myVNA “quick start” guide (V0.54)

This document explains how to use myVNA. It givepdy step instructions from
initial installation, showing how to use each o thain features of the program.

This document is a longer version of the origirgitkstart” guide. It actually
addresses all aspects of the program in a stefepyrsanner. If you are starting out
for the first time | suggest you follow it up tochimcluding the section on “scanning”
on page 13. The document is designed to be usashjuonction with the program — |
suggest you read it whilst following the instructsoon-screen.

What is myVNA?

myVNA is my attempt at a Windows GUI for the N2PHIX. Itis a .NET 2.0
program that requires lots of Microsoft DLLs to réortunately these come
packaged for you with the installer.

myVNA offers the following:
Reflection, Transmission or Dual detector scans
S Parameter measurements with 5,6,10 or 12 termaatmn
Automated Crystal Equivalent Circuit measurement
Full transverter support
Ability to load & store traces in multiple file forats
Full set of display modes including Smith Chartd 8olar displays
Signal and sweep generator mode
Integrated support for parallel and USB connection
Runs under W98, ME, W2000, XP and Vista
Basic, CDS, Harmonic Suppression and 2 / 3 / Adrinonic modes
Manual and automatic tracking markers with markghmaetic
Scans of up to 50,000 points per scan
Averaging up to 10,000 readings per point
Print & Windows clipboard copy support
Switch and attenuator functions with manual or enated switching for S
parameter test set.
Test mode for I/O lines in parallel or USB mode
RF IV & Reference Modes
Logarithmic or linear scans and displays
Drag & drop file import
Network Client / Server for remote operation
Vector Voltmeter (VVM)
On screen cursors may be displayed in rectangidplays
Arbitrary equation editor allows user defined fuons to be created
Basic network simulation

If there is something you would like to see adakdp me an email with the
suggestion. Equally bug reports gratefully received

Dave Roberts
G8KBB
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Start Here
Installation

First, install the program from myVNA.msi. If yoave a previously installed
version, running the new installer will remove thid version automatically first. The
installer will create shortcuts in the start mend desktop. It should also create a
directory in “my documents” called myVNA,; | suggesiu store settings there. The
program may be uninstalled either by rerunningis&aller or from add/delete
programs in Control Panel. It also copies intoghegram directory some images
(used in calibration and equivalent circuits) armbaple of DLLs. One is inpout32.dll
for parallel port access. The other is vnadllitié USB interface dll. In order to run
the USB interface you must have installed the U8teds. Copies of the current
versions of each are included in the installatiod should appear as zip files in the
installation directory. If you use Vista, note tlia¢re is an installer for the low level
parallel port driver also present in the prograstafiation directory — you should use
this to install the necessary files. Note that thigery much “in test” — no guarantees.
The version included should also work with 64 Ipeting systems but | believe
Vista-64 will insist on signed drivers — and thase not.

If you use USB, myVNA comes with updated drivefsidu do not update it will still
work fine but the option to overlap DDS updatedwADC conversions will not work
and it will not show a performance increase whéecs@g overlapped DDS and
ADC operation.

There is a choice of parallel drivers. Supportusthn for both inpout32 and WinlO.
The former appears more compatible, the latteefaftWinlO works, use it,
otherwise try inpout32. According to Tom Baier, \\Onwill only work under Vista if
you have local admin rights to the PC.

Starting it up for the first time

When you first run the program, it will not findyastored parameters in the registry
(it doesNOT use ini files). Everything will default and, spiecally it will not find

any calibration data. If this is the first time ybave run the program, or have run it
but never performed a calibration scan it will silg proceed to the main screen,
otherwise it will tell you this like this:

L] "_\. The specified Calibration Data File could not be opened
L]

If this is shown, just click OK and proceed to thain menu as shown
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The screen is divided into several parts. At thpeare 4 toolbars — the usual windows
one, a scan control toolbar with buttons on itmalé controls toolbar and a span
toolbar. All are floating, dockable toolbars ana ¢ moved around. | suggest you
move them as shown later. When you exit the progtaenposition will be
remembered. It won’t do a perfect job of this. énit let you put them all on one row
for example, because this interferes with the nmmmand to hide the main toolbar.
You can’t hide the scan and span toolbars!

On the left is a “treeview” of the main settings e right is the output display.
Initially, if you position the mouse over one oéthntries in the treeview on the left, it
will display an “Info Tip” with a brief explanatioof the function. There is an option
to switch these off in the “Display Options” segignwhen you get used to the
functions.

As the program knows you have no calibration dalta$ opened up the calibration
data controls, but you need to set the hardwarf@stpExperiment with this tree
control. You will find that as you click on eachtbe main items, it will open up and
the previous one will collapse to keep the dispreanageable.

Setting Initial Hardware Settings

OK, first select the “VNA Hardware:” node. The depwill change to show you the
controls as shown below:
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First, select the Hardware Interface. This popa dialog box like this

Select the interface type you are using (TCP/Ikboisavailable yet) and if parallel is
chosen, select the base address of the printeapdrthe port name. The address is
the one used for 1/O; the port name is used sirtghgserve the port and try to stop
other programs from accessing it. Note that if waunt an address different to that in
the drop down list, just type in your desired agdrd he program enforces basic
limits on the address but does not otherwise citeaorrectness. If however you
select a “non standard” address it will ask yoadofirm it. If you enter a silly value
and confirm it, the program will try to use it.tat happens to be some other I/O
device then you are liable to crash your compUtake care.

You have a choice of parallel drivers to choosenfr&tart with InpOut32. This is the
slower option. Use it initially and, once you asstain all works correctly, try WinlO.
It should be faster. Remember that under Vistaryiaat have local admin rights.

Now change the other parameters as needed. Whetlighwn a control with a value
associated with it such as the ADC step delayakdiwill open up allowing you to
change the value, as shown below. The min and negxéncy parameters relate to
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the frequency range of the base hardware VNA. Hieult is 50 KHz to 60 MHz but
change it as you wish. All settings are retaine@nviiou exit & restart the program.

Make sure you set the correct ADCs for your hardvestup. Annex A at the end of
this document shows typical settings for common VédAfigurations.

Note that one of the hardware options in previaersions used to be “CDS mode”. If
you selected this the instrument toggled betweemaband CDS mode. In version
0.27 of myVNA this changed. Now it pops up a didbmx like this:

For now select “Harmonic Suppression Mode” with iBamental” and “4 Samples
(CDS)". This is the same as the old CDS mode. Tisemgore on harmonic modes
later in this document.

Set it to ‘CDS’ initially.

Also, when calibrating in transmission mode witB@RS sweep it will offer you the
option to skip the ISO (Isolation aka “open”) cadibon as shown below:

The ADC mode:ADC Mode is shown as a “speed” vatoenfl to 10 with 1 the
slowest, and 10 the fastest. When you change the mbde, a different dialog pops
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up as shown below. Select the desired ADC modeslegsng the appropriate radio
button then clicking OK. Note that two forms of gy are possible; technical ADC
data is shown if you click the “Display ADC Techalidata” box. Both forms as
shown below, and the program assumes both ADCasfdhe same type.

Display Options

Now go to Display Options. Change these as ned\digte. the Graticule setting. A
green tick should be shown. Items that are eitblecged or not just gain or lose a tick
mark when you click them.

Also note that you have the option to switch ofbia scan progress bar. This
appears on the status bar below the sweep dispthgtaows the progress of the
current sweep.

Also on the status bar will appear the expected asga time. This is based on how
long things take on my PC — let me know if it is@@te (or wildly out) for you. My
system is an Athlon 64 X2 3800+ running Windows S#2 with 1G memory and a
Radeon X300 graphics card. If you find the speexibight for USB, but actual run
times for overlapped ADC and DDS operation is #m@a whether selected or not,
then you are probably not running the latest USBeds. Note also that parallel port
performance seems to vary on the Operating Systietnme know how it performs
on your system please.

Next go to Instrument Mode and select either Trassion or Reflection. For
whatever the instrument mode is, the Display Sdtgeflect the current mode. Try
changing them and see what happens. In generdiga®ione axis on the left, one on
the right and a frequency axis on the bottom. Whengou select a new left display
item any previous one is removed. To get the idehig, select “Reflection” mode
then open up display types like this
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Select Rs + Xs; a green tick appear — this wilbbeéhe left. Note the axes now carry
a default setting and labels of Rs and Xs.

Now select Rs + Cs; Cs will replace Xs.

Now look again at the TreeView. Beneath the culyatisplayed “Display Sets” are
options “Display Left” and “Display Right” . Thes#low you to individually select
what parameter to show on the left axis and whahemnight. This is for the
occasions when you don’t want the pre defined grggoof “Display Sets” and want
to choose them independently. Your choice. Youhada the sets option if you want
to. Incidentally, as will be described later onuynay display multiple data types at
the same time by selecting multiple parametersjihgldown the CTRL key and
clicking on the desired choices. Finally, whilsisitusually the case that the offered
choices will match the needs of the instrumentrgtyyou may find that you want all
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choices available at the same time. To switch tbgnam into this mode, open up the
options dialog from the View menu at the top of $slseeen and tick or untick the
option as necessary.

OK, select Rs + Xs again from the “Display Setstiap.

On the span toolbar, change the mode to “full sé¢eoh the drop down list

The two frequency controls will be greyed out asiit now do a full scan if
requested.

Also present under “Display Options” are a cougdlerdries that control the labelling
of the horizontal and vertical axes in rectanguleaw mode. When ticked, these
cause the respective axis to be labelled at evaticgle point and not just the first,
last and central ones. If you select the optiokabel the vertical axes, you my want to
drag the display type and units label away fromatkes value labels so they do not
overlap.

Calibration

Click the “calibrate” button and follow the insttians starting with this
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The display shows a simple picture of the expecteuthections and a set of progress
bars that will display the current readings for #&12Cs, continually updated. In
reflection or transmission mode, just the firstr@aie used. For dual mode scan, both
are active. The voltage of each is also displayethe right of the progress bars. If
you get nothing displayed in the progress barsrandoltages shown, it means that
the hardware is not responding correctly to thénsaok.

Assuming you get no error messages it will askfgowpen, short and load and
finish with a ‘save file’ dialog. Choose a suitabl@me for the calibration data — the
program will automatically remember this filenanrmeldoad the calibration data at
startup next time (along with all the other paraaneiou just set)

As long as the calibration data is valid for thars.e. the scan frequency is not
outside the calibration data) it will permit theasg¢interpolating the calibration data
for the scan points selected if necessary. Alsstia@ data will hold two sets of data
at the same time, one transmission and one refteetPROVIDED that the
frequencies and number of step points are the sapermits this as part of its
support for dual detector scans and S parameters.

Note that the program will not allow you to mix C@8d non CDS calibration data.
Similarly it will not allow mixing of harmonic modeunless you explicitly override
this limit for test purposes. There is a flag tonpie this under the “Calibration’ node.

Also you can choose to use additional averaginthensolation step of CDS. There
are two options under “calibration” to support tagsshown below. When selected (as
shown), the average number in the following linased for the isolation step average
count instead of the normal display average coumdér “display options”). The
number of averages at each point may also be gatately for calibration as for

scans at this point.
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The form in which calibration data is stored istgraw format, without calibration
standard offsets applied. This is to allow stepthécalibration process to be
repeated. When it is used, it is corrected. Thie abpplies to when it is loaded from
disk. Therefore if you change the calibration datandard settings then reload
calibration data, it will be corrected for thosevsettings.

Finally on calibration, you can display a summafryhe current calibration data from
the Calibration node on the left pane. It will ks a dialog box something like this.
The filename of the current calibration file is shotogether with the details. If the
file contains any calibration notes these are shatithe bottom of the dialog.

There are two sets of data shown. The first sitasSRaw” calibration data as
currently held from a calibration scan. The progigenerates a per scan set of data
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from this raw data, and the second set of datzatels the current scan specific
calibration data. In each set, 5 rows are showe. TiHrough Data indicates the
transmission (thru) data and also the reflectida déthe second detector when used
for ERC, 10 or 12 term correction. The Isolatiowrshows the transmission Isolation
data. The Open, Short and Load rows show the taftedata for OSL correction.

The Type indicates whether the calibration data evaeated using a logarithmic or
linear step frequency scale. Although you may jreeix log or linear calibration data
with log or linear device scans, it may be betspecially at extremes of frequency,
to use log calibration data with a log device saad vice versa. From 1 to 60 MHz
unless you use a small number of points it makediffierence.

Scanning

The scan is set using the span bar controls —tsmatre and span from the drop
down list, apply something interesting and setsitemn, for example as shown here.
Note also that | moved the toolbars to where | radlyrput them — personal
preference

Now, before you do a scan, open up the “displajoopt node on the left and make
sure that “autoscale on display change” and bathfgo 125" options angot
selected as shown below. Note in this examplegfitien to display Info Tips is
selected.

myVNA v0-54 Page 13 of 107



Click “Single Scan” and wait. It is likely that tltksplay will be offscreen. On the
first trace, it will autoscale for you, but in geakclicking “Autoscale” will rescale
the axes to match the current trace. When youragging things around later, click
autoscale to reinstate the axes.

Dragging the display around

Autoscale brings both main traces on screen. Italsb take account of any stored
trace dataurrently displayeand ensure that both the stored data and curser fit

on screen.

Now time to play with dragging things. There ardifferent draggable things here, 5
to be described now.

myVNA v0-54 Page 14 of 107



On the left of the left vertical axis and righttbe right vertical axis are zones where
the axes may be rescaled. Put the mouse on trealefsomewhere between the
values (in the example above 139.21 and -27.3@sRhe left mouse button and drag
up or down. The value at the top of the axis vathain unchanged but the scale will
increase or decrease — for example moving the mausgves this

If you drag within the graticule it will move theate up or down; specifically the left
axis trace if you click and drag on the left hdltlee graticule or the right trace for the
right half. This is the result of dragging the latis trace down

Note also that the frequency axis has moved ingkésnple. This is because you can
also drag the frequency axis left and right likis th
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If you drag below the frequency axis then it wiltiease or decrease the span, for
example

Note that this drag is temporary — the frequenicigbe span bar are unchanged to
allow you to return to it easily. Before doing thladugh, do another single scan — it
will use the temporary frequency range you selebtedragging. If you want to
change the span bar settings to match the frequsrady you have created by using
the mouse, right click in the display area andddle menu option “Set Scan to
Current Frequencies”

Now open up the “display options” tab on the Ilgfa@m and click the “Autoscale on
Display Change” option. Try changing the Displagp&. Now, each time you change
the display (but not every time it completes a pyethe display will autoscale.
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Look again at the “display option”. There are twarked “Snap to 125" . These will
avoid those strange units you noticed as you dhgigees around — basically at the
moment you may drag traces smoothly. If you sedel25 snap option, the display
will try to assume nice round numbers for the uaisa 1/2/5/10 type scale when you
release the mouse button. It will do this sepaydtal each drag option, and you may
also select for this to happen on autoscale. Palqoaference.

