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1 Introduction

This document explains how to use myVNA. It gives step by step instructions in the
form of a short tutorial from initial installation, showing how to use each of the main
features of the program.

For an overview of how to install the program, please refer to Section 3, “Start Here”
on page 7.

myVNA is a Windows GUI for the N2PK VNA.

myVNA offers the following:

Reflection, Transmission or Dual detector scans

S Parameter measurements with 5,6,10 or 12 term correction
Automated Crystal Equivalent Circuit measurement

Full transverter support

Ability to load & store traces in multiple file formats

Full set of display modes including Smith Charts and Polar displays
Signal and sweep generator mode

Integrated support for parallel and USB connection

Runs under W98, ME, W2000, XP, Vista, Windows 7 & 8

Basic, CDS, Harmonic Suppression and 2/ 3/ 4 / 5 harmonic modes
Manual and automatic tracking markers with marker arithmetic
Scans of up to 50,000 points per scan

Averaging of trace sequences or averaging up to 10,000 readings per point
Print & Windows clipboard copy support

Switch and attenuator functions with manual or automated 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 rectangular displays
Avrbitrary equation editor allows user defined functions to be created
Basic network simulation

TDR mode

An Automation (OLE) interface

A “custom” hardware interface for control of other VNA hardware
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following are noted:

First, above all, to Paul Kiciak, N2PK, for producing a most excellent VNA design
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About myVNA =

myVMA Wersion 1.0.0.91

M
Eﬁ Copyright (C) 2008-2015 Dave Roberts

This program is copyright Dave Roberts, GBKBB. Itis designed to be used with that most
excellent piece of hardware the N2PK VMA (http: /fwww.n2pk.com).

If you are a Radio Amateur and using this with an N2PK YNA that you built for hobby
use, then you are free to use this program.

For any other use, commercial or otherwise, you may not use, disassemble, modify or
make daim to it for any purpose without permission from me. Please see the license in
the installation directory for full conditions of use.

WiInIQ is copyright 1998-2002 Yariv Kaplan. (http: ffwww.internals.com).
Flease see the details in the installation directory of myVMA for full information

InpOut32 is from Logix4 (http:/logix4u.net) and no specific licensing is required

The filtering algorithms used in harmonic suppression and harmonic modes are induded
by permission of Paul Kicak

The equation parser is Copyright {c) 2008 Jacob MNielsen. Flease see the file "parser
redist conditions. pdf™ for more details

The TDR function uses code derived from the Chirp-Z algorithm A5-117 from the Journal
of the Roval Statistical Sodety Vol 26 Mo 3 (1977).
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Start Here Installation

3 Start Here

This chapter describes how to install the program including entry of product keys and
program activation.

3.1 Installation

First, install the program from the setup.exe that accompanied myVNA.msi. If you
have a previously installed version, running the new installer will remove the old
version automatically first. It will also remove all settings from the old version. The
installer will create shortcuts in the start menu and desktop. It should also create a
directory in “my documents” called myVNA; it is suggested that you store settings
there. The program may be uninstalled either by rerunning the installer or from
add/delete programs in Control Panel. It also copies into the program directory some
images (used in calibration and equivalent circuits) and some DLLs. One is
inpout32.dll for parallel port access. Another is vnadll.dll, the USB interface dll. In
order to run the USB interface you must also have installed the USB drivers. To
support the MSA there is also a specific dll — msadll.dll. Copies of the current
versions of each are included in the installation and should appear as zip files in the
installation directory.

The installer also creates a subfolder with USB drivers and a utility to program the
USB controller chip. When the VNA is connected, if USB is used, Windows will
prompt for the appropriate drivers. DO NOT let windows search online for drivers,
make sure you tell windows to let you choose the drivers from local storage, and
navigate to the appropriate subfolder in the USB drivers folder. Installation of the
drivers is a two-step process — it will ask you twice, point it to the same location both
times. For more detail, please refer to Annex G - or to the USB driver installation
instructions for which there should be a shortcut in the start menu.

For 64 bit operating systems, Vista or Windows 7 & 8, signed parallel port drivers are
needed if you wish to use the parallel port to drive the VNA. In this case, you must
install the drivers first by executing the file “InstallDriver.exe” which you will find in
the program installation folder. It needs to run as administrator but should only need
to be run once. To run this as administrator, right click on the file and select “run as
administrator”.

There is a choice of parallel drivers. Support is built in for both inpout32 and WinlO.
The former appears more compatible, the latter faster. If WinlO works, use it,
otherwise try inpout32. WinlO will only work under Windows Vista if you have local
admin rights to the PC.

For the N2PK, both USB and parallel are supported, for the MSA only USB is
available.

The program also supports a “Custom” VNA interface. This allows an interface to be
written to other VNA hardware so that it can be controlled by myVNA. This is
described in Annex E.
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Start Here Product Keys

3.2 Product Keys

The first time you run the program it will ask for a product key. If you use the
program for personal Amateur Radio purposes, and not for commercial purposes, then
product keys are available free from myvna@btinternet.com and for commercial use
the product key will have come with the product information.

Product Key & Registration management . &J

Please enter here a valid product key. This will have been provided with the product
documentation. Without a valid product key the program will not function. To change the key
curently in use, enter the new key and dick "Change Product Key™,

Product key valid but needs activation in 25 days

| Faste | |

| | Exit

To paste in a product key, which will look something like this:
1ZY9G-HUBIB-4RUY6-9REMN-34IHP-NE3PY-BO9BNQ

use the “Paste” button, having previously copied the product key into the clipboard.
Alternatively, the key may be entered manually.

The product key comprises letters A-Z and numbers 2-9. The numbers 0 and 1, and
the letters L and O are not used.

The program will indicate simple typographical errors if they are detected, but the key
will not be cryptographically validated until you set the key and exit from the dialog.
When an apparently valid key is entered, the “Set/Change Product Key” button will
be enabled. Click it then click on “Exit”. The next time you open the dialog box it will
indicate the status of the product key (where it says “The product has been
successfully activated already” in the above example).

Depending on the product key it may also be necessary to Activate the program. If so,
then the number of days until it must be activated will be shown in the dialog as
above.

At the moment, automatic activation is not available — it must be done by email so
don’t leave it until the last minute.

3.3 Product Activation

If needed you will normally have up to 30 days to activate the product (60 days for
commercial licenses). Automatic (online) activation is not currently available so
manual activation must be used.
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Start Here Product Activation

From the “Help” menu, there are options to enter or change the product key or
activate the product. The “Activate” option opens a dialog as follows:

Offline Product Activation - =%

Activation Data
Copy | A2UNPDAEMZ 73WKQ SEIL4E4YNTXFUSDEM

Online activation is not yet available. Please email the above data to "tbd”. Responses are manually
processed so a reply will not be immediate. Paste the response into the window below and dick "Activate
Product”.

Clear | Paste | Copy | Activate Product |

Product key valid but needs activation in 25 days

Exit

If a valid product key has been entered that needs activation, then activation data will
be displayed. Copy this into an email to the address shown (or to
myvna@btinternet.com if one is not otherwise indicated). Upon receipt of the
activation key, paste it in and click “Activate Product”.

Activation keys look like product keys but they are not interchangeable. Do not try to
enter a product key as an activation key or vice versa.

Please note that given the security sometimes applied to computer settings for some
operating systems, it may be the case that if activated under one user account on a
shared computer it may not appear to be activated for other users of the same
computer. If this is the case, use the same product and activation key for other
accounts. It may also be the case that due to local security policy restrictions, you
need to run myVNA as administrator when performing product key entry or
activation.

myVNA v0-93 Page 9 of 181


mailto:myvna@btinternet.com

Tutorial First Run

4 Tutorial
This chapter provides a step by step tutorial on using myVNA.

4.1 First Run

When you first run the program, or after installing a new version, it will not find any
stored parameters in the registry (it does NOT use ini files). Everything will default
and, specifically, it will not find any calibration data. If this is the first time you have
run the program, or have run it but never performed a calibration scan it will silently
proceed to the main screen, otherwise it will tell you this:

1 E The specified Calibration Data File could nok be opened
LJ

If this is shown, just click OK and proceed to the main menu as shown below:

# myVNA - Transmission mode “myVNA" = | B |
File Edit View Help
=" & 2K 1 >0 URFMINSHKA¥ELPnR Bt £ |[LLSEH#
Start Scan ‘ Single Scan ‘ Calibrate ‘ Autoscale Markers | Start| 2.150000 MHz v Stop [ 5150000 mHz -] [start/stop | steps [2000  Ava.[1
Instrument Mode -
Display Sets
Display Left
Display Left (Calc, Time) 1.00 180.00
Display Right
s
il 161
| 0.88 135.00
G 0.13
= 1Div
I 0.75 90.00
I
I 0.63 45.00
[
[
| 0.50 0.00
I
.
.
I 0.38 -45.00
I
[
I
I 0.25 -90.00
[ 10 Term Cali
ww 12 Term Cali
. Calibrate VWM
Do 5/6 cheat 0.13 -135.00
Load mi with Cal Data
5 Reference Standards
-5 Load & Store Data 0.00 -160.00
€3 VNA Hardware 2.9129 3.0806 3.2484 3.4161 3.5839 3.7516 3.9193 4.0871 4.2548 4.4226 4.5903
% Choose Trace Colours < 0.0000 167.7392 kHz { div, 0.3000 us { div 3.0000
< ] v
Cursor Freq: 3.520148 MHz, Time: 108604 us, Left: 0926902 , Right: 153,685 Degrees 42371 secs CDS mode

The screen is divided into several parts. At the top are 5 toolbars — the usual windows
one, a scan control toolbar with buttons on it, a controls toolbar, a display format
toolbar and a span toolbar.

All are floating, dockable toolbars and can be moved around. When you exit the
program, the position will be remembered. It won’t do a perfect job of this. It won’t
let you put them all on one row for example, because this interferes with the menu
command to hide the main toolbar. You can’t hide the scan and span toolbars!

On the left is a “treeview” of the main settings. On the right is the output display.
Initially, if you position the mouse over one of the entries in the treeview on the left, it
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Tutorial Setting Initial Hardware Settings

will display an “Info Tip” with a brief explanation of the function. There is an option
to switch these off in the “Display Options” settings when you get used to the
functions.

As the program knows you have no calibration data it has opened up the calibration
data controls, but you need to set the hardware up first. Experiment with this tree
control. You will find that as you click on each of the main items, it will open up and
the previous one will collapse to keep the display manageable.

4.2 Setting Initial Hardware Settings

Before anything else, the hardware settings need to be configured. Select the “VNA
Hardware” node. The display will change to show you the controls as shown below:

File Edit View Help
(= =] =] S PN ] >S5DDILI RIFIMI[||[=%>ELPnRI B tdr
Stortscan | SngkSen | Gebrote | Auscole | Merkers |
Start| 6, 150000 MHz Stop | 8, 150000 [MHz ~| |Start/Stop ~ | Steps | 500 Avg.| 1
0.00 0.00
o S11(dB) 521 (dB)
o -10.00 -10.00
I 10.00 10.00
I dB 4B
I 1Div 1 Div
(| -20.00 -20.00
Hal e
I Configure the hardware
ADC Step Delay (us) 1000 -30.00 -30.00
Sweep Start Delay (us) 10000 |
Phase C| el
ADC sps -40.00 -a0.00
System Re
Hardwars
Choe:
./ Load DD 5000 50.00
./ Swap Dets
./ Power D |
i SetRF-IV 50.00 60.00
Set Refe
%° Choose Trace Col
O} Transverte = =
|83 Network Settings 70.00 70.00
& switch and Attenuators
| -80.00 -80.00
6.1500 6.3500 6.5500 6.7500 6.9500 7.1500 7.3500 7.5500 7.7500 7.9500 8.1500 I
I -0.5000 200.0000 kHz { div. 0.3500 us / div 3.0000
a0 v
3.501 secs. CDS mode

First, select the Hardware Type from the option under the “VNA Hardware” option of
the tree control as shown below:

_ R _—
Display Right (Calc, Time) A

‘R Trace Calculation

G Display Options This opens a dialog box as shown:

{} Print Options

. Calibration

. Reference Standards

) Load & Store Data

@3 VNA Hardware

Hardware Type Q

" Msa Cancel

Configure the hardware
ADC Step Delay (us) 2000
Sweep Start Delay (us) 1000
Phase Change Delay (us) 5( Select the desired hardware type and click
ADC Speed 10 “OK”.
System Reference (ohms) 5
/" Reload Z0 with Calibration
Hardware Interface
Choose CDS/Harmonic mo
/ Load DDS during ADC
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Tutorial Setting Initial Hardware Settings

4.2.1 N2PK Hardware Setup

Next configure the hardware. For the N2PK this is easy — just select the “configure
the hardware” option under “VNA Hardware” in the treeview to the left.

M2PK Hardware Settings *
Transmission ADC Reflection ADC
i~ ADC1 * ADC1
{+ ADC2 " ADCZ2

143.343724  Clock Frequency (MHz) Calibrate
’F Minimum Frequency (MHz)
lﬁtli Maximum Freguency (MHz)
Im ADC Voltage conversion factor
ReadeeproM| augél:?;gﬁb:re parameters
Write EEPROM

Cancel |

Enter the desired settings and click OK. If you wish to set the master clock frequency,
there is a Calibration function to help. Click the “Calibrate” button, but note that you
can’t do this until you have selected the hardware interface, so come back to this
later...

If the EEPROM related buttons and tickbox are not greyed out, then it is possible to
load & save the hardware parameters in the EEPROM of the USB adapter, so that the
hardware settings are associated with the relevant hardware. This ooption is only
available if build 26 of the firmware has been loaded into the eeprom of the interface.
For more details of this, refer to the files distributed with USB Configure.

To set the master clock frequency, first make sure the VNA has warmed up and
connect a digital frequency meter to the RF output.

Calibrate ¥MA Master, Oscillator EI

To use this function, connect a frequency counter to the YMA so thak it
measures the generated carrier frequency, Then enter below the
measured frequency.

When you click "Set Clock” the master oscillator frequency will be adjusted
to correct the settings for the actual master oscilatar in your Y&, To
avoid changing the oscillatar, click "Cancel"

Click the "Set DDS" butkon to reset the DDS outputs to the currently
entered Expected Frequency, The "Set Clock” button is only enabled if
the measured and expected frequencies are within 10%:

Expected frequncy | 5000000 Hz

Measured frequncy | 0 Hz

T
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Tutorial Setting Initial Hardware Settings

The frequency counter should display a frequency close to the expected frequency
shown. Enter the measured frequency. If it is within 10% of the expected frequency
(this is just to prevent “finger trouble”) then the “Set Clock™ button will be enabled
and, if clicked, will close the dialog and change the master clock frequency to
calibrate for the oscillator in the VNA hardware.

The “default” frequency shown here is 5 MHz. As soon as this dialog is opened, the
program will attempt to set both DDSs to that frequency. If you wish to use a different
frequency, enter it in the “Expected Frequency”. The “Set DDS” button will then be
enabled and when clicked it will set both DDSs to the new frequency.

The final entry, “ADC Voltage conversion factor” should not normally need to
change. It is there for anyone who uses myVNA to control other hardware. In this
case, the ADC reading is multiplied by this conversion factor to convert the value into
volts. The value shown here is 1.64636127271944e-009, which is the ADC hardware
reference voltage (2.5) divided by 228 as the drivers internally use a 28 bit reading,
divided by 2*~2 for rms conversion.

4.2.2 MSA Hardware Setup

MSA Hardware Settings @

PLL Configur ation Filters
PLLL PLLZ PLL3 # Freq(bz) [ Bw (kb |
0 10.700000 15,000
Type 4112 =l ez = =l
Polarity |N0n-invert j |Invert j | J
Reference
|07 4 |
Mode Inkeger -
Filter | cuecff Hz) |
DOS | Lo Configuration ide 1000.000
DosL Loz ] 1id 100,000

Centre Marrow 10.000
e |107 | 1024 |
Bandwidth
{MHz) 0,015
Basic Configuration ADC configuration Clocks TG

+ Basic MSA Type |16 bit j | 64 ?ﬂ;ﬁiﬁr Clock . &

" with Tracking Gen )

Max ’7 0.1 Min Freq
’ POM MHz
 With YA (MHz) Canel
Max Freq
Dren 1000
Set Defaults Invg. (MHz)

The first time you run it, the PLL types will show as “????”. Select the basic MSA
type from the “Basic Configuration” options bottom left then click “Set Defaults”.
Now change the options to match your hardware.

The filters are set using the two filter edit windows on the right. To change the entries,
either double click with the mouse or right click for a menu. If you double click on an
entry, it opens a dialog to edit the entry, double click away from an entry and it offers
the chance to add an entry.

The top pane configures the 10.7 MHz band pass filters. The lower pane configures
the video low pass filters. Set each as needed but — importantly — set the delay value.
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Tutorial Hardware Interface Selection

If you are not sure click the “guess” button once the bandwidth has been entered. Here
are a couple example dialogs.

Mame | Narrow
4 Frequency
Ceelete Filker (MH2) 10.7

Cut-off 10 Bandwidth 0

{Hz) (kHz)
\ GUess Delay | Guess Delay |

Cielay Delay

{ms) |IDD {ms) |D

Cancel Cancel

On the main screen of the program is a new toolbar not used for the N2PK VNA. See
the figure below. Like all toolbars here, it is a dockable, floating toolbar and can be
moved around to where you want it.

& myVNA - Spectrum Analyser mode “myVNA™
Eie Edt View Help

=& E TK|| 1 3>S3DDILI RF M| =%ELPnR &

stotsen |[sngesean | calbvare | autoscade warkers | Start[20.000000  [MHz Stop[20.200000  [mHe v [Startistop | Steps [1000  Ava[1

-0.00
Amp. [dBm) \
10.00
dB Path | Path 0 {15.000kHz) - ~ VEW | Marrow v
T 1 Div - I
D8

Configure the hardware
ADC Step Delay (us) 0
Sweep Start Delay (us) 10000
Fhase Change Delay (us) 0
ADC 5peed 8
System Reference (ohms) 50,00
Hardware Interface

-50.00

sttt 'L"-MM
[ Y v,

-100.00
20.000 20.020 20.040 20.060 20.080 20.100 20,120 20.140 20.160 20.180 20.200
20.000 kHz } div

0,611 secs D3 mode HUM

Select the video filter and path. From “Instrument mode” select “Spectrum Analyser”
and from the Display Left select “Amp. (dBm). Untick any option in “Display Right”.
4.3 Hardware Interface Selection

Select the “Hardware Interface” option from the “VNA Hardware” section of the tree
control. This pops up a dialog box like this
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Tutorial Hardware Interface Selection

Interface Configuration E|
Selected Interface Parallel Port Configuration
f+ USB m Port Mame
" Paralel m Base Sddress
£ ToR/P IW A0 Timeout {ms)
™ Custem

LISE Configuration

0 | Instance

r TCPYIP configuration
Parallel driver | o . o0 .0 .0
* Inpouksz
e Portfumber | 49152
™ Winla
oK | Caneel |

Select the interface type you are using (MSA only supports USB) and if parallel is
chosen, select the base address of the printer port and the port name. The TCP/IP
option is described in Section 33 on page 38.

For the parallel port, the address is the one used for I/O; the port name is used simply
to reserve the port and try to stop other programs from accessing it. Note that if you
want an address different to that in the drop down list, just type in your desired
address. The program enforces basic limits on the address but does not otherwise
check its correctness. If however you select a “non-standard” address it will ask you
to confirm it. If you enter a silly value and confirm it, the program will try to use it. If
that happens to be some other 1/O device then you are liable to crash your computer.
Take care.

You have a choice of parallel drivers to choose from. Start with InpOut32. This is the
slower option. Use it initially and, once you are certain all works correctly, try WinlO.
It should be faster. Remember that under Vista you must have local admin rights if
WinlO is used.

The Custom interface uses a defined APl from a custom DLL and by this provides a
means to access other hardware VNA designs provided that a suitable interface DLL
is created.

Now change the other parameters as needed.

Change ¥YNA Parameter E|

Please enter the vwalue For the delay befare each ADC
COnwersion in usec

Current setting is: 2000
Minirmurn = 0, Maximurn = 200000,

o4 | Zancel
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Tutorial Choose CDS / Harmonic mode

When you click on a control with a value associated with it such as the ADC step
delay, a dialog will open up allowing you to change the value, as shown below. The
min and max frequency parameters relate to the frequency range of the base hardware
VNA. The default is 50 KHz to 60 MHz but change it as you wish. All settings are
retained when you exit & restart the program.

Ignore the “USB Instance” parameter for now. This is designed to allow multiple
USB connected VNAS to be used at the same time on one PC. For more details, please
refer to Section 31on page 126.

4.4 Choose CDS/Harmonic mode

This treeview node from the VNA Hardware section allows the harmonic mode to be
selected. In Basic mode, a single pair of measurements is made at each point, one
reading 90 degrees out of phase with the other. Harmonic suppression modes perform
additional measurements and also permit selection of harmonics of the DDS
frequency. The dialog box is as shown below:

Configure CD5 / Harmonic mode g|
Select Mode Samples
" Basic Made ™ 4 Samples (CDS)
* Harmonic Suppression Mode: £ 83amples
" 16 Samples
Harmomic {* 32 Samples
* Fundamental ~
" 2nd Harmonic 9
~
" 3rd Harmonic
" 4th Harmonic Mote: For CDS, select Harmonic
Suppression, Fundamental, 4
" 5th Harmonic samples

Cancel |

For now select “Harmonic Suppression Mode” with “Fundamental” and “4 Samples
(CDS)”. This is also known as Correlated Double Sampling (CDS) mode. There is
more on harmonic modes later in this manual.

Also, when calibrating in transmission mode with a CDS sweep it will offer you the
option to skip the ISO (Isolation aka “open”) calibration as shown below:

“?r/ As this is a CDS scan, do you wish to skip the 15O (Open) step?
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4.5 Setting the ADC mode

The ADC mode is shown as a “speed” value from 1 to 10 with 1 the slowest, and 10
the fastest. When you change the ADC speed (to be found under the “VNA
Hardware” treeview node), a dialog pops up as shown below. Select the desired ADC
mode by selecting the appropriate radio button then clicking OK. Note that two forms
of display are possible; technical ADC data is shown if you click the “Display ADC
Technical data” box. Both forms are shown below, and the program assumes both
ADC:s are of the same type.

Select the desired ADC conversion rate Select the desired ADC conversion rate
Fastest 10 (+ Fastest 10 ¢ OSR =1, ADC speed is 3.25 KHz
9 i 9 {7 0SR =2, ADC speed is 1.76 KHz
i 8 {7 0OSR =3, ADC speed is 880 Hz
7o 7 {7 0SR =4, ADC speedis 440 Hz
6 & " QSR =5, ADC speed is 220 Hz
5 5 {7 0OSR =g, ADC speedis 110 Hz
4 4 {7 0SR =7, ADC speedis S5Hz
i 3 7 0SR =8, ADC speed is 27.5 Hz
2 2 0SR =9, ADC speed is 13.75 Hz
Slowest 1 Slowest 1 {7 QSR = 15, ADC speed is 6,875 Hz
[ Display ADC Technical Data
Cancel K | Cancel

4.6 Setting the Display Options

Select the Display Options from the main tree view and change these as needed. Note
the Graticule setting. A green tick should be shown. Items that are either selected or
not just gain or lose a tick mark when you click them.

You have the option to switch on or off a scan progress bar. This appears on the status
bar below the sweep display and shows the progress of the current sweep.

Also on the status bar will appear the expected scan run time. This is based on how
long things take on a typical PC and may be different for other systems, use it as a
rough guide only.

4.7 Performing your first scan

Assuming all of the above settings have been made correctly, go to Instrument Mode
and select either Transmission or Reflection. For whatever the instrument mode is, the
Display Sets will reflect the current mode. Try changing them and see what happens.
In general you have one axis on the left, one on the right and a frequency axis on the
bottom. Whenever you select a new left display item any previous one is removed. To
get the idea of this, select “Reflection” mode then open up display types like this
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Tutorial Performing your first scan

5
#8 myVNA - Reflection mode "myVNA" \ \ —

Fle Edt View Help
By SRR ] n>SDDIURFMINZSH¥XELPRE® x| |1 SE®
n | sngesan | cobrate | avtoscole | merkers | || cenwe[133m000 [z <] Spen[0040000 [z v [cenvespan <] Steps [a000  ava[t

Instrument Mode
Display Sets
- Rs+ Xs
Rp + Xp
23] + <Zs

VSWR
I RL
|Rha| = <Rho
Q
R+ Cs
- Rssls
Rp+Cp
Rp+Lp
Gp+ Bp
V] <Y

.oR
T-Check
TDR S11 & 522 (dB)
TOR ports1 &2Zs
splay Left
splay Left (Calc, Time) |
splay Right
splay Right (Calc, Time)

=== =]

ace Calculation
3 Display Options

14.2980 14.3020 14.3060 14.3100 14.3140 14.3180 14.3220 14.3260 14.3300 14.3340 14.3380
0.0000 4.0000 kHz } div, 0.1000 us } div 1.0000

Cursor Freq: 14303529 MHz, Time: 0138219 us 42371 secs CDS mode

Select Rs + Xs; a green tick appear — this will be on the left. Note the axes now carry
a default setting and labels of Rs and Xs.

o - Retcton e i D TR T, TR S T S W SERE. TRURE NS T SR
Fle Edit View Help -
=Hd By S PR ] S DIURFMI|INN=ZS3ELPhR &t x| 1. SHE
srtsen | Sngescan | cobrate | autosle | Markers | || cenve1a38000  [wiz <]  spn[0.0000  [WHe <] [centejpan <] steps [0 avaT

Instrument Mode
I Display Sets

/ Rs+Xs
Rp + Xp 100.00 100.00
- Zsl+<Ts
o Rs s
|Rhe] = <Rhe 12.50 8750 n7.5n12-5“
Q Ohms Ohms
- RseCs 1Div I Div
M - Rs+Ls 75.00 75.00
| Rp+Cp
oo
P+ Bp
| Mo <Y 62.50 62.50
0
- R |
- = 3 50.00 50.00
T-Check
I TDR S11 & 522 (dB)
TOR ports1 8275
: Displey Left 37.50 37.50
|77 Display Left (Cale, Time) |
Ml Display Right
Display Right (Calc, Time) 25.00 25.00
Trace Calculation
£ Display Options
12.50 12.50
0.00 0.00 .
] L 14.2980 14.3020 14.3060 143100 14.3140 143180 14.3220 14.3260 14.3300 14.3340 14.3380
L} Transverters 0.0000 4.0000 kHz { div, 0.1000 us / div 1.0000
[ Network Settings -
Cursor Freq: 14.317119 MHz, Time: 0477968 us, Left: 60.5982 Ohms, Right: 60.5983 Ohms 42371 secs CDS mode
L = =

Now select Rs + Cs; Cs will replace Xs.

Now look again at the TreeView. Beneath the currently displayed “Display Sets” are
options “Display Left” and “Display Right”. These allow you to individually select
what parameter to show on the left axis and what on the right. This is for the
occasions when you don’t want the predefined groupings of “Display Sets” and want
to choose them independently. Your choice. You can hide the sets option if you want
to. Incidentally, as will be described later on, you may display multiple data types at
the same time by selecting multiple parameters, holding down the CTRL key and
clicking on the desired choices. Finally, whilst it is usually the case that the offered
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Tutorial Performing your first scan

choices will match the needs of the instrument setting, you may find that you want all
choices available at the same time. To switch the program into this mode, open up the
options dialog from the View menu at the top of the screen and tick or untick the
option as necessary.

OK, select Rs + Xs again from the “Display Sets” option.

On the span toolbar, change the mode to “full scan” from the drop down list

i Reflection mode - myVNA E]@El
Fle Edit view Help
= SR [ [Fulscan <] steps [1000 Avg.[1
startscan | Sngescan | colbrate | avtoscde | mabes | |1 283D DI LRI F|Centrefspen 34 EL PnRI &
Instrument Mode
rom Zero
nirefPer

| Display Sets
Rs +Xs
Rp +p 100.00 Per Step
25| + <25 Start[Per Div
VSWR
RL
|Rha| + <Rha

100.00

Rs+Cs Rs
Rs+ls

Rp+Cp 12.50
Rp+Lp Ohms
Gp+Bp 1Div
[¥] + <

Display Left 50.00 50.00

AL
L
I
AL

QU0 UGD

¢

[
[«
Re
c
et

Ed

ork Settings
Switch and Attenuators

0.00 0.00
0.050 6.045 12.040 18.035 24.030 30.025 36.020 42.015 48.010 54.005 60.000
5.995 MHz / div

For Help, press F1 6.491 secs (DS mode HUM

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

Also present under “Display Options” are a couple of entries that control the labelling
of the horizontal and vertical axes in rectangular view mode. When ticked, these
cause the respective axis to be labelled at every graticule point and not just the first,
last and central ones. If you select the option to label the vertical axes, you may want
to drag the display type and units label away from the axes value labels so they do not
overlap.

4.7.1 Calibration
Click the “calibrate” button and follow the instructions starting with this
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Tutorial Performing your first scan

Calibrate Reflection Mode @

Open Calibration,
Please place Open Standard on bridge input and press OF, or press Cancel to abort,..

Real |
Imag [

The display shows a simple picture of the expected connections and a set of progress
bars that will display the current readings for the ADCs, continually updated. In
reflection or transmission mode, just the first pair is used. For dual mode scan, both
are active. The voltage of each is also displayed on the right of the progress bars. If
you get nothing displayed in the progress bars and no voltages shown, it means that
the hardware is not responding correctly to the software.

Assuming you get no error messages it will ask you for open, short and load and
finish with a ‘save file’ dialog. Choose a suitable name for the calibration data — the
program will automatically remember this filename and load the calibration data at
startup next time (along with all the other parameters you just set). It is suggested that
you store the calibration data in the folder “myVNA” under “My Documents”. This
folder should have been created for you when the program was installed.

As long as the calibration data is valid for the scan (i.e. the scan frequency is not
outside the calibration data) it will permit the scan, interpolating the calibration data
for the scan points selected if necessary. Also the scan data will hold two sets of data
at the same time, one transmission and one reflection — PROVIDED that the
frequencies and number of step points are the same. It permits this as part of its
support for dual detector scans and S parameters.

Note that the program will not allow you to mix CDS and non CDS calibration data.
Similarly it will not allow mixing of harmonic modes unless you explicitly override
this limit for test purposes. There is a flag to permit this under the “Calibration’ node.

Also you can choose to use additional averaging on the isolation step of CDS. There
are two options under “calibration” to support this as shown below. When selected (as
shown), the average number in the following line is used for the isolation step average
count instead of the normal display average count (under “display options™). The
number of averages at each point may also be set separately for calibration as for
scans at this point.
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£ Reflection mode - myVNA EEXR
File Edt Wiew Help
=] ERAL
5 Start | 1.000000 Wz v| Stop[en.ononn  [miz v [Statistep v Steps [ 1ooo
| Display Sets
_ Display Left
" Display Right 100.00 180.00
1Zs]
12.50
Ohms
Clear calioration Data i Div
Relax harmonic mode checking
Use Separate Tsolation Avg
Isolation Average S
Unguided Calbration
50.00 0.00
0.00 -180.00
1.000000 30.500000 60.000000
1,643 secs CDS mode UM

The form in which calibration data is stored is in its raw format, without calibration
standard offsets applied. This is to allow steps in the calibration process to be
repeated. When it is used, it is corrected. This also applies to when it is loaded from
disk. Therefore if you change the calibration data standard settings then reload
calibration data, it will be corrected for those new settings.

Finally on calibration, you can display a summary of the current calibration data from
the Calibration node on the left pane. It will result in a dialog box something like this.
The filename of the current calibration file is shown together with the details. If the
file contains any calibration notes these are shown at the bottom of the dialog.

myVNA X

\ij) Current calibration Diaka summary:

Skark (MHz) StopiMHz) Paoints  Tvpe Data valid For
Through:  0.050000 60000000 1001 Linear  Refl, (Fwd+Rev) and Trans, (Fwd+Rev)
Isolation: 0.050000 60000000 1001 Linear  Trans. (Fwd+Rev)
Opern: 0.050000 &0.000000 1001 Linear  Refl. {Fwd-+Rev)
Short: 0.050000 &0.000000 1001 Linear  Refl. {Fwd-+Rev)
Load: 0.050000 &0, 000000 1001 Linear  Refl. {Fwd-+Rev)
LLC: 0.050000 60.000000 201 Linear

Current working calibration Data set:

Through:  0.050000 &0.000000 1001 Linear  Refl, (Fwd+Rev) and Trans, (Fwd+Rev)
I=salation: 0.050000 &0,000000 1001 Linear  Trans, (Fwd+Rev)

Cpen: 0.050000 60000000 1001 Linear  Refl, (Fwd+Rev)

Short: 0.050000 60000000 1001 Linear  Refl, (Fwd+Rev)

Load: 0.050000 60000000 1001 Linear  Refl, (Fwd+Rev)

Current Calibration File
Ci\Documents and SettingsiDawe My Documentsimy WA 0-534Full scan 10 term.myWhA . cal

Calibration data type is Fundamental mode, 4 samples
10 Term Calibr ation

Calibration Motes: 10 term cal full scan adc 8 average 5
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There are two sets of data shown. The first set is the “Raw” calibration data as
currently held from a calibration scan. The program generates a per scan set of data
from this raw data, and the second set of data indicates the current scan specific
calibration data. In each set, 5 rows are shown. The Through Data indicates the
transmission (thru) data and also the reflection data of the second detector when used
for ERC, 10 or 12 term correction. The Isolation row shows the transmission Isolation
data. The Open, Short and Load rows show the reflection data for OSL correction.

The Type indicates whether the calibration data was created using a logarithmic or
linear step frequency scale. Although you may freely mix log or linear calibration data
with log or linear device scans, it may be better, especially at extremes of frequency,
to use log calibration data with a log device scan and vice versa. From 1 to 60 MHz
unless you use a small number of points it makes no difference.

4.7.2 Scanning

The scan is set using the span bar controls — select centre and span from the drop
down list, apply something interesting and set the scan, for example as shown here.

i myVNA - Reflection mode "myVNA" = | B
Fle Edit View Help
=1= & %M ] >5DDIURFAMINEXXNELPnR B £ L SEH#
Start Sean ‘ single Scan ‘ Calbrate ‘ Autoscale Markers | 0.050000 Mz [60.000000 [z [Full Scan | steps [2000  Ava.[1
Instrument Mode a
Display Sets
Rs 100.00 100.00
Xs
Re Rs
e %
87.50 87.50
| 12.50
<7s Ohms
VSWR 1Div
RL 75.00 75.00
Rho]
l - <Rho
-9 62.50 62.50
I Cs
Ls
I Cp L
L Lp F 50.00 50.00
| =
-~ Bp
- M 37.50 37.50
<
Display Left (Calc, Time)
Display Right
Display Right (Calc, Time) 25.00 25.00
12.50 12.50
I Reference Standards
5 Load & Store Data
€} VNA Hardware 0.00 0.00
W Choose Trace Colours 14.2980 143020 143060 143100 143140 143180 143220 143260 143300 14.3340 143380
€} Transverters 0.0000 4.0000 kHz { div, 0.1000 us / div 1.0000
143 Network Settings -
Cursor Freq: 14303622 MHz, Time: 0140538 us, Left: 79.2195 Ohms, Right: 79.2195 Ohms 42371 secs CDS mode

Now, before you do a scan, open up the “display options” node on the left and make
sure that “autoscale on display change” and both “snap to 125 options are not
selected as shown below. Note in this example, the option to display Info Tips is
selected.
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5
#8 myVNA - Reflection mode "myVNA" \ \ —

File Edit View Help

=Ed By SRR ] n>SDDIURFMINZSH¥XELPRE® x| |1 SE®
srtsen | sngescan | cobrate | autosale | Markers | 0.050000 [z [60.000000 [wz -] [Flsan =] Steps [2000  ava[T
IR Instrument Mode -
Display Sets
|| pisplay Lest
Display Left (Calc, Time) 100.00 100.00
Display Right
Display Right (Calc, Time) Rs w
Trace Calculation
R0k orey Ovtion:] 125y 8750 n7.5u12_5“
/" Graticule Ohms Ohms
</ Scan Progress Bar 1Div 1 Div
I| -~ Autoscale on Display Chany 75.00 75.00
[ Snap to 125 on Autescale
1 Snap to 125
| Audie Cuss 62.50 62.50
I Force displey] for Log ases |
I Report View £
| - Equivelent Circuits
I| - AutoRefineEqcet 50.00 50.00
M - Invert RL display
: ./ Display Info Tips
Vertical Divisions 8
: Horizontal Divisions 10 37.50 3r.50
I| -/ Lebel Freq Gridiines |
W -/ Label Vert. Gridlines

- Display Pen Width 2 25.00 25.00
Smith / Polar View
Edit Trace Labels

-/ Show Scan Data
Marker size 3

12.50 12.50

{(} Print Optiens. L3

-5 Calibration .
| Reference Standards 0.00 0.00

I3 Load & Store Data 14.2980 143020 14.3060 143100  14.3140 143180 143220 143260 143300  14.3340 14.3330

(C} VNA Hardware - 0.0000 4.0000 kHz { div, 0.1000 us } div 1.0000

T i B

Cursor Freq: 14.306219 MHz, Time: 0205473 us, Left: 58.023 Ohms, Right: 58023 Ohms 42371 secs CDS mode

Click “Single Scan” and wait. It is likely that the display will be off-screen. On the
first trace, it will autoscale for you, but in general clicking “Autoscale” will rescale
the axes to match the current trace. When you try dragging things around later, click
autoscale to reinstate the axes.

£ Untitled - myWNA
fle Edt Yew Help
] SN
Start Scan ‘ Single: Scan Calibrate ‘ Autoscale Markers ‘ Centre[ 14318000 [mHz »| Span|0.020000 WHz | [centrefSpan v | Steps [z000
lode

Ins
Dicy

Rp+ 4P 620.78 260.21
|25 + <Zs
Izpl + <2
VSR, Rs Xs

Q Ohms Ohms
Rs+Cs i Div 1 Div

Rs +Ls
Rp+€p
Rp+Lp
Gp+Ep ~,

]+ = 4

Smith Chart ____/

_ Display Left

| Display Right 282.27 -83.06

() Display Options
| Calbration

= Reference Standards
|7 Load & Store Data ,ﬂ

RL
Rho + <Rho 84.63 I 83.32

(Ch A Hardware
% Choose Trace Colours
(Ch Transverters

#a.d nietwork Setings /J

-66.25 -416.32
14.308000 14.318000 MHz 14.328000

Far Help, press FL 4.882 secs DS mode UM

4.7.3 Dragging the display around

Autoscale brings both main traces on screen. It will also take account of any stored
trace data currently displayed and ensure that both the stored data and current trace fit
on screen.

