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SECTION 2

EXAMPLES

The purpose of this section is to demonstrate S/FILSYN’s capabilities by example. At times you
will be told to enter specific data without explanation. This is to keep you moving through the
ex- amples so that you can focus on the program, rather than filter design fundamentals. These
issues will be covered in later sections. The following design examples have been selected to
present S/FILSYN to you:

1) Passive lowpass filter of elliptic type,

2) Passive, 8th order Chebyshev bandpass filter,
3) Active leapfrog bandpass filter,

4) Active follow-the-leader bandpass filter,

5) Digital lowpass filter,

6) Digital highpass filter,

7) Digital FIR filter,

8) Microwave lowpass filter.

2.1 PASSIVE FILTERS

The root segment and the PASSIVE module contain the passive/microwave synthesis and ladder
analysis parts of the program, as well as the corresponding delay equalizer segment. Data may be
entered from the keyboard, or in some instances, from a file. Output may be displayed in tabular

or graphical format.

Example 2.1.1 Passive Lowpass Filter

Passive LC filters play an important role in communication systems, both directly and as an
intermediate step to the design of sophisticated active RC, switched-capacitor and digital filters.
Our first example shows the design of a lowpass filter of the elliptic type (equal ripple passband,
equal minima stopband), with a passband from 0 to 1000 Hz with .1 dB passband ripple, and a
stopband starting at 1150 Hz with at least 45 dB stopband loss. Terminations are to be 600 ohms
on both sides, and predistortion for internal dissipation is not required.

Data is entered into the computer in a conversational format, as shown below. All questions are
clearly worded, and a list of acceptable response options is indicated wherever possible. In this
and subsequent examples, the user entries follow our prompt symbol (>), and end with a carriage
return. On a personal computer, the program is called by typing its name after the DOS prompt
(usually "C:>"). The standard program interrupt sequence Ctrl-C, may be used to terminate pro-
gram execution and return to the DOS command level. The command STOP may also be used
for the same purpose whenever the program is waiting for input.

The following section shows exactly how the program was called and how the data for the
passive lowpass filter was entered.
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C:>sfilsyn

* Kk k Kk K S/FILSYN * Kk 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
> passive lowpass
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

> 1000

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

WHAT IS THE BAND EDGE LOSS IN DB

> .1

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

> 1

WISH TO SPECIFY MINIMUM REQUIRED STOPBAND LOSS: Y/N
>

ENTER LOSS IN DB

> 45

ENTER EDGE FREQUENCY OF UPPER STOPBAND IN HZ

> 1150

ENTER INPUT TERMINATION IN OHMS

> 600

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 600

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

The first question will be explained momentarily. All alphabetic responses were entered in lower
case to distinguish them more easily from the program prompts, which are in capital letters.
Workstation versions usually use lower case characters. For input, we may use lower or upper

case characters, or a mixture of them.

The interactive data input session shown above is followed by the printout shown below. It
summarizes the input parameters which were specified, as well as other parameters which the

program selects or calculates based on the input data.

**% S/FILSYN *** FILTER PROGRAM

passive lowpass
LOW-PASS FILTER
EQUAL RIPPLE PASS BAND

BANDEDGE LOSS = .100000
UPPER PASSBAND EDGE FREQUENCY = .000000
EQUAL MINIMA STOP BAND WITH EDGE FREQUENCY = .150000
REQUIRED STOP BAND LOSS = 45.000000

MULTIPLICITY OF ZERO AT INFINITY =
NUMBER OF FINITE TRANSMISSION ZERO PAIRS =
OVERALL FILTER DEGREE =
TRANSMISSION ZEROS

~N Wk O

Examples

DB.
kHz
kHz
DB.
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REAL PART IMAGINARY PART
0.0000000D+00 1.1639114D+03
0.0000000D+00 1.3161276D+03
0.0000000D+00 2.0611872D+03

INPUT TERMINATION

OUTPUT TERMINATION

REQUESTED TERMINATION RATIO

NEAREST AVAILABLE TERMINATION RATIO

600.000000 ohm
600.000000 ohm
1.0000000D+00
1.0000000D+00

COMMAND :

We see that a 7th degree filter will meet our design requirements, and we are provided with a list
of the transmission zeros necessary to realize it. At the end of the title line a date and time stamp
are automatically added, but we deleted it from all the examples shown in this manual. At this
point we have completed the preliminary design. The transfer function and a few other functions
are computed before the program switches to the COMMAND mode.

To view a list of options available in this mode, type HELP. To speed operation, instead of
typing the entire word, we may type any part of it, including just the letter ‘H’, or the question
mark ‘?’.

> help

DATA : WRITE POLE-ZERO DATA IN DATAFILE
DOS : RETURN TO DOS TEMPORARILY

END : TERMINATE PROGRAM

FREQ : FREQUENCY-DOMAIN ANALYSIS

HELP : PRINTS THIS LISTING

MATL : WRITE DATA TO MATLAB FILE

PRF : PRINT FACTORED TRANSFER FUNCTION

PRI : PRINT TRANSFER FUNCTION POLYNOMIALS

REST : RESTART PROGRAM

SAVE : SAVE FILTER DATA ON FILE

SBP : PERFORM A SHIFTING LP-TO-BP TRANSFORMATION
SYN : WRITE TRANSFER FILE FOR SYNTHESIS

TIME : TIME-DOMAIN ANALYSIS

In the personal computer version of the program there is a full, context-sensitive help system, of-
fering more information in a different format. Unfortunately the same system is not available in
the workstation and mainframe versions of the program. The above format is the workstation one
and help is not always available.

The HELP command produced a list of executable commands from the command mode. Many of
these commands are self-explanatory, but others are explained below:

DATA (Write pole-zero data in data file) -- Use this command to save your pole-zero data in a
data file. Other programs, such as the optimizing preprocessor, can use these files for initial data.

REST (Restart program) -- Use this command to rerun a design with modified parameters.
When previously entered data is to be retained, enter a slash (/) at the prompt. If the old data is
not available any more, no harm is done; the question is simply repeated.

SAVE (Save filter data on file) -- Use this command to save this filter function with its input
data (for a possible rerun using modified data) in a disk file. It is this file that may be read back at
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the very first prompt of the program, namely when we are asked: READ DATA FROM FILE:
Y/N.

The program can write a large number of disk files and is able to read some of them back. To
make these files more identifiable, the program attaches a unique extension to each file, that
iden- tifies it to the program. Do not modify these extensions, or specify it when the program
prompts for a file name.

SBP (Perform a shifting LP-to-BP transformation) -- Use this command to perform a shifted
bandpass transformation that converts a lowpass function into a bandpass. It will be highly
symmetrical on a linear frequency scale. This is very different from the more common lowpass-
to-bandpass transformation, that does not preserve symmetry. This procedure is approximate, but
yields very good results up to about 25% bandwidth. This transformation can only be applied to
the transfer function, not the filter circuit itself.

SYN (Write transfer file for synthesis) -- Use this command to proceed to the segment of the
program which does the actual circuit synthesis.

TIME (Time domain analysis) -- Use this command to obtain an exact computation of the im-

pulse and step responses of the filter for the lumped case. For the digital filter case, the compu-
tation can be obtained after the actual synthesis in the DIGITAL segment. This command is not
available for microwave filters.

Continuing our example we now select the FREQ (frequency domain analysis) option to evaluate
the transfer function and see if our requirements have been met. The program returns with the
prompt ENTER FREQ: and we can get a tabulation of frequency, loss, phase and delay data at
frequencies specified in accordance with our response. Information detailing how the frequencies
are to be specified may be obtained by again typing HELP. A thorough summary of all
commands can be found in Section 13.

COMMAND:

> freqg

ENTER FREQ:

> help
ENTER UP TO 5 LINES OF DATA IN FOLLOWING FORM:

FA,FB, DF WHERE FA IS THE STARTING, FB IS THE ENDING FREQUENCY AND DF IS THE
INCREMENT

OR

FA,FB,-N WHERE FA AND FB ARE AS ABOVE, BUT N IS THE NUMBER OF FREQUENCIES PER
DECADE

OR

Fl, F2,... WHICH ARE SPECIFIC FREQUENCIES IN ASCENDING ORDER (UP TO 25 ON A LINE)

OR ANY COMBINATION

TERMINATE ENTRY WITH "END" OR A BLANK LINE

IF "OLD" OR A SLASH "/" IS ENTERED, THE PREVIOUSLY SPECIFIED FREQUENCIES ARE
RETAINED

ENTER FREQ:
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> 0 2000 200
ENTER FREQ:

> 1000 1300 50
ENTER FREQ:

>

TABULATE: Y/N
>y

After the message is printed, the ENTER FREQ: prompt is repeated and in this case we specified
two ranges of frequencies, 0 to 2000 Hz in steps of 200 Hz, and 1000 Hz to 1300 Hz in steps of
50 Hz. We entered a carriage return in response to the third ENTER FREQ: prompt to indicate
that no more frequencies are needed. Tabulation may be suppressed if we only want to display
the data graphically or store it to a disk file. The tabulated results below show that the two sets of
frequencies which we specified have been generated, merged, sorted, duplications deleted and
then used for the analysis:

passive lowpass

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

FREQUENCY LOSS PHASE DELAY
IN HZ IN DB IN DEGREES IN SECONDS

0.00000D+00 .000000 360.000000 5.587988D-04
2.00000D+02 .073424 40.300106 5.638859D-04
4.00000D+02 .071814 82.651059 6.292933D-04
6.00000D+02 .009001 133.488728 7.967806D-04
8.00000D+02 .071618 201.308726 1.176852D-03
1.00000D+03 .100000 345.577652 4.507467D-03
1.05000D+03 8.199844 75.840086 3.743150D-03
1.10000D+03 23.513190 118.665164 1.527760D-03
1.15000D+03 45.758398 139.716001 9.131873D-04
1.20000D+03 46.103838 333.492750 6.468689D-04
1.25000D+03 48.209009 343.679018 4.971581D-04
1.30000D+03 60.743115 351.704687 4.008776D-04
1.40000D+03 49.139582 183.825789 2.843901D-04
1.60000D+03 46.112885 199.713851 1.728827D-04
1.80000D+03 50.704261 210.051316 1.197214D-04
2.00000D+03 64.142508 217.480008 8.910291D-05

WISH TO WRITE ANALYSIS DATA ON FILE: Y/N

> n

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

> e

The results may be saved in a file, and any of the loss, phase or delay characteristics can be
plotted versus frequency. We shall demonstrate this feature later.

