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SECTION 3
SMAIN SEGMENT
3.1 DATA ENTRY

As can be seen in Fig. 1.1, the multi-executable version of the SFILSYN module (root segment)
contains two related segments, PLACER and SMAIN. The use of PLACER is optional, but
SMAIN must be traversed in any filter design, except FIR digital filters.

Data entry to both the SMAIN and the PLACER segments are in conversational form and nearly
identical. In both modules the program simply prompts for data by displaying questions to which
the user must enter the appropriate answer(s) followed by a carriage return (CR). Whenever pos-
sible, a list of acceptable answers is also displayed. This data entry method, a variant of the pu!//-
down menu system, enables the program to check the input as it arrives, report inconsistencies,
and interlock the questions so as to minimize the number of request for unnecessary or irrelevant
data. If the user requests an unavailable combination of parameters, the program will print an
appropriate comment and repeat its request for some of the data. However, this is quite unlikely,
because the questions themselves usually indicate the range of possibilities at that particular
point.

Data may be entered in completely free format anywhere on the line (up to 80 characters). For
titles, only the first 64 characters are used, the rest are replaced by a date-and-time stamp. Mul-
tiple items can be separated by any number of blanks, commas, or a combination of the two. If
multiple data items must be entered, they may be entered on a single line, on several lines, or on
a one data item per line basis. The only limit is that one may not enter more than 25 items on a
line. There are only a few exceptions to the freedom of entering groups of data on a single line,
and we will call attention to them at the appropriate places. The prompts usually indicate if there
are any restrictions on the data entry procedure.

There are very few rules for this free form input and they are as follows:

* Ifonlyreal data is expected, integers will be interpreted as reals with the missing decimal
point assumed to follow immediately. Both the familiar E or D (scientific) notation or the
standard engineering prefixes, i.e. K (kilo), N (nano), etc. may be used. Note, however,
that while lower or upper case letters can be used interchangeably, there may not be any
space between the number and the prefix. Other exceptions include the following: The
letter 'm' means milli, but 'M' means mega, and 'F' is not an alias for 'f' (femto). Units (Hz,
ohm, etc.) may be added, but they are not needed.

* Ifonly integers are expected, real data input, i.e. data with decimal point and/or exponent
are ignored.

* [facombination of reals and integers (and possibly alphanumerics too) is expected, real
data must have a decimal point or exponent, while integers must not. Otherwise the data
will be misinterpreted. Occasionally, a real zero (0.) or integer zero (0) may not register
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because the program is unable to distinguish between an intentional and an unintentional
(default) zero. However, no harm will be done in such cases, because the program will
request the information again.

There are two symbols which are nearly always acceptable to the program during data entry. One
is the backup sign (the characters BRK or its alias: BAK) which is accepted unless another way
to interrupt the program is also available. The effect of this symbol is to back up the data entry
se- quence by one or a few steps. In this manner we can back up and change any of the previously
entered data items.

The other symbol which is always acceptable, except as a title or file name, is STOP which
termi- nates program execution immediately. The Ctrl-C or Ctrl-Break (hold down the
CONTROL key and then press the C or Break key) combination also terminates execution even
if the program is not waiting for a response.

If the program is unable to decipher a line of data due to, for example, the presence of unknown
symbols, it will indicate ERROR IN INPUT, redisplay the line in its entirety, print an asterisk un-
derneath the character which caused the parsing to stop and ignore the whole line. A new prompt
symbol (>) will then indicate that the program is ready for the correct input. It is therefore very
difficult if not impossible, to enter data that will cause a program abort.

Also, we may type an exclamation point (!) followed by any comment and the comment will be
ignored by the program. This procedure may be used to put comments on input lines and have the
comments appear on the printed results. On a personal computer the Ctrl-P key combination may
be used to toggle the printer on and off. Additional utilities are also provided as part of the per-
sonal computer version of S/FILSYN to permit back-scrolling and full audit file capability.

Finally, the personal computer version of S/FILSYN now has a context sensitive help system. At
every prompt, help can be requested by entering either a question mark (?) or the word HELP (or
any part of it as long as it starts with the letter H) and a window will open to give information
pertinent to your location in the program. After viewing the help message, press any key to close
the window and enter your data or command. If the information will not fit on a single screen,
function keys may be used (as indicated) to obtain further information.

The mainframe and workstation versions also accepts ? and/or HELP, but help messages are
available only at selected points in the program. Further details about data input may be found in
Section 13.

3.2 SFILSYN DATA ENTRY AND SCOPE

If the PLACER segment (see Section 4) is used, no further data input to the SMAIN segment is
needed. The data entered into the PLACER segment is transferred automatically to SMAIN. This
section discusses direct SMAIN data entry only, although much of what is presented is also
appli- cable to the remainder of the program.
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In the multi-executable version the SFILSYN program is the root segment of S/FILSYN and all
designs must pass through it (except the FIR designs). It determines the transfer function and
related functions from the transmission zeros and other input data which is entered, or transferred
from the PLACER segment. If requested, it performs the predistortion and calculates any func-
tions needed later for the various synthesis steps.

The segment performs a number of other computations as well. It determines the overall filter
degree (and the transmission zeros if applicable) for monotonic or equal minima stop bands,
yielding the familiar Butterworth, Chebyshev, inverted Chebyshev, elliptic, and other types of
filters. It calculates the linear-phase lowpass functions (Bessel, modified Bessel, etc.), and it
handles all impedance matching cases.

This segment also has a command that can take a lowpass or linear phase lowpass, and convert it
into a bandpass using a process called shifted-bandpass (SBP) transformation. The resulting
band- pass will have an arithmetically symmetrical characteristics, and its linear-phase property
(when applicable) will also be preserved.

SMAIN can also evaluate the transfer function and determine the loss, phase and delay values,
thus enabling us to check these characteristics early in the design sequence. Final designs can be
reanalyzed again later on. (The sole exception is the single section lattice realization, which cur-
rently cannot be analyzed from its element values.) We may request a printout of the transfer
function either in terms of its poles and zeros or in polynomial form. The data may also be stored
in a file for later recall and possible modification. Finally, SMAIN can perform a time-domain
analysis, computing the impulse and step responses of the filter.

When we call the program, it prints a header containing the release number and its date, followed
by a question concerning the reading of a file. This allows us to read a previous design back into
the program (including its original input data) for redesign, varying some of the input parameters
and/or resynthesizing it in a different form (e.g. converting a previously designed active RC form
into a passive LC form). The next prompt asks the user for the desired program segment. Upon
entering S for SMAIN, the program takes us to the data entry part of the segment.

The next question requests title information for labeling purposes (up to 64 characters are
allowed). If more than 64 characters are entered, some systems will ignore the excess, while
others will reject the whole line and issue a warning.

The capabilities and features of the SMAIN segment will be explained with the help of the
examples that follow.

3.3 LINEAR-PHASE LOWPASS

After the prompt for the title, you must specify the kind of filter you wish to design: lumped
(passive LC and active RC filters), digital or microwave. Opting for the lumped kind, you are
then prompted for the type of the filter -- lowpass, highpass, linear-phase lowpass or bandpass.

We shall select the linear-phase lowpass option.
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Next we must select the passband type: maximally-flat or equal ripple. In our case, these refer to
the passband delay behavior; in all but the linear-phase lowpass case, they refer to passband /oss
behavior.

The selection of the linear-phase lowpass gives us the Bessel (if we opt for the maximally flat de-
lay) or the modified Bessel filter (if we later elect the equal minima type stopband). If we choose
the equal ripple delay, we get filters that have also been treated in the literature by Ulbrich and
Piloty (reference 22), among others. In both cases the possible stopband types would be either the
SPECIFIED type (if we know where the transmission zeros should be), or the equal minima type,
which will require us to enter the stopband edge frequency.

Since no closed form relationship is known between passband delay, filter degree, stopband edge
frequency and the resulting minimum stopband loss, the latter may not be specified; it can only
be calculated after the transfer function is computed. The passband specification requires the
desired delay, the end of the passband (if equal ripple delay is indicated), and either the overall
degree or the delay ripple. In the latter case, the necessary degree will be estimated using an
empirical ex- pression.

Example 3.3.1 Modified Bessel Filter

As the first example to demonstrate the SMAIN segment, we will design a modified Bessel filter
by requesting a maximally flat delay of 0.3 msec and equal minima stopband starting at 1800 Hz.
Requesting an overall degree of 6 completes the specification. As before, we enter SFILSYN to
begin the program:

C:>sfilsyn

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

** ROOT SEGMENT **

Copyright (C) 1983 - 1993 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

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

> 1

ENTER OVERALL FILTER DEGREE

> 6

ENTER EDGE FREQUENCY OF UPPER STOPBAND IN HZ

> 1800

ENTER INPUT TERMINATION IN OHMS

> 500
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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)
>

IS THE DEFAULT ALGORITHM ACCEPTABLE:
> y ! This can cause problems.

IF POSSIBLE: Y/N

Y/N

The question concerning the non-Hurwitz F(s) refers to the

signs of the reflection coefficient

zeros and is mentioned here because most of these zeros are now complex. A more detailed ex-
planation is offered in Section 3.4 (see also Appendix E). The use of non-Hurwitz F(s) has experi-
mentally been found to help in the passive synthesis step, but has no effect on active or digital
designs. Note also the use of the exclamation point to provide information in the form of com-

ments.

The summary shown below, appears in a few seconds. In addition to the input data, it contains

some additional calculated information:

*** S/FILSYN **x* FILTER PROGRAM
modified Bessel
LINEAR PHASE LOW-PASS FILTER
MAXIMALLY FLAT DELAY IN BAND
LOW FREQUENCY DELAY
APPROX. DELAY BANDWIDTH
EQUAL MINIMA STOP BAND WITH EDGE FREQUENCY
MULTIPLICITY OF ZERO AT INFINITY
NUMBER OF FINITE TRANSMISSION ZERO PAIR
OVERALL FILTER DEGREE
TRANSMISSION ZEROS

o
°

REAL PART IMAGINARY PART
0.0000000D+00
0.0000000D+00

INPUT TERMINATION

OUTPUT TERMINATION

REQUESTED TERMINATION RATIO

NEAREST AVAILABLE TERMINATION RATIO

3.4027365D+03
2.0021559D+03

300.000000 usec
1.867018 kHz
1.800000 kHz

- 2
s= 2
= 6
= 500.000000 ohm
= 500.000000 ohm

1.0000000D+00
1.0003465D+00

The available termination ratio is slightly greater than unity. This is due to a numerical safety
factor built into the program, but this can usually be ignored. The analysis shows a 22 dB mini-

mum stopband loss at the specified 1800 Hz:

modified Bessel

*xxxxx*x COMPUTED PERFORMANCE ******x%

FREQUENCY LOSS PHASE

IN HZ IN DB IN DEGREES
0.00000D+00 .0000 .0000
1.00000D+02 .0432 10.8000
2.00000D+02 L1733 21.6000
3.00000D+02 .3915 32.4000
4.00000D+02 .6998 43.2000
5.00000D+02 1.1012 54.0000
6.00000D+02 1.6000 64.8000
7.00000D+02 2.2016 75.6000
8.00000D+02 2.9133 86.4000
9.00000D+02 3.7443 97.2000
1.00000D+03 4.7068 107.9999
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DELAY

IN SECONDS

.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
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.10000D+03
.20000D+03
.30000D+03
.40000D+03
.50000D+03
.60000D+03
.70000D+03
.80000D+03
.90000D+03
.00000D+03
.10000D+03
.20000D+03
.30000D+03
.40000D+03
.50000D+03

S I I I I R R e e R e

5.

7

8.
10.
12.
14.
17.
22.
28.
63.
31.
26.
23.
22.
22.

8172

.0974

5779
3034
3417
8053
9017
0895
8049
2017
0523
0389
7111
5560
1148

118.
129.
140.
151.
l6l.
172.
183.
194.
204.
215.
46.
56.
66.
76.
86.

7996
5989
3971
1930
9843
7670
5343
2762
9776
6181
1705
6018
8735
9432
7676

.9999D-04
.9997D-04
.9993D-04
.9984D-04
.9966D-04
.9934D-04
.9880D-04
.9791D-04
.9652D-04
.9448D-04
.9161D-04
.8773D-04
.8272D-04
.7651D-04
.6910D-04

DNDNODNDNNDNDNDNDNDNDNDNDNDNDDNDDN

To synthesize the filter in a passive LC form that will provide this response, the following data

entry sequence is used:

COMMAND :
>  syn

REALIZATION - ACTIVE: A, PASSIVE:

> P

P, DIGITAL:

WISH TO SEE IMMITTANCE POLYNOMIALS: Y/N

> n

EXISTING POLYNOMIALS ARE:

ENTER FILE NAME
> test

FOR SYNTHESIS, TYPE

THEN CALL PROGRAM

COMMAND :
> end

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

"PASSIVE"

ES OS ED OD

"END" TO EXIT TO DOS

D, NO SYNTHESIS:

E

As usual, we had to write a file that will contain all the information necessary for the actual syn-
thesis of the circuit. Next we call the PASSIVE program as instructed and ask for the computer-

generated realization:

C:>passive

* % kK % S/FILSYN * Kk k x
RELEASE 3.2 VERSION 1

** PASSIVE/MICROWAVE

Copyright (C) 1983 - 1993 Dr.

4/1/94

All Rights Reserved.

SYNTHESIS: S, ANALYSIS:

> s
ENTER FILE NAME
> test

LATTICE: L, COMPUTER CONFIG.: C,

> C

WISH TO SEE INTERMEDIATE RESULTS:

> n

** EVEN NUMBERED BRANCHES ARE SERIES,

modified Bessel

1 —Rr—]
T
I I

SMAIN Segment

500.000000

SEGMENT **

A OR END: E

INPUT SIDE:

Y/N

ohm

12.189276 mH

George Szentirmai.

IN, OUTPUT SIDE:

ODD ONES SHUNT **

OUT OR END: END
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3 C -34.537510 nF
1

4 L C 26.768261 mH
- 236.061052 nF

5 C 947.012419 nF
1

6 L C 31.687523 mH
- 69.039132 nF

7 C 4.834913 nF

9 R 500.173235 ohm

RES.FREQUENCY
2.002156 kHz

RES.FREQUENCY
3.402737 kHz

3.7

One of the elements is negative, indicating that the computer-generated circuit is not realizable.
This is an unlikely occurrence, but does not mean, that a realizable circuit can not be found.
With- out going into details here, we can find a realizable circuit using the manual synthesis

method as follows:

COMMAND :

> end

LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE:
> in

IS COMPUTER-SELECTED IMPEDANCE O.K.? (Y/N)
>y

modified Bessel

PARAMETERS USED: JPOLY = ED OS IMP = F

RESULTS OF THE SYNTHESIS FROM THE INPUT SIDE
NORMALIZED DENORMALIZED
1.0000000D+00 —Rr—] 5.0000000D+02

MODE - SIMPLIFIED: O, FULL: 1 OR EXPERT: 2

> 2
ENTER DATA
> admy s p I 1
POLE-ZERO PATTERN:
I 2
X 0 X 0 X 0 X

2 1
—c— 4.8365882D-09
|

4.8365882D-02
|

ENTER DATA
> impy spl 2
POLE-ZERO PATTERN:

I 2
0 X 0 X 0 X 0
2 1
| —
1.0926256D+00 | L C 2.7315640D-02
8.0088882D-01 I

L 8.0088882D-08
|

ENTER DATA
> adm y s c 2
POLE-ZERO PATTERN:
I 2
X 0 X O X 0 X
2 1
4.7460060D-01
5.3256940D+00 | |

—1—Cc—] 1.1865015D-02
5.3256940D-07

ENTER DATA
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IN, OUTPUT SIDE:

TERMINATION

ZERO FREQUENCY
3.4027365D+03

ZERO FREQUENCY
2.0021559D+03

OUT OR END: END
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I 2
0] X O X O
1
I —h
1.2447959D+00 | L C 3.1119898D-02 ZERO FREQUENCY
7.0298401D-01 | - 7.0298401D-08 3.4027365D+03
I I
ENTER DATA
> admy s c I
POLE-ZERO PATTERN:
I 2
X o0 X
9.8203685D-01 p——Cc— 9.8203685D-08
I I
ENTER DATA
> dmp y s ¢ I
POLE-ZERO PATTERN:
I 1
0] X
4.8740217D-01 | L 1.2185054D-02
I I
ENTER DATA
>  end
WISH TO ENTER LADDER SEGMENT? (Y/N)
> n
LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE: IN, OUTPUT SIDE: OUT OR END: END
> out
IS COMPUTER-SELECTED IMPEDANCE O.K.? (Y/N)
>y
modified Bessel
PARAMETERS USED: JPOLY = ED OD IMP = T
RESULTS OF THE SYNTHESIS FROM THE OUTPUT SIDE
NORMALIZED DENORMALIZED
1.0000000D+00 —Rr— 5.0000000D+02 TERMINATION
MODE - SIMPLIFIED: 0, FULL: 1 OR EXPERT: 2
> 2
ENTER DATA
> dmp y s ¢ i
POLE-ZERO PATTERN:
I 2
X 0 X o X o0 X
2 1
4.8757104D-01 | L 1.2189276D-02
I I
ENTER DATA
> admy s p I 1
POLE-ZERO PATTERN:
I 1
o0 X 6] X 0 X
2 1
9.8169672D-01 p——Cc— 9.8169672D-08
I I
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> admy s p I 1
POLE-ZERO PATTERN:

i 2
X 0 X 0 X
1
2.8201797D+00  |——C—| 2.8201797D-07
I I
ENTER DATA

> dmp y s c 1
POLE-ZERO PATTERN:



ENTER DATA
> impy s pl 2
POLE-ZERO PATTERN:
I
X 0 X 0
2

1.2452272D+00
7.0274053D-01

ENTER DATA
> adm y s c 2
POLE-ZERO PATTERN:
I
o0 X o X O
2 1

4.7476504D-01  }—IL—C—|

5.3238494D+00 |

ENTER DATA
> admy s cp il
POLE-ZERO PATTERN:

I 1
0 X O X
1

2.8192029D+00  p——C—|
|

ENTER DATA
> dmp y s c 1
POLE-ZERO PATTERN:
I 1
X o X O
1

1.0930042D+00
8.0061144D-01

ENTER DATA
> admy s c I
POLE-ZERO PATTERN:
I 1
) X

4.8349131D-02  p——C—|
|

ENTER DATA
> end

WISH TO ENTER LADDER SEGMENT?

>

= X

}

=

Q

—{

ri

L

C

T

(€]

.1130680D-02 ZERO FREQUENCY
.0274053D-08 3.4027365D+03

.1869126D-02 ZERO FREQUENCY
.3238494D-07 2.0021559D+03

.8192029D-07

.7325104D-02 ZERO FREQUENCY
.0061144D-08 3.4027365D+03

.8349131D-09

(Y/N)

** EVEN NUMBERED BRANCHES ARE SERIES,

modified Bessel

1 R
2 L
3 .
—
4 L C
L1
5  p—1-c—]
7 .
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500.

12.

98.

31.

70.

11.
532.

281.

000000

189276

169672

130680

274053

869126
384943

920293

ohm

mH

nk

mH

nk

mH
nk

nk

ODD ONES SHUNT **

RES.FREQUENCY
3.402737 kHz

RES. FREQUENCY
2.002156 kHz

3.9
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|
—

8 L C 27.325104 mH RES.FREQUENCY
- 80.061144 nF 3.402737 kHz
9 C 4.834913 nF

11 500.173235 ohm

o

This circuit contains all positive components even though it has more than the minimum
normally required for a 6th order filter. Appendix B contains a detailed description of this method
of man- ual synthesis. Another implementation can also be obtained using the minimum number
of compo- nents, however it needs an F(s) function other than the one obtainable by the default
non-Hurwitz algorithm. We shall return to this subject later, when we discuss the F(s)
polynomial and its prop- erties (see Appendix E, example E.4).

The single-executable version differs only slightly from this version and we show just the begin-
ning of the same example ran on a DEC VAX system:

vax2 $ run sfilsyn
* %k % Kk % S/FILSYN * Kk Kk k 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, SFILSYN: S, LADDER: L, DIGITAL: D, ACTIVE: A OR END: E
> s

ENTER TITLE

> modified Bessel

The two versions will produce identical results from this point. We skipped to the usual summary
information, which is also identical:

*** S/FILSYN *** FILTER PROGRAM

modified Bessel
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 :
> help
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DATA
DOS
END
FREQ
HELP
MATL
PRF
PRI
REST
SAVE
SBP
SYN
TIME

31

WRITE POLE-ZERO DATA IN DATAFILE
TEMPORARILY EXIT TO DOS

TERMINATE PROGRAM

FREQUENCY-DOMAIN ANALYSIS

PRINTS THIS LISTING

WRITE DATA TO MATLAB FILE

PRINT FACTORED TRANSFER FUNCTION
PRINT TRANSFER FUNCTION POLYNOMIALS
RESTART PROGRAM

SAVE FILTER DATA ON FILE

SHIFTED LOWPASS-TO-BANDPASS TRANSFORMATION
PROCEED TO THE SYNTHESIS SEGMENTS
TIME-DOMAIN ANALYSIS

When the actual synthesis step is reached, the single-executable version becomes a bit simpler,
because the program is a single unit and no data file need be written or read back:

COMMAND :

> syn

REALIZATION - ACTIVE: A, PASSIVE: P, DIGITAL: D, NO SYNTHESIS: E
> p
EXISTING POLYNOMIALS ARE: ES OS ED OD

LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE: IN, OUTPUT SIDE: OUT OR END: END
> C
WISH TO SEE INTERMEDIATE RESULTS: Y/N
> n
** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **

modified Bessel

1 R 500.000000 ohm
2 L 12.189276 mH
3 C -34.537510 nF
1
4 L C 26.768261 mH RES.FREQUENCY
- 236.061052 nF 2.002156 kHz
5 C 947.012419 nF
1
6 L C 31.687523 mH RES.FREQUENCY
- 69.039132 nF 3.402737 kHz
7 C 4.834913 nF
9 R 500.173235 ohm
COMMAND :
> end

The non realizable computer-generated passive synthesis is shown above. The manual synthesis
would be identical to the multi-executable version shown above. We then terminated the program
gracefully. If a microwave filter is being designed, the REALIZATION prompt is skipped, since
only the PASSIVE (in this case, microwave) option is available.

3.4 FUNCTIONAL INPUT
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If the linear-phase type is not selected, the next question, which concerns passband behavior, of-
fers another option: functional input. This particular option permits us to enter the transfer func-
tion or the characteristic function directly into the program. This can be done even in the case of
digital (bilinear Z-transform only) or microwave filters, provided that the functions are expressed
in terms of the equivalent analog 's' variable. For definition and relationships between the transfer
and characteristic functions and their interpretations for digital and microwave filters, Appendix
F should be consulted. At this point it is sufficient to say that entering the transfer function
means entering the two polynomials E(s) and Q(s), and entering the characteristic function means
ente- ring the polynomials F(s) and Q(s). Since Q(s) appears in both instances and it contains the
trans- mission zeros, we specify this polynomial by specifying the transmission zeros themselves.

