Group celay and amplitude equali zer

The equalizer modue is an automatic or manual iteration, graphic display method d design for
group clay or amplitude eguali zation o filters. The main feaure isthe aility to read in delay or amplitude
datafrom analysis, adisc file or the keyboard and add the theoreticd resporse of one or more ejuali zer
sedions making a graphic display of the combined resporses. By manuall y adjusting the spedfications of
ead sedion after the automatic least-squares optimization is complete, equali zation can be optimized to any
spedafications.

The design Zo is establi shed in the Parameter menu. Thiswill be the impedance of the system into
which the equalizers will be working. All sedionswill have the same Zo.

If thefilter to be equalized is saved to disk before beginning the equali zer design, it may be joined to
the completed equali zer for analysis.

Amplitude equali zer circuits:
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Comporent losses in passvefilters cause the passhand to "sag” in the aeaof the aitoff fr equencies.
The anplitude egualizer modue will design any of the networks that have alosscharaderistic that is
oppaiteto the "sagging” of alowpassor highpassfilter. These can be used to compensate for the sag so
long as the increased losscan be tolerated.

The constant impedance networks shown are the most complex but provides a cnstant impedance
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and will not upset the return lossof the filter it is being used to corred, even with extreme @rredion.

The series and pardl el (S and P) non-constant Zo equali zers are much simpler circuits and will fill
neeals where the crredionisnat extreme. These two will have adlight effed onreturn loss

The networks can be used onfiltersthat display a passand "sag" that is non-symmetricd, such asa
lowpass highpassor even abandpassthat shows a passband "tilt" (such as awideband tubuar circuit).

The design equations for amplitude eguali zers are mwncerned with the total dB of corredion, and the
slope of the corredion ower frequency. The needed datais the frequency (Fo) of least loss and the frequency
(F2) where the sag isroughly HALF (1/2) the total. For example, assume you have alowpassfilter that was
designed with a"last ripple" cut off to be & 50 Mhz. At the last ripple frequency of 50 Mhz, you measure
1.0 B insertionloss you would then look for the frequency at which the lossis.5 dB. This tednique works
well with single passband equali zers. The dual networks (options E and F) require adlightly diff erent system
of speafying their parametersinitially becaise both pasgands (or bandstops) must be spedfied at the same
time. For these, spedfy one equali zer center frequency as with the single band equali zer. The other will be
pasitioned symmetricdly on the other side of the frequency range displayed onthe plot.

The performance arrves for amplitude equalizers are evaluated by adual analysis and will be slower
than thase for group cBlay. This all ows comporent Q to be taken into acourt however. Q fadors are those
shown in the Assumed Q window on the main control menu.

Group cElay equali zer circuits:
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The user must seled if he neads a 1st or 2nd ader delay equali zer manually, bu the dedsion
between the low or high delay circuitsis automatic. The 1st order circuit shows increasing delay at lower
frequencies. The 2nd ader equalizer has adelay pegk at some spedfied frequency. All 4 equalizers are
constant Zo all -passnetworks.

When group delay equalizationis being dore, theinitial display will | ook like the window shown
below. Amplitude eguali zation will display the gpropriate heading. This sleds the delay or amplitude
resporse to equali zed.

Single key [ <]

% fimplitude Equalizer = Design Zo=200.8
Add the CL) Zero Cequalizer aloned
equalizer CA> data from Analysis CR> enrit
response to: CF) Data from file C?> Help
CK> Keyboard data
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[X]-Quit and exit withou doing anything.
[A]-datafrom Analysis

The last analysis runin memory (and therefore the group delay or amplitude resporse of somefilter
to be equalized).

[Z]-Zero (equali zer alone)

Thismode dlowsthe equalizer sedionsto be evaluated alone. The resporse of ead sedionis
normally added to some other number to yield atotal resporse. If the datato be equalized is zero at all
frequencies, ony the resporse of the equalizersis displayed.

To graphicdly display the resporse of the equali zer, afrequency scde must be set up. You will be
asked how many paints, and the frequency limits aaosswhich to graph the resporse.

[F]-datafrom Fil e.

Datato be equalized (upto 100 pants) can beread form adisk file having the extension“.eqd’. The
default name iskbd_cdata.eqd. Linea interpolationis used to derive datafor any frequency that is not
diredly spedfied. This means that the frequency points do nd have to be uniformly spaced. Therecdl ed
datawill be displayed onaplot having 100 pants no matter how may points are provided in the data. The
frequency range isthat of the highest and lowest frequency in the data.