Now try a repeat scan with the “scan” button. Yan drag the display around and
rescale it whilst it is scanning but the display et if you drag the frequency is a bit
weird until it gets chance to do a complete scahsamt the display out. If this is not
to your liking there is an option to disable draggof the frequency scale whilst
scanning — see the section “Program Limits andrathons” a few pages on from
here.

Markers and Marker Arithmetic

OK, make a display with some peaks and dips oncih &is the one shown

Now click the “Markers” button. You get a displakd this
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There are 6 markers and two marker maths functiémsthis example, I'll choose to
display marker 1 which tracks the maximum of tHetlace, Marker 2 that tracks the
minimum of the left trace, marker 3 that tracks fir& time that the right trace
crosses 50 ohms rising, and marker 4 that is gmitigack marker 1 but is on the right
trace. Don't forget to tick the ‘display’ box foaeh marker that you want to enable,
but to help you, whenever you change the sourcesrnothrget settings of a marker,
the marker will be enabled (the “display” box autdiwally ticked) if it was not
enabled.

Note also that the number of digits to the righthef decimal point may be set for the
markers using the drop down list. There are sepaeittings for the value and the
frequency.

I'll also ask for it to display the difference begen markers 1 and 3. The display now
looks like this
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Ask for it to scan repeatedly. The markers willupelated at the end of each scan
tracking what they are asked to track.

When you perform marker arithmetic, the program mok stop you subtracting, say,
degrees from ohms. It is up to you as to whethewthits make sense. Also note that
if the value of a marker is computed as being @&, the marker will not display.

Note that all the images shown in this report afsarh the next one are on a

1660x1050 pixel widescreen display. Here is an gtaraf a display on a 1024x768
monitor
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Now go back to the markers dialog and change otieeafnarkers to Manual. Set its
frequency to be somewhere in your scan (note gguéncy may be selected to be in
Hz, KHz or MHz). Close the dialog. That marker eslanger a tracking marker, it
will stay put on its frequency, but now you caroalsag it (this was the other
draggable item). If you put the mouse pointer ckosi (technically, within 10 pixels)
and depress the left mouse button, you can dia§ &nd right. The marker will stay
glued to its trace but can now be moved left & tigh

Look at the status bar as you drag the manual markewill indicate the current
marker position and values. This only lasts whhst marker is being dragged. When
you move the mouse across the screen at other, tiheesurrent mouse pointer
position will be displayed as frequency & valuesléit & right axes.

Markers are by default positioned top left of thepthy. Sometimes this is not very
convenient — it obscures parts of the trace. Sonyay move it around on the screen
by dragging it where you want it to be. Anywheretloe@ marker display text, click the
left mouse button and drag the markers where you tii@m to be. The position you
select will be preserved on startup, and thergvemegpositions, one for polar/smith
charts and one for rectangular. Finally, thereaai®wv quirks; the position may be off
the page on printed copies and dragged off thetothey may reappear on the top as
they strive to stay visible. I'll sort this one day

In Polar and Smith Chart views, the markers woidhsly differently. At their core,
they always use the modulus and argument of thesunement. Therefore when
setting a marker, the “left” trace refers to theduwlos and the “right” trace refers to
the argument. Also in Smith Chart view, the valtiest the markers display may be
changed to another parameter, for example Rs+Xdetlning this though, the
program is still dealing in rho, so the values usetlacking markers will still be rho.

Here is the Marker dialog again. Now look at a dewg new features.

There are two new options to the mode. Linked \aitloffset. Selecting one of them
enables the value and link boxes thus
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In the example above, marker 1 is lined to markieut2will seek a value 3 units
lower than the marker 2 value. The obvious ustisgxample, to position markers
3dB up (or down) from a minimum (or maximum). S&jtone each side provides a
means to display Q for example. To do this therk # marker, one above and one
below, and offset by 3 in a display that is showdiy Then set the marker arithmetic
to subtract the two linked markers from each otfiee marker will then display the
difference in frequency between the two markensalfy, tick the “show Q” option.
Now the display will be the centre frequency didds® the difference in the
frequencies.

The last point to observe is bottom right; the theckboxes labelled “curve fit” and
“linear fit” . Without these ticked markers onlyclate themselves on the nearest data
point in the scan data. With either of these tickbd value crossing and offset
markers will interpolate between scan points td fimore accurate setting. The
interpolation may be either a linear interpolatiiween the points each side or a
polynomial between the nearest 3 points.

Data Stores

Now select Load & Store Data and click on Stor&He current scan data will be
stored in the first of 4 data stores and displayée display can be toggled on or off
with the “Display Store 1” item as shown below.

The basic model is as follows. You can have 4 ditges that hold trace data, and can
display one or more of these with the current stata. The current scan data can also
be stored to a file and a set of stored data ile &&n be loaded to one of the stores. If
you load stored data without a scan trace, you display, analyse and view the
stored data as if it were from a recently compl|esteah.

Whenever you have a stored trace on screen, algagitiealso take it into account
when it autoscales the display.
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Note that the colours have changed as the stotedsiaritten after the scan data and
for now is identical.

You can choose different colours with the leftviesntrols
Now, once you have a set of data from a scan ssithed shown above, you can
change the way that it displayed without rescannsigg the “display types” control.

Try selecting something else and, if needed, aatesc

You may save data into any combination of the destand display any combination
of them at the same time.

The options provided on the left for load & store as follows:

“Save Scan to store x” - the current scan datajses into a store (1 to 4)
“Save simulation to store” - the current simulatresults are placed in a store
“Save xxx to file” - the current scan simulationcantents of a store are

saved to disk. The save may be in the programnater
format, VNA4win, extended csv or Touchstone snp

format.
“Load file to store” - a csv or snp file is loadedio one of the stores
“display store x” - toggle on or off the displalyastore

“set extended filesave types” - controls which da&written to an extended csv file
“Set touchstone file options” - determines the Slgpoptions

“Set scan to file on load” - if selected, then weer a file is loaded to store, the
scan (frequency & number of points) is set to maleh
loaded file

“Set scan to stored trace..” - permits the scdreteet to match that of a current
store
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Saving Data to Disk

As noted above current trace data may be saveidkoThis is selected from the
“Save to File” options of “Load & Store Data”. [@as saved in CSV file format. The
data that is saved may be the current scan dag¢apfcthe data stores or the current
simulation data.

There are 4 versions of file format supported foriisg data and two for loading. The
default option saves data in raw measurement foitalde for reloading into
myVNA. The VNA4win file format is similar to thatsed by VNA4win and allows
saved data to be imported into Zplots for furthaalgsis. The next format is an
extended CVS format and the final one the industiapdard “touchstone” file format.

The file format to be used when saving data iscseteby the ‘Save as Type” drop
down list. Note that the file extension is the samall cases.

Touchstone format is the industry standard SNP &yrmore on that later. Extended
data sets provides the option to select what gatsstto save. To use it, you must first
select what data types to save. This is done ubmfSet extended filesave types”
option under “Load & Save Data”. When selectegpoips up the following dialog

box.
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For each instrument mode, you may select what ftwwiadata to be saved when a
file is saved in the extended file save form. Téisgs you choose will be saved on
exit and reloaded when the program restarts.

Note that only the default file format or Touchstennot VNA4win or extended files
— are supported for loading back into myVNA.

Touchstone file format (otherwise known as snpfblenat) is supported for both
trace data save and load; but with some caveatenWaving in Reflection mode,
data may be saved in s1p format, and when in Tressson or S Parameter
instrument mode, s2p mode is available. When lgadormats MA, DB and RI are
available in both file types. Units may be in HzHE] kHz or GHz. Files may be
saved or loaded in S, Y or Z formats. H and G atesapported.

The program automatically detects the format wioawling. To save, a dialog under
“Load & Store Data” selects the file details. linsoked by the option “Set
Touchstone File Options” and pops up a dialog asvahbelow:
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Select the parameter type and format. These dffedile when saving. The other
option changes the behaviour when the file is Idadéere is a fundamental problem
with snp files. They do not cater for saving simjpésmission data. The way round
this is that the program may be directed to chetloading whether a parameter x11,
x12, x21 or x22 where x is S, Y or Z, comprises pesos. If the tick box shown
above is selected, then when the program detestsittiata set has parameters of all
zeros it will interpret that as being missing dasaopposed to data that is genuinely
set to zero. In most cases the setting to usehaue this box ticked. One final caveat
— the program ignores the R parameter on file impocidentally, if the Options line
is missing it follows the Touchstone 1.1 conventdulefaults — GHz, S and MA.

Printing

Now try printing the display. Also note you can gdpe display to the clipboard and
paste it into another document. Both functions pi#iserve the aspect ratio of the
screen display currently selected in the printedamied image.

When printing a trace, you may now add notes tgtir@out. Under “Display
Options” there is an entry labelled “Print Noteadg”. It is also available on the
right click popup menu. This dialog is as showrohkellt allows control over the
header, footer and notes sections of the printgd.pehe Header and Footer are two
lines long each that appear centred on the pag&rnd bottom. Each may also be
extended to a third line by including the printel&ttime using the appropriate tick
box. The notes section is a freeform text areadappears beneath the trace display. It
will be truncated at the end of the page if itds tong. Noting that the display may

fill the page length, especially in portrait prins®me space needs to be made for the
notes. When necessary therefore the program wiklskthe plot area to leave space,
but will only shrink it sufficiently to allow up ta/3 of the page height to be taken up
by the notes. After that the notes are truncated.

The notes dialog may be left open on the screemwheprogram is in use, or it may
be closed and reopened. When this happens theopstyientered text will be
remembered. The Header & Footer are preservedamrgn exit however the body
text notes are cleared on program startup.

The Notes dialog box may also be resized to suwit peeds
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If you want to change the width of the traces sheitimer on screen or when printing,
there are separate settings for each on the “giggtons”. The values represent the
pen width in pixels. The graticule will always beikel thick and the border around
the display will be 2 or 3 wider than the trace g€fhe size of the markers will
change to reflect the resolution of the display.

Popup Menus & Toolbars

Right Click. If you right click within the displagrea you will get a menu like this:

This menu provides some additional control overdisglay.

Note the two log scale functions. These allow tbezwontal or vertical axes to be set
to a logarithmic scale. There are some limits h®kariously, negative values are a bit
problematical, so do not expect the display todreect in all circumstances.
Therefore to handle negative values, there is éiompnder “display options” to

allow values to be forced to be positive ( disphgyjvalue| ) when in logarithmic
vertical axis displays. Also note that the snagfioms do not operate with a
logarithmic vertical scale.

Next, the specific settings of the left and righttical axes may be set; similarly the
frequency axis. Each brings up a menu as showmbelo
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For the vertical axes, the details are pretty egbianatory. For the frequency axis,
you may either explicitly set the frequency usitaytéstop or centre/span or may set
the current centre frequency to the current mareguency of any currently enabled
marker. Note however that the frequencies will digyset if valid for the current
calibration data. You may also set the number ofrdal places for the frequency
axis. The “Start/Stop” settings control the leftlaight (start and stop) frequencies as
well as the centre point in a linear scan. In aftequency display, the centre value is
omitted and the “log scale” setting controls theniver of decimal places on each
decade point. The “Show Freg/Div”’ option statesdbae on the frequency axis in
non logarithmic rectangular displays.

There are in fact two frequency axis setting diajafjthe display and scan
frequencies are not “locked”, then the followingsien of the “Set Frequency Axis”
dialog will be displayed instead:

There is also a second way to access these di#ladsuble click with the left mouse
button will cause one or other to appear. If theiggois pointing to the bottom 10% of
the display area or the area under the tracerélo@éncy dialog will appear,
otherwise the vertical axes one will be created.

Returning for the moment to the pop up menu weedatescribing above, the menu
also provides quick access to the axis lock funstio

Locking an axis also protects the axis against gimgnas a result of autoscale or
display type changes. If for example you want t@ablke to drag a trace up and down
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but not to move the frequency axis, locking thesaxill allow this. When an axis is
locked, a tick mark will appear next to that metaum.

There are three popup menu items that controlikéen of display and scan. When
linked, the display and scan ranges are the sarhenWnlinked the display
frequency range may differ from the scan. One ogliitks or unlinks them. The

other two allow the scan to be set to the curresglay frequency range or the display
frequency range to be set to that of the scan.

Next, if you are using manual markers, it is eagiarse this menu to bring then onto
the screen than to explicitly set a frequency whéhmarkers dialog. Any manual
markers currently set to display will be broughtte centre of the display when the
“Bring Manual Markers Onscreen” item is selected.

If you have been rescaling the frequency axis lagging with the mouse, there is a
quick way to set the current main scan to the feegy range you have selected — just
click on the “Set Scan to current frequencies” mg@m. If the toolbar shows
centre/span or start/stop, the frequencies showr&ichanged to those currently on
the screen. If the current display shows “Full SeaarifFrom Zero” it will also change
to “Start/Stop” first.

Also present in this menu is a shortcut to copydimeent display image to the
clipboard. Note that you may also use the main nfeopy” command, the copy
button on the toolbar or a Control-C shortcut talk same thing.

Other menu items open the trace labels and prieismdialogs. Marker measurements
dialog may also be opened and cursors placed dealiteidden.

Finally you may clear the current scan trace dath the “Clear Scan Data” option
or just the reverse scan data if using 10 / 12 ®nparameter corrections.

One other way to access common functions. Theaan&sw toolbar as shown below.
It provides access to the most common functions fitee popup menu in the main
view.
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New Toolba

It is a floating, dockable toolbar. | suggest aitleaving it put or moving to the right
hand side thus

Program Limits and other options

The number of scan points can be changed withstieps’ setting of the frequency
bar. The default number of points is 200, but it ba set anywhere from 20 to

50,000. Note that if you go over 2000 points thegpam will increase buffer sizes
and consume more memory. | need to rework thisqgidhe program — it uses too
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much at the moment. The number of scan points is remembered whemgxiut
if it exceeds 2000, then a value of 2000 will bedisext time the program starts.

