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1. General Information.

Ladpac is short for "Ladder Package." It’'s a package of prograns primarily
ained at the design and analysis of l|adder filters. A few other prograns are
i ncl uded even though they are slightly outside the central |adder thene.

1.1. System Requirenents:

This software was witten for use on a conputer using Wndows 95, 98, Mg XP,
NT, and Vista. The system should have 5 Meg of RAM or nore, with another 5 Meg
avail able on a hard disc for storage of programs and files. An Intel Pentium
processor with a speed of 300 MHz or greater is reconmended, although we often
use the prograns on a slower machine. A nonitor set for a color display with a
resolution of 1024 x 768 is reconmended. An earlier version, Ladpac-2002, was
constrained to 640 x 480 pixels. A few of the earlier prograns from that
collection are included for those fol ks using such a conputer.

1.2. Installation.

The installation requires nothing nore than putting all prograns into one
directory. They can be copied directly fromthe distribution CD to a directory
of your choice. Alternatively, run setup.exe and follow the on-screen

directions to install the software.

Many of the prograns within LADPAC will read fromor wite to the disc. The
filter design programs will generate output files that can then be read by the
anal ysis program GPLA. Circuits can be further edited with Ladbuil d. exe. It
is generally useful to have the prograns and the circuit files in the sane
directory.


mailto:w7zoi@arrl.net

1.3. Ceneral characteristics.

The various prograns have nmany simlarities in the way they function. W wll
list some of the comon characteristics as an aid to understanding their use.
CGeneral ly, the nethods that we expect fromthe Mcrosoft Wndows © environnent
are used.

1.3.1. The prograns were witten in Delphi 3.0 from Borland. This was our
introduction to this environnent, one that turned out to be a very positive
experience. A very snmall subset of the available performance of Del phi is used
here.

1.3.2. Al prograns have data in them as a default and will run, generating
useful (we hope) data with but a few mouse clicks. For exanmple, when the biasing
program BiasNPN is run, a schematic diagram appears. Myve the nopuse cursor to
the "Cal cul ate" button and (left) click. This produces a readout of the currents
and voltages within the circuit.

1.3.3. Input paraneters, shown initially as default values, are all changed
nerely by nmoving the nouse to the box with the input data. Again using Bi asNPN
as an exanpl e, nove the nouse cursor over the 510 Chm enitter resistor box and

double click. This causes the entire "510" entry to be highlighted. It is then
replaced by typing a new value. The results are updated by again clicking
"Calculate." As an alternative to direct editing, the emtter resistor in

Bi asNPN can be increased or decreased by 5% by clicking on small boxes next to
t he val ue wi ndow.

1.3.4. The window containing the operating program can be nminimzed w thout
di sturbing any of the data in it. The buttons at the upper right of the w ndow
are used, just as with any wi ndows program It is often useful to have nore than
one of the LADPAC prograns running at a tine.

1.3.5. Many of the programs use a sequence of commands. These are nunbered and
shoul d be executed in order. If you wish to try something different, go back and
change an input paraneter. Then click on all of the buttons from the change
f orwar d.

1.3.6. Most of the prograns use nore than one w ndow. The other w ndows are
activated by clicking on an indicated button in the active wi ndow. For exanpl e,
clicking on the "About Bias" in the upper left part of Bias-NPNO8 will cause a
wi ndow to be shown with program copyrights and the like. A button in that w ndow
causes a return to the main w ndow.

1.3.7. Many prograns allow a file to be saved for further analysis. This is done
by clicking on File in the wupper left corner of the display w ndow, a
characteristic of virtually all Wndows prograns. Once into the File nenu, click
on the SAVE-AS button. This will bring up a dialog box showing a listing of
files of the type related to the program You can use an open-ended format for
nam ng files. (If you save files in the older DOS format [8max.3max characters],
they can be analyzed with G87.exe, a DOS program distributed with "Introduction
to Radi o Frequency Design," 1994, ARRL.)

An additional “save” format is present in sone of the prograns. This is a
button within the main programthat allows a file to be save as a default file
naned “Startfile.cir”. This is the often changed file that is the starting
point for the General Purpose Ladder Analysis program GPLAOS. GPLA is a

central cornerstone for all of Ladpac and is often used. It is very handy to



design a filter, save it as the default, and then start GPLA for an inmredi ate
and qui ck anal ysis.

1.3.8. Files can be opened fromthe File menu in those prograns where files are
read. Qpening is much |ike the SAVE-AS operation descri bed.

1.3.9. When a programis finished, it can be closed with the usual "X" in the
upper right of the window, by clicking on "exit" in the File menu, or by
clicking in an Exit button within the program

1.3.10. W urge you to open any of the programs and nerely play with themto
gain intuition about their operation, and nore inportant, about <circuit
behavior. Use the prograns interactively by designing a filter in one program
then exam ne the result in the LadBuild editor, and finally analyze the results
in the General Purpose Ladder Anal ysis program

1.3.11. The wunits wused in LADPAC are Chns, picofarad, nanohenry, and Miz.
Crystal filters use Hz for frequency, but always referenced to a crystal noni nal
frequency in MHz.

1.3.12. It may be useful to print these instructions so you can read them while
runni ng the prograns.

1.3.13. The prograns wthin LADPAC include no specific printing routines.
However, obtaining a printout is relatively easy within the Mcrosoft Wndows
environnent. |If you wish to nake a record of any screen shown at a point in
time, press the print-screen conmand. (Printers should be off at that tine.)
This causes the entire screen inage to be copied to the Wndows clipboard. Then
open the standard Wndows "Paint" program When that is open, paste into it.
(Adick Edit, followed by clicking on Paste, or key in Crl-V.) This view can
then be saved, as it stands. Alternatively, the PAINT program can be used to
crop the display. The result can be saved as a .G F or .JPG file and sent over
the internet, or can be printed. (Figures in this nmanual were done this way.)

1.3.14. Above all else, renenber that these progranms are all sinple exanples
using sinple nodels. The results represent the limtations of the circuit nodels
whi ch may be nothing nore than an approximation to physical reality; that is the
way of all science. These programs are intended to supplenment the data within
t he book "Experinmental Methods in Radi o Frequency Design." They are not intended
to be used al one without the additional information provided by the text.

1.3.15. These prograns are a part of the text and should not be distributed.



2. Lowhi08 Low Pass and Hi gh Pass Filters.
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S Fig 1.

This programis used to generate LC | ow pass and high pass filters. The program
is started by double clicking it from Wndows Explorer with focus on the file
contai ning the Ladpac prograns and followi ng the nunbered instructions. You pick
the nunmber of elenents in the filter, and the allowed passband ripple. Default
values of N=5 and 0.1 dB are built into the program Clicking the first button,
| abel ed "Generate Q(n) table," then generates the normalized data for that
Chebyshev filter. A Butterworth filter will be designed if a ripple of 0 is
entered. Al though obscure, a negative value can also be entered. This forces
all Qn) values (normalized conponent values)to be 1. This is useful for the
design of things like half-wave filters.

This program uses the 3 dB cutoff to specify a filter. Sonme others are based
upon the ripple cutoff. A value is calculated and displayed in the program
showing the ratio of the 3 dB cutoff to the ripple cutoff frequencies. Thi s
value will allow the user to change the design basis, if desired. Consi der an
exanpl e: The figure above shows that a 0.1 dB ripple Chebyshev filter will have
a ripple cutoff that is below the 3 dB cutoff by a factor of 1.1347. If a |low
pass with a 10 MHz ripple cutoff is needed, a N=5 filter with a 3 dB cutoff of
11. 347 MHz shoul d be desi gned.

Specific data is entered about the filter you wish to design. This includes the
3 dB cutoff frequency and the termnating inpedance at the load end of the
filter. A box is also available for unloaded inductor Q Although this has no
i mppact on the design, it is useful for later analysis. You will then select
between a | ow and a hi gh pass response, and decide if the first conmponent at the
load will be parallel or series connected. Then click on "Design Filter" and the
resulting conponent values are shown in the "nmeno box." If you had elected to
design an even ordered Chebyshev filter, the termination resistance at the
source will also be cal cul ated and shown.

