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1 Introduction

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

For an overview of how to instathe program, please refer$ection3, Stéirt Heré
on pager.

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 transveter support

Ability to load & store traces multiple file formats

Full set of display modes including Smith Clsaaihd Polar displays

Signal and sweep generator mode

Integrated support for parallel and USB connection

Runs under W98, ME, W2000, XWVista, Windows 7 & 8

Basic, CDS, Harmonic Suppression &3 /4 /5 harmonic modes
Manual and automatic tracking markers with marker arithmetic

Scans of up to 50,000 points per scan

Averagingof trace sequences or averagumto 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 fle import

Network Client / Servefor remote operation

Vector Voltmeter (VVM)

On screen cursors may be displayed in rectangular displays

Arbitrary equation editor allows user defined functions to be created
Basic network simulation

TDR mode

An Automation(OLE) interface

A Acustomo hardware interface for contr.

= =2 =0_-_0_9_9_9_42_42_29_2_-2_-2°_-2-._-2-
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Start Here Installation

3 Start Here

This chapter describes how to install the program inclueitigy ofproduct keys and
program activation.

3.1 Installation

First, install the program frorthe setup.exe that accompanimegVNA.msi. If you

have a previously installed versjamnning the new installer will remove the old
version automadally first. It will also remove all settings from the old versidine
installerwill create shortcuts in the start menu and desktgghouldalso create a
directoryn fAmy document s 0 suggedd treagiou store\séithgs it i s
there.The progam may be uninstalled either by rerunning the installer or from
add/delete programs in Control Panhlso copies into the program directory some
images (used in calibratiand equivalent circuijsand somé®LLs. One is
inpout32.dll for parallel poraccessAnother is vnadll.dll, th&JSB interface dll. In
order to run the USB interface you mattohave installed the USB driverso
support the MSA there is also a specificidthsadll.dll. Copies of the current
versions of each are included in thstallation and should appear as zip files in the
installation directory.

The installer also creates a subfolder with USB drigecsa utility to program the
USB controller chipWhen the VNA is connected, if USB is us&tindows 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. Instaltztibe
drivers is @wo-stepprocess it will ask you twice, point it to the same location both
times. For more detail, please refeAionex G- or tothe USB driver installation
instructions for which there should be a sborin the start menu.

For 64 bit operating systems, Vista or Window& &, 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 firegt elxy oexwdd cthi ryg ut twe
the program installation folder. It needs to run as administrator but should only need
toberunonceTo run this as administrator, right

admi ni strator o.

There is a choice of parallétivers. Support is built in for both inpout32 and WinlO.
The former appears more compatible, the latter faster. If WinlO works, use it,
otherwise try inpout32WVinlO will only work underWindowsVista if you have local
admin rights to the PC.

For the N2PK, both USB and paraléek supported, for the MSA onlySB is
available

The program also supports a ACustomo VNA i
written to other VNA hardware so that it can be controlled by M. 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 fopeoduct key If you use tle
program for personal Amateuaio purposes, and not for commercial pugspshen
product keys are available freerdnanyvna@btinternet.corand br commercial use
the product key wilhavecome with the product information.

.
Product Key & Registration management 8 [—E:hj
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

J

To paste in a product kewhich will look something ke this:
IZY9G-HUBIB-4RUYG6-9REMN-34IHP-NE3PY-BOBNQ

uset h e A P a shaenyprdviousifcapied the product key into the clipboard
Alternatively, the key may be entered manually.

The product key comprises lettersz2and numbers-8. The numbers 8nd1, and
the letters L and @re 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 keyisteer ed, t he ASet/ Change Produ
be enabled. Click it then click on AExito.
indicate the status of the product key (wh
successfully activated | r eady 0 eexamplelne abov

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 availdbiemust bedone by email so
dondét | eave it wuntil the [ ast minute.

3.3 Product Activation

If needed you will normally have up to 30 days to activiadeproduc(60 days for
commercialicense$. Automatic (onling activation is not currently available so
manual activation must be used.
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o enter
eo opti

Start Here Product Activation
FromtheiHe |l po6 menu, there are options t
activate the product. The AActivat
Offline Product Activation . S |
Activation Data
Copy | A2UNPDAEMZ 73WKQ SEIL4E4YNTXFUSDEM

Product”.

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

Clear | Paste | Copy | Activate Product |

Product key valid but needs activation in 25 days

Exit

If a valid product key halseen entered that needs activation, then activation data will
be displayed. Copy this into an email to the address slavio
myvna@btinternet.conf one is not otherwise indicated)pon receipt of the

actvat i on key, paste it in

and

click

Activation keys look like product keys but they are not interchangebleot try to

enter a product key as an activation key or vice versa.