Averaging allows up to 10,000 averages per reading.
Delays between steps can be set up to 200,000 usec.

A fairly simple bit of maths will show that if yogset the program to 50,000 steps with
0.2 seconds between every DDS change and averg@@0lfbints per step in 32

point harmonic suppression mode you will be thereah unfeasibly long time

(approx 102 years to be precise). If anyone pedauath a scan | would be interested
to know if it gives the right results at the end.

The program has a number of built in limits. In ge you should not need to change
any of these, but if you do, you will find themardialog box accessed from the main
menu, view, options. It pops up a dialog box assshbelow. These configure the
various internal program limits and also permit tining or display of optional
features should you not want to use them. Somedljtikke the maximum number of
steps and averages are not changeable.

If you change the configuration of which options ahown in the left treeview, note
that the changes will not take effect until youaesthe program.

There are two options that alter the way calibratiata is generated. When you
perform a calibration, it is performed with a sfieanumber of points. When you
subsequently use that data, you may choose aahtfaumber of points, a narrower
frequency range or a logarithmic frequency scamllisuch cases the program needs
to generate a scan specific set of calibration. d&tzen it does this it may need to
interpolate between calibration data points. Wit ‘tUse Curve Fitting for
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calibration data interpolation” box unchecked, thesimple linear interpolation
between points will be used. However, a bettemfly well be obtained using a curve
fitting algorithm. With the second box ticked itlixdo just that. The second tick box
comes into play when a log frequency scale was fagetie calibration data. In this
case the curve fitting is modified to take thisiatcount also. The effect of this
appears to be small so the default configuratido t&ck the upper box and not the
lower one but feedback on their effect would berapjated.

When a frequency scan is in progress, draggingdhke left or right or altering the
scale can be confusing on anything but a fast P€refore you may enable or disable
this feature by ticking the “Permit frequency rdefdrag whilst scanning” box.

Smith and Polar Charts

Under “Display Options” is the option “Smith/Polaew” . When selected, a polar or
Smith chart is displayed instead of a rectangukgpldy. In all polar modes, the
“Display Left” and “Display Right” lists are emptyhe display options are shown
under “Display Sets” for all polar modes. When seéected mode is a reflection, S11
or S22 parameter, a Smith chart is displayed.ansimission modes, a polar display is
shown. The polar display may be either a log onealr radial scale. Clockwise
around the display is the angle in degrees.

Limited rescaling is available, and only in thegrainodes.

Markers now function in Smith Chart mode. When shéid to Smith Chart, “left”
trace refers to modulus of the signal and “rigleffers to phase. Functions such as
seeking for a crossing point, max or min will fuoatbut note that the values used
are |Rho| and <Rho not normalised impedances. Qaahpa the rectangular plots of
the other options, dragging in polar mode is défer Position the mouse near the
manual cursor (don't forget, right click, bring nuaah cursors on screen will make
them appear) and press the left mouse button. Agiyagleft andright, the cursor
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will move in polar coordinates around the trace. Note also that dr&en may jump
when you start to drag; this is so that it remg@aossible to position the cursor to any
frequency on the scan without having to releasertbese button and drag again.

In polar display modes, markers will display as watues followed by the frequency.
The first value is the absolute value of the pateaméor example |gain| or |rho|. The
second parameter is the phase angle in degre&sith chart view, this may be
further refined via the popup menu to change tkpldy for each marker. A choice of
values such as rho, rs+xs, rs+cs etc is provideds& options are not saved on exit.

Finally the program permits some display scaling,gxample when displaying in log
display modes. However the display will get quibaftised if you display smith,
linear polar and log polar at the same time. Byrahns do it but don’t expect it to be
useful.
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Dual Detector Scan

The “Instrument Modes” switches the basic configjorainto a number of modes; at
the moment only reflection, transmission, and deah are working plus signal
generator. S Parameters is a variant on Dual Detaot is explained later in this
document. If you select Dual Detector, the progweithperform a scan using both
ADCs with concurrent operation, but to do thiseeds to know which ADC is used
for transmission and which for reflection, so use Hardware Options to tell it.
Select “Always do Dual Scan” and the program aiMays do a dual detector scan
even if just reflection or transmission is selected

Having done that, a dual scan trace looks somettkiaghis:

Note that either axis may be set to display anystrassion or reflection
measurement; in this case this was a scan of amdand crystal filter with gain in
dB shown on the left (and in red) and the Rs megsent on the right (in green). You
may switch either axis to display other readings.

However, remember that the program, once it hatioegh a set of data can display it
in other ways, so if you switch at this point tartsmission or reflection modes you
may display the data as if you had captured ittraasmission or reflection scan, so
for example with the above data set and withowtaresing, switching to reflection
mode and autoscaling gives this
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And changing to VSWR gives this

Now it gets fun. At this point, hold down the caitkey on the keyboard and click on
another parameter such as Rs + Xs. The displayshows those parameters too.
Click on a few more such as Rho. You can have ambination of parameters you
want at the same time with the caveat that thdaispill get very cluttered.

Switching to transmission mode gives this when gaid phase are selected
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This switching function also applies to S paranget€éhe same multiple display type
logic also applies so you may select multiple pat@ns such as S11, S12, S21 and
S22 and display them all at the same time.

Group Delay

Within the transmission modes there is a Group Yetdion. Selecting this will
cause the program to display group delay by caitagia
_ _D(phas

delay=- (p E)D( freq)
Where the readings are from adjacent scan poihis.i not ideal, it would be better
to use a frequency aperture but that is not yetampnted. The implication is that
you must ensure that there are sufficient scantpdinensure no big phase changes
between points, or accept that the result willrberror at that point. Because it uses
scan data, there is no measurement for the fiist poa scan, rather the program will
display the same reading for the first twopoints.

How fast will it scan?

On the left of the progress bar in the statusibreetrace speed estimation. Given the
current sweep, it tries to predict the current ga®e. This takes into account the
interface, steps, CDS mode, averages, single dérdaétector, step delay, start delay
and ADC mode. It does not try to tweak itself foe PC speed though — it is based on
my PC timings Should not be too far off though. Note that thiéofeing timings

use USB version 0.22.

USB Timings

With USB, if you set all delays to zero and speed@, a 200 point CDS non dual
detector scan will take 0.39 seconds. This is absd#st as | can get it to go. To the
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raw ADC conversion time (about 320 psec) the pnognall add a fixed overhead of
110 psec giving a per conversion time of about 48€c. If you select a step delay,
this gets added to each step point, and theréxed scan startup time of 960 psec
which can be extended with the scan start deldyngef rate of 430 psec per
conversion is a rate of just over 2300 converspmrssecond. It's not quite that
simple though. USB frames are 125 usec and theecsions will align with this grid
in a manner that depends on delay settings. Howtheedata rate should be at least
2000 ADC conversions per second, including DDS tgtee. This data rate is
sustained through the scan including screen udaleng as the PC can keep up. An
overall logic analyser trace of the first part afcan is shown below. Note that in this
scan the data lines are as follows

D7 LO DDS data
D6 RF DDS data
D5 DDS Reset
D4 DDS WCLK
D3  DDS FQUD
D2 ADC SDO
D1 ADC CS

DO ADC SCLK

In the above trace the scan start delay is s€d@0 2s, the frequency step delay to
500 us and the phase step delay to 0. ADC is fastede, 10, and DDS update is set
to overlap ADC operation. On the left can be séerréset of the DDS followed by a
2 division (200 us) delay before the first ADC cersion. ADC conversions are then
grouped in sets of 4 as this is a CDS scan witlptbgrammed 500 us delay between
them.
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Zooming in on a single ADC cycle yields the follmgitrace. The ADC CS signal
pulses and the clock goes low to start the ADC easion. 20 us later the DDS
update occurs for the next point and the CPU thaitsvior the ADC conversion to
finish. As soon as it detects this it pulses FQ_tdBhange the DDS output and reads
the ADCs. This is a dual detector scan, the tinmritpe same for single or dual
detector. Immediately it has finished it starts legt ADC conversion.

Note that the DDS is being updated whilst an AD@wvesion is taking place ( ADC
CSislow — D0 ) and DDS clock (D4) is active. Thiaximises speed. It is possible
however that in low noise floor CDS scans at lowQ\Eates, this may cause digital
noise in the conversion, so there is a setting UNAYA hardware” labelled “Load
DDS during ADC” which if unticked, updates the D@&the end of an ADC
conversion as shown below. This slows the scandspeen adding 320 us to an
ADC conversion giving a maximum rate of 1560 ADQieersions per second.

Note that when in continuous scan mode there isr(p®C which is an Athlon 64 X2
3800+ running XP home edition) a 4.5 msec delaywbeh each sweep as the PS
updates the display and starts a new scan.

Parallel Port

Now the parallel port. This is slower than USB panity because inpout32.dl
imposes a speed limit. WinlO may provide highefgrenance. Both sets of figures
are given. Note that Tom Baier finds performancéisrPC slower; WinlO on his PC
gives the same performance as InpOut32 on mine.
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Here is a zero delay single ADC conversion usir@at32 zooming in on a
complete ADC cycle, indicating that the delay fdD@ result reading is just over 300
psec, giving an ADC cycle rate of just over 160thtsoper second. With WinlO the
ADC reading drops to 110 usec giving over 2000 fsgoer second (2300 on my PC).
The following trace is InpOut32.

Finally, if you select not to overlap ADC conversiand DDS update the scan slows
down some more adding another 260 psec delay ganryDC rate of 1100
conversions per second with InpOut32. With Winli& overall rate is 500 us or

about 2000 points per second on my PC.
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Transverters

Transverter support is now present. When you oppethel transverters node, the only
items shown will be “Configure Transverters” anafie”.

“Configure Transverters” will pop up a dialog a®®sim below.

This may be used to configure up to 10 transvertersry one for which a tick is
shown in the “display” column will appear under t&j in the transverter list and
may then be selected for use (a green tick wileapmext to the currently active
transverter, or against “none”).

For each displayed transverter, the program neekisdw the local oscillator
frequency and the actual band edges for the traesyvé can be either side of the
LO, but must be wholly on one side or the otherVid will figure out the correct
scan direction based on whether the band giveal@sibor above the transverter LO.
Finally a display name of up to 20 characters rbestntered — this is what will be
shown in the list of active transverters. The tvanter data will get stored in the
registry on exit and automatically reloaded ontsfar

Signal Generator

Implementation is partial so far; functions work t¢SB but there is no sweep for
parallel.

Start by setting the mode (top right) — sweep glsi frequency. On the right of that,
you may select to lock the LO to the RF frequeMien you do that the controls to

set LO frequency are greyed out. This is a genenatiple, as you change the mode,
boxes will be greyed out or made visible accordmtheir relevance.
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Having locked the LO and RF you may then set tresph- there is a drop down list
with all possible phase settings.

Set the scan details either by frequency or DD&tuword. If you update a
frequency, the DDS tuning word is automatically ated. Similarly, edit the tuning
word and the frequency changes. Note that freqesr@nour the current transverter
setting — the frequencies must be valid for thedbdou may also change the
frequency by dragging the slider bar left or rigghtRF or LO. Alternatively, if you
select a slider bar by clicking on it, the cursdt And right buttons will give finer
control. There are 32767 points on the slidersyio a 60 MHz range on the VNA,
each step is just under 2 KHz apart.

The option to set SW1, if ticked for a sweep (ibmy valid in a sweep) causes the
SW1 output to go high when the scan is valid amdwden resetting for the next
sweep. Similarly if you select to power down the B between sweeps the RF and
LO outputs will switch off between sweeps.

The ‘OFF’ button is greyed out until the frequensget. Whilst the Power Down
DDS hardware option will switch off the signal gester when you exit the function,
this button may be used to explicitly switch oféthignal.

Report View

Return again to the Display Options. Note ther@i®ption of “Report View” . If
selected, this changes the graphical display &balar report as shown below.
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The columns will be whatever the current displagathmeters are (and you may
change them in the view) and the column widths begdjusted by dragging the
divider lines between the headings. The order faas may also be changed by
dragging the column header left or right. A schbat will appear on the right to allow
the data to be viewed, and if printing is seledtech this view, a tabular report will
be generated. Copying to the clipboard is now stipdolf one or more rows are
highlighted (click on the frequency) then only tloevs selected will be copied to the
clipboard. If none are selected the whole datéssatailable in text form on the
clipboard. Via a right click popup menu, it is pitds also to specify a single column
(or selection from a column).

One limitation — it will get confused if you havestore and a scan displayed in the
report view at the same time with different limfileequencies, points, log/lin).

Equivalent Circuits

There is an “Equivalent Circuits” function on thisplay Options” screen. It works
in a similar manner to the tabular view; you maytslwbetween it and the other
views.

Select it and the display changes to somethingthilse
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What is displayed is governed by the Instrument &add the drop down list settings
on this screen. When you select “equivalent cisguthe program will change the
display types to suit it; you can change them wimlghis screen but the results may
be wrong.

It works in Transmission mode or Reflection modéthe only device type for now is
“Crystal Motional Parameters” . For each deviceetgnumber of models may be
available and the data source may either be adsttaa set or the current scan data.

The display has 4 parts to it. Top left, the progia configured by means of the
controls. Top right, there is a small display & thace data as would be seen in the
normal view (but simplified). Bottom left is the @galent circuit. Bottom right is
where the results will be shown.

After a successful measurement, the results witibplayed bottom right and may be
logged to a file.

Crystal Motional Parameters

The model is taken from an excellent paper by FacBmith K8ZOA “Crystal
Motional Parameters A Comparison of Measurementégghes” available from
http://www.cliftonlaboratories.conwhich enumerates a number of methods. The
program implements the 3dB and 45 degree methoaanemission and reflection
modes but I'm still struggling with the 6 parameitd#? model. In addition as a
variation on the 3dB model, CO is computed fromdbees and parallel resonances

by the equation
Cs= f'%s -1 %2%C,

myVNA v0-54 Page 43 of 107



I’'m not exactly in my element here — anyone witlh@cuggestion on equivalent
circuits and models let me know.

