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The LADDER (also called passive analysis) segment is a very powerful analysis and
manipulation program. It is automatically invoked when a computer-generated ladder is
synthesized and the intermediate results are not requested. In all other cases, users are asked if
they would like to run this segment. The segment may also be invoked as a stand-alone program.
In the single-executable version of the program, it is entered by selecting the LADDER option at
the beginning of the program. In the personal computer (multi-executable) version, the PASSIVE
program must be run, and the A (analysis) option selected. This segment allows us to modify,
manipulate, vary or analyze a circuit to achieve the desired performance using the commands
listed below. Using the  procedures described in earlier sections, data needed by these commands
may be entered on the same line with the command or entered later as responses to program
prompts.

	�����������

All commands are listed below in alphabetic order. They may be entered in either upper or lower
case. After the command descriptions, we usually indicate which later examples show the
applica- tion of the command.

6.1.1  BE  (lowpass-to-bandreject conversion)

The BE command is applicable only to a lowpass filter which is to be converted to a band-
elimination filter. This is indeed the only way a passive band-elimination filter can be obtained
using this program. The only additional data needed are the upper end of the lower passband and
the lower end of the upper passband, both in Hz.

If we have a set of specifications for a band reject filter, we must design the proper lowpass first.
Assuming that the requirements are of the form shown in Fig. 6.1 below, we must first calculate
values for:
                                       B1 = FAS*(FB - FA)/(FA*FB - FAS*FAS)
                                                                                                                                                    (6.1)
                                       B2 = FBS*(FB  - FA)/(FBS*FBS  - FA*FB)

Next we specify a lowpass filter with a 1 Hz passband edge frequency and a stopband edge
frequency representing the smaller one of B1 and B2, in Hz. The loss requirements are the same as
those of the band reject filter. After the transformation has been performed, all requirements will
be met by the new structure. This is one of the few commands that cannot be reversed. Once the 
command is performed, the original lowpass data is lost, unless it was explicitly saved
previously. Saving the data may be done either by the SAVE command or by the STO command
which respectively save the data permanently or temporarily. The use of this command is
demonstrated in example 6.2.1.
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For the personal computer version, we have a batch file (BRF.BAT) to simplify the design of
band-reject filters. It performs all of these computations for all filter kinds, including digital and
microwave filters (where possible).

LOSS

FREQUENCY

Amin

Amax

FA FAS FBS FB

Fig. 6.1 Band-Elimination Filter Requirements

6.1.2  CH (change)

The CH command is used to change the values of one- and two-element branches directly. This
command is illustrated in example 6.2.9.

6.1.3  CLR  (clear)

The CLR command deletes the current circuit and clears all internal files. This enables us to
delete the current design and start work on another. The new design data may be entered
manually from the keyboard or read from a previously written disk file. This command is
demonstrated in exam- ple 6.2.9.

6.1.4  COM  (combine)

If during the operation we find that two inductors or capacitors appear in series or parallel some-
where in the circuit, they may be combined into a single element by the COM command. The
only data needed for COM are the serial numbers of the branches to be combined. If automatic
print is on, the combined element and the remainder of the circuit are printed. 

This command (and several others) needs a simple way of identifying branches. For this purpose,
the program automatically numbers the branches for us. The numbers are printed to the left of the
branches (or sections). They 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 their serial numbers has no
significance. The use of this command is shown in examples 5.2.2a and 6.2.4.
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6.1.5  DEL  (delete)

The DEL command deletes a branch or a section. It needs the serial number of the branch or
section to be deleted. To verify the process, all branches following the one deleted are printed, if
automatic print is on. Such partial prints for COM, DEL and other commands are used to inform
us of the new branch numbers that may have been assigned by the program. However, these
prints can be disabled by the OFF command (see below). 

6.1.6  DISP  (display)

When a synthesis has been performed, the DISP command displays the original design data to
refresh our memory or for archival purposes. This command is illustrated in example 5.3.2.

6.1.7  DOS  (return to DOS temporarily)

Use this command to perform some DOS functions or call another program without exiting
S/FILSYN. Then type EXIT at the DOS prompt to return to S/FILSYN.

One must keep in mind, that the PASSIVE program stays in memory and a second copy of the
COMMAND.COM executive is called when this command is invoked. One consequence of this
is that there is going to be less than 200 kbytes of memory available for command execution even
if we have the full 640 kbytes of memory installed. The other is that the standard environment,
most significantly, the PATH statement, is not available to this second copy of
COMMAND.COM. This means that if we wish to invoke a program, even an external DOS
command, we must specify the full path in each and every case.

Also, for this command to work properly, a copy of COMMAND.COM must exist in the root
directory of the hard disk you are currently logged on to.

6.1.8  DUAL  (dual configuration)

The DUAL command needs no additional arguments and will replace the circuit with its dual.
Because the dual of the dual is the original circuit, it is easy to reverse this step. The use of this
command is demonstrated in example 6.2.1.

6.1.9  ECM (edge-coupled microwave)

This command is developed specifically for edge-coupled microwave filters and is used in the
batch file ECM.BAT. Only on mainframe or workstation computers do we need to use this com-
mand directly, since batch files don't exist on these systems. The command is a variation of the
LCE command and the way it works is explained in detail in Application Note 1 at the end of this
manual.
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6.1.10  END

The purpose of this command is obvious, it terminates the LADDER segment. When we leave
the segment, we return either to the beginning of the program or to the beginning of the passive/
microwave synthesis segments, depending on where we entered the LADDER segment and
whether we are using the single- or multi-executable versions. This command is demonstrated
throughout the manual.

6.1.11  EQU  (delay equalizer)
 
The EQU command designs a delay equalizer for use with an existing filter. It can also be used to
design an equalizer to equalize a given tabulated delay or the delay characteristics of a given
transfer function. Thus this segment is available as a stand-alone program, but as such, it is
reached through a slightly different path, as shown in the example of Section 6.2.

Inasmuch as EQU needs a variable amount of data, this data cannot be entered on the same line
with the command, we must wait for the appropriate prompts. The backup symbol (BRK) is also
available, to return to a previous prompt as desired. The use of this command is demonstrated in
examples 6.2.8a and 6.2.8b.

6.1.12  FILE   (create a circuit file)

The FILE command creates a permanent disk file containing the current filter circuit description
in a form directly readable by the SUPER-COMPACT,  TOUCHSTONE or SPICE programs.
SPICE compatible files are available for lumped designs only, the other two can be used with
both lumped or microwave filters. The file created may be edited either by any text editor or by
the editor of the program for which this file is intended. The command needs the starting node
num- ber (usually 1) and the file name. While the file name may not be entered with the
command, the starting node number may. The files will have an .CKT extension for
SUPER-COMPACT and TOUCHSTONE files, .CIR extension for SPICE files and .ASC
extension for ASCII files (see below), which is automatically provided by the program.

The command is also used to generate an ASCII file for documentation purposes, containing the
filter data summary, the circuit and element values and a parts list. This command is illustrated in
example 6.2.8b.

6.1.13  FLIP   (turn circuit end-for-end)

The FLIP command turns the circuit end-for-end, but only if both terminations are present and
finite. The FLIP command is demonstrated in example 6.2.9.

6.1.14  FREQ (frequency domain analysis)

The FREQ command performs the frequency domain analysis of the current circuit. Data must be
provided defining the frequency range over which the analysis is to be performed. The range may
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not be entered with the command, but must be entered in response to the ENTER FREQ: prompt.
The prompt accepts three kinds of inputs:

� 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 frequencies are selected
logarithmically  with N frequencies per decade, and N is an integer;

� F1, F2, F3,... these are individual frequencies in increasing order from one to 25 on a line.

In response to up to five consecutive prompts, five sets of data of these types may be entered in
any combination. Data of the first two types require three entries, all on a single line and
separated by blanks and/or commas. If there is no need for five sets of data, the entry sequence
may be ter- minated by entering END or just a carriage return. A carriage return in response to the
first prompt aborts the analysis.

The frequencies specified in this manner are generated, merged, and sorted and duplicates elimi-
nated in the process. The resulting array is truncated to the first 501 values which are then used
for the analysis. 

If this is not the first time frequencies are specified and we wish to use a previously entered set,
we may do so by entering a slash (/) or the keyword OLD in response to the first prompt. This
will cause the program to use the previously entered data.

If the first number entered in answer to the first prompt is negative, all frequency data are inter-
preted as rad/sec rather than Hz. This is properly reflected in the printout.

While the FREQ command is common to all analysis segments, there are some differences in its
usage. In this LADDER segment the next question allows us to specify an average inductor Q
(QL) and an average capacitor Q (QC) to be used in the analysis. Zero entry values indicate
lossless components. If lossy elements are indicated,  we can then enter an indicator to show
whether these represent constant (frequency independent) Q values, or constant dissipation (Q
values linearly increasing with frequency). In the latter case the Q values we enter should be
evaluated at the (upper) passband edge frequency. In the microwave case the loss is specified in
dB/wavelength or dB/length.

Although the number of frequencies available for any single analysis is limited to 501, the com-
mand may be repeated any number of times, hence the actual number of frequencies is unlimited.
The results may then be tabulated, or the tabulation suppressed and the results displayed only
graphically. The tabulated results include the following: loss (transducer-, voltage- or
current-loss) phase, delay, output impedance (real and imaginary parts) and RETL (return loss)
versus frequen- cy. With the exception of the impedance values, any of these results can be
plotted versus fre- quency. If the circuit is terminated by an open- or short-circuit, the return loss
has no meaning and the tabulation contains all zeros. Also, if the last component 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 be calculated in the SMAIN segment (before the synthesis) since those calculations
contain no approximation.

Finally, in response to the FREQ prompt, the HELP entry is accepted and provides a brief
explanation of the data needed. The use of this command is demonstrated throughout this
manual.

6.1.15  FS  (frequency scaling)

The FS command rescales the frequency range of the filter and needs a scale factor Fnew/Fold

which can be entered either on the same line as the command in free format, or in response to a
prompt. After completion, only the statement that the scaling was performed is printed.
Frequency scaling can also be applied to microwave filters, but in this case the quarter-wave
frequency is scaled. Sampled data filter functions can not be rescaled. The use of this command
is shown in example 6.2.6.

6.1.16  HELP

This command provides a list of available commands with brief explanation of each. At the same
time, it is an acceptable response to prompts, should the computer request data in what appears to
be an obscure manner. The question mark (?) or any part of the word HELP (H, HE or HEL in
lower or upper case) is an acceptable alias for HELP. The use of this command is shown
throughout this manual.

The personal computer version of the program has a more elaborate help system containing
sever- al screens of information. It is accessed the same way, and the F10 function key and its
shifted version are available to navigate. More detailed explanations of the commands can be
obtained by touching the indicated function keys.

6.1.17  IB   (interchange branches)

The IB command interchanges the sequence of two series or two parallel branches. It may be
needed for other operations that require consecutive branches. The data requested by the
command are the serial numbers of the branches to be interchanged. These may be entered
together with the command on a single line, or in response to the subsequent prompt.

If the circuit is a microwave filter and contains unit elements, the simple IB command also
performs all the Kuroda's identities and their extensions. In this case while one of the branches to
be interchanged is a unit element, the other may be any one- or two-element branch. A two-
element (resonant) branch is converted into a Brune section on the opposite side of the unit
element. This is a tee or a pi section with a resonant center branch, and one negative side branch
which usually can be absorbed into an adjacent positive one. If the filter is of the bandpass form,
we have the choice of selecting either the lowpass or the highpass Brune equivalent circuit. In the
case of lowpass and highpass filters the proper form is automatically selected. The schematic for
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the changed elements and everything which follows, are printed. If the section is given as a tee
and we want the pi, or vice versa, the tee-to-pi conversion command (TP) can be used for that
purpose.      

It should be noted that all highpass Kuroda's identities perform impedance transformations and
that the equations are identical to those of the Norton impedance transformations. The use of the
IB command will obviously provide the largest transformation ratio available. If we require a
smaller one, we may obtain it in either of two ways. One method involves splitting the series C or
shunt L into two parts by using the split (SPL) command and using the IB command on one of the
two parts. The other method uses the impedance transformation command TR as shown below.
The use of this command is demonstrated in examples 2.4.1, 5.2.2, 6.2.5 and 6.2.7.

6.1.18  INCL   (include)

The INCL command is used only if we already have a lattice structure embedded somewhere in
the ladder. If this lattice is flanked by two capacitors, which are either both in series or in shunt,
this will cause them to be included, i.e. shifted inside the lattice. This shift makes the capacitor to
disappear on one side and to have a non-negative remainder on the other. The only data this com-
mand needs is the serial number of the lattice involved. All changes are printed. 

INCL may also be used to shift capacitances out of the lattice by inserting a pair of equal valued
capacitors, one negative the other positive, on either side of it. The negative element must be next
to the lattice. Using the INCL command will shift a capacitor of this size out of the lattice. The
use of this command is illustrated in example 6.2.3 and in Application Note 5.

6.1.19  INS (insert)

With the exception of lattice and bridged- or twin-T sections, the INS command is used to insert
any type of branch or section into a circuit. It can be used to complete a circuit which the com-
puter could not complete or to enter a ladder circuit obtained from any other source, containing
branches of from one to three elements. It can also be used to insert unit elements and loss equal-
izer sections. The information must be typed in from the keyboard.

The command needs the serial number of the branch to be inserted, its type (R, L, C, LC, LCC,
LLC, UE, EQA or EQB) and one to three values in physical units. For microwave filters, the line
impedance(s) is entered. In the LC resonator case, the first entry is always the inductor (or shorted
stub). In three-element cases, the first element is always the resonating inductor, the next is the
resonating capacitor and the last is the third element. In the case of equalizers, the elements to be
entered are the L, R and C values of the bridging arm of the section, in that sequence.

All data may either be entered together with the command on a single line in free format or in
response to program prompts. Missing data will be requested by subsequent prompts. The new
branch and everything to follow will be printed, if the print mode is ON.

The branch serial number specified  will determine both the location of the new branch and its
form (series: number is even, shunt: number is odd). An existing branch number may be used for
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this purpose. If this is done, the branch already there, while preserving its parity, will have its
serial number shifted upwards. Terminations are always shunt branches, and the entry of a new
circuit must always start with a termination. Equalizer sections will be entered next to the input
termi- nation, no matter what branch serial number we specify.