This option is also used to enter data that was determined by the OPT optimizing preprocessor
(see Section 14).

Consequently, if functional input is selected, we must first specify the units to be used for the
singularities. These may be entered in Hz, kHz, MHz, GHz, rad/sec or normalized to the (upper)
passband edge frequency. Note however, that unless normalized frequencies are used, the pass-
band edge frequency(ies) entered above, will be ignored. The next question inquires whether the
E or the F polynomial is to be specified.

After deciding on an E or F specification, we are requested to enter the indicated function by
entering its zeros in the units specified before. The zeros of E must have negative real parts and
therefore the signs of the real parts will be set to be negative regardless of our entry. On the other
hand, the zeros of F are completely arbitrary, and the signs of the real parts, if non zero, are
significant and are preserved. A different sign pattern will yield an equivalent but non-identical,
circuit. Furthermore, for the F polynomial we must enter a multiplier, which is not needed for the
E polynomial. Finally, note that if the function is of the bandpass type, the lower passband edge
is immaterial but should be selected to be near the actual passband. Such a selection will help to
maintain numerical accuracy during computation.

In the special case of a lowpass E(s) function, an equal minima type stopband becomes an avail-
able option, in place of specifying the Q(s) polynomial (i.e. the transmission zeros). Parametric
band passes are specified either by entering an odd degree E or F, or by entering an even F
function that has a pair of real zeros -- one positive, the other negative. The value of FREAL is
immaterial here, however the program will request it anyway. One might try to request a para-
metric case when entering the E polynomial with at least two (negative) real roots, but there is no
guarantee that it will work. If a parametric design is not possible under the circumstances, an
advisory message to this effect will be printed. All other bandpass cases are necessarily conven-
tional, i.e. non parametric.

Example 3.4.1 Specified F(s)

We shall now show the procedure for entering the characteristic function, F(s).

First we choose a bandpass characteristic function with a numerator having zeros at 800 Hz, 850
Hz, 1150 Hz and 1200 Hz, and a pair of complex zeros at 125 = ;1000 Hz. The poles (trans-
mission zeros) should be at 600 Hz, 1400 Hz and there should be a pair at zero frequency. Com-
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paring the degrees of the numerator and denominator, we observe that the transmission zero at
infinity will be of order four. Next we select the passband edges to be 750 Hz and 1250 Hz. The
upper band edge (1250 Hz) will be our normalization frequency, but apart from that, neither of
the band edge frequencies has a direct influence on the final results.

Normalizing everything to 1250 Hz we obtain the polynomials:

F(s) = C(s +j0.64)(s £j0.68)(s - 0.1 % j0.8)(s  0.92)(s % j0.96)
and
Q(s) = s*(s £j0.48)(s £ j1.12)

However, Q(s) will not be entered in this form. Finally, C is computed to be 102.8288 to yield
0.25 dB loss at the band center of 1000 Hz (w = 0.8). These data are entered in conversational
form, as follows:
C:>sfilsyn
* % K K % S/FILSYN * kK ok x
RELEASE 3.2 VERSION 1 4/1/94
** ROOT SEGMENT **

Copyright (C) 1983 - 1993 Dr. George Szentirmai.
All Rights Reserved.

READ DATA FROM FILE: Y/N

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

ENTER TITLE
> functional input 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

> 750

UPPER EDGE OF THE PASSBAND IN HZ

> 1250

PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2 OR SLOPING: 3
> 2

FREQUENCIES IN - HZ: HZ, KHZ: K, MHZ: M, GHZ: G RAD/SEC: R
OR NORMALIZED TO (UPPER) PASSBAND EDGE: N ?

> n

WHICH POLYNOMIAL IS SPECIFIED E(S): E, F(S): F
> f

WHAT IS THE DEGREE OF THE POLYNOMIAL

> 10

HOW MANY COMPLEX ROOT PAIRS

> 5

ENTER 5 REAL PARTS

> 00 -.100

ENTER 5 IMAGINARY PARTS

> .64 .68 .8 .92 .96

ENTER THE MULTIPLIER

> 102.8288

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

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT ZERO

> 2

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY
> 4
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ENTER NO. OF FINITE TRANSMISSION ZEROS

> 2
ENTER REAL PARTS OF TRANSMISSION ZEROS IN HZ
> 00

ENTER IMAGINARY PARTS OF TRANSMISSION ZEROS IN HZ
> 600 1400
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

The above listing needs no further explanation. We just add that since F(s) has no real roots, the
bandpass must be a conventional one. Note that during the data entry, the sequences of real and
imaginary parts must correspond to each other.

A few seconds after the start of the computation, the printout begins with the usual summary fol-
lowed by a frequency domain analysis request (useful for confirming the success of the
operation):

**% S/FILSYN *** FILTER PROGRAM

functional input bandpass
BAND-PASS FILTER

CHARACTERISTIC FUNCTION NUMERATOR SPECIFIED
LOWER PASSBAND EDGE FREQUENCY = 750.000000 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

I
OoON BN

REAL PART IMAGINARY PART
0.0000000D+00 6.0000000D+02
0.0000000D+00 1.4000000D+03

INPUT TERMINATION 500.000000 ohm
OUTPUT TERMINATION 500.000000 ohm
REQUESTED TERMINATION RATIO = 1.0000000D+00

COMMAND:

> freqg

ENTER FREQ:

> 600 1500 25
ENTER FREQ:

>

TABULATE: Y/N

>y

This is followed by the tabulated results shown below. The negative loss values do not represent
a gain here, they are simply the consequence of a temporary scale factor, used to set the loss at
the (upper) passband edge frequency to zero.

functional input bandpass
FrxAKxxk COMPUTED PERFORMANCE **** % %%

FREQUENCY LOSS PHASE DELAY
IN HZ IN DB IN DEGREES IN SECONDS
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.25000D+02
.50000D+02
.75000D+02
.00000D+02
.25000D+02
.50000D+02
.75000D+02
.00000D+02
.25000D+02
.50000D+02
.75000D+02
.00000D+02
.25000D+02
.50000D+02
.75000D+02
.00000D+03
.02500D+03
.05000D+03
.07500D+03
.10000D+03
.12500D+03
.15000D+03
.17500D+03
.20000D+03
.22500D+03
.25000D+03
.27500D+03
.30000D+03
.32500D+03
.35000D+03
.37500D+03
.42500D+03
.45000D+03
.47500D+03
.50000D+03

PR RPRPRRPRRRPRRRRRERRRERRRERF©OOWOWO®O0®-Jd-d-do o o

39.
29.
21.
14.
7.
1.
-1.
-2.
-2.
-2.
-2.
-2.
-2.
-1.
-1.
-1.
-1.
-1.
-2.
-2.
-2.
-2.
-2.
-2.
-1.
.0000
5.
11.
18.
25.
35.
40.
37.
36.
36.

1742
4389
7924
6462
5249
1394
8473
1876
1771
1876
1621
0946
0205
9670
9409
9376
9532
9887
0447
1123
1681
1876
1804
1876
9783

1797
7065
4737
7798
1702
9722
4947
3287
0262

69.
78.
90.
106.
131.
172.
224.
264.
295.
320.
344.
5.
25.
44,
62.
80.
98.
116.
134.
154.
174.
196.
220.
247.
283.
329.
11.
38.
56.
69.
78.
272.
277.
282.
286.

2295
3220
0535
2745
1449
2342
1502
6737
0471
9464
3145
7329
6293
4727
6847
5834
4093
3962
8337
0781
5014
4449
4160
9545
2310
3027
4493
8507
5790
1376
6970
6378
9683
5566
5617

BB OO ORRENWOAODWNNNNNNNNNERNDNNDNDNDMNDNDWWOOWND R RE o

.0254D-04
.1342D-03
.5048D-03
.1717D-03
.5139D-03
.6008D-03
.3345D-03
.7911D-03
.0648D-03
.7210D-03
.4807D-03
.2868D-03
.1436D-03
.0517D-03
.0012D-03
.9806D-03
.9849D-03
.0175D-03
.0864D-03
.1972D-03
.3474D-03
.5368D-03
.8150D-03
.3813D-03
.5684D-03
.3293D-03
.8272D-03
.3943D-03
.6265D-03
.2020D-03
.4120D-04
.4121D-04
.4756D-04
.7496D-04
.1716D-04

3.15

The loss values at 800, 850, 1150 and 1200 Hz are all equal and also minimal. They will turn out
to be the zero loss points, as requested. We could proceed to the passive or to any of the other

syntheses, which however, would prove to be uneventful, and would not provide us with any new
information. Therefore we choose to terminate this example.

Using functional input, one occasionally encounters the following printout:

CUTOFF FREQUENCIES ARE RESCALED FOR BETTER PRECISION

NEW UPPER PASSBAND EDGE FREQUENCY

and/or

NEW LOWER PASSBAND EDGE FREQUENCY

This appears if some of the (normalized) natural modes are larger than unity in magnitude. This
is a pure advisory comment that usually has no effect on the final outcome. However the upper
passband edge is the normalization frequency and a few commands in the LADDER segment
depend on this value. If a large renormalization is needed, numerical accuracy problems may also
arise and it is highly recommended that the data input be renormalized such that all natural

modes are less than unity.

Example 3.4.2 Specified E(s)
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This example involves the specification of the transfer function, i.e. the polynomial E(s). Ulbrich
and Piloty (reference 22 in Appendix A) tabulate the natural modes (zeros of E) of a 10th degree
bandpass with an equal ripple delay from 40 kHz to 62.5 kHz (compare this with example
6.42.10 later in this manual):

-0.114851468 =3 1.025224774
- 0.109598959 + j 1.146020455
- 0.109753066 *j 0 .904326415
- 0.084987609 +j 1.259372919
- 0.085231480 £ 0.790671590

Since these are scaled to band center (50 kHz), we must rescale them to 62.5 kHz (multiply them
by 0.8). We wish to add two finite transmission zeros at 25 kHz and 75 kHz, a double zero at
zero and a 4th order zero at infinity. To simplify matters, we will take advantage of the program's
ability to read a data file, alleviating the need to enter data from the keyboard. First we must
write this pole information into an ASCII file in free format. The file is called "TEST.DAT" and
its contents are shown below. As you can see, multiple data items may be on one line, or spread
over several lines.

! Real parts:

.0918811744 .087679196 .0878024528 .0679900872 .068185184
! Imaginary parts:

.8201798192

.916816364

.723461132

.007498335

.6325433272

O OOoOo

Now we can start the data entry procedure. The filter is again conventional, since E(s) has no real
roots. All this is entered in conversational mode, as shown below:

C:>sfilsyn
* Kk Kk ok S/FILSYN * Kk Kk K
RELEASE 3.2 VERSION 1 4/1/94
*x* 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
> specified transfer function
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

>  40e3

UPPER EDGE OF THE PASSBAND IN HZ

>  62.5k
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PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2 OR SLOPING: 3
> 2

FREQUENCIES IN - HZ: HZ, KHZ: K, MHZ: M, GHZ: G RAD/SEC: R

OR NORMALIZED TO (UPPER) PASSBAND EDGE: N ?

> n

WHICH POLYNOMIAL IS SPECIFIED E(S): E, F(S): F
> e

WHAT IS THE DEGREE OF THE POLYNOMIAL

> 10

HOW MANY COMPLEX ROOT PAIRS

> 5

ENTER 5 REAL PARTS

> r ! Read a file instead of the keyboard

> ENTER FILENAME

> test

ENTER 5 IMAGINARY PARTS

> r ! Read it again

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

ENTéR MULTIPLICITY OF TRANSMISSION ZERO AT ZERO
ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY
ENTéR NO. OF FINITE TRANSMISSION ZEROS

ENTER REAL PARTS OF TRANSMISSION ZEROS IN HZ

> 0. 0.

ENTER IMAGINARY PARTS OF TRANSMISSION ZEROS IN HZ
> 25e3 75e3
ENTER INPUT TERMINATION IN OHMS

ENTES\OOUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
ENTES\OVALUE OF AVERAGE Q. IF NO PREDISTORTION, ENTER 0.
V>\IISI(-)1 TO USE NONHURWITZ F(S) IF POSSIBLE: Y/N

;s THE DEFAULT ALGORITHM ACCEPTABLE: Y/N

>y

When we needed to read the file, we simply entered the letter 'R' to tell the program to read the
data from a file. The program asked for the filename, which we entered without the extension
and the program read the real parts first. The next time we wanted to read the same file, we need
only type the 'R' again. These prompts are able to read data from a file onto which a large amount
of numerical input can be stored. We will consider this aspect in greater detail in Section 13.

A word about file names. These may contain drive designators and/or fully qualified paths, in or-
der to read or write files not in the current directory. Also, instead of a filename, we may enter
the DOS command:

DIR [d:]/subdirl/subdir2/]

to get a listing of the files available in the indicated subdirectory on the indicated drive. No
exten- sion should be specified, the program will append its own, and only those files with the
proper extension (applicable to the prompt at hand) will be listed. After the listing is displayed,
the prompt is repeated. Apart from the colon and/or backslash(es) (forward slashes on
workstations), filenames may contain only alphanumeric characters. For more details, please
consult Section 13.
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Selecting 500 ohm terminations and a non-Hurwitz F(s), the header briefly describes our filter as
follows:
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**% S/FILSYN **x*

FILTER PROGRAM

specified transfer function

BAND-PASS FILTER

TRANSFER FUNCTION DENOMINATOR SPECIFIED
LOWER PASSBAND EDGE FREQUENCY
UPPER PASSBAND EDGE FREQUENCY
SPECIFIED STOP BAND
MULTIPLICITY OF ZERO AT ZERO =
MULTIPLICITY OF ZERO AT INFINITY =
NUMBER OF FINITE TRANSMISSION ZERO PAIRS =

OVERALL FILTER DEGREE
TRANSMISSION ZEROS

REAL PART

0.0000000D+00
0.0000000D+00
INPUT TERMINATION

OUTPUT TERMINATION

REQUESTED TERMINATION RATIO

3.19

40.000000 kHz
62.500000 kHz

O N N

IMAGINARY PART

2.5000000D+04
7.5000000D+04

500.000000 ohm
= 500.000000 ohm
1.0000000D+00

We requested a detailed analysis that proves that the delay varies between 62.24 and 63.04 msec
in an equal ripple manner within the passband. Just for illustrative purposes we show here the
computer-generated passive LC realization of this filter:

specified transfer function

1

2

10

12

13

15

17

R
i

o

500.

3.

3.

27.

493.

470.

000000

149574

562988

552017

970950

.691480
.058065

.999259

.341490
710.

111281

085178

.929789

.539224

.876763

ohm
mH
nkF
mH
pF

mH RES. FREQUENCY
nkF 25.000000 kHz

nkF
mH RES.FREQUENCY
pF 75.000000 kHz
pFE
nkF
mH

kohm

The computed characteristics of this filter are shown on the next page, generated using the
GRAPH utility. An example showing more detail is given later in Section 6.
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3.5 SIGNS OF REFLECTION COEFFICIENT ZEROS

For most filters the zeros of the reflection coefficients (the roots of the F(s) polynomial) will all
be pure imaginary. Occasionally some or all of these roots become complex, and the signs of
their real parts are arbitrary, but significant. As mentioned above, different sign patterns lead to
differ- ent -- but equivalent -- circuits. Consequently, these sign patterns might become useful for
passive and microwave realizations and occasionally make the difference between a realizable
and a non realizable network.

In such a case we may select a Hurwitz F(s) polynomial (all real parts have the same sign) or a
non-Hurwitz polynomial. In the non-Hurwitz case, the program offers a default sign pattern
(yielding a minimum sum of real parts). If that is not satisfactory, we may specify the individual
signs by entering the requisite number of + 1's or - 1's (see Appendix E).
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Example 3.5.1 Equal Ripple Delay Lowpass

This example is similar to example 3.2.1 except that we request an equal ripple delay passband
and need no finite transmission zeros. The data input sequence is similar, but we must specify the
end of the passband, over which the delay is to be constant. This time the non-Hurwitz F(s) is
acceptable:

C:>sfilsyn
* Kk Kk k Kk S/FILSYN * % % Kk %
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
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SMAIN: S, PLACER: P OR END: E

> s

ENTER TITLE

> lowpass with equal ripple delay

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

> 1

WHAT IS THE REQUIRED ZERO FREQUENCY DELAY IN SEC
> .3msec

UPPER EDGE OF THE PASSBAND IN HZ

> 3k

ENTER ABSOLUTE DELAY RIPPLE, OR FILTER DEGREE

> 5

STOPBAND - EQUAL MINIMA: 1 OR SPECIFIED: 2

> 2

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY
> 5 ! Same as the filter degree
ENTER NO. OF FINITE TRANSMISSION ZEROS

> 0

ENTER INPUT TERMINATION IN OHMS

> 100

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 100

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

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

IS THE DEFAULT ALGORITHM ACCEPTABLE: Y/N
>y

Because there are no finite transmission zeros present, the multiplicity of zero at infinity must
agree with the filter degree, otherwise an error message results.

**% S/FILSYN *** FILTER PROGRAM

lowpass with equal ripple delay
LINEAR PHASE LOW-PASS FILTER
EQUAL RIPPLE DELAY PASSBAND

LOW FREQUENCY DELAY = 300.000000 usec
UPPER PASSBAND EDGE FREQUENCY = 3.000000 kHz
PROCEEDING
PROCEEDING
PROCEEDING

AT ITERATION NO. 3 DELAY RIPPLE: 2.3751D-05 RMS ERROR: 2.1742D-03
PROCEED: 1, MORE ITERATIONS: 2, MODIFY: 3 OR QUIT: 4

The program uses an iterative procedure that may take some time. The PROCEEDING print is
used here to reassure the users that there is no problem, it just takes a bit longer to achieve the
results. On a personal computer, these are printed about every 5 to 10 seconds.

When the RMS error is below about 0.003, convergence is very good but additional iterations
can be requested, and we did. The other options allow us to modify the filter degree, or to restart
the design completely.

> 2

PROCEEDING

PROCEEDING

AT ITERATION NO. 2 DELAY RIPPLE: 2.3585D-05 RMS ERROR: 7.5436D-04
PROCEED: 1, MORE ITERATIONS: 2, MODIFY: 3 OR QUIT: 4

> 1
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These are excellent results as an analysis will show later, and we elected to proceed with the
design using passive implementation:

DELAY RIPPLE = 23.585331 usec

SPECIFIED STOP BAND
MULTIPLICITY OF ZERO AT INFINITY

NUMBER OF FINITE TRANSMISSION ZERO PAIRS

OVERALL FILTER DEGREE

INPUT TERMINATION

OUTPUT TERMINATION

REQUESTED TERMINATION RATIO

NEAREST AVAILABLE TERMINATION RATIO

COMMAND:
>  syn

.000000 ohm
.000000 ohm
.0000000D+00
.0003465D+00

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

> p
WISH TO SEE IMMITTANCE POLYNOMIALS: Y/N
> n
EXISTING POLYNOMIALS ARE: ES OS ED OD
ENTER FILE NAME
> test
FOR SYNTHESIS, TYPE "END" TO EXIT TO DOS
THEN CALL PROGRAM "PASSIVE"
COMMAND :
> end
*** S/FILSYN *** SIGNING OFF ***

C:>passive
* Kk Kk k Kk S/FILSYN * k k Kk Kk
RELEASE 3.2 VERSION 1 4/1/94
** PASSIVE/MICROWAVE SEGMENT **

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

SYNTHESIS: S, ANALYSIS: A OR END: E

> s
ENTER FILE NAME
> test

LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE: IN, OUTPUT SIDE: OUT OR END: END

> C
WISH TO SEE INTERMEDIATE RESULTS: Y/N
> n

The circuit is realizable, even though the default non-Hurwitz F(s) polynomial was selected:

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

lowpass with equal ripple delay

1 R 100.000000 ohm
3 C 896.616144 nF
4 L 11.962117 mH
5 C 3.067380 uF
6 L 4.358777 mH
7 C 877.097023 nF
9 R 100.034647 ohm
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A detailed frequency domain analysis is prepared next and stored in a file. Next the GRAPH
utility is used to display the delay vs. frequency characteristic of this filter, shown below.

COMMAND:

> freqg

ENTER FREQ:

> 0 4000 20
ENTER FREQ:

>

ENTER QL AND QC
> 00
TABULATE:
>y

Y/N

WISH TO WRITE ANALYSIS DATA ON FILE?

>

ENTER FILE NAME
> test

* % DONE * %

PLOT - WIDE: W, NARROW: N, GRAPHICS:

> stop
ARE YOU SURE?
>y

AT (UPPER) CUTOFF

(Y/N)

*** PROGRAM TERMINATED ***

(LOSSLESS:

(Y/N)

G OR END: E

ENTER ZEROS)

L Lisapass 5]

H.H . ]

LA - _|" ’ ]
.'l:k'

14,8 1T
g?.u = 110
i L

B T F_ ..

[ .} A& 1.k Z. 4 3.2 4.0
ErwygiHz ixld
3.6 PREDISTORTION

d lay e e

If a passive LC ladder realization is contemplated, one can pre distort the filter characteristics to
take into account the dissipation of the inductors and, possibly the capacitors. If the average
inductor and capacitor Q's are denoted by QL and QC respectively and evaluated at the upper
passband edge frequency, we can pre correct for an average Q value given by:

Q=2(QL"+QC)"

This value is entered in answer to the appropriate question. Entering zero will bypass the pre-

distortion procedure.
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There is a lower limit to the value of the Q for which we may be able to compensate and which
will be printed along with the requested Q. The program then picks the larger of the two values,
but if the lower limit is substantially higher than the requested value, the program stops and gives
us the following choices

* aborting the run completely,
* continuing without predistortion, or
* accepting the high Q value permitted.

It is recommended that predistortion be used with care, because of its drawbacks. The resulting
structure becomes more sensitive to component variations, and in the lowpass and highpass
cases, will yield a great disparity between the terminating resistances (regardless of the
specifications). The return loss characteristics of the filters also become much worse in the
passband.

If an analysis is requested at the transfer function level, it is performed on the pre distorted func-
tion but without the lossy elements. Thus the calculated loss will not conform to the requirements
in the passband. Later we will be able to analyze the circuit with component losses to check the
accuracy of the predistortion (which is only approximate).

This procedure is not available for microwave filters for theoretical reasons. However, the opti-
mizing preprocessor (see Section 14) can be used to do the same thing. We would first perform
the ideal design, analyze it with the given losses and use the negative of this analysis in the pass-
band as the objective function in the optimization. Feeding the optimized transfer function poles
and zeros back into SFILSYN will yield a realization that is effectively predistorted. Although
the procedure is a bit more involved, very good results have been obtained this way.

Example 3.6.1 Predistorted Elliptic Filter

Here is what we get when we consider an elliptic highpass filter of degree 5, requesting pre-
distortion with a very low average Q value of 5.