Please note that given the security sometimes appliezhiputer 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 proddcactivation ley for other

accountslt may also be the case that due to local security policy restrictions, you
need to run myVNA as administrator wheerforming product key entry or

activation.

myVNA v0-93
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Tutorial First Run

4 Tutorial
This chapter provides a step by step tutaralsing myVNA.

4.1 First Run

When you first rurthe programor after installing a new versioit will not find any
stored parameters in the registry (it dbE3T use ini files). Everything will default

and, specificallyit will not find any caloration 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 5 The specified Calibration Data File could nok be opened
LJ

If this is shown, st click OK and prceed to the main menu as shdvatow:

# myVNA - Transmission mode "myVNA" | Bl |
File Edit View Help
=" & 2K ] ~>8DDLURFMINISENR>¥ELPnR & @ |1 S E#
Start Scan ‘ Single Scan ‘ Calibrate ‘ Autoscale Markers | Start[2,150000 [z |  Stop[5.150000  [wz v| [stertstop x| Stees [2000  Ave[1

Instrument Mode

Display Sets

Display Left

Display Left (Calc, Time) 1.00 180.00

Display Right
s

L 0.88 135.00
e 013
- 1 Div
Il 0.75 30.00
I
0.63 45.00
0.50 0.00

0.38 -45.00

0.25 -30.00

10 Term Cali
~ 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: 1.08604 us, Left: 0926902 , Right: 153685 Degrees 42371 secs CDS mode

The screen is divided inseveral parts. At the tagre 5toolbarsi the usual windows
one, a scan control toolbar with buttons grattontrols toolbara display format
toolbarand a span toolbar.

All are floating, dockable toolbaend can be moved around. When you exit the
program, the position wil/l be rite meanmbéetr ed . |
let you put them all on one rofer example becase this interferes with the menu
command to hide thmaint ool bar . You c aspantbolbars!de t he scal

On t he | ef t ofthemain sditings.®r thd rightvie the output display.
Initially, if you position the muse over one of the entries in the treeview on the left, it
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Tutorial Setting Initial Hardware Settings

will display an i
to switch these o
functions.

Info Tipo with a brief ex
f f iswhebyoegetiusedtoiid ay Opti on.
As the program kows you have no calibration data it has opened up the calibration
datacontrols, 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 onwiill collapse to keep the display manageable.

4.2 Setting Initial Hardware Settings

Before anything else, the hardware settingsd to be configuredeS ect t he fAVNA
Hardwaré node. The di spl ay wi | bsskowrabelgne t o s h o

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 511 (98) 521 (dB)
I o -10.00 -10.00
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 I
Phase C| Dela;
ADC sps -40.00 -a0.00
System Re
Hardwars
Choose
./ Load DD 5000 50.00
./ Swap Dets
-/ Power D
i SetRF-IV 50.00 60.00
Set Refe
%° Choose Trace Col
£} Transverters - ~
|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
-0.5000 200.0000 kHz / div. 0.3500 us } div 3.0000
[ v
3.501 secs. CDS mode

First, select the Hardwaileypef r om t he opti on under the fAVN/
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:
{3 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( Sdect the desired hardware type and click
ADC Speed 10 AOKO.
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 égsgt selectthé c onf i gur e

the hardwaredo option undwetothél®NA Har dwar eo

Enter the desired settings and click OK. If you wish to set the master clock frequency,

t her e
canot
lateré

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

i s
do

M2PK Hardware Settings *
Transmission ADC Reflection ADC
" 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 |

a Calibration f unc,tbutootethatyouhel p.

this wuntil youcelsacorse backtbthist ed

hardware settings are associated with the relevant baedWwhis 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 cloékequency first make sure the VNA has warmed up and
connect a digital frequency meter to the RF output.

Calibrate YVNA Master Oscillator @

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 Hargvare Settings

The frequency counter should display a frequency close to the expected frequency

shown. Enter the measurgdquency. If it is within 10% of the expected frequency

(this is just to prevent Afinger troubl eo)
and, if clickedwill close the dialog and change the master clock frequency to

calibrate for the oscillator ithe VNA hardware.

The Adefaulto frequency shown here is 5 MH
program will attempt to set both DDSs to that frequency. If you wish to use a different
frequency, enter it in the fdawiptkenbeed Fr equ.

enabled and when clicked it will set both DDSs to the new frequency.