To use the program in transmission mode you mustect the crystal in series in
between RF out and Detector in, preferably witlyag shown by Jack and as
reproduced here:

This gives an Rl of 12.5 ohms. Alternatively, yawuld just use a couple of inline 50
ohm pads. To allow for this the program has a dimpn list for selecting RI, or you
may enter your own value if different from the coomones. The program will
remember the value you enter. This is only usddamsmission mode.

In reflection mode, just connect the crystal taiable connector on the bridge
between signal and ground.

Before you can use the function, you need to getltiplay to show the crystal
resonances.

Here is what it should look like for the 4 parametedel in reflection mode. Note
also the displayed results:

And in transmission mode
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The program will position cursors in the form oftieal lines at the measurement
points it has used and display the results ofatapmutation.

If the program detects a parallel resonance, Itdisplay CO and a 4 parameter
schematic; otherwise it will only show 3. Note hawethat it will not measure

parallel resonance alone — the program must havedhes resonance within the scan
in order to work properly.

Without using the parallel resonance here is tbalteNote that you may zoom in on
the series resonance for better resolution. Thasngke is in reflection mode. It also
shows the effect of clicking on the “simulate” lmurtt The program has used the
network simulation package to simulate the measangstal; the phase plot is
coincident with the measure results and the impeslaan be seen as a red
(measured) and blue (simulated) trace.
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The program operates in both transmission andatedle modes; note that as
explained in Jack’s memo you need to be awareepjighs capacitance. Results in
reflection mode seem more accurate for reasonsbtdanderstand.

To log results, you must first select a log filelwihe “Log file...” button. Having
done that, each time you click on “Log Results” yoay choose to log the current
readings. A label may be given to each or you niepse to just use sequential
numbering, automatically provided.

In most modes, there is the ability to refine adneg. The way it works is this. It may
either be switched to automatic mode by clickinglm“Auto Refine Eq Cct” feature
on the left view under “Equivalent circuits” or diqitly performed by clicking on the
“Refine” button.

When this happens, the program will attempt tot@tihae best readings for the critical
parameters. For each reading that is used in foalation, it will search for the
optimum setting by recursively scanning. The way works is as follows. For each
critical point it will sweep across a range of fuegcies from two steps before the
point to two steps after it. It will then find thest point in this new scan and again
find two points before and two points after ande@the process, until it finds that
the step size matches the DDS step size. It tlogrs sThis means that you can select
a fairly coarse scan — provided that the stepsuaffecient to give it a starting point —
then refine the result. Whilst this is happenirgjadog box will show progress. The
dialog shows the progress through the parametetisloioxes (note that for some
scans the dialog box may disappear and re-appétarpywrogress bar for each scan.
The progress bar will be repeated for each recuqsesformed. Be careful however
of a noisy signal.

In manual mode, reselecting the method will rettegtresults to the original values
before the optimisation whereas clicking the scathdm will generate a new starting
point.
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Note that as the program is seeking a solutionftaciion of a Hz, the VNA needs to
have reached an operating temperature before shéége€an be believed.

Finally note that in reflection mode you also hav& parameter model available. This
is under revision at the moment — don’t believe whsays yet. Here is an example of
its output:

Read Jack’s paper for more information. “Refineinportant. It will perform

multiple operations; the dialog box that shows pesg will be cleared and replaced
several times as it operates. It is sensitive teeyatart with at least 1000 data points
with the display optimised as shown. Be carefuhef ADC delays not forgetting that
this is a very high Q device and ringing will rdsaiherwise.

When scanning a high Q device like a crystal, stmaght needs to be given to the
settings. This is an area where | need to do soore miork, and Paul has observed
that there are more efficient algorithms that stidad used. As a starter for ten, |
suggest the following:
- ADC mode 8 or faster (use 6 for transmission mode)

ADC sweep start delay 4000 usec

ADC step delay 3000 usec

Phase step delay 100 usec

Initial frequency scan 200 points or more

Trace averages 5

For a VERY high Q crystal, a more conservativeasgtarameters is probably called
for.

As an experimental addition, there is now a “sirteil&dutton. This takes the current
parameters, generates a simulation of the crysthbaerlays it on the trace; see the
section on Network Simulation for more details. @@t to note. If you simulate a
crystal that has been measured in reflection mtbes, the termination impedance of
50 ohms will give the wrong results, so the prograithinclude a short circuit after
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the crystal to give the correct reflection (S1BHules. Similarly in transmission mode
it will set the simulation termination impedancenatch that of the transmission test
Jjig (12.56 ohms for example for the jig shown e=ili

Harmonic modes and CDS

Paul Kiciak and Wayne Torrey have developed a niefbomanaging harmonics in
the N2PK. This may be used in two ways

1. To suppress harmonics that cause strange effebighatrequencies

2. To extract a harmonic 12 39, 4" or 5" to extend the frequency range.
This version includes an experimental implementatibthe algorithm, courtesy of
Paul.

Use it with care, and ONLY if you understand howsge it. For this refer to Paul's
notes on the Yahoo group.

The “CDS mode” flag has been replaced by a diatogds shown towards the start of
the document. “Basic” mode is a simple 1/Q measerwithout quadrature
correction. It is the fastest mode therefore.

The program ought to limit calibration data so,éaample, it should not allow you to
use harmonic calibration data in another mode. Thusrrently will not do as the
modes are experimental. Therefore you must take car

In this example, the program will extract tH& lBarmonic using 16 samples per step
(so it gets slower).

When you select3or 5", a multiplier is applied to the frequency settinyste that
you should NOT change the minimum and maximum feegies — the program will
automatically apply a multiplier to the frequencpales used.

In 39 harmonic mode for example the scan range of thA ¥hanges to 180 KHz to
180 MHz. Here is a scan of a 30 MHz low pass filtem 1 MHz to 150 MHz:

myVNA v0-54 Page 48 of 107



To use it, you MUST use a harmonically rich RF seuas described by Paul such as
an AC series gate biased to its mid point.

Note that this code is experimental and subjechtnge — at the moment it gives
similar results to Paul’s reference design butaxatctly the same. Look also under
‘Calibration” and you will see an option “Relax Haonic Mode Checking”.
Normally the program will not allow you to use ¢ahtion data with one harmonic
mode to scan in another mode. Under certain cirtamass this may be useful; tick
the menu item to permit it.

Harmonic suppression is also useful at basebane id¢he same filter from 0 to 60
with normal CDS mode. The red & blue traces shoavgain differences with
harmonic effects at the upper end of the rangetlamgurple / green show the phase
differences. Green and red traces are normal CD&mo
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Attenuator and Switch control

Switch and attenuator control functions have befted to support S parameter
measurements.

On the left is a new treeview item labelled “Switntnd Attenuators”. Open it up and a
number of items are displayed, the top one of wisciConfigure settings”. This
opens up a dialog box that allows the functionalityhe control lines to be set.

On the left is the attenuator control. You may selehich of the 8 possible settings
are displayed in the treeview and the names agsdamth them. You may also ask
the code to invert the logic of the output linestit your hardware.

On the right will appear one or two switch contr@itie second is only available with
the USB interface). Again for each the display nanag be set, it can be excluded
from the treeview and its logic may be inverted.

Having configured the settings, clicking on an itenthe treeview will select that
option and place a tick next to it.

When switch controls were introduced, it was neagst make it possible to change
the settings during a scan. As a by product, yoy ateo now change the ADC mode
during a scan and it will take immediate effeandy also extend this to other
parameters such as ADC delay values.

On the left and right of the main block of atterratontrols are two columns with
radio buttons labelled “Forward” and “Reverse”. Whbke program is configured to
automatically switch the attenuator before each sitee values will be set to the
chosen settings depending on whether the scamisifd or reverse. When enabled
(by ticking the “Set Attenuator Automatically” trégew item, the manual settings for
the attenuator will be overridden by the appropretitomatic settings at the start of
each new scan. This functionality is designed tosedl in S parameter amplifier
testing where different attenuator values may teslad in each direction for best
performance.
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Open/Short/Load Calibration Standards

With the introduction of S parameter methods, ttegy@am internal logic has changed
and it now computes directly in reflection coeféiots instead of impedances as was
done in previous versions. As a by product, it radso supports correction factors for
the calibration standards.

On the treeview is an item labelled “Reference &aais”. If you open this up you
will find a set of entries for the Open, Short drwad standards plus the option to
save and load standard data.

The program maintains a notion of the errors intigirethe calibration standards and
corrects for them at the end of a calibration saasch when reloading calibration data
from disk. The parameters may be changed as yofit s&éhin certain limits, and it

will remember the values when the program exitas Wo not need to explicitly save
them when they are changed. To change a pararselect it from the treeview, and

a dialog box will appear inviting you to changev&due. Limits apply to each and
these will be indicated in the dialog box. The perg assumes that an open suffers
from fringing capacitance, a short from a seriesstance and impedance and a load a
resistance and inductance in series with a capaata parallel with them.

Loading & Saving Calibration Standards Data

You may want to be able to switch between diffecatibration standards however,
and for this reason the complete data set may &eged by saving to file or loading
from a file. This file is a text file and may beited as you wish as long as the format
is maintained.

It is important that you understand when the cdiwedactors are applied. When you
perform a scan using build 29 or later, the coroectactors for the OSL standards
will be applied automatically at the end of thellwation scan, so they must be set
correctly before calibrating. When the calibratatata is then saved to file, it is saved
with the corrections applied (Build 29) and withdlen applied (build 30) and for
build 29 when reloaded the calibration standardemion factors will have already
been applied and will not be applied a second tiviey is this? To allow calibration
steps to be repeated (the ‘skip’ button whilsthraliing). You therefore need to be
careful if you change the data.

With Build 47 this changed again. Now there are oilter overrides in the Standards
part of the treeview. These control the inclusiarstandards data in a calibration file.
When the “Save” option is selected, every timelration data is saved to file the
current set of standards data are included inihe\Whether this standards data is
loaded or not depends on the corresponding “Lo@tioo. If selected, and if the file
was saved with standards data in it, the curremdstrds data is overwritten by the
data in the file before the standards offsets ppdied.
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Saving Calibration Standards in Calibration data fi les

In Build 52 another change has been made. Undditdi@aon” are two extra options
— “Save Mode with Cal Data” and “Load Mode with @ata”. This permits the
instrument mode, the dual scan option, the cuatahuator setting, S parameter
switch settings and reverse scan flag to be saleed) avith the calibration data. It
may then be automatically loaded again whenevecdhbration data is loaded.

LLC (OSLC) Calibration

Also with Build 47, Low Loss Capacitor calibratibas been added. This results in a
4" step to the normal OSL calibration — call is OSliG@s experimental. Don't use it
unless you understand it. Th8 gtep uses a high Q capacitor whose characteristics
must be known to the program. This is set by emgethie value of the capacitor, its Q
at a given frequency, that frequency and the mtudeé applied. There are 3 models
for now, fixed Q, an equation based on a high ¢pahcuum capacitor and one based
on a porcelain ATC100B capacitor.

Calibration Notes

With build 0.53 it is now possible to put calibrtinotes into a calibration data file.

If enabled (the function is disabled with a tickbhader View / Options) then every
time a calibration data file is saved to disk, @alj box will pop up first with the
current calibration notes. You may clear the natasgcel the inclusion of notes or
include the notes in the calibration data file. Wialibration data is loaded, the notes
are displayed at he bottom of the calibration datamary dialog.

Loading / saving settings in calibration data

Under the ‘Calibration’ options is a selectablentd_oad mode with Cal data” and
under View / Option is a selectable option “Savsibaode data in calibration data
file’. This controls the saving of basic scan pagetens in a calibration file and
whether, when the file is loaded, the settingsag@ied.

S Parameters

The S parameter model is based on the 12 term @rogction model as defined by
HP and by following the logic in Paul’s code. Ref@iPaul’'s and Tom’s excellent
papers for details.

In that model, the corrections applied give moreugate results than basic Response
Calibration.

There are five different correction models avaiaibl myVNA. Response Calibration
is the simplest. The 5 and 6 term models assuntdédiveard and reverse connections
are identical. This is probably only going to be ttase where a single bridge is used
and the DUT is manually reversed. In all other sdbke reverse direction is going to
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be significantly different due to bridge and switahdifferences. Hence 10 and 12
term options are offered. The difference betweand 6 term is the same as between
10 and 12 term; in 5 or 10 term these is no isoatheasurement of the through
detector. It is assumed to be infinite loss.

So, when calibrating choose 5/6 or 10/12 accortbngpur hardware configuration
then choose between 5 & 6 and 10 & 12 accordinghiether you wish to include
isolation data.

Note that whatever calibration data is availabli then be used optimally in DUT
scans.

So, now, scanning. The best results for S parasetdrbe obtained when forward
and reverse scan data is available. This is natdh®e as whether you performed 5/6
or 10/12 term calibration. In a reverse scan, ifL2Germ data is not available, the 5/6
term data is used in both directions.

How do you make the program do a reverse scan@reTdre two ways. Manually,
there is a tick option under “Instrument Mode” edlPerform reverse Scan”. When
this is ticked, if appropriate, the program wilsame that the data it is reading is
reverse direction data and process it accordipyvever, if an S parameter test set
is being used, the program can automatically cbitieorelays that switch the test set.
To enable this, tick one or other of the “Enablat&hvX in Reverse scan” options
under “Switches and Attenuators”. When one of theselected, the program will
automatically perform a reverse scan after a fodveaan.

By the way, it is very easy to get confused abah dh forward and reverse scans. If
you perform a reverse scan only and display a fatwaan data item, or conversely
do the opposite, then when scanning you will staee in progress’ indication but
no trace data will be shown at the end. Also bewraethere is a tickable option
titled . When ticked, it will cause the program tcheat” and use forward data in
place of reverse data if it is not available. Tieieow versions worked up to 0.50, but
this has been corrected in 0.51 onwards.

Note that for the parallel interface there is joisé switch line. For the USB there are
two, the program will automatically reverse scaeither is selected. Note that if you
tick the second (USB only) switch line then sekegarallel interface, the second
switch line will be hidden — which can be confusawit will still cause automatic
reverse scans.