C:>sfilsyn
* % K K % 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
> predistorted highpass
FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2

> 0

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

LOWER EDGE OF THE PASSBAND IN HZ

> 500
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PASSBAND - MAX.-FLAT: 0, EQUAL-RIPPLE: 1, FUNCTI
> 1

WHAT IS THE BAND EDGE LOSS IN DB

> .1

STOPBAND - MONOTONIC: 0, EQUAL-MINIMA: 1 OR SPEC
> 1

WISH TO SPECIFY MINIMUM REQUIRED STOPBAND LOSS:
> n

ENTER OVERALL FILTER DEGREE

> 5

ENTER EDGE FREQUENCY OF LOWER STOPBAND IN HZ

> 450

ENTER INPUT TERMINATION IN OHMS

> 1k

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

ENTER VALUE OF AVERAGE Q. IF NO PREDISTORTION, E
> 5.

*** S/FILSYN *** FILTER PROGRAM
predistorted highpass
HIGH-PASS FILTER
EQUAL RIPPLE PASS BAND
BANDEDGE LOSS
LOWER PASSBAND EDGE FREQUENCY
EQUAL MINIMA STOP BAND WITH EDGE FREQUENCY
DEGREE WAS SPECIFIED
MULTIPLICITY OF ZERO AT ZERO
NUMBER OF FINITE TRANSMISSION ZERO PAIR
OVERALL FILTER DEGREE
TRANSMISSION ZEROS
REAL PART IMAGINARY PART
0.0000000D+00
0.0000000D+00
PREDISTORTION REQUESTED
REQUESTED Q 5.00
MINIMUM Q 40.95
PREDISTORTION IMPRACTICAL; ABORT: O,
CONTINUE WITHOUT Q: 1, OR WITH QMIN:
> 2

4.4063245D+02
3.3105629D+02

2

3.25

ONAL INPUT: 2

IFIED: 2

Y/N

HORT)

NTER O.
= .100000 DB.
= 500.000000 Hz
= 450.000000 Hz
- 1

s= 2
- 5

The usual summary print is interrupted because predistortion with the requested Q of 5 is impos-
sible. The minimum inductor Q (assuming lossless capacitors) for which we can pre distort this
filter is about 20 -- substantially greater than the value we requested. This procedure permits us
to establish what this minimum Q is and to use it subsequently, as we elected to do. However,
please note the resulting termination ratio, listed below. We also requested an analysis that shows

a non constant passband:

INPUT TERMINATION 1.0
OUTPUT TERMINATION
REQUESTED TERMINATION RATIO
NEAREST AVAILABLE TERMINATION RATIO
COMMAND :
> freqg
ENTER FREQ:
> 0 1k 50
ENTER FREQ:
>
TABULATE:
>y
predistorted highpass
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Y/N

00000 kohm

1.000000 kohm
1.0000000D+00
9.8389794D+00
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*xxxxxx COMPUTED PERFORMANCE *****x*xx*

FREQUENCY
IN HZ

P OWOWOowWwow-JJoouurddwWwwNhNRE PO

.00000D+01
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+03

LO
IN

32.
27.
24.
23.
25.
31.
34.
23.
21.

WwwwwhNNDNDN

SS

DB
5065
0674
6281
9695
3217
3654
1257
5356
9619
.1000
.3040
.6204
.7545
.8608
.9498
.0214
.0773
.1202
.1529
L1776

PHASE
IN DEGREES

279.
288.
298.
308.
320.
333.
169.
190.

44,
193.
233.
252.
266.
276.
284.
290.
296.
300.
304.
307.

2910
7149
4494
7698
1209
2239
2438
2311
9589
6080
4273
9869
6139
7465
5904
8661
0258
3632
0759
3008

DELAY

IN SECONDS

.1851D-04
.3019D-04
.5391D-04
.9683D-04
.7093D-04
.9549D-04
.0019D-03
.3757D-03
.1705D-03
.4544D-03
.3505D-03
.8831D-04
.4559D-04
.9099D-04
.8704D-04
.1435D-04
.6162D-04
.2211D-04
.9165D-04
.6757D-04

FPFEPNNMNWWOYOR > WRERFEJOYO01 01 01O

Proceeding to the synthesis segment, we obtain the realization that indeed displays the large
difference between terminations:

predistorted highpass

1

2

3 —L—C—

5 —L—C—

R
i

o

14.

101.

.000000

.542062

.655880
.187474

.460868

.996441
.610725

611486

636558

kohm

nk

mH
ul

ul

mH
ul

ul

ohm

RES.

331

RES.

440

FREQUENCY
.056288 Hz

FREQUENCY
.632453 Hz

Next we analyze this circuit with ideal capacitors and inductors with a Q of 20.5, that averages to

a Q of about 41. After the following conversational input the results will be:

COMMAND :
> freqg

ENTER FREQ:
> 0 1200 50
ENTER FREQ:

ENTER QL AND QC AT

(UPPER)

CUTOFF

(LOSSLESS:

ENTER ZEROS)

CONSTANT Q'S: 1, OR CONSTANT DISSIPATION FACTORS: -1

>
> 20.50
> 1
TABULATE:
>y

Y/N

predistorted highpass
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*xxxxx*x COMPUTED PERFORMANCE ******x%

FREQUENCY
IN HZ

.00000D+01
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+03
.05000D+03
.10000D+03
.15000D+03
.20000D+03

RPFRPRRPRPRPPOOOOJIJoOUuoddwwNhNDRERFE O

TRANSD. LOSS

IN DB

34.
28.
26.
25.
26.
32.
34.
25.
21.
.5690
L7307
.7418
L7243
L7315
.7515
L7737
.7932
.8087
.8202
.8282
.8335
.8365
.8379
.8381

[y

BSOS D S S D D D D D DS D DD

0559
6252
2008
5619
9176
5541
4353
3202
3205

PHASE

IN

278.
287.
296.
305.
313.
313.
202.
195.
122.
190.
233.
253.
266.
276.
284.
290.
295.
300.
303.
307.
310.
312.
314.
316.

DEG

880
797
771
711
844
747
710
056
574
842
237
160
681
721
517
773
929
270
989
222
065
590
853
894

PERERPEPEERERPRNDNDWWES 0SSN WOWDS S DD

DELAY
IN SEC

.940D-04
.969D-04
.996D-04
.887D-04
.787D-04
.954D-04
.879D-03
.370D-04
.375D-03
.223D-03
.417D-03
.860D-04
.391D-04
.872D-04
.853D-04
.138D-04
.617D-04
.224D-04
.921D-04
.680D-04
.486D-04
.326D-04
.192D-04
.079D-04

PR OWO-JdJo U dwWWwWwNDNNWERE 0 JJJ~J0 0o o

OUTPUT
REAL

.7437D+00
.4782D+00
.1118D+00
.7454D+00
.4986D+00
.4944D+00
.8596D+00
.8712D+00
.4321D+01
.7942D+01
.2966D+01
.3848D+01
.7325D+01
.2022D+01
.7610D+01
.3955D+01
.0978D+01
.8618D+01
.6820D+01
.5537D+01
.4722D+01
.4329D+01
.0432D+02
.1464D+02

IMPEDANCE

IMAGINARY

-1.
=7.
-4.
-3.
-2.
-1.
-1.
-6.
-1.
-1.
.0974D+01
.1170D+01
.8198D+01
.0319D+02
.2662D+02
.4877D+02
.6978D+02
.8977D+02
.0880D+02
.2695D+02
.4425D+02
.6074D+02
.7645D+02
.9142D+02

N

NNOMNMNNMNNNNRERRRERERE 3O

4604D+03
0980D+02
5016D+02
1291D+02
2422D+02
5939D+02
0761D+02
2644D+01
6371D+01
0451D+01

3.27

RETL

IN DB

FPRERPREPRPRERPNDNDNDNDNDNDNDNDWWOYDNR

.0072
.0291
.0672
.1263
.2183
.3699
.6327
.0986
.3998
L7233
.8175
.2599
.9106
.6487
.4538
.3094
.2016
.1203
.0580
.0097
.9716
.9413
.9169
.8970

While the passband loss variation is within 0.3 dB, higher than requested, this response is

substan- tially better than it would be with the specified inductor Q and no predistortion.

However, the termination ratio and resulting high reflection coefficient may be undesirable side

effects. More details about predistortion are presented in Appendix F.

Upon requesting predistortion, one may encounter the message:

CHARACTERISTIC FUNCTION NUMERATOR HAS WRONG ZEROS

followed by an abort, if the requested Q is close to its lower limit. In this case the design should
be repeated with a somewhat higher requested Q.

3.7 COMPLEX TRANSMISSION ZEROS

Complex transmission zeros can be used in the SPECIFIED stopband option by entering a non
zero real part for one or more transmission zeros. Each complex number entered this way adds
four to the overall degree instead of the fwo a pure imaginary zero (real frequency zero) would
add. This happens because the complex zero represents a quadruplet of four zeros in order to
yield a pure even or odd Q(s) polynomial necessary for LC implementation. Such a quadruplet
will lead to a bridged-T or twin-T section embedded in the ladder and will contribute to both the
loss and the delay characteristics. Its contribution to the delay is similar to that of a 2nd order
delay equalizer section and as such, it can be used to yield a flatter delay characteristic, while
contributing to the loss as well. These filter types can only be designed either by a trial-and-error
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method or by the use of functional input where the optimization has been done by our OPT
optimizing preprocessor. (See also Application Note 8 for additional information).

Example 3.7.1 Filter with Complex Transmission Zero

We will design a lowpass that, besides having a complex quadruplet of transmission zeros, is a
5th degree Butterworth filter. That is to say, it has maximally flat passband and a 5th order zero
at in- finity. The location of the complex zero was determined through a few trial runs of this
program:

c:>sfilsyn

* % K K % S/FILSYN * kK ok 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
> complex transmission zeros
FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2

> 0

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

UPPER EDGE OF THE PASSBAND IN HZ

> 1k

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

WHAT IS THE BAND EDGE LOSS IN DB

> 3.

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

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY

> 5

ENTER NO. OF FINITE TRANSMISSION ZEROS

> 1

ENTER REAL PARTS OF TRANSMISSION ZEROS IN HZ

> 559. ! Complex zero

ENTER IMAGINARY PARTS OF TRANSMISSION ZEROS IN HZ

> 408.

ENTER INPUT TERMINATION IN OHMS

> 100

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 100

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

The exclamation point is again used to mark up the printout for explanatory purposes. The sum-
mary indicates that this complex transmission zero adds 4 to the overall degree:

**% S/FILSYN *** FILTER PROGRAM

complex transmission zeros
LOW-PASS FILTER
MAXIMALLY FLAT PASS BAND
BANDEDGE LOSS = 3.000000 DB.
UPPER PASSBAND EDGE FREQUENCY = 1.000000 kHz
SPECIFIED STOP BAND

SMAIN Segment S/FILSYN Manual



3.29

MULTIPLICITY OF ZERO AT INFINITY

NUMBER OF FINITE TRANSMISSION ZERO PAIRS
OVERALL FILTER DEGREE

TRANSMISSION ZEROS

N on

REAL PART IMAGINARY PART
5.5900000D+02 4.0800000D+02
-5.5900000D+02 4.0800000D+02

100.000000 ohm
100.000000 ohm
1.0000000D+00
1.0000000D+00

INPUT TERMINATION

OUTPUT TERMINATION

REQUESTED TERMINATION RATIO

NEAREST AVAILABLE TERMINATION RATIO

For a detailed analysis, instead of showing the tabulation, we decide to take advantage of the
plotting capability of the program by means of the following conversation. If we use the internal,
character graphics mode, we need not save the computed results on a file:

COMMAND:

> freqg

ENTER FREQ:

> 0 2k 50
ENTER FREQ:

>

TABULATE: Y/N

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

;LO; - WIDE: W, NARROW: N, GRAPHICS: G OR END: E
;LO; - NO: N, LOSS: L, PHASE: P, DELAY: D

ENTER STARTING AND ENDING FREQ. OF PLOT

> 0 2k

On personal computers, the graphics (G) option indicated above is not available inside the pro-
gram. The user must save the tabulated data in a file, exit the program, and use the separate
GRAPH utility routine to read the data back and display it. This display can then be printed on a
graphics printer using the features of that utility. The graphics plot in the mainframe version
gives us true high-resolution graphics capability if the terminals are of the types supported.

For character graphics, the wide (W) option requires a printer or screen capable of printing 132
characters per line, while the narrow (N) needs only an 80 character capability. In our example,
the narrow option is chosen. Both plot types are character-graphics and available in all versions
of the program at all times.

The sideways plot (page 3.32) indicates quite clearly the effect of the complex transmission zero
on the delay. The delay is quite constant to about 1000 Hz which is where the upper edge of the
passband is located. But the complex zero also contributes to the stopband loss, which is substan-
tially higher than it would be for a straight 5th order Butterworth filter.

The passive realization, shown below, shows the embedded bridged-T circuit mentioned above.
The negative inductance should not be a problem. The three inductors which are joined there can
be realized by a pair of coupled inductors with less than perfect coupling.

complex transmission zeros
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8
11

13

COMMENT

]

—L—C

H—

Q

100.

639.

18.

31.

41.
586.
-11.

37.

172.

100.

000000

179596

231724

.723453

210754

.284796

767147
429423
173805

.040830

398205

524626

000000

ohm

nk

mH

ul

mH

ul

mH

nk

mH

ul

mH

nk

ohm

Using the maximally-flat passband type, one should not use very low band-edge loss values (0.1
dB or less). Such values could lead to severe numerical problems and loss of precision in the
synthesis. Use instead the 3 dB point(s) or even higher band-edge loss values. If these
frequencies are not known, we may use the following procedure. Design the filter as specified

(with the low

band-edge loss) until the transfer function is calculated in the SFILSYN segment. This
calculation is sufficiently accurate and can be used for a frequency analysis, for locating the
frequency where the loss is about 3 dB or any other value nearby. The design should then be
repeated using the REST (restart) command, with this new frequency and corresponding loss

values as band-edge data and will yield excellent precision throughout.
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0.0000E+00 +-------—~ e — TR . TR +
I I I * I I I
I I I * I I I
I I I I I I
I I I * I I I
2.0000E+02 +-—---—-—- fommm TR oo e +
I I I * I I I
I I I * I I I
I I I I I I
I I I * I I I
4.0000E+02 +-—--——-—- b TR *gm o R +
I I I * I I I
I I I * I I I
I I I I I I
I I I * I I I
6.0000E+02 +-——————— b bommmmm S oo +
I I I * I I I
I I I * I I I
I I I I I I
I I I * I I I
8.0000E+02 +-——-————- b TR g R +
I I I * I I I
I I I * I I I
I I I I I I
I I I * I I I
1.0000E+03 +——--————- b tommm S o +
I I I = I I I
I I * I I I
I I I I I I
I I * I I I I
1.2000E+03 +-—--————- oK T oo +
I I = I I I I
I I* I I I I
I I I I I I
I *T I I I I
1.4000E+03 +--——-—- Koo mmmmmo T oo e Y
I * I I I I I
I * I I I I I
I I I I I I
I * I I I I I
1.6000E+03 +———*————- T T oo e Y
I = I I I I I
I = I I I I I
I I I I I I
I * I I I I I
1.8000E+03 +—*——————- T T o oo Y
I* I I I I I
I* I I I I I
I I I I I I
I* I I I I I
2.0000E+03 *=-—--=--—~ b T T o +
2.0000E-04 1.0000E-03 1.8000E-03
6.0000E-04 1.4000E-03 2.2000E-03
DELAY VS. FREQ
3.8 MONOTONIC STOPBAND

This option calculates the degree of lowpass, highpass and bandpass filters of the Butterworth
and Chebyshev types in cases where the overall degree of the filter is unknown. Each stopband is
spec- ified by a single frequency-loss pair (point) defined by the filter requirements. If the
requirements contain several points, they must be tried one at a time, and the highest degree
indicated by the program must be selected. Note that if the filter degree is known (even if
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monotonic), the SPEC- IFIED option should be used and monotonic stopband(s) will be obtained
if no finite transmission zeros are specified.

Example 3.8.1 Microwave Monotonic Bandpass Filter

This example focuses on a microwave bandpass filter with passband from 2 to 3 GHz. The filter
should have at least 25 dB of loss below 1.5 GHz and at least 35 dB above 4 GHz, with 5 GHz as
the quarter-wave frequency.

This option works only for conventional filters, as specified below. Also, for microwave filters
we must specify the number of unit elements we want to use (zero is acceptable). The program
will determine the number of zeros at zero frequency and at the quarter-wave frequency, which
corre- sponds to infinite frequency in the lumped case.

The data input session is as follows:

C:>sfilsyn
* % K K % S/FILSYN * kK ok 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
> monotonic bandpass
FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2

> 2

ENTER QUARTER WAVE FREQUENCY IN HZ

>  5G

FILTER TYPE - LOWPASS: 1, HIGHPASS: 2 OR BANDPASS: 4

> 4

LOWER EDGE OF THE PASSBAND IN HZ

> 2GHz

UPPER EDGE OF THE PASSBAND IN HZ

>  3e9

PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2 OR SLOPING: 3
> 1

WHAT IS THE BAND EDGE LOSS IN DB

> .1

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

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

ENTER NO. OF UNIT ELEMENTS

> 4 ! This is our choice.

ENTER FREQUENCY-LOSS PAIR IN LOWER STOPBAND

> 1.5G 25

ENTER FREQUENCY-LOSS PAIR IN UPPER STOPBAND

> 4G 35

ENTER INPUT TERMINATION IN OHMS

> 50

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 50
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The summary below tells us that the overall filter degree must be 10 (conventional bandpass
filters must have an even overall degree). We will also see how it is divided between zero and
quarter- wave frequencies and unit elements:

**% S/FILSYN *** FILTER PROGRAM

monotonic bandpass
BAND-PASS FILTER

EQUAL RIPPLE PASS BAND

BANDEDGE LOSS

MAX. PASSBAND VSWR
PRESHIFTED LOWER PASSBAND EDGE FREQUENCY

LOWER PASSBAND EDGE FREQUENCY
UPPER PASSBAND EDGE FREQUENCY
QUARTER-WAVE FREQUENCY
MONOTONIC STOPBAND
MULTIPLICITY OF ZERO AT ZERO

MULTIPLICITY OF ZERO AT QUARTER-WAVE FR.
NUMBER OF UNIT ELEMENTS

OVERALL FILTER DEGREE
INPUT TERMINATION

OUTPUT TERMINATION

REQUESTED TERMINATION RATIO

.100000 DB.
.355361

.583592 GHz
.000000 GHz
.000000 GHz
.000000 GHz

g wN ==

BN

50.000000 ohm
50.000000 ohm
1.0000000D+00

The following analysis shows that all requirements have been met:

COMMAND :

> freqg

ENTER FREQ:

> 0.,4.5e9,5e8
ENTER FREQ:

>

TABULATE: Y/N

>y

monotonic bandpass

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

FREQUENCY
IN HZ

.00000D+08
.00000D+09
.50000D+09
.00000D+09
.50000D+09
.00000D+09
.50000D+09
.00000D+09
.50000D+09

DWW PO

LOSS

IN

100.
70.
42.

DB

8660
2673
2067

.1000
.0096
.1000

.0601
.8311
L7736

PHASE
IN DEGREES

10
24
48

220.
108.
332.
130.
155.
169.

.6020
.1160
.6209
1325
8839
4781
7066
6885
3287

DELAY
IN SECONDS

ANAONNEDNDN O

Additional analysis of this circuit is presented in Section 5.3.

.3486D-11
.2400D-11
.1228D-10
.5708D-09
.1089D-09
.0003D-09
.1853D-10
.3498D-11
.3951D-11

In monotonic bandpass design the multiplicity of the zero at zero or at infinity may turn out to be
zero. This leads to a bandpass that either looks like a highpass or a lowpass respectively, with a
poor termination ratio in a passive implementation. If this is not acceptable, one should repeat the
design as a SPECIFIED one, and enter unity for the previously zero multiplicity, while reducing
that of the other by one. This will work in all but the most borderline cases, where we find it nec-
essary to increase the other multiplicity by one rather than decreasing it. The sum of these multi-
plicities must be even for conventional bandpass designs. Alternatively, we could try a
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parametric case with arbitrary, no zero, multiplicities, at least one of which must be odd, if that is

acceptable.
3.9 PARAMETRIC BANDPASS

These filter types are explained in detail in Appendix C. The primary use of this type is in passive
LC realization, where it may reduce the number of inductors used at the expense of capacitors
and where awkward inductor values can be avoided in narrow band cases. Parametric filters can
be of even or odd degree, as opposed to conventional band passes, which must be of even overall
de- gree. In the case of even degree parametric filters, extreme termination is not allowed.
Therefore, in multiplexers, either a conventional or an odd degree parametric design must be
used. For paral- leled multiplexers in particular, bandpass filters must have a transmission zero
at infinity with even multiplicity.

The stop bands of parametric filters can only be of the SPECIFIED type (i.e., we must know the
number and locations of the transmission zeros), or they should be designed using the PLACER
segment (see Section 4).