Now time to play with dragging things. There are 6 different draggable things here, 5
to be described now.
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On the left of the left vertical axis and right of the right vertical axis are zones where
the axes may be rescaled. Put the mouse on the left say, somewhere between the
values (in the example above 139.21 and -27.30. Press the left mouse button and drag
up or down. The value at the top of the axis will remain unchanged but the scale will
increase or decrease — for example moving the mouse up gives this

1 Untitled - myWNA
Fle Edt ¥iew Help
=] ERAL
|[Srdesean | catrate | awoscsle | mariers | || contre[43t3m0  [we +] Spnfozoom  [wz =] [cemtraispan =] Steps [2000
o

t Modk

| Display Sets
J Rs+is
Rp+3p 620.78 250.21
12| + <Zs
|Zpl + <Zp
VSR, Rs Xs
AL
Rho + <Rho 291.20 83.32
Q Ohms Ohms
Rs+Cs i Div { Div
Rs + Ls
Rp+Cp
Rp+Lp
Gp+Bp V.
]+ <V ./
Smith Chart _____/
Display Left
| Display Richt -544.00 -83.06
% Display Optians

-1708.78 -416.32
14.308000 14.318000 MHz 14.328000
For Help, press F1 4,882 secs (DS mods UM

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

15k Untitlad - myVNA
fle Edt Yew Help
] SN
Start Scan ‘ Single: Scan Calibrate ‘ Autoscale Markers ‘ Centre[ 14318000 [mHz »| Span|0.020000 WHz ~| [centrefSpan v | Steps [z000

Instrument Mode

Display Sets

S Rstis
Re+%p 1575.12 250.21
|25 + <Zs
|zpl + <Zp

VSWR Rs Xs

RL
Rho + <Rho 291.20 } §3.32

Q Ohms Ohms
Rs+Cs { Div 1 Div

Rs +Ls
Rp+€p
Rp+Lp
Gp+Ep ~

1]+ =¥
Srith Chart d___,/
_ Display Left
Display Right 410.34 -83.06
() Display Options
= Calibration
| Reference Standards
|- Load & Store Data
(Ch va Hardware:
% Choose Trace Colours
O Transverters
#.J Network Setings

-754.45 -416.32
14.308096 14.318096 MHz 14.328096

Far Help, press FL 4.882 secs DS mode UM

Note also that the frequency axis has moved in this example. This is because you can
also drag the frequency axis left and right like this
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£ Untitled - myWNA

fie Edt Yew Help
=] ERA
Start Scan ‘ Single Scan Calibrate ‘ Autoscale Markers ‘ Centre[ 14318000 [mHe ~| Span|0.0z0000 MHz ~ ‘cgntm/gpan j Steps | zo00

Instrument Mode

Display Sets

S Rs+ius
Rp -+ 1575.12 262.81
|25| + <25
|zpl + <Zp
HSUR. Rs Xs
RL
Rho+ <Rho 291.20 83.32
9 Ohms Ohms
R +Cs 1 Div 1 Div

Rs +Ls
Rp+€p
Rp+Lp
Gp+Ep

1]+ =¥
Swith Chart —/
Display Left I

Display Right 410.34 -70.45

{0k Display Options /”"
| Calibration

| Reference Standards /
|- Load & Store Data

O viaa Hardware /‘J
% Choose Trace Colours
(O Transverters

#.J Network Setings I

-754.45 -403.72
14.314412 14.324412 MHz 14.334412

For Help, press FI 4.862 secs CDS mods )

If you drag below the frequency axis then it will increase or decrease the span, for
example

i Untitled - myWNA

fie Edt Yew Help
= EAAL
Start Scan ‘ Single Sean | Calibrate ‘ Autoscals Marksrs ‘ Centre 14318000 |wHz | Span|0.020000 MHz =] [centrejspan x| Steps [z000

Instrument Made

Display Sets
S Rstis
Rp+2p 1575.12 262.81
|25 + <Zs
|zpl + <Zp
HSUR. Rs Xs
RL
Rho + <Rho 291.20 §3.32
Q Ohms Ohms
R+ Cs i Div i Div
Rs+Ls
Rp+Cp
Rp+lp
Gp+Bp
1]+ =¥
Smith Chart
_ Display Left ___/
Display Right 410.34 — -70.45
() Display Options
I Calbration
|7 Reference Standards
| Load & Store Data
(Ch va Hardware:
% Choose Trace Colours
3 Transverters
#.J Network Setings

-754.45 -403.72
14.292526 14.324412 MHz 14.356299

4,882 secs DS mode UM

Far Help, press FL

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

Now open up the “display options” tab on the left again and click the “Autoscale on
Display Change” option. Try changing the Display Type. Now, each time you change
the display (but not every time it completes a sweep), the display will autoscale.
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Look again at the “display option”. There are two marked “Snap to 125”. These will
avoid those strange units you noticed as you dragged traces around — basically at the
moment you may drag traces smoothly. If you select a 125 snap option, the display
will try to assume nice round numbers for the units on a 1/2/5/10 type scale when you
release the mouse button. It will do this separately for each drag option, and you may
also select for this to happen on autoscale. Personal preference.

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

4.7.4 Markers and Marker Arithmetic
Make a display with some peaks and dips on it such as the one shown

1 Untitled - myVNA EExX
Ele Edt Y¥iew Help
=] ERALS
Stat Sran ‘ S\ng\aScar\l Calibrate ‘ Autoscale HW‘ Centre[14.319000  [mhz «| Span[0.005000 [z ~| [CentrejSpan +| Steps [zo00

Instrumertt Mode
| Display Sets

R+ %5
Rp+5p
|2s| + <Zs
|2pl + =2p
VSR,

AL

Rho + <Rho

Rs+Cs
Rs + Ls
Rp +Cp
Rp+Lp
Gp+Ep
¥l + <v
Swith Chart
Display Left

For Help, press F1

620.78

Rs

84.63
Ohms
1 Div

I E—

282.27

—_——

/

/ !

-56.25

14.316500

14.319000 MHz

4,882 secs

14.321500

(DS mode

250.21

-83.06

-416.32

HUM

Now click the “Markers” button. You get a display like this
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[ B
Markers
Source Mode Target Parameter Value Link Freq./Time Display
1 [EEE ~| [Tracking  v| [Maximum v| |pefauit ~| [o.000000 | | [c277amsseaznar
2 |ieftscan  v| [Tracking v| |Maximum v| |pefauit ~| [o.000000 [Marker 1 ~| [62774385622041¢ T
| 3 |leftsan  v| [Tracing v| |Maximum | |pefault ~| [o.000000 [Marker 1 ~| [6277438s622041c [~
i 4 |leftsean | [Tracing | |Maximum | |pefault ~| [o.000000 [Marker 1 ~| [6277438s622041c [~
5 |teftscan | |Tracking | |Maximum | |pefault ~| [0.000000 [Marker 1 ~| [62774385622041¢ [
Il | & [eftsan =] [Tracking | [Maximum | |pefault ~| [0.000000 [Marker 1 ~| [62774385622041¢ [
7 |leftsan  v| [Tracing | [Maximum | |pefault ~| [o.000000 [Marker 1 ~| [6277438s622041c [~
| 8 |leftsan  v| [Trackng v| [Maximum | |pefault ~| [0.000000 [Marker 1 ~| [62774385622041¢ [
| g |leftsan  v| [Tracking v| [Maximum | |pefault ~| [0.000000 [Marker 1 ~| [62774385622041¢ [
Marker Arithmatic Number of decimal digits Frequency Units
l Marker Marker Display Show Q Iv¥ curve fitlinked +/-f markers MHz = I
: I
|1 j Minus |1 j a a 3 = fale I Linear fitlinked +/-f markers
I 1 j Minus |1 j - r m Frequency I
OK | Cancel |
L - - — — - - )

There are 9 markers and two marker maths functions. For this example, choose to
display marker 1 which tracks the maximum of the left trace, Marker 2 that tracks the
minimum of the left trace, marker 3 that tracks the first time that the right trace
crosses 50 ohms rising, and marker 4 that is going to track marker 1 but is on the right
trace. Depending on what you scanned, you may need to alter this. Don’t forget to tick
the “display’ box for each marker that you want to enable, but to help you, whenever
you change the source mode or target settings of a marker, the marker will be enabled
(the “display” box automatically ticked) if it was not enabled. Please note the
following screenshots use an earlier version that had 6 markers.

Configure Markers El

Matkers

Source Mode Target Value Link. Frequency Display
U LeftTrace = | [Tracking | |Masdimum =] [ = v
2 |RightTrace j ‘Tracking j |Minumum j ‘ | J | v
3 [LefTrace =] [Tracking =] [Crossupist ~| [s0.000000 [ = v
4 |RightTrace j ‘Linked j | J ‘ |Marker1j | W
5 [LeftTrace  w| [Tracking =| [Crossupist | [0.000000 [ EN r
[ |R|ghtTrace j ‘Tracklng j |M|numum j | | J ‘ I
Marker Arithmatic Mumber of decimal digits

Marker Marker Display Frequency Units

1 *| Minus |3 - v 5 w| Wale MH: v

5 ~| Mnus [ - I m Freguency

Note also that the number of digits to the right of the decimal point may be set for the
markers using the drop down list. There are separate settings for the value and the
frequency.
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Also ask for it to display the difference between markers 1 and 3. The display now
looks like this

if Untitled - myVNA [m=E

fie Edt Yew Help
=] ERAL
Start Scan ‘ gingle Scan | Calibrate ‘ Autoscale ‘ Markers ‘ Centre[ 14319000 [mHe ~| Span|0.00s000 MHz ~ ‘cgntm/gpan j Steps | zo00

Instrument Mods

Display Sets
RS + 55
Rp+¥p 620.78 250.21
|2s| + <25 Mkr 1, 564.361, 14.319400 MHz
|2pl + <Zp Mkr 2, -360.775, 14.319480 MHz
SR Rs |MKr 3, 50,084, 14.319100 MHz ﬂ
RL Mkr 4, -78.930, 14.319400 MH.
Rho + «Rho 84.63 |Mkr1-3, 514.277, 0.000300 MHz [
@ Ohms
Rs+Cs i Div

Rs +Ls
Rp+€p

[ E—

Rp+Lp
Gp+Ep

]+ <v ] -
Smith Chart
Display Left
v

-83.06

Display Right 282.27
{0k Display Options
| Calibration
| Reference Standards
|- Load & Store Data /

O viaa Hardware
% Choose Trace Colours
) Transverters

Nt r
#.J Network Setings )/ Y

-66.25 -416.32
14.316500 14.319000 MHz 14.321500

For Help, press FI 4.862 secs CDS mods )

Ask for it to scan repeatedly. The markers will be updated at the end of each scan
tracking what they are asked to track.

When you perform marker arithmetic, the program will not stop you subtracting, say,
degrees from ohms. It is up to you as to whether the units make sense. Also note that
if the value of a marker is computed as being over 1e9, the marker will not display.

Note that all the images shown in this manual apart from the next one are on a
1660x1050 pixel widescreen display. Here is an example of a display on a 1024x768
monitor
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i Untitled - myVNA
File Edit “ew Help

O HE L

Startscan | [[Bngietran ]| Coltrate | utoscale | Markers | || certre[14318000 [ -] Span[zn.om0 e =] [centrefspan ] Steps[z00
IE% Instrument Mode
Display Types
) Display Options
5 Caibration 43217 r . T 193.47
[ Reference Standards Mkr 1, 392.85, 14.319400 MHz
7 Load & Store Data Mkr 2, -306.76, 14.319500 MHz
C} WMA Hardware Rs | Mkr 3. 1.03,14.317100 MHz |
Transmission uses ADC 1 rMkr 4, -52.68, 14.315700 MH!
Reflection uses ADC 1 Ohms | Mkr 1-3, 391.82, 0.002300 MHz
ADC Step Delay {us) 1000
Sweep Start Delay {us) 10000
ADC Speed 10
Clock (Hz) 148343724.00
Hardware Interface
% Choose Trace Colours
T
196.26 -79.39

il

[l e —
-39.64 -352.24
14.308000 14.318000 MHz 14.328000
For Help, press F1 MUM

Now go back to the markers dialog and change one of the markers to Manual. Set its
frequency to be somewhere in your scan (note the frequency may be selected to be in
Hz, KHz or MHz). Close the dialog. That marker is no longer a tracking marker, it
will stay put on its frequency, but now you can also drag it (this was the other
draggable item referred to previously). If you put the mouse pointer close to it
(technically, within 10 pixels) and depress the left mouse button, you can drag it left
and right. The marker will stay glued to its trace but can now be moved left & right.

Look at the status bar as you drag the manual marker — it will indicate the current
marker position and values. This only lasts whilst the marker is being dragged. When
you move the mouse across the screen at other times, the current mouse pointer
position will be displayed as frequency & values for left & right axes.

Markers are by default positioned top left of the display. Sometimes this is not very
convenient — it obscures parts of the trace. So you may move it around on the screen
by dragging it where you want it to be. Anywhere on the marker display text, click the
left mouse button and drag the markers where you want them to be. The position you
select will be preserved on startup, and there are two positions, one for polar/smith
charts and one for rectangular. Finally, there are a few quirks; the position may be off
the page on printed copies and dragged off the bottom they may reappear on the top as
they strive to stay visible.

In Polar and Smith Chart views, the markers work slightly differently. At their core,
they always use the modulus and argument of the measurement. Therefore when
setting a marker, the “left” trace refers to the modulus and the “right” trace refers to
the argument. Also in Smith Chart view, the values that the markers display may be
changed to another parameter, for example Rs+Xs. Underlying this though, the
program is still dealing in rho, so the values used in tracking markers will still be rho.
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4.8 Data Stores

Now select Load & Store Data and click on Store 1. The current scan data will be
stored in the first of 4 data stores and displayed. The 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 data stores that hold trace data, and can
display one or more of these with the current scan data. The current scan data can also
be stored to a file and a set of stored data in a file can be loaded to one of the stores. If
you load stored data without a scan trace, you may display, analyse and view the
stored data as if it were from a recently completed scan.

Whenever you have a stored trace on screen, autoscale will also take it into account
when it autoscales the display.

ﬁﬂ S Parameters mode - myVNA g@@l

Elle Edic View Help

=" & ? K2|| start| 1000000 MHe = Stop[60.000000  [MHz +| [Startjstop =] Steps [1000  Ava.[1

stutsion | SngeSean | colbvots | auoscole || Markers ] 350D LU RFAMI|IISEX¥XELPhA &

Instrument Mode:
| Display Sets
| Display Left
|~ Display Right 0.00
tion

T T -0.00

Mkr 3, -27.262672, 33.981000 MHz /

11 (dB)

Save Sean to Store 3 5.00
Save Sean to Store 4 4B

Save Smulation to Store .. 1Div /
[ save scan o Fie. .

[ save smulation to File...
L] save Stare t
oad Flle ko Stare ...
is ore: -20.00 -80.00
isplay Store
isplar

s
tings
Switch and Attenuators

-40.00 -160.00
1.000 6.900 12.800 18.700 24.600 30.500 36.400 42.300 48.200 54.100 60.000
5.900 MHz { div

Cursor Freq: 39.674472 MHz, Left: -29,2857 dB, Right: -117,143 dB 6.691 secs (DS mode HUM

Note that the colours have changed as the stored data is written after the scan data and
for now is identical.

You can choose different colours with the leftview controls
Now, once you have a set of data from a scan such as that shown above, you can
change the way that it displayed without rescanning using the “display types” control.

Try selecting something else and, if needed, autoscale.

You may save data into any combination of the 4 stores and display any combination
of them at the same time.
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5 Managing the display

This chapter addresses Graphical User Interface subjects, specifically:
e Popup Menus and Toolbars
e Displaying Multiple Traces
e Scan Setting Options and the Scan Toolbar
e Labelling the Screen
e Dragging Items on the Screen
e Locking the Scan and the Display
e On Screen Cursors
e Markers and Marker Arithmetic

5.1 Popup Menus & Toolbars
If you right click within the display area you will get a menu like this:

= & ® KZ|| centre|aos00000  |mHe w|  Spen|s9.000000  |MHe w| |CentrefSpan v Steps [1000  Awa]1
an ‘ Single Scan | Calibrate | Autoscale ‘ Markers | ] ~2S°DDILI R FIl MI|||=83ELPnR &
ent Mode
Sets
(dB} + 521 (dB)
(dE) + 512 (dE) 0.00
(dB) +<511
(dB) + <521
(dB) +<322
(dB) + «512
|| + <511 Set Vertical Axis
1] + <521 511 [dB] Sek Frequency Axis
2| + <522 Set Scan to current frequencies
2]+ <512 10.00 Set Display ko current scan freq.
Real + Imag .dE| w Lock Scan to Display
Real+1; i
saimag iDiv Lock Left Vertical Axis
Real+Imag
Lock Right wertical Axis
Real+Imag
Lock Frequency Axis
Bring Manual Matkers Onscreen
eck -40.00
Left Log Frequency Scale
Right Log Yertical Scale
alculation
Clear Reverse Scan Data
Options
ion Clear All Scan Data
e Standards Edit Trace Labels
store Data Shawe Prink Notes Dislog
dare I cursors L3
Trace Colours Show Marker Measurements
#hers
< Settings Zopy Image to Clipboard
snd Attenuators Reset Screen Label Positions
-80.00
1.000 6.900 12.800 18.700 24.600 30.500 36.400
5.900 MHz | div

This menu provides some additional control over the display.

Note the two log scale functions. These allow the horizontal or vertical axes to be set
to a logarithmic scale. There are some limits here. Obviously, negative values are a bit
problematical, so do not expect the display to be correct in all circumstances.
Therefore to handle negative values, there is an option under “display options” to
allow values to be forced to be positive (displaying |value| ) when in logarithmic
vertical axis displays. Also note that the snap functions do not operate with a
logarithmic vertical scale.

Next, the specific settings of the left and right vertical axes may be set; similarly the
frequency axis. Each brings up a menu as shown below
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Set Frequencies @

Quick Set from Marker Decimal Places
" Set Centre to Marker 1 3 w| StartfStop
. z =]
r 2 =| LogScale
Set Vertical Axes & " Set Centre ko Marker 3
i
Left Axis Right Axis
Top ’— | “50.000000 Select scan bype
Seleck... - [+ Show Freq | div
Bottom  |0.000000 | -180.000000
kT r | | 2
Decimals |Aubo j |Aubo j | | J
[ #lso Update Scan Settings
oK Cancel | o' | Cancel |

For the vertical axes, the details are self-explanatory. For the frequency axis, you may
either explicitly set the frequency using start/stop or centre/span or may set the current
centre frequency to the current marker frequency of any currently enabled marker.
Note however that the frequencies will only be set if valid for the current calibration
data. You may also set the number of decimal places for the frequency axis. The
“Start/Stop” settings control the left and right (start and stop) frequencies as well as
the centre point in a linear scan. In a log frequency display, the centre value is omitted
and the “log scale” setting controls the number of decimal places on each decade
point. The “Show Freq/Div” option states the scale on the frequency axis in non-
logarithmic rectangular displays.

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

r 5
Set Display Frequencies @

Frequency range

Start Frequency | 7.99752 MHz

End Frequency 8.021852 MHz

Decimal Places

4 | StartfStop
2 »| LogScale

Iv¥ show Freq / div

Cancel |

There is also a second way to access these dialogs. A double click with the left mouse
button will cause one or other to appear. If the mouse is pointing to the bottom 10% of
the display area or the area under the trace, the frequency dialog will appear,
otherwise the vertical axes one will be created.

Returning for the moment to the pop up menu described above, the menu also
provides quick access to the axis lock functions.

Locking an axis also protects the axis against changing as a result of autoscale or
display type changes. If for example you want to be able to drag a trace up and down
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but not to move the frequency axis, locking the axis will allow this. When an axis is
locked, a tick mark will appear next to that menu item.

There are three popup menu items that control the linking of display and scan. When
linked, the display and scan ranges are the same. When unlinked the display
frequency range may differ from the scan. One option links or unlinks them. The
other two allow the scan to be set to the current display frequency range or the display
frequency range to be set to that of the scan.

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

If you have been rescaling the frequency axis by dragging with the mouse, there is a
quick way to set the current main scan to the frequency range you have selected — just
click on the “Set Scan to current frequencies” menu item. If the toolbar shows
centre/span or start/stop, the frequencies shown will be changed to those currently on
the screen. If the current display shows “Full scan” or “From Zero” it will also change
to “Start/Stop” first.

Also present in this menu is a shortcut to copy the current display image to the
clipboard. Note that you may also use the main menu “copy” command, the copy

button on the toolbar or a Control-C shortcut to do the same thing.

Other menu items open the trace labels and print notes dialogs. Marker measurements
dialog may also be opened and cursors placed, edited or hidden.

Finally you may clear the current scan trace data with the “Clear Scan Data” option
or just the reverse scan data if using 10 / 12 term S parameter corrections.

There is another way to access common functions, using the “controls” toolbar as
shown above. It provides access to the most common functions from the popup menu
in the main view.

It is a floating, dockable toolbar.

A second small toolbar permits easy selection of the display mode

& myVNA - Transmission mode “myVNA™ - I - _l
File Edit View Help
(== ] e} & 7R
StortScen | SngleScan | Goibrate | Autoscale || Markers 1 383D L RFAMINIERMEL
sartfoosoo0 [z | stop[45.000000 [z -] [Stertistop  w|Sepsfess  avafi |1, S EEw .
Instrument Mode D I d
ol \ isplay mode
ispla
el B 0.00 toolbar
ation
€} Display Opti G(dB)
-10.0

This toolbar, as others is moveable and dockable. Each of the buttons permits easy
selection of the rectangular, polar, report and equivalent circuit display modes.
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5.2 Displaying Multiple Traces

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

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

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

15} § Parameters mode - myVNA Ej@
Ble Edt Vew Help
=] EXAL
sortsean [ Sngesean | calbrate | awoscsle | werkes | || start[iooown e <] stop[encooonn [z <] [Starjsop -] Steps[ms

Instrumertt Mode Frequency | 51z (de) ['5z1 (aB) [ 522 (aB) [ 511 (ds) [ ~
1,000000 -28.169762 -55,324301 -0.018652 -98,795667
(dB) + 521 (dB) 1.066441 27.673924 -55.185469 0016223 116523267
S22 (dB) + 512 (dB) 1.132883 27182021 -55.165995 -0.017618 -99.140715
SU1 (dB) 42511 1.199324 -26.676507 -54.967374 -0.019205 -L05.424362
o1 gen + <521 1,265766 -26,207962 -54,629681 -0.021247 -99,071923
1.332207 -25.753827 -54,645371 -0.022611 -105.721969
522 (dB) +<522 1.398643 -25.320130 -54.489356 -0.023876 101686847
512 (dB) + <512 1.465090 -24.885036 -54.440850 -0.026194 -99.822492
I512] + <511 1531532 -24.493263 -54.300221 -0.028050 -100.020075
|521| + <521 1.597973 -24.101577 -54.230426 -0,029921 -L04.016060
|s522| + <522 1.664414 -23,726669 -53.963396 -0,031880 -113.594454
|512] + <512 1,73085 -23,367173 -54.039718 -0,0339%64 -L05.502433
1.797297 -23.025962 54166281 -0.036651 -L04.643950
StiReal + Inag 1.663739 22.677731 -54.080643 -0,037446 -103.267351
522 Real+imag 1930180 -22.364829 -53.973799 -0.0406%8 -105.024572
Sz1 Real+Imag 1.996622 -22,080817 -53,710836 -0.043530 -94,323922
512 Reak+mag 2.063063 -21.758984 53838046 -0.045279 -102.025325
Display Left 2129505 21468331 -54.000525 -0.048164 -L05.556154
Display Right 2.195%46 -21.175706 -53,747583 -0,050279 -L04.955243
£ Display Options 2262367 -20,905162 -53.648511 -0,052662 -L04.666569
5 calbration 2,328829 -20,648204 -53.749524 -0.085779 -L01.606707
2395270 20.391728 -53.757771 -0.057918 -L00.97229
- Reference Standards 2461712 -20.146282 -53,639200 -0.061452 -99,3495452
IO Load & Store Data 2,528153 -19.903424 -53.547228 0,064391 -101.324246
(¢ WA Hardware 2.594595 -19.681078 -53.681533 -0,067085 -110,786399
Choose Trace Colours 2661036 -19.447272 -53.,455742 -0.070012 089181
€3 Transverters 2727477 -19.229087 -53.486092 -0.073501 -L01.958108
o e stg: 2 aaceeo neeraan e waaiee Agemioes
Srich and Attenuators 2.925802 -18.611554 -53,577542 -0.08278L -100.051470
2993243 -18,413823 -53.567270 -0,086256 -102.631143
3059665 -18.214483 -53.561861 -0.086835 -L02.844306
3126126 -18.052084 -53,377170 -0,092691 -L03.625522
3192568 -17.844646 -53,334132 -0.096752 -122.123041
3.259009 -17.677475 -53,413509 -0,099661 97 514462
3325450 -17.501220 -53,220539 0,102439 -L09.874058
3301892 -17.339145 -53.392293 -0.106648 -109.490736
3458333 -17.177157 -53,323077 -0,110257 -109.896730
3524775 -17.016155 -53,335666 -0,114098 -L03.767545
3591216 -16.864160 -53.188533 -0.117388 -94,808121
3.657658 -16.709742 -53.265414 0121239 -L0z.011287 v
For Help, press F1 1,459 secs DS mode UM

You may select as many items to display as you want at the same time.

This also works for the main graphical displays, for example:

if § Parameters mode - myVNA Q@IE‘

Ele Edt Y¥iew Help
=] AL
Start Sean ‘ Single Scan | Cailbrate ‘ Autoscale ‘ Markers ‘ Start[1.000000  [mHz «| Stop[en.ooooon [z +| [startystep  +| Steps [esa

Instrument Mode

| Display Sets
S11 (d8) + 521 ()
522 (dB) + 512 (dB) 1.00 3.00
S11 (d8) +=511
S21 (d8) + <521 ‘
522 {dB) +<522 511 Real |Mkr 3. 0.010, 13.657432 MHz S11 Imag
512 (dB) + <512 Mkr 4, 0.010, 13.657432 MH
[s11] + <511 0.50 |Mkr 3-4, 0.000, 0.000000 MHz \ 0.50
|521| + <521
Is2z| + <522 i Div P e /\ \ i Div

S22 Real+Imag
521 Real+Imag
512 Real+Imag
Display Left
Display Right
() Display Options -1.00 1.00
| Calibration

Ref Standard:
| Reference Standards [\ 521 Imag

|512] + <512 ul
S11Real + Imag \ / \‘—'/ \\

|5 Load & Store Data
(kWA Hardware
%’ Choose Trace Calours
3 Transverters \ &
18] hetwork Settings

Switch and Attenuators F— /\ \/

-3.00 -1.00
1.000000 30.500000 MHz 60.000000
Cursor Freq: 53,489313 MHe, Left: -1.63445 , Right: 0365546 1,459 secs DS made UM
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Again you may have as many as you want at the same time. Note that the trace
colours are shown by label on each axis. It can however get quite complex quite
quickly.

The same principle also applies to data stores. Here however it is not necessary to
hold down the control key to make multiple selections; each operates independently.

It is possible therefore to have up to 26 different parameters shown on each axis in a
rectangular display and to have the current scan data plus all 4 stores shown at once.
You would not want to do this — the display would be unusable — but there is nothing
to stop it. The implication is that there would be 260 traces shown on the screen. That
needs 260 colours. Clearly impractical.

The current solution to this is not ideal — if | find a better way it will change. There
are 8 trace pens available (and visible under the “Choose trace colours” option). The
first two are reserved for the “primary” left and right parameters of the current scan
data — that is the parameters whose details appear in the upper half of the left and right
axes. The other 6 are used for the rest of the traces, cycling round each in turn. In
polar or Smith displays only the first pen is “reserved”.

5.3 Scan setting options & the Scan Toolbar

Look again at the drop down list of scan settings. The Scan toolbar is the toolbar that
extends from “Centre” to “Avg” in the picture below. It is a moveable dockable
toolbar so you can drag it around if you wish.

- --J-- - - -9 - -- - __J - - - '
#it Reflection mode - myVNA

File Edit View Help
=l & % W2 | centefaoosess  [wez v|  Spanf0.024332  |MHz v [cenwejspan  +|Steps [1000  Ava.1
Srtscan | Sngiesen | ceibrate | putoscae | perkers | || ] 413850 D1 LI RI o 34 EL Pn RI &

% Instrument Mode - Full Scan

i From Zero
Reﬂectn.:m. Centre/Per Step
Transmission Centre/Per Div
Dual Detector Trans/Refl 100.00 tart/Per Step
Start/Per Div

S Parameters

Signal Generator

I Test Hardware /0
\a_‘.ector \u’.oltr.n eter 12.50

You may set the scan in many different ways. Full Scan sets the range to be the
current limits of the VNA. From Zero sets the display from zero to the current “stop”
frequency. The other six options are in two groups — those based on a start frequency
and those based on a centre frequency. For each, the scan may be set for a specified
span, per step or per division. Divisions here refers to the number of divisions on the
frequency axis of a rectangular display non log scale. The toolbar will change its
labels according to the selection you make.

5.4 Labelling the Screen

There is now the facility to apply text labels to a display.

There are two types of label — those associated with a trace and free standing
annotations. In each case a label may be placed anywhere on the display area and may

be moved around the screen by dragging it with the mouse. The difference is that
those associated with a trace only display when the corresponding trace is shown and
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will alter their position so that their relative location compared to the trace is
maintained if the trace moves.

To access the labels dialog, either select “Edit Trace Labels” from the “Display
Options” or from the pop up menu after right clicking with the mouse.

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

Edit Trace Labels and Annotations @

Link Label Label Display
to trace Size Label

|| |Nnne j ‘Normal j I
| |N0ne j ‘Normal j
Store 2 | |Nnne j ‘Nmrmal j
|
|

Current Scan

Store 1

Store 3

|Nnne j ‘Normal j
|N0ne j ‘Normal j
Colour W
Calour W
Colour W
Calour Normal =
W Use Colours for Labels Reset oK | Cancel ‘

Stare 4

Annotation 1

Annotation 2

Annokation 3

1 1 1 1 1 1 71T

Annokation 4

The dialog shown above is used to configure the labels. There is one label for each of
the current and saved traces and 4 free standing “annotations”. Each has a string that
is displayed and some control over the size of the text (small, normal, large). Each
may also be switched on or off with the “Display Label” checkbox.

For the free standing annotations, the colour used may be set; for the trace labels, the
colour adopted will be taken from the corresponding trace colour.

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

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

o “Left” or “Right” — the label is associated with the main left axis or right axis
parameter

e Otherwise, the drop down list gives access to all the individual parameters —
Rs, Xp, S11 real etc.

Initially the labels will appear in the middle of the screen and may be dragged to
where they are needed. For those associated with a trace, if the corresponding trace
moves on the screen the location of the left hand end of the label will move to
maintain its relative position to the trace as it was when dragged with the mouse; so if
for example you place the label just above a point on the trace, it will stay just above
the same point should the trace move on the screen.

Labels will display on printout or when copied to the clipboard. They are not
preserved when the program exits. Labels may also be set to ignore their associated
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trace colours and display in black. Annotations may be set to specific colours by the
appropriate buttons on the dialog.

Annotation data (string, position, size and colour) are retained on program exit and
reloaded when the program starts again. Note that when this happens, the annotations
will display even if when the program last exited, the display flags had been cleared.

When scan data is saved to file in the myVNA native format, any label associated
with the data set is also saved into the file and automatically reloaded if the data is
read from file.

Labels applied manually to saved data sets are not retained on exit as the data on disk
IS not rewritten.
5.5 Dragging Items on the Screen

There are various parts of the display that may be moved 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
Lot g scale or frequency scale or frequency
Ele Edit View Help

1] BR ST
sertsan | sngesan | cobrate | putodge [ parers | 0050000 [z [50.000000 [z =] [Fulscan ] steps [200
' TV I

Move the manual

markers 500 (%, 0,035, 50.000000 iz / 2000
Mir 2, -14.371, 4.363000 MHz /
on Display Chan - ‘ {
toscale - W
10.00 - \\/ /‘
' dB
. / 1Div / \\/ | Move the labels
A 3500 -60.00 /
§22 (dB) \ 512 (dB)
i

Drag up/down here /

tO Chaﬂge the Scale This is a screen label L /
of the left axis /' \ /
7 Load & Store Data -75.00
\d uu;: B 0.050000 / \ 30.025000 I

} | Move the screen labels IEI Drag freq. scale IEI Move the Cursors |

Drag up/down here
to change the scale
of the right axis

]
=
/

-140.00
60.000000

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

To reset moveable text to its default location, right click and at the bottom of the
display select the option ‘Reset Screen Label Positions’.

As discussed later in this document, there is a TDR mode. When this is used, the
horizontal axis supports both time and frequency. To drag the time axis, hold down
the CTRL key whilst dragging as you would for frequency.
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In polar view, the markers and screen labels may be dragged around the screen.

5.6 Locking the Scan and the Display

So far, the display and scan have been linked. This means that if you change the scan
(start, end, centre, span etc.) the display changes accordingly. 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 entry in the popup menu labelled “Lock
Scan to Display” that should be ticked at the moment. If this is unticked the display
start & end frequencies may be set independently of the scan frequencies. When
linked, the limits applied to the display frequency are those of the scan limits. When
unlinked they are controlled by a minimum and maximum in the Options under the
View menu. The defaults are 0 and 200 MHz.

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

In the example below the scan is set to 5 — 60 MHz, the display is unlinked and the
display set to 0 to 100 MHz

|rﬂ S Parameters mode - myVNA Q@@
Fle Edt Yiew Help
=] EXAL
Seart Sean ‘ Single Sean | Callbrate ‘ Autoscale ‘ Matkers ‘ Start[5.000000  |M: w| Stop[60.000000  [mHz ~| |otatjstep =] Steps [1000
Tnstrumert Mode
Display Sets
511 (dB) + 521 (dE)
S22 (dB) + 512 (dE) -0.00 — 2 -0.00
SL1 (dB) +<511 ; Y /
521 (dB) + <521 Mkr 4, -0.369923, 22.985000 MHz
522 (dB) +<522 11 ([dB)
512 (dB) + <512
|511] + <s11 5.00
|s21] + <sz21 4B
|sz2| + <s22 I Div
|s12] + <512
511 Real + Imag
522 Real+Imag / \
s21 Real+Imag N

512 Real+Imag
Display Left
Display Right
(C) Display Options -20.00 a T LN, ¥ -80.00
rds

)k Transverters
18] Network Settings
Switch and Attenuators

-40.00 -160.00
0.000000 50.000000 100.000000

For Help, press F1 2,086 secs DS mode UM [SCRL

All functions such as markers, log displays, cursor movements should still function
correctly.

5.7 On Screen Cursors

When in a rectangular display, right click to display the menu. One of the options is
“Cursors” which brings up a secondary menu as shown below.
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£ § Parameters mode - myViA [A=E3)
Fle Edit Yiew Help
H iBE&7K
Start Scan ‘ Snge scan | calbrate ‘ Autoscale ‘ Markers | Stat[1ooooo0 [z v| Stop[eooooon  [wee <] [samjstep  w] Steps 400
Instrument Mode
Display Sets
Display Left
Display Right 2.58 T 10.35
€3 Display Options | ‘ ‘
j E'E“E:‘E . | | Set Vertical dixs
con Progress Bar S11(dB) | Mkr 3, 0.217298, 42.300000 MHz Set Fraqusncy s 521 (dB)
./ iutoscale on Display Change ot seant t
S o 175 o st et Scan to current frequencies
420 + Lock Sean to Display 15.55
Snapto 125 B il dB
Audio Cues 1Div Lock Left Vertical fxis 1 Div
Force |display] for Log axes Lock Right Vertical Axis
Repart View Lock Frequency Axis
Equivalent Crcuts
Auto Refine Eq Cct Bring Manual Markers Onscreen
Invert RL display
/ isplay Info Tips Lo Frequency Scale
Vertical Divisions 8 Log Hertical scale
Horizantal Divisions 10 14,22 Cloat Reverse Scan Daka -51.85
Frint Pen Width 5 Clear All Scan Data
Display Pen Width 2
Print Notes Dislog Edit Trace Labels
./ Add Prink Kotes to Clipboard Copy int Notes Dialog T
/' Label Markers in Printauts \/ Edit Cursors
Smith [ Polar View
Edit Trace Labels Copy Imags to Clipbaard Put Horizontal Cursor 1 here f-“ h
-5 calbration Put Horizontal Cursor 2 hers.
| Reference Standards Put Horizontal Cursor 3 here
| Load & Store Data Hide Horizontal Cursars
€3 s Hardware
% choose Trace Colours Put Vertical Cursor 1 here I
(.i Transverters Put Vertical Cursor 2 here.
] Netuwork settings Fuk Vertical Cursor 3 here
I, Switch and Attenuctors -31.02 Hide Vertical Cursors -114.05 —
o 1.000000 30.500000 Fide AllCursors 60.000000 o
¢ >
2.710 secs (DS mode: UM

This menu controls three horizontal and three vertical cursors. The simplest and
quickest function place a horizontal or a vertical cursor at the position of the mouse
when the menu was first opened. The following example shows 3 horizontal and 2
vertical cursors placed in arbitrary locations

1% 5 Parameters mode - myVNA EEX
fie Edt Yew Help
=] ERAL
Start Scan ‘ Single Scan Calibrate ‘ Autoscale ‘ Markers ‘ Start | 1000000 MHz =] Stop| 60000000 MHz - ‘glarusmp jStEps 400
Instrument Mods
Display Sets
Display Left
! Display Right 258 T 10.35
) Display Options
o/ Graticule

-/ 5can Progress Bar 811 dB) | | . s21 (dB
Y et o ey g [dB) | Mkr 3,-0.217298, 42.300000 MHz W3 (dB)

Snap to 125 on Autoscale 4.20 15.55
Snapto 125 dB dB
Audio Cues { Div 1 Div

Force |display] for Log axes
Report View

Equivalent Circuts

Auto Refine Eq Cct

Invert RL display I \

/" Display Info Tips /

wertical Divisions @ /
Horizankal Divisions 10 14.22

Frint Pen Width 5
Display Pen Width 2
Print Motes Dislog
/" Add Print Hokes to Clipboard Copy
/" Label Markers in Printouts / \

Srrich § Polar View

-51.85

|
[
3

Edit Trace Labels Fi |

= calibration '
| Reference Standards
| Load & Store Data

C3 A Hardware

%’ Choose Trace Calours

3 Transverters

8. Network Settings
Switch and Attenuators -31.02 -114.06

1.000000 30.500000 60.000000

2,710 secs DS mode UM

As the screen updates, or for example the display is rescaled or dragged, the cursors
stay at their positions relative to the scales, so in the next display, the cursors have not
been moved but the display has been rescaled by dragging with the mouse
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i § Parameters mode - myVNA

fie Edt Yew Help
=] ERAL
Start Scan ‘ gingle Scan | Calibrate ‘ Autoscale Markers ‘ Start| 1,000000 MHe ~| Stop[ev.oooooo  [wHe ~| [startystop -] steps [400

Instrument Mode
Display Sets
Display Left

o Display Right -8.42 1.46

£} Display Options

Mkr 3, -0.221654, 42.152500 MHz

$11 [dB) 521 (dB)
utos v Change I
Snap to 125 on Autoscale 2.73 15.55
Snapto 125 dB / o~ / dB
iDiv iDiv
e |display] for

N

ions 10 -19.32 \ -60.73
Print Pen Width 5
Display Pen Width 2

Print Motes Dislog
/" Add Print Hokes to Clipboard Cope

I
/" Label Markers in Printadts
Srrich § Polar View

Edit Trace Labels

Auto Refine Eq Cct
Invert RL display
Di

s
Switch and Attenuators -30.22 -122.93
6.244715 19.069221 31.893726
< >
2.710 secs DS made. UM

Referring again to the popup menu, another option is to edit the cursors. This
produces the following dialog box

Cursors PZ|

Axis Skyle ‘Weight Walue Colour Display

Horizontal Cursors

lefe  w| fsoid  w| |5 <] [-11.7818564 Colour 3

left | fsaid | |3 =] |-21.45233008: Calour I

[
[
left > fsoid | |3 <] |-2e.675e074r: Colour v
Wertical Cursors
[soid -] [s  ~| [1933117.13 Colour 4
|soid | |3 =] [24513568.683 Calour v
soid | Js =] [o Calour r

Cancel |

This provides more control over the cursors. Remember above it was noted that
cursors stay at their locations relative to the scales? This means that a horizontal
cursor needs to know if it sticks to the left or right axis. The type of each may be set —
solid, dash, dot or dash-dot line type and the weight (thickness) may be set. Note
however that because of the way that the windows functions work, the lines will
always be solid for thicker lines.

