Manual Circuit Edit Modue

The arcuit editor is primarily intended for the manipulation d designs but is also useful for any
occasion where individual network elements must be manually changed or added.

When the alit optionis sleded from one of the menusin the system that provide for its use, the
program will draw the schematic diagram of the design in memory.

Below is the schematic representation o an L-C filter as drawn by the drcuit editor

=¥ 5chematic E ditor

MAIM:  ExIT Reverse | Spread Oops! PHelp
MAIN: MIS1: MIS2: MIS3: SCALE: NORT: -

Sour
Fc = 648.83 MH=.

Inductance range 7.783 to 12.62 nHy. <at branches 8 & 22
Capacity range 1.8 to 3.0888 pFd. {at branches 4 & 7> {— worst case.
Ualue spread 1.716 = 1 {(Over bhranches 1 to 12>

M|

Usetheup/ down arrow keys, Page, Home and End keys to scroll the schematic up a down. The
scroll bar onthe right may be used as well. The mouse is used to seled one of 6 butons correspondng to 6
different top menu. Initialy the “MAIN:” menuis displayed. One of the options onthe MAIN menuisthe
“Spread” option which displays the extreme values in the airrent design and the value spread as aratio of
the largest to smallest value in aboxed in area & the bottom of the elit window. This areais used to display
all messages whil e eliti ng.

Editing Commands

The arcuit editor isamanually driven method d controlli ng the many functions avail able within the
program. Many of these same functions are dso used by the design modues internally. Commands are given
by chocsing menus and menu ogions as well as answering some keyboard prompts.

Many of the cdmmands ded with functions requiring branch number information. The mmmand to
change the value of a part isa command that requires a branch number. The branch number to speafy isthe
number shown to the left of the part you want to change on the schematic drawing. The change value
command islocaed onthe menu seleded by pressng the [M1S1:] button. To change the value of the shurt
cgpaator associated with the L/C resonant circuit at the termination end d the node filter shown ealier, you
could dothis:
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Pressthe [M1S1:] button which will bring up this menu at the top d the edit window:

=¥ 5 chematic Editor
MIS1: Save Hecall Ehange|gelete Inzert  CoMbine Trplet ?Help

[ maIN: [ MISTE [  MIS2: | MIS3:: | SCALE: | NORT: 4l

Seled the “Change” menu ogion. The elitor will now prompt you for the branch number:

Change 1 branch (#> or 2 az a pair <H.#>
that two branch numbers 7

g [o1]

Key in the number just to the left of the cgaator you want to change. Theisthe “branch number”.
Inthiscaseit’s 1.
The next prompt will ask for the value youwant to put at branch 1:

What is new value <pFd.> 7

F o]

Severa other commands require 2 branch numbers. The command to swap or interchange two
branches ( I nterchange onthe [NORT :] menu) is one of these. The prompt for branch numbers al ows two
branch numbersto be entered separated by a comma (#,#).

More édou branch numbers

In the sample noce filter shown at the beginning of this sdion, ead individual part has a branch
number to the left of it. Thisis not always the cae. Some networks consist of more than ore branch.
Multi ple branches are identified by a period (.) after the first branch number of the network. Only the first
branch onead haizontal line can be numbered. Branches not numbered dredly simply court up to the
right even though in some networks, like the dl-passequali zer in the example below (branches 1 - 5), are
not numbered conseautively.
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0 — Termination 7 50 Ohms

1. L C 10.132 nHy. 500 pFd. <-- branch 2

4 —L — C-)— 625 nHy.  4.0693 pFd. <-- branch 5

3 L C 500 pFd. <-- branch 3

_ |
6. —— C n 10 pFd.
7 L C 50 nHy. 20 pFd. <-- branch 8
—
9. G ——— 2 pFd. 50 Ohms 75 Deg.
branch 10 branch 11

12 Source — 50 Ohms

13 Fc =100 MHz.

Asyou edit anetwork, branch numbers are wntinuowsly being adjusted. Records of multiple
branches are dso up-dated internaly. The dditor is ssmi-intelli gent with resped to multiple branches, it
knows where amulti ple branch starts and ends. Multi ple branches may usually be spedfied asasingle antity
using the first branch number to identify the entire branch. The entire capadtively loaded stubin branches
9,10and 11(abowe) may be spedfied as branch 9 (the one with the period) when using commands like
I nter change Branch. Y ou can also spedfy a single branch within a multi ple branch if appropriate. You
could use the Change command to alter the dedricd length of this ssme stub by spedfying branch 11.In
genera, if youwant to dosomething to an entire multi ple branch, spedfy the first branch number. The
program will usually know what you are trying to do.

Branch number (position in network)
F Symbol Part value Part value
| 100 nHy. 200 pFd. Fx =35.588 MHz.

15. | L C

The source, termination and Fc (branches 12, Oand 13respedively, in the example &owe) arevalid
branches and may be spedfied with any command where doing so islogicd.

NOTE: Rather than key branch numbersinto the program using the prompt
AFTER selecting a menu command, the branch numbers may be designated BEFORE
selecting the menu command by clicking on the VAL UE of the component at that

branch with your left mouse button. When you click onthe value, it will turn red to confirm your
choice Two dfferent branches may be identified thisway. Note the 2 pFd value & branch 9in the example
abowe.

Schematic drawing symbols

The symbals used to represent circuit elements use the IBM extended charader set. These dharaders
shoud be compatible with virtually all computer CRT screens. They are used to provide cnreding lines
betwean comporents. The extended charaders are not suppated by modern printers however and an
dternate set of charaders are used when printing. The generic charader set schematics are described in the
sedion on asign files and interfadng with ather software (pages 5-1 to 5-4).
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Each of the circuit element symbols is explained below

Termination a load end if the network. It is always the top element andisto be considered apurely
resistive impedance
0 — Termination — 50 Ohms

First order group celay equali zer. The symba —*L isan inductor center tapped with 100% cougding
between the two halves of the winding.

1. *L 25230 nHy.

S b—c—I | 10092 pFd.

Seoond ader dd? equali zer with center tapped inductor (low delay).
3. C —L 25 pFd.  405.28 nHy.

5 1L —co 62.5nHy.  162.11 pFd.

Seoond ader group celay equalizer with high delay. Note the strange branch numbering.

7. L C 18.013 nHy. 500 pFd.
0 —L — C-)— 625 nHy. 7.2574 pFd.

9 C 500 pFd.

Referencefrequency for al transmissonlines that foll ow. It indicates the frequency at which
eledricd length refers (in degrees). It isredly required orly for multi plexers having transmissonline
elements (where two dff erent reference frequencies are nealed), atherwise the identification frequency at

the battom of the schematic drawing is used as reference
12 | | Ref. freq. = 100 MHz.

Parallel conreded comporent
13 | C | 10 pFd.

Series conneded comporent.

14 ‘ L 100 nHy.
|

Shurt notch or 2 parts to ground.Fx is resonant frequency if parts are an L/C combination.
15. | L C | 100 nHy. 200 pFd. Fx = 35.588 MHz.

Series natch or 2 paralel conneded partsin series. Fx isthe resonant frequency if the partsare an
L/C combination.

l_|_|
17. L C 30 nHy. 20 pFd. Fx =205.47 MHz.
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19.

20

22.

78.

80

83

84.

89

25.

© O hMwpek

Threepart combinationin series.

L 30 nHy.
|
CR 10 pFd. 5.1 Ohms
Threepart combinationto ground.Usually an amplitude equali zer.
F— C-L - R — 10 pFd. 30 nHy. 220 Ohms
Four part combinationin perallel.
L 1 25.361 nHy.
— C L-C 104.04 pFd. 12.01 nHy. 219.7 pFd.
Four part combinationin series.
C 10.144 pFd.
|
L C L 260.1nHy. 4.8039 pFd. 549.26 nHy.
6 Part series - parallel combinationin series.
T
L C 10 nHy. 5.1 pFd.
1
R L C 2700hms  4.8039nHy.  549.26 pFd.
R 25 Ohms
6 Part series - parallel combinationin paralel.
L CL 43.884 pFd. 68.02 nHy.
— C CL 250.09 pFd.  4.2994 pFd.  590.63 nHy.
L 103.64 nHy.
Constant impedance anplitude equali zer.
|
- C-L — 362.16 pFd.  16.554 nHy. Fx = 65 MHz.
R 3.6995 Ohms
L R;I:WR 50 Ohms 50 Ohms
CL 13.731 pFd.  436.63 nHy. Fx = 65 MHz.
— R j 675.77 Ohms
Threepart combinationin series.
CLR 50 pFd. 220 nHy. 330 Ohms
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NOTE: double lines ( ) indicate transmission line conductors.
Single lines(  ——— ) indicate connecting leads.
Colons (:) indicate the END of a transmission line.
The key to visualizing shunt stub connections from the symbols is
to consider the analogy of a railroad track you are standing on. The
individual conductors of an open wire line converge in the distance
if you were looking into one end just as the |nd|V|duaI rails of the

train track would converge. | Do |

Shorted stubin parall el with asingle comporent (usually a cgadtor) series conneded.
90. =1 50 Ohms 40 Deg.
91 [: ————C  15pFd.

Open stub, shurt conneded through asingle comporent (usualy an inductor).

93. |=: D =L 50 Ohms 45Deg. 20 nHy.
Open stubin parale with asingle ommponrent (usually an inductor) series conneded.
96. =L 50 Ohms 40 Deg.
97 1 15 nHy.
Two stubs, ore open and ore shorted, shunt conreded.
99. D 20 Ohms 30 Deg.
101 =l=: — 70 Ohms 30 Deg.
Two stubs, ore open and ore shorted, series conneded.
103. | = 70 Ohms 30 Deg.
P L: :l
105 ‘ : gj 20 Ohms 30 Deg.
Series conreded shorted stub.
—
28. ‘ [: —_— 50 Ohms 90 Deg.
Series conreded open stub.
N
30. ‘ L= 50 Ohms 90 Deg.
Series conneded stub, end loaded.
— —
32. G- —— 2 pFd. 50 Ohms 45 Deg.
Series conneded forward transmissonline.
35. || +++++++ | 50 Ohms 45 Deg.
Parallel conreded shorted stub.
37. } ; ; | 75 Ohms 90 Deg.
ParaIIeI conrected open stub.
39. 92 Ohms 45 Deg.

Parall eI shorted stub conreded by series comporent.
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41, — — —*-C 150 Ohms 88 Deg. 0.2 pFd.

Parale conreaed stub, end loaded.
39. — C— 0.2 pFd. 150 Ohms 88 Deg.

Test branch which causes analysisto give detailed R +-j X datalooking into (not at) the point it
marks. Seethe sedion onthe anaysis modue for more.

44 | Report —> — (If not present, Zo is looking into source end)
Perfed transformer.
45 ——[N:1] — 2.5:1turns

Multi plexer side port input. It conneds the darcuit abowe it to the point marked with the same
common letter that foll ows. (Common A in this case) or to the source (in which case it will say: — to Source
_>)_

\—> L to CommonA ——>

Termination d amulti plexer side port. It isassumed to be apure resistive impedance. It can be

thought of asa"dummy load".
46 — portterm — 50 Ohms

The point where aside port of a multiplexer is conneded to ancther. If it isnot present in a

multi plexer, the common pant is the source
47 | | <—— Common A

"Stepped impedance’ stopband ndch consisting of two stubsin series conneded paral el to the
network.
48. > 32.813 Ohms 30 Deg.
50 l:: I =L: :‘ 445.82 Ohms 30 Deg.
Series conreded stopband ndch. Thisisidenticd to the Series conneded shorted stub that it

resembles but istreaed as aspedal case.
N

z
28. ‘ [: —_— 50 Ohms 90 Deg.

Parallel conreded stopband ndch. Thisisidenticd to the Parallel conneded open stub that it

resembles but istreaed as a spedal case.
39. f——1z: —— 92 Ohms 90 Deg.

Source of power to anetwork. It represents asignal generator having a series conreded puely

resistive sourceimpedance The analysis "looks" into thisend d the network.
48 L—— Source — 50 Ohms

Identificaion frequency of the network. It is used by the frequency scding functions. It is usually

geometric Fo of abandpass
49 Fc = 86.603 MHz.
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The diting commands

Each command and its use is described in detail

++++++++++ [M1S1:] Change

Change the value & any branch number including source, termination a Fo. Individual branches
anywhere within multi ple branches can be dhanged. Inpu asingle branch number to change the value & one
branch, a two branch numbers (#,#) to change two branches smultaneously.

Change 1 branch (#) or 2 asapair (#,%)

What two branch numbers (#,#) ?

++++++++++ [NORT:] combine

Combine 2 branches. Theresult is placel at the position d the second lranch spedfied. Parts at the
two branches gedfied must be the same type and conneded either parall el or series. It isNOT necessary
that the two branches that are to be mmbined be ajacent branches, only that they be dedricdly conreded.
In the ombination 2 pde bandpassand 5 pde lowpassfilter shown below, it is desirable to combine the
two cgpadtorsin branches 3 and 4into ore cgadtor:

0 Termination — 50 Ohms
1 C 42.302 pFd.
2 Lowpass L 133.87 nHy.
3 C 42. 302 pFd. <-, CoMbine into 1 capacitor.
4 C 130. 71 pFd. <-'
5 C 54.159 pFd.
6 L 61.175 nHy.
7 Bandpass C 2.9644 pFd.
8 L 61.175 nHy.
9 C 54.159 pFd.
10 C 130.71 pFd.
11 Source — 50 Ohms

12 Fc =99.813 MHz.
Combine

Combinefirst branch — into —> seand kranch.
What two branch numbers ? 3,4
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0 Termination — 50 Ohms

1 C 42.302 pFd.

2 L 133.87 nHy.

3 c 173.01 pFd. <-- 1 Cap. (42.302+130.71 pFd.)
4 C 54.159 pFd.

5 L 61.175 nHy.

6 C 2.9644 pFd.

7 L 61.175 nHy.

8 C 54.159 pFd.

9 C 130.71 pFd.

10 Source — 50 Ohms

11 Fc=99.813 MHz

++++++++++ [MIS2:] Copy
Copy asingle branch, o all between two branches.
Copy Branch #for 1 branch.
Copy Branch #,#for 2 or more branches.
Position them After what branch number ?

++++++++++ [NORT:] Cp

CP - Thisisused to add, change or delete a cpadtor used to absorb the stray cgpadty at the junction
of the two series "natch” trapsin the wnventiona €lli ptic bandpassfilter topdogy. A detail ed example of its
use can be foundin the sedion on dred scded bandpessfilters with ndch sedions.

8 C 9.1399 pFd.
9 L 184. 64 nHy.
1
10. L C 108.81nHy.  18.486 pFd. Fx = 112.22 MHz.
12. L C 13841nHy. 23.515pFd. Fx =88.22 MHz.
|
14 L 219.71 nHy.
15 C 8.6607 pFd.

Toaddal pFd cgpaator to groundto absorb the distributed cgpaaty at the junction d the two series
notch sedionsin the network shown abowve, use the CP command at branch 10

CP
(Cr to abort) Cp value (pFd.) ?1
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8 C 14.474 pFd.
9 L 118.89 nHy.
1
10. C L 24.031 pFd. 83.7 nHy. Fx=112.22 MHz.
[
12 C 1pFd. <-- Cp added
1
13. C L 25.893 pFd. 125.7 nHy. Fx =88.22 MHz.
L1
15 L 261.71 nHy.
16 C 6.2832 pFd.

The CP editor command can be used again, at the same branch number to change the value to
something other than 1 g=d if you like. Oncethe shurt cagpadtor has been inserted initially, you can aso
speafy the branch number of the parall el cgpaator diredly. That is, either branch 10 o branch 12will work
identicdly in this example.

To delete the cgadtor from the drcuit in the event the results are not satisfadory, you can smply
speafy avalue of zero pFd or just pressthe <Enter> key in response to the Cp value prompt.

When using this feaure on eat seaion d ahigh arder dli ptic filter, begin at the source end and
work uptoward the termination end. Y ou must do this becaise the transformation scdes the impedance
level of the rest of the network upto and including the termination impedance Thiswill change the value of
al the partsin that area Thediredion d the scding, up a down, is determined by the order of the series
notch sedions. This order isautomaticdly reversed depending onthe eisting ratio of sourceto termination
impedance Thisisdoreto try to reducethe overall impedanceratio of sourceto terminationin ahigh order
filter. To reverse this <ding diredion (invert the scding ratio) in asingle "sedion' manualy, delete the
existing Cp and interchange the two series notches, then replacethe Cp.

++++++++++ [MISL:] Triplet
Triplet
For detail s seAppendix D

| |
L X
X
L > X —f e > L
C — C
L C X
1
L C L
I_'_l

++++++++++ [MISL:] Delete
Delete asingle branch, ar al between two branches.
Delete #for 1 branch.
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Delte #,#for 2 a more branches. (from branch #,to branch #)

Using the bandpess lowpasscombination shown abowe to ill ustrate the CM command, let's delete
the bandpass ®dionleaving only the lowpass

0 Termination — 50 Ohms
1 C 42.302 pFd.
2 Lowpass L 133.87 nHy.
3 C 42.302 pFd.
4 C 130. 71 pFd.
5 C 54.159 pFd.
6 L 61.175 nHy.
7 Bandpass C 2.9644 pFd.
8 L 61.175 nHy.
9 C 54.159 pFd.
10 C 130. 71 pFd.
11 Source — 50 Ohms

12 Fc =99.813 MHz.

Delete

What two branches? 4,10
0 Termination — 50 Ohms
1 C 42.302 pFd.
2 Lowpass L 133.87 nHy.
3 C 42.302 pFd.
4 Source — 50 Ohms
5 Fc =99.813 MHz.

++++++++++ [NORT:] Dipole

Dipole
Convert between these pairs of equivalent networks. In Series or Parall € within the network.
12(b) ——
C L C L C L
| <> ::|: C 1 C-1L <---> C L
LLC 6(b) 6(a)
L C
12(a) L

L — L — C 1(b)

{ j— CcC — <---> — —’7 Specify the lowest
C 1(a) C branch number of the
|

L L—C group.
— }_ L — <> _’_ —’7
C 2(a) L 2(b)
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To convert the dipde network at branches 3,4 and 5in an élli ptic zig-zag filter:

0 — Termination — 63.33 Ohms
1 L 25.361 nHy.
2 C 99.235 pFd.
1
3. L C 199. 54 nHy. 4.9435 pFd. Fx =160.25 MHz.
5 C 7.8144 pFd.
6. C L 165.55 pFd. 41.12 nHy. Fx =61 MHz.
8 C 104.73 pFd.
9 C 8.2468 pFd.
|
10 L 323.54 nHy.
11 Source J 50 Ohms

12 Fc =98.869 MHz.

Dipole
Branch 3
0 — Termination — 63.33 Ohms
1 L 25.361 nHy.
2 C 99.235 pFd.
— <
3. L —‘ 531.87 nHy. |
| | | Converted dipole
4 C C 4.7864pFd.  3.028 pFd. |
[ <!
6. C L 165.55 pFd. 41.12 nHy. Fx =61 MHz. <--,
8 C 104.73 pFd. |
I
9 C 8.2468 pFd. |
| |
10 L 323.54 nHy. |
I
11 Source 50 Ohms |

12 Fc = 98.869 MHz. |
Note: The dipde & branches 6,7 and 8may be mnwverted in the same way by pressng the <Enter>

key, bu with thistopdogy, you have the option to spedfy the resulting inductor:

Dipole

Branch 6

Preset ratio = 1.0000

(Cr) normal transform, -1 for preset, Inductor value (nHy.) ?
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++++++++++ [M1S2:] Equal value
Force dl Equal Vauesin abandpessfilter.

It will function onL-C filters having series or paral e resonant sedions and ontubuar filters. It will

also operate with a5 resonator parall el inpu elli ptic design that does not contain any series resonant,
untransformed sedions, like the one shown below:

50 Ohms
108.05 pFd.
28.328 nHy.
45.833 pFd. 30.062 nHy. Fx =135.59 MHz.
107.71 pFd.
23.754 nHy.
85.11 pFd. 55.825 nHy. Fx = 73.015 MHz.
90.321 pFd.

23.68 nHy.
50 Ohms

(Cr) to maintain source Zo -or- Value desired (pFd.) ? 30

0 — Termination —
1 C
2 L
1
3. C L
L
5 C
6 L
1
7. C L
L
9 C
10 L
11 Source —
12 Fc =99.499 MHz.
Equal value
Equal LorC?C
— Termination —
1 L
2 C
1
3. C L
L1
5 L
6 C
1
7. C L
L1
9 L
10 C
11 Source —
12 Fc =99.499 MHz.

178.9 Ohms
102.85 nHy.
30 pFd. <---

13.005 pFd.  105.94 nHy. Fx = 135.59 MHz.
83.234 nHy.
30 pFd.  <---

25.754 pFd. 184.49 nHy. Fx =73.015 MHz.
73.028 nHy.

30 pFd.

157.3 Ohms

<---

++++++++++ [MAIN] EXIT (Also: Right mouse button)
Exit editor.
<R> to Restore origina design, <Enter> to save work.

Theoriginal design is automaticaly saved in atemporary file every time the alitor is entered. When
exiting, the <R> Restore option will alow youto replace # editing with the original design. Thisis an abort

fedure.

++++++++++ [NORT:] Force
For ce Branch.

Forcethe value of a cgadtor or inductor using Norton transforms in an existing "T" or "Pi" circuit
(the"Pi" circuit MAY contain aseries notch as with the 5 resonator elli ptic filter used to ill ustrate the For ce
command). This command cdculates the turns ratio (k:1) of the "perfed” transformer associated with a
Nortontransform necessary to yield a spedfied value a ether side of the transform after the combination o
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the existing parts and the extra parts generated by the transform itself (seethe description d the Xform
Norton transform command for further information). In the sample transformed dired scded filter design
shown below (initially used to describe the Xform command), branches 2, 3and 5represent a"Pi"
transform. Branches 5, 6and 7represent a seoondtransform. Ead transform will suppat one forced value.
The cagaator at branch 2 can be forced using branch 3 asthe center element. Branch 7 may be forced using
branch 6 as the center element. Because branch 5is commonto bah transforms, it can be forced using either
transform. Note that only 2 of the 3 parallel cgpadtors can be forced. It would be niceif both the cgadtors

at branches 2 and 7in the filter below were 20 @g=d. To dothis requires 2 steps. One for ead transform.
0 — Termination 15 Ohms

1 L 105.75 nHy.
2 C 19.531 pkd.
3 C 4.9727 pFd.
4 L 105.75 nHy.
5 C 16.576 pFd.
6 C 4.9727 pFd. <--center element of 1st transform.
7 C 19.531 pFd. <-- branch to force.
8 L 105.75 nHy.
Source 15 Ohms

9
10 Fc =98.869 MHz.

Force branch
(Cr) to abort * Branch #to force
At what branch number ? 7
Vaue desired at branch #7(pFd.) ? 20
Branch number of center element ? 6

0 — Termination —‘ 18.29 Ohms <-- notice Zo scaling.

1 L 128.95 nHy.

2 C 16.017 pFd. <-- branch to force.

3 C 4.0782 pFd. <-- center element of 2nd transform.
4 L 128.95 nHy.

5 C 13.169 pFd.

6 C 4.5033 pFd.

7 c 20 pFd.

8 L 105.75 nHy.

9 Source J 15 Ohms

10 Fc =98.869 MHz.
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Force branch

Branch number to force? 2

Value desired at branch #2(pFd.) ? 20

(Cr) to abort * Branch number of center element ? 3

0 — Termination — 150hms <-- Zo is back to where it was
| because k1 = 1/k2 in this case.
1 L 105.75 nHy.
2 C 20 pFd. <--
3 C  4.5033 pFd.
4 L 128.95 nHy.
5 C 12.744 pFd.
6 C  4.5033 pFd.
7 C 20 pFd. <--
8 L 105.75 nHy.
9 Source J 15 Ohms
10 Fc =98.869 MHz.

++++++++++ [all menus] ?-Help
There is a separate help screen to cover ead menu.

++++++++++ [NORT:] Interchange
I nter change two Branches.

This command is used to interchange or swap two individual or multi ple branches. A multiple
branch isasumed inits entirety if the first branch number is geafied (the one foll owed by the period). The
network below contains an open shurt stub and a series transmisson line. They can be reversed by
speafying branches 2 and 4,like this:

0

— Termination — 50 Ohms
1 Ref. freq. = 100 MHz.
2. Ll =— 454,97 Ohns 90 Deg.
4. | +++++++ | 50 Chns 45 Deg.
6 Source — 50 Ohms
7 Fc =100 MHz.
Inter change
0 — Termination — 50 Ohms
1 Ref. freq. = 100 MHz.
2. +++++4++ | 50 Ohms 45 Deg.
4 — 454.97 Ohms 90 Deg.
6 Source —— 50 Ohms
7 Fc =100 MHz.
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Single branches (other than the first of a multi ple branch) may be swapped in the same way. To swap
the first branches of two multi ple branches, you will have to change eat value separately with the Change
command.

++++++++++ [MISL:] Insert

Insert anew branch AFTER the branch spedfied.

The Insert command all ows the user to add kranches to the network from the keyboard. Eadch branch
is added starting between the one speafied and the next one. The type of branch added is sleded from one
of four menus that will continuowsly aternate a the <Space>bar is pressed. Thisis becaue the [Next]
buttonis the default seledion onead menu. Thefirst two menus are for adding lumped comporents, the
third and fourth are for transmisson line cmmporents and spedal branches used for multi plexers and the
like. Simply pressthe button correspondng to the desired branch type.

The seledion d what type of part to insert at ead branch is dore by another button menu. Each

branch locationislabeled A,B,C etc. so that any type part (R, L or C) may be & any locaion. The A,B,C..
simply represents the order in which they must be entered.

+ INSERT +

> Lumped element type < S

—> Special networks 2 < =
(L) L Inductor
—— (C) C Capacitor
Q) A B (R) R Resistor
— D— E -)—|
L C R > [Back] to exit
— | Branch ## , Element A
—Tr | Value (pFd.) ? _
(2) A B I
C DE “-- This will only appear between
L multiple branches. You can't stop
F until you have entered all of the

parts associated with each network.

@) | AB
—ch DE
F

(*) Lumped components 1-3

Asead additionis made, arunning court is kept and dsplayed of the branch number. Branch
numbers are automaticdly opened to acoommodate the newly added parts. When adding multi ple branches,
youwill be prompted for part A, B, C and D. When you are dore, simply pressthe [Bad] (‘~') key andthe
new circuit will be drawn.
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+ INSERT + + INSERT +
> Lumped components 1-3 <

= —> 4 part combinations < =
(1) A | Par.
(2 ,lA Ser. W 5
3) A B
—— |
4) A B B CD
L L1
5 — A 3 2) A
U i S @ Felc b~
6) A T N
| (3) A B T
i e b
7 F—A-B-C—
— 49) - A-B
(8) ABC | @ A c_1 p
(N) 4 part combinations (N) Series stubs
+ INSERT + + INSERT +
—>  Series stubs < = —> Par stubs and special < =
(1) [;:I Q) [ +++++++ | T
(2)
2 — B —— @ —
— 4) P -A=—
3 L= D
) A': —_— (5) — =l=: — =
“ [ O =
1 @® | Repot —>
) [~ ) [N:1] :‘
[ L> L tocommon# —>
(6) —_— (T) — portterm
. B © Common # ——>‘
(3] ref. Freq. = ?
(N) Par stubs and special (N) Special networks 2

++++++++++ [NORT:] Iterate
Iterate 5 resonator elli ptic sedions.

Thisfunction can be used anytime 1 or more conseautive series notch bandpass ®dionsexist in a
network to reducethe parts value spread in that area The same functionis used by the 5 resonator bandpass
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modue andit will automaticdly convert al series notch sedions to that configuration. If shurt notch sedion
exist in the network, a warning message will be given. The dual of thistype network can be iterated instead.

Thisfeaure is best used when the dlitor is cdl ed from within the forced value transformed bandpass
modue. In that case, the pole sedions would be transformed before entering the aditor. The example below
was generated using the basic dired scded bandpassmodue and hes no transformations. Only the aeaof
the notches is effeded by the IT function.

0 — Termination — 50 Ohms
|
1 C 2.738 pFd.
|
2 L 927.46 nHy.
3 C 478.28 pFd.
4 L 5.3094 nHy.
——
5. L C 31.226 nHy. 65.538 pFd. Fx =111.25 MHz.
7. L C 38.747 nHy. 81.322 pFd. Fx =89.66 MHz.
L
9 C 478.28 pFd.
10 L 5.3094 nHy.
11 C 2.738 pFd.
|
12 L 927.46 nHy.
13 Source 50 Ohms

14 Fc =99.875 MHz.

Givethe | terate command:

0 — Termination 50 Ohms
1 C 2.738 pFd.

|
2 L 927.46 nHy.

3 C 398.25 pFd. <--, Notice the parts value spread
4 L 6.7006 nHy. | over the notch section area
1 |
5. C L 14556 pFd. | 14.059 nHy. Fx=111.25 MHz.
I |

7 C 398.31 pFd. |
8 L 6.3755 nHy. |
— |
9 C L 180.62pFd. | 17.445nHy. Fx =89.66 MHz.
L |
11 C 378.98 pFd. |
12 L 6.3763 nHy. <--'
13 ? 2.738 pFd.
14 L 927.46 nHy.
15 Source ———J 50 Ohms

16 Fc =99.875 MHz.
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++++++++++ [M1S2:] J-k inverter
"J" or "K" inverter

The"J" and"K" inverter function can be used to derive anode or mesh filter from adired scded
filter. An inverter will transform a network into its "dual” from the sedion spedfied upto the termination.
The example below isa 15% bandwidth dred scaed filter that we will transform into a combination mesh /

nocke network.

Thefirst stepisto invert the parall el sedion at branches 3 and 4into a series edion. The type of
couping generated (L or C) will be determined by the type of part (L or C) at the lowest branch number in
the previous fdion, kranch 5in this case. Because branch 5isa cgadtor, inverting will generate a
cgpadtor cougding. The chaiceof "J' or "K" inverter is automatic. Spedfy the sedion "tank” you wish to

invert by the highest branch number of the two, like this:

0 — Termination —
1 C

2 L

’ i
4 L
5 C

6 L

7 Source ——
8 Fc =99.718 MHz.

J-k inverter

410.8 Ohms
34.323 pFd.
74.217 nHy.

0.3474 pFd.
7332.6 nHy.
34.323 pFd.

74.217 nHy.
410.8 Ohms

Spedfy highest branch number in L/C 'tank' to invert

At what branch number ?4

What is desired value of inverted 'tank' L (nHy.)? 74.217

0
1

N

— Termination

|
|

oOr

Cc

L

Source
Fc =99.718 MHz.

Next, we will i nvert the last sedion at branches 1 and 2.Note that the part at branch 3is aninductor.
Thiswill generate aseriesinductor for a cuging. If we want a cgadtor couding, we only need to
interchange (I1B) branches 3 and 4to pu the cgadtor at branch 3.1n this case, the program asks for the

520 Ohms <-,
7332.6 nHy. |
0.3474 pFd. |

74.217 nHy. |
30.87 pFd. <-'

3.4531 pFd. <-,
30.87 pFd. <-'

74.217 nHy.
410.8 Ohms

value of the desired inverted cgpaator.

Everything here is now the
of what it was.

C shunt made a C coupling.
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J-K inverter

Spedfy highest branch number in L/C 'tank' to invert
At what branch number ? 2

What is desired value of inverted 'tank’ C (pFd.)? 30

0 — Termination — 470 Ohms

1 C 30 pFd.

2 L 95.151 nHy.

3 L 789.07 nHy. <-,

| L shunt made an L coupling.

4 L 81.922 nHy. <-'

5 C 30.87 pFd.

6 C 3.4531 pFd.

7 C 30.87 pFd.

8 L 74.217 nHy.

9 Source — 410.8 Ohms
10 Fc =99.718 MHz.

Now we have a tassc nocefilter. Theinitial design we started with had a parallel conreded tank at its ource end. If
the source end hed been series conneded, the final inverted design would have been a mesh filter having all series conreded
sedions. If theinitial dired scded filter had more paes (sedions) we muld have simply skipped ore of the sedions causing the

final design to switch from anode filter to its dual after the skipped sedion.

We can now proceed to invert the last sedion again to yield a series conreded sedion that is mutual rea¢ance ouded:

J-k inverter
Spedfy highest branch number in L/C 'tank’ to invert
At what branch number ? 2
What is desired value of inverted 'tank' C (pFd.)? 30

0 — Termination —‘ 6.748 Ohms
1 L 5.2653 nHy.
|
2 C 30 pFd.
3 L 89.886 nHy. <-- L coupling renains.
4 L 699.18 nHy.
5 L 81.922 nHy.
6 C 30.87 pFd.
7 C 3.4531 pFd.

8 C 30.87 pFd.
9 L 74.217 nHy.
10 Source — 410.8 Ohms

11 Fc=99.718 MHz.

At thispaoint al that is needed isto use aNorton transform with branch 3asthe center element to
improvethe L/C ratio of the new series ®dion.
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++++++++++ [M1S3:] Kuroda
Kuroda Transform

Kuroda and Kuroda-Levy identiti es utili ze atransmisson line (Unit Element) to invert astub d
equal eledricd length to itsdual. This transformation is useful for modifying unredizable dementsin
microwave designs. All adjacent stubs generated by the transforms are automaticadly combined. A detail ed
example of itsuse can be foundin APFENDIX-B.

Spedfy the lowest branch number of the stub and Unit Element pair to be transformed. In ead case
below, spedfy branch 1.

Kuroda and Kuroda-Levy equivalent transformsinvalving 1 Unit Element.
Line and stub must be of equal length.

| +++++++ | == -[======5]- == UE.

Pick this branch.
o1 et R SO

' o == _It:::::]— ----- g _[:::::::]
.|| #++++++ |

R =======] — - — [ =======
ey [ - ] ([ : > L —
3| +++++++ | —

Pick this branch.
e Y

. )= : [ ,,,,,,, ]_ ..... >
3 =l=:—:= == E —[EEEEEEE] H
5. +++++++

F>1. | +++++++ |==__{ _______ ] " [=======
g. — =l=; . —é “ ,7

—
}—>1 [ ﬁ ----- > —[EEEEEEE]

3 : j == ﬂ—[EEEEEEE]—

5. +++++++ h

—

L>1. || +++++++ [ N B > [ s======]—

3 . [% == —[EEEEEEE]

5 1
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++++++++++ [NORT:] Move
Move abranch, or group d branches as a unit.

The Move command can be used anytime it is desired to move one or more single or
multi ple branches from one placeto ancther in a network. It will also move aseleded
multi plexer side port to the forward pat position for analysis. The example below isasimple
contiguouwstriplexer withitscenter (bandpesg port intheforward pasition. Shown below isthe

procedure for moving the highpassport to the forward pasiti on.

0
1

> 01 O DN

© o0~

10
11
12
13
14
15
16

17
18

— Termination

L

0

Cc

oOr

>
port term
L

L
|
C

50 Ohms
52.909 nHy.
63.834 pFd.

71.414 nHy.
47.293 pFd.

119.88 nHy.

28.173 pFd.

L to Source —>

Cc

>
port term
C

Cc

L

Source
Fc = 86.603 MHz.

Move
Move branches between - low# , High#
What two branch numbers? 7,11
(Cr) to move the SIDE port to the FORWARD paosition
Position them After what branch number ? (Cr)

L

50 Ohms
86.566 nHy.

15.056 pFd.
30.48 nHy.
13.956 pFd.
to Source @ ——>
50 Ohms
39.015 pFd.
224.32 nHy.
110.8 pFd.
242.01 nHy.

50 Ohms

Bandpass is the forward port.
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0 Termination — 50 Ohms
1 L 86.566 nHy.
2 C  15.056 pFd.
3 L 30.48 nHy.
4 C 13.956 pFd. Highpass is now the forward port.
c tt> L to Source50 Oh—>
— port term ms
6 —I‘_ 52.909 nHy.
7 C|Z 63.834 pFd.
8 L 71.414 nHy.
9 C 47.293 pFd.
10 L 119.88 nHy.
11 |c 28.173 pFd.
> L to Source @ ——>
12 port term — 50 Ohms
13 C 39.015 pFd.
14 L 224.32 nHy.
15 C 110.8 pFd.
16 L 242.01 nHy.
17 Source 50 Ohms

18 Fc=86.603MHz.

It was not redly necessary to speafy the second lranch number (11) when moving the
multi plexer side port in the previous example, the program will find the source end d aside
port automaticdly. The seacond kranch ony has to be spedfied when a series of contiguols
branchesthat the program can't identify asasingle entity must be moved at onetime. A single
multi ple branch, like an al-passequali zer, can me moved as asingle antity.

Move
Move branches between - low# , High#
What two branch numbers? 7 <--- Only branch 7 reeded
(Cr) to move the SIDE port to the FORWARD pasition
Positi on them After what branch number ? (Cr)

NOTE: An additional command Rotate, may be used to rotate the port of the highest

branch number to the forward pasition withou spedfying any branch numbersat all. Thisis
the quickest method
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++++++++++ [NORT:] Xform

Norton Transform.

The Xform commandisbased onNorton'sfirst andsecondequiva enceswhich statethat
thecircuits rown below are equivalent. Inead "Pi" configuration, the dement onthehighZo
side of the transformationisan urredizable negative value. Inthe"T" configuration case, the
negative dement appeasonthelow Zo side.

perfect
transformer
1
uuuud
—NNNNNN
K:1

Cs
|

1
Uuuuy

1
Uuuuy

F—NNNNNNN
K:l
LLs

1
Uuuuy

—NNNNNMN
K:1
Cp

F——NNNNNN
K:1l

Ls Cs

-

------ CASE "Pi" using inductors

<>

<>

<>

<>

Z0 = 1/K squared)

C1
Cs
Cc2

-value
(Zo=1)

Z0 = 1/K squared)

L1
C1

Ls Cs
Cc2 }

-values
(Zo=1)

Zo = 1/K squared)

L1
Ls
L2

-value
(Zo=1)

Zo = 1/K squared)

Cp }
Cc2
(Zo=1) |
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Z0 = 1/K squared) |
1
——Uuuuyg—— -value L1
. <> ‘
——NNNNNNN: Lp
K:1 ‘
Lp L2
(Zo=1) |

When the Xform command is used at the center element of three cpadtors or inductorsin the "Pi"
or "T" configuration (Cs, Ls, Cp or Lp abowve) The new comporents generated by the transformation are
cdculated and automaticdly combined with any existing adjacent branches. This means the transformation
can be repeaed urtil the desire results are adieved. The program is cgpable of "looking around' other
branches to find appropriate branches for combination.

The command can also be used at an isolated cgpadtor or inductor, where no adjacent branches exist
to absorb the new comporents generated by the transformation. In this case, the new comporents are smply
inserted. The schematic drawing modue will display negative valuesin yellow or brown (if you have a olor
monitor). The program will also perform the transformation ona series notch (in the "Pi" configuration).

The transformation adds a perfed transformer to the network so that all parts from the transformer
upto and including the termination are scaded by the impedanceratio chosen. When dang severa
transformations to a network, it is necessary to start at the source end and work up toward the termination so
that the impedance scding does not upset your work.

The sample design below isthat of a15% dired scded bandpassfilter that would be difficult to
construct becaise of the extreme values of the parts at branches 3 and 4. To make the inductor at branch 3
egual to theinductor at branch 6 (the value of which was chaosen by seleding the design Zo of 15 ohms) a
Norton transform can be dore & the series cgpaator at branch 5. Theratio of 105.75 iy / 4.3555 iy is
24.2807 so thisis the impedanceratio to spedfy for the transformation (this ratio may be cdculated and set
ahea o time by using the Ratio command).

0 — Termination —‘ 15 Ohms

1 L 105.75 nHy.

2 C|: 24.503 pFd.

3 L 4.3555 nHy.

4 C 594.96 pFd.

5 C 24.503 pFd. <-- Do it here.
6 I|_ 105.75 nHy.

7 Source J 15 Ohms

8 Fc =98.869 MHz.

Xform
Branch number of center element ?5
Preset ratio=1 <-- seethe RA command abou "Preset"
Impedanceratio (-1 for preset)? 24.2807
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0 — Termination —‘ 364.2 Ohms <-,
|
1 L 2567.8 nHy. |
| | Impedance scaled by 24.2804.
2 C 1.0092 pFd. |
|
3 L 105.75 nHy. <-'
4 C 20.54 pFd. <-- Automatic combine of new -C1.
5 C 4.9727 pFd. <-- Cs value will change.
6 C 19.531 pFd. <-- New C2 added automatically.
7 L 105.75 nHy.
Source J 15 Ohms

©

Fc =98.869 MHz.

A secondtransformation can now be dore using branch 2 asthe canter element for the transform.
The new shurt cgpadtor at branch 6 can also be forced to a standard value by using the FB command (This
exampleis continued to ill ustrate that procedure, seethe FB command).

+++++++++++[MAIN:] Oops (Also mouse right button menu)
This command will Undothe last 10 commands in reverse order.

++++++++++ [M1S3:] -Value

negativeV - replace goart with the oppasite type part of the oppcsite sign.
-C--->+Lor-L-->+C
+L --->-Cor+C --->-L

When using the Xform (Norton Transform) command, parts having negative values are sometimes
generated. The -V command will replace anegative part with a positive part of the oppasite type. Thisisan
ada of desperation. It can be doreif no aher way can be foundto eliminate the negative value, but it can be
courted onto upset things.

++++++++++ [MI1S3:] Prog stuber
Program Stub generator

In order to use the asciated Stub command, the stub generator must be programmed for which type
of stubisto be generated. This command cdl s the L-C —> Stub generator menu. Thisisidenticd to cdling
the stub generator from the utiliti es menu.

++++++++++ [NORT:] Pi-T
PT-"R" --->"T" or "T" --->"pi"
The Pi-T command will aternate between the two equivalent circuits hown below. The branch

referenceisthe center branch of the 3. Each of the 3 comporents (X) must be of the same type.
3 Capacitors, inductors
X X orresistor.

X <> X <-- Do it here.

|

|

|
X X

|
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++++++++++ [NORT:] Ratio
Ratio setsthe preset Ratio o two branch values.

Severa of the other editor commands require that impedanceratio information ke supgied. Often this
ratio will be that of two comporent values within the network, such as the value of 2 inductors (seethe NT
command). The Ratio command all owsthat ratio to be cdculated and held for later use. Thisratioiscdled the
"preset” ratio. The samplefilter shown below isthe samedesign used to ill ustrate the use of the Xfor m (Norton
Transform) command. Here is how the Ratio command can be used to set up the needed 24.2807ratio to
transform the inductor at branch 3to equal the inductor at branch 6.

0 — Termination —‘ 15 Ohms
1 L 105.75 nHy.
|
2 C 24.503 pFd.
3 L 4.3555 nHy. <--
4 C 594.96 pFd.
5 C 24.503 pFd.
|
6 L 105.75 nHy. <--
7 Source J 15 Ohms
8 Fc =98.869 MHz.
Ratio
What tw branches? 6,3

ratio preset to 242807

The preset is now set to 24.2807and will remain that value urtil it i s changed by ancther Ratio
command a until you exit the elitor. If the branch numbers are cdled in the reverse order (that is branches
3,6) the preset ratio is sSmply inverted (1/24.2807=.04118. The preset ratio isinitialy set to 1.0when first
entering the alitor. The branches used could be R, L or C types, bu both branches shoud be of the same
type.

The usual way to use the preset ratio is by respondng with <Enter> to aratio prompt in any
command that all ows its use.

++++++++++ [M|S1:] Recall
Recall memory

Thiscommand will recdl adesign file saved ealier with the Save command. The design currently in
memory is LOST!

++++++++++ [MAIN:] Reverse
Rever se network end-for-end ("flip" source-for-termination).

++++++++++ [M1S2:] Rotate
Rotate multi plexer ports - Seethe M ove command
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++++++++++ [SCALE!:]

=

=i Schematic Editor
SCALE: Dwal Freq Mo lnwvert Un-Morm.  Bandpazs  Sredo Tem+<o  Habio-2o

MAIN: [ MISI: MIS2: MIS3:  |TTSCALETT

Norm. Convertsadesign to 1 Ohm and 1radian/ sec frequency.

Un-Norm Will restore adesign to the Fo and Zo it was before the Norm command was used.
Src-Zo-Impedance Simple impedance scding. Spedfy source Zo.

Term-Zo-Impedance. Simple impedance scding. Spedfy termination Zo.
Ratio-Zo-Impedance Simpleimpedance scding. Spedfy by ratio.

Freg. Simple frequency scding.

Invert. Used to "invert” anormali zed lowpass<--> highpass

Dual. Will convert a drcuit to its"dual".

Bandpass. Thiswill scde: LP->BP, HP->Notch ar BP->dual passand.

++++++++++ [NORT:] Split
Split branch into two equivalent branches.

Any single cgadtor or inductor may be split i nto two parts of equal value. They may be series or paralel conreded.

0 — Termination — 50 Ohms
1 C 100 pFd.
2 Source —— 50 Ohms
3 Fc =100 MHz.

Split

Atbranch 1

(Cr for both equal) Value of one part (pFd.) ? <Enter>

0 — Termination — 50 Ohms
1 C 50 pFd. <-, 2 capacitors of 50 pFd will
2 C 50 pFd. <-* combine to equal 100 pFd.
3 Source — 50 Ohms
4 Fc =100 MHz.

++++++++++ [M1S3:] Stub

Stub

If the L-C —> Stub generator has been properly programmed, (using the Prog stuber command) the

Stub command can be used to substitute atransmissonline stubfor an L, C or L-C notch sedion. Most of
the stub types can also be conwverted bad to their L-C equivalents.
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++++++++++ [M|S1:] Save
Savedesigninfile.

This command will save the designim memory to disk so that it may be brough bad
at any time, even days later. Thefile generated is NOT considered a"temporary” file. The
Saved design can be recvered with the Recall command.

++++++++++ [MAIN:] Spread (also: Right mouse button - Spread)
Value Spread on design (flag negative values).

. The network is surveyed for the extreme inductor and cgpadtor values over the
range of branches gedfied or over the entire network. The range of eat and the branches
where the extreme values are locaed isindicaed. Thisfunctionwill also soundawarningif
any negative values exist in the network. A typicd display is 1own below:

Inductance range = 78.33 to 78.33 nHy. (at branches 1 & 1)

Capacity range = 1.768 to 30.29 pFd. (at branches 6 & 2) <-- worst case.
Value spread =17.14: 1

In this example, al the inductors are equal throughou the network.

++++++++ [MIS1:] L-Cd Inductor distributed capaaty

I nsert

This will insert an additional cgpadtor in paralel with an inductor equal to the
distributed cgpaaty so that compensation can be dore using the optimizaion feaure or the
Compensate option. The value inserted is initially set to 0.3 pF until you change it. The
WAIRL.EXE programincluded with PCFILT can be used to estimate the distributed capaaty
of air-woundinductors.

Compensate

Use this on the branch that will be used to compensate for the inserted distributed
cgpadty. Best by far isusing a paral el cgpaaty to absorb the Cd. In the case of an inductor
aone, it can be ajusted to compensate to a limited degree This is done by assuming the
distributed cgpadty isanegativeinductor with areadancevalue equal to that of thedistributed
cgpaaty at the geometric Fo dof thefilter. Seled the branch numbersof the dement to adjust and
of the inserted Cd. The geometric center frequency is requested and defaults to the frequency
shown just after the source. In some networks, particularly multi plexers, the frequency will not
be wrred.

The inserted Cd branch my be deleted using the [MIS1:] delete option dredly on the
branch of the Cd itself. This will NOT delete the entire multiple branch as it would if you
spedfied the first branch number of the group.
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