The format for the datais smply: frequency , data (delimiter isthe comma). All frequency and data
must be in the natation seleded. Data can be anplitude (dB) or group celay (nSec, etc.). When thefileis
used by the analysis modue the chaice of amplitude or group cBlay is sleded when the |- EQ Data -|
“element” isinserted into the network (see thapter 16 onthe analysis modue).

[K]-Keyboard data

In the event you might want to equali ze the measured response of a network, or design to awritten
spedficaion, the measured data may be entered into the program by the Keyboard option. The same routine
isused to identify the number of paints and frequency limitsfor the graph asis used with the Zero mode.

Spedficaion data must be entered into the program in an inverted fashion such that the required
delay entered plus the cdculated resporse of the dl-passnetworks will add to zero. To dothis, simply enter
eadt pant as anegative number. After all thedataiskeyed init is saved in adisk file named kbd_dita.eqd
so that it can be elited by atext editor or word processor and recdl ed later by the [F] file option. The
notation seleded at the timeiswritten at the top d thefile. It isonly areminder to the user. The notationis
NOT real bad in when thefileislater recdl ed.

Operation

Thismodueisdivided into two separate menus from here on. The two menus will be referred to as
the "Marker" menu, and the "optimization” menu. Along with either menu, there will be agraphic display of
data taken from the keyboard, a from analysis.

To the left of the graphic display will be digital datato explain the verticd scde of the display, and
an areashowing the spedficaions of eat of 8 passble sedions that can be designed.

All scdefadors are aitomatic andin a 1-2-5 sequence
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The Marker menu will appea first:

Sl Equalizer =]

Lower limit  Upper limit Eull range auto Add zec. Optirmize menu

From 353.588 MH=.
To 1414.8688 HMHH=.

5.895 nSec
1.888 nSec

—>*0rder MH=. nSecd
2 L85.48 2.22
2 789 _06 2.22

Top ref.
One div.

Marker= 789.063

The marker menu provides these options:
L ower limit

Causes the position d the marker to beacome the new lower frequency limit of the graphic display.
Thedisplay is redrawn.
Upper limit

Used to set the upper frequency limit of the graphic display. The display is redrawn.
Full range

Causes al avail able data to be displayed. Use this to widen the bandwidth of the graphic display.
Auto Add sec.

The auto add sedion. ogionisaquick and essy way to insert an additional equalizer sedion (except
1st order delay sedions).
Optimizemenu

Moves from the Marker menu to the optimization menu. All changes made using the marker will be
locked in.
?-help

Displays a series of help screens.
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When the marker menuis displayed, so is the marker itself. It isaverticd datted line. It will i nitially
appea in the midde of the plot. It may be moved |eft or right with the keyboard arrow keys or it can be
grabbed and dagged using the mouse left button. The frequency of the marker is displayed to the | eft of the

display.

When equalizing delay:

A seoond ader "pedk” will be automaticdly paositioned at the frequency of the marker by seleding
the auto Add secmenu ogion. Thisfeaure can NOT be used with afirst order network.

The delay value aitomaticdly picked for the new sedionwill bethe average of all the existing
sedions, or equal to the delay at the marker if the fedure is used to start the first sedion.

It shoud be noted that the delay peak of asemnd ader al-passnetwork having avery low value of
delay will be lower in frequency than that spedfied. This could cause some @nfusion.

When equali zing amplitude:

The frequency of the marker will be the frequency of least attenuation (Fo) of the alded sedion. The
frequency F2 and the associated dB specwill be determined by the atenuation at the aursor and dfferencein
frequency from the elge of the display to the marker. A goodstarting point isto move the airsor roughly to
the paint of half the "sag". When speafying the dual equali zer networks pasition the marker at the midd e of
the frequency range to be equali zed.

Optimization menu

The only differencein appeaance between the marker menu and the optimization menuisthe
changein menuitems at the top d the window. The marker menu also has the marker itself which isgone
when optimizing.

=¥ Equalizer M=l E3
exit  manual Add zec.  Bemowe zec.  Tune On/0ff Backup auto Opt Marker menu Phelp

The optimization menu ogions:

These ommands are ommonto bah group celay and amplitude eguali zation:
eXit

When the results are satisfadory, you can exit from the equalizer modue and save the design. The
design can be analyzed alone, or joined to any other network with the Join ogtion onthe main control menu.

Manual Add sec
Usethisto add an additional seaion by keying in the spedficaionsfor the sedionto be alded. Thisis
the only way to add a 1% order delay equali zer.

Remove sec
Thiscommand will delete the asedion. A dialog box will come up to ask which sedionisto be
removed.
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Tune

on/off

The tune mode brings up a group d buttons on the left of the window that are used to refine the
equali zation dore by the automatic mode. Thiswill t oggle the tune mode onand df. Seleding the “auto Opt”
mode will turn the tune mode off.