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

Here is the same with line colours changed for the horizontal cursors and line types
changed for the vertical ones (note weight was set to ‘1 for this — see above)
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i § Parameters mode - myVNA

fie Edt Yew Help
=] ERAL
Start Scan ‘ gingle Scan | Calibrate ‘ Autoscale Markers ‘ Start| 1,000000 MHe ~| Stop[ev.oooooo  [wHe ~| [startystop -] steps [400

Instrument Mode
Display Sets
Display Left
Display Right 258
€} Display Options
o/ Graticule
/' Sean Progress Bar S11 (dB)
./ Autoscale on Display Change
Snap to 125 on Autoscale 4.20
dB

10.68

|_Mkr 3, -0.221654, 42.152500 MH

521 (dB)

16.05
dB
{ Div

Snap to 125
Audia Cues I Div
Force |display] for Log axes
Report View
Equivalent Circuts
Auto Refine Eq Cct
Invert RL display

/" Display Info Tips
wertical Divisians 8

I
|
|
T
|
1
| /
Horizonkal Divisions 10 -14.22 ‘ -53.50
Print Pen Width 5 ‘
Display Pen Width 2 ‘ :
Print Motes Dislog | H
| | \ /
!
T
8. Network Settings ‘
Switch and Attenuators -31.01 -117.69

/" Add Print Hokes to Clipboard Cope
/" Label Markers in Printadts \
6.244715 19.069221 31.893726

Srrich § Polar View
Edit Trace Labeks
[ Calibration
|- Reference Standards
- Load & Store Data
(€8 WA Hardware
%’ Choose Trace Colours
C) Transverters

< | >
Cursor Freq: 23.273219 MHz, Left: -23.5695 dB, Right: -89.2355 dB 2.710 secs DS mode UM

Finally, a cursor may be dragged using the mouse. Here is the result of dragging the
cursors with the mouse, and using the clipboard copy function rather than, as in the
above traces, a screendump

Printed on Friday, May 01, 2009 at 23:55:11

2.58 — | 10.68
| Mkr 3, -0.221654, 42.152500 MHz
$11 (dB) | ; 521 (dB)

T H

4.20 | : 16.05

a8 | : B

{ Div | : | Div
1.
! H
| : /
IR /

1422 | 53.50
[ \
|
T
| \
|
|
|
|
i
|

-n.m | -117.69

6.244715 19.069221 31.893726

Printed on Friday, May 01, 2009 at 23:55:11
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5.8 Markers and Marker Arithmetic

Markers are used to identify specific points on a trace on the display and to perform
calculations on their values.

On clicking the “Markers” button you get a display like this:

e 0 )
Markers
Source Mode Target Parameter Value Link. Freq. [Time Display
1 v| [Tracing | [Maximum _~| |pefault | [o.000000 | = [6z7743856220418 [
2 |ieftscan  v| [Tracking v| |Maximum _~| |pefault | [o.000000 [Marker 1 ~| [627743856220418 [T
| 3 |leftsan  v| [Tracking v| [Maximum | |pefautt | [o.000000 [Marker 1 -] [62774385622041¢ T
i 4 |leftsean  v| [Tracing _v| |Maximum | |pefautt | [o.000000 [Marker 1 -] [62774385622041¢ T
5 |teftscan | |Tracking | |Maximum | |pefautt ~| [o.000000 [Marker 1 -] [62774385622041¢ T
Il | 6 [Leftsan =] [Tracking | [Maximum | |pefautt ~| [o.000000 [Marker 1 -] [62774385622041¢ I
7 |eftsean  v| [Tracing v| |Maximum | |pefautt | [o.000000 [Marker 1 -] [62774385622041¢ T
| 8 |leftsan  v| [Trackng v| [Maximum | |pefautt ~| [o.000000 [Marker 1 -] [62774385622041¢ T
9 |leftsan  v| [Trackng v| [Maximum | |pefautt ~| [o.000000 [Marker 1 -] [62774385622041¢ T
Marker Arithmatic Number of dedmal digits Frequency Units
l Marker Marker Display Show Q Iv¥ curve fitlinked +/-f markers MHz = I
i Val
|1 ﬂ Minus |1 ﬂ r r 3 I aue I Linear fitlinked +/-f markers
| 1 ﬂ Minus |1 j - r m Frequency I
Ok | Cancel
L - = - - -

There are 9 markers and two marker maths functions.

Each marker may be configured to work in different ways, and pairs of markers may
be used together in an arithmetic computation.

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

Each marker is configured primarily as follows:

Source
Mode
Target
Parameter

The source defines which trace the marker is attached to; it may be to the current scan
data, any of the four data stores or the simulation results, and in addition to a trace
attached to the left or the right axis.
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The Mode is either tracking, manual or linked. If linked it may also be with an offset
to the marker to which it is linked, and this offset may be on the positive (higher
frequency) or negative (lower frequency) side.

The target setting is used when a marker is set to track, for example if set to track the
maximum value, it will move at the end of the scan to position itself at the maximum
(peak) value of the trace selected. The target may also be set to track to minimum, or
to the first, second or third time a trace crosses a given value, either positive or
negative going.

Parameter is used when there are multiple traces shown on a given axis (left or right).
Normally it is set to “default” but it may be explicitly set to track any calculated
parameter such as Rs, Xs, etc.

Value is used in two different ways. When a marker is set to track a value crossing,
this control selects the value to be used. When a marker’s mode is set to be linked
with an offset (f+ or f-) then the value entered represents the value offset. For
example, setting a marker to “f+” with a value of -3, means that the marker will locate
a point on the trace on the high frequency side of its linked marker where the value of
the parameter is 3 less than the value of the linked marker.

Look to the bottom right; the two checkboxes labelled “curve fit” and “linear fit”.
Without these ticked markers only locate themselves on the nearest data point in the
scan data. With either of these ticked, the value crossing and offset markers will
interpolate between scan points to find a more accurate setting. The interpolation may
be either a linear interpolation between the points each side or a polynomial between
the nearest 3 points.

When a marker is linked to another marker, the “link” control determines to which
marker it is linked.

1 Untitled - myVNA EExX
Hle Edt vew telp
=] ERALS
sortscan | sngesean | calbrate | aoscsle | werkers | || conws[143mom e <] Spsn[o.ooson [z <] [centrejspan <] Steps[z0n

Tnstrumert Mode

Display Sets
Rs+ s
Rp+3p 62078 25021
125 + <25 Mkr 1, 564.361, 14.319400 MHz
12p] + <Zp Mkr 2, -360.775, 14.319480 MHz
WIWR. Rs |Mkr 3, 560.084, 14.319100 MHz ﬁ
RL Mkr 4, -78.930, 14.319400 MH
Rho -+ <Rho 84.63 |Mkr 1-3, 514.277, 0.000300 MHz [

Q Ohms

Rs+ s 1 Div
Rs+Ls

Rp +Cp
Rp+Lp
Gp+Ep
¥+ <v
Swith Chart

Display Left
Display Richt 262.27
. tions

I E—

|
|

-56.25

14.316500

For Help, press F1

14.319000 MHz

4,882 secs

-416.32
14.321500

(DS mode HUM
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When you perform marker arithmetic, the program will not stop you subtracting, say,
degrees from ohms. It is up to you as to whether the units make sense. Also note that
if the value of a marker is computed as being over 1e9, the marker will not display.

A manual marker will stay put on its frequency, but you can also drag it. If you put
the mouse pointer close to it (technically, within 10 pixels) and depress the left mouse
button, you can drag it left and right. The marker will stay glued to its trace but can
now be moved left & right.

The status bar indicates the current marker position and values as you drag the manual
markers. This only lasts whilst the marker is being dragged. When you move the
mouse across the screen at other times, the current mouse pointer position will be
displayed as frequency & values for left & right axes.

Markers are by default positioned top left of the display. Sometimes this is not very
convenient — it obscures parts of the trace. So you may move it around on the screen
by dragging it where you want it to be. Anywhere on the marker display text, click the
left mouse button and drag the markers where you want them to be. The position you
select will be preserved on startup, and there are two positions, one for polar/smith
charts and one for rectangular. Finally, there are a few quirks; the position may be off
the page on printed copies and dragged off the bottom they may reappear on the top as
they strive to stay visible.

In Polar and Smith Chart views, the markers work slightly differently. At their core,
they always use the modulus and argument of the measurement. Therefore when
setting a marker, the “left” trace refers to the modulus and the “right” trace refers to
the argument. Also in Smith Chart view, the values that the markers display may be
changed to another parameter, for example Rs+Xs. Underlying this though, the
program is still dealing in rho, so the values used in tracking markers will still be rho.

Here is the Marker dialog again. Now look at a couple of other features.

a8 |LEf‘tScan j |Trad<ir|g j |Maximum - ‘Dafau\t

L«

‘Malk&l 1 J ‘-62’-
[Marker 1 ~| [-62774385622041¢ [T

Configure Markers _‘- — _..L =3 3| 1
Markers
Source Mode Target Parameter Link Freq. Time Display
1 |Leftscan |Manual | [Masimum | |pefaut B[ | | [0.134085 v
2 |LeftScan [‘::E:;I |IIaximum J ‘Dafau\t ﬂ |Ma|PE| 1 J |U.111923 v
Linked; f-
3 |leftsean v |Linked;F+ | [Maximum »| |pefault | [Marker 1 ~| |[-6277438%622041¢ T
k
'l 4 |LEf‘tScan j |Trad<ir|g j |Maximum j ‘Dafau\t ﬂ |Ma|PE| 1 J |-6277 r
5 |Left5can j |Tracking j |Maximum j ‘Defau\t ﬂ ‘MGIPEI 1 J ‘-':4-- r
| [ |LEf‘tScan j |Trad<ir|g ﬂ |Maximum j ‘Dafau\t ﬂ ‘Malk&l 1 J ‘-62’- -
7 |Left5can ﬂ |Tracking ﬂ |Maximum j ‘Defau\t j |IvlarPEr 1 J | r
=]
=]

] |Left5can j |Track|ng j |Max|murn A ‘Defau\t

L+

Marker Arithmatic Number of decimal digits Frequency Units

I Marker Marker Display  Show Q ¥ Curve fitlinked +/-f markers MHz v

Mi W r Value
| Minus |2 m I™ Linear fitlinked +/-f markers
| Minus r r 6 w| Frequency
oK | Cancel
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There are two extra options to the mode. Linked with a frequency offset (positive or
negative). Selecting one of them enables the value and link boxes thus

Configure Markers -:- _ SRREN X 1
Markers
Source Mode Target Parameter Link. Freg. /Time Display
1 ‘Lef‘t Scan ﬂ |L\nked,' f- j |Ivlaximum J |Defau\t REL=gel | |0.134285 ¥
2 ‘Lef‘tScan j |Manua\ j |Ivlaximum J |Defau\t ‘Marlf.erl J |U.111923 v
3 ‘LeftScan j |Trad<ing j |Maximum j |Defau\t ‘Marker 1 J |'E“"" 41 r
|
i 4 ‘LeftScan j |Trad<|ng j |Max|mum j |Defau\t ‘Marker 1 J |'E I
5 |leftscan  v| [tracking +] [Maximum ~| [pefaut [Marker 1 ~| [62774385622041¢ [T
i & ‘Lef‘t Scan j |Track|ng j |Max|mum j |Defau\t |MarPer 1 J |-62?F4335§22'I'41‘ [
7 ‘Lef‘tScan j |Trad<ing j |Maximum j |Defau\t ‘Ma\lv.el 1 J |-52??4 r
i
8 ‘Lef‘tScan j |Trad<ing j |Maximum j |Defau\t |Ma|ke| 1 J |-62??4335522‘341‘ r
9 ‘Lef‘tScan j |Trad<ing j |Maximum j |Defau\t |Ma|ke| 1 J |-'52::-*ESEEZZ'HI‘ r
i
Marker Arithmatic Number of decmal digits Frequency Units
(] Marker Marker Display Show Q ¥ Curve fit linked +/-f markers MHz -
- - ~| Val
! Minus |2 ~ a 3 e ™ Linear fit linked -+/-f markers
H m Minus m r r m Frequency
Ok I Cancel ‘
=

In the example above, marker 1 is lined to marker 2 but will seek a value 3 units
lower than the marker 2 value. The obvious use is, for example, to position markers
3dB up (or down) from a minimum (or maximum). Setting one each side provides a
means to display Q for example. To do this then, link 2 markers, one above and one
below, and offset by 3 in a display that is showing dB. Then set the marker arithmetic
to subtract the two linked markers from each other. The marker will then display the
difference in frequency between the two markers. Finally, tick the “show Q” option.
Now the display will be the centre frequency divided by the difference in the
frequencies.

Return now to the marker dialog and observe the ‘Parameter’ column. The default
behaviour of each marker is that it is attached to the main (or default) trace. If you
display more than one parameter on an axis at a time though, you may want to select
the parameter that it is attached to. The Parameter permits this. It opens up a drop
down list of all possible parameters. If that parameter is displayed then so will the
marker.
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[ B
Markers
Source Mode Target Parameter Value Link Freq./Time Display
1 fleftscan v fTracing v| [Maximum | |pefault ~| [o.000000 | | [c277amsseaznar
2 |ieftscan  v| [Tracking v| |Maximum v| |pefauit ~| [o.000000 [Marker 1 ~| [62774385622041¢ T
| 3 |leftsan  v| [Tracing v| |Maximum | |pefault ~| [o.000000 [Marker 1 ~| [6277438s622041c [~
i 4 |leftsean | [Tracing | |Maximum = | [o.000000 [Marker 1 ~| [6277438s622041c [~
5 |teftscan | |Tracking | |Maximum | [ 0.000000 [Marker 1 ~| [62774385622041¢ [
Il | & [eftsan =] [Tracking | [Maximum = [ 0.000000 [Marker 1 ~| [627743856220410 [
7 |eftscan v| [Tracing v| |Maximum = [ 0.000000 [Marker 1 ~| [6277438s622041c [~
| 8 |leftsan  v| [Trackng v| [Maximum | |pefault ~| [0.000000 [Marker 1 ~| [62774385622041¢ [
| g |leftsan  v| [Tracking v| [Maximum | |pefault ~| [0.000000 [Marker 1 ~| [62774385622041¢ [
Marker Arithmatic Number of decimal digits Frequency Units
l Marker Marker Display Show Q Iv¥ curve fitlinked +/-f markers MHz = I
: !
|1 j Minus |1 j a a 3 = fale I Linear fitlinked +/-f markers
I 1 j Minus |1 j - r m Frequency I
oK | Cancel
L - - - S— - - )

5.8.1 Global Show / Hide Markers

On the toolbar is a button like this # and correspondingly popup menu items with a
right click on the display that permits marker display to be switched on or off.

5.9 Full Screen Display

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

5.10 Keyboard Shortcuts
The following keyboard shortcut may be used

Key Function
Esc Exit from full screen 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
T Start / Stop scanning
S Single scan
F Toggle Full Screen
Ctrl-M Marker Measurement Dialog
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6 Save, print and copy

This chapter covers:
e Saving trace or simulation data to file
e Loading trace data from file
e Autosaving & loading data when exiting ad restarting the program
e Exporting and importing the program configuration
e Printing
e Copying to the clipboard
e Dragging and dropping files from Windows Explorer

6.1 Saving Data to and loading data from Disk

Data may be saved to disk using the “Save to File” options of “Load & Store Data”.
The data that is saved may be the current scan data, one of the data stores or the
current simulation data.

There are four versions of file format supported for saving data and two for loading.
The default option saves data in raw measurement form suitable for reloading into
myVNA. The VNA4win file format is similar to that used by VNA4win and allows
saved data to be imported into Zplots for further analysis. The next format is an
extended CSV format and the final one the industry standard “touchstone” file format.

The file format to be used when saving data is selected by the ‘Save as Type” drop
down list.

Save As E]EJ
Save ir: | ) v cal data ﬂ |‘jﬁ Ed-
N - | Igmscanl.csv |g_‘a]scan2.csv
et B 1 25canl -ext.csw B scan3 extended. cov
My Recent @IZSEEHZ.ESV @scan&csv
Documents B 125canz-ext. csv ) scan extended.csv
9 l@paul bt check 1-60in myvna format, csw l@scan‘t.csv
@paul b check 1-60 second scan in mywna Format, csy @scans extended. csy
Desklop Bl pault check 1-60 third scan in myvna Format.csy By scans csv
7] l@paul bt check 30-60 4th scan cal 30-60 in myvna Format.csy I@scans extended. csv
I@Daul t check 30-60 second scan in mywna Format. csy E‘_’a]scans.csv
My Documents Bl pault check 30-60 third scan in myvna Format, csy B scan? extended.csv
b @scanl extended.csy @scan?.csv
9 I@scanl.csv @_a]scanﬁ extended, csy
i!)“g B scanz extended.csv B scang csv
] Fy Computer < 3
‘*-g] File: name: | ﬂ Save |
My N;tﬁo,k Save a3 tpe; |csv Data Set " csv) ~| Cancel
hlsces TSV Data Set [%.csv]
Whadwin C5Y fles [".cav)
Ertended CSY Data Set [".csv)

Touchstone Format [ 52p)
Al Files [
T T

Touchstone format is the industry standard SNP format; more on that later. Extended
data sets provides the option to select what data types to save. To use it, you must first
select what data types to save. This is done using the “Set extended filesave types”
option under “Load & Save Data”. When selected, it pops up the following dialog
box.
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Select extended data formats E|

Dual Deteckor and Feflection Mode Selection

¥ Rs | [ vSwR [ cs [~ Gp (e}
[~ s [ =25 [~ RL [ Ls [ Bp
[ Rp I |1zp| [ Rho [ cp [ ¥

v ¥p [~ <Zp [ <Rha [ Lp [ <y

Dual Detectar and Transmission Mode Selection

(| v adey [ <a

5 Parameter Mode Selection

[ 511 Real v 521 Real | 522 Real [~ 512 Real

5 [T 521Imag [ S22Imag | 512 Imag
511 szt T o|s2z| I |512|

[ <511 [ <521 [~ <522 [~ <512
[~ s11de [~ s21dB [~ sz2zde [~ s1zde
Setk Al | Clear All | ok | Zancel |

For each instrument mode, you may select what formats of data to be saved when a
file is saved in the extended file save form. The settings you choose will be saved on
exit and reloaded when the program restarts.

Note that only the default file format or Touchstone — not VNA4win or extended files
— are supported for loading back into myVNA.

Touchstone file format (otherwise known as snp file format) is supported for both
trace data save and load; but with some caveats. When saving in Reflection mode,
data may be saved in s1p format, and when in Transmission or S Parameter
instrument mode, s2p mode is available. When loading, formats MA, DB and Rl are
available in both file types. Units may be in Hz, MHz, kHz or GHz. Files may be
saved or loaded in S, Y or Z formats. H and G are not supported.

The program automatically detects the format when loading. To save, a dialog under
“Load & Store Data” selects the file details. It is invoked by the option “Set
Touchstone File Options™ and pops up a dialog as shown below:

Touchstone File Details @|
Save Parameter Type Save Farmat
(O] 7 Ma (Mag+angle)
(] " DB {Mag dB+Angle}
2z ' RI (Real+Imag)
~
(¥ ¥ Onload, 0 =3 absent
po—
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Select the parameter type and format. These affect the file when saving. The other
option changes the behaviour when the file is loaded. There is a fundamental problem
with snp files. They do not cater for saving simple transmission data. The way round
this is that the program may be directed to check on loading whether a parameter x11,
x12, x21 or x22 where x is S, Y or Z, comprises just zeros. If the tick box shown
above is selected, then when the program detects that a data set has parameters of all
zeros it will interpret that as being missing data as opposed to data that is genuinely
set to zero. In most cases the setting to use is to have this box ticked. One final caveat
— the program ignores the R parameter on file import. Incidentally, if the Options line
is missing it follows the Touchstone 1.1 convention of defaults — GHz, S and MA.

6.1.1 Autosave

There is an option under “Load & Store Data” titled “Auto Load/Save trace data” .
When selected, the program will save to disk the contents of any of the 4 data stores
that are showing data when the program exits and, if selected, will reload those data
stores when the program restarts.

The data are stored to the current user specific Roaming Appdata directory under the
subdirectory myVNA.

6.1.2 Load and Store options and configuration

The options provided under the “Load and Store Data” treeview control for load &
store are as follows:

“Save Scan to store x” the current scan data is copies into a store (1 to 4)
“Save simulation to store” the current simulation results are placed in a store
“Save xxx to file” the current scan simulation or contents of a store are

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

“Load file to store” a csv or snp file is loaded into one of the stores

“display store x” toggle on or off the display of a store

“set extended filesave types” controls which data are written to an extended csv
file

“Set touchstone file options” determines the snp file options

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

“Set scan to stored trace...” permits the scan to be set to match that of a current
store

6.1.3 Export & Import Program Configuration

Two options under “Instrument Mode” permit the export to a text file and import from
a text file of the current program configuration. This is separate to the main system
configuration load & save to the registry that still takes place on program start / exit.
Whilst the file is structured in the style of an “ini” file, it is not recommended that you
edit this file manually. You may do so - the program will not try to stop you — but the
results may not be as intended!
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6.2 Printing

You have the option either to print directly or to copy an image to the clipboard that
may be pasted into another document. Both functions will preserve the aspect ratio of
the screen display currently selected in the printed or copied image.

When printing a trace, you may now add notes to the printout. Under “Print Options”
there is an entry labelled “Print Notes Dialog”. It is also available on the right click
popup menu. This dialog is as shown below. It allows control over the header, footer
and notes sections of the printed page. The Header and Footer are two lines long each
that appear centred on the page, top and bottom. Each may also be extended to a third
line by including the print date & time using the appropriate tick box. The notes
section is a freeform text area that appears beneath the trace display. It will be
truncated at the end of the page if it is too long. Noting that the display may fill the
page length, especially in portrait prints, some space needs to be made for the notes.
When necessary therefore the program will shrink the plot area to leave space, but
will only shrink it sufficiently to allow up to 1/3 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 screen when the program is in use, or it may
be closed and reopened. When this happens the previously entered text will be
remembered. The Header & Footer are preserved on program exit however the body
text notes are cleared on program startup.

M Print notes E“El@
Header Text ¥ Append Date/Time to Header
Body Text
Faoter Text ¥ Append Date/Time to Footer

The Notes dialog box may also be resized to suit your needs

If you want to change the width of the traces shown either on screen or when printing,
there are separate settings for each on the “display options”. The values represent the
pen width in pixels. The graticule will always be 1 pixel thick and the border around
the display will be 2 or 3 wider than the trace pens. The size of the markers will
change to reflect the resolution of the display.

Also available are two options to change the fonts on a printout. The notes font
applies to the header, footer, print notes and (if present) the marker calculations. The
other font applies to the fonts on the trace graphic.
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6.3 Copy to Clipboard

On the main toolbar is a “copy” button that copies current data to the chipboard. If the
current display is the main trace, either a polar or rectangular display, the current trace
data and labels will be copied as an image to the clipboard. It may then be pasted into

another program such as Word, Excel, Paint etc.

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

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

If however the current display is the report view, then the data is placed on the
clipboard in both CSV and Text formats. This means that you may paste directly into,
for example, excel. If you do this as a simple paste though, it will be pasted as text
with each row of comma separated data appearing as text in a single cell — not very
useful. Excel though has two paste functions — Paste and Paste Special. If you use
paste special, either from the Excel Edit menu or by right clicking in the display and
selecting ‘Paste Special’ you will also be presented with an option to paste CSV data.
Do this and it will be pasted correctly.

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

When Report View is selected, it is also possible to copy just one column of data (or a
subset of a column by using the mouse with the keyboard Shift and Control buttons).
To do this, right click on the display area and a popup menu will appear. For whatever
columns are currently displayed, a menu item will be present to allow that column’s
data to be copied to the clipboard. It will also be in both text and CSV formats, but in
this case as there is just one column, there will be no trailing commas. This format is
suitable for pasting data into Lotus 123 as I can’t figure out how to make it paste

properly yet.

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

Marker measurements data may also be copied to the clipboard with the copy button
in that dialog box. This will copy all current rows or (if one or more rows are
selected) just those rows. As for the report view, the data is available on the chipboard
in both text and CSV format to permit pasting into excel or word.
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6.4 Drag & Drop

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

If it is .ref, .csv, .s1p or .s2p it will attempt to load the data into a saved trace store. If
one file is dragged, it will be loaded into store 1. If a set of files are dragged in one
operation they will be loaded into stores sequentially until all stores have been loaded:;
any remaining files will be ignored.
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7 Program Limits and other options

This chapter defines some of the program limits and options and how these may be
changed.

The number of scan points can be changed with the ‘steps’ setting of the frequency
bar. The default number of points is 200, but it can be set anywhere from 20 to
50,000. Note that if you go over 2000 points the program will increase buffer sizes
and consume more memory. The number of scan points is remembered when exiting,
but if it exceeds 2000, then a value of 2000 will be used next time the program starts.

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

A fairly simple bit of maths will show that if you set the program to 50,000 steps with
0.2 seconds between every DDS change and average 10,000 points per step in 32
point harmonic suppression mode you will be there for an unfeasibly long time
(approx. 102 years to be precise).

The program has a number of built in limits. In general you should not need to change
any of these, but if you do, you will find them in a dialog box accessed from the main
menu, view, options. It pops up a dialog box as shown below. These configure the
various internal program limits and also permit the hiding or display of optional
features should you not want to use them. Some limits, like the maximum number of
steps and averages are not changeable.
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F N
Set Internal Program Limits and Options = ot e
DDS Clock Frequency Limits Change Leftview Controls
Max | 10000 MHz [ Hide Display Sets Mote: Changes to
these controls take
| Hide Transverters effect next time the
Min 10 MHz i started.
[ Hide Metwork Options AL SEE
Base VNA Frequency Limits [~ Hide Switch and Attenuator controls
Max | 10000 MHz [ Show all display types at once
) [+ Hide debug controls
Min 0 MHz
. Calibration Data
Transverter Freguency Limits
Max | 100000 e v Use curve fitting for calibration data interpolation
[ Use log(f) if curve fitting log calibration data
Min 1 MHz ¥ SetDDS to scan start freq when waiting for calibration

[v Save basic mode data in calibration data file
Rld Max | 500 Ohmsz

¥ Prompt for calibration notes when saving

Calibration Standard Limits
User Interface Options

Cld Max | 10 pF ¥ Permit Frequency dragfrescale whilst scanning

v ] ) ; )
Ud Max IlU— nH v Attempt automatic retries on 10 fails during scan

v Clip polar traces to the chart area
Rsh Max | 10 Ohmsz r
Lsh Max |10 nH Display Frequency Limits

Lawer Limit Upper Limit

Cop 10 pF 0 200 MHz

™ Reset Warnings

Cancel | lJ

h — ——

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

There are two options that alter the way calibration data is generated. When you
perform a calibration, it is performed with a specific number of points. When you
subsequently use that data, you may choose a different number of points, a narrower
frequency range or a logarithmic frequency scan. In all such cases the program needs
to generate a scan specific set of calibration data. When it does this it may need to
interpolate between calibration data points. With the “Use Curve Fitting for
calibration data interpolation” box unchecked, then a simple linear interpolation
between points will be used. However, a better fit may well be obtained using a curve
fitting algorithm. With the second box ticked it will do just that. The second tick box
comes into play when a log frequency scale was used for the calibration data. In this
case the curve fitting is modified to take this into account also. The effect of this
appears to be small so the default configuration is to tick the upper box and not the
lower one but feedback on their effect would be appreciated.

When a frequency scan is in progress, dragging the scale left or right or altering the
scale can be confusing on anything but a fast PC. Therefore you may enable or disable
this feature by ticking the “Permit frequency rescale/drag whilst scanning” box.

The option to automatically retry on an 10 failure changes the behaviour of the
program when a scan completes. When a scan completes, a check is made as to
whether it has been as a result of an error such as an ADC timeout. Normally, a dialog
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box will be displayed indicating the reason (if one exists). When this option is
selected, this will not happen. Instead, the program will try to restart the scan. If the
error is a persistent one, such as VNA power failure, the result will be an error, but if
it was a transient such as an ADC timeout or overrange, the scan restarts (or tries to).
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8 Smith and Polar Charts

Data may be displayed in four formats:
e Rectangular plots (all traces so far in this manual)
e Smith and Polar charts
e Report (Listing) view
e Equivalent circuit view.
This chapter covers Smith and Polar views.

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

Limited rescaling is available, and only in the polar modes.

1% Untitled - myVNA (=13
Ele Edt Y¥iew Help
=] AL
Stat Sran HW‘ Calibrate ‘ Autoscale ‘ Markers ‘ Centre[14.319000  [mhz «| Span[0.005000 [z ~| [CentrejSpan +| Steps [zo00
Instrument Mode

25| + <25
|Zpl + <Zp
SR

RL

Rho + <Rho

Rs +Cs
Rs + Ls
Rp +Cp
Rp+Lp
Gp+Ep
W]+ =¥
Swith Chart
Display Left
Display Richt

£02QUU T

[=
Transverters
Metwork Settings

For Help, press F1 4,882 secs (€05 mode UM

Markers also function in Smith Chart mode. When switched to Smith Chart, “left”
trace refers to modulus of the signal and “right” refers to phase. Functions such as
seeking for a crossing point, max or min will function but note that the values used
are |Rho| and <Rho not normalised impedances. Compared to the rectangular plots of
the other options, dragging in polar mode is different. Position the mouse near the
manual cursor (don’t forget, right click, bring manual cursors on screen will make
them appear) and press the left mouse button. As you drag left and right, the cursor
will move in polar coordinates around the trace. Note also that the marker may jump
when you start to drag; this is so that it remains possible to position the cursor to any
frequency on the scan without having to release the mouse button and drag again.
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In polar display modes, markers will display as two values followed by the frequency.
The first value is the absolute value of the parameter, for example |gain| or |rho|. The
second parameter is the phase angle in degrees. In Smith chart view, this may be
further refined via the popup menu to change the display for each marker. A choice of
values such as rho, rs+xs, rs+cs etc. is provided. These options are not saved on exit.

Finally the program permits some display scaling, for example when displaying in log
display modes. However the display will get quite confused if you display smith,
linear polar and log polar at the same time. By all means do it but don’t expect it to be
useful.

i} § Parameters mode - myVNA Q@E‘
Fle Edt vew Help

=] R
Start Scan || Single scan | Calbrate ‘ Autoscale ‘ Markers ‘ Stop[60.000000  [mz v | [Fromzera  w] Steps [z00
e

Tnstrument Mod
8 Display

SL1 Real + Imag
522 Real+Imag
s21 (ds)

512 (dB)
521 (linear)
512 linear)
Display Left
Display Right
{0k Display Options

| Calibration

§21 Real + 521 Imag 90

—3

=0

2

55

'I,///

4,019 secs DS mode UM

,,%t\\\\\\

4

g v'

tings
Switch and Attenuators 180

10
0.500000 1.000000

"‘\ />

#

%

270

By default, the trace will be clipped to the edge of the chart. If for some reason the
trace extends beyond the outer edge, it will appear during the scan (as a black line)
but when redrawn at the end of the scan it will be clipped. If you want to see the trace
beyond the edge, then you can untick the option “clip polar traces to the chart area” in
the program options.
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i § Parameters mode - myVNA

Fle Edt Yew Help
= =R
sartscn | gngeSean | Gatrate | autoscale [ parers stop[60.000000 [z ~| [Fromzers =] Steps [200
e

| + Imag Mkr 1, 0.966, 34.040000 MHz
522 Real+Imag Mkr 2, -0.094, 29.025000 MHz
521 (dB) Mkr 1-2, 1.061, 5.015000 MHz
S12 (a8

Display Right
{C# Display Options
alibration

s

n EESNSEZS = =
ey

Ny

4.019 secs DS mode UM

8.1 Zooming
There is the facility to zoom in to polar and smith charts.

There are two ways to zoom in and out. Firstly, from the pop up menu there are three
options:

1. Zoomin
2. Zoom out
3. Reset zoom view

Secondly, two hotkeys may be used to zoom in and out. Hold the control key down
and depress the ‘+’ or *-* keys.

You may zoom in by a ratio of up to 10x.

It is also possible to drag the displayed area around to zoom in on a specific area. The
display below shows the effect of zooming in and dragging the display to show a

specific region. To drag the display, press the left mouse button, move the display
then release the button.
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9 Report View

Data may be displayed in four formats:
e Rectangular plots (all traces so far in this manual)
e Smith and Polar charts
e Report (Listing) view
e Equivalent circuit view.
This chapter covers Report view.

Under “Display Options” there is an option of “Report View”. If selected, this
changes the graphical display to a tabular report as shown below.

i Untitled - myWNA OB®

Fle Edt Yew Help
= ERAL
Sortscan | SngeSen | Galbrats | Aoscale | Makers | start[79973z¢ W | Stop[adizess [z w| [Statistop v Stems [soo
Tnstrumert Mode Frequency [zl [z [ -
Display Sets 7.997324 650.207894 -69.644313
Display Left 7.997365 641,770396 -69.614116
Display Right 7.997405 £33,389856 -89.800103
A . 7.987445 624.956093 -89.780151
w 7.997487 616476672 -89.768081
7.997527 607 927642 -69.749459
7.997568 599.474654 -69.731234
7.997605 590.808232 -89.716213
7.967643 s82.169220 -89.693909
7.997690 573638325 -69.600565
7.997731 564,848501 -69.6668402
7.997771 556.096487 -69.661189
) 7.907812 547.318592 -89.640210
Creutts 7.967853 535.465987 -89.623795
Auto Refine Eq Cct 7997693 529,555384 -69,608896
Invert RL display 7.997934 520692803 -59.569939
Display Inf 7.997975 511.644295 -69.561806
vertic 7.998015 502.626403 -89.524389
Horizor - 7.998056 493519939 -69.483961
7.998097 464.410216 -69.452981
Irace Averages | 7.998137 475.157555 -69.408365
Prink Pen Widkh 5 7.998178 465.938034 -89.377463
Display Pen Width 2 7.998219 456,702443 -89,341335
-5 calbration 7.998250 447.415647 -89.313400
-5 Reference Standards 7.998300 438,162871 -69.291541
- Load & Store Data 7.99341 428,849380 -69.279470
& i varduare e o p07 oo o
.(!; Chaase Trace Colours 7.908463 400.648150 -89.239609
24 ] 7.998503 391169678 -69.217691
8 etwuork Settings 7998544 361,610591 -69,186831
7.998585 371.972119 -89.147985
7.998625 362.270349 -89.095334
7.998666 352.949127 -69.092966
7.998707 342580878 88966761
7.998747 332.665995 -68.900220
7.995785 322.762189 -88.831431
7.998829 312.812463 -88.763103
7.998869 302.797102 -68.704566
7.998910 292.710615 -69.640128
7.998951 262572325 -88.576228 &
4.751 secs (cDs mode M

The columns will be whatever the current displayed parameters are (and you may
change them in the view) and the column widths may be adjusted by dragging the
divider lines between the headings. The order of columns may also be changed by
dragging the column header left or right. A scroll bar will appear on the right to allow
the data to be viewed, and if printing is selected from this view, a tabular report will
be generated. Copying to the clipboard is supported. If one or more rows are
highlighted (click on the frequency) then only the rows selected will be copied to the
clipboard. If none are selected the whole data set is available in text form on the
clipboard. Via a right click popup menu, it is possible also to specify a single column
(or selection from a column).

If time is displayed in report view, the time data will be displayed as requested but not
the time axis. This is because the program would need to display separate axes for
each of the available data source time windows making the data confusing. If you use
a report view TDR display, the axis for each value will be the time window for the
corresponding data source (not the display window).

One limitation — it will get confused if you have a store and a scan displayed in the
report view at the same time with different limits (frequencies, points, log/lin).
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10 Equivalent Circuits

Data may be displayed in four formats:

Rectangular plots (all traces so far in this manual)
Smith and Polar charts

Report (Listing) view

Equivalent circuit view.

This chapter covers the Equivalent Circuit view.

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

Select it and the display changes to something like this:

5 Untitled - myVNA EEX
Ele Edt Y¥iew Help
=] ERAL
Seart Sean ‘ Single: Scan | Calibrate ‘ Autoscale ‘ Markers ‘ Start | 7.907324 MHz =] Stop|s.017658 MHe =| |startjstep | Steps [S00
Instrument Mode |
Display Sets Select Device Type
Display Left Crystal Parameters =
i Select Model
45 Degree Phase hd
can
Auto: isplay Change Select Data Source
Snap to 125 on Autoscale ,—H"E“l Scan Data -
Snap to 125
#udio Cugs
Report View ,—4|
Equivalent Circuits
#uto Refine Eq Cet
Invert RL display Log Results Log File...
Display Info Tips
58 Refine Result
Il
LI
co
N -—
Lo
RmM cm Lm

4,751 secs (DS mode HUM

What is displayed is governed by the Instrument Mode and the drop down list settings
on this screen. When you select “equivalent circuits”, the program will change the
display types to suit it; you can change them whilst in this screen but the results may
be wrong.

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

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

After a successful measurement, the results will be displayed bottom right and may be
logged to a file.
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10.1 Crystal Motional Parameters

The model used is taken from an excellent paper by Jack R. Smith K8ZOA “Crystal
Motional Parameters A Comparison of Measurement Approaches” available from
http://www.cliftonlaboratories.com/ which enumerates a number of methods. The
program implements the 3dB and 45 degree methods in transmission and reflection
modes but the 6 parameter HP model is experimental and may give incorrect results.
In addition as a variation on the 3dB model, CO is computed from the series and
parallel resonances by the equation

()4

To use the program in transmission mode you must connect the crystal in series in
between RF out and Detector in, preferably with a jig as shown by Jack and as
reproduced here:

50 ohms 12.5 ohms 12.5 ohms 50 ohms

Crystal lun|der test
0
L |

This gives an RI of 12.5 ohms. Alternatively, you could just use a couple of inline 50
ohm pads. To allow for this the program has a drop down list for selecting RI, or you
may enter your own value if different from the common ones. The program will
remember the value you enter. This is only used in transmission mode.

