Referencelowpassvalues

Virtualy all of the design modues in the system operate by scding normali zed lowpassreference
filtersin various ways. The source of these lowpassvalues can bein several formats. Which format to be
used is chosen from amenu that can be found vathe "Design” option onthe main control menu. It will
also come up automaticdly after anew design is chosen.

[T S| (') célc: Chev or But .
. Caculate Chebyshev or Butterworth values internaly.
#icalc Chev or Butt

Design by external (keyed in) values

i~ external 'K - q' values

" calc Elliptic function In addition to caculating the usual all-pde Chebyshev
and Butterworth type of designs, exotic designs can be dore by

f-.
EATBUIE] I EE T keying in namalized values from tables for resporses like

" lowpass Pole placer predistorted gaussan and Legendre. There ae many sources of
these values, bu the prompts built i nto the program were set up
" external 'G' values to match the tables pubished in The HANDBOOK OF
. FILTER SYNTHESIS by Anatol I. Zverev pulished by John
" standard Library Ip Wiley and Sons, Inc. pages 311-379. The mmputer will take

care of al of the detail s about load and sourceimpedance and
0k E—Helpl Cancell the like for any configuration including highpassand ndch
designs.

Eacdh time adesign is cdculated (after the first time), a prompt will appea all owing youto key in
the values again. This gives you the oppatunity to try different normalized values whil e keeping the same
parameters. The prompt will appea at the center of the screen. Just pressthe <space>bar or the <Enter
key to use the values in memory again.
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Design by lowpass"G" values

(*) external 'G' values
"G" values are the ad¢ual el ement values of a normalized lowpassin Farads and Henrys.

Theratio of sourceto termination end impedance of afilter is determined by the number of
elements and circuit configuration. Normally, with an odd ader filter (N=3,5,7 .) the Rsand Rt will be
the same, but with an even arder filter, the series end impedancewill be lower than the parall el end.

The situation can beaome confusing when you must predict the impedance a the source end when
the normalized Rsis not equal to 1. To simplify this stuation, all values entered will be standardized to
that required by alowpassfilter having a 1 Ohm termination end impedance, a PARALLEL source end
element, and a aitoff frequency of 1 radian/ sec. In the event you are doing a singly terminated design,
the source Zo will be fixed at infinity. For the usual doully terminated case, the value of Rs must be
inpu.

N = even N = odd
L W —L \\ L Termination
Source ’ ’ ’ G2 ’ \\ Gn \\ Gn-1 ’ ‘ end
end (f) Rs C C W\ Rt=12 W C Rt=1
| | | G1 | G3 \\ | Ohm \\ |Gn | Ohm

Douly terminated designs

> Enter normalized values <
(Cr> to abort
Term.=1. What iz Rs?

(*) tYpe: 1=sing 2=doub 3=ratio 2 <-- On parameters menu.

> Enter normalized values <
Term.=1, What is Rs? 1.25 <-- You must enter Rs.

> Enter normalized values <
What is G1 7

| o

What is G1 ? .1401

What is G2 ? .6554 (These numbers are for a gaussian filter)
What is G3 ? .7349

What is G4 ? 2.6209



Singly terminated designs

(*) tYpe: 1=sing 2=doub 3=ratio 1 <-- On parameters menu.
> Enter normalized values <
Term.=1, Rs = inf. <-- Both Rs and the termination Zo are fixed.

Single key

> Enter normalized values <
Note: Term.=1. Rs = inf.
(Cr> to continue

Simply press the <space> bar or <Enter> key.

WhatisG1?...

By "k" and"qg" values

(*) external 'K & @' values
"k and d' values are normali zed couging coefficients and loading fadors.

> Enter normalized values <
(Cr} to abort
What is gl7?

| [

The inpu prompts are similar to the same & thase used for normalized “G” values.

> Enter normalized values <
What is q1? 1
What is gn? 1 (These values are for 3 pole Butterworth response
What is k12 ? .7071  with infinite "Q").
What is k23 ? .7071

(*) Elliptic function
Calculate dliptic function values internaly.