A special form of this command is available if we wish to insert a branch into the circuit that has
a value equal to the value of an already existing branch in the circuit. The appropriate form is
then:

                                   INS n1 [-]n2

where we insert a new branch 'n1' that is the duplicate of the already existing branch 'n2'. The
element value will be the magnitude of the value of the original branch. If n2 has a negative sign,
the element value of branch 'n1' will be the negative magnitude of that of 'n2'. The use of this
command is shown in examples 2.4.1b, 5.2.2b and 6.2.2, and others.

6.1.20  LAT (lattice conversion)

Part of a ladder structure containing two resonant branches and up to two capacitive branches in
between, is converted into a lattice by the LAT command. The command requires the serial num-
bers of the two resonant branches and yield crystal lattices only. LAT is an irreversible
command, and therefore the current filter data should be stored either temporarily (using STO) or
perma- nently (using SAVE) before using this command. If the results are not satisfactory, the
earlier version can be recalled without the need of a redesign. This conversion also performs a
certain amount of impedance transformation.

The resulting structure will be a ladder with embedded, cascaded lattice sections. This is useful
for very narrow bandpass filters and Application Note 5 shows a detailed example. If we need
other than the crystal lattice, the DUAL command can be used to convert the lattices to the other
form. 

The LAT command is demonstrated in example 6.2.3 and in Application Note 5. Please note that
the command sometimes refuse to perform, as if the selected branches were not appropriate. Use
the SQU command to renumber the branches, and repeat the LAT conversion request, which will
now operate correctly.

6.1.21  LBL   (new label)

The LBL command allows us change the title of the current design if we wish to indicate a
variant and, at the same time, updates the time and date stamp in the title line (if this feature is
available). The program will prompt us for the new title. This command is shown in example
6.2.9.
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6.1.22  LCE  (calculate transformations for equal shunt L's or C's)

In a number of bandpass designs, especially of the microwave type, it would be desirable to
obtain identical shunt inductors or capacitors even when these same elements are used for the
trans- formation steps. The calculation of the appropriate transformation ratios requires the
solution of a set of nonlinear equations, and the LCE command performs this operation.

The command works on structures which contain a shunt branch of, say, a capacitor, preceded or
followed by a number of series capacitors or parallel resonant circuits, interspersed with shunt
branches of other types. LCE needs the number of capacitors and resonant circuits involved and
their branch numbers starting  with the shunt branch, in increasing or decreasing sequence. While
the number of branches may be entered with the command, the branch numbers should not be,
since the program does not know the quantity of forthcoming pieces of data. The program calcu-
lates and prints the values of the transformations to be used but does not perform them. The
actual transformations are performed in sequence by the TR command and, instead of reentering
the transformation ratios, we may "point" to them by entering the negative of their serial number.
The transformation values are identified on the listing as T(1), T(2), etc.

The command also works with cascaded unit elements together with a shunt shorted stub (L) at
one end. The use of this command is illustrated in example 6.2.7 and many script files.

6.1.23  OFF  (disable automatic print)

When we enter the LADDER segment, the automatic print is ON by default and thus all com-
mands that change element values, brings about the printing of the changed part of the circuit.
Should this lead to an excessive amount of printout or screen display, the OFF command will
stop the automatic print and nearly all commands will now print only a comment indicating that
their function has been performed. To observe the results, the PRI (print) command will have to
be used. 

6.1.24  ON  (enable automatic print)

The ON command restores automatic print if it was turned off previously. Otherwise it has no
effect. The ON and OFF commands are used extensively in script files (see Appendix H).

6.1.25  PREF (preferred capacitance values)

This command is used to replace all capacitor values by the nearest preferred value (in a given
set) and compensate for these changes, if possible, by changing some of the inductor values.

6.1.26  PRI  (print circuit)

The PRI command needs no data and prints the complete circuit in its current form to the screen.
The use of this command is illustrated throughout this manual.

���

������	
��
��
� �
������������



6.1.27  RCL  (recall)

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

6.1.28  RES (calculate resonant frequency of L-C pair)

This command calculates the resonant frequency of a pair of single L and C values,  as  indicated
by their branch numbers.

6.1.29  RS  (resistance scaling)

The RS command can be used to change the impedance level of the circuit. It needs the ratio
Rnew/Rold, which we may enter together with the command or after a prompt. Unlike most other
commands which print changed elements, nothing is printed here except an indication that the
operation has been performed. A modified version allows us to specify the new input termination
directly, by entering this value as a negative number. The use of this command is demonstrated in
examples 3.9.1 and 6.2.6.

6.1.30  SAVE  (save data on a permanent disk file)

The SAVE command writes the data describing the current filter, to a permanent disk file, which
can be read back into the program for further design or a revision at a later date. The command
only needs the name of the file. Inasmuch as SAVE is slightly system dependent, the file name
may not be entered together with the command and if it is, it is ignored. The file name may be a
fully qualified name and may contain up to 64 alphanumeric characters, a colon to indicate a
drive and backslashes (or forward slashes) to show path information, but should not contain any
other symbol, since symbols may cause an abort on certain systems. The file cannot be edited and
can only be changed by reading the data back into S/FILSYN (or PASSIVE on personal
computers), modifying the circuit appropriately and then saving (SAVE) it in another file.

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 (see also the STO and RCL commands).

Two additional items should be mentioned. First, whenever the system is using file name exten-
sions (including the personal computer version) they should not be specified with the file name,
because the program uses its own extensions to keep track of the information contained in each
file. This procedure has the additional advantage that the user may use the same file name for all
files belonging to the same design and still keep them properly organized. If a file can be read
back into the program, its extension should not be changed, since such a change makes it unread-
able to the program.

Second, on the personal computer the following data entry may be used at any ENTER
FILENAME prompt:
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          dir [d:][\subdir1\subdir2\][xx]

This is equivalent to issuing the DOS command:

          dir [d:][\subdir1\subdir2\][xx]*.ext

where the "ext" is the proper extension at that particular location in the program. This command
will do a directory search either of the default directory or of the one we explicitly specify. We
may even specify up to two letters of the name of the file we are looking for. The system will list
the appropriate file(s) and the file name request will be repeated. 

The use of this command is demonstrated in examples 2.2.1 and 6.2.2.

6.1.31  SPL  (split a branch)

This SPL command will split a single inductive or capacitive branch into two. It needs the serial
number of the branch to be split and the value of one of the two branches. The split branches and
everything which follows will be printed. The data may be entered together with the command.

A special form of the command is:

              SPL n HALF

which will split branch 'n' in two equal halves. If we do not enter the keyword HALF together
with the command, we may do so at the next prompt which asks for one of the values. At that
time, we must also enter an arbitrary numerical value which, however, will be ignored. The
keyword HALF can be abbreviated to the first two letters, upper or lower case.

Another special form of this command is:

              SPL n1 [-]n2 [,t]

where branch n1 is to be split in two and one of the values is picked from branch n2, which, natu-
rally, must be of the same type. If 'n2' has a negative sign, the negative of the element in branch
'n2' will be inserted as branch 'n1'. In microwave filters, we may also specify the branch indicator
't', with permissible values of 'L', 'C' or 'UE'. Here 'n1' and 'n2' need not be of the same type any
more. The type of branch 'n1' will be that of 't', but its (impedance) value will be picked up from
branch 'n2'. Because this special form of the command uses two integers,  if we enter the com-
mand in its normal form complete on a single line as

               SPL  n1  val

we must enter 'val' as a floating point number with a decimal point and/or an exponent.
Otherwise, the program will attempt to interpret 'val' as a branch number. This command is
illustrated in example 6.2.5 and in many of the script files (see Appendix H).
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6.1.32  SPRD (spread of element values)

This command simply provides us with element value statistics in the form of minimum,
maximum, average values of all element types, together with the spread (max/min ratio).

6.1.33  SQU  (squeeze branch numbers)

In microwave filters, and sometimes in others, the repeated use of several of the commands
causes the branch numbers to spread. The SQU command squeezes the numbers down to as close
to consecutive as practicable. The use of this command is shown in example 6.2.5c.

6.1.34  STO  (temporary store)

The STO command needs no further data and stores the current filter data in a temporary file.
Only one level of storage is provided. Consecutive uses of this command provides storage only
for the last set of data. Upon leaving the LADDER segment, the data is lost.

6.1.35  TP  (tee-to-pi conversion & vice versa)

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 recognizes what it finds, converts it into the other form and prints the
new section and everything that follows.

TP may also be used to convert a section even if the center branch is a resonant one. This is
useful to shift resonant branches around in lumped designs or for microwave band passes, if the
ex- tended Kuroda's identities are being used. One of the elements of the resulting Pi or Tee may
turn out to be negative, but this can usually be absorbed into a positive element next to it. If the
filter is a bandpass, we will be asked if the new Pi or Tee section should be a lowpass or a
highpass type. The use of this command is demonstrated in example 6.2.4.

6.1.36  TR  (impedance transformation)

The TR command is by far the most complex and most powerful of all commands. It performs
impedance (Norton) 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. Zr

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 resonant branches and they must resonate at the same fre-
quency. This is easily achieved by splitting one of the elements, a step the program performs
automatically.  
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If we look, for comparison, at Fig. 6.3 which shows (partial and total) highpass Kuroda's iden-
tities, we see immediately, that the equations are identical to those in Fig. 6.2. Therefore they per-
form exactly the same operations and can be used in the same manner.
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aZ

Z

Zr (a + 1 - t)Z t(t - 1)Z

tZ t  Zr

a(1 + a)Z

(1 + a)Z

(1 + a) Zr
1 < t < 1 + a

Z/a

Z

Zr

Z/(a + 1 - t)

tZ

Z/t(t - 1)

Zr/t

t = 1 + a

Z/(1 + a)

Z/a(1 + a)

Zr/(1 + a)2

2

2

t = 1

2

�                                              Fig. 6.2 Norton's Equivalences

Next, the program requests the serial numbers of the two consecutive branches to be used for the
transformation. These could be 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 circuits. In the last case,
there are three branches involved, for example, a parallel resonant branch in series and two shunt
branches in parallel, an L and a C. When we indicate the serial numbers of the series resonant
branch and the element next to it, the third branch is picked up automatically by the program. 

Upon receiving all this data, which may be entered on a single line together with the command,
the program checks to determine if the branches are identified, exist and consecutive, if they are
the appropriate pair and if they transform correctly. Should any one of these factors not be
satisfied, a comment is printed and we are returned to the command level. On the other hand, if
everything is correct, the program calculates the maximum available transformation ratio, and
compares it with the requested one. If the requested value would yield a negative element, the
program asks per- mission to produce it. If we approve, it performs the required transformation. If
we do not, the program uses the transformation ratio which yields positive results. If zero was
entered for the output termination, the maximum possible transformation is performed consistent
with positive element values. Upon completion of the calculations all changed elements are
printed.
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If one of the branches is a resonant one, under certain conditions, the program proceeds -- even if
the third branch is missing. In this case an appropriate negative value will be inserted. The inclu-
sion of the negative element may be useful if a series of steps are being performed where the
nega- tive value can be eliminated at a later stage. As an example, specifying 0.0 output
termination and one series resonant branch, with two parallel branches, will result in the
maximum transformation. One of the shunt branches will disappear, while the other remains
positive. If there is only one parallel branch, the operation will still be performed. However, the
parallel branch will disappear and a negative parallel branch of the opposite kind will appear in
its place.
If we request a non zero termination or transformation value and do not know how to pick an
appropriate branch pair, we may request the program to pick them for us by entering two integer
zeros for branch numbers. The program starts a search at the output end proceeding towards the
input, for an appropriate pair of capacitors. If it does not find one, it will repeat the search,
starting at the same end, for an appropriate pair of inductors. If both searches are unsuccessful, it
will search for a highpass Kuroda pair. However, it will not search for a resonant pair, which
must be specified explicitly.

aZ

Z

Zr

t = 1 1 < t < 1 + a t = 1 + a

tZ

(a + 1 - t)Z t(t - 1)Z

t  Zr
2

(1 + a)Z

a(1 + a)Z

Z/a(1 + a)

(1 + a)  Zr
2

Z/(1 + a)

Zr/(1 + a)
2

Z/t

Z/(a + 1 - t) Z/t(t - 1)

Z

Z/a Zr Zr/t
2

                                             Fig. 6.3 Kuroda's High-Pass Identities

Should an appropriate pair be found, the transformation is performed and the program checks if
the required termination has been achieved. If it has, the program returns to the command level.
If it has not, the search is started over seeking another pair of branches. This continues until
either the program runs out of branch pairs, or the requested termination is achieved. Note that
when the transformation ratio is specified (extreme termination), the search for a branch pair is
not re- started automatically; we must do so ourselves. If we enter data on the same line with the
com- mand, any zero values are ignored and re-requested.

This command has two additional special forms for very specific purposes. One is of the form:

                                       TR -n1  [n2]  [n3]
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where at least the first (negative) integer must be on the same line with TR and all integers must
be nonzero. This form picks up a transformation value previously calculated by the LCE com-
mand. The value is the n1-th on the list and branches n2 and n3 are used to perform the transfor-
mation. Either branch n2 or n3 may be a resonant branch, but they both must be specified either
on the same line, or in response to the subsequent prompt.

The second special form is:

                                       TR -n1 -n2         (on one line)
                                       n3  n4             (on a separate line).

Assume that branches n1 and n2 contain a single element of one kind i.e., inductor or capacitor.
Separating n1 and n2 could be, among others, branches n3 and n4 of the opposite kind (capacitor
or inductor). The command will then use branches n3 and n4 for a transformation making, if pos-
sible, the values of the elements in branches n1 and n2 exactly equal. Again, all integers must be
non zero. Branches n1 and/or n2 may also be resonant ones, or even the LCC three-element one.
The command selects the components of the opposite kind to what branches n3 and n4 contain, to
make equal. For example, if branches n3 and n4 contain capacitors, the inductors in branches n1
and n2 will be made equal.

This form of the command operates correctly only if branches n3 and n4 are between those of n1
and n2, or could be put there by one or more IB commands, but this is not checked by the pro-
gram.

6.1.37  UNDO (undo previous command)

Many of the commands available in this segment can be easily reversed. For instance, the DUAL
command can be reversed by using it again. Commands like frequency analysis and  SPRD need
no inversion, but some of the commands would be difficult to reverse. The UNDO command is
now available to restore the previous circuit. Please note that the command undoes the last previ-
ous active command, i.e. one that changed the circuit. Only one level of UNDO is possible. To
undo a series of steps, it is best to either store (STO) the circuit or save (SAVE) it before. Re-
calling (RCL) the stored version will then effectively undo all steps performed since the last store
(STO).