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

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

Here is what it should look like for the 45 degree parameter model in reflection mode.
Note also the displayed results:
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i} Reflection mode (RF-IV) - myVNA
fle Edt Yew Help
=] ERA
Start Scan Hm‘ Calibrate ‘ Autoscale ‘ Markers ‘ Centre[a.008374 [z +| Spanf[0.020000  [wHz ~] [ContreSpan | Steps[zm0

Instrument Mode ~ i
Display Sets Select Device Type

Display Left Crystal Parameters hd ‘

Display Right

Trace Calculation Select Model
G Display Options 45 Degree Phase -
Graticule
Scan Progress Bar Select Data Source

Autoscale on Display Change l—_|(3un:m Scan Data -

Snap to 125 on Autoscale
Snapto 125
Audio Cues
Force |displayl for Log axes

Report View }
Equivalent Circuits Log Results Log File... /

Auto Refine Eq Cct

|

Display Info Tips
wertical Divisians 8

Horizonkal Divisions 10
Label Freq Gridines Zero phase: 8.00039809 MHz

Fs+45 degrees: 8.00042769 MHz
Label vert, Grdl

it Fs-45 degrees: 8.00036840 MHz

It Parallel Resonance: 8.01572942 MHz

Display Pen Width 2 ol
Print Motes Dialog co Rm = 8.387048 ohms
Add Print hokes to Clipboard ¢ Lm = 22.513399 mH
Label Markers in Printouts P -~ gT ;3!]4!;13:5;25 pF
Swith { Polar View = .
Edit Trace Labels C0 = 4.586463 pF
|5 Calbration VAV —| l—'+ 6L6m6 B
|- Reference Standards Rm cm
|5 Load & Store Data
(kWA Hardware
%’ Choose Trace Calours
O} Transverters
18] Network Settings v
< >
+.487 secs DS made. UM

And in transmission mode

15 Transmission mode - myVNA
File Edt Yiew Help
=] ERAL
Start Sean Hm‘ Callbrate ‘ Autnscale ‘ Markers ‘ Centre[14.328434  |whz =] Span|0.030000 [tz =] [centrejspan | Steps[z00

Instrument Mode »~ R
" Display Sets Select Device Type

: Display Left Crystal Parameters e J’fu

Display Right

Trace Calculation Select Model
(3 Display Options 45 Degree Phase -
Graticule

Scan Pragress Bar Select Data Source

Autoscale on Display Change ,—4|'3“"E“‘ Scan Data =

Snap to 125 on Autoscale

Snap to 125 Rl of test jig

Audio Cugs ™
12.56 -

Farce |display] for Log axes

Repart View \

Equivalenit Circuts Log Results Log File... AN i

Auto Refine Eq Cet
Display Info Tips

Wertical Divisions &
Harizorkal Divisions 10
Label Freq Gridines

Zero phase: 14.31860318 MHz

i Fs+45 degrees: 14.31898832 MHz

Label Vert. Gridi
P:an:r:W\d’t‘hI;ES Fs-45 degrees: 14.31826731 MHz
Display Pen Width 2 Il Parallel Resonance: 14.34048272 MHz
Print Notes Dialog Clcl) Rl used in calculations: 12.56 ochms
‘Add Print Motes to Clipboard ¢ Rm = 6.891109 ohms
Label Markers in Printouts I — Lm = 7.066116 mH
Sith | Polar View Crﬂ = 0.017485 pF
Edit Trace Labels Q=19859.15

5 Calbretion ﬁNV‘—H—f?jL_?_nG_P Q [unioaded] = 92251.23

[ Reference Standards Rm cm 0 = 5.721248 pF

|7 Load 8 Stare Data

(Ch A Hardware

% Choose Trace Calours

03 Transverters

8 metwork Settings v
< >

8,327 secs DS mode HUM

The program will position cursors in the form of vertical lines at the measurement
points it has used and display the results of its computation.

If the program detects a parallel resonance, it will display CO and a 4 parameter
schematic; otherwise it will only show 3. Note however that it will not measure
parallel resonance alone — the program must have the series resonance within the scan
in order to work properly.

Without using the parallel resonance here is the result. Note that you may zoom in on
the series resonance for better resolution. This example is in reflection mode. It also
shows the effect of clicking on the “simulate” button. The program has used the
network simulation package to simulate the measured crystal; the phase plot is
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coincident with the measure results and the impedance can be seen as a red
(measured) and blue (simulated) trace.

1 Reflection mode (RF-IV) - myVNA EEXR
File Edt View Help
=] ERAL
Start Sean ‘ Singe Scan | Cailbrate ‘ Autoscale ‘ Markers ‘ Centre[a000402  [whz w| Spanf0.000537  [mHz w| [Cemerejspan | Steps [200
Tnstrument Mode -~ .
" Display Scts Select Device Type
" Display Laft Crystal Parameters -
is Lt
iculation Select Model /
45 Degree Phase hd
i 9 AN 7
Scan Progress Bar Select Data Source N /
Autoscale on Display Change [Comemt Scan Data <]
Snap to 125 on Autoscale
Snapta 125
Audio Cugs ,—_| \
Farce |displayl for Log axes
Report View ; \\ //
Equivalent Circuits Log Results Log
Auto Refine Eq Cet — ><
Invert RL display Refine Result| |: —
Displa =
ertic
Hor
e Zero phase: 8.00040059 MHz
ot i Fs+45 degrees: 8.00043041 MHz
Print Pen Width 5 Fs-45 degrees: 8.00037045 MHz
Display Pen Width 2 E": = g;gggz?gn::.ﬂs
Dial e
S AN i} ol o Cm = 0.017587 pF
Rm Cm Lm Q = 133429.06
-5 Calbration
- Reference Standards
- Load & Store Data
(Ch A Hardware
% Choose Trace Colours
03 Transverters
#.J Network Settings v
< >
For Help, press F1 4,487 secs D5 mode oM

The program operates in both transmission and reflection modes; note that as
explained in Jack’s memo you need to be aware of the jig’s capacitance. Results in
reflection mode seem more accurate for reasons not immediately apparent.

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

Label Log Entry

Enter a label For this log entry, ar kick
‘autonumber' to use sequential numbering

b
¥ futonumber  Reset Log Number to 1
0K Cancel |

In most modes, there is the ability to refine a reading. The way it works is this. It may
either be switched to automatic mode by clicking on the “Auto Refine Eq Cct” feature
on the left view under “Equivalent circuits” or explicitly performed by clicking on the
“Refine” button.
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Searching for Optimised Solution... @

The program is now repeating the scan process at critical
points, looking For a better solution. Please wait, this dialog
b will clear itself automatically on completion.

Status Check
Iv¥ Frequency 1 | Frequency 3

IV Frequency 2 | Frequency 4

When this happens, the program will attempt to locate the best readings for the critical
parameters. For each reading that is used in the calculation, it will search for the
optimum setting by recursively scanning. The way this works is as follows. For each
critical point it will sweep across a range of frequencies from two steps before the
point to two steps after it. It will then find the best point in this new scan and again
find two points before and two points after and repeat the process, until it finds that
the step size matches the DDS step size. It then stops. This means that you can select
a fairly coarse scan — provided that the steps are sufficient to give it a starting point —
then refine the result. Whilst this is happening a dialog box will show progress. The
dialog shows the progress through the parameters by tick boxes (note that for some
scans the dialog box may disappear and re-appear) with a progress bar for each scan.
The progress bar will be repeated for each recursion performed. Be careful however
of a noisy signal.

In manual mode, reselecting the method will revert the results to the original values
before the optimisation whereas clicking the scan button will generate a new starting
point.

Note that as the program is seeking a solution to a fraction of a Hz, the VNA needs to
have reached an operating temperature before the results can be believed.

Finally note that in reflection mode you also have a 6 parameter model available. This
is under revision at the moment — don’t believe what it says yet. Here is an example of
its output:
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% Untitled - myWNA [m=E
fie Edt Yew Help
=] ERA
Start Scan ‘ Single Scan Calibrate ‘ Autoscale ‘ Markers ‘ Centre | §,008591 MH: =] Span|0.023870 MHz ~ ‘cgntm/gpan j Steps | zo00
Instrument Mods |
Display Sets Select Device Type
Display Left Crystal Parameters hd
Display Right
) Display Options Select Model
6 Term Model =
Select Data Source [
Current Scan Data hd l l
Log Resulis Log File... /
Refine Result —
Series Resonance: 8.00011691 MHz
= By Fon Wilth 2 Fs+3dB: 8.00014607 MHz
|7 Reference Standards Fs-3dB: 8.00008775 MHz
5 Load & Store Data G0 Parallel Resonance: 8.01396012 MHz
1 a R L
c e -
‘-= e oo Cm = 0.017484 pF
b s Q=137178.14
*Lm ~ Rm C0 =11.709884 pF
Cm RO = 7.294449
GO = 5.35648e-006

For Help, press FI 18,971 secs CDS mode )

Read Jack’s paper for more information.

When scanning a high Q device like a crystal, some thought needs to be given to the
settings. As a starter, | suggest the following but you may find different values work
better:
e ADC mode 8 or faster (use 6 for transmission mode)
ADC sweep start delay 4000 psec
ADC step delay 3000 psec
Phase step delay 100 psec
Initial frequency scan 200 points or more
Trace averages 5

For a VERY high Q crystal, a more conservative set of parameters is probably called
for.

As an experimental addition, there is now a “simulate” button. This takes the current
parameters, generates a simulation of the crystal and overlays it on the trace; see the
section on Network Simulation for more details. One point to note. If you simulate a
crystal that has been measured in reflection mode, then the termination impedance of
50 ohms will give the wrong results, so the program will include a short circuit after
the crystal to give the correct reflection (S11) results. Similarly in transmission mode
it will set the simulation termination impedance to match that of the transmission test
jig (12.56 ohms for example for the jig shown earlier).
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11 Dual Detector Scan

Not described yet in this manual, an N2PK VNA may be equipped with one or two
ADCs. When only one ADC is present, it may be used for reflection or transmission
measurements but not both. When two are present, a scan is usually performed using
both ADCs at the same time (A Dual detector scan).

The “Instrument Modes” switches the basic configuration into a number of modes
such as reflection, transmission, and dual scan. S Parameters is a variant on Dual
Detector and is explained later in this document. If you select Dual Detector, the
program will perform a scan using both ADCs with concurrent operation, but to do
this it needs to know which ADC is used for transmission and which for reflection, so
use the Hardware Options to tell it. Select “Always do Dual Scan” and the program
will always do a dual detector scan even if just reflection or transmission is selected.

Having done that, a dual scan trace looks something like this:

il Untitled - myWNA OE®
fie Edt Yew Help
=] ERAL
Start Scan ‘ gingle Scan | Calibrate ‘ Autoscale ‘ Markers ‘ Centre[14.319000  [mHe ~| Span|0.005000 MHz ~ ‘cgntm/gpan j Steps | zo00
Instrument Mods
Display Sets
Display Left
Display Right: 1.05 612.75
16| Mkr 1,-4.080, 14.318718 MHz
G(dB) Mkr 2, 0.714, 14.316510 MHz
< G(dB) | MKr 4. 46.405, 14.318718 MHz T
Rs B
s 7.69
dB
{ Div
g
. \\
-29.72 / \ 278.91
\\
2 \
.
-60.49 -54.93

14.316500 14.319000 MHz 14.321500

4.882 secs DS mode UM

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

However, remember that the program, once it has captured a set of data can display it
in other ways, so if you switch at this point to transmission or reflection modes you
may display the data as if you had captured it in a transmission or reflection scan, so
for example with the above data set and without rescanning, switching to reflection
mode and autoscaling gives this
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5 Untitled - myVNA FEx
fie Edt Yew Help
=] ERAL
Start Scan ‘ gingle Scan | Calibrate ‘ Autoscale Markers ‘ Centre[ 14319000 [mHe ~| Span|0.00s000 MHz ~ ‘cgntm/gpan j Steps | zo00
Rp+ 4P 612.75 246.93
125 + <Zs Mkr 1, 557.109, 14.319392 MHz
|2pl + <Zp Mkr 2, -357.677, 14.319473 MHz
WSWR Rs |Mkr 3, 50.275, 14.319093 MHz /\ﬁ Xs
RL Mkr 4, -76.184, 14.319392 MH.
Rho + «Rho 83.46 |Mkr1-3, 506.833, 0.000300 MHz 82.45
Ohms Ohms
R+ Cs i Div i Div
Rs +Ls
Rp+€p
Rp+Lp
Gp+Ep
1]+ =¥
Smith Chart I ey
Display Left
Display Right 278.91 -82.86
€3 Display Options e I
I Calbration L]
| Reference Standards
|7 Load 8 Stare Data
(€ WMa Hardware
% Choose Trace Colours
(C) Transwerters
#.J Network Setings )/ \
-54.93 -412.64
14.316500 14.319000 MHz 14.321500
For Help, press F1 4.862 secs DS mode: UM

And changing to VSWR gives this

15 Untitled - my¥NA
File Edt Yiew Help
=] ERA
sortscan | sngesean | calbrate | aoscsle | werkers | || conws[143mom e <] Spsn[o.ooson [z <] [centrejspan <] Steps[z0n
b

Rp+¥p 209.92

(25| + <z Mkr 1, 190.938, 14.321498 MHz
|zpl + <2p Mkr 3, 50.061, 14.320043 MHz
/SR vswR |Mkr 4, -6.277e+066, 14.321498 MHz A

RL Mkr 1-3, 140.877, 0.001455 MH

Rho + <Rho 28.48

Q

Rs +Cs i Div

Rs + Ls

Rp+Cp /

Rp+lp \ ’_/

Gp+Ep

W]+ =¥
Swith Chart
Display Left
Display Richt 96.00
€% Display Options N T
| Calbration
| Reference Standards \ /
|5 Load & Store Data
3 Wi Hardnare \
%’ Choose Trace Calours \

O
O} Transverters

8. Network Settings \

-17.92
14.316500 14.319000 MHz 14.321500

For Help, press F1 4,882 secs (€05 mode UM

Now it gets fun. At this point, hold down the control key on the keyboard and click on
another parameter such as Rs + Xs. The display now shows those parameters too.
Click on a few more such as Rho. You can have any combination of parameters you
want at the same time with the caveat that the display will get very cluttered.

Switching to transmission mode gives this when gain and phase are selected
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% Untitled - myWNA [m=E
Ele Edt Yew Help

=] ERAL
Start Scan ‘ S\ng\eScenl Calibrate ‘ Autoscale Markers ‘ Centre[ 14319000 [mHe ~| Span|0.00s000 MHz ~ ‘cgntm/gpan j Steps | zo00

isgl ks

I6| + <&
/ lal(de) + <G 1.05 215.68
Display Left Mkr 1,-4.080, 14.318718 MHz

. Display Right Mkr 2, -179.395, 14.318475 MHz
. G(dB) | MKr 4. 99.661, 14.318718 MHz -
'.

(.} Disy
= (—L\
ere! ndards 7.69 53.87
oa ata dB Degrees
(kWA Hardware 1 Div 1 Div
%’ Choose Trace Colours
)k Transverters \
29.72 / 018
\ \ .

18] Network Settings
.

-60.49 -215.31
14.316500 14.319000 MHz 14.321500
For Help, press FI 4.862 secs CDS mods )

This switching function also applies to S parameters. The same multiple display type
logic also applies so you may select multiple parameters such as S11, S12, S21 and
S22 and display them all at the same time.
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12 Logarithmic & Linear Scans

A scan may be performed such that points are linearly or logarithmically distributed
between start and stop frequencies. Similarly (but separately) the display may be
linear or logarithmic when in rectangular display mode. This chapter discusses
logarithmic and linear scans.

There are two aspects to this; logarithmic or linear calibration data and logarithmic or
linear scan data. You may freely mix both in all 4 combinations but remember that at
extremes of frequency, especially low frequency, and when using a small number of
steps, some errors may be expected when the program generates scan specific
calibration data by interpolation. Therefore you may find it wise to use a log
calibration scan with a log device scan.

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

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

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

The program now checks when it loads saved scan data whether its frequency scale
follows a linear or logarithmic sequence (with a certain amount of tolerance). If it
finds that the data fits neither, it will not load the data.

15 Untitled - myVNA EE®
Fle Edt Yiew Help

AL

Markers ‘ Start | 1.000000 vz v| Stop[en.ononn  [wiz v [Staistep  w] Steps [zoon

Mkr1,-110.714, 53.064822 MHz
Mkr 3,-3.113, 31.163559 MHz

Lagarithmic Scan i Div

Display Sets
Display Left
Display Right
) Display Options
Calbration

ata
-60.00

ours \
kg s ~

jetwark Setting
Switch and Attenuatars v \/

-140.00
1.000000 10.000000 60.000000

For Help, press F1 39,283 secs CDS mode UM
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All functions, markers, tabular display, file save & load, work equally with log or
linear scan data. The only exception is equivalent circuits which wants a linear scan.

When calibrating, the program will also perform a linear step scan — this is purely to
keep the code simple. In a log scan, just as when you select a different number of scan
points or change the start or stop frequencies, it will generate calibration data for the
scan as needed.

Finally, if you select “scan from zero” the program will do its best, but log(0) is not a
useful value here, so it will set an arbitrary point at 1Hz.
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13 S Parameters

As well as basic transmission and reflection parameters, the program may be
configured to work in and display Scattering (S) Parameters. This is the subject of this
chapter.

The S parameter model is based on the 12 term error correction model as defined by
HP and by following the logic in Paul’s code. Refer to Paul’s and Tom’s excellent
papers for details.

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

There are five different correction models available in myVNA. Response Calibration
is the simplest. The 5 and 6 term models assume that forward and reverse connections
are identical. This is probably only going to be the case where a single bridge is used
and the DUT is manually reversed. In all other cases the reverse direction is going to
be significantly different due to bridge and switching differences. Hence 10 and 12
term options are offered. The difference between 5 and 6 term is the same as between
10 and 12 term; in 5 or 10 term these is no isolation measurement of the through
detector. It is assumed to be infinite loss.

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

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

The best results for S parameters will be obtained when forward and reverse scan data
is available. This is not the same as whether you performed 5/6 or 10/12 term
calibration. In a reverse scan, if 10/12 term data is not available, the 5/6 term data is
used in both directions.

How do you make the program do a reverse scan? There are two ways. Manually,
there is a tick option under “Instrument Mode” called “Perform reverse Scan”. When
this is ticked, if appropriate, the program will assume that the data it is reading is
reverse direction data and process it accordingly. However, if an S parameter test set
is being used, the program can automatically control the relays that switch the test set.
To enable this, tick one or other of the “Enable Switch X in Reverse scan” options
under “Switches and Attenuators”. When one of these is selected, the program will
automatically perform a reverse scan after a forward scan.

A word of caution, it is very easy to get confused about data in forward and reverse
scans. If you perform a reverse scan only and display a forward scan data item, or
conversely do the opposite, then when scanning you will see a ‘trace in progress’
indication but no trace data will be shown at the end.
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Note that for the parallel interface there is just one switch line. For the USB there are
two, the program will automatically reverse scan if either is selected. Note that if you
tick the second (USB only) switch line then select a parallel interface, the second
switch line will be hidden — which can be confusing as it will still cause automatic
reverse scans.

In summary then, when you perform a dual detector 12 term calibration scan, the
program will need to capture the following:

1. During the Open scan it measures transmission isolation and reflection
coefficient for “open”

2. During the Short scan it measures reflection short data

3. During the Load scan it measures reflection load data

4. During the Through scan it measures through transmission data and also
measures the reflection coefficient of the detector.

These 6 factors are applied to forward and reverse data giving 12 terms. The program
may also be set to use 10 term (in which case the Open scan does not measure
Transmission Isolation) or 5 and 6 term ERC. The 5 and 6 term models are like the 10
and 12 term models but the reverse scan calibration data is assumed to be the same as
the forward scan data. In 5 or 6 term it is therefore a big assumption that the program
is making that the cabling or relays used to perform reverse measurements do not
introduce an error, but if you are only performing forward measurements (or manually
reversing the DUT) then a single bridge configuration may be used. See Annex B for
more information on test sets.

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

The sequence in which it will ask for these 5,6,10 or 12 data items will vary by the
mode selected and by whether the program has control over the forward / reverse
settings. It is preferable to use an S parameter test set and automate the switching. The
program will know you have an automated test set if it sees that the switch line
(parallel) or either switch line (USB) are set to change on S parameter switch control
(in the Switches and Attenuators set of controls). The sequence for a manual scan is
simple — do the forward then (if 10 or 12 term) the reverse data set. For automated
switching however, the sequence tries to optimise the handling of the open, short and
load standards to make it as easy as possible. Take care however to read the
instructions on screen as it is not immediately intuitive.

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

Calibration data can therefore be captured in a number of ways:
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=

Reflection scan. Open/Short/Load reflection data only are captured

2. Transmission scan. Through and optionally isolation are captured. Isolation
data is set to zero if skipped. Through reflection data is set to zero always.

3. Dual Mode or S parameter. As defined above, this captures the reflection data,

transmission data and detector reflection coefficient for 5/6/10/12 term

correction.

Therefore if you calibrate separately for reflection and transmission, detector
reflection coefficients will be missing from the calibration data and therefore a source
of error in the S parameters. The program will not stop you using such data (you
might deliberately intend such a measurement).

Note that under “Hardware” is an option to set an initial scan delay that may be used,
to take account of relay switch times. Also remember that only one switch line is
available with the parallel interface, two with USB.

For a full 2 port S parameter scan, a set of forward and of reverse data are needed. If
you do not perform a reverse scan but only give it forward data it will still function
but the return parameters in the calculations will be set to zero. The results are not as
accurate as full correction with 10/12 term.

When a set of S parameter data has been obtained, you may switch to the other
instrument modes — basic dual detector, reflection or transmission.

When the program is scanning, it will turn the colour of the progress bar red whenever
it is doing a reverse scan as shown below

Fle Edt Yew Help
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start sean | P 5iopSian | calbrate | autoscale | markers | Joosoooo e <] [ [ =] [Frscan <] stems[eo0

Instrument Mode
Display Sets
Display Left
Display Right 5.00 20.00
(C) Display Options Mkr 1,-13.591, 30.030000 MHz
| Calibration Mkr 2,-0.852, 30.030000 MHz
andart

S11 RL [dB)

-15.00 / \ \ / -60.00
-35.00 ( -140.00
0.060000 30.030000 MHz 60.000000

14 666 secs | <0< od: ]

myVNA v0-93 Page 75 of 181



S Parameters

Crystal Motional Parameters

File Edit ¥ew Help
=] ERA
Sartscn | SngeSean | Galbrate | Auoscale | Makers | Jomsooe [ <] [ = [Fisean ] steps[eon

Instrument Mode
Display Sets

Si1Real

511 Imag

1511

<5t

11 RL (dB)

sz

s21 (dB)

<s21

S22 Real

522 Imag

|522|

<522

S22 RL (dB)

siz

S12 (d8)

<512

Display Right

{0k Display Options
| Calibration

5.00

20.00

S11 RL [dB)
5.00
dB

{ Div

Mkr 1, -6.277e+066, 30.030000 MHz
Mkr 2, -6.277e+066, 30.030000 MHz

i

-60.00

-15.00 /

\

|7 Reference Standards

| Load & Stare Data

O viaa Hardware

% ce Calours

-36.00 ( -140.00
0.060000 30.030000 MHz 60.000000

14.666 secs DS mode UM

And above here are the display options for S parameters currently configured

There is a limitation to note. In CDS mode, the software eliminated detector offsets so
with no signal the detector should read zero. This means that we can safely use 5 or
10 term correction, where we assume that the through isolation is zero. In basic mode
though, the detector offset is not removed so it is not safe to use 5 or 10 term
calibration. You would get the wrong results, so it will not permit such a combination
and will give the following error message.

I'm sorry, but vou have selected ERC (5 term) or 10 term correction but the ADC mode is 'basic',
This means that the resulks will be invalid as the through calibration data will be zeroed.
Either change to RC, & ar 12 term calibration or select a CDS/Harmonic mode to continue with 5 or 10 term,

a

Under ‘Hardware’ is an option “Swap detectors in reverse scan”*. This should be
ticked if the function of the detectors reverses for reverse scans. Only tick it if this is
the case. Get it wrong and the results will be weird. A “T check” is a good idea when
commissioning a system. Perform a calibration ( 5,6,10 or 12 term, it does not matter)
then connect a 50 ohm load to a T piece in series with a through connection. The
result should be an S11 and S21 measurement that are flat to within about 0.1dB
across the frequency range.

So far, there is one limitation not addressed. The reflection data display (things like
Rs+jXs) only worked for Port 1. There is an option under “Instrument Mode” that
allows the port that is used for the reflection data display to be changed from port 1 to
port 2.
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14 Harmonic modes and CDS

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

1. To suppress harmonics that cause strange effects at high frequencies

2. To extract a harmonic (2", 3", 4™ or 5™ to extend the frequency range.
This version includes an experimental implementation of the algorithm, courtesy of
Paul. This chapter presents details on its operation.

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

The program ought to limit calibration data so, for example, it should not allow you to
use harmonic calibration data in another mode. This it currently will not do as the
modes are experimental. Therefore you must take care.

Configure CDS f Harmonic mode @

Select Mode Samples
" Basic Mode .
% Harmonic Suppression Mode " & samples
* 16 Samples
" 32 samples

Harmonic

" Fundamental Maote: Far DS, select Harmonic
Suppression, Fundamental, 4
" 3rd Harmonic samples

" 5th Harmonic

In this example, the program will extract the 3@ harmonic using 16 samples per step
(so it gets slower).

When you select 3" or 5™, a multiplier is applied to the frequency settings. Note that
you should NOT change the minimum and maximum frequencies — the program will
automatically apply a multiplier to the frequency scales used.

In 3 harmonic mode for example the scan range of the VNA changes to 180 KHz to
180 MHz. Here is a scan of a 30 MHz low pass filter from 1 MHz to 150 MHz:
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To use it, you MUST use a harmonically rich RF source as described by Paul such as
an AC series gate biased to its mid-point.

Look also under ‘Calibration’ and you will see an option “Relax Harmonic Mode
Checking”. Normally the program will not allow you to use calibration data with one
harmonic mode to scan in another mode. Under certain circumstances this may be
useful; tick the menu item to permit it.

Harmonic suppression is also useful at baseband. Here is the same filter from 0 to 60
with normal CDS mode. The red & blue traces show the gain differences with
harmonic effects at the upper end of the range, and the purple / green show the phase
differences. Green and red traces are normal CDS mode.
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15 Group Delay

Within the transmission modes there is a Group Delay option. Selecting this will
cause the program to display group delay by calculating

__A(phase)
delay= Vittreq

Where the readings are from adjacent scan points. This is not ideal, it would be better
to use a frequency aperture but that is not implemented. The implication is that you
must ensure that there are sufficient scan points to ensure no big phase changes
between points, or accept that the result will be in error at that point. Because it uses
scan data, there is no measurement for the first point in a scan, rather the program will
display the same reading for the first two points.
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16 Transverters

External hardware transverters may be used to extend the VNA operating frequency
range. This chapter explains how to configure the program to use them.

When you open up the transverters node, the only items shown will be “Configure
Transverters” and “none”.

“Configure Transverters” will pop up a dialog as shown below.

Transverter Management E‘

Display  Local Oscillator (MHz) Band Edges {MHz) Display MName
? Low High

v | 160.000000 | 110.000000 | 150.000000 | 2 metres

r | 0.000000 [ 0.000000 [ 0000000

r | 0000000 | 0.000000 | 0.000000

r | 0000000 | 0.000000 | 0.000000

| 0.000000 | 0.000000 [ 0000000

N

-

| 0000000 | 0.000000 | 0.000000

r | 0.000000 | 0.000000 | 0.000000

r | 0.000000 | 0.000000 [ 0000000

|
|
|
|
| 0.000000 [ 0.000000 [ o.000000 [
|
|
|
|

r | 0.000000 [ 0.000000 [ o.000000

Cancel |

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

For each displayed transverter, the program needs to know the local oscillator
frequency and the actual band edges for the transverter. It can be either side of the
LO, but must be wholly on one side or the other. myVNA will figure out the correct
scan direction based on whether the band given is below or above the transverter LO.
Finally a display name of up to 20 characters must be entered — this is what will be
shown in the list of active transverters. The transverter data will get stored in the
registry on exit and automatically reloaded on startup.
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17 Attenuator and Switch control

Switch and attenuator control functions are present to support S parameter
measurements and to permit external scan synchronisation should it be needed. This
chapter addresses how they are configured and used.

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

-
Configure Switch and Attenuator Outputs [&J
Attenuators Switches
Forward Display | apel Reverse Label Invert Display
Logic ?
i v ,7 i
0 o v Attenuator 0 a 0 IW n v
1 1 v | Attenuator 1 1
1 |switch 1 I v
2 2 v | Attenuator 2 2
'3 3 ¥ | Attenuator 3 3 r r
4 4 v | Attenuator 4 " 4 r r
" 5 5 [« | Attenuator 5 5 w w
ol & [V |Attenuator 6 6
The switch settings here do not apply to RFIV or
7 7 W [attenuator 7 7 Reference Mode. These modes have their own
setup screens and will override what is set here.
Invert Attenuator Output Logic [
Cancel |

On the left is the attenuator control. You may select which of the 8 possible settings
are displayed in the treeview and the names associated with them. You may also ask
the code to invert the logic of the output lines to suit your hardware.

On the right will appear one or more switch controls (The second is only available
with the USB interface). Again for each the display name may be set, it can be
excluded from the treeview and its logic may be inverted.

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

On the left and right of the main block of attenuator controls are two columns with
radio buttons labelled “Forward” and “Reverse”. When the program is configured to
automatically switch the attenuator before each scan, the values will be set to the
chosen settings depending on whether the scan is forward or reverse. When enabled
(by ticking the “Set Attenuator Automatically” treeview item, the manual settings for
the attenuator will be overridden by the appropriate automatic settings at the start of
each new scan. This functionality is designed to be used in S parameter amplifier
testing where different attenuator values may be needed in each direction for best
performance.
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17.1 Toggling switches during a scan

Under “Switches and Attenuators” are two options labelled “Invert Switch 0 during
scan” and “Invert Switch 1 during scan” which when selected cause the corresponding
switch line to be inverted at the start of a scan and reinstated at the end. This may be
used to synchronize external hardware to a scan. Because it uses the same switch lines
as other functions such as the RFIV control, it is only active when such functions are
not active.
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18 Open/Short/Load Calibration Standards

Reference standards are critical to the operation of a VNA. This chapter explains how
the program uses them and how their characteristics are made known to the program.

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

The program maintains a notion of the errors inherent in the calibration standards and
corrects for them at the end of a calibration scan and when reloading calibration data
from disk. The parameters may be changed as you see fit within certain limits, and it
will remember the values when the program exits. You do not need to explicitly save
them when they are changed. To change a parameter, select it from the treeview, and
a dialog box will appear inviting you to change its value. Limits apply to each and
these will be indicated in the dialog box. The program assumes that an open suffers
from fringing capacitance, a short from a series resistance and impedance and a load a
resistance and inductance in series with a capacitance in parallel with them.

18.1 Loading & Saving Calibration Standards Data

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

It is important that you understand when the correction factors are applied. When you
perform a scan, the correction factors for the OSL standards will be applied
automatically at the end of the calibration scan, so they must be set correctly before
calibrating.

18.2 Saving Calibration Standards in Calibration data files

Under “Calibration” are two extra options — “Save Mode with Cal Data” and “Load
Mode with Cal Data”. This permits the instrument mode, the dual scan option, the
current attenuator setting, S parameter switch settings and reverse scan flag to be
saved along with the calibration data. It may then be automatically loaded again
whenever the calibration data is loaded. It is recommended that this option be used. If
not, care must be exercised in loading the correct standards data before loading a
calibration data file generated with that standards data.

18.3 Saving System Reference Impedance in Calibration &
Standards Files

There is the option to save & load the system reference (Z0) from standards data and
calibration data files. This only applies to files where Z0 is actually stored — in other
words files saved by software version 86 or later. In these cases Z0 is automatically
included in the files and there is an option (under the “Hardware” section called
“Reload Z0 with calibration data”) to set the system reference when the files are
loaded. Untick it to stop this happening.
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18.4 LLC (OSLC) Calibration

Low Loss Capacitor calibration is also provided. This results in a 4™ step to the
normal OSL calibration — call it OSLC. Don’t use it unless you understand it. The 4™
step uses a high Q capacitor whose characteristics must be known to the program.
This is set by entering the value of the capacitor, its Q at a given frequency, that
frequency and the model to be applied. There are 3 models for now, fixed Q, an
equation based on a high quality vacuum capacitor and one based on a porcelain
ATC100B capacitor.

18.5 Calibration Notes

It is possible to put calibration notes into a calibration data file. If enabled (the
function is disabled with a tickbox under View / Options) then every time a
calibration data file is saved to disk, a dialog box will pop up first with the current
calibration notes. You may clear the notes, cancel the inclusion of notes or include the
notes in the calibration data file. When calibration data is loaded, the notes are
displayed at the bottom of the calibration data summary dialog.

18.6 Loading / saving settings in calibration data

Under the ‘Calibration’ options is a selectable item “Load mode with Cal data” and
under View / Option is a selectable option “Save basic mode data in calibration data
file’. This controls the saving of basic scan parameters in a calibration file and
whether, when the file is loaded, the settings are applied.

myVNA v0-93 Page 84 of 181



Unguided Calibration Loading / saving settings in calibration data

19 Unguided Calibration

There are two modes of operation for calibration — guided and unguided. This chapter
explains the unguided mode. The guided mode was shown in the Tutorial chapter.

It is not always the case that you want to follow the step by step guided mode through
calibration. When you get used to the program you may want simply to ‘do your own
thing’ in regards of the sequence of steps and do not need the prompts. For this there
is an ‘unguided mode’. This is presented as an option under ‘calibration’. When
selected it changes the mode of the calibration button. Clicking ‘Calibrate’ will give
the following dialog

Unguided Calibration E]
Calibrating Dual Detector; Response and Q5L Calibration
Current setking: 1,000000 MHz ko 60,000000 MHz in 200 steps
Calibration data bype is Fundamental mode, 4 samples
Forward Rewverse
=
SEsl Iv Perform Transmission Isolation step during Open
Shark [ Skip Transmission Isolation step For H3 § CDS
L [ |
Click. this button to clear all scan data == Clear all
x Thru

Current ADC readings

,m ™ MagiPhase
=
[0 36886
Eree=

Real
Imag

Real

Irnag

Finished

Note the three lines at the top of the dialog showing the type of calibration and the
current settings. Initially it shows the current calibration data. If you perform a
calibration step it may change as the step will be performed to the current calibration
settings and not to the current calibration data settings.

The type of calibration (6 term ERC in this case) is taken from a combination of the
calibration mode selected from the Calibration settings (Response /5/6/10/12
term) and, if Response Calibration is selected the Instrument Mode. Response
Calibration changes depending on whether Reflection, Transmission or Dual Detector
mode is chosen and whether the ‘Always do dual scan’ option is selected.

The Current Settings are taken from the current calibration data “open” settings if
there is any valid data present. For each parameter, a green tick or red cross is
displayed if the calibration data for that parameter appears valid or not.

Note that the current VNA frequency and scan point settings may be different to the
displayed value if the calibration data does not match. As soon as you calibrate any
parameter, it will use the current VNA settings for that parameter and adopt the new
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settings. Because of this, a set of green ticks can change to a set of red ones when a
new scan is taken.

There is one button and one cross/tick for each parameter. All that are currently valid
will be enabled. The Isolation step though merits discussion. Whether it is enabled or
not depends not only on the calibration mode but also on the two tick boxes on the
right. In Response Calibration when doing a Transmission scan, you may choose not
to do an Isolation scan if a CDS or Harmonic mode is being used. When available, the
tick box will be enabled and ticking it will grey out the Iso button and the Isolation
data will be zeroed when the Thru calibration is performed.

The other tick box that may be shown is labelled ”Perform Transmission Isolation
During Open”. Again, if ticked, the Iso button will be greyed out. Now, the Isolation
data (i.e. transmission Open data) will be collected when doing the Open scan.

Always shown is a tick box that allows override of the log/linear calibration scan
setting.

The tickbox labelled “mag/phase” toggles the display of the current ADC readings
between real & imaginary and magnitude & phase.
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20 Reference Planes

An offset to the reference plane may be entered using the control “Ref Plane Offset
(mm)” located under the Reference Standards control.

This offset is designed to be used to move the reference plane by a small amount, for
example to move if from the back of an SMA to the mating surface of the connector.
The implementation is of a lossless perfect line and the value required is the number
of millimetres; a positive value towards the VNA and a negative value away from it.

Specifically the complex reflection coefficients measured for each of the OSL values
is multiplied by
(1— j*tan(2*z*L/A)
1+ j*tan(2*z*L/A)

It is also possible to apply a transmission line correction to measurements in reflection
mode. The controls for this are located under “Trace Calculation” and comprise a
Boolean flag to switch it on or off and a dialog to configure it as shown below:

Reflection Mode Reference Plane Offset e

Cable Loss 0.04 dB/m

Velocity Factor | 0.66

Cable Length 3.08 metres

Cancel |

The cable loss does not take account of frequency so this will be approximate. When
active, the reflection mode measurements (not transmission or S parameter) will be
modified. Specifically the complex reflection coefficient measured by the VNA is
modified by multiplication with the value below

(sinh(L)+ cosh(sL))
(sinh(;)—cosh(;L))

Where L is cable length in metres and y =a + jS3

_ CableLoss(dB/m)
and o = (20*log10(e))

_(2*7
and [J’—( )/(\/elocityFactor*/I)

The corrections apply, when enabled, to stored data as well as to the results of the
current scan. All reflection measurements not just the reflection coefficient are
modified (Zs for example).

myVNA v0-93 Page 87 of 181



RF IV Method Loading / saving settings in calibration data

21 RF IV Method

The RF IV method uses a specific hardware interface to perform accurate impedance
measurements. Here, measurements of voltage and current are made separately and
their ratio used as a measure of impedance. RFIV is not available on the parallel
interface.

The implication of this is that measurements of V and | are both needed. One way to
do this is with a dual detector configuration, where one detector is used for each.
Another (and more accurate) method is to use a single detector, but this means a fast
method of switching is needed and the process will take twice as long. Both options
are supported by the software.

Under “Hardware” is an option to configure the RF IV mode of operation. Selecting it
will open the following dialog.

RFIV Mode Configuration E

Determing ADC Configuration
f* adct

isused for |y and I -

" adcz

ADC 2 is used to measure Through

Switch setting whilst reading "v"

Switch Ling Goes

o | Hoh ]

Moke, The switch setting shown above bypasses the
switch inversion logic of the switch setting dialog

Cancel |

The setup screen permits choice of which ADC(s) are used for V and I. This also
determines which ADC is used for the through measurement. The software functions
almost identically to Reference Mode, the difference being that the through signal is
not divided by R.

To enable the RFIV mode, select “Use RF-IV mode” under “Instrument Mode”.
When this is selected, the scan mode changes to Reflection and the calibration mode
to “Response Calibration”. You will need to perform a specific calibration process
with the RF-1V hardware, and this may be saved as a calibration data file. The
program will store along with the calibration data a flag indicating whether the
calibration data is RFIV or not and will not allow you to mix them. When the program
starts and it loads its last set of calibration data, if it finds that that data is RFIVV mode
data it will automatically switch to RF-1V mode.

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

In a similar manner to RF-1V mode, reference mode uses an external accessory for
higher precision measurements. This chapter describes it.

Reference mode is supported by means of a configuration screen and an option under
“instrument mode”. Currently Reference Mode is not available on the parallel
interface. The configuration mode setup dialog looks like this

Reference Mode Configuration @

Determine ADC Canfiguration
" adet
is used for ’m

" Adcz

ADC 2 is used ko measure B

Switch setting whilst reading "aA"

Swikch Ling Goes

| 1] j L ﬂ

Mate, The switch setting shown above bypasses the
switch inwersion logic of the switch setting dialog

Cancel |

The hardware settings must match that of the hardware. If you use one of Paul’s
modifications to Ivan’s RFIV head, then one ADC will be used for A and R, the other
for B, where A is the reflection signal, B is the transmission and R the reference. So
the obvious configuration is to use ADC1 for A and R as shown above. The switch
line to use depends again on hardware; with USB you have two lines to choose from.
Whichever you use the sense must match the hardware. Again, with Paul’s
modification to Ivan’s board, connecting one of the USB switch lines direct to the
switch control line of the Reference mode head means that to measure the ‘A’ signal
the switch line must be low.
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23 TDR mode

Data captured in the frequency domain may be converted to time domain in software
to give a Time Domain trace. This chapter describes it.

Look under “Trace calculation”. There are two TDR options. There is also a new
toolbar button for access to the configuration option.