To demonstrate this filter type, we will use the results of the lumped bandpass design we ran
through the PLACER segment (see example 4.2.3). We accept that design as satisfactory and
feed the data directly into the SFILSYN segment. This can be done by saving the design data in a
file and recalling it into SFILSYN at the top of the program. The only difference is that we
specify 1000 ohm termination in this case. The summary is not significant, but the passive ladder
reali- zation, shown below, is notable. As before, we used the computer-selected configuration:

***xx TERMINATION IS EXTREME ***x*
** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **

bandpass design

1 R 1.000000 kohm
2 C 481.218234 nF
3 pb—1-Cc— 214.930644 mH RES. FREQUENCY
363.317664 nF 569.544556 Hz
5 C 84.029621 nF
1
6 L C 102.363113 mH RES . FREQUENCY
(- 122.760911 nF 1.419771 kHz
|
8 C 115.057543 nF
|
9  pb—1-c— 363.284509 mH RES. FREQUENCY
| 125.129390 nF 746.478027 Hz
|
11 p—Cc— 237.290378 nF
|
—
12 L C 289.253961 mH RES . FREQUENCY
- 28.963793 nF 1.738812 kHz
|
14 C 71.699902 nF
|
15 p—1-Cc—] 207.329902 mH RES. FREQUENCY
| 242.051865 nF 710.452332 Hz
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I I

17 f——0c—] 337.364012 nF
I I

18 | C 54.273665 nF
I I

20 | L 523.162465 mH
I I

Note the warning at the top of the schematic which calls our attention to the termination condi-
tion, and the fact that the output termination is missing. Since the last branch is a series one, the
output termination should be a short-circuit; otherwise the last series branch would have no influ-
ence on the filter behavior. This means that the filter should be driven by an ideal voltage source
connected to the output (lower end) terminals. We can request a quick analysis to check the
circuit, and we obtain the following results:

*xxxxx*x COMPUTED PERFORMANCE ******x*

FREQUENCY VOLTAGE LOSS PHASE DELAY OUTPUT ADMITTANCE RETL
IN HZ IN DB IN DEG IN SEC REAL IMAGINARY IN DB
1.00000D+02 69.3127 279.161 2.554D-04 1.1715D-10 3.1790D-05 .0000
2.00000D+02 63.7365 288.434 2.606D-04 4.2301D-10 6.5778D-05 .0000
3.00000D+02 61.1700 298.006 2.728D-04 7.6384D-10 1.0474D-04 .0000
4.00000D+02 60.7395 308.247 2.995D-04 8.4343D-10 1.5297D-04 .0000
5.00000D+02 64.5239 319.944 3.583D-04 3.5287D-10 2.1852D-04 .0000
6.00000D+02 68.8971 155.024 5.032D-04 1.2891D-10 3.2019D-04 .0000
7.00000D+02 67.8290 180.059 1.016D-03 1.6485D-10 5.2241D-04 .0000
8.00000D+02 -.3940 358.766 2.394D-02 1.0950D-03 1.5826D-03 .0000
9.00000D+02 -.6382 265.551 4.202D-03 1.1583D-03 3.0479D-04 .0000
1.00000D+03 -.6354 27.789 3.169D-03 1.1575D-03 -4.3854D-05 .0000
1.10000D+03 -.5315 138.189 3.292D-03 1.1302D-03 -3.8339D-04 .0000
1.20000D+03 -.3940 298.263 8.102D-03 1.0950D-03 -1.3246D-03 .0000
1.30000D+03 29.1697 70.109 1.043D-03 1.2107D-06 -7.2681D-04 .0000
1.40000D+03 60.6058 94.102 4.441D-04 8.6980D-10 -4.9632D-04 .0000
1.50000D+03 60.6217 286.512 2.711D-04 8.6663D-10 -3.9065D-04 .0000
1.60000D+03 65.2753 294.681 1.912D-04 2.9680D-10 -3.2668D-04 .0000

In accordance with our request, the calculated loss is voltage loss which is due to the short-
circuited output. This time we obtain a flat gain in the passband. Also, instead of the impedance
at the output end, we calculate and tabulate the admittance as the more useful quantity. The
return loss has no meaning under the circumstances, and it is set to zero in the tabulation.

3.10 BANDPASS WITH EQUAL MINIMA STOPBAND

This filter type, if specified, will be generated from a lowpass by the familiar
lowpass-to-bandpass transformation, and therefore may not prove satisfactory. This kind of filter
yields an efficient design only if the requirements are close to being symmetrical on a logarithmic
frequency scale. The implementation will contain too many inductors, unless the overall degree
is a multiple of four. Any other time, use the PLACER segment instead.

3.11 MATCHING BANDPASS

It is well known that a true bandpass filter can usually accommodate a wide range of termination
ratios, thereby effecting a match between two unequal resistances. Sometimes however, the
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matching network must look like a lowpass in order, for instance, to conduct direct current (DC).
A lowpass-like structure can be designed to match two unequal resistors within a finite frequency
band, which does not include zero frequency. This can be done in lumped or in microwave
forms. We shall illustrate the lumped design below, whereas the microwave case will be shown
later.

Example 3.11.1 Impedance Matching Filter

Consider the problem of matching 1000 ohms to 5000 ohms in the band from 2000 Hz to 4000
Hz with a loss of less than 0.3 dB. We enter these requirements in conversational mode, as
follows:

C:>sfilsyn
* Kk Kk ok S/FILSYN * Kk 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
> S

ENTER TITLE

> 1impedance matching

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

> 2000
UPPER EDGE OF THE PASSBAND IN HZ
> 4000

PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2 OR SLOPING: 3
> 1
WHAT IS THE BAND EDGE LOSS IN DB

> .3

BANDPASS - CONVENTIONAL: 1, PARAMETRIC: 2 OR MATCHING: 3
> 3 ! Here is where we select impedance matching

ENTER INPUT TERMINATION IN OHMS

> 1000

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 5000

Once the MATCHING bandpass was selected, no further information is needed for the stop
bands inasmuch as they are no longer significant. The summary shown below, indicates that this
matching can be done by a 4th order lowpass with zeros at infinity only. The match will yield
about 0.16 dB passband ripple:

**% S/FILSYN *** FILTER PROGRAM

impedance matching
BAND-PASS FILTER
EQUAL RIPPLE PASS BAND

BANDEDGE LOSS = .164268 DB.

LOWER PASSBAND EDGE FREQUENCY = 2.000000 kHz

UPPER PASSBAND EDGE FREQUENCY = 4.000000 kHz
SPECIFIED STOP BAND

MULTIPLICITY OF ZERO AT ZERO = 0
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MULTIPLICITY OF ZERO AT INFINITY = 4
OVERALL FILTER DEGREE = 4
INPUT TERMINATION = 1.000000 kohm
OUTPUT TERMINATION = 5.000000 kohm
REQUESTED TERMINATION RATIO = 5.0000000D+00

The unique computer-generated configuration is shown below:

impedance matching

1 R 5.000000 kohm
2 L 368.887934 mH
3 C 6.782408 nF
4 L 847.800939 mH
5 C 2.951103 nF
7 R 25.000000 kohm

The impedance level of this circuit goes from 5000 ohms to 25 Kohms instead of down to 1000
ohms as requested. This may happen occasionally and is easily corrected by requesting the dual
circuit or by rescaling the circuit by a factor of 0.2, as shown:

COMMAND :

> rs .2

* * DONE * *

COMMAND :

> pri

impedance matching

1 R 1.000000 kohm
2 L 73.777587 mH
3 C 33.912038 nF
4 L 169.560188 mH
5 C 14.755517 nF
7 R 5.000000 kohm

Finally we analyze this circuit at a few frequencies to check the correctness of the design and do
get perfect agreement:

*xxxxx*x COMPUTED PERFORMANCE ******x%

FREQUENCY TRANSD. LOSS PHASE DELAY OUTPUT IMPEDANCE RETL
IN HZ IN DB IN DEG IN SEC REAL IMAGINARY IN DB
0.00000D+00 2.5527 .000 8.111D-05 1.0000D+03 -2.0000D-09 3.5218
5.00000D+02 2.3212 14.904 8.619D-05 1.1024D+03 6.2272D+02 3.8297
1.00000D+03 1.6797 31.651 1.016D-04 1.4863D+03 1.3006D+03 4.9383
1.50000D+03 .8296 51.985 1.251D-04 2.4477D+03 1.9469D+03 7.5971
2.00000D+03 .1643 76.525 1.455D-04 4.2722D+03 1.6626D+03 14.3042
2.50000D+03 .0080 103.299 1.491D-04 4.8854D+03 -4.0877D+02 27.3490
3.00000D+03 .1468 129.864 1.478D-04 3.8152D+03 -1.1046D+03 14.7832
3.50000D+03 .0856 158.176 1.745D-04 3.8331D+03 -4.0617D+02 17.0940
4.00000D+03 .1643 195.762 2.467D-04 7.2257D+03 -7.8547D+02 14.3042
4.50000D+03 2.7917 241.458 2.313D-04 3.2213D+03 -7.4120D+03 3.2405
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5.00000D+03 7.8519 273.880 1.327D-04 4.1839D+02 -4.6549D+03 L7779
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3.12 MICROWAVE IMPEDANCE MATCHING

As mentioned above, microwave bandpass filters, as well as highpass filters which contain unit
elements, are capable of accommodating two unequal resistive terminations between wide limits.
The available range of terminations depends mainly upon their bandwidth. The narrower the
band- width, the wider the available ratio.

However, just as in the lumped case, matching two unequal resistive terminations within a band,
not including zero frequency, may also be achieved by a lowpass-like structure. Since microwave
filters may also contain unit elements, we have here a much wider range of possibilities:

a) The filter can be the microwave equivalent of a lumped lowpass; i.e., it can consist of an al-
ternating series of series shorted and shunt open stubs, with or without additional unit elements.

b) It may contain cascaded unit elements on/y.

Both types may be obtained by invoking the MATCHING option of bandpass filter kinds. In case
a), we must explicitly specify how many unit elements we want (zero is acceptable). The
program will then determine how many additional stubs will be required to meet the
specifications. How- ever, in case b) we indicate to the program that we want to use unit
elements only by entering -1 when it requests the number of unit elements to be used. In this case
the program itself will deter- mine how many unit elements will be needed. Note that the
quarter-wave frequency may be selected anywhere above the band of interest.

There remains yet one other possibility:

¢). It is called a quarter-wave impedance transformer, which also contains cascaded unit
elements only, but where the quarter-wave frequency is in the center of the band. Case ¢) can be
obtained by starting out with the highpass option of the program and by selecting the lower band-
pass edge as the highpass passband edge frequency. The question regarding the stopband type
now becomes immaterial, if we subsequently indicate that an impedance matching circuit is to be
designed. We do this by again entering -1 to the question concerning the number of unit elements
to be used.

When we compare these quarter-wave impedance transformer circuits to those obtained in case
b), we will usually find that in case b) the number of unit elements required will be greater than
the quarter-wave transformer solution. However, because the quarter-wave frequency is neces-
sarily lower, the physical length of the unit elements will be greater in case ¢) than in case b).

In all matching cases, the terminations specified must be non zero and unequal. In addition,
stopband requirements may not be entered. Finally, in case a), parasitic reactances or suscep-
tances of the terminations may be absorbed into the obtainable structures, but this will usually
require trial and error techniques.
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Example 3.12.1 Bandpass Microwave Impedance Matching

This example illustrates a matching case where we wish to use stubs and two unit elements. The
objective is to match 20 ohms and 100 ohms in the band from 100 to 200 MHz, with 1 GHz
being the quarter-wave frequency. The passband match should yield not more than 0.2 dB ripple.

The data input session goes as follows:

C:>sfilsyn
* Kk Kk kK S/FILSYN * k k kK
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

> Dbandpass microwave impedance matching

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

ENTER QUARTER WAVE FREQUENCY IN HZ

> 1G

FILTER TYPE - LOWPASS: 1, HIGHPASS: 2 OR BANDPASS: 4
> 4

LOWER EDGE OF THE PASSBAND IN HZ

> 100M

UPPER EDGE OF THE PASSBAND IN HZ

>  200M

PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2 OR SLOPING: 3

> 1

WHAT IS THE BAND EDGE LOSS IN DB

> .2

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

IF UE'S ONLY, ENTER -1, OTHERWISE ENTER NO. OF UE'S
> 2

ENTER INPUT TERMINATION IN OHMS

> 20

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
> 100

The analysis summary that follows indicates that we need two additional stubs and that the match

will yield a loss ripple of about 0.17 dB in the specified band:

**% S/FILSYN *** FILTER PROGRAM

bandpass microwave impedance matching
BAND-PASS FILTER
EQUAL RIPPLE PASS BAND

BANDEDGE LOSS = .169531
MAX. PASSBAND VSWR = 1.486519
PRESHIFTED LOWER PASSBAND EDGE FREQUENCY = 97.491437
LOWER PASSBAND EDGE FREQUENCY = 100.000000
UPPER PASSBAND EDGE FREQUENCY = 200.000000
QUARTER-WAVE FREQUENCY = 1.000000

SPECIFIED STOP BAND
MULTIPLICITY OF ZERO AT ZERO =
MULTIPLICITY OF ZERO AT QUARTER-WAVE FR. =
NUMBER OF UNIT ELEMENTS =
OVERALL FILTER DEGREE =
INPUT TERMINATION = 2

SMAIN Segment

O DNDNO

.000000

DB.

MHz
MHz
MHz
GHz

ohm
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OUTPUT TERMINATION
REQUESTED TERMINATION RATIO

= 100.000000 ohm

5.0000000D+00

A brief analysis shows perfect performance at the transfer function level:

bandpass microwave impedance matching

NHEFRPRRPRRER RO DDNO

The synthesis results in a circuit with two unit elements at one end. Using the IB (interchange

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

FREQUENCY
IN HZ

.00000D+00
.00000D+07
.00000D+07
.00000D+07
.00000D+07
.00000D+08
.20000D+08
.40000D+08
.60000D+08
.80000D+08
.00000D+08

LOSS
IN DB

.5527
.4052
.9825
.3562
L6771
.1695
.0000
.0919
.1688
.0470
.1695

NN

PHASE
IN DEGREES

.0000
.9065
L7442
.4548
.8051
.8376
.3968
.9845
.6378
.0028
197.

8141

DELAY
IN SECONDS

GWWNWNNNRERERE

.6323D-09
.6965D-09
.8917D-09
.2137D-09
.6085D-09
.9273D-09
.0213D-09
.9739D-09
.1018D-09
.7895D-09
.0680D-09

3.41

branch) command to separate the unit elements produces the following circuit. A second analysis
verifies that this filter performs as shown above.

bandpass microwave impedance matching
VALUES ARE IMPEDANCES ***x*

***xx ATT
1 R
3 * UE *
5 cC
7 * UE *
11 C
13 R

100

600.

39.

88.

500.

.000000

918235

225438

.357889

637336

000000

ohm

ohm

ohm

kohm

ohm

ohm

Note that the terminations are 100 ohms and 500 ohms instead of the requested 20 ohms and
100 ohms. However, this can be easily changed by entering the command: RS 0.2, which will
rescale the design by a factor of 0.2 as before.

Example 3.12.2 Quarter-Wave Transformer

We will now design a quarter-wave transformer to the same specifications as example 3.12.1, but
will tighten the passband loss to not more than 0.01 dB. We specify this as a highpass with 100
MHz as the lower passband edge and a 150 MHz quarter-wave frequency, assuming otherwise

similar construction methods. These unit elements will consequently be nearly seven times as

long as those in the previous example.
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C:>sfilsyn
* ok kK Kk S/FILSYN * Kk kK Kk
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
> quarter-wave transformer
FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2

> 2
ENTER QUARTER WAVE FREQUENCY IN HZ
> 150MHz

FILTER TYPE - LOWPASS: 1, HIGHPASS: 2 OR BANDPASS: 4
> 2 ! This is actually a bandpass centered at 150 MHz.
LOWER EDGE OF THE PASSBAND IN HZ

> 100MHz

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

WHAT IS THE BAND EDGE LOSS IN DB

> .01

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

> 0 ! This item becomes immaterial!

ENTER NO. OF UNIT ELEMENTS
IF IMPEDANCE MATCHING, ENTER -1

> -1

ENTER INPUT TERMINATION IN OHMS

> 20

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
> 50

In the data input sequence above, the only noteworthy fact is that the stopband type specification
becomes immaterial and is ignored when we enter -1 as answer to the question that follows. The
stopband loss characteristics are monotonic, but they are not specified by any requirements. The

summary that follows indicates the need for a 3 section transformer and yields a match of about

0.005 dB.

**% S/FILSYN *** FILTER PROGRAM

quarter-wave transformer
HIGH-PASS FILTER
EQUAL RIPPLE PASS BAND
BANDEDGE LOSS = .005137 DB.
MAX. PASSBAND VSWR 1.071210
LOWER PASSBAND EDGE FREQUENCY 100.000000 MHz
QUARTER-WAVE FREQUENCY = 150.000000 MHz
SPECIFIED STOP BAND
MULTIPLICITY OF ZERO AT ZERO =
NUMBER OF UNIT ELEMENTS =
NUMBER OF FINITE TRANSMISSION ZERO PAIRS =
OVERALL FILTER DEGREE =

w o wo

The terminations and termination ratio are not printed in this summary, due to a minor problem
in the program that renders some incorrect results. It is expected that this discrepancy will be re-
solved in the future, but in the meanwhile it has no adverse effect on the final results. The result-
ing network exhibits the correct terminations and behaves as expected.
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quarter-wave transformer

***xx ALL VALUES ARE IMPEDANCES ****

1 b—r— 100.000000
) )

3 % UE * 77.680956
* *
| |
* *

5 * UE * 44.721360
* *
| |
* *

7 * UE * 25.746336
* *
| |

9  b—r— 20.000000

**kxxxxx COMPUTED

FREQUENCY TRANSD. LOSS

IN HZ IN DB
1.00000D+07 2.4800
2.00000D+07 2.2689
3.00000D+07 1.9410
4.00000D+07 1.5334
5.00000D+07 1.0977
6.00000D+07 .6929
7.00000D+07 .3705
8.00000D+07 .1567
9.00000D+07 .0452
1.00000D+08 .0051
1.10000D+08 .0004
1.20000D+08 .0043
1.30000D+08 .0047
1.40000D+08 .0018

PERFORMANCE ******x

PHASE

IN

14.
30.
45.
62.
79.
98.
117.
137.
156.
176.
195.
213.
232.
251.

DEG

866
037
799
388
939
425
629
198
774
120
174
994
689
345

3.13 SHIFTED BANDPASS FILTERS

ohm

ohm

ohm

ohm

ohm

D

ELAY

IN SEC

U101 01 U101 OO U1 U1 O DD

.158D-09
.284D-09
.484D-09
.739D-09
.011D-09
.249D-09
.403D-09
.451D-09
.413D-09
.333D-09
.256D-09
.206D-09
.185D-09
.181D-09

Sl S I e R R e = SR

OUTPUT
REAL

.0603D+01
.9217D+01
.4443D+01
.7742D+01
.4678D+01
.3532D+01
.3634D+01
.4707D+01
.6532D+01
.8673D+01
.0385D+01
.1052D+01
.0787D+01
.0247D+01

IMPEDANCE

IMAGINARY

-4.
-4.
-3.
-2.
-1.
-1.
=7.
-3.
-1.
-8.
-1.
=7.
-1.
=7.

2299D+01
2230D+01
2896D+01
4412D+01
7589D+01
2060D+01
5232D+00
9008D+00
3399D+00
6981D-02
0543D-01
3716D-01
0925D+00
7968D-01

3.43

RETL

IN DB

.6144
.9048
.4320
.2654
.5102
.3128
.8743
.5047
.8537
L2737
.1055
.0936
.6290
.8441

In the next section, we describe the commands available at the end of the SFILSYN segment.
One of them, the shifted-bandpass (SBP) command, gives us a tool to design arithmetically
symmet- rical and/or linear-phase bandpass filters starting from a lowpass or a linear-phase
lowpass respec- tively. This command will be demonstrated later in this manual.

3.14 COMMANDS

At the conclusion of the SFILSYN segment, we have a number of options. The COMMAND:
prompt accepts the following responses:

e DATA -- This command writes the transfer function data into a file to transfer to the

optimizing preprocessor.

* DOS -- This command allows us to temporarily return to the DOS operating system to
perform some other operations. Meanwhile, the main program execution is suspended.
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END -- This offers a graceful way out of the segment. The program terminates.
FREQ -- This is the frequency domain analysis command and produces its own prompt:
ENTER FREQ:. The prompt accepts up to five lines of data in any of three forms:

1) FA, FB, DF -- where FA is the starting frequency, FB (>FA) is the ending frequency
and DF (<FB) is the increment for a linear sweep;

2) FA, FB, -N -- where FA and FB are the same as above, but the sweep is logarithmic
with N frequencies per decade;

3) F1, F2, F3,... -- where the F’s are individual frequencies in increasing order, from 1 to
25 on the line.

The frequencies specified are generated, merged and sorted, duplicates are eliminated and
the first 501 values are used for the analysis. For later analyses, a slash (/) or "OLD" entry
tells the program to reuse the previously specified frequencies.

If the very first value entered is negative, all values are interpreted as rad/sec rather than
Hz values.

HELP -- This command yields a brief list of available responses.

MATL -- This command writes the transfer function poles and zeros into a file readable
by the Matlab program.

PRF -- This command causes the factored form of the transfer function (i.e. its poles and
zeros) to be printed.

PRI -- The numerator and denominator of the transfer function are printed to the screen
in polynomial form.

REST -- This is the restart command. It is used to modify some of the parameters of the
filter we have designed. The command takes us to the top of the program where all of the
data may be reentered.

SAVE -- This command is used to save a set of filter design specifications and resulting
functions in a file. This file can be read back into the program at the top to be resynthe-
sized in a different form (active RC instead of passive LC, for instance), or modified
through the subsequent use of the REST (restart) command.

SBP -- This command converts the singularities of a lowpass or linear-phase lowpass
filter into a set of bandpass singularities. The command needs only the center frequency
of the bandpass. The bandwidth will be twice the lowpass bandwidth. The procedure is
ap- proximate, but will yield very good filters up to about 25 % bandwidths.

SYN -- This command is used to proceed from the SFILSYN segment to any one of the
synthesis segments. In the single-executable version of the program, we will be prompted
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to specify the proper synthesis mode (not needed if a digital or microwave filter has al-
ready been specified). If the PASSIVE option is selected, a printout of the immittance
functions is offered before we proceed to the actual synthesis.

In the multi-executable personal computer version, the procedure is more complex. After
indicating our choice of synthesis type, the program asks for a file name and a transfer file
is written on the disk (a drive indicator and/or a subdirectory path may also be included).
This file will always have a .TRF extension. Exit SFILSYN using the END command.
Next we call the appropriate synthesis program (for example, PASSIVE), select the S
(synthesis) option, and enter the name of the transfer file. At this point, the two versions
again behave identically.

* TIME -- This command produces a direct time-domain analysis of the transfer function.
It is based on the inverse Laplace transform of the analog transfer function. For the time-
domain analysis of the IIR digital filters, we must go to the DIGITAL segment of the pro-
gram. Microwave filter functions cannot currently be analyzed in the time domain.

More information can be found in Section 13 which contains a summary of all program
commands and their description.

3.15 COMMENTS

The REST (restart) command is very useful if the design is marginal, or perhaps too good and we
wish to change it. The command will take us to the top of the program, but (most of) the previous
data will remain available. If we wish to retain the previous values, we may enter a slash (/) as
the answer to the prompt. If more than one data item was entered, a// remain unchanged. If we
wish to change one, we must reenter a// of them. In some cases, the previous values are no longer
available but no harm is done, the prompt is simply repeated.

The same procedure may be followed if a previously saved set of data is recalled at the top of the
program. After the printout, we may select the REST (restart) option and proceed as described
above. The only exception is that if the original data was entered through the PLACER segment,
the slash answer may not be used through the PLACER segment again. This is because the data
is saved as if it were entered in the SMAIN segment using the SPECIFIED option.

Another use of the SAVE command is the possibility of performing more than one type of
synthe- sis (i.e., passive LC and active RC) of the same filter. This is fairly simple using the
multi- executable version of the program, since we may write two or three transfer files, one after
the other. One may be for the PASSIVE segment, the other for the ACTIVE segment, etc. A
transfer file written for the PASSIVE segment can only be read by that segment and no other.
These files must have different names, since they will a/l have the .TRF extension.

In the single-executable version of the program, selecting a synthesis (for example, PASSIVE)
option, no transfer file is written and we are irrevocably committed to that synthesis. Unless the
data is saved prior to selecting the synthesis mode, we must start from the beginning if we want
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to redesign the filter as an active RC unit. If however, we saved (SAVE) the data, we may recall
it from the top of the program, and proceed to the active RC design segment directly.