Freeformat lowpassvalues

(*) eXternal freeformat Ip

Using thisoptionwill alow adisk file containing anormalized lowpassfilter to be used as the
referencefrom which afilter isto be scded. It is most useful in picking a speafic normalized lowpass
having a desired resporse from alibrary of different referencevaues you wse frequently. This reference
can have any configuration that represents a working lowpassfilter including series or parallel conrneded
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notch sedionsin any order. It isastandard ".DZN" design file and therefore can be keyed into the system
using the “Insert” command d the drcuit editor. It can be saved like ay other design. An easy method d
generating these fil es from any reference values in memory is provided onthe Utiliti es menu. Becaise it
isto be used as areference and will have no"speds’, the".SFK" fil e generated when you save can just
be deleted. In order for the program to accept the file @ areference, it must be normalized to 1radian/
seaondand 1 olm Zo. Chedks are made to seethat the termination Zo is 1 Ohm and that the frequency
referencein thefileisvery closeto 1radian/ sec(.159Hz.). In the event afile spedfied as areference
does not med these aiteriaor isinappropriate for a particular design, awarning message will appea.

Making an external referencelowpassfilefrom"G" or "k and d' tables

Thefirst thing that PCFILT doesisto derive anormalized lowpassfilter of the "freeformat” type
from any format chosen for the values and hdd it in memory. It does this regardlessof the source of the

LC --» Coaxial

ef. lowpaszz
- Yhat ~Path~file_name for new reference?
Hard copy or rewview (No extension>

program stub Generatar
Make Touchstane file \NORMAREF37 Ok |

3 Utilitiez menu help

values, even if the values arein the form of loading and couging coefficients ("k and d' values). The
referencelowpassin memory can be mnwerted to the external referencetype and recorded to disk by
using the <K> option from the utiliti es menu:

In this example, the values in memory have been saved in adiredory cdled "\NORM" that has
bee set up asaplaceto kee alibrary of referencelowpassfilters that are frequently used. Thefile
generated will be \NORM\REF37DZN and will be astandard design file. You can use awy file name that
is consistent with your personal caaloging system, bu you must NOT use the main file name shown on
the main control menu, that would cause the final design to overwrite the new referencelowpasswhenit is
saved. To make sure that thiswill never happen, an error message is generated if you inadvertently try to
use the same name.

Oncethe values you have keyed in are cnverted and recorded to disk, they can be used again at
some later date by seledionthe "(*) eXternal freeformat” referencetype and speafying the file name you
used to make the file initially. Continuing with the same example, youwould inpu the same file namein
the parameters window.

(-) eXternal referencefil ename

When the design is cdculated, this referencefilter would be loaded into memory first. The program
chedks ead time the [Calculate] command is used to seethat the referencein memory is the same & that
shown onthe parameters window. If you change the fil ename, the new referencewill be loaded
automaticdly.



(*) referencepole Place

The program has alowpasspale place that can be used to generate freeformat referencelowpass
filtersfor use in the scding processwhich can be saved and wsed with the "(*) eXternal freeformat Ip"
option described above. When using thisoption, Y ou are asked if you want to rerunthe lowpasspole
place eat timethe design iscdculated, just asit does when using external "G" or "k and d' values.

The low passplace operatesin identica fashionto the bandpassplace described in detail in
ancther sedion d this guidebook. The main dfferenceisthat the finite zero frequencies are now
normali zed and expressed in radians (units normali zed to the passand) rather than namal frequency
units. When a bandpessfilter is sded from alowpasshaving finite zeros, these finite zeros will be
generated in peirs, ore dowve the passand and ore below. Shown below isthe upper left corner of the
place dialog box.

