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The pole place will synthesize mnventional (nat parametric) bandpessfilters to amanually entered

o | denerae
~Estremezeros— | (Passband—————— [ Units Analysiz these pararneters Inresporse toa
DC |2_ﬂ |nr.|2_ﬂ 01 dB: 80- 90 ( MHz passhand / stopkand "mask”
spedficaion. Up to 10finite
— Specifization mazk, —Finite zeros = He&pqme— transrniss'on ZEeros (" notch"
Corner freq. dB freq. Friin freq. dB .
20000 ED [Gaam = %50 sedions) may be genergted above
| £5.000 [45.0 | 118.358 | 65.0000 | 250 or below _the PaSSbar!q Inany
[75.000 EE | im0 (27 order _des_red. In addition, any
[5000  [600 | e combination d zeros at the
| | | | | extre_rr_we frequencies may be _
| | | | | spedfied so long as the total isan
| | | | | even number of_at least 4.
| | | | | Any design saved tha_t was
[ [ [ | | doreusing Fhe poe plac_ar will
| | | | | ge;;(ratﬁ allffll eCI that" contains thte
masK, the 'Taaors necessry to
 Dlearmask | Eeset | Absolute | MARGING | synthesize the filter and any
Fhelp | exit and synthesize | Dpirize: | Back up | manua”y entered StI’LfCture @des
Cuit | Modify | Einite sequencel Earametersl 2de point&l Analyze -->| tha: W?I'e U-SGd. The fll_e will ha\/e
the adive file name with the

extension".PPD" (such as
DEFAULT.PPD). A recdled design can berouted dredly to the place screen withou keying in the mask
again alowing the place to go dredly into the evaluation mode where the margins are displayed.
The pdle place diaog box is s1own above with the speafication masked of the exampleto foll ow
entered.. The dialog box is divided into several areas dedicated to various aspeds of the pale place filter
design problem.
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Ex=treme zerms
[ DC |2_# Inf. 2

r

-
~

|

FPazzband

Extreme zeos
Zeros at DC and Infinity can be set here. The lower limit isatotal of 4.
The total must also add to an even nunber. Usethe [+] and [-] buttons to adust
the numbers up a down. When ddng alowpassreference only the zeros at
Infinity will function.

0.1 dB: 80 - 30

The passand spedfications from the parameters menu

Init=
e are displayed here dong with the units (Notation) for all
' variables.

S pecifization maszk

Carner freq. dB

| 20,000 | 0.0

| B5.000 | 45.0

| 115.000 | 50.0

| 200.000 | 0.0
| |
| |
| |
| |
| |
| |

LClear mask. |

Poles and zero locations to mask

Enters the pae place sedionwhich is used to establi sh the necessary
arrangement of transmisgon zeros to med a set of spedficaions. These
spedaficaions take the form of a"mask" consisting of segments in frequency over
which a cetain stopband rgedionis nealed. The mask is keyed in from the
keyboard bu the last ones entered may be reused if they are till appropriate.

Shown below isatypicd stopband mask. This one represents afilter with
the foll owing speaficéaions:

Passband: .1 dB ripple bandwidth. 80 - 90 Mhz.
(Passband data must be entered on the parameters menu
before keying in the mask)
Stopbands:
> 60 dB DC to 20 MHz and above 200 MHz.
> 45 dB 20 - 65 MHz
> 50 dB 115 - 200 MHz.
> 60 dB 200 Up

Bre&k the stopbands into redangular sedions. In the lower stopband
(LSB), asedionis defined by the highest FREQUENCY, ATTEN. (dB) of that
sedion In the upper stopband (USB), asedionis defined by the lowest
FREQUENCY, ATTEN. (dB) of that sedion. All sedionand zero frequencies

will be sorted to ascending order. This gedficaion mask could be drawn graphicdly likethis:

0 dB.
——1d8 —
80 90
(LSB) MHz.  MHz (USB)
20 MHz.
J— 45 dB. 200 MHz.
65 MHz. 50 dB.
— 60dB. 115 MHz. - 60dB. —
Section 1 | Section 2 | | Section 3 | Section 4

The stopband mask corner frequencies sioud be entered into the “Corner freq.” edit boxesfirst,
from topto batom by pressng the <Tab> key to move downward. The atenuation at ead frequency will be
asumed to be 30dB. Simply move to the top d the “dB” edit boxes and corred the d@tenuation requirements
from top to batom using the <Tab> key as with the frequency inpus.