Notes:
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SECTION 3
SMAIN SEGMENT
3.1 DATA ENTRY

As can be seen in Fig. 1.1, the multi-executable version of the SFILSYN module (root segment)
contains two related segments, PLACER and SMAIN. The use of PLACER is optional, but
SMAIN must be traversed in any filter design, except FIR digital filters.

Data entry to both the SMAIN and the PLACER segments are in conversational form and nearly
identical. In both modules the program simply prompts for data by displaying questions to which
the user must enter the appropriate answer(s) followed by a carriage return (CR). Whenever pos-
sible, a list of acceptable answers is also displayed. This data entry method, a variant of the pu!//-
down menu system, enables the program to check the input as it arrives, report inconsistencies,
and interlock the questions so as to minimize the number of request for unnecessary or irrelevant
data. If the user requests an unavailable combination of parameters, the program will print an
appropriate comment and repeat its request for some of the data. However, this is quite unlikely,
because the questions themselves usually indicate the range of possibilities at that particular
point.

Data may be entered in completely free format anywhere on the line (up to 80 characters). For
titles, only the first 64 characters are used, the rest are replaced by a date-and-time stamp. Mul-
tiple items can be separated by any number of blanks, commas, or a combination of the two. If
multiple data items must be entered, they may be entered on a single line, on several lines, or on
a one data item per line basis. The only limit is that one may not enter more than 25 items on a
line. There are only a few exceptions to the freedom of entering groups of data on a single line,
and we will call attention to them at the appropriate places. The prompts usually indicate if there
are any restrictions on the data entry procedure.

There are very few rules for this free form input and they are as follows:

* Ifonlyreal data is expected, integers will be interpreted as reals with the missing decimal
point assumed to follow immediately. Both the familiar E or D (scientific) notation or the
standard engineering prefixes, i.e. K (kilo), N (nano), etc. may be used. Note, however,
that while lower or upper case letters can be used interchangeably, there may not be any
space between the number and the prefix. Other exceptions include the following: The
letter 'm' means milli, but 'M' means mega, and 'F' is not an alias for 'f' (femto). Units (Hz,
ohm, etc.) may be added, but they are not needed.

* Ifonly integers are expected, real data input, i.e. data with decimal point and/or exponent
are ignored.

* [facombination of reals and integers (and possibly alphanumerics too) is expected, real
data must have a decimal point or exponent, while integers must not. Otherwise the data
will be misinterpreted. Occasionally, a real zero (0.) or integer zero (0) may not register
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because the program is unable to distinguish between an intentional and an unintentional
(default) zero. However, no harm will be done in such cases, because the program will
request the information again.

There are two symbols which are nearly always acceptable to the program during data entry. One
is the backup sign (the characters BRK or its alias: BAK) which is accepted unless another way
to interrupt the program is also available. The effect of this symbol is to back up the data entry
se- quence by one or a few steps. In this manner we can back up and change any of the previously
entered data items.

The other symbol which is always acceptable, except as a title or file name, is STOP which
termi- nates program execution immediately. The Ctrl-C or Ctrl-Break (hold down the
CONTROL key and then press the C or Break key) combination also terminates execution even
if the program is not waiting for a response.

If the program is unable to decipher a line of data due to, for example, the presence of unknown
symbols, it will indicate ERROR IN INPUT, redisplay the line in its entirety, print an asterisk un-
derneath the character which caused the parsing to stop and ignore the whole line. A new prompt
symbol (>) will then indicate that the program is ready for the correct input. It is therefore very
difficult if not impossible, to enter data that will cause a program abort.

Also, we may type an exclamation point (!) followed by any comment and the comment will be
ignored by the program. This procedure may be used to put comments on input lines and have the
comments appear on the printed results. On a personal computer the Ctrl-P key combination may
be used to toggle the printer on and off. Additional utilities are also provided as part of the per-
sonal computer version of S/FILSYN to permit back-scrolling and full audit file capability.

Finally, the personal computer version of S/FILSYN now has a context sensitive help system. At
every prompt, help can be requested by entering either a question mark (?) or the word HELP (or
any part of it as long as it starts with the letter H) and a window will open to give information
pertinent to your location in the program. After viewing the help message, press any key to close
the window and enter your data or command. If the information will not fit on a single screen,
function keys may be used (as indicated) to obtain further information.

The mainframe and workstation versions also accepts ? and/or HELP, but help messages are
available only at selected points in the program. Further details about data input may be found in
Section 13.

3.2 SFILSYN DATA ENTRY AND SCOPE

If the PLACER segment (see Section 4) is used, no further data input to the SMAIN segment is
needed. The data entered into the PLACER segment is transferred automatically to SMAIN. This
section discusses direct SMAIN data entry only, although much of what is presented is also
appli- cable to the remainder of the program.
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In the multi-executable version the SFILSYN program is the root segment of S/FILSYN and all
designs must pass through it (except the FIR designs). It determines the transfer function and
related functions from the transmission zeros and other input data which is entered, or transferred
from the PLACER segment. If requested, it performs the predistortion and calculates any func-
tions needed later for the various synthesis steps.

The segment performs a number of other computations as well. It determines the overall filter
degree (and the transmission zeros if applicable) for monotonic or equal minima stop bands,
yielding the familiar Butterworth, Chebyshev, inverted Chebyshev, elliptic, and other types of
filters. It calculates the linear-phase lowpass functions (Bessel, modified Bessel, etc.), and it
handles all impedance matching cases.

This segment also has a command that can take a lowpass or linear phase lowpass, and convert it
into a bandpass using a process called shifted-bandpass (SBP) transformation. The resulting
band- pass will have an arithmetically symmetrical characteristics, and its linear-phase property
(when applicable) will also be preserved.

SMAIN can also evaluate the transfer function and determine the loss, phase and delay values,
thus enabling us to check these characteristics early in the design sequence. Final designs can be
reanalyzed again later on. (The sole exception is the single section lattice realization, which cur-
rently cannot be analyzed from its element values.) We may request a printout of the transfer
function either in terms of its poles and zeros or in polynomial form. The data may also be stored
in a file for later recall and possible modification. Finally, SMAIN can perform a time-domain
analysis, computing the impulse and step responses of the filter.

When we call the program, it prints a header containing the release number and its date, followed
by a question concerning the reading of a file. This allows us to read a previous design back into
the program (including its original input data) for redesign, varying some of the input parameters
and/or resynthesizing it in a different form (e.g. converting a previously designed active RC form
into a passive LC form). The next prompt asks the user for the desired program segment. Upon
entering S for SMAIN, the program takes us to the data entry part of the segment.

The next question requests title information for labeling purposes (up to 64 characters are
allowed). If more than 64 characters are entered, some systems will ignore the excess, while
others will reject the whole line and issue a warning.

The capabilities and features of the SMAIN segment will be explained with the help of the
examples that follow.

3.3 LINEAR-PHASE LOWPASS

After the prompt for the title, you must specify the kind of filter you wish to design: lumped
(passive LC and active RC filters), digital or microwave. Opting for the lumped kind, you are
then prompted for the type of the filter -- lowpass, highpass, linear-phase lowpass or bandpass.

We shall select the linear-phase lowpass option.
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Next we must select the passband type: maximally-flat or equal ripple. In our case, these refer to
the passband delay behavior; in all but the linear-phase lowpass case, they refer to passband /oss
behavior.

The selection of the linear-phase lowpass gives us the Bessel (if we opt for the maximally flat de-
lay) or the modified Bessel filter (if we later elect the equal minima type stopband). If we choose
the equal ripple delay, we get filters that have also been treated in the literature by Ulbrich and
Piloty (reference 22), among others. In both cases the possible stopband types would be either the
SPECIFIED type (if we know where the transmission zeros should be), or the equal minima type,
which will require us to enter the stopband edge frequency.

Since no closed form relationship is known between passband delay, filter degree, stopband edge
frequency and the resulting minimum stopband loss, the latter may not be specified; it can only
be calculated after the transfer function is computed. The passband specification requires the
desired delay, the end of the passband (if equal ripple delay is indicated), and either the overall
degree or the delay ripple. In the latter case, the necessary degree will be estimated using an
empirical ex- pression.

Example 3.3.1 Modified Bessel Filter

As the first example to demonstrate the SMAIN segment, we will design a modified Bessel filter
by requesting a maximally flat delay of 0.3 msec and equal minima stopband starting at 1800 Hz.
Requesting an overall degree of 6 completes the specification. As before, we enter SFILSYN to
begin the program:

C:>sfilsyn

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

** ROOT SEGMENT **

Copyright (C) 1983 - 1993 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

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

> 1

ENTER OVERALL FILTER DEGREE

> 6

ENTER EDGE FREQUENCY OF UPPER STOPBAND IN HZ

> 1800

ENTER INPUT TERMINATION IN OHMS

> 500
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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)
>

IS THE DEFAULT ALGORITHM ACCEPTABLE:
> y ! This can cause problems.

IF POSSIBLE: Y/N

Y/N

The question concerning the non-Hurwitz F(s) refers to the

signs of the reflection coefficient

zeros and is mentioned here because most of these zeros are now complex. A more detailed ex-
planation is offered in Section 3.4 (see also Appendix E). The use of non-Hurwitz F(s) has experi-
mentally been found to help in the passive synthesis step, but has no effect on active or digital
designs. Note also the use of the exclamation point to provide information in the form of com-

ments.

The summary shown below, appears in a few seconds. In addition to the input data, it contains

some additional calculated information:

*** S/FILSYN **x* FILTER PROGRAM
modified Bessel
LINEAR PHASE LOW-PASS FILTER
MAXIMALLY FLAT DELAY IN BAND
LOW FREQUENCY DELAY
APPROX. DELAY BANDWIDTH
EQUAL MINIMA STOP BAND WITH EDGE FREQUENCY
MULTIPLICITY OF ZERO AT INFINITY
NUMBER OF FINITE TRANSMISSION ZERO PAIR
OVERALL FILTER DEGREE
TRANSMISSION ZEROS

o
°

REAL PART IMAGINARY PART
0.0000000D+00
0.0000000D+00

INPUT TERMINATION

OUTPUT TERMINATION

REQUESTED TERMINATION RATIO

NEAREST AVAILABLE TERMINATION RATIO

3.4027365D+03
2.0021559D+03

300.000000 usec
1.867018 kHz
1.800000 kHz

- 2
s= 2
= 6
= 500.000000 ohm
= 500.000000 ohm

1.0000000D+00
1.0003465D+00

The available termination ratio is slightly greater than unity. This is due to a numerical safety
factor built into the program, but this can usually be ignored. The analysis shows a 22 dB mini-

mum stopband loss at the specified 1800 Hz:

modified Bessel

*xxxxx*x COMPUTED PERFORMANCE ******x%

FREQUENCY LOSS PHASE

IN HZ IN DB IN DEGREES
0.00000D+00 .0000 .0000
1.00000D+02 .0432 10.8000
2.00000D+02 L1733 21.6000
3.00000D+02 .3915 32.4000
4.00000D+02 .6998 43.2000
5.00000D+02 1.1012 54.0000
6.00000D+02 1.6000 64.8000
7.00000D+02 2.2016 75.6000
8.00000D+02 2.9133 86.4000
9.00000D+02 3.7443 97.2000
1.00000D+03 4.7068 107.9999
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DELAY

IN SECONDS

.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04
.0000D-04

WWWwwWwwwwwwww
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.10000D+03
.20000D+03
.30000D+03
.40000D+03
.50000D+03
.60000D+03
.70000D+03
.80000D+03
.90000D+03
.00000D+03
.10000D+03
.20000D+03
.30000D+03
.40000D+03
.50000D+03

S I I I I R R e e R e

5.

7

8.
10.
12.
14.
17.
22.
28.
63.
31.
26.
23.
22.
22.

8172

.0974

5779
3034
3417
8053
9017
0895
8049
2017
0523
0389
7111
5560
1148

118.
129.
140.
151.
l6l.
172.
183.
194.
204.
215.
46.
56.
66.
76.
86.

7996
5989
3971
1930
9843
7670
5343
2762
9776
6181
1705
6018
8735
9432
7676

.9999D-04
.9997D-04
.9993D-04
.9984D-04
.9966D-04
.9934D-04
.9880D-04
.9791D-04
.9652D-04
.9448D-04
.9161D-04
.8773D-04
.8272D-04
.7651D-04
.6910D-04

DNDNODNDNNDNDNDNDNDNDNDNDNDNDDNDDN

To synthesize the filter in a passive LC form that will provide this response, the following data

entry sequence is used:

COMMAND :
>  syn

REALIZATION - ACTIVE: A, PASSIVE:

> P

P, DIGITAL:

WISH TO SEE IMMITTANCE POLYNOMIALS: Y/N

> n

EXISTING POLYNOMIALS ARE:

ENTER FILE NAME
> test

FOR SYNTHESIS, TYPE

THEN CALL PROGRAM

COMMAND :
> end

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

"PASSIVE"

ES OS ED OD

"END" TO EXIT TO DOS

D, NO SYNTHESIS:

E

As usual, we had to write a file that will contain all the information necessary for the actual syn-
thesis of the circuit. Next we call the PASSIVE program as instructed and ask for the computer-

generated realization:

C:>passive

* % kK % S/FILSYN * Kk k x
RELEASE 3.2 VERSION 1

** PASSIVE/MICROWAVE

Copyright (C) 1983 - 1993 Dr.

4/1/94

All Rights Reserved.

SYNTHESIS: S, ANALYSIS:

> s
ENTER FILE NAME
> test

LATTICE: L, COMPUTER CONFIG.: C,

> C

WISH TO SEE INTERMEDIATE RESULTS:

> n

** EVEN NUMBERED BRANCHES ARE SERIES,

modified Bessel

1 —Rr—]
T
I I

SMAIN Segment

500.000000

SEGMENT **

A OR END: E

INPUT SIDE:

Y/N

ohm

12.189276 mH

George Szentirmai.

IN, OUTPUT SIDE:

ODD ONES SHUNT **

OUT OR END: END
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3 C -34.537510 nF
1

4 L C 26.768261 mH
- 236.061052 nF

5 C 947.012419 nF
1

6 L C 31.687523 mH
- 69.039132 nF

7 C 4.834913 nF

9 R 500.173235 ohm

RES.FREQUENCY
2.002156 kHz

RES.FREQUENCY
3.402737 kHz

3.7

One of the elements is negative, indicating that the computer-generated circuit is not realizable.
This is an unlikely occurrence, but does not mean, that a realizable circuit can not be found.
With- out going into details here, we can find a realizable circuit using the manual synthesis

method as follows:

COMMAND :

> end

LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE:
> in

IS COMPUTER-SELECTED IMPEDANCE O.K.? (Y/N)
>y

modified Bessel

PARAMETERS USED: JPOLY = ED OS IMP = F

RESULTS OF THE SYNTHESIS FROM THE INPUT SIDE
NORMALIZED DENORMALIZED
1.0000000D+00 —Rr—] 5.0000000D+02

MODE - SIMPLIFIED: O, FULL: 1 OR EXPERT: 2

> 2
ENTER DATA
> admy s p I 1
POLE-ZERO PATTERN:
I 2
X 0 X 0 X 0 X

2 1
—c— 4.8365882D-09
|

4.8365882D-02
|

ENTER DATA
> impy spl 2
POLE-ZERO PATTERN:

I 2
0 X 0 X 0 X 0
2 1
| —
1.0926256D+00 | L C 2.7315640D-02
8.0088882D-01 I

L 8.0088882D-08
|

ENTER DATA
> adm y s c 2
POLE-ZERO PATTERN:
I 2
X 0 X O X 0 X
2 1
4.7460060D-01
5.3256940D+00 | |

—1—Cc—] 1.1865015D-02
5.3256940D-07

ENTER DATA
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IN, OUTPUT SIDE:

TERMINATION

ZERO FREQUENCY
3.4027365D+03

ZERO FREQUENCY
2.0021559D+03

OUT OR END: END
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I 2
0] X O X O
1
I —h
1.2447959D+00 | L C 3.1119898D-02 ZERO FREQUENCY
7.0298401D-01 | - 7.0298401D-08 3.4027365D+03
I I
ENTER DATA
> admy s c I
POLE-ZERO PATTERN:
I 2
X o0 X
9.8203685D-01 p——Cc— 9.8203685D-08
I I
ENTER DATA
> dmp y s ¢ I
POLE-ZERO PATTERN:
I 1
0] X
4.8740217D-01 | L 1.2185054D-02
I I
ENTER DATA
>  end
WISH TO ENTER LADDER SEGMENT? (Y/N)
> n
LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE: IN, OUTPUT SIDE: OUT OR END: END
> out
IS COMPUTER-SELECTED IMPEDANCE O.K.? (Y/N)
>y
modified Bessel
PARAMETERS USED: JPOLY = ED OD IMP = T
RESULTS OF THE SYNTHESIS FROM THE OUTPUT SIDE
NORMALIZED DENORMALIZED
1.0000000D+00 —Rr— 5.0000000D+02 TERMINATION
MODE - SIMPLIFIED: 0, FULL: 1 OR EXPERT: 2
> 2
ENTER DATA
> dmp y s ¢ i
POLE-ZERO PATTERN:
I 2
X 0 X o X o0 X
2 1
4.8757104D-01 | L 1.2189276D-02
I I
ENTER DATA
> admy s p I 1
POLE-ZERO PATTERN:
I 1
o0 X 6] X 0 X
2 1
9.8169672D-01 p——Cc— 9.8169672D-08
I I
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> admy s p I 1
POLE-ZERO PATTERN:

i 2
X 0 X 0 X
1
2.8201797D+00  |——C—| 2.8201797D-07
I I
ENTER DATA

> dmp y s c 1
POLE-ZERO PATTERN:



ENTER DATA
> impy s pl 2
POLE-ZERO PATTERN:
I
X 0 X 0
2

1.2452272D+00
7.0274053D-01

ENTER DATA
> adm y s c 2
POLE-ZERO PATTERN:
I
o0 X o X O
2 1

4.7476504D-01  }—IL—C—|

5.3238494D+00 |

ENTER DATA
> admy s cp il
POLE-ZERO PATTERN:

I 1
0 X O X
1

2.8192029D+00  p——C—|
|

ENTER DATA
> dmp y s c 1
POLE-ZERO PATTERN:
I 1
X o X O
1

1.0930042D+00
8.0061144D-01

ENTER DATA
> admy s c I
POLE-ZERO PATTERN:
I 1
) X

4.8349131D-02  p——C—|
|

ENTER DATA
> end

WISH TO ENTER LADDER SEGMENT?

>

= X

}

=

Q

—{

ri

L

C

T

(€]

.1130680D-02 ZERO FREQUENCY
.0274053D-08 3.4027365D+03

.1869126D-02 ZERO FREQUENCY
.3238494D-07 2.0021559D+03

.8192029D-07

.7325104D-02 ZERO FREQUENCY
.0061144D-08 3.4027365D+03

.8349131D-09

(Y/N)

** EVEN NUMBERED BRANCHES ARE SERIES,

modified Bessel

1 R
2 L
3 .
—
4 L C
L1
5  p—1-c—]
7 .
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500.

12.

98.

31.

70.

11.
532.

281.

000000

189276

169672

130680

274053

869126
384943

920293

ohm

mH

nk

mH

nk

mH
nk

nk

ODD ONES SHUNT **

RES.FREQUENCY
3.402737 kHz

RES. FREQUENCY
2.002156 kHz

3.9
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|
—

8 L C 27.325104 mH RES.FREQUENCY
- 80.061144 nF 3.402737 kHz
9 C 4.834913 nF

11 500.173235 ohm

o

This circuit contains all positive components even though it has more than the minimum
normally required for a 6th order filter. Appendix B contains a detailed description of this method
of man- ual synthesis. Another implementation can also be obtained using the minimum number
of compo- nents, however it needs an F(s) function other than the one obtainable by the default
non-Hurwitz algorithm. We shall return to this subject later, when we discuss the F(s)
polynomial and its prop- erties (see Appendix E, example E.4).

The single-executable version differs only slightly from this version and we show just the begin-
ning of the same example ran on a DEC VAX system:

vax2 $ run sfilsyn
* %k % Kk % S/FILSYN * Kk Kk k 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, SFILSYN: S, LADDER: L, DIGITAL: D, ACTIVE: A OR END: E
> s

ENTER TITLE

> modified Bessel

The two versions will produce identical results from this point. We skipped to the usual summary
information, which is also identical:

*** S/FILSYN *** FILTER PROGRAM

modified Bessel
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 :
> help
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DATA
DOS
END
FREQ
HELP
MATL
PRF
PRI
REST
SAVE
SBP
SYN
TIME

31

WRITE POLE-ZERO DATA IN DATAFILE
TEMPORARILY EXIT TO DOS

TERMINATE PROGRAM

FREQUENCY-DOMAIN ANALYSIS

PRINTS THIS LISTING

WRITE DATA TO MATLAB FILE

PRINT FACTORED TRANSFER FUNCTION
PRINT TRANSFER FUNCTION POLYNOMIALS
RESTART PROGRAM

SAVE FILTER DATA ON FILE

SHIFTED LOWPASS-TO-BANDPASS TRANSFORMATION
PROCEED TO THE SYNTHESIS SEGMENTS
TIME-DOMAIN ANALYSIS

When the actual synthesis step is reached, the single-executable version becomes a bit simpler,
because the program is a single unit and no data file need be written or read back:

COMMAND :

> syn

REALIZATION - ACTIVE: A, PASSIVE: P, DIGITAL: D, NO SYNTHESIS: E
> p
EXISTING POLYNOMIALS ARE: ES OS ED OD

LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE: IN, OUTPUT SIDE: OUT OR END: END
> C
WISH TO SEE INTERMEDIATE RESULTS: Y/N
> n
** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **

modified Bessel

1 R 500.000000 ohm
2 L 12.189276 mH
3 C -34.537510 nF
1
4 L C 26.768261 mH RES.FREQUENCY
- 236.061052 nF 2.002156 kHz
5 C 947.012419 nF
1
6 L C 31.687523 mH RES.FREQUENCY
- 69.039132 nF 3.402737 kHz
7 C 4.834913 nF
9 R 500.173235 ohm
COMMAND :
> end

The non realizable computer-generated passive synthesis is shown above. The manual synthesis
would be identical to the multi-executable version shown above. We then terminated the program
gracefully. If a microwave filter is being designed, the REALIZATION prompt is skipped, since
only the PASSIVE (in this case, microwave) option is available.

3.4 FUNCTIONAL INPUT
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If the linear-phase type is not selected, the next question, which concerns passband behavior, of-
fers another option: functional input. This particular option permits us to enter the transfer func-
tion or the characteristic function directly into the program. This can be done even in the case of
digital (bilinear Z-transform only) or microwave filters, provided that the functions are expressed
in terms of the equivalent analog 's' variable. For definition and relationships between the transfer
and characteristic functions and their interpretations for digital and microwave filters, Appendix
F should be consulted. At this point it is sufficient to say that entering the transfer function
means entering the two polynomials E(s) and Q(s), and entering the characteristic function means
ente- ring the polynomials F(s) and Q(s). Since Q(s) appears in both instances and it contains the
trans- mission zeros, we specify this polynomial by specifying the transmission zeros themselves.

