL CAFS(ALPHA,C,CSHALL,SUMC,

1010 XCHIN,ALFHAL, FFFERSA, CFAREA)

1020 CALL PRINT (ALFHAC,ALFHA,FN,FD, BUN,BUD,RHO,FC,T,C,

1630 SCAIN, SUMC, WARFFLG, CAFFLAG, HING, PFRERSE, CPAREA

1040 400 IF(CHD.HE.B.OR.STATELEQ.G) GO TO 425

1050 CALL SFECTRM{AT,A0,E1,80,T)

1060 425 IF(CHD.NE.9.OR.STATE.EQ.O1 6O TO 430

1079 CALL SWEEF(IERR,ALFHA,RHI)

1080 450 IF(CALDLHME. 10,OR.ETATE.ER.DY G0 TR 7G0

o



TG0
1143
11190
1120
1130
1140
11534
1160
1179
11530
HEY
F2o0
1210
1220
12329
1240
1250
125G
1270
1280
1290
1300
1319
1320
1330
1340
1359
1349
1370
1385
1359
1a0d
1416
1420
1430
14400
1450C
14400
1470C
1480C
14990
1500
1510
1520
1530
1540
1350
1540
1570
1580
1590
1600
1414
1420
1430
1440

1agd

00

800

(R

1100

1159

1240

1274

1300

on

20

CALL EMTFHN(FHI
CALL ALFHASI(IERR,A1,40,81,80,FR,FO, BN, BND, RHO,FC, T, ALFHA)
WARPFLG=Q

IF(CHI.NE.11.0R.STATELEG.OY GO TOD BOO
CALL ENTFD(FO)
CALL ALFHAS(IERR,AT,AQ,B1,B0,Fi,F D, RUN,BWD, RHO,FC, T ALFHA)
WARPFLG=0

IF(CRILNE 12O ORLSTATELEDLGY GO TR 909
CALL ENTEUN(BUM)
CALL ALFHASCIERR, A1, A0 BT, BO,FN,FT,BUN, BWD ,RHO,FC,T,ALFHA
HARFFLE=]

g DFeCHb.eE I3 0RATATELER.OY GO TG 1000

CALL ENTRUD{EWIN
CALL ALPHASCIERR,&1,A0,B1,B0,FN,FIr, BUN, BUD,RHO,FC, T,ALPHA)
WARFFLG=0
IF(CHILHE. 14.0R.3TATELER.Q) GO TO 1100
CALL ENTRHO(KHO)
CALL ALPHASCIERR,&1,A0, &1, 50, FN,FI, BN, BUT, RHO, FC, T, 4LFHA)
WARFFLG=0
IF(CHD.HE.15.0K.5TATE.EQ.0} BO TO 1150
CALL ENTFC{FC)
CALL ALFHASCIERR,AT,A0,B1,R0,FH,FI, BHN, BUT,RHO,FC, T, ALFHA)
WARFFLG=0
IF(CND.NE.14.0R.STATE.EQ.0) GO TO 1200
CALL DFTINIZ{CAFFLAG,IERR,A1,A0,B1,E0,
SFN,FO,BUN, BUD, RHD,FC,T,ALPHA,C, CSHALL,
$SUNC,CHIN,ALFHAC,FFFERSR, CFAREA)
CALL ALFHAS(TERR,A1,A0,%1,k),FN,F0,EWN, BUD,RHO,FC, T, ALFHA)
IF{STATELHE.O) 6O TO 1275
FRINT, "YDUR FIRST COMHAND [UST BE #1,°
IF(IERR.E@.0) GO TO 1300
CALL ERRNSG
GO TO 90
EHI

SUBROUTINE SFECTRM(AT,A0,E1,50,T)

IOUBLE FRECISION FREG,FEND,FINC,F,TH, THETA,AK

DOUELE FRECISION AT1,40,E1,E0

DOUELE FRECISION ARNAG,DEMAG,RATFHAS, DEGFHAS,T

FRINT, "CALCULATES MAGNITUDE AND FHASE AT & SERIES"
FRINT, "OF FREGUENCY FOINTS. ENTER STARTING ANMD ENDING"
FRINT, "FREGUENCIES (HERTZ), SEFARATED EBY & COHda."