The [Clea Mask] button cleas all the inputs and lets you start over with a new spedfication mask.
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— Finite zeros
freq.

63.411
118,356

R RARRNGS

Reszet

The Finite zero areaof the display shows the frequency of ead o the finite zero ndch
frequencies. These ae alit boxes and will alow the user to adjust the frequency of ead zero
as needed. They will also be ajusted automaticdly by the [Optimize] button when working
with a spedficaion mask. Finite zero frequencies may be inpu diredly also. As with the
mask edit boxes, the <Tab> key will move from top davn as you enter zero frequencies.

The [Reset] buttonwill clea all the zero frequencies. Use this to start a new possble
solutionto a spedfication mask. Press[Reset] and try a different

— Fesponze

e dB set of the extreme zeros (DC and infinite) and pressthe [Solve]
| 566932 1250 button again.
| £5.0000 1250
115.0000 237 <<

The Resporse aeadisplays the atenuation kelow ead of
1347383 1237 | the mrner frequencies of the stopband mask The display can bein
| | one of two modes indicated by the red “light” on either side of the
mode buttons.

be displayed by the analysis program. That is, in absolute dB
units.

| |
I I [Absolute] displays the dtenuation exadly asit would
| |
| |

Absolute | MARGINS | [Margins] displays the atenuation relative to the
attenuation requested by the stopband mask. A negative number
means the atenuationis below that required. A pasitive number

indicates the spedficaionis being excealed by that margin.
The oorner frequency with the small est margin (the worst case) isidentified with arrows (<<).

[Optimize

The oontrol buttons

Thelp | exit and synthesize | Opimize | Back up |

Cluit | kodify | Finite sequencel Earametersl 2de pu:-intsl Analyze -->|

Adjust the frequency of all the finite zeros to equalize dl the dtenuation margins. Repeaed
applications will often improve the margins in the stopbands.

[Modify]

Thisisadired path to the finite zeros. It will dired the inpu to the last finite zero midified.

[Badk up|

Thiswill undothe optimize operation. Do this before you add ancther finite zero, either manually, by
the finite zero edit boxes, or by the [Solve] button.
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[Analyze->]
Used to generate tabulated data on stopbands with infinite Q. The results will be tabulated into the aea
to thefar right.

[Solve]

This instructs the program to find a solution by initialy adding finite zeros until the stopband marginis
slightly shy of the mask requirements all owing you to dedade the best way to finish the design. This operationis
automaticdly followed by an oggimization d multiple loops. At this paint, using the [Solve] button again
increments the extreme zeros ead by 1 effedively adding asingle dl-pde type "tank" at the end d the
network. Using the manual [Badk up] buttonwill restore theinitial condtion alowing ancther finite zero to be
added insteal. The condtionthat determinesif afinite zero isadded o if the extreme zeros are incremented is
if two or more of the dtenuation margins are equal asisthe cae dter an oimization has been performed.

[3 dB paints]
Causes the program to find and dsplay the infinite Q 3 dB paints. Thisis most useful when working
with singly terminated designs asit indicaes the aosver frequencies for adjacent channels when designing
contiguous multi plexers. The results will be tabulated in the analysis areato the right.

[Parameters]
Allows the pasdand to be changed by bringing up the parameters menu.

[Finite sequence]

* Finite zero sequence <
{L*> Last sequence : 1
<Enter> Auto seguence : 1 2
Or key in a new sequence (H.#,....<Entep>>

ok |

The finite sequencerefers to the order in which two ar more finite zero nach sedions appea in the
filter. Thisbrings up adialog box to al ow the user to chose the sequence. It will only appea if there aetwo o
more finite zeros.

<L> Lastsequence :213
This is the last sequence used or recorded in the ".PPD" file.
<Enter> Auto sequence :213
This is the computer selected default sequence.
Any desired sequence you like may be keyed in.