This option is also used to enter data that was determined by the OPT optimizing preprocessor
(see Section 14).

Consequently, if functional input is selected, we must first specify the units to be used for the
singularities. These may be entered in Hz, kHz, MHz, GHz, rad/sec or normalized to the (upper)
passband edge frequency. Note however, that unless normalized frequencies are used, the pass-
band edge frequency(ies) entered above, will be ignored. The next question inquires whether the
E or the F polynomial is to be specified.

After deciding on an E or F specification, we are requested to enter the indicated function by
entering its zeros in the units specified before. The zeros of E must have negative real parts and
therefore the signs of the real parts will be set to be negative regardless of our entry. On the other
hand, the zeros of F are completely arbitrary, and the signs of the real parts, if non zero, are
significant and are preserved. A different sign pattern will yield an equivalent but non-identical,
circuit. Furthermore, for the F polynomial we must enter a multiplier, which is not needed for the
E polynomial. Finally, note that if the function is of the bandpass type, the lower passband edge
is immaterial but should be selected to be near the actual passband. Such a selection will help to
maintain numerical accuracy during computation.

In the special case of a lowpass E(s) function, an equal minima type stopband becomes an avail-
able option, in place of specifying the Q(s) polynomial (i.e. the transmission zeros). Parametric
band passes are specified either by entering an odd degree E or F, or by entering an even F
function that has a pair of real zeros -- one positive, the other negative. The value of FREAL is
immaterial here, however the program will request it anyway. One might try to request a para-
metric case when entering the E polynomial with at least two (negative) real roots, but there is no
guarantee that it will work. If a parametric design is not possible under the circumstances, an
advisory message to this effect will be printed. All other bandpass cases are necessarily conven-
tional, i.e. non parametric.

Example 3.4.1 Specified F(s)

We shall now show the procedure for entering the characteristic function, F(s).

First we choose a bandpass characteristic function with a numerator having zeros at 800 Hz, 850
Hz, 1150 Hz and 1200 Hz, and a pair of complex zeros at 125 = ;1000 Hz. The poles (trans-
mission zeros) should be at 600 Hz, 1400 Hz and there should be a pair at zero frequency. Com-
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paring the degrees of the numerator and denominator, we observe that the transmission zero at
infinity will be of order four. Next we select the passband edges to be 750 Hz and 1250 Hz. The
upper band edge (1250 Hz) will be our normalization frequency, but apart from that, neither of
the band edge frequencies has a direct influence on the final results.

Normalizing everything to 1250 Hz we obtain the polynomials:

F(s) = C(s +j0.64)(s £j0.68)(s - 0.1 % j0.8)(s  0.92)(s % j0.96)
and
Q(s) = s*(s £j0.48)(s £ j1.12)

However, Q(s) will not be entered in this form. Finally, C is computed to be 102.8288 to yield
0.25 dB loss at the band center of 1000 Hz (w = 0.8). These data are entered in conversational
form, as follows:
C:>sfilsyn
* % K K % S/FILSYN * kK ok x
RELEASE 3.2 VERSION 1 4/1/94
** ROOT SEGMENT **

Copyright (C) 1983 - 1993 Dr. George Szentirmai.
All Rights Reserved.

READ DATA FROM FILE: Y/N

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

ENTER TITLE
> functional input 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

> 750

UPPER EDGE OF THE PASSBAND IN HZ

> 1250

PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2 OR SLOPING: 3
> 2

FREQUENCIES IN - HZ: HZ, KHZ: K, MHZ: M, GHZ: G RAD/SEC: R
OR NORMALIZED TO (UPPER) PASSBAND EDGE: N ?

> n

WHICH POLYNOMIAL IS SPECIFIED E(S): E, F(S): F
> f

WHAT IS THE DEGREE OF THE POLYNOMIAL

> 10

HOW MANY COMPLEX ROOT PAIRS

> 5

ENTER 5 REAL PARTS

> 00 -.100

ENTER 5 IMAGINARY PARTS

> .64 .68 .8 .92 .96

ENTER THE MULTIPLIER

> 102.8288

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

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT ZERO

> 2

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY
> 4
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ENTER NO. OF FINITE TRANSMISSION ZEROS

> 2
ENTER REAL PARTS OF TRANSMISSION ZEROS IN HZ
> 00

ENTER IMAGINARY PARTS OF TRANSMISSION ZEROS IN HZ
> 600 1400
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

The above listing needs no further explanation. We just add that since F(s) has no real roots, the
bandpass must be a conventional one. Note that during the data entry, the sequences of real and
imaginary parts must correspond to each other.

A few seconds after the start of the computation, the printout begins with the usual summary fol-
lowed by a frequency domain analysis request (useful for confirming the success of the
operation):

**% S/FILSYN *** FILTER PROGRAM

functional input bandpass
BAND-PASS FILTER

CHARACTERISTIC FUNCTION NUMERATOR SPECIFIED
LOWER PASSBAND EDGE FREQUENCY = 750.000000 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

I
OoON BN

REAL PART IMAGINARY PART
0.0000000D+00 6.0000000D+02
0.0000000D+00 1.4000000D+03

INPUT TERMINATION 500.000000 ohm
OUTPUT TERMINATION 500.000000 ohm
REQUESTED TERMINATION RATIO = 1.0000000D+00

COMMAND:

> freqg

ENTER FREQ:

> 600 1500 25
ENTER FREQ:

>

TABULATE: Y/N

>y

This is followed by the tabulated results shown below. The negative loss values do not represent
a gain here, they are simply the consequence of a temporary scale factor, used to set the loss at
the (upper) passband edge frequency to zero.

functional input bandpass
FrxAKxxk COMPUTED PERFORMANCE **** % %%

FREQUENCY LOSS PHASE DELAY
IN HZ IN DB IN DEGREES IN SECONDS
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.25000D+02
.50000D+02
.75000D+02
.00000D+02
.25000D+02
.50000D+02
.75000D+02
.00000D+02
.25000D+02
.50000D+02
.75000D+02
.00000D+02
.25000D+02
.50000D+02
.75000D+02
.00000D+03
.02500D+03
.05000D+03
.07500D+03
.10000D+03
.12500D+03
.15000D+03
.17500D+03
.20000D+03
.22500D+03
.25000D+03
.27500D+03
.30000D+03
.32500D+03
.35000D+03
.37500D+03
.42500D+03
.45000D+03
.47500D+03
.50000D+03

PR RPRPRRPRRRPRRRRRERRRERRRERF©OOWOWO®O0®-Jd-d-do o o

39.
29.
21.
14.
7.
1.
-1.
-2.
-2.
-2.
-2.
-2.
-2.
-1.
-1.
-1.
-1.
-1.
-2.
-2.
-2.
-2.
-2.
-2.
-1.
.0000
5.
11.
18.
25.
35.
40.
37.
36.
36.

1742
4389
7924
6462
5249
1394
8473
1876
1771
1876
1621
0946
0205
9670
9409
9376
9532
9887
0447
1123
1681
1876
1804
1876
9783

1797
7065
4737
7798
1702
9722
4947
3287
0262

69.
78.
90.
106.
131.
172.
224.
264.
295.
320.
344.
5.
25.
44,
62.
80.
98.
116.
134.
154.
174.
196.
220.
247.
283.
329.
11.
38.
56.
69.
78.
272.
277.
282.
286.

2295
3220
0535
2745
1449
2342
1502
6737
0471
9464
3145
7329
6293
4727
6847
5834
4093
3962
8337
0781
5014
4449
4160
9545
2310
3027
4493
8507
5790
1376
6970
6378
9683
5566
5617

BB OO ORRENWOAODWNNNNNNNNNERNDNNDNDNDMNDNDWWOOWND R RE o

.0254D-04
.1342D-03
.5048D-03
.1717D-03
.5139D-03
.6008D-03
.3345D-03
.7911D-03
.0648D-03
.7210D-03
.4807D-03
.2868D-03
.1436D-03
.0517D-03
.0012D-03
.9806D-03
.9849D-03
.0175D-03
.0864D-03
.1972D-03
.3474D-03
.5368D-03
.8150D-03
.3813D-03
.5684D-03
.3293D-03
.8272D-03
.3943D-03
.6265D-03
.2020D-03
.4120D-04
.4121D-04
.4756D-04
.7496D-04
.1716D-04

3.15

The loss values at 800, 850, 1150 and 1200 Hz are all equal and also minimal. They will turn out
to be the zero loss points, as requested. We could proceed to the passive or to any of the other

syntheses, which however, would prove to be uneventful, and would not provide us with any new
information. Therefore we choose to terminate this example.

Using functional input, one occasionally encounters the following printout:

CUTOFF FREQUENCIES ARE RESCALED FOR BETTER PRECISION

NEW UPPER PASSBAND EDGE FREQUENCY

and/or

NEW LOWER PASSBAND EDGE FREQUENCY

This appears if some of the (normalized) natural modes are larger than unity in magnitude. This
is a pure advisory comment that usually has no effect on the final outcome. However the upper
passband edge is the normalization frequency and a few commands in the LADDER segment
depend on this value. If a large renormalization is needed, numerical accuracy problems may also
arise and it is highly recommended that the data input be renormalized such that all natural

modes are less than unity.

Example 3.4.2 Specified E(s)
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This example involves the specification of the transfer function, i.e. the polynomial E(s). Ulbrich
and Piloty (reference 22 in Appendix A) tabulate the natural modes (zeros of E) of a 10th degree
bandpass with an equal ripple delay from 40 kHz to 62.5 kHz (compare this with example
6.42.10 later in this manual):

-0.114851468 =3 1.025224774
- 0.109598959 + j 1.146020455
- 0.109753066 *j 0 .904326415
- 0.084987609 +j 1.259372919
- 0.085231480 £ 0.790671590

Since these are scaled to band center (50 kHz), we must rescale them to 62.5 kHz (multiply them
by 0.8). We wish to add two finite transmission zeros at 25 kHz and 75 kHz, a double zero at
zero and a 4th order zero at infinity. To simplify matters, we will take advantage of the program's
ability to read a data file, alleviating the need to enter data from the keyboard. First we must
write this pole information into an ASCII file in free format. The file is called "TEST.DAT" and
its contents are shown below. As you can see, multiple data items may be on one line, or spread
over several lines.

! Real parts:

.0918811744 .087679196 .0878024528 .0679900872 .068185184
! Imaginary parts:

.8201798192

.916816364

.723461132

.007498335

.6325433272

O OOoOo

Now we can start the data entry procedure. The filter is again conventional, since E(s) has no real
roots. All this is entered in conversational mode, as shown below:

C:>sfilsyn
* Kk Kk ok S/FILSYN * Kk Kk K
RELEASE 3.2 VERSION 1 4/1/94
*x* 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
> specified transfer function
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

>  40e3

UPPER EDGE OF THE PASSBAND IN HZ

>  62.5k
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PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2 OR SLOPING: 3
> 2

FREQUENCIES IN - HZ: HZ, KHZ: K, MHZ: M, GHZ: G RAD/SEC: R

OR NORMALIZED TO (UPPER) PASSBAND EDGE: N ?

> n

WHICH POLYNOMIAL IS SPECIFIED E(S): E, F(S): F
> e

WHAT IS THE DEGREE OF THE POLYNOMIAL

> 10

HOW MANY COMPLEX ROOT PAIRS

> 5

ENTER 5 REAL PARTS

> r ! Read a file instead of the keyboard

> ENTER FILENAME

> test

ENTER 5 IMAGINARY PARTS

> r ! Read it again

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

ENTéR MULTIPLICITY OF TRANSMISSION ZERO AT ZERO
ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY
ENTéR NO. OF FINITE TRANSMISSION ZEROS

ENTER REAL PARTS OF TRANSMISSION ZEROS IN HZ

> 0. 0.

ENTER IMAGINARY PARTS OF TRANSMISSION ZEROS IN HZ
> 25e3 75e3
ENTER INPUT TERMINATION IN OHMS

ENTES\OOUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
ENTES\OVALUE OF AVERAGE Q. IF NO PREDISTORTION, ENTER 0.
V>\IISI(-)1 TO USE NONHURWITZ F(S) IF POSSIBLE: Y/N

;s THE DEFAULT ALGORITHM ACCEPTABLE: Y/N

>y

When we needed to read the file, we simply entered the letter 'R' to tell the program to read the
data from a file. The program asked for the filename, which we entered without the extension
and the program read the real parts first. The next time we wanted to read the same file, we need
only type the 'R' again. These prompts are able to read data from a file onto which a large amount
of numerical input can be stored. We will consider this aspect in greater detail in Section 13.

A word about file names. These may contain drive designators and/or fully qualified paths, in or-
der to read or write files not in the current directory. Also, instead of a filename, we may enter
the DOS command:

DIR [d:]/subdirl/subdir2/]

to get a listing of the files available in the indicated subdirectory on the indicated drive. No
exten- sion should be specified, the program will append its own, and only those files with the
proper extension (applicable to the prompt at hand) will be listed. After the listing is displayed,
the prompt is repeated. Apart from the colon and/or backslash(es) (forward slashes on
workstations), filenames may contain only alphanumeric characters. For more details, please
consult Section 13.
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Selecting 500 ohm terminations and a non-Hurwitz F(s), the header briefly describes our filter as
follows:
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**% S/FILSYN **x*

FILTER PROGRAM

specified transfer function

BAND-PASS FILTER

TRANSFER FUNCTION DENOMINATOR SPECIFIED
LOWER PASSBAND EDGE FREQUENCY
UPPER PASSBAND EDGE FREQUENCY
SPECIFIED STOP BAND
MULTIPLICITY OF ZERO AT ZERO =
MULTIPLICITY OF ZERO AT INFINITY =
NUMBER OF FINITE TRANSMISSION ZERO PAIRS =

OVERALL FILTER DEGREE
TRANSMISSION ZEROS

REAL PART

0.0000000D+00
0.0000000D+00
INPUT TERMINATION

OUTPUT TERMINATION

REQUESTED TERMINATION RATIO

3.19

40.000000 kHz
62.500000 kHz

O N N

IMAGINARY PART

2.5000000D+04
7.5000000D+04

500.000000 ohm
= 500.000000 ohm
1.0000000D+00

We requested a detailed analysis that proves that the delay varies between 62.24 and 63.04 msec
in an equal ripple manner within the passband. Just for illustrative purposes we show here the
computer-generated passive LC realization of this filter:

specified transfer function

1

2

10

12

13

15

17

R
i

o

500.

3.

3.

27.

493.

470.

000000

149574

562988

552017

970950

.691480
.058065

.999259

.341490
710.

111281

085178

.929789

.539224

.876763

ohm
mH
nkF
mH
pF

mH RES. FREQUENCY
nkF 25.000000 kHz

nkF
mH RES.FREQUENCY
pF 75.000000 kHz
pFE
nkF
mH

kohm

The computed characteristics of this filter are shown on the next page, generated using the
GRAPH utility. An example showing more detail is given later in Section 6.
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3.5 SIGNS OF REFLECTION COEFFICIENT ZEROS

For most filters the zeros of the reflection coefficients (the roots of the F(s) polynomial) will all
be pure imaginary. Occasionally some or all of these roots become complex, and the signs of
their real parts are arbitrary, but significant. As mentioned above, different sign patterns lead to
differ- ent -- but equivalent -- circuits. Consequently, these sign patterns might become useful for
passive and microwave realizations and occasionally make the difference between a realizable
and a non realizable network.

In such a case we may select a Hurwitz F(s) polynomial (all real parts have the same sign) or a
non-Hurwitz polynomial. In the non-Hurwitz case, the program offers a default sign pattern
(yielding a minimum sum of real parts). If that is not satisfactory, we may specify the individual
signs by entering the requisite number of + 1's or - 1's (see Appendix E).
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Example 3.5.1 Equal Ripple Delay Lowpass

This example is similar to example 3.2.1 except that we request an equal ripple delay passband
and need no finite transmission zeros. The data input sequence is similar, but we must specify the
end of the passband, over which the delay is to be constant. This time the non-Hurwitz F(s) is
acceptable:

C:>sfilsyn
* Kk Kk k Kk S/FILSYN * % % Kk %
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
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SMAIN: S, PLACER: P OR END: E

> s

ENTER TITLE

> lowpass with equal ripple delay

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

> 1

WHAT IS THE REQUIRED ZERO FREQUENCY DELAY IN SEC
> .3msec

UPPER EDGE OF THE PASSBAND IN HZ

> 3k

ENTER ABSOLUTE DELAY RIPPLE, OR FILTER DEGREE

> 5

STOPBAND - EQUAL MINIMA: 1 OR SPECIFIED: 2

> 2

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY
> 5 ! Same as the filter degree
ENTER NO. OF FINITE TRANSMISSION ZEROS

> 0

ENTER INPUT TERMINATION IN OHMS

> 100

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 100

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

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

IS THE DEFAULT ALGORITHM ACCEPTABLE: Y/N
>y

Because there are no finite transmission zeros present, the multiplicity of zero at infinity must
agree with the filter degree, otherwise an error message results.

**% S/FILSYN *** FILTER PROGRAM

lowpass with equal ripple delay
LINEAR PHASE LOW-PASS FILTER
EQUAL RIPPLE DELAY PASSBAND

LOW FREQUENCY DELAY = 300.000000 usec
UPPER PASSBAND EDGE FREQUENCY = 3.000000 kHz
PROCEEDING
PROCEEDING
PROCEEDING

AT ITERATION NO. 3 DELAY RIPPLE: 2.3751D-05 RMS ERROR: 2.1742D-03
PROCEED: 1, MORE ITERATIONS: 2, MODIFY: 3 OR QUIT: 4

The program uses an iterative procedure that may take some time. The PROCEEDING print is
used here to reassure the users that there is no problem, it just takes a bit longer to achieve the
results. On a personal computer, these are printed about every 5 to 10 seconds.

When the RMS error is below about 0.003, convergence is very good but additional iterations
can be requested, and we did. The other options allow us to modify the filter degree, or to restart
the design completely.

> 2

PROCEEDING

PROCEEDING

AT ITERATION NO. 2 DELAY RIPPLE: 2.3585D-05 RMS ERROR: 7.5436D-04
PROCEED: 1, MORE ITERATIONS: 2, MODIFY: 3 OR QUIT: 4

> 1
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These are excellent results as an analysis will show later, and we elected to proceed with the
design using passive implementation:

DELAY RIPPLE = 23.585331 usec

SPECIFIED STOP BAND
MULTIPLICITY OF ZERO AT INFINITY

NUMBER OF FINITE TRANSMISSION ZERO PAIRS

OVERALL FILTER DEGREE

INPUT TERMINATION

OUTPUT TERMINATION

REQUESTED TERMINATION RATIO

NEAREST AVAILABLE TERMINATION RATIO

COMMAND:
>  syn

.000000 ohm
.000000 ohm
.0000000D+00
.0003465D+00

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

> p
WISH TO SEE IMMITTANCE POLYNOMIALS: Y/N
> n
EXISTING POLYNOMIALS ARE: ES OS ED OD
ENTER FILE NAME
> test
FOR SYNTHESIS, TYPE "END" TO EXIT TO DOS
THEN CALL PROGRAM "PASSIVE"
COMMAND :
> end
*** S/FILSYN *** SIGNING OFF ***

C:>passive
* Kk Kk k Kk S/FILSYN * k k Kk Kk
RELEASE 3.2 VERSION 1 4/1/94
** PASSIVE/MICROWAVE SEGMENT **

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

SYNTHESIS: S, ANALYSIS: A OR END: E

> s
ENTER FILE NAME
> test

LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE: IN, OUTPUT SIDE: OUT OR END: END

> C
WISH TO SEE INTERMEDIATE RESULTS: Y/N
> n

The circuit is realizable, even though the default non-Hurwitz F(s) polynomial was selected:

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

lowpass with equal ripple delay

1 R 100.000000 ohm
3 C 896.616144 nF
4 L 11.962117 mH
5 C 3.067380 uF
6 L 4.358777 mH
7 C 877.097023 nF
9 R 100.034647 ohm
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A detailed frequency domain analysis is prepared next and stored in a file. Next the GRAPH
utility is used to display the delay vs. frequency characteristic of this filter, shown below.

COMMAND:

> freqg

ENTER FREQ:

> 0 4000 20
ENTER FREQ:

>

ENTER QL AND QC
> 00
TABULATE:
>y

Y/N

WISH TO WRITE ANALYSIS DATA ON FILE?

>

ENTER FILE NAME
> test

* % DONE * %

PLOT - WIDE: W, NARROW: N, GRAPHICS:

> stop
ARE YOU SURE?
>y

AT (UPPER) CUTOFF

(Y/N)

*** PROGRAM TERMINATED ***

(LOSSLESS:

(Y/N)

G OR END: E

ENTER ZEROS)

L Lisapass 5]

H.H . ]

LA - _|" ’ ]
.'l:k'

14,8 1T
g?.u = 110
i L

B T F_ ..

[ .} A& 1.k Z. 4 3.2 4.0
ErwygiHz ixld
3.6 PREDISTORTION

d lay e e

If a passive LC ladder realization is contemplated, one can pre distort the filter characteristics to
take into account the dissipation of the inductors and, possibly the capacitors. If the average
inductor and capacitor Q's are denoted by QL and QC respectively and evaluated at the upper
passband edge frequency, we can pre correct for an average Q value given by:

Q=2(QL"+QC)"

This value is entered in answer to the appropriate question. Entering zero will bypass the pre-

distortion procedure.
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There is a lower limit to the value of the Q for which we may be able to compensate and which
will be printed along with the requested Q. The program then picks the larger of the two values,
but if the lower limit is substantially higher than the requested value, the program stops and gives
us the following choices

* aborting the run completely,
* continuing without predistortion, or
* accepting the high Q value permitted.

It is recommended that predistortion be used with care, because of its drawbacks. The resulting
structure becomes more sensitive to component variations, and in the lowpass and highpass
cases, will yield a great disparity between the terminating resistances (regardless of the
specifications). The return loss characteristics of the filters also become much worse in the
passband.

If an analysis is requested at the transfer function level, it is performed on the pre distorted func-
tion but without the lossy elements. Thus the calculated loss will not conform to the requirements
in the passband. Later we will be able to analyze the circuit with component losses to check the
accuracy of the predistortion (which is only approximate).

This procedure is not available for microwave filters for theoretical reasons. However, the opti-
mizing preprocessor (see Section 14) can be used to do the same thing. We would first perform
the ideal design, analyze it with the given losses and use the negative of this analysis in the pass-
band as the objective function in the optimization. Feeding the optimized transfer function poles
and zeros back into SFILSYN will yield a realization that is effectively predistorted. Although
the procedure is a bit more involved, very good results have been obtained this way.

Example 3.6.1 Predistorted Elliptic Filter

Here is what we get when we consider an elliptic highpass filter of degree 5, requesting pre-
distortion with a very low average Q value of 5.