The final entry, AADC Voltage conversion f_
change. It is there for anyone who uses myVNA to control other hardware. In this

case, the BC reading is multiplied by this conversion factor to convert the value into

volts. The value shown herelis4636127271944@09 which is the ADC hardware

reference voltage (2.5) divided b$2s the drivers internally use a 28 bit reagling

dividedbyZ> 82 f or 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 w
type from the fidgaoss cb€ondmguetti bhen cl i ck
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 dociik 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 asdezl bui importantlyi set the delay value.
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Tutorial Hardware Interface Selection
|l f you are not sure click the Aguesso butt
are a couple example dialogs.
Mame | Narrow
Delete Fiter Freqt';':'?; 10.7
CUt(_r—i; 10 Band?liﬂtz'; 0
Delay GUess Delay | - Guess Delay |
{ms) |IDD {ms) |D
Cancel Cancel
On the main screen of the program is a new toolbar not used for the N2PKSéRA.
the figure below. Like all toolbars heiis a dockable, floating toolbar and can be
moved around to where you want it.
& myVNA - Spectrum Analyser mode “myVNA™
File Edt View Help
=& E TK|| 1 3>S3DDILI RF M| =%ELPnR &
Start Sean HW Calbrate ‘ Atoscale Warkers | Start[20.000000 [z v|  Stop[z0.200000 [+ [starystop v Steps 1000 Ava1
—[I.I]I]*
Amp. [dBm) \
1?5:% Fath|Path 0 (15.000kH) | o ’7’__| VBN | Marrow v | |
ADC Step Delay (us) 0
Sweep Start Delay (us) 10000
igacs;c::;geoe\ay(usﬁu \
System Reference (ohms) 50.00
Hardware Interface 5000 \
wmw%
-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
Select the video filter and path. From Al
and from the DispBmy. L&hti skl aoy &éapmpon(d

4.3 Hardware Interface Selection

Select thefiHardwarelnterfac®o pt i o n

control This pgs up a dialog box like this

fro

m t he
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Tutorial Hardware Interface Selection

Interface Configuration @I
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 typ@u ae using MISA only supports USBand if parallels
chosenselect the base address of phimter portand the port namdhe TCRIP
option is desched in ®ction33 on page3s.

For the parallel porthe 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 accessWajathat if you

want an address different to that in the drop down list, just type in your desired

addess.The program enforcdsasiclimits on the address but does not otherwise

checkis correctness f however nopstandagie laeldtr eakydui t  wi | |
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 I/O device then youeadnle ko crash your computer.

Take care.

You have a choice of parallel drivasschoose 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 fasteRemember that under Vista you must have local admin rights
WinlO is used

The Custom interface uses a defined API 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 thetherparameters as needed.

Change YMA Parameter g]

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

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

I
o4 | Zancel
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Tutorial Choose CDS / Harmonic mode

When you click on a contraVith a value associated with it such as the ADC step

delay, a dialog will open up allowing you to change the value, as shown Géiew.

min and max frequency parameters relate to the frequency range of the base hardware
VNA. The default is50 KHz to 60 MHzbut change it as you wisAll settings are

retained when you exit & restart the program.

l gnore the AUSB Instanceo parameter for
USB connected VNAS to be used at the same time on one PC. For more details, please
refer to Sectior8lon pagel26.

4.4 Choose CDS/Harmonic mode

This treeview nodé&om the VNA Hardware sectioalows the harmonic mode be
selected. In Basic modasingle 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 E|

Select Mode Samples

" Basic Made ™ 4 Samples (CDS)
* Harmonic Suppression Mode: £ 83amples
" 16 Samples
Harmomic {* 32 Samples
* Fundamental ~

~

-

" 2nd Harmaonic
" 3rd Harmonic
" 4th Harmonic Mote: For CDS, select Harmonic

Suppression, Fundamental, 4
" 5th Harmonic samples

Cancel |

no'

For now select fAHaromowiitdg SiFpumrdeeasneindral|l Mo cen d

( CDS) o .alokimowrsas Casrelated Double Samplir@XS) mode. There is
more on harmieic modes later in this manual

Also, when calibratingn transmissioomode with a CDS sweep it will offer you the

option to skip the I SO (lsolation aka Aope

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

4.5 Setting the ADC mode

The ADCmodei s shown as a fispeedod value from 1 t
the fastest. When you change the ABjgeed (to be foundunde t he AV NA

Har dwar e 0 t),adiaog popswp asshbven below. Select the desired ADC

mode by selecting the appropriate radio button then clickingNake that two forms

of display are possible; technical ADC dat
Tec hni cbax Both&tma & shown below, and the program assumes both

ADCs are otthe 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 théDisplay Optionsfrom the main tree view andhange these as needed. Note
the Graticulesetting. 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 progressibés appears on the tia
bar below the sweep display and shows the progress of the current sweep.