[eXit and synthesizg]

A filter is g/nthesized by building it up from sub-networks. The program will pick these sub-networks
automaticdly by simply pressng the [Automatic] button. On occasion, you may want a diff erent network than
the one the computer picks. Thisoption al ows any topdogy you require to be speafied by picking "Sub-
networks' in the crred order manualy.
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These sub-networks and their reference @de numbers are identified in the foll owing window:
> Sub-network codes <
CODE Schematic CODE Schematic CODE Schematic CODE Schematic

1 — C— 7 — 3 — L — 4
L C
N N N N
—C _L

ENTER THE CODES FOR THE FILTER STRUCTURE (R)-Recall last manual entry.
(Start at termination end.) Zeros: DC= 3 Inf.=1 Finite order= +-+

(Cr = Auto.) >
<Esc> Code 1 Code 2 Code 3 Code 4 Recall last |
2-help :
siZe Code 5 Code b Code ¥ Code 8 ¢ Automatic

Thejob d picking these cdes corredly is not easy and requires careful planning before proceeding.
The cdes must be picked so asto na only generate afilter with the right resporse, but one that can aso be
synthesized within the limits of the pde removal scheme used (H. J. Orchard) as well.

Extreme paes - DC and infinity

A good pocedure to find the extreme zeros of afilter isto draw the desired filter circuit diagram and
then draw its equivaent circuit at both DC and infinite frequency. Thiswill allow the "extreme zeros of
transmisson” (the number of times an open circuit isfollowed by ashort circuit or vice-versa).

For the following all-pole mesh filter:
-~——C—Lr—H—C¢—L—4—C—L —4—C—1L —
C L C
| | |

Redrawn at DC, The circuit will look like this:

| |
Ead capadtor looks like an open circuit at DC. An inductor is equivaent to ashort circuit. Note that
there ae 3 open-short-open "inversions' at DC. Multiple "opens® or "shorts' in arow court asonly one. This
countsas 3 "Zeros' a DC.

At infinite frequency, the equivalent looks like this:
T

Note that we have 5 "inversions' of open-short-open-short-open. This indicates 5 zeros at infinite
frequency. Thisfilter will have asharper upper skirt than lower skirt.
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The sub-network codes that generate extreme zeros are the following:

1 — C — 2 —0 A zero at DC. each
L
Y
3 — L — 4 — A zero at Infinity each.
C
S

Finite Zeros

Finite zeros of transmissonare simply "notches" in the stoplband. These can be ather abowve or below the
pasdand and must total no more than 9. Finite zeros above the pasdand are referred to by the program as "f+".
Below the pasdand they areindicaed as "f-". The sub-network codes that provide finite zeros are:

—C — A Finite zero BELOW the
5 L 6 — L passband (f-) each.
| T
Cf- L - C f-
| |
— L ——
7 L 8 — L A Finite pole ABOVE the
| ___r_{ }__ passband (f+) each.
Cf+ C - C f+

Sequence of sub-networks:
The sub-networks can be aranged in any order necessary to synthesizethe filter
topdogy youwant, with afew limitations. Here aetherules:

1-No single type of comporent may be repeded twicewithou being separated by some
other. That is, no parallel capadtors or seriesinductors even when they are part of different

sub-networks. This makes the following example sequencelll ega (andill ogicd aswell):
3 followed by 7: - L —_—
code: 3 Code 7L

2-Eadh individual end d thefina filter must ad the same & DC as it does at infinite
frequency. That is, bath DC and Infinity must be short circuits, or bath must be open circuits
(infinite Zo). This squencewould therefore beill egal:

1 followed by 8: Code: 8 — L
B N
C - C

This network would appea asan "open" at DC andasa"short" at infinity. When the
codes are keyed in manuall y atest is made to seethat this condtionis met from both ends of
thefilter. In case of an error an arrow will point to the off ending element.

10-6



For example:
(Cr=Auto.)>1258142121
From the left —> " |In this case, Sub-network code 8 is the offender.