To begin the synthesis stage for our example, proceed as follows:

COMMAND:
> syn

Next we are prompted to select the form in which we want the filter to be implemented. Selecting
passive and declining to view the immittance functions, we begin the synthesis portion of the
pro- gram. In the single-executable version of the program, some of these prompts are omitted
and handled internally by the program.

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

WISH TO SEE IMMITTANCE POLYNOMIALS: Y/N

> n
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EXISTING POLYNOMIALS ARE: ES OS oD
ENTER FILE NAME

> test

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

COMMAND :

> end

**x* S/FILSYN *** SIGNING OFF ***

C:>passive
* % K Kk S/FILSYN * kK kX
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

Upon entering the SYN command, the personal computer version asks for a file name. This file
contains all the information needed by the synthesis segments of the program, and is the only
way information can be transferred between the segments. Most data transfer and storage files are
BINARY files (as opposed to ASCII files used to store the frequency analysis results, for exam-
ple). These binary files cannot (and should not) be looked at or modified. ASCII (text) files, on
the other hand, may be viewed, printed or modified in any way we wish but cannot be read back
into the program.

After writing this file, the program provides instructions on how to proceed. Following those
instructions and selecting the obvious path we gave the PASSIVE synthesis segment the name of
the file containing the information. It was then read into this program segment resulting in the
following display:

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

WISH TO SEE INTERMEDIATE RESULTS: Y/N

> n

Selecting the computer-generated configuration obtains the results shown below. A few seconds
later the following appears on the screen:
** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **

passive lowpass

1 R 600.000000 ohm
3 C 272.036952 nF
(.
4 L C 116.140623 mH RES.FREQUENCY
! 51.335906 nF 2.061187 kHz
5 C 419.648612 nF
(.
6 L C 95.013912 mH RES.FREQUENCY
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- 153.906539 nF 1.316128 kHz
7 C 328.758266 nF
1
8 L C 50.196763 mH RES.FREQUENCY
L 372.498678 nF 1.163911 kHz
9 C 116.242848 nF
11 R 600.000000 ohm
COMMAND :

In the single executable version of the program, we need not go through all these steps. The
“SYN” input is followed immediately by the LATTICE: L, ... prompt and everything else in
between is missing.

At the completion of this printout, i.e. the schematic representation of the filter, we reach the
analysis segment of the program. In this phase the data entries are again of the COMMAND
form. In this mode we can enter any of a number of commands acceptable to the program. Two
commands are always acceptable: END, to terminate this segment of the program; HELP, to get
a list of analysis commands (with a brief explanation):

> help

BE : TRANSFORM LOWPASS TO BAND-ELIMINATION

CH : CHANGE ELEMENT VALUES

CLR : CLEAR ALL DATA

COM : COMBINE TWO BRANCHES

DEL : DELETE A BRANCH

DISP : DISPLAY ORIGINAL DESIGN DATA

DOS : TEMPORARILY EXIT TO DOS

DUAL : GET DUAL CIRCUIT

ECM : SAME AS THE 'LCE' COMMAND (SEE BELOW) BUT USED
SPECIFICALLY FOR EDGE-COUPLED MICROWAVE FILTERS

END : LEAVE LADDER SEGMENT

EQU : DELAY EQUALIZER DESIGN

FILE : WRITE ASCII, S/COMPACT, TOUCHSTONE OR SPICE FILE
FLIP : TURN CIRCUIT END-FOR-END
FREQ : FREQUENCY DOMAIN ANALYSIS

F'S : FREQUENCY SCALING
HELP : PRINT LIST OF COMMANDS
IB : INTERCHANGE BRANCHES
INCL : INCLUSION OF FLANKING CAPACITORS INTO LATTICE
INS : INSERT A BRANCH
(WAITING)
LAT : CONVERSION OF LADDER SEGMENT TO LATTICE
LBL : REPLACE TITLE AND UPDATE DATESTAMP
LCE : CALCULATE TRANSFORMATION RATIOS FOR EQUAL SHUNT L'S OR C'S
OFF : TURN AUTOMATIC PRINT OFF
ON : TURN AUTOMATIC PRINT ON
PREF : REPLACE CAPACITORS BY PREFERRED VALUES
PRI : PRINT COMPLETE NETWORK
RCL : RECALL A SAVED CIRCUIT
RES : CALCULATE THE RESONANT FREQUENCY OF AN LC PAIR
RS : IMPEDANCE SCALING
SAVE : SAVE RESULTS ON FILE
SPL : SPLIT A BRANCH INTO TWO
SPRD : CALCULATE THE SPREAD OF COMPONENT VALUES
SQU : SQUEEZE BRANCH NUMBERS
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STO : SAVE A CIRCUIT TEMPORARILY
TP : TEE-TO-PI OR PI-TO-TEE CONVERSION
TR : NORTON (IMPEDANCE) TRANSFORMATION

UNDO : REVERSE CERTAIN COMMANDS

WAVE : CONVERT MICROWAVE TO WAVE DIGITAL FILTER

XCH : EXCHANGE A THREE-ELEMENT BRANCH FOR ITS EQUIVALENT
XR : EXCHANGE TWO RESONANT BRANCHES

Since the list is too long to fit on one screen, it is split into two groups. After the (WAITING)
comment is displayed, a carriage return brings the next part of the list onto the screen. As was
mentioned before, the personal computer version of the program has a more elaborate help
system.

Upon selecting a command, additional data may be necessary, which will be requested in conver-
sational mode again. Or, if we are familiar with the commands and know what further data is
required, we may enter all or part of it on the same line with the command in completely free
format. The only thing to remember is to enter reals with a decimal point and/or an exponent but
to enter integers without them.

This time we leave the segment using the END command. This gets us back to the top of the
passive synthesis segment, where we could resynthesize this (or any other) filter. Another END
command closes the passive synthesis segment. Finally, ‘E’ (for END) is used to terminate the
program gracefully, as shown below:

COMMAND:

> end

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

SYNTHESIS: S, ANALYSIS: A OR END: E

> e

***% PASSIVE SYNTHESIS PROGRAM TERMINATED ***

Stop - Program terminated.

This process may be abbreviated by entering 'STOP' at any place in the program. This prompt
will immediately terminate program execution. However, data should be protected by using the
SAVE command before executing the STOP command. The STOP command should be used
sparingly until we become more familiar with the program.

Example 2.1.2 Band Pass Filter

This example is an 8th order Chebyshev bandpass filter. Since we know its degree and wish to

put half of the transmission zeros to zero frequency and the other half to infinite frequency, we

select the SPECIFIED stopband option. Even though the stopband is monotonic, we should not

select the MONOTONIC option, because MONOTONIC implies that we do not know the

required degree and wish the program to determine it from some other specification.
C:>sfilsyn

* 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.
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READ DATA FROM FILE: Y/N

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

ENTER TITLE

> passive bandpass

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

> 0

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

LOWER EDGE OF THE PASSBAND IN HZ

> 1000

UPPER EDGE OF THE PASSBAND IN HZ

> 2000

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

WHAT IS THE BAND EDGE LOSS IN DB

> .25

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

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

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT ZERO

> 4

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY

> 4

ENTER NO. OF FINITE TRANSMISSION ZEROS

> 0

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

Parametric and matching bandpasses will be explained later. At this point we shall concentrate
on the CONVENTIONAL bandpass type. All other data entered are either self explanatory or
have been described in the previous example.

A few seconds after the last entry is complete, the following listing will appear on the screen:
**% S/FILSYN *** FILTER PROGRAM
passive bandpass

BAND-PASS FILTER
EQUAL RIPPLE PASS BAND

BANDEDGE LOSS = .250000 DB.
LOWER PASSBAND EDGE FREQUENCY = 1.000000 kHz
UPPER PASSBAND EDGE FREQUENCY = 2.000000 kHz
SPECIFIED STOP BAND

MULTIPLICITY OF ZERO AT ZERO = 4
MULTIPLICITY OF ZERO AT INFINITY = 4
OVERALL FILTER DEGREE = 8
INPUT TERMINATION = 500.000000 ohm
OUTPUT TERMINATION = 500.000000 ohm
REQUESTED TERMINATION RATIO = 1.0000000D+00

COMMAND:

> freqg

ENTER FREQ:

> 0 3k 200

ENTER FREQ:

>
TABULATE: Y/N
>y
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The requested analysis results follow immediately:
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passive

WNNNDNNDNNERERFRRRRFPODDN

> n

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

> e
COMMAND :

bandpass

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

FREQUENCY
IN HZ

.00000D+02
.00000D+02
.00000D+02
.00000D+02
.00000D+03
.20000D+03
.40000D+03
.60000D+03
.80000D+03
.00000D+03
.20000D+03
.40000D+03
.60000D+03
.80000D+03
.00000D+03

LOSS

IN

84.
58.

39

DB

9962
3916

.4992
20.

7692

.2500
.0337
.2468
.0050
.2475
.2500

8.

17

33

3184

.2240
23.
29.

8765
1401

.5111
WISH TO WRITE ANALYSIS DATA ON FILE?