READ, FHEG,FEND

IFCFEES.GE.0.0M0, ANDLFEND.GT.0.000) 30 TO 7

FRINT, “IHVALID FARAMETER(S), FLEASE REENTER FRES AND FENDY
GO TO 5

FRINT, "ENTER FREQUENCY INCREMENT BETWEEN FOINTS (HERTZ)"
READ, FINC

IF(FINC.GT.0.000) G0 T 20

FRINT, “INVALIN INCREMENT; FLEASE ENTER & FUSITIVE YALUE™
GG TO 10

FRINT,



2014
2020
2030
20490
20530
2060
2074
08¢
2090
2100
2114
2124
21390
2140
2150
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FRINT,
FRINT 30,
30 FORMAT(ZX, "FREQUENCY (HZI)",4X,"MAGNITUDE (DB)", 4%,
&"HAGHITUDE",7X, "FHASE (DEGI™)

FRIAT,
THEI, 00043, 1415926535897934T
AK=BD
FeFBES

100 IFFLGT.FENDG B0 TO 929
TRETa=THeF

CALL WEGPHAS(AK,AT,A0, 81,50, THETA, ABIHAD , IEHAG,
SRALFHAS, IEGPHAS)
FRINT 120, F,DBMAG,AENAG, DEGFHAS
{20 FORNAT(G15.8,3X,615.8,3X,615.8,3X,0615.8)
F=F+F ING
G0 TD 100
799 RETURN
END

SUBROUTIHE ERRMSEH

FRINT, "COMFUTATION HAS BEEN HALTED OUE TO THE™

FRINT, "OCCURRENCE DF AN ERROR. CHECK CURRENT"

FRINT, "FARAMETER VALUES AND RESTART WITH COWMAND #1."
RETURN

END

SUBROUTIME SWEEF (IERR,ALPHA,RHD)
DOUBLE FRECISION FUCBEG,FCEND,FCINC,TUWORI,K{4) ,FC,BUELF
DOUERLE PRECISIOW FH,FI,BUN,RBWD,Q,T,N8GRT,ALFHA(S)
IOUBLE FRECISION RHO,FFEAK,FHASE,NIN3{2),3RRHD
BOUBLE FRECISIGMN ALFHAA(B),3QRHDA
FRI®T, "ILLUSTRATES EFFECT OF SWEEFING CLOCK FREQUENCIES®
FRINT, "(FCj OM FOLE FRERUENCY AND BAMOWILTH, FOR &
FRINT, "SEKIES OF CLOCK FREBUENCIES. ALFHAS AND OTHER"
FRINT, "FARAWMETERS ARE NOT ALTERED EY THIS ROUTINE.®
FRINT, "ENTER BEGINMING AND ENDING CLOCK FREQUENCIES™
FEINT, "(HERTZ), SEPARATED BY & COMMA."
19 READ, FCBEG, FLEWD

IF(FCREG.GT. Q. 000, AND.FCENDILGT.FCREG) GO TO 20

FRINT, "EMTER BEGINNIHG:O AND ENT-BEGINNING."

60 TO 0

[3

20 FRIAT, “ENTER CLOCK FREQUEHCY INCREMENT (HERTZ)."
30 READ, FCINC

IF(FCINC.GT.O.000) G0 TO 40
FRINT, "ENTER INCREMENT:0."
60 T0O 30
40 FRINT,
PRINT,



23100
2329
2339
2349
2330C
23400
2370
2380
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159
16000
26100
26200
26300
18540
2550
1640
2670
1550
7699
100
2710

3R
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PRINT 50,
50 FORMAT(3X,"CLOCK™, 15X, “FN", 14X, "BUI", 13X, "NOTCH" )
FRINT 40,
&0 FORMAT(3X,"FRE@.",50%, "CENTER")
99 TWOPI=2.000+3,141592¢53589793
SORHO=D5ART (RHO)
K1) =hLFHA S/ TUORT
K25 2ALFHATS) #GRRHE TWOFT
CUTIEALEHACA ) eE0RHD/ ALFRA D)
BT =DSURTCCALFHA (S #SIRHD) / CTUOP TaLFHALT )

10 300 1=1,5
300 ALFHAACT) =ALFHALT)
SHRHOA=ISART (RHO)

FL=FCREG
190 IF(FC.GT.FCENDI) 60 TO 999

RUD=K{1)+FC

Fli=K{23+FC

BUN=K{3)#FI

F=k (4)+DEERT (FO*FC)
T=1.209/FC

ICOUNT=0

ICHOICE=1

CALL FINUFK{TERR,FN, BUD, T, ALFHAA, SARHOA,FT,
$BUEXF ,FFEAK, FHASE, ICOUNT, ICHOICE,AINZ)
TF(IERRLEG.1) RETURW
190 FRINT 200, FC,FN,BWD,FPEAK
290 FORMAT(GI5.8,3%,615.8,3X,0615.8,3%,615.8)

FC=FCH+FCING

60 TO 1990
999 RETURN

ERL

SUBROUTINE OFTIWIZ(CAFFLAG,IERR,AT,A0,81,80,
AFH,FI,EWN, BWD,RHOFC,T,ALFHA,C,CSHALL,
&SUMC,CHIN, ALFHAC, FFFERSE, CPAREA]

