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APPENDIX |
ADDENDUM TO THE MANUAL

This Appendix contains information about changes that have been implemented in S/FILSYN
since the main body of the Manual has been written.

For the personal computer version of the program, the distribution disk may also contain a file
named README.DOC that will describe last minute changes that could not even make this
Appendix.

1. PCFILT design file conversion.

Release 3.2 Version 2 of S/FILSYN has an additional command in the Passive Analysis (Ladder)
segment. This is new in version 2 and not mentioned in Section 6 of the manual. The command is
PCF and it will write a disk file readable to the PCFILT program, and will have a .DZN
extension.

As an example, consider the microwave lowpass filter described on page 2.36 and assume, that it
will be used at the output of a transmitter operating at a 10 Watt power level. We need to use
PCFILT to determine the voltage and current distribution within the filter. Inside the Passive
Analysis segment, we proceed as follows:

Microwave lowpass

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

1 R 50.000000 ohm
3 C 37.944610 ohm
* *
5 * UE * 84.007706 ohm
* *
7 C 24.211666 ohm
* *
9 * UE * 84.007706 ohm
* *
11 C 37.944610 ohm
13 R 50.000000 ohm
COMMAND :
> pcf

Write PCFILT design file
ENTER FILE NAME

> mwlp

* % DONE * %
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Terminating the program, we find the file MWLP.DZN in our current directory, that contains the
following data:

50.0000000 R 1
37.9446104 Z18
785398185 D 18
84.0077056 Z 23
785398185 D 23
24.2116656 Z18
785398185 D 18
84.0077056 Z 23
785398185 D 23
37.9446104 Z18
785398185 D 18
50.0000000 R 1
.500000000E+10 x O

Since PCFILT needs all its files to be in its own directory, we next move the file to that directory,
using the DOS MOVE command:

C:\SF>move mwlp.dzn \PCFILT

Alternatively, we could have included the path in the file name we entered to the S/FILSYN
prompt.

To analyze this circuit in PCFILT, call the program, enter the file name at the “Set filename”
prompt and select the “Recall old design” option as shown:

—>>> Comprehensive Filter Design and Evaluation <KL
L ]

Vs. 3.83 Active filename -> MWLP
—> Matcher status <= p=—————=> Main control <
Termination: A () start new Design
Source: A design file:
'— Programmed set Filename

*

——=> Assumed Q <
Ind. Ql= 150
Cap. Qc= 1500
Trans. Qt= 1000

)

) Recall old design
) Save current design
) Join to current design
) Analyze current design
) Edit circuit

) + Calculate design +
)

)

)

)

)

)

Fredrick J. Radler modify design Parameters
Utilities menu

set Notation

eXit to DOS

change assumed Q
maTcher reset

-—— (?) for help

Copyright (C) 1991
A. J. Klappenberger

(

(

(

(

(

(
> In memory of <== (
(

(

(

(

All rights reserved (
(

Directory = D:\PCFILT
Fl-Graphics reset F2-Mouse on/off
F3-Schematic character sets F4-Text color control

It should be noted, that S/FILSYN does not generate the specification file that is usually associ-
ated with each PCFILT design. This causes an error message and a beep, when the file is
recalled. This can be safely ignored, since the specification file is not needed in this case.
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The PCFILT circuit editor will draw a schematic diagram as shown below:

—> Schematic diagram <—

0 — Termination — 50 Ohms

1. : : 37.945 Ohms 45 Deg.
3.+ ++++ + 4 84.008 Ohms 45 Deg.
5. : : 24.212 Ohms 45 Deg.
T ++++ 4+ + + 84.008 Ohms 45 Deg.
9. : : 37.945 Ohms 45 Deg.
11 Source 50 Ohms

12 Fc = 5000 MHz.

Note that all elements (stubs as well as unit elements) are referenced by their electrical lengths at
the cutoff frequency (45 degrees at 5 GHz). At the “quarter-wave” frequency, which is 10 GHz,
their lengths will, of course, be 90 degrees.

The analysis by PCFILT shown below, indicates a worst case voltage of about 32 V (rms) in the
center of the filter. Currents through the 84 ohms unit elements are about 0.784 A.

Inductor Q=150 Cap. 0=1500 Trans. Q=1000

Frequency Rtn. loss Atten. Delay Phase Impedance

(MHz.) (dB) (dB) (nSec) (Deg.) R 13X

5000.000 13.492 0.232 0.327 263.927 76.58 3.33
10.0000 w. > Loss >

0.4475 wW. < 0.07303 W. 9.4795 W.

—> Schematic diagram <—
Termination ——— 0 — Termination —
21.771 V. > 1. : :

3. +++ + 4+ + 4+

0.435 A.———X 5.
7. £+ + + + + +
1 0.010 W. —X——
| 9. : :
0.574 A.— 11 Source
< 21.771 V. > 12 Fc = 5000 MHz.
0.721 A.—X
3a 0.000 W. —X—
0.000 A.—
< 21.771 V. >
—
|
| 0.000 W.

48.046 V. |
-

S/FILSYN Manual Addendum to the Manual



J.4

0.721 A.——X

3b 0.000 w.

_X—

|

0.000 A.—
31.944 V.

0.665 A.—X

5 0.033 w.

_X—

|

1.319 A.—
31.944 V.

Ta 0.000 w.

_X—
|
0.000 A.—

< 31.944 V. >
I—>
|
| 0.000 wW.
55.321 V. T
L > |
0.784 A.—X
To 0.000 wW.

]
|

0.000 A.—

27.072 V. >

—X—
|
0.713 A.—

< 27.072 V. >
0.353 A.———X
|
11 b——— Source (~) N

The interpretation of this diagram is simple, but for detailed explanation we refer the user to the
PCFILT manual.

2. Script file addendum

The examples in this manual describe the use of “Extended Batch Language” (*.bat) script files
to automate routine designs. This system has been replaced by “REXX” language (*.rex) files.
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The reason for this replacement is that the EBL language does not work under Windows NT and
furthermore, we have been having some problems in obtaining technical help from the company
marketing it. The REXX script files operate in exactly the same way as the EBL files do, but
require some additional set up.

You will need to install some TSR (Terminate Stay Resident) programs before the REXX system
will operate. This can be done manually, but it is best to put the procedure into your
AUTOEXEC.BAT file to make sure it is always done. In Windows NT, the file to put them into
is AUTOEXEC.NT instead.

These are the lines needed:

c:\sf\rxintmgr
c:\sf\stackmgr
set rxisa=40
set rxswap=d,x

where c:\sf is assumed to be the directory, where the rxintmgr.com and stackmgr.com files are
located. In the last line, “x” is the hard disk you will be using for swapping purposes. If you have
only one disk, use “c”. A RAM disk of 250K bytes or larger can also be used for this purpose.

To call the menu system, you type: “rexx filsyn” at the DOS prompt or “rexx filsyn skip” to skip
the welcome screen (all without the quotes). To call a specific script file, you can type “rexx”
followed by the script file name, “rexx gauss” for instance.

When operating the menu system from Windows by clicking on the icon, set the “properties”
associated with the S/FILSYN icon to generate these same commands.

Operation under Windows NT will also require installing software drivers before the system can
access the hardware key. DOS, Windows 3.x and 95 do not require drivers. The Windows NT
drivers may be downloaded from the ALK Engineering web page at:

http://www.web-span.com/alk
Finally, some restrictions:
The REXX processor we supply is a runtime only version. Therefore, the script files provided are
compiled files, hence unreadable and cannot be edited. The S/FILSYN option on the main menu
now just calls the SFILSYN segment of the program, instead of creating a new, temporary, batch
file. You cannot write script files yourself either, unless you purchase the full copy of the REXX
language from Quercus Systems. If you are interested in doing this, or you would like more

information about the REXX language, see the Quercus Systems web page at:

http://www.quercus-sys.com
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If you do buy the full version of the REXX processor, we will be glad to supply the source code
of our script files so that you can read and edit them. In that case we can also supply a version of
the menu system, that permits you to generate temporary script files, as we have done using the
EBL system.

3. Format change

In the passive analysis segment we have changed the print format, in that in the three-element
case it is the transmission zero frequency that we print. The other (resonant or antiresonant)
frequency can be obtained using the RES command. This command usually takes two
parameters, but can be used with one, say “res 6, if branch 6 is a three-element one. If the
branch number is not entered on the same line with the command, we need to add a zero on the
second line like:

res
6,0

4. New script files

CRYSTAL.BAT -- Crystal bandpass filter

This script file helps the design of a crystal bandpass filter with four finite transmission zeros in
the stopbands arranged in any combination and implemented as a cascade of two lattice sections
of two cystals each, with parallel resonators in between and at both ends. The stopband
requirements are assumed to be uniform and the terminating resistors are set to 10 kohms, which
can be changed later.

If you wish to have a more complex set of stopband requirements, run the PLACER part of the
SFILSYN segment and use a name other than “test”, say “file”, for the transfer file. Then use this
script file just to perform the implementation by entering “crystal file” (“rexx crystal file” using
the REXX language) at the DOS prompt. The filter must be of conventional type, must have 5
zeros at zero, 1 at infinity and any combination of four finite transmission zeros in the two
stopbands.

FLATBES.BAT -- Constant delay & flat loss

This script file generates a Bessel or equal-ripple delay lowpass filter with a passband of
prescribed flatness. The flatness is defined by an integer, that must be a multiple of 4 and less
than the filter degree. Filter degrees between 2 and 30 are permitted.

In passive LC implementation, this filter will need bridged-T or twin-T sections.
INTER2.BAT -- Interdigital filter

This script file runs the S/FILSYN and PASSIVE modules to design an interdigital filter with
series open stubs at the ends. Currently the script file takes the design only as far as the
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transmission line equivalent circuit of a cascade of unit elements separated by short-circuited
shunt stubs, with all the shunt stubs of equal impedance. The filter is matched to 50 ohms at the
ends of the outside stubs.

In order to have a practical filter (for all but the widest bandwidths), it will be necessary to raise
the internal impedance of the filter until the stubs become physically realizable, and then either
to add redundant unit elements at the ends as transformers, or to establish tap points on the end
stubs for the 50 ohm terminating lines.

MFDDLP.BAT -- Maximally-flat delay digital (or microwave) lowpass.

This script file computes the polynomial denominator of a digital (or microwave) lowpass filter,
that has a maximally-flat delay. It then enters the computed coefficients into the FIR segment of
the S/FILSYN program to factor this polynomial. It will read the resulting factors and feed them
into S/FILSYN again to obtain the necessary transfer function and for further processing.

The delay is to be entered as an integer multiple of the sampling time (inverse of the
quarter-wave frequency for microwave filters). Please note that for digital filters the actual delay
will not be this value T but N/2 + T, where N is the degree. Filter degree may be up to 30.
Stopband may be either monotonic, or equal minima. If monotonic, passband flatness may be
prescribed. One can change the function numerator to obtain a filter with T delay by using the
AUXI1.BAT script file, but the resulting loss behavior will be different.

For the theory of maximally-flat delay digital lowpass filters, please refer to J. P. Thiran: IEEE
Trans. on Circuit Theory, Vol. CT-18, Nov. 1971 pp. 659-664. The theory of prescribed flatness
is from unpublished work of the author.
Note that since we have switched to the REXX processor from the EBL language, these are now
all *.rex files, but the EBL versions are also available.

5. New structures and commands in PASSIVE
5.1 Introduction
A major new feature has been added to the PASSIVE segment of the program. The objective of
this feature is to obtain structures called “coupled triplets” in the available configurations. A

“coupled triplet” is a structure, where there are three parallel resonant circuits in shunt, coupled
by single inductors or capacitors, with a third coupling element bridging the whole circuit:
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)
——
)

where the coupling elements may be any combination of single L’s or C’s.

In order to obtain such a structure, we have introduced two new commands, CT and SPEC. The
first, CT, will do the following. Take any one of the four subcircuits, shown below:

AYl
J

I I

Y'Y\
Y|
J1
Y'Y\
Y|
J1

Figure A

or the same ones with all L’s replaced by C’s and vice versa. All these circuits should (but do not
necessarily need to) have additional shunt parallel resonators on both sides.

Select the command CT and specify (any of) the shunt branch(es) and the structure will be
converted to a coupled triplet resonator, assuming that there are parallel resonators in shunt on
both sides of the starting structures. If one or both of those are missing, the circuit remains
realizable, but will not qualify for the “coupled triplet” name.

What we get then is one of the following three sections:
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|
——

AY 7N\
PA

(or ones where all L’s are again replaced by C’s and vice versa).

These equivalences are exact, work for lumped or distributed parameter circuits and are unique,
save for one additional parameter that may vary between two very specific values. In order to
make this parameter available, we have the SPEC command, that first displays the limits for this
parameter and then allows you to select a value between those limits and then modifies the
circuit accordingly. The values affected by this parameter are the inside element values of this
bridged section as well as one additional shunt element on each side. The limiting values may be
specified by entering MIN or MAX to the prompt asking for the value, in which case one element
will usually disappear from the circuit. The command may be repeated any number of times and
its effect can be simply observed.

Note that the CT command cannot be reversed, but can be undone of course, if the circuit has not
been further modified yet. Otherwise use either the STO<re> command or the SAVE command
to save the circuit before using the CT command.

Finally, all other relevant commands work with these new structures, including the frequency
domain analysis, except the DUAL command. The reason for this is that the dual circuit would be
of no practical use.

One final, important, note is in order. Due to the large increase in the number of structures, we
had to change our internal file structure. Consequently files saved by earlier versions of
PASSIVE cannot be read back into this version and vice versa. If this causes undue hardship, we
can develop a conversion program for this purpose.

5.2 Properties
Before we demonstrate the use and properties of these new structures, we need to point out, that
when we convert one of the structures in the bottom half of Figure A above (or their equivalents

with L’s replaced by C’s and vice versa), the conversion also performs an impedance transfor-
mation, that lowers the impedance to the right of the circuit on the left and increases it to the
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right of the circuit on the right. No impedance transformation occurs for the circuits in the top
half of Figure A.

For instance, let us consider one of these circuits, say:

C
ng = C )

Figure B

When we use the CT command, one of the first internal steps is to perform an impedance
transformation, using elements L, and L, , usually, but not always, in a complete inversion. If
we know this beforehand, we can precompensate for it by performing an opposite
transformation of the proper magnitude by using branches La-C, and L»-Co. In fact, if we for
instance, have an output termination of R, and wish to have a value of R, we can do as
follows.The required value of the termination means an overall transformation ratio of:

_ |Ro
n R,
From this, we calculate the first transformation ratio to be implemented using the L,-Cx and

L,-C, pair, of value:

_ LiLy+L4(L1+L7)
N1 =" (L +L)

I.e, we must request an output termination of R»/(n)* . After performing the CT conversion, we
might get the right value.

5.3 Example

Let us see a specific example. Consider a parametric bandpass filter of the P1117 type obtained
with the help of the QEBPFPLA batch file (see Appendix H.6 in the manual), with a passband
from 1 MHz to 1.1 MHz and 0.05 dB passband ripple and stopbands below 0.85 MHz and
above 1.2 MHz.

Quasi-Elliptic Lumped-Element Band Pass -- P1117
1 R 50.000000 ohm
2 L 6.927497 uH
3 C 18.191857 nF
5 L 1.504091 uH
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7 L
9 C
1
10 L C
L1
11 C
13 L
14 L
15 L
17 C
1
18 L C
L1
19 C
21 L
22 L
23 R

15.

15.

18.

17.

40.

881871

.504091

894406

.801255
.934177

.668626

.504091

892063

.504091

849991

.900692
.970187

.110038

.504091

.580264

276194

uH

uH

nk

uH

nk

nk

uH

uH

uH

nk

uH

nk

nk

uH

uH

ohm

.11

RES.FREQUENCY
821.203375 kHz

RES.FREQUENCY
1.209415 MHz

Using the first equation above, if we wish to have a 50 ohms termination, we need a
transformation ratio of 1.1142; while the second equation yields a value of n, = 5.4355 and
therefore we need to request a new termination of 1.69235 ohms:

COMMAND :
> tr 9 10

ENTER REQUIRED OUTPUT TERMINATION

> 1.69234958

LARGEST TRANSFORMATION RATIO:

TRANSFORMATION RATIO USED:

2.4284953D-02
4.2018607D-02

After cleaning up the results (some elements need to be combined), we get:

1 R
2 L
3 e
5 L
6 L
7 L
9 C
1
10 L C
T
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50.

6.

18.

1.

15.

000000

927497

191857

504091

881871

.763334

.514437

.624058
.314146

ohm

uH

nk

uH

uH

uH

nk

uH
nk

RES.FREQUENCY
821.203375 kHz
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11 C 428.413592 nF

15 L 57.800599 nH

18 L 793.818187 nH

19 L 63.199800 nH

21 C 424.811592 nF
1

22 L C 121.883044 nH RES.FREQUENCY
- 142.084358 nF 1.209415 MHz

23 C 431.000428 nF

25 L 63.199800 nH

26 L 234.474916 nH

27 R 1.692350 ohm

Next we perform the CT conversion step:

COMMAND:
> ct 9
5 L 1.398983 uH
1
L 116.270169 uH
8 L [ 155.362805 uH TRANSM. ZERO
L 226.625709 uH 821.203375 kHz
C | 241.764070 pF
c | 109.540962 pF
|
13 C 9.410133 nF
17 L 2.631478 uH
20 L 36.140030 uH
21 L 2.877287 uH
23 C 9.331015 nF
i
24 L C 5.548949 uH RES.FREQUENCY
e 3.120892 nF 1.209415 MHz
25 C 9.466953 nF
27 L 2.877287 uH
28 L 10.674901 uH
29 R 77.047321 ohm

Interestingly, we did not get the 50 ohms termination, because in this case the CT conversion
did not use the maximum possible transformation available from the L,-L, branches. Let us just
see however, what the SPEC command does:

COMMAND:
> spec 8
ENTER THE REQUIRED TRANSFORMATION. IT MUST BE BETWEEN:
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NMIN
"MIN"

> 40
5

13

17

20

21

23

24

25

27

28

29

= 5.719586D-01 AND NMAX
ARE ACCEPTABLE RESPONSES

AND "MAX"
L
—
L
L |
L
C |
c |
i
-
L
L
L
'
—
L C
L1
-
L
L
R

2.635883 uH

42.
226.
557.

10.

77.

.906754
166511
625709
706412
.381638
.138036
.631478
.140030
.877287
.331015
.548949
.120892
.466953
.877287
674901

047321

uH

nH

uH

nk

nk

nk

uH

uH

uH

nk

uH

nk

nk

uH

uH

8.411051D+01

TRANSM. ZERO
821.203375 kHz

RES.FREQUENCY
1.209415 MHz

ohm

We can easily undo this, as all commands that change the circuit:

COMMAND:
> undo
Quasi-Elliptic Lumped-Element Band Pass -- P1117
1 R 50.000000 ohm
2 L 6.927497 uH
3 C 18.191857 nF
5 L 1.398983 uH
1
L | 116.270169 uH
8 L [ 155.362805 uH TRANSM. ZERO
L 226.625709 uH 821.203375 kHz
C | 241.764070 pF
c | 109.540962 pF
|
13 C 9.410133 nF
17 L 2.631478 uH
20 L 36.140030 uH
21 L 2.877287 uH
23 C 9.331015 nF
[
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24 L C 5.548949 uH RES.FREQUENCY
- 3.120892 nF 1.209415 MHz

25 C 9.466953 nF

27 L 2.877287 uH

28 L 10.674901 uH

29 R 77.047321 ohm

Let us now repeat the procedure, using branches 20 through 24 this time. If we would still like
to have 50 ohms as the output termination, we need n = 0.805575 and the second equation
above yields n; = 2.74282; consequently we must first specify a new termination of 10.24148
ohms in a TR command:

COMMAND :

> tr 23 24

ENTER REQUIRED OUTPUT TERMINATION

> 10.24147995

LARGEST TRANSFORMATION RATIO: 1.1660014D-01
TRANSFORMATION RATIO USED: 1.3292454D-01

After cleaning up again, we find the circuit:

1 R 50.000000 ohm
2 L 6.927497 uH
3 C 18.191857 nF
5 L 1.398983 uH
|
L | 116.270169 uH
8 L [ 155.362805 uH TRANSM. ZERO
L 226.625709 uH 821.203375 kHz
C | 241.764070 pF
c | 109.540962 pF
|
13 C 9.410133 nF
17 L 2.631478 uH
20 L 36.140030 uH
21 L 29.878902 uH
23 C 3.891859 nF
[
24 L C 2.023081 uH RES . FREQUENCY
L 8.560048 nF 1.209415 MHz
25 C 86.139136 nF
29 L 287.678148 nH
32 L 1.418956 uH
33 R 10.241480 ohm
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Applying the CT command now, we obtain the following results:

COMMAND:
> ct 23
17 L 2.530610 uH
1
L | 255.488363 uH
22 L | ***x OPEN *** TRANSM. ZERO
L 116.158780 uH 1.209415 MHz
C | 249.155603 pF
L | 138.891821 uH
|
23 C 18.191839 nF
31 L 1.404477 uH
34 L 6.927503 uH
35 R 50.000050 ohm

This time the process yielded the right results and the complete circuit is shown below:

Quasi-Elliptic Lumped-Element Band Pass -- P1117
1 R 50.000000 ohm
2 L 6.927497 uH
3 C 18.191857 nF
5 L 1.398983 uH
1
L | 116.270169 uH
8 L [ 155.362805 uH TRANSM. ZERO
L 226.625709 uH 821.203375 kHz
C | 241.764070 pF
c | 109.540962 pF
|
13 C 9.410133 nF
17 L 2.530610 uH
1
L | 255.488363 uH
22 L | *%k*k OPEN *** TRANSM. ZERO
L 116.158780 uH 1.209415 MHz
C | 249.155603 pF
L | 138.891821 uH
|
23 C 18.191839 nF
31 L 1.404477 uH
34 L 6.927503 uH
35 R 50.000050 ohm
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Naturally, other sequences of steps could yield an infinite number of alternate set of values and
only by experimenting with these operations will we acquire the experience to yield element
values within a desired range.

Just to confirm though, that the circuit obtained is correct, we performed a brief frequency
domain analysis that yielded:

Quasi-Elliptic Lumped-Element Band Pass -- P1117

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

FREQUENCY TRANSD. LOSS PHASE DELAY OUTPUT IMPEDANCE RETL

IN HZ IN DB IN DEG IN SEC REAL IMAGINARY IN DB
8.50000D+05 72.6564 194.436 6.1821D-07 1.80651D-06 6.45020D+01 .0000
8.75000D+05 62.1470 200.590 7.6017D-07 2.35205D-05 7.21952D+01 .0000
9.00000D+05 52.7915 208.398 9.9675D-07 2.50680D-04 8.38719D+01 .0000
9.25000D+05 42.9632 219.131 1.4399D-06 3.42550D-03 1.05137D+02 .0002
9.50000D+05 31.4147 235.964 2.4672D-06 1.05401D-01 1.63361D+02 .0031
9.75000D+05 15.9105 271.217 6.4993D-06 2.09488D+03 -3.42623D+03 .1128
1.00000D+06 .0500 45.745 1.8048D-05 4.24378D+01 -6.41046D+00 19.4131
1.02500D+06 .0079 163.146 1.1046D-05 4.86161D+01 3.98170D+00 27.3894
1.05000D+06 .0014 257.098 1.0362D-05 5.17933D+01 4.18523D-01 34.8515
1.07500D+06 .0210 353.263 1.1507D-05 4.87285D+01 6.75945D+00 23.1599
1.10000D+06 .0500 120.815 2.0688D-05 5.97188D+01 -6.62183D+00 19.4131
1.12500D+06 19.4978 264.891 6.1913D-06 1.41397D-01 -2.23069D+00 .0490
1.15000D+06 37.7128 298.746 2.3863D-06 2.25574D-03 1.28128D+01 .0007
1.17500D+06 53.0752 315.008 1.3854D-06 7.21413D-05 2.07148D+01 .0000
1.20000D+06 72.6195 325.266 9.4404D-07 8.71271D-07 2.61762D+01 .0000

For reference, if the circuit we are dealing with is the one shown below, the equation for n; we
derived for the circuit in Figure B changes to:

C1
Al
I

A
I

3

— GitCatCy
ni — nCi+Cy

where 7 is as before. Finally, if the circuits are turned end-for-end, the equations remain
unchanged, but the transformations are performed in the opposite directions.
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