PHASE
IN DEGREES

8.
18.
32.
58.
172.
284.
355.

55.
114.
187.
265.
293.
307.
315.
321.

5195
4263
2226
3075
8779
4744
7062
3641
6705
1221
0455
9446
4739
6757
3267

(Y/N)

G OR END: E

DELAY
IN SECONDS

N O N 0OOREDNU N

.2418D-04
.5616D-04
.4165D-04
.7341D-04
.6487D-03
.1587D-03
.4418D-04
.4181D-04
.1161D-04
.3243D-03
.3862D-04
.5315D-04
.4084D-04
.2595D-05
.6712D-05

211

Plotting is declined because the analysis is so brief. Instead, we will proceed to the passive syn-
thesis segment and obtain the computer-generated configuration shown below. The steps shown

on page 2.6 are repeated to obtain the following results:

passive bandpass

1

2

10

11

13

15

R
L
|
C
-
L
L
|
C
-
L
R

500.

109.

115.

404.

31.

163.

77.

270.

46.

809.

000000

673927

480026

041674

346143

592964

418660

872513

756859

782624

ohm

mH

nk

nk

mH

mH

nk

nk

mH

ohm

We notice here that even though we requested 500 ohm terminations at both ends, the output
termination is not 500 ohms. This is typical of bandpass filters and can be immediately remedied
by using the TR (transform impedance) command, as shown below:

COMMAND :
> tr

ENTER REQUIRED OUTPUT TERMINATION

> 500

ENTER SERIAL NO.'S OF BRANCHES TO BE USED
ENTER TWO ZEROS FOR COMPUTER SELECTION
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> 00
LARGEST TRANSFORMATION RATIO: 2.5856532D-02
TRANSFORMATION RATIO USED: 6.1744965D-01
7 C 382.935690 nF
8 C 98.524644 nF
9 C 26.859927 nF
10 L 101.010419 mH
11 C 438.695709 nF
13 L 28.870006 mH
15 R 500.000000 ohm
COMMAND :
> pri

passive bandpass

1 —R—— 500.000000 ohm
2 £ 109.673927 mH
4 é 115.480026 nF
5 L 31.346143 mH
7 C 382.935690 nF
8 C 98.524644 nF
9 C 26.859927 nF
10 L 101.010419 mH
11 C 438.695709 nF
13 L 28.870006 mH
15 R 500.000000 ohm
COMMAND :
> end
LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE: IN, OUTPUT SIDE: OUT OR END: END
ZYN?EESIS: S, ANALYSIS: A OR END: E
> e

*** PASSIVE SYNTHESIS PROGRAM TERMINATED ***

As shown above, we can specify the exact value of the desired output termination as well as the
branches to be used in this impedance (Norton) transformation procedure. We will discuss this
very powerful command in detail later. Here, we requested the program to select an appropriate
pair of branches and it selected capacitors C5 and C10. The termination is exactly 500 ohms and
we printed the complete circuit using the print (PRI) command. After this step the session was
terminated by two consecutive END commands.

Examples S/FILSYN Manual



2.2 ACTIVE RC EXAMPLES

2.13

The ACTIVE module contains the active RC synthesis and analysis segments, as well as the
delay equalizer segment (again). Its input and output are similar to those of the PASSIVE

module.

Example 2.2.1 Bandpass in Leapfrog Configuration

This example shows the design of an active RC bandpass of the elliptic type, with one exception:
instead of the stopband loss, we have specified the overall filter degree. The termination values
will have no physical significance, but since the program needs a non zero input impedance
value, we will enter 1 ohm. Zero is acceptable for the output termination. It is the recommended
value, since it prevents the program from performing some unneeded calculations. The input data

are entered as follows:
C:>sfilsyn
* Kk k k Kk S/FILSYN * Kk k Kk Kk
RELEASE 3.2 VERSION 1 4/1/94
** ROOT SEGMENT **

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

READ DATA FROM FILE: Y/N

> n

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

ENTER TITLE
> active bandpass

George Szentirmai

LIN.-PHASE LOWPASS: 3,

FUNCTIONAL INPUT:

BANDPASS: 4

2 OR SLOPING: 3

FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2
> 0
FILTER TYPE - LOWPASS: 1, HIGHPASS: 2,
> 4
LOWER EDGE OF THE PASSBAND IN HZ
> 1k
UPPER EDGE OF THE PASSBAND IN HZ
> 2kHz
PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1,
> 1
WHAT IS THE BAND EDGE LOSS IN DB
> .5
BANDPASS - CONVENTIONAL: 1, PARAMETRIC: 2 OR MATCHING: 3
> 1
STOPBAND - MONOTONIC: 0, EQUAL-MINIMA: 1 OR SPECIFIED: 2
> 1
WISH TO SPECIFY MINIMUM REQUIRED STOPBAND LOSS: Y/N
> n
ENTER OVERALL FILTER DEGREE
> 8
ENTER EDGE FREQUENCY OF LOWER STOPBAND IN HZ
> 900
ENTER EDGE FREQUENCY OF UPPER STOPBAND IN HZ
> 2.2k
ENTER INPUT TERMINATION IN OHMS
> 1
ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
> 0
ENTER ZS (-1,0 OR 1). FOR DEFAULT, ENTER: O
> 0
ENTER VALUE OF AVERAGE Q. IF NO PREDISTORTION, ENTER O.
> 0
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The ZS parameter will be explained in Appendix D (HELP is an acceptable entry at this point and
will produce a brief explanation). In most cases the default value is acceptable, even though it
falls short of the true optimum. The following summary, like those seen previously, will appear
after the last data value is entered and the RETURN key is pressed:

**% S/FILSYN *** FILTER PROGRAM

active bandpass
BAND-PASS FILTER
EQUAL RIPPLE PASS BAND

BANDEDGE LOSS
LOWER PASSBAND EDGE FREQUENCY
UPPER PASSBAND EDGE FREQUENCY

EQUAL MINIMA STOP BAND WITH EDGE FREQUENCY
EQUAL MINIMA STOP BAND WITH EDGE FREQUENCY

COMMAND :

DEGREE WAS SPECIFIED

MULTIPLICITY OF ZERO AT ZERO
MULTIPLICITY OF ZERO AT INFINITY

NUMBER OF FINITE TRANSMISSION ZERO PAIRS
OVERALL FILTER DEGREE

TRANSMISSION ZEROS

REAL PART IMAGINARY PART
0.0000000D+00 8.8585665D+02
0.0000000D+00 2.2577016D+03

INPUT TERMINATION
OUTPUT TERMINATION
REQUESTED TERMINATION RATIO

.500000
1.000000
2.000000

900.000000
2.200000

1.000000
.000000

DB.
kHz
kHz

Hz
kHz

ohm
ohm

0.0000000D+00

Proceeding to the active synthesis segment, we use the following conversational input to obtain
the /eapfrog structure:

>  syn

REALIZATION - ACTIVE: A, PASSIVE:

> a

ENTER FILE NAME

> test

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

COMMAND :
> end

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

C:>active

* % K K % S/FILSYN * Kk kX

RELEASE 3.2 VERSION 1 4/1/94

Copyright

** ACTIVE SEGMENT **

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

SYNTHESIS: S, ANALYSIS: A OR END: E

ENTER FILE NAME

> s
> test
CASCADE :
> 1

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

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

> n

Examples

P, DIGITAL: D, NO SYNTHESIS:

E
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ENTER THE SEQUENCE OF TRANSMISSION ZEROS FOR 4 SECTIONS
EXTREME ZEROS ARE INDICATED BY Z, I, ZZ, II, ZI OR 1IZ

> zz 2 1 ii

WISH TO SEE INTERMEDIATE RESULTS: Y/N

> n

After a few seconds the following data will appear on the screen:
active bandpass

RESULTS OF THE LEAP SYNTHESIS
BIQUADRATIC BLOCK COEFFICIENTS
IN ASCENDING ORDER

NUMERATOR DENOMINATOR

SECTION NO. 1
0.0000000D+00 9.7774705D+07
0.0000000D+00 4.5533079D+03
5.4747765D-01 1.0000000D+00

SECTION NO. 2
8.7334454D+07 9.4967356D+07 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 2.2577016D+03 HZ
4.3400305D-01 1.0000000D+00

FEEDBACK COEFFICIENT = -1.3377382D+00

SECTION NO. 3
2.2587256D+07 6.5645524D+07 TRANSMISSION ZERO
0.0000000D+00 0.0000000D+00 8.8585665D+02 HZ
7.2908276D-01 1.0000000D+00

FEEDBACK COEFFICIENT = -1.0565418D+00

SECTION NO. 4
1.0091556D+08 6.3760681D+07
0.0000000D+00 3.6769712D+03
0.0000000D+00 1.0000000D+00
FEEDBACK COEFFICIENT = -5.8366917D-01
COMMAND:

The example is continued on page 2.18.

The procedure is very similar to the one we encountered in the passive synthesis. We must write
a file and leave the root (SMAIN) segment. After calling up the ACTIVE segment, we can recall
the data and proceed with the synthesis. Using the single-executable form of the program, the
steps from writing the transfer file to the point of selecting the configuration, would be omitted.

A brief note about the available structures. The cascade form, shown in Fig. 2.1, is a cascade of
second order blocks. The leapfrog structure, shown in Fig. 2.2 is also based on second order
building blocks, but has feedback around every two consecutive blocks, while the follow-the-
leader feedback (Fig. 2.3) has feedback paths that go back to the input.
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—» M —  HAs)  —  HA)  —B  He) |—

Fig. 2.1 Cascade Structure

F1 F3
N N
N N
H1(s) H2(s) » + H3(s) > H4(s) >
F2
N
N

Fig. 2.2 Leapfrog Structure

In all cases, the only freedom we have in designing any of these circuits is the selection of the
sequence of transmission zeros. In other words, we can decide which of the consecutive blocks
will implement which of the (implicitly numbered) transmission zero pairs. In this example, for
instance, we put a double zero at zero frequency into the first block, the second pair of (complex
conjugate) zeros into the second, and so forth.