6.1.38  WAVE (convert microwave filter to wave-digital one)

The WAVE command converts a microwave ladder filter into the corresponding wave-digital
filter. The quarter-wave frequency of the microwave filter becomes half the sampling rate of the
digital one. The command needs no additional parameter. The original microwave filter remains
available.

6.1.39  XCH (exchange three-element branch for equivalent)

Since the program can handle three-element branches in a ladder circuit, this command is needed
to convert one three-element branch to the other equivalent form. The command needs only the
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branch number of the three-element branch, or the number of the resonant branch, which forms
part of the three-element branch.

A special form of this command can be used to split the shunt capacitor of an LCC branch such
that after conversion, the new inductor will have the same value as another inductor somewhere
else in the circuit. See Application Note 10 for details.

6.1.40  XR (exchange location of resonant branches)

This command exchanges the positions of two resonant branches that are separated by not more
that one intervening (single element) branch. The new structure will contain a negative element,
but this can usually be absorbed into an existing (positive) branch. 

	������� !��"
#�

Any command can be aborted by entering the backup symbol BRK, or its alias BAK to a subse-
quent prompt, if there is one. Error messages indicate, if the requested step may not be performed
and usually explain why. In any case, no harm is done, the circuit remains unchanged. Although
fatal error messages also exist, none have been encountered in actual usage.

Additional commands will be added to the list as needed, but the HELP command should keep
you informed about the available commands.

	���������
���((�)�������	
���

Example 6.2.1 Ladder Band-Elimination -- DUAL, BE Commands

A passive band-elimination filter design will illustrate the BE command. The desired response
type is shown in Fig. 6.1. We assume the following values:

           FA   = 2000 Hz          FAS   = 2500 Hz
           FB   = 5000 Hz          FBS   = 4500 Hz
           amax = 0.12 dB           amin  = 20 dB

Using equations 6-2 we the obtain:

           B1 = 2.0              B2 = 1.3171

Next we design an elliptic lowpass to the above specifications, assuming 1000 Hz passband edge
frequency and a stopband edge that is B2 (the smaller of B1 and B2) times the passband edge
frequency, or 1317.1 Hz:
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The filter need not be of the elliptic type but could have been monotonic or designed through the
PLACER segment. In any case, by skipping the usual summary and proceeding with the synthesis
by using the computer-generated structure, we obtain the following lowpass circuit:

61	3 .��0�	1'�"	 ���'.$

� ABBB�BBBC @��������� "&0
D D

� ABBB�BBBC �,*������� 	�
D D
D EBFG

� D � � �������?�� 0: �������>8����
D HBIJ ?*���,,�� 	� ��??��?? K:/
D D

, ABBB�BBBC �*�����?�� 	�
D D
D EBFG

@ D � � @��??@**� 0: �������>8����
D HBIJ �,�������� 	� ���,?��@ K:/
D D

? ABBB�BBBC �@��?����� 	�
D D

� ABBB�BBBC @��������� "&0

   

We will now use this example to illustrate the DUAL command. It needs no parameter data and
yields the dual circuit:
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� ABBB�BBBC @��������� "&0
D D

� D � ���**�*�� 0:
D D

, ABB�B�BBC �*�����*? 0: ���� ���>8����
D D �*?������� 	� ��??��?? K:/
D D

@ D � ��?�,,��*? 0:
D D

? ABB�B�BBC ����*�*�� 0: ���� ���>8����
D D �?��@����� 	� ���,?��@ K:/
D D

* D � ,*������, 0:
D D

� ABBB�BBBC @��������� "&0

Next we invoke the BE command, which needs the FA and FB frequencies of the band reject
filter:
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All three pieces of data could have been entered on a single line in free format, in which case the
two numbers would require decimal points and/or exponents. Engineering prefixes are also ac-
ceptable. The resulting circuit follows immediately:
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� ABBB�BBBC @��������� "&0
D D
D EBFG

� D � � �?�*@��,� 0: �������>8����
D HBIJ �����@�@* 	� ���@��?* K:/
D D

? ABB�B�BBC ?����@@?* 0: ���� ���>8����
D D ,������@� 	� ����@*�� K:/
D D

� ABB�B�BBC �@�?����* 0: ���� ���>8����
D D �����,@�� 	� �����@�� K:/
D D
D EBFG

�� D � � ����@@��@ 0: �������>8����
D HBIJ @���*���, 	� ���@��?* K:/
D D

�, ABB�B�BBC �,����@??� 0: ���� ���>8����
D D ���*�@@@� 	� ���*@??, K:/
D D

�? ABB�B�BBC ?��?���@* 0: ���� ���>8����
D D �@�@,��@@ 	� ��,?���� K:/
D D
D EBFG

�� D � � �?��@@��? 0: �������>8����
D HBIJ ��,���*,�� 	� ���@��?* K:/
D D

�� ABBB�BBBC @��������� "&0

A frequency domain analysis confirms that the filter behaves as required:
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�������-N�� ����� �,�*,� ��@��-+�� ?���*�-N�� ��@*,?-N�� �,�*��?
���,���-N�� ����? @����� ���?@-+�� ?�*?��-N�� ����,�-N�� �,���,*
��,����-N�� ����� *��?�, ���@�-+�� ?����*-N�� ���,��-N�� ������,
��?,���-N�� ����, �����** ,����-+�� ,��@��-N�� ������-N�� ���,��,
�������-N�� ����� �����,* ���@�-+�� ��**,?-N�� +������-N�� �,�@�,�
���,���-N�� ���?��� �*���@� ,���?-+�� ��,*�*-+�� @����?-N�� ����?
��,����-N�� �?���?� �*��*@ ���@�-+�� ���@��-+�� �����*-N�� ����*
��?,���-N�� ���@��, @��,�� �����-+�� ���,�,-N�� ���@�?-N�� ����*
�������-N�� �@�,��� ?��,?� ��*,�-+�� ���,�@-N�� @�,?�@-N�� �����
���,���-N�� ������� �?,���* ��@��-+�� ����?�-N�� +���?�?-N�� �����
��,����-N�� ���*??* ������� ��@��-+�� �����,-N�� +������-N�� ����*
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���,���-N�� �,�@@*� �@��,�? �����-+�� ������-+�� +*��*,,-N�� �����
��,����-N�� ���?�@, �*,���� ���?�-+�� ���@��-+�� +,��,@*-N�� �����
��?,���-N�� ���,@�� ,����� ?�*@�-+�� ��@@@,-N�� +���@,,-N�� ���?@
,������-N�� ����� ����,�� ���,�-+�� ��**,?-N�� ������-N�� �,�@�,�
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The filter provides a minimum loss of about 30 dB and all requirements are met, with ease.

The personal computer version of the program has a script file to simplify this procedure. This
script file called BRF, allows us to enter the band-reject filter specification and then takes over
and completes the design for us.

Example 6.2.2a Write Filter Data to Disk -- SAVE, PRI, DIR Commands

Mentioned previously, the SAVE command is somewhat system dependent. The illustration
shown below assumes that file-handling routines are available on your system.

Let us assume that we wish to save the microwave lowpass example 2.4.1a. We print the circuit
again and immediately save it. Note that the file name length is system dependent and on a per-
sonal computer should be no more than 8 characters. Fully qualified file names may have up to 64
characters. Only alphanumeric characters should be used, since some systems may object to any
non-alphanumeric character in a filename. We also save the filter data in a text file for documen-
tation purposes, using the FILE command:
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� ABBB�BBBC ,�������� "&0
D D

� ABBB�BBBC �?����@�� "&0
D D
� �

, � 8 � � *����??�@ "&0
� �
D D

�� ABBB�BBBC ������@@@ "&0
D D
� �

�� � 8 � � *����??�@ "&0
� �
D D

�? ABBB�BBBC �?����@�� "&0
D D

�� ABBB�BBBC ,�������� "&0
D D
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The ASCII type file we selected is to be used for documentation. The other file types are netlists
to be used by their respective programs. The DISP command next provides us with a summary of
the original filter specification that was used in the root segment of the program:

��!!��-�
� 3��#
��� �
������ ��� ������ 5�� ��!

0�O$"P12. �"P#1��
��9+5��� ������

!����9��� ������
>8�����+9��� ���>8���� R ���������  :/
�>8��+��55�� 5��� ;��-

;��-�- � ���� R ������� -;�
855�� 5���;��- �- � ���>8���� R ,�������  :/

�5������- ���5;��- ��5�
!8���5������ �� <��� �� >8�����+9��� ��� R �
�8!;�� �� 8��� ���!���� R �
������� ������ -� ��� R ,
��58� ���!������� R ,�������� "&0
�8�58� ���!������� R ,�������� "&0
��>8����- ���!������� ����� R ���������-N��
������� ������;�� ���!������� ����� R ���������-N��

In order to check that the circuit data was indeed saved, we terminate this design. Since this
returns us to the beginning of the program all internal data is lost. We can, however, enter the
LADDER segment directly and attempt to read back the stored data:
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First we used the DIR option at the file name prompt to see if the file is there, which it was. Next,
instead of reading it back, we exit the program and list the other file to show what it contains. The
file also contains a parts list which we have omitted here. Once these files are not needed any
longer, they must be deleted by the appropriate system command.

���'�#. 0�O$"�1�O
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0�O$"P12. �"P#1��
��9+5��� ������

!����9��� ������
>8�����+9��� ���>8���� R ���������  :/
�>8��+��55�� 5��� ;��-

;��-�- � ���� R ������� -;�
855�� 5���;��- �- � ���>8���� R ,�������  :/

�5������- ���5;��- ��5�
!8���5������ �� <��� �� >8�����+9��� ��� R �
�8!;�� �� 8��� ���!���� R �
������� ������ -� ��� R ,
��58� ���!������� R ,�������� "&0
�8�58� ���!������� R ,�������� "&0
��>8����- ���!������� ����� R ���������-N��
������� ������;�� ���!������� ����� R ���������-N��

0�O$"P12. �"P#1��

���� ��� ���8�� ��� �!5�-����� ����

� ABBB�BBBC ,�������� "&0
D D

� ABBB�BBBC �?����@�� "&0
D D
� �

, � 8 � � *����??�@ "&0
� �
D D

�� ABBB�BBBC ������@@@ "&0
D D
� �

�� � 8 � � *����??�@ "&0
� �
D D
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�? ABBB�BBBC �?����@�� "&0
D D

�� ABBB�BBBC ,�������� "&0

    

Example 6.2.2b Direct Ladder Entry -- INS Command

Example 6.2.2a illustrated the method of data entry into the LADDER segment in cases where
the data was written by the program. The LADDER segment can also be used to analyze and
modify circuits obtained from other sources. To do this we enter the LADDER segment directly.
How- ever, we have no file to read back and must enter the circuit manually from the keyboard.
Once the circuit is entered, we may then save it in a disk file. 

Assume that because we forgot to save it, the same microwave lowpass data must be reentered.
The first part of the data entry sequence goes as follows (note that this is a duplication of data
entered in example 2.4.1a):
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The data entered above may be needed by some of the commands. For example, the upper pass-
band edge frequency is used for internal normalization and is needed for the
lowpass-to-bandreject transformation, among others. Now we are in the command mode but as
we have as yet no circuit, the only usable command is insert (INS):
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We inserted the input termination above and note that terminations must be shunt branches, i.e.
have odd serial numbers. Even though we know that the termination should be branch number 1,
we specified 3 to see what happens. The program  automatically reduces the serial number to the
lowest acceptable value without misplacing the branch. Bridged-T, twin-T or lattice sections may
not be entered from the keyboard.

All required data may be entered on a single line and we use this format to enter the rest of the
circuit as shown below. Because the program will request them, any missing data causes no
problem.
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At this stage the whole circuit is entered and we may again do whatever we wish. A print com-
mand would show the same schematic as example 6.2.2a.

Using the single-executable version, the same point is reached somewhat differently, as
illustrated below:
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As mentioned before, the LADDER option in the single-executable version is the PASSIVE A
(analysis) point in the multi-executable version. From this point, the two versions are identical.
The frequency domain analysis (FREQ) has been illustrated extensively before and will be used
again. Frequency scaling (FS) is very simple and does not require a dedicated example, while the
IB (interchange branch) command has been shown and will be used again.

Example 6.2.3 Lattice Conversion -- LAT, TR, INCL Commands

This example illustrates the use of the LAT (lattice conversion) and INCL. (include) commands.
We shall start with a very narrow-band bandpass filter with the following characteristics:
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Using the passive synthesis segment we obtain the following computer-generated ladder circuit:
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The results follow immediately:
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Note first the symbol for the lattice, i.e., the X at branch 7. As is known, a full lattice circuit con-
sists of two identical pairs of branches, one pair in a straight connection, the other in a crossed
one (see Fig. 5.2). For simplicity of representation, we show only one of each of the pairs with
their element values, but do not show the way they are interconnected. It does not matter which
branch is used in the straight connection and which in the crossed one, because the difference
between the two arrangements is a constant 180 degree phase shift. Also note the slight impe-
dance transformation performed by the conversion, and the branches that are unchanged (in this
case, branches 1, 3 and 4) are not printed. 

While the resulting lattice branch components are still not realizable, this situation could be cor-
rected if the flanking capacitors could be shifted inside the lattice. This shift cannot be achieved
immediately, because we are dealing with flanking capacitors, one of which (C5) is shunt, and the
other (C10) is series. On the other hand, branches C4 and C5 form a capacitive L section that can
be flipped around (see Fig. 6.2) by means of the transformation (TR) command. As explained
above, this can be effected by indicating a zero value for the output termination:
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It is noteworthy that the resulting structure became completely symmetrical. While this is
acciden- tal here, nevertheless, we can say that the use of the lattice conversion will yield much
better ele- ment values in very narrow band cases.

We can now shift the inner flanking pair of capacitors (C6 and C12) inside the lattice by using
the INCL command, which only needs the serial number of the lattice section in question:
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Due to the symmetry of the circuit, these two series C's were identical and after inclusion, no
series capacitance is left on either side. In a more general case a series C would remain on one
side, which would form another L section with its neighboring shunt C. This L section would
next be flipped again, as it was done previously, to provide two shunt capacitors, one on either
side of the lattice. In our case, since there is no need for this, we may use the INCL command
immediately a second time to shift these shunt capacitors inside the lattice.

