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APPENDIX E
REFLECTION COEFFICIENT ZEROS

As explained in Section 3.4 and Appendix F, the zeros of the F(s) polynomial are the reflection
coefficient zeros at one end of the filter and those of F(-s) are the reflection coefficient zeros at
the other end. For most filters, F(s) is pure even or odd, the zeros of F(s) and F(-s) are identical
and are on the jw axis; one has no choice in selecting these zeros. Under certain circumstances,
such as

* linear-phase filters,
* predistorted filters,
* functional input

or their combination, the roots of F(s) will become complex and they may individually be
selected to be either in the right- or left-half of the s-plane. A different selection will yield an
equivalent fil- ter, but different element values. This feature may be used to obtain better element
value distribu- tion, or to help to absorb parasitic reactive elements at one or both ends of the
filter.

Not much help is available except the fact that the elements nearest to the terminations will be
the largest at one end and the smallest at the other if the zeros of F(s) are all in one side of the
s-plane.

If the roots of F(s) are complex, the program offers several options:

a) Hurwitz F(s), where all the zeros of F(s) are in the left side of the s-plane.
b) non-Hurwitz F(s), with a default algorithm to select the location of the zeros,
¢) user-selected placement of the zeros.

In case c¢) the signs of the real parts are individually specified by entering the proper number of
+1's and -1's. Since the roots themselves are not available, we must do this by trial and error.

Example E.1 Bessel Filter with Hurwitz F(s)

As an example, consider a Bessel polynomial filter with no finite transmission zeros and realize
the filter in passive form. First we select the Hurwitz F(s) polynomial (all zeros have negative
real parts). The data input sequence is shown below:

C:>sfilsyn
* Kk k k Kk S/FILSYN * Kk k Kk K
RELEASE 3.2 VERSION 1 4/1/94
** ROOT SEGMENT **

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

READ DATA FROM FILE: Y/N
> n
SMAIN: S, PLACER: P OR END: E
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E.2

> s

ENTER TITLE

> Bessel filter # 1

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

> 0

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

PASSBAND DELAY - MAX.-FLAT: 0, EQUAL-RIPPLE: 1

> 0

WHAT IS THE REQUIRED ZERO FREQUENCY DELAY IN SEC

>  .3e-3

STOPBAND - EQUAL MINIMA: 1 OR SPECIFIED: 2

> 2

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY
> 5

ENTER NO. OF FINITE TRANSMISSION ZEROS

> 0

ENTER INPUT TERMINATION IN OHMS

> 1000

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
> 1k

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

WISH TO USE NONHURWITZ F(S) IF POSSIBLE: Y/N

> n

Skipping everything else, the passive synthesis yielded the following set of element values:

bessel filter # 1

1 R 1.000000 kohm
3 C 279.157080 nF
4 L 137.260863 mH
5 C 99.399477 nF
6 L 62.666323 mH
7 C 21.550930 nF
9 R 999.653650 ohm

Example E.2 Default Algorithm

We redesign the exact same filter but with a non-Hurwitz F(s) using the default algorithm. The
data input sequence is as follows, where we retain all previously entered data except the last two:

C:>sfilsyn
* Kk k k Kk S/FILSYN * Kk k Kk K
RELEASE 3.2 VERSION 1 4/1/94
** ROOT SEGMENT **

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

READ DATA FROM FILE: Y/N

>y
ENTER FILE NAME
> test

*** S/FILSYN *** FILTER PROGRAM
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bessel filter # 1
LINEAR-PHASE LOW-PASS FILTER
MAXIMALLY-FLAT PASS BAND

REQUESTED DELAY = 300.000000 usec
NORMALIZATION FREQUENCY = 2.652582 kHz
SPECIFIED STOPBAND TYPE

MULTIPLICITY OF ZERO AT INFINITY = 5
OVERALL FILTER DEGREE = 5
INPUT TERMINATION = 1.000000 kohm
OUTPUT TERMINATION = 1.000000 kohm
REQUESTED TERMINATION RATIO = 1.0000000D+00
NEAREST AVAILABLE TERMINATION RATIO = 1.0003465D+00

COMMAND :