Also on the status bavill appear the expecteztan run timeThis is based on how
long things take oatypical PCand 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 corrgetly Instrument Mode

and selectignher Transmissiowr Reflection Forwhatever the instrument mode ike

Display Setswill reflect the current mode. Try changing them and see what happens.

In general you have oneia 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 AReflectiono
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Tutorial Performing your first scan

#il, myVNA - Reflection mode "myVNA" =NACE X
File Edit 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
275+ <25

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

.oR
T-Check
TOR S11 & 522 (dB)
TOR ports1 & 225
splay Left
<play 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 grea tick appeai this will be on the left. Note the axasw carry
a default setting and labed$ Rs and Xs.

s Retecion ey . TR PN NN N R U TR SRR DRUE TRR RS S SR
File Edit View Help
=Hd By S PR ] S DIURFMI|INN=ZS3ELPhR &t x| 1. SHE
Srtsen | Sngescan | cobrate | autoscsle | Matkers | || cenve[ia38000  [wie <]  spn[0.0#0000 [z <] [centiespan v Steps [0 avaft
Instrument Mode -
I Display Sets
/ Rs+Xs
Rp + Xp 100.00 100.00
- [l I
VSWR
Rs
b 87.50 a7 .r]nx5
|Rhol + <Rho 1250 Has0
Q ohms Ohms
e Rs+Cs I Div 1 Div
M- Rs+ls 75.00 75.00
I Rp+Cp
I Rp+Lp
I Gp+Bp
62.50 62.50
il V] + <Y
Fo
- R i
- F2 1 50.00 50.00
T-Check
I TOR S11 & 522 (dB)
TOR ports 1 & 2Zs
I
= oispay e 37.50 37.50
M7 Display Left (Calc, Time)
Ml Display Right
Display Right (Calc, Time) 25.00 25.00
Trace Calculation
12.50 12.50
0.00 0.00
] 14.2980 143020 143060  14.3100 143140 143130 143220 143260  14.3300  14.3340 14.3330
) Transverters 0.0000 4.0000 kHz [ div, 0.1000 us [ div 1.0000
[ Network Settings -
Cursor Freq: 14317119 MHz, Time: 0477968 us, Left: 60.5982 Ohms, Right: 60.5983 Ohms 42.371 secs CDS mode

Now seleciRs +Cs; Cswill replace Xs.

Now | ook again at the TreeView. Beemeat h th
options ADi spl ay L. @Hegeallovayouwto indDiduslly seleat Ri ght o
what parameter to show on the left axis and what on the rightisTioisthe

occasbns when you dendnedwagtr oupengseof ADI spl
to choose them independently. Your choi¢eu can hide the sets option if you want

to. Incidentally, as will be described later on, you may display multipletgpés 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 thataydiaii
choices available at the same tiffie.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, selectRs-Xsagainf r om t he ADiI splay Setso opt.i
Onthespant ool bar, change the mode to Afull
i muw J & PN [ e =] I [ ] [lsen =] steps 1000 Ava [T
Start Sean | Single Scan ‘ Calibrate | Autoscale | Markers ‘ ] >S3D DU R Fgf;tt";{?a" 34 EL Pn RI &
EZT')::D 100.00 - P .Esrtep 100.00
l,z;\)\,; <Zs Start/Per Div
\RRLhu\+<Rhu
s ne
Rp+Cp 12.50
Rp+Llp Ohms
fvﬂ‘iﬁfv 1 Div
gisp\;\/L ft 50.00 50.00
o
= R ards
& ’
i
hj Hekwork 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 54.006 60.000
5.995 MHz / div
The two frequency controls will be greyed out as it will now do a full #can
requested
Al so present under fADisplay Optiemgo ar

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 oneB.you select the gjon to label the vertical axes, youaynwant

to drag the display type and units label away from the axes value labels so they do not

overlap.

4.7.1 Calibration

Click

t he

A armrdIfollolv tha ihseudbnsbstarting 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 connectionssatalf @rogress

bars that will display the current readirfgs the ADCs continually updatedn

reflection or transmission mode, just the first pairsed.For dual mode scan, both

are active. The voltage of each is also displayed on the right of the progre#s bars.
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 wi tdmlogChoosenawsudtabfe ndme for the calibrationidtia

program will automatically remember this filename &yatl the calibration data at

startup next time (along with all the other parameters you justisistsuggested that

you store the calibration data in the fol di
folder should have been created for you when the prograsrinstalled.