A design can be saved to disc for |ater analysis upon conpletion of the design.
See the comrents above (Section 1.3.7) in the General Comments area for details
about savi ng prograns.



This programis restricted to filters up to the 30th order, much nore than nost

of us need. The filters designed here are a subset of a greater possible
col lection of Chebyshev and Butterworth filters with a wde variety of
term nations. EMRFD shoul d be consulted for design of other filter shapes.

3. GPLA08: Ceneral Purpose Ladder Anal ysis.

File About GPLA
Click to Review Circuit

0 Load R =500
1 cap par 41421597
dB 2 ind ser 12381774

3 cap par 7133553
4 ind ser 1298.1774
Plot 5 cap par 4142157
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10,000 93 Inducior § = 250.0
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Fig 2.

GPLA is the central cornerstone programfor the LADPAC collection. It allows the
user to calculate the gain and input inpedance match magnitude for a w de
variety of filters that fit into the "ladder" category. The elenments that can
be placed in the |adder include capacitor, inductor, resistor, crystal, and
wire. The "wire" is nothing nmore than a default connection that extends to a
term nation. Also included are duplicate capacitors, inductors, and resistors,
conponents that are |inked or "ganged" to other parts in a filter.

We assunme that the user will be following along with this description with his
or her version of Ladpac08 as this discussion is read.

The default filter circuit is whatever happened to be included in the Startfile,

descri bed earlier. A five elenent low pass filter with 0.1 dB ripple was
designed and saved in the default Startfile. W wll use this data as a "gui ded
tour," a neans of illustrating the program operation.

Begin by calling the program by double clicking GPLA0O8 from Wndows Explorer to
show a screen filled with buttons. Start by clicking on the "Plot" button on
the left side of the window The response for the default circuit immediately
appears, showing the gain (S21) in red and the return |oss at the source (S11)
in blue. If you do not wish to show the return loss, un-click the checked Si1

box near the bottom right of the screen. We have chosen to |abel the
paranmeters with the scattering paraneters rather than sone of the older terns
that we sonetimes see in classic literature. Scattering paraneters are the

things that we usually measure. GPLA only shows magnitudes of S21 and S11.

The default circuit fromlowhiO8 is a |low pass with 10 MHz cutoff. The sweep
goes fromO to 30 Miz. You can see the response in greater detail by changing
the sweep paraneters below the plot to show the range from 0 to 10 Mz with 1
MHz per division graphed. This is done by editing the values in the "Frequency"
row, below the plot. We change the vertical paraneters at the left to plot S21



to -1 dB with 0.2 dB steps. If a positive nunmber is entered to represent the
screen bottom it will be converted to a negative one. The top is always 0 dB.
After the editing, click "Plot" again to see the update. This is shown in the
follow ng figure.

[~ Cenerall Purpose Ladcer Analysis, 2008
File About GPLA

Click to Review Circuit

cap par
2 ind ser 12381774
cap par 7133553
4 ind ser 12381774

Drag & | gjraph to 51

|| Value Tune Mode - il
Up | Down | B %=s Value= ‘

Save as Default File and Exit
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. Fig 3. The response of our |ow pass
filter over a 10 M&z by 1 dB range. The downward slope with increasing
frequency results fromthe finite inductor Q

Zoom capabilities are built into GPLA Whil e viewi ng the response, nove the
nmouse cursor onto the graph. Assunme you wish to view the response between 7 and
9 MHz to the -0.5 dB point. Mve the nmouse to 7 MHz and press the left nouse
button. Then drag the nouse to the right, keeping the button pressed, until the
nouse is at 9 Mz and -0.5 dB. Rel ease the |left nouse button to create a new
sweep. It would also have worked if you had started the new sweep rectangle at
9 MHz with an end at 7 MHz. You can continue to zoom \Wen there is no nore
insight to be extracted, click on the "zoomto original sweep" button bel ow the
graph. Because the top of the screen is always 0 dB, the rectangl e used during
zoom is always close to the top, even when the nopuse does not start there,
maki ng zoomi ng an easy operation. Try to stay inside the graph border when
marking a regi on for zoomn ng.

To place a cursor on the graph, click on the "Place Cursor" button below the
response. Then put the npbuse cursor inside the graph and click at the frequency
of interest. A vertical cursor line (dashed red) is then drawn on the graph,
and the frequency and gain response are shown below the graph on the cursor
[ine. Cursor frequency is nmaintained with zoom or val ue change actions that may
follow. The cursor can be replaced or noved with another "Place Cursor" action,
or elimnated with the "Reset Cursor" button.

An alternative way to place a cursor is to nerely edit the frequency in the
Cursor Data box. Type "7.5" in this box and then click on the PLOT button. This
generates a cursor exactly at 7.5 Miz.

W can examine the conponents in our filter by clicking on the "Click to Review
Crcuit" box. This then shows the circuit elenents including the termnations

and the global inductor Q Any of these values may be changed. If, for
exanpl e, you wi sh to change the Q of the inductors in the low pass filter, enter
99 for N and a new value in the "Enter New Val ue" box. Try a very |arge val ue

of perhaps 10, 000. Then, clicking the "Click to load new value" button wll



change the circuit and reprint the circuit description. The | 0oss now appears
to di sappear at the peaks of the Chebyshev response.

Two independent 1238 nH inductors are shown as parts 2 and 4. It is often
useful to lock the values together, nmaking part 4 a duplicate of 2. Then, if
part 2 tuned or changed, part 4 will also change. The change is perforned in

a different program |adbuild08. We will deal with this programlater.

We have nade several changes that could conplicate our description. Let's fix
that by clicking on the Exit in the File nmenu. Restart the program The sweep
is back to the previous 0 to 30 by 10 M1z steps. Let's now save this circuit
by calling the File | Save-As nenu, using the file nane gpladefault.cir, and
click on the "Save" button. The circuit is now on the disc for later use by
GPLA. It is also available for viewing in the "Ladbuil d0O8" program discussed
later.

You can now open the File | Qpen nenu and open the file. This causes the
existing plot to be erased. Wien a file is opened, the nanme of that file appears
in a data box in the "Frequency" row. |If the file description is so long that
it cannot all be seen in the box, place a cursor within the box with the nouse.
Then nove the cursor with keyboard arrow keys or the “end” key.

GPLA includes a "tune" capability, controlled in a box at the bottom of the GPLA
wi ndow. The default has part #4 selected for tuning in 5% steps. Edit this to
tune part #3 and then click on the "Up" button, causing the capacitor value of
part nunber 3 to go up by 5% This causes a new sweep to be generated. |If
circuit data was present in the review wi ndow, that data woul d di sappear with
t he new sweep. But the new value of part 3 is now shown in the Tune box.

Oten it is useful when tuning to know what the gain response had been at an
earlier time. dick on the box |abeled "Save S21 as ref." This is located just
above the Value Tune Mode box. This click causes whatever gain data is present
in the plot to be stored in conmputer nmenmory as a reference. Near this "save"

button is another button |abeled "plot reference.” Check this box and then
click on the Plot button. Note that the reference is now plotted in black while
the newy tuned response is shown in red. (Cdick the Tune/Up button to

generate a different plot.) S11 data is not saved with a reference.

If you zoom in after having started a sweep with a conparison plot, the
reference disappears. Activating the "Plot Reference" button again still
generates the original plot. The reference values are not altered by a zoom
operation, so the reference only nakes sense with the frequency span used when
the reference was saved.

The reference display is very useful for conparing two different plots. We
already have our 5 elenment filter saved as “gpladefault.cir”. Return for the
nonent to Lowhi08 and design a low pass filter with an identical cutoff
frequency of 10 MHz, but with 9 elenents. Save this with the File| Save-As
function with the name “lIpf9.cir”.