Back up
Bad upwill Un-dothe last auto optimization.

auto Opt
This sledionwill perform a"least squares’ optimization d one passover al sedionsand all
parameters. Youwill want to use this sveral times before moving onto touch upthe design manually.

Marker menu
Used to return to the marker menu to widen the displayed frequency or add ancther equali zer sedion.

%} Equalizer

From 476.574 MH=.

To 1821.847 MH=.

Top ref.= 6.938 nSec
One div.= B.2880 nSlec
—>0rder HMH=. nSec<—
2 L64.63 2.77
2 731.54 2.53
2 @82 .73 2.78

—>> Tune mode <—

Finer
Courser

<— Back up

F1-Frequency
F3-delay

The TUNE mode

The tune mode mmes onwhen seleded from the optimization menu
and is used to manually change the spedficaions of eat sedion, ore & a
timetorefinethe equali zation dore by thefull y automatic optimization. A set
of buttonsis used to control the optimization.

[ Up][Down ]
Adjusts the seleded parameter either up a down by an amourt that
can be ajusted by the [Fine] and [Coarser] buttons.

[ sedion NoO |

The sedionthat is being adjusted is highlighted in the spedficdion
area dove the buttons. This button will change the adive sedion by
moving the highlight through the list from top to batom.

[ Finer] [Coarser ]
These two butons adjust the steps made by the [Up] and [Down]
buttons.

[ Auto]
Eacdh seleded parameter my be submitted to automatic
optimization by the least squares error method by pressng this button.

[ <-Back up ]
Thiswill badk upfrom the last [Auto] operation.
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The buttons at the bottom of the group selea which parameter is being optimized. The seleded
button (parameter) is boxed in to identify it.

[ F1-Frequency | [ F3-delay ]

These two butons appea when designing group celay equali zers.
[ F1-Freq 1] [ dB ] [F2-Freq 2]

These threebuttons appea when designing amplitude equali zers.

A practical example

Toill ustrate how atypicd filter can be equalized for group delay, afilter used as an example of the
use of the "D" cougding will be equalized. Thisfilter is described on @age 7-5. Begin by dudicating this
design. Sincenoload / sourceimpedance matching was used onthat example, youwill also need to reset the
matcher and chocse shurt C matching on ore end d thefilter and shunt L matching onthe other (options F
and G, respedively). This configuration will preserve the equal delay peks of thefilter and al ow the
equali zer to be seriesjoined dredly to it | ater.

1 - Begin by dugicating the design example on page 7-5 with impedance matching added.

2 - In arder to get agroup dlay curve to equali ze, analyze the filter form 95to 105MHz. This
frequency range includes bath group celay pe&ks.

3- SAVE THE BANDPASSDESIGN TO DISK! If you design the equali zer without saving the
filter first, it will be lost!

4 - Choaose from the menus: Design | Equalizer | Group cEay.

5 - When the parameters menu appeas, you must set the design Zo to match the Sourceimpedance
that the filter was matched to. It will be set at the natural design impedance of thefilter youlast designed (10
Ohmsinthis case). Youwill haveto changeit to 500hms.

6 - Pressthe [CALCULATE] button.

7 - Seled [A] from analysis button onthe starting dialog box to kring in the analysis data having the
group celay performance of thefilter to be equali zed.

8 - Youshoud nawv seethe group celay curve of thefilter by itself. Move the verticd dotted line
marker to the lower group celay peek (at 95.4MHz.) by using the keyboard left and right arrow keys or by
dragging it with your mouse by pressng and hdding the LEFT button davn. Pressthe L keyboard key to set
the lower frequency limit over which ogimizationisto be dore. Similarly, set the upper limit by moving the
marker to the upper frequency delay peak (104.8MHz.) and pressng the R key.

9 - Toinsert the equali zer sedions, move the marker to the middle of the pasdand, that is, the point
of least delay (100.1MHZz) and pressthe A (auto Add.) key. This defines the initial position and delay of the
first equali zer sedion. Obviously, ore sedionis not going to be enough. To add anather sedion, move the
marker to the upper minimum delay point (103.1MHz.) and pressthe A key again. Also, add a third
equali zer at the lower delay dip at 97.1MHz.

10- Seled the Optimize menu ogionto bring up the optimization menu.

11- Seled auto opt by pressng the A key. Do this again after the optimization stops. Y ou can now
pick sedions and parameters as you like adjusting them to improve the total error by entering the Tune
mode.

12 - When you are dore, seled eXit from the menu and join the equali zer to thefilter by seleding
Join fedure from the main control menu. The combination d equali zer and filter may be analyzed to
confirm the results.
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