In summary then, when you perform a dual detec2aeim calibration scan, the
program will need to capture the following:

1. During the Open scan it measures transmissiontisnland reflection
coefficient for “open”

2. During the Short scan it measures reflection sthata

3. During the Load scan it measures reflection load da

4. During the Through scan it measures through trassion data and also
measures the reflection coefficient of the detector
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These 6 factors are applied to forward and revéas® giving 12 terms. The program
may also be set to use 10 term (in which case pgen@can does not measure
Transmission Isolation) or 5 and 6 term ERC. Tlan® 6 term models are like the 10
and 12 term models but the reverse scan calibrdatenis assumed to be the same as
the forward scan data. In 5 or 6 term it is themf® big assumption that the program
is making that the cabling or relays used to penfogverse measurements do not
introduce an error, but if you are only performfogvard measurements (or manually
reversing the DUT) then a single bridge configunatmay be used. See Annex B for
more information on test sets.

The type of calibration scan is explicitly set e t‘Calibration” treeview control. Set
it to Response Calibration or one of 4 other Catibn modes (5,6,10 or 12).

The sequence in which it will ask for these 5,102 data items will vary by the
mode selected and by whether the program has ¢avieothe forward / reverse
settings. It is preferable to use an S parameséistt and automate the switching. The
program will know you have an automated test sietsiées that the switch line
(parallel) or either switch line (USB) are set lmnge on S parameter switch control
(in the Switches and Attenuators set of contrdle sequence for a manual scan is
simple — do the forward then (if 10 or 12 term) tbeerse data set. For automated
switching however, the sequence follows one suggdsy Mike Collins and tries to
optimise the handling of the open, short and Idaddards to make it as easy as
possible. Take care however to read the instrustomnscreen as it is not immediately
intuitive.

During any scan including the calibration scans fiossible to average a number of
traces (up to 10,000 per point if you want to galjaut during the Open / Isolation
scan, it is possible to configure the program terage a different number of points.
This is useful, for example, in increasing the aacwy of the low signal level isolation
scans without incurring the overhead of excessaaeg at other settings. This is
controlled by the “Use separate isolation averagsion and “Isolation Average”
count in the “calibration” node of the treeview the left.

Calibration data can therefore be captured in abmuirof ways:

1. Reflection scan. Open/Short/Load reflection daty eane captured

2. Transmission scan. Through and optionally isolaticsncaptured. Isolation
data is set to zero if skipped. Through reflectiata is set to zero always.

3. Dual Mode or S parameter. As defined above, thisucas the reflection data,
transmission data and detector reflection coefficier 5/6/10/12 term
correction.

Therefore if you calibrate separately for reflentaind transmission, detector
reflection coefficients will be missing from thelitaation data and therefore a source
of error in the S parameters. The program willstop you using such data (you
might deliberately intend such a measurement).

Note that under “Hardware” is an option to setrahal scan delay that may be used
to take account of relay switch times. Also not tnly one switch line is available
with the parallel interface, two with USB.
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For a full 2 port S parameter scan, a set of fodveard of reverse data are needed. If
you do not perform a reverse scan but only giverward data it will still function

but the return parameters in the calculations vélket to zero. The results are not as
accurate as full correction with 10/12 term.

When a set of S parameter data has been obtaioednay switch to the other
instrument modes — basic dual detector, refleatioinansmission.

When the program is scanning, it will turn the eolof the progress bar red whenever
it is doing a reverse scan as shown below
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And above here are the display options for S parammeurrently configured

Note that whenever a reverse scan is being madajibiration or in scanning, the
progress bar background will turn red.

There is a limitation to note. In CDS mode, thewafe eliminated detector offsets so
with no signal the detector should read zero. Tiesins that we can safely us 5 or 10
term correction, where we assume that the throsgjlation is zero. In basic mode
though, the detector offset is not removed sonbissafe to use 5 or 10 term
calibration. You will get the wrong results. V0.8l not stop this combination, you
will just get the wrong results. In the next buildwill not permit such a combination
and will give the following error message.

Under ‘Hardware’ is an option “Swap detectors inerse scan” :Swap Detectors in
Reverse Scan. This should be ticked if the funatibiihe detectors reverses for
reverse scans. Only tick it if this is the caset iG&rong and the results will be
weird. | suggest a T check is a good idea when dssianing a system. Perform a
calibration ( 5,6,10 or 12 term, it does not mattken connect a 50 ohm loadtoa T
piece in series with a through connection. Thelteiould be an S11 and S21
measurement that are flat to within about 0.1dBs&the frequency range.

So far, there is one limitation not addressed. rEflection data display (things like
Rs+jXs) only worked for Port 1. There is an optiorder “Instrument Mode” that

allows the port that is used for the reflectionadaisplay to be changed from port 1 to
port 2.

Testing 1/O Lines

There is a “test” function under “Instrument Modetiat allows low level debugging
of I/0O lines. It works for either USB or Paralledip mode.

When selected, it opens a dialog as shown
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Each line may be set high, low or toggling. Wheggling, the rate may be high (10
to 20 msec approx per change — depends on windmvish second. There are two
input lines (three for the USB interface). The tMDC Serial Data Out lines appear
as two vertical progress bars representing high@andevels. In USB, there is also a
power detect line. Its status is reflected in tb&dm left of the dialog box.

Please note that the ADC input lines are not shogithe result of an ADC
conversion — they are just indicating binary highl( blue) or binary low (10% blue)
according to whether the input line is high or low.

Note that the ADC lines are read at the same matkea“Toggle” speed, so if set to
slow, may take up to 1 second to update.

RF IV Method

The RF IV method uses a specific hardware interfageerform accurate impedance
measurements. Here, measurements of voltage arehtare made separately and
their ratio used as a measure of impedance. ClyieR1V is not available on the
parallel interface. If this is a problem for yoaJlane.

The implication of this is that measurements offid &are both needed. One way to
do this is with a dual detector configuration, wene detector is used for each.
Another (and more accurate) method is to use desdegector, but this means a fast
method of switching is needed and the processtaki# twice as long. Both options
are supported by the software.

Under “Hardware” is an option to configure the RFnhode of operation. Selecting it
will open the following dialog.
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The setup screen permits choice of which ADC(suaesl for V and I. This also
determines which ADC is used for the through mearsent. The software functions
almost identically to Reference Mode, the diffebeing that the through signal is
not divided by R.

To enable the RFIV mode, select “Use RF-1V modedan‘instrument Mode”.

When this is selected, the scan mode changes ted®eh and the calibration mode
to “Response Calibration”. You will need to perfoanspecific calibration process
with the RF-IV hardware, and this may be saved edibration data file. The
program will store along with the calibration datflag indicating whether the
calibration data is RFIV or not and will not allgu to mix them. When the program
starts and it loads its last set of calibratioraddtit finds that that data is RFIV mode
data it will automatically switch to RF-IV mode.

RF-1V mode, like Reference Mode supports transmissiode, but it will not give
the right results. It has been left available fgperimental purposes, but you should
not use it for other than reflection mode measureme

Reference Mode

Reference mode is supported by means of a configanrecreen and an option under
“instrument mode”. Currently Reference Mode is adilable on the parallel
interface. If this is a problem for you, call ménelconfiguration mode setup dialog
looks like this
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The hardware settings must match that of the hanelvifayou use one of Paul’s
modifications to Ivan’s RFIV head, then one ADCIv# used for A and R, the other
for B, where A is the reflection signal, B is tlartsmission and R the reference. So
the obvious configuration is to use ADC1 for A d@s shown above. The switch
line to use depends again on hardware; with USBhaue two lines to choose from.
Whichever you use the sense must match the hardgaen, with Paul’s
modification to Ivan’s board, connecting one of h&B switch lines direct to the
switch control line of the Reference mode head mdlaat to measure the ‘A’ signal
the switch line must be low.

Logarithmic & Linear Scans

There are two aspects to this; logarithmic or liresdibration data and logarithmic or
linear scan data. You may freely mix both in atlofnbinations but remember that at
extremes of frequency, especially low frequency, &when using a small number of
steps, some errors may be expected when the praggaerates scan specific
calibration data by interpolation. Therefore youyrfiad it wise to use a log
calibration scan with a log device scan.

Under “Calibration” is an option for Log Calibratidcscans. When ticked, all
calibration data collected is done using a logarithfrequency step scale.

Under “Instrument Mode” is an option for a Loganitic device scan. When selected,
the steps between the scan points will follow atdgmic scale. Also when selected,
it will switch the display to a Logarithmic scalehe display though, need not be the
same as the scan; you may select a log scan Witbax or a log display and vice
versa.

The mode of the display will change with changeth&log scan, but you may
change it at any time by right clicking on the diégpto pop up the menu, and
selecting or clearing “Log Frequency Scale”

With build 35, the program now checks when it loadged scan data whether its
frequency scale follows a linear or logarithmicsegce (with a certain amount of
tolerance). If it finds that the data fits neithiémyill not load the data.

myVNA v0-54 Page 59 of 107



All functions, markers, tabular display, file sa&éoad, work equally with log or
linear scan data. The only exception is equivatectuits which wants a linear scan.

When calibrating, the program will also performreear step scan — this is purely to
keep the code simple. In a log scan, just as whbersglect a different number of scan
points or change the start or stop frequenciesijligenerate calibration data for the
scan as needed.

Finally, if you select “scan from zero” the progravil do its best, but log(0) is not a
useful value here, so it will set an arbitrary p@nhlHz.

Drag & Drop

If a file is dragged onto the application displaypeow using windows Drag and
Drop, the program will attempt to load it. It wilke the file extension to try to
determine what the file is. If it is a .ref, it Wity to load it as new reference standard
offset data. If it is a .cal file it will attempd oad it as new calibration data.

If it is .ref, .csv, .s1p or .s2p it will attemyat kbad the data into a saved trace store. If
one file is dragged, it will be loaded into stordfla set of files are dragged in one
operation they will be loaded into stores sequéntiatil all stores have been loaded,;
any remaining files will be ignored.
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Unguided Calibration

It is not always the case that you want to folltve step by step guided mode through
calibration. When you get used to the program yay miant simply to ‘do your own
thing’ in regards of the sequence of steps andailm@ed the prompts. For this there
is an ‘unguided mode’. This is presented as aroopinder ‘calibration’. When
selected it changes the mode of the calibratiotohuClicking ‘Calibrate’ will give

the following dialog

Note the three lines at the top of the dialog singwihe type of calibration and the
current settings. Initially it shows the currenlilwation data. If you perform a
calibration step it may change as the step wilpédormed to the current calibration
settings and not to the current calibration datarggs.

The type of calibration (6 term ERC in this casefaken from a combination of the
calibration mode selected from the Calibrationisg#t ( Response /5/6/10/12
term) and, if Response Calibration is selectedrieeument Mode. Response
Calibration changes depending on whether Reflecliceinsmission or Dual Detector
mode is chosen and whether the ‘Always do dual’siation is selected.

The Current Settings are taken from the currenibilon data “open” settings if
there is any valid data present. For each parapeetgeen tick or red cross is
displayed if the calibration data for that parameigpears valid or not.

Note that the current VNA frequency and scan pséttings may be different to the
displayed value if the calibration data does notcmaAs soon as you calibrate any
parameter, it will use the current VNA settings tloat parameter and adopt the new
settings. Because of this, a set of green tickscbange to a set of red ones when a
new scan is taken.

There is one button and one cross/tick for eacarpater. All that are currently valid
will be enabled. The Isolation step though merissassion. Whether it is enabled or
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not depends not only on the calibration mode ad ah the two tick boxes on the
right. In Response Calibration when doing a Tragsion scan, you may choose not
to do an Isolation scan if a CDS or Harmonic madeeaing used. When available, the
tick box will be enabled and ticking it will greyubthe Iso button and the Isolation
data will be zeroed when the Thru calibration igfqrened.

The other tick box that may be shown is labelledrf®m Transmission Isolation
During Open”. Again, if ticked, the Iso button wile greyed out. Now, the Isolation
data ( i.e. transmission Open data) will be coldatvhen doing the Open scan.

Always shown is a tick box that allows overridettod log/linear calibration scan
setting.

Copy to Clipboard

On the main toolbar is a “copy” button that coptesrent data to the chipboard. If the
current display is the main trace, either a potareotangular display, the current trace
data and labels will be copied as an image tolipbaard. It may then be pasted into
another program such as Word, Excel, Paint etc.

There is also a tickable option under “Display Ops§” labelled “Add Print Notes to
Clipboard Copy” . When this is ticked, the headeoter and notes from the Print
Notes dialog will be added to the image copiecheodlipboard. This function does
not apply to the equivalent circuits display (yet).

If the type is “Equivalent Circuit” the controls@hin on the screen are omitted from
both the printed or clipboard images and the schiensadisplayed in their place.

If however the current display is the report vi¢laen the data is placed on the
clipboard in both CSV and Text formats. This metluas you may paste directly into,
for example, excel. If you do this as a simple @alsbugh, it will be pasted as text
with each row of comma separated data appearitexas a single cell — not very
useful. Excel though has two paste functions —ePaistl Paste Special. If you use
paste special, either from the Excel Edit menuyordht clicking in the display and
selecting ‘Paste Special’ you will also be preseéntéh an option to paste CSV data.
Do this and it will be pasted correctly.

Within myVNA in Report view, when you click the ‘pg’ button, two different types
of copy may occur. If no rows of the display arkested, all current data is placed on
the clipboard. If however one or more rows arectet (for example by clicking on
one or more of the rows in the frequency columeptbnly those selected rows are
copied to the clipboard. You may select a blocKath by clicking on the first row,
holding Shift down and selected another row, or y@y select individual rows by
holding down the Control key and clicking on spiecibws.

When Report View is selected, it is also possibledpy just one column of data (or a
subset of a column by using the mouse with the &axdb Shift and Control buttons).
To do this, right click on the display area ancbayp menu will appear. For whatever
columns are currently displayed, a menu item walbesent to allow that column’s
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data to be copied to the clipboard. It will alsoilbéoth text and CSV formats, but in
this case as there is just one column, there wilhd trailing commas. This format is
suitable for pasting data into Lotus 123 as | caglire out how to make it paste

properly yet.

Finally, it is possible to change the column orogdragging columns left or right
using the column heading row. When this is doneattder in which the columns are
copied to the clipboard will match the currentlyestéed order. Beware though — this
order will be reset every time ‘report view’ is sefed.

Marker measurements data may also be copied tigimard with the copy button
in that dialog box. This will copy all current rows (if one or more rows are selectd)

just those rows. As for the report view, the datavailable on the chipboard in both
text and CSV format to permit pasting into excelord.