In the cascade case, the computer-selected sequence is usually close to optimum, but in any case,
the sections can be permuted later on. For the other two cases, due to the feedback paths, we
must select the zero sequence before the actual synthesis. If we wish to see or use another se-
quence, the synthesis step must be repeated.

In all these structures, Hi(s) represent second order building blocks, while the feedback paths are
all constant (frequency independent) feedbacks. These are only two of the many possible,
multiple feedback configurations, but these have been shown to yield desirably low sensitivity
realizations.

F4
1
F3 N
<
F2
~1
N
H1(s) | H2(s) | H3(s) | H4(s) |
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Fig. 2.3 Follow-the-Leader Feedback Structure
If the overall filter degree is odd, one of the blocks will be a first order one. It will therefore have
to realize a single zero either at zero or at infinite frequency. This block must be the first one in
the follow-the-leader case, and either the first or the last one in the leapfrog case.

Both feedback structures are restricted to transmission zeros on the real frequency (jw) axis, but
the cascade form is not restricted. Hence, if complex transmission zeros (quadruplets) are
present, the program will refuse to perform the leapfrog or follow-the-leader synthesis, but the
cascade design will work.

Finally it should be pointed out, that the leapfrog synthesis is a two step process, much like the
passive one. First the circuit is computed in the forward and then in the reverse direction - both
times assuming all feedback coefficients to be -1. Then the two designs are compared,
completed, and rescaled to maximize the dynamic range of the structure by adjusting the
maximum outputs of all Hi(s) blocks to be the same. One may obtain detailed results before
rescaling, but if one wishes, these 'intermediate results' may be suppressed, which is what we
chose to do in this example. Also, on personal computers, it may take a while (a fraction of a
minute) to do these calculations for the multiple-feedback, especially the leapfrog, cases.

Returning to our example, we can specify a zero sequence with the zeros at extreme frequencies
assigned to the end blocks, which is what the we have selected. Note that a pair of zeros at zero
and another at infinite frequencies can be combined either as a ZZ, II pair or as an 1Z, IZ pair.
The first one represents a highpass and a lowpass pair of blocks while the latter are two bandpass
blocks. In the case of the leapfrog structure, a bandpass block(s) may occur only as end block(s)
unless all blocks are of the bandpass type. Also, end bandpass block(s) in the leapfrog structure
require an iterative procedure, which increases the time needed for computations.

Note also the following features of the leapfrog structure:

Only the end blocks have finite Q poles, whereas all inside blocks have infinite Q's. This is a
basic property of this structure, and while these inner blocks may oscillate, if disconnected, the
overall circuit is unconditionally stable. A similar property will be observable in the follow-the-
leader forms, where only the first (innermost) block will have a finite Q. The detailed design
theory of these two structures can be found in references 19 and 25 respectively, of Appendix A.

Returning to our example, we are in the active analysis segment. Using the familiar COMMAND
mode, we perform the brief analysis that follows:

> freq

ENTER FREQ:

> 900 2.2k 100
ENTER FREQ:

>

TABULATE: Y/N
>y

active bandpass

*xxxxx*x COMPUTED PERFORMANCE ****x%%%
FREQUENCY LOSS PHASE DELAY
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IN HZ IN DB
9.00000D+02 31.333890
1.00000D+03 .499774
1.10000D+03 .455869
1.20000D+03 .004390
1.30000D+03 .242347
1.40000D+03 .495407
1.50000D+03 .362095
1.60000D+03 .063275
1.70000D+03 .054275
1.80000D+03 .402549
1.90000D+03 .373311
2.00000D+03 .499774
2.10000D+03 10.274480
2.20000D+03 25.845800

IN DEGREES

68.639161
167.371119
252.341399
295.820330
330.173690
356.579206

20.391858

45.759431

73.671154
102.359423
134.250515
192.628881
261.430284
287.865471

SR NRFROOJdJO0Y0) 00 D

IN SECONDS

.00349E-03
.64235E-03
.34950E-03
.09158E-03
.21848E-04
.72846E-04
.69865E-04
.44444E-04
.94556E-04
.04048E-04
.06071E-03
.32119E-03
.15357E-03
.70095E-04

We see that the filter provides us with a 25.8 dB minimum stopband loss (the lower of the two
values at 900 and 2200 Hz). Leaving the analysis segment (using the END command), we remain
in the synthesis segment with the transfer function unchanged, ready for another design in any
one of the available forms.

Example 2.2.2 Follow-the-Leader Configuration

We will redesign the filter in the follow-the-leader form using the same zero sequence used

before:
SYNTHESIS: S, ANALYSIS:
> S
ENTER FILE NAME
> test

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

> f

A OR END: E

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

> n

ENTER THE SEQUENCE OF TRANSMISSION ZEROS FOR
EXTREME ZEROS ARE INDICATED BY 7,

> zz 2 1 ii
active bandpass

RESULTS OF THE FLF

SYNTHESIS

I, 2z, II,

BIQUADRATIC BLOCK COEFFICIENTS
IN ASCENDING ORDER

NUMERATOR

SECTION NO. 1
0.0000000D+00
0.0000000D+00
1.0251720D+00

SECTION NO. 2
4.9176451D+07
0.0000000D+00
2.4437927D-01

DENOMINATOR

1.2227642D+08
1.1389202D+04
1.0000000D+00

7.8956835D+07
0.0000000D+00
1.0000000D+00

4 SECTIONS
21 OR IZ

TRANSMISSION ZERO
2.2577016D+03 HZ

FEEDBACK COEFFICIENT = 2.1899460D+00

SECTION NO. 3
1.8089678D+07
0.0000000D+00
5.8390771D-01

4.0107035D+07
0.0000000D+00
1.0000000D+00

TRANSMISSION ZERO
8.8585665D+02 HZ

FEEDBACK COEFFICIENT = 0.0000000D+00

SECTION NO. 4
1.1201810D+08

Examples

1.5543861D+08
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0.0000000D+00 0.0000000D+00
0.0000000D+00 1.0000000D+00

FEEDBACK COEFFICIENT = -1.0143513D+00
COMMAND:

> stop

ARE YOU SURE? (Y/N)

>y

*** PROGRAM TERMINATED ***

As pointed out above, all blocks except the first one have infinite Q's. No analysis is shown here,
but the filter performance is the same as that on page 2.18.

2.3 DIGITAL FILTERS

The DIGITAL module contains the IIR digital synthesis and analysis segments as well as the
(properly modified) delay equalizer segment. Its input and output formats are close to that of the
PASSIVE module.

S/FILSYN can design digital filters of two types: infinite-impulse-response (IIR) and finite-
impulse-response (FIR). The design procedures are, however, completely different. First we will
demonstrate the IIR design, which can be done in two, slightly different ways. One procedure
starts out as a lumped design and converts the resulting transfer function into a digital design by
using one of three possible conversion methods. The other specifies the filter as a digital one at
the beginning of the program. Details and the differences between them, with regard to the
resulting filters, will be discussed later.

Example 2.3.1 Lowpass Digital Filter

This example starts out as a lumped, linear-phase lowpass (Bessel) filter. As before, since
terminations are immaterial, we will specify 1 and 0 ohms, for the input and output, respectively.
The low-frequency delay is one of the input parameters of this filter type, and a semi-empirical
relationship between this parameter, the filter degree, and the 3 dB loss point is given in
Appendix F. The non-Hurwitz F(s) function is explained in Appendix E.

C:>sfilsyn

* % K Kk S/FILSYN * Kk k x
RELEASE 3.2 VERSION 1 4/1/94

** ROOT SEGMENT **

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

READ DATA FROM FILE: Y/N

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

ENTER TITLE
> digital 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
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>  .3msec

STOPBAND - EQUAL MINIMA: 1 OR SPECIFIED: 2

> 1

ENTER OVERALL FILTER DEGREE

> 5

ENTER EDGE FREQUENCY OF UPPER STOPBAND IN HZ

> 1600

ENTER INPUT TERMINATION IN OHMS

> 1

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

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

Note that since an equal-minima type stopband is specified, this filter is a generalized Bessel
filter. However, there is no known expression capable of relating the filter degree, low-frequency
delay, minimum stopband loss and stopband edge frequency. Therefore if the stopband loss is a
design parameter, a trial-and-error method must be used to find the required degree. The analysis
avail- able at the transfer function stage is very useful for this purpose. The printout also contains
the locations of the computed transmission zeros, which provide the equal minima stopband loss
characteristics:

*** S/FILSYN *** FILTER PROGRAM

digital Bessel
LINEAR PHASE LOW-PASS FILTER
MAXIMALLY FLAT DELAY IN BAND
LOW FREQUENCY DELAY = 300.000000 usec

APPROX. 1% DELAY BANDWIDTH = 1.436899 kHz
EQUAL MINIMA STOP BAND WITH EDGE FREQUENCY = 1.600000 kHz
MULTIPLICITY OF ZERO AT INFINITY = 1
NUMBER OF FINITE TRANSMISSION ZERO PAIRS = 2
OVERALL FILTER DEGREE = 5
TRANSMISSION ZEROS
REAL PART IMAGINARY PART

0.0000000D+00 3.4570198D+03

0.0000000D+00 1.8087830D+03
INPUT TERMINATION = 1.000000 ohm
OUTPUT TERMINATION = .000000 ohm
REQUESTED TERMINATION RATIO = 0.0000000D+00

COMMAND :

No analysis is done here since we have not yet completed the design. Our next step is to select
the DIGITAL synthesis option and specify only the sampling frequency (or time) and the
particular Z-transform method to be used to convert the analog transfer function into a digital one
(see Section 9). Here we select the matched Z-transform:

>  syn

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

ENTER FILE NAME

> test

FILE ALREADY EXISTS. OVERWRITE? (Y/N)

>y

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

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

C:>digital
* % kK % S/FILSYN * kK kX
RELEASE 3.2 VERSION 1 4/1/94

** DIGITAL SEGMENT **

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

SYNTHESIS: S, ANALYSIS: A OR END: E

> s

ENTER FILE NAME

> test

ENTER SAMPLING TIME IN SEC OR SAMPLING FREQUENCY IN
> 10kHz

HZ

2.21

Z-TRANSFORM - IMPULSE-INVARIANT: 1, MATCHED: 2, BILINEAR: 3

> 2
INDICATE THE SPECTRAL TRANSFORMATION DESIRED

NO ACTION: 0O, LP-TO-LP: 1, LP-TO-HP: 2, LP-TO-BP: 3,

> 0

LP-TO-BE: 4

If a file already exists with the selected name, we are given a choice of overwriting it or selecting
another name. Similarly, when we wish to read a file and the file cannot be found, the program
indicates this and permits the selection of another file name. The DIR [D:] command may be
used instead of a file name, which yields a list of all the files on the default (or specified)

drive/path, with the proper extension.

