5.1

SECTION s

PASSIVE & MICROWAVE SYNTHESIS SEGMENT

The passive and microwave synthesis capabilities of S/FILSYN are contained in a single segment
which is by far the most complex of all the segments. In this section the properties and
differences between the passive LC and microwave design methods are described through
examples. While the L and C designations are retained in the microwave segment, there they
indicate shorted- and open-circuited transmission line segments (stubs), respectively. The
indicated values are their corresponding line impedances.

The segment under discussion is an extremely powerful synthesis program which allows the user
to try structures of a very wide variety, including general ladder and bridged-T configurations. At
the same time, it also offers a computer-selected configuration which is nearly always acceptable.
Whereas using the computer-specified configuration is very simple, specifying one's own can be
quite involved. Consequently the program offers three levels of control modes for the user,
namely:

* Simplified -- A simplified design mode is provided for the design of filters which do not
have complex transmission zero quadruplets. This mode is adequate for nearly all
designs, is easy to learn and use and has a compact notation.

* Full -- The full design mode is for users wishing to squeeze the most out of their designs,
or for the rare case where a realizable configuration is difficult to find. It is formulated to
lead the user by the hand, requesting information as it is needed, in conversational mode.
This mode is quite verbose and requires some familiarity with filter and network theory as
well as nomenclature.

* Expert-- After using the full mode for a while, users will probably become quite familiar
with it and tend to switch to the third, expert mode, which is very similar to the full mode.
The expert mode provides the option of entering all the necessary data (or as much of it as
one desires or remembers) on a single line in completely free format, at the beginning of
the specification of each branch. One can then wait for prompts to enter the rest of the
data. If data are not in the right sequence or missing, no harm is done, since the program
will simply rerequest them as it does in the full mode.

J.1 COMPUTER-SELECTED CONFIGURATION

We must realize that for the program to provide all element values, including both terminations,
it is necessary to design the filter twice: first in the forward and then in the reverse direction. This
applies to all filters except to those with extreme termination, where a single synthesis will
suffice. While initially both syntheses will be incomplete and lack one or more elements at one
end, the program will then compare the existing elements of the two runs. If they represent the
same circuit, it will automatically complete the design. It will then print the complete results.
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This procedure places several constraints on the computer-generated structure. The most obvious
one is that the forward and reverse structures must be identical. Considering one consequence of
this requirement, as we have seen before, all unit elements will appear at one end of the filter and
all bridged-T sections at the other. While unit elements can be moved around later using
Kuroda's identities, bridged-T sections cannot be moved. This limitation is one of the many
reasons why the full and expert modes are available for generating other structures.

—>

LS CS LP CP

i 0

hY|
PA

LSRi CSRi LPR CPRi
%I—"’Wﬂ H i’
{%
LCSRIij LCPRIj

Fig 5.1 Configuration Specification in 'Simplified' Mode

For the computer-selected configuration, one would not normally be interested in the forward and
reverse synthesis details, as long as the computer is able to compare them and produce the third,
complete circuit. Therefore printing of these intermediate results can be bypassed. However, in a
few cases, among them the microwave parametric bandpasses containing unit elements, the pro-
gram will be unable to produce realizable circuits which are identical in both directions. The two
configurations will be either incomplete or not comparable, or will have negative elements. In
such contingencies one has to either request the intermediate results or perform the design by one
of the other modes. It will then become necessary to compare the two designs and complete the
circuit manually. For the details of this procedure, see Appendix B. It is important to point out
that unless the transfer function contains complex transmission zeros, the computer-selected
configuration should be satisfactory in all circumstances, because, due to the rich command set of
the analysis segment, any other configuration can be obtained from it.
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5.3
J.2 SIMPLIFIED CONFIGURATION SELECTION

To provide a user-selected configuration of great generality but without the complexity of the fu!//
mode, the program has an intermediate mode, called simplified. In this mode we can enter a
simple code to specify a section of the circuit, which contains either one, two or three branches.
The sections and their identification codes are shown in detail in Fig. 5.1. The unit element, not
shown, has the code UE.

All user-selected designs begin with a preamble, where one must identify the impedance function
to be used. A computer selected option is again available, which makes it possible to get a circuit
with the minimum number of inductors and which normally produces an acceptable design.
How- ever, if it fails to do so, consult Appendix B which provides details on how to specify your
own impedance function. Note also that one has the option of viewing these impedance functions
in the SMAIN segment.

The next step is to select the synthesis mode. If we choose the simplified mode, the program will
ask for the NEXT SECTION. Now we must enter one of the codes shown in Fig. 5.1 in free
format and on a single line. The number we enter for 'i' specifies the implied serial number of the
transmission zero we wish to realize. This can be zero or left out altogether, in which case the
program will pick an available zero. If two indices 'i' and 'j' are needed, we must specify them
both explicitly, one indicating a zero in the lower stopband, the other one in the upper stopband.
Since the program is unable to select these, an error message results if no specification is given.
A re- quest for an unacceptable section, for instance, a lowpass section in a highpass filter, will
also result in an error message, negative element(s) or both. The error messages are normally
harmless, the synthesis can be continued. However, incorrect branches cannot be deleted, and our
only option is to terminate the synthesis by entering END to the prompt, and to start again from
the beginning. Synthesis can be repeated as many times as desired. The relevant functions are
stored until we terminate the synthesis by entering END at the appropriate prompt or entering
STOP. Two other acceptable code entries are PRI to print the current configuration and HELP to
provide us with a list of acceptable codes and their meaning.

Example 5.2.1 Functional Input Bandpass Filter

For this example we will continue the functional input bandpass design which we started as
example 3.5.1. Shown below is the structure the computer-generated synthesis yields:

functional input bandpass

1 R 500.000000 ohm

2 L 212.663290 mH

3 C 110.303754 nF

4 L 1.769674 H

6 é 16.880075 nF

7 —L—C— 399.639133 mH RES. FREQUENCY
176.063672 nF 600.000000 Hz

9 C 115.675794 nF
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|
-

10 L C 251.858973 mH RES.FREQUENCY
- 51.312924 nF 1.400000 kHz

|

12 C 39.442112 nF

13 C 68.142015 nF

15 L 300.549437 mH

17 R 2.936223 kohm

At this stage we are in the LADDER segment. We leave it using the END command:

COMMAND :
> end

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

> in
IS COMPUTER-SELECTED IMPEDANCE O.K.? (Y/N)
>y

functional input bandpass
PARAMETERS USED: JPOLY = ES OS IMP = F
RESULTS OF THE SYNTHESIS FROM THE INPUT SIDE
NORMALIZED DENORMALIZED
1.0000000D+00 —Rr—] 5.0000000D+02 TERMINATION

MODE - SIMPLIFIED: 0, FULL: 1 OR EXPERT: 2
> 0

END

Typing END at the command level, returns us to the top of the synthesis segment and we can
now perform another synthesis. Selecting the IN option tells the program that we want to specify
our own configuration, and we will do so for the first time from the INput side. We must use IN
the first time and OUT the second time if we want the program to compare the two syntheses and
calculate any missing elements and the correct termination.

Once we select the simplified mode of synthesis, we are restricted to the NEXT SECTION
prompt. As usual, HELP is an acceptable answer and the program lists the available circuit
section codes shown on Fig. 5.1. The display shown here is that which shows up on workstation
and mainframe systems. The personal computer version has a more thorough, windowed help
system.

Passive & microwave synthesis

NEXT SECTION

> help

CS : SERIES CAPACITOR

CP : PARALLEL CAPACITOR

LS : SERIES INDUCTOR

LP : PARALLEL INDUCTOR

CSR nl : SERIES CAPACITOR AND RESONANT CIRCUIT
CPR nl : PARALLEL CAPACITOR AND RESONANT CIRCUIT
LSR nl : SERIES INDUCTOR AND RESONANT CIRCUIT
LPR nl : PARALLEL INDUCTOR AND RESONANT CIRCUIT

LCSR nl n2 : SERIES AND TWO PARALLEL RESONANT CIRCUITS
LCPR nl n2 : PARALLEL AND TWO SERIES RESONANT CIRCUITS

S/FILSYN Manual



UE
PRI
HELP
END

NEXT SECTION
> lp
8.0392725D-01

NEXT SECTION
> cp
2.0025804D+00

NEXT SECTION
> 1s
4.4049977D+00

NEXT SECTION
> csr 1
3.9832483D-01

1.2222200D+00
3.5511428D+00

NEXT SECTION
> cpr 2
2.2362825D+00

1.0539139D+00
7.5641274D-01

NEXT SECTION
> Cs
7.1994266D-01

NEXT SECTION
> cp
1.9376588D+00

NEXT SECTION
> 1s
6.4187707D-01

UNIT ELEMENT

PRINT CIRCUIT

PRINT LIST OF COMMANDS

END SYNTHESIS

.1179598D-02

.0995290D-07

.8043087D-01

.0143258D-07

.7808941D-02
.0429110D-07

.6946467D-07

.7094240D-02

.9261892D-07

.8333189D-07

.9342076D-07

.0863164D-02

5.5

The configuration we selected is somewhat different from that given by the computer as shown
above on page 5.3. The entire synthesis is shown below:

ZERO FREQUENCY
6.0000000D+02

ZERO FREQUENCY
1.4000000D+03

We have now finished the forward design and terminate this phase of the synthesis. Since the
reverse synthesis is not done yet, we do not wish to enter the LADDER segment. Therefore we
continue our synthesis session using the OUT option.

NEXT SECTION

> end

WISH TO ENTER LADDER SEGMENT? (Y/N)

> n

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

IS COMPUTER-SELECTED IMPEDANCE O.K.? (Y/N)

>y

functional input bandpass
PARAMETERS USED: JPOLY = ES OD IMP = T
RESULTS OF THE SYNTHESIS FROM THE OUTPUT SIDE
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We now specify the same structure in the reverse direction:

NORMALIZED
1.0000000D+00

]

MODE - SIMPLIFIED: O, FULL:

> 0

NEXT SECTION
> 1s
3.3405071D+00

NEXT SECTION
> cpr 2
3.7232034D-01

5.4848614D+00
1.4534440D-01

NEXT SECTION
> csr 1
1.3833669D-01

6.3607734D+00
6.8235063D-01

NEXT SECTION
> cp
4.2970077D-01

NEXT SECTION
> Cs
7.6537952D-02

NEXT SECTION
> 1s
2.2924836D+01

NEXT SECTION
> cp
3.8479499D-01

NEXT SECTION
> 1p
4.1838614D+00

=
Q

DENORMALIZED
5.0000000D+02

1 OR EXPERT: 2

2.1266329D-01

9.4810595D-08

3.4917712D-01

3.7011647D-08

3.5227148D-08

4.0493941D-01
1.7375916D-07

1.0942240D-07

1.9490229D-08

1.4594404D+00

9.7987240D-08

2.6635289D-01

TERMINATION

ZERO FREQUENCY
1.4000000D+03

ZERO FREQUENCY
6.0000000D+02

Terminating the reverse synthesis, we now enter the LADDER segment. This is also called the
PASSIVE Analysis segment. The program provides a printout of the complete circuit including
terminations, which indicates successful results. The program was able to compare the two
circuits and complete the design. During this comparison process the program also checks the
numerical accuracy maintained throughout the synthesis. The output termination will not be
printed unless the accuracy is satisfactory.

NEXT SECTION
> end

WISH TO ENTER LADDER SEGMENT?

>y

** EVEN NUMBERED BRANCHES ARE SERIES,

functional input bandpass

Passive & microwave synthesis

(Y/N)

ODD ONES SHUNT **
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1 R 500.000000 ohm

2 L 212.663290 mH

3 C 94.810595 nF
1

4 L C 349.177123 mH RES.FREQUENCY
- 37.011647 nF 1.400000 kHz

6 é 35.227148 nF

7 —L—C— 404.939412 mH RES. FREQUENCY

173.759162 nF 600.000000 Hz

9 C 109.422403 nF

10 C 19.490229 nF

12 l 1.459440 H

13 C 97.987240 nF

15 L 266.352890 mH

17 R 2.602139 kohm

Note that the component values are now printed in engineering format. If a value is out of range
of possible engineering formats, the program reverts to the scientific notation for that value. As a
further check on the correctness of this result, we perform a brief frequency domain analysis and
get the following results, which agree perfectly with our specifications.

COMMAND :

> freqg

ENTER FREQ:

> 700 1300 50

ENTER FREQ:

>

ENTER QL AND QC AT (UPPER) CUTOFF (LOSSLESS: ENTER ZEROS)
> 0

TABULATE: Y/N

>y

functional input bandpass

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

FREQUENCY TRANSD. LOSS PHASE DELAY OUTPUT IMPEDANCE RETL
IN HZ IN DB IN DEG IN SEC REAL IMAGINARY IN DB
7.00000D+02 16.8338 106.274 2.172D-03 6.3249D+01 4.9651D+03 .0910
7.50000D+02 3.3270 172.234 5.601D-03 1.0076D+04 -8.0552D+03 2.7151
8.00000D+02 .0000 264.674 3.791D-03 2.6021D+03 5.6348D-11 100.0000
8.50000D+02 .0000 320.946 2.721D-03 2.6021D+03 -1.0152D-11 100.0000
9.00000D+02 .0930 5.733 2.287D-03 2.1313D+03 5.0817D+02 16.7411
9.50000D+02 .2206 44.473 2.052D-03 2.7341D+03 1.2105D+03 13.0518
1.00000D+03 .2500 80.583 1.981D-03 4.1286D+03 4.6509D+02 12.5228
1.05000D+03 .1989 116.396 2.018D-03 3.3409D+03 -1.0412D+03 13.4898
1.10000D+03 .0753 154.078 2.197D-03 2.4134D+03 -6.3518D+02 17.6501
1.15000D+03 .0000 196.445 2.537D-03 2.6021D+03 1.2844D-11 100.0000
1.20000D+03 .0000 247.954 3.381D-03 2.6021D+03 7.1149D-11 100.0000
1.25000D+03 2.1876 329.303 5.329D-03 2.0287D+03 3.6741D+03 4.0262
1.30000D+03 13.8941 38.851 2.394D-03 2.0589D+03 -2.2442D+04 .1809

Provided the forward synthesis was acceptable and complete, and the filter has no finite transmis-
sion zeros, a further simplification is available. Using the simplified synthesis mode, the
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synthesis in the reverse (OUT) direction is performed automatically, without the need for user
interaction. At some point in the reverse specification, the program will take over and complete
the design without any further prompting.

Example 5.2.2a Microwave Lowpass Filter

Let us continue with the microwave lowpass from example 4.2.4. On the PC using the multi-
executable version, if we assume that the transfer data was saved in a file called MICRO, we can
enter the PASSIVE program for the actual synthesis and call up this file:
C:>passive
* % K K % S/FILSYN * kK kX
RELEASE 3.2 VERSION 1 4/1/94
** PASSIVE/MICROWAVE SEGMENT **

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

SYNTHESIS: S, ANALYSIS: A OR END: E

> s

ENTER FILE NAME

> test

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

WISH TO SEE INTERMEDIATE RESULTS: Y/N

> n

Again we select the computer specified configuration and obtain the circuit shown below. Note
that all unit elements are bunched at one end:

** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **
microwave lowpass design

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

1 b—r— 50.000000 ohm
! !

3 * UE * 5.608057 ohm
* *
I
* *

5 * UE * 444.055047 ohm
* *
I
* *

7 * UE * 3.384659 ohm
* *
I
* *

9 * UE * 492.000385 ohm
* *
I I

11 p—Cc—] 3.955079 ohm
I I
I —
12 | L C 328.488530 ohm RES. FREQUENCY 21 = 14.895840 ohm

| 15.603401 ohm 136.612611 MHz Zz2 = 313.592690 ohm
I

—{
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13 C 5.441403 ohm
1
14 L C 207.803922 ohm RES. FREQUENCY z1 = 7.464362 ohm
L 7.742474 ohm 121.390456 MHz Z2 = 200.339560 ohm
15 C 10.783131 ohm
17 R 50.000000 ohm

Note the Z1 and Z2 representation of resonant pairs of stubs. These are the impedances of the
cascade realizations of these branches, as per the equivalences of Fig. 5.3 on page 5.23.

This is not the structure we desire inasmuch as we would prefer to have the unit elements inter-
leaved with the stubs and resonant branches. Since we are in the LADDER segment with its
associated command mode, let us try to interchange branches 9 and 11:

COMMAND :
> ib 9 11
10 L 488.076847 ohm
*
13 * UE * 3.923539 ohm
* *
|
16 L C 328.488530 ohm RES. FREQUENCY Zzl = 14.895840 ohm
L 15.603401 ohm 136.612611 MHz zZ2 = 313.592690 ohm
17 C 5.441403 ohm
—
18 L C 207.803922 ohm RES. FREQUENCY z1l = 7.464362 ohm
L 7.742474 ohm 121.390456 MHz z2 = 200.339560 ohm
19 C 10.783131 ohm
21 R 50.000000 ohm

This step performed one of the lowpass Kuroda's identities i.e. it replaced the old branches 9 and
11 by the new branches 10 and 13 respectively. With the exception of a few branch numbers,
everything else remains the same.

Let us try this step again and this time interchange branches 13 and 16. Since branch 16 is a
resonant circuit, the program will have to use Levy's extension (reference 10) to the Kuroda's
identities and indeed that is what it did.

COMMAND:
> ib 13 16
12 | L -82.599778 ohm
| |
13 p—r—Cc—] 104.356418 ohm RES. FREQUENCY Z1 = 109.313410 ohm
| | 4.956992 ohm 136.612611 MHz 22 = 5.192452 ohm
| |
14 | L 396.192468 ohm
| |
* *
17 * UE * 18.819379 ohm
* *
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21

22

23

25

[

207.

10.

50.

.441403

803922

.742474

783131

000000

ohm

ohm

ohm

ohm

ohm

RES. FREQUENCY z1 = 7.464362 ohm
121.390456 MHz Z2 = 200.339560 ohm

The resonant circuit becomes a T section on the other side of the unit element with one negative
series L. This is called a Brune section and it is realizable by a fairly complex circuit. In the
lumped element case, this section would require a pair of tightly coupled inductors. However,
branch 10 immediately before the negative inductor contains a positive L. The two could be
simply combined (added), with the hope that the sum will be positive as indeed it will:

COMMAND :
> com 10 12

10

13

14

17

21

22

23

25

|
(@]
* ok *——th—n—_L—_b

[
Lad

405.

104.

396.

18.

207.
.742474

10.

50.

477069

356418

.956992

192468

819379

.441403

803922

783131

000000

ohm

ohm
ohm

ohm

ohm

ohm

ohm

ohm

ohm

ohm

RES. FREQUENCY Zz1 = 109.313410 ohm
136.612611 MHz 72 5.192452 ohm

RES. FREQUENCY z1 = 7.464362 ohm
121.390456 MHz Z2 = 200.339560 ohm

In the latest version of the program, this last step is unnecessary. The previous step will auto-
matically combine the two series stubs. The next step is to shift capacitor 21 over to the other
side of the adjacent unit element and then combine the resulting series L with branch 14:

COMMAND :
> ib 17 21

16

19

24

25

27

I—L—'

— % ok ok —

Lo

14.

207.
.742474

10.

50.

Passive & microwave synthesis

598417

.220962

803922

783131

000000

ohm

ohm

ohm
ohm

ohm

ohm

RES. FREQUENCY z1 = 7.464362 ohm
121.390456 MHz Z2 = 200.339560 ohm
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COMMAND :
> com 14 16
14 L
I
* *
19 * UE *
* *
I

24

rb

Lo

27

o

410.

207.
.742474

10.

50.

790885

.220962

803922

783131

000000

ohm

ohm

ohm
ohm

ohm

ohm

5.11

RES. FREQUENCY z1 = 7.464362 ohm
121.390456 MHz 72 200.339560 ohm

Now we understand the basic idea of interchanging branches and what the underlying Kuroda's
identities do if one of the branches is a unit element. After repeating the process another half a
dozen times or so, we finally obtain the circuit we desire:

COMMAND:
> pri

microwave lowpass design

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

1

o

3 .

11 —L—C—

15 * U E
*

17 C

25 * U E
*

37 —L—C—

41 * UE

43 c
49 R
S/FILSYN Manual

50.

5.

359.

110.
.252632

413.

383.

177.
.607839

325.

50.

000000

697003

198066

580346

073941

.289143

755323

350915

313271

.706430

000000

ohm

ohm

ohm

ohm
ohm

ohm

ohm

ohm

ohm
ohm

ohm

ohm

ohm

RES. FREQUENCY Z1 = 115.832979 ohm
136.612611 MHz 72 = 5.502136 ohm

RES. FREQUENCY Z1 183.958754 ohm
121.390456 MHz 72 = 6.854037 ohm
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In order to determine where exactly we were in the arduous process, we asked several times for a
complete printout. The procedure, while conceptually simple, is tedious, and it would be nice to
circumvent it. This can be done by using the simplified synthesis procedure shown below.

Example 5.2.2b Microwave Lowpass Filter
When we leave the LADDER segment using the END command, we find ourselves at the top of

the synthesis segment with all immittance polynomials still available. Thus a second, manual
design is still possible without much trouble:

COMMAND :

> end

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

IS COMPUTER-SELECTED IMPEDANCE O.K.? (Y/N)

>y

microwave lowpass design

PARAMETERS USED: JPOLY = ES OS IMP = T

RESULTS OF THE SYNTHESIS FROM THE INPUT SIDE
** ZERO FREQUENCIES ARE "PRESHIFTED" VALUES **

NORMALIZED DENORMALIZED

1.0000000D+00 —Rr—] 5.0000000D+01 TERMINATION

MODE - SIMPLIFIED: 0, FULL: 1 OR EXPERT: 2
> 0

We begin the new synthesis with a unit element, followed by a resonant section starting with a
series L (series shorted stub):

NEXT SECTION

> ue
* *
1.1216114D-01 * UE * 5.6080572D+00
* *
I I
NEXT SECTION
> 1lsr 1
1.0127266D+00 | L 3.1970521D+02
I I
1.1984587D+00 1.5133541D-01 1.2187103D+08

5.6179251D-01 p—r—Cc—] 1.7735092D+02  ZERO FREQUENCY
| |
| |

Later on we will shift the series L to the other side of the unit element, yielding the structure we
want. Next we remove two unit elements and another resonant section:

NEXT SECTION

> ue
* *
7.6751065D+00 * U E * 3.8375532D+02
* *
I I
NEXT SECTION
> ue
* *
6.5263199D-02 * U E * 3.2631599D+00
* *
I I
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NEXT SECTION
> 1lsr 2

1.2981530D+00 | 4.0981078D+02

L

|

3.5028413D-01 p—r—Cc—] 1.1058035D+02  ZERO FREQUENCY
1.5076673D+00 | | 1.9038073D-01 1.3760589D+08

Finally we remove a unit element and a shunt open stub (C) which ends the forward synthesis

process:

NEXT SECTION

> ue
* *
7.1839613D+00 * UE * 3.5919807D+02
* *
| |
NEXT SECTION
> cp

1.3900681D+00  |—Cc—| 1.7553089D-01
| |

NEXT SECTION
> end

To see what we have we now enter the LADDER segment and in doing so we prevent the possi-
bility of using this synthesis for any further comparison!

WISH TO ENTER LADDER SEGMENT? (Y/N)

>y

** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **
microwave lowpass design

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

1 ——R——] 50.000000 ohm
! !
3 * UE * 5.608057 ohm
* *
|
6 L 319.705214 ohm
|
7 —r1—Cc—] 177.350915 ohm RES. FREQUENCY Z1 = 183.958754 ohm
| 6.607839 ohm 121.390456 MHz 72 = 6.854037 ohm
|
* *
9 * UE * 383.755323 ohm
* *
| |
* *
11 * UE * 3.263160 ohm
* *
|
14 L 409.810781 ohm
15 —L—C— 110.580346 ohm RES. FREQUENCY Zz1 = 115.832979 ohm
5.252632 ohm 136.612611 MHz 72 = 5.502136 ohm
17 * UE * 359.198066 ohm
* *
19 C 5.697003 ohm

In order to determine the output termination, we normally would re synthesize the same circuit in
the reverse direction. However, in this case that cannot be done, because in the reverse direction
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L14 should be next to branch 7 and thus the reverse circuit will necessarily be different. This
problem could be solved with some hand calculations. However, since we know what the termi-
nation is, and we assume the results to be sufficiently accurate, there is no need for any calcula-
tions. As indicated in the previous, computer-selected synthesis, the termination is 50 ohms and
while this result is true only for low passes, it does save us a lot of trouble. We can simply insert
a 50 ohm output termination by the use of the INS (insert) command, as follows:

COMMAND :
> ins 21 r 50.

21 p—Rr— 50.000000 ohm
| |

Next we perform two interchange branch (IB) commands to shift L6 and L14 to the other side of
the unit elements adjacent to them. This step quickly produces the identical circuit which we
have previously obtained the hard way. The only difference is that the circuit is reversed:

COMMAND:
> pri

microwave lowpass design

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

1 R 50.000000 ohm
3 C 5.706430 ohm
* *
5 * UE * 325.313271 ohm
* *
9 —IL—C— 177.350915 ohm RES. FREQUENCY Z1l = 183.958754 ohm
6.607839 ohm 121.390456 MHz 722 = 6.854037 ohm
11 * UE * 383.755323 ohm
* *
13 C 3.289143 ohm
15 * UE ~* 413.073941 ohm
* *
19 —L—C— 110.580346 ohm RES. FREQUENCY Z1l = 115.832979 ohm
5.252632 ohm 136.612611 MHz 72 = 5.502136 ohm
21 * UE * 359.198066 ohm
* *
23 C 5.697003 ohm
25 R 50.000000 ohm
COMMAND :
> end
LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE: IN, OUTPUT SIDE: OUT OR END: END
> end
SYNTHESIS: S, ANALYSIS: A OR END: E
> e

*** PASSIVE SYNTHESIS PROGRAM TERMINATED ***
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The last two ENDs terminate the process gracefully by first leaving the synthesis part of the
PASSIVE segment and then the PASSIVE segment itself.

J.3 LATTICE REALIZATION

A single lattice realization of a passive LC or microwave filter is also available if the filter is, in
fact, symmetrical. The multiplicities of transmission zeros at zero and/or infinite frequencies are
both odd (if non zero) for symmetrical filters. Also, no predistortion can be used, microwave
filters may contain no unit elements and terminating resistances must be equal. If functional input
is used, F(s) is pure odd for lowpass and highpass and pure even for bandpass filters. The design
itself is simple, selecting this form of realization is the last decision we have to make. The lattice
branches will be printed in both Foster forms for the circuit and its dual, yielding four forms per
branch. All we need to do is to select the pair we wish to use. If a lattice realization does not
exist, the program will tell us, and we may continue with a ladder form.

Note that if the filter is a microwave one, then a further prompt will give us two choices:

* we can obtain a lattice form of the microwave filter, or
* we can convert this to a wave-digital lattice filter.

In the
latter case, the quarter-wave frequency will be treated as half the sampling rate of the digital
filter and the actual implementation is that shown in Fig. 5.3 below. See Section 9 later in this

manual.
o z1 o)
N—
22
o / 21 o)

Fig. 5.2 Single Lattice Realization
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Z1

a b1
1/2
ouTt

a1 1
2 1 fw

Z2

Fig. 5.3 Wave-Digital Lattice Filter Form

Example 5.3.1 Elliptic Lowpass Filter

The structure of a lattice section is shown in Fig. 5.2 and the interpretation of the output is best
demonstrated by an example. Only a single lattice can be provided by this procedure; if we desire
a cascade of lattices or lattice(s) embedded in a ladder, we must start with a ladder synthesis and
use commands available in the LADDER (PASSIVE Analysis) segment to convert parts of it into

lattice form.

To simplify our example, we have selected the elliptic lowpass of our first example in Section 2,
example 2.1.1. Reentering the PASSIVE synthesis segment, we select the lattice realization.
Using the responses shown below, we assume that we have saved the earlier data on a file
entitled TEST for the synthesis step. We may also write the resulting lattice in a file to be

transmitted to other programs, which we have declined to do here.

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

> 1
WISH TO WRITE RESULTS ON FILE? (Y/N)
> n

passive lowpass

REALIZATION OF LATTICE BRANCH NO. 1

NORMALIZED DENORMALIZED DUAL DENORM.
—
1.5951705D+00 |—L—C— 152.327563 mH L C 114.913174 mH
1.2033679D+00 319.203262 nF - 423.132119 nF
|
—h
5.2636095D+00 |—L—C— 502.637679 mH L C 15.762475 mH
1.6506425D-01 43.784652 nF - 1.396216 uF
|
** INVERSE **
NORMALIZED DENORMALIZED DUAL DENORM.

Passive & microwave synthesis

RES. FREQUENCY
721.767336 Hz

RES. FREQUENCY
1.072832 kHz
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|
1.2241761D+00 |—C—]  324.722799 nF L 116.900208 mH
|
1.3684322D+00 |—I1—]  130.675649 mH C 362.987914 nF
|
—
1.1581777D+01  |-L—CH 1.105978 H L C 8.208640 mH RES. FREQUENCY
8.5960679D-02 22.801778 nF L 3.072162 uF 1.002219 kHz
|
REALIZATION OF LATTICE BRANCH NO. 2
NORMALIZED DENORMALIZED DUAL DENORM.
| | |
2.1426039D+00 |—I—]  204.603602 mH C 568.343339 nF
| | |
| | —
2.6300877D+00 |1~C—  251.154879 mH L C 33.902987 mH RES. FREQUENCY
3.5503125D-01 | | 94.174963 nF L 697.652441 nF 1.034860 kHz
| | |
** INVERSE **
NORMALIZED DENORMALIZED DUAL DENORM.
| | |
1.1807250D+00 |—C—]  313.197030 nF L 112.750931 mH
| | |
| | —
1.7616091D+00 |1-C—  168.221278 mH L C 91.852671 mH RES. FREQUENCY
9.6187893D-01 | |  255.146309 nF L1 467.281328 nF  768.218961 Hz
| |

 —

LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE:
> stop
ARE YOU SURE? (Y/N)

>y

N, OUTPUT SIDE: OUT OR END: END

As can be seen, we have four realizations for each of the two lattice branches. We usually pick
the same pair, that is, if we select the inverse dual realization for Z,, we also select the inverse
dual for Z,, although other combinations are also possible. Resonant frequencies are calculated
and printed as a tool for tuning the complete circuit.

A file may be written in ASCII format readable to either the SUPER-COMPACT, the TOUCH-
STONE or any of the many SPICE programs for analysis and other operations performed by
those programs. Only one of the four realizations is used in this operation -- the one that is
realizable by the use of piezoelectric crystals.

Since a single lattice realization is seldom used in practice, except for crystal or mechanical
filters, no further features are available. The circuit cannot be analyzed in S/FILSYN from its
element values.

Example 5.3.2 Monotonic Bandpass Filter

To illustrate the automatic reverse synthesis capability of the program, refer to the monotonic
microwave bandpass which we started in Section 3.7, example 3.7.1. Continuing that synthesis
with the steps shown, the following computer-generated circuit is created, with all unit elements
at one end (as usual):
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monotonic bandpass

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

1 b—r— 50.000000 ohm
) )
3 % UE * 187.265109 ohm
* *
| |
* *
5 * UE * 188.251223 ohm
* *
| |
* *
7 * UE * 2.995972 kohm
* *
| |
* *
9 * UE * 3.019879 kohm
* *
|
12 C 38.776521 kohm
|
14 L 38.077620 kohm
15 L 6.031584 kohm
16 C 5.254768 kohm
17 c 1.423146 kohm
19 L 1.414460 kohm
21 R 2.494027 kohm

To demonstrate yet another program feature, we will display the original design data here with

the DISP (display) command:

COMMAND:
> disp

*** S/FILSYN *** FILTER PROGRAM

monotonic bandpass
BAND-PASS FILTER

MICROWAVE FILTER

QUARTER-WAVE FREQUENCY

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

MONOTONIC STOPBAND TYPE
LOWER STOPBAND EDGE FREQUENCY
UPPER STOPBAND EDGE FREQUENCY
MULTIPLICITY OF ZERO AT ZERO
MULTIPLICITY OF ZERO AT QUARTER-WAVE FR.
NUMBER OF UNIT ELEMENTS
OVERALL FILTER DEGREE
INPUT TERMINATION
OUTPUT TERMINATION
REQUESTED TERMINATION RATIO

.000000

.100000
.000000
.000000

.918633
.411874

.000000
.000000
.0000000D+00

GHz

DB.
GHz
GHz

GHz
GHz

ohm
ohm

We now return to the top of the synthesis segment for a manual circuit selection and pick the

simplified method:

Passive & microwave synthesis
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COMMAND :

> end

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

IS COMPUTER-SELECTED IMPEDANCE O.K.? (Y/N)

>y

monotonic bandpass

PARAMETERS USED: JPOLY = ES OS IMP = F
RESULTS OF THE SYNTHESIS FROM THE INPUT SIDE

NORMALIZED DENORMALIZED

1.0000000D+00 —Rr—] 5.0000000D+01 TERMINATION

MODE - SIMPLIFIED: 0, FULL: 1 OR EXPERT: 2
> 0

The forward design is uneventful and we distribute the unit elements throughout the circuit:

NEXT SECTION

> cp

2.4120742D+00 C 3.5049489D-02
NEXT SECTION
> 1p

7.8060007D-01 L 2.8356958D+01

NEXT SECTION

> ue
* *
4.3555522D+00 * U E * 2.1777761D+02
* *
I I
NEXT SECTION
> Cs
3.3725439D-01 | C 4.9005931D-03
I I
NEXT SECTION
> ue
* *
3.0968997D-01 * U E * 1.5484499D+01
* *
I I
NEXT SECTION
> 1p
4.5062180D-01 —1— 1.6369795D+01
I I
NEXT SECTION
> ue
* *
4.3144699D+00 * U E * 2.1572350D+02
* *
I I
NEXT SECTION
> Cs
3.5765774D-01 | C 5.1970712D-03
I I
NEXT SECTION
> ue
* *
5.0109230D-01 * U E * 2.5054615D+01
* *
I I
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NEX
>
6.

T SECTION
1s
0651093D-01

2.

2032799D+01

At this stage the forward synthesis is complete and we prepare the reverse synthesis:

NEX
>

WISH TO ENTER LADDER SEGMENT?

> n
LA
>

IS COMPUTER-SELECTED IMPEDANCE O.K.?

>

T SECTION
end

TTICE:
out

y

L, COMPUTER CONFIG.: C,

(Y/N)

INPUT SIDE:

(Y/N)

IN, OUTPUT SIDE:

OUT OR END: END

Upon completing the above data entry sequence, the reverse synthesis becomes fully automatic
with no additional prompts:

monotonic bandpass

PARAMETERS USED:

JPOLY =

ES 0OS

IMP = T

RESULTS OF THE SYNTHESIS FROM THE OUTPUT SIDE

N

3.

6

WISH TO ENTER LADDER SEGMENT?

>y

ORMALIZED

.0000000D+00

.4120742D+00

.9928277D+00

.9932281D-02

.7158506D+01

.7921082D+00

.2316269D+00

.4801901D-02

.7321889D+01

1044210D+00

.0651093D-01

_R__I
|
L
|
* *
* U E *
* *
|
C
|
* *
* U E *
* *
|
_L__I
) )
* U E *
* *
|
C
|
* *
* U E *
* *
L

DENORMALIZED

5.

8.

1.

8.

0000000D+01

7623723D+01

.9641386D+01

.3067925D-03

.5792529D+02

.5102140D+01

.1581345D+01

.2322437D-03

.6609444D+02

1277469D+02

8131197D-03

(Y/N)

TERMINATION

After entering the LADDER segment, the complete circuit with terminations is printed,
indicating that the synthesis was correct:

Passive & microwave synthesis
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** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **
monotonic bandpass

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

1 —~R— 50.000000 ohm
|
2 L 87.623723 ohm
|
* *
4 * UE * 99.641386 ohm
* *
|
6 C 765.232406 ohm
|
* *
8 * UE * 857.925292 ohm
* *
|
11 —1— 65.102140 ohm
!
13 * UE * 61.581345 ohm
*
|
16 C 811.527753 ohm
|
*
18 * UE * 866.094435 ohm
*
21 L 112.774693 ohm
23 C 113.467198 ohm
25 R 198.848366 ohm
COMMAND:
> stop
ARE YOU SURE? (Y/N)
>y

*** PROGRAM TERMINATED ***

Recapitulating, this automatic reverse synthesis is performed if the filter contains no finite trans-

mission zeros, and the SIMPLIFIED mode was used for the forward synthesis. While the forward
synthesis is arbitrary and manual, it must be complete, and the impedance functions must be cor-
rect. Once the reverse synthesis is initialized, the rest becomes fully automatic.

Fig. 5.4 below shows how we can replace a resonant circuit consisting of a pair of shorted and
open stubs by the cascade connection of two unit elements. Three- and four-element branches
can also be replaced by a cascade of three and four unit elements, respectively. The program
handles the two- and three-element cases automatically, by displaying the impedance values of
the corres- ponding cascaded unit elements. If the three-element branch consists of two branches,
use the XCH command to convert it to the other, equivalent, form to see this print. The
four-element case only occurs in the MINNIS and MINNIS-B script files and the first of these
files contains the equations relating the element values in the two implementations.
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o
ZA=L ZA | — e
= = Z1 22
O
ZA = Z1*Z1/(Z1 + Z2) Z1=2ZA +ZB
ZB = Z1*Z2/(Z1 + Z2) Z2 = ZB(ZA + ZB)/ZA
o
ZB=1/C ZA 7B
ZA=L = = = Z1 72
I !
ZA=271+22 Z1 =ZA*ZBI/(ZA + ZB)
ZB = Z1(Z1 + Z22)/Z2 Z2 = ZA*ZAI(ZA + ZB)

Fig. 5.4 Microwave Equivalences
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SECTION s

PASSIVE & MICROWAVE SYNTHESIS SEGMENT

The passive and microwave synthesis capabilities of S/FILSYN are contained in a single segment
which is by far the most complex of all the segments. In this section the properties and
differences between the passive LC and microwave design methods are described through
examples. While the L and C designations are retained in the microwave segment, there they
indicate shorted- and open-circuited transmission line segments (stubs), respectively. The
indicated values are their corresponding line impedances.

The segment under discussion is an extremely powerful synthesis program which allows the user
to try structures of a very wide variety, including general ladder and bridged-T configurations. At
the same time, it also offers a computer-selected configuration which is nearly always acceptable.
Whereas using the computer-specified configuration is very simple, specifying one's own can be
quite involved. Consequently the program offers three levels of control modes for the user,
namely:

* Simplified -- A simplified design mode is provided for the design of filters which do not
have complex transmission zero quadruplets. This mode is adequate for nearly all
designs, is easy to learn and use and has a compact notation.

* Full -- The full design mode is for users wishing to squeeze the most out of their designs,
or for the rare case where a realizable configuration is difficult to find. It is formulated to
lead the user by the hand, requesting information as it is needed, in conversational mode.
This mode is quite verbose and requires some familiarity with filter and network theory as
well as nomenclature.

* Expert-- After using the full mode for a while, users will probably become quite familiar
with it and tend to switch to the third, expert mode, which is very similar to the full mode.
The expert mode provides the option of entering all the necessary data (or as much of it as
one desires or remembers) on a single line in completely free format, at the beginning of
the specification of each branch. One can then wait for prompts to enter the rest of the
data. If data are not in the right sequence or missing, no harm is done, since the program
will simply rerequest them as it does in the full mode.

J.1 COMPUTER-SELECTED CONFIGURATION

We must realize that for the program to provide all element values, including both terminations,
it is necessary to design the filter twice: first in the forward and then in the reverse direction. This
applies to all filters except to those with extreme termination, where a single synthesis will
suffice. While initially both syntheses will be incomplete and lack one or more elements at one
end, the program will then compare the existing elements of the two runs. If they represent the
same circuit, it will automatically complete the design. It will then print the complete results.
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This procedure places several constraints on the computer-generated structure. The most obvious
one is that the forward and reverse structures must be identical. Considering one consequence of
this requirement, as we have seen before, all unit elements will appear at one end of the filter and
all bridged-T sections at the other. While unit elements can be moved around later using
Kuroda's identities, bridged-T sections cannot be moved. This limitation is one of the many
reasons why the full and expert modes are available for generating other structures.

—>

LS CS LP CP

i 0

hY|
PA

LSRi CSRi LPR CPRi
%I—"’Wﬂ H i’
{%
LCSRIij LCPRIj

Fig 5.1 Configuration Specification in 'Simplified' Mode

For the computer-selected configuration, one would not normally be interested in the forward and
reverse synthesis details, as long as the computer is able to compare them and produce the third,
complete circuit. Therefore printing of these intermediate results can be bypassed. However, in a
few cases, among them the microwave parametric bandpasses containing unit elements, the pro-
gram will be unable to produce realizable circuits which are identical in both directions. The two
configurations will be either incomplete or not comparable, or will have negative elements. In
such contingencies one has to either request the intermediate results or perform the design by one
of the other modes. It will then become necessary to compare the two designs and complete the
circuit manually. For the details of this procedure, see Appendix B. It is important to point out
that unless the transfer function contains complex transmission zeros, the computer-selected
configuration should be satisfactory in all circumstances, because, due to the rich command set of
the analysis segment, any other configuration can be obtained from it.
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J.2 SIMPLIFIED CONFIGURATION SELECTION

To provide a user-selected configuration of great generality but without the complexity of the fu!//
mode, the program has an intermediate mode, called simplified. In this mode we can enter a
simple code to specify a section of the circuit, which contains either one, two or three branches.
The sections and their identification codes are shown in detail in Fig. 5.1. The unit element, not
shown, has the code UE.

All user-selected designs begin with a preamble, where one must identify the impedance function
to be used. A computer selected option is again available, which makes it possible to get a circuit
with the minimum number of inductors and which normally produces an acceptable design.
How- ever, if it fails to do so, consult Appendix B which provides details on how to specify your
own impedance function. Note also that one has the option of viewing these impedance functions
in the SMAIN segment.

The next step is to select the synthesis mode. If we choose the simplified mode, the program will
ask for the NEXT SECTION. Now we must enter one of the codes shown in Fig. 5.1 in free
format and on a single line. The number we enter for 'i' specifies the implied serial number of the
transmission zero we wish to realize. This can be zero or left out altogether, in which case the
program will pick an available zero. If two indices 'i' and 'j' are needed, we must specify them
both explicitly, one indicating a zero in the lower stopband, the other one in the upper stopband.
Since the program is unable to select these, an error message results if no specification is given.
A re- quest for an unacceptable section, for instance, a lowpass section in a highpass filter, will
also result in an error message, negative element(s) or both. The error messages are normally
harmless, the synthesis can be continued. However, incorrect branches cannot be deleted, and our
only option is to terminate the synthesis by entering END to the prompt, and to start again from
the beginning. Synthesis can be repeated as many times as desired. The relevant functions are
stored until we terminate the synthesis by entering END at the appropriate prompt or entering
STOP. Two other acceptable code entries are PRI to print the current configuration and HELP to
provide us with a list of acceptable codes and their meaning.

Example 5.2.1 Functional Input Bandpass Filter

For this example we will continue the functional input bandpass design which we started as
example 3.5.1. Shown below is the structure the computer-generated synthesis yields:

functional input bandpass

1 R 500.000000 ohm

2 L 212.663290 mH

3 C 110.303754 nF

4 L 1.769674 H

6 é 16.880075 nF

7 —L—C— 399.639133 mH RES. FREQUENCY
176.063672 nF 600.000000 Hz

9 C 115.675794 nF
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|
-

10 L C 251.858973 mH RES.FREQUENCY
- 51.312924 nF 1.400000 kHz

|

12 C 39.442112 nF

13 C 68.142015 nF

15 L 300.549437 mH

17 R 2.936223 kohm

At this stage we are in the LADDER segment. We leave it using the END command:

COMMAND :
> end

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

> in
IS COMPUTER-SELECTED IMPEDANCE O.K.? (Y/N)
>y

functional input bandpass
PARAMETERS USED: JPOLY = ES OS IMP = F
RESULTS OF THE SYNTHESIS FROM THE INPUT SIDE
NORMALIZED DENORMALIZED
1.0000000D+00 —Rr—] 5.0000000D+02 TERMINATION

MODE - SIMPLIFIED: 0, FULL: 1 OR EXPERT: 2
> 0

END

Typing END at the command level, returns us to the top of the synthesis segment and we can
now perform another synthesis. Selecting the IN option tells the program that we want to specify
our own configuration, and we will do so for the first time from the INput side. We must use IN
the first time and OUT the second time if we want the program to compare the two syntheses and
calculate any missing elements and the correct termination.

Once we select the simplified mode of synthesis, we are restricted to the NEXT SECTION
prompt. As usual, HELP is an acceptable answer and the program lists the available circuit
section codes shown on Fig. 5.1. The display shown here is that which shows up on workstation
and mainframe systems. The personal computer version has a more thorough, windowed help
system.

Passive & microwave synthesis

NEXT SECTION

> help

CS : SERIES CAPACITOR

CP : PARALLEL CAPACITOR

LS : SERIES INDUCTOR

LP : PARALLEL INDUCTOR

CSR nl : SERIES CAPACITOR AND RESONANT CIRCUIT
CPR nl : PARALLEL CAPACITOR AND RESONANT CIRCUIT
LSR nl : SERIES INDUCTOR AND RESONANT CIRCUIT
LPR nl : PARALLEL INDUCTOR AND RESONANT CIRCUIT

LCSR nl n2 : SERIES AND TWO PARALLEL RESONANT CIRCUITS
LCPR nl n2 : PARALLEL AND TWO SERIES RESONANT CIRCUITS
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UE
PRI
HELP
END

NEXT SECTION
> lp
8.0392725D-01

NEXT SECTION
> cp
2.0025804D+00

NEXT SECTION
> 1s
4.4049977D+00

NEXT SECTION
> csr 1
3.9832483D-01

1.2222200D+00
3.5511428D+00

NEXT SECTION
> cpr 2
2.2362825D+00

1.0539139D+00
7.5641274D-01

NEXT SECTION
> Cs
7.1994266D-01

NEXT SECTION
> cp
1.9376588D+00

NEXT SECTION
> 1s
6.4187707D-01

UNIT ELEMENT

PRINT CIRCUIT

PRINT LIST OF COMMANDS

END SYNTHESIS

.1179598D-02

.0995290D-07

.8043087D-01

.0143258D-07

.7808941D-02
.0429110D-07

.6946467D-07

.7094240D-02

.9261892D-07

.8333189D-07

.9342076D-07

.0863164D-02

5.5

The configuration we selected is somewhat different from that given by the computer as shown
above on page 5.3. The entire synthesis is shown below:

ZERO FREQUENCY
6.0000000D+02

ZERO FREQUENCY
1.4000000D+03

We have now finished the forward design and terminate this phase of the synthesis. Since the
reverse synthesis is not done yet, we do not wish to enter the LADDER segment. Therefore we
continue our synthesis session using the OUT option.

NEXT SECTION

> end

WISH TO ENTER LADDER SEGMENT? (Y/N)

> n

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

IS COMPUTER-SELECTED IMPEDANCE O.K.? (Y/N)

>y

functional input bandpass
PARAMETERS USED: JPOLY = ES OD IMP = T
RESULTS OF THE SYNTHESIS FROM THE OUTPUT SIDE
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We now specify the same structure in the reverse direction:

NORMALIZED
1.0000000D+00

]

MODE - SIMPLIFIED: O, FULL:

> 0

NEXT SECTION
> 1s
3.3405071D+00

NEXT SECTION
> cpr 2
3.7232034D-01

5.4848614D+00
1.4534440D-01

NEXT SECTION
> csr 1
1.3833669D-01

6.3607734D+00
6.8235063D-01

NEXT SECTION
> cp
4.2970077D-01

NEXT SECTION
> Cs
7.6537952D-02

NEXT SECTION
> 1s
2.2924836D+01

NEXT SECTION
> cp
3.8479499D-01

NEXT SECTION
> 1p
4.1838614D+00

=
Q

DENORMALIZED
5.0000000D+02

1 OR EXPERT: 2

2.1266329D-01

9.4810595D-08

3.4917712D-01

3.7011647D-08

3.5227148D-08

4.0493941D-01
1.7375916D-07

1.0942240D-07

1.9490229D-08

1.4594404D+00

9.7987240D-08

2.6635289D-01

TERMINATION

ZERO FREQUENCY
1.4000000D+03

ZERO FREQUENCY
6.0000000D+02

Terminating the reverse synthesis, we now enter the LADDER segment. This is also called the
PASSIVE Analysis segment. The program provides a printout of the complete circuit including
terminations, which indicates successful results. The program was able to compare the two
circuits and complete the design. During this comparison process the program also checks the
numerical accuracy maintained throughout the synthesis. The output termination will not be
printed unless the accuracy is satisfactory.

NEXT SECTION
> end

WISH TO ENTER LADDER SEGMENT?

>y

** EVEN NUMBERED BRANCHES ARE SERIES,

functional input bandpass

Passive & microwave synthesis

(Y/N)

ODD ONES SHUNT **
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1 R 500.000000 ohm

2 L 212.663290 mH

3 C 94.810595 nF
1

4 L C 349.177123 mH RES.FREQUENCY
- 37.011647 nF 1.400000 kHz

6 é 35.227148 nF

7 —L—C— 404.939412 mH RES. FREQUENCY

173.759162 nF 600.000000 Hz

9 C 109.422403 nF

10 C 19.490229 nF

12 l 1.459440 H

13 C 97.987240 nF

15 L 266.352890 mH

17 R 2.602139 kohm

Note that the component values are now printed in engineering format. If a value is out of range
of possible engineering formats, the program reverts to the scientific notation for that value. As a
further check on the correctness of this result, we perform a brief frequency domain analysis and
get the following results, which agree perfectly with our specifications.

COMMAND :

> freqg

ENTER FREQ:

> 700 1300 50

ENTER FREQ:

>

ENTER QL AND QC AT (UPPER) CUTOFF (LOSSLESS: ENTER ZEROS)
> 0

TABULATE: Y/N

>y

functional input bandpass

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

FREQUENCY TRANSD. LOSS PHASE DELAY OUTPUT IMPEDANCE RETL
IN HZ IN DB IN DEG IN SEC REAL IMAGINARY IN DB
7.00000D+02 16.8338 106.274 2.172D-03 6.3249D+01 4.9651D+03 .0910
7.50000D+02 3.3270 172.234 5.601D-03 1.0076D+04 -8.0552D+03 2.7151
8.00000D+02 .0000 264.674 3.791D-03 2.6021D+03 5.6348D-11 100.0000
8.50000D+02 .0000 320.946 2.721D-03 2.6021D+03 -1.0152D-11 100.0000
9.00000D+02 .0930 5.733 2.287D-03 2.1313D+03 5.0817D+02 16.7411
9.50000D+02 .2206 44.473 2.052D-03 2.7341D+03 1.2105D+03 13.0518
1.00000D+03 .2500 80.583 1.981D-03 4.1286D+03 4.6509D+02 12.5228
1.05000D+03 .1989 116.396 2.018D-03 3.3409D+03 -1.0412D+03 13.4898
1.10000D+03 .0753 154.078 2.197D-03 2.4134D+03 -6.3518D+02 17.6501
1.15000D+03 .0000 196.445 2.537D-03 2.6021D+03 1.2844D-11 100.0000
1.20000D+03 .0000 247.954 3.381D-03 2.6021D+03 7.1149D-11 100.0000
1.25000D+03 2.1876 329.303 5.329D-03 2.0287D+03 3.6741D+03 4.0262
1.30000D+03 13.8941 38.851 2.394D-03 2.0589D+03 -2.2442D+04 .1809

Provided the forward synthesis was acceptable and complete, and the filter has no finite transmis-
sion zeros, a further simplification is available. Using the simplified synthesis mode, the
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synthesis in the reverse (OUT) direction is performed automatically, without the need for user
interaction. At some point in the reverse specification, the program will take over and complete
the design without any further prompting.

Example 5.2.2a Microwave Lowpass Filter

Let us continue with the microwave lowpass from example 4.2.4. On the PC using the multi-
executable version, if we assume that the transfer data was saved in a file called MICRO, we can
enter the PASSIVE program for the actual synthesis and call up this file:
C:>passive
* % K K % S/FILSYN * kK kX
RELEASE 3.2 VERSION 1 4/1/94
** PASSIVE/MICROWAVE SEGMENT **

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

SYNTHESIS: S, ANALYSIS: A OR END: E

> s

ENTER FILE NAME

> test

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

WISH TO SEE INTERMEDIATE RESULTS: Y/N

> n

Again we select the computer specified configuration and obtain the circuit shown below. Note
that all unit elements are bunched at one end:

** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **
microwave lowpass design

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

1 b—r— 50.000000 ohm
! !

3 * UE * 5.608057 ohm
* *
I
* *

5 * UE * 444.055047 ohm
* *
I
* *

7 * UE * 3.384659 ohm
* *
I
* *

9 * UE * 492.000385 ohm
* *
I I

11 p—Cc—] 3.955079 ohm
I I
I —
12 | L C 328.488530 ohm RES. FREQUENCY 21 = 14.895840 ohm

| 15.603401 ohm 136.612611 MHz Zz2 = 313.592690 ohm
I

—{
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13 C 5.441403 ohm
1
14 L C 207.803922 ohm RES. FREQUENCY z1 = 7.464362 ohm
L 7.742474 ohm 121.390456 MHz Z2 = 200.339560 ohm
15 C 10.783131 ohm
17 R 50.000000 ohm

Note the Z1 and Z2 representation of resonant pairs of stubs. These are the impedances of the
cascade realizations of these branches, as per the equivalences of Fig. 5.3 on page 5.23.

This is not the structure we desire inasmuch as we would prefer to have the unit elements inter-
leaved with the stubs and resonant branches. Since we are in the LADDER segment with its
associated command mode, let us try to interchange branches 9 and 11:

COMMAND :
> ib 9 11
10 L 488.076847 ohm
*
13 * UE * 3.923539 ohm
* *
|
16 L C 328.488530 ohm RES. FREQUENCY Zzl = 14.895840 ohm
L 15.603401 ohm 136.612611 MHz zZ2 = 313.592690 ohm
17 C 5.441403 ohm
—
18 L C 207.803922 ohm RES. FREQUENCY z1l = 7.464362 ohm
L 7.742474 ohm 121.390456 MHz z2 = 200.339560 ohm
19 C 10.783131 ohm
21 R 50.000000 ohm

This step performed one of the lowpass Kuroda's identities i.e. it replaced the old branches 9 and
11 by the new branches 10 and 13 respectively. With the exception of a few branch numbers,
everything else remains the same.

Let us try this step again and this time interchange branches 13 and 16. Since branch 16 is a
resonant circuit, the program will have to use Levy's extension (reference 10) to the Kuroda's
identities and indeed that is what it did.

COMMAND:
> ib 13 16
12 | L -82.599778 ohm
| |
13 p—r—Cc—] 104.356418 ohm RES. FREQUENCY Z1 = 109.313410 ohm
| | 4.956992 ohm 136.612611 MHz 22 = 5.192452 ohm
| |
14 | L 396.192468 ohm
| |
* *
17 * UE * 18.819379 ohm
* *
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21

22

23

25

[

207.

10.

50.

.441403

803922

.742474

783131

000000

ohm

ohm

ohm

ohm

ohm

RES. FREQUENCY z1 = 7.464362 ohm
121.390456 MHz Z2 = 200.339560 ohm

The resonant circuit becomes a T section on the other side of the unit element with one negative
series L. This is called a Brune section and it is realizable by a fairly complex circuit. In the
lumped element case, this section would require a pair of tightly coupled inductors. However,
branch 10 immediately before the negative inductor contains a positive L. The two could be
simply combined (added), with the hope that the sum will be positive as indeed it will:

COMMAND :
> com 10 12

10

13

14

17

21

22

23

25

|
(@]
* ok *——th—n—_L—_b

[
Lad

405.

104.

396.

18.

207.
.742474

10.

50.

477069

356418

.956992

192468

819379

.441403

803922

783131

000000

ohm

ohm
ohm

ohm

ohm

ohm

ohm

ohm

ohm

ohm

RES. FREQUENCY Zz1 = 109.313410 ohm
136.612611 MHz 72 5.192452 ohm

RES. FREQUENCY z1 = 7.464362 ohm
121.390456 MHz Z2 = 200.339560 ohm

In the latest version of the program, this last step is unnecessary. The previous step will auto-
matically combine the two series stubs. The next step is to shift capacitor 21 over to the other
side of the adjacent unit element and then combine the resulting series L with branch 14:

COMMAND :
> ib 17 21

16

19

24

25

27

I—L—'

— % ok ok —

Lo

14.

207.
.742474

10.

50.

Passive & microwave synthesis

598417

.220962

803922

783131

000000

ohm

ohm

ohm
ohm

ohm

ohm

RES. FREQUENCY z1 = 7.464362 ohm
121.390456 MHz Z2 = 200.339560 ohm
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COMMAND :
> com 14 16
14 L
I
* *
19 * UE *
* *
I

24

rb

Lo

27

o

410.

207.
.742474

10.

50.

790885

.220962

803922

783131

000000

ohm

ohm

ohm
ohm

ohm

ohm

5.11

RES. FREQUENCY z1 = 7.464362 ohm
121.390456 MHz 72 200.339560 ohm

Now we understand the basic idea of interchanging branches and what the underlying Kuroda's
identities do if one of the branches is a unit element. After repeating the process another half a
dozen times or so, we finally obtain the circuit we desire:

COMMAND:
> pri

microwave lowpass design

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

1

o

3 .

11 —L—C—

15 * U E
*

17 C

25 * U E
*

37 —L—C—

41 * UE

43 c
49 R
S/FILSYN Manual

50.

5.

359.

110.
.252632

413.

383.

177.
.607839

325.

50.

000000

697003

198066

580346

073941

.289143

755323

350915

313271

.706430

000000

ohm

ohm

ohm

ohm
ohm

ohm

ohm

ohm

ohm
ohm

ohm

ohm

ohm

RES. FREQUENCY Z1 = 115.832979 ohm
136.612611 MHz 72 = 5.502136 ohm

RES. FREQUENCY Z1 183.958754 ohm
121.390456 MHz 72 = 6.854037 ohm
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In order to determine where exactly we were in the arduous process, we asked several times for a
complete printout. The procedure, while conceptually simple, is tedious, and it would be nice to
circumvent it. This can be done by using the simplified synthesis procedure shown below.

Example 5.2.2b Microwave Lowpass Filter
When we leave the LADDER segment using the END command, we find ourselves at the top of

the synthesis segment with all immittance polynomials still available. Thus a second, manual
design is still possible without much trouble:

COMMAND :

> end

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

IS COMPUTER-SELECTED IMPEDANCE O.K.? (Y/N)

>y

microwave lowpass design

PARAMETERS USED: JPOLY = ES OS IMP = T

RESULTS OF THE SYNTHESIS FROM THE INPUT SIDE
** ZERO FREQUENCIES ARE "PRESHIFTED" VALUES **

NORMALIZED DENORMALIZED

1.0000000D+00 —Rr—] 5.0000000D+01 TERMINATION

MODE - SIMPLIFIED: 0, FULL: 1 OR EXPERT: 2
> 0

We begin the new synthesis with a unit element, followed by a resonant section starting with a
series L (series shorted stub):

NEXT SECTION

> ue
* *
1.1216114D-01 * UE * 5.6080572D+00
* *
I I
NEXT SECTION
> 1lsr 1
1.0127266D+00 | L 3.1970521D+02
I I
1.1984587D+00 1.5133541D-01 1.2187103D+08

5.6179251D-01 p—r—Cc—] 1.7735092D+02  ZERO FREQUENCY
| |
| |

Later on we will shift the series L to the other side of the unit element, yielding the structure we
want. Next we remove two unit elements and another resonant section:

NEXT SECTION

> ue
* *
7.6751065D+00 * U E * 3.8375532D+02
* *
I I
NEXT SECTION
> ue
* *
6.5263199D-02 * U E * 3.2631599D+00
* *
I I
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NEXT SECTION
> 1lsr 2

1.2981530D+00 | 4.0981078D+02

L

|

3.5028413D-01 p—r—Cc—] 1.1058035D+02  ZERO FREQUENCY
1.5076673D+00 | | 1.9038073D-01 1.3760589D+08

Finally we remove a unit element and a shunt open stub (C) which ends the forward synthesis

process:

NEXT SECTION

> ue
* *
7.1839613D+00 * UE * 3.5919807D+02
* *
| |
NEXT SECTION
> cp

1.3900681D+00  |—Cc—| 1.7553089D-01
| |

NEXT SECTION
> end

To see what we have we now enter the LADDER segment and in doing so we prevent the possi-
bility of using this synthesis for any further comparison!

WISH TO ENTER LADDER SEGMENT? (Y/N)

>y

** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **
microwave lowpass design

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

1 ——R——] 50.000000 ohm
! !
3 * UE * 5.608057 ohm
* *
|
6 L 319.705214 ohm
|
7 —r1—Cc—] 177.350915 ohm RES. FREQUENCY Z1 = 183.958754 ohm
| 6.607839 ohm 121.390456 MHz 72 = 6.854037 ohm
|
* *
9 * UE * 383.755323 ohm
* *
| |
* *
11 * UE * 3.263160 ohm
* *
|
14 L 409.810781 ohm
15 —L—C— 110.580346 ohm RES. FREQUENCY Zz1 = 115.832979 ohm
5.252632 ohm 136.612611 MHz 72 = 5.502136 ohm
17 * UE * 359.198066 ohm
* *
19 C 5.697003 ohm

In order to determine the output termination, we normally would re synthesize the same circuit in
the reverse direction. However, in this case that cannot be done, because in the reverse direction
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L14 should be next to branch 7 and thus the reverse circuit will necessarily be different. This
problem could be solved with some hand calculations. However, since we know what the termi-
nation is, and we assume the results to be sufficiently accurate, there is no need for any calcula-
tions. As indicated in the previous, computer-selected synthesis, the termination is 50 ohms and
while this result is true only for low passes, it does save us a lot of trouble. We can simply insert
a 50 ohm output termination by the use of the INS (insert) command, as follows:

COMMAND :
> ins 21 r 50.

21 p—Rr— 50.000000 ohm
| |

Next we perform two interchange branch (IB) commands to shift L6 and L14 to the other side of
the unit elements adjacent to them. This step quickly produces the identical circuit which we
have previously obtained the hard way. The only difference is that the circuit is reversed:

COMMAND:
> pri

microwave lowpass design

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

1 R 50.000000 ohm
3 C 5.706430 ohm
* *
5 * UE * 325.313271 ohm
* *
9 —IL—C— 177.350915 ohm RES. FREQUENCY Z1l = 183.958754 ohm
6.607839 ohm 121.390456 MHz 722 = 6.854037 ohm
11 * UE * 383.755323 ohm
* *
13 C 3.289143 ohm
15 * UE ~* 413.073941 ohm
* *
19 —L—C— 110.580346 ohm RES. FREQUENCY Z1l = 115.832979 ohm
5.252632 ohm 136.612611 MHz 72 = 5.502136 ohm
21 * UE * 359.198066 ohm
* *
23 C 5.697003 ohm
25 R 50.000000 ohm
COMMAND :
> end
LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE: IN, OUTPUT SIDE: OUT OR END: END
> end
SYNTHESIS: S, ANALYSIS: A OR END: E
> e

*** PASSIVE SYNTHESIS PROGRAM TERMINATED ***
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The last two ENDs terminate the process gracefully by first leaving the synthesis part of the
PASSIVE segment and then the PASSIVE segment itself.

J.3 LATTICE REALIZATION

A single lattice realization of a passive LC or microwave filter is also available if the filter is, in
fact, symmetrical. The multiplicities of transmission zeros at zero and/or infinite frequencies are
both odd (if non zero) for symmetrical filters. Also, no predistortion can be used, microwave
filters may contain no unit elements and terminating resistances must be equal. If functional input
is used, F(s) is pure odd for lowpass and highpass and pure even for bandpass filters. The design
itself is simple, selecting this form of realization is the last decision we have to make. The lattice
branches will be printed in both Foster forms for the circuit and its dual, yielding four forms per
branch. All we need to do is to select the pair we wish to use. If a lattice realization does not
exist, the program will tell us, and we may continue with a ladder form.

Note that if the filter is a microwave one, then a further prompt will give us two choices:

* we can obtain a lattice form of the microwave filter, or
* we can convert this to a wave-digital lattice filter.

In the
latter case, the quarter-wave frequency will be treated as half the sampling rate of the digital
filter and the actual implementation is that shown in Fig. 5.3 below. See Section 9 later in this

manual.
o z1 o)
N—
22
o / 21 o)

Fig. 5.2 Single Lattice Realization
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Z1

a b1
1/2
ouTt

a1 1
2 1 fw

Z2

Fig. 5.3 Wave-Digital Lattice Filter Form

Example 5.3.1 Elliptic Lowpass Filter

The structure of a lattice section is shown in Fig. 5.2 and the interpretation of the output is best
demonstrated by an example. Only a single lattice can be provided by this procedure; if we desire
a cascade of lattices or lattice(s) embedded in a ladder, we must start with a ladder synthesis and
use commands available in the LADDER (PASSIVE Analysis) segment to convert parts of it into

lattice form.

To simplify our example, we have selected the elliptic lowpass of our first example in Section 2,
example 2.1.1. Reentering the PASSIVE synthesis segment, we select the lattice realization.
Using the responses shown below, we assume that we have saved the earlier data on a file
entitled TEST for the synthesis step. We may also write the resulting lattice in a file to be

transmitted to other programs, which we have declined to do here.

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

> 1
WISH TO WRITE RESULTS ON FILE? (Y/N)
> n

passive lowpass

REALIZATION OF LATTICE BRANCH NO. 1

NORMALIZED DENORMALIZED DUAL DENORM.
—
1.5951705D+00 |—L—C— 152.327563 mH L C 114.913174 mH
1.2033679D+00 319.203262 nF - 423.132119 nF
|
—h
5.2636095D+00 |—L—C— 502.637679 mH L C 15.762475 mH
1.6506425D-01 43.784652 nF - 1.396216 uF
|
** INVERSE **
NORMALIZED DENORMALIZED DUAL DENORM.

Passive & microwave synthesis

RES. FREQUENCY
721.767336 Hz

RES. FREQUENCY
1.072832 kHz
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|
1.2241761D+00 |—C—]  324.722799 nF L 116.900208 mH
|
1.3684322D+00 |—I1—]  130.675649 mH C 362.987914 nF
|
—
1.1581777D+01  |-L—CH 1.105978 H L C 8.208640 mH RES. FREQUENCY
8.5960679D-02 22.801778 nF L 3.072162 uF 1.002219 kHz
|
REALIZATION OF LATTICE BRANCH NO. 2
NORMALIZED DENORMALIZED DUAL DENORM.
| | |
2.1426039D+00 |—I—]  204.603602 mH C 568.343339 nF
| | |
| | —
2.6300877D+00 |1~C—  251.154879 mH L C 33.902987 mH RES. FREQUENCY
3.5503125D-01 | | 94.174963 nF L 697.652441 nF 1.034860 kHz
| | |
** INVERSE **
NORMALIZED DENORMALIZED DUAL DENORM.
| | |
1.1807250D+00 |—C—]  313.197030 nF L 112.750931 mH
| | |
| | —
1.7616091D+00 |1-C—  168.221278 mH L C 91.852671 mH RES. FREQUENCY
9.6187893D-01 | |  255.146309 nF L1 467.281328 nF  768.218961 Hz
| |

 —

LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE:
> stop
ARE YOU SURE? (Y/N)

>y

N, OUTPUT SIDE: OUT OR END: END

As can be seen, we have four realizations for each of the two lattice branches. We usually pick
the same pair, that is, if we select the inverse dual realization for Z,, we also select the inverse
dual for Z,, although other combinations are also possible. Resonant frequencies are calculated
and printed as a tool for tuning the complete circuit.

A file may be written in ASCII format readable to either the SUPER-COMPACT, the TOUCH-
STONE or any of the many SPICE programs for analysis and other operations performed by
those programs. Only one of the four realizations is used in this operation -- the one that is
realizable by the use of piezoelectric crystals.

Since a single lattice realization is seldom used in practice, except for crystal or mechanical
filters, no further features are available. The circuit cannot be analyzed in S/FILSYN from its
element values.

Example 5.3.2 Monotonic Bandpass Filter

To illustrate the automatic reverse synthesis capability of the program, refer to the monotonic
microwave bandpass which we started in Section 3.7, example 3.7.1. Continuing that synthesis
with the steps shown, the following computer-generated circuit is created, with all unit elements
at one end (as usual):
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monotonic bandpass

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

1 b—r— 50.000000 ohm
) )
3 % UE * 187.265109 ohm
* *
| |
* *
5 * UE * 188.251223 ohm
* *
| |
* *
7 * UE * 2.995972 kohm
* *
| |
* *
9 * UE * 3.019879 kohm
* *
|
12 C 38.776521 kohm
|
14 L 38.077620 kohm
15 L 6.031584 kohm
16 C 5.254768 kohm
17 c 1.423146 kohm
19 L 1.414460 kohm
21 R 2.494027 kohm

To demonstrate yet another program feature, we will display the original design data here with

the DISP (display) command:

COMMAND:
> disp

*** S/FILSYN *** FILTER PROGRAM

monotonic bandpass
BAND-PASS FILTER

MICROWAVE FILTER

QUARTER-WAVE FREQUENCY

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

MONOTONIC STOPBAND TYPE
LOWER STOPBAND EDGE FREQUENCY
UPPER STOPBAND EDGE FREQUENCY
MULTIPLICITY OF ZERO AT ZERO
MULTIPLICITY OF ZERO AT QUARTER-WAVE FR.
NUMBER OF UNIT ELEMENTS
OVERALL FILTER DEGREE
INPUT TERMINATION
OUTPUT TERMINATION
REQUESTED TERMINATION RATIO

.000000

.100000
.000000
.000000

.918633
.411874

.000000
.000000
.0000000D+00

GHz

DB.
GHz
GHz

GHz
GHz

ohm
ohm

We now return to the top of the synthesis segment for a manual circuit selection and pick the

simplified method:

Passive & microwave synthesis
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COMMAND :

> end

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

IS COMPUTER-SELECTED IMPEDANCE O.K.? (Y/N)

>y

monotonic bandpass

PARAMETERS USED: JPOLY = ES OS IMP = F
RESULTS OF THE SYNTHESIS FROM THE INPUT SIDE

NORMALIZED DENORMALIZED

1.0000000D+00 —Rr—] 5.0000000D+01 TERMINATION

MODE - SIMPLIFIED: 0, FULL: 1 OR EXPERT: 2
> 0

The forward design is uneventful and we distribute the unit elements throughout the circuit:

NEXT SECTION

> cp

2.4120742D+00 C 3.5049489D-02
NEXT SECTION
> 1p

7.8060007D-01 L 2.8356958D+01

NEXT SECTION

> ue
* *
4.3555522D+00 * U E * 2.1777761D+02
* *
I I
NEXT SECTION
> Cs
3.3725439D-01 | C 4.9005931D-03
I I
NEXT SECTION
> ue
* *
3.0968997D-01 * U E * 1.5484499D+01
* *
I I
NEXT SECTION
> 1p
4.5062180D-01 —1— 1.6369795D+01
I I
NEXT SECTION
> ue
* *
4.3144699D+00 * U E * 2.1572350D+02
* *
I I
NEXT SECTION
> Cs
3.5765774D-01 | C 5.1970712D-03
I I
NEXT SECTION
> ue
* *
5.0109230D-01 * U E * 2.5054615D+01
* *
I I
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NEX
>
6.

T SECTION
1s
0651093D-01

2.

2032799D+01

At this stage the forward synthesis is complete and we prepare the reverse synthesis:

NEX
>

WISH TO ENTER LADDER SEGMENT?

> n
LA
>

IS COMPUTER-SELECTED IMPEDANCE O.K.?

>

T SECTION
end

TTICE:
out

y

L, COMPUTER CONFIG.: C,

(Y/N)

INPUT SIDE:

(Y/N)

IN, OUTPUT SIDE:

OUT OR END: END

Upon completing the above data entry sequence, the reverse synthesis becomes fully automatic
with no additional prompts:

monotonic bandpass

PARAMETERS USED:

JPOLY =

ES 0OS

IMP = T

RESULTS OF THE SYNTHESIS FROM THE OUTPUT SIDE

N

3.

6

WISH TO ENTER LADDER SEGMENT?

>y

ORMALIZED

.0000000D+00

.4120742D+00

.9928277D+00

.9932281D-02

.7158506D+01

.7921082D+00

.2316269D+00

.4801901D-02

.7321889D+01

1044210D+00

.0651093D-01

_R__I
|
L
|
* *
* U E *
* *
|
C
|
* *
* U E *
* *
|
_L__I
) )
* U E *
* *
|
C
|
* *
* U E *
* *
L

DENORMALIZED

5.

8.

1.

8.

0000000D+01

7623723D+01

.9641386D+01

.3067925D-03

.5792529D+02

.5102140D+01

.1581345D+01

.2322437D-03

.6609444D+02

1277469D+02

8131197D-03

(Y/N)

TERMINATION

After entering the LADDER segment, the complete circuit with terminations is printed,
indicating that the synthesis was correct:

Passive & microwave synthesis
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** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **
monotonic bandpass

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

1 —~R— 50.000000 ohm
|
2 L 87.623723 ohm
|
* *
4 * UE * 99.641386 ohm
* *
|
6 C 765.232406 ohm
|
* *
8 * UE * 857.925292 ohm
* *
|
11 —1— 65.102140 ohm
!
13 * UE * 61.581345 ohm
*
|
16 C 811.527753 ohm
|
*
18 * UE * 866.094435 ohm
*
21 L 112.774693 ohm
23 C 113.467198 ohm
25 R 198.848366 ohm
COMMAND:
> stop
ARE YOU SURE? (Y/N)
>y

*** PROGRAM TERMINATED ***

Recapitulating, this automatic reverse synthesis is performed if the filter contains no finite trans-

mission zeros, and the SIMPLIFIED mode was used for the forward synthesis. While the forward
synthesis is arbitrary and manual, it must be complete, and the impedance functions must be cor-
rect. Once the reverse synthesis is initialized, the rest becomes fully automatic.

Fig. 5.4 below shows how we can replace a resonant circuit consisting of a pair of shorted and
open stubs by the cascade connection of two unit elements. Three- and four-element branches
can also be replaced by a cascade of three and four unit elements, respectively. The program
handles the two- and three-element cases automatically, by displaying the impedance values of
the corres- ponding cascaded unit elements. If the three-element branch consists of two branches,
use the XCH command to convert it to the other, equivalent, form to see this print. The
four-element case only occurs in the MINNIS and MINNIS-B script files and the first of these
files contains the equations relating the element values in the two implementations.
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o
ZA=L ZA | — e
= = Z1 22
O
ZA = Z1*Z1/(Z1 + Z2) Z1=2ZA +ZB
ZB = Z1*Z2/(Z1 + Z2) Z2 = ZB(ZA + ZB)/ZA
o
ZB=1/C ZA 7B
ZA=L = = = Z1 72
I !
ZA=271+22 Z1 =ZA*ZBI/(ZA + ZB)
ZB = Z1(Z1 + Z22)/Z2 Z2 = ZA*ZAI(ZA + ZB)

Fig. 5.4 Microwave Equivalences
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