Displaying Multiple Traces

In all of the above discussion, only one paramigfee has been shown on each of the
left or right axes by clicking on the desired paesen in a display set, display left or
display right option.

It is however possible to display multiple typeshet same time by holding down the
‘Ctrl’ button whilst selecting a type to display.

In report view this causes extra columns to belaygal, for example as shown below

You may select as many items to display as you whtite same time.

This also works for the main graphical displays,éwample:
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Again you may have as many as you want at the siamee Note that the trace
colours are shown by label on each axis. It candvawget quite complex quite
quickly.

The same principle also applies to data storese Hewever it is not necessary to
hold down the control key to make multiple seletsipeach operates independently.

It is possible therefore to have up to 26 diffeqgatameters shown on each axis in a
rectangular display and to have the current scéanplas all 4 stores shown at once.
You would not want to do this — the display wouldunusable — but there is nothing
to stop it. The implication is that there would2&9 traces shown on the screen. That
needs 260 colours. Clearly impractical.

The current solution to this is not ideal — ifidi a better way it will change. There
are 8 trace pens available (and visible under @te®bse trace colours” option). The
first two are reserved for the “primary” left anght parameters of the current scan
data — that is the parameters whose details ajpp#ae upper half of the left and right
axes. The other 6 are used for the rest of thedraxycling round each in turn. IN
polar or Smith displays only the first pen is “nesssl”.

Labelling the Screen

There is now the facility to apply text labels tdiaplay.

There are two types of label — those associateu avitace and free standing
annotations. In each case a label may be placadhemg on the display area and may
be moved around the screen by dragging it withmbase. The difference is that
those associated with a trace only display wherttineesponding trace is shown and
will alter their position so that their relativeclation compared to the trace is
maintained if the trace moves.
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To access the labels dialog, either select “Edic&r_abels” from the “Display
Options” or from the pop up menu after right clioggiwith the mouse.

Note that this only works in the main rectangulad @olar/smith displays and linkage
to a trace only works in rectangular displays.

The dialog shown above is used to configure thel&all here is one label for each of
the current and saved traces and 4 free standmgptations”. Each has a string that
is displayed and some control over the size oteéke(small, normal, large). Each
may also be switched on or off with the “Displaybe#f checkbox.

For the free standing annotations, the colour usay be set; for the trace labels, the
colour adopted will be taken from the correspondrage colour.

Trace labels are linked to a parameter of the trélos may take one of a number of
settings as follows:

“None” — the label acts like a free standing antiotebut only displays when
the corresponding trace displays

“Left” or “Right” — the label is associated witheghmain left axis or right axis
parameter

Otherwise, the drop down list gives access tahallimdividual parameters —

Rs, Xp, S11 real etc.

Initially the labels will appear in the middle d¢fet screen and may be dragged to
where they are needed. For those associated witice, if the corresponding trace
moves on the screen the location of the left hartiad the label will move to

maintain its relative position to the trace asaswvhen dragged with the mouse; so if
for example you place the label just above a pmnthe trace, it will stay just above
the same point should the trace move on the screen.

Labels will display on printout or when copied ke tclipboard. They are not
preserved when the program exits. Labels may assebto ignore their associated
trace colours and display in black. Annotations eayset to specific colours by the
appropriate buttons on the dialog.
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Annotation data ( string, position, size and cojaue retained on program exit and
reloaded when the program starts again. Note thahwthis happens, the annitations
will display even if when the program last exitédtg display flags had been cleared.

When scan data is saved to file in the myVNA naforenat, any label associated
with the data set is also saved into the file amdraatically reloaded if the data is
read from file.

Labels applied manually to saved data sets arestained on exit as the data on disk
is not rewritten.

Dragging Items on the Screen

There are various parts of the display that mambeed using the mouse (left click,
drag, release).

Move the Drag the display around Drag the display around to
Markers to change the left vertical change the right vertical
scale or frequency scale or frequency

Move the manual

markers \
Move the labels
Move the labels

Drag up/down here v
to change the scale Drag up/down here
of the left axis to change the scale
of the right axis
-—__
Move the screen Iabels| | Drag freq. scale | | Move the Cursors |

In addition, clicking on the left or right sidestbie main display area other than when
over one of the objects shown above will drag tispldy up, down, left or right, and
clicking & dragging to the left, right or bottom tife display permits rescaling the
corresponding axis.

To reset moveable text to its default locationhtigick and at the bottom of the
display select the option ‘Reset Screen Label Posit

In polar view, the markers and screen labels magragged around the screen.
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Move the marker text

Move the screen labels

Move the manual marker

Locking the Scan and the Display

So far, the display and scan have been linked. Me@ns that if you change the scan
(start, end, centre, span etc) the display chaagesrdingly. Equally if you change
the display it changes the scan.

You can also unlink them in rectangular view.

Right click on the display and there is an entryhi@ popup menu labelled “Lock
Scan to Display” that should be ticked at the motmié this is unticked the display
start & end frequencies may be set independentlligeoscan frequencies. When
linked, the limits applied to the display frequerarg those of the scan limits. When
unlinked they are controlled by a minimum and maximin the Options under the
View menu. The defaults are 0 and 200 MHz.

In this mode the dialog box that pops up when ymange the display frequency is
replaced by a different one that just sets thelaysp

In the example below the scan is set to 5 — 60 Miizdisplay is unlinked and the
display set to 0 to 100 MHz
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All functions such as markers, log displays, cursovements should still function
correctly.

Network Client / Server

The network client / server code is a precurs@ pmssible Ethernet interface to the
VNA (assuming there is any interest).

The idea is to allow control of the VNA via an Ethet interface. This interface
would either be an adjunct to the USB interfacéarnow) another PC running
myVNA. In other words for now it just provides retaacontrol of the VNA
connected via USB to one PC from another PC — wtachd either be local or
anywhere via the Internet.

This is a first build — the code has limited efnandling so caveat emptor!

To use it, the VNA is connected by USB — it must&B — to one PC. That PC runs
myVNA and is configured to act as a server. Anoth€ralso running myVNA has its
hardware interface set not to Parallel or to USBtbwan IP address. Once that is
done, functions such as “scan” on the second (¢IRG will cause the server PC to
perform a scan and the result will appear on tiheescof the client. Note that the
calibration data and configuration used are thdskeoclient PC not the server — the
server is just providing remote access to the U&Bhected VNA.

To set a PC up as a server do the following

1. Configure the PC to use USB interface and maketbatat is working
correctly

2. Configure the server details as shown below

3. Switch on the server mode
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To set up a client PC do the following

1. Set the interface type to TCP/IP with the IP adsliidfghe server
2. Perform a scan, signal generator or other function

To configure a server, open the “network settings'the left hand treeview and
select “configure remote access”. The followindatiawill appear

Set the port number to the desired IP port (orlgeste it at 49152 if you don’t
understand this)

To start the server running, click on the “Accepifidte Connections” option. The
following dialog will appear

The Status message will change when a remote cloemtects, otherwise it indicates
Idle. The Current Process will not show any infotiorain this version of the code

To configure a client open up the “Hardware Integfaunder “VNA Hardware” and
set the IP address to that of the client, set énierpumber to match and select the
TCP/IP option
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That’s all there is to it. There are a number of eeror dialogs etc.

Vector Voltmeter

The Vector Voltmeter uses both ADCs and a modifeadfiguration to measure the
amplitudes and relative phase of two RF signals.

The method here is attributable to lvan Makarov WE8. To use the VVM mode,
connect one signal to each of the two detectorripEts. The VVM is a narrow band
mode, so it is important that the frequency beséte same as the signal being
measured.

There are two components to the VVM, a calibratoreen and a VVM operational
screen. The VVM will work without calibration, bthe levels will be inaccurate at
high frequency, tailing off by a few dB.

Looking first at the VVM operational screen, whishaccessed from the “Instrument
Mode” node on the leftview, titled “Vector VoltmeteThe screen will look
something like this

The display shows, at the top, the current ADC ireggdfor each ADC. Each may be
switched on or off and the number of decimal positswn may be changed. Below
that, in the middle of the screen is the differeneaveen ADC1 and ADC2 in
amplitude and phase.

Bottom left, there is a drop down list that selegb&s units for the display. This may be
in volts or millivolts, either RMS or peak-to-peakin dB / dBm.

From left to right at the bottom, the ADC modeetested, the speed of update of the
screen display is set, the number of traces tlahagraged is set, the relative phase
may be set to zero, the frequency of the meteetisrthined and calibration data
applied.
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The ADC mode is set from a drop down list; andgbgings are the same as those of
the ADC modes, but here are displayed as the baitichthat is applied as a result of
the mode choice.

The meter will display a rolling average of thet Idsreadings; a drop down list
allows selection of the value N.

The meter runs continuously in the background fdtitvere to update the screen
each reading it would flicker too much to be of.uBeerefore it updates the screen at
a rate selected by the user in seconds.

The meter reads the amplitude and phase of sighalgiven frequency; that
frequency is set by the controls at the far right.

The “zero phase” button may be used to zero theeouphase difference; useful in
correcting for cable differences.

It is usually the case that the two local oscilldd®S signals are 180 degrees out of
phase. To provide an easy correction for this,&deéjree offset may be applied with
the tickbox.

Finally, the current calibration data may be appbe not to the readings. This data
corrects for amplitude variations and mainly aféduigh frequency response beyond
55 MHz.

So, to try the meter out, connect both ADC inpata T piece and apply a signal. Set
the frequency to be the same as that frequencylsetve the display. The relative
amplitudes should be about the same and the pbasanhere near zero. Now put a
couple of metres of coax in one leg of the T pifde relative phase and level
differences should be shown.

There will be some error in the amplitudes. To ectrfor this, there is a calibration
function under “calibration” in the leftview. It imgs up a dialog box like this:
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This is an “empty” calibration data set. It permatsrection for amplitude variation

for each ADC. For each row, which corresponds spexific frequency, the

difference between an actual signal and that reaeétermined and used to correct the
displayed values. Right click on the display ammbpup menu appears

This menu is used to manage the calibration dhthe Imouse was over a specific
row in the table, it allows a calibration to befpemed for that row, or the data in that
row to be edited or the row deleted. New rows nlag be added, and the complete
set of data may be exported to file or importedrfiide.

To calibrate proceed as follows

1. review the table and add or delete rows as needed

2. apply a known signal at one of the frequenciesietable at the level shown
under “actual” to one of the ADCs

3. select the ADC to which the signal is being applied

4. Double click on the row, or right click and selégdlibrate’

5. Check that the correct row under the ADC(s) setentav shows a reading. It
should be similar to that applied or else ther figult somewhere

6. Repeat for all points and both ADCs

The calibration data does not need to be explisiyed and loaded but it is useful to
do so. Current calibration data is saved in théstggon exit and automatically
reloaded on startup.

Click ‘cancel’ to exit discarding all changes mddehe current calibration data. Or
click ‘ok’ to exit and keep it

DDS Reset Test

The Vector Voltmeter also serves as a placehotutest tliagnostic tool; bottom right
there is a greyed out box and a tickbok labelleB&Phase Init Test” . This is used
to check on the phase stability of hardware folloyv@ DDS reset & load. Just ignore
it; it might go away (or it might not). To use @pnnect a short cable from RF output
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to RF detector input. You should get a good highage of about 360mV rms. Now
tick the “DDS Phase Init Test” box. The displaylwihange to something like the
following. The voltage shown will (or should) dremnificantly as the VVM display
will now show not the modulus of the signal but #meplitude of the quadrature
component. This, if the relative signal delays lestwRF and LO are about the same,
be close to zero but expect some deviation. Befsieg this however, select a
frequency of 1 MHz with the 1700 Hz ADC bandwid#iso note that the rate will
depend on the phase and step delays. The VVM &iember the first reading and
then compare all subsequent readings to it. ihdd one that differs by more than the
amount in the Limit box, it will flag that as arrer.

In the above example, the test has been running2®265 measurements without an
error. What it is doing is to make sure that wHenDDSes are reset, they faithfully
come up in the correct phase synchronisation.

Now a word of warning; if the voltage before yotktthe DDS Phase Init Test box is
NOT above, say, 300mV or the voltage when ticketbisbelow about 10mV then
STOP; there is something wrong. Try again and if il don’t get the right values,
there is probably a serious fault somewhere.

The second (simpler) test omits the reset of th&Bbetween each test so merely
checks to see that the ADC readings are stable.

Give it a good run. You should get to a millionkatt errors. It is also a good test of
the combination of PC, operating system, interaog VNA.

On Screen Cursors

When in a rectangular display, right click to despthe menu. One of the options is
“Cursors” which brings up a secondary menu as shostow.
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This menu controls three horizontal and three eartursors. The simplest and
quickest function place a horizontal or a vertwaisor at the position of the mouse
when the menu was first opened. The following eXarspows 3 horizontal and 2
vertical cursors placed in arbitrary locations

As the screen updates, or for example the disglagdcaled or dragged, the cursors
stay at their positions relative to the scalesndbe next display, the cursors have not
been moved but the display has been rescaled gidgawith the mouse
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Referring again to the popup menu, another opsdno edit the cursors. This
produces the following dialog box

This provides more control over the cursors. Renamabove it was noted that
cursors stay at their locations relative to thdesfaThis means that a horizontal
cursor needs to know if it sticks to the left @hti axis. The type of each may be set —
solid, dash, dot or dash-dot line type and the htgfhickness) may be set. Note
however that because of the way that the windowstions work, the lines will

always be solid for thicker lines.

The value that each cursor is sticking to may baually set and the colours changed
for the lines

Here is the same with line colours changed fotitrizontal cursors and line types
changed for the vertical ones (note weight wascsét for this — see above)
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Finally, a cursor may be dragged using the mousee k$ the result of dragging the
cursors with the mouse, and using the clipboarg ¢opction rather than, as in the
above traces, a screendump
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User Defined Display Functions

There is a Treeview entry on the left called “Tr&adculation”. Open it up and 4
entries are shown, labelled initially “F1”, “F2"F3” and “T-Check”. Clicking on one
of these entries opens up a dialog box as shovawbel

This is an equation editor that allows custom digptaces to be created. The name,
FO, may be changed, and this name will then be usttgk display choices (left, right
or sets) and in the labelling of the axes; but kbemame short.