45, MyVNA - § Parameters mode “myvm-_ v-— w- TN T Lo D ]
File Edit View Help
SH S BRE & 2K ] ~>S0DURFAMIISHKMELPRAE
stortscen | sngescn | colbrate | auwscoe || barkers
strt[6.150000 |z v|  Stop[s.150000  |miz | [sterston  w] Steps[so0  avg1
Instrument Mode
Display Sets
Display Left
Display Right 0.00 0.00
[ $11 (dB) 521 [dB)
F1 - -10.00
£ 10.00 10.00
T-Check dB dB
Network Simulation Setu 1 Div I Div
& v -20.00 -20.00
-30.00 -30.00
() Display Options |
() Print Options
5 Calibration _a0.00 _a0.00
|5 Referer jards : .
oo 5000 50.00
€3 Transverters
18 Network Settings |
Switch and Attenuators 6000 60.00
-70.00 -70.00
-80.00 -80.00
6.1500 6.3500 6.5500 6.7500 6.9500 7.1500 7.3500 7.5500 7.7500 7.9500 81500
200.0000 kHz £ div
3501 secs DS mode

When TDR Functions is selected, the TDR mode is enabled and the horizontal axis
displays time as well as frequency.

i myVNA - S Parameters mode "myVNA" -E g - —-"t —-t =)
Fle Edt View Help —

=" G 2K ] 8D LURFMINENR>ELPnR & @ L S E#

Start scan \ Single Scan \ Calbrate \ Autoscale \ Markers | start[6.150000  [wiz w|  Stop[s.150000  |wmz | [startstop -] Stees [2000  Aveft

Instrument Mode

Display Sets
|| Display Left
Display Left (Calc, Time) 0.00 0.00
Display Right
Display Right (Calc, Time)
S 521 (a8)
N 10.0p 1000 -10.00
3 10.00
F1 dB dB
F2 I Div 1 Div
T-Check -20.00 -20.00
B, Network Simulation Setup
Show Simulation Data

Show Marker Measurements
%, TOR configuration
./ TOR Functions
&, Trace Average Control
€3 Display Options -40.00 -40.00
{3 Print Options
5 Calibration
|5 Reference Standards
= Load & Store Data
£} VNA Hardware
% Choose Trace Colours
C3 Transverters -60.00 -60.00
[ Network Settings
Switch and Attenuators

-30.00 -30.00

-50.00 -50.00

-70.00 -70.00

-80.00 -80.00 l
6.1500 6.3500 6.5500 6.7500 6.9500 7.1500 7.3500 7.5500 7.7500 7.9500 8.1500
-0.5000 200.0000 kHz { div, 0.3500 us { div 3.0000

I 42771 secs CDS mode
L =

What the program does is to take a trace, either scan or store, and computes a time
domain representation.
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The data that is processed may be any of the reflection, transmission or the reverse
port versions. When enabled, additional display options are available for the left and
right axes. A typical trace showing the reflection port time domain is as follows

i - 5 3 2 =l )
i MyVHA - S Parameters mode VYl e D s ol e sl S - - =
File Edit View Help
e =] By E BR[| ] —>SsDDI LI RIFIMII=%€%ELPR & tdr x| L, S EH
Sertsen | sngescan | ceibrate | Autoscale || Markers stert[6.150000 [z <]  Stop[6.150000  |wHz <] [Startstop ] Steps[500  Ava[1
Instrument Mode Mkr 1,-7.741, 0.606000 us
Display Sets Mkr 2, -45.150, 1.236000 us
Display Left
Display Left (Calc, Time) -0.00 .00
Display Right e /
$11 ) ~
Fol r -
<F0 5.00 500 10
FlReal dB
. Fllmag 1 Div
- R -10.00 25.00
<F2
T-Check Real
T-CheckImag

15.00 35.00

TOR 511 - B
TOR 511 (dB)
- TDRS22
- TDRS22 (dB) -20.00 i -45.00
TORS21
TOR 521 (dB)
o= } -25.00 55.00

TDR 512 (dB)

TDR Portl Zs
|/ TOR Port2 Zs
I -30.00 65.00
)
i
: -35.00 75.00
l
l
l
I -40.00 -85.00
llied 6.1500 6.3500 6.5500 6.7500 6.9500 7.1500 7.3500 7.5500 7.7500 7.9500 8.1500
|13 MebworkcSettings -0.5000 200.0000 kHz { div, 0.3500 us { div 3.0000
R Switch and Attenuators
l

10.701 secs CDS mode

Markers display with time instead of frequency when attached to a time domain trace.
In addition the status line displays time as well as frequency for the cursor position.

The time axis may be moved / scaled in the same way as the frequency axis by
holding down the CTRL key when dragging with the mouse.

The program is capable of computing a time domain representation from complex
frequency domain data as described by Agilent in the application note “Agilent
Time Domain Analysis Using a Network Analyzer”, Application Note 1287-12.

The program implements the “Chirp Z-transform” to perform the calculation using
either low pass or bandpass modes.

Here is the configuration dialog:
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Configure TDR o |
Window Mode Start Time (ps) End Time {us)  Window on
display freg

Scan data |Harnming j |Bandpass ﬂ | 0 | 0.25 r

Store 1 |Rectangular j |Bandpass j |'3 |'3-5 I

Store 2 |Hamming j |Bandpass ﬂ |D | 3 r

Store 3 |Hamming j |Bandpass ﬂ |U | 3 I

Store 4 |Harnming j |Bandpass ﬂ | 0 | 3 -

Display

{Siane | | 126350035 |1 seconds

(+' Distance Velodty T gg E [24.99999979021  metres

Factor
I~ Show Round Trip Time [¥ Enable TOR functions Cancel |

For each of the data sets, Scan and Stores 1-4, the configuration may be separately set.
The Window provides a drop down to select the window type. Mode permits selection
of Lowpass or Bandpass. The computation and display times are separately set.
Currently only low pass impulse response is supported not step response.

The Bandpass mode is the most general purpose mode, permitting calculation over an
arbitrary frequency scan and number of points, save that it must be a linear scan and
at least 100 points.

The Lowpass mode requires a scan where the steps are linearly spaced such that the
first point frequency is equal to the difference between the first two points. If this is
not the case, then for a scan the program will switch back to bandpass mode and for a
store will switch off time domain plots for that store.

Look back at the configuration dialog. The tick option against each trace permits the
frequency range for the transform, which is normally all the data points in the scan
from start to stop frequency, to be windowed on the current display frequency. Hence
you may zoom in on a part of the scan and transform it. The zoom must contain at
least 100 points but the output time domain scan will always contain the full number
of points as the full frequency scan. The minimum frequency used will be the highest
of the display start and the scan start frequencies and the maximum will be the lowest
frequencies of the scan and display end frequencies.

The Display items in the dialog control how the trace is displayed. Firstly, the axis,
markers and status bar may be set to display values as time or as “distance”. If
“distance” is selected, then the velocity factor for the transmission line needs to be
defined. Finally, the start and end times for the display may be set.

In time mode, the displayed values are in ps. In distance, values are shown in metres.
The distance is computed as the product of the time, the velocity factor and the speed
of light.
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There is a tick box at the bottom left of the dialog box labelled “Show Round Trip
Times”. Program builds prior to version 90 displayed the time as double the actual
time of propagation along a transmission time. This is misleading, and it has been
changed in build 90. For backwards compatibility, if this is needed, tick this box to
display data in the previous form, however expect distance measurements to be
double (and incorrect) in this case.

Below is a worked example of filter tuning using time domain mode kindly furnished
by Roderick Wall VK3YC.

23.1 Using Time Domain to tune variable coupling BPFs

A Template is required to tune variable coupling filters. The Template can be
generated from a Gold Standard Engineering filter or simulated in software. This
example uses Jim Tonne's Elsie Filter design software to design a BPF and to
generate an s2p Touchstone s-parameter file. The s-parameter file is loaded into a
store in myVNA to be used as a Template to tune the filter. The example 40 metre
variable coupling BPF circuit is shown below. Trim capacitors were used for the
coupling capacitors. Adjustable inductors were used for the inductors.

1 2 3 4
5
50 [ 1uH [ 1uH [ 0
|l I 11
122.037pF 34.4129pF 122.037pF
347.562pF 347.562pF
8.537TM 8.537TM

Use Elsie to design the filter. Set Inductor/Capacitor Q values to suitable values. Set
the centre frequency to 7.15MHz, frequency span to 2MHz and sweep steps to 500.
The centre frequency must be set to the resonant frequency that the resonators are to
be tuned to. If you don't then you will be tuning the BPF to the wrong frequency. Set
the span to two to five times the bandwidth of the BPF.

Generate an s2p s-parameter Template file. Load the s2p Template file into myVNA
Store 1. When asked, select yes to make the Frequency range and steps the same as
the loaded s2p Template file. Under “Trace Calculations” select for both Scan Data
and Store 1 “TDR Configurations” and set: Window = Hamming, Mode = Bandpass,
Start Time = 0.5us, End Time = 3us and select “Enable TDR functions” as shown
below. Set the display time to match. Click “OK”.
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Configure TDR [ ‘
Window Mode Start Time (us) End Time (us)
Scan data |Hamming j |Bandpass j | "5 | 3
Store 1 [hammng  v| [pandpass x| -5 |2
Store 2 |Hamming j |L|:|wpass j |D | 1
Store 3 |Hamming j |B-3W:|F'ﬂss ﬂ |U | i
ll stores [Hamming x| |Bendpass =] o |3
Display | -5 | 3
W Enable TOR functions ,Tl Cancel

Under “Display Left” Select “G[dB]”, press the Control key and select “TDR-S11”.
Under “Display Right” select “RL” (Return loss) as shown below. Set the display

“Vertical Axis” for suitable scales. Note, the following also shows the traces for the
DUT BPF that has been tuned.

T |
SN

e WAR N |

W \ \K/_'“

G(dB)

\

e

t[Port 1)

Mkr 7, -63.917, 0.186000 us
-60.00 | || -40.00
6.150000 6.350000 6.550000 6.750000 6.950000 7.150000 7.350000 7.550000 7.750000 7.950000 8.150000
-0.500000 200.000000 kHz { div, 0.350000 us { div 3.000000

The traces are as follows:
Purple t-S11 Time Domain trace = Elsie Template.
Black t-S11Time Domain trace = DUT BPF.
Dark Green Return Loss trace = Elsie Template.
Light Green Return Loss trace = DUT BPF.
Black G[dB] Insertion Loss = Elsie Template.
Red G[dB] Insertion Loss = DUT BPF.
Click “single scan” to scan the DUT BPF.

Your Time Domain trace won't have the deep dips shown above because your DUT
BPF has not been adjusted. The two Time Domain dips (Time Markers 7, 9) are the
return loss from each resonator displayed on a time scale. The three humps (Time
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Markers 6 &8) are the three coupling capacitors. Refer to Agilent's application notes
AN 1287-8 and AN 1287-10 for the procedure to adjust the filter. Click
“Start Scan” to sweep and adjust the BPF.

Before assembling the BPF you may want to adjust the components to the values
shown in the circuit, this will make it easier to adjust the BPF.

Adjusting the centre frequency of the transform allows you to determine the
frequency the resonators are tuned to. Adjust the centre frequency for the

deepest dip and the centre frequency is the resonant frequency. Refer to Agilent
application notes for more information. To do this, in this example with stored data.
Look again at the TDR configuration dialog.

Configure TOR — .

Window Made StartTme us)  End Tme (us) Sﬂgﬁiﬂ\:’l“ﬁnanq
Sandsta [Hamming  ~| [Gandpass =] |© B -
Store 1 [Hamming | [pandpass =] [-0:5 E i
Store 2 [Hamming =] [pandpass =] |05 E -
store3  [ammng  v| [Bandpass | [0 [3 -
Store 4 [Hamming | [pandpass ] [0 E -
Display [ S

[V Enable TDR functions

Cancel

Note the “Window on Display freq” option. When this is ticked, the frequency range
used for the transform is clipped to the range of frequencies shown in the display. So,
given this display

Mkr 3, -47.075, 2.972000 us
Mkr 4, -46.965, 2.965000 us
Mkr 3-4,-0.110, 0.007000 MHz

——
S11 (dB) T\\ /
5.00 20,00
5.00
dB
1 Div
10,00 / -30.00
-15.00 -40.00
\ / :
@
-20.00 \\ / 50.00
25.00 / 50.00
-30.00 70.00

-0.00

-10.00

-35.00 -80.00
-40.00 -90.00
6.1500 6.3500 6.5500 6.7500 6.9500 7.1500 7.3500 7.5500 7.7500 7.9500 8.1500
-0.5000 200.0000 kHz { div, 0.4000 us } div 3.5000

Zoom in slightly on the frequency axis by putting the cursor on the frequency axis,
press and hold the left mouse button and drag the cursor left to zoom in slightly like
this
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Mkr 3, -45.006, 2.972000 us
Mkr 4, -44.875, 2.965000 us
Mkr 3-4, -0.131, 0.007000 MHz

0.00 -10.00
——— ——
s11 (an) \\ /_
5.00 20.00
5.00
dB \
{ Div /
-10.00 \ / 30.00
15.00 -40.00
3
2

-20.00 \ / -50.00
-25.00 / -60.00

-30.00 \j -70.00

-36.00 -80.00

-40.00 -90.00
6.4997 6.6297 6.7598 6.8899 7.0199 7.1500 7.2801 74101 7.5402 7.6703 7.8003
-0.5000 130.0694 kHz { div, 0.4000 us } div 3.5000

Now put the cursor in the main display grid, press the left mouse button and hold,
then drag left or right and observe the trace, for example thus

Mkr 3, -45.210, 2.972000 us
Mkr 4, -45.031, 2.965000 us
Mkr 3-4, -0.179, 0.007000 MHz
5.00 -10.00

11 [dB)

0.00 -20.00
5.00 [

o _ T T

5.00 -30.00
-10.00 -40.00
\ / )
Q.
-15.00 / -50.00
-20.00 \ -60.00
-25.00 \\ / -70.00
-30.00 \/ -80.00

-35.00 -90.00
6.4675 6.5976 6.7276 6.8577 6.9878 71178 7.2479 7.3780 7.5080 7.6381 7.7682
-0.5000 130.0694 kHz { div, 0.4000 us } div 3.5000

The depth of the nulls will change as the trace is dragged. In this case the centre
frequency is 7.1178 MHz for the second resonator.

The amount of data that may be used in such a zoom is limited. The data will be
clipped to the display frequencies and the start & stop frequencies of the data, and the
amount of data must exceed a (fairly arbitrary) 100 points. The output time domain
data will always be the same number of data points as the trace itself — in this case
501 points. Also if you zoom in too much you get some strange results.
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24 Marker Measurements

To extend the functionality of markers, a separate marker measurements dialog box
may be opened to display extra data. This chapter describes its operation.

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

When opened (it may also be opened from the toolbar or from a right click / popup
menu in the main view) a dialog box appears like this

B Marker Measurements EI_Iﬂ—hJ

Close |
Wilv 2w 3 a4l s sel 7081 9
I™ Show on trace display I~ Show on printout

Parameter | Marker 1 | Marker 2
Frequency (MHz)

4 1 1

This, when opened, will always appear on top of the main window. It may be
minimised, or it may be closed and re-opened. The settings will still be present (they
are also saved on program exit / restart). The “Configure” button determines which
parameters are to be displayed. It brings up a dialog box thus:

r ~
Select measurement parameters to dim @
Dual Detector and Reflection Mode Selection
v Rs [ 1zs| ™ vswr M cs I~ Gp Ma
[~ ¥s [T «zs M RL [ Ls ™ Bp
[~ Rp ™ Rho ™ cp ™
|
[~ ¥p [ <rho ™ p ™ <y
[ Dual Detector and Transmission Mode Selection
| TGl Waeds [ <6 ™ Group Delay
H
|
I S Parameter Mode Selection
[~ 511Real I~ s21Real [ 522Real I~ s12Real

[~ S11Imag [~ 521Imag [ 522Imag [~ 5121Imag

™ Is11l ™ s21 [ Is221 ™ 5121
| [~ <511 [~ <s21 [ <s2 [~ <512
; ™ s21d8 [ 52248 I~ s12d8
|
: Setal | Clear all | OK | Cancel |

Tick the parameters desired; for example ticking “Rs”, “G(dB) and “S11dB” followed
by “OK” changes the marker measurements window to this

myVNA v0-93 Page 97 of 181



Marker Measurements Using Time Domain to tune variable coupling BPFs

¥ ' Marker Measurements & ==

Close I Configure | Copy |
FiCersra4arsCselCzM sl 9
[~ show on trace display [~ show on printout

Parameter | Marker 1 |

Frequency {MHz)
Rs

511 (dB)

G(dE)

For each marker selected, those parameters will be shown. To select the appropriate
markers, tick the option 1 to 6 at the top. Selecting for example ‘1’ and ‘3’ will not
immediately display any information, but when the markers are showing valid data
then the parameters listed will be enumerated for the markers selected, for example as
shown next.

T =i
v S Rarametass mods s iNA,

EEd L BE &2N| [o [ - <] [Fuiscan <] steps 200

J| stertscn | sngesen | calbrate | auoscale [[ marters | | m>S/DIU RIFMIIEXXELPRE

T T
Mkr 1,-16.771161, 20.824000 MHz
Mkr 3, -27.262672, 33.981000 MHz

/ \\ 521 (dB)

20.00

— A

M Marker Measurements

Configwe | W1 "2 WET 4 s 6

Parameter Marker 1 Marker 3
Frequency 20824000.000000  33981000.000000
Rs 57.367995 2695.419726

511 (dB) -16.771161 -0.297527
-40.00 G(dB) -0.238868 -27.262672

0.050 6.045 12.040 18.035 24.030 30.1

The Marker Measurements box may be moved, minimised or resized as desired
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E -5
= " ose Configure v 7
= | EY L3 ] e =1 | [ =] [rsen =] Steps[z0 areRIRURL TR ISR 4
Start Scan \ s e \ Calibrate \ Autoscale | Markers \ ] m>SDIURFAMINEHXNSELmA B
A Instrument Mode Frequency 20524000.000000  3391000.000000
Display Sets Rs 37.367995 2695.419726
o/ 511{dB) + 521 (dB) 511 (dB) -16.771161 -0,297527
522 (dB) + 512 (dB) ~0.00 ‘ . G(dE) -0,235868 -27,262672 L 0.00
S11(dB) +511 Mkr 1, -16.771161, 20.824000 MHz
521 (dB) + <521 Mkr 3, -27.262672, 33.961000 MHz
522 (dB) +<522
i 512 (dB) + <512
ISL1] + <511
[s21] + <521 S11 (d8) S21 [dB)
|522] + <522
|512] + <512 5.00 20.00
511 Real + Imag dB 4B
522 RealImag 1 Div /—\ 1 Div
=

S E
Sl I VAR ANV ..
/ Mo Yoy

-40.00 -160.00
0.050 6.045 12.040 18.035 24.030 30.025 36.020 42.015 48.010 54.005 60.000

1,559 secs (DS mode UM

A word of warning. The markers will interpolate, for example for a zero crossing
marker. The Marker Measurements will not. Also displaying Group Delay with a
marker at the left hand end of the scan will give rubbish results.

Now, look again at the Marker Measurements dialog box. Underneath the controls for
each of the markers, are two other options. One causes the marker measurements to be
shown overlaid on the main trace display, the other causes the marker measurements
to be included on the printout. For these functions to work, you must keep the marker
measurements window open, but it can be minimised to the taskbar.

TSP S ——— ] Q= ==s— =
File Edit View Help Close Configure Copy.

= H By & 2K ] ~>S3DDILI RIFIMI[[ZS$€XELPnRI & FiF 23 alsrelr 78l s Il

Stortscan | SngkSen | Gebrote | Auscole | Merkers | ¥ show on trace dsplay I~ show on printout
sart[1000000 |z |  Stop[60.000000  |mre <] [stertStop -] Steps [1000 vl . Marker 2
He) 30500000 34.535000
Instrument Mode = Rs 26728825 195,393517
Mkr 1, -8.840, 30.500000 MHz 511(dB) -8.840127 -0.277134

Mkr 2, -30.334, 34.335000 MHz G(dB) -1.406416 -30.334208

_ 2l i |+ fjpo
11 (dB) 7( sz1 ) |
[
5.00 Frequency (MHz) 30.500000 34.335000 20.00 Il
dB Rs 26.728826 195.393517 B
1D S11 (dB) -8.840127 -0.277134 1Div

/ G[dB) -1.406416 -30.334209

A/ [ .
TN SNV 4

2222222225555 575559 %0

e

. -40.00 -160.00 I
) Transverters L 1.0000 30.5000 60.0000
18 Network Settings 5.9000 MHz { div

Switch and Attenuators

#iiaisaanaad

3391 secs CDS mode

The location of the measurements results may be dragged around on the screen to
position them in any desired location.
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25 Trace Averaging

As well as averaging multiple readings at each point, it is sometimes useful to average
a number of traces. This chapter shows how that is done.

Available from the secondary toolbar or the treeview (under Trace Calculation) is the
option to average traces. This opens a dialog box as shown

- — 53 b
Averaging Control EI_I—J
Auto Current
Reset Store Accumulate T Count
Store 1 | Store 1 | - b
|
Store 2 | Store 2 | r g
Store 3 | Store 3 | r -
Store 4 | Store 4 | r 0
—

This dialog box may be left open, minimised or closed & reopened as desired. It
permits traces to be averaged provided that each trace is the same (frequency, number
of points).

The basic operation is as follows. Traces that result from a scan may be manually or
automatically averaged with other traces in one of the stores. By way of example,
clicking the “Store 1” button under Reset Store results in the current scan data being
stored in Store 1 and the Current Count being set to 1. Each time the “Store 1" button
under “Accumulate” is clicked, the current scan data is added to a running average in
Store 1 and the count incremented.

It is also possible to automatically average each trace. Checking one of the “Auto
Accumulate” buttons then performing a scan causes the scan to be added to the
average at the end of the scan.

There is one point to be careful of. The Reset and Accumulate buttons may be clicked
at any time, for example during a scan. This is useful to reset the running average
during a scan, but it takes a snapshot of the current trace data so if it is not valid, you
get an invalid average.
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26 Signal Generator

The signal generator provides a fixed or sweepable signal generator. All functions
work for USB but there is no sweep option for the parallel interface. This chapter
describes its operation.

Start by setting the mode (top right of the dialog box) — sweep or single frequency. On
the right of that, you may select to lock the LO to the RF frequency. When you do that
the controls to set LO frequency are greyed out. This is a general principle, as you
change the mode, boxes will be greyed out or made visible according to their
relevance.

Having locked the LO and RF you may then set the phase — there is a drop down list
with all possible phase settings.

Set the scan details either by frequency or DDS tuning word. If you update a
frequency, the DDS tuning word is automatically updated. Similarly, edit the tuning
word and the frequency changes. Note that frequencies honour the current transverter
setting — the frequencies must be valid for the band. You may also change the
frequency by dragging the slider bar left or right for RF or LO. Alternatively, if you
select a slider bar by clicking on it, the cursor left and right buttons will give finer
control. There are 32767 points on the sliders, so with 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 (it is only valid in a sweep) causes the
SW1 output to go high when the scan is valid and low when resetting for the next
sweep. Similarly if you select to power down the DDSs between sweeps the RF and
LO outputs will switch off between sweeps.
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Signal Generator Function

Mode of Operation Lock mode ADC readings
% Fixed Frequency [ LO lacked ko RF [~ Show ADC1 Readings
" Sweep Fhase Difference [~ Show ADC2 Readings
Frequencies

W RF Start Freguency (MHz)

,W RF Start Tuning Word {hex)

W LD Start Frequency (MHz) ’7
W LQ Start Tuning Word (hex) ,7

JI RF
il Lo r
- r

Exit |

The ‘OFF’ button is greyed out until the frequency is set. Whilst the Power Down
DDS hardware option will switch off the signal generator when you exit the function,
this button may be used to explicitly switch off the signal.
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27 Vector Voltmeter

The Vector Voltmeter uses both ADCs and a modified configuration to measure the
amplitudes and relative phase of two RF signals. It may also be used to test the DDS
synchronisation. This chapter describes its operation.

The method here is attributable to lvan Makarov VE3IVM. To use the VVM mode,
connect one signal to each of the two detector RF inputs. The VVM is a narrow band
mode, so it is important that the frequency be set to the same as the signal being
measured.

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

Looking first at the VVVM operational screen, which is accessed from the “Instrument
Mode” node on the leftview, titled “Vector Voltmeter”. The screen will look
something like this

Vector Voltmeter l ':'_‘_I_Ji:h
ADC1 reading ADC2 reading
¥ Enable ADC 1 6 - Dedmals [v Enable ADC 2 5 - Decimals

Vector Reading (ADC 1-ADC2) displaying Vector Medulus in units as below followed by Phase in degrees

0.021, 2.656

¥ Compute as vector 3 - Decimals {Modulus) 3 - Decimals (Phase)

Display Units ADC BW {Hz) Update rate DDS Freguency
a
[velts, RM3 =] [0 ] Jos  ~] | |ss.000000 [z~ j
-
I” DDS Phase Init Test Avera
ge
— m [¥ ADC docks are in antiphase
0.005 Limit (V) 100 -
E ] [V Apply Cal Data

The display shows, at the top, the current ADC readings for each ADC. Each may be
switched on or off and the number of decimal points shown may be changed. Below
that, in the middle of the screen is the difference between ADC1 and ADC2 in
amplitude and phase. The format of this data is controlled by the settings lower down
on the dialog and may be either a simple value difference, a vector computation, or a
ratio.

Bottom left, there is a drop down list that selects the units for the display. This may be
in volts or millivolts, either RMS or peak-to-peak or in dB / dBm. It also permits a
simple ratio to be displayed or a ratio multiplied by the system reference impedance
(typically 50 ohms).
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From left to right at the bottom, the ADC mode is selected, the speed of update of the
screen display is set, the number of traces that are averaged is set, the relative phase
and magnitude / ration may be set to zero, the frequency of the meter is determined
and calibration data applied.

The ADC mode is set from a drop down list; and the settings are the same as those of
the ADC modes, but here are displayed as the bandwidth that is applied as a result of
the mode choice.

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

The meter runs continuously in the background, but if it were to update the screen
each reading it would flicker too much to be of use. Therefore it updates the screen at
a rate selected by the user in seconds.

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

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

The “Zero Ampl.” Button may be used to zero the current difference (set to zero for
difference calculations, set to 1.0 for ratios).

It is usually the case that the two local oscillator DDS signals are 180 degrees out of
phase. To provide an easy correction for this, a 180 degree offset may be applied with
the tickbox.

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

A specific control to note is the “Compute as Vector” checkbox just below the
vector reading. This conditions the basic calculation method. There is no
difference for the ratio measurements; it affects the voltage difference
computations.

When unchecked, the voltage differences are computed as a simple subtraction
of the amplitudes of the signals and of the phases. When checked however a
vector calculation is performed.

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

There will be some error in the amplitudes. To correct for this, there is a calibration
function under “calibration” in the leftview. It brings up a dialog box like this:
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Calibrate YVM X

Frequency Actual Yalue ADC1 Reading ADCZ Reading

0.060000 0.070711 ¥ Not Measured Yet Mok Measured Yet
0.600000 0.070711 ¥ Not Measured Yet Mok Measured Yet
1,000000 0.070711 ¥ Not Measured Yet Mok Measured Vet
10.000000 0070711 Not Measured Yet Mok Measured Yet
30,000000 0.070711 % Mot Measured Vet Mot Measured Yet
S0,000000 0.070711 W Not Measured et Mot Measured Yet
53,000000 0.070711 W Mok Measured et Mot Measured Yet
S5,000000 0.070711 W Mot Measured et Mot Measured Yet
57.000000 0.070711 W Not Measured et Mot Measured Yet
5&.000000 0070711 Not Measured Yet Mok Measured Yet
59,000000 0070711 Not Measured Yet Mok Measured Vet
60,000000 0070711 Not Measured Yet Mok Measured Yet

Display Units which ADCs Average Double click on a row to calibrate
that Frequency | setting
Yolts, RMS 2 * Both 100 5 Right click on & row For the popup
C aDCL only ADC BW (Hz) menu o add/delete ete
™ ADCZ only 1700 - = =
oK | Cancel |

This is an “empty” calibration data set. It permits correction for amplitude variation
for each ADC. For each row, which corresponds to a specific frequency, the
difference between an actual signal and that read is determined and used to correct the
displayed values. Right click on the display and a popup menu appears

Calibrate VM 3]
Frequency Actual Value ADC1L Reading ADCZ Reading
0.060000 0.070711 Y Not Measured et Mot Measured Yet
T 0.600000 0.070711Y Mot Measured ¥t Mok Measured Yet
1.000000 0070711 Y Mot Measured et Mok Measured Yet
10,000000  Calibrate this entry red Yot Mok Measured Yet
300000000 Eit this entry red ¥et Mot Measured Yet
T 500000000 | this entry red Yot Mok Measured Yet
53.000000) red ¥et Mot Measured Yet
55000000  Add an entry red et ok Measured Yet
57.000000,  Export calibration data ko file red Yet Mok Measured Yet
B 58000000 Import calibration data from file red Yot Mok Measured Yet
59.000000 - ured et Not Measured et
60,000000 0.070711 v Mot Measured et Mot Measured Yet
] Display Units which ADCs Average Dauble click on a row ta calibrate
that frequency | setting
Valts, RM3 = * Both 100 hd Right click on & row for the popup
B  ADCL anly ADC B (Hz) menu to addfdelete etc

" ADCZ only 1700 =
Ok Cancel |
T T T T T

This menu is used to manage the calibration data. If the mouse was over a specific
row in the table, it allows a calibration to be performed for that row, or the data in that
row to be edited or the row deleted. New rows may also be added, and the complete
set of data may be exported to file or imported from file.

To calibrate proceed as follows

1.
2.

.

review the table and add or delete rows as needed

apply a known signal at one of the frequencies in the table at the level shown
under “actual” to one of the ADCs

select the ADC to which the signal is being applied

Double click on the row, or right click and select ‘calibrate’
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5. Check that the correct row under the ADC(s) selected now shows a reading. It
should be similar to that applied or else there is a fault somewhere
6. Repeat for all points and both ADCs

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

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

27.1 DDS Reset Test

The Vector Voltmeter also serves as a placeholder for a diagnostic tool; bottom left
there is a greyed out box and a tickbox labelled “DDS Phase Init Test” . This is used
to check on the phase stability of hardware following a DDS reset & load. To use it,
connect a short cable from RF output to RF detector input. You should get a good
high voltage of about 360mV rms. Now tick the “DDS Phase Init Test” box. The
display will change to something like the following. The voltage shown will (or
should) drop significantly as the VVVM display will now show not the modulus of the
signal but the amplitude of the quadrature component. This, if the relative signal
delays between RF and LO are about the same, be close to zero but expect some
deviation. Before using this however, select a frequency of 1 MHz with the 1700 Hz
ADC bandwidth. Also note that the rate will depend on the phase and step delays. The
VVM will remember the first reading and then compare all subsequent readings to it.
If it finds one that differs by more than the amount in the Limit box, it will flag that as
an error.

Yector Yoltmeter Elﬁl@

ADC1 reading ADCZ reading

0.845

I¥ Enable ADC 1 3 | Dedmals In 3 ~| Decimals

Veckor Reading (ADC1-ADCE) displaying Modulus in units as below followed by Phase in degrees

count=422265, error count=0, last error at 0
last error value 0.000, current=0.189

M ~|  Decmals (Modulus) 3 = |  Decimals (Phase)

Display Units ADC BW (Hz) Update rate DDS Frequency
-
[ ilivalts, rts > oo <] Jos ~| | [.ooooo0 fmHz ] ﬂ
v DD Fhase Tnit Test Awerage
0.005 Limit {4 100 - Zero Phase
¥ Apply Cal Data -
[ Noresets

[V ADC clocks are in antiphase

In the above example, the test has been running for 422,265 measurements without an
error. What it is doing is to make sure that when the DDSes are reset, they faithfully
come up in the correct phase synchronisation.
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Now a word of warning; if the voltage before you tick the DDS Phase Init Test box is
NOT above, say, 300mV or the voltage when ticked is not below about 10mV then
STOP; there is something wrong. Try again and if you still don’t get the right values,
there is probably a serious fault somewhere.

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

Give it a good run. You should get to a million without errors. It is also a good test of
the combination of PC, operating system, interface and VNA.
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28 User Defined Display Functions

User defined functions represent a powerful tool for calculations. Scan, stored or
simulation data may be combined in user defined equations that may then be
displayed. This chapter describes how it is used.

There is a Treeview entry on the left called “Trace Calculation”. 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 shown below.

Edit Trace Equation @
Mame For this trace | FO Check Eqn Help

Equation:

Recently Used Equations

| =
[ Show result as modulus and angle

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

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

An equation might be something simple like this:
-1e12 / (w * scan(xp) )

or it may be much more complicated. The above example calculates the parallel
capacitance from the scan data in the same way that the built in function for cp does.
Specifically, it multiplies the real value for xp by 2*pi*f and divides it into -1e12 to
give cp in picofarads.

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

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

What the program does is to take the equation, compute a complex result for each
scan data point and provide the results to the display routines. The display routines
will show the result as either real & imaginary or modulus and angle (in degrees).
Whenever a valid equation is present in one of the four options, two new entries will
be present in the left and right data choices for each valid equation (real and
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imaginary or modulus and angle) and one new entry will be present in each display
set. This may be selected and will then display the results in graphical or report views.

The equation may comprise data sources, functions, values and constants.

When you exit from the function with “OK”, the program checks the syntax of the
equation and compiles it. If it finds an error it will not exit but will display an error
message. You may also check the syntax without exiting by using the “check” button.
Checking is limited; the best way to view it is GIGO — give it a garbage equation and
you will get garbage results.

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

28.1 Data Sources

The data sources are the current scan data or any of the four saved data traces. These
are accessed using the functions scan() and store(). In each case the function takes one
parameter chosen from the following choices, and in the case of the store() function it
also takes the store number. Examples therefore might be

scan(sll)or
store( 1, rho)

The first example retrieves the current scan s11 complex data. The second retrieves
the complex reflection coefficient data from store 1. The first parameter for the store
function must be a value from 1 to 4. The second should be one of the parameters
shown below; in fact these are just pre-defined constants; you can see the value by
entering a function of just the parameter name such as “xs” and seeing the effect in
report view.

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

Parameter Load the following
zs Series impedance
rho reflection coefficient Rho
y Complex admittance
s11 S11
s21 S21
522 S22
s12 S12
gain Transmission gain

myVNA v0-93 Page 109 of 181



User Defined Display Functions Data Sources

In each of the above, the complex value for the parameter is loaded. This is used
directly in calculations as a complex quantity.

It is also possible to load individual calculated results as shown in the table below.
Note however that in each case these are loaded as a real value into the calculator, or
more precisely as a complex value with a zero imaginary 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
CcS Series capacitance
Is Series inductance
cp Parallel capacitance
Ip Parallel inductance
gp 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 coefficient Rho
sllre Real component of S11
s11im Imaginary component of S11
slimod Modulus of S11
sllang Phase of S11 in degrees
s11rl S11 return loss
s21mod Modulus of S21
s21db Modulus of S21 in dB
s2lang Phase of S21 in degrees
s21re 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
s12db Modulus of S12 in dB
s12ang Phase of S12in degrees
sl2re Real component of S12
s12im Imaginary component of S12
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modgain Modulus of transmission gain/loss

gaindb Transmission gain in dB

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 data would be
scan(sll)

And loading the modulus of the transmission gain from data store 1 would be
store(1, modgain)

It is important to remember this; if you put into a formula of “s11” you will not get
the s11 data — you will just get an “internal program” constant. You must use
“scan(s11)” or one of the store functions.

The editor is not case sensitive so scan(s11) gives the same result as SCAn(S11)

It is also possible to include in a calculation other data points from the scan. Two
functions support this:

iscan( index_offset, what )

istore( store, index_offset, what)
These “indexed” versions (hence the names with an ‘i”) allow an offset to be added.
An index_offset of 0 gives the same result as scan() or store(). A value of 1 gives the
data point after the current point, -2 gives the point two before the current point etc.
Hence by way of example, the equation “(iscan(-1, s11)+scan(s11)+iscan(1,s11))/3”
would give an average of the current point and the ones before and after it. Another
way to achieve the same effect is to use the avgscan() or avgstore() functions which
provide a simple way to average a range of points about the current point.

avgscan( range, what )

avgstore( store, range, what )
A range of, for example, 2, will return the average of the current point, the two before
and the two after.
If a point is accessed before the first point in the scan or after the last point for any of
these four offset functions, then the first or last respectively will be returned to avoid
strange effects at the start or end of a plot.

It is possible also to access raw scan data — this is the complex ADC data before any
processing is applied. Specifically this is before OSL or n-term corrections and is
therefore a simple indication of the ADC voltages read. The data are accessed thus:
rawscan( index )
where index is as follows:
0 Forward transmission

1 Forward reflection
2 Reverse transmission
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3 Reverse reflection
Only raw scan data may be accessed in this way — not stored data.
One possible use for this data is to perform swept vector voltmeter measurements.

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

scan( calcl)

would load the complex result of the first calculation (initially named “F1”). Be
careful however, recursion is not allowed and calculation is sequential, so loading
calcl into F2 makes sense but loading calc2 into F1 does not.

28.2 Functions

There are a small number of built in functions that may be used to build an equation.
The following operate on complex data values. All angles in these equations are in

radians.

Function Description

cos(x) Calculate cosine of x (complex) giving complex result

sin(x) Calculate sine of x (complex) giving complex result

tan(x) Calculate tangent of x (complex) giving complex result

cosh(x) Calculate hyperbolic cosine of x (complex) giving complex result

sinh(x) Calculate hyperbolic sine of x (complex) giving complex result

tanh(x) Calculate hyperbolic tangent of x (complex) giving complex result

acos(x) Calculate arccos of real component of x, setting the imaginary part to
zZero

asin(x) Calculate arcsin of real component of x, setting the imaginary part to
zZero

atan(x) Calculate arctan of real component of x, setting the imaginary part to
zero

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

int(x) Return the integer value of the real component of x, setting the
imaginary part to zero

exp(x) Return the complex result of e

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

log(x) Return the complex result of the log base 10 of x

sqrt(x) Return the complex square root of x

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

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

im(x) Return the imaginary part of x, setting the real part of the result to zero

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 the real modulus of x
with real phase of y in radians
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db(x) Return 20*log10( abs(x)) with the imaginary part set to zero.
+ Adds two complex numbers

- Subtracts the two complex numbers

/ Divide two complex numbers

* Multiply two complex numbers

A Raise one number to the power of another

28.3 Numbers
Numbers may be entered in the form {digits}.{digits}[e{sign}{digits}]

For example
1
2.3
-3.4e-10

In addition a number may be preceded or followed by I or j to create a complex
number, for example

3+j4
2.3e-10 — 3.6e3i
Note that I or j are functions; if you put just I or j in (for example “sin(something) + j”

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

28.4 Values
The following built in values are available
Name Provides
freq The current frequency for this calculation
w freq * 2 * pi
pi 3.14159........

Finally be aware that error checking by the compiler is limited.
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29 Network Simulation

Like the equation editor, the network simulation function allows simple networks,
scan and stored data to be computed and displayed. One example of how it may be
used to simulate filter matching is shown in this chapter.

Under the ‘Trace Calculation’ heading on the left are two options that control network
simulation, titled “Network Simulation Setup” and “Show Simulation Data”. The first
of these opens up a dialog box that configures the simulation and the second is a
toggle that displays or hides the simulation data.

The setup screen produces a dialog box as shown below. This dialog may remain
open whilst using the main myVNA application window; it does not need to be closed
during use. If reopened it will display the current settings and closing it does not
affect the display of simulation data.

The dialog provides a configurable simulation of five networks as listed on the right
hand side. In simulation these are considered to be connected in series from 1to 5
(top to bottom).

Metwork Simulation l = e 9% h
MNetwork 1 Simulation configuration
Port 1
1 funused <] @
N T
3 |Unused -| ©
Hlosed <] ©
Sleed =] ©
o Tl e
2 Inone ’ % rian MNetwork simulation port impedances
: m ’“7 = ,50— ohms
5 |none 0 ﬂ | Load... |
§ Jnone :| ’ ﬂ Recalculate Data | Save... |
8 |none 0 ﬂ Low
=

The dropdown list for each of the five networks determines its type. The following
graphic shows the menu from the fifth network; all 5 display the same set of options.

The choices are to omit that network from the simulation (unused), to implement a
simulation of a set of components, to use the current scan data or to use the contents
of one of the data stores.
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— — .
Metwork Simulation @_Iéj
MNetwark 1 Simulation configuration
Port 1
1 |Unused - @
2 |Unused -
3 |Unused -
4 |Unused - f
5 |unused -
1 |none 0 ﬂ Nudge — =
| Sensitivity Sean data (|
2 |none 0 ﬂ High Store 1
= Ne: ces
Store 2
3 |none 0 ﬂ Store 3
Store 4
4 |none 0 ﬂ
5 |none 0 ﬂ | Load... |
0 =
) 0
(== =l Recalculate Data | Save... |
0 =
7 |none 0 =i
8 |none 0 ﬂ Low
. -
=

Selecting ‘network simulation’ enables the rest of the controls to the left. In each case
there is a pi network of up to 7 components, each of which may be unused, a resistor,
a capacitor or an inductor, plus one component in parallel with the pi network.

— — i
Network Simulation e Lox
MNetwork 1 Simulation configuration
8
Part 1
Bl [Network Simulstion -
2 4 6
| | 2 |Unused x|
3 |Unused -
L ¥z g 4 |Unused x| [
| | | | 5 |unused hd IR S
1 |none ~| |0 =1 Mudge
—1 sensitivity Port2 |
2 |none v |0 —=l High
j MNetwork simulation port impedances
3 |none hd B =
j 50 ohms
4 |none ~| |0 =l
5 |none ~| |0 j Synthesize Network | Load... ‘
o |
& |none = | Recalculate Data | Save... ‘
=
7 |none ~| |0 =l
8 |none ~| |0 j e
=
=

The box top left displays a graphic of the currently selected network. Each component
may be selected by type from the drop down list below the graphical representation
and each may be given a value. The up and down arrows on the right of each value
permit the value to be nudged higher or lower in value. The slider control to the right
of the nudge buttons changes the sensitivity of the nudge buttons; at the top each step
is about 10% of the value; at the bottom it is about 1ppm. You may also nudge values
up or down by clicking into the edit box for a component’s value and scrolling up or
down using the mouse wheel.

The button lower right labelled “synthesize network™ is used to generate a specific
network according to design requirements. At the moment the list is limited to
common matching networks.
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The “Recalculate data” button needs describing. In the main, changing a network
type, values or even the type of a component in a network will not cause a change to

the calculated results as displayed in the main VNA window. There are however three
exceptions when an update will occur. These are, respectively, when the “OK” button
is pressed (and results in closure of the dialog), when the “Recalculate Data” button is
pressed or when one of the component parameter up/down nudge controls is pressed.

When “synthesize network™ is pressed, the dialog below is opened up.

Synthesize Network @

Network Type |L0w Pass L match {series C) j
Mudge

Frequency 0.7

MHz Q@ SEEEEitv

Input Match Output Match
R[50 j Ohms g |50 ﬂohms
I Series Reactance I Series Reactance
Reactance Reactance
* Mone * Maone
" Inductive " Inductive
Update
" Capacitive " Capacitive
Low

" % {ohms) " ¥ {ohms)

=

=

Cancel |

This allows selection of the network type (see below) and the setting of its design
parameters. In each case a frequency and settings for input and output are needed, and
depending on network type a Q value may be needed.

For each port, a target matching impedance is given as a resistive component and a
reactive component. The reactive part may be specified in terms of either inductance
(in pH), capacitance (pF) or simply as ohms. Also the program may be told that the
resistive and reactive values given should be interpreted as in series or in parallel with
the resistive part. When “OK” or “Update” are clicked the program attempts to
synthesize a network of the given type. In the case of “Ok”, if it can do so, then the
dialog box closes and the graphic on the network simulation dialog is updated to show
the network. If it cannot (for example no match is possible for the values given) then
an error message is shown and the dialog remains open. The program is quite happy
to generate negative component values if you force it to but will complain if no match
is possible at all.

The current list of supported networks is given below:
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Synthesize Network

X

Network Type |L0w Pass L match {series C) j
Lows Pass L match (s ) ] hudge
High Pass L match §; Sensitivity
Frequency | | ioh pass LCLE (series C) High
Low Pass CLCL {series L)
Input
R hms
Reactance Reactance
* None * MNone
" Inductive " Inductive
Update
" Capacitive " Capacitive
Low
¥ (ohms) " % {ohms)
= =
= =
Ok | Cancel |

So for example. selecting an input match of 50 ohms, an output of 900 ohms in
parallel with 24pF and a design frequency of 10.7 MHz using a simple L match with

series L results in the following display:

Network Simulation

Metwork 1

Simulation configuration

r
-
=3

Port 1

Y, i W
o
@
-~

| 1 |Metwork Simulation | @
2 |Unused x|
3 |unused -

r

«

a a a =1 =] - [ a

2| a| a| al 2 a2

5| 3| 5| 5| 2 = 5

al a|a|l 3| @ o =
1 1] |4
[=}

7215092261
=

5012050152 =)

{uH) hd =

w

s
4
[=]

L

b bl o]

(=]
4
[=]

A

o = Nudge
1 sensitivity

|
4 |Uunused x|
3 |Unused x| O

Port 2

High

| Synthesize Nebwork

Recalculate Data
Lo
Close

Selecting ‘Store 17 as the second network and generating (just for the hell of it) an
LCCL band pass network from 900 ohms in parallel with 24pF to 50 ohms in network

3 results in the following display:
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Network Simulation
MNetwork 3 . Simulation configuration
Part 1
2 4+ 5]
| | | TR | | 1 [networkSmulation  w|
) 1 T s
g 1 T3 o 7 B rere——
| | | | ¢ [nsed <] ©

2 [cpr =] [3e.0mss3141 j High
+| [126.2639905, =
3 |CpF) =
| [1 335231858 =
4 |Lim) =
S |none - |0 ﬂ Synthesize Network
- =]
6 |none a J ==
- =]
7 |none a =
§ |none hd a ﬂ Low g
052

Port 2

Observe the radio buttons on the right. These permit selection of the network that is
shown on the left. As network 3 was the last one edited, that is the one shown.
Clicking one of the other buttons causes that network to be shown (and edited) on the
left. Also, for convenience, when a network type is changed to “Network Simulation”
then that network is automatically selected on the left.

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

17} § Parameters mode - myVNA FEx

File Edit Yew Help
=] AL
Start Scan ‘ Single Scan | Calibrate ‘ Autoscale ‘ Markers ‘ Centre | 10,700000 MHz: =] Span|0.028476 MHz - ‘cgntm/gpan j Steps [ 1000
Instrument Mode
Display Sets
Display Left Mkr 2, -104.859583, 10.675000 MHz
Display Richt 5.00 -0.00
fon ‘
811 (dB)
W ooV
dB \
{ Div
w ile.. -15.00 -80.00
3 Load file to Store 1
=5 Load file ta Store 2
55 Load file to Store 3
55 Load file to Store 4
Display Store 1
Display Stare 2
Display Stare 3
Display Store 4
o ave bypes
e e Options
3 V1
%
iy ™ s
8. Network Settings
Switch and Attenuators -35.00 -160.00
10.685262 10.700000 10.714738
Cursor Freq; 10,710105 MHz, Left: -9.83193 ds, Right: -59,3277 dB 2,142 secs CDS mode M

The trace was obtained by dragging and dropping the s2p file onto the application
main window (or it could have been loaded via the “Load/Store Data” controls as
shown above). Returning to the “Trace Calculation” option and ticking the “Show
Simulation Data” then displays the results of the simulation.
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i} § Parameters mode - myVNA E\@l@
File Edt Wiew Help
=] ERAL
Single Scan | Calibrate ‘ Autoscale ‘ Markers ‘ Centre[ 10700000 [mHz w| Span|0.023476 wHz v| [centrejspan | Steps [ 1000
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511 (dB) \/\ /\R 521 [dB)
T-Check 10.00 20.00

B, Network Simuation Setup 4B 4B

/" Show Simulation Data 1 Div {Div
{0k Display Options
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% cors // /\/ v ¥ \
‘:’J -30.00 V \W -80.00

T T —.
-70.00 -160.00
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The display above shows the raw store data and the simulation results. The store
display may be turned off — it is still used in the simulation, and the display then
shows just the simulation:

i § Parameters mode - myVNA

fie Edt Yew Help
= ERAL
Start Scan ‘ Single Scan | Calibrate ‘ Autoscale Marksrs ‘ Centre[10,700000  |wHz | Span|0.029476 MHz =] [centrejspan x| Steps [1000
Instrument Mods
Display Sets
Display Left
Display Right 10.00 -0.00
Trate Calculation — T
S11 [dB) 521 (dB)
10.00 20.00
dB dB
{ Div i Div

1 \n / [\'\ /\,

: J

3
- re 4
L] S e -30.00 P -80.00
I Load file to Store 1 V
=5 Load file ta Store 2
55 Load file to Store 3
55 Load file ta Store 4

Display Store 1
/" Display Stare 2
ra
e G
Switch and Attenuators -70.00 -160.00
10.685262 10.700000 10.714738
2142 sets CDS mode UM

The resulting simulation data may be viewed as any scan or store data by selecting
any desired display type (Reflection parameters such as Rs, Xs, Cs, VSWR etc.,

transmission or S parameters). The simulation data may also be saved to file in any of
the file formats or may be stored in a data store. You may also save it to a store
currently being used in the simulation but expect some weird effects.

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

On each of the two simulation dialogs as shown above you may have noticed up/down
controls next to each value entered, and a slider for “nudge sensitivity”. Clicking on
the up or down arrows next to any parameter will nudge the value up or down

slightly. How much the value changes by is controlled by the ‘sensitivity’ slider
control. When you nudge a value up or down, the synthesis data is recalculated
immediately (no need to close the dialog or press “recalculate”. The displayed traces
should update for each nudge.

29.1 Load & Save Simulations

The network simulation dialog provides the options to save and load a simulation.
Clicking on the Save button opens a file save dialog. This permits a simulation setup
to be saved to a text file. Similarly the Load button permits a saved configuration to
be loaded.

29.2 Impedances

The simulations, by default, use the analyser system reference (normally 50 ohms) set
in the “Hardware” section. Sometimes, for example if a filter match is being
simulated where the matching impedance is not 50 ohms, it is desirable to be able to
specify a different impedance. This may be done using the ‘Network Simulation Port
Impedances’ dialog in the network simulation control. This code is subject to change
in later versions.

29.3 Filter matching example

The inclusion of the simulation tool was in response to a request from Roderick Wall
for filter matching functionality. The following is his description of how to use it
(with some tweaks to the text). The previous section used it as an example to illustrate
the functionality present; here the same example is given again as a step by step
example.

The example used is for an ITT 10.7MHz filter (DUT). The matching requirement is
9000hms with 24pF parallel. The simulation tool can be used to determine the actual
filter, to check filter performance and to determine the component values for the
matching circuits. The ITT Filter s2p data can be either scanned data or stored data.
For this example the s2p S-parameter data is in “Store 1”; but the data could equally
be from live scan data.
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% Instrument Mode
Display Sets
. Display Left
. Display Right
R
F1
Fz
F3
T-Check
%‘ I]‘cg:work Simulation Setup

i :"]’Opens the dialog box that configures the network simulation Functions| L
.} DisplayUptmons

Under “Trace Calculation” click (select) “Network Simulation Setup”. We will use
the simulation tool to generate two matching networks. A network from 50 ohms to
900 ohms with 24pF parallel capacitance and from the same 900 ohms with 24pF
parallel back to 50 ohms.

The simulation tool will be configured to use 3 of the 5 available networks for this
function, with networks 1 and 3 used for the matching networks and network 2 used
for the measured performance of the filter by the VNA in a 50 ohm system. There is
nothing special about the choice of networks; we could equally have used networks 1,
4 and 5. The important point to note is that the sequence is as shown; the networks are
in series from port 1 (network 1) to port 2 (network 5).

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

Synthesize Network

X

Nebwork Type |High Pass L match (seties L)

=l

Mudge

Frequency 10.7

Input Makch
R |50 ﬂ Ohms
I Series Reactance

Reactance
{* Mone

" Inductive
" Caparitive
" % (ohms)

-

Update

MHz @

Qutput Match

R o loms

[ Series Reactance

Reactance
" MNone

" Inductive
% Caparitive
¥ {ohms)

cp |24 j pF
oK

Sensitivity
High

|

Low

Caneel |

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

Select the location of the ITT Filter (DUT) s2p S-parameter data, it can be either
scanned or stored data. For this example the ITT Filter s2p S-parameters are in “Store
1”. If you don't have an s2p S-parameter filter file, load the example “10.7MHz
Sample Filter.s2p” file into “Store 1”. This file may be found in the installation
directory of myVNA. Depending on the program configuration when you load the
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file, the scan parameters may be automatically set to match that of the data loaded; if

not set the centre frequency to 10.7 MHz

and the span to 30 kHz.

Select “Network Simulation” for the output matching circuit for port 2 of the Filter
(DUT). Note, the matching circuit component values will only be shown after the next
step (Synthesize Network). Click the “Synthesize Network™ button to show the

following window.

Synthesize Network El
Metwork Type  |Band Pass LCCL =
Mudge
Frequency | 10.7 MHz  Q Se'?_'sigihvity

Input Match
r [o00 j hms

[ Series Reactance

Cutput Match
R |50 j Ohims

I Series Reactance

Reactance Reactance
" None * None
" Inductive " Inductive
Update
% Capacitive " Capacitive
Low
" 4 (ohms) " % (ohms)
p |24 :II PF j
04 | Cancel |

Select the “Network type” and the matching circuit input/output impedance. Click
GGOK”.

From the Network Simulation window click “Recalculate Data”. This will generate a
simulation of the above 3 networks. To display the simulation trace select “Show
Simulation Data” option under “Trace Calculation” as shown below.

R, Instrument Mode
<. Display Sets
. Display Left
. Display Right
% Trace Calculation
F1
F2
F3
T-Check
% MNetwork Simulation Setup
/1 Show Simulation Data
(o) Di%ay Options
- Toggle onfoff the display of simulation data]
) Reference otandards
7 Load & Store Data
() ¥NA Hardware
% Choose Trace Colours
) Transverters
\_} Metwork Settings
% Switch and Attenuators

S2

The simulation trace will be displayed with whatever display modes are selected. For
example, selecting “S21” should yield the following display:
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-0.00 - —
Mkr 1, -13.990, 10.703950 MHz
Mkr 2, -23.056, 10.695800 MHz M M
$21 (dB] | Mkr 3, -8.666, 10.698375 MHz f
Mkr 4, -1.264, 10.696800 MHz o
20.00 | Mkr5, -2.678, 10.700025 MHz
dB | Mkr 6, -6.574, 10.703875 MHz
1 Div /
-80.00
-160.00
10.675000 10.700000 10.725000

S21 Traces, unmatched (red), matched (blue).

29.4 Simulation and Crystal Equivalent Circuits

Simulation support has been added to Crystal Equivalent Circuits. Don’t try to use it
with the 6 term model — it is not going to work.

Under crystal simulation, there is a new button “Simulate”

15 Reflection mode - my¥NA
File Edt Yiew Help

=] ERAL

Start Scan ‘ Single Sean Calibrate ‘ Autoscale ‘ Markers ‘ Centre | &.007438 MHz =] Span|0.020004 Wz | [centrejspan | Steps [ 1000
Tnstrument Mode R
" Display Scts Select Device Type
| Display Laft Crystal Parameters M
Display Right &
Trace Cal Select Model /' \
C} Display O 3dB points -
Gi
Select Data Source / \
Aukascale on Current Scan Data -
Snap to 125 on Autoscale

Snapto 125 \
Audio Cues

Farce |display] for Log axes

Report View /
Equivalent Circuits Log Results Log File...

Auto Refine Eq Cet

Inwert RL display Refine Result —

Series Resonance: 8.00011360 MHz
Fs+3dB: 8.00014050 MHz
Fs-3dB: 8.00007779 MHz
Il Parallel Resonance: 8.01554675 MHz
i Rm = 9.062560 ohms

|

co Lm = 22.999604 mH
ot — — Cm = 0.017208 pF

abratio Q= 127569.20

rorenes Seandards C0 = 4.461775 pF
|5 Load & Store Data i +Lm
03 Wit Hardware Rm cm
% Choose Trace Calours
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#ad network Settings

Swikch and Attenuators

< >
For Help, press F1 4,842 secs D5 mode UM

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

The simulation control dialog does not have to be open for this to work, but if it is (or
if it is opened later) then the schematic of the crystal will be shown

The results of the simulation will also be displayed on the screen with the main trace
as shown below. In this example, the green and red traces are the scanned data, the
other two the simulated data from the results.
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29.5 Simulation Limitations

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

Now the second limitation. Simulation uses ABCD (transfer) scattering parameters,
and to work correctly this means that the program must possess forward and reverse
dual detector data. The program will try to be helpful, but be careful. If you do not
have valid reverse data for a network, it will reuse the forward data for the reverse
direction in order to have something to use, but this assumes the network is
symmetrical.
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30 Multiple Program Configurations

Multiple program configurations are supported. Specifically, the registry entry that the
program uses is the same as the executable (normally myVNA.exe hence the registry
entry would be myVNA). If you make a copy of the program, for example

myMSA .exe, then a separate configuration will be created — each will have its own
settings.

This may be used to create multiple configurations for one piece of hardware or may
be used to create different instances for different hardware types such as for the N2PK
and the MSA.

An alternative to multiple configurations is to export & import the configuration using
the options under “Instrument Mode”

myVNA v0-93 Page 125 of 181



Multiple USB connected VNAS Simulation Limitations

31 Multiple USB connected VNAs

Multiple USB connected VNASs may be controlled at the same time from one PC. In
general this is not in general recommended unless the scan is slow or the PC is fast as
it will probably run slowly.

Under “Hardware Interface” is an option to select the USB instance:

~
Interface Configuration l&J
Selected Interface Parallel Port Configuration
 UsB: (PFTL ~| PortMame
£ paralel 0x378 «| Base Address
~
TREHE 500,000 ADC Timeout {ms)
™ Custom
USE Configuration
0 | Instance
r TCP{IP configuration
Parallel driver | a .0 .0 .0
* InpOut32
1580 PortNumber |49152
™ Winlo
oK | Cancel | |

Each time a USB device is recognized (which is usually in the sequence they are
connected but don’t count on it), it is allocated an instance ID.

Instance IDs are not saved & reloaded when the program starts — it makes no sense to
do so.

Start an instance of myVNA for each hardware VNA but note that they will share the
same configuration — if you do not want this to happen, make copies of myVNA.exe
and give each executable a different name.

For each instance, select an instance from the “USB Configuration” control as shown
above.
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32 OLE Automation

You can control myVNA and through it the VNA via Microsoft Object Linking and
Execution (OLE). This chapter shows how to do it.

The program exports an automation interface for remote control. The intention of this
is to permit an external program to control program operation. Not all functions are
available; the intention is to permit control of the GUI and export data not to try to
expose all methods; there is little point for example in providing external control of
the ability to drag a cursor on the screen. However if | missed something you need by
all means drop me an email.

The interface is described by the file myVNA.tbl which is to be found in the
installation directory of the program. As an introduction, in Appendix D is the .odl
input file of the (current) version of the interface that produced the .tbl file. The
details of the parameters needed are shown in the AccessMyVNADIL.h file (see the
next paragraph) and are also shown in Appendix D.

The best way to use the automation interface is to access the OLE interface directly as
defined in the thl file, however as an alternative, a companion DLL has been produced
that provides a basic interface. The use of this is illustrated in a companion project
“AccessMyVNA” that comprises the DLL and a dialog box project that is linked to it.
To show the use of the automation interface, run AccessMyVNA .exe. This should
display the dialog box. Now click the “Init” button. This should cause an instance of
myVNA to be automatically executed (and minimised) and some of the values to be
automatically loaded. It may then be controlled by means of the other controls on the
dialog.

So, how does the interface get registered? During installation the installer runs
myVNA with command line switches of “/Register” and “/Unregister”. Executing
these will register or remove the Automation interface from the windows registry.
Unfortunately unregistering will also clean out some of the registry information that
the program uses; the only implication as far as | can see is that when next it is run the
toolbar positions will have reset themselves.
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33 Network Client / Server

The network client / server code is a precursor to a possible Ethernet interface to the
VNA and permits remote operation of a VNA on another PC. This chapter describes
its use.

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

Some care is needed — the code has limited error handling.

To use it, the VNA is connected by USB — it must be USB — to one PC. That PC runs
myVNA and is configured to act as a server. Another PC also running myVNA has its
hardware interface set not to Parallel or to USB but to an IP address. Once that is
done, functions such as “scan” on the second (client) PC will cause the server PC to
perform a scan and the result will appear on the screen of the client. Note that the
calibration data and configuration used are those of the client PC not the server — the
server is just providing remote access to the USB connected VNA.

To set a PC up as a server do the following
1. Configure the PC to use USB interface and make sure that it is working
correctly
2. Configure the server details as shown below
3. Switch on the server mode
To set up a client PC do the following

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

To configure a server, open the “network settings” on the left hand treeview and
select “configure remote access”. The following dialog will appear

Configure Network Settings

Server Configuration

Port Number 49152«

o Cancel

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

To start the server running, click on the “Accept Remote Connections” option. The
following dialog will appear
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Network Server
Stakus

Idle, awsiting connection

Current Process

Idle

X

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

To configure a client open up the “Hardware Interface” under “VNA Hardware” and
set the IP address to that of the client, set the port number to match and select the

TCP/IP option

Interface Configuration

Selected Interface

" use

" Parallel

Parallel driver
" InpOutsz

* Winlo

3

Parallel Part Configuration

LPT1 | Pork Name
0x378  w| Base Address

500,000 ADC Timeout {ms)

TCR{IP configuration

|192.168. 1 . 68

Port Mumber | 49152 -
QK |

Cancel |

That’s all there is to it. There are a number of new error dialogs etc.

Only IP V4 is supported and firewalls may stop connectivity.
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34 DDS Power Down

The DDS chips may be powered down when not in use or left powered up. Under
“VNA Hardware” is an option that controls this. When selected, the DDS chips will
be automatically powered down when not in use reducing current consumption from
0.251t0 0.3A to 0.15A at 12V.

Here is a trace without power down. The trigger point is the start of the sweep. DDS
reset occurs, switching off the RF outputs for about 0.5 ms before the signal reappears
(the yellow upper trace). In this example, there is a 5000 us sweep start delay which
can be seen before the first point is read, and the RF outputs are held steady for this

-4

time.

CH1 200my

When DDS power down is selected, the DDS chips are put into power down mode at
the end of a sweep and held there until needed. This may be seen in the following
trace.

This power down occurs after all activity; the end of each sweep, between calibration
runs, when exiting VVM or Signal Generator modes etc.
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35 Command Reference

This chapter provides a brief summary of all commands

35.1 Main Menu

35.1.1 Main Menu - File
it

File | Edit Wiew Help

Mew Frame E
Mew Ctrl+M
Open... Ctrl+0
Save Ctrl+5
Save As...

Print... Ctrl+P

Print Preview

Print Setup...
Recent File

Exit

The main menu file commands provide the following functions:

e Open. Used to load a saved trace from a file (same as the file open icon from
the windows toolbar or the keyboard shortcut control-o0). It will prompt for
which data store to load the file into and will then prompt for the file.
Supported file types are .csv, .s1p and .s2p. The program will attempt to
interpret the contents of the file. For more information see Section 6.1 “Saving
Data to and loading data from Disk”.

e Print. The current data that is displayed is sent to the printer via a standard
print dialog (same as the print icon on the windows toolbar or the keyboard
shortcut control-p). For more information refer to Section 6.2 “Printing”.

e Print Preview. The current data that is displayed is formatted and displayed as
it would be printed given current printer settings. For more information refer
to Section 6.2 “Printing”.

e Print Setup. Opens a standard printer setup dialog.

e EXxit. As it says, exit the program

e All other functions on this menu currently have no function.
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35.1.2 Main Menu - Edit
#it

File | Edit | View Help

Undo Ctrl+Z |
L

Cut Ctrl+ X k
Copy Ctrl+C
Paste Ctrl+V

The only function available from this menu is “Copy” which copies the current
display to the clipboard (same as the copy icon from the windows toolbar or the
keyboard shortcut control-c). For more information see Section 6.3”Copy to
Clipboard”.

35.1.3 Main menu - View

it

File Edit | View | Help

T Tocolbar [
« | Status Bar 5
- Options :
T Secondary Toolbar

T Display Type Tocolbar

- Full Screen

The View menu has three separate functions:

e Determine which toolbars are displayed
e Set the program options
e Switch to full screen display mode

The toolbar, status bar, secondary toolbar and display type toolbar may be switched
on or off. The scan control and span toolbars and the main menu bar may not be
hidden.

Options set certain limits and configuration options that affect the program behaviour.
Details are given in Section 7.

Full screen display is self-evident. To exit full screen mode, hit the “Esc” key.

myVNA v0-93 Page 133 of 181



Command Reference Toolbars

35.1.4 Main menu — Help
i

File Edit Yiew | Help

Help Topics H
About myVMNA.. k
Product Key Entry

Manual Product Activation

L v L i e | - T i

The Help menu provides access to the help file (pressing F1 does the same thing as do
the two help icons from the windows toolbar). “About myVNA” gives program
authorship and copyright information. The final two entries are used to manage
product keys and authorisation.

A product key is needed in order to run the program, and the dialog box used to enter,
view or change it is accessed from here. Depending on the product key, product
activation is usually required in either 30 or 60 days from when the product key is
entered. Full details are given in Sections 3.2 and 3.3.

35.2 Toolbars

There are six toolbars supported by the program. One of these is only present in MSA
mode.

All toolbars are moveable and dockable. Their location is preserved when the
program is closed.

35.2.1 Windows Toolbar
= & & T K

The windows toolbar provides quick access to the following functions:

e Open afile (same as the menu command “File / Open...” or the keyboard
shortcut control-o0). It will prompt for a data store to load a trace into then open
a file open dialog to permit a csv or snp file to be loaded.

e Copy to clipboard (same as the menu command Edit / Copy to clipboard or the
keyboard shortcut control-c) — the current display trace together with
associated data is copied to the clipboard

e Print the current image (same as the menu command “File / Print” or the
keyboard shortcut control-p)

e Open the help file (same as the menu command “Help / Help Topics” or the
keyboard shortcut function key F1).

35.2.2 Controls Toolbar

] 253001 U R1F W] & 3% EL Pn Rl B0 tdr X
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From left to right (or top to bottom if the toolbar is docked on the side of the display)
the toolbar provides quick access to the following functions. Unless noted otherwise
the same functions are also available from the popup menu.

e 1 Set vertical axis — opens a dialog box that permits the left and right display
axes to be configured if in rectangular display mode, or sets the radial axis if
in polar display mode. The same functions are also available from the display
popup menu under the names “Set vertical axis” and “Set Radial Axis”
respectively.

e m Set frequency axis — opens a dialog box that permits the frequency axis to
be configured if in rectangular display mode, or opens a dialog box to set the
frequencies and time settings if in polar display mode.

e 23 Set scan to current display. This sets the scan start and stop frequencies to
match those of the current display. The display may, for example, have been
dragged to zoom in on a feature, this button sets the next scan to match the
desired display.

o 3DSet the display to match the current scan. This sets the display to match the
current scan start and stop frequencies. The display may, for example, have
been dragged to zoom in on a feature, this button sets the display back to
match the current scan.

o DI “Display Lock” - When toggled on, locks the current frequency axis to the
scan settings so that dragging the display left or right will not change the
settings, but any change to the scan start / stop will also update the frequency
axis.

e LI “Left Lock” - When toggled on, locks the current left axis so that dragging
the left side of the display up or down will not change the settings.

e RI “Right Lock” - When toggled on, locks the current right axis so that
dragging the right side of the display up or down will not change the settings.

e Fl “Frequency Lock” —

e M Bring manual markers onscreen and position them at the centre frequency
of the scan.

o ¥ Hide / Unhide the markers. If there are any displayable markers on the

current trace, this control toggles their display on and off.

w Toggles on or off a logarithmic frequency display.

= Toggles on or off a logarithmic vertical display.

#< When pressed, this button clears any reverse scan data.

>% When pressed, this button clears any forward scan data.

EL Edit Trace Labels. The same function is also available from the display

options treeview. When selected, it opens up the dialog box that permits the

editing of labels associated with the traces.

e Pn Edit Print Notes. The same function is also available from the print options
treeview. When selected, this button opens a dialog box that permits the notes
to be included on a printout to be edited.

e Rl Reset Axis Label Positions. When pressed it moves all axis labels back to
their default positions.

o ¥ Open and display the marker measurement dialog box. This dialog box
allows configuration of what parameters are to be displayed or printed against
each marker.

e tdr Opens the dialog box that permits the Time Domain Reflection (TDR)
mode to be configured.
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e X When selected, ths control opens the trace averaging dialog box.

35.2.3 Display Format Toolbar

This toolbar permits selection of the main display modes, rectangular, polar, report
and equivalent circuit.

1. & &+

The same functions are also available from the display options treeview controls

35.2.4 Scan Control Toolbar

The scan control toolbar is the primary control for starting and stopping a scan as well
as autoscaling the display and configuring markers.

Start Scan Single Scan Calibrate Autoscale Markers

The first button starts or stops scanning. The second performs a single scan. When
scanning repetitively, a scan may be completed then stopped by pressing the single
scan button.

The third button starts calibration by opening a calibration dialog.

Autoscale will cause the display left and right axes to rescale themselves to match the
current display configuration and trace data.

The final button will open the marker configuration dialog box.

35.2.5 Span Toolbar

Start| 2150000  [MHz »|  Stop|5.150000  |MHz w| |Start/Stop  v|Steps [2000  Ava.|1

The Span toolbar controls the start and stop frequencies for a scan, the number of
frequency steps and the number of measurements to be taken and averaged at each
point.

The dropdown menu shown as “Start/Stop” permits the mode of data entry to be
changed. The labels and functions of the preceding two controls (labelled here Start
and Stop change accordingly. The units for a frequency may also be changed for each
to be Hz, kHz or MHz.

The modes of entry supported are:

Start and Stop frequency

Centre frequency ad span

Full scan (analyser minimum to analyser maximum)

From Zero (same as full scan but the display starts from zero to avoid unusual
settings per division on the display
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e Centre / per step. The second frequency box determines the frequency change
for each step between points

e Centre / per division. The second frequency box determines the frequency
change per division on the display

e Start/ per step — same as Centre / per step but the first box is the start not the
centre frequency

e Start per division —same as Centre / per division but the first box is the start
not the centre frequency

35.2.6 MSA Path toolbar

Path |Path 1(15.000kHz) = | [ | 0.000000 iz -] vBw |wide |

The final toolbar is only present in MSA hardware mode. It controls the “Path”, or
filter settings, frequency offsets for the filter and the video bandwidth setting.

35.3 Treeview controls

The treeview on the left provides quick access to detailed settings. Many of the more
common controls are also available on the controls toolbar or popup menus

The treeview contains the following main settings

% Instrument Mode
7. Display Sets

7. Display Left

. Display Left (Calc, Time)

. Display Right

7. Display Right (Calc, Tirme)
% Trace Calculation

{{} Display Options

3 Print Options

7 Calibration

) Reference Standards
 Load & Store Data

{} VNA Hardware

% Choose Trace Colours
L} Transverters

!;.J Network Settings

% Switch and Attenuators
% Debug Controls

Whenever a treeview node is opened, any previously open node is closed in order to
keep the display manageable.

Not all of the controls may be visible. The Debug controls are normally hidden; they
may be displayed by unticking the “hide debug controls” options setting. In addition
options dialog permits the following to be hidden if you do not need them:

e Display Sets

e Transverters

e Network Options

e Switch and Attenuator controls
Finally, the options shown under left, right and display sets normally changes
dynamically to reflect the scan mode — there is little point usually in displaying
transmission gain options if a reflection scan is performed, however there are
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occasions when it is very useful. There is also the option to display all types
regardless of the mode.

35.3.1 Instrument Mode Treeview Node

The Instrument Mode treeview node controls the main characteristics of a scan.

The Instrument mode treeview control takes one of two forms depending on whether
the hardware type is set to MSA or N2PK. The MSA set is a reduced set but includes

spectrum analyser as a mode. Below are shown both options, the N2PK on the left;
the descriptions refer to the N2PK case.

..... Reflection
..... Transmissicn
----- Dual Detector Trans/Refl
..... S Parameters

..... Signal Generator

..... Test Hardware 1/0
..... Vector Voltmeter

..... Always do dual scan

----- Perform reverse scan
----- Use RF-IV mode ./ Reflection

----- Use Reference Mode . Transmission

----- Logarithmic Scan - Spectrum Analyser

----- Reflection data port 1 - Signal Generator

----- Trace Averages 1 - Vector Voltmeter

Export configuration | . Logarithmic Scan

..... ) Import configuration . Trace Averages 1

----- TDR mode only Export configuration

----- Apply RF DDS scan freq. offset -7 Import configuration

The “reflection”, “transmission”, “Dual Detector trans/refl” and “S parameters” work
as a set, only one may be ticked at a time. The setting controls what type of a scan is
performed as well as the display options that are presented. Unless “Always do dual
scan” is ticked, then when a reflection or transmission scan is performed, only one
ADC is used and the scan data will contain only transmission or reflection data. In all
other cases, the scan includes data from both ADCs, and in this case once data is
available, you may switch freely between the modes to change the display without
updating the scan data. If the calibration mode is unsuitable for the selected mode, the
program will issue a dialog box informing you of the mismatch and will not perform a
scan.

The two controls “Vector Voltmeter” and “Signal Generator” open dialog boxes for
the vector voltmeter and signal generator.

“Test Hardware 10” is a diagnostic mode used to check for hardware connectivity
faults. For more information, refer to Annex G -

“Perform reverse scan” is used to instruct the VNA that, when reverse scans in S
parameter mode are being performed manually, that subsequent scans are reverse
mode.

There are two specific modes of operation that may be selected in addition to the main
scan modes, and these modes interact with the scan mode as not all permutations are
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supported. RF-1V mode and Reference Mode use an external hardware module to
measure V and | independently and improve measurement accuracy. There is also
specific hardware configuration that needs to be set to define the way that the
hardware module is used and controlled, for more information see sections 21 and 22.

“Logarithmic Scan” changes the scan mode so the scan points are distributed between
start and stop on a logarithmic basis rather than a linear one. This scan setting is
separate to the display mode (log or linear) but when changing the scan mode, the
display mode is also updated to reflect the scan setting. The display mode may
subsequently be changed as desired independent of the scan mode.

“Reflection data port” is a shortcut override useful in some circumstances where the
port used for reflection mode measurements is swapped. Be careful though as it does
not change the transmission setting, and can therefore cause a scan not to be made if
both ADCs are needed.

“Trace Averages” performs the same function as the trace averages control on the
span toolbar — it sets the number of readings taken at each scan step which are then
averaged.

The next two entries — export and import configuration — permit the current program
settings to be saved to file or reimported, useful if specific configurations are
frequently used. The file that is saved and loaded is a text file with human readable
values but note that the program expects specific defined values and formats — do not
expect it to interpret any setting you may care to make in another format to the one
expected.

“TDR Mode Only” is used when using TDR mode as a means to suppress the display
of frequency domain traces leaving just time domain information.

Finally, “Apply RF DDS scan freq. offset” is an experimental mode that adds a fixed
frequency offset to the RD DDS frequency setting. The frequency offset is defined in
the hardware settings.

35.3.2 Display Treeview Nodes

There are five treeview nodes that change the parameters displayed:
e Display Sets

Display Left

Display Left (Calc, Time)

Display Right

Display Right (Calc, Time)

All work in the same fashion. When opened, each shows a list of parameters — for
example as shown here (three are shown side by side, the left and right options are
identical)
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% Instrument Mode
0o e
----- 511 (dB) + S21 (dB)
----- 522 (dB) + S12 (dB)
----- 511 (dB) +=511
----- 521 (dB) + <521
----- S22 (dB) +=522
----- 512 (dB) + <512
..... [511] + <511
..... |521] + =521
----- |S22] + <522
----- |S12] + <512
----- 511 Real + Imag
----- 522 Real+Imag
----- 521 Real+Imag
----- 512 Real+Imag
----- T-Check
.| Display Left
| Display Left (Calc, Time)
| Display Right
| Display Right (Cale, Time)
% Trace Calculation
£} Display Options

f_j- Print Options
) Calibration
) Reference Standards

% Instrument Mode
. Display Sets
- e
----- 511 Real
----- 511 Imag
..... 1511|
..... <511
..... 511 (dB)
..... |s21|
----- 521 (dB)
..... <521
----- 522 Real
----- 522 Imag
..... 522
..... 2522
----- 522 (dB)
..... 1512
..... 512 (dB)
..... 2512
----- 521 Real
----- 521 Imag
----- 512 Real
----- 512 Imag
| Display Left (Calc, Time)
| Display Right
] Dlspla)r nght (Calc Time)

G 4

% Instrument Mode
| Display Sets
-~ Display Left
o FOReal
FO Imag
; T-Check Real
i T-Check Imag
| Display Right
| Display Right (Calc, Time)
% Trace Calculation
£} Display Options
£} Print Options
) Calibration
) Reference Standards
) Load & Store Data
flj- VMNA Hardware
% Choose Trace Colours
&} Transverters
N.J Metwork Settings
% Switch and Attenuators
% Debug Controls

Parameters are selected by clicking them. To select more than one at once, hold down
the control key when clicking on a setting. The parameters selected will be shown for
all selected race data in the display. Select many and it can get hard to read though.
“Display Sets” represents a set of shortcuts for setting left and right axis displays at
the same time — for example selecting “S11 (dB) + S21 (dB)” achieves the same as
selecting “S11 (dB)” on the left display and “S21 (dB)” on the right display.

The choices offered in the display nodes is conditioned by the instrument mode
chosen — in this case it was set to S parameters. Selecting Reflection, Transmission or
dual detector yields different choices — for example as shown below:

% Instrument Mode
..... Rs + Xs

..... Rp + Xp

..... [Zs| + <Zs

..... VSWR

..... RL

----- |Rho| + <Rho

----- T-Check
.| Display Left
| Display Left (Calc, Time)
| Display Right
| Display Right (Calc, Time)
% Trace Calculation
¥ Display Options
f'_} Print Options
' Calibration
' Reference Standards

% Instrument Mode
! 1G] + <G
|G|(dB) + <G
Gain (Real+Imag)
Group Delay
; FO
b T-Check
(. Display Left
| Display Left (Calc, Time)
| Display Right
| Display Right (Calc, Time)
% Trace Calculation
£} Display Options

f'_;i- Print Opticons

¢ Calibration

' Reference Standards
) Load & Store Data

£} VNA Hardware

% Choose Trace Colours
£} Transverters

N.J Metwork Settings

% Switch and Attenuators
% Debug Controls

% Instrument Mode
e

..... |G| + <G

----- |G|(dB) + <G
----- Gain (Real+Imag)
----- Group Delay
..... Rs+ ¥s

..... Rp + Xp

..... [Zs| + <Zs

..... VSWR

..... RL

----- |Rho| + <Rho

----- T-Check
| Display Left
| Display Left (Calc, Time)
| Display Right
| Display Right (Calc, Time)
% Trace Calculatlon

It is also possible to display all choices at all times regardless of the mode by setting
the “Show all display types at once” option in the Options dialog.
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35.3.3 Trace Calculation Treeview Node

The trace calculation treeview node provides access to:
the user defined functions,

network simulation,

marker measurements

Time Domain Reflection (TDR) controls,

trace averaging and

reflection mode reference plane offsets

)
% Instrument Mode

- Display Sets

. Display Left

7. Display Left (Calc, Time)

. Display Right

. Display Right (Calec, Time)

£ ¥ Trace Calculation

..... FO

----- T-Check

..... % Metwork Simulation Setup

----- Show Simulation Data

----- Show Marker Measurements

..... % TDR cenfiguration

..... TDR Functions

----- % Trace Average Control

----- Offset Reflection Reference Plane
..... 8, Refl. mode Ref. Offset Setup

The first four entries (FO to T-Check) open up dialog boxes to configure the four user
defined functions. The default names for each are FO, F1, F2 and F3, but the dialog
box permits the name of the function to be set — the final entry in the example above
has been set to “T-Check”. When a valid equation is set for one of these functions, it
will then appear in the lists of display sets, left or right options and may be used to
display trace data. More information is given in Section 28.

The next two entries control network simulation. The first opens up the dialog box to
configure network simulation, the second toggles on or off the display of the results.
Refer to Section 29 for more information.

“Show Marker Measurements” displays the marker measurements dialog.

The next two nodes control TDR operation. The first opens the TDR configuration
setup dialog, the second toggles on or off the TDR results display. TDR mode is
addressed in Section 23.

“Trace Average Control” opens the dialog box that controls trace averaging. See
Section 25 for more details.

The final two entries manage the application of an offset to the reflection mode
reference plane; the first toggles on and off the application of the offset, the second
configures the offset. This feature is experimental — if you find problems please let me
know.
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35.3.4 Display Options Treeview Node

S

o

. Display Right
. Display Right (Calc, Time)

Trace Calculation
Graticule
Scan Progress Bar
Autoscale on Display Change
Snap to 125 on Autoscale
Snap to 125
Audio Cues
Force |display| for Log axes
Report View
Equivalent Circuits
Auto Refine Eg Cet
Invert RL display
Display Info Tips
Vertical Divisions 8
Haorizontal Divisions 10
Label Freq Gridlines
Label Vert. Gridlines
Display Pen Width 1
Smith / Polar View
Edit Trace Labels
Show Scan Data
Marker size 3

Print Options

This node controls many of the functions of the trace display pane. Many of the

options are self explanatory and si

mply toggle on or off the appropriate setting.

The current display mode is set by selecting one of “Report View”, Equivalent

Circuits” or “Smith / Polar View”.
display mode is shown.

The “Auto Refine Eq Cct” setting

When none of these are selected, rectangular

will cause the refine function to be executed every

time a scan is performed in equivalent circuit mode.

The “Invert RL display” option inverts return loss display — personal preference if you
wish.

35.3.5 Print Options Treeview Node

% Instrurment Mode
- Display Sets
Display Left
- Display Left (Calc, Time)
- Display Right
- Display Right (Calc, Time)
% Trace Calculation
(% Display Options
235t Options
i PrintPen Width 5
: Print Motes Dialog
Add Print Motes to Clipboard Copy
Label Markers in Printouts
Choose Print Main Font
Choose Print Trace Font
Marker size 5

The print options are display options that apply only to the print or clipboard copy
functions. Again, all are self explanatory. Print notes provides the facility to add
header, footer and notes to a printout, and this may optionally be include in the
clipboard copy. Printing is addressed in Section 6.2;
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There is also the facility to change the font used as well as the size of the markers and
the pen width.

35.3.6 Calibration Treeview Node

This node controls all the main settings associated with calibration. On the left is
show the N2PK case, the MSA case is a reduced set and is shown on the right. The
descriptions refer to the N2PK.

% Trace Calculation

{{} Display Options

) Print Options

‘=) Calibration

----- ' Load Calibration Data

----- ' Reload Current Calibration Data
Save Calibration Data

----- |_] Calibration Data Summary

----- Clear calibration Data

----- Relax harmonic mode checking
----- Use Separate |solation Avg

----- Isolation Average 5

----- Trace Averages 1

----- Unguided Calibration

% Trace Calculation
L} Display Options
L} Print Options

----- Log Calibration Scan w] Calibration
----- Do LLC calibration -\ Import Path Cal data
----- Response and OSL Calibration -[&] Export Path Cal data
..... 5 Term Calibration /" Use Separate |solation Avg
----- 6 Term Calibration - lsolation Average 5
----- 10 Term Calibration - Trace Averages 1
..... 12 Term Calibration Engucidl.ebd Ct.alibrsation

T A [ o alibration >can
""" Calibrate VUM Do lLC calibration
----- Do 5/6 term cheat . Calibrate VUM

----- Load mode with Cal Data

----- Load maode with Cal Data

The first three settings are associated with loading and saving calibration data —
Reload reloads the last saved or loaded file.

Calibration Data Summary displays a summary screen of the currently held
calibration data.

Calibration data may be cleared using the “Clear” function.

When using harmonic modes, the program will normally not permit mixing of modes
and calibration data as this will result in strange results, but for test purposes it is
sometimes useful. The “Relax harmonic mode checking” function permits this to be
overridden.

When performing calibration, the isolation reading in transmission mode is the one
most likely to suffer noise, the next two controls permit a separate average to be made
of the isolation calibration scan readings.

Separate from the main trace averaging, calibration scans may also be averaged using
the “Trace averages” control.

There are two main forms of calibration — guided, where the user is taken step by step
through the calibration process, and unguided where calibration is performed as
required. The mode is set by ticked or unticking the “guided calibration™ control.
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A calibration scan can be either logarithmic or linear in its steps. It does not really
matter whether it matches the scan mode setting as it will interpolate but it is
preferable if they are the same, especially if the number of points is small.

Low Loss capacitor (LLC) calibration is an alternative to Open Short Load (OSL)
calibration and is performed if this option is ticked.

The next five entries (“Response and OSL Calibration”, 5, 6, 10 and 12 term) define
the calibration mode — only one may be ticked at a time. For more information please
refer to Section 13.

Calibrate VVVM opens the calibration dialog box for the VVVM mode, which is
addressed in Section 27

Selecting the “5/6 term cheat” applies 10/12 term calibration but it just uses the 5/6
term calibration data.

Finally, selecting the “Load mode with cal data” will cause the mode to be set
automatically with whatever calibration data is loaded.
35.3.7 Reference Standards Treeview Node

This node provides access to the calibration data settings. For information on
reference standards please refer to Section 18.

% Trace Calculation

L} Display Options

L} Print Options

' Calibration

v} Reference Standards

----- . Load Reference Data

Save Reference Data

..... Cop (pF) 0.0400

----- Rsh (ghms) 0.0000

..... Lsh (nH) 0.0000

..... Rld {chms) 30.00

..... Lid {nH) 0.1300

..... Cld (pF) 0.2300

----- LLC O factor 10000.00

..... LLC Q @ Freq (MHz) 1.0000
----- LLC Cap. (for info enly) pF 300.00
----- Save Stds data in Cal files
----- Load Stds data with Cal Files if present
----- LLC Fixed Q

----- LLC C model VacVarCap

..... LLC @ model ATC100B

----- Ref plane Offset (mm) 0

Reference Standards data is a set of parameters used during calibration to correct for
specific characteristics of reference devices (Open, Short, Load, LLC). For further
information see Section 18.

The first two entries in the list permit the complete set of reference standards data to
be saved or loaded. The file is a text file so can — with care — be edited.

The next 6 entries define the errors in the Open, Short and Load. For the open
reference, there is just one parameter — the capacitance incurrent by fringing. For the
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Short reference, there are two parameters, the series resistance and inductance, as
fringing capacitance will be negligible. For the load reference, the series resistance
and inductance together with the parallel capacitance must be given. The default
values are those that may be expected of a simple SMA female connector constructed
set of references.

The next 3 values define the Low Loss Capacitor used in LLC calibration. Only the
first two parameters are important — the Q and the frequency at which that Q would be
expected. The program will use one of three different built in models for how the Q
varies with frequency to define the overall characteristics. The model to be used is
selected by choosing one of the LLC options towards the bottom of this treeview
node. For more information refer to Section 18.4.

The next two options control the use of reference data in calibration files. When
calibration is performed, it is performed with a set of reference standards and
therefore it makes sense to save the reference standards data with the calibration data
and reload it when calibration data is loaded. If you don’t want to do this untick one
or other of these options.

The final entry is the optional offset of the reference plane. Using the reference
standards parameters defined above and a reference standard built carefully from an
SMA female, the reference plane will be the back face of the SMA. If you want
another reference plane, specify here the offset in millimetres.

35.3.8 Load & Save Treeview Node

This node controls the loading and saving of trace data to internal data stores or to
file.

L} Display Options

L} Print Options

' Calibration

' Reference Standards

‘ml | oad & Store Data

----- Save Scan to Store 1

----- Save Scan to Store 2

----- Save Scan to Store 3

----- Save Scan to Store 4

----- Save Simulation to Store ...
Save Scan to File...

Save Simulation to File...
Save Store to File..

----- 7 Load File to Store ...

..... Display Store 1

----- Display Store 2

----- Display Store 3

..... Display Store 4

----- L} Set extended filesave types
----- L} Set Touchstene File Options
----- Ask if set Scan to File data on load
----- Set Scan to File data on load
----- Set scan to stored trace...

----- Auto load/save trace data

The first four options provide a one click method of saving current scan data into one
of the four built in data stores, the next saves simulation data to one of the stores but
in this case a dialog box will be used to specify the store to be used (this is to keep the
treeeview node to manageable size).
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The next three options are used to save scan, simulation or data store trace data to a
file and the one following that loads data from file. When data is saved to file, a
number of file formats are supported but the available formats will be filtered
depending on the instrument mode. For example, Touchstone snp file formats s1p and
s2p are supported but will be suppressed if the instrument mode is not set to S

parameters.

After the file save & load nodes, the next four are used to display or hide data store
trace data. Normally when data is saved to a store or loaded from file to a store, that
store is then automatically displayed, but it may be hidden or redisplayed using one of

these options.

The next option is used to configure what parameters are saved when a file is saved in
“extended csv” format. It permits a variety of parameters to be saved for each data

point.

The next option sets the Touchstone file configuration. Data may be saved in S, Y or
Z parameter format, and as Magnitude and angle, Magnitude (dB) and angle or real

and imaginary.

There then follow two nodes that control behaviour when a file is loaded to a store.
The scan can either be automatically set to match the stored data or the user may be
prompted as to whether it should be set. Note that this sets the scan, not the display

(unless the display is locked to the scan).

In a similar manner to setting the scan to match a trace when loading to a store, the
next option permits the scan to be set to match a current data store.

The final option, if ticked, will save the contents of any data stores to temporary files
when the program is closed, and will reload any such traces when the program is

reopened.

35.3.9 VNA Hardware Treeview Node

' Reference Standards
' Load & Store Data
& I
. Hardware Type
- Configure the hardware
- ADC Step Delay (us) 2000
Sweep Start Delay (us) 10000
. Phase Change Delay (us) 500
- ADC Speed 10
System Reference (ohms) 50.00
Reload Z0 with Calibration Data
Hardware Interface
Choose CD5/Harmenic mode
Load DDS during ADC
Swap Detectors on Reverse Scan
Power Down DDS when ldle
Set RF-IV configuration
Set Reference Mode configuration
RF DDS Frequency Offset

) Reference Standards

) Load & Store Data

8 JVNA Harduare|

----- Hardware Type

----- Configure the hardware

----- ADC Step Delay (us) 2000

----- Sweep Start Delay (us) 10000
----- Phase Change Delay (us) 500
----- System Reference (ohms) 30,00
----- Hardware Interface

----- Power Down DDS when Idle
----- RF DDS Frequency Offset

This node sets the program configuration to match the hardware. The MSA case
presents a reduced set as compared to the N2PK. The N2PK set are shown on the left

in the figure above.
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Hardware Type specifies the hardware type — N2PK VNA or MSA. Select the desired
option.

“Configure the Hardware” is a dialog box whose appearance changes depending on
the hardware type. It is used to define the specific details of the hardware. Details on
hardware configuration are given in Section 4.2.

The next three entries determine the delays introduced by the program into a sweep.
The first is the delay every time a change in DDS frequency to the next step is made
before an ADC reading is started. The second is the corresponding delay when the
DDSs are set back to the sweep start frequency for a new sweep. The final delay is the
one introduced when the LO DDS phase is changed before a reading is made. Whilst
software latency can introduce extra delays it should never be faster than the delay
entered, and for USB interfaces will be fairly accurate as he delay is managed
automatically by the USB interface controller itself.

“ADC Speed” is the DDS conversion time / speed control. It refers to the ADC mode
of the LTC2440 ADC chip but it is easier to think of this as speed control with 1 the
slowest and 10 the fastest. ADC noise is lower for the slower speeds.

The next two entries concern the system reference impedance. Usually 50 ohms, it
may be set as desired, and when calibration is performed, it is stored with the
calibration data. The second node, when ticked, causes Z0 to be set from the value
read in from the calibration data.

The hardware interface follows; clicking on this node opens the hardware interface
dialog. Details may be found in Section 4.3.

Next comes “Choose CDS/Harmonic mode”. This is a digital filter created by Kiciak
and Torrey that may be used to implement a range of filtering options. The simplest is
Correlated Digital Sampling (CDS) but higher order filters may also be used and it
may also be used to select a harmonic of the DDS frequency, extending an N2PK
from 60 MHz to 300MHz. It has no effect in MSA mode.

The next three controls affect ADC / DDS operation. Each may be toggled on or off.
The first causes the DDS to be loaded for the next reading during an ADC reading.
Whilst there is the possibility of introducing some noise as a result of the digital
switching, this does not appear to be the case and it speeds up scans. The next causes
the detectors to be swapped in their function when a reverse scan is being mode. This
is only needed if the specific S parameter test set requires it. Finally, the DDSs may
be powered down when not sweeping to save power but beware, the temperature of
the chips will then rise when scanning which may cause some thermal drift.

The next two entries configure the software for specific RF-1V or Reference mode test
head hardware. The modes themselves are selected from the “Instrument Mode” node
of the treeview.

The final entry specifies an optional RF DDS frequency offset that may be applied if
selected in the Instrument Mode section.
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35.3.10 Choose Trace Colours Treeview Node

This node is used to set the colours of the display. Each opens the same dialog box
that allows a colour to be selected. The colour may be set for:

The trace border

The graticule

Traces1 -8

Markers 1 -9

The background display colour

“Traces 1-8” needs some explanation. Normally less than 8 traces will be shown at
once = it is far too cluttered otherwise. If however more than 8 are shown at once, the
colour will wrap around and the 9™ trace will use the same pen colour as the 1%

35.3.11 Transverters Treeview Node

The entries in this node vary according to the transverters defined. The first entry
opens a dialog box to configure transverters. Each once may be given a name, and
each named configured transverter is then shown in the list. Only one may be selected
at a time, the default is “none”.

35.3.12 Network Settings Treeview Node

There is a simple interface provided that permits a VNA connected to one PC to be
used from another PC. There are two entries in this node:

e Configure remote access

e Accept remote access
The first is used on a client PC to tell it how to communicate with another PC that is
also running myVNA in server mode. The second entry tells an instance that it is a
server and may accept incoming connections.

To configure remote access, the only entry currently needed is the port number. The
IP address is specified using the TCP/IP hardware interface option.

35.3.13 Switches and Attenuators Treeview Node
This node it used to configure the switches and attenuators.

The first entry opens a configuration dialog box that provides the following:

e It permits selection of a specific attenuator setting to be used for forward and
(separately) for reverse scans

e It permits attenuator selection nodes to be labelled (or hidden). These labels
then appear (or not) in the main Switches and Attenuators Treeview node.

e It permits the output attenuator control lines to be inverted. Normally for
example setting 1 has a binary output of ‘001’ but when inverted this appears
as ‘110°.

e Switches may be defined, labelled and either displayed or hidden

The hardware and interface selections made will determine which of these entries are
visible or changeable. Be careful in one regard, if you configure settings on one
interface (USB) then switch to parallel, the other settings will still exist and be active
but will be hidden.
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O} Transverters

h\_'.J Metwork Settings

'}

AL} Configure Settings

----- Attenuator 0

----- Attenuator 1

----- Attenuator 2

----- Attenuator 3

----- Attenuator 4

----- Attenuator 5

----- Attenuator &

----- Attenuator 7

----- Enable Switch 0 in reverse scan
----- Enable Switch 1 in reverse scan
----- Set Attenuator automnatically
----- Invert Switch 0 during scan

----- Invert Switch 1 during scan

After the “Configure Settings” node, the next set of entries are the attenuators that are
configured to be displayed with their names. “Attenuator 0,1,2,3,4,5,6,7” are the
default labels given by the program.

The final 5 entries shown above control automatic switch operation. A switch may be
set to change state during a reverse scan — this is used to alter the settings of an S
parameter test set automatically. The next one causes the attenuator to be set during
forward or reverse scans automatically as determined by the settings configured. The
final to cause a switch to be inverted when the hardware is actually scanning. It then
reverts back at the end or during the delay to the next scan. This may be used as an
external trigger for when a sweep is being made.

35.3.14 Debug Treeview Node

This node is normally hidden by default, it may be displayed by unticking the “hide
debug controls” option. It is not intended for general use.

Each entry in the list provides the facility to save in csv format the:
e Raw scan data

Raw calibration data (OSLT and LLC)

Computed calibration data for the scan

e OSLT scan calibration data

No further details are given here.
WJ Metwork Settings
% Switch and Attenuators
N
E Dump Raw Scan Data
g Dump Raw Thru Cal Data
g Dump Raw Open Cal Data
g Dump Raw Shert Cal Data
g Dump Raw Load Cal Data
g Dump Raw LLC Cal Data
g Dump Cemputed Thru Cal Data
g Dump Cemputed Open Cal Data
g Dump Computed Short Cal Data
g Dump Computed Load Cal Data
g Dump Scan Thru Cal Data
g Dump 5can Open Cal Data
g Dump Scan Short Cal Data
g Dump Scan Load Cal Data
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35.4 Popup Menus
There are separate popup menus that appear when right clicking on the diplay area.

Each setting is self evident and they duplicate settings on toolbars or in the treeview
controls. Copies of the menus are shown below without further explanation.

myVNA - S Parameters n
File Edit View Help

p= = ZGTM ] 35D LURFAM¥IN=ZHMSELPnRI Bt x 1

Start Scan | Single Scan ‘ calibrate | Autoscale Markers | Centre[ 10.700000  [MHz | Span | 0.050000
f, Instrument Mode
< Display Sets

Display Left

Display Left (Cale, Time) 0.00 I T

Display Right -

Display Right (Cal, Time) SRS
B, Trace Calculation Set Frequency Axis |
{} Display Options Set Scan to current frequencies
(C} Print Options 511 (dB) Set Display to current scan freq.
5 Calibration Lock Scan to Display L
L5 Reference Standards 10.00
= Load & Store Data dB Lock Left Vertical Axis
) VNA Hardware i Div Lock Right Vertical Axis

Chi T Col | -
E} Tr;us\sreert::e olours Lock Frequency Axis
43 Network Settings Bring Manual Markers Onscreen

&, Switch and Attenuators

- Hide Markers L
&, Debug Controls 40.00
5] Dump Raw Scan Data Log Frequency Scale
ump Raw Thru Cal Data Log Vertical Scale
ump Raw Open Cal Data ] =
Durnp Raw Short Cal Dats Clear Reverse Scan Data
] Dump Raw Load Cal Data Clear All Scan Data
ump Raw LLC Cal Data |
Dump Computed Thru Cal Data (i TEEslEs
Dump Computed Open Cal Data Show Print Notes Dialog
Dump Computed Shert Cal Data Cursors »
Dump Computed Load Cal Data 1  configueTor B
Dump Scan Thru Cal Data
(o] T A Dial
ump Scan Open Cal Data pen frace Average Lialog
Dump Scan Short Cal Data _80.00 Show Marker Measurements |
=
Dump Scan Load Cal Data 10.675000 Copy Image to Clipboard
Reset Screen Label Positions
i myVNA - Reflection mode "myVNA"
File Edit View Help
=Hd S PMK |1 >S50 LRAFAM¥||ZSHXELPoRI B tdi 2|1 DE#
Start Scan | Single Scan | Calibrate ‘ Autoscale ‘ Markers | Centre[10.700000  [MHz | span [ 0.050000 [Mrz =] [centre/span
Ry, Instrument Mode
Display Sets |Rho| + <Rho
Rho (Smith Chart)
Admittance (Smith Chart)
FO
T-Check Set Radial Axis
Display Left Set Frequency Axis
Display Left (Calc, Time)
| Display Right Lock Radial Axis
| Display Right (Calc, Time) Lock Frequency Axis
By Trace Calculation
{C} Display Options Bring Manual Markers Onscreen
(¥ Print Options Hide Markers
= Calibration Medify Marker Units
\_7 Reference Standards
= Load & Store Data Log Frequency Scale
C} VNA Hardware Clear Reverse Scan Data
%’ Choose Trace Colours Clear All Scan Data
(0} Transverters
% Network Settings Edit Trace Labels
% Switch and Attenuaters Show Print Netes Dialog
% Debug Controls Show Marker Measurements
Copy Image to Clipbaard
Zoom in (CTRL +)
Zoom out (CTRL -)
Zoom reset
1
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#h myVNA - Reflectio
File Edit View Help
=i S TN ] 35D URFAM¥|I=Z#XELPnRI B tdr &
Start Scan | Single Scan | Calibrate | Autoscale | Markers | Centre | 10.700000 MHz - Span | 0.0501
% Instrument Mode Frequency ‘ |Rha| | <Rho |
Display Sets 10675000
Rs+ Xs 10.673050
Rp + Xp 10.675100
2+ <2 10.675150
VSWR 10.675200
RL 10.675250 Copy All Columns to Clipboard
10.673300
|Rhol + <Rho 10.673350 Copy Freq Column to Clipboard
Q 10.673400 Copy [Rhe| Column to Clipboard
Rs+Cs 10.675450
Rs s Ls 10.675500 Copy <Rho Column to Clipboard
Rp + Cp 10.675550
Rp + Lp 10.675600
Gp+ Bp 10.675650
W= <¥ 10.675700
10.675750
o 10675200
T-Check 10.673850
! Display Left 10.675900
| Display Left (Calc, Time) 10675950
Display Right 10.676000
. Display Right (Calc, Time) 10.676050
% Trace Calculation 13:::123
:. EI.SPIEY Options 10.676200
¥ Print Options 10.676250
7 Calibration 10.676300
' Reference Standards 10,676350
' Load & Store Data 10676400
£ VNA Hardware 10.676450
‘ Choose Trace Colours 10.676500
} Transverters 13:::;33
I.J Ne.twurl( Settings 10.676650
% Switch and Attenuators 10.676700
% Debug Controls 10.676750
10.676300
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Annex A - Common Configurations

Can’t get a trace on the screen? Check the settings. Here are a simple set to get you

going.

Instrument mode:

Reflection or transmission mode is suggested initially
Untick ‘Perform Reverse Scan’

Untick ‘Use RF-IV mode’

Untick ‘Use Reference Mode’

Untick ‘Always Do Dual Scan’

Untick ‘Logarithmic Scan’

Untick ‘TDR Mode Only’

Untick ‘Apply RF DDS scan freq. offset’

Make sure “Reflection Data Port” shows “1” as a value
Set Trace Averages to 1

Display Sets

Rs+Xs for transmission mode or G(dB)+<G for transmission. Choosing an
option under this heading means you can ignore for now Display Left and
Display Right

Display 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 Display Pen Width to 2

Untick ‘Smith/Polar View”, “Report View” or “Equivalent Circuits”
Untick “Auto Refine Eq Cct”

Tick ‘Show Scan Data’

Set Marker Size to 3

Print Options

Calibration

Set Print Pen Width to 5
Tick ‘Label Markers in Printouts’
Set Marker Size to 5

Untick “Relax harmonic mode checking”
Tick ‘Use Separate ISO Average’

Set Isolation Average to 5

Set trace averages to 1

Untick “Unguided Calibration” initially
Tick ‘Response and OSL Calibration’
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e Untick “Log Calibration Scan”
e Untick “Do LLC calibration”
e Untick “Lode mode with Cal data”
Reference Standards
e SetCopto0.04
Set Cld to 0.23
Set Rld to 50.00
Set Lld 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
e Tick “Set scan to file data on load”
VNA Hardware
e Under hardware type select the hardware ( N2PK VNA or MSA)
e Under Configure the hardware, for N2PK:
o If using single detector VNA set both ADCs to 1 otherwise the
“usual” configuration is ADCI1 for Reflection and ADC2 for
transmission.
o If using dual detector set the ADCs according to you configuration
o Set clock to 148.343 initially (set it for your hardware later)
o Set Minimum frequency to 0.06 MHz
o Set Maximum frequency to 60 MHz
e Under Configure the hardware, for MSA there is no simple default, you
need to work it out. Sorry.
Set ADC step delay to 1000
Set Sweep Start Delay to 5000
Set Phase change Delay to 100
Set ADC Speed to 10 for an N2PK VNA with 2440 ADCs, or 1 for a VNA
with 2410s
Set System reference to 50.00
e From “hardware interface”, choose either USB or Parallel, choose
InpOut32 initially and check if using parallel that the port name and base
address are correct. Set the parallel port ADC timeout to 500 msec.
¢ From “Choose CDS/Harmonic mode” set “Harmonic Suppression Mode”
and “Fundamental” and “4 samples”
e Tick “Load DDS during ADC”
e Untick “Swap detectors on reverse scan” but remember this needs setting
correctly if you use an S parameter test set
e Tick “Power down DDS when idle”
Choose Trace Colours
e Choose suitable colours — not white !
Transverters
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Tick ‘none’

Network Settings

Nothing to set in this version

Switches and Attenuators

From the ¢

Select the configuration dialog and ensure all switches are enabled (you
may have to temporarily select the USB interface from “Hardware” to see
switchl)

Ensure that for reverse scans, neither switch is ticked in the treeview
Ensure that the “Set Attenuator Automatically” option is not ticked.

‘View” menu select “Options” and set the following

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 (the rest)

Untick all the “Change LeftView Controls” boxes apart from ‘Hide Debug
Controls’ which should be ticked. If any changes were made here, exit the
program and restart it to display the missing controls.

Tick the option “Use Curve fitting for Calibration Data Interpolation”
Untick the option “Use Log(f) if curve fitting log calibration data”

Tick the option “Set DDS to scan start freq when waiting for calibration”
Tick “Permit frequency drag/rescale whilst scanning”

Set Display frequency limits to 0 and 200

Tick “save basic mode data in calibration data file”

Tick “prompt for calibration notes when saving”

Set lower and upper display limits to 0 and 200 MHz for the N2PK; for the
MSA set it according to the hardware.

Tick “Reset Warnings”

On the main toolbars:

Select “Full Scan” from the drop down list
Set Steps to 200
Set Avgto 1l

Now exit the program and restart it. Proceed as per the first 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 VNA, single detector, dual detector and S
parameter test set.

For a single detector configuration, there are basically two configurations; straight
through for transmission mode or a single bridge configuration. In the latter case the
RF DDS Out and Det RF In ports of the bridge are connected to the corresponding
ports on the VNA and the Device Under Test (DUT) connects, not surprisingly to the
DUT port. Refer to Figure 11 of Part 2 of Paul’s VNA documentation for a circuit
diagram. This configuration is shown in Figure A of Paul’s Fast Detector publication.

A simple single bridge dual scan configuration is suitable in the following
circumstances:

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

In this configuration, the bridge is connected as above, the DUT port on the bridge is

connected to the input port of the device under test and the output port is connected to
the transmission detector input. When calibrating, the DUT is substituted by an Open

Short or Load on the bridge DUT port or by a through connection in Thru mode. This
configuration is shown in Figure B of Paul’s Fast Detector publication.

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

When testing amplifiers it may be advantageous to use different attenuator setting for
forward and reverse scans. To support this, the program may be instructed to

automatically set an attenuator value before each scan, and to use a different value for
forward and reverse scans. To read more on this see the section on Attenuator control.
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Annex C - Glitches when using the parallel port

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

i S Parameters mode - myVNA Q@E‘

File Edit View Help
=] R
Start Sean ‘ Single Scan | Callbrate: ‘ Autnscals ‘ Markers ‘ Start | 1.000000 MHz ~| Stop[60.000000  [MHz v| [Startystop v Steps [zoo
MRS, mstrument mode
7 Display Sets
S11 (dB) + 521 (d)
522 (dB) + 512 (dB) 5.00 60.00
S11 (dB) +<511 Mkr 1, -28.231, 1.000000 MHz
521 (dB) + <521 Mkr 2, -0.262, 34.040000 MHz
S22 (dB) +522 511 (dB) | Mkr 3. 0.150, 60.000000 MHz / \
512 (dB) + <512 Mkr 1-2, -27.969, -33.040000 MH =
1511 + <511 5.00 }7
1521 + <521 4B
1522] + <522 I Div
|512] + <512 l
511 Real + Imag
522 Real+Imag
521 Real+Imag
512 Real+Imag
Display Left
Display Right / f\
£} Display Optians -15.00 -20.00
| Calibration
5 Reference Standards / .
5 Load & Stare Data G I Itch
(C} VNA Hardware 1
%" Choose Trare Colours \d N
() Transverters
-] Network Settings
%, Switch and Attenuators V
-35.00 -100.00
1.000000 30.500000 MHz 60.000000
Cursor Freq: 32,673319 MHz, Left: 1,0054 o, Right: 44,0336 d& 3.931 secs CD3 mode 0]

Whilst signal/cable errors may be the cause, there is also a possible software reason.

Under later versions of XP, the parallel port subsystem will poll for printers
automatically; apparently on a periodic interval of 5 seconds and following the
detection of activity on the port. This can give rise to glitches like that shown above.

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

HKEY LOCAL MACHINE\SYSTEM\CurrentControlSet\Services\Parport

there may be a key called ‘Parameters’. If not, create one and then within that key
create an entry called ‘DisableWarmPoll’ of type DWord with a value of ‘1°. Next
time you start the computer the problem should have gone away but it is worth
checking with RegEdit that it is still present.

Note also that a search on the Internet for ‘DisableWarmPoll” will solicit many
similar postings; this is not a unique problem. However guidance seems to vary. Some
say to put the entry into ControlSet0001, some into a key ‘Parameters’ within that
location. | have found that if you do this, the entry will be erased on startup.

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

and ‘DisableWarmPoll.reg’ with settings of 0 and 1 respectively. The contents of the
files would be as shown below. Note that for myVNA, files like this will be
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automatically installed in the program installation directory under a sub directory
called ‘Parallel Port Configuration’

For DisableWarmPoll.reg:

Windows Registry Editor Version 5.00

[HKEY LOCAL MACHINE\SYSTEM\CurrentControlSet\Services\Parport\parameters]
"DisableWarmPoll"=dword:00000001

And for EnableWarmPoll.reg:

Windows Registry Editor Version 5.00

[HKEY LOCAL MACHINE\SYSTEM\CurrentControlSet\Services\Parport\parameters]
"DisableWarmPoll"=dword:00000000

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

If you find this does not work or that the key needs to be elsewhere to work on your
system, please let me know.
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Annex D - Automation interface example contents

// myVNA.odl : type library source for myVNA.exe

// This file will be processed by the Make Type Library (mktyplib) tool to
// produce the type library (myVNA.tlb).

[ uuid (AAC33E4F-ABR38-4100-BF4A-C779F89AAC58), version(1l.3) ]
library myVNA
{

importlib ("stdole32.tlb");

// Primary dispatch interface for CmyVNADoc
[ wuid (1D00566F-4A33-4bcf-AB14-A73EAF0006CE) ]

dispinterface IID IA myVNA
{

properties:
// NOTE - ClassWizard will maintain property information here.
/7 Use extreme caution when editing this section.

//{{AFX_ODL_PROP (CmyVNADocC)
[id(1)] int nScanSteps;
[id(3)] int nScanAverage;
[id(9)] int nInstrumentMode;
[1id(19)] int nDisplayMode;
//}}YAFX_ODL_PROP

methods:
// NOTE - ClassWizard will maintain method information here.
// Use extreme caution when editing this section.

//{{AFX_ODL METHOD (CmyVNADocC)

[id(2), helpstring("method: Do a single scan")] int SingleScanAutomation (LONG Message, HWND hWnd, LONG Command, LONG lParam ) ;
[id(4), helpstring("method: Set current frequency range for scan")] int SetScanDetailsAutomation (double dF1l, double dF2, LONG nFlags);
(

[id(5), helpstring("method: generic method to get double data to an array")] int GetDoubleArrayAutomation (LONG nWhat, LONG nIndex,
LONG nSize, VARIANT *a);

[id(6), helpstring("method: generic method to set double data from an array")]
LONG nSize, VARIANT *a);

[id(7), helpstring("method: Show or hide myVNA window")] void ShowWindowAutomation (LONG nValue) ;

[id(8), helpstring("method: Retrieve subset of current scan data results")] int GetScanDataAutomation (LONG nStart, LONG nEnd, LONG
nWhata, LONG nWhatb, VARIANT *a, VARIANT *b );

[id(10), helpstring("method: Load current configuration data from a file")]

[id(11), helpstring("method: Save current configuration data to a file")]

int SetDoubleArrayAutomation (LONG nWhat, LONG nIndex,

int LoadConfigurationAutomation (LPCTSTR fileName) ;
int SaveConfigurationAutomation (LPCTSTR fileName) ;
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[id(12),
[id(13),
[id(14),
VARIANT
[1d(15),
LONG nSize,
[id(1l6),
[1d(17),
[id(18),
[1d(20),
LONG lParam) ;
[id(21),
[id(22),
[1d(23),
[id(24),

LONG nSize,

nIndex,

[in]

helpstring ("method:
helpstring ("method:
helpstring ("method:

*a);

helpstring ("method:

VARIANT *a);

helpstring ("method:
helpstring ("method:
helpstring ("method:
helpstring ("method:

helpstring ("method:
helpstring ("method:
helpstring ("method:
helpstring ("method:

//}}YAFX_ODL_METHOD

bi
//

Class information for CmyVNADoc

Load current calibration data
Save current calibration data
generic method to get integer

generic method to set integer

Autoscale display")]

Copy current displayed data to clipboard")]
Save current trace data to a file")]
int RefineAutomation ([in]

Refine Equivalent Circuit")]

Select Equivalent Circuit log

Add Equivalent Circuit results to log file")]

Set a string parameter")] int

Get a string parameter")]

[ uuid(4D9364D3-3187-4cea-A28D-5DC06E343344) ]
coclass CmyVNADoc

{
[default]

bi

//{{AFX_APPEND ODL}}

dispinterface IID IA myVNA;

BSTR GetStringAutomation (LONG nWhat,

from a file")] int LoadCalibrationAutomation (LPCTSTR fileName) ;

to a file")] int SaveCalibrationAutomation (LPCTSTR fileName) ;
data to an array")] int GetIntegerArrayAutomation (LONG nWhat, LONG nIndex,
data from an array")] int SetIntegerArrayAutomation (LONG nWhat, LONG

int AutoscaleAutomation (void) ;

int ClipboardCopyAutomation (void) ;
int SaveTraceDataAutomation (LPCTSTR fileName) ;

LONG Message, [in] LONG hWnd, LONG Command,

[in]
file")] int SetEgCctLogFileAutomation (LPCTSTR fileName) ;

int EgCctLogFileAutomation (LPCTSTR description);
LONG nIndex, LPCTSTR description);
LONG nIndex );

SetStringAutomation (LONG nWhat,
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The following is an extract from AccessMyVNA.h.
The functions referenced are the simple ones in AccessMyVNA.cpp, but thereisa 1:1
correspondence to the OLE interface. The corresponding OLE calls are indicated for each

//
N N N,

// MyVNAInit ()

// call this function befoe trying to do anything else. It attempts to execute myVNA
// and establish it as an automation server

// OLE equivalent:

// Connect to the server using the CLSID

__declspec(dllexport) int stdcall MyVNAInit (void);

// Make sure you call the Close function before the windows GUI application is closed
// OLE equivalent:

// simply release the interface

__declspec(dllexport) int stdcall MyVNAClose (void);

//

L1177 7777777777777 7777777777777 7 77777777777777777777777777777777777777777777777777777777777
/7

// MyVNASingleScan ()

// attempt to single scan the VNA. On completion myVNA will post a message ( Message) to the queue
of the specified

// window ( hWnd ) with the given COmmand and lParam values. See the example in AccessMyVNADlg.cpp
// OLE equivalent:

// int SingleScanAutomation (LONG Message, HWND hWnd, LONG lParam, LONG wParam ) ;
__declspec(dllexport) int stdcall MyVNASingleScan (int Message, HWND hWnd, int nCommand, int lParam
) i

/7

LI 7777777777777 7777777777777 77777777777777777777777777777777777777777777777777777
//

// MyVNAEgCctRefine ()

// attempt to refine an equivalent circuit. On completion myVNA will post a message ( Message) to
the queue of the specified

// window ( hWnd ) with the given Command and lParam values. See the example in AccessMyVNADlg.cpp
// OLE equivalent:

// int RefineAutomation (LONG nEnd, LONG hWnd, LONG Command, LONG lParam) ;

__declspec(dllexport) int stdcall MyVNAEqCctRefine (int Message, HWND hWnd, int nCommand, int
lParam );

//

L1117 000 0777070777777 7777 0777777777777 777777777777777777777777777777777777777777777777777777777
//

// MyVNASetScanSteps ()

// sets the number of steps ( min 2 max 50,000 but note this can take a huge amount of memory)

// OLE equivalent:

// Set property nScanSteps

__declspec(dllexport) int stdcall MyVNASetScanSteps (int nSteps);

//

L1171 000 77770777 777777 7777777777 7777777777777777777777777777777777777777777777777777777777777777
//

// MyVNAGetScanSteps ()

// read the current scan steps value

// OLE equivalent:

// Get property nScanSteps

__declspec(dllexport) int stdcall MyVNAGetScanSteps (int *pnSteps);

//

ST 0777077770777 7777707777077 777 7077777777777 7777777 77777777777777
//

// MyVNASetScanAverage () and MyVNAGetScanAverage ()

// set / get the current scan trace average count

// OLE equivalent:

// Set / Get property nAverage

__declspec(dllexport) int stdcall MyVNASetScanAverage (int nAverage);

__declspec(dllexport) int stdcall MyVNAGetScanAverage (int *pnAverage);
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//

117777777777 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
//

// MyVNASetFequencies

// nFlags bits 0..3 set scan mode where fl is first parameter / f2 is the second

// 0 = centre / span

// 1 = start / stop

// 2 = full scan

// 3 = from zero

// 4 = centre / per division
// 5 = centre / per step

// 6 = start / per step

// 7 = start / per division
// 8..15 unused

//

// return codes:

// 0 = OK

// 1 - start too low

// 2 - stop too high

// 3 - width must be > 0
// 4 - start is before end
// 5 - stop too low

// OLE equivalent:
// int SetScanDetailsAutomation (double dF1l, double dF2, LONG nFlags);
__declspec(dllexport) int stdcall MyVNASetFequencies (double fl, double £f2, int nFlags);

//

L1777 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
//

// MyVNAShowWindow ()

// show or hide the current myVNA window.

// nValue set to 0 causes SW_SHOWDEFAULT

// nValue set to 1 causes SW_SHOWMINIMIZED

// all other values ignored

// OLE equivalent:

// void ShowWindowAutomation (LONG nValue) ;
__declspec(dllexport) int stdcall MyVNAShowWindow (int nValue);

//
o o NN
//

// MyVNAGetScanData ()

// get current scan data results starting from scan point nStart up to and including nEnd

// note that a scan of N steps gives N+1 data points from 0 to N

// the data type requsted( nWhat) must be one of the ones as follows.

// It is the callers' responsibility

// to make sure that that data type is capable of being calculatd from the current scan data

// OLE equivalent:

// int GetScanDataAutomation (LONG nStart, LONG nEnd, LONG nWhata, LONG nWhatb, VARIANT *a, VARIANT
*b o)

// VARIANT a and b must encapsulate safearrays of doubles of sufficient size for the output and be
zero indexed

// even if one or other ( a or b ) are not in use - i.e. DISPLAY NOTHING is used for it, then an
suitable

// variant must be provided still

__declspec(dllexport) int stdcall MyVNAGetScanData (int nStart, int nEnd, int nWhata, int nWhatb,
double *pDataA, double *pDataB );

// flags for nWhat in GetScanData

// the first is a dummy - used for nWhata or nWHatb to cause no data to be retrieved for that

// case ( a or b) hence to retrieve just one parameter set in a call, set nWhatA or nWhatB to the
// desired value and set the other (nWhatb or nWhata) to be set to -2.

// Otherwise two separate parameter values may be retrieved at same time, for example setting

// nWhata to -1 and nWhatb to 0 would cause scan frequency data and RS data to be retrieved.

// Setting the values to 21 and 22 would cause S11 real and imaginary to be retrieved.

#define DISPLAY NOTHING -2

#define DISPLAY FREQ SCALE -1

#define DISPLAY REFL RS 0

#define DISPLAY REFL XS 1

#define DISPLAY REFL RP 2

#define DISPLAY REFL XP 3

#define DISPLAY REFL MODZS 4

#define DISPLAY REFL ANGZS 5

#define DISPLAY REFL VSWR 6

#define DISPLAY REFL RL 7

#define DISPLAY REFL_RHO 8

#define DISPLAY REFL ANGRHO 9
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#define DISPLAY REFL Q 10

#define DISPLAY REFL CS 11

#define DISPLAY REFL LS 12

#define DISPLAY REFL CP 13

#define DISPLAY REFL_LP 14

#define DISPLAY REFL GP 15

#define DISPLAY REFL BP 16

#define DISPLAY REFL MODY 17

#define DISPLAY REFL_ANGY 18

#define DISPLAY REFL_RHO REAL 19
#define DISPLAY REFL RHO IMAG 20
#define DISPLAY S11 REAL 21

#define DISPLAY S11_IMAG 22

#define DISPLAY S11_ABS 23

#define DISPLAY S11 ANG 24

#define DISPLAY S11 RL 25

#define DISPLAY S21_GAIN 26

#define DISPLAY_S21_GAIN_DB 27
#define DISPLAY S21 GAIN ANG 28
#define DISPLAY S22 REAL 29

#define DISPLAY S22 IMAG 30

#define DISPLAY_ S22 ABS 31

#define DISPLAY S22 ANG 32

#define DISPLAY S22 RL 33

#define DISPLAY S12 GAIN 34

#define DISPLAY S12 GAIN DB 35
#define DISPLAY S12 GAIN_ANG 36
#define DISPLAY S21 REAL 37

#define DISPLAY S21 IMAG 38

#define DISPLAY S12 REAL 39

#define DISPLAY S12 IMAG 40

#define DISPLAY TRANS GAIN 41

#define DISPLAY TRANS GAINDB 42
#define DISPLAY TRANS_GAIN_ PHASE 43
#define DISPLAY TRANS_ REAL 44

#define DISPLAY TRANS IMAG 45

#define DISPLAY TRANS GROUPDELAY 46
#define DISPLAY DISP1 47

#define DISPLAY DISPIRE DISPLAY DISP1
#define DISPLAY DISP1IM DISPLAY DISP1+1
#define DISPLAY DISP2 49

#define DISPLAY DISP2RE DISPLAY DISP2
#define DISPLAY DISP2IM DISPLAY DISP2+1
#define DISPLAY DISP3 51

#define DISPLAY DISP3RE DISPLAY DISP3
#define DISPLAY DISP3IM DISPLAY DISP3+1
#define DISPLAY DISP4 53

#define DISPLAY DISP4RE DISPLAY DISP4
#define DISPLAY DISP4IM DISPLAY DISP4+1
// spectrum analyser trace - unused
#define DISPLAY SPECTRUM MAG 55
#define DISPLAY SPECTRUM DBM 56

// time domain - offsets in nDisplayTDRType
#define DISPLAY TDR FIRST 57

#define DISPLAY TDR 11 V 57

#define DISPLAY TDR 11 DB 58

#define DISPLAY TDR_22 V 59

#define DISPLAY TDR_22 DB 60

#define DISPLAY TDR 21 V 61

#define DISPLAY TDR 21 DB 62

#define DISPLAY TDR_12 V 63

#define DISPLAY TDR_12 DB 64

#define DISPLAY TDR 11 ZS 65

#define DISPLAY TDR 22 ZS 66

//
VNV
//

// MyVNASetDisplayMode () and MyVNAGetDisplayMode ()

// get and set the basic display mode

~_declspec(dllexport) int stdcall MyVNASetDisplayMode (int nMode) ;
__declspec(dllexport) int stdcall MyVNAGetDisplayMode (int *pnMode) ;
// nMode takes one of these values

#define DISP MODE RECT 0

#define DI SP_MODE_REPORT 1

#define DISP_MODE EQ CCT 2

#define DISP_MODE POLAR 3
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//
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//

// MyVNASetInstrumentMode () and MyVNAGetInstrumentMode ()

// get and set the basic instrument mode

// OLE equivalent:

// Set / Get property nInstrumentMode

__declspec(dllexport) int stdcall MyVNASetInstrumentMode (int nMode) ;
__declspec(dllexport) int stdcall MyVNAGetInstrumentMode (int *pnMode) ;
// data structure for Get/Set instrument mode

// parameter is a 32 bit unsigned integer as follows

// bits 0..3 define the mode. Not all values currently in use

// the following values should be placed into those bits as follows
#define INSTRUMENT MODE REFLECTION 0

#define INSTRUMENT MODE TRANSMISSION 1

#define INSTRUMENT MODE DUALMODE 2

#define INSTRUMENT MODE SPARAM 3

#define INSTRUMENT MODE SPECANAL 4

// bit 4 if set causes the program to always do a dual scan even if reflection or transmission mode
set

#define ALWAYS DO DUAL SCAN

// bit 5 if set forces a reverse scan (as in S12/S22 instead of S21/S11
#define REVERSE_SCAN (1<<5)

// bit 6 if set causes RFIV mode to be selected

#define RFIV_SCAN (1<<6)

// bit 7 if set causes Reference mode to be selected

#define REFMODE_SCAN (1<<7)

// bit 8 if set causes log frequency scale mode to be selected

#define LOGF_SCAN (1<<8)

/7

L1177 77 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777
//

// MyVNALoadConfiguration ()

// MyVNASaveConfiguration ()

// MyVNALoadCalibration ()

// MyVNASaveCalibration ()

// Given a filename, attempt to load or save the current program configuration

// including calibration data or just load/save the calibration data

// finally, option exists to save current trace data to a file ( s2p only supported here)
// OLE equivalents:

// int LoadConfigurationAutomation (LPCTSTR fileName) ;

// int SaveConfigurationAutomation (LPCTSTR fileName) ;

// int LoadCalibrationAutomation (LPCTSTR fileName) ;

// int SaveCalibrationAutomation (LPCTSTR fileName) ;

// int SaveTraceDataAutomation (LPCTSTR fileName) ;

__declspec(dllexport) int stdcall MyVNALoadConfiguration( _TCHAR * fileName);

__declspec(dllexport) int stdcall MyVNASaveConfiguration( _TCHAR * fileName);
__declspec(dllexport) int stdcall MyVNALoadCalibration( _TCHAR * fileName) ;
__declspec(dllexport) int stdcall MyVNASaveCalibration( TCHAR * fileName);
__declspec(dllexport) int stdcall MyVNASaveTraceData( TCHAR * fileName) ;

//

I177777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
//

// when in eq cct view mode (and only then) use these functions to establish a log file and log
// the results of a scan. The description is a string added to each log entry

// OLE equivalents:

// int SetEqCctLogFileAutomation (LPCTSTR fileName) ;

// int EqCctLogFileAutomation (LPCTSTR description);

__declspec(dllexport) int stdcall MyVNASetEqCctLogFile( TCHAR * fileName) ;

__declspec(dllexport) int stdcall MyVNALogEgCctResults( TCHAR * description);

//

L1177 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
//

// MyVNAAutoscale ()

// execute the autoscale function (same as clicking the Autoscale button)

// OLE equivalent:

// int AutoscaleAutomation (void) ;

__declspec(dllexport) int stdcall MyVNAAutoscale (void);

//
L1177 7777077777777777777777777777777777777777777777777777777777777777777777777777777777777777777
//
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//
//
//

copy whatever is currently being displayed to the clipboard
OLE equivalent:
int ClipboardCopyAutomation (void) ;

__declspec(dllexport) int stdcall MyVNAClipboardCopy (void);

//

N o o o A

//
//
//
//
//
//
//
//
//

//

general purpose interface functions used to get or set various things.

Two versions exist, one for integers and one for doubles, with a Get and a Set in each case

The functions need a parameter to say what is to be set/got - see details below,

a pointer

to an array of sufficient size for the results and as a safeguard the number of entries

in tht array
OLE equivalents:

int GetIntegerArrayAutomation (LONG nWhat, LONG nIndex, LONG nSize, VARIANT *a);
int SetIntegerArrayAutomation (LONG nWhat, LONG nIndex, LONG nSize, VARIANT *a);
__declspec(dllexport) int stdcall MyVNAGetIntegerArray(int nWhat, int nIndex, int
*pnResult) ;
~_declspec(dllexport) int stdcall MyVNASetIntegerArray(int nWhat, int nIndex, int
*pnData) ;

options for nWhat parameter in MyVNAGetIntegerArray () and MyVNASetIntegerArray ()

all get / set an array of integers

nArraySize, int

nArraySize, int

nIndex is required for some but not all options - as indicated below. Set to 0 when not used.

case 0 - display options - array of 4 integers
nIndex not used- set to O
datal[0] = horizontal divisions in byte 0, vertical divisions in byte 1
data[1l] byte 0 pen width, byte 1 marker size
data[2] flags as follows

bit - graticule on

bit - scan progress bar displayed

bit - autoscale on display change

bit - snap to 125 on display change

bit snap to 125

bit - audio cues

bit - force |disp| on log axes

bit - auto refine on equivalent circuits

bit - invert RL display

bit - display info tips

bit 10 - label frequency gridlines

bit 11 - label vertical gridlines

bit 12 - show scan data

bit 13 - lock scan to display

bit 14 - 31 spare

O oo JdJoy Ul W ol
1

datal[3] = more flags. Note these flags are not readable - they will always read
version
// this parameter may be omitted by setting the number of integers to 3 instead of

bit 0 - log vertical scale if currently in rectangular display mode
bit 1 - log frequency scale if currently in rectangular display mode
bit 2 - if set, set the scan to match the current display fregeuncies

locked to display - see bit 13 above)

bit 3 - if set, set the display to match the current scan frequencies

locked to display - see bit 13 above)

//
//
//

bit 4 - if set lock the frequency axis
bit 5 - if set lock the left axis
bit 6 - if set lock the right axis

#define GETSET DISPLAY OPTIONS 0

//
//
//
//
//
//
//
//
//

case 1 - print options - array of 4 integers
nIndex not used- set to 0
data[0] = unused
datall] = byte 0 pen width, byte 1 marker size
datal[2] = flags as follows
bit 0 - add print notes to clipboard copy
bit 1 - label markers in printout
bit 2 - 31 spare
datal[3] = spare

#define GETSET PRINT OPTIONS 1

case 2 - get and set screen colours - array of 1 integers
nIndex - which colour to access.
0 = Border
1 = graticule
0x10 to 0x17 = trace colours 1 to 8
0x30 to 0x38 = marker colours 1 to 9
data[0] - the colour. This is a DWORD passed as an int
it is a COLORREF, which takes the form 0x00bbggrr

(make

(make

as zero in this

sure scan is not

sure scan is not
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// and may be created with the RGB macro.

// to set a colour, populate datal[0] and data[l] with the appropriate values

// to get a colour, populate data[0] with the desired target and the subroutine

// will fill in the colour value in datal[1l]

// 1if the value of datal[0] is out of range, the set command has no effect

// if it is out of range on a get, the returned colour value will be -1 and the subroutine
// will return a non zero value

#define GETSET_COLOURS 2

// case 3 - get or set left axis display parameters

// case 4 - get or set right axis display parameters

// nIndex not used- set to 0

// requires an array of 4 integers

// The array contents correstpond to a 128 bit bitmap

// where the bits that are set determine which parameters are shown on the axis
// The bits correspond to the values shown for Get or Set Scan Data above

// with the exception of DISPLAY FREQ SCALE

// hence for example:

// DISPLAY REFL CS takes the value of 11 and DISPLAY REFL XS takes the value 1
// so the bitmap would be (1<<DISPLAY REFL XS) + (1<<DISPLAY REFL CS)

// in other words (1<<11l) + (1<<1) or 0x00000000000000000000000000000802

// the value is split into four 32 bit unsigned integer values as follows

// data[0] - bits 31-0

// datal[l] - bits 63-32

// data[2] = bits 95-64

// datal[3] - bits 127-96

// Given the current definitions the final entry in the above list is DISPLAY TDR 22 7S
// which takes the value of 66, hence currently bits 67-127 will always be zero.
#define GETSETLEFTAXIS 3

#define GETSETRIGHTAXIS 4

// case 5 - get or set hardware delays & adc speed
// nIndex not used- set to 0
// datal - ADC speed

0]
// data[l] - ADC step delay
// datal[2] - sweep start delay
// data[3] - phase change delay
// the speed is an integer that depends on hardware; 1..10 for the N2PK other values ignored
// the time delays are integers in us
// the data may be truncated; for example setting the data length to 2 will changeADC speed and
step delay only
#define GETSETHARDWARESPEEDS 5

// case 6 - set or get the hardware options

// nIndex not used- set to 0

// data[0] - CDS mode as defined below

// data[l] - flags as defined below

// datal[2] - system reference

// CDS mode. This is an integer structured as follows

// bit 0 - if 0, basic mode and rest of this integer has no effect

// - if 1, harmonic suppression mode as defined below

// bits 8-15 - harmonic where 0x01 means fundamental, 0x02 is second harmonic

// bits 16-24 - number of samples 0x0l means 1, 0x04 means 4 etc

// limitations:

// samples must be 0x04, 0x08, 0x10 or 0x32. Other values will cause setting to be ignored

// harmonics must be 1,2,3,4 or 5. Other values will be ignored

// if harmonics is 2 or 3, sample setting 4 is not available

// 1if harmonics is 4 or 5, sample settings 4 and 8 are not available

// example

// to select harmonic mode 3 with 16 samples data[0] should be set to 0x00100301

// it is acceptable to issue the command with just one integer and change the CDS mode without
updating the rest

// data[l] - flags
// bit 0 - if set load DDS during ADC setting
// bit 1 - if set swap detectors on reverse scan

// bit 2 - if set power down DDS when idle

// it is permitted to set the CDS mode and flags without changing system reference by passing just
2 integers

// data[2] - system reference (milli ohms) - must be > 0

#define GETSETHARDWAREOPTIONS 6

// case 7 - set or get marker configuration.

// note there are other functions to get the marker value / frequency and marker arithmetic and
other settings

// nIndex - set to the marker number ( 0..(NUM MARKERS-1) )

// function will use data[0] to determine which marker and will fill in results in array

// data[0] - source information
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// data[l] - mode information

// datal[2] - target

// data[3] - link

// datal[4] - display flag

// the meaning of the above is as follows
//

// Source is as follows

// results if set to invalid settings are undefined.

// for example do not set more than 1 of bits 1-3

// do not set bits 8-11 out of range

// do not set bits 16-23 to invalid value ( 0..66 are valid at moment)
// bit 0; 0=>left, 1l=>right

// bit 1; 1=>scan data

// bit 2; 1=>store data

// bit 3; 1l=>sim data

// bit 4-7 spare

// bit 11-8; store, sim or cal index (0..15)

// bit 15-12 spare

// bit 23-16 parameter type ( not all in use - integer 0..255 )
// bits 31-24 spare

//

// mode is as follows:
// 0 = tracking

// 1 = manual

// 2 = linked

// 3 = linked; f-

// 4 = linked; f+

//

// target is as follows
// 0 = maximum

// 1 = minimum

// 2 = cross up lst

// 3 = cross down 1lst
// 4 = cross up 2nd

// 5 = cross down 2nd
// 6 = cross up 3rd

// 7 = cross down 3rd
//

// link is the other marker number ( 0 .. (NUM MARKERS-1) )

// display flag is 0 to disable/hide and <>0 to enable & display
#define GETSETMARKERSETUP 7

// case 8 - get (not set) various program constants
// nIndex = 0 - return the following

// datal[0] - number of different left/right axis parameters
// data[l] - number of markers

// data[2] - number of calculation markers

// data[3] - number of stores for traces

// data[4] - number of annotations

// data[5] - number of separate trace colour

// data[6] - number of transverters permitted

// datal[7] - limit on length of a transverter name

// data[8] - number of simulations supported

// datal[9] - number of simulation structures per simulation supported
// data[l0] - number of components per simulation

#define GETPROGRAMCONSTANTS 8

// case 9 - get or set equivalent circuit configuration

// nIndex not used - set to 0

// Note: this function is only supported when equivalent circuit display mode is selected

// and unless default options are desired MUST be sent each time the display mode is set to eq cct
mode

// data[0] - equivalent circuit device type. Set to 0 for crystal motional parameters
// datal[l] - model - set as follows

// 0 = 45 degree phase

// 1 = 3dB

// 2 = 6 term

// datal[2] - set data source

// 0 = current scan data

// 1..number of stores = stored trace data

#define GETSETEQCCTCONFIG 9

// case 10 - get or set simulation configuration

// nIndex not used - set to 0

// sets overall configuration by determining the type of each block
// data[0] is simulation block 1

// datal[l] is block 1 etc
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// each one takes values thus

// 0 = unused

// 1 = simulation
// 2 = scan data
// 3 = store 1

// 4 = store 2

// etc

#define GETSETSIMULATIONCONFIG 10

// case 11 - trace calculation options

// nIndex not used - set to 0

// sets options related to trace calculation controls
// datal[0] are various flags

// bit 0 - if set show network simulation dialog
// bit 1 - if set, set "show simulation data"

// bit 2 - if set show marker measurements dialog
// bit 3 - if set, set "TDR functions"

// when read, bits 0 and 2 will always read '0'
#define GETSETTRACECALCULATIONOPTIONS 11

// case 12 - switch and attenuator configuration

// nIndex not used - set to 0

// sets options related to configuration of switch and attenuator options
// data[0] are various flags

// bit 0 - if set set "invert sense" flag for switch 1

// bit 1 - if set set "invert sense" flag for switch 2

// bit 8 - if set set "invert sense" flag for attenuator

// datall] - values 0 to 7 configure the "forward scan" attenuator setting
// datal2] - values 0 to 7 configure the "reverse scan" attenuator setting
#define GETSETSWITCHATTENUATORCONFIG 12

// case 13 - switch and attenuator settings

// nIndex not used - set to 0

// sets options related to configuration of switch and attenuator settings
// datal[0] are various flags

// bit 0 - if set set "invert sense" flag for switch 1

// bit 1 - if set set "invert sense" flag for switch 2

// bit 8 - if set set enable switch 1 during reverse scan

// bit 9 - if set set enable switch 2 during reverse scan

// bit 16 - if set set enable switch 1 during scan

// bit 17 - if set set enable switch 2 during scan

// bit 24 - if set set enable automatic attenuator setting during scan
// data[l] - values 0 to 7 sets the attenuator

#define GETSETSWITCHATTENUATORSETTINGS 13

//
[177777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
//

// general purpose interface functions used to get or set various things.

// Two versions exist, one for integers and one for doubles, with a Get and a Set in each case
// The functions need a parameter to say what is to be set/got - see details below, a pointer
// to an array of sufficient size for the results and as a safeguard the number of entries

// in tht array

// OLE equivalents:

// int GetDoubleArrayAutomation (LONG nWhat, LONG nIndex, LONG nSize, VARIANT *a);

// int SetDoubleArrayAutomation (LONG nWhat, LONG nIndex, LONG nSize, VARIANT *a);
__declspec(dllexport) int stdcall MyVNAGetDoubleArray(int nWhat, int nIndex, int nArraySize,
double *pnResult) ;

__declspec(dllexport) int stdcall MyVNASetDoubleArray(int nWhat, int nIndex, int nArraySize,
double *pnData) ;

//
// options for MyVNAGetDoubleArray and MyVNASetDoubleArray
// case 0 - get (not set) frequency data

// nIndex is not used - set to 0
// returns a set of doubles for scan related frequency data as follows
// data[0] = actual scan frequency start

// data[l] = actual scan frequency end

// data[2] = scan start (for options that use a start frequency)

// data[3] = scan end (for options that use a start frequency)

// data[4] = scan centre (for options that use a centre frequency)

// datal[5] = scan span (for options that use a span frequency)

// datal6] = scan freqg/step (for options that use a freqg/step frequency)

// datal[7] = scan freqg/division (for options that use a freqg/division frequency)
// data[8] = current scan mode (an integer as defined above returned as a double)
#define GET SCAN_FREQ DATA 0
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// case 1 - get or set marker values

// passes an array of values as follows

// nIndex = marker number 0..(NUM MARKERS-1)
// datal0] = marker value

// data[l] = time or frequency value
#define GETSET MARKER VALUES 1

// case 2 - get (not set) equivalent circuit results
// nIndex is not used

// data depends on model chosen

#define GET EQCCT VALUES 2

// case 3 - get/set display frequency and time settings

// nIndex is not used

// datal0] - display start frequency

// datall] - display end frequency

// data[2] - display start time

// data[3] - display end time

// Either 2 or 4 values may be provided, either frequencies alone or frequencies and tim
#define GETSET DISPLAY FT AXIS VALUES 3

// case 4 - get/set vertical axis settings
// nIndex is 0 for left, 1 for right axis
// data[0] - axis top

// datall] - axis bottom

#define GETSET DISPLAY VERTICAL AXIS VALUES 4

// case 5 - get/set N2PK hardware configuration

// nIndex unused

// data[0] - transmission ADV 1 or 2

// data[l] - reflection ADV 1 or 2

// may either pass 2 values or 5; if 2 only the above are affected
// datal[2] - clock frequency (Hz)

// data[3] - VNA minimum frequency

// datal[4] - VNA maximum frequency

#define GETSET_ N2PK HARDWARE VALUES 5

// case 6 - get/set network simulation components

// nIndex - simulation number ( 0..{num simulations-1} )
// data[0] - component 0 type (O=none; 1=R, 2=L, 3=C)

// datal[l] - component 0 value

// data[2] - component 1 type

// etc

// so for 8 components it needs an array of 16 doubles
#define GETSET_SIMULATION_COMPONENT VALUES 6

//
[177777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
//

// Get or set a string parameter

// The functions need a parameter to say what is to be set/got - see details below,

// a string for the result / parameter

// and an index value

// OLE equivalents:

// int SetStringAutomation (LONG nWhat, LONG nIndex, BSTR newstring) ;

// BSTR GetStringAutomation (LONG nWhat, LONG nIndex) ;

__declspec(dllexport) int stdcall MyVNASetString(int nWhat, int nIndex, _TCHAR * sWhat );
__declspec(dllexport) CString _stdcall MyVNAGetString(int nWhat, int nIndex );

//
// options for MyVNAGetString and MyVNASetString
// case 0 - equation

// nIndex is which one to set/get 0..3
#define GETSET EQUATION 0
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Annex E - Custom VNA Interface

The program supports a hardware interface called “Custom”. This provides an opportunity to
implement a custom hardware interface.

Present in the installation directory of the program is a DLL named “CustomVNAinterface.dll”.
This DLL may be replaced by another to interface to other hardware. The DLL must export an
interface identical to the existing DLL. Available for download is a Visual Studio project named
“CustomVNAinterface” which was used to build the existing DLL. The code currently present in
the DLL implements a functional equivalent of the built-in USB N2PK VNA logic. If you wish to
change the filename from “CustomVNAinterface.dll”, change the registry key “Custom VNA DLL
name” located in the “Setup” key under “myVNA” using the registry editor.

By all means replace the code with your own but do not change anything in
CustomVNAinterface.h other than the class CustomVVNAhw which is used internally by the DLL
and is not visible to the main program.

The current version is as shown below. myVNA will call CustomVVNAhwInit() before calling any
other function and will call CustomVVNAhwFree() before closing down. For all called functions
other than init, myVNA will pass to the called function the pointer returned by the init function.
This provides a simple way for the custom VNA handler to manage its own internal class. For the
definition of each function, see the sample code itself.

// CustomVNAinterfaceDLL.h

// this file includes definitions for the custom VNA interface DLL
// it must match the one used by myVNA so don't change definitions !

#pragma once

// do not change these definitions - they relate to the interpretation of return values by myVNA
// error flags used in USB and TCPIP comms
//

// ADC Read flags (also explicitly returned from CheckVNAReady and RescanForVNA)
#define VNAHW NONETCONNECT (1<<10)

#define ADC SAME (1<<9)

#define ADC_OVERRANGE (1<<8)

#define ADC READ TIMEOUT (1<<7)

#define VNA NO POWER (1<<6)

#define ADC_START_FLAG (1<<4)

#define ADC_NOT_RESPONDING (1<<3)

#define ADC DATA READY (1<<5)

// return codes from Read, Command and Reset functions

#define VNAHW_OK 0

#define VNAHW_HWERROR 1

// the above are also returned as error codes from DoScan, along with the following
#define VNAHW OVERRANGE 2

#define VNAHW ADC_ TIMEOUT 3

#define VNAHW NO POWER 4

// from MSA scan functions

#define VNAHW INVALID ADC 5

#define VNAHW_COMMSERROR 6

// These are the exported functions called by myVNA.

// Call CustomVNAhwInit () before anything else

// Call CustomVNAhwFree () before closing

// Pass the value returned by CustomVNAhwInit () as the first parameter to all other functions
// see the c++ source for details of each function

~_declspec(dllexport) void * stdcall CustomVNAhwInit (int nInstance);
__declspec(dllexport) void stdcall CustomVNAhwFree (void *pHelper);
__declspec(dllexport) bool stdcall CheckVNAHardware (void *pHelper);
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__declspec(dllexport) bool stdcall RescanForCustomVNA (void *pHelper, int nInstance);
__declspec(dllexport) bool stdcall GetCustomVNACodeVersions(void *pHelper,
int *pCustomVNAinterfaceDLLversion, int *pVnaDllVersion, int *pUSBCodeVersion );
_declspec(dllexport) int stdcall CustomVNACommand (void *pHelper, double dClockDDS,
double LoDDS, double RfDDS, int LoPhase, int RfPhase, int Delay,
int AdcCount, int AdcMode, bool bPauseInOut, bool bOverlapDDSandADCFlag,
bool bAdcOnly );
__declspec(dllexport) int stdcall CustomVNARead (void *pHelper, int *pflags, int *pcount,
signed long *pdata);
__declspec(dllexport) int stdcall CheckCustomVNAReady (void *pHelper, int nInstance);
__declspec(dllexport) int stdcall PowerDownCustomVNA (void *pHelper);
~_declspec(dllexport) int stdcall ResetCustomVNA (void *pHelper);
__declspec(dllexport) int stdcall CustomVNASweep (void *pHelper, double dClockDDS,
double dLoDDS, double dRfDDS, int LoPhase, int RfPhase,
double dLoStepDDS, double dRfStepDDS, int LoStepPhase, int RfStepPhase,
int nSteps, int nStepDelay, int nInitDelay, bool SetSWl,
bool bPowerDownBetweenSweeps) ;
__declspec(dllexport) int stdcall SetCustomVNASwitchLines(void *pHelper, int nSetting );
~_declspec(dllexport) int stdcall SetCustomVNAAttenuatorLines(void *pHelper, int nSetting );
~declspec(dllexport) int stdcall SetCustomVNAPortABLines (void *pHelper, int nSettingA,
int nSettingB );
__declspec(dllexport) int stdcall CustomVNARawRead(void *pHelper, int *dataA, int *dataB);
__declspec(dllexport) int stdcall CustomVNAGetInformation(void *pHelper, int StructVersion,
int StructSize, int what, void *pResult);

myVNA v0-93 Page 170 of 181



How fast will it scan?

Annex F - How fast will it scan?

On the left of the progress bar in the status line is a trace speed estimation. Given the current
sweep, it tries to predict the current sweep time. This takes into account the interface, steps, CDS
mode, averages, single or dual detector, step delay, start delay and ADC mode. It does not try to
tweak itself for the PC speed though — it is based on typical PC timings.

USB Timings

With USB, if you set all delays to zero and speed to 10, a 200 point CDS non dual detector scan
will take 0.39 seconds. To the raw ADC conversion time (about 320 psec) the program will add a
fixed overhead of 110 psec giving a per conversion time of about 430 psec. If you select a step
delay, this gets added to each step point, and there is a fixed scan startup time of 960 psec which
can be extended with the scan start delay setting. A rate of 430 usec per conversion is a rate of just
over 2300 conversions per second. It’s not quite that simple though. USB frames are 125 psec and
the conversions will align with this grid in a manner that depends on delay settings. However, the
data rate should be at least 2000 ADC conversions per second, including DDS update time. This
data rate is sustained through the scan including screen update as long as the PC can keep up. An
overall logic analyser trace of the first part of a scan is shown below. Note that in this scan the data
lines are as follows

D7LO DDS data
D6RF DDS data
D5DDS Reset
D4DDS WCLK
D3DDS FQUD
D2ADC SDO
D1ADC CS
DOADC SCLK
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L

In the above trace the scan start delay is set to 2000 ps, the frequency step delay to 500 us and the
phase step delay to 0. ADC is fastest mode, 10, and DDS update is set to overlap ADC operation.
On the left can be seen the reset of the DDS followed by a 2 division (200 ps) delay before the first
ADC conversion. ADC conversions are then grouped in sets of 4 as this is a CDS scan with the
programmed 500 ps delay between them.

Zooming in on a single ADC cycle yields the following trace. The ADC CS signal pulses and the
clock goes low to start the ADC conversion. 20 ps later the DDS update occurs for the next point
and the CPU then waits for the ADC conversion to finish. As soon as it detects this it pulses
FQ_UD to change the DDS output and reads the ADCs. This is a dual detector scan, the timing is
the same for single or dual detector. Immediately it has finished it starts the next ADC conversion.
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Note that the DDS is being updated whilst an ADC conversion is taking place (ADC CS is low —
DO0) and DDS clock (D4) is active. This maximises speed. It is possible however that in low noise
floor CDS scans at low ADC rates, this may cause digital noise in the conversion, so there is a
setting under “VNA hardware” labelled “Load DDS during ADC” which if unticked, updates the
DDS at the end of an ADC conversion as shown below. This slows the scan speed down adding
320 ps to an ADC conversion giving a maximum rate of 1560 ADC conversions per second.

Note that when in continuous scan mode there is (on a typical PC?) a 4.5 ms delay between each
sweep as the PS updates the display and starts a new scan.

Parallel Port

The parallel port is slower than USB primarily because inpout32.dll imposes a speed limit. WinlO
may provide higher performance. Both sets of figures are given.

Here is a zero delay single ADC conversion using InpOut32 zooming in on a complete ADC cycle,
indicating that the delay for ADC result reading is just over 300 psec, giving an ADC cycle rate of
just over 1600 points per second. With WinlO the ADC reading drops to 110 usec giving over
2000 points per second. The following trace is InpOut32.

L which is an Athlon 64 X2 3800+ running 32 bit XP home edition for all the values given in this section of the manual
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Finally, if you select not to overlap ADC conversion and DDS update the scan slows down some
more adding another 260 psec delay giving an ADC rate of 1100 conversions per second with
InpOut32. With WinlO, the overall rate is 500 us or about 2000 points per second on a typical PC.
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Annex G - Configuring the USB hardware

This in an updated extract of the document “configuring USB adapter and installing drivers v2.0”,
the full version of which may be found in the USB folder of the program installation directory.

Do not connect the VNA to the USB interface until you have successfully completed step 13!

1.

Unzip the driver files into a suitable location unless (as is usually the case) they are already
present in the USB drivers folder of the installation folder of myVNA. This will install the 'usb
configure.exe' program and also create driver subdirectories called ‘XP’ and ‘Vista-Windows
7°. If installed as part of myVNA, a shortcut to the program will already be present under
“myVNA” from the sart menu.

Plug in the USB interfce. Windows will identify there is a new USB device, and may then
search for several minutes to find drivers; you have to wait until it gives up. (If you see any
messages about "This device will go faster”, ignore them and they will go away. See step 10
for more details.). Note: it is possible that, if previously unsigned drivers were loaded or
Windows was instructed not to install the drivers, that no such response will be obtained. In
this case, run Device Manager, locate the entry for the interface and select “update drivers”
manually.

When the "Found New Hardware Wizard" eventually appears (and with slight variations
depending on the operating system version):
3.1 Choose "No, do not connect to Windows Update™ and click Next.
3.2 Choose "Install from a list or specific location™ and click Next.
3.3 Choose "Search for the best driver in these locations", check "Include this location” and
Browse to one of the subdirectories created in step 1 as appropriate for the operating
system. Click OK and then click Next.

The USB drivers are installed. Ignore any "EEPROM missing™ error message and click “Next”.
It will then tell you that the drivers have not passed Windows Logo testing. Ignore this and
click "Continue Anyway" (all this means is that the chip has been found correctly and either
the EEPROM is missing or it is blank). When the process completes, click the "Finish" button.
You are returned to the Windows desktop and the "Found New hardware" flag pops up at the
lower right. Wait for it to do this — driver installation is a two step process and both must
complete correctly.

Go to the directory you created in step 1 and double-click the 'usb configure.exe' program. If
you get a "Compressed Files warning”, click "Run”. The "N2PK USB Interface Control™ dialog
opens. Make sure that the title of the dialog box indicates version 2.2 or later of the program.

Go to the "Setup” tab and use the Browse™ button in the "Vend_Ax filename" field to find the
'Vend_Ax.Hex' file. Click "Save Settings". Click on the “Find devices” button and select the
device indicated. Note that if you have any other Cypress controller chips plugged in at this
point then it may find these as well; be careful not to reprogram them inadvertently.

Go to the "Program FX2 Chip EEPROM™ tab and click "Download".
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10.

11.

Watch the messages at the bottom. If the download succeeds, the final line will say
"SUCCESS: Program downloaded" and it will enable the "Read" and "Write™ buttons on that
tab. Click "Read" and you should get 8 bytes of FF. At this point you are communicating
correctly with the USB card. If you navigate away from this tab in the program at this time then
you will find you can no longer communicate with the card until you reset it by disconnecting
it and reconnecting it.

In the "Write EEPROM™ field of the same tab, select the "N2PK" option from the drop-down
list and click "Write Data". That should result in a success message, and the EEPROM will
have been programmed. Now click the "Read™ button and check that it reads back the same
string that was programmed in (see "Data to be written" at bottom of tab).

If the EEPROM does not read back correctly, go to the drop-down list, select the "Erase (write
FFs)" option and repeat the "Write Data" operation to (try to) reset the EEPROM. Do not pull
the USB plug out while the EEPROM is not reading back correctly, or you will lose control of
the EEPROM.

When all is OK in step 8, close the 'usb configure.exe' program. Note that at this point the
program running on the USB controller chip is the “Vend Ax” programming utility and not the
VNA program.

Pull the USB plug out and reconnect it. When the "Found New Hardware Wizard" appears:

9.1 Choose "No, do not connect to Windows Update" and click Next.

9.2 Choose "Install from a list or specific location™ and click Next.

9.3 Choose "Search for the best driver in these locations”, check "Include this location™ and

Browse to the appropriate subdirectory created in step 1. Click OK and then click Next.

If the wizard does not appear, open Control Panel, select the “System” Icon and from there
select the “Hardware” tab. Then click the “Device Manager” button. Select the first item in the
list and from the Action menu select “scan for hardware changes”. This should then cause
Windows to find the device.

The N2PK drivers are installed. Ignore the "Has not passed Windows Logo Testing" message
and click "Continue Anyway". When the process completes, click the "Finish" button. You are
returned to the Windows desktop and the "Found New hardware" flag pops up.

If the "Found New Hardware Wizard" appears again, repeat steps 9 and 10 until Windows can
routinely find the USB interface when it is plugged in.

Note: from now on, whenever you plug the USB interface into a USB1 port (as used in older
PCs), you will see an irritating message that "This device can perform faster”. Ignore it.

Note 2: If the PC wants to reboot let it. The driver will in fact be working correctly but it is
simpler to get it over with. You may also find that if you plug it in to a different USB port it wil
reinstall the drivers again. This should only happen once per port though.

Re-run the 'usb configure.exe' program (see step 5). At the "Compressed Files warning”, click
"Run”. The "N2PK USB Interface Control™ dialog opens.
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12. Go to the "Communicate with Adapter" tab and click "Check VNA interface". You should get
an "N2PK VNA Interface found" message, and the "Read VNA Interface” and "Write VNA
Interface™ buttons will be enabled.

13. Click "Read VNA Interface" - still with no VNA connected - and you should read the message
'00 00 X0 C0 00'. Where X is 8 or 4.
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Annex H - Testing I/O Lines

There is a “test” function under “Instrument Modes” that allows low level debugging of 1/0O lines.
It works for either USB or Parallel port mode.

When selected, it opens a dialog as shown

Debug 170 Lines 3]
Low High Toggle Law High Toggle Lawy High Toggle
RF DD Data and ADC 501 ADCLCS Akten 0
e i i o - i i+ i i
LD DDS Daka ADC2CS Akten 1
i i i o i i ol r r
DDS WCLK ADC SCLE Akten 2
v i . o . i iy i i
DDS Reset ADC Input Lines Switch 0
o~ ' ' ADCL ADCE & ~ ~
High
DDs FQ LD
o i i o o o
Low
Mote - these contrals anly show _
whether the input lines are high I Toggle Rate = Fast
of low, not ADC operation

Each line may be set high, low or toggling. When toggling, the rate may be high (10 to 20 msec
approx per change — depends on windows) or 0.5 second. There are two input lines (three for the
USB interface). The two ADC Serial Data Out lines appear as two vertical progress bars
representing high and low levels. In USB, there is also a power detect line. Its status is reflected in
the bottom left of the dialog box.

Please note that the ADC input lines are not showing the result of an ADC conversion — they are
just indicating binary high (all 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 rate as the “Toggle” speed, so if set to slow, may take
up to 1 second to update.
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