As long as the calibration datavalid 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 ifaessary. Also the scan data will hold two sets of data
at the same time, one transmission and one reflectRiROVIDED that the

frequencies and number of step points are the dapermits this as part of its

support for dual detector scamsd S paranters

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 Iimit for test purposes. Thérerodse. a f|

Also you can choose to use additional averaging on the isolation step offG&8

are two options under fdAcalibrationdo to sup
shown), the average number in thiédwing line is used for the isolation step average
count instead of the nor mal di spheay averag:

number of averages at each point may also be set separately for calibration as for
scans at thipoint.
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Tutorial

Performing your first scan

£ 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 whch calibration data is stored is in its raw format, without calibration
standard offsetapplied. This is to allow steps in the calibration process to be
repeated. When it is used, it is corrected. This also applekdo 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 summafryhe current calikation data from
the Calibratiomode 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 défdiis.

file contains any calibration notes these shown at the bottom of the dialog.

myVNA

Skark (MHz)

Through:  0.050000
Isolation:  0,050000
Open: 0.050000
Short: 0.050000
Load: 0.050000
LLC: 0.050000

Through:  0.050000
Izolation:  0,050000
Open: 0,050000
Shatt: 0.050000
Load: 0.050000

Current Calibration File

10 Term Calibr ation

\ij) Current calibration Diaka summary:

StopiMHz)

&0.000000
&0.000000
&0.000000
&0.000000
&0.000000
&0.000000

Current working calibration Data set:

&0,000000
&0,000000
&0.000000
&0.000000
&0.000000

Paints

1001
1001
1001
1001
1001
201

1001
1001
1001
1001
1001

Calibration data type is Fundamental mode, 4 samples

Calibration Motes: 10 term cal full scan adc 8 average 5

Type

Linear
Linear
Linear
Linear
Linear
Linear

Linear
Linear
Linear
Linear
Linear

X

Data Yalid For

Refl, (Fwd+Rev) and Trans, (Fwd+Rev)
Trans, (Fwd+Rev)

Refl. (Fiwd+Rewv)

Refl. (Fiwd+Rewv)

Reefl. (Fiwd+Rewv)

Refl, (Fwd+Rev) and Trans, (Fwd+Rev)
Trans, (Fwd+Rev)

Refl, (Fwd+Rev)

Refl, (Fwd+Rev)

Refl, {(Fwd+Rev)

Ci\Documents and SettingsiDawe My Documentsimy WA 0-534Full scan 10 term.myWhA . cal
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Page21of 181



Tutorial

Performing your first scan

There are two s

ets of dat a

shown.

The fir

currently held from a calibration scan. The program generates a per scan set of data
from this raw data, and the second set of tatcates 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 &ivows 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 lotxor 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 makesfferehce.

4.7.2 Scanning

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

Rs 100.00

Xs

| )R(P Rs
Cr 87.50

- 12.50
<Zs Ohms
VSWR 1 Div
RL 75.00

Rhe
- <Rho

62.50

Lp - 50.00

"~

- M 37.50

Display Left (Calc, Time)
Display Right

Display Right (Calc, Time) 25.00

12.50

M= Reference Standards
5 Load & Store Data

€3 VNA Hardware

%’ Choose Trace Colours
L} Transverters

143 Network Settings

Cursor Freq: 14.303622 MHz, Time: 0140538 us, Left: 79.2195 Ohms, Right: 79.2195 Ohms

0.00
14.2980
0.0000

14.3020 14,3060

143100 14.3140 14.3180 14.3220 14.3340

4.0000 kHz { div, 0.1000 us / div

14.3260 14.3300

42.371 secs CDS mode

B my¥NA - Reflection mode "myVNA" = | B
Fle Edit View Help

=" G 2K ] 250D LU RFIMIINES>ELPnR B wr LS B+

Start Sean ‘ single Scan ‘ Calbrate ‘ Autoscale Markers | 0.050000 Mz [60.000000 [z [Full Scan | steps [2000  Ava.[1