The equation editor manages a complex number edtouhat takes input from scan
or store data and creates data that may be digsbtrgphically or in the report view.

An equation might be something simple like this:
-lel2 / (w * scan(xp) )

or it may be much more complicated. The above ekacgiculates the parallel
capacitance from the scan data in the same wayttédduilt in function for cp does.
Specifically, it multiplies the real value for xjy B*pi*f and divides it into -1e12 to
give cp in picofarads.

The last entry is by default the T-Check algorithhom R&S courtesy of Paul. The
formula is as follows:

abs(scan(s11)*conj(scan(s21))+scan(s12)*conj(s2amg(sqrt((1-
abs(scan(s11))"2-abs(scan(s12))*2)*(1-abs(scan(s2aps(scan(s22))"2)))

What the program does is to take the equation, cbeng complex result for each
scan data point and provide the results to thdalisputines. The display routines
will show the result as either real & imaginarynoodulus and angle (in degrees).
Whenever a valid equation is present in one ofdlie options, two new entries will
be present in the left and right data choices &@hevalid equation (real and
imaginary or modulus and angle) and one new eniliyoe present in each display
set. This may be selected and will then displayrésealts in graphical or report views.
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The equation may comprise data sources, functi@aiges and constants.

When you exit from the function with “OK”, the pr@gn checks the syntax of the
equation and compiles it. If it finds an error itlwmot exit but will display an error
message. You may also check the syntax withounexity using the “check” button.
Checking is limited; the best way to view it is G)G- give it a garbage equation and
you will get garbage results.

The dialog also maintains a list of the last 10cfions used; at any time you may
select one from the drop down list and it will req# the current function with the one
selected.

Data Sources

The data sources are the current scan data orfahg four saved data traces. These
are accessed using the functions scan() and storefach case the function takes one
parameter chosen from the following choices, antiéncase of the store() function it
also takes the store number. Examples thereforbtrb

scan(sll)or
store( 1, rho)

The first example retrieves the current scan shipbex data. The second retrieves
the complex reflection coefficient data from starel he first parameter for the store
function must be a value from 1 to 4. The secomishbe one of the parameters
shown below; in fact these are just pre definedstants; you can see the value by
entering a function of just the parameter name sschxs” and seeing the effect in
report view.

It is important to note that the stored data musteéo be used and that the number of
data points in the store MUST be the same as th#auin the current scan. The
program will try to prevent you selecting an eqolatihat requires a store if the store
does not contain data of the same number of pbirttsry hard and you can probably
get round this.

Parameter Load the following
ZS Series impedance
rho reflection coefficient Rho
y Complex admittance
sll S11
s21 S21
s22 S22
s12 S12
gain Transmission gain

In each of the above, the complex value for theip&ter is loaded. This is used
directly in calculations as a complex quantity.
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It is also possible to load individual calculategults as shown in the table below.
Note however that in each case these are loadadesd value into the calculator, or
more precisely as a complex value with a zero imegyi part.

Parameter Load the following
rs Series Resistance
XS Series Reactance
rp Parallel Resistance
Xp Parallel Reactance
modzs Modulus of series impedance
angzs Phase of series impedance in degrees
VSWr VSWR
rl Return Loss
modrho Modulus of reflection coefficient Rho
angrho Phase of reflection coefficient Rho
q Q
CS Series capacitance
Is Series inductance
cp Parallel capacitance
Ip Parallel inductance
ap Real component of admittance
bp Imaginary component of admittance
mody Modulus of admittance
angy Phase of admittance in degrees
rhore Real component of reflection coefficient Rho
rhoim Imaginary component of reflection coefficiétho
sllre Real component of S11
sllim Imaginary component of S11
sllmod Modulus of S11
sllang Phase of S11 in degrees
s1lrl S11 return loss
s21mod Modulus of S21
s21db Modulus of S21 in dB
s2lang Phase of S21 in degrees
s2lre Real component of S21
s21lim Imaginary component of S21
s22re Real component of S22
s22im Imaginary component of S22
s22mod Modulus of S22
s22ang Phase of S22 in degrees
s22rl S22return loss
s12mod Modulus of S12
sl12db Modulus of S12 in dB
sl2ang Phase of S12in degrees
sl2re Real component of S12
sl2im Imaginary component of S12
modgain Modulus of transmission gain/loss
gaindb Transmission gain in dB
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anggain Phase of transmission gain/loss in degrees
gainre Real component of gain
gainim Imaginary component of gain

So an equation that loaded S11 from the scan datédvibe

scan(sll)
And loading the modulus of the transmission gaomfrdata store 1 would be

store(1, modgain)
It is important to remember this; if you put intéoamula of “s11” you will not jet the
s11 data — you will just get an “internal progracohstant. You must use “scan(s11)”
or one of the store functions.

The editor is not case sensitive so scan(s1l) ghesame result as SCAN(S11)

As a final twist, it is also possible to load tlesults of a calculation into another
calculation, so for example

Scan( calcl)

Would load the complex result of the first calcidat(initially named “F1”). Be
careful however, recursion is not allowed and daloon is sequential, so loading
calcl into F2 makes sense but loading calc2 intdd€k not.

Functions

There are a small number of built in functions timaty be used to build an equation.
The following operate on complex data values. Aljlas in these equations are in
radians.

Function Description

cos(x) Calculate cosine of x (complex) giving coexptesult
sin(x) Calculate sine of x (complex) giving complesult
tan(x) Calculate tangent of x (complex) giving cdexoresult

cosh(x) Calculate hyperbolic cosine of x (complgxjng complex result
sinh(x) Calculate hyperbolic sine of x (complexyigg complex result
tanh(x) Calculate hyperbolic tangent of x (complgxjng complex result
acos(x) Calculate arccos of real component of ttingethe imaginary part to

zero

asin(x) Calculate arcsin of real component of xjrsg the imaginary part to
zero

atan(x) Calculate arctan of real component of #jregethe imaginary part to
zero

fabs(x) Return the absolute value of the real camepbof x, setting the
imaginary part to zero

int(x) Return the integer value of the real compuref x, setting the
imaginary part to zero
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exp(x) Return the complex result df e

In(x) Return the complex result of the natural gk

log(x) Return the complex result of the log basefig

sqrt(x) Return the complex square root of x

real(x) Return the real part of x setting the caamyart to zero

imag(x) Return the imaginary part of x as the peat, setting the imaginary
part of the result to zero

im(x) Return the imaginary part of x, setting tlealrpart of the result to zer

abs(x) Return the modulus of x

arg(x) Return the phase of x in radians

conj(x) Return the complex conjugate of x

norm(x) | Return the norm of the complex number x

polar(x,y) | Return the complex number that results from themealulus of x
with real phase of y in radians

db(x) Return 20*log10( abs(x)) with the imaginarpset to zero.

+ Adds two complex numbers

- Subtracts the two complex numbers

/ Divide two complex numbers

* Multiply two complex numbers

N Raise one number to the power of another

Numbers

Numbers may be entered in the form {digits}.{digjefsign}{digits}]

For example

1
2.3

-3.4e-10

In addition a number may be preceded or followed dnyj to create a complex
number, for example

3+j4

2.3e-10 — 3.6€3i

Note that | or j are functions; if you put justrjan (for example “sin(something) + j”

then you will get an error. Similarly sin(somethétgge)j will give an error. In the first
case use “1j” or “j1” and in the second “*1j".

Values

The following built in values are available

Name Provides
freq The current frequency for this calculation
w freq * 2 * pi
pi 3.14159........
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Finally be aware that error checking by the compddimited at the moment — it will
improve with time.......

DDS Power Down

The DDS chips may be powered down when not in u$efitoppowered up. Under
“VNA Hardware” is an option that controls this. Whselected, the DDS chips will
be automatically powered down when not in use reducurrent consumption from
0.25t0 0.3A to 0.15A at 12V.

Here is a trace without power down. The triggenpd the start of the sweep. DDS
reset occurs, switching off the RF outputs for dalib& ms before the signal reappears
(the yellow upper trace). In this example, thera 8000 us sweep start delay which
can be seen before the first point is read, andRtheutputs are held steady for this
time.

When DDS power down is selected, the DDS chipgpatento power down mode at
the end of a sweep and held there until needed. mhy be seen in the following
trace.

This power down occurs after all activity; the ericeach sweep, between calibration
runs, when exiting VVM or Signal Generator modes et
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Network Simulation

Under the ‘Trace Calculation’ heading on the le& &vo options that control network
simulation, titled “Network Simulation Setup” an8How Simulation Data”. The first
of these opens up a dialog box that configuresitmellation and the second is a
toggle that displays or hides the simulation data.

The setup screen produces a dialog box as showwbe€his dialog may remain

open whilst using the main myVNA application windatndoes not need to be closed
during use. If reopened it will display the curreettings and closing it does not
affect the display of simulation data.

The dialog provides a configurable simulation @efnetworks as listed on the right
hand side. In simulation these are considered wpheected in series from 1 to 5
(top to bottom).
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The dropdown list for each of the five networksaietines its type. The following
graphic shows the menu from the fifth network;5atlisplay the same set of options.

The choices are to omit that network from the satiah (unused), to implement a
simulation of a set of components, to use the atisean data or to use the contents
of one of the data stores.

Selecting ‘network simulation’ enables the resthaf controls to the left. In each case
there is a pi network of up to 7 components, edahhich may be unused, a resistor,
a capacitor or an inductor, plus one componenamalfel with the pi network.
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The box top left displays a graphic of the curngstlected network. Each component
may be selected by type from the drop down lisbdwethe graphical representation
and each may be given a value. The up and dowwsuwa the right of each value
permit the value to be nudged higher or lower ilu@aThe slider control to the right
of the nudge buttons changes the sensitivity ohtlege buttons; at the top each step
is about 10% of the value; at the bottom it is ddgapm. You may also nudge values
up or down by clicking into the edit box for a coomgnt’s value and scrolling up or
down using the mouse wheel.

The button lower right labelled “synthesize network used to generate a specific
network according to design requirements. At thenmiat the list is limited to
common matching networks but I'll add more.

The “Recalculate data” button needs describinghénmain, changing a network
type, values or even the type of a component ietavork will not cause a change to
the calculated results as displayed in the main \thildow. There are however three
exceptions when an update will occur. These aspadively, when the “OK” button
is pressed (and results in closure of the dialbgen the “Recalculate Data” button is
pressed or when one of the component parameteowp/dudge controls is pressed.

When “synthesize network” is pressed, the dialdgwes opened up.
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This allows selection of the network type (see B¢land the setting of its design
parameters. In each case a frequency and settnggplut and output are needed, and
depending on network type a Q value may be needed.

For each port, a target matching impedance is gagea resistive component and a
reactive component. The reactive part may be spddaii terms of either inductance
(in pH), capacitance (pF) or simply as ohms. Als® program may be told that the
resistive and reactive values given should bepnéted as in series or in parallel with
the resistive part. When “OK” or “Update” are clezkthe program attempts to
synthesize a network of the given type. In the cds©Kk”, if it can do so, then the
dialog box closes and the graphic on the netwartukition dialog is updated to show
the network. If it cannot (for example no matcipdassible for the values given) then
an error message is shown and the dialog remagrs. djine program is quite happy
to generate negative component values if you farmebut will complain if no match
is possible at all.

The current list of supported networks is giverohel
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So for example. selecting an input match of 50 glansoutput of 900 ohms in
parallel with 24pF and a design frequency of 10HzMising a simple L match with
series L results in the following display:

Selecting ‘Store 1” as the second network and geimgy (just for the hell of it) an
LCCL band pass network from 900 ohms in parallehv4pF to 50 ohms in network
3 results in the following display:

Observe the radio buttons on the right. These pgesatection of the network that is
shown on the left. As network 3 was the last oriteddthat is the one shown.
Clicking one of the other buttons causes that netwmbe shown (and edited) on the
left. Also, for convenience, when a network typehanged to “Network Simulation”
then that network is automatically selected onl¢ifte

Roderick Wall kindly provided an S2P file that asponded to a measured crystal
filter with a design load impedance of 900 ohmpamallel with 24pF. A step by step
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example of filter matching is shown in the nexttget The trace obtained from it is
as shown below:

The trace was obtained by dragging and dropping2pefile onto the application
main window (or it could have been loaded via thedd/Store Data” controls as
shown above). Returning to the “Trace Calculatioption and ticking the “Show
Simulation Data” then displays the results of timeudation.

The display above shows the raw store data ansiitindation results. The store
display may be turned off — it is still used in gimulation, and the display then
shows just the simulation:
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The resulting simulation data may be viewed ass@ay or store data by selecting
any desired display type (Reflection parameters siscRs, Xs, Cs, VSWR etc,
transmission or S parameters). The simulation ehatp also be saved to file in any of
the file formats or may be stored in a data stéoel may also save it to a store
currently being used in the simulation but expechs weird effects.

It is also fun to select a matching network — feample network 1 as defined above —
and analyse it. Set networks 1 and 2 to unusedrerddisplay the simulation results.
What you get is the analysis of network 1. In thewe case, selecting a reflection
parameter display with parallel C would show aneaatgnce of about 900 ohms in
parallel with 24 pF, varying with frequency of cear It is also possible to display the
reflection parameters such as Cp for port 2 by gimanthe port that is used with the
option “Reflection Data Port” under “Instrument Mgd

On each of the two simulation dialogs as shown alymu may have noticed up/down
controls next to each value entered, and a slml€inudge sensitivity”. Clicking on
the up or down arrows next to any parameter witlgauthe value up or down

slightly. How much the value changes by is contaby the ‘sensitivity’ slider
control. When you nudge a value up or down, thet®gis data is recalculated
immediately (no need to close the dialog or pressdiculate”. The displayed traces
should update for each nudge.

Impedances

The simulations, by default, use the analyser syseference (normally 50 ohms) set
in the “Hardware” section. Sometimes, for exampkefilter match is being

simulated where the matching impedance is not 5@splt is desirable to be able to
specify a different impedance. This may be doneguie ‘Network Simulation Port
Impedances’ dialog in the network simulation cohfftnis code is subject to change
in later versions.
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Filter matching example

The inclusion of the simulation tool was in respots a request from Roderick Wall
for filter matching functionality. The following i8is description of how to use it

(with some tweaks to the text). The previous seatiged it as an example to illustrate
the functionality present; here the same exampléven again as a step by step
example.