3-A network must nat endwith afinite zero. Thefinite zerois cdled a"partial removal” and requires that
a"full removal" be performed further along the network.

4-Thetotal of the extreme zeros must be an even number. 3zerosat DC plus5 zeros at infinity equal 8, an
even nunber.

5-Sub-networks that provide finite zeros above the pasdand (f+) and kelow (f-), must be spedfied in the

same order as they are shown below the lower right corner of the Sub-network window. "+-+" in the example

below.
[

ENTER THE CODES FOR THE FILTER STRUCTURE (R)-Recall last manual entry.
(Start at termination end.) Zeros: DC= 3 Inf.=1 Finite order= +-+
(Cr = Auto.) >

Redundant elements

It must also be kept in mind that the program synthesizes the minimum comporent network that has the
requested arrangement of zeros. This will make thefilter you get look li ke something entirely diff erent than
you expeded, particularly with all-pdlefilters. To arrive & the minimum componrent equivalent of the topdogy
you want you shoud make astudy of the Norton transform command in the drcuit editor and ke avare of the
extra parts that this transformation generates. The minimum comporent circuit will be the drcuit that will
result if all the comporents that would be generated by all the transforms in your final topdogy were
REMOVED!

For example, let'slook at the mesh filter used ealier to explain the ideaof extreme zeros. The center
element of ead transform that generated ead extra part is s1own below the schematic and the extra part
associated with eadh isidentified abowe it:

Associated "extra" part: 1 2 3
I |
-~——C—Lr—H—¢—L—4—C—L —4—C—1L —
C L C
| | |

I I I
1 2 3

(Transform number center element)
Removing these 3 "extra" series parts yields this:
— C— L ] L — C ] L —
c L&
The codes for this network would then be:
(Cr=Auto.)>13432143<Cr>

After thefilter is g/nthesized, the transforms can be dore & ead shunt element using the drcuit editor
to arrive d thefinal design. Thisisusually necessary because of the sourceto termination impedanceratio that
an asymmetrica minimum comporent filter requires.
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Network transformations

After afilter has been synthesized, it is usually necessary to doa wnsiderable number of
transformations to reducethe parts value spread and the source/ termination impedanceratio. At higher
frequency, you must also seeto it that there ae cgadtorsto groundat every point in the drcuit that could be
affeded by distributed cgpadty. The job o doing these transformations can test your imagination as the
procedures invaved can berather elusive. The passhiliti es are endess bu below isarandam seledion o
situations that can develop within typicd networks as you go through atypicd transformation sesgon. It is
hoped that these examples will give you an ideaof how to proceal. A typicd problem isfirst described with
the schematic shown to the left. One possble solutionis $hown to the right after the procedure described below
it has been applied.

Problem: The series conneded inductor at branch 10 has adesirable value but the L/C ratio at branches 7
and 8ismuch too hgh, That is, L8 ishuge compared to L10:

1
|——|-—| 4, C L
4, C L (—
[ 6 C
6 C 7. —— C — L —
7. —— C — L ——
9 C
9 cC -
| 10 C
10 L
| 11 I|_

Solution: Theratio of the inductor values at branches 8 and 10is determined and a Norton transform is
performed at branch 9 wsing thisratio. Theratio used must be <1.0 a the resulting branch 10will be negative.
That is, L8 must be much greaer than L10.

Problem: The parts values at branches 1,2 and 6-8 are reasonable but the L/C ratio at the seriestrap C4
and L5 ismuch too high. That is, L5 ishuge cmparedto L1 and L8:

0 — Termination —
1 L
2 C
0 — Termination —
1 L 3 C
2 C
4 C
3 C 1
l -—-> 5 CL
1 L
4 C L 7 C
[
6 C 8 C
7. — C — L ——
9 C
10. —— C — L ——
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Solution: Split C3 into two series cgpaators with the Split command, then move one of the two to the
other side of the notch (C4 and L5). Perform a Norton transform at ead series cgpadtor using theratio of L1/
L5andL5/ L1 at the other. Later, you can come badk and perform ancther transform at these same two series
cgpadtorsto provide for an even nice parts value sprea all through the network or even forcethe new shurt
cgpadtors (C4 and C7) to standard values.

Problem: The seriesinput end configuration is not compatible with the impedance matcher (No L/C
resonant circuit is reaognizable):

L
1
—— 6 ClL
6. CL L
LTJ 8 C
8 cC —> 9 c
9 C } 10 C
10 L 11 L
11 t+—0w Source ——J 12 t— Source ——J

Solution: A Norton transform applied at the series cgpadtor C8 using aratio < 1.0will generate a"pi"”
configuration that the matcher modue can easily handle. Note that this "pi"” circuit could also be conwerted to a
"T" which the matcher can also handle. The impedance a thisend d thefilter must be lessthan the system
impedanceinto which it isto be matched.

Problem: The parall e inpu end configuration is not compatible with the impedance matcher (No L/C
resonant circuit is reaognizable):

|

8 C 9 C

9. ——C — L — 10. —C —— L ——
11 C 12 C

12 cC --> 13 C
13 L 14 C
14 L—— Source — 15 L

14 L Source ——

Solution: A Norton transform at the series cgpadtor C12 will generate the need cgpadtor in paralel
with the shurt inductor. The transformation ratio must be >1.0.
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Problem: Several lower stopbandfinite zeros (f-) in arow are raising the termination successvely
higher.

0 — Termination —
0 — Termination — 1 L
0 — Termination — 1 L
1 L 2 C
2 C
2 C 3. ——C — L —
3. —C — L — 5 C
3. ——C — L —
5 C -->6 C
5 C
6. —— C — L —— 7. — C —— L ——
6. —— C — L —— 8 C 9 C
8 C —->9 C 10 C
9. ——C — L — 10. — C — L —— 11. ——C — L ——
11 C 12 C 13 C

Solution: Applying Norton transforms at ead series cgpadtor using aratio < 1.0 moving toward the
termination will equalize eat paralel "notch” L/C ratio.

Problem: Several upper stopband finite zerosin arow ended by an L/C "tank" at the end.

0 — Termination — 0 — Termination — 0 — Termination —
1 L 1 L 1 L
2 C 2 C 2 C
1 1 1
3. C L---->3. cC L 3 CL
[ [ [
5 C 5 L 5 L
. (E_L_l 6 C 6 C
. — 1 — 1
LI 7. C L-->7. C L
8 C L1 L1
) £ ° © 10 ¢
1
LI 10. C L ——
T (— 11. CL
11 C T LI
| 12 C T
| 13 C

Solution: Working from the termination badkward toward the source end, perform Norton transforms at
ead series conrneded L/C "notch”. Theimpedanceratio must be >1.0. Thiswill generate anew inductor eath
time forming the necessary L/C "tank” to suppat the next transformation. The I terate editor commandis also
useful in this stuation to automaticaly reducethe value spread.
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Problem: Previous transforms have generated a shurt three éement network where the inductor (L8 in
the left schematic below) is very large compared to ather inductors in thefilter.

| |
| 5 C 5 C
5 C
6 C 6 C
6 C —>7 C— ] >7 L C
7.—Cc— 1L — 8. -—C— L — 8. — L ¢
9 c|: 10 c|: 10 c|:

Solution: Apply adipde transform at the lowest branch number of the three(6). The inductor in the
equivalent network will be much smaller. By splitti ng the single shurt cgpadtor (C6) into two (Split
command), the size of the transformed inductor may be aljusted by varying the value of C7 (midde
schematic).

This method can also be used to absorb the distributed cagpadty associated with the inductor. If the
value of the cgaator invalved in the transform (C7 in the middle schematic abowe) is very small compared to
the series cgpaator (C8), its value will be nealy equal to the resulting cgpaator aaossthe inductor in the
equivalent network (C7 in the right schematic abowve). The split command (Split) all ows the value of one of the
two split cgpaatorsto be speafied. When bulding thefilter, simply leave out C7 asit isalrealy part of the
inductor L8.

The exad relationshipis:

L1 — L2 —C3 —,
. c2 . -
c4 c1

o1
C4=C3 | -1
L Sqrt(L1/L2)

L 1
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