Instrument Mode a

Display Sets

100.00

87.50

75.00

62.50

50.00

37.50

25.00

12.50

0.00

14.3380
1.0000

Now,
sur e

bef ore you
thaboninduto

do w
$agl ehangeo

epanpnepenodp
andndbot h

selected as shown belolvote in this example, the option to display Info Tips is

selected.
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Tutorial

Performing your first scan

## myWNA - Reflection mode "myVNA"

-

= [ o |

File Edit View Help
P =] By

Stertsan | Sngescan | Calbrete

| owoscale | matkers |

0.050000 MHz

SRR ] n>SDDIURFMINZSH¥XELPRE® x| |1 SE®

1z [Full Scan | steps [2000  avg[1

[60.000000

IR Instrument Mode -
Display Sets
Display Left
Display Left (Calc, Time)
Display Right
Display Right (Calc, Time)
Trace Calculation

/" Graticule

</ Scan Progress Bar

- Autoscale on Display Chani
Snap to125 on Autoscale
Snap to125
Audio Cues
Force [display] for Log axes
Report View

- Equivalent Circuits

- AutoRefine Eq Cet

/ Invert RL display

/' Display Info Tips

Vertical Divisions 8

m,

Herizontal Divisions 10
./ Label Freq Gridlines.
w// Label Vert. Gridlines
- Display Pen Width 2
Smith / Polar View
Edit Trace Labels
./ Show Scan Data
Marker size 3
{(} Print Optiens. L3
I Calibration
I Reference Standards
| Load & Store Data
3 VNA Hardware <
Pl T

100.00

100.00

Rs

Xs
87.50

12.50 87.50

Ohms
1 Div

12.50

Ohms

I Div
75.00

75.00

62.50

62.50

50.00

50.00

37.50

37.50

25.00

25.00

12.50

12.50

0.00

0.00
14.2980
0.0000

14.3020

Cursor Freq: 14306219 MHz, Time: 0.205473 us, Left: 58.023 Ohms, Right: 58023 Ohms

14.3060

14.3100

14.3140 14.3180 14.3220 14.3300

4.0000 kHz } div, 0.1000 us } div

14.3260

42371 secs

CDS mode

14.3380
1.0000

Cli clgle®&i nand

wa i

| t i s

loff-dcredn@n theh a t

first trace, it wildl autoscale for b u:
the axes to match the current trace. When you try draggimgstaround later, click

autoscale to reinstate the axes.

you,

£ Untitled - myWNA

fie Edt Yew Help

=

ERAL

Merkers |

Centre[14.318000  [mHz =]  Span|0.020000

MHz x| [centrejspan x| Steps [z000

Ins
Dicy

Rp+xp
|25 + <Zs
lzpl + <z

VSR,
AL
Rho+ <Rho
Q
Rs+Cs
Rs +Ls
Rp+€p
Rp+Lp
Gp+Ep
1]+ =v
Swith Chart
_ Display Left
 Display Right
() Display Options
| Calbration
= Reference Standards
|- Load & Store Data
(Ch A Hardware
% Choose Trace Colours
03 Transverters
#a.d nietwork Setings

Far Help, press FL

S G ‘ Sngescan | Caibrate ‘ v
ok

620.78

250.21

Rs

Xs

84.63
Ohms
{ Div

83.32
Ohms
{ Div

-83.06

282.27

-416.32

-66.25
14.308000

14.318000 MHz

4,882 secs

14.328000

DS mode UM

4.7.3 Dragging the display around

Autoscalebrings both main traces on screbmwill also take account of any stored
trace dataurrently displayd and ensure that both the stored data and current trace fit
on screen.

Now time toplay with dragging thingsThere are 6 different draggable things here, 5
to be described now.
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On the left of the left veital axis and right of the right vertical axis are zones where
the axes may be rescaldtlt the mouse on the left say, somewhere between the
values (in the example above 139.21 aPd.3Q Press the left mouse botand drag

up or down. The value at the top of the axis will remain unchanged but the scale will
increase or decreasdor 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

It Mod
| Display Sets
J Rs+is
Rp+5p 620.78 250.21
|25| + <25
|Zpl + <Zp
VSR Rs Xs
AL
Rho + <Rho 291.20 83.32
Q Ohms Ohms
Rs+Cs 1 Div 1 Div

Rs+Ls
Rp+Cp
Rp+Lp
Gp+Bp ~

W1+ <v g
Srrith Chart _____/

Display Left
Display Right -544.00 -83.06
lay 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 dogpecifically 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 Mods

Display Sets

S Rstis
Re+%p 1575.12 250.21
|25 + <Zs
|zpl + <Zp
HSUR. 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 akias 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[14316000  [wHz =] Spanf0.020000  [wHz ~] [ContreSpan | Steps [z000
Instrument Mods
Display Sets

