4.1

SECTION 4
PLACER SEGMENT

4.1 DATA ENTRY

The PLACER segment of the S/FILSYN program is a preprocessor that is used to determine the
number and locations of transmission zeros needed to meet the specified stopband requirements.

Data entry to the PLACER segment, like that to the SMAIN segment, uses the now-familiar con-
versational mode. The program prompts the user for data, and the user types the appropriate
answer, followed by a carriage return. Whenever possible, the question also indicates acceptable
responses.

As with the SMAIN segment, when PLACER is called, questions concerning titles, filter kind
and type, passband specifications, and others are asked of the user. A microwave filter must be
indi- cated as such. A digital filter may either be indicated immediately, or we may choose the
lumped option and wait until the actual synthesis phase to select the digital option. In the first
case we actually select the bilinear Z-transform with automatic prewarp. In the second case the
Z-trans- form would be selected at a later time. If the bilinear transform is selected then, no pre
warping would be performed (see Section 9 for details). In all other cases the lumped option must
be used. Digital filters require the sampling frequency, while in the case of microwave filters we
must specify the quarter-wave frequency (the frequency where the [commensurate] transmission
line segments are all one quarter wavelength long). These questions are skipped for lumped
designs.

Since PLACER cannot handle linear-phase lowpass filters, this type is not offered as a choice.
Due to the nature of the PLACER segment, functional input is not possible; only equal ripple or
maximally-flat passband types are available. The band-edge loss is either the loss at the edge of
the passband (maximally flat case) or the value of the loss ripple (equal ripple case). Instead of
the loss, it is also possible to specify the return loss (by simply entering a number greater than
10), or the percentage reflection coefficient (by entering the value as a negative number).

Once the passband has been specified, the questions which follow will concern the stopband(s);
this is where the PLACER data input differs most from data input for the SMAIN segment. The
stopband requirements are assumed to be piece-wise constant, as shown in Fig. 4.1. The program
will ask for the encircled breakpoints in the form of frequency-loss pairs, in correct order, where
the loss is the value below the breakpoint frequency in the lower stopband, and is the value above
the breakpoint frequency in the upper stopband, as indicated in the figure. The total number of
breakpoints may not exceed 15, but there must be at least one in each stopband.

Next we may enter up to 10 fixed transmission zeros, which may be used for such purposes as
the suppression of pilot tones. All these fixed zeros must be inside the stop bands with non zero
loss requirements. If they are not, an additional breakpoint (or two) may have to be specified with
a very low loss (Fig. 4.1).
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Fig. 4.1 General Form of Stopband Requirements

Parametric filters (see Appendix C) need an additional parameter FREAL (hence the name),
which can have any positive real value and has a minor effect on the filter performance. The use
of the

default (obtained by entering 0.) is highly recommended for all but the most exacting designs.
The multiplicity(ies) of the transmission zero(s) at zero and/or infinite frequency(ies) follow
next. (For microwave filters the latter is the quarter-wave frequency. For digital filters, it is the
Nyquist fre- quency, which is half of the sampling frequency.) These must be non zero if passive
LC or micro- wave ladder realization is contemplated. There are also some parity requirements,
as explained in Appendix C. In any case, the program will indicate if these requirements are not
fulfilled and will give us a chance to correct the situation. In the case of active or digital filters,
selecting zero(s) for these multiplicities will probably produce the most efficient design.

For microwave filters we must also specify the number of unit elements to be used. These unit
elements will contribute to the filter stopband loss. At a later point in the program we will be able
to insert additional unit elements if we so desire, which, however, will only contribute to the
phase, not to the loss.

Finally, we are given a chance to enter guesses for the number of movable transmission zeros
that will be needed to meet the stopband requirements. If we do so, we may also enter their
approx- imate locations and multiplicities. If we decline to guess by entering zero values, the
program will estimate their number(s) and select the starting locations, assuming single poles.

Although at this stage all the data needed by PLACER will have been entered, a few additional
questions are presented. These questions concern information and/or data to be transmitted to the
SMAIN segment once PLACER has completed its work. This procedure eliminates the need for
starting another data entry sequence.

PLACER Segment S/FILSYN Manual



4.3

The last question concerns predistortion and may be significant to PLACER, because dissipative
effects in the stopband(s) can also be accounted for in this segment, if desired.

4.2 OPERATION OF THE PLACER SEGMENT

The operation of this segment is based on an iterative method (see reference 4) that is usually
rapid and uneventful. It evaluates the loss of the transfer function, subtracts from it the required
loss value and locates all the local minima of this difference. Next it changes the locations of the
movable (non fixed) transmission zeros to equalize the excess loss at its minima.

At each iteration the program prints the current location of all transmission zeros and tabulates
the frequencies of the local minima, the actual loss at these frequencies, and the excess loss. The
requirements are satisfied if all excess loss values are positive, and the optimal solution is found
when they are all equal. In the bandpass case, all but one of the excess loss values can become
equal. The iteration stops:

1) if the excess loss values are within 0.5 dB of each other
2) if the changes in the locations of the zeros are too small
3) after 10 iterations, whichever comes first.

After stopping, the program gives us several options:
* [fthe results are satisfactory, we may proceed to the SMAIN segment.

* Ifthe process has not yet converged, or if we desire a more closely optimal result, we may
restart the optimization from the current results.

* Since the number of zeros is only an estimate (either by the user or the program), it is
possible that the requirements are either unmet (excess loss values are negative), or that
they are met excessively (excess loss values are too high). In either case, we may select
the MODIFY option where a few of the stopband parameters, most significantly the
number of movable zeros, may be changed.

* Ifmore drastic changes are necessary, or if we desire to modify some of the requirements,
we can stop the run altogether and restart the PLACER segment from the top. In this
mode if previously entered data is to be retained, one may simply enter a slash (/) at the
prompt. Although some questions may not accept this procedure, no harm is done and the
prompt will be repeated. This works only if the restart option is used at the time of the
original design. If we restart a design that was previously saved in a file and read back in,
the slash (/) cannot be used, because the data is saved as if it were entered in SMAIN (in
the SPECIFIED mode), rather than through PLACER.

If the PLACER segment is used to estimate the required number of movable transmission zeros,
this estimate may be off by about one either way. Several script files use PLACER, but they
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suppress the program output, hence it may not be obvious, that some of the stopband require-
ments are not met. To alleviate this problem, the latest version of the program detects this
condition, and if indeed the PLACER estimate is used and the requirements are not met, the
program automatically increases the number of transmission zeros by one and restarts the
optimization.

4.3 PLACER EXAMPLES
Example 4.3.1 Lowpass Filter

As the first example, let’s revisit the elliptic lowpass that was presented in example 2.1.1, and
design it by using the PLACER segment. The data input sequence is:

c:>sfilsyn
* % K K % S/FILSYN * kK kX
RELEASE 3.2 VERSION 1 4/1/94

** ROOT SEGMENT **

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

READ DATA FROM FILE: Y/N

> n

SMAIN: S, PLACER: P OR END: E

>

ENTER TITLE. IF NO MORE DESIGN, ENTER: END

> lowpass design

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

> 0

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

> 1

ENTER UPPER PASSBAND EDGE IN HZ

> 1000

PASSBAND - MAX.FLAT: 0, OR EQUAL RIPPLE: 1

> 1

ENTER BAND EDGE LOSS IN DB

> .1

ENTER NO. OF BREAKPOINTS IN UPPER STOPBAND (AT LEAST 1)
> 1

ENTER 1 BREAKPOINTS IN HZ AND THE LOSS ABOVE THEM IN DB IN PAIRS
> 1150 45

ENTER NO. OF FIXED ZEROS (NOT MORE THAN 10)

> 0

ENTER MULTIPLICITY OF ZERO AT INFINITY

> 1

IF YOU WISH TO SPECIFY THEM, ENTER NO.'S OF MOVABLE ZEROS IN LOWER
AND/OR UPPER STOPBAND (S). OTHERWISE ENTER ZERO (S)

> 0

ENTER INPUT TERMINATION IN OHMS

> 600

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 600

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

The responses shown are self-explanatory, except for the fact that the multiplicity of the
transmission zero at zero and at infinity, and the number of unit elements, when applicable, must
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be specified by the user. This is because these parameters directly affect the realizability of the
filter in various forms.
Next we are presented with a brief summary of the data as follows:

lowpass design
***% S/FILSYN ***

LOWPASS FILTER

EQUAL RIPPLE PASS BAND
PASSBAND EDGE FREQUENCY

BANDEDGE LOSS

MULTIPLICITY OF ZERO AT INFINITY
NUMBER OF MOVABLE TRANSMISSION ZEROS
OVERALL FILTER DEGREE

PLACER PROGRAM

1.00000 kHz
.10000 DB.

[y

The program estimated the need for four movable transmission zeros which, as we know from
our previous example, is one more than necessary. The initial evaluation shows all excess loss
values to be positive and fairly large, i.e. the requirements have all been exceeded and we have

an overdesign.

FMIN (HZ)

.6897E+03
.6234E+03
.3241E+03
.1924E+03
.1500E+03

e w

AMIN

58.
73.
75.
69.
63.

(DB)

3890
3186
7292
3073
6849

DMIN

13.
28.
30.
24.
18.

(DB)

3890
3186
7292
3073
6849

These results are followed by an iteration summary, containing the list of the current
transmission zero locations, the list of frequencies of excess loss minima, and the loss and excess
loss values at these minima. The first iteration shows that the excess loss values (DMIN) are now
much closer to each other and convergence is obtained in the second iteration:

ITERATION NO.

1

TRANSMISSION ZEROS MULTIPLICITY
2.4806200E+03 1
1.4978330E+03 1
1.2457860E+03 1
1.1590230E+03 1

FMIN (HZ) AMIN (DB) DMIN

4.7550E+03 66.3714 21.3714

1.8126E+03 67.4844 22.4844

1.3373E+03 68.2003 23.2003

1.1877E+03 66.3641 21.3641

1.1500E+03 65.8473 20.8473
ITERATION NO. 2

TRANSMISSION ZEROS MULTIPLICITY
2.5370070E+03 1
1.5021710E+03 1
1.2395810E+03 1
1.1584040E+03 1

FMIN (HZ) AMIN (DB) DMIN
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4.8395E+03 66.8453 21.8453
1.8237E+03 67.0095 22.0095
1.3340E+03 67.1463 22.1463
1.1859E+03 66.8363 21.8363
1.1500E+03 66.7710 21.7710
OPTIMIZE: 1, PROCEED WITH DESIGN: 2, MODIFY: 3 OR RESTART: 4
> 3
ENTER MULTIPLICITY OF ZERO AT INFINITY
> 1

ENTER NO.'S OF MOVABLE ZEROS IN LOWER AND/OR UPPER STOPBANDS
> 3 ! We know that this will work.

ENTER 3 MULTIPLICITIES, ALL ON ONE LINE (DEFAULT: ALL 1'S)
>

Because this is an overdesign (the DMIN values are quite high), we select the MODIFY option
and specify one fewer movable transmission zero. (Note that transmission zeros of arbitrary
multiplicities may be used, if their number is specified. Here we selected all simple ones.) The
header (not shown) is repeated and convergence is achieved in three iterations. At this point we
terminate the run since the results now agree very closely with those obtained before:

ITERATION NO. 1

TRANSMISSION ZEROS MULTIPLICITY

1.6345000E+03 1
1.2986050E+03 1
1.1637390E+03 1
FMIN (HZ) AMIN (DB) DMIN (DB)
3.1561E+03 38.9379 -6.0621
1.4325E403 51.8768 6.8768
1.2066E+03 49.0975 4.0975
1.1500E+03 48.0750 3.0750

ITERATION NO. 3

TRANSMISSION ZEROS MULTIPLICITY

2.0535220E+03 1
1.3170530E+03 1
1.1639880E+03 1
FMIN (HZ) AMIN (DB) DMIN (DB)
3.8058E+03 45.6805 .6805
1.5362E+03 45.8871 .8871
1.2124E+03 45.7385 .7385
1.1500E+03 45.7002 .7002

OPTIMIZE: 1, PROCEED WITH DESIGN: 2, MODIFY: 3 OR RESTART: 4

To illustrate the single-executable version of the program, the same problem was run on a VAX
system as follows:

vax2 $ run sfilsyn
* % K Kk S/FILSYN * Kk k x
RELEASE 3.2 VERSION 1 4/1/94

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

PLACER Segment S/FILSYN Manual



4.7

READ DATA FROM FILE: Y/N

> n

SMAIN: S, PLACER: P, LADDER: L, DIGITAL: D, ACTIVE: A OR END: E
> p

ENTER TITLE. IF NO MORE DESIGN, ENTER: END

> lowpass design

From here on, the two versions are identical. The additional options LADDER, DIGITAL and
ACTIVE indicate the entry points into the analysis parts of the PASSIVE, DIGITAL and
ACTIVE segments of the program, respectively. In the multi-executable version, these are
reachable by calling the respective modules and selecting the A (analysis) option.

Example 4.3.2 Digital Highpass Filter

Since we are still in the PLACER segment, we may proceed to our next example. This is a high-
pass filter with a maximally flat passband above 2000 Hz and with a loss of 0.5 dB at that fre-
quency, a 25 dB minimum loss from zero to 1000 Hz and a 50 dB loss from 1000 Hz to 1800 Hz.
A digital realization was specified, hence we are asked for the sampling rate but not the termina-
tions:

ENTER TITLE. IF NO MORE DESIGN, ENTER: END
> highpass design
FILTER KIND - LUMPED: 0, BILINEAR DIGITAL: 1 OR MICROWAVE: 2

> 1

ENTER SAMPLING FREQUENCY IN HZ

> led

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

ENTER LOWER PASSBAND EDGE IN HZ

> 2000

PASSBAND - MAX.FLAT: 0, OR EQUAL RIPPLE: 1

> 0

ENTER BAND EDGE LOSS IN DB

> .5

ENTER NO. OF BREAKPOINTS IN LOWER STOPBAND (AT LEAST 1)
> 2

ENTER 2 BREAKPOINTS IN HZ AND THE LOSS BELOW THEM IN DB IN PAIRS
> 1000 25 1800 50
ENTER NO. OF FIXED ZEROS (NOT MORE THAN 10)

> 0
ENTER MULTIPLICITY OF ZERO AT ZERO
> 0

IF YOU WISH TO SPECIFY THEM, ENTER NO.'S OF MOVABLE ZEROS IN LOWER
AND/OR UPPER STOPBAND(S). OTHERWISE ENTER ZERO (S)
> 0

The summary below indicates that the program estimate is for seven movable zeros and the
initial evaluation shows some positive as well as some negative excess loss values.

highpass design
*x*% S/FILSYN *** PLACER PROGRAM

HIGHPASS FILTER
MAXIMALLY FLAT PASS BAND
PASSBAND EDGE FREQUENCY = 2.00000 kHz
SAMPLING FREQUENCY 10.00000 kHz
BANDEDGE LOSS = .50000 DB.

S/FILSYN Manual PLACER Segment



4.8

MULTIPLICITY OF ZERO AT ZERO

NUMBER OF MOVABLE TRANSMISSION ZEROS
OVERALL FILTER DEGREE

Convergence was again uneventful, although slower, and stopped after seven iterations with the
following results:

2.3127E-02 28.8797 3.8797
6.0588E+02 28.7955 3.7955
1.0921E+03 53.7827 3.7827
1.3138E+03 53.7806 3.7806
1.5197E+03 53.7797 3.7797
1.6743E+03 53.7792 3.7792
1.7683E+03 53.7789 3.7789
1.8000E+03 53.7793 3.7793 ITERATI
TRANSMISSION ZEROS  MULTIPLICITY
2.9223570E+02 1
1.0067040E+03 1
1.1997870E+03 1
1.4214390E+03 1
1.6041410E+03 1
1.7292320E+03 1
1.7921340E+03 1
FMIN (HZ) AMIN (DB) DMIN (DB)
OPTIMIZE: 1, PROCEED WITH DESIGN: 2, MODIFY:

> 2

ON NO.

7

3 OR RESTART: 4

The computer estimate of 7 zeros was accurate. When we proceed by entering 2 in response to
the last prompt, the program yields the more detailed summary which we have seen in Section 3.

*** S/FI

highpass
HIGH-

MAXIMALLY FLAT PASS BAND

LSYN ***

design
PASS FILTER

BANDEDGE LOSS
LOWER PASSBAND EDGE FREQUENCY

SAMPLING FREQUENCY

SPECIFIED STOP BAND
MULTIPLICITY OF ZERO AT ZERO
NUMBER OF FINITE TRANSMISSION ZERO PAIRS =

OVERALL FILTER DEGREE
TRANSMISSION ZEROS

REAL PART

[cNolololoNelNe]

.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00

FILTER PROGRAM

IMAGINARY PART

e NS S

.9223571D+02
.0067035D+03
.1997868D+03
.4214392D+03
.6041415D+03
.7292324D+03
.7921341D+03

.500000 DB.
2.000000 kHz
10.000000 kHz

0
5
14

Again, with minimal further prompting, we enter the digital segment for the synthesis of the

filter.

COMMAND :

PLACER Segment

S/FILSYN Manual



> syn
ENTER FILE NAME
> test
FOR SYNTHESIS, TYPE "END" TO EXIT TO DOS
THEN CALL PROGRAM "DIGITAL"
COMMAND :
> end
*** S/FILSYN *** SIGNING OFF ***

c:>digital
* Kk Kk Kk Kk S/FILSYN * %k k% Kk %
RELEASE 3.2 VERSION 1 4/1/94
** DIGITAL SEGMENT **

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

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

ENTER FILE NAME

> test

*x*% S/FILSYN *** FILTER PROGRAM
highpass design
HIGH-PASS FILTER
DIGITAL FILTER

SAMPLING FREQUENCY = 10.000000
MAXIMALLY-FLAT PASS BAND
BANDEDGE LOSS = .500000
LOWER PASSBAND EDGE FREQUENCY = 2.000000
SPECIFIED STOPBAND TYPE
MULTIPLICITY OF ZERO AT ZERO = 0
NUMBER OF FINITE TRANSMISSION ZEROS = 7
OVERALL FILTER DEGREE = 14

TRANSMISSION ZEROS

REAL PART IMAGINARY PART
0.0000000D+00 2.9223571D+02
0.0000000D+00 1.0067035D+03
0.0000000D+00 1.1997868D+03
0.0000000D+00 1.4214392D+03
0.0000000D+00 1.6041415D+03
0.0000000D+00 1.7292324D+03
0.0000000D+00 1.7921341D+03

**IIR** DIGITAL FILTER TRANSFER FUNCTION
72 TRANSFORM USED BILINEAR WITH PREWARP

FILTER TYPE HIGHPASS

H(Z) IN FACTORED FORM. COEFFICIENTS OF Z** (-1) AND Z** (-2)

*% k% NUMERATOR **** MULTIPLIER = 1.3583976D-01
-1.9663794D+00 1.0000000D+00
-1.6130682D+00 1.0000000D+00
-1.4581207D+00 1.0000000D+00
-1.2539743D+00 1.0000000D+00
-1.0672558D+00 1.0000000D+00
-9.3115591D-01 1.0000000D+00
-8.6049203D-01 1.0000000D+00

***x DENOMINATOR ****

-1.2313193D+00 3.9262402D-01
-1.1109990D+00 4.1407748D-01
-9.5645810D-01 4.6086148D-01
-8.2567817D-01 5.4000977D-01
-7.2596412D-01 6.4494473D-01
-6.6544555D-01 7.7075359D-01
S/FILSYN Manual
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-6.5668954D-01 9.1745602D-01

At this stage our only concern is whether this filter meets the stated specifications. Hence we ask
for a frequency domain analysis from 0 to 2500 Hz, in 100 Hz steps. The results, shown below,

indicate perfect agreement with what the PLACER segment promised:
COMMAND :
> freg
ENTER FREQ:
> 0.,2500.,100.
ENTER FREQ:

>

CASCADE: 1, PARALLEL: 2, DIRECT: 3, LATTICE: 4 OR ALLPASS: 5

> 1

TABULATE: Y/N

>y

highpass design

**xxkx k% COMPUTED PERFORMANCE ****%*x CASCADE

FREQUENCY LOSS PHASE DELAY
IN HZ IN DB IN DEGREES IN SECONDS
0.00000D+00 28.8797 360.0000 8.0707D-04
1.00000D+02 30.2005 29.0756 8.0882D-04
2.00000D+02 35.3364 58.2736 8.1379D-04
3.00000D+02 56.4837 267.7010 8.2149D-04
4.00000D+02 34.1322 297.4519 8.3181D-04
5.00000D+02 29.8078 327.6297 8.4534D-04
6.00000D+02 28.7832 358.3661 8.6298D-04
7.00000D+02 30.0158 29.8209 8.8532D-04
8.00000D+02 33.6713 62.1682 9.1260D-04
9.00000D+02 41.1966 95.5918 9.4523D-04
1.00000D+03 69.0913 130.3025 9.8435D-04
1.10000D+03 53.8589 346.5639 1.0317D-03
1.20000D+03 104.3517 204.7108 1.0895D-03
1.30000D+03 53.9282 245.1710 1.1609D-03
1.40000D+03 63.7891 288.5152 1.2508D-03
1.50000D+03 54.2523 155.5464 1.3675D-03
1.60000D+03 75.3699 207.4753 1.5264D-03
1.70000D+03 55.9643 86.3345 1.7609D-03
1.80000D+03 53.7792 156.2594 2.1712D-03
1.90000D+03 11.4490 251.2276 3.3550D-03
2.00000D+03 .5000 18.3670 2.7272D-03
2.10000D+03 .0143 87.1474 1.3735D-03
2.20000D+03 .0007 127.1890 9.1347D-04
2.30000D+03 .0000 155.5294 6.8268D-04
2.40000D+03 .0000 177.4073 5.4298D-04
2.50000D+03 .0000 195.1705 4.4953D-04

Example 4.3.3 Parametric Bandpass Filter

This example is a lumped, parametric bandpass with an extreme termination at one end. This
combination requires that the multiplicities of zeros at zero and infinite frequencies add up to an
odd number. Note also that PLACER must be used for parametric filters even if the stopband
requirements are uniform, as specified here at 60 dB.
C:>sfilsyn
* % K K % S/FILSYN * kK kX
RELEASE 3.2 VERSION 1 4/1/94
** ROOT SEGMENT **

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

READ DATA FROM FILE: Y/N

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

ENTER TITLE. IF NO MORE DESIGN, ENTER: END
> Dbandpass design
FILTER KIND - LUMPED: 0, BILINEAR DIGITAL: 1 OR MICROWAVE: 2

> 0

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

> 4

ENTER LOWER PASSBAND EDGE IN HZ

> 800

ENTER UPPER PASSBAND EDGE IN HZ

> 1200

PASSBAND - MAX.FLAT: 0, OR EQUAL RIPPLE: 1

> 1

ENTER BAND EDGE LOSS IN DB

> .25

ENTER NO. OF BREAKPOINTS IN LOWER STOPBAND (AT LEAST 1)
> 1

ENTER 1 BREAKPOINTS IN HZ AND THE LOSS BELOW THEM IN DB IN PAIRS
> 750 60

ENTER NO. OF BREAKPOINTS IN UPPER STOPBAND (AT LEAST 1)
> 1

ENTER 1 BREAKPOINTS IN HZ AND THE LOSS ABOVE THEM IN DB IN PAIRS
> 1360 60

ENTER NO. OF FIXED ZEROS (NOT MORE THAN 10)

> 0

BANDPASS - CONVENTIONAL: 1 OR PARAMETRIC: 2

> 2

ENTER FREAL. FOR DEFAULT, ENTER O.

> 0

ENTER MULTIPLICITY OF ZERO AT ZERO

> 1

ENTER MULTIPLICITY OF ZERO AT INFINITY

> 2

IF YOU WISH TO SPECIFY THEM, ENTER NO.'S OF MOVABLE ZEROS IN LOWER
AND/OR UPPER STOPBAND (S). OTHERWISE ENTER ZERO (S)

> 00

ENTER INPUT TERMINATION IN OHMS

> 1

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

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

> 0

The summary shows that the program estimates the need for five movable zeros. The initial eval-
uation is promising:

bandpass design
**x*% S/FILSYN *** PLACER PROGRAM

BANDPASS FILTER

EQUAL RIPPLE PASS BAND
PASSBAND EDGE FREQUENCY = 800.00000 Hz
PASSBAND EDGE FREQUENCY 1.20000 kHz
BANDEDGE LOSS = .25000 DB.

PARAMETRIC BANDPASS TYPE
MULTIPLICITY OF ZERO AT ZERO =
MULTIPLICITY OF ZERO AT INFINITY =
NUMBER OF MOVABLE TRANSMISSION ZEROS =
OVERALL FILTER DEGREE =1

w N
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The process converged on the second iteration

FMIN (HZ) AMIN (DB) DMIN (DB)
.5000E+02 57.0078 -2.9922
.3144E+02 59.2992 -.7008
.5858E+02 65.4270 5.4270
.7717E+02 59.5088 -.4912
.0682E+03 61.5121 1.5121
.4346E+03 56.9789 -3.0211
.3600E+03 59.3704 -.6296

values will tend to be (approximately) equal:

ITERATION NO. 2

1.

7
7
6
3
1
1
OPTI
> 1

TRANSMISSION ZEROS  MULTIPLICITY
7.4631030E+02 1
7.0806240E+02 1
5.5485900E+02 1
1.5625730E+03 1
1.3746510E+03 1

FMIN (HZ) AMIN (DB) DMIN (DB)

.5000E+02 59.6179 -.3821

.3384E+02 59.6610 -.3390

.5802E+02 59.9304 -.0696

.5269E+02 60.9052 .9052

.9792E+03 59.5702 -.4298

.4285E+03 59.5803 -.4197

3600E+03 59.6383 -.3617

MIZE: 1, PROCEED WITH DESIGN: 2, MODIFY:

3 OR RESTART:

4

. As in all bandpass cases, all but one of the DMIN

Since the DMIN values are not very close in value, we attempt to improve the design by forcing
one more iteration. As seen below, this reduces the deviation among the DMIN values from the
previously obtained 0.36 dB to about 0.05 dB.

ITERATION NO. 1

PR woJ4

1.
OPTIMIZE: 1,

> 4

TRANSMISSION ZEROS MULTIPLICITY
7.4632570E+02 1
7.0826560E+02 1
5.5105100E+02 1
1.5626250E+03 1
1.3747140E+03 1

FMIN (HZ) AMIN (DB) DMIN (DB)

.5000E+02 59.6226 -.3774

.3388E+02 59.6286 -.3714

.5749E+02 59.6689 -.3311

.4992E+02 61.1594 1.1594

.9789E+03 59.6155 -.3845

.4286E+03 59.6170 -.3830

3600E+03 59.6251 -.3749

PROCEED

PLACER Segment

WITH DESIGN:

2, MODIFY:

3 OR RESTART:

4
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While the requirements are not quite met, the shortfall is minor, and it is up to the designer at this
stage to decide whether to accept it or modify some of the design parameters. We decided to con-
clude this design.

S/FILSYN Manual PLACER Segment
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Example 4.3.4 Microwave Lowpass Filter

Our last PLACER example is a microwave lowpass filter containing both unit elements and stubs
which requires the use of this segment of the program.

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

** ROOT SEGMENT **

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

READ DATA FROM FILE: Y/N

> n

SMAIN: S, PLACER: P OR END: E

>

ENTER TITLE. IF NO MORE DESIGN, ENTER: END

> microwave lowpass design

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

> 2

ENTER QUARTER-WAVE FREQUENCY IN HZ

> 1lg

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

ENTER UPPER PASSBAND EDGE IN HZ

> .lg

PASSBAND - MAX.FLAT: 0, OR EQUAL RIPPLE: 1

> 1

ENTER BAND EDGE LOSS IN DB

> .2

ENTER NO. OF BREAKPOINTS IN UPPER STOPBAND (AT LEAST 1)
> 1

ENTER 1 BREAKPOINTS IN HZ AND THE LOSS ABOVE THEM IN DB IN PAIRS
> .12g 60

ENTER NO. OF FIXED ZEROS (NOT MORE THAN 10)

> 0

ENTER MULTIPLICITY OF ZERO AT QUARTER-WAVE FR.

> 1

ENTER NO. OF UNIT ELEMENTS

> 4

IF YOU WISH TO SPECIFY THEM, ENTER NO.'S OF MOVABLE ZEROS IN LOWER
AND/OR UPPER STOPBAND (S). OTHERWISE ENTER ZERO (S)

> 0

ENTER INPUT TERMINATION IN OHMS

> 50

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

With a 1.0 GHz quarter-wave frequency, the passband is up to 0.1 GHz and we need 60 dB from
0.12 GHz and above. Using four unit elements, the program estimated the need for two
additional finite transmission zeros:

microwave lowpass design
*** S/FILSYN *** PLACER PROGRAM
LOWPASS FILTER

EQUAL RIPPLE PASS BAND

PASSBAND EDGE FREQUENCY 100.00000 MHz

QUARTER-WAVE FREQUENCY = 1.00000 GHz
BANDEDGE LOSS = .20000 DB.
MULTIPLICITY OF ZERO AT QUARTER-WAVE FR. = 1

PLACER Segment S/FILSYN Manual
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NUMBER OF UNIT ELEMENTS
NUMBER OF MOVABLE TRANSMISSION ZEROS
OVERALL FILTER DEGREE

([T
N

The process converged after three iterations:
ITERATION NO. 3

TRANSMISSION ZEROS MULTIPLICITY

1.3661260E+08 1
1.2139050E+08 1
FMIN (HZ) AMIN (DB) DMIN (DB)
1.6116E+08 65.3835 5.3835
1.2618E+08 65.3141 5.3141
1.2000E+08 65.3119 5.3119
OPTIMIZE: 1, PROCEED WITH DESIGN: 2, MODIFY: 3 OR RESTART: 4

> 2

While we proceeded with the design of the filter, as shown by our selection of option 2, and with
its synthesis, a discussion of that part of the design is deferred until later. The continued effort is
presented in Section 5. It is sufficient to say here that the analysis of the resulting structure agrees
perfectly with the results shown above.

4.4 MULTIPLE POLES

In the latest version of the program, we can specify multiple poles to be used in the optimization.
Both fixed as well as adjustable poles may have an arbitrary multiplicity; we only need to pay
attention to the requirement that the overall filter degree may not exceed 50.

Multiple fixed poles may be entered when we indicate that fixed poles are needed. The program
will prompt us for the individual pole multiplicities, where the sequence of multiplicities corre-

spond to the sequence of poles to be specified. Since the default is single poles, entering nothing
will indicate to the program that all poles are single.

Movable poles can also be specified as multiple, but only if we specify the number of pole(s) in
the stopband(s). This is understandable, since otherwise we have no information about the
number of poles used. Again, the default is all single poles and the sequence of multiplicities
correspond to pole locations of increasing frequencies. The process is easily illustrated by a
bandpass example.

Select a parametric bandpass with passband from 10 KHz to 20 KHz and two loss poles in the
lower stopband, three in the upper one. We would like to have the two poles near the passband in
each of the stop bands to be double, the others to be single.

The corresponding data entry sequence is as follows:
C:>sfilsyn

* Kk Kk kK S/FILSYN * Kk kK
RELEASE 3.2 VERSION 1 4/1/94
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** ROOT SEGMENT **

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

READ DATA FROM FILE: Y/N

> n

SMAIN: S, PLACER: P OR END: E

> p

ENTER TITLE. IF NO MORE DESIGN, ENTER: END

> Multiple poles

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

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

ENTER LOWER PASSBAND EDGE IN HZ

> 10k

ENTER UPPER PASSBAND EDGE IN HZ

> 20k

PASSBAND - MAX.FLAT: 0, OR EQUAL RIPPLE: 1

> 1

ENTER BAND EDGE LOSS IN DB

> .1

ENTER NO. OF BREAKPOINTS IN LOWER STOPBAND (AT LEAST 1)
> 1

ENTER 1 BREAKPOINTS IN HZ AND THE LOSS BELOW THEM IN DB IN PAIRS
> 9.5k 40

ENTER NO. OF BREAKPOINTS IN UPPER STOPBAND (AT LEAST 1)
> 1

ENTER 1 BREAKPOINTS IN HZ AND THE LOSS ABOVE THEM IN DB IN PAIRS
> 20.5k 50

ENTER NO. OF FIXED ZEROS (NOT MORE THAN 10)

> 0

BANDPASS - CONVENTIONAL: 1 OR PARAMETRIC: 2

> 2

ENTER FREAL. FOR DEFAULT, ENTER O.

> 0

ENTER MULTIPLICITY OF ZERO AT ZERO

> 1

ENTER MULTIPLICITY OF ZERO AT INFINITY

> 1

IF YOU WISH TO SPECIFY THEM, ENTER NO.'S OF MOVABLE ZEROS IN LOWER
AND/OR UPPER STOPBAND (S). OTHERWISE ENTER ZERO (S)

> 2 3

ENTER 5 MULTIPLICITIES, ALL ON ONE LINE (DEFAULT: ALL 1'S)
>12211 ! Here we select the proper multiplicities.
WISH TO ENTER GUESSES FOR ZEROS: Y/N

> n

ENTER INPUT TERMINATION IN OHMS

> 500

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 500

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

> 0

We see the new prompt above that also accepts just a carriage return which would set all
multiplicities to the default of one. Next comes the usual summary and the first iteration:

Multiple poles
**x*% S/FILSYN *** PLACER PROGRAM

BANDPASS FILTER
EQUAL RIPPLE PASS BAND

PASSBAND EDGE FREQUENCY = 10.00000 kHz
PASSBAND EDGE FREQUENCY = 20.00000 kHz
BANDEDGE LOSS = .10000 DB.
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PARAMETRIC BANDPASS TYPE
MULTIPLICITY OF ZERO AT ZERO
MULTIPLICITY OF ZERO AT INFINITY

NUMBER OF MOVABLE TRANSMISSION ZEROS

OVERALL FILTER DEGREE

FMIN (HZ) AMIN
9.5000E+03 57.9172
8.9017E+03 38.7312
4.9382E+03 24.0636
4.2240E+04 27.4740
2.2874E+04 42.5822
2.1015E+04 49.2409
2.0500E+04 58.5765

ITERATION NO. 1
TRANSMISSION ZEROS
9.3668890E+03
6.9186060E+03
3.2823930E+04
2.2478220E+04
2.0639270E+04

FMIN (HZ) AMIN
9.5000E+03 42.8581
8.4749E+03 34.2044
4.1057E+03 34.9242
5.8060E+04 41.8503
2.5210E+04 40.2476
2.1348E+04 41.4773
2.0500E+04 45.6103

(DB)

(DB)

DMIN (D

17.
-1.
-15.
-22.
=7.
L7591
8.

9172
2688
9364
5260
4178

5765

B)

MULTIPLICITY

2

N e

DMIN (D

2.
-5.
-5.
-8.
-9.
-8.
-4.

8581
7956
0758
1497
7524
5227
3897

B)

Il
o Ul

4.17

Even though the poles (transmission zeros) are not listed in increasing order of magnitude, we
see that, indeed, those nearest to the passband are double, all others are single. When the iteration
stops, we force one more iteration, and then elect to proceed. The new summary now list all

transmission zeros and we see that the double zeros indeed appear twice:

OPTIMIZE: 1, PROCEED WITH DESIGN:

> 1

ITERATION NO.

1

TRANSMISSION ZEROS
9.2616880E+03
5.0529440E+03

3.1738550E+04

2.2573400E+04

2.0670080E+04
FMIN (HZ) AMIN
9.5000E+03 32.9409
8.0614E+03 32.9344
2.9313E+03 46.3227
5.5871E+04 42.9328
2.5132E+04 42.9324
2.1393E+04 42.9326
2.0500E+04 42.9340

OPTIMIZE: 1, PROCEED

> 2

**%* S/FILSYN ***

Multiple poles

(DB)

2,

MODIFY:

MULTIPLICITY

2

N

DMIN
=7.
.0656
6.
=7.
.0676
=7.
=7.
WITH DESIGN:

=7

=7

FILTER PROGRAM

BAND-PASS FILTER

S/FILSYN Manual

0591

3227
0672

0674
0660
2,

(DB)

MODIFY:

3 OR RESTART:

3 OR RESTART:

4

4
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EQUAL RIPPLE PASS BAND
BANDEDGE LOSS
LOWER PASSBAND EDGE FREQUENCY
UPPER PASSBAND EDGE FREQUENCY

PARAMETRIC BANDPASS TYPE

SPECIFIED STOP BAND

MULTIPLICITY OF ZERO AT ZERO
MULTIPLICITY OF ZERO AT INFINITY

NUMBER OF FINITE TRANSMISSION ZERO PAIRS

OVERALL FILTER DEGREE
TRANSMISSION ZEROS

O OO OoOoOo

REAL PART

.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00
.0000000D+00
0.

0000000D+00

VALUE OF FREAL

INPUT TERMINATION

OUTPUT TERMINATION
REQUESTED TERMINATION RATIO

10
20

Il
o~

IMAGINARY PART

NDNDDN WO O

.2616885D+03
.2616885D+03
.0529443D+03
.1738551D+04
.2573404D+04
.0670076D+04
.0670076D+04

14.
500.
500.

.100000 DB.
.000000 kHz
.000000 kHz

142136 kHz

000000 ohm
000000 ohm
.0000000D+00

The rest of the process is uneventful. Naturally, we may enter initial guesses as well to the pole
locations, if we so desire. However, since we can enter our guesses in any order, the
multiplicities, if not all unity, must be entered in the same sequence.

One use of multiple poles is to obtain structurally symmetrical filters. These may be obtained, for
instance, by making all finite transmission zeros double. Those at extreme frequencies must be
odd. During the synthesis, we may realize one of each pair of zeros in any sequence, then repeat
this in the exact inverse sequence. For instance, the printout below shows a quasi-elliptic
highpass filter with two double zeros and it is clearly structurally symmetrical.

Symmetrical highpass

1

2

10

11

R
i

— —
PLACER Segment

—L—C— 8.
.132488

—L—C— 5.
.058080

C

500.

24.

24.

500.

000000

395591

.213389
.058080

.938934

.898795
.132488

.991406

898795

.938934

213389

395591

000000

ohm

nk
mH RES.
nF 9.
nk
mH RES.
nF 13.
nk
mH RES.
nF 13.
nk
mH RES.
nF 9.
nk

ohm

FREQUENCY
755013 kHz

FREQUENCY
715112 kHz

FREQUENCY
715112 kHz

FREQUENCY
755013 kHz
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The use of multiple transmission zeros yields sub optimal results, but under certain
circumstances, their use is justified.

Notes:

S/FILSYN Manual PLACER Segment



