13.1

SECTION 13
DATA INPUT AND LIST OF COMMANDS

13.1 DATA INPUT
This section summarizes the data input procedures for all sections of S/FILSYN.
13.1.1 General

All input to the program is in completely free format, anywhere on the line. Alphabetic input may
be in lower or upper case or mixed.

Title information may contain any ASCII character and may be up to 64 characters long. The rest
of the 80 character line is used to display time and date. (This feature may not be available on all
systems).

File name information should be alphanumeric, not more than eight characters long.
Additionally, it may contain drive and/or full pathname. In the personal computer version, and
most other sys- tems, extensions should nof be used, since the program assigns an extension.

On input, if the indicated file does not exist, we get a comment to this effect and another file
name will be requested. The break symbol (BRK) may be used to abort the step. On output, if a
file with the given name already exists, we are advised of this fact and are given the option of
over- writing the old file. If we elect not to, a request for a new file name will be printed.

For the personal computer version, whenever the prompt ENTER FILENAME appears, the entry:
DIR [D:[\subdirl\subdir2\[ XX]]]

is acceptable and will provide a list of files on the default (or D:) drive in the indicated directory,
with the appropriate extension (possibly beginning with the characters XX). This entry works
whether files are to be read or written; after the listing is displayed, the prompt is repeated for the
file name.

For instance, if we are ready to write analysis results, the entry:
dir a:r
is equivalent to the DOS command:
dir a:r*.tab
The character strings BRK (or its synonym BAK) and STOP are always (or nearly always) accep-
table. BRK causes the data entry sequence to back up one or more questions in the conversational

mode, or aborts the command in command mode. At the COMMAND level it is not accepted
since there is nothing to abort. STOP causes the program to come to an immediate halt and all
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previous results are lost, unless saved previously. STOP is not recognized at the TITLE or FILE
NAME prompts. HELP, or its alias, the ? symbol, provides a brief, context-sensitive help mes-
sage, if available.

Response to prompts for title information, or for a file name, should be typed at the beginning of
the line.

13.1.2 Data entry

Multiple data items needed to satisfy a prompt may be entered together on a single line, one to a
line, or any combination. Items may be separated by commas, spaces or any combination. Occa-
sionally, multiple items must be entered on a single line, and are specifically mentioned in the
manual and sometimes in the prompts.

Numerical input may take any of the normal forms, including the E or D exponent or engineering
notation. Examples of acceptable entries include the following:

3,-3,3.,-3et2, 3.1e-2, +3.4d0, -3.3d-2, -3.4M, 5.2K, and others.
The following standard engineering prefixes and their equivalent multipliers are supported:
f (femto) 107"

porP (pico) 102
norN  (nano) 107

uorU (micro) 10°
m (milli) 103
k or K (kilo)  10°
M (mega) 10°

gorG (giga) 10°
torT (tera) 10"

They must follow the numeric data without a separator. The physical units (Hz, ohm, etc) may
also be added, again without space, but are not required. The physical nature of the data entered
is always known to the program. Note that 'M' and 'm' are different and that F is not an alias of 'f'
because F may represent the unit Farad.

Scientific and engineering notations may not be mixed in the same number, but consecutive num-
bers may be in either format. Alphabetic, integer and floating point data can be freely intermixed

keeping in mind the following simple rules:

1. If the program expects an integer, any floating point number (one with a decimal point, expo-
nent or a prefix) will be ignored.

2. If the program expects floating point numbers only, any integer will be interpreted as a floating
point number with the decimal point implied after the last digit.
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3. If the program expects a mixture of integer and floating point input, be careful to enter integers
without decimal point or exponent and floating point numbers with one or the other or both.

In order to annotate a hard copy printout, the exclamation mark (!) is available as a comment
separator. On any input line with or without data, we may enter the ! symbol, followed by any
comment and the mark and everything following will be printed, but ignored by the program.

If a line contains items the program is unable to decipher, the comment: ERROR IN DATA is
dis- played. This is followed by a copy of the input with an asterisk under the character where the
pro- gram was unable to interpret it any longer and the whole line is ignored. The prompt is
repeated to indicate that the program is ready to receive a new line.

On most systems, program output is in capital letters as this manual indicates. In order to distin-
guish program prompts from user responses, all user inputs are shown in lower case. They follow
the entry prompt (the > symbol). Some systems (notably the IBM mainframes) have a data entry
prompt of their own; others (the UNIX-based systems, for instance) use only lower case charac-
ters everywhere.

13.1.3 Conversational mode

S/FILSYN has two kinds of input modes; the CONVERSATIONAL mode and the COMMAND
mode. The mode used depends upon where we are in the program.

The CONVERSATIONAL mode is used where the program sequentially asks for specific data
items or choices, and wherever possible, indicates acceptable answers.

This method is used in the early parts of the program, where it enables the program to check the
consistency of filter specification and where previous entries are used to select subsequent ques-
tions. Most questions are easy to understand. Wherever the data input request is cryptic, HELP is
available to yield more detailed explanations. If there is no HELP message, no harm is done, the
prompt is simply repeated.

Wherever options are indicated, only one of them will be accepted. Numerical data entry is only
checked to the degree possible (e.g., one may not specify a stopband edge that is inside the pass-
band). If data is entered, accepted by the program and we later wish to change it, we may use the
break symbol BRK, one or more times, to back up the data entry sequence to the point where
correct data may be reentered.

13.1.4. Command mode
In COMMAND mode, we may select any of a number of commands in any sequence, any
number of times. This mode is used mainly in the analysis modules where an existing design is

being ana- lyzed, modified or processed in various ways. The only prompt displayed here is:
COMMAND..
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While the break symbol BRK is not available at this point, the usual STOP as well as END and
HELP can always be used. STOP terminates program execution. END takes us up one level in
the program, while HELP produces a list of available commands with brief explanations.

The individual commands must be entered as indicated (no abbreviations unless otherwise
noted). Some commands need no additional data, others do. If they do, some or all of them may
be en- tered together with the command on the same line. Alternatively, we may just enter the
command and wait for the program to request the additional data needed. Some commands may
have spe- cial forms, where some of the data needed must be entered with the command on a
single line. Others (like FREQ) will not accept data with the command. All special cases are
explained in the manual.

13.1.5 Reading data from a file

When a large amount of input data is required (many transmission zeros, functional input, tabu-
lated frequency/delay data for equalization or data for a FIR filter), it may be entered from a
previously prepared file. The program can read a user-prepared data file for multiple items as
follows:

At a program prompt, if you wish to read a long list of items, enter the letter R. If the program
rejects R, then file reading is not available at this time, but otherwise it has no effect. If the pro-
gram is able to read a file, it will prompt for the file name. The file must have a .DAT extension
(except a few instances to be noted later, in particular for the OPT optimizing preprocessor) on
systems that permit the use of file name extensions, but this need not be specified. The program
will open the file and read it until the required number of items are read. If the file does not
contain enough data, the program says so, rejects the data and prompts us to enter it from the
keyboard.

If the file contains additional data for subsequent questions, enter the letter R again. The file will
continue to be read, until all the data is entered. If at any time the file does not contain enough
data, the input is rejected and a prompt will ask for keyboard input. A line that has been read,
cannot be reread again, unless the whole process is repeated from the beginning.

The data in the file may be completely free format, numerical only, not more than 80 characters
per line and not more than 25 items per line. The program reads one complete line at a time and
if the line contains more than the currently needed number of items, the rest will be discarded.
Therefore, data intended for a subsequent question must begin on a new line. Initially, it is advis-
able to enter the data into the file in a one-item-per-line format.

The specific locations where such a file reading feature is available, together with the items that
may be read from the file and their proper sequence, are as follows:

A. SMAIN segment for functional input (Section 3.3):

* real parts of complex zeros
* imaginary parts of complex zeros
* real zeros
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¢ multiplier (if F(s) is specified)

¢ real parts of transmission zeros

* imaginary parts of transmission zeros
The last two items may also be read from a file in the specified stopband case. Some of the items
may not be needed and therefore could be missing.

B. PLACER segment (Section 4):
* frequency-loss pairs
C. FIR synthesis segment (Section 11):
* requirement table for non constant passband (extension is .REQ)
D. FIR analysis segment (Section 12):
a. If coefficients are entered:
* filter tap weights (coefficients)
b. If factored form is entered:

* coefficients of linear terms
¢ coefficients of quadratic terms

E. ACTIVE RC analysis segment (Section 8):
a. If transfer function is specified by roots:

* real parts of roots, numerator

* imaginary parts of roots

¢ real parts of roots, denominator
* imaginary parts of roots

* feedback coefficients (if needed)

b. If transfer function is given in factored form:

® constant terms, numerator

* linear terms

* quadratic terms

* constant terms, denominator

* linear terms

* quadratic terms

* feedback coefficients (if needed)

Again, items not needed should be left out.
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F. DIGITAL analysis segment (Section 10):
a. If transfer function is specified by its roots:

¢ real parts of numerator roots

* imaginary parts

* real roots

¢ real parts of denominator roots
* imaginary parts

* real roots

b. If transfer function is given in factored form:
* linear coefficients of numerator

* quadratic coefficients

* linear term (if degree is odd)

* linear coefficients of denominator

* quadratic coefficients

* linear term

G. DELAY EQUALIZER segment (all analysis segments):

In the delay equalizer segment the program will ask us if we wish to read the data from a file.
Otherwise the program behaves identically to other segments.

a. If natural modes are entered:
* frequencies
* real and imaginary part of a complex natural mode, two (and only two) items on a single

line

This is somewhat different from the previous data entry methods, but is more consistent and
simpler to use and understand.

b. If delay values are entered:

* frequencies
¢ delay values

H. OPTIMIZING PREPROCESSOR (Section 14):

This stand-alone unit is somewhat different in that two sets of data may on/y be entered into it
from two separate files.
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The first file contains the tabulated requirements with columns of frequency, loss, loss weight
(delay and delay weight). The last two columns may be missing. The file must have an .REQ
extension and can have up to 501 lines of data.

The other file must contain the initial pole-zero data, must have a name with a .PZ extension and
contain data in the following sequence:

* complex zeros (transmission zeros) in real-imaginary pair, one pair per pair of complex
conjugate zeros.

* complex poles (natural modes) in real-imaginary pair, one pair per pair of complex conju-
gate poles; real pole has a zero imaginary part.

Note that zeros are usually on the imaginary (jw) axis and hence their real parts will be zero. A
non zero real part indicates a complex zero quadruplet.

In general, each of the items are separately prompted. If we know that some items are missing
from the file, we may enter them from the keyboard. Subsequent items may still be read from the
file. However, we may not mix data input format within a category. For instance, we may not
enter some frequencies from the keyboard and some from the file. However, we may enter fre-
quencies from the keyboard and delay values from the file, or vice versa. Items that are in the file
may not be skipped.

13.1.6 Files

S/FILSYN reads and writes a large number of files used for various purposes. In order to keep
these files organized, the personal computer version, and versions for systems where filename
extensions are allowed, the program generates a unique extension for each of the files it writes.
Files that we write and expect the program to read (see above), must have an extension .DAT (or
occasionally an .REQ or .PZ extension) and must be an ASCII file.

The files generated by S/FILSYN fall into two categories:
1) Files for internal storage.

The first category contains files that store information to be read back into the program. These
files are all binary which cannot be inspected or edited in any way. The second category contains
files destined for other programs or purposes:

2) Files for display and communication.

These files are all ASCII files and can be inspected, edited or printed. Those directed towards the
S/COMPACT™, TOUCHSTONE™ or SUPER-STAR programs, have a .CKT extension, while
those intended for a SPICE program carry the .CIR extension. Those containing FORTRAN
programs have a .FOR extension. Those written for the SCASY™ and SWITCAP™ programs
have an .SWC extension, while files containing tabulated data to be printed and/or displayed by
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the GRAPH program have a .TAB extension. The file generated by the root segment of the
program, containing the pole zero data to be used by the OPT preprocessor, has the .PZ
extension.

Unique extensions make it simple to keep all files together. Use of the same name every time a
file name is requested will uniquely identify the files as belonging together. The extension will

indicate what type of data is contained in the file.

Another, otherwise undocumented feature of the program is its ability to generate debugging out-
put. This can be initiated by using a special title line:

NPRI x
where ‘x’ follows exactly three spaces and is either 1 or 2. The program will subsequently ask for
a file name, and the debugging output will be written to this file, which will have a .DBG exten-
sion. Two levels of debugging output is available, depending on the value of ‘x’, but its
interpreta- tion is beyond the scope of this manual.
13.2 LIST OF COMMANDS
13.2.1 ADD (add a factor or section)
Available: ACTIVE RC and DIGITAL analysis segments.
The ADD command allows us to add a factor or a section to an existing active RC or digital filter
function. Coefficients may be entered together with the command, or we may wait for the
prompts.
13.2.2 ALLP (generate differential allpass form)

Available: DIGITAL analysis segment.

The ALLP command generates the differential allpass implementation of the digital filter, if it
exists.

13.2.3 BE (lowpass-to-bandreject conversion)

Available: LADDER (PASSIVE Analysis) segment.

The BE command can be applied to a lowpass filter only, which is then converted to a band-
elimination filter (also called band-reject filter). This is the only way a passive band-elimination

filter can be obtained by the program. The following additional data is needed by this command:
the upper end of the lower passband and the lower end of the upper passband, both in Hz.
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13.2.4 BRK (alias: BAK) (backup)
Available: All prompts except TITLE or COMMAND.

The BRK or BAK command aborts the current command in COMMAND mode or backs up the
data entry sequence in conversational mode.

13.2.5 BZT (bilinear z-transform)
Available: ACTIVE RC analysis segment.

The BZT command converts an analog active RC transfer function into a sampled-data form
prior to implementing the filter as a switched-capacitor design. BZT needs the sampling
frequency data, which may be entered together with the command. The method used is the
bilinear z-transform. Prewarping must be applied prior to the design.

13.2.6 CH (change)
Available: LADDER (PASSIVE Analysis) and FIR analysis segments.

The CH command changes the value(s) of one- and two-element branches. It may be used to in-
vestigate the effects of replacing, for example, an inductor by its nearest preferred value. CH
needs a branch number and one or two element values. All of these values may be entered to-
gether with the command on a single line in free format. Alternatively, we may wait for the pro-
gram prompts.

In the FIR analysis segment, the CH command permits us to replace a quadratic factor by another
factor in the factored form of the transfer function.

13.2.7 CLR (clear)
Available: All analysis segments except [IR digital.

The CLR command deletes the current circuit and clears all internal files. The effect is the same
as leaving the analysis segment, going to the beginning of the program and reentering the
segment directly from the beginning (in the single-executable version). This command enables us
to aban- don the current design and start another one -- either manually entered from the
keyboard or read back from a previously written permanent disk file. In the FIR analysis
segment, CLR deletes all except the original filter data. The command needs no additional data.

13.2.8 COM (combine)
Available: LADDER (PASSIVE Analysis) segment.

Two inductors or capacitors that appear in series or parallel somewhere in the circuit, may be
combined into a single element by the COM command. COM needs the serial numbers of the
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branches to be combined. If automatic print is turned on, the combined element and everything
following are printed.

A simple way of identifying branches is needed for this and many other commands. Identifying
branches is done by numbering them automatically. These numbers are printed to the left of the
branches or sections. These numbers are always even for series branches and odd for shunt ones.
For any other section (unit elements, lattice, bridged-T or twin-T) the parity of the serial numbers
has no significance.

13.2.9 DATA (write transfer data file)
Available: SMAIN segment.

The DATA command writes an ASCII file, containing the transfer function poles and zeros in a
form, that is readable by the OPT optimizing preprocessor.

13.2.10 DEL (delete)
Available: All analysis segments.

The DEL command deletes a branch, a section or a factor, and needs the serial number of the
branch or section, or the implied serial number of the factor to be deleted. In the LADDER seg-
ment, all branches following the deleted branch are printed, if automatic print is enabled. These
prints may be disabled by the OFF command (see below). In other segments, only a comment is
printed indicating that the command was performed.

13.2.11 DES (design)
Available: ACTIVE RC and IIR digital analysis segments.

DES provides specific circuits or implementations for active-RC, switched-capacitor and IIR
digi- tal filter functions. For switched-capacitor circuits, no other data is needed. For the active
RC design, the DES command provides a section-by-section design, if the active element is the
oper- ational amplifier (op-amp). If the active element is the transconductance amplifier, the
complete circuit is designed all at once. In the first instance, we must specify the section number
and the value of the common (or maximum) capacitance value to be used. In some cases, the
program of- fers one of two alternative structures, but most often the configuration is selected
from a library based on the section pole Q value. In the second case, only the capacitance value
is required.

The feedback paths in the leapfrog or follow-the-leader design are not implemented in the design,
although their presence is properly indicated. If we write a SPICE file, while implementing the
circuit with transconductance amplifiers, the file will contain the components implementing the
feedback paths.
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13.2.12 DIR (direct form)
Available: DIGITAL analysis segment.

This command generates the coefficients of the direct form of a digital filter; it needs no
additional data.

Also, to a filename prompt, this response produces a directory listing of all relevant files (files
with the proper extensions) in the indicated directory and/or specified (partial) filename. The
general from of this prompt is:

DIR [D:]\subdir1\subdir2\][xx]
13.2.13 DISP (display)

Available: All analysis segments except FIR.

If we are performing a synthesis, the DISP command displays the original design data. This com-
mand is used to refresh our memory or for archival purposes. The command needs no data.

13.2.14 DOS (return to DOS temporarily)

Available: at every COMMAND prompt.

This command permits us to return temporarily to DOS to perform a DOS command, or to exe-
cute another program. After we are done in the DOS environment, type EXIT to return to the
program.

Currently the environmental variables are not inherited by the new command processor, and in
particular, the PATH variable is empty. Hence if we wish to invoke any command not in the
current subdirectory, we must specify its full path.

13.2.15 DUAL (dual configuration)

Available: LADDER (PASSIVE Analysis) segment.

DUAL will replace the circuit by its dual. Since the dual of the dual is the original circuit, it is
simple to reverse this step. The DUAL command needs no additional data.

13.2.16 ECM
Available: LADDER (PASSIVE Analysis) segment.
This is a special form of the LCE command (described below), that was developed specifically

for edge-coupled microwave filter design and is used in the ECM.BAT script file. Its use
anywhere else is not recommended.
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13.2.17 END
Available: All COMMAND and other selected prompts.

END is an obvious command; it gets us out of the particular segment we are in. When we leave
the segment, we return either to the beginning of the program or to the beginning of the respec-
tive synthesis segment, depending on where we entered the analysis segment and whether we are
using the single- or multi-executable version.

13.2.18 EQU (delay equalizer)
Available: All analysis segments except FIR.

The EQU command designs a delay equalizer to equalize an existing filter. The same program
segment can be used to design an equalizer to equalize a tabulated delay or the delay character-
istics of a given transfer function. This segment may be used therefore as a stand-alone program.
In that case, however, the segment is reached by requesting delay equalization directly.

The EQU command needs a variable amount of data which cannot be entered on the same line
with the command; data entry must follow the appropriate prompts. The backup symbol (BRK) is
available to back up the data entry sequence, as desired.

13.2.19 FAC (factor a transfer function)
Available: FIR analysis segment.

The FAC command factors the impulse response of a FIR filter into quadratic factors. The com-
mand needs no further data.

13.2.20 FILE (creates a circuit or ASCII file)
Available: LADDER (PASSIVE Analysis) and ACTIVE analysis segments.

The FILE command creates a permanent disk file containing the current filter circuit in a form
directly readable by the SUPER-COMPACT™, the TOUCHSTONE™ or the SUPER-STAR™
programs. Lumped LC circuits or active-RC circuits may also be written to a SPICE compatible
file. The resulting file may be edited either by the system editor, or by the editor of the program
for which this file is intended, or any other text editor. The command needs the starting node
number (usually 1) and the file name. The file name should not be entered with the command,
but the starting node number may be. Files will have a varying extension, depending on the
program they are intended for. See Section 13.1.6 above.

Another file type this command writes is an ASCII file for documentation purposes. This

contains a summary of filter data, the circuit and element values, followed by a parts list. This
file will have an .ASC extension.
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In the active analysis segment dealing with a switched-capacitor filter, the command as such,
does not exist. However, when we invoke the DES (design) command, the program prompts us if
we wish to write the result into a SCASY™ or SWITCAP™ compatible file. These files will

have an .SWC extension.
13.2.21 FLAT (add flat loss)
Available: IIR digital analysis segment.

The FLAT command adds a flat loss to the overall digital transfer function. The loss may be
negative and can be entered with the command.

13.2.22 FLIP
Available: FIR analysis and LADDER (PASSIVE Analysis) segments.

In the FIR analysis segment, FLIP causes all zeros outside the unit circle to be flipped into the
unit circle in the factored form of the transfer function.

In the LADDER segment, FLIP turns the circuit end-for-end, but only if both terminations are
present and finite. The command needs no further data.

13.2.23 FQ (finite Q)
Available: ACTIVE RC analysis segment.

The FQ command converts all second order block transfer functions which have infinite Q's, to a
specified finite Q value. This value may be entered with the command.

13.2.24 FREQ (frequency domain analysis)
Available: SMAIN and all analysis segments.

The FREQ command performs the frequency domain analysis of the current circuit and needs the
frequencies at which the analysis is to be done. The user may not enter these together with the
command, but must wait for the ENTER FREQ: prompt. The prompt accepts data in any of three
forms:

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

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

* FI1,F2, F3,.. -- these are individual frequencies that are listed in increasing order, from
one to 25 on a line.
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Up to five sets of data of this form may be entered in any combination. Separators are blanks,
commas or a combination of the two. Input may be terminated by entering END or a carriage
return. Entering a carriage return to the first prompt aborts the analysis.

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

If the first number entered in answer to the first prompt is negative, al/ frequency data is inter-
preted as rad/sec rather than Hz. For a linear range, entering the keyword MAX instead of the
increment DF, will cause the program to use an increment that yields 501 frequency points.

Additional data may be needed depending on where this command is called from.

In the LADDER segment the next question allows us to specify an average inductor Q (QL) and
an average capacitor Q (QC) for use in the analysis. This is followed with an indicator depending
on whether these represent constant (frequency independent) Q values, or constant dissipation (Q
values linearly increasing with frequency). In the latter case, the Q values entered should be
evalu- ated at the (upper) passband edge frequency. A Q of zero indicate lossless components. In
the microwave case, the loss is specified in dB/wavelength or dB/length.

The tabulated results are the loss (transducer-, voltage- or current-, as appropriate), phase, delay
and output impedance (real and imaginary parts) and return loss versus frequency. Any of these
(except the impedance values) can be plotted versus frequency. If the circuit is terminated by an
open- or short-circuit, the return loss has no meaning and the tabulation will contain all zeros. In
the extreme termination case and if the last branch is a unit element, the program is unable to
decide whether it is to be voltage- or current-driven, and will request this information. The delay
calculations are approximate but, except for very narrow band filters, will be found accurate for
most purposes. For very narrow band filters, the delay can also be calculated in the SMAIN seg-
ment (before the synthesis); those calculations contain no approximation.

In the IIR digital segment, we have to specify the form (cascade, parallel, direct, Gray-Markel
lattice or differential allpass) to be used in the analysis; in the FIR segment, the particular
function may have to be indicated, if there are more than one. The tabulation will contain the
loss, phase and delay (except for the parallel form, which does not have the delay). For the
differential allpass form, we tabulate only the loss and phase, but we do it for both paths.

In the ACTIVE and FIR analysis segments, as well as the root (SMAIN) segment, we tabulate the
loss, phase and delay.

Even though the number of frequencies is limited to 501, the command may be repeated any
num- ber of times, therefore the actual number of frequencies is unlimited. The results may then
be tabulated, or the tabulation suppressed and the results displayed graphically. The results may
also be written subsequently to a disk file with a .TAB extension.
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13.2.25 FS (frequency scaling)
Available: ACTIVE RC analysis and LADDER (PASSIVE Analysis) segments.

The FS command needs a scale factor Fyew/Foiq Which can be entered with the command on the
same line in free format, or we may wait for a prompt to ask for it. At the completion of the
operation the circuit will not be printed. There is only an indication that the scaling was perfor-
med. Frequency scaling can also be applied to microwave filters, but it is the quarter-wave fre-
quency that is scaled. Sampled data (switched-capacitor) functions may not be scaled.

13.2.26 HELP (alias: ?)
Available: Al COMMAND and other selected prompts.

HELP yields a list of available commands and brief explanatory information. HELP is also avail-
able at certain prompts if the prompt request for further data is somewhat obscure. The question
mark (?) is an acceptable alias for HELP and so is any part of the word HELP, such as H, HE, or
HEL. In the personal computer version of the program, a full, context-sensitive help system is
available at every prompt.

13.2.27 IB (interchange branches)
Available: LADDER (PASSIVE Analysis) segment.

The IB command interchanges the sequence of two series or two parallel branches if there is
nothing between them. It may be needed for operations that require consecutive branches. The
command needs the serial numbers of the branches to be interchanged which may be entered
with the command on a single line or following the prompt.

This command also performs all Kuroda's identities and their extensions, if the circuit contains
unit elements (i.e., it is a microwave filter). This operation is performed if one of the branches to
be interchanged is a unit element, while the other is a one- or two-element branch. If it is a two-
element (resonant) branch, it is converted into a Brune section on the other side of the unit ele-
ment. This is a tee or a pi section with a resonant center branch, and one of the side branches will
be negative. This negative element can usually be absorbed into a positive one next to it.

If the filter is of the bandpass form, we have the choice of selecting the lowpass or highpass
Brune equivalent circuit. In lowpass and high-pass filters, the proper form is selected
automatically. All changed elements and everything following them are printed. If the resulting
section is a Tee and we want the P1i, or vice versa, the tee-to-pi conversion command (TP) can be
used for that pur- pose.

All highpass Kuroda's identities perform impedance transformations. The equations are identical

to Norton impedance transformations. The use of the IB command will provide the largest trans-
formation ratio available. One can get less than this in either of two ways. One way is to split the
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series C or shunt L into two, by using the split (SPL) command, and use the IB command with
only one of the two parts. The other is to use the TR command as explained in Section 6.

13.2.28 INCL (include)
Available: LADDER (PASSIVE Analysis) segment.

The INCL command is used only if we already have a lattice embedded in the ladder somewhere
(see the LAT command). If this lattice is flanked by two capacitors, both in series or both in
shunt, they may be included in (shifted inside) the lattice by this command in such a manner that
there is no remainder on one side. The only data this command needs is the serial number of the
lattice involved. Everything that is changed is printed.

INCL may also be used to shift capacitances out of the lattice by inserting a pair of capacitors on
one side of it: one negative (the one next to the lattice), the other positive and of equal
magnitude. The INCL command will shift a capacitor of this size out of the lattice.

13.2.29 INS (insert)
Available: LADDER (PASSIVE Analysis) segment.

The INS command is used to insert any type of branch into the circuit, except lattice and bridged-
or twin-T's. It can be used to enter a ladder circuit obtained from another source into the pro-
gram.

The command needs the serial number of the branch to be inserted, its type (R, L, C, LC, UE,
LCC, LCL, EQA or EQB) and from one to three values in physical units (except for microwave
filters, where the line impedance(s) are to be entered). In the LC case the first piece of data is
always the inductor (or shorted stub). In the three-element cases, we enter the resonating inductor
first, followed by the resonating capacitor and finally the third element. EQA and EQB are the
two equalizer sections shown in Fig. 13.1. Here we enter the L, R and C elements of the bridging
arm in that sequence. The values may not be zero except L for type A or C for type B section.
These sections are constant-resistance circuits and therefore components in the shunt branch are
computed by the program. These equalizer units will be inserted next to the input termination, no
matter what branch number we specify, since any other position would interfere with the
behavior of these circuits.

The data or any part of it may be entered together with the command on a single line in free for-
mat, or following program prompts. Missing values will be requested in conversational mode.
The new branch, or section and everything following, will be printed if the print mode is ON.

The branch serial number used will determine both the location of the new branch as well as its
form (series: number is even; shunt: number is odd). An existing branch number may be used for
this purpose. The branch already there will be shifted upwards in serial number, preserving its
parity. Terminations are always shunt branches, and entering a new circuit must always start with
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a termination. For the equalizer sections, the branch number is immaterial, but a number must be
entered.

A special form of the command is:
INS nl [-]n2 [,t]

This form inserts a copy of the (one- or two-element) branch 'n2' as branch 'nl'. If 'n2' has a
negative sign, the negative of the (single-element) branch 'n2' is inserted as 'nl1'. Finally, in
microwave filters the branch indicator 't' may also be specified (allowable values are 'L', 'C' and
'UE"). In this case the type of the new branch 'nl1' will be that indicated by 't', no matter what the
original (single element) branch 'n2' was.

I_ Y
2YAYAY; AN
AA——AM ol
Type A (EQA) Type B (EQB)

Fig. 13.1 Loss equalizer sections
13.2.30 LAT (lattice conversion)
Available: LADDER (PASSIVE Analysis) and DIGITAL analysis segment

A segment of a ladder containing two resonant branches and up to two capacitive branches in
between, may be converted into a lattice using the LAT command and the serial numbers of the
two resonant branches. LAT is non reversible, and it is therefore advisable to store the current
filter data either temporarily (STO) or permanently (SAVE) before using it. If the results are less
than satisfactory, the earlier version can be recalled without a complete redesign. The LAT com-
mand yields only crystal lattices , with one crystal per branch. On completion, one may invoke
the DUAL command to convert the lattices to the other form. The LAT command also performs
a certain amount of impedance transformation.

In the digital segment, the command generates the Gray-Markel lattice implementation of the IIR
digital filter.
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13.2.31 LBL (new label)
Available: All analysis segments.

The LBL command lets us change the title of the current design to indicate a variant. It also up-
dates the time and date stamp in the title line. The program will prompt us for the new title.

13.2.32 LCE (calculate transformations for equal shunt L's or C's)

Available: LADDER (PASSIVE Analysis) segment.

In a number of bandpass filters, especially those of microwave types, it is desirable to obtain
iden- tical shunt inductors or capacitors, even when these same elements are used for the
transformation steps. The calculation of the appropriate transformation ratios involves solving a
set of nonlinear equations -- the LCE command provides the solution.

The structure will contain a shunt branch of, for example, a capacitor, preceded or followed by a
number of series capacitors (interspersed with shunt branches of other types). LCE needs the
number of capacitors involved and their branch numbers starting with the shunt branch, in in-
creasing or decreasing sequence. The number of branches may be entered with the command, but
the branch numbers should not, as the program does not know how many pieces of data are
coming. The program prints the values of the transformations to be used, but does nof perform
them. The transformations must be performed by the TR command (see below); however, instead
of reentering the transformation ratios, we may point to them by entering their (negative) serial
numbers. The transformations must be performed in sequence, starting at the shunt branch.

The dual case can be handled by taking the dual of the circuit, performing the operations, and
taking the dual again. LCE also works if some or all series branches are resonant ones, in which
case the program picks the appropriate element of the pair. It also works with unit elements to-
gether with a shunt shorted stub (L). A large number of script files use this command.

13.2.33 LIM (limit cycle information)

Available: IIR digital analysis segment.

The LIM command supplies information about possible limit cycles, their frequencies and ampli-
tudes. The command needs no further data.

13.2.34 MATL (Matlab file)
Available: SMAIN segment.

This command generates a file in the format of the Matlab program, containing the transfer func-
tion in factored form. The file will have an .M extension.
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13.2.35 MULT (multiply factors)
Available: FIR and ACTIVE RC analysis segments.
The MULT command takes a specified number of factors of the factored FIR transfer function
and multiplies them together. The number of factors and their implied serial numbers are also

needed.

In the active RC segment, the command is capable of multiplying any of the second order block
functions by a constant. This constant may be entered with the command.

13.2.36 OFF (turn automatic print off)
Available: LADDER (PASSIVE Analysis) segment.

When we enter the LADDER segment, the automatic print is ON by default, and all commands
that change branches print the changed part of the circuit. If this results in excessive amount of
printout, the automatic print may be turned off by the OFF command. Most commands will now
print only a comment that their function has been performed. The PRI (print) command should
be used to observe the results.

13.2.37 ON (automatic print turned back on)
Available: LADDER (PASSIVE Analysis) segment.

The ON command restores automatic print if it was turned off previously. Otherwise it has no
effect.

13.2.38 ORD (pairing and ordering)

Available: IIR digital analysis segment.

The ORD command performs computations to find the optimal pairing and ordering of
numerator and denominator factors of IIR digital filter functions. The results contain fifteen sub
optimal pair- ings from which we must select the best (lowest noise gain), perform the
permutations indicated (see the PERM command below), and use the SCAL command to obtain

the proper scale factors. The scaling policy should be Loo,since that is used to find the optimal
permutations.

13.2.39 PAR (parallel form)
Available: IIR digital analysis segment.

The PAR command is used to calculate the parallel form of an IIR digital filter transfer function.
No additional data is needed.
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13.2.40 PERM (permute)
Available: ACTIVE RC and IIR digital analysis segments.

The PERM command allows us to permute second order factors in the numerator or denominator
of the cascaded form of transfer functions. In both cases, we have to indicate whether the numer-
ator or denominator factors are to be permuted, followed by the permuted serial numbers.

13.2.41 PREF (replace capacitors by preferred values)
Available: LADDER (PASSIVE Analysis) segment.

The command replaces all capacitors by the nearest preferred value, from one of the possible
series (10%, 5%, 2.5% and 1%). The values of the inductors are adjusted to compensate for this
change.

13.2.42 PRF (print factored function)
Available: SMAIN and FIR analysis segments.

The PRF command prints (displays on the screen) the transfer function in factored form (poles
and zeros).

13.2.43 PRI (print circuit or filter data)
Available: SMAIN and all analysis segments.

The name of this command goes back to the time of the typewriter terminal. PRI displays the
complete set of filter data in its current form on the screen. In the SMAIN segment, PRI displays
the transfer function in polynomial form. For actual printing using the personal computer version,
use the Ctrl-P toggle to turn the printer on or off. PRI needs no data, except in the FIR analysis
segment, where we may have more than one function present.

In the digital segment of the program, this command has further options. It can display the data
either in decimal or hexadecimal formats and can display it either on the screen, or write it to a
specified file. We need to indicate which of the, possibly five, implementations we wish to
display.

13.2.44 PROG (generate FORTRAN subroutine)
Available: FIR and IIR digital analysis segments.
The PROG command generates a FORTRAN subroutine in an ASCII disk file for software

implementation of the current digital filter. The command needs a file name, which will have a
.FOR extension and an indicator selecting one of the implementations.
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13.2.45 RCL (recall)
Available: All analysis segments.

We may recall a temporarily filed circuit (STO) with the RCL command, which needs no other
data. The current circuit will be overwritten and lost.

13.2.46 RES (resonant frequency)
Available: LADDER (PASSIVE Analysis) segment.

The command calculates and prints the resonant frequency of an L and a C in single-element
branches, as specified by their branch numbers.

13.2.47 RESC (rescale)

Available: ACTIVE RC analysis segment.

The RESC command is used to rescale a cascaded implementation of a filter for optimum
dynam- ic range, after the numerator and denominator factors have been permuted. No data is
needed.

13.2.48 REST (restart design)

Available: SMAIN segment.

The REST command allows us to restart the complete design and change some or all of the filter
specifications. If numerical data is to remain unchanged, a slash (/) may be entered in answer to
the prompt. Not all prompts accept this, but when they do not, no harm is done, the prompt is
repeated.

13.2.49 RS (resistance scaling)

Available: LADDER (PASSIVE Analysis) segment.

The RS command can be used to change the impedance level of the circuit. It needs the ratio
Riew/Roa. This may be entered with the command or following the prompt. Except for an indica-
tion that the operation has been performed, nothing is printed. An alternative form of the com-
mand is to enter the desired input termination together with the command, as a negative number.
This negates the need to calculate the above ratio.

13.2.50 SAVE (save data on a permanent disk file)

Available: at every COMMAND prompt.
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SAVE takes the data describing the current filter, writes a permanent disk file and saves it. This
file can then be read back into the program at a later date. The command needs the name of the
file which will have an extension of the form: .QFx where 'x' depends on the segment from
which the command was called. The resulting file cannot be viewed or edited in any way. One
should only change the file by first reading the data back into S/FILSYN (into the appropriate
segment), modifying the filter using the available commands, then writing another file containing
the new data.

It is a good practice to save the current version of the filter periodically, especially if a large
amount of manipulation is to be performed. In case of power failure, an earlier version can be
recovered without the need for a complete rerun of the problem (see also the STO and RCL
commands).

The use of unique, computer-selected file name extensions has the advantage, that the user may
use the same filename for all files belonging to the same design and still keep them properly

organized. If a file can be read back into the program, do not change its extension, as that makes
it unreadable to the program.

In the personal computer version, one may use the following data entry any time we have an
ENTER FILENAME prompt:

DIR [D:\sdir1\sdir2\][XX]
where XX is a (partial) filename. This is equivalent to issuing the DOS command:

DIR [D:\sdirl\sdir2\][ XX]*.EXT
where EXT is the correct extension of the file needed. This will perform a directory search of the
default directory or the D drive in the specified subdirectory, and we may specify up to two
letters of the name of the file. The system will list the appropriate file(s) and the file name
request will be repeated.
13.2.51 SBP (shifted-bandpass transformation)
Available: SMAIN segment
This command converts a lowpass function to a bandpass one by shifting the poles and zeros by a
fixed amount. This creates a bandpass function, that is arithmetically symmetrical for small and
moderate bandwidths. The command needs the center frequency, the amount by which the singu-
larities are going to be shifted.

13.2.52 SCAL (scaling)

Available: FIR and IIR digital analysis segments.
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The SCAL command causes the transfer function to be rescaled for unity output level(s). In the
IIR analysis segment only the cascade form is scaled and we may select the scaling policy (either
L, or L) as well as the method by which the second order sections are formed. For details, see
Section 10. In the FIR segment we have to select the function to be scaled.

13.2.53 SPL (split a branch)
Available: LADDER (PASSIVE Analysis) segment.
We may split a single inductive or capacitive branch into two by the SPL command. SPL needs
the serial number of the branch to be split and the value of one of the new pairs of branches. The
split branches and all that follow, will be printed. The data may be entered with the command.
A special form of the command is:

SPL n HALF
which will split branch number 'n' in two equal halves. If we do not enter HALF with the com-
mand, we may do so when the prompt asks for one of the values, but we must then also enter an
arbitrary numerical value, which will be ignored. The keyword HALF may be abbreviated to the
first two letters, lower or upper case.
Another special form of the command is:

SPL nl [-]n2

where one of the values branch nl is to be split is picked up from the current value of branch n2.
The two branches must be of the same type. The indicator 'n2' may be negative, when the
negative magnitude of the indicated element value will be split off.
13.2.54 SPRD (spread of element values)
Available: LADDER (PASSIVE Analysis) segment.
The command calculates the minimum, maximum and average values of all capacitive and
induc- tive elements (as well as unit elements if present) and prints them together with the spread
(max/min ratio).
13.2.55 SOR ('square root' function)

Available: FIR analysis segment.

The SQR command generates the “square root” of the impulse response. For more details, see
Section 12.

13.2.56 SQU (squeeze branch numbers)
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Available: LADDER (PASSIVE Analysis) segment.

In microwave filters, and sometimes in others, repeated use of several of the commands causes
the branch numbers to spread. The SQU command squeezes the numbers down as far as possible
toward a consecutive sequence.

13.2.57 STO (temporary store)
Available: All analysis segments.

The STO command stores current filter data in a temporary file. Only one level of storage is pro-
vided; consecutive use of this command provides storage only for the /ast set of data. Upon
leaving the segment, the data is lost. STO needs no further data.

13.2.58 STOP

Available: At every prompt except TITLE and FILENAME.

The STOP command stops program execution immediately. All unsaved data is lost.
13.2.59 SWC (switched-capacitor filter)

Available: DIGITAL analysis segment.

This command writes the digital filter information into a file to be transferred into the ACTIVE
analysis segment and implemented as a switched-capacitor filter. This is useful for performing
prewarping of switched-capacitor filters.

13.2.60 SYN (continue to synthesis)
Available: SMAIN segment.

SYN instructs the program to proceed to one of the synthesis segments. In the multi-executable
version, a transfer file will be written (with an extension .TRF) to transfer data to the proper syn-
thesis segment. In the single-executable, this step is omitted. In the case of passive or microwave
synthesis, we may also look at the immittance functions.

13.2.61 TIME (time domain analysis)
Available: IIR digital analysis and SMAIN root segment

TIME performs a time domain analysis of the current analog filter (in SMAIN), or current digital
filter (in the IIR analysis segment), at equidistant time points. Pulse and step responses are calcu-
lated and may be subsequently stored and/or displayed graphically. TIME needs the starting
time, the ending time and the increment, but we must wait for the prompt to enter them. For
digital fil- ters, the values entered must be integral multiples of the sampling time, but the
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program will auto- matically replace them with the nearest non zero multiple. Up to 501 time
values may be specified at a time. By repeating the command, an unlimited response can be
calculated, since the starting time need not be zero. Microwave filters cannot be analyzed in the
time domain.

13.2.62 TP (tee-to-pi conversion & vice versa)
Available: LADDER (PASSIVE Analysis) segment.

A capacitive or inductive tee or pi section may be converted into a pi or tee respectively, by the
TP command. The only data needed is the serial number of the first (lowest numbered) branch of
the tee or pi. The program will recognize what it found and convert it into the other form. The
new section and everything following is printed.

TP may also be used even if the center branch is resonant. This is useful for microwave band-
passes, if the extended Kuroda's identities are being used. In bandpass structures we may specify
the resulting tee or pi to be either a lowpass or a highpass type. This command together with the
TR and XR commands can be used to rearrange any ladder structure in any manner.

13.2.63 TR (impedance transformation)
Available: LADDER (PASSIVE Analysis) segment.

The TR command is the most complicated and powerful of all commands. It performs (Norton)
impedance transformations of various kinds, including the highpass Kuroda's identities, either
completely automatically, or under our explicit control. Fig. 6.2 shows several forms of the basic
Norton equivalence used for the transformations. Z, represents the rest of the circuit on the right
side. We can see, that the top half of the figure raises the impedance level on the right, while the
bottom half lowers it. The branches Z and aZ (or Z/a) can be any pair of inductors, capacitors or
resonant branches. If resonant branches are used, they must both be either parallel or series reso-
nant branches and must resonate at the same frequency. This is easy to satisfy by splitting one of
the four elements. The program will perform this step automatically.

For comparison, Fig. 6.3 shows (partial and total) highpass Kuroda's identities. These equations
are identical to those in Fig. 6.2; the steps perform the same operations and can be used in
exactly the same way.

After requesting an impedance transformation by entering the TR command, the program will
first ask for the desired value of the output termination. If there is no output termination, it will
ask for the desired impedance ratio (t* for the top halves of Figs. 6.2 and 6.3, or t* for the bottom
halves). A zero (0.) value is acceptable in either case and indicates that the largest available
transformation is to be performed.

Next the program will request the serial numbers of the two consecutive branches to be used for
the transformation. These could be, for example, two capacitors, two inductors, a unit element
and a series C (open stub), a unit element and a shunt L (shorted stub) or a pair of resonant cir-
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cuits. In this last case, there are always three branches involved: for instance, a parallel resonant
branch in series and an L and a C shunt branch. We have to indicate the serial numbers of the se-
ries tank circuit and the shunt branch next to it. The third branch will be recognized by the pro-
gram.

Upon entering all the data, which can be done on a single line with the command, the program
checks that the branches are all there and consecutive, that they are the appropriate pair and they
transform correctly. If any one of these checks is not satisfied, a comment is printed and we
return to the command level. If everything is correct, the program calculates the maximum
available transformation ratio, and compares it with the requested value. If the requested value
yields a negative element, it requests permission to use it. If we allow a negative element, the
required transformation will be performed. If we do not, the program uses the value that yields all
positive results. If zero was entered for the output termination, the maximum possible
transformation is performed consistent with positive element values. All changed elements are
printed at the com- pletion of the calculations. If we enter data together with the command on the
same line, zero values are ignored and re-requested.

TR has two additional, special forms for very specific purposes. One is of the form;
TR -n1 n2 n3

where the first (negative) integer must be on the same line with TR and all integers must be non
zero. This form picks up a transformation value previously calculated by the LCE command. The
value is the n1-th on the list and branches n2 and n3, one of which may be a resonant branch, are
used to perform the transformation.

The second special form is:

TR -nl -n2 (on one line)
n3 n4 (on the next line).

Assume that branches nl and n2 contain a single element of one kind (both inductors or both ca-
pacitors). In between, there are, among others, branches n3 and n4 of the opposite kind (capaci-
tors or inductors). The command will use branches n3 and n4 to apply a transformation to make
the values of the elements in branches nl and n2 exactly equal (if possible). Again, all integers
must be non zero. Branches nl and/or n2 may even be resonant ones; the command selects the
components of the opposite kind to branches n3 and n4. If branches n3 and n4, for instance, are
capacitors, it is the inductor that is picked from branches nl and n2 to be made equal.

Branches n3 and n4 must be between those of nl and n2; however, the program does not check
this condition. Further details of this powerful command may be found in Section 6 with several
examples. This form of the command is used extensively in script files.

13.2.64 TRUN (truncate coefficients)

Available: FIR and IIR digital analysis segments.
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The TRUN command provides the capability to round or truncate the filter coefficients to a
specified number of bits.
13.2.65 UNDO (undoes the preceding active command)

Available: All analysis segments.

This command undoes some, but not all, commands. Only one level of undo is provided and it
recalls the circuit as it was before the last active command, i.e. one that changed it. Commands
like PRI or FREQ do not change the circuit. To prevent problems occurring over several steps of
operations, the STO or SAVE commands are available.

13.2.66 WAVE (generates wave-digital filter form)

Available: LADDER (PASSIVE analysis) segment.

This command takes the current microwave filter and converts it into a wave-digital filter. Does
not work if the filter is an LC filter. The resulting filter has a Nyquist frequency that is equal to
the quarter-wave frequency of the microwave filter.

13.2.67 XCH (exchange 3-element branches)

Available: LADDER (PASSIVE Analysis) segment.

This command changes one 3-element branch into the other equivalent (see Fig. 13.2). It only
needs the branch number of the three-element branch. If that consists of two branches, either one
of the branch numbers will suffice, the program picks up the other branch number.
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Fig. 13.2 Three-element equivalences
A special form of the command:
XCHnl n2
takes the LCC branch, that has 'n1" as its branch number for the resonant segment, splits the third

element (capacitor) and performs the conversion such that the resulting new inductor will have
the same value as the one in branch 'n2'".
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13.2.68 XR (exchange resonant circuits)
Available: LADDER (PASSIVE Analysis) segment.

This command exchanges the positions of two resonant circuits, which can be either series reso-
nant circuits in shunt, or parallel resonant circuits in series, or a combination. They may only be
separated by at most a single capacitor. Otherwise we must rearrange the circuit and/or take the
dual. This command, together with all the others, make it possible to start with any ladder struc-
ture and transform it into any other, as long as it does not have bridged-T (or twin-T) sections
embedded within it.

13.3 NONDOCUMENTED COMMANDS
There are a couple of otherwise not documented commands, that may be found useful:
13.3.1 LIST

Available: Ladder (passive analysis) segment.

This command prints structural information and element values to more decimal places, than
used normally. Mainly useful if more accurate values are needed.

13.3.2 PAGE
Available: At every command prompt.

This command allows us to change the number of tabulated lines printed before the header is re-
printed. The default is 50 lines.

13.4 SUMMARY

All commands must always be entered as shown; no abbreviations are allowed. Aliases may be
used, if they exist and either upper or lower case entry is acceptable. UNIX-based systems prefer
lower case letters, other systems may insist on upper case.

If a command is entered incorrectly, the program will refuse to recognize it; however, no harm is
done unless the error resulted in a different command name. Most commands are reversible, but
it is good practice to save the current results periodically. It is advisable to make frequent backup
copies of all designs.

As additional features are added to the program, new commands will become available. The

HELP message should keep you informed of the latest list of available commands and their
functions.
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