Since this is a lowpass filter, we are also given an option to apply any of a number of spectral
transformations to it. All but the band-reject filter are available directly, while the LP-to-LP
trans- formation is not a simple frequency scaling, but corresponds to a change in the sampling

rate in- stead. No transformation was selected.

The following results should appear immediately on the screen:

**% S/FILSYN *** FILTER PROGRAM

digital Bessel
LINEAR-PHASE LOW-PASS FILTER

DIGITAL FILTER

SAMPLING FREQUENCY =

MAXIMALLY-FLAT PASS BAND
REQUESTED DELAY =
NORMALIZATION FREQUENCY =

EQUAL-MINIMA STOPBAND TYPE
UPPER STOPBAND EDGE FREQUENCY =
MULTIPLICITY OF ZERO AT NYQUIST FREQUEN. =
NUMBER OF FINITE TRANSMISSION ZEROS =
OVERALL FILTER DEGREE =
TRANSMISSION ZEROS

REAL PART IMAGINARY PART
0.0000000D+00 3.0622987D+03
0.0000000D+00 2.0495809D+03

**IIR** DIGITAL FILTER TRANSFER FUNCTION
Z TRANSFORM USED : MATCHED
FILTER TYPE : LINEAR PHASE LOWPASS

10

300

N

N -

.000000 kHz

.000000 usec
.652582 kHz

.865729 kHz

H(Z) IN FACTORED FORM. COEFFICIENTS OF Z** (-1) AND Z** (-2) PRINTED
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****x NUMERATOR **** MULTIPLIER = 9.4495247D-02
1.1314517D+00 1.0000000D+00
-8.4155911D-01 1.0000000D+00
0.0000000D+00 0.0000000D+00
** %% DENOMINATOR ****
-2.9653811D-01 0.0000000D+00
-5.4698887D-01 1.0703091D-01
-3.4219567D-01 2.1229406D-01

The digital transfer function is offered in factored form. Now we are in the IIR digital analysis
segment with its attendant COMMAND mode of operation. The HELP command produces a list
of available commands, as shown below:

COMMAND :

> help
ADD : ADD A FACTOR TO THE TRANSFER FUNCTION
ALLP : GENERATE THE DIFFERENTIAL ALLPASS FORM
DEL : DELETE A FACTOR

ADD & DEL WORK ON CASCADE FORM, ONE FACTOR AT A TIME
ALL OTHER FORMS ARE LOST, BUT CAN BE RECOMPUTED

DES : PROVIDE SPECIFIC SECOND ORDER SECTIONS
DIR : COMPUTE COEFFICIENTS OF DIRECT FORM
DISP : DISPLAY ORIGINAL DESIGN DATA

DOS : TEMPORARILY EXIT TO DOS

END : LEAVE DIGITAL ANALYSIS SEGMENT

EQU : DELAY EQUALIZER DESIGN

FLAT : ADD A FLAT LOSS
FREQ : ANALYSIS IN THE FREQUENCY DOMAIN
HELP : PRINT LIST OF COMMANDS

LAT : GENERATE THE GRAY-MARKEL LATTICE FORM
LBL : REPLACE TITLE AND UPDATE DATESTAMP
(WAITING)
LIM : LIMIT-CYCLE INFORMATION
ORD : PAIRING AND ORDERING
PAR : CONVERTING CASCADE TO PARALLEL FORM
PERM : PERMUTE NUMERATOR OR DENOMINATOR FACTORS
PRI : PRINT FILTER COEFFICIENTS (CAN WRITE TO A FILE

AND/OR IN HEXADECIMAL FORMAT)
PROG : WRITE A ROUTINE ON DISK FILE TO SIMULATE FILTER
RCL : RECALL A SAVED SET OF DATA
SAVE : SAVE RESULTS ON FILE
SCAL : SCALE CASCADE COEFFICIENTS FOR NO OVERFLOW
STO : SAVE A SET OF DATA TEMPORARILY
SWC : WRITE TRANSFER DATA FILE FOR SWITCHED-C FILTER
TIME : ANALYSIS IN THE TIME DOMAIN
TRUN : TRUNCATE COEFFICIENT WORDLENGTH
UNDO : UNDO SELECTED COMMANDS

The display shown above is the one we would see on a workstation or a mainframe. On the per-
sonal computer, we have a series of windows that give additional information about the com-
mands, including syntax, additional data required, etc. These are however, more difficult to show
in print and would take up a large amount of space.

Upon selecting a command, additional data may be necessary which can be entered together with
the command on a single line in free format. As an alternative, we may wait for the program to
prompt us further. First, a frequency domain analysis is performed as requested by the command:

COMMAND :
> freqg
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ENTER FREQ:

> 0 3k 200

ENTER FREQ:

>

CASCADE: 1, PARALLEL:
> C

TABULATE: Y/N

>y

digital Bessel

2,

DIRECT: 3,

LATT

ICE:

4 OR ALLPASS: 5

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

FREQUENCY
IN HZ

WNNNDNDNNRERERRPRRE PO DNO

> n

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

> e

.00000D+00
.00000D+02
.00000D+02
.00000D+02
.00000D+02
.00000D+03
.20000D+03
.40000D+03
.60000D+03
.80000D+03
.00000D+03
.20000D+03
.40000D+03
.60000D+03
.80000D+03
.00000D+03
WISH TO WRITE ANALYSIS DATA ON FILE?

LOSS PHASE
IN DB IN DEGREES
.0000 .0000
.2035 28.2343
.8238 56.4736
1.8923 84.7229
3.4706 112.9870
5.6713 141.2679
8.7085 169.5550
13.0516 197.7985
20.1202 225.8661
49.2607 253.5019
24.5380 100.3342
20.7845 125.9590
20.0983 150.0610
20.9341 172.4925
22.9186 193.2723
26.1489 212.5341

(Y/N)

G OR END: E

CASCADE

DELAY

IN SECONDS

DN WWWWWWWWwwWwwWwwww

.9213D-04
.9217D-04
.9227D-04
.9244D-04
.9268D-04
.9289D-04
.9276D-04
.9149D-04
.8758D-04
.7920D-04
.6517D-04
.4588D-04
.2328D-04
.9987D-04
.7767D-04
.5783D-04

2.23

As this tabulation shows, the minimum loss is about 20 dB (starting at 1600 Hz) and the delay is
quite constant in the passband. The 3 dB point is located at approximately 750 Hz. Next we
request a time-domain analysis:

ICE:

4 OR ALLPASS: 5

STEP RESP.

.4495247D-02

.3393388D-01
.2550482D-01
.0128243D-01
.9247212D-01
.3297771D-01
.9348834D-01
.0042775D+00
.0012120D+00
.9933037D-01

COMMAND:

> time

ENTER STARTING TIME, ENDING TIME AND TIME INCREMENT

> 0 15e-4 .1m

CASCADE: 1, PARALLEL: 2, DIRECT: 3, LATT

> 1

WISH TO USE ROUNDING ALGORITHM: Y/N

> n

TABULATE: Y/N

>y

digital Bessel

TIME RESPONSE OF CASCADE STRUCTURE
TIME IN SEC. PULSE RESP.
0.0000000D+00 9.4495247D-02
1.0000000D-04 1.3943863D-01
2.0000000D-04 1.9157094D-01
3.0000000D-04 1.7577761D-01
4.0000000D-04 1.9118969D-01
5.0000000D-04 1.4050559D-01
6.0000000D-04 6.0510630D-02
7.0000000D-04 1.0789147D-02
8.0000000D-04 -3.0654931D-03
9.0000000D-04 -1.8816284D-03
1.0000000D-03 2.2933980D-04
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1.1000000D-03 4.6631340D-04 1.0000260D+00
1.2000000D-03 8.7459557D-05 1.0001135D+00
1.3000000D-03 -7.8635980D-05 1.0000348D+00
1.4000000D-03 -4.7610055D-05 9.9998723D-01
1.5000000D-03 4.3468409D-07 9.9998767D-01

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

> n

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

> e

All time points should be integral multiples of the sampling time; otherwise they will be selected
by the program which may not make the most desirable choice.

As an illustration of another command, the TRUN (truncate) command is very simple:

COMMAND :

>  trun

DO YOU WANT TRUNCATION:
> 1

ENTER NO. OF SIGNIFICANT BITS
> 12
FIXED-POINT:
> -1

* * DONE * *

1 OR ROUNDING: 2

-1 OR FLOATING-POINT: 1

To see if the truncation is performed correctly, we may request the printing of the coefficients in
hexadecimal format:

Examples

COMMAND :

> pri

WRITE TO FILE? (Y/N)

> n ! We could send the data to a file instead.