Instead of showing the results of this second INCL step, the following is a print of the final
circuit obtained:
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The lattice can be easily realized now as a crystal lattice. Should we need a higher impedance
level, we can achieve it through the use of the shunt inductors used as autotransformers. If neces-
sary, parts of the parallel capacitances of the lattice branches may be lifted back out again to ab-
sorb any parallel parasitic capacitances from the inductors. Finally, note that the crystal resonant
frequencies are calculated and printed as help for both specifying and tuning these crystals.

To check the correctness of this design, let us analyze it at a few frequencies, and thus illustrate
that the FREQ command can handle the embedded lattice sections as well:
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This ladder-lattice conversion works only if resonant branches (i.e. finite transmission zeros) are
present. However, we can use a simple trick to help overcome this limitation and use the conver-
sion for lattices containing extreme zeros. The trick consists of taking the single (series or shunt)
inductor and converting it into a resonant section. This is done by adding either a very small
paral- lel C to a series L or a very large series C to a shunt L which then will convert the single
element L into a resonant branch, without changing the overall performance in any significant
way.

Lattices consisting of magnetostrictive or mechanical resonant circuits may not be designed by
this method directly. But, by taking the dual of the above results (and the DUAL command is
perfectly capable of handling these lattices), we can get the appropriate configurations.

Example 6.2.4 Tee-to-Pi Conversion -- TP Command

The tee-to-pi conversion (TP) command is used to convert an inductive or capacitive tee to a pi
section or vice versa. This command is very powerful, since it works even if the center branch is
a resonant one, in which case it performs the Brune conversion step. One of the resulting
branches will then become negative, but that can usually be absorbed into an existing positive
element next to it. We shall illustrate this procedure on an even degree lowpass with the
following specifica- tions:
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The shifting of the transmission zeros above is related to the ZS parameter (explained in
Appendix D) and the requirement that the two terminations be equal. The computer-selected
circuit is:
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Although there is nothing wrong with this circuit, let us convert the pi section formed by
branches 3, 4 and 5 into a tee section:
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We could have entered the number 3 together with the TP command. The command works as ex-
pected and although we got a new negative branch, the program automatically combined it with
the existing branch 2, to yield an inductor with a positive inductance.
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While this circuit could have been synthesized directly, it was simpler to obtain it in the above
manner. Although further operations are also possible, we leave this example with the statement
that a frequency domain analysis (not shown) was performed to confirm its correctness.

Example 6.2.5a Bandpass Transformations -- TR, IB Commands

In spite of the fact that we have seen special cases of the TR command before, a couple of com-
prehensive examples are in order to demonstrate its power. To this end let us consider first the
following parametric bandpass circuit, generated by the computer (its actual design data is im-
material):
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Assuming that we would like to have a 100-ohm output termination, it is requested as follows:
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����� �9� <���� ��� ��!58��� ���������
� � �

Starting from the output (highest numbered branches) the program begins a search for branch
pairs and finds first C13 and C14. It then provides us with the following information:

��� ��� ��������!����� ������ ?�??�*�**-+��
��������!����� ����� 8��-� ?�??�*�**-+��

�� D � ?,��@@�*�* 	�
D D

�� ABBB�BBBC ������?��@ 	�
D D

�, ABBB�BBBC ,���*����� "&0
D D
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Since the 100 ohms value is not yet reached, the search is automatically restarted and the program
finds branches 7 and 10:

��� ��� ��������!����� ������ ����?,��?-+��
��������!����� ����� 8��-� ����?,��?-+��

@ D � ,���,@@�?� 	�
D D

? ABBB�BBBC ��,�,?��@� 	�
D D
D EBFG

�� D � � ���?�@��� 0: �������>8����
D HBIJ ��*�����*? 	� ��,����� K:/
D D

�� ABB�B�BBC �������?� 0: ���� ���>8����
D D ,�@�@*�@ L� ���������� :/
D D

�� D � �������, L�
D D

�� ABBB�BBBC ��@�*����, 	�
D D

�, ABBB�BBBC �,@��,,?@@ "&0
D D

�55��5����� ;����:�� 9��� ��� ��8�-

At this stage, no more branch pairs can be found and the program stops. The resonant pairs in the
original circuit, containing branch 8 on the one hand and branches 5 and 7 on the other, are not
found by this search. We will attempt to use this pair, but before we do, we must reverse the last
step in order to restore the original capacitor C7. This is done by flipping the L section of C6 and
C7 back to their original configuration:

��!!��-�
� '$ @ ?
����� ��>8���- �8�58� ���!�������
� �
��� ��� ��������!����� ������ ����*��@*-N��
��������!����� ����� 8��-� ����*��@*-N��

? ABBB�BBBC �����*@��� 	�
D D

* D � �����?���� 	�
D D
D EBFG

�� D � � �����@��� 0: �������>8����
D HBIJ �*�,@***� 	� ��,����� K:/
D D

�� ABB�B�BBC �,����?�@� 0: ���� ���>8����
D D ��?@�,�� L� ���������� :/
D D

�� D � ?,��@@�*�* 	�
D D

�� ABBB�BBBC ������?��@ 	�
D D

�, ABBB�BBBC ,���*����� "&0
D D

By requesting 0. as the new termination we tell the program that we want the maximum available
transformation. Since C8 is in the way, we must next interchange branches C8 and C10:
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��!!��-�
� �6 * ��

D EBFG
* D � � �����@��� 0: �������>8����

D HBIJ �*�,@***� 	� ��,����� K:/
D D

�� D � �����?���� 	�
D D

�� ABB�B�BBC �,����?�@� 0: ���� ���>8����
D D ��?@�,�� L� ���������� :/
D D

�� D � ?,��@@�*�* 	�
D D

�� ABBB�BBBC ������?��@ 	�
D D

�, ABBB�BBBC ,���*����� "&0
D D

At this stage we have the original L section of resonant branches and can try to use them to re-
duce the output termination. Again we specify 0. for the termination to obtain the maximum
trans- formation:

��!!��-�
� '$ ? *
����� ��>8���- �8�58� ���!�������
� �
��� ��� ��������!����� ������ ��?,,�@�*-+��
��������!����� ����� 8��-� ��?,,�@�*-+��

? ABBB�BBBC �*@���@?�� 	�
D D
D EBFG

* D � � �*��,,@�� 0: �������>8����
D HBIJ ���������� 	� ��,����� K:/
D D

� ABBB�BBBC @�������� 	�
D D

�� ABBB�BBBC @����@,�� 0:
D D

�� D � @�����*��� 	�
D D

�� ABB�B�BBC ?,�*,@�?� 0: ���� ���>8����
D D ��?���?@ L� ���������� :/
D D

�� D � ��,*�@*, L�
D D

�, ABBB�BBBC ����*@���* 	�
D D

�? ABBB�BBBC ����@����� "&0

You will notice that part of the shunt C (C7) remains. This results from the requirement that the
resonant frequencies of the branches used for the transformation must be identical.

Example 6.2.5b Ladder Bandpass Filter -- TR Command

Rather than continue with this particular example, we will instead consider another bandpass,
where the computer-selected circuit yielded the following disappointing set of element values.
The passband of this filter is from 50 MHz to 60 MHz.
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�133.$ 61	3#1�� .U10#�.

� ABBB�BBBC ,�������� "&0
D D

� ABBB�BBBC �,�?��?,@ 	:
D D

� D � ��,����@@? #�
D D

, ABBB�BBBC @���@*���� #:
D D

@ D � �������,� 	�
D D

? ABBB�BBBC ����?*@,@, 	�
D D

� ABBB�BBBC ���?*��@� #:
D D

�� ABBB�BBBC �*��?�?�� 0"&0
D D

We see that the inductors not only have very small values, but also that these values are three or-
ders of magnitude apart. However, since this can easily be fixed, it does not represent a reason for
concern. In fact, we make all three shunt inductors identical in two steps. First we use C6 and C7
to make L9 equal to L5. This needs a transformation ratio of L5/L9, and hence a new termination
of:

           R11 * L5 / L9 = 1.36052299 ohms.

Now we proceed with this first step as follows:

       ��!!��-�
� '$
����� ��>8���- �8�58� ���!�������
� ���@�,����
����� ������ ���W� �� ;����:�� �� ;� 8��-
����� �9� <���� ��� ��!58��� ���������
� @ ?
��� ��� ��������!����� ������ ������*,*-N��
��������!����� ����� 8��-� ��,�,@**�-N��

? ABBB�BBBC ����,*�*� 	�
D D

* D � �����,?� 	�
D D

� ABBB�BBBC ��������@ 	�
D D

�� ABBB�BBBC @���@*���, #:
D D

�� ABBB�BBBC ���@�,�� "&0
D D

The computation of the required transformation could be eliminated by using the alternative, but
equivalent command:
                                       TR -5 -9           (on one line)
                                       6 7                    (on the next line).

This command instructs the program to transform branches C6 and C7 such as to make the values
of the inductors in branches 5 and 9 exactly equal. To show the simplicity of this special form of
the TR command, we repeat the process. Starting from the original circuit:
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�133.$ 61	3#1�� .U10#�.

� ABBB�BBBC ,�������� "&0
D D

� ABBB�BBBC �,�?��?,@ 	:
D D

� D � ��,����@@? #�
D D

, ABBB�BBBC @���@*���� #:
D D

@ D � �������,� 	�
D D

? ABBB�BBBC ����?*@,@, 	�
D D

� ABBB�BBBC ���?*��@� #:
D D

�� ABBB�BBBC �*��?�?�� 0"&0

The first step is to make L5 and L9 equal, using C6 and C7 as transforming branches:

��!!��-�
� '$ +, +�
����� ������ ���W� �� ;����:�� �� ;� 8��-
� @ ?
��� ��� ��������!����� ������ ������*,*-N��
��������!����� ����� 8��-� ��,�,@**�-N��

? ABBB�BBBC ����,*�*� 	�
D D

* D � �����,?� 	�
D D

� ABBB�BBBC ��������@ 	�
D D

�� ABBB�BBBC @���@*���� #:
D D

�� ABBB�BBBC ���@�,�� "&0

Comparison with the previous page demonstrates the simplification. In the second step we make
L5 (and thereby also L11, which has the same value) equal to L3, by using C4 and C7 as trans-
forming branches. However, since branches to be used for the transformation must be next to
each other, we interchange L5 and C7 first. This step is not really necessary, the latest version of
the program performs this interchange automatically, when needed.  

��!!��-�
� �6 , ?

, ABBB�BBBC ����,*�*� 	�
D D

? ABBB�BBBC @���@*���� #:
D D

* D � �����,?� 	�
D D

� ABBB�BBBC ��������@ 	�
D D

�� ABBB�BBBC @���@*���� #:
D D

�� ABBB�BBBC ���@�,�� "&0

Now we are ready to figure out what termination to ask for, i.e.,

                                      R13 * L3 / L7 = 50.0 ohms

This is not surprising since the resulting circuit must be symmetrical:
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��!!��-�
� '$ ,�� � ,
��� ��� ��������!����� ������ ��@��,,**-N��
��������!����� ����� 8��-� ��@?,�,?�-N��

, ABBB�BBBC �*����,�,� #�
D D

@ D � ,,������� #�
D D

? ABBB�BBBC ��?��*@�*� #�
D D

� ABBB�BBBC �,�?��?,@ 	:
D D

�� D � ,,������� #�
D D

�� ABBB�BBBC �*����,�,� #�
D D

�� ABBB�BBBC �,�?��?,@ 	:
D D

�, ABBB�BBBC ,�������� "&0

Again the equivalent but simpler command

                                                      TR -3 -7
                                                      4 5

could have been used saving us the need to calculate the termination to request.

Example 6.2.5c Microwave Filter Transformation -- TR, SPL, SQU Commands

For demonstration purposes, we select a microwave highpass with extreme termination at one
end, a 5 GHz quarter-wave frequency and 4 GHz lower passband edge. This circuit is, in fact, a
symmetrical bandpass filter with passband from 4 to 6 GHz. We first synthesize the circuit manu-
ally and get the following set of unacceptable element values:

0�O$"P12. #1���2. 01	�#L�1'�"	
���� ��� ���8�� ��� �!5�-����� ����

� ABBB�BBBC ,�������� "&0
D D

� ABBB�BBBC ��������� "&0
D D
� �

, � 8 � � ��?�*?@��� "&0
� �
D D
� �

? � 8 � � ,���@�,, K"&0
� �
D D
� �

� � 8 � � �?@���@,�, K"&0
� �
D D

�� D � ����*��? !"&0
D D

In microwave filters, line impedance values are acceptable if they fall within the range of about
10 to 250 ohms. Therefore, the next step is to ask for a 5 orders of magnitude decrease in the
value of the last branch, letting the program decide initially how to achieve the reduction:
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��!!��-�
� '$
����� ��>8���- ���8� �� ��������!����� (�� �� ����5��;��)
� �.+,
����� ������ ���W� �� ;����:�� �� ;� 8��-
����� �9� <���� ��� ��!58��� ���������
� � �
��� ��� ��������!����� ������ ��,�?@��*-+��
��������!����� ����� 8��-� ��,�?@��*-+��

�� D � �@������,� K"&0
D D
� �

�� � 8 � � @�����*� K"&0
� �
D D

Since the output termination is missing (it is an open circuit), the program asks for the transfor-
mation ratio. Furthermore, after performing one transformation step, the program does not restart
the search again because of the missing termination, even though it only achieved about a 3
orders of magnitude reduction in the impedance level. This is fortunate, since we prefer to use
the shunt L (shorted stub) for the transformations and do it in gradual steps, rather than all at
once. There- fore, first we will undo the previous step, (the results obtained above) by using the
interchange branch (IB) command. There are several others that would do equally well, including
the UNDO command.

��!!��-�
� �6 �� ��

� �
�� � 8 � � �?@���@,�, K"&0

� �
D D

�@ D � ����*��? !"&0
D D

Obviously we got the original circuit back albeit with different branch numbers. We would like
to use part of L3 and the unit element next to it to perform a step of transformation. The simplest
procedure is to split L3 into two and specify the value of the shunt stub we wish to leave behind.
If we assume that to be 25 ohms, we proceed as follows:

��!!��-�
� �#� � �,�

� ABBB�BBBC �,������� "&0
D D

, ABBB�BBBC *�����*�� "&0
D D
� �

? � 8 � � ��?�*?@��� "&0
� �
D D
� �

� � 8 � � ,���@�,, K"&0
� �
D D
� �

�� � 8 � � �?@���@,�, K"&0
� �
D D

�� D � ����*��? !"&0
D D
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Now we can interchange branches 5 and 7 and take whatever transformation this step provides:

��!!��-�
� �6 , ?