Return to GPLA Use the File|Open function to load the original file,
gpl adef aul t. The response is plotted. dick on the “Save S21 as ref” button.
Now return to the File| Open function and | oad the newer response |pf9. Cick
on the “plot reference” button and both responses are now shown. The 9 el enent

response has a much nore dramatic cutoff response while having virtually the
sanme response within the passband.



There is a potential trap when conparing filters. The user mnmust take care to
be sure that the same frequency span is used in both plots. O herwi se, the
conparison will not nake a | ot of sense.

GPLA will also plot the response of crystal filters. An included file is naned
X5.cir. Load this into GPLA and click the Plot button. You nmay have to "un-
click" the "show reference" plot button, for early data may still be present.
The frequency has now shifted to units of Hz instead of MHz. Thi s happens
whenever a crystal is present in the collection of conponents. The frequencies
shown in plots and tables are referenced against the nom nal crystal series
resonant frequency which shows up in the data in the circuit revi ew box.

Reviewing the circuit of a crystal filter shows a value for each crystal. These
are all 0 for this exanple. These values are frequency offsets for each
crystal. Wiile this would, ideally, be the offset with respect to the ideal
series resonance, it is sufficient in practice to insert a value that is an
offset with respect to an average or a naxi mum The circuit we just |oaded,
X5.cir, is for a filter with 5 crystals. The offset value for each crystal is
0, the result generated by XLAD, the crystal filter design program (discussed
later.) The designer can now insert practical nmeasured values. Later, we wll
di scuss the tuning of such filters when offsets exist.

The "global" crystal paranmeters are listed for the parts in the crystal filter
and can be changed with editing. For example, try changing the crystal Qto a
nmuch | ower val ue of 20000.

Sone details: GPLA was written using a schene known as "the | adder nethod,"” with
details presented in "Introduction to Radi o Frequency Design," ARRL, 1994. This
method is generally quite fast conpared to matrix methods. (This nmade a big
di fference when our conputers were slower, but is of little consequence now.)
The | adder nethod is not as powerful as other techniques, and is not suitable
for amplifier analysis. But the nethod is exact within the constraints of our
ideal L, C, and R conponent nodels. W have chosen to assign a uniform unl oaded
Qto all inductors within a circuit. Capacitors are assumed to be |ossless. All
crystals within a circuit are assuned to have an identical unloaded Q and
identical parallel C values. These assunptions seemto work well for filters in
the HF spectrum built from traditional |eaded conponents. Surface nount
capacitors are sonetimes quite lossy (wthout regard for tenperature
coefficient) and that |oss may conpromise filter nopdeling.

4. DTC08, TTCO08, and QrC08: Double, Triple, and Quad
Tuned G rcuits.

Three progranms are nore than cousins; they are alnost identical to each other.
DTC08 and TTCO8 serve to design double and triple tuned circuits. Each program
will design two filters at the sane tine. This is illustrated in Fig 4. The
third program qtc08, designs a quad tuned circuit.



i.’. Design of Double Tuned Circuits -- 2008
File AboutDTC—08

andmulﬁ

;I

' Fig 4. Two forns of the double tuned
circuit are designed with one program dtc08.

Li ke other prograns w thin LADPAC 2008, these begin with built-in defaults. In
this DIC exanple, it's a 10 Mz bandpass filter with a 0.3 Miz bandwidth. It
uses 1500 nH inductors with unl oaded Q of 200. These values can all be changed
with editing.

In both dtc08 and ttc08, the coupling and |oading coefficients are set to
generate Butterworth filters.

The unusual character of the 2008 prograns when conpared with Ladpac-2002 is the
feature that designs two progranms at the same time. One is what we are termng

a “mxed forn’ bandpass filter. The ends of the filter are |oaded by
termnations as if we were building a filter with series tuned circuits. Such
circuits tend to degrade into a low pass filter in the stopband. But the

coupling between resonators occurs as if the end resonators were parallel tuned
circuits, a topology that behaves |like a high pass filter within the stopband.
W find that the mxed formis the preferred topology if filter shape symetry
is inportant. Such an application mght be a spectrum analyzer filter. The
topol ogy is a handy one even when symetry is not a consideration.

The prograns are easy to use by nerely follow ng the nunmbered instructions. W
begin by describing the filter in ternms of center frequency, bandw dth, inductor
characteristics, and termination. After the paraneters are in place, click on
Cal cul ate . The program now displays all L and C values paraneters for the two
filter forms.

One of the two designs may be just what is needed. That filter may now be
saved for |l ater analysis. There are several ways to do this. The traditional
one is to use the File|Save-As function. This al nost works |ike you would
expect. Assunme we perform this operation and pick a filter name of “dtcl0”
i ndicating the 10 MHz center frequency. (W are using the default data.) What
happens is that two files are created. One has the phrase “ _classic” appended
to the name while the other has “_m xed” attached. (These forns cannot be

used with the older versions of Wndows or with the old DOS &7 variant of
GPLA.)



The other way to save a file is to just click on the boxes that save a design to

the default file “Startfile.” Only the last one clicked is saved if you click
bot h boxes.

Sone extra data is presented in the lower left part of the screen. These are
the nodal capacitance, the resistance | oad appearing across a parallel resonator
at the ends (classic form filter), and the normalized Q Normalized Q is
useful in predicting filter passband insertion |oss. The nodal capacitance is
just the C required to resonate the chosen inductor at the filter center. The
parallel R is useful when matching to the ends of a nodification of a classic
form filter t hat uses Iink coupl i ng. Ref er ence

http://wrzoi.net/ Transfornmer Coupl ed LC Bandpass Filters. pdf

There is a degree of flexibility in these designs that is not always apparent.
The designer may exercise considerable freedom when picking inductor values
The Iimting criterion is that the term nating resistance picked (often 50 Chns)
for the design nust be less than the term nating resistance listed in the | ower

left corner. The filter bandwi dth and the inductor value may both be adjusted
to realize standard capacitor val ues. This is acconmpdated with the
correspondi ng buttons on the right side of the program screens. For exanpl e,

the default double tuned circuit uses 1500 nH and has a bandw dth of 300 kHz.
Increasing L and B to 1914 nH and 331 kHz allows the mxed form filter to be
built with standard conponents of 1500 pF and 3.3 pF for the end and coupling
capacitors, respectively.

The Quad tuned circuit program qtc08.exe, shown in Fig 5 does not include the
classic design form The designer can use the data within EMRFD to generate
his own classic form if desired.

|. '/~ Mixed ReSonator LC Bandpass Filter with Four Tuned Gircuit

File  About Quad TCO8

| it

Save Circuit as default file

mtelBe 22 OctDs wizal

Fig 5. Quad Tuned Circuit. This
circuit is especially useful for filters that nust have good symetry.

It is often useful for a filter to have different term nations at the two ends

This is easily realized with the various prograns available in LADPAC. Assune
we need a 10.1 WMHz filter with a 50 GChm input termination, but an output
term nation of 3000 Ohms, perhaps the input of an integrated circuit. W first
design the filter (Classic formDIC) for 50 Chims. W use an inductance of 2300
nH with a bandwidth of 0.36 Miz to generate a filter with a coupling capacitor
of 2.7 pF. The capacitor to the 50 Owm termnation is 27 pF. The tuning
capacitor across the inductor is 80 pF. (Jot this schematic down on a scrap of
paper as it is designed.) W now return and change the termination to 3000 Chms.
Re-click Calculate and see a new 4.5 pF capacitor that couples to the 3K | oad.
(Use 4.7 pF when building the filter.) This variation is tuned with 102 pF
capacitors. The final circuit is show in Fig 6.


http://w7zoi.net/Transformer_Coupled_LC_Bandpass_Filters.pdf
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Fig 6. A Double Tuned Circuit with different term nations.

The double tuned circuit with differing termnations can be “built” in the
| adder builder editor program discussed |ater. It can then be analyzed with
GPLA.