INTEGER CAFFLAG

DBURLE PRECTSTON FARGH,FPNIN.FHAX, PINC,PREST,SUMNEY, SURREST

DOUBLE PRECISION A1,A0,R1,B0,FN,FD,BUN, BWD,RHO,FLC

DOUBLE FRECISION T,ALFHA(B),C(8),CSHALL,SUNC,CHIN

BOUELE FRECISION ALFHAC,FFFERSE,CPAREA



27340

2730 IF(CAFFLAG.EG.Y GO TO 30

2750 FRINT, "PLEASE CALCULATE CAPACITORS (COMMAND #3) FIRST.®
2760 RETURN

2770 30 FRINT, "7T0 WININIZE TOTAL CAPACITANCE,CHOOSE ONEM

2 FRINT, "FARAMETER FROM THE FOLLOWIWG LIST:"

Y FRINT, 1. ALFHAC=CZ/00

FRINT, ™ 7. RHGY

PEal, ICHOICE

PTOICHOICE . AE . 1w il I0H0ICE L HE .20 66 T8 99

FRINT,
50 FRINT, "ENTER IN ORUER, SEFARATED &Y COHMAS:"

FRINT, "FARAHETER RIN. ALUE, HaX. YALUE, STEF INCREFENT"

REAT, FHIN, FHAY, FINC

TFCPRINGGT 0. 000, ANDLFHAX.BT.PHIN. AND . FINC.GT.0.000)

£60 T0 70

FRINT, “ENTER FHAX>PHIN20 AND INCREMENT>0.®

60 T &0

[» <R e W I ST A T o B
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SO FARAM=FHIN
FREST=FARAHM
SUNREST=5UHC*1.0D4
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BO IF(FARAMLGT.FMAX) B0 TO 200

25 IF(ICHOICE.EQ. 1Y ALFHAC=FARAT

2750 IFCICHOICELEQ.Z) RHO=FARA®MN

3000 CALL ALPHASCIERR,A1,#4Q,81,B0,F8,FO, BN, 80D, RHD,FC,T,ALFHAS
3016 IF{IERR.EQ.1) RETURH

3024 CALL CAFS (ALFPHA,C,CERALL, UMD, CHIN, ALEHAT, FFFERSD, CFAREA)
JO30C

3049 SURNEW=SUHNC

3059 IF{SUMNEW.GE.SUMRESTY GO T0 14090

3040 FREST=FARAN

30790 SUMBEST=SUMNEW

J08OC

3990 100 CONTINUE

3160 FARAM=FARAH+FTAC

3110¢

329C

3139 50 T0 B89

3149C

CI50E

3140 200 CONTINUE

3170 FRINT, "FARAMETER MNAME:"

3180 IF(ICHOICE.EQ.1) FRINT, "ALFHACT

3199 IF(ICHOICE.E@.2) PFRINT, “RHO®

3200 FRINT 210, FEREST

3210 210 FORWAT("FOR PARAMETER= ",F15.8," ™)

RAY FRINT 223, SUMBEST

3 220 FORMAT("THE SHALLEST VALUE OF TaTaL CaAF. = ", 510.8," FFE™M

P

O
[ws]
<

s

£ fa 4
Do e s
[l )

254 TF(ICHOICE.EG. 1) ALFHAC=FREST
240 IFUICHOICE.EQ.2) RHO=FREST
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PRIAT,

FRINT,

FRINT, "THE OFTIMIZED FARAMETER HAS BEEN FLACED®
FRINT, "IN THE ARGUWENT LIST."

RETURM

Cdl

SURROUTINE HAGFHAS (8K, &1,A0,%1,80,THETA,

FABME, DBHG, RADPHAS, DEGFHAS)

3430 DOUBLE FRECISION AK,A1,A0,51,8B0,THETA, ARHG, DENG
3430 DOUELE FRECISION RADFHAS,DEGFHAS,AKFHASE, RENL
3449 DOUELE FRECISION ATMNUN,REDEN,ATHIEN,DSORT,DSIN, 1008
3450 DOUBLE FRECISION DARS,DATANZ,DLOG10

1440 DOUBLE FRECISION FI,COSTH,CO52TH,53INTH,5IN2ZTH
3476 FI=3.141592453589793

3480 10 IF(THETA.LT.3.003) GO TO 20

1599 THETA=THETA-FI

3500 GO0 TO 10

3510 20 CONTINUE

3529 COSTH=DC0S (THETA?

3530 CO52TH=DC0G(2, 000+ THETA)

3540 SINTH=0SIN(THETH)

1550 SINZTH=DSIN(Z. 0DO+THETA

Lt
P SRR I
— T -
L S R

35960 RENU#=COSZTH+AT#COSTH+40
3574 ATHNUM=5IN2TH+AT#SINTH
3530 REDEN=COS2TH+HI4COSTH+ED
3570 ATHIER=S TN TH+B15THTH
3400 ABAG=DSHRT (REHUNE+ 2+ 4 THNUN+#2 0 /DSART (REDEN £+ 2+ ATHNEN®#2)
3510 ABHG=ARRG+DARS (AKD
624 DBAG=20. 00000610 (AHME)
430 AKRFHASE=FI
540 IF(ARLGE.0.000) AKPHASE=0,G0D
650 RATFHAS=DATANZ CATMNUN , RENUM) -0DATANZ (ATHDEN, REUER ) +AKIFHASE
560C 400 FI TO RADFHAS TO GET FHASE IH THE RAHGE O<PHASE<Z40 DEGREES,
570 RALFHAS=RADFHAS+FI

O e

LEGFHAS=RADFHAS®180./F1
RETURN
END

- Qe

R <]

o ed Led e G Led G G Gl O

SUBRULTINE FRESFCALFHA,T, AT, 40,81, R0)

TOUELE FRECISION ALFHA(E),KFRIAE,T,A1,80,81,E0,FI,F
UOUELE PRECISION THETA,DEMAG, BEGFHASE

0 FI1=3.141592453539793

1) FRINT, "ENTER EVALUATIGH FREQUENCY IN HERTZ®

10 READ, F

520 KERIAE=1. /(1. +4LPHA(S )

30 THETA=Z4R TF 4T

1
~Ch

A
T
S0
58
T
sl
3

3



R
250
g6
g70

K
3
3
3
3
3
3
3

RIS kI v i 5 u)

3¥BOC
3990C
40000
4010C
4020C
4030
4049
4059
4060
4070
4080
4099
4100
41140
4120
4130
4140
4150
4140
41790
4189
4170
4200
42106C

-~

4229C

4250
42690
42740
4280
4290
4309
4314
4320C
4339C
4344

4330

)

43800

410

499

PFORMATIY AT F= ", 6135,

UEMAG=0.
UEGFHAS=0.
CALL MAGFHAS(KFRINE,A1,AQ,R1 B0, THETA,Q. 000, HEMAG,0.0000,

YIEGFHAS)

FRINT 160, F
"OHERTZM

e

FRINT 20, UEAA&B
AT MABHITLOE= »,615.8," 0"

FRIAT 30, DECFRAS

FORAAT("EHASE= “,615.5," DEGREES™)
RETURH

ERD

SUBROUTINE ALFHASC(IERR,A1,40,81,80,FN,FD, BUN, 80, RHO,FC, T,ALFHA)

DOUBLE FRECISIOH ALFHACB!,AT1,A0,R1,80,FN,FI, BUMH, BUD
GOUBLE PRECISION RHQ,FC,T,ALFH&4, TUOFT,SERRO, OSORT
THOFI=Z.000+3.,14159253358%7%3

T=1./FC

ALFHAC3) =1,

SRRHO=05GRT(RHO)

ALFHACA) = i RUNALFHA(3 ) /(FT+SERHO?

ALFHACS)Y =THOFT+BUDT

ALFHA (o) =THOFT#FD+T/EGRHO

ALFHACY Y =RHO#=ALFHALS)

ALFHACE ) = (TUWOF T+ T#ALLFHACS Y #F HF )/ (FISARHG
ALFHACT =0,

ALFHATZ =0,

AT=ALFHA ) *ALFHA (T P+ CALFHA{BY AALFHA T #1032,
A0=1.-ALFHA(? J#ALFHA(Y)
Blz={Z.+ALFHA(S) -ALFHACA) R ALFHACT ) /(O o +ALFAHATEY)
BO=1./7(1 . +ALFHAC(S))

Bl 490 1=3,8

IF (ALFHALT).BE.0.000) GO 70 400

PRINT, “WARNING: WNEGATIVE ALFH& YALUE--"
PRINT, "RECHECK INFUT FARAMETERS."

PRINT 410, 1, ALFHA(D)
FORMAT("ALFHA{", I1,%) = ", G15.8)

TERR=1

CONT INUE

IF (IERR.EG. 13 RETURN

RETURN
Epli



44400

4414 SURROUTINE CAFS(ALFHA,L,CSmALL, SUNC, Cali, ALPHAC, PFFERSE, CFAREA)
4320 HOUBLE PRELIiIJJ HLrhﬁlB) CSHALL , SUAC,CHIN, ALFHAC,C(3)}
4439 OOUELE FRECISION DnIN1y|FIEh10 CFAREA
4440C
4450
48800
4474
4430
4476 il
43iv ClarsfiFndgliaisoil: ~
4520 Ci7i=ALFHALT)
3534 CO3I=ALFHALBI*«C (D)
45400
43330
4569 COMALL=DMINT(C(1),C(2),C(3),C04),C05),C0a8), 047,008
437§ no 10 1=1,8
4580 10 Coly=0{I+CHIN/CONALL
4390 SUHC=0.
4500 no 30 1=1,8
4610 30 SUNC=5URC+COD)
4520 CRAREA=SUMC/FFFERSR
4630 RETUKN
4440 END
40500
44600
46700
45840
4470C
4704 SUBROUTINE FRINT(ALFHAC,ALFHA,FN,FI, BUR, BUTGRHD,FC,T,C,
4710 ELAIn,sUNC,WARFFLG,CAPFLAG,MINS, FFFEREQ, I‘n!EH'
a0 POUELE PRECISION ALIHAL ALFHATB ), S i

UDUBLE FRECISION Fi,FII, BuN Bllr, RHU FE,l,inlN,aHm
HOUELE PRECISION FFFEhSG CPA&RE
INTEGER CaAPFLAG,WARFFLG
FRINT, "YALUES ﬁ" CURRENTLY CALCULATED ARE:"
FRINT 106, FN
100 FORMAT("FN= ",515.8," HERTZ")
FRINT 110, FI
110 FORMATI"Fi= ",615.8," HERTZ™)
FRIAT 129, ERUN
120 FORMAT ("BUN= ",6195.8," HERTZ"J
FRINT 130, EWD
130 FORMAT("RWD= ", 53159.8," HERTI™M)
FRI®T 140, RHO
140 FORMAT("RHO= ",F15.8," (DIWENSIONLESS)"™)
FRINT 143, ALPHAC
145 FORMAT("ALFHAC= ",F15.8," (DIHENIIOHLESSY™)
FRINT 150, FC
150 FORWAT("FC= ",615.8," HERTI™)
FRIAT 160, T
160 FORMAT("T= ",515.5," SECONOS™S
FF(UARFFLGLERLD) GO TO 2
PRINT, "-30E FOINTS ARE LOCATED AT FREQUENCIES:
FRINT .1, HIN?(Ii,ﬁ LEREEY
1 FORAART{"F1= " ,015.8," AND F2= " 015,35, HERTIM




GO TO 4
¢ CONTINUE
4 IO 19 1=3,8

FRINT &, I,ALFHA(D)
5 FORMAT("ALFHACY, T1,")= “,615.3)
10 COMTINUE

IFUCARFLAGLEG.TY GO TO 12

G730

2 D020 1:1,8
PRlsl 15, 1,001

PU70 15 FORRATUTCO,I1,Mrs UL G158, FFY)

3080 10 CONTINUE

5070 FRINT 22, Coili
5109 FORMAT C"MINTALA C
3110 FRINT 23, 5UHC
5120 FORMAT("TOTAL C = ",515.8," Ff™M)
3136 FRINT 23, FFPERSQO, CFAREA
9140 25 FORMAT("AT ",611.4," FF/5Q3 MIL, AREA USED = *,
3150 2613.46," 54 HILS™M)
5140 30 COMTINUE
5170 RETURN
31340 ERD
3170C
52G0C
32100
5220C
52300
5240 SUBROUTINE ENTFN(FN)
5230 DOUBLE FRECISION FH
3249 FRINT, "EHTER FH (HERTZ)"
327 READ, FN
{ RETURM
Eol

[g]
i~

it

61548, RRETMI

r~J
God

(]

5300€

53100

53200

5330C

51400

5350 SUBROUTINE ENTFL{FD;
5340 DOUBLE FRECISION FD
5370 FRINT, "ENTER FI (HERTZ)"
5380 READ, FI

5399 RETURN

54010 ENT

5419

34300

5489 SUBROUTIAE ENTEHN (BUN)
5470 DOUBLE PRECISIGH EWM

3489 FRINT, "EWTER BWW (KERKTZ)"
S450 READ, BUN

ERLY RETURR

5510 NI

53200



33360
33940C

SUBRGUTINE ENTBULCRWDI
ODOURLE FRECIS1oH BUD
Brlnt, TENTER BMT O CHERTZIHN®

Yoy REGL, BWD
G610 RETURN
G620 ENT

Ga30L

3549C

5a90¢

6840

Ge70C

3680 SUBROUTINE ENTRHO(RHD)
3699 ODOUBLE FRECISION RHD
3700 FRINT, "ENTER RHQ"
3718 READ, RHO

5720 RETURN

VERLY Eai

[y R I S v B ]

379 SUERDUTINE EWNTFC(FC)

GBO0 DOUBLE FRECISION FC

3810 FRINT, "ENTER FC (HERTZ:"

0820 fzall, FC

Jgdv RETURRN

S840 EiD

'ESM

ZBé

JS,UC

5380C

53900

3200 SUBROUTINE HEALER

3710 PRINT, "SUITCHED-CAFACITOR FILTER DESIGN FROGRAM FOR"
9929 PRINT, “TIACON MOTCH FILTER. ALGOKITHM BY J.A. CONNELLY,"
39230 PREINT, “"FORTRAW VERSIOW BY W.N. GOOL3BY."
3940 FRINT, "REVISION 6/9/81."

5950 FRINT,

394649 RETURN

3579 £

RRAGE

3959C

SO

AGTGL



590200
A3
6040
4050
AGeD
070
5080
H0F0
3100

ERREY,
4130
atdy
2150
Atad
4174
4184
4190
290
4210
4220
423
4240
43590
6260
27
A2B0C
§290C
63000
53100
43200
5330
$340
8350
4360
4370
4380
4399
&400
4414
6420
6439
2440
2450
A440
5470
4480
44929
4500
$510
5320

4T
S03Y

5340
3230
$340
35740

SUBRGUT

FRINT,
FRINT,
FRINT,
FRINT,
PRINT,

FRINT,

FRINT,
FRINT,
FRINT,
RETURN
END

IHE AENU
"y HENU OF COMMAWDS FOLLOWS. 70 EXECUTE & FUNCTION,"
"ENTER THE NUMBER DF THE APFROFRIATE COMHAND."

f. ENTER ALL HEN PARARETERS"
"2. CALCULATE AAGNITUDE &HD FHASE AT FREG,=F"

" FIND CAFPALCITOR YALUES and TOTAL I°¢
fa,  PRINT #AEMY

"5, TERWINATE FROGRAR"

"ad. WARFE Fit AHO BWD.LY

"7, PRINT CURRENT FARAMETER VALUES.™

B. FIND MAGNITUOE AND FHASE AT & SERIES®

" OF FREGUEWCY FDINTS."

"9, VIEW EFFECT OF SWEEFING CLOCK FREG, OW FN & ERWD™
"10. CHANGE FN DONLY"

“11. CHANGE FI OWNLY"

“12. CHANGE BUN ONLYY

"13, CHANGE BWD ONLY"

"14. CHANGE RHD OHLY"

"15. CHANGE FC ONLY"

"16. MINIMIZE TOTAL CaF. BY VARYIHG OMe FARAHETER"

SUBRGUTINE WARFCIERR Fi,FI,BUM, BUD,RRE,FT,ALFHA, COUHT,

BOUERLE
DGURLE
HOUERLE
DOURLE

FCOUNT2,CHOICE,nINZ)
FRECISION ALFHALG) HINI(2) ,FN,FI,BUN,BWE,RHD

FRECISION FC,FDES,BWHES,FHASTES,FI,T,50RH0, RUERROR
FRECISION ERROR,FRAC,BW,FFEAR,FHASE,FOEVN, AFDEUN

FRECISION EWFRAC,EWOEVN,ABWOEVMN,DSQRT,DARS

INTEGER COUNT,COUNTZ,RUNFLAG,HAXRUNS, CHOICE

FOES=FN

BUIES=RUD
FHASTES=180.0
FI=3.14155265358%793

T=1./FC

ALFMALT) =0,

ALFHA(Z

b=0,

ALFHA (3 )=1,
SGRHD=USURTCRHD)
ALFHA (4= (BUN#ALFHACT 1 )/ (FIHZRRHAG)