� �
? � 8 � � ,��?��*�* "&0

� �
D D

� ABBB�BBBC ��������� "&0
D D
� �

�� � 8 � � ��?�@����* "&0
� �
D D
� �

�� � 8 � � ����*?��� K"&0
� �
D D

�@ D � ��,��,*�,� K"&0
D D

The first few elements now have fairly reasonable values and the rest are improving. We
obviously have quite a bit of freedom here, but inasmuch as the computations are automatic and
instantane- ous, many variations may be easily tried. Remember that the temporary store and
recall (STO, RCL) commands can keep us from having to undo and/or redo steps if we don't like
the results. Using this technique a few more times, we get a final circuit that looks like the one
shown below. As we can see, nearly all elements have acceptable values. Only the last two branch
impedances could present some problems, since reducing the value of the series C will also
reduce the shunt L value, and present an undesirable combination of values. 

0�O$"P12. #1���2. 01	�#L�1'�"	

���� ��� ���8�� ��� �!5�-����� ����

� ABBB�BBBC ,�������� "&0
D D

� ABBB�BBBC �,������� "&0
D D
� �

? � 8 � � ,��?��*�* "&0
� �
D D

� ABBB�BBBC �,������� "&0
D D
� �

�� � 8 � � �������,,? "&0
� �
D D

�, ABBB�BBBC ,�������� "&0
D D
� �

�� � 8 � � ��?��?�,�� "&0
� �
D D

�� ABBB�BBBC �@���,��� "&0
D D

�� D � �,@��*��@� "&0
D D
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The branch numbers are beginning to spread out. While this causes no problem here, the branch
numbers are limited to less than 100, and the SQU command can be used to squeeze them down
again:

��!!��-�
� �ML
0�O$"P12. #1���2. 01	�#L�1'�"	

���� ��� ���8�� ��� �!5�-����� ����

� ABBB�BBBC ,�������� "&0
D D

� ABBB�BBBC �,������� "&0
D D
� �

, � 8 � � ,��?��*�* "&0
� �
D D

? ABBB�BBBC �,������� "&0
D D
� �

� � 8 � � �������,,? "&0
� �
D D

�� ABBB�BBBC ,�������� "&0
D D
� �

�� � 8 � � ��?��?�,�� "&0
� �
D D

�, ABBB�BBBC �@���,��� "&0
D D

�@ D � �,@��*��@� "&0
D D

Finally we asked for a limited frequency analysis. The results are shown below:

��!!��-�
� �$.M
����� ���>�
� ��,% ,�,% ��%
����� ���>�
�
����� ���8� �� ���� (-;
9������ �:) �� >8�����+9��� ���>8����
��������� ����� <���
� �
��;8����� �
�
� �
0�O$"P12. #1���2. 01	�#L�1'�"	

������� ��!58��- 5�����!���� �������
���>8���� ����� � ���� 5:��� -���� �8�58� �-!������� ����
�� :< �� -; �� -� �� ��� ���� �!� ����� �� -;

��,����-N�� �*�?��� ������? ��@��-+�� ��@?�?-+�, @�*,��-+�� �����
��@����-N�� ���,,*� ������, �����-+�� ?����?-+�, ?�*,*�-+�� �����
��?����-N�� ���?,�� ��*�?�� ���,,-+�� ����@*-+�� ������-+�� �����
��*����-N�� ����**� �@��?*, ,���*-+�� ?�*��*-+�� ���@,�-+�� �����
�������-N�� ?��?�, ����?@, ����?-+�� ��,*�*-+�� ��,���-+�� �����
�������-N�� ����*� ��,���, ��?��-+�� ���?,,-+�� ���?,�-+�� �����
�������-N�� ����*� �@���� ����,-+�� ���,@?-+�� *�??*�-+�� �����
�������-N�� �����@ @��,�� *����-+�� ���?@�-+�� ?�,���-+�� �����
�������-N�� ����,� �*���� *����-+�� ���,�,-+�� @�@��?-+�� �����
�������-N�� ��*��� ��?���� ?��,?-+�� ����*�-+�� ������-+�� �����
��,����-N�� �����? �,��*@@ ?���,-+�� ���?��-+�� ����?*-+�� �����

����

�
������������ ������	
��
��
�



��@����-N�� ����,* �?���?� @����-+�� �����,-+�� ������-+�� �����
��?����-N�� ����@? �����,� @����-+�� ���?,�-+�� ���,,?-+�� �����
��*����-N�� ���@�� ������? @��,�-+�� �����@-+�� ���@?�-+�� �����
�������-N�� ����?? ��@���@ @�,��-+�� ���*��-+�� �����@-+�� �����
,������-N�� ����?? �����@� @�,��-+�� ���*��-+�� +�����@-+�� �����
,������-N�� ���@�� ��@�?@� @��,�-+�� �����@-+�� +���@?�-+�� �����
,������-N�� ����@? ��*�,�* @����-+�� ���?,�-+�� +���,,?-+�� �����
,������-N�� ����,* �?�� @����-+�� �����,-+�� +������-+�� �����
,�,����-N�� �����? �,���� ?���,-+�� ���?��-+�� +����?*-+�� �����

The results appear to be satisfactory. With an assumed short-circuited output, the return loss has
no meaning, and therefore zero values are printed by the program. The circuit has about 1.8 dB
flat voltage loss which could be reduced or eliminated by a small additional impedance transfor-
mation.

Example 6.2.6 Impedance and Frequency Scaling -- RS, FS Commands

To illustrate the impedance and frequency scaling commands we will change the passband of ex-
ample 6.2.5b above from the 50 to 60 MHz range into the 60 to 72 MHz range and the input and
output impedances from 50 to 75 ohms:

��!!��-�
� $�
����� �!5�-���� !8���5����� �� �:� ���!������� �� �� ;� �5������-4
����� ��� ���8� �� �� �����
� ��, X �.�O1�.�.�O1�. �0#.31	O. �$"0 ,� "&0� '" ?, "&0��0#.31	O. �$"0 ,� "&0� '" ?, "&0�
�� -��� ��

��!!��-�
� ��
����� ���>8���� !8���5����
� ��� X �.�O1�.�.�O1�. 61	3+O.	'.$ �$"0 ,, !:/ '" @@ !:/61	3+O.	'.$ �$"0 ,, !:/ '" @@ !:/
�� -��� ��

Since these commands are non printing, the modified circuit can only be obtained by the use of
the PRI (print) command:

��!!��-�
� #$�
�133.$ 61	3#1�� .U10#�.

� ABBB�BBBC ?,������� "&0
D D

� ABBB�BBBC ��������, 	:
D D

, ABBB�BBBC �,,�@��,*@ #�
D D

@ D � ���?����� #�
D D

? ABBB�BBBC ��@��*��?� #�
D D

� ABBB�BBBC ��������, 	:
D D

�� D � ���?����� #�
D D

�� ABBB�BBBC �,,�@��,*@ #�
D D

�� ABBB�BBBC ��������, 	:
D D

�, ABBB�BBBC ?,������� "&0
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Example 6.2.7a Ladder Bandpass Filter -- LCE command

Starting with the computer-selected circuit of example 6.2.5b above, let us now assume that a
series of transformations is to be performed, but this time in a manner which will yield identical
shunt capacitors. Note however, that the new impedance and frequency scale factors are retained.
We start with:

�133.$ 61	3#1�� .U10#�.

� ABBB�BBBC ?,������� "&0
D D

� ABBB�BBBC ��������, 	:
D D

� D � �*@��@���@ #�
D D

, ABBB�BBBC *?��@��*?? #:
D D

@ D � @�?�??,� 	�
D D

? ABBB�BBBC ��,���@�*� 	�
D D

� ABBB�BBBC ���?�@�,� #:
D D

�� ABBB�BBBC ,?�?��,*� 0"&0

It is difficult to calculate the transformation values to be used, because the elements we wish to
make equal are also used to perform the operation. We can write the appropriate equations but
they are nonlinear and thus difficult to solve. The LCE command, which is easy to use, performs
this function. The elements we will work with are C4, C6 and C7, but in listing the branch num-
bers for the LCE command, the first one must always point to the shunt branch and the rest
should follow in increasing or decreasing sequence:

��!!��-�
� �O.
����� ��� �� ���!����
� �
����� � ;����: �8!;���
� ? @ �
5������ ������ �-4 8�� ��������!�������

�( �) R ��������*-N��
�( �) R ������*@?-N��

These transformation ratios are then used in subsequent TR commands. First we use T(1) by en-
tering -1 to the prompt asking for the new output termination and identify both the shunt C and
the nearest series C branch numbers in any sequence:

��!!��-�
� '$
����� ��>8���- �8�58� ���!�������
� +�
����� ������ ���Y� �� ;����:�� �� ;� 8��-
� @ ?
��� ��� ��������!����� ������ ������*,*-N��
��������!����� ����� 8��-� ��������*-N��

? ABBB�BBBC ,�@?�*�� 	�
D D

* D � �������� 	�
D D
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� ABBB�BBBC ��*����� 	�
D D

�� ABBB�BBBC �������� 	:
D D

�� ABBB�BBBC ���*,,�@ "&0
D D

The next step is to interchange C7 and the shunt L next to it (this step is not necessary):

��!!��-�
� �6 , ?

, ABBB�BBBC ,�@?�*�� 	�
D D

? ABBB�BBBC *?��@��*?? #:
D D

* D � �������� 	�
D D

� ABBB�BBBC ��*����� 	�
D D

�� ABBB�BBBC �������� 	:
D D

�� ABBB�BBBC ���*,,�@ "&0

Finally, employing the same procedure that we used before, we enter the second transformation
ratio which yields 75.0 ohms. Since the circuit will again be symmetrical, this is not unexpected.
The final circuit displays equal shunt capacitor values to about seven decimal places.

��!!��-�
� #$�
�133.$ 61	3#1�� .U10#�.

� ABBB�BBBC ?,������� "&0
D D

� ABBB�BBBC ��������, 	:
D D

, ABBB�BBBC �,������*, #�
D D

@ D � �����@��� #�
D D

? ABBB�BBBC �,������*@ #�
D D

� ABBB�BBBC �?���?��� 	:
D D

�� D � �����@��� #�
D D

�� ABBB�BBBC �,������** #�
D D

�� ABBB�BBBC ��������� 	:
D D

�, ABBB�BBBC ?�������� "&0

Summarizing, the command can use either inductors or capacitors for transformation purposes.
Also, the shunt branch must be at one or the other end of the sequence. This procedure also per-
forms correctly when some of the series branches are resonant, since the program picks up the
appropriate element for the operation. It also works with a shunt L (shorted stub) and a number of
unit elements preceding or following it. We may use this command even if we have one series
and a number of shunt branches, instead of the reverse, by first creating the dual circuit,
performing the operations described above, and then again taking the dual to obtain the required
circuit configuration.
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In the above examples we have freely mixed our data entry methods, by at times entering every-
thing on a single line, and at other times just entering the command and waiting for program
prompts.

Example 6.2.7b Additional Transforms -- TR Command

The transform command TR, may be used to achieve some spectacular results, as, for instance, in
the case of the following parametric bandpass filter. Please note that when element values are out
of range, i.e. engineering units cannot be used, the print formatting automatically returns to scien-
tific format:

#1$10.'$�O ��	.1$ #&1�. 61	3#1��

� ABBB�BBBC �������� K"&0
D D

� ABBB�BBBC ���,���� 	�
D D

� D � *��?@,?@ 0:
D D

, ABBB�BBBC *��*,��*� #�
D D

@ D � *�,��@�� :
D D

? ABBB�BBBC ?��,*@��� ��
D D

* D � ��*@�@@? K:
D D

� ABBB�BBBC ��@�*�@��*�-+�@
D D

�� D � ���,,��, !:
D D

�� D � ,���,*���??-+��
D D

�� ABBB�BBBC �����������-+�@
D D

�, ABBB�BBBC ,������� K:
D D

�@ D � �@,�*��@@@ K:
D D

�* D � ���,*,����*-+�*
D D

�� ABBB�BBBC ��,�,@�,?�?-+�*
D D

�� ABBB�BBBC ������,,*  "&0

While the top elements have reasonable values, by the time we get to the bottom (output) end of
the circuit, most of the values are clearly neither realistic nor achievable. If we wish to do so, we
can make all inductors the same value or almost any desired value. We start by using the special
form of the TR command to make L15 and L16 equal:

��!!��-�
� '$ +�, +�@
����� ������ ���W� �� ;����:�� �� ;� 8��-
� �� �*
��� ��� ��������!����� ������ �����@,��-+��
��������!����� ����� 8��-� ����*��,�-+��

�, ABBB�BBBC ���??�@*�@,-+�@
D D

�@ D � ���@?���,@?-+�?
D D

�? ABBB�BBBC �����**�?��-+�@

����

�
������������ ������	
��
��
�



D D
�* D � ,������� K:

D D
�� ABBB�BBBC ����@?�*��,-+�@

D D
�� ABBB�BBBC ����?�,�  "&0

The capacitors specified for the transformation (branches 13 and 18) need no longer be between
the inductors we wish to make equal; the program will perform any necessary interchange branch
steps, but it must be possible to put them in between the two inductors. The components we wish
to make equal must, of course, be of the same kind. Next we interchange C15 and L13 and print
this interim circuit:

��!!��-�
� #$�
#1$10.'$�O ��	.1$ #&1�. 61	3#1��

� ABBB�BBBC �������� K"&0
D D

� ABBB�BBBC ���,���� 	�
D D

� D � *��?@,?@ 0:
D D

, ABBB�BBBC *��*,��*� #�
D D

@ D � *�,��@�� :
D D

? ABBB�BBBC ?��,*@��� ��
D D

* D � ��*@�@@? K:
D D

� ABBB�BBBC ��@�*�@��*�-+�@
D D

�� D � ���,,��, !:
D D

�� D � ,���,*���??-+��
D D

�� ABBB�BBBC ���??�@*�@,-+�@
D D

�, ABBB�BBBC ,������� K:
D D

�@ D � ���@?���,@?-+�?
D D

�? ABBB�BBBC �����**�?��-+�@
D D

�* D � ,������� K:
D D

�� ABBB�BBBC ����@?�*��,-+�@
D D

�� ABBB�BBBC ����?�,�  "&0

  

Next we make L15 equal to L10 by repeating the process. Note that L18 is automatically adjusted
to be the same as the new value of L15.

��!!��-�
� '$ +�� +�,
����� ������ ���W� �� ;����:�� �� ;� 8��-
� �� ��
��� ��� ��������!����� ������ ��**�*��,-N��
��������!����� ����� 8��-� ���?*�?�,-N��

�� ABBB�BBBC ,�������,��-+��
D D

�� D � ��?����@@�,-+��
D D
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�� ABBB�BBBC ��,�@�*�,��-+��
D D

�, ABBB�BBBC ���,,��, !:
D D

�@ D � @��?�,�?��?-+��
D D

�? ABBB�BBBC ,��,����,��-+��
D D

�* D � ���,,��, !:
D D

�� ABBB�BBBC ����,*��,@?-+�*
D D

�� ABBB�BBBC ��?��,@�,*  "&0

 

Our last three inductors are now identical in value and while this common value is still much too
high, we will not worry about it for the moment. We continue this process by using three more
TR steps, first to make L8 and L10 equal, then L6 and L8, and finally L4 and L6, and achieve the
following circuit:

��!!��-�
� #$�
#1$10.'$�O ��	.1$ #&1�. 61	3#1��

� ABBB�BBBC �������� K"&0
D D

� ABBB�BBBC ����,*�� 	�
D D

� D � ����,��@*� #�
D D

, ABBB�BBBC �,������? #�
D D

@ D � ��@,*,�� 0:
D D

? ABBB�BBBC ��@��**� 	�
D D

* D � ��@�*���?@ #�
D D

�� D � ��@,*,�� 0:
D D

�� ABBB�BBBC ��*??��@ 	�
D D

�� D � �,����*@�@ #�
D D

�� D � ��@,*,�� 0:
D D

�, ABBB�BBBC ����*?�� 	�
D D

�@ D � �,,�?�?��� #�
D D

�* D � ��@,*,�� 0:
D D

�� ABBB�BBBC ��*����� 	�
D D

�� D � �����*�@** #�
D D

�� ABBB�BBBC ��@,*,�� 0:
D D

�� D � �,�,,*�,� #�
D D

�� ABBB�BBBC �����*���, #�
D D

�� D � ��@,*,�� 0:
D D

�, ABBB�BBBC �,��,�*�@� #�
D D

�? ABBB�BBBC �������� K"&0
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As a last step, C3 and a capacitor next to it was used to adjust the output termination to 1000
ohms. All inductors are now identical and all the element values are quite reasonable. The only
price we pay for all of this is the additional number of capacitors in the circuit. The circuit still
has additional degrees of freedom, and we could insist, if we so desired, that all shunt inductors
have some capacitances across them. A similar circuit is presented in Application Note 2. For
your information, the computed characteristics of this circuit is shown on the next page.

Please note that the program is very rugged and user-friendly, yet at the same time, very powerful.
The commands do many things, some of which have yet to be demonstrated. Therefore all users
are encouraged to experiment. The worst that can happen is that the program will inform you that
what you had specified is not possible and the circuit will remain unchanged. While all steps,
with the exception of the BE, PREF and LAT commands, are reversible, it is highly
recommended that, when experimenting with operations, the circuit be first saved either
permanently or temporarily. This will make recovery from errors much easier. Saved data insures
that there is hardly anything you can do to harm the results.

Example 6.2.8a Delay Equalization -- EQU Command

To illustrate the delay equalization (EQU) command, let us return to the elliptic lowpass filter of
example 2.1.1. For easy reference the circuit is shown again below:

#1���2. �"P#1��

� ABBB�BBBC @��������� "&0
D D

� ABBB�BBBC �?����@�,� 	�
D D
D EBFG

� D � � ��@����@�� 0: �������>8����
D HBIJ ,����,��@ 	� ���@��*? K:/
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D D
, ABBB�BBBC ����@�*@�� 	�

D D
D EBFG

@ D � � �,������� 0: �������>8����
D HBIJ �,����@,�� 	� ����@��* K:/
D D

? ABBB�BBBC ��*�?,*�@@ 	�
D D
D EBFG

* D � � ,����@?@� 0: �������>8����
D HBIJ �?����*@?* 	� ���@���� K:/
D D

� ABBB�BBBC ��@����*�* 	�
D D

�� ABBB�BBBC @��������� "&0

The results of the frequency analysis are not repeated here (see example 2.1.1) but the delay
varies from 0.56 msec to 4.47 msec in the passband of 0 to 1200 Hz. To improve this we invoke
the EQU command:

��!!��-�
� .ML
��� �� ����������Q (-���8�� �� ,�)
�
����� ���W� �� ��- ��- ��� ��-�� �>8���<�� �������� (�4T)
� � �
�������� ���8��� ��� 8��-
����� ������� ��- ��-�� ���>8������ �� �55��=�!����� ;��-
� � �K

At most one first-order equalizer section may be used and the maximum number of sections is
limited to 20. We may use either the natural modes or the most recent analysis results as a basis
for our equalizer design. The original analysis may have been done in the LADDER segment
from the element values, or in the SMAIN segment from the transfer function. If no analysis has
been done, only the natural modes may be used. As an alternative, we may abort the equalization
step to perform an analysis first. The approximation band must be properly defined since the
analysis may have covered a much wider band, as was done in example 2.1.1.

This is immediately followed by a summary as shown below:

#1���2. �"P#1��
��� �
������ ��� -���� �>8���<�� 5�� ��!

����� �>8��� ����� �55��=�!����� + ,� ���������� !�=�!8!
�>8���<����� ���>8���� ��� � �� �� 5�����

��,�����-N�� :���< �� ��������-N�� :���<
��,?�?�@-N�� ��-
��� �� @��*��*,-N�� ��-
���

�!5�-���� ����� R @������� �:!�

�>8���<�� ������� 5���� + ������� ���8��

:���< ��-
���
+���,����-N�� +�������,-N��
+���,����-N�� NT ��,�����-N�� +�������,-N�� NT �������,-N��
+���,����-N�� NT @�?,����-N�� +�������,-N�� NT ������,�-N��

�����! ���!���<�- ��� �5��!�<����� ;� ����� ������ R �����-N��

����

�
������������ ������	
��
��
�



���� ��� �!� �����
� ��,@����-+��
� ��,����,-+��
� ���?�*��-+��
� �����*?�-+��
� ��*@�*?@-+��
, ��*�@,��-+��
@ ��*��???-+��
? ��*��@�@-+��
* ��*��@*@-+��
� ��*��@*�-+��

The design is performed by using a least-squares type iterative optimization that converged in 9
iterations. The program then provides a tabulation of the original delay, the equalizer delay, the
total delay and the delay deviation from its average value -- all versus frequency. Shown below
are the results in the frequency range of 0 to 300 Hz.

��;8���� ���8���� �
�
� �

���>8���� ��� � ���� �>8���<�� ����� -��������
:���< ��� ��� ��� ���

� +� +� +� +�
= �� = �� = �� = �� = ��

���,��� �,,*?*@ ��@���*� ���@��@? ��*�,�,
��,���� �,,*?@, ��,@*��� ����@�** �����,,
��?,��� �,,*?�, ��,��*,� ���@*@�* +���,�*,
������� �,,*�@* ����*@�� ����?@,* +��?@�?,
���,��� �,,���, ����?��* ���,@?,� +���?*?�
��,���� �,@��,? ���@,�** ����,,�, +��,��**
��?,��� �,@�@�� ���,?*,* �����,�* +��@,�*�
������� �,@�**@ ���?@�,, �������� +����@��
���,��� �,@?��� ����@��� ���*���� +�������
��,���� �,?���@ ���?�*�* ������,� +�����?*
��?,��� �,?@*�� ��,�?�,, �������* ������@
������� �,*��,, ��,?�@,� ���,�@�? ��@��?�

At the conclusion of this tabulation, the equalizer poles and element values are listed:

�>8���<�� ������� 5���� + ����� ���8��

:���< ��-
���
+����,�@�-N�� +���*,���-N��
+�����???-N�� N T ���,����-N�� +���,��,,-N�� N T ����@�,�-N��
+��*���@�-N�� N T @�?��,�,-N�� +���,����-N�� N T ���?��,,-N��

�>8���<�� ������� ���!��� ���8��

��� ���> �� �� �� �� ��+��
� ��5�
����,�-N�� ��,���-+�@ ����*�-+�� �
�����*-N�� ������-+�? ������-+�@ ,���,�-+�� ����@*-+�� +��,��,-+�* �
?�����-N�� ��@���-+�? ������-+�? ������-+�� ������-+�� ��@���-+�? �

The element values and section type indicators refer to Fig. 6.4 which identifies the sections.
However, if the design seems satisfactory, there is really no need to refer to the figure since we
may display the circuit by the appropriate response to the next prompt. The options available here
are:

� abort the delay equalizer design altogether (4),
� perform more optimization (3), 
� modify the number of sections used and rerun the design (2), or 
� incorporate the current equalizer design into the filter itself (1).
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The first two options need no demonstration. If we request modification, the program will ask
only for the number of sections to be used and the procedure will be rerun. Therefore we proceed
to demonstrate the INCORPORATE option:

�����5������ �4 !�-���� �4 �5��!�<�� � �� ��-� �
� �
#1���2. �"P#1��

� ABBB�BBBC @��������� "&0
D D
D EBBC
D � D ��@������@ 	�
D D EFBG
D D � � ���������� 0:
D D HIBJ �@�������� 	�
AB�BBC D ���������� 0:
D � D ��@������@ 	�

� D HBBC
D D
D EBBC
D � D �,����?,*? 0:
D D � @@��**��@� 	�
AB�BBC D �����?@� L�
D D D
AB�B�NBBC ��?,���? :
D D D @���*��,� 	�
D D � @@��**��@� 	�
D � D �,����?,*? 0:

� D HBBC
D D

@ D � �@@�����?� 0:
D D

? ABB�B�BBC +�����@�@�@ 0: ���� ���>8����
D D ��,����? L� ������� :/
D D

* D � �@@�����?� 0:
D D

� ABBB�BBBC �?����@�,� 	�
D D
D EBFG

�� D � � ��@����@�� 0: �������>8����
D HBIJ ,����,��@ 	� ���@��*? K:/
D D

�� ABBB�BBBC ����@�*@�� 	�
D D
D EBFG

�� D � � �,������� 0: �������>8����
D HBIJ �,����@,�� 	� ����@��* K:/
D D

�� ABBB�BBBC ��*�?,*�@@ 	�
D D
D EBFG

�� D � � ,����@?@� 0: �������>8����
D HBIJ �?����*@?* 	� ���@���� K:/
D D

�, ABBB�BBBC ��@����*�* 	�
D D

�? ABBB�BBBC @��������� "&0

As shown, the three delay equalizer sections are indeed there. Branches 6, 7 and 8 represent the
first order section 1, while sections 2 and 4 are the two second order equalizer blocks.

If we so desired we could use any of the commands on this circuit. For instance, we could
analyze it in the frequency domain and confirm that the delay is indeed as the equalizer program
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indicated. Naturally, if we are not satisfied with these sections, we may delete them and start all
over again.

Example 6.2.8b Files & Delay Equalization -- FILE, EQU Commands

We will use the results of the previous example, to illustrate the FILE command which writes a
disk file readable by the SUPER-COMPACT, TOUCHSTONE, SPICE or SUPERSTAR pro-
grams. The usage is simple:

��!!��-�
� ���.
������ �4 �
��!5���� �4 ��8�:������ �4 �5���� � �� �85������� ,
� �
����� ������� ��-� �8!;��
� �
����� ���� ��!�
� @U*1
�� -��� ��

The ASCII file (option 1) is for documentation purposes and contains a brief summary of the
filter specifications, the circuit and element values and a parts list. After leaving the S/FILSYN
pro- gram, we may list the file we created, called 6X8A.CKT using the DOS TYPE command:

���'�#. @U*1�OK'
� #1���2. �"P#1��
;�7
� ��� � � �R @���������N��

��5 � � �R ���@������+�?
��- � � �R ����������+��
��5 � � �R ���@������+�?
5�� � � �R ����������+�� �R ��@�������+�?
��- � � �R ��,���?@��+��
��5 � � �R �����?@���+�@
��- @ � �R ��,���?@��+��
��5 , � �R @�@�**����+�?
��5 @ , �R @�@�**����+�?
��� , � �R ��?,���?��N�� �R @���*��@��+�*
��- ? @ �R ��@@������+��
��� ? � �R +�����@�@��+�� �R ��,����?��+�@
��- * ? �R ��@@������+��
��5 * � �R ��?���@���+�?
5�� � * �R ���@���@��+�� �R ,����,����+�*
��5 � � �R ����@�*@��+�?
5�� �� � �R ��,�������+�� �R ��,���@,��+�?
��5 �� � �R ���*?,*���+�?
5�� �� �� �R ,����@?@��+�� �R ��?���*?��+�?
��5 �� � �R ���@������+�?

� ��� �� � �R @���������N��
�� �5�� � ��

��-
���>

� 58� ���>8������ :���
���5 ��,�������N�� ���,������N�� ���,������N��

��-
�8�
5�� � �� R @���������N�� �� R @���������N�� �

��-
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L1

C1-C2/4

C2/2 C2/2

L2

C1

L1

L2

C2

2 C2 2 C2

L1/2 L1/2

4 C1 L= L1/4(m-1)

C
C = 4 C1 (m-1)/(2-m )

m = C2/(4 C1)

Fig. 6.4 Delay Equalizer Sections�

The above listing properly describes our circuit. For details of the SUPER-COMPACT, TOUCH-
STONE or SUPERSTAR programs, we refer to their user manuals. Since SUPER-COMPACT
does not consider the terminations to be part of the circuit itself, asterisks are automatically in-
serted to define these entries as comment lines. Nevertheless the lines are retained to indicate the
location and value of the terminations.

Returning to the EQU command, let us briefly indicate what happens if we either do not have
analysis results available, or wish to use the natural modes to obtain the equalization. With no
available analysis results, the conversational data input is as follows:
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��!!��-�
� .ML
��� �� ����������Q (-���8�� �� ,�)
�
����� ���W� �� ��- ��- ��� ��-�� �>8���<�� �������� (�4T)
� � �
���8��� !�-�� ��� 8��- �� ����8���� -����
9��: �� ���- ���>8������ ���! ����� �
�
� 	
����� ���>�
� � ���� �,
����� ���>�
�
����� ������� ��- ��-�� ���>8������ �� �55��=�!����� ;��-
� � ����

Since the program must calculate the delay to be equalized, we must specify the frequencies to be
used. This is done in the usual way, which was our choice above, or by writing all the desired fre-
quency data onto a disk file, in free format and letting S/FILSYN read them from the file. The
number of frequency points is restricted to 501 and should be at least 4 times the number of
equalizer sections used. From this point on, the program behaves as previously shown. 

The command works in an identical manner for microwave filters, except that microwave high-
pass filters may not be equalized.

��������

As shown above, we have two ways to obtain the filter delay for the equalization. We may either
use previously calculated values, or we may calculate them from the natural modes. In addition,
the calculated values may come from two different sources, either from the SMAIN segment,
where the transfer function poles are used with exact differentiation, or from the LADDER seg-
ment using the actual element values, but only approximate differentiation. Only one set of num-
bers are stored, therefore if we have analyzed the circuit in both the SMAIN and LADDER seg-
ments, only the latter is available.

Normally it makes no difference, which set of delay values we use, but in certain instances it
becomes important. If we wish to include dissipative effects, we can only use the results of the
LADDER analysis because the effect of losses can be included there. On the other hand, for
extremely narrow (crystal) filters, the analysis performed in the LADDER segment may not be
accurate enough. In this case the equalization must use either the natural modes or the analysis
results obtained in the SMAIN segment, to insure adequate accuracy.

The optimization method is of the least-squares type, therefore the error will be oscillating but not
in an equal-ripple manner. One can force a more equal ripple result by using weights, but this op-
tion is not available. It can be, however, simulated by using more frequencies in the areas where
the error is greater, which occurs at or near the edge(s) of the passband.

Example 6.2.9 Assorted Operations -- FILE, FLIP, CH, LBL, CLR Commands

We shall use the bandpass filter of example 6.2.5b to show the operation of a few commands we
have not as yet used. The circuit is shown again below for reference:
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�133.$ 61	3#1�� .U10#�.

� ABBB�BBBC ,�������� "&0
D D

� ABBB�BBBC �,�?��?,@ 	:
D D

� D � ��,����@@? #�
D D

, ABBB�BBBC @���@*���� #:
D D

@ D � �������,� 	�
D D

? ABBB�BBBC ����?*@,@, 	�
D D

� ABBB�BBBC ���?*��@� #:
D D

�� ABBB�BBBC �*��?�?�� 0"&0
D D

The FLIP command turns the circuit end-for-end, but only if there is an output termination:

��!!��-�
� ���#
�133.$ 61	3#1�� .U10#�.

� ABBB�BBBC �*��?�?�� 0"&0
D D

� ABBB�BBBC ���?*��@� #:
D D

, ABBB�BBBC ����?*@,@, 	�
D D

@ D � �������,� 	�
D D

? ABBB�BBBC @���@*���� #:
D D

* D � ��,����@@? #�
D D

� ABBB�BBBC �,�?��?,@ 	:
D D

�� ABBB�BBBC ,�������� "&0
D D

Invoking the command again turns the circuit back into its original position (not shown). Next
we split a specified part of C7 off, followed by flipping the L section of C6 and C7 around using
the transform (TR) command with 0.0 termination:

��!!��-�
� �#� ? @�,@��,?�.+*

? ABBB�BBBC @,�@��,?� 	�
D D

� ABBB�BBBC �,*������� 	�
D D

�� ABBB�BBBC ���?*��@� #:
D D

�� ABBB�BBBC �*��?�?�� 0"&0

��!!��-�
� '$ @ ?
����� ��>8���- �8�58� ���!�������
� �
��� ��� ��������!����� ������ ���������-N��
��������!����� ����� 8��-� ���������-N��

? ABBB�BBBC ��������� 	�
D D

* D � ��**���� 	�
D D
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� ABBB�BBBC *�@@,,*� 	�
D D

�� ABBB�BBBC *�?�*?���, #:
D D

�� ABBB�BBBC ��,����* "&0

The special form of the SPL command is used next to split C7 into two parts, one of which is
equal to C9. After the command is performed, the old C9 is now C11:

��!!��-�
� �#� ? �

? ABBB�BBBC *�@@,,*� 	�
D D

� ABBB�BBBC ��,�,�,� 	�
D D

�� D � ��**���� 	�
D D

�� ABBB�BBBC *�@@,,*� 	�
D D

�� ABBB�BBBC *�?�*?���, #:
D D

�, ABBB�BBBC ��,����* "&0

Performing a few more operations, we arrive at the following final circuit, which is incidentally
identical to the one obtained by the use of the LCE command in example 6.2.7a:

        �133.$ 61	3#1�� .U10#�.

� ABBB�BBBC ,�������� "&0
D D

� ABBB�BBBC �,�?��?,@ 	:
D D

, ABBB�BBBC �?,�@���?� #�
D D

@ D � ,��*�,,*? #�
D D

? ABBB�BBBC �����?��* 	:
D D

� ABBB�BBBC �?,�@����@ #�
D D

�� D � ,��*�,,*� #�
D D

�� ABBB�BBBC �?,�@����@ #�
D D

�� ABBB�BBBC �,�?��?@� 	:
D D

�, ABBB�BBBC ,�������� "&0

The CH command is equally simple to use. For example, to replace the series capacitors C10 and
C6 by 60 pF values, we proceed as follows. Since the command is non printing, we use the PRI
command to observe the results:

��!!��-�
� O& �� @.+��
�� -��� ��
��!!��-�
� O& @ @�#

�� -��� ��
��!!��-�
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� #$�

�133.$ 61	3#1�� .U10#�.

� ABBB�BBBC ,�������� "&0
D D

� ABBB�BBBC �,�?��?,@ 	:
D D

, ABBB�BBBC �?,�@���?� #�
D D

@ D � @�������� #�
D D

? ABBB�BBBC �����?��* 	:
D D

� ABBB�BBBC �?,�@����@ #�
D D

�� D � @�������� #�
D D

�� ABBB�BBBC �?,�@����@ #�
D D

�� ABBB�BBBC �,�?��?@� 	:
D D

�, ABBB�BBBC ,�������� "&0
D D

We can replace the title of this circuit and concurrently update the date and time stamp (not
shown) by using the LBL command, followed by the PRI command again, to observe the results:

��!!��-�
� �6�
����� ��9 �����
� 	.P �"$0
�� -��� ��
��!!��-�
� #$�
	.P �"$0

� ABBB�BBBC ,�������� "&0
D D

� ABBB�BBBC �,�?��?,@ 	:
D D

, ABBB�BBBC �?,�@���?� #�
D D

@ D � @�������� #�
D D

? ABBB�BBBC �����?��* 	:
D D

� ABBB�BBBC �?,�@����@ #�
D D

�� D � @�������� #�
D D

�� ABBB�BBBC �?,�@����@ #�
D D

�� ABBB�BBBC �,�?��?@� 	:
D D

�, ABBB�BBBC ,�������� "&0

For documentation purposes, next we invoke the FILE command to write the design data on an
ASCII disk file, called NEW.ASC:

��!!��-�
� ���. � X �&�� �� '&. ����� ���. "#'�"	�&�� �� '&. ����� ���. "#'�"	
����� ���� ��!�
� 	.P

�� -��� ��
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The last one to demonstrate is the CLR command which clears all internal data and as a conse-
quence, brings us to the beginning of the program. Instead of entering another filter, we gracefully
concluded the session:

��!!��-�
� O�$
���- -��� ���! ����Q ����� ���� ��!� ��� �
� 	
����� ������ �� ��-4 ������ ��-
� .	3
����:����� �4 ��������� � �� ��-� �
� .
��� 5������ ����:���� 5�� ��! ���!�����- ���

Finally we list the contents of the file "new.asc" to see, what it contains:

���'�#. 	.P�1�O

��� �
������ ��� ������ 5�� ��!
	.P �"$0

;��-+5��� ������
�>8��+��55�� 5��� ;��-

;��-�- � ���� R ������� -;�
��9�� 5���;��- �- � ���>8���� R ,�������� !:/
855�� 5���;��- �- � ���>8���� R @�������� !:/

�5������- ���5;��- ��5�
!8���5������ �� <��� �� <��� R ,
!8���5������ �� <��� �� �������� R �
������� ������ -� ��� R @
��58� ���!������� R ,�������� "&0
�8�58� ���!������� R ,�������� "&0
��>8����- ���!������� ����� R ���������-N��

	.P �"$0

� ABBB�BBBC ,�������� "&0
D D

� ABBB�BBBC �,�?��?,@ 	:
D D

, ABBB�BBBC �?,�@���?� #�
D D

@ D � @�������� #�
D D

? ABBB�BBBC �����?��* 	:
D D

� ABBB�BBBC �?,�@����@ #�
D D

�� D � @�������� #�
D D

�� ABBB�BBBC �?,�@����@ #�
D D

�� ABBB�BBBC �,�?��?@� 	:
D D

�, ABBB�BBBC ,�������� "&0

The file also contains a parts list, that is not shown here.

Example  6.2.10 Constant Delay Bandpass Filter -- Various new commands

We start by designing a 6th order lowpass filter with equal ripple delay of 40 usec up to 15 kHz
and an equal minima stopband from 20 kHz on�

����

������	
��
��
� �
������������



���������	

����� �
������ �����
������� ��� ������� � �
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�� ���� �� !��� ��
�"#�$�%&' (�) ��*� + ���, -$�  ."$%. �/.	'�$01�

��� ��%&'� �.�.$2.3�
���- �������� �8������ -��� ���! ����Q (�
�)
� 	
�!���� �4 5������ 5 �� ��-� �
� �
����� �����
� O"	�'1	' 3.�1� 61	3#1��
������ 7��- + �8!5�-� �4 -� ����� � �� !����9���� �
� �
������ ��5� + ��95���� �4 :� :5���� �4 ����+5:��� ��95���� �4 ;��-5���� �
� �
5���;��- -���� + !�=�+����� �4 �>8��+��55��� �
� �
9:�� �� �:� ��>8���- <��� ���>8���� -���� �� ���
� ��L
855�� �- � �� �:� 5���;��- �� :<
� �,K
����� �;���8�� -���� ��55��4 �� ������ -� ���
� @
���5;��- + �>8�� !���!�� � �� �5������-� �
� �
����� �- � ���>8���� �� 855�� ���5;��- �� :<
� ��K
����� ��58� ���!������� �� �:!�
� ,�
����� �8�58� ���!������� (�� ��-������ �5�� �� �:���)
� ,�
����� ���8� �� ����� � >� �� �� 5��-���������4 ����� ��
� �
9��: �� 8�� ���:8�9��< �(�) �� 5����;��Q (�
�)
� �
�� �:� -���8�� �� ����:! ����5��;��Q (�
�)
� �

��� �
������ ��� ������ 5�� ��!
O"	�'1	' 3.�1� 61	3#1��

������ 5:��� ��9+5��� ������
�>8�� ��55�� -���� 5���;��-

��9 ���>8���� -���� R ��������� L�.O
855�� 5���;��- �- � ���>8���� R �,������� K:/

5�����-�� 
5�����-�� 
���� -�- ��� ���- ���������
�� ��������� ��� � -���� ��55��� ����?�-+�� �!� ������ �����,-+��
5�����-� �4 !��� ����������� �4 !�-���� � �� >8��� �
� �
5�����-�� 
5�����-�� 
5�����-�� 
5�����-�� 
�� ��������� ��� , -���� ��55��� ��,@??-+�� �!� ������ ��,?�?-+�,
5�����-� �4 !��� ����������� �4 !�-���� � �� >8��� �
� �
5�����-�� 
5�����-�� 
�� ��������� ��� � -���� ��55��� ��,@*?-+�� �!� ������ �����,-+�,
5�����-� �4 !��� ����������� �4 !�-���� � �� >8��� �
� �
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We did not need this many iterations, but use it to illustrate that once the RMS error does not
change much and is less than about 0.003, the process has all but converged.

  -���� ��55�� R ��,@*?�� 	�.O
�>8�� !���!� ���5 ;��- 9��: �- � ���>8���� R ��������� K:/

!8���5������ �� <��� �� �������� R �
�8!;�� �� ������ �����!������ <��� 5���� R �
������� ������ -� ��� R @
�����!������ <����

���� 5��� �!� ����� 5���
���������-N�� ����**���-N��
���������-N�� ����@�*�?-N��

��58� ���!������� R ,�������� "&0
�8�58� ���!������� R ,�������� "&0
��>8����- ���!������� ����� R ���������-N��
������� ������;�� ���!������� ����� R �������@,-N��

Here is a brief illustration of the time domain analysis now available in the root segment of the
program:

��!!��-�
� '�0.
����� ����� ��!�4 ��- ��!� ��- �����!���4 �� �����-�
� � ���L �L
��;8����Q (�
�)
� 	
9��: �� 9���� ���5���� -��� �� ����Q (�
�)
� �
����� ���� ��!�
� 6�.U�'
�� -��� ��
5��� + 9�-�� 94 �����9� �4  ��5:����  �� ��-� �
� 	
5��� + ��� �4 58���� 54 ���5� �
� �
����� ������� ��- ��-�� ��!� �� 5���
� � ���L

The crude character plot is adequate to show a very smooth response with essentially no ripple
effects (see next page). Next we use the shifted band-pass transformation to convert this design
into a bandpass filter. With a center frequency of 200 kHz, the bandwidth will be 30/200 or 15%.
The method works quite well up to about a bandwidth of 25 or 30%.

��!!��-�
� �6#
����� ;��-+������ ���>8���� �� :<
� ���K:/
����5� ��������!�- <����� � �� �5����� ��8� �9�� �
� �
9��: �� !�7� �:�� �� �-- -� ��� 5���!�����Q (�
�)
� 	
����� !8���5�������� �� <���� �� <��� ��-
�������� (�:�� !8�� �-- 85 �� �)
� � �
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�������N�� ZB��BBBBBBZBBBBBBBBBZBBBBBBBBBZBBBBBBBBBZBBBBBBBBBZ
D � D D D D D
D � D D D D D
D � D D D D D
D � D D D D D

�������+�, ZBBB�BBBBBZBBBBBBBBBZBBBBBBBBBZBBBBBBBBBZBBBBBBBBBZ
D � D D D D D
D �� D D D D D
D � D D D D D
D �� D D D D D

�������+�, ZBBBBB�BBBZBBBBBBBBBZBBBBBBBBBZBBBBBBBBBZBBBBBBBBBZ
D � D D D D D
D �� D D D D D
D ��D D D D D
D �� D D D D

�������+�, ZBBBBBBBBB�BBBBBBBBBZBBBBBBBBBZBBBBBBBBBZBBBBBBBBBZ
D D� D D D D
D D � D D D D
D D � D D D D
D D � D D D D

�������+�, ZBBBBBBBBBZBBBB��BBBZBBBBBBBBBZBBBBBBBBBZBBBBBBBBBZ
D D �� D D D D
D D �� D D D D
D D ��D D D D
D D �� D D D

,������+�, ZBBBBBBBBBZBBBBBBBBB�BBBBBBBBBZBBBBBBBBBZBBBBBBBBBZ
D D D� D D D
D D D � D D D
D D D � D D D
D D D �� D D D

@������+�, ZBBBBBBBBBZBBBBBBBBBZBBB�BBBBBZBBBBBBBBBZBBBBBBBBBZ
D D D � D D D
D D D � D D D
D D D � D D D
D D D � D D D

?������+�, ZBBBBBBBBBZBBBBBBBBBZBBBBB��BBZBBBBBBBBBZBBBBBBBBBZ
D D D � D D D
D D D � D D D
D D D � D D D
D D D � D D D

*������+�, ZBBBBBBBBBZBBBBBBBBBZBBBBBB�BBZBBBBBBBBBZBBBBBBBBBZ
D D D � D D D
D D D �� D D D
D D D � D D D
D D D � D D D

�������+�, ZBBBBBBBBBZBBBBBBBBBZBBBBBBB�BZBBBBBBBBBZBBBBBBBBBZ
D D D � D D D
D D D � D D D
D D D � D D D
D D D � D D D

�������+�� ZBBBBBBBBBZBBBBBBBBBZBBBBBBB�BZBBBBBBBBBZBBBBBBBBBZ

+�������+�� ?������+�� ��,����N��
�������+�� �������N�� �������N��

���5 ��� ��!�

The procedure shifts the natural modes of the filter in a specific way, and it also shifts the trans-
mission zeros. However, it permits us to change the location of these zeros to somewhere else,
which we declined. It is also possible to add an additional real root to the natural modes, thereby
making the bandpass into an odd degree parametric filter, which we also declined.
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��� �
������ ��� ������ 5�� ��!

O"	�'1	' 3.�1� 61	3#1��
;��-+5��� ������

�������� �8������ -���!������ �5������-
��9�� 5���;��- �- � ���>8���� R �*,������� K:/
855�� 5���;��- �- � ���>8���� R ��,������� K:/

�5������- ���5 ;��-
!8���5������ �� <��� �� <��� R �
!8���5������ �� <��� �� �������� R �
�8!;�� �� ������ �����!������ <��� 5���� R �
������� ������ -� ��� R ��
�����!������ <����

���� 5��� �!� ����� 5���

���������-N�� ��@�@���*-N�,
���������-N�� ��?*����,-N�,
���������-N�� �����**��-N�,
���������-N�� �����@�*,-N�,

��58� ���!������� R ,�������� "&0
�8�58� ���!������� R ,�������� "&0
��>8����- ���!������� ����� R ���������-N��

Leaving out the intermediate steps, the passive LC implementation of this filter is shown below:

O"	�'1	' 3.�1� 61	3#1��

� ABBB�BBBC ,�������� "&0
D D

� D � ����@?@��� L:
D D

� D � ?���?�*@ 	�
D D

, ABB�B�BBC ��������* L: ���� ���>8����
D D ��@?@,?@ 	� �@��@���*� K:/
D D

? ABBB�BBBC ���??�*�� 	�
D D
D EBFG

* D � � ��������� L: �������>8����
D HBIJ �@���*@�? 	� �����**��� K:/
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The SPRD command takes no parameter and gives us a feel for the element value spread. Next
we apply one of the special forms of the TR (Norton transformation) command to make two in-
ductors (L2 and L5) equal. Since the branches selected to perform the transformation (4 and 7,
that are, or could be between the inductors) are capacitors, the program knows that it must com-
pare the inductors in branches 2 and 5 (branch 2 is a single inductor, so that is also a determining
factor).
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After interchanging the two series branches above, we would now like to exchange the resonant
circuits 10 and 11. The new XR command does just that:
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There are a couple of negative capacitors generated in the process, but they are next to positive
ones and the program, recognizing this, combined them, yielding the positive values shown
above. This may not always be possible, and we may need to perform additional operations
before the negative values can be absorbed.

Leaving out the rest of the session, a repetitive application of well known commands, the next
circuit shows where we stopped:
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The spread of inductor values has been reduced by a better than 2:1 factor. Additional
experimen- tation may succeed in reducing this spread further.
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Finally to show what the PREF (preferred value) command does, we use it to replace all
capacitor values by their nearest value from the 1% list. This is followed by an analysis to show
the effect of this step.
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The change is not very noticeable, but would be worse for a very flat loss and narrow band.

Example 6.2.11 Sloping Bandpass Filter

For transistor amplifier interstage networks we may find the need to design a filter that has a
pass- band with a specified (positive or negative) slope. S/FILSYN has this capability built into it
and the design is quite straightforward. While this characteristics can be implemented in
active-RC form as well, it’s nearly exclusively used for passive LC designs, hence we shall
demonstrate it.

We start as usual and find the "SLOPING" option displayed: 
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We specified an octave bandwidth and a 2.5 dB slope in this band. As we can see, an additional
flat loss may also be specified and this can be very useful if parasitic components must also be
ab- sorbed by the network (complex impedance matching). Furthermore, within the band, the
slope will be approximated in an equal ripple manner and we specified this ripple to be 0.05 dB.
The rest of the session is routine, but we point out that the stopband is usually of no concern,
hence finite stopband zeros are not used although they can be. The number of transmission zeros
at zero and infinite frequencies are usually selected to be as low as possible, unless we have
stopband require- ments as well. In this latter case, they can be selected iteratively.

����� !8���5������ �� �����!������ <��� �� <���
� �
����� !8���5������ �� �����!������ <��� �� ��������
� �
����� ��� �� ������ �����!������ <����
� �
����� ��58� ���!������� �� �:!�
� ,�
����� �8�58� ���!������� (�� ��-������ �5�� �� �:���)
� ,�
����� ���8� �� ����� � >� �� �� 5��-���������4 ����� ��
� �
9��: �� 8�� ���:8�9��< �(�) �� 5����;��Q (�
�)
� �
�� �:� -���8�� �� ����:! ����5��;��Q (�
�)
� �

��� �
������ ��� ������ 5�� ��!

��"#�	% 61	3#1��
;��-+5��� ������

�>8�� ��55�� 5��� ;��-
;��-�- � ���� R ��,���� -;�
;��-5��� ���� ���5� R ��,����� -;
������
��9�� 5���;��- �- � ���>8���� R ,������� !:/
855�� 5���;��- �- � ���>8���� R ��������� !:/

�5������- ���5 ;��-
!8���5������ �� <��� �� <��� R �
!8���5������ �� <��� �� �������� R �
������� ������ -� ��� R @
��58� ���!������� R ,�������� "&0
�8�58� ���!������� R ,�������� "&0
��>8����- ���!������� ����� R ���������-N��

Leaving out the steps to obtain the passive realization, we get to the point where the circuit is
displayed with 50 ohms load at both ends:
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We invoke the RES command to calculate the resonant frequency of C8 and L10, and then that of
C5 and L7:
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Next we write a SPICE file, followed by a frequency domain analysis to confirm the correct
slope:
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?������-N�@ ����� ?���� ���,@-+�* ���*��-N�� +����@�-N�� ?���@�
?������-N�@ ������ ����*� ����,-+�* ���**?-N�� +���?�?-N�� @�??@�
?������-N�@ ������ ���,�* *�*�*-+�* ���@��-N�� +�����@-N�� @��*@�
?�@����-N�@ ����@? �@�?*@ *�,��-+�* ����@�-N�� +@���*�-N�� @���*?
?�*����-N�@ ���,�@ ���*�, *���?-+�* ������-N�� +@�*�@*-N�� ,�?�,?
*������-N�@ ���?�* �*�?�� *����-+�* ����?�-N�� +?�,�?@-N�� ,���?�
*������-N�@ ��,?*� ���,�@ ?���*-+�* *���*�-N�� +?�*��?-N�� ,��@��
*������-N�@ ��@*�� ,���?� ?�*��-+�* @�?���-N�� +?�*���-N�� �����?
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*�@����-N�@ ��??�� ,,�?@@ ?�?��-+�* ,�@@��-N�� +?�,�?�-N�� ��?���
*�*����-N�@ ��*?�� @����* ?�?�*-+�* ��@**�-N�� +?�����-N�� ��,,,�
�������-N�@ ���@�* @@�*�� ?�?��-+�* ��*@�?-N�� +@�,�?�-N�� �����*
�������-N�@ ���,�� ?���*@ ?�*�?-+�* ���*��-N�� +,�����-N�� ����*�
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��*����-N�@ ���@,? *��?�? *����-+�* ��*��*-N�� +������-N�� ��?@?@
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The slope is correct and we show finally the generated SPICE file that is also correct:
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Finally we wish to demonstrate the stand-alone use of the delay equalizer subprogram for the
equalization of tabularly specified data. The data entry sequence is as follows and shows how to
reach this subprogram from the beginning of the program. Note that for passive LC equalizer
design we need to use the PASSIVE program segment in the multi-executable version of the
program.
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After entering a few assorted pieces of information, such as the impedance level and the number
of sections used, we are prompted for the frequencies. These may either be specified in the usual
way, or they may be read in from a previously prepared disk file. Next we have to specify the
delay to be equalized, which can also be done in a number of ways. One way is to enter the
tabular data directly from the keyboard, another is to read them in from a disk file, still another,
chosen here, is to specify the natural modes of the system we wish to equalize, if we know them.
Note please, that the order of entering complex numbers here differs from some other locations
in this program. As a matter of fact, it even differs from the same location in some earlier version
of the program. Also, the negative sign of the real parts are not necessary, the program will set
these number to be negative automatically. The header following, shows that the data has been
interpreted correctly:

    3.�1� .ML1��/.$
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+��?��,��-N�� NT @�,����@-N�� +�������,-N�� NT ������?�-N��
+���*�@��-N�� NT +�����*��-N�� +��������-N�� NT +,����@��-N��
+���*�@��-N�� NT �����*��-N�� +��������-N�� NT ,����@��-N��
+��,�*??�-N�� NT +�����*,�-N�� +�����?,�-N�� NT +@�������-N��
+��,�*??�-N�� NT �����*,�-N�� +�����?,�-N�� NT @�������-N��
+,�,�@��,-N�� NT ��������-N�� +���,�?�,-N�� NT ��������-N��
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Inasmuch as this set of data describes the previous problem, we will not proceed with this design
any further.

In the single-executable version, the same subprogram may be reached by way of a slightly differ-
ent path:
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From here on, the two versions are again identical.

The same information may be entered as tabular data, as we indicated above. The sequence below
shows a session where we read the delay table in from a file. Note that engineering units may be
used here to simplify the entry of a long string of data and the preparation of the data file:
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The previously prepared file we used above, is listed below:
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�,��@�� 4 �@����?4 �@�,��? �@����� �@�,�,? �@@�?@@ �@*����
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�����@�? ��,??�?@ ��?,��??4 ���*�,�� ����?@ �������� ��,�?�@?

Since this delay data was also obtained from the previous example, the program printout would
again be identical to the one already seen. At the end we still have the option of incorporating the
design into our existing circuit, if we have one. Just the same, the program will accept the option
and display the equalizer circuit by itself:
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� ABBB�BBBC @��������� "&0
D D
D EBBC
D � D ��@��*@@�@ 	�
D D EFBG
D D � � ������@�,@ 0:
D D HIBJ �@���@�?�? 	�
AB�BBC D �����??*�� 0:
D � D ��@��*@@�@ 	�

� D HBBC
D D
D EBBC
D � D �,���*��** 0:
D D � @@��*���?� 	�
AB�BBC D ����,@@? L�
D D D
AB�B�NBBC �������� :
D D D ?,�,��*�@ 	�
D D � @@��*���?� 	�
D � D �,���*��** 0:

� D HBBC
D D

@ D � �,?�,?��@? 0:
D D

? ABB�B�BBC +��*�?*��*� 0: ���� ���>8����
D D ��,����� L� ������� :/
D D

* D � �,?�,?��@? 0:
D D

� ABBB�BBBC @��������� "&0

This can subsequently be analyzed, yielding the desired results:
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��,����-N�� ����� ������� ���@�-+�� @�����-N�� +@��*�@-+�� ��������
�������-N�� ����� �?@��?, ���*�-+�� @�����-N�� +��@��@-+�, ��������
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@������-N�� ����� �@���,� ����,-+�� @�����-N�� ��?*��-+�� ��������
@�,����-N�� ����� ����,�� ���*@-+�� @�����-N�� ��,�??-+�� ��������
?������-N�� ����� �����?@ �����-+�� @�����-N�� +���?��-+�� ��������
?�,����-N�� ����� �*��*?, �����-+�� @�����-N�� +���@��-+�� ��������
*������-N�� ����� ��@�@�? ��@��-+�� @�����-N�� +��?��?-+�� ��������
*�,����-N�� ����� ����**� ����@-+�� @�����-N�� ������-+�� ��������
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��,����-N�� ����� �����@ *��*�-+�� @�����-N�� ?��,@*-+�� ��������
�������-N�� ����� ���*�@ @�?�@-+�� @�����-N�� ,��*��-+�� ��������

Microwave filters are handled in exactly the same way as passive LC ones. Naturally the quarter-
wave frequency must be entered if the delay equalizer program is accessed directly. In addition,
another prompt will ask for the (upper) passband edge frequency, since this is needed if the natu-
ral modes are specified. For tabular delay specification this number is immaterial but should not
be zero. The natural modes should be the equivalent analog ones, which can be obtained, for in-
stance, from the SMAIN segment as transfer function denominator zeros.

6.4 DESIGN OF DELAY LINES

What if we do not wish to equalize any delay shape, instead we wish to find the implementation
for a set of pole-zero quadruplets that is known. In other words, given the singularities of a delay
line, we need to find the circuit that realizes it.

In order to demonstrate this possibility, we select one of the delay sections in the previous exam-
ple, that has its poles at (the zeros are in the image positions in the right half plane):

                             -200.0942 ± j 334.5484 Hz

To implement this in passive LC form, we proceed as follows:
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The -1 entry tells the program, that there will be no iteration, hence:
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The program selected 1 ohm termination for simplicity, which we can naturally change to
anything later. If we change it to 600 ohms, we obviously get the second delay section in the
example above. Application Note 7 uses this capability of the program to design delay lines with
constant, prescribed, delay.
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Notes:
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