5. Ladbuil d08: A Ladder Editing Program

Ladbui1d08 is an editor that allows nodification of existing circuits or
construction of new ones for use by GPLA As the nanme suggests, the program
purpose is to build | adders.

The original version of Ladbuild is included on the distribution CD. This only
deals with 30 conmponents, but the programfits in on a smaller conputer screen

Once a circuit is drawn in LadBuild08, it can be saved to disc for analysis in
GPLA. The conponents allowed are capacitors, inductors, resistors, duplicate
capacitors, duplicate inductors, duplicate resistors, crystals, a return |oss
bridge, and wires. Al crystals within a circuit must have an identical nom na

frequency, unloaded Q and parallel capacitance. However, each crysta
frequency can be offset in frequency from the specified series resonance wth
the offset, in Hz, being the "value" related to the part. These crystal

constraints are generally reasonable for folks designing and building crysta
filters. The |adbuild screen is shown in Fig 7.

7"Ladder Builder Circuit Editor. 2008
f About Ladbuid

Nominal Crystal Values [equal far all ciystals)

Fx.MHz= (10000  Lm.H= [0.020000 Global

Qx=1oooo00 | CpanoF= 3000 Parameters .

- Fig 7. Ladbui | d08. The
circuit shown is nerely a built-in starting point. Use it for learning. The
bl ue dot indicates that a conponent is selected. The correspondi ng nunber is at
the top of the screen, here #38. The value of this “wire” is 0.000.




A blank screen appears when LadBuild08 starts. However, clicking anywhere
within the drawing area with the nouse causes a default (essentially nonsense)
circuit to appear. Cicking within the circuit causes a cursor dot to appear
over the corresponding part. The nunber of that part is shown at the top of the
drawi ng while the component value is shown at the bottom The conponent val ues
are also presented within the schenmatic bel ow t he conponent synbol s.

A selected conmponent can be altered by keying in a new value at the draw ng
bottom It can also be changed to a conpletely new conponent type by clicking on
the desired new part (C, L, R, RLB, or Xtl.) Values are "fixed" by clicking on
another part with the nouse. Conponents can be toggled froma series or parallel
pl acenent with a button near the screen bottom A "wire" can be inserted into
the circuit at either the load end or just after a marked part. A part can be
del eted fromthe circuit, or changed to become a duplicate of another part.

Files are |oaded and/or saved with the sanme nethods used with the other LADPAC
programs through the File nenu. A sequence is shown in Figures 8, 9, and 10
where we deal with the problem of an unequally term nated double tuned circuit
designed in Fig 6. The default file is loaded with the buttons to the |eft of
t he draw ng area.

R Load = 50_06 . Ox = [100000.0
" ?
0
i I B Bk
230000 272 2300.00
263 78.93 78.93 26.31
Fig 8. This is what we see when we

load Startfile into the editor after having generated the 50 Chm variation of
the Fig 6 circuit.

R Load — 3["]'1["] E 1uuuue. g
a0 I [l
I g 1 T g =
2 4 L
230000 272 2300.00
4.70 102.00 80.00 27.00
Fig 9. The editor is then used to
change component val ues. Notice that the load resistance, R Load, is at the
apparent beginning of the filter rather than at the end. After the changes,

Startfile was saved with the Save button to the left of the schemntic.

The edited and saved file can now be used for analysis. Starting GPLA and
clicking on Plot produces the followi ng result:



File About GPLA

_— 51 - S2Rel ——
U_ ! ) - : ) ; 3 ) 8. part, connection, value:
g 0 Load R = 3000.0
A cap ser 4.7000
dB 2 ind par 2300.0000
i |3 cap par 102.0000
4 cap ser 27210
Plot 5 cap par 800000
B ind par 2300.0000
E i |7 cap ser 27.0000
10,00 "}B flb ser 0.0000
i = |98 Source R =50.0
i 199 Inductor § = 200.0
\_Z
Enter#  Enter New Value
Ibottom i1 §0
E'EU'U I Click to load new value [ . .
Fig 10. GPLA Analysis of the

doubl e tuned circuit built in Ladbuild08. Note in the listing to the right of
the plot that the load Ris 3000 while the source Ris 50.

The duplicate elements are especially useful, for they allow values to track
each other. It is not necessary that a duplicated part have the same connection
as the parent. But, be careful to not declare a duplicate of another duplicate
when using this feature. The “value” for a duplicate is the nunber of the part
to be duplicated. See the crystal filter case study for an application

Several gl obal parameters are present on the screen, grouped around the edges of
t he schemati c. Ladbui | dO8 i ncl udes sonme defaults including crystal paraneters.
If the circuit being edited contains no crystals, no crystal data will be saved.
Don’t be concerted about screen data that is present. There is one paraneter
in the frequency steps that is only used in G7, which is an ol der DOS program

Note that the numbering of parts we use throughout the series of progranms begins
with the load end of the filter. This was a natural consequence of the |adder
nmethod (IRFD, p 51) and is kept as a rem nder about the formality of the
process.

Like all of the other progranms w thin LadPac, Ladbuil d08 includes a default set

of values, which is nostly just for illustration. Hopefully, it is useful when

| earning how to use the program If the user wants to start fresh, a blank

screen is created with File[]New 50 Ohmterm nations are used to begin the NEW
screen.

Thi s displayed screen for Ladbuild0O8 is |arger than nobst of the other prograns
i n Ladpac. The 2002 version of the program which will only accommobdate 30
conponents, is included for users with a conputer display with I ess resolution
Qperation is identical except that the default paraneters are in separate
wi ndows, so don’t forget them

6. XLADO8: Crystal Ladder bandpass filter design.

This programis for the design of crystal filters of the |ower sideband | adder
type as described in EMRFD, chapter 3. Filters used in several places in the
book were designed with this program The program is structured for use with
tabl es of normalized coupling and loading, or k and gq. A good source for this
data is the classic text by Zverev, "Handbook of Filter Synthesis," Wley, 1967.
Further, a subroutine is included for calculation of k and g paraneters for
Butterworth and Chebyshev filter shapes. This latest 2008 version includes the




calculation of Mn-Loss (Cohn) filter k and q. Figure 11 shows the screen
presented by the program
\*XLADDBS Crystal Ladder Filter Design e

0.0] S _ 200000 20
: ‘

f -1

k3
5_Calculate Coupling Caps

6. Tune each Filter Mesh
SeriesT uning Capacitor:

Fig 11, the screen presented by
XLAD. Program operation begins with step 1 and continues in sequence.

One net hod useful for neasuring crystal notional inductance and capacitance uses
a frequency counter and an oscillator with a switched capacitor in series with
the crystal. Paral l el capacitance is nmeasured with one of several nethods
operating at |ow frequency, well away from crystal resonance. The measurenents
are detailed in EMRFD Chapter 7.

Sone assunptions are nade for the filter design. First, we assune that all

crystals are on the sanme, or close to the same frequency. A later program
Mesht une08, will let us account for departures. Second, we assune that al
crystals have identical wunloaded Q and parallel capacitance. This is a

reasonabl e assunption when the crystals are fromthe same manufacturing process.
This represents the exanple when a batch of crystals of one type from one
manuf acturer is purchased from a catal og.

Filter design is a six or seven step process. The first step is to enter globa
crystal data at the top of the wi ndow, followed by clicking on button 1. Next,
a filter bandwidth and order (nunmber of crystals in filter) is picked and
entered into the programfollowed by a click of button 2.

The next step, 2A, will not be used if you plan to enter k and g data from a
table. However, if a Butterworth or Chebyshev filter is to be designed, click
on button 2A. This activates a different screen where the k and q data will be
gener at ed. Normalized k and q data for up to 20 elenent filters can be
generated here. However, the basic programis confined to 10th order filters.
Don't use step 2A if you already have k and q data in place that you plan on
using, for activating 2A erases that k data.