C:>sfilsyn
* % K K % 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
> predistorted highpass
FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2

> 0

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

LOWER EDGE OF THE PASSBAND IN HZ

> 500
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PASSBAND - MAX.-FLAT: 0, EQUAL-RIPPLE: 1, FUNCTI
> 1

WHAT IS THE BAND EDGE LOSS IN DB

> .1

STOPBAND - MONOTONIC: 0, EQUAL-MINIMA: 1 OR SPEC
> 1

WISH TO SPECIFY MINIMUM REQUIRED STOPBAND LOSS:
> n

ENTER OVERALL FILTER DEGREE

> 5

ENTER EDGE FREQUENCY OF LOWER STOPBAND IN HZ

> 450

ENTER INPUT TERMINATION IN OHMS

> 1k

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

ENTER VALUE OF AVERAGE Q. IF NO PREDISTORTION, E
> 5.

*** S/FILSYN *** FILTER PROGRAM
predistorted highpass
HIGH-PASS FILTER
EQUAL RIPPLE PASS BAND
BANDEDGE LOSS
LOWER PASSBAND EDGE FREQUENCY
EQUAL MINIMA STOP BAND WITH EDGE FREQUENCY
DEGREE WAS SPECIFIED
MULTIPLICITY OF ZERO AT ZERO
NUMBER OF FINITE TRANSMISSION ZERO PAIR
OVERALL FILTER DEGREE
TRANSMISSION ZEROS
REAL PART IMAGINARY PART
0.0000000D+00
0.0000000D+00
PREDISTORTION REQUESTED
REQUESTED Q 5.00
MINIMUM Q 40.95
PREDISTORTION IMPRACTICAL; ABORT: O,
CONTINUE WITHOUT Q: 1, OR WITH QMIN:
> 2

4.4063245D+02
3.3105629D+02

2

3.25

ONAL INPUT: 2

IFIED: 2

Y/N

HORT)

NTER O.
= .100000 DB.
= 500.000000 Hz
= 450.000000 Hz
- 1

s= 2
- 5

The usual summary print is interrupted because predistortion with the requested Q of 5 is impos-
sible. The minimum inductor Q (assuming lossless capacitors) for which we can pre distort this
filter is about 20 -- substantially greater than the value we requested. This procedure permits us
to establish what this minimum Q is and to use it subsequently, as we elected to do. However,
please note the resulting termination ratio, listed below. We also requested an analysis that shows

a non constant passband:

INPUT TERMINATION 1.0
OUTPUT TERMINATION
REQUESTED TERMINATION RATIO
NEAREST AVAILABLE TERMINATION RATIO
COMMAND :
> freqg
ENTER FREQ:
> 0 1k 50
ENTER FREQ:
>
TABULATE:
>y
predistorted highpass
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Y/N

00000 kohm

1.000000 kohm
1.0000000D+00
9.8389794D+00
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*xxxxxx COMPUTED PERFORMANCE *****x*xx*

FREQUENCY
IN HZ

P OWOWOowWwow-JJoouurddwWwwNhNRE PO

.00000D+01
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+03

LO
IN

32.
27.
24.
23.
25.
31.
34.
23.
21.

WwwwwhNNDNDN

SS

DB
5065
0674
6281
9695
3217
3654
1257
5356
9619
.1000
.3040
.6204
.7545
.8608
.9498
.0214
.0773
.1202
.1529
L1776

PHASE
IN DEGREES

279.
288.
298.
308.
320.
333.
169.
190.

44,
193.
233.
252.
266.
276.
284.
290.
296.
300.
304.
307.

2910
7149
4494
7698
1209
2239
2438
2311
9589
6080
4273
9869
6139
7465
5904
8661
0258
3632
0759
3008

DELAY

IN SECONDS

.1851D-04
.3019D-04
.5391D-04
.9683D-04
.7093D-04
.9549D-04
.0019D-03
.3757D-03
.1705D-03
.4544D-03
.3505D-03
.8831D-04
.4559D-04
.9099D-04
.8704D-04
.1435D-04
.6162D-04
.2211D-04
.9165D-04
.6757D-04

FPFEPNNMNWWOYOR > WRERFEJOYO01 01 01O

Proceeding to the synthesis segment, we obtain the realization that indeed displays the large
difference between terminations:

predistorted highpass

1

2

3 —L—C—

5 —L—C—

R
i

o

14.

101.

.000000

.542062

.655880
.187474

.460868

.996441
.610725

611486

636558

kohm

nk

mH
ul

ul

mH
ul

ul

ohm

RES.

331

RES.

440

FREQUENCY
.056288 Hz

FREQUENCY
.632453 Hz

Next we analyze this circuit with ideal capacitors and inductors with a Q of 20.5, that averages to

a Q of about 41. After the following conversational input the results will be:

COMMAND :
> freqg

ENTER FREQ:
> 0 1200 50
ENTER FREQ:

ENTER QL AND QC AT

(UPPER)

CUTOFF

(LOSSLESS:

ENTER ZEROS)

CONSTANT Q'S: 1, OR CONSTANT DISSIPATION FACTORS: -1

>
> 20.50
> 1
TABULATE:
>y

Y/N

predistorted highpass
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*xxxxx*x COMPUTED PERFORMANCE ******x%

FREQUENCY
IN HZ

.00000D+01
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+02
.50000D+02
.00000D+03
.05000D+03
.10000D+03
.15000D+03
.20000D+03

RPFRPRRPRPRPPOOOOJIJoOUuoddwwNhNDRERFE O

TRANSD. LOSS

IN DB

34.
28.
26.
25.
26.
32.
34.
25.
21.
.5690
L7307
.7418
L7243
L7315
.7515
L7737
.7932
.8087
.8202
.8282
.8335
.8365
.8379
.8381

[y

BSOS D S S D D D D D DS D DD

0559
6252
2008
5619
9176
5541
4353
3202
3205

PHASE

IN

278.
287.
296.
305.
313.
313.
202.
195.
122.
190.
233.
253.
266.
276.
284.
290.
295.
300.
303.
307.
310.
312.
314.
316.

DEG

880
797
771
711
844
747
710
056
574
842
237
160
681
721
517
773
929
270
989
222
065
590
853
894

PERERPEPEERERPRNDNDWWES 0SSN WOWDS S DD

DELAY
IN SEC

.940D-04
.969D-04
.996D-04
.887D-04
.787D-04
.954D-04
.879D-03
.370D-04
.375D-03
.223D-03
.417D-03
.860D-04
.391D-04
.872D-04
.853D-04
.138D-04
.617D-04
.224D-04
.921D-04
.680D-04
.486D-04
.326D-04
.192D-04
.079D-04

PR OWO-JdJo U dwWWwWwNDNNWERE 0 JJJ~J0 0o o

OUTPUT
REAL

.7437D+00
.4782D+00
.1118D+00
.7454D+00
.4986D+00
.4944D+00
.8596D+00
.8712D+00
.4321D+01
.7942D+01
.2966D+01
.3848D+01
.7325D+01
.2022D+01
.7610D+01
.3955D+01
.0978D+01
.8618D+01
.6820D+01
.5537D+01
.4722D+01
.4329D+01
.0432D+02
.1464D+02

IMPEDANCE

IMAGINARY

-1.
=7.
-4.
-3.
-2.
-1.
-1.
-6.
-1.
-1.
.0974D+01
.1170D+01
.8198D+01
.0319D+02
.2662D+02
.4877D+02
.6978D+02
.8977D+02
.0880D+02
.2695D+02
.4425D+02
.6074D+02
.7645D+02
.9142D+02

N

NNOMNMNNMNNNNRERRRERERE 3O

4604D+03
0980D+02
5016D+02
1291D+02
2422D+02
5939D+02
0761D+02
2644D+01
6371D+01
0451D+01

3.27

RETL

IN DB

FPRERPREPRPRERPNDNDNDNDNDNDNDNDWWOYDNR

.0072
.0291
.0672
.1263
.2183
.3699
.6327
.0986
.3998
L7233
.8175
.2599
.9106
.6487
.4538
.3094
.2016
.1203
.0580
.0097
.9716
.9413
.9169
.8970

While the passband loss variation is within 0.3 dB, higher than requested, this response is

substan- tially better than it would be with the specified inductor Q and no predistortion.

However, the termination ratio and resulting high reflection coefficient may be undesirable side

effects. More details about predistortion are presented in Appendix F.

Upon requesting predistortion, one may encounter the message:

CHARACTERISTIC FUNCTION NUMERATOR HAS WRONG ZEROS

followed by an abort, if the requested Q is close to its lower limit. In this case the design should
be repeated with a somewhat higher requested Q.

3.7 COMPLEX TRANSMISSION ZEROS

Complex transmission zeros can be used in the SPECIFIED stopband option by entering a non
zero real part for one or more transmission zeros. Each complex number entered this way adds
four to the overall degree instead of the fwo a pure imaginary zero (real frequency zero) would
add. This happens because the complex zero represents a quadruplet of four zeros in order to
yield a pure even or odd Q(s) polynomial necessary for LC implementation. Such a quadruplet
will lead to a bridged-T or twin-T section embedded in the ladder and will contribute to both the
loss and the delay characteristics. Its contribution to the delay is similar to that of a 2nd order
delay equalizer section and as such, it can be used to yield a flatter delay characteristic, while
contributing to the loss as well. These filter types can only be designed either by a trial-and-error
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method or by the use of functional input where the optimization has been done by our OPT
optimizing preprocessor. (See also Application Note 8 for additional information).

Example 3.7.1 Filter with Complex Transmission Zero

We will design a lowpass that, besides having a complex quadruplet of transmission zeros, is a
5th degree Butterworth filter. That is to say, it has maximally flat passband and a 5th order zero
at in- finity. The location of the complex zero was determined through a few trial runs of this
program:

c:>sfilsyn

* % K K % S/FILSYN * kK ok 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
> complex transmission zeros
FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2

> 0

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

UPPER EDGE OF THE PASSBAND IN HZ

> 1k

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

WHAT IS THE BAND EDGE LOSS IN DB

> 3.

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

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY

> 5

ENTER NO. OF FINITE TRANSMISSION ZEROS

> 1

ENTER REAL PARTS OF TRANSMISSION ZEROS IN HZ

> 559. ! Complex zero

ENTER IMAGINARY PARTS OF TRANSMISSION ZEROS IN HZ

> 408.

ENTER INPUT TERMINATION IN OHMS

> 100

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 100

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

The exclamation point is again used to mark up the printout for explanatory purposes. The sum-
mary indicates that this complex transmission zero adds 4 to the overall degree:

**% S/FILSYN *** FILTER PROGRAM

complex transmission zeros
LOW-PASS FILTER
MAXIMALLY FLAT PASS BAND
BANDEDGE LOSS = 3.000000 DB.
UPPER PASSBAND EDGE FREQUENCY = 1.000000 kHz
SPECIFIED STOP BAND
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MULTIPLICITY OF ZERO AT INFINITY

NUMBER OF FINITE TRANSMISSION ZERO PAIRS
OVERALL FILTER DEGREE

TRANSMISSION ZEROS

N on

REAL PART IMAGINARY PART
5.5900000D+02 4.0800000D+02
-5.5900000D+02 4.0800000D+02

100.000000 ohm
100.000000 ohm
1.0000000D+00
1.0000000D+00

INPUT TERMINATION

OUTPUT TERMINATION

REQUESTED TERMINATION RATIO

NEAREST AVAILABLE TERMINATION RATIO

For a detailed analysis, instead of showing the tabulation, we decide to take advantage of the
plotting capability of the program by means of the following conversation. If we use the internal,
character graphics mode, we need not save the computed results on a file:

COMMAND:

> freqg

ENTER FREQ:

> 0 2k 50
ENTER FREQ:

>

TABULATE: Y/N

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

;LO; - WIDE: W, NARROW: N, GRAPHICS: G OR END: E
;LO; - NO: N, LOSS: L, PHASE: P, DELAY: D

ENTER STARTING AND ENDING FREQ. OF PLOT

> 0 2k

On personal computers, the graphics (G) option indicated above is not available inside the pro-
gram. The user must save the tabulated data in a file, exit the program, and use the separate
GRAPH utility routine to read the data back and display it. This display can then be printed on a
graphics printer using the features of that utility. The graphics plot in the mainframe version
gives us true high-resolution graphics capability if the terminals are of the types supported.

For character graphics, the wide (W) option requires a printer or screen capable of printing 132
characters per line, while the narrow (N) needs only an 80 character capability. In our example,
the narrow option is chosen. Both plot types are character-graphics and available in all versions
of the program at all times.

The sideways plot (page 3.32) indicates quite clearly the effect of the complex transmission zero
on the delay. The delay is quite constant to about 1000 Hz which is where the upper edge of the
passband is located. But the complex zero also contributes to the stopband loss, which is substan-
tially higher than it would be for a straight 5th order Butterworth filter.

The passive realization, shown below, shows the embedded bridged-T circuit mentioned above.
The negative inductance should not be a problem. The three inductors which are joined there can
be realized by a pair of coupled inductors with less than perfect coupling.

complex transmission zeros
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8
11

13

COMMENT

]

—L—C

H—

Q

100.

639.

18.

31.

41.
586.
-11.

37.

172.

100.

000000

179596

231724

.723453

210754

.284796

767147
429423
173805

.040830

398205

524626

000000

ohm

nk

mH

ul

mH

ul

mH

nk

mH

ul

mH

nk

ohm

Using the maximally-flat passband type, one should not use very low band-edge loss values (0.1
dB or less). Such values could lead to severe numerical problems and loss of precision in the
synthesis. Use instead the 3 dB point(s) or even higher band-edge loss values. If these
frequencies are not known, we may use the following procedure. Design the filter as specified

(with the low

band-edge loss) until the transfer function is calculated in the SFILSYN segment. This
calculation is sufficiently accurate and can be used for a frequency analysis, for locating the
frequency where the loss is about 3 dB or any other value nearby. The design should then be
repeated using the REST (restart) command, with this new frequency and corresponding loss

values as band-edge data and will yield excellent precision throughout.
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0.0000E+00 +-------—~ e — TR . TR +
I I I * I I I
I I I * I I I
I I I I I I
I I I * I I I
2.0000E+02 +-—---—-—- fommm TR oo e +
I I I * I I I
I I I * I I I
I I I I I I
I I I * I I I
4.0000E+02 +-—--——-—- b TR *gm o R +
I I I * I I I
I I I * I I I
I I I I I I
I I I * I I I
6.0000E+02 +-——————— b bommmmm S oo +
I I I * I I I
I I I * I I I
I I I I I I
I I I * I I I
8.0000E+02 +-——-————- b TR g R +
I I I * I I I
I I I * I I I
I I I I I I
I I I * I I I
1.0000E+03 +——--————- b tommm S o +
I I I = I I I
I I * I I I
I I I I I I
I I * I I I I
1.2000E+03 +-—--————- oK T oo +
I I = I I I I
I I* I I I I
I I I I I I
I *T I I I I
1.4000E+03 +--——-—- Koo mmmmmo T oo e Y
I * I I I I I
I * I I I I I
I I I I I I
I * I I I I I
1.6000E+03 +———*————- T T oo e Y
I = I I I I I
I = I I I I I
I I I I I I
I * I I I I I
1.8000E+03 +—*——————- T T o oo Y
I* I I I I I
I* I I I I I
I I I I I I
I* I I I I I
2.0000E+03 *=-—--=--—~ b T T o +
2.0000E-04 1.0000E-03 1.8000E-03
6.0000E-04 1.4000E-03 2.2000E-03
DELAY VS. FREQ
3.8 MONOTONIC STOPBAND

This option calculates the degree of lowpass, highpass and bandpass filters of the Butterworth
and Chebyshev types in cases where the overall degree of the filter is unknown. Each stopband is
spec- ified by a single frequency-loss pair (point) defined by the filter requirements. If the
requirements contain several points, they must be tried one at a time, and the highest degree
indicated by the program must be selected. Note that if the filter degree is known (even if
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monotonic), the SPEC- IFIED option should be used and monotonic stopband(s) will be obtained
if no finite transmission zeros are specified.

Example 3.8.1 Microwave Monotonic Bandpass Filter

This example focuses on a microwave bandpass filter with passband from 2 to 3 GHz. The filter
should have at least 25 dB of loss below 1.5 GHz and at least 35 dB above 4 GHz, with 5 GHz as
the quarter-wave frequency.

This option works only for conventional filters, as specified below. Also, for microwave filters
we must specify the number of unit elements we want to use (zero is acceptable). The program
will determine the number of zeros at zero frequency and at the quarter-wave frequency, which
corre- sponds to infinite frequency in the lumped case.

The data input session is as follows:

C:>sfilsyn
* % K K % S/FILSYN * kK ok 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
> monotonic bandpass
FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2

> 2

ENTER QUARTER WAVE FREQUENCY IN HZ

>  5G

FILTER TYPE - LOWPASS: 1, HIGHPASS: 2 OR BANDPASS: 4

> 4

LOWER EDGE OF THE PASSBAND IN HZ

> 2GHz

UPPER EDGE OF THE PASSBAND IN HZ

>  3e9

PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2 OR SLOPING: 3
> 1

WHAT IS THE BAND EDGE LOSS IN DB

> .1

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

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

ENTER NO. OF UNIT ELEMENTS

> 4 ! This is our choice.

ENTER FREQUENCY-LOSS PAIR IN LOWER STOPBAND

> 1.5G 25

ENTER FREQUENCY-LOSS PAIR IN UPPER STOPBAND

> 4G 35

ENTER INPUT TERMINATION IN OHMS

> 50

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 50
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The summary below tells us that the overall filter degree must be 10 (conventional bandpass
filters must have an even overall degree). We will also see how it is divided between zero and
quarter- wave frequencies and unit elements:

**% S/FILSYN *** FILTER PROGRAM

monotonic bandpass
BAND-PASS FILTER

EQUAL RIPPLE PASS BAND

BANDEDGE LOSS

MAX. PASSBAND VSWR
PRESHIFTED LOWER PASSBAND EDGE FREQUENCY

LOWER PASSBAND EDGE FREQUENCY
UPPER PASSBAND EDGE FREQUENCY
QUARTER-WAVE FREQUENCY
MONOTONIC STOPBAND
MULTIPLICITY OF ZERO AT ZERO

MULTIPLICITY OF ZERO AT QUARTER-WAVE FR.
NUMBER OF UNIT ELEMENTS

OVERALL FILTER DEGREE
INPUT TERMINATION

OUTPUT TERMINATION

REQUESTED TERMINATION RATIO

.100000 DB.
.355361

.583592 GHz
.000000 GHz
.000000 GHz
.000000 GHz

g wN ==

BN

50.000000 ohm
50.000000 ohm
1.0000000D+00

The following analysis shows that all requirements have been met:

COMMAND :

> freqg

ENTER FREQ:

> 0.,4.5e9,5e8
ENTER FREQ:

>

TABULATE: Y/N

>y

monotonic bandpass

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

FREQUENCY
IN HZ

.00000D+08
.00000D+09
.50000D+09
.00000D+09
.50000D+09
.00000D+09
.50000D+09
.00000D+09
.50000D+09

DWW PO

LOSS

IN

100.
70.
42.

DB

8660
2673
2067

.1000
.0096
.1000

.0601
.8311
L7736

PHASE
IN DEGREES

10
24
48

220.
108.
332.
130.
155.
169.

.6020
.1160
.6209
1325
8839
4781
7066
6885
3287

DELAY
IN SECONDS

ANAONNEDNDN O

Additional analysis of this circuit is presented in Section 5.3.

.3486D-11
.2400D-11
.1228D-10
.5708D-09
.1089D-09
.0003D-09
.1853D-10
.3498D-11
.3951D-11

In monotonic bandpass design the multiplicity of the zero at zero or at infinity may turn out to be
zero. This leads to a bandpass that either looks like a highpass or a lowpass respectively, with a
poor termination ratio in a passive implementation. If this is not acceptable, one should repeat the
design as a SPECIFIED one, and enter unity for the previously zero multiplicity, while reducing
that of the other by one. This will work in all but the most borderline cases, where we find it nec-
essary to increase the other multiplicity by one rather than decreasing it. The sum of these multi-
plicities must be even for conventional bandpass designs. Alternatively, we could try a
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parametric case with arbitrary, no zero, multiplicities, at least one of which must be odd, if that is

acceptable.
3.9 PARAMETRIC BANDPASS

These filter types are explained in detail in Appendix C. The primary use of this type is in passive
LC realization, where it may reduce the number of inductors used at the expense of capacitors
and where awkward inductor values can be avoided in narrow band cases. Parametric filters can
be of even or odd degree, as opposed to conventional band passes, which must be of even overall
de- gree. In the case of even degree parametric filters, extreme termination is not allowed.
Therefore, in multiplexers, either a conventional or an odd degree parametric design must be
used. For paral- leled multiplexers in particular, bandpass filters must have a transmission zero
at infinity with even multiplicity.

The stop bands of parametric filters can only be of the SPECIFIED type (i.e., we must know the
number and locations of the transmission zeros), or they should be designed using the PLACER
segment (see Section 4).

To demonstrate this filter type, we will use the results of the lumped bandpass design we ran
through the PLACER segment (see example 4.2.3). We accept that design as satisfactory and
feed the data directly into the SFILSYN segment. This can be done by saving the design data in a
file and recalling it into SFILSYN at the top of the program. The only difference is that we
specify 1000 ohm termination in this case. The summary is not significant, but the passive ladder
reali- zation, shown below, is notable. As before, we used the computer-selected configuration:

***xx TERMINATION IS EXTREME ***x*
** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **

bandpass design

1 R 1.000000 kohm
2 C 481.218234 nF
3 pb—1-Cc— 214.930644 mH RES. FREQUENCY
363.317664 nF 569.544556 Hz
5 C 84.029621 nF
1
6 L C 102.363113 mH RES . FREQUENCY
(- 122.760911 nF 1.419771 kHz
|
8 C 115.057543 nF
|
9  pb—1-c— 363.284509 mH RES. FREQUENCY
| 125.129390 nF 746.478027 Hz
|
11 p—Cc— 237.290378 nF
|
—
12 L C 289.253961 mH RES . FREQUENCY
- 28.963793 nF 1.738812 kHz
|
14 C 71.699902 nF
|
15 p—1-Cc—] 207.329902 mH RES. FREQUENCY
| 242.051865 nF 710.452332 Hz
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I I

17 f——0c—] 337.364012 nF
I I

18 | C 54.273665 nF
I I

20 | L 523.162465 mH
I I

Note the warning at the top of the schematic which calls our attention to the termination condi-
tion, and the fact that the output termination is missing. Since the last branch is a series one, the
output termination should be a short-circuit; otherwise the last series branch would have no influ-
ence on the filter behavior. This means that the filter should be driven by an ideal voltage source
connected to the output (lower end) terminals. We can request a quick analysis to check the
circuit, and we obtain the following results:

*xxxxx*x COMPUTED PERFORMANCE ******x*

FREQUENCY VOLTAGE LOSS PHASE DELAY OUTPUT ADMITTANCE RETL
IN HZ IN DB IN DEG IN SEC REAL IMAGINARY IN DB
1.00000D+02 69.3127 279.161 2.554D-04 1.1715D-10 3.1790D-05 .0000
2.00000D+02 63.7365 288.434 2.606D-04 4.2301D-10 6.5778D-05 .0000
3.00000D+02 61.1700 298.006 2.728D-04 7.6384D-10 1.0474D-04 .0000
4.00000D+02 60.7395 308.247 2.995D-04 8.4343D-10 1.5297D-04 .0000
5.00000D+02 64.5239 319.944 3.583D-04 3.5287D-10 2.1852D-04 .0000
6.00000D+02 68.8971 155.024 5.032D-04 1.2891D-10 3.2019D-04 .0000
7.00000D+02 67.8290 180.059 1.016D-03 1.6485D-10 5.2241D-04 .0000
8.00000D+02 -.3940 358.766 2.394D-02 1.0950D-03 1.5826D-03 .0000
9.00000D+02 -.6382 265.551 4.202D-03 1.1583D-03 3.0479D-04 .0000
1.00000D+03 -.6354 27.789 3.169D-03 1.1575D-03 -4.3854D-05 .0000
1.10000D+03 -.5315 138.189 3.292D-03 1.1302D-03 -3.8339D-04 .0000
1.20000D+03 -.3940 298.263 8.102D-03 1.0950D-03 -1.3246D-03 .0000
1.30000D+03 29.1697 70.109 1.043D-03 1.2107D-06 -7.2681D-04 .0000
1.40000D+03 60.6058 94.102 4.441D-04 8.6980D-10 -4.9632D-04 .0000
1.50000D+03 60.6217 286.512 2.711D-04 8.6663D-10 -3.9065D-04 .0000
1.60000D+03 65.2753 294.681 1.912D-04 2.9680D-10 -3.2668D-04 .0000

In accordance with our request, the calculated loss is voltage loss which is due to the short-
circuited output. This time we obtain a flat gain in the passband. Also, instead of the impedance
at the output end, we calculate and tabulate the admittance as the more useful quantity. The
return loss has no meaning under the circumstances, and it is set to zero in the tabulation.

3.10 BANDPASS WITH EQUAL MINIMA STOPBAND

This filter type, if specified, will be generated from a lowpass by the familiar
lowpass-to-bandpass transformation, and therefore may not prove satisfactory. This kind of filter
yields an efficient design only if the requirements are close to being symmetrical on a logarithmic
frequency scale. The implementation will contain too many inductors, unless the overall degree
is a multiple of four. Any other time, use the PLACER segment instead.

3.11 MATCHING BANDPASS

It is well known that a true bandpass filter can usually accommodate a wide range of termination
ratios, thereby effecting a match between two unequal resistances. Sometimes however, the
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matching network must look like a lowpass in order, for instance, to conduct direct current (DC).
A lowpass-like structure can be designed to match two unequal resistors within a finite frequency
band, which does not include zero frequency. This can be done in lumped or in microwave
forms. We shall illustrate the lumped design below, whereas the microwave case will be shown
later.

Example 3.11.1 Impedance Matching Filter

Consider the problem of matching 1000 ohms to 5000 ohms in the band from 2000 Hz to 4000
Hz with a loss of less than 0.3 dB. We enter these requirements in conversational mode, as
follows:

C:>sfilsyn
* Kk Kk ok S/FILSYN * Kk 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
> S

ENTER TITLE

> 1impedance matching

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

> 2000
UPPER EDGE OF THE PASSBAND IN HZ
> 4000

PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2 OR SLOPING: 3
> 1
WHAT IS THE BAND EDGE LOSS IN DB

> .3

BANDPASS - CONVENTIONAL: 1, PARAMETRIC: 2 OR MATCHING: 3
> 3 ! Here is where we select impedance matching

ENTER INPUT TERMINATION IN OHMS

> 1000

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 5000

Once the MATCHING bandpass was selected, no further information is needed for the stop
bands inasmuch as they are no longer significant. The summary shown below, indicates that this
matching can be done by a 4th order lowpass with zeros at infinity only. The match will yield
about 0.16 dB passband ripple:

**% S/FILSYN *** FILTER PROGRAM

impedance matching
BAND-PASS FILTER
EQUAL RIPPLE PASS BAND

BANDEDGE LOSS = .164268 DB.

LOWER PASSBAND EDGE FREQUENCY = 2.000000 kHz

UPPER PASSBAND EDGE FREQUENCY = 4.000000 kHz
SPECIFIED STOP BAND

MULTIPLICITY OF ZERO AT ZERO = 0
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MULTIPLICITY OF ZERO AT INFINITY = 4
OVERALL FILTER DEGREE = 4
INPUT TERMINATION = 1.000000 kohm
OUTPUT TERMINATION = 5.000000 kohm
REQUESTED TERMINATION RATIO = 5.0000000D+00

The unique computer-generated configuration is shown below:

impedance matching

1 R 5.000000 kohm
2 L 368.887934 mH
3 C 6.782408 nF
4 L 847.800939 mH
5 C 2.951103 nF
7 R 25.000000 kohm

The impedance level of this circuit goes from 5000 ohms to 25 Kohms instead of down to 1000
ohms as requested. This may happen occasionally and is easily corrected by requesting the dual
circuit or by rescaling the circuit by a factor of 0.2, as shown:

COMMAND :

> rs .2

* * DONE * *

COMMAND :

> pri

impedance matching

1 R 1.000000 kohm
2 L 73.777587 mH
3 C 33.912038 nF
4 L 169.560188 mH
5 C 14.755517 nF
7 R 5.000000 kohm

Finally we analyze this circuit at a few frequencies to check the correctness of the design and do
get perfect agreement:

*xxxxx*x COMPUTED PERFORMANCE ******x%

FREQUENCY TRANSD. LOSS PHASE DELAY OUTPUT IMPEDANCE RETL
IN HZ IN DB IN DEG IN SEC REAL IMAGINARY IN DB
0.00000D+00 2.5527 .000 8.111D-05 1.0000D+03 -2.0000D-09 3.5218
5.00000D+02 2.3212 14.904 8.619D-05 1.1024D+03 6.2272D+02 3.8297
1.00000D+03 1.6797 31.651 1.016D-04 1.4863D+03 1.3006D+03 4.9383
1.50000D+03 .8296 51.985 1.251D-04 2.4477D+03 1.9469D+03 7.5971
2.00000D+03 .1643 76.525 1.455D-04 4.2722D+03 1.6626D+03 14.3042
2.50000D+03 .0080 103.299 1.491D-04 4.8854D+03 -4.0877D+02 27.3490
3.00000D+03 .1468 129.864 1.478D-04 3.8152D+03 -1.1046D+03 14.7832
3.50000D+03 .0856 158.176 1.745D-04 3.8331D+03 -4.0617D+02 17.0940
4.00000D+03 .1643 195.762 2.467D-04 7.2257D+03 -7.8547D+02 14.3042
4.50000D+03 2.7917 241.458 2.313D-04 3.2213D+03 -7.4120D+03 3.2405
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5.00000D+03 7.8519 273.880 1.327D-04 4.1839D+02 -4.6549D+03 L7779
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3.12 MICROWAVE IMPEDANCE MATCHING

As mentioned above, microwave bandpass filters, as well as highpass filters which contain unit
elements, are capable of accommodating two unequal resistive terminations between wide limits.
The available range of terminations depends mainly upon their bandwidth. The narrower the
band- width, the wider the available ratio.

However, just as in the lumped case, matching two unequal resistive terminations within a band,
not including zero frequency, may also be achieved by a lowpass-like structure. Since microwave
filters may also contain unit elements, we have here a much wider range of possibilities:

a) The filter can be the microwave equivalent of a lumped lowpass; i.e., it can consist of an al-
ternating series of series shorted and shunt open stubs, with or without additional unit elements.

b) It may contain cascaded unit elements on/y.

Both types may be obtained by invoking the MATCHING option of bandpass filter kinds. In case
a), we must explicitly specify how many unit elements we want (zero is acceptable). The
program will then determine how many additional stubs will be required to meet the
specifications. How- ever, in case b) we indicate to the program that we want to use unit
elements only by entering -1 when it requests the number of unit elements to be used. In this case
the program itself will deter- mine how many unit elements will be needed. Note that the
quarter-wave frequency may be selected anywhere above the band of interest.

There remains yet one other possibility:

¢). It is called a quarter-wave impedance transformer, which also contains cascaded unit
elements only, but where the quarter-wave frequency is in the center of the band. Case ¢) can be
obtained by starting out with the highpass option of the program and by selecting the lower band-
pass edge as the highpass passband edge frequency. The question regarding the stopband type
now becomes immaterial, if we subsequently indicate that an impedance matching circuit is to be
designed. We do this by again entering -1 to the question concerning the number of unit elements
to be used.

When we compare these quarter-wave impedance transformer circuits to those obtained in case
b), we will usually find that in case b) the number of unit elements required will be greater than
the quarter-wave transformer solution. However, because the quarter-wave frequency is neces-
sarily lower, the physical length of the unit elements will be greater in case ¢) than in case b).

In all matching cases, the terminations specified must be non zero and unequal. In addition,
stopband requirements may not be entered. Finally, in case a), parasitic reactances or suscep-
tances of the terminations may be absorbed into the obtainable structures, but this will usually
require trial and error techniques.
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Example 3.12.1 Bandpass Microwave Impedance Matching

This example illustrates a matching case where we wish to use stubs and two unit elements. The
objective is to match 20 ohms and 100 ohms in the band from 100 to 200 MHz, with 1 GHz
being the quarter-wave frequency. The passband match should yield not more than 0.2 dB ripple.

The data input session goes as follows:

C:>sfilsyn
* Kk Kk kK S/FILSYN * k k kK
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

> Dbandpass microwave impedance matching

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

ENTER QUARTER WAVE FREQUENCY IN HZ

> 1G

FILTER TYPE - LOWPASS: 1, HIGHPASS: 2 OR BANDPASS: 4
> 4

LOWER EDGE OF THE PASSBAND IN HZ

> 100M

UPPER EDGE OF THE PASSBAND IN HZ

>  200M

PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2 OR SLOPING: 3

> 1

WHAT IS THE BAND EDGE LOSS IN DB

> .2

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

IF UE'S ONLY, ENTER -1, OTHERWISE ENTER NO. OF UE'S
> 2

ENTER INPUT TERMINATION IN OHMS

> 20

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
> 100

The analysis summary that follows indicates that we need two additional stubs and that the match

will yield a loss ripple of about 0.17 dB in the specified band:

**% S/FILSYN *** FILTER PROGRAM

bandpass microwave impedance matching
BAND-PASS FILTER
EQUAL RIPPLE PASS BAND

BANDEDGE LOSS = .169531
MAX. PASSBAND VSWR = 1.486519
PRESHIFTED LOWER PASSBAND EDGE FREQUENCY = 97.491437
LOWER PASSBAND EDGE FREQUENCY = 100.000000
UPPER PASSBAND EDGE FREQUENCY = 200.000000
QUARTER-WAVE FREQUENCY = 1.000000

SPECIFIED STOP BAND
MULTIPLICITY OF ZERO AT ZERO =
MULTIPLICITY OF ZERO AT QUARTER-WAVE FR. =
NUMBER OF UNIT ELEMENTS =
OVERALL FILTER DEGREE =
INPUT TERMINATION = 2

SMAIN Segment

O DNDNO

.000000

DB.

MHz
MHz
MHz
GHz

ohm
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OUTPUT TERMINATION
REQUESTED TERMINATION RATIO

= 100.000000 ohm

5.0000000D+00

A brief analysis shows perfect performance at the transfer function level:

bandpass microwave impedance matching

NHEFRPRRPRRER RO DDNO

The synthesis results in a circuit with two unit elements at one end. Using the IB (interchange

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

FREQUENCY
IN HZ

.00000D+00
.00000D+07
.00000D+07
.00000D+07
.00000D+07
.00000D+08
.20000D+08
.40000D+08
.60000D+08
.80000D+08
.00000D+08

LOSS
IN DB

.5527
.4052
.9825
.3562
L6771
.1695
.0000
.0919
.1688
.0470
.1695

NN

PHASE
IN DEGREES

.0000
.9065
L7442
.4548
.8051
.8376
.3968
.9845
.6378
.0028
197.

8141

DELAY
IN SECONDS

GWWNWNNNRERERE

.6323D-09
.6965D-09
.8917D-09
.2137D-09
.6085D-09
.9273D-09
.0213D-09
.9739D-09
.1018D-09
.7895D-09
.0680D-09

3.41

branch) command to separate the unit elements produces the following circuit. A second analysis
verifies that this filter performs as shown above.

bandpass microwave impedance matching
VALUES ARE IMPEDANCES ***x*

***xx ATT
1 R
3 * UE *
5 cC
7 * UE *
11 C
13 R

100

600.

39.

88.

500.

.000000

918235

225438

.357889

637336

000000

ohm

ohm

ohm

kohm

ohm

ohm

Note that the terminations are 100 ohms and 500 ohms instead of the requested 20 ohms and
100 ohms. However, this can be easily changed by entering the command: RS 0.2, which will
rescale the design by a factor of 0.2 as before.

Example 3.12.2 Quarter-Wave Transformer

We will now design a quarter-wave transformer to the same specifications as example 3.12.1, but
will tighten the passband loss to not more than 0.01 dB. We specify this as a highpass with 100
MHz as the lower passband edge and a 150 MHz quarter-wave frequency, assuming otherwise

similar construction methods. These unit elements will consequently be nearly seven times as

long as those in the previous example.
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C:>sfilsyn
* ok kK Kk S/FILSYN * Kk kK Kk
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
> quarter-wave transformer
FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2

> 2
ENTER QUARTER WAVE FREQUENCY IN HZ
> 150MHz

FILTER TYPE - LOWPASS: 1, HIGHPASS: 2 OR BANDPASS: 4
> 2 ! This is actually a bandpass centered at 150 MHz.
LOWER EDGE OF THE PASSBAND IN HZ

> 100MHz

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

WHAT IS THE BAND EDGE LOSS IN DB

> .01

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

> 0 ! This item becomes immaterial!

ENTER NO. OF UNIT ELEMENTS
IF IMPEDANCE MATCHING, ENTER -1

> -1

ENTER INPUT TERMINATION IN OHMS

> 20

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
> 50

In the data input sequence above, the only noteworthy fact is that the stopband type specification
becomes immaterial and is ignored when we enter -1 as answer to the question that follows. The
stopband loss characteristics are monotonic, but they are not specified by any requirements. The

summary that follows indicates the need for a 3 section transformer and yields a match of about

0.005 dB.

**% S/FILSYN *** FILTER PROGRAM

quarter-wave transformer
HIGH-PASS FILTER
EQUAL RIPPLE PASS BAND
BANDEDGE LOSS = .005137 DB.
MAX. PASSBAND VSWR 1.071210
LOWER PASSBAND EDGE FREQUENCY 100.000000 MHz
QUARTER-WAVE FREQUENCY = 150.000000 MHz
SPECIFIED STOP BAND
MULTIPLICITY OF ZERO AT ZERO =
NUMBER OF UNIT ELEMENTS =
NUMBER OF FINITE TRANSMISSION ZERO PAIRS =
OVERALL FILTER DEGREE =

w o wo

The terminations and termination ratio are not printed in this summary, due to a minor problem
in the program that renders some incorrect results. It is expected that this discrepancy will be re-
solved in the future, but in the meanwhile it has no adverse effect on the final results. The result-
ing network exhibits the correct terminations and behaves as expected.
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quarter-wave transformer

***xx ALL VALUES ARE IMPEDANCES ****

1 b—r— 100.000000
) )

3 % UE * 77.680956
* *
| |
* *

5 * UE * 44.721360
* *
| |
* *

7 * UE * 25.746336
* *
| |

9  b—r— 20.000000

**kxxxxx COMPUTED

FREQUENCY TRANSD. LOSS

IN HZ IN DB
1.00000D+07 2.4800
2.00000D+07 2.2689
3.00000D+07 1.9410
4.00000D+07 1.5334
5.00000D+07 1.0977
6.00000D+07 .6929
7.00000D+07 .3705
8.00000D+07 .1567
9.00000D+07 .0452
1.00000D+08 .0051
1.10000D+08 .0004
1.20000D+08 .0043
1.30000D+08 .0047
1.40000D+08 .0018

PERFORMANCE ******x

PHASE

IN

14.
30.
45.
62.
79.
98.
117.
137.
156.
176.
195.
213.
232.
251.

DEG

866
037
799
388
939
425
629
198
774
120
174
994
689
345

3.13 SHIFTED BANDPASS FILTERS

ohm

ohm

ohm

ohm

ohm

D

ELAY

IN SEC

U101 01 U101 OO U1 U1 O DD

.158D-09
.284D-09
.484D-09
.739D-09
.011D-09
.249D-09
.403D-09
.451D-09
.413D-09
.333D-09
.256D-09
.206D-09
.185D-09
.181D-09

Sl S I e R R e = SR

OUTPUT
REAL

.0603D+01
.9217D+01
.4443D+01
.7742D+01
.4678D+01
.3532D+01
.3634D+01
.4707D+01
.6532D+01
.8673D+01
.0385D+01
.1052D+01
.0787D+01
.0247D+01

IMPEDANCE

IMAGINARY

-4.
-4.
-3.
-2.
-1.
-1.
=7.
-3.
-1.
-8.
-1.
=7.
-1.
=7.

2299D+01
2230D+01
2896D+01
4412D+01
7589D+01
2060D+01
5232D+00
9008D+00
3399D+00
6981D-02
0543D-01
3716D-01
0925D+00
7968D-01

3.43

RETL

IN DB

.6144
.9048
.4320
.2654
.5102
.3128
.8743
.5047
.8537
L2737
.1055
.0936
.6290
.8441

In the next section, we describe the commands available at the end of the SFILSYN segment.
One of them, the shifted-bandpass (SBP) command, gives us a tool to design arithmetically
symmet- rical and/or linear-phase bandpass filters starting from a lowpass or a linear-phase
lowpass respec- tively. This command will be demonstrated later in this manual.

3.14 COMMANDS

At the conclusion of the SFILSYN segment, we have a number of options. The COMMAND:
prompt accepts the following responses:

e DATA -- This command writes the transfer function data into a file to transfer to the

optimizing preprocessor.

* DOS -- This command allows us to temporarily return to the DOS operating system to
perform some other operations. Meanwhile, the main program execution is suspended.
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END -- This offers a graceful way out of the segment. The program terminates.
FREQ -- This is the frequency domain analysis command and produces its own prompt:
ENTER FREQ:. The prompt accepts up to five lines of data in any of three forms:

1) FA, FB, DF -- where FA is the starting frequency, FB (>FA) is the ending frequency
and DF (<FB) is the increment for a linear sweep;

2) FA, FB, -N -- where FA and FB are the same as above, but the sweep is logarithmic
with N frequencies per decade;

3) F1, F2, F3,... -- where the F’s are individual frequencies in increasing order, from 1 to
25 on the line.

The frequencies specified are generated, merged and sorted, duplicates are eliminated and
the first 501 values are used for the analysis. For later analyses, a slash (/) or "OLD" entry
tells the program to reuse the previously specified frequencies.

If the very first value entered is negative, all values are interpreted as rad/sec rather than
Hz values.

HELP -- This command yields a brief list of available responses.

MATL -- This command writes the transfer function poles and zeros into a file readable
by the Matlab program.

PRF -- This command causes the factored form of the transfer function (i.e. its poles and
zeros) to be printed.

PRI -- The numerator and denominator of the transfer function are printed to the screen
in polynomial form.

REST -- This is the restart command. It is used to modify some of the parameters of the
filter we have designed. The command takes us to the top of the program where all of the
data may be reentered.

SAVE -- This command is used to save a set of filter design specifications and resulting
functions in a file. This file can be read back into the program at the top to be resynthe-
sized in a different form (active RC instead of passive LC, for instance), or modified
through the subsequent use of the REST (restart) command.

SBP -- This command converts the singularities of a lowpass or linear-phase lowpass
filter into a set of bandpass singularities. The command needs only the center frequency
of the bandpass. The bandwidth will be twice the lowpass bandwidth. The procedure is
ap- proximate, but will yield very good filters up to about 25 % bandwidths.

SYN -- This command is used to proceed from the SFILSYN segment to any one of the
synthesis segments. In the single-executable version of the program, we will be prompted
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to specify the proper synthesis mode (not needed if a digital or microwave filter has al-
ready been specified). If the PASSIVE option is selected, a printout of the immittance
functions is offered before we proceed to the actual synthesis.

In the multi-executable personal computer version, the procedure is more complex. After
indicating our choice of synthesis type, the program asks for a file name and a transfer file
is written on the disk (a drive indicator and/or a subdirectory path may also be included).
This file will always have a .TRF extension. Exit SFILSYN using the END command.
Next we call the appropriate synthesis program (for example, PASSIVE), select the S
(synthesis) option, and enter the name of the transfer file. At this point, the two versions
again behave identically.

* TIME -- This command produces a direct time-domain analysis of the transfer function.
It is based on the inverse Laplace transform of the analog transfer function. For the time-
domain analysis of the IIR digital filters, we must go to the DIGITAL segment of the pro-
gram. Microwave filter functions cannot currently be analyzed in the time domain.

More information can be found in Section 13 which contains a summary of all program
commands and their description.

3.15 COMMENTS

The REST (restart) command is very useful if the design is marginal, or perhaps too good and we
wish to change it. The command will take us to the top of the program, but (most of) the previous
data will remain available. If we wish to retain the previous values, we may enter a slash (/) as
the answer to the prompt. If more than one data item was entered, a// remain unchanged. If we
wish to change one, we must reenter a// of them. In some cases, the previous values are no longer
available but no harm is done, the prompt is simply repeated.

The same procedure may be followed if a previously saved set of data is recalled at the top of the
program. After the printout, we may select the REST (restart) option and proceed as described
above. The only exception is that if the original data was entered through the PLACER segment,
the slash answer may not be used through the PLACER segment again. This is because the data
is saved as if it were entered in the SMAIN segment using the SPECIFIED option.

Another use of the SAVE command is the possibility of performing more than one type of
synthe- sis (i.e., passive LC and active RC) of the same filter. This is fairly simple using the
multi- executable version of the program, since we may write two or three transfer files, one after
the other. One may be for the PASSIVE segment, the other for the ACTIVE segment, etc. A
transfer file written for the PASSIVE segment can only be read by that segment and no other.
These files must have different names, since they will a/l have the .TRF extension.

In the single-executable version of the program, selecting a synthesis (for example, PASSIVE)
option, no transfer file is written and we are irrevocably committed to that synthesis. Unless the
data is saved prior to selecting the synthesis mode, we must start from the beginning if we want
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to redesign the filter as an active RC unit. If however, we saved (SAVE) the data, we may recall
it from the top of the program, and proceed to the active RC design segment directly.

Notes:
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