S Rs+ius
Rp+¥p 1575.12 262.81
25| + <zs
|zpl + <Zp
VSR, Rs Xs
AL
Rho+ <Rho 291.20 83.32
9 Ohms Ohms
Rs+Cs { Div 1 Div

Rs +Ls
Rp+€p
Rp+Lp
Gp+Ep

1]+ =¥
Swith Chart —/
Display Left
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 -+ 1575.12 262.81
|zs| + «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]+ =¥
Swith Chart
_ Display Left ___/
Display Right 410.34 — -70.45
() Display Options
= Calibration
| Reference Standards
|7 Load 8 Stare Data
(Ch va Hardware:
% Choose Trace Colours
3 Transverters
#.J Network Setings

-754.45 -403.72
14.292526 14.324412 MHz 14.356299

DS mode UM

Far Help, press FL 4.882 secs

Note that this drags temporay 1 the frequencies in the spbar are unchanged to

allow you to return to it easily. Before doing that though, do another singlé sican

will use the temporary frequency range you selected by draggyau want to

change the span bar $egfs to match the frequency scale you have created by using

the mouse, right click in the display area
Current Frequencieso

Now open up the fAdisplay optionso tab on t |
DisplayC h a n gp#om. 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 fddi s pliadSyn app ttlileesedd.5 0T her e
avoid those strange units you noticed as you dragged traces arbasidally 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 typenstaieyou

release the mouse buttdhwill do this separately for each drag option, and you may

also select for this to happen on autoscale. Personal preference.

Nowtryarepeatschn wi th the Ascanodo button. You can
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 displdfytbistis not

to your liking there is an option to disable dragging of the frequency scale whilst

scanning s e e t h eProgrant limito©and ofheroptiols a f ew pages on
here.

4.7.4 Markers and Marker Arithmetic
Make a display with some peaks and dips on ih @scthe one shown

i Untitled - myWNA [ (=1[E3]

Ele Edt Y¥iew Help
=] ERALS
Start Sean ‘ Single Sean | Calbbrate ‘ Autoscale ‘ Markers Centre[ 14319000 [mHz =] Span|0.005000 Wz | [centrejspan | Steps 2000

Instrumertt Mode
| Display Sets
R+ %5

Rp+¥p 620.78 250.21
12s] + <25

|2pl + =2p
VSR, Re i

RL
Rho + <Rho 84.63 [
Q

Ohms

Rs+ s 1 Div
Rs+Ls

Rp+Cp
Rp+Lp
Gp+Ep

I E—

¥+ <v
Swith Chart

Display Left
Display Richt 262.27
{C3 Display Options
) Callb
| Refe
| Load & Sto

(0 WA Hardh
%’ Choose Trace Calours

L} Transverters

'{4’ Metwork Settings / \

-56.25 -416.32
14.316500 14.319000 MHz 14.321500

-83.06

—_——

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

Now cl i ck t he.YouetaHisplaydikethisut t on
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e =)
Markers
Source Mode Target Parameter Value Link Freq./Time Display
1 | frracking | |Maximum v| |pefauit ~| [o.000000 | | [c277amsseaznar
2 |ieftscan  v| [Tracking v| |Maximum v| |pefauit ~| [o.000000 [Marker 1 ~| [62774385622041¢ T
| 3 |leftsan  v| [Trackng 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 decmal digits Frequency Units
l Marker Marker Display Show Q Iv¥ curve fitlinked +/-f markers MHz = I
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 ar® markers and two marker maths functioer this exampleshoose to

display marker 1 which trackke maxinum of the left trace, Marker 2 that tracks the
minimumof 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 scanngdu may need to alterthib.on 6t f or get
t he oOdi s pl anyaiker thai you Waatito erable; but to help you, whenever
you change the source mode or target settings of a marker, the marker will be enabled
(the Adi spl ay oickddpifit was mdt enabbedléaseandtd the t

following screenshots use an lgarversion 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 lithere are sepamsettings for the value and the
frequency.
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Tutorial Performing your first scan

Also ask for it to display the difference between markers 1 and 3. The display nhow
looks like this

% Untitled - myWNA [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 Mode
Display Sets
Rs + s
Rp+3p 620.78 250.21
|2s| + <25 Mkr 1, 564.361, 14.319400 MHz
|2pl + <Zp Mkr 2, -360.775, 14.319480 MHz
VSR 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 [
9 Ohms
RS+ Cs 1 Div
Rs+Ls
Rp+Cp
Rp+1p
Gp+Bp — -
1]+ =¥
Smith Chart
Display Left
Display Right 282.27
{0k Display Options
| Calibration
| Reference Standards
I Load & Stare Data
O viaa Hardware
% Choose Trace Colours
) Transverters

Nt r
#.J Network Setings )/ Y

[ E—

|
|

-66.25 -416.32
14.316500 14.319000 MHz 14.321500
4.882 secs DS mode UM

For Help, press FI

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

When you perform marker arithmetibe 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 compudtes being over 1e9, the marker will not display.