Conventional pole placer and zero finder

— Estreme zeros———— [~ Pazsband |' [tz

oC ID_ﬂ mf.lﬁ_d Passhand ripple: 0.05
B

Marmalized

— Specification magk — Finite zeros R ezponze
Corner freq. dB freq. Frvin freq. dB

| ! |14 | |
| ! ! | |

In the cae shown abowe, the two nach sedionswill fall +-1.6"half- passands® on either side of
the geometric center frequency of thefilter.

Determining finite zeo or corner frequency locaions

To determine the normali zed frequency of any point down the skirt of a propaosed filter in radians,
the “Estimate order N" feaure of the parameters menu can be used. Any frequency you spedfy will be
displayed in radian frequency relative to the passand spedficaions you have set up in the parameters
window above.

Oncethe normali zed frequencies of your stopbands have been determined, the finite zeros can be
keyed in dredly, asis hown abowve, or the aitomatic place can be used to determine the extreme zeros.

X el ol ol ol i ' '
ESTIMATE Order N

We ccoo required Attenuation [dB] 0
CALCULATE At what frequency [MHz.] 12h

maI.;hgr| 2-help | Hints: Stopband position: 1.5600 Rad.

- Design: Narrow band bp. (Pi coupling]

: N| Preset Warnings:

Modify | eXit | Ref. Lp: lowpass Pole Placer

When areferencefilter is g/nthesized, orly the sub-networks that are gpli cable to lowpassfilters
are presented. These ae wdes 3,4,7and 8.



> Sub-network codes <

CODE Schematic CODE Schematic Here, unlike with the
bandpass synthesizer, you have
3 — L — 4 —F two options for the automatic
C syntheses. The finite zero sub-
1 networks may be put in the
L I middle of the filter, or at the
7 L 8 L source end. The default is the
| { ]— middle which is usually best for
CIZ f+ C | C f+ the scaling of bandpass filters.
L F-First R-Recall (Cr)-continue

ENTER THE CODES FOR THE FILTER STRUCTURE (R)-Recall last manual entry.
(Start at the termination end.) Inf. zeros = 6 Finite zeros = 2
Automatic: Put finite zeros (F)-First (Cr)-in the middle.

Symmetrica highpassusing dace

Suppacse we neaded a highpassfilter having symmetrica topdogy and element values. The filter must
passall frequencies from 200MHz. upand shoud attenuate 160 MHz. with two finite zeros at the same
locaion.We dso require 5 Zeros at DC. The required topdogy must be & $own below:

L L
_c ] c [ c_
Tl o
L L L L

The default topdogy generated by the place if you simply pressed the <Enter> key at the prompt
would beto pu bath finite zeros together in the midd e of thefilter. Since asingle series element isrequired in
the canter of thefilter, the network codes must be spedfied manually. Thefilter isbeing scded from a
normali zed lowpasswhich isthe "inverse" of the fina highpass That is, ead part must be replaced by one of
the oppasite type.

Theradian locaion d both finite zeros will be 200/ 160= 1.25Radians and the 5 extreme zeros at DC
would map to 5zeros at infinity for the referencelowpass The lowpassreferencerequired is siown below:

L
C Cc C

Bre&king the network down into its sub-network codes we get:

G e

C

} |
I
3 <-- Codes

|
]
3] 8 41 3| 8 |4]



Enter the Sub-network codes at the prompt:
(Cr = Auto.) > 3,8,4,3,8,4,3 <Enter>
The results are shown below:

R | 1
L  1.06018
C 1.06173

I
L C 1.06606 0.600342 f=1.25

\_T_J
C | 1.34208
L 2.14775
C 1.34208

I
L C 1.06606 0.600342 f=1.25

C | 1.06173
L  1.06018
R | 1

Design = Highpass

passband Ripple (0=Butt. dB) 0.05
design Zo. 50

Cutoff fregency fc.  MHz. 200
conflg: (input) Ser. Par. S

tYpe: 1=sing 2=doub 3=ratio 2

The final design looks like this:

0 — Termination — 50 Ohms
|
1 C 15.012 pFd.
2 L 37.475 nHy.
1
3. C L 14.929 pFd. 66.277 nHy. Fx =160 MHz.
L
5 L 29.647 nHy.
6 C 7.4103 pFd.
7 L 29.647 nHy.
1
8. C L 14.929 pFd. 66.277 nHy. Fx =160 MHz.
L
10 L 37.475 nHy.
11 C 15.012 pFd.
12 —— Source — 50 Ohms

13 Fc =200 MHz.



(*) standard Library Ip

Standard library Ip E

Path to library G value files
IC:'-,pcﬁIl‘-,CFM_LIB\
|'Ap|:|rux. Symmctryl

&+ Symmetrical

" Asymmetrical

—Response type
* Bessle
¢ Linear phase +-.05 deg.
" Gaussian
" Gaussian to 6 dB.

" Gaussian to 12 dB.
" IEgendre

When a standard library resporseis sleded, the menu shown here
will appea. Thisoption wses amedanism that provides quick accessto a
library of standard namali zed lowpassreferencefiltersin the form of "G"
values which shoud be located in the diredory "\ _LIB", just below the
working diredory. Thesefiles can bein the same format as any ".DZN"
design file and areidenticd to the files used by the "eXterna freeformat Ip".
This al ows the user to generate his own referencefil es beyondthaose
provided. Normally however, these referencefil es are extraded from alarge
file (LIB_REF.DAT) provided to save disk space If the necessary reference
lowpasscan't be foundin this main library fil e, the program will | ook for a
separate fil e with afilename in a predefined format. Y ou can also add your
own references to the main referencefil e.

When PCFILT isinitialy cdled, the default diredory (your working
diredory) is gored in memory and used as the default path to the library
subdredory whichisassumed to be™ LIB" just below. This default path
name will show nea thetopin the "Standard library Ip" dialog box if you
have nat manually defined some other path. For most users, the path to the
library fileswill be: C\PCFILT\ LIB\

The path may be dhanged to anything you like using the top ogion onthe " Standard library Ip"
window, bu youwon't need to dothis unlessyouwant to have an aternate set of library fil es, a predistorted
set for example. The only limitationisthat the entire path name must be no longer than the width of the
window. You can return to the default path name by deleting the existing path name with the <Delete> or
<Badkspace>key and pessng the <Enter> key at the prompt rather than entering a path name manually.
Oncethe design fil e has been saved, the path name showing will be recorded in the".SPK" spedficaionfile
along with the design. The next time that file isrecdl ed, the path name you set will be recdl ed aswell.

Two sets of fil es are provided for eadt type of resporse. Both sets were taken from pulished tables.
The Asymmetrica set are useful for lowpassfilters and are the most commonly used type. The dternate set

were adually converted from "k’

"and"q" values chasen for as close to symmetricd parts values as passble.

This st works best with narrow band bandpessfilters.

Approximate symmetry:

(*) * Symmetrical - <S>
(*) Asymmetrical - <A>

Most of these fil es were generated using the "K" (make referencelowpasg option o the UTILITIES
menu d PCFILT. The user can modify or add to them as needed if the corred fine name system is foll owed

for additional fil es.



Library file name system:
The library filenames are built up from 4 elements, the symmetry code number, followed by the
resporse type name, then the number of palesandfinally the extension. A typicd standard library fileis
shown below:

1LPH0510.DZN
i L Extension: Always ".DZN"
Number of poles (N)
Response type name: "BESS" = Bessel (Maximally flat delay)
"LPHO05" = Linear phase with +.05 Deg. error

Symmetry code: "GAUS" = Gaussian
1 = Asymmetric "GTO6" = Gaussian to 6 dB.
2 = Symmetric "GTO12" = Gaussian to 12 dB.

"LEGEN" = Legendre

Youwill findfile namesjust like these just above eat correspondng referencelowpassin thefile
LIB_REF.DAT. The format will be obvious. New reference lowpasscan be alded right after thase provided o
left separately in the library diredory.