*** S/FILSYN *** FILTER PROGRAM
digital Bessel
LINEAR-PHASE LOW-PASS FILTER
DIGITAL FILTER
SAMPLING FREQUENCY = 10.000000
MAXIMALLY-FLAT PASS BAND
REQUESTED DELAY = 300.000000
NORMALIZATION FREQUENCY = .652582
EQUAL-MINIMA STOPBAND TYPE
UPPER STOPBAND EDGE FREQUENCY =
MULTIPLICITY OF ZERO AT NYQUIST FREQUEN. =
NUMBER OF FINITE TRANSMISSION ZEROS =
OVERALL FILTER DEGREE =
TRANSMISSION ZEROS
REAL PART

kHz

usec
kHz

N

.865729 kHz

N =

IMAGINARY PART
0.0000000D+00 3.0622987D+03
0.0000000D+00 2.0495809D+03

**IIR** DIGITAL FILTER TRANSFER FUNCTION

Z TRANSFORM USED : MATCHED
FILTER TYPE LINEAR PHASE LOWPASS

FRONT-END MULTIPLIER =

DECIMAL: D OR HEXADECIMAL: X
> x ! This selects the hex format
*x*kx CASCADE FORM **x*x*

9.44824218750D-02

NUMERATOR COEFFICIENTS HEXADECIMAL

Z*‘k( O)
1.0000000000000
1.0000000000000
1.0000000000000

Z** (-1)
1.21A0000000000
-0.D770000000000
0.0000000000000

7% (=2)

1.0000000000000
1.0000000000000
0.0000000000000
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DENOMINATOR COEFFICIENTS HEXADECIMAL

Z**( 0) Z**(=1) Z**(=2)
1.0000000000000 -0.4BE0000000000 0.0000000000000
1.0000000000000 -0.8C00000000000 0.1B60000000000
1.0000000000000 -0.5790000000000 0.3650000000000

COMMAND :

> end

SYNTHESIS: S, ANALYSIS: A OR END: E
> e

*** DIGITAL SYNTHESIS PROGRAM TERMINATED ***

The coefficients are indeed truncated to 12 bits corresponding to 3 hexadecimal places. Again a
single END command gets us out of the analysis segment and back into the synthesis segment,
where, if desired, the synthesis can be repeated from the (saved) analog transfer function.

Example 2.3.2 Digital Highpass Filter

This second example is a simple digital highpass of the elliptic type. We specify the bilinear
digital filter kind from the outset and request 45 dB minimum loss from 0 to 1300 Hz and 0.5 dB
pass- band ripple above 1500 Hz. The data input session would be as follows:
C:>sfilsyn
* % K K % S/FILSYN * kK kX
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

> digital elliptic highpass

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

ENTER SAMPLING FREQUENCY IN HZ

> led

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

LOWER EDGE OF THE PASSBAND IN HZ

> 1.5k

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

WHAT IS THE BAND EDGE LOSS IN DB

> .5

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

WISH TO SPECIFY MINIMUM REQUIRED STOPBAND LOSS: Y/N
>y

ENTER LOSS IN DB

> 45,

ENTER EDGE FREQUENCY OF LOWER STOPBAND IN HZ

> 1.3k

ENTER ZS (-1,0 OR 1). FOR DEFAULT, ENTER: O

> 0
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The sampling frequency was requested, but the terminations were not, since the program knows
that they are irrelevant. The ZS parameter is retained for people who need a fine tuning of the
design. Others please note that for digital filters the -1 value is the optimum. The summary fol-
lows immediately:

*** S/FILSYN *** FILTER PROGRAM

digital elliptic highpass
HIGH-PASS FILTER
EQUAL RIPPLE PASS BAND
BANDEDGE LOSS = .500000 DB.

LOWER PASSBAND EDGE FREQUENCY = 1.500000 kHz

SAMPLING FREQUENCY = 10.000000 kHz
EQUAL MINIMA STOP BAND WITH EDGE FREQUENCY = 1.300000 kHz

PRESHIFTED STOPBAND EDGE FREQUENCY = 1.766166 kHz

REQUIRED STOP BAND LOSS = 45.000000 DB.

MULTIPLICITY OF ZERO AT ZERO = 1

NUMBER OF FINITE TRANSMISSION ZERO PAIRS = 3

OVERALL FILTER DEGREE = 7

TRANSMISSION ZEROS

REAL PART IMAGINARY PART
0.0000000D+00 1.2850194D+03
0.0000000D+00 1.1418695D+03
0.0000000D+00 7.3910416D+02

When we request the synthesis, we are not asked for the filter kind, since that has already been
established. In the single-executable version, we would at this point automatically enter the syn-
thesis segment. For the multi-executable version we must follow the usual procedure.

COMMAND :

>  syn

ENTER FILE NAME

> test

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

COMMAND:
> end
**% S/FILSYN *** SIGNING OFF ***
C:>digital
* Kk Kk Kk Kk S/FILSYN * %k k% Kk %
RELEASE 3.2 VERSION 1 4/1/94
** DIGITAL SEGMENT **

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

SYNTHESIS: S, ANALYSIS: A OR END: E

> s
ENTER FILE NAME
> test

**% S/FILSYN *** FILTER PROGRAM

digital elliptic highpass
HIGH-PASS FILTER
DIGITAL FILTER

SAMPLING FREQUENCY = 10.000000 kHz
EQUAL-RIPPLE PASS BAND
BANDEDGE LOSS = .500000 DB.

LOWER PASSBAND EDGE FREQUENCY 1.500000 kHz
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EQUAL-MINIMA STOPBAND TYPE
REQUESTED STOPBAND LOSS

LOWER STOPBAND EDGE FREQUENCY
MULTIPLICITY OF ZERO AT ZERO
NUMBER OF FINITE TRANSMISSION ZEROS
OVERALL FILTER DEGREE

TRANSMISSION ZEROS
REAL PART
0.0000000D+00
0.0000000D+00
0.0000000D+00

45.000000 DB.

IMAGINARY PART

1
1
7

.2850194D+03
.1418695D+03
.3910416D+02

**IIR** DIGITAL FILTER TRANSFER FUNCTION
Z TRANSFORM USED : BILINEAR WITH PREWARP
FILTER TYPE : HIGHPASS
H(Z) IN FACTORED FORM. COEFFICIENTS OF Z** (-1) AND Z** (-2)

**xx*x NUMERATOR **** MULTIPLIER

-1.7881873D+00
-1.0000000D+00
-1.5069592D+00
-1.3827563D+00

** %% DENOMINATOR ****
1.8301291D-01
-3.2643159D-01
-9.3894805D-01
-1.1560570D+00

1.

== o

O O O

= 1.375473
0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00

.0000000D+00
.4287544D-01
.0953368D-01
.5568567D-01

= 1.300000 kHz
= 1
= 3
7
PRINTED
0D-01

2.27

Since this is not a lowpass filter, spectral transformation is not possible. Consequently we only
check the frequency domain performance:

COMMAND:
> freqg
ENTER FREQ:
> 0 2000 100
ENTER FREQ:
>
CASCADE: 1, PARALLEL: 2, DIRECT: 3, LATTICE: 4 OR ALLPASS:
> 1
TABULATE: Y/N
>y
digital elliptic highpass
*xHxxxxx COMPUTED PERFORMANCE *****xx CASCADE
FREQUENCY LOSS PHASE DELAY
IN HZ IN DB IN DEGREES IN SECONDS
1.00000D+02 64.5454 274.0332 1.1240D-04
2.00000D+02 59.1267 278.1060 1.1407D-04
3.00000D+02 56.6894 282.2605 1.1695D-04
4.00000D+02 55.9177 286.5432 1.2123D-04
5.00000D+02 56.6967 291.0089 1.2718D-04
6.00000D+02 59.7452 295.7251 1.3524D-04
7.00000D+02 69.6886 300.7793 1.4609D-04
8.00000D+02 65.4461 126.2902 1.6085D-04
9.00000D+02 57.6215 132.4292 1.8140D-04
1.00000D+03 55.9984 139.4606 2.1120D-04
1.10000D+03 62.4132 147.8283 2.5734D-04
1.20000D+03 58.3457 338.3777 3.3681D-04
1.30000D+03 55.9174 173.0743 5.0396D-04
1.40000D+03 22.7750 198.9320 1.0847D-03
1.50000D+03 .5000 301.5666 5.0536D-03
1.60000D+03 .4067 37.3957 1.5878D-03
1.70000D+03 .0030 86.7977 1.1610D-03
1.80000D+03 .2938 121.2175 7.7951D-04
1.90000D+03 .4926 145.1913 5.7779D-04
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2.00000D+03

4.8218D-04

The stopband has a 55.9 dB minimum loss (we requested only 45 dB). Note that the FREQ com-
mand does not accept additional data, and we must therefore wait for the ENTER FREQ: prompt.

If we do enter data with the command, the program will ignore it.

Example 2.3.3 FIR Filter

This example will be an FIR filter. The required input data for FIR filters are somewhat different.
In the single-executable version, this path can be reached, as usual, from the top of the program
by selecting the digital option. The program will then ask if we need the IIR or the FIR design
segments. In the multi-executable version, the FIR program is a completely stand-alone program.