The example used is for an ITT 10.7MHz filter (DUThe matching requirement is
900o0hms with 24pF parallel. The simulation tool banused to determine the actual
filter, to check filter performance and to determithe component values for the
matching circuits. The ITT Filter s2p data can ltbex scanned data or stored data.
For this example the s2p S-parameter data is ioréSt”; but the data could equally
be from live scan data.

Under “Trace Calculation” click (select) “Networkn@ulation Setup”. We will use
the simulation tool to generate two matching neksoA network from 50 ohms to
900 ohms with 24pF parallel capacitance and froensttime 900 ohms with 24pF
parallel back to 50 ohms.

The simulation tool will be configured to use 3tloé 5 available networks for this
function, with networks 1 and 3 used for the matgmetworks and network 2 used
for the measured performance of the filter by tihé®Mn a 50 ohm system. There is
nothing special about the choice of networks; wadequally have used networks 1,
4 and 5. The important point to note is that tigus@ce is as shown; the networks are
in series from port 1 (network 1) to port 2 (netiwb).
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Network Simulatio
Z —_ Click to select
\ BUTs2p

S-parameters

Select “Network Simulation” for the input matchiogcuit for port 1 of the Filter
(DUT). Note, the matching circuit component value only be shown after the next
step (Synthesize Network). Click the “Synthesizévidek” button to show the
following window.

Select the “Network type” and enter the matchinmgust input/output impedances.
Click “OK”. You are free to choose whichever typgenmatching network you prefer.
By way of an example, the first network used hera simple high pass L match.
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Click to select

S-parameter
For DUT

)

Select the location of the ITT Filter (DUT) s2p Srpmeter data, it can be either
scanned or stored data. For this example the IT&rE2p S-parameters are in “Store
1”. If you don't have a s2p S-parameter filter,flad the example “10.7MHz Sample
Filter.s2p” file into “Store 1”. This file may beofind in the installation directory of

myVNA. Depending on the program configuration whem load the file, the scan

parameters may be automatically set to match th#teodata loaded; if not set the
centre frequency to 10.7 MHz and the span to 30 kHz

Network Simulatio

Click to select

Select “Network Simulation” for the output matchicigcuit for port 2 of the Filter
(DUT). Note, the matching circuit component value only be shown after the next
step (Synthesize Network). Click the “Synthesizévidek” button to show the
following window.
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Select the “Network type” and the matching cirénput/output impedance. Click
“OK”.

From the Network Simulation window click “RecalctdéData”. This will generate a
simulation of the above 3 networks. To displayghmulation trace select “Show
Simulation Data” option under “Trace Calculatiors’ shown below.

The simulation trace will be displayed with whatedesplay modes are selected. For
example, selecting “S21” should yield the followidigplay:
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S21 Traces, unmatched (red), matched (blue).

Simulation and Crystal Equivalent Circuits

Simulation support has been added to Crystal E¢gnv&ircuits. Don't try to use it
with the 6 term model — it is not going to work.

Under crystal simulation, there is a new buttomiliate”

If this button is pressed, the current simulationfiguration is replaced by that of the
crystal parameters being shown.

The simulation control dialog does not have to perofor this to work, but if it is (or
if it is opened later) then the schematic of thestal will be shown
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The results of the simulation will also be displays the screen with the main trace
as shown below. In this example, the green andraegs are the scanned data, the
other two the simulated data from the results.

Simulation Limitations

There a couple of limitations to be aware of. Firstan and store are used at the
same time the number of data points in the scarstord must be the same and the
frequency details must be the same. The numbeataffbints in the simulation will
adjust itself to the scan or store settings autmaly.

Now the second limitation. Simulation uses ABCLafsfer) scattering parameters,
and to work correctly this means that the programstrpossess forward and reverse
dual detector data. The program will try to be hdlut be careful. If you do not
have valid reverse data for a network, it will redise forward data for the reverse
direction in order to have something to use, bistdlssumes the network is
symmetrical.

Marker Measurements

Under “Trace Calculation” is an option “Show Markéeasurements”. This opens a
dialog box that provides a detailed view of a raofjparameters at each of the
markers (1-6).

When opened (it may also be opened from the to@b&mom a right click / popup
menu in the main view) a dialog box appears like th
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This, when opened, will always appear on top ofrttaén window. It may be
minimised, or it may be closed an re-opened. Thkiengs will still be present (they
are also saved on program exit / restart). The figare” button determines which
parameters are to be displayed. It brings up agliabx thus:

Tick the parameters desired; for example ticking™RG(dB) and “S11dB” followed
by “OK” changes the marker measurements windowito t
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For each marker selected, those parameters wahben. To select the appropriate
markers, tick the option 1 to 6 at the top. Sehecfor example ‘1’ and ‘3" will not
immediately display any information, but when tharkers are showing valid data
then the parameters listed will be enumeratedhiemtarkers selected, for example as
shown next.

The Marker Measurements box may be moved, mininosedsized as desired

A word of warning. The markers will interpolatey 'example for a zero crossing
marker. The Marker Measurements will not. Also thgmg Group Delay with a
marker at the left hand end of the scan will gehish results.
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Finally, the marker measurements are not includegaint or clipboard copy yet.

Full Screen Display

Under the “view” menu is an option “Full Screen’this is selected the display will
switch to a full screen display mode. To returmeomal, hit the “Esc” key.

Scan setting options & the Scan Toolbar

Look again at the drop down list of scan settifidge Scan toolbar is the toolbar that
extnds from “Centre” to “Avg” in the picture belowt.is a moveable dockable toolbar
S0 you can drag it around if you wish.

You may set the scan in many different ways. Fo#lrSsets the range to be the
current limits of the VNA. From Zero sets the depfrom zero to the current “stop”
frequency. The other six options are in two grodpisose based on a start frequency
and those based on a centre frequency. For eachec#im may be set for a specified
span, per step or per division. Divisions herersefe the number of divisions on the
frequency axis of a rectangular display non lodesCEhe toolbar will change its
labels according to the selection you make.

Keyboard Shortcuts

The following keyboard shortcut may be used

Key Function
Esc Exit from fullscreen mode
F1 Open help file
Ctrl-C Copy to clipboard
Ctrl-O Load file to store
Ctrl-P Print
A Autoscale
C Calibrate
M Open marker dialog
S Start / Stop scanning
T Single scan
F Toggle Full Screen
Ctrl-M Marker Measurement Dialog
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Annex A — Common Configurations

Can't get a trace on the screen? Check the settiege are a simple set to get you
going.

Instrument mode:
Reflection or transmission mode is suggested Ihjtia
Untick ‘Perform Reverse Scan’
Untick ‘Use RF-IV mode’
Untick ‘Use Reference Mode’
Untick ‘Always Do Dual Scan’
Untick ‘Logarithmic Scan’
Make sure “Reflection Data Port” shows “1” as aueal
Set Trace Averagesto 1
Dlsplay Sets
Rs+Xs for transmission mode or G(dB)+<G for trarssmn. Choosing an
option under this heading means you can ignoradar Display Left and
Display Right
Dlsplay Options
Tick ‘Graticule’
Tick ‘Scan Progress Bar’
Tick ‘Autoscale on display change’
Tick both “snap” options
Tick “Audio Cues” if you want some beeps
Tick “Force |display| for log axes
Untick “Invert RL display”
Tick “Display Info Tips”
Set vertical divisions to 8
Set horizontal divisions to 10
Set Print Pen Width to 5
Set Display Pen Width to 2
Untick ‘Smith/Polar View”, “Report View” or “Equivient Circuits”
Untick “Auto Refine Eq Cct”
Tick ‘Show Scan Data’
Callbratlon
Untick “Relax harmonic mode checking”
Tick ‘Use Separate ISO Average’
Set Isolation Average to 5
Set trace averages to 2
Untick “Unguided Calibration” initially
Tick ‘Response and OSL Calibration’
Untick “Log Calibration Scan”
Untick “Do LLC calibration”

Untick “LodE mode with Cal data”
Reference Standards

Set Cop to 0.04
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Set Cld to 0.23
Set RId to 50.00
Set LId to 0.15
Set Rsh to 0.00
Set Lsh to 0.00
Set Q LLC to 3000
Set “Q @ Freq (MHz)” to 1.00
Set C LLC (pF) to 300
Tick “Fixed Q”
Tick “Save stds data in cal files”
Tick “Load stds data with Cal files if present”
Load & Store Data
Tick “Set scan to file data on load”
VNA Hardware
- If using single detector VNA set both ADCs to lethise the “usual”
configuration is ADC1 for Reflection and ADC2 feahsmission.
If using dual detector set the ADCs according to gonfiguration
Set ADC step delay to 1000
Set Sweep Start Delay to 5000
Set Phase change Delay to 0
Set ADC Speed to 10 for a VNA with 2440 ADCs, dofLa VNA with
2410s
Set clock to 148.343 initially (set it for your klarare later)
Set Minimum frequency to 0.06 MHz
Set Maximum frequency to 60 MHz
Set System reference to 50.00
From “hardware interface”, choose either USB oraRal; choose
InpOut32 initially and check if using parallel ththe port name and base
address are correct. Set the parallel port ADCduméo 500 ms.
From “Choose CDS/Harmonic mode” set “Harmonic Seppion Mode”
and “Fundamental” and “4 samples”
Tick “Load DDS during ADC”
Untick “Swap detectors on reverse scan” but remeriiie needs setting
correctly if you use an S parameter test set
Tick “Power down DDS when idle”
Choose Trace Colours
Choose suitable colours — not white !
Transverters
Tick ‘none’
Network Settings
Nothing to set in this version
Switches and Attenuators
- Select the configuration dialog and ensure all&vas are enabled (you
may have to temporarily select the USB interfacenffHardware” to see
switchl)
Ensure that for reverse scans, neither switcltked in the treeview
Ensure that the “Set Attenuator Automatically” optiis not ticked.
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From the “View” menu select “Options” and set tbédwing
DDS Clock Frequency Limits Min 10, max 10000
Base VNA frequency limits to 0 (min) and 10000 (max
Transverter Frequency Limits 1 (min) and 10000 ()max
Calibration standard limits 500 ( RId) and 10 (tbst)
Untick all the “Change LeftView Controls” boxes.dhy were ticked, exit
the program and restart it to display the missimgtiols.
Tick the option “Use Curve fitting for Calibratiddata Interpolation”
Untick the option “Use Log(f) if curve fitting logalibration data”
Tick the option “Set DDS to scan start freq wheritiwg for calibration”
Tick “Permit frequency drag/rescale whilst scaniiing
Set Display frequency limits to 0 and 200
Tick “save basic mode in calibration data file”
Tick “prompt for calibration notes when saving”

On the main toolbars:
Select “Full Scan” from the drop down list
Set Steps to 200

Now exit the program and restart it. Proceed aghgefirst time use in the front
sections of this manual.
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Annex B — S Parameter Test Sets and Bridges

There are basically 3 configurations for the VN&gée detector, dual detector and S
parameter test set.

For a single detector configuration, there aredadlyi two configurations; straight
through for transmission mode or a single bridgafigaration. In the latter case the
RF DDS Out and Det RF In ports of the bridge amneated to the corresponding
ports on the VNA and the Device Under Test (DUThroects, not surprisingly to the
DUT port. Refer to Figure 11 of Part 2 of Paul’'s AMocumentation for a circuit
diagram. This configuration is shown in Figure AR&#ul’'s Fast Detector publication.

A simple single bridge dual scan configurationugable in the following
circumstances:

Dual Scan Response Calibration (RC)
5 or 6 term Enhanced Response Calibration (ERC)
10 or 12 term calibration with manual device reaérs

In this configuration, the bridge is connected lagve, the DUT port on the bridge is
connected to the input port of the device undéraad the output port is connected to
the transmission detector input. When calibratthg,DUT is substituted by an Open
Short or Load on the bridge DUT port or by a thtmegnnection in Thru mode. This
configuration is shown in Figure B of Paul’'s Fagtt€ctor publication.

An S parameter test set is used with 10 or 12 taifbration with automatic
switching. In this configuration two bridges areedswvith relay switching as shown in
Figure C of Paul’s fast detector memo. The DUTosnected between the DUT ports
of the bridges.

When testing amplifiers it may be advantageousstdifferent attenuator setting for
forward and reverse scans. To support this, thgram may be instructed to
automatically set an attenuator value before eeagh,sand to use a different value for
forward and reverse scans. To read more on thithsesection on Attenuator control.
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Annex C — Glitches when using the parallel port

Under XP it is possible to get sudden unexplaingdhgs such as the one shown
below

Glitch

Whilst signal/cable errors may be the cause, tiseaéso a possible software reason.

Under later versions of XP, the parallel port suesn will poll for printers
automatically; apparently on a periodic intervabageconds and following the
detection of activity on the port. This can giveerto glitches like that shown above.

If this happens, you may disable the auto poll fiamcby changing an entry in the
registry. Specifically in the following location

HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Service s\Parport

there may be a key called ‘Parameters’. If notat@®ne and then within that key
create an entry called ‘DisableWarmPoll’ of type DMV with a value of ‘1’. Next
time you start the computer the problem should lgores away but it is worth
checking with RegEdit that it is still present.

Note also that a search on the Internet for ‘Dis@tdarmPoll’ will solicit many

similar postings; this is not a unique problem. lo@r guidance seems to vary. Some
say to put the entry into ControlSet0001, some @nkey ‘Parameters’ within that
location. | have found that if you do this, thergnwill be erased on startup.

To re-enable the warm polling, set the value to ‘0’
To do this automatically, create a couple of tdesfcalled ‘EnableWarmPoll.reg’

and ‘DisableWarmPoll.reg’ with settings of 0 ance$pectively. The contents of the
files would be as shown below. Note that for myVNikes like this will be
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automatically installed in the program installatdirectory under a sub directory
called ‘Parallel Port Configuration’

For DisableWarmPoll.reg:

Windows Registry Editor Version 5.00

[HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Servic es\Parport\parameters]
"DisableWarmPoll"=dword:00000001

And for EnableWarmPoll.reg:

Windows Registry Editor Version 5.00

[HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Servic es\Parport\parameters]
"DisableWarmPoll"=dword:00000000

Double click on the appropriate file. Two confirnoat dialogs will be displayed, one
to check you want to modify the registry and onedofirm the change.

If you find this does not work or that the key ngéadl be elsewhere to work on your
system, please let me know.
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