The default k and g data built into the program starting screen when it starts
is for a Gaussian-to-6 dB filter shape with 5 crystals. This is a filter we have
built and used for spectrum analysis purposes as well as in CWreceivers. This
shape lacks the component symetry of Butterworth and Chebyshev filters, but



of fers excellent perfornmance in these applications. These k and q only work for
N=5 and you will need other data for other filters. This neans that if you
first do a N=5 design and then decide to try a N=6 filter design, you will have
to enter conpletely new k and g val ues.

Step 3 enters nornalized end section q data, followed by a click of button 3
This produces a readout of the mininmum term nating resistance that can be used
for the filter, information needed in the next step.

The designer next picks a termnating resistance to enter, followed by clicking

button 4. If you pick a value that is too low, an error will be issued. Wen
this step is successful, shunt end capacitors will be calculated and displayed
in the box at the md right part of the w ndow. The two capacitors will be

equal for equally terminated Butterworth and Chebyshev filters, but may not be
for other shapes.

The next step enters normalized coupling data (k) followed by clicking on button
5. This data wll already be in place if you have perforned Chebyshev or
Butterworth calculations via step 2A Clicking on button 5 causes the shunt
coupling capacitors between crystals to be cal cul ated and displ ayed.

The final step is normally no nore than a click of button 6 to tune the filter
This action calculates the tuning capacitors that will be in series with each
crystal. These capacitors are required to force each nesh (i.e., loop) in the
filter to have the sane resonant frequency when isolated fromthe other neshes.
Tuning with series capacitors is necessary because the coupling capacitors
detune each mesh.

The program will evaluate the resonant frequency of each nesh before inserting
series tuning capacitors. One nesh will be the highest in frequency and wll
not have to be "raised" with a tuning capacitor. The program nerely inserts a
bogus val ue of 99999 pF for the related tuning capacitor, indicating that it is
nerely replaced by a wire when the filter is built. The user can nodify the
circuit with Ladbuild to elininate these bogus capacitors, but that is not
necessary for GPLA anal ysis.

A subtle, but highly practical feature is built into the programthat may not be
apparent. The tuning capacitors are calculated by reading the values that are
presently in the END capacitor and coupling capacitor edit wi ndows. If you w sh
to use standard value capacitors that are close to those calculated by the
program you can edit the practical values into the edit w ndows before clicking
on the tuning button 6. You nmay even wi sh to change the tuned values to close
practical substitutes before saving. (This freedom is not found in other
programs that we have found.)

The plots reveal another subtle, yet profound truth of crystal |adder filters:
The filter frequency passband is always above the series resonant frequency of
the nom nal crystal. The exact filter edge is not related to the filter
parameters with a sinple relationship. The designer can change the position by
changi ng tuning capacitors throughout the filter. This nakes it very difficult
to order a batch of crystals with the idea of exactly hitting a design
frequency, which would be needed to build a filter for an existing piece of

conmer ci al equi pnent. Instead, the usual practice has the designer/builder
ordering available crystals, nmeasuring them designing a filter, and even
building it, before exactly establishing the filter frequency. The buil der of

honmebrew equi pnent wusually builds filters and then designs and constructs the
rest of the project.



While XLAD is restricted to filters with at nost 10 crystals, it is possible to
design filters up to order 20. An exanple with 14 crystals has been built. The
design process is sunmarized at the end of this manual

7. MeshtuneO8: A programto adjust the frequency of
I ndi vi dual neshes in a crystal |adder filter.

Li near circuits are usually analyzed with an enphasis on nodes or neshes. A
node is a point in a circuit where conponents join. A nesh is a connection of
several conponents in a | oop. In a |ladder filter, proper tuning results when
each nmesh is resonant at the same frequency. X ad08 achieves this with interna

calculations for the case when all crystals are identical. Mesht une08 | ets us
deal with individual neshes. This programwi |l not be needed during the design
of sinple filters. The programscreen is shown in Fig 12.

/" Mesh Tuning
File AboutMeshtune

1._Enter or Edit Ciystal paramelers above.

p g
‘3. Click on "Calculate” to see mesh resonant frequency.

meshtune08 310108 wizai

1 Fig 12, Meshtune08 screen

Mesht une08 operation begins by entering the crystal data. Note that this data
set includes an offset with respect to the noninal. It is really the user’s
choice as to how nominal is defined. The normal practice when building a
filter is to accunulate a collection of nomnally identical crystals. They are
all marked with a sequential nunber and then nmeasured for oscillation frequency
in a convenient oscillator. Most fol ks (nyself included) find it useful to

enter the data into a spread sheet program After all data is in the program
a “sort” is performed to put the data points in order according to frequency.
It is then easy to select closely matched crystals for a filter. This may not
al ways be practical and we may sonetines want to use crystals that are not cl ose
to each other in frequency. This is the reason for this program

Begin by entering data for one of the neshes in the filter. |If this is an end
nmesh, the resistance value for the end termnation is entered. If it is an
interior nesh, a very large R value (usually 1 neg or higher) is entered. | f
you are evaluating a nmesh with a resistor on the right hand side in your
drawi ng, do a nental flip. That is, place the terminating resistor and its
capacitor together on the left in Meshtune with the un-terninated capacitor on
the right.



Once the crystal data is in place, click on the “Calculate Mesh F’ button. This

will cause all data (crystal paraneters and circuit R and C) to be read, wll
cal cul ate the nmesh frequency and will display it in the box. For exanple, with
the default parameters shown, the mesh is resonant 664 Hz above nomi nal . The
user can enter new data in the edit boxes and cal cul ate again. Al ternatively,

the + or — buttons can be pressed to increment the series capacitor val ue.

As an exercise, use the default data and exam ne tuning capacitors ranging from

a short circuit (use 99999 pF) down to 10 pF. This mesh frequency will vary
from 515 Hz above nonminal to 5176 Hz above nomi nal. Now, assune that the mesh
is to be tuned to a frequency 1000 Hz above nom nal. Start by entering 1000 pF

for the tuning C, which, with the Calculate button, wll show F=575 Hz. Now,
enter 1000 in the “Target” box in the lower left of the w ndow. This box is
not hi ng nore than a scratch pad, a place to note a val ue. Cick on the “-“ box
and note that the tuning C drops down, but the frequency increases to 578. Note
that there is now a dotted box around the “-* box. This indicates that it is
active. So, if you nerely press the enter key, that active key will continue to
be clicked in fast succession. It will probably be necessary to click the “+”
key and to change the “Increnent Percent” value before arriving at a tune C
val ue of 121.4 pF.

W will illustrate the use of Meshtune with an exanple. Going into XLAD, we
design a 4th order 0.5 dB Chebyshev bandpass filter with a bandwi dth of 1000 Hz.
A5 Miz crystal is used with nmotional L=0.11 H, Qu=200000, C0=3 pF. The filter
is termnated in 500 Chnms at each end. The end capacitors are 13.8 pF while the
coupling capacitors are 54, 64, and 54 pF. The filter is tuned with 81 pF
capacitors in the tw end neshes with "wires" as the inner capacitors. This

filter is in menory as cda.cir. W will use the actual tuning C values for the
initial analysis. The filter circuit is shown in Fig 13.
R Load = ’W WE = 1200000.0 Lopar. pr = 13.000

L e e L e e L e e L e e
afault i /—Wr /;r ;r ;r ;r

File 0.00 53.75 99999.00 0.00 53.75 80.74
13.77 80.74 0.00 63.97 99999.00 0.00 13.77

Fig 13.

Mesht une08 i s now used to exam ne each nesh, one at a tinme. Because all crystals
are on the sane frequency, all meshes are on the sane frequency, which cones out
as 713 Hz above the nomnal 5 Miz crystal series resonance. The actual series
resonance of the crystals is not at 5.0000 MHz for these crystals. Rather, it's
about 1.5 kHz below this. However, this difference is of mniml consequence
Only the relative spacing is significant.