The design can be either of the equal ripple or the windowed type, with about twenty different
windows available. Since equal ripple design has been described extensively in the literature, we

will work with a windowed design of a band-reject filter:

C:>fir

SYNT
> S
ENTE

* ok kK Kk S/FILSYN * Kk kK Kk

RELEASE 3.2 VERSION 1

** FIR SEGMENT **
Copyright (C) 1983 - 1995 Dr.
All Rights Reserved.

HESIS: S, ANALYSIS: A OR END: E

R TITLE

> FIR digital example

DESI
> 2
TYPE
> 5

GN - EQUAL RIPPLE: 1 OR WINDOWED:

- LOWPASS: 1, HIGHPASS:

George Szentirmai

4 OR BAND-REJECT:

ENTER TWO PASSBAND EDGE FREQUENCIES AND THE NYQUIST FREQUENCY IN HZ

> 1

000 2.5k le4

ENTER FILTER LENGTH

> 1

5

ENTER WINDOW TYPE
> help
WINDOW TYPES -

O -Jourdh wWwNE O

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:

RECTANGULAR
TRIANGULAR

HAMMING

HANN

COSINE

COS**3

COS**4

BLACKMAN

"EXACT' BLACKMAN
3-TERM BLACKMAN-HARRIS
3-TERM 18 DB/OCT
OPTIMUM 3-TERM

4-TERM BLACKMAN-HARRIS
4-TERM 40 DB/OCT
4-TERM 18 DB/OCT
OPTIMUM 4-TERM

KAISER

CHEBYSHEV

GAUSSIAN

TAYLOR
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20: 4-TERM SAMPLED KAISER
21: BARCILON-TEMES

The Nyquist frequency the program requested is equal to half the sampling frequency. The above
help display does not apply to the personal computer version. For that version the full, context-
sensitive help displays a lot more information on the screen, including the mathematical forms of
most of these windows.

ENTER WINDOW TYPE

> 16 ! Kaiser window
ENTER LOSS VALUE IN DB
> 25,

All of the above questions are obvious except those referring to the window types, and, as we
see, the HELP answer brings a brief list. All these windows are well known to those who require
them, but reference 32 in Appendix A provides a detailed description of all of them. As can be
seen, the Kaiser window needs a loss value (see Section 11.6). The results of this design are as
follows:

WINDOWED LINEAR-PHASE FILTER DESIGN
FIR digital example

FILTER TYPE : BAND-REJECT

WINDOW TYPE : KAISER

PASSBAND EDGE = 1.0000000D+03 HZ.
PASSBAND EDGE = 2.5000000D+03 HZ.
SAMPLING RATE 2.0000000D+04 HZ.

**xxxx IMPULSE RESPONSE *****
FUNCTION NO. 0
SAMPLING FREQUENCY = 2.0000000D+04

DECIMAL HEXADECIMAL
H( 1) = 4.5911008D-02 = H( 15) = 0.0BCOD2E43
H( 2) = 7.7382022D-02 = H( 14) = 0.13CF4EES58
H( 3) = 8.9174154D-02 = H( 13) = 0.16D41E096
H( 4) = 6.6820773D-02 = H( 12) = 0.111B2A8B7
H( 5) = 1.0090065D-02 = H( 11) = 0.029543330
H( 6) = -6.3635584D-02 = H( 10) = -0.104A6BEF1
H( 7) = -1.2575835D-01 = H( 9) = -0.2031B2F9A
H( 8) = 8.5000000D-01 = H( 8) = 0.D9999999A

For an FIR filter this is a very simple one. It has been included for illustrative purposes only. This
example also demonstrates a simple way of terminating program execution. But first, let us see
the filter performance:

COMMAND:

> freqg

ENTER FREQ:

> 0 4k 250

ENTER FREQ:

>

TABULATE: Y/N

>y

FIR digital example

FxFxAkxxk COMPUTED PERFORMANCE *****x*+%  PFUNCTION NO. 0 BITLENGTH = 48

FREQUENCY GAIN PHASE DELAY
IN HZ IN DB IN DEGREES IN SECONDS
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0.000000E+00 . 4235
2.500000E+02 .0107
5.000000E+02 -1.2556
7.500000E+02 -3.4631
1.000000E+03 -6.7601
1.250000E+03 -11.2819
1.500000E+03 -16.5388
1.750000E+03 -19.1581
2.000000E+03 -15.8686
2.250000E+03 -10.8244
2.500000E+03 -6.6873
2.750000E+03 -3.6944
3.000000E+03 -1.6529
3.250000E+03 -.3687
3.500000E+03 .3161
3.750000E+03 .5402
4.000000E+03 L4411

WISH TO WRITE ANALYSIS DATA ON FILE?

> stop

ARE YOU SURE? (Y/N)

>y
*** PROGRAM TERMINATED ***

2.4 MICROWAVE FILTERS

.0000

31.
63.
94.
126.
157.
189.
220.
252.
283.
315.
346.
18.
49.
81.
112.
144.

5000
0000
5000
0000
5000
0000
5000
0000
5000
0000
5000
0000
5000
0000
5000
0000

(Y/N)

WWWWWWWWwwWwwWwwwwwwww

.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04
.5000E-04

Microwave filters differ from lumped LC filters in several respects. The major difference is that
instead of L and C components, we are now using short-circuited and open-circuited commen-
surate (equal length) transmission line segments (stubs), respectively. To describe the (equal)
length of these segments, we specify the frequency at which these lines are exactly a quarter of
the wavelength long (quarter-wave frequency). Consequently, these line segments differ from
one another only in their characteristic impedance, and this impedance is the value used to
describe them. We may also have a line segment in cascade, a configuration that has no
equivalent in the lumped case and which is called a unit element (UE). The resulting filters have

periodic charac- teristics, with the quarter-wave frequency as the half-period.

Example 2.4.1a Lowpass Microwave Filter

As a simple introductory example, consider the filter which, were it not for the fact that it
contains two unit elements, would correspond to a 3rd order Chebyshev lowpass in the lumped

case. The data input sequence is:

C:>sfilsyn
* Kk Kk kK S/FILSYN * 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
> microwave lowpass

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

> 2
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ENTER QUARTER WAVE FREQUENCY IN HZ

> 10GHz

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

> 1

UPPER EDGE OF THE PASSBAND IN HZ

> 5e9

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

WHAT IS THE BAND EDGE LOSS IN DB

> .2

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

ENTER NO. OF UNIT ELEMENTS

> 2

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT QUARTER-WAVE FR.
> 3

ENTER NO. OF FINITE TRANSMISSION ZEROS

> 0

ENTER INPUT TERMINATION IN OHMS

> 50

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 50

As soon as the microwave filter kind is specified, we are requested to enter the quarter-wave
frequency. While the filter type and passband specifications remain unchanged, we selected the
SPECIFIED version for the stopband and entered the number of unit elements and the number of
transmission zeros at the quarter-wave frequency (corresponding to infinite frequency in the
lumped case). Except for the absence of finite transmission zeros, the rest of the data are familiar.
The resulting summary format differs only in a few minor details from the one we have seen
previously (i.e. the maximum voltage standing wave ratio { VSWR}):

**%% S/FILSYN *** FILTER PROGRAM

microwave lowpass
LOW-PASS FILTER
EQUAL RIPPLE PASS BAND
BANDEDGE LOSS = .200000 DB.

MAX. PASSBAND VSWR = 1.538553

UPPER PASSBAND EDGE FREQUENCY = 5.000000 GHz

QUARTER-WAVE FREQUENCY = 10.000000 GHz
SPECIFIED STOP BAND

MULTIPLICITY OF ZERO AT QUARTER-WAVE FR. = 3

NUMBER OF UNIT ELEMENTS = 2

NUMBER OF FINITE TRANSMISSION ZERO PAIRS = 0

OVERALL FILTER DEGREE = 5

INPUT TERMINATION = 50.000000 ohm

OUTPUT TERMINATION = 50.000000 ohm

REQUESTED TERMINATION RATIO = 1.0000000D+00

NEAREST AVAILABLE TERMINATION RATIO = 1.0000000D+00

The subsequent frequency-domain analysis is also very similar to what we have seen before.

COMMAND :
> freqg
ENTER FREQ:
> 0 9e9 1le9
ENTER FREQ:
>
TABULATE: Y/N
>y
microwave lowpass
KA KA Kxx* COMPUTED PERFORMANCE ******%
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FREQUENCY LOSS PHASE DELAY
IN HZ IN DB IN DEGREES IN SECONDS
0.00000D+00 .0000 360.0000 1.1564D-10
1.00000D+09 .1283 41.2948 1.1341D-10
2.00000D+09 .1798 82.5540 1.1859D-10
3.00000D+09 .0042 128.9490 1.4117D-10
4.00000D+09 .1818 184.0523 1.6618D-10
5.00000D+09 .2000 263.9466 3.2766D-10
6.00000D+09 12.1624 3.9196 1.5381D-10
7.00000D+09 26.7408 40.0515 6.9328D-11
8.00000D+09 41.3955 60.4790 4.7922D-11
9.00000D+09 61.6311 76.0892 4.0075D-11

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

> n

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

> e

Using the single-executable version, the appropriate synthesis segment is entered automatically,
but here (using the multi-executable version) we must go through the process of writing the
transfer data file, exiting the program and calling the other (PASSIVE) half, where we elected the

path of least resistance again by using the following data input:

COMMAND :
>  syn
WISH TO SEE IMMITTANCE POLYNOMIALS: Y/N
> n
EXISTING POLYNOMIALS ARE: ES OS 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 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:
> C

WISH TO SEE INTERMEDIATE RESULTS: Y/N

> n

OUT OR END: END

The resulting structure differs from that of the passive LC in a number of ways:

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

microwave lowpass

***x ALL VALUES ARE IMPEDANCES ****

1 —r— 50.000000 ohm

26.138410 ohm
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* *
|
* *
5 * UE * 76.664142 ohm
* *
7 C 24.899055 ohm
8 L 65.212859 ohm
9 C 37.944610 ohm
11 R 50.000000 ohm

Aside from the new component called the unit element (UE), we have retained the L and C desig-
nations, which now represent shorted and open line segments (stubs) respectively. The values
printed are all line impedances as indicated by the header directly above the schematic.