> rest

SMAIN: S, PLACER: P OR END: E

> s

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

>/

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

>/

PASSBAND DELAY - MAX.-FLAT: 0, EQUAL-RIPPLE: 1

>/

WHAT IS THE REQUIRED ZERO FREQUENCY DELAY IN SEC

>/

STOPBAND - EQUAL MINIMA: 1 OR SPECIFIED: 2

>/

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY

>/

ENTER NO. OF FINITE TRANSMISSION ZEROS

>/

ENTER INPUT TERMINATION IN OHMS

>/

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

>/

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

>/

WISH TO USE NONHURWITZ F(S) IF POSSIBLE: Y/N

>

IS THE DEFAULT ALGORITHM ACCEPTABLE: Y/N

>y

In the original design the first synthesis was stored in a file called TEST. It is then a simple
matter of recalling this stored data at the top of the program. After the display of the original
design data, we select the REST<art> option and use the slash (/) entry to retain the previous
data. A design may easily be repeated with only a few data items changed. Note however, that
sometimes the slash is not accepted, in order to preserve the proper sequencing of data input. In
most of these cases, the needed input is merely a single (numerical or alphabetic) item.

The synthesis yields a circuit that is quite different:

** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **

bessel filter # 1

1 R 1.000000 kohm
3 C 48.667334 nF
4 L 86.082020 mH
5 C 317.311793 nF
6 L 113.962830 mH
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7 C 33.941404 nF

9 R 1.000346 kohm
COMMAND:
> 1bl

ENTER NEW TITLE
> Dbessel filter # 2
* % DONE * %

COMMAND :
> pri
bessel filter # 2

1 R 1.000000 kohm
3 C 48.667334 nF
4 L 86.082020 mH
5 C 317.311793 nF
6 L 113.962830 mH
7 C 33.941404 nF
9 R 1.000346 kohm

Since on restart, we have no way of giving the design a new title, we used the LBL command to
achieve the same objective.

Example E.3 User-Specified F(s) Zero Distribution

Lastly, we redesign this filter again, this time specifying the signs explicitly. F(s) is of 5th degree
and has one real and two pairs of complex conjugate zeros, i.e. three distinct real parts. Therefore
we need three signs to indicate their locations (+1 for the right half plane, -1 for the left). The re-
start feature simplifies matters again:

COMMAND :

> rest

SMAIN: S, PLACER: P OR END: E

> s

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

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

PASSBAND DELAY - MAX.-FLAT: 0, EQUAL-RIPPLE: 1

>/

WHAT IS THE REQUIRED ZERO FREQUENCY DELAY IN SEC
>/

STOPBAND - EQUAL MINIMA: 1 OR SPECIFIED: 2

>/

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY
>/

ENTER NO. OF FINITE TRANSMISSION ZEROS

>/

ENTER INPUT TERMINATION IN OHMS

>/

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
>/

ENTER VALUE OF AVERAGE Q. IF NO PREDISTORTION, ENTER O.
>/
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WISH TO USE NONHURWITZ F(S) IF POSSIBLE: Y/N

>y

IS THE DEFAULT ALGORITHM ACCEPTABLE: Y/N

> n

ENTER 3 1'S OR -1'S TO INDICATE DESIRED SIGNS
> 1 -11

The structure obtained is different again, although only slightly:

bessel filter # 1

1 R 1.000000 kohm
3 C 33.951167 nF
4 L 113.914280 mH
5 C 317.335182 nF
6 L 86.110166 mH
7 C 48.654579 nF
9 R 1.000346 kohm

E.5

All three networks exhibit identical loss, phase and delay characteristics, but their output impe-
dances differ. This feature is recommended, with the default algorithm for simplicity, for all

functional input design cases.

Example E.4 Modified Bessel Filter

In Section 3.2 example 3.2.1 illustrates another case, where control of F(s) is very useful. The de-
fault sign combination did not yield a realizable computer-generated configuration and the
realiza- ble alternative we found had more than the minimum number of components. The use of
Hurwitz F(s) polynomial would have the same problem. Nevertheless there is a minimal,

realizable ladder and can be obtained as follows:

C:>sfilsyn
* % K Kk S/FILSYN * Kk k x
RELEASE 3.2 VERSION 1 4/1/94
** ROOT SEGMENT **

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

READ DATA FROM FILE: Y/N

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

ENTER TITLE
> modified Bessel (realizable)
FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2

> 0

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

PASSBAND DELAY - MAX.-FLAT: 0, EQUAL-RIPPLE: 1

> 0

WHAT IS THE REQUIRED ZERO FREQUENCY DELAY IN SEC

> 3e-4

STOPBAND - EQUAL MINIMA: 1 OR SPECIFIED: 2
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> 1

ENTER OVERALL FILTER DEGREE

> 6

ENTER EDGE FREQUENCY OF UPPER STOPBAND IN HZ

> 1800

ENTER INPUT TERMINATION IN OHMS

> 500

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
> 500

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

WISH TO USE NONHURWITZ F(S) IF POSSIBLE: Y/N

>y

IS THE DEFAULT ALGORITHM ACCEPTABLE: Y/N

> n

ENTER 3 1'S OR -1'S TO INDICATE DESIRED SIGNS
> 1 1 -1 ! This is the ONLY sequence that works

The sign sequence was found by trial and error. In a low-degree case it is simple to try all
combinations of signs (actually only half of them, because changing a/l the signs will just turn
the network around), but this could become cumbersome with increasing degree. Nevertheless,
currently no other way exists to handle this situation. Proceeding, we get the following:

*** S/FILSYN *** FILTER PROGRAM

modified bessel (realizable)
LINEAR PHASE LOW-PASS FILTER
MAXIMALLY FLAT DELAY IN BAND
LOW FREQUENCY DELAY = 300.000000 usec

APPROX. 1% DELAY BANDWIDTH = 1.867018 kHz
EQUAL MINIMA STOP BAND WITH EDGE FREQUENCY = 1.800000 kHz
MULTIPLICITY OF ZERO AT INFINITY = 2
NUMBER OF FINITE TRANSMISSION ZERO PAIRS = 2
OVERALL FILTER DEGREE = 6
TRANSMISSION ZEROS
REAL PART IMAGINARY PART
0.0000000D+00 3.4027365D+03
0.0000000D+00 2.0021559D+03
INPUT TERMINATION = 500.000000 ohm
OUTPUT TERMINATION = 500.000000 ohm
REQUESTED TERMINATION RATIO = 1.0000000D+00
NEAREST AVAILABLE TERMINATION RATIO = 1.0003465D+00
COMMAND :
>  syn
REALIZATION - ACTIVE: A, PASSIVE: P, DIGITAL: D, NO SYNTHESIS: E
>
WISH TO SEE IMMITTANCE POLYNOMIALS: Y/N
> n

EXISTING POLYNOMIALS ARE: ES OS ED OD
ENTER FILE NAME

> test
FILE ALREADY EXISTS. OVERWRITE? (Y/N)
>y

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

COMMAND :
> end
***x S/FILSYN *** SIGNING OFF ***

C:>passive

* % K K K S/FILSYN * kK ok x
RELEASE 3.2 VERSION 1 4/1/94
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** PASSIVE/MICROWAVE

SEGMENT **

INPUT SIDE:

Y/N

Copyright (C) 1983 - 1995 Dr.
All Rights Reserved.
SYNTHESIS: S, ANALYSIS: A OR END: E
> s
ENTER FILE NAME
>  test
LATTICE: L, COMPUTER CONFIG.: C,
> C
WISH TO SEE INTERMEDIATE RESULTS:
> n

E.7

George Szentirmai

IN, OUTPUT SIDE: OUT OR END: END

and we find that the computer-generated configuration exists with minimal number of positive

components:

** EVEN NUMBERED BRANCHES ARE SERIES,

modified bessel

1

2

Notes:

(realizable)

R
i

[
Lad

[
Lad

o
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500.

11.

46.

23.

93.

186.

194.

32.

49.

500.

000000

274113

651338

485678

149496

171961

637068

465265

699261

173235

ohm

mH

nk

mH

nk

nk

mH

nk

nk

ohm

ODD ONES SHUNT **

RES.

RES.

FREQUENCY

.402737 kHz

FREQUENCY

.002156 kHz
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Notes:
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