The schematic in Meshtune shows the term nated side closest to the crystal with
the tuning capacitor next to follow ng coupling capacitor. However, the tuning
capacitor and crystal can be exchanged with no consequence. Both networks have
t he sane i npedance.

First we test a rule of thunb that says a crystal frequency difference of 10% of
a filter bandwidth will have little effect. Examning 10% errors tends to
confirmthis rule for this particular filter. Next we pick nore severe errors
of +200, -100, +100, and O for the 4 meshes, left to right in LadBuild. W again
check resonance for all 4 neshes in Mshtune and get the expected nesh
frequencies of 913, 613, 813, and 713 Hz. This filter is saved as c4b.cir and
may be exami ned with GPLA. These errors, up to 20% do conprom se filter shape,
al t hough not so rmuch as to make the filter dysfunctional



Next we elimnate all tuning capacitors through the filter. The inner neshes had
none anyway, so they do not change. The outer neshes drop in frequency. The
severe crystal offsets of +200, -100, 100, and O are still in place. The four
nmesh frequencies are now, in sequence, 670, 613, 813, and 471 Hz in a filter now
saved as c4c.cir. The shape distortion observed with GPLA is worse.

Addi ng series tuning to a nesh increases the resonant frequency of that mesh. So
we pick the highest mesh as one to |leave alone. This is mesh #3 at 813 Hz. The
three remai ning neshes are now entered into Meshtune and the series capacitors
are adjusted until they are all at 813 Hz. This value is entered into the
"target" edit box, which has no function other than serving as a useful notepad.
The filter with tuning capacitors of 134, 92, none, and 56.5 pF is now saved as
ca4d.cir. Thi s shape again | ooks usabl e.

We now use GPLA to conpare the first and the last filter. W begin by |oading
cda.cir and examne the display. W click the button to "Save S21 as Ref." W
now load c4d.cir, click the button to cause the reference to be plotted, and
click the Plot/Tune button. The two filter shapes are virtually identical,
al t hough the | atest one is perhaps 100 Hz higher in frequency. Bandwi dth is 1060
Hz. The two plots are in Fig 14. (W did nodify the files as they were
| oaded. In each case, we changed the frequency range to be 0 to 1500 Hz and the
gain range to be from-30 to O dB. This produced a better comparison. But be
sure to do this with both files.)

iClick to Review Circuit

5§21 = 511 = 521 Ref.

i _
i #. part. . value:

|U— 10 cap par 53.7500 s
11 wHl ser 0.0000

12 cap ser BE.5000

dB 13 cap par 13.7700
14 1lb ser 0.0000

Plot 98 Source A = 500.0

99 Inductar @ =100.0

13 \ \ Crystal Parameters:
- 100, Fren.= 5.0000
T 101 Lm=0.1100
102 Cp. 3.00
103, Q. 200000.0

Enter# Enter New Value

bottom '1_ 0

-30.0 Click to load new value

start 1y Frequency Hz 500 Freq./div stop |1SDU |C:\F’rog|am Files"ARRL\LADPAC 20024c4d

L

Place Cursor | Cursor Data =====>: |U |Hz 521= | dB | 511= | dB
Drag & box on graph to Zoom | Zoom to Driginal Sweep || Save 521 as Ref. || [Plot 511 v | Plot Referenc FI g 14. Two cr ySt aI f | | ters. One
uses crystals that are NOT well nmatched. See text for details. The two files

are saved as c4a and c4d

A final experiment is ained at nmoving the filter to a higher frequency. W nove
the "target" from 813 up to 1200 Hz and now tune on all 4 meshes in the filter
The final result, saved as cde.cir, has tuning capacitors of 35.5, 29.6, 46.4,
and 25 pF. The shape and | oss | ook much like the original filter, although the 3
dB bandwi dt h has now dropped to 940 Hz.

Clearly, the careful designer/builder has great freedom in building crystal
filters. However, minor variations will alter the results, enphasizing the
approxi nations that were used in the original filter design program XLAD. As a
filter is nmoved further fromthe | owest possible frequency, tuning becomes nuch
nore sensitive to small variations in val ues.



8. Bi asNPN08: Biasing of an NPN transistor.

This sinple program evaluates the bias for an NPN transistor operated from a
si ngl e power supply. Biasnpn08 uses only resistors. The nodel is a very sinple
one of a current generator with constant beta. A diode with a constant voltage
drop is included within the base. See EMRFD Chapter 2. The screen is in Fig
15.

I‘ NPN Bias08: B'ipr_wlar Transistor. Biasin

(base) = 0.055

l{emitter) = 5.6135 mA

I(supphd = 7.2103 ma

Fig 15. Bias Program

Program operation is straightforward. Wien the programis called, nerely click
on "Calculate" to show the results with the default resistors shown. Results
di spl ayed include supply and emitter current, collector dissipation, base
current, and voltages throughout the circuit. The transistor paraneters, supply
voltage, and any of 5 resistors can be changed in the circuit by editing the
appropriate boxes. The equations used in this programare found in chapter 1 of
Introduction to Radi o Frequency Desi gn.

We have added error trapping to the program allowing O to be inserted for
resistor values without causing programinstability. The emtter resistor my
be adjusted in 5% steps with nmouse clicks.

9. FBA08: Design of single transistor feedback anplifier.

The reader will detect negative feedback as a central thene through nuch of
EMRFD. A favorite radio frequency anplifier circuit uses a single transistor
with negative feedback in two forms: emitter degeneration and parallel feedback
from collector to base. This anplifier is one that offers good stability and
bandwi dth with well defined input and output inpedances. This program FBAOS,
anal yzes these circuits. See Fig 16.
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/"FBA - Feedback Amplifier Analysis

File About FBA

TransistorParameters | DCBefiog | FtMHzjzng | BHlp | Coothese pi|
. o

~ N:1Ideal |

SBIEL]

e

Fig 16. Feedback amplifiers are
designed with a sinple program

The nodel used is the fanmiliar "hybrid-pi" where the high frequency effects of
reduced gain with increasing frequency are nodeled with a capacitor between base
and emtter. The nodel is extended to include a base spreading resistance and a
col l ector-to-base capacitance (a.k.a., MIller capacitor.) External inductance in
the emitter and in the feedback fromcollector to base are al so included and can
be especially significant at VHF.

This program perforns a small signal analysis, showi ng the transducer power gain
(magni tude only), input and output inpedance with the term nati ons shown, al ong
with related return |osses. The feedback elenents, emtter current,
term nations, frequency, and transistor characteristics can all be altered.
After changes are made, re-click on "Calculate" to show the results. The default
transistor built into the program approximate the fam liar 2N3904.

The schematic shows the familiar transforner in the output. The circuit is
specified by the external load resistance and N, a turns ratio for the
transforner. Negative feedback is obtained directly from the collector rather
than from a tap on the transformer, for that schene can conpronise stability
with really "hot" mcrowave transistors.

The out put inmpedance calculated by the program is that seen |ooking from the
transformer into the collector node. The values we would nmeasure at the
transforner secondary are transforned accordingly. The return | oss would be the
sanme so long as the transforner is ideal

A pair of buttons are included for both the parallel feedback resistor and the
emtter degeneration resistor. This allows the respective resistors to be
i ncrenented or decrenented by 5% with a nouse click

It is useful to open FBA and NPNBIAS in two adjacent wi ndows. This allows one
to design anplifiers that conmbine biasing with RF feedback, another special
anplifier topology used through the book. Feedback anplifiers are discussed in
Chapter 2 and applied to receivers and transmtters in Chapter 6.

Equations are given in the book for calculating feedback anplifier paraneters.
Those equations are scalar (no reactive conponents) and are sinpler than those
used in this program



10. CASCADEO8: Noise figure and third order |ND
eval uati on of a cascade.

This program is used in the design of systens to evaluate the effect of
cascadi ng several st ages. Noi se  figure, net gain, and third order
i nternobdul ation intercepts are calculated for the cascade. System paraneters
that are evaluated include receiver tw tone dynanic range, MJS, and receiver
factor, all discussed in Chapter 6. The screen is showmn in Fig 17.

*'Cascade NF_IP3

-
B EBE B E E R
T Co S S S S
TS [ T O N O T O
TR O O O O O O O

ISR S N O O O

| Fyaluate Syston

Fig 17. Cascade.

Several exanple receiver designs are presented in Chapter 6. W urge the user
to use these with the programas a neans of study. A file included on the CDis
titled gp_rx _fe.cas, standing for "general purpose receiver front-end." Thi s
design is used with sone receivers in the book.

Each stage in a cascade is described by entering its gain, noise figure, and
output intercept. This data, for a single stage, occupies a colum. A short
text description of that stage is shown at the top. The nane has no significance
in program operation other than renminding the user of prior thoughts. Sone
stages, such as filters and pads, are assuned to be free of |M. This is
represented to the program with a extrenely high O P3 for that stage, usually
+100 dBm

The nodel wused in CASCADE. EXE for |MD conbination is coherent addition of
di stortion voltages. This assunes that distortion products fromall stages add
in phase. This represents a worst case. It is also consistent with the
behavi or we have neasured in many receivers, power anplifier chains, and RF
I nstruments.

Files for various designs can be Opened and Saved through the File operation on
the tool bar.



11. Zmat 08: | npedance WMatchi ng

W frequently encounter the need to transforminpedances. Al 't hough this can be
a conplicated general problem it is straight forward for the special case of
one real inpedance transfornming to another real one. Transformati ons between
real inpedances are treated with the program zmat08. The program w ndow i s seen
in Fig 18.

ATMatching Network Design

SetR1, R2
Set Frequency

90 deg

%

P it el L lates St St o
L I I L L L L

L-Network | Pi-Netwark | LCC T-Netwark | LCL T-Network |

Exit Program

Fig 18. Inpedance transformations
wi th several popul ar networks.

Program operation is straight forward. The user begins by establishing the
i npedances and the frequency. The default values are edited and the
appropriate boxes are checked with the nouse. The user then clicks on one of
the five networks available in the program If the LCC T-Network is picked

the screen shown in Fig 19 appears.

/ LCC Tee Network Design

{ Confirm @ and Calculate

| 7.9577 177063
79577476

2500000

250.0000

10.0000

| RewrmnioMenu
the design of an LCC Tee networKk.

Fig 19. The screen associated with

Two schematic diagrans are shown above. The exanple presented transforns
between 50 and 250 Ohns. The network terminated in 250 GChns at one port
produces a 50 Chm i nput inmpedance at another. The same network termnated in 50
Ohns, as shown, produces a 250 Ohm inpedance at the other end. But the user
should not get the two confused. That is, placing 50 Chns on the high Z port
wi I | produce nmuch different result than expected, and certainly not 250 Chns.

The main screen is the place where frequency is entered. Al though it is shown
on the screens for the individual networks, the user must return to the main
menu to change frequency.



Many of the networks require that the user specify a Q In the case of
i npedance nmatching networks, this paraneter is the ratio of a reactance to a
resistance, and may only be approximately related to bandw dth. If the
specified Qis not conpatible with the transformation, the program will change
the Q but will warn the user that this is happening.

The usual equations that we see for inpedance transform ng networks occur in a
form where one resistor value nust exceed the other. The user can be nore
cavalier with znat08 for the programw || take care of those details.

Al of the networks included nmay be inserted and studied w thin GPLAOS. They
nust be entered through Ladbuil d08. I nductors and/or capacitors can be added
to term nating resistance to approxi mate situations with conpl ex inpedances that
must be transforned. Such situations are best treated with the Snmith Chart.

12. Q Measurenent

This program is one used at wrzoi, for this is a Q measurement schene that |
often apply. It seemed reasonable to include it with the present collection.
The details for using the nethod are outlined in Chapter 7 of EMRFD. The screen
is showmn in Fig 20.

"0 Meastirement, SHunt connected Series TUNed Circuit
About Q-Meas.

2. Click to evaluate L and Q.

Z=50 (coax) {coax) } (coax)

9 50 Ohm
Signal L Spectrun

Generator Enalyzer
Z=50 or Power

Inductor attn _|iMeter
GhdEE Attenuator

Test

Measurement

Celibrated Fixture
Veriable
Capacitor

Fig 20. Q and i nductance neasurenent.

The evaluation of an inductor requires that it be resonated with a variable

capacitor and then placed in a 50 Chm environnment as a shunt el enment. It is
especially inmportant that the output of this test set up be a clean 50 Chns. A
spectrum anal yzer with at least 10 dB of input attenuation works well. The

variabl e capacitor is adjusted for a large dip at the frequency of interest.
The attenuation related to the dip is neasured with as much accuracy as possible

and is recorded. Then the inductor is renoved from the test set and the
capacitor is neasured, wusually wth an LC neter by Anmost Al Digital
El ect roni cs. The C and frequency data are entered in the program and the

button is clicked to evaluate the inductance and Q

This nmethod has produced good correspondence wth other nmethods for Q
det er m nati on.



13. Spurtune08. Evaluation of M xer Spurious Qutput
Fr equenci es.

Most of the circuits that we build include at |east one mxer. A mxer is a
nonlinear circuit that accepts two input frequencies: A local oscillator at
frequency L and an RF, or radio frequency, at frequency R Then the m xer
output will occur at a sum or difference frequency of L+/-R But there are
other outputs, some strong and others not. These are undesired spurious
out puts, or “spurs.” They occur at nelL+/-mR where n and m are integers. The
spurious outputs are a direct result of device nonlinearity. Classic literature
of fers ways to exam ne the output spectrum of mxers. See, for exanple, Rohde
and Bucher, “Communications Receivers: Principles and Design,” MGawHlIl,
1988, ppl06-115. Al'though the charts in this and other references are very
useful, they can al so be confusing.

Presented in this program is an alternative nethod for analysis, one that we
first presented with the ARRL edition of Introduction to RF Design. The
program starts with a spectrum display such as the one we would see in an
anal yzer. The user specifies the output spectrum as a center frequency and
span. Both a RF and a LO are specified as a beginning frequency and a tuning
st ep. After these initial specification, a plot is initiated from a button.
The initial view of Spurtune08 after Plot has been clicked is showmn in Fig 21.
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Fig 21. Spurtune.

The exanple shown is that built into the program A local oscillator at 5 Mz
mxes with an RF signal at 9 MHz to produce an output at 14 Miz. The out put
shown on the “spectrum analyzer” is a single red line, which is the desired
out put .

The out put signal shown can be tuned by control of either the RF or the LO input
si gnal s. Assunme that the LOis to be tuned. dick on the Up button in the LO
Tune box and the red line will nmove up slightly. The new output frequency can
be determined in two ways. First, a large red |abel says “Desired OQutput
Frequency.” The output is then shown in that line. Both the difference and sum
frequenci es are shown. Additionally, the nobuse can be noved over the spectrum
di spl ay. The corresponding frequency is shown in a gray box below the
spectrum



There is a subtle detail that is shown in the display that turns out to be very
useful . The LO Tune UP button had been clicked to increase that paraneter.
Since that was the last button clicked, it is the active one, which is shown by
the dotted line around the “up” lettering. If the user presses Enter on the
Keyboard, the active function will be repeated. Mreover, if an arrow key (any
of then) is pressed, the active status is toggled to the DOANN Key. Thi s makes
it very easy to quickly tune the analyzer. (Gve it a try.)

This display does not yet show us anything of interest. No spurious outputs
are presented. Spurious outputs are generated and displ ayed only when the user
selects the n and m nunbers that will be used. n and m up to 13 can be
selected with the check box section to the right of the spectrum display. They
can be turned on individually, or in groups. To see what can happen, select
“all n” and “all nf, and then click on LO UP. Now press the Enter key and

wat ch the action. Fi gure 22 shows one possible result with spurs.
Plot LO. N ° ° RF

LOTune  Up Down

SrurtinelA ANOANAwI7al Fig 22. Spectrumw th sonme spurious
responses present.

Notice in Fig 22 that the vertical height of the spurs varies. This is what
happens in the real world. Spurs resulting from|low orders of n and m w |l
tend to produce the strongest response while the higher orders yield weaker
si gnal s. In this regard, we have built an algorithm within the program that
sets the height in proportion to the reciprocal of (n+m. A characteristic of
swi tching node mixers, such as diode rings and sonme FET circuits, is that the
spurious outputs tend to enphasize the odd orders of the |ocal oscillator. In

that regard, a feature has been included to allow all odd orders of n with a
single click.

14. Padcap08 : Padding capacitors for tuned circuits.

Oten we wish to build a tuned circuit for us in, for exanple, an oscillator and
the only variable capacitor in the junk box is one with a standard capacitance

of 365 pF. Yet the inductor we have available for the oscillator requires, for
exanple, only a 30 pF variation to tune the range of interest. A fixed
capacitor may be added in series with the variable to obtain a desired smaller
range. However, that often produces severely nonlinear tuning. What is
really needed is to add a series fixed capacitor and additional fixed
capacitance in parallel with the variable. The problem is an easy one, using
nothing other than the basic condition for resonance. Still, a computer
program is handy for the application. The one we have generated is shown in

Fig 23.
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Fig 23. Padcap08 anal yzes the single
tuned circuit for mnimum and maxi num frequency for a specified variable.

Qperation is straight forward and follows the instructions in green. Enter the
i nductor and the various capacitor values and then click on “Freq” to see the
resulting frequencies. If you want to start at a given |lower frequency, enter
that value and click on “Tune.” This will adjust C3 to realize that val ue.
After the initial analysis, click on the “plot” button to cause a graph to
appear.

The exanple shown in Fig 23 is the extrene case for a 3 uH inductor of using no
extra capacitance across the variable (C2), but adjusting the series capacitor

(Cl) for a 500 kHz tuning range with the 10 to 365 pF variable. Note the
extreme nonlinearity. The higher C half of the variable capacitor only tunes
the circuit over about 12% of the total range. If ClL is increased and a
capacitor is added at C2, inproved linearity results. Note that the graph

nmerely uses capacitance for the horizontal axis rather than rotation angle.
Shaped capacitor plates will do very interesting things.

15. Designing a 14 elenent crystal filter with XLAD:
A case study

This section is included to illustrate methods that allow a high order filter to
be designed beyond the Iinmts of the program Here a 14 pole filter is designed
even though the programis only configured for 10th order crystal filters.

The first step will be a sinple and quick thought-experinent to illustrate a
property of nmpbst crystal filters: They are usually symetric with regard to
part val ues. W will use 5 MHz crystals for this filter, and will continue
with those parts for the 14 elenent circuit. The crystals have Lne0.11 H, C0=3
pF, and Qu=240000. (These are not nicroprocessor clock parts, but are fromthe



witer’s junk box.) Xlad08 is wused to design a filter with 2000 Ohm
termnations and 6 crystals. This filter appears in Fig 24.

vad = l—zﬁuu_uu ] UX = 240000 0 L-par. pt = |3 oo PR
®
b T il T | T il T il T —
I = W .
0.00 17.63 99935.00 0.00 243 64.16 0.00
2.43 29.97 0.00 23.39 64.16 0.00 23.39 99999.00
Tl = i
o,
17.63 29.97
0.00 243
Fig 24. The neshes are nunbered
starting at the I oad. Mesh 1 and mesh 6 are identical wth 2000 Ohm
termnations paralleled by 2.4 pF capacitors, identical crystals, 17.6 pF
coupling capacitors and 30 pF series tuning capacitors. Mesh 2 is identical to

mesh 5, while nesh 3 is the sane nesh 4.

A symmetry like that of Fig 24 occurs in all Butterworth and Chebyshev crystal
filters designed with so called pseudo-exact nethod, which is the schene used
wi th XLAD. This symetry disappears with predistorted filters such as those
popul ari zed in the classic Zverev text.

We will take advantage of this symmetry for this 14 el enent design. The filter
wi Il be designed for a 2000 Hz bandwidth with the 5 MHz crystals descri bed

Launchi ng XLADO8, we enter crystal data and click on button #1. Enter 2000 Hz
for the bandwi dth and N=14 and click button #2. Continue with 2A, calculating
the k and q for a N=14 Chebyshev filter with a ripple of 0.1 dB. (This routine
is good for k and g calculation for N>20.) Return to the basic program now wth
the first 10 k values in place for a 14'" order filter. The proper q val ues
are there for the 14 element filter

A trap has been built into the programto warn the user if there are nore than
20 crystals.

Continue the process. It all works fine until step 6 is reached. The tuning
val ues shown will not be valid and an error message will so indicate. There is
a way of fooling the program though. Havi ng obt ai ned sone of the N=14 coupling
capacitors, return to step 1 and click the button. Change the N value from 14
to 10 and click button 2. DO NOT CLICK 2A. Continue, clicking buttons 3
through 6. These val ues should be valid, although inconplete.

Now save the present circuit to the default file. Open the editor, |adbuil d08,

and load the default to see a filter with 10 crystals. The first thing to do
is to go to the 99999 pF capacitor in the first nmesh and renove it. That hi gh
value is just a “shortcut” to indicate that no tuning capacitor is needed.
Then go to the last capacitor (source end) and add wires until the return |oss
bridge is the final elenent. There will be a long chain of wires. Build four
addi ti onal neshes wi thout regard for val ues. The | ast one, at the source end

of the filter, should not need a series tuning capacitor.

We now take advantage of the symetry of the filter and use the “duplicate”
function. Pl ace the cursor over the last capacitor at the source end and click
to sel ect conmponent #41. Then click on the button that converts this part to a
duplicate. In the part value box, enter 1, for you wish to duplicate the first



capacitor at the | oad end. The process is repeated until you read the 25.03 pF
coupling capacitor, which is the center of the filter. The final 14'" order
filter circuit is shown in Fig 25.

/ladder Builder Circuit Editor 2008
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Exchange Ser/Par Convert Part to Duplicate m

Add "Wire” at Load End || Add "Wire" after N emove Part N |

Fig 25. Crystal filter with 14 crystals.

Save the filter as the default file. Then run the analysis program gpl a08.
This will produce the response shown in Fig 26. After running the programthe
first time, we changed the sweep and response linmts to show filter behavior to
the -140 dB | evel .



f /" General’ Purpose Ladder Analysis, 2008

File  About GPLA
Click to Review Circuit

38 dupe cap ser 5.0000
39 dupe cap par 3.0000
40wt ger 0.0000

41 dupe cap par 1.0000
42 rlb ser 0.0000

35 Source R = 3000.0
93 Inductor @ = 1000

Crystal Parameters:

102 Cp 300
103, G 240000.0

|| Save 521 as Ref. [ ]
Save as Default File and Exit
exit
Fig 26. Response of the
filter. This circuit is saved on disc as chebl4final.cir. This filter is a
spectacular one wth very steep skirts. Still, the frequency response
asymmetry typical of the |ower sideband |adder topology is evident. Simlar

filters built at high frequency (10 MHz) or at 5 Miz with narrower bandw dth
wi Il have a response with inproved synmmetry.

Not all filters are symmetrical with regard to conponent val ue. But they can
still be designed with xfil 08. If the filters are asymmetric, they wll have
asymmetric coupling coefficients. The coupling coefficients can still be | oaded
into the program allowing the coupling capacitors to be cal cul ated. If the
filter is to use nore than 10 crystals, k and gq paraneters can be | oaded out of
order to do the cal cul ations. In that situation, it will probably be necessary
to do all tuning with meshtune08.

Corr espondence

Correspondence regardi ng these progranms shoul d be sent to wrzoi @rrl. net
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