The form of this structure is not the most desirable one. We would prefer a configuration where
the stubs are all separated by unit elements. As a first step toward this goal, we shall request an
interchange of branches (elements) 5 and 7 as shown below:

COMMAND :
> 1ib 5 7
6 L 57.869295 ohm
* *
9 * UE * 18.794847 ohm
* *
12 L 65.212859 ohm
13 C 37.944610 ohm
15 R 50.000000 ohm

This is more than a simple branch interchange, it is an application of one of the so-called
Kuroda's identities which will be discussed in Section 6. However the program recognized this
fact and performed the computations accordingly. After two more applications of this step, which
first interchange branches 9 and 12, and then branches 3 and 6, the circuit we need is displayed:

COMMAND:
> pri
microwave lowpass

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

1 R 50.000000 ohm

3 C 37.944610 ohm
* *

5 * UE * 84.007706 ohm
* *

11 C 24.211666 ohm
* *

13 * UE * 84.007706 ohm
* *
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17 C 37.944610 ohm

19

o

50.000000 ohm
| |

As a last step, we analyze this circuit in the frequency domain to verify that it performs correctly:

COMMAND:

> freqg

ENTER FREQ:

> 0 9e9 1e9

ENTER FREQ:

>

ENTER VALUE OF LOSS (DB/WAVELENGTH) AT QUARTER-WAVE FREQUENCY
LOSSLESS: ENTER ZERO

> 0
TABULATE: Y/N
>y

microwave lowpass

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

FREQUENCY TRANSD. LOSS PHASE DELAY OUTPUT IMPEDANCE RETL
IN HZ IN DB IN DEG IN SEC REAL IMAGINARY IN DB
1.00000D+09 .1283 41.295 1.134D-10 3.8703D+01 -1.0220D+01 15.3597
2.00000D+09 .1798 82.554 1.186D-10 3.3314D+01 -1.8126D+00 13.9186
3.00000D+09 .0042 128.949 1.412D-10 4.7610D+01 1.8577D+00 30.1712
4.00000D+09 .1818 184.052 1.662D-10 4.4830D+01 -1.8882D+01 13.8727
5.00000D+09 .2000 263.947 3.277D-10 7.6636D+01 3.5906D+00 13.4672
6.00000D+09 12.1624 3.920 1.538D-10 1.4669D+00 -4.6670D+01 L2723
7.00000D+09 26.7408 40.051 6.933D-11 3.2252D-02 -2.3288D+01 .0092
8.00000D+09 41.3955 60.479 4.792D-11 9.6944D-04 -1.3174D+01 .0003
9.00000D+09 61.6311 76.089 4.007D-11 8.7140D-06 -6.0997D+00 .0000

Lossy transmission lines could have been specified for the analysis, but we assumed lossless
ones, for the moment. The results agree with our previous analysis shown on page 2.34.

Example 2.4.1b Lowpass Redesign

For this example, we will redesign the same filter using a different approach. We will not specify
unit elements as integral parts of the filter, but will introduce them as if they were an
afterthought, at a later stage. This procedure demonstrates the versatility of the program. The
input data is nearly identical:

C:>sfilsyn

* % K Kk S/FILSYN * Kk k x
RELEASE 3.2 VERSION 1 4/1/94

** ROOT SEGMENT **

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

READ DATA FROM FILE: Y/N

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

ENTER TITLE

> microwave lowpass #2

FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2
> 2
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ENTER QUARTER WAVE FREQUENCY IN HZ

> lel0

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

> 1

UPPER EDGE OF THE PASSBAND IN HZ

> 5e9

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

WHAT IS THE BAND EDGE LOSS IN DB

> .2

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

> 2
ENTER NO. OF UNIT ELEMENTS
> 0 ! No unit elements

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT QUARTER-WAVE FR.

> 3

ENTER NO. OF FINITE TRANSMISSION ZEROS
> 0

ENTER INPUT TERMINATION IN OHMS

> 50

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 50

2.35

Repeating the steps shown on page 2.34, the resulting analysis shows a substantially lower stop-
band loss than shown on the listing of page 2.34. This shows that the unit elements of the previ-

ous example contributed significantly to the loss.

COMMAND :

> freqg
ENTER FREQ:
> 0 9e9 1le9
ENTER FREQ:

>
TABULATE: Y/N
>y

microwave lowpass #2

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

FREQUENCY LOSS PHASE

IN HZ IN DB IN DEGREES
0.00000D+00 .0000 .0000
1.00000D+09 .0430 16.3112
2.00000D+09 .1413 33.1843
3.00000D+09 .1998 51.8073
4.00000D+09 .0845 75.4794
5.00000D+09 .2000 113.9135
6.00000D+09 4.5802 172.5901
7.00000D+09 14.6158 214.2037
8.00000D+09 27.3590 237.8922
9.00000D+09 46.6264 255.0288

DELAY
IN SECONDS

SO0 0D DD

.5095D-11
.5758D-11
.8477D-11
.6325D-11
.9347D-11
.4226D-10
.5406D-10
.3086D-11
.3637D-11
.3362D-11

Again skipping the corresponding data input sequence, the computer-generated realization is as

follows:

microwave lowpass #2

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

1 R 50.000000 ohm
3 C 40.731707 ohm
4 L 57.627161 ohm
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5 C 40.731707 ohm

7 R 50.000000 ohm

At this stage we decided to introduce the unit elements by inserting them next to either of the
terminating resistances. As long as their impedances are equal to 50 ohms, they will leave the
loss characteristics of the filter unchanged, modifying only its phase. This insertion step is very
simple. Between branches 1 and 3, we insert a branch numbered 2, which is a unit element (UE)
with an impedance value of 50 ohms:

COMMAND :
> ins 2 ue 50.
* *
4 * UE * 50.000000 ohm
* *
7 C 40.731707 ohm
8 L 57.627161 ohm
9 C 40.731707 ohm
11 R 50.000000 ohm

As an alternative, we could have entered INS on one line and waited for the subsequent prompts
to enter the rest of the data.

After inserting another unit element at the other end of the filter and performing a few 'inter-
change branch' (IB) commands (in reality, Kuroda's identities, as we have pointed out before) and
taking the dual of the circuit, we obtain the structure shown below. Note that this is identical in
form to the previous example, with the exception of the impedance values. Subsequent analysis
confirms that the unit elements inserted have not changed the loss, but rather have increased the
phase, thus indicating that this filter is less efficient in the use of its components than the filter of
the previous example.

COMMAND :
> pri
microwave lowpass #2

***x ALL VALUES ARE IMPEDANCES ****

1 R 50.000000 ohm

5 C 90.731707 ohm
* *

7 * UE * 111.377247 ohm
* *

11 C 43.382321 ohm
* *

15 * UE * 111.377247 ohm
* *

17 C 90.731707 ohm

19 R 50.000000 ohm
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COMMAND :

> freqg

ENTER FREQ:

> 0 9e9 1e9

ENTER FREQ:

>

ENTER VALUE OF LOSS (DB/WAVELENGTH) AT QUARTER-WAVE FREQUENCY
LOSSLESS: ENTER ZERO

> 0
TABULATE: Y/N
>y

microwave lowpass #2

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

FREQUENCY TRANSD. LOSS PHASE DELAY OUTPUT IMPEDANCE RETL
IN HZ IN DB IN DEG IN SEC REAL IMAGINARY IN DB
1.00000D+09 .0430 34.311 9.576D-11 5.5131D+01 9.1254D+00 20.0689
2.00000D+09 .1413 69.184 9.848D-11 6.9383D+01 9.1132D+00 14.9482
3.00000D+09 .1998 105.807 1.063D-10 7.4973D+01 -9.0686D+00 13.4717
4.00000D+09 .0845 147.479 1.293D-10 5.6362D+01 -1.3451D+01 17.1528
5.00000D+09 .2000 203.913 1.923D-10 5.4695D+01 2.2215D+01 13.4672
6.00000D+09 4.5802 280.590 2.041D-10 2.6940D+02 -2.2950D+02 1.8596
7.00000D+09 14.6158 340.204 1.331D-10 1.3289D+00 -7.1121D+01 .1527
8.00000D+09 27.3590 21.892 1.036D-10 3.3482D-02 -3.3794D+01 .0080
9.00000D+09 46.6264 57.029 9.336D-11 2.9562D-04 -1.4797D+01 .0001

These examples demonstrate some of the S/FILSYN capabilities. More detail about these
features and others will be presented later in this manual.

Clearly, no designer is going to need every feature of the program. Therefore it is recommended
that after reading Sections 2 through 4, which are needed by all users, only those sections
relevant to individual user’s needs should be read.

2.) COMMENTS

We must point out that the printout obtained by any given user from a particular system may not
necessarily agree exactly with what is shown in this manual. Differences may arise from a
number of sources, including minor system dependencies, changes and updates of the program
and of course, misprints. Note also that when an update is installed, not all examples may have
been rerun and therefore some minor discrepancies may have gone undetected. If you discover
any such significant discrepancies, we would very much appreciate hearing from you. It is our
inten- tion to advise all of our users of the discrepancy in question, giving credit to the individual
and/or companies who provided the feedback.

Section 13 below contains a complete summary of all available commands, under what
conditions they are available and their role. Use this as a reference, when the HELP message is
not adequate.

2.6 GRAPHICS
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As mentioned before, on personal computers the program has only character-graphics built into
it. High resolution graphics is available through the use of the separate GRAPH utility program.
On workstations and mainframes, S/FILSYN may or may not have built-in high resolution
graphics display capability, depending on the availability of certain graphics libraries. In any
case, the usage of such features is quite system-dependent, but self-explanatory, therefore we
shall not describe it on these pages.
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