ALFHACS

y=24F TaFI#T/5ARHO

ALFRA (T ) =RHO*ALFHA(S)
BUERROR=FIES*1 . 0E~5

BUFRAC=1.09

HAXRUNS=39

COURT=9
COUNT2=



870400
a?10C
4920C
67390C
4940C
$750
5760
4970
4920
&950
2000
2010
7020
70390
7040
20590
7049
LRy
S080
SO0
2100

BRI

r

FRaC=1.4

49

FIND maG., FPEaK OR PHASE CROSSINGT

IF(CHOICE.EG.1) 6O TO &
thUR FOES#1.0E-6
Fal=1.0
56 Td 10
ERROR= FhEb -3

BELEA LD, T ALPHA, SOFHY P DL BN, FREAR FHASE,

ARIH Hl_.JHULL , {
IFCIERRLER. T RFTUhN
RUNFLAG=0
COUNT=COUNT+1
FUEVN=FDES-FFEAR
AFOEYN=TARS (FUEVN)
IF(AFOEYNLLTLERRQR) GO TO 26
FN=FN+FRAC#FDEVN
RUNFLAG=1
BUDEVN=RBUBES-RY
ABWIEVN=0ABS (BWDEVN?
I[F{ABWOEYN.LT.EWERRGRY GG TO 39
BUO=BWL+RBUFRAC+BUDIEVN
RUNFLAG=1
IF(RUNFLAG.EQ.1) GO TO 40
RETURN
IF(COUNT.LE.HAXRUNS: GO TO 19
FRINT, "MAARUNS EXCEEDED IN WARF.M
PRINT, "MAXIAUM ITERATION COUNT EXCEEDEN IN ROUTINE"
FRINT, "WARF. UWARF ATTEMFT ABORTED."
TERR=1
RETURN
END

SUBROUTINE FINUFK(IERR,FN,BWD, T, ALFHA,SQRRHD,
SFD,BW,FPEAK, ,FHASE,COUNT ,CHOICE,HIN3)
DOUBLE FRECISION ALFHACE!, LASTAAG, MINIUR, ATNE(2)  KFRIHE

DOURLE FRECISION FN,BWD,T,5QRHQ,FD,EBW,FPEAK, FHASE ,LASTFHS

DDUBLE FRECISION FI,Al1,A0.B1,BO,F,DIVISOR, ABMAG,FHI,FLU
[OUBLE FRECISION DIR,STEF,ERROR, THETA,DEMAG, RAUFHAS
DOUBLE FRECISION DEGFHAS,PHASDES,IABS

INTEGER COUNT,CROSSED,CHOICE

FI=3.141392453589793

ALFHAG  =2+F1+BUDT

ALFHACH ) = (24P T THALPHA (3 ) #F i+ FN )/ (FIBARKG)
KPRIME=1./{1.+ALFHA(S))

AT=ALPHA (A ALFHACT b+ LALPHA TS 1 7ALFHA A 31 L0 2

A=t -ALFHATT bealPHA TS

Bl=- i 2 FALFHACT) —ALFHA A EALPHA (T 2/ 01 o+ ALFHA (DY
Bo=1.,/Ci.+ALFHALD)

C-13



F=FiN
HIVISOR=2.9
ABHAG=V.
FHI=Fu+5ul/ g,
FILO=FN-BUD/Z.
alR=1,

POOSEidl AR, roak OR teEe JEGRED CHOSSING.

7220 F(CHOICE.EG.2) GO T6 230

TEF=BUL/20.

7230 tFFUR= Wt Ok-4

7249 10 LaSTHAG=ARMAD

7270 THETA=ZPT#F+T
{ CALL MAGPHAS(KFRIHE,A1,A0, BT, B0, THETA,ABHAG, DBNAG,
SRADFHAS , IEGFHAS)

COUNT=COUNT+1

IF aRMaG LT.LASTHAG) GO TO 20

DIR=-1.%01R

Irl

O
Lon i i)

i 3 R e ]
Lol Bd Gl K o) Xad Lol G L] RO RD
S 'y

s
=

7339 §TEF=STEF/ITVISOR

7340 20 F=F+STEFDIR

7350 TF{STEF.LT.ERROR) GO T0 300

7360 IF(F.6T.FLO.AND.F.LT.FHI} GO TO 10

™o LN B el 3 —

o

FRINT, "NO FPEAK FOUND BETWEEM FLD ARD FHIL"
FRINT, "ROUTINE FINDPK FAILED TO FIND WAGNITUDE HINIHUN®
7350 FRINT, "WITHIN PRESCRIBED SEARCH FREGUENCIES.®
JA0G FRIAT, "WARF ATTEAFT ABORTELD."
J419 IERR=1
7474 FETURN

fu¥]
P

7460 200 PHASDE3=180.0
7470 BEGFHAS=-1.0
7480 ERROR=FN#1,0E-7
7490 STEP=RWI/40.
7500 2i0 LASTPHS=NEGFHAS
7510 THETA=Z4F T#F T

L CALL MAGFHAS(KIPRIME, A1, A, 81, B0, THETA, AFMAD, IBMAG

7330 GRAIFHAS,IEGFHAS)

2330 FHASE=DIEGFHAS

733G COUNT=COUNT+1

F040 CROSSED=0

570 TF (DEGFHAS . LT.FHASTES.AND.LASTFHS.GT.FHASTES) CROSSED=I

S
7980 TF(LASTFUS,LT.FHASDES, ANDLIEGFHAS . GT.FHASIES) TROUSSED=1
37

7590 IF{CROSSED.ER.O) GO TO 220
FEGE DiR=-1,+01IR

F6170 STEF=3TEF/DIVISOR

F020 220 F=F+5TEF=DIR

TN IFISTERLLT.ERRORY B0 T0 300



[FCFLGT.FL0 Al FOLT.FHTY 60 TG 210

FRINT, "OUT OF RAMGE IN TRYING TO FIND FHASE CROSSING.Y
FRINT, "ROUTINE FINDPK FAILED TO FIND FHASE CROSSING"
FRINT, "NITHIN PRESCRIBED SEARCH FREGUENCIES.®
FRIAT, "WARF ATTEWFT ARORTED."
LERR=1

RETURN

300 FFEAK=F

77900 NOW FIND BANDWIDTH, Bu.

J800¢

7B1OC

7320 MINIOE=1./D50RT(2.)

J8a¢ Ig 590 I=1,2

7H49 GIR=(-1, 4]

7859 F=FPEAR+DIR+BUD/2,

78640 FHI=FN+BWD

7870 FLO=FN-BWD

/839 STEP=8UI/20.

7890 ERROR=FN+1,0E-4

7700 ABAAG=0.

F910 410 LASTHAG=@EBMAD

7920 THETA=2#P I#F*T

7730 CALL MAGFHASIKFRIME,AT ,A0,B1,B0, THETS, ARMAG, DBHAG,
794G ARADFHAS, DEGFHAS)

7950 COUNT=COUNT+1

7949 CROSSEN=0

7570 TF (ABHAG.LT.AINIDR. N0 . LASTAAG.GT JHIH3DE CROSZ5ED=
7980 IFCLASTHAG.LT . AIN3DB.AND.ABMALG.OT.MINIDE) CROSSED=T
7990 IF(CROSSED.EG.O) GO TO 420

3000 DIR=-1.+0OIRK

3010 - ATEF=STEF/RIVISOR

3020 420 F=F+5TEF+DIR

3039 IF(STEF.LT.ERRORY GO TU 4390

3040 IFCFLGTLFLOCANDLFLLT.FHI) GO TO #19

8054 FRINT, "OUT OF RANGE IN TRYING TO FIWD 3DE BW."
8040 FRINT, "ROUTINE FINDFK FAILED TO FIND ONE OR BOTH®
2070 FRINT, "“-30UE POINTS WITHIN FRECSRIBED SEARCH"

3080 FRINT, "FREQUENCIES. WARF ATTENMFT ABORTED."

2099 TERR=1

2100 RETURN

8110 430 NIN3Z{I)=F

3120 540 CONTINUE

2130 RU=0ARSCMINI{2)-MING (1)

3149 RETURH

3150 R

21690

3170¢C

1800



31900
8206C

3450
8460
3470
34890
#5490
#3200

8310

19

-
29

SUBROUTINE WWARF(IERR,FN,FD,BNN,BUD,RHO,FC,ALFHA,COUNT,MING)

DOUELE FRECISION ALPHA(S),HIN3Z(Z)

DOUELE PRECISION FN,FI, BUN,BUD,RHD,FC

INTEGER COUNT,COUNTZ,CHOICE
FRINT, "FINDS PREWARFED VALUES FOR FH AND BUD.®
SRINT, "rOU HAY CHOUSE T WARFE FN TO MAGNITUDE ~Eak"
TAiuT, "Rk TO 183 DEGREE FAASE CROSSING.”

PRINT, "ENTER NUABER OF BESIRED COARARD."

PRINT, " 1. MWAGHITUDE FEAK"

FRINT, © 2. 18O DEGREE FHASE CROSSING”
REAL, CHOICE

ERINT 10, FN

FORMAT("TESIRED NOTCH CENTER= ",615.8,"HZ")
PRINT 20, EWD

FORNAT("HESIRED BANDWIDTH= *,615.8,"HZ")

CALL WARF(IERR,FN,FD,EWN,EWD,RHO,FC,ALFHA, COUNT,
SCOUNTZ,CHOTCE,HINZ)

IF(IERR.EG.1) RETURN

FRINT 30, FH

FORNAT("PREWARFED YARIABLES aRE: Fi= *,B15.8,"HZ")
FRINT 35, BWD

FORMAT ("BWD= ", G15.8,"HZ™)

FRINT, "-30F FOINTS WERE FOUND AT:"

FRINT 37, HINZ(11,AIN3(2)

P FORWATO"F1= ",615.8,"  AND F2= “,015.8," HERTZ™}

FRINT 40, COURNT

FORMAT("WARF ITERATION COUNT= “,I13," CYCLES™)
FRINT 50, COUNTZ

FORMAT("FINDPK ITERATION COUNT= “,I5," CYCLES.":
RETURM

ENT
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