Note that all the images shown in thignualapart from the next one are on a
1660x1050 pixel widescreen displdjere 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 digi@nd change one of the markers to Man8at its
frequency to be somewhere in your scan (note the frequeagypeselectedo be in

Hz, KHz or MH32. Close the dialog. That marker is no longer a tracking marker, it
will stay put on its frequency, but now you can also drdthis was the other
draggable itemneferred to previously If you put the mouse pointer close to it
(technically, within 10 pixels) and depress the left mouse buttancgo drag it left

and right. The marker will stay glued to its trace but can now be moved left & right.

Look at the status bas you drag the manual market will indicate the current
marker position and values. This ondgts 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 positionéap 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 butto 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 fésmitla

charts and one for rectangular. Finally, there are a few quirks; the position may be off
the page on mted copies and dragged off the bottom they may reappear on the top as
they stive to stay visible.

In Polar and Smith Chaviews, the markers work slightly differently. At their core,

they always use the modulasd argument of the measurement. Therefore when

setting a marker, the fAleftodo trace refers
the argument. Also in Smith Chart view, the values that the markers display may be

changed to another parameter, foample 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 StoreThe currehscan data will be
stored in the first of 4 data stores and displayed. The display can be toggled on or off
wi t hDitshpel @y St or e bdow. i tem as shown

The basic model is as follows. You can have 4 data stores that hold trace data, and can
display ore or moreof 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 th# stores.
you load stored data without a scan trace, you may display, analyse and view the
stared 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@@

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:

Cisplay Sets

Cisplay 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 aftentdatscand
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
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 chapteraddresses Graphical User Interface subjects, faplyi:
Popup Menus and Toolbars

Displaying Multiple Traces

Scan Setting Options and the Scan Toolbar

Labelling the Screen

Dragging Items on the Screen

Locking the Scan and the Display

On Screen Cursors

Markers and Marker Arithmetic

= =4 =8 -8 _48_5_°5_2

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 functionhese allow the horizontaf wertical 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 énder s pl ay opti ons o
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 leftanght vertical axesay 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 &J " 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 asgd-explanatory For the frequency axis, you may

either explicitly sethe 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 atsset the number of decimal pladesthe frequency axis. The

AStart/ Stopod settings control the | eft and
the centre point in a linear scan. In a log frequency display, tliieecgalue is omitted

and the Al og scaleo setting controls the n
point. The AShow Freq/Divo optinom states t |
logarithmicrectangular displays.

There are in fact two frequency axetting dialogsif the display and scan
frequencies are not Al ockedo, then the fol]
dialog will be displayed instead:

r 5
Set Display Frequencies &J

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. Aeddiakiwith 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 verticalxes one will be created.

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

Locking an axisalso protects the axis against chizug 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 merunmit

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 dow 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 markeitss easier to use this menu to bring then onto

the sceen 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
ABring Manual Markers Onscreeno item is sel

If you have been rescaling the frequencigdpy dragging with the mouse, there is a
guick way to set the current main scan to the frequency range you have sejasted

click on the fASet Srmeawniten. §thectaolbahewst f r equenc
centre/span or start/stop, the frequencies shown will be changed to those currently on
the screen. 1 f the current display shows #

to AStart/ Stopo first

Also present in this menu is a shortcut to copycilireent display image to the

clippoard Not e that you may also use the main
button on the toolbar or a Conti@lshortcut to do the same thing.

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

Finally you may cl ear the currepgtionscan tr a:
or just the reverse scan dé#tasing 10 / 12 term S parameter corrections.

There is another way to aowatrel®st oomiman f&fanc:
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 | 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 equivalentitcdisplay 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 howeve possible to display multiple types at the same time by holding down the
0Ctrl &6 button whilst selecting a type to

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

15} § Parameters mode - myVNA

(e

File Edt View Help
=] ERALS
Start Scan ‘ Single Sean | Calibrate ‘ Antoscale ‘ Markers ‘ Start[1.000000  |wmH: ~| Stop[e0.000000 Mