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SECTION 7

ACTIVE SYNTHESIS SEGMENT

Active RC filters can be realized by a large variety of structures. This program provides for direct
detailed synthesis, design and analysis of three of the structures. These are:

e cascade realization
¢ follow-the-leader feedback realization
* leapfrog feedback realization.

When selecting any one of the realization methods (other than cascade), the user is asked to spec-
ify the sequence of zeros either by their implied serial numbers or by a combination of letters
used to indicate zeros at extreme frequencies. The letter Z is used to indicate a zero at zero, the
letter I indicates a zero at infinity and their appropriate combinations (ZZ, II, ZI or IZ) are used to
indi- cate a pair of zeros. This determines the sequence in which the zeros will appear in the
numerators of the consecutive sections. At this time we have no control over the sequence of
poles. In the case of the cascade realization, the program selects the sequences of the numerator
and denomi- nator factors in a way that optimizes the dynamic range of the filter.

All resulting transfer functions are automatically scaled for optimal dynamic range, using the Lo
norm. This means that the output level of all second-order sections will be no higher than the
input level at any frequency, thus preventing any of the operational amplifiers from becoming
overloaded sooner than any other. The coefficients of the individual transfer functions are sub-
sequently printed in denormalized form, together with the feedback coefficients, if applicable.

7.1 BAND-REJECT FILTERS

Before considering the various synthesis methods, we must deal with the design of band-reject
(band elimination) filters. This is done by the usual lowpass-to-bandreject transformation.
Section 6 describes how to specify the proper lowpass, if we wish to convert it into a band-reject
filter of specified properties.

As a consequence, if the original design is a lowpass filter, the first question asked when entering
the active synthesis segment is, “do we want a conversion into a band-reject filter?”. If the
answer is affirmative, we are asked to define, in Hz, the upper edge of the lower passband and
the lower edge of the upper passband. The transformation will be promptly executed and the
synthesis can now proceed from the transformed, band-reject function. The only exception is the
leapfrog de- sign, which is not available for band-reject functions.

7.2 CASCADE SYNTHESIS

Cascade synthesis is the simplest form of realization of active RC filters. It consists of cascaded
second order (biquadratic) sections (see Fig. 2.1) and may include a first order section for odd
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overall filter degree cases. Each of these second-order blocks realizes a pair of complex
conjugate poles and a pair of usually complex conjugate zeros of the overall transfer function
H(s).

7.3 FOLLOW-THE-LEADER FEEDBACK SYNTHESIS

The general form of the Follow-The-Leader feedback (FLF) structure is shown in Fig. 2.3 where
the basic building blocks are second order (biquadratic) sections in cascade. In this filter reali-
zation, there are feedback paths from the outputs of each section, except from that of the first
stage, to a common summing point at the input.

Since many parameters can be freely chosen, there are many ways a filter of this kind can be syn-
thesized. S/FILSYN produces a unique design that is difficult to obtain without computer aids. In
this design, poles, except those in the first block, are all on the imaginary (jw) axis. If the overall
filter degree is odd, the first (innermost) block will have an H,(s) function which is bilinear,
rather than biquadratic. All the F; feedback coefficients are, of course, constants. This special
case of the general FLF structure was first mentioned by Tow (reference 26) and later described
in complete detail by Gensel (reference 25). This synthesis is sufficiently general to realize any
transfer func- tion as long as the zeros are restricted to the jw axis, including extreme
frequencies. This particu- lar case has been selected for implementation in S/FILSYN because it
has the minimum number of free parameters. As a consequence, we expect the resulting
realization to need fewer components and to yield a better than average component sensitivity.

Summarizing, the only data we may specify (although it is not mandatory) is the sequence of
transmission zeros to be realized by the individual Hi(s) biquadratic blocks. If we wish, we can
let the program select a zero sequence for us. The resulting structure will be scaled automatically
using the Loo norm. The coefficients will be printed in denormalized form. Different zero se-
quences yield different results without changing the overall transfer function. We may therefore
try various possibilities as some may not be realizable or may encounter numerical problems. If
we are contemplating using this design, all data should be saved beforehand, so that if we do run
into numerical problems, we do not need to repeat the entire procedure.

7.4 LEAPFROG FEEDBACK SYNTHESIS

As indicated in Fig. 2.2, the leapfrog feedback structure is also based on the cascaded biquadratic
building block concept. This time however, a feedback path is connected around every two con-
secutive blocks. These feedback paths leapfrog each other, hence the name. The structure is
somewhat related to passive ladders and has been proven to have excellent sensitivity character-
istics with respect to component variation. Again, all but the end blocks will have poles on the jw
axis, and the structure is able to realize the most general transfer function, as long as all transmis-
sion zeros are on the jw (real frequency) axis.

The input requires, as usual, the sequence of transmission zeros, which we can leave for the pro-
gram to determine, or specify ourselves. This time the sequence will have some minor
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restrictions. Inner blocks may not be bandpass blocks (i.e. with one zero at zero, the other at
infinity) unless all are. The end blocks have no restrictions on their numerator factors, except
when the filter degree is odd, one of the end blocks will be bilinear rather than biquadratic. In the
latter case, the corresponding numerator must contain only a single zero at either zero or infinite
frequency.

When we use this synthesis method, which is very similar to the passive ladder synthesis, limited
intermediate results are also available. However, unless numerical problems arise, they are of
little practical use and consequently are not normally requested. Upon completion of the
synthesis, the structure is again scaled using the same norm as before and the coefficients printed
in denormal- ized form. The theory of this design method is described in detail in reference 19.
As was recom- mended in Section 7.3, the design data should be saved before starting the
synthesis.

7.5 OTHER ACTIVE SYNTHESIS METHODS

There are several additional, low sensitivity, active RC filter forms available, mostly based on the
passive LC ladder. Emphasizing only that these are obtained readily through the passive synthesis
segment, we will briefly outline three methods briefly and refer the user to the appropriate litera-
ture.

* The gyrator approach.

This method starts with an LC ladder and effectively replaces each inductor with a capacitor-
gyrator combination. Naturally, an LC ladder with a minimum number of inductors and/or
grounded inductors would be preferable as the starting point. Such a structure can be obtained
directly from S/FILSYN, or by the use of available commands in the LADDER segment of the
program.

* Frequency-dependent negative resistance (FDNR) or “super-capacitor” approach.

In this method, every branch impedance of the terminated LC ladder is divided by s (the complex
frequency variable), thus converting resistors into capacitors, inductors into resistors and capaci-
tors to something that varies as 1/s* with frequency and is called an FDNR (Frequency Dependent
Negative Resistor) or “super-capacitor”. The above operation leaves the voltage or current trans-
fer function invariant. FDNR's can be realized many ways. Most of them need two capacitors,
two operational amplifiers and a few resistors. For this structure the starting passive LC circuit
should contain as few capacitors as possible. Experience has demonstrated that the dual of the
computer selected circuit will be exactly right. An example of this design is described in detail in
Application Note 4.

* Various flow graph or "wave" methods.

The idea underlying these design methods is to obtain the branch equations which describe the
passive LC realization and then convert these equations into a complex active RC structure. Due
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to the many variations among these methods and the fact that no single one has gained wide-
spread acceptance, incorporation into S/FILSYN has been delayed until a later revision of the

program.
7.6 ACTIVE SYNTHESIS EXAMPLES

Example 7.6.1 Bandpass Filter -- Leapfrog Configuration

Consider the bandpass filter specified by the following summary:

*** S/FILSYN *** FILTER PROGRAM

active bandpass
BAND-PASS FILTER

EQUAL RIPPLE PASS BAND
BANDEDGE LOSS = .250000 DB.
LOWER PASSBAND EDGE FREQUENCY 800.000000 Hz
UPPER PASSBAND EDGE FREQUENCY = 1.250000 kHz

SPECIFIED STOP BAND
MULTIPLICITY OF ZERO AT ZERO =
MULTIPLICITY OF ZERO AT INFINITY =
NUMBER OF FINITE TRANSMISSION ZERO PAIRS =
OVERALL FILTER DEGREE = 1
TRANSMISSION ZEROS

O w NN

REAL PART IMAGINARY PART
0.0000000D+00 5.0000000D+02
0.0000000D+00 2.0000000D+03
0.0000000D+00 3.0000000D+03
INPUT TERMINATION = 1.000000 ohm
OUTPUT TERMINATION = .000000 ohm
REQUESTED TERMINATION RATIO = 0.0000000D+00

Subsequently, we enter the active synthesis segment and select the leapfrog realization by using
the following conversational entry sequence:

COMMAND :
>  syn

REALIZATION - ACTIVE: A, PASSIVE: P, DIGITAL: D, NO SYNTHESIS: E

> a
ENTER FILE NAME
> test

FOR SYNTHESIS, TYPE "END" TO EXIT TO DOS
THEN CALL PROGRAM "ACTIVE"

COMMAND :
> end

**% S/FILSYN *** SIGNING OFF ***

C:>active
* Kk Kk kK S/FILSYN * k k kK
RELEASE 3.2 VERSION 1 4/1/94
** ACTIVE SEGMENT **

Copyright (C) 1983 - 1995 Dr. George Szentirmai
All Rights Reserved.

SYNTHESIS: S, ANALYSIS: A OR END: E

> S
ENTER FILE NAME
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> test

CASCADE: C, FOLLOW-THE-LEADER: F OR LEAPFROG: L
> 1

USE COMPUTER-SELECTED ZERO SEQUENCE? (Y/N)

> n

ENTER THE SEQUENCE OF TRANSMISSION ZEROS FOR 5 SECTIONS
EXTREME ZEROS ARE INDICATED BY Z, I, ZZ, II, ZI OR 1IZ

> zz 31 2 ii

WISH TO SEE INTERMEDIATE RESULTS: Y/N

> n

The only significant information we provided here is the sequence of transmission zeros. We se-
lected them to make the first section a highpass, the last a lowpass, the three in between to realize
the finite transmission zeros. It is preferable to sequence these zeros so that physically
neighboring blocks have transmission zeros as far apart in frequency as possible.

The intermediate results offered are really more like debugging information; hence they are
rarely used. The final results, properly scaled for optimum dynamic range, are as follows:

LEAPFROG SYNTHESIS
active bandpass
RESULTS OF THE LEAP SYNTHESIS
BIQUADRATIC BLOCK COEFFICIENTS
IN ASCENDING ORDER
NUMERATOR DENOMINATOR
SECTION NO. 1
0.0000000D+00 .9925911D+07
0.0000000D+00 .0202633D+03
4.1848324D-01 1.0000000D+00

N W

SECTION NO. 2
1.1949068D+07 3.9089157D+07 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 3.0000000D+03 HZ
3.3630380D-02 1.0000000D+00

FEEDBACK COEFFICIENT = -9.9136954D-01

SECTION NO. 3
2.5525864D+06 3.8521505D+07 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 5.0000000D+02 HZ
2.5863108D-01 1.0000000D+00

FEEDBACK COEFFICIENT = -1.3863024D+00

SECTION NO. 4
2.3461120D+07 4.3114827D+07 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 2.0000000D+03 HZ
1.4856928D-01 1.0000000D+00

FEEDBACK COEFFICIENT = -8.3785070D-01

SECTION NO. 5
-2.2145045D+07 4.5233142D+07
0.0000000D+00 1.9927824D+03
0.0000000D+00 1.0000000D+00
FEEDBACK COEFFICIENT = -4.9975135D-01

We are now in the active analysis segment with its associated command mode data input. As
with all S/FILSYN segments, HELP assistance is obtainable. The following lists the available
com-

mands and their function. The listing below is one you get on a mainframe or workstation
system. On the personal computer we have a substantially more elaborate help system available.

COMMAND:

S/FILSYN Manual Active synthesis segment



7.6

> help

ADD
BzT
CLR
DEL
DES
DISP
DOS
END
EQU
FILE
FQ
FREQ

(WAIT

F'S
HELP
LBL
MULT
PERM
PRI
RCL
RESC
SAVE
STO
UNDO

ADD A SECTION

BILINEAR Z-TRANSFORM

CLEAR ALL FILES

DELETE A SECTION

PROVIDE SPECIFIC CIRCUIT WITH ELEMENT VALUES
DISPLAY ORIGINAL DESIGN DATA

TEMPORARILY RETURN TO DOS

END PROCESS

INVOKE DELAY EQUALIZER

WRITE ASCII OR TRANSFER FILES TO SPICE, ETC
INTRODUCE FINITE Q INTO INFINITE Q SECTIONS
FREQUENCY DOMAIN ANALYSIS

ING)

FREQUENCY SCALING

PRINT LIST OF COMMANDS

REPLACE TITLE AND UPDATE DATESTAMP
MULTIPLY A SECTION BY A FACTOR

PERMUTE NUMERATOR OR DENOMINATOR FACTORS (CASCADE ONLY)

PRINT FILTER COEFFICIENTS
RECALL A SAVED SET OF DATA

RESCALE COEFFICIENTS (AFTER ADDING OR PERMUTATION)

SAVE RESULTS ON FILE
SAVE A SET OF DATA TEMPORARILY
UNDO THE PREVIOUS COMMAND

Before leaving this example, we conduct a frequency domain analysis to check the synthesis
results. The tabulation verifies that, as requested, the filter has 0.25 dB loss between 800 Hz and

1250 Hz.

COMMAND
> freqg
ENTER F
> 550
ENTER F
>
TABULAT
> n
active

Active synthesis segment

REQ:
1700 50
REQ:
E: Y/N

bandpass

*xxxxxx COMPUTED PERFORMANCE *****x*xx*

FREQUENCY LOSS PHASE DELAY

IN HZ IN DB IN DEGREES IN SECONDS
5.50000D+02 60.385710 210.227053 3.16039E-04
6.00000D+02 48.340980 216.779802 4.20999E-04
6.50000D+02 37.870860 225.869303 6.09554E-04
7.00000D+02 26.901890 240.034489 1.03002E-03
7.50000D+02 13.629580 268.802146 2.57139E-03
8.00000D+02 .249875 7.100832 7.40648E-03
8.50000D+02 .190207 94.962607 3.66958E-03
9.00000D+02 .058411 156.384885 3.08842E-03
9.50000D+02 .242640 206.497282 2.59502E-03
1.00000D+03 .019207 253.287118 2.63066E-03
1.05000D+03 .130173 299.928300 2.51002E-03
1.10000D+03 .224759 344.391996 2.51064E-03
1.15000D+03 .000462 33.224884 2.93769E-03
1.20000D+03 .243445 88.409613 3.21168E-03
1.25000D+03 .249875 164.144812 5.90392E-03
1.30000D+03 10.056320 250.327984 2.67223E-03
1.35000D+03 20.732530 280.488268 1.07106E-03
1.40000D+03 29.009010 295.047944 6.18528E-04
1.45000D+03 35.896500 304.183791 4.18767E-04
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1.50000D+03 41.921970 310.642532 3.08318E-04
1.55000D+03 47.377990 315.526054 2.39134E-04
1.60000D+03 52.452710 319.383417 1.92249E-04
1.65000D+03 57.285120 322.526275 1.58698E-04
1.70000D+03 61.994440 325.147526 1.33705E-04

Declining the plot offer, we exit the analysis segment gracefully:

WISH TO WRITE ANALYSIS DATA ON FILE? (Y/N)

> n

PLOT - WIDE: W, NARROW: N, GRAPHICS: G OR END: E
> e

COMMAND :

> end

Example 7.6.2 Bandpass Filter -- Follow-the-leader Configuration

Inasmuch as we are still in the active synthesis/analysis segment and the bandpass function is still
stored, we can try another implementation, such as the follow-the-leader feedback (FLF) struc-
ture, to realize the same filter:

SYNTHESIS: S, ANALYSIS: A OR END: E

> s

ENTER FILE NAME

> test

CASCADE: C, FOLLOW-THE-LEADER: F OR LEAPFROG: L

> f

USE COMPUTER-SELECTED ZERO SEQUENCE? (Y/N)

> n

ENTER THE SEQUENCE OF TRANSMISSION ZEROS FOR 5 SECTIONS
EXTREME ZEROS ARE INDICATED BY Z, I, Zz, II, ZI OR IZ
> zz 31 2 ii

The data input is identical. The results follow immediately, scaled for optimum dynamic range:

active bandpass
RESULTS OF THE FLEF SYNTHESIS
BIQUADRATIC BLOCK COEFFICIENTS
IN ASCENDING ORDER
NUMERATOR DENOMINATOR

SECTION NO. 1
0.0000000D+00 4.0449431D+07
0.0000000D+00 4.0935032D+03
5.4215904D-01 1.0000000D+00

SECTION NO. 2
5.9033431D+06 3.3590233D+07 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 3.0000000D+03 HZ
1.6614825D-02 1.0000000D+00

FEEDBACK COEFFICIENT = 2.4826761D+00

SECTION NO. 3
1.9513983D+06 2.5101153D+07 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 5.0000000D+02 HZ
1.9771798D-01 1.0000000D+00

FEEDBACK COEFFICIENT = 3.6985377D+00

SECTION NO. 4
2.8305104D+07 4.9247279D+07 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 2.0000000D+03 HZ
1.7924417D-01 1.0000000D+00

FEEDBACK COEFFICIENT = -5.8514827D+00
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SECTION NO. 5

3.6394259D+07 6.2402856D+07
0.0000000D+00 0.0000000D+00
0.0000000D+00 1.0000000D+00
1.0984172D+00

We are back in the active analysis segment again, and can do a quick analysis of the passband to
check the performance. It should be identical to the leapfrog results, and as indicated below, it is:

FEEDBACK COEFFICIENT =

COMMAND :

> freqg

ENTER FREQ:

> 800 1250 25
ENTER FREQ:

>

TABULATE: Y/N
>y

active bandpass

*xkxxxxx COMPUTED PERFORMANCE *****x*xx*

FREQUENCY
IN HZ

.00000E+02
.25000E+02
.50000E+02
.75000E+02
.00000E+02
.25000E+02
.50000E+02
.75000E+02
.00000E+03
.02500E+03
.05000E+03
.07500E+03
.10000E+03
.12500E+03
.15000E+03
.17500E+03
.20000E+03
.22500E+03
.25000E+03

I e e = N W S e B e Vo (o (- Mol e e Mo B¢ ol e’

LOSS
IN DB

.249899
.180741
.190231
.011920
.058435
.208183
.242665
.137358
.019231
.017128
.130197
.237370
.224783
.096707
.000486
.088061
.243469
.117157
.249899

PHASE
IN DEGREES

187.
239.
274.
306.
336.
2.
26.
49.
73.
96.
119.
142.
164.
187.
213.
240.
268.
299.
344.

100800
308900
962600
937000
384900
574391
497280
762480
287120
903630
928300
181300
392000
789600
224900
331100
409600
970500
144800

W WWNNNNDNNDNDNDNDNDNDWWWSJ

DELAY
IN SECONDS

.40648E-03
.48207E-03
.66958E-03
.43620E-03
.08842E-03
.75341E-03
.59502E-03
.59278E-03
.63066E-03
.60249E-03
.51002E-03
.44949E-03
.51064E-03
.70667E-03
.93769E-03
.06565E-03
.21168E-03
.98449E-03
.90392E-03

Example 7.6.3 Bandpass Filter -- Cascade Configuration

Again utilizing the fact that the personal computer version of the program still has the transfer
file, (containing this filter data) available, we leave the analysis segment and redesign the same

filter using cascade synthesis. The conversational data is entered as before:

COMMAND :

> end

SYNTHESIS: S, ANALYSIS:
> s

ENTER FILE NAME

> test

CASCADE: C, FOLLOW-THE-LEADER: F OR LEAPFROG:

> C

A OR END: E

L

Note that the computer selected zero sequence is the default here and the user selected option is
not available. The reason for this is that the PERM (permute) command, available later, can be

Active synthesis segment
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used to rearrange the numerator and denominator factors in any sequence we desire. The scaled
results follow in a similar format except that, in this case, there are no feedback coefficients:

SELECTED SEQUENCE IS:
NUMERATORS : Iz 1IZ 3 2 1
DENOMINATORS: 3 2 4 1 5

active bandpass
RESULTS OF THE CASC SYNTHESIS
BIQUADRATIC BLOCK COEFFICIENTS

IN ASCENDING ORDER

NUMERATOR DENOMINATOR

SECTION NO. 1
0.0000000D+00 4.0720077D+07
1.2794046D+03 1.2793949D+03
0.0000000D+00 1.0000000D+00

SECTION NO. 2
0.0000000D+00 2.9955063D+07
1.5480545D+03 9.2588566D+02
0.0000000D+00 1.0000000D+00

SECTION NO. 3
2.0685198D+07 5.3843721D+07 TRANSMISSION ZERO
0.0000000D+00 1.0651663D+03 3.0000000D+03 HZ
5.8218021D-02 1.0000000D+00

SECTION NO. 4
6.5617255D+06 2.4811041D+07 TRANSMISSION ZERO
0.0000000D+00 3.1518107D+02 2.0000000D+03 HZ
4.1552612D-02 1.0000000D+00

SECTION NO. 5
2.3301943D+07 6.2624100D+07 TRANSMISSION ZERO
0.0000000D+00 3.9993506D+02 5.0000000D+02 HZ
2.3609805D+00 1.0000000D+00

For your information, the program prints the selected pole and zero sequence. The results of a
frequency analysis produce the same results as obtained in examples 7.6.1 and 7.6.2.

Example 7.6.4 Cascade All-Pole Bandpass Filter

The following input data specifies a bandpass filter with no finite transmission zeros:

C:> sfilsyn

* ok kK Kk S/FILSYN * Kk kK Kk

RELEASE 3.2

VERSION 1

** ROOT SEGMENT **

Copyright (C)

1983 - 1995 Dr.
All Rights Reserved.

READ DATA FROM FILE: Y/N

> n

SMAIN: S, PLACER: P OR END: E
> S

ENTER TITLE
> bandpass

FILTER KIND - LUMPED: O,

> 0
FILTER TYPE

S/FILSYN Manual

- LOWPASS: 1,

DIGITAL:

HIGHPASS: 2,

4/1/94

George Szentirmai

1 OR MICROWAVE: 2

LIN.-PHASE LOWPASS: 3, BANDPASS: 4
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> 4

LOWER EDGE OF THE PASSBAND IN HZ

> 1k

UPPER EDGE OF THE PASSBAND IN HZ

> 2k

PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT:
> 1

WHAT IS THE BAND EDGE LOSS IN DB

> .5

BANDPASS - CONVENTIONAL: 1, PARAMETRIC: 2 OR MATCHING: 3
> 1

STOPBAND - MONOTONIC: 0, EQUAL-MINIMA: 1 OR SPECIFIED: 2
> 2

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT ZERO

> 3

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY

> 3

ENTER NO. OF FINITE TRANSMISSION ZEROS

> 0

ENTER INPUT TERMINATION IN OHMS

> 1

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 0

ENTER VALUE OF AVERAGE Q. IF NO PREDISTORTION, ENTER O.
> 0

2 OR SLOPING: 3

Skipping the usual summary and selecting the active synthesis segment again, the cascade imple-
mentation will differ somewhat from the usual form in that all sections are of the bandpass type

(the numerators have only s terms present). This is the default for the computer selected configu-
ration, if it is feasible (i.e. the multiplicity of zeros at zero and infinite frequencies are the same):

SELECTED SEQUENCE IS:

NUMERATORS : 1z 1z 1z
DENOMINATORS: 2 3 1
bandpass

RESULTS OF THE CASC SYNTHESIS
BIQUADRATIC BLOCK COEFFICIENTS
IN ASCENDING ORDER

NUMERATOR DENOMINATOR

SECTION NO. 1
0.0000000D+00 7.8956835D+07
3.9402338D+03 .9361422D+03
0.0000000D+00 1.0000000D+00

w

SECTION NO. 2
0.0000000D+00 .6083186D+08
4.9364799D+03 .6400622D+03
0.0000000D+00 1.0000000D+00

[Nl

SECTION NO. 3
0.0000000D+00 3.8762107D+07
9.1310694D+03 1.2960800D+03
0.0000000D+00 1.0000000D+00

This option is available explicitly in the other (leapfrog and follow-the-leader) synthesis methods

as well. For instance, the leapfrog synthesis of the same filter is:

SYNTHESIS: S, ANALYSIS: A OR END: E

> s
ENTER FILE NAME
> test

Active synthesis segment
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CASCADE: C, FOLLOW-THE-LEADER: F OR LEAPFROG:

> 1

WISH ALL BANDPASS BLOCKS:

>y

WISH TO SEE INTERMEDIATE RESULTS:

> n

Y/N

Y/N

L

7.11

This time the prompt about the ALL BANDPASS BLOCKS is displayed, since we must know
this before the synthesis. The results:

LEAPFROG SYNTHESIS

bandpass

RESULTS OF THE LEAP SYNTHESIS
BIQUADRATIC BLOCK COEFFICIENTS
IN ASCENDING ORDER

NUMERATOR

SECTION NO. 1
0.0000000D+00 7.
6.2731105D+03
0.0000000D+00 1.

w

SECTION NO. 2
0.0000000D+00 7
4.0290015D+03 0.

FEEDBACK COEFFICIENT

SECTION NO. 3

DENOMINATOR

8956835D+07

.9361422D+03

0000000D+00

.8956835D+07

0000000D+00
0.0000000D+00 1.0000000D+00

0.0000000D+00 7.8956835D+07
7.0241248D+03 3.9361422D+03
0.0000000D+00 1.0000000D+00

FEEDBACK COEFFICIENT

-8.9273698D-01

-7.9641329D-01

A partial listing of a frequency analysis, shown below, confirms that the design meets our
requirements of a bandpass from 1000 to 2000 Hz:

bandpass

*xxxxxx COMPUTED PERFORMANCE *****x*xx*

FREQUENCY
IN HZ

.00000D+02
.00000D+02
.00000D+02
.00000D+02
.00000D+02
.00000D+02
.00000D+02
.00000D+02
.00000D+02
.00000D+03
.10000D+03
.20000D+03
.30000D+03
.40000D+03

PFRERPRPRPRPRPROWOJOUdWwWwN

LOSS
IN DB

80.
62.
50.
42.
35.
28.
21.

14

820060
310810
977880
357610
002030
194600
442750

.287500
6.
.499885
.233392
.493744
.225554
.003768

435749

PHASE

IN D

93.

97.
101.
105.
111.
118.
127.
141
169.
224.
275.
305.
331.
356.

EGREES

611390
359124
401099
947127
314233
048495
246160

.587587

169665
875816
421288
771420
325414
490441

AL PP OWNRER PP

DELAY
IN SECONDS

.01551E-04
.07374E-04
.18128E-04
.35847E-04
.64729E-04
.14097E-04
.07907E-04
.21288E-04
.11100E-03
.76743E-03
.02823E-03
.34799E-04
.01935E-04
.88891E-04

The single-executable version of the program differs only slightly from the personal computer
version, but as an illustration, here is the same problem run on a DEC VAX machine:
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vax2 $ run sfilsyn
* kK Kk k S/FILSYN * Kk Kk ok Kk
RELEASE 3.2 VERSION 1 4/1/94

Copyright (C) 1983 - 1995 Dr. George Szentirmai
All Rights Reserved.

READ DATA FROM FILE: Y/N

> n

PLACER: P, SMAIN: S, LADDER: L, DIGITAL: D, ACTIVE: A OR END: E
> s ! This prompt is slightly different.

ENTER TITLE

> bandpass

FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2

> 0

FILTER TYPE - LOWPASS: 1, HIGHPASS: 2, LIN.-PHASE LOWPASS: 3, BANDPASS: 4
> 4

LOWER EDGE OF THE PASSBAND IN HZ

> 1000

UPPER EDGE OF THE PASSBAND IN HZ

> 2000

PASSBAND - MAX.-FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2
> 1

WHAT IS THE BAND EDGE LOSS IN DB

> .5

BANDPASS - CONVENTIONAL: 1, PARAMETRIC: 2 OR MATCHING: 3
> 1

STOPBAND - MONOTONIC: 0, EQUAL-MINIMA: 1 OR SPECIFIED: 2
> 2

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT ZERO

> 3

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY

> 3

ENTER NO. OF FINITE TRANSMISSION ZEROS

>0

ENTER INPUT TERMINATION IN OHMS

> 1

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 0

ENTER VALUE OF AVERAGE Q. IF NO PREDISTORTION, ENTER O.
> 0

GENERAL FILTER SYNTHESIS PROGRAM

bandpass
BAND-PASS FILTER
EQUAL RIPPLE PASS BAND
BANDEDGE LOSS = 0.5000 DB.

LOWER PASSBAND EDGE FREQUENCY = 1.0000000D+03 HZ.

UPPER PASSBAND EDGE FREQUENCY = 2.0000000D+03 HZ.
SPECIFIED STOP BAND

MULTIPLICITY OF ZERO AT ZERO = 3

MULTIPLICITY OF ZERO AT INFINITY = 3

OVERALL FILTER DEGREE = 6

INPUT TERMINATION = 1.0000000D+00 OHMS

OUTPUT TERMINATION = 0.0000000D+00 OHMS

REQUESTED TERMINATION RATIO = 0.0000000D+00

COMMAND:

> syn

REALIZATION - ACTIVE: A, PASSIVE: P, DIGITAL: D, NO SYNTHESIS: E
> a ! Here we had fewer steps to perform.

CASCADE: C, FOLLOW-THE-LEADER: F, LEAPFROG: L OR END: END

> 1

WISH ALL BANDPASS BLOCKS: Y/N

>y

WISH TO SEE INTERMEDIATE RESULTS: Y/N
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> n
LEAPFROG SYNTHESIS
bandpass
RESCALED BIQUADRATIC BLOCK COEFFICIENTS
IN ASCENDING ORDER

NUMERATOR DENOMINATOR
SECTION NO. 1
0.0000000D+00 7.8956835D+07
6.2699521D+03 .9361422D+03
0.0000000D+00 1.0000000D+00

w

SECTION NO. 2
0.0000000D+00 7.8956835D+07
4.0310310D+03 0.0000000D+00
0.0000000D+00 1.0000000D+00
FEEDBACK COEFFICIENT = -8.9379369D-01

SECTION NO. 3
0.0000000D+00 7.8956835D+07
7.0241248D+03 3.9361422D+03
0.0000000D+00 1.0000000D+00

FEEDBACK COEFFICIENT = -7.9506905D-01
COMMAND:

> stop

ARE YOU SURE? (Y/N)

>y

*** PROGRAM TERMINATED ***

To keep the length of this manual within bounds, only the leapfrog results are shown. The results
are identical in the two runs.

Example 7.6.5a Lowpass Follow-the-Leader Filter

This is an elliptic lowpass with the following specification, yielding an eighth-order filter:

**% S/FILSYN *** FILTER PROGRAM

active lowpass
LOW-PASS FILTER
EQUAL RIPPLE PASS BAND
BANDEDGE LOSS = .250000 DB.

UPPER PASSBAND EDGE FREQUENCY = 1.000000 kHz
EQUAL MINIMA STOP BAND WITH EDGE FREQUENCY = 1.100000 kHz
REQUIRED STOP BAND LOSS = 45.000000 DB.
MULTIPLICITY OF ZERO AT INFINITY = 0
NUMBER OF FINITE TRANSMISSION ZERO PAIRS = 4
OVERALL FILTER DEGREE = 8
TRANSMISSION ZEROS
REAL PART IMAGINARY PART

0.0000000D+00 1.1082804D+03

0.0000000D+00 1.1946142D+03

0.0000000D+00 1.5428582D+03

0.0000000D+00 3.8866726D+03
INPUT TERMINATION = 1.000000 ohm
OUTPUT TERMINATION = .000000 ohm
REQUESTED TERMINATION RATIO = 0.0000000D+00

Upon entering the active synthesis segment, we are first given a chance to convert this lowpass
into a band-reject. Declining this for the moment, we request an FLF realization of the lowpass
by using the following data input sequence:
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COMMAND :
>  syn

REALIZATION - ACTIVE: A, PASSIVE: P, DIGITAL: D, NO SYNTHESIS:

> a

ENTER FILE NAME

> test

FOR SYNTHESIS, TYPE "END" TO EXIT TO DOS
THEN CALL PROGRAM "ACTIVE"

COMMAND:
> end
***% S/FILSYN *** SIGNING OFF ***
c:>active
* % K Kk S/FILSYN * kK x X
RELEASE 3.2 VERSION 1 4/1/94
** ACTIVE SEGMENT **

Copyright (C) 1983 - 1995 Dr. George Szentirmai
All Rights Reserved.

SYNTHESIS: S, ANALYSIS: A OR END: E

> s

ENTER FILE NAME

> test

WISH LP-TO-BE CONVERSION: Y/N

> n

CASCADE: C, FOLLOW-THE-LEADER: F OR LEAPFROG: L
> f

USE COMPUTER-SELECTED ZERO SEQUENCE? (Y/N)

> n

ENTER THE SEQUENCE OF TRANSMISSION ZEROS FOR 4 SECTIONS
EXTREME ZEROS ARE INDICATED BY 7, I, Zz, II, ZI OR IZ
> 13 2 4

The results follow by, the now familiar, format:

active lowpass
RESULTS OF THE FLEF SYNTHESTIS
BIQUADRATIC BLOCK COEFFICIENTS
IN ASCENDING ORDER

NUMERATOR DENOMINATOR
SECTION NO. 1
7.9715739D+06 6.6485764D+07 TRANSMISSION ZERO
0.0000000D+00 .9697223D+03 1.1082804D+03 HZ
1.6439363D-01 .0000000D+00

SIS

SECTION NO. 2
1.7251154D+07 1.7251154D+07 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 1.5428582D+03 HZ
1.8357198D-01 1.0000000D+00

FEEDBACK COEFFICIENT = -2.9700481D+01

SECTION NO. 3
3.5477636D+07 3.5477636D+07 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 1.1946142D+03 HZ
6.2970851D-01 1.0000000D+00

FEEDBACK COEFFICIENT = 2.5386258D+01

SECTION NO. 4
4.0489605D+07 4.1671791D+07 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 3.8866726D+03 HZ
6.7893451D-02 1.0000000D+00

Active synthesis segment
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FEEDBACK COEFFICIENT = -3.1144879D+00

An analysis, not shown, confirms the filter response.
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Example 7.6.5b Bandreject Follow-the-Leader Filter

When we return to the synthesis segment, instead of continuing with a leapfrog or cascade
version of this filter, we take advantage of the program’s offer to convert this lowpass into a
bandreject, and request the FLF realization of the resulting filter:

COMMAND :

> end

SYNTHESIS: S, ANALYSIS: A OR END: E

> s

ENTER FILE NAME

> test

WISH LP-TO-BE CONVERSION: Y/N

>

ENTER LOWER AND UPPER PASSBAND EDGE FREQUENCIES
> 2000 3000

CASCADE: C, FOLLOW-THE-LEADER: F OR LEAPFROG: L

> f
USE COMPUTER-SELECTED ZERO SEQUENCE? (Y/N)
> n

ENTER THE SEQUENCE OF TRANSMISSION ZEROS FOR 8 SECTIONS
EXTREME ZEROS ARE INDICATED BY 7, I, Zz, II, ZI OR IZ
> 13578¢6 42

The degree of the band-reject is twice that of the lowpass and therefore has eight transmission
zero pairs, all in the center stopband. Consequently they are all finite, although we do not know
which is which. Note also that if we had requested a leapfrog design, a diagnostic message would
have advised us, that the leapfrog method is not available for band-reject filters.

active lowpass
RESULTS OF THE FLF SYNTHESIS
BIQUADRATIC BLOCK COEFFICIENTS
IN ASCENDING ORDER

NUMERATOR DENOMINATOR
SECTION NO. 1
7.6460170D+06 1.6951326D+08 TRANSMISSION ZERO
0.0000000D+00 .9446004D+02 2.0395405D+03 HZ
4.6559775D-02 1.0000000D+00

~

SECTION NO. 2
4.3514548D+08 4.3514548D+08 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 2.0664458D+03 HZ
2.5812300D+00 1.0000000D+00

FEEDBACK COEFFICIENT = 5.6176330D+01

SECTION NO. 3
1.2893995D+08 1.2893995D+08 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 2.1467608D+03 HZ
7.0869677D-01 1.0000000D+00

FEEDBACK COEFFICIENT = -1.7269784D+02

SECTION NO. 4
1.5448878D+08 1.5448878D+08 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 2.3242208D+03 HZ
7.2440666D-01 1.0000000D+00

FEEDBACK COEFFICIENT = 2.6302229D+02

SECTION NO. 5
1.5960840D+08 1.5960840D+08 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 2.5815103D+03 HZ
6.0666409D-01 1.0000000D+00

FEEDBACK COEFFICIENT = -5.1000701D+02
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SECTION NO. 6
2.1023617D+08 2.3687051D+08 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 2.7949085D+03 HZ
6.8173016D-01 1.0000000D+00

FEEDBACK COEFFICIENT = 3.8052366D+02

SECTION NO. 7
3.8901843D+08 3.6318259D+08 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 2.9035361D+03 HZ
1.1688425D+00 1.0000000D+00

FEEDBACK COEFFICIENT = 8.0211150D+00

SECTION NO. 8
3.5927368D+08 3.5153310D+08 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 2.9418392D+03 HZ
1.0515449D+00 1.0000000D+00

FEEDBACK COEFFICIENT = -3.1144922D+00

Since the filter degrees are restricted to 50 or less, lowpasses of greater than 25th degree may not
be converted to a band-reject. This is true for digital filters as well, but not for passive LC
ladders, since there the conversion is done not on the transfer function, but on the circuit itself.
The limits on the ladder circuit are different. They permit not more than 150 element values,
including terminations and branch numbers not exceeding 100.

An analysis, not shown, confirms the exactness of this design. Returning to the beginning of the
synthesis segment, the band-reject function is still available in the single-executable version of
the program, but the original lowpass is now overwritten and lost. This band-reject could be
rede- signed in, let us say, cascade form, but not in leapfrog. This limitation is not serious, since
studies indicate that the leapfrog structure is not recommended for band-elimination filters.

In the multi-executable version, it is the original lowpass data that is still available in the transfer
file and the redesign of the band-reject filter would make it necessary to perform the lowpass-to-
bandreject conversion again.

Final comment

Both the leapfrog and the FLF syntheses, but more likely the latter, may abort with an error mes-
sage. This can happen in an odd degree and/or lowpass and highpass case, where one or both of
the end sections are of the types I, Z and ZI or IZ. In this case we can try another transmission
zero sequence and this may solve the problem. No zero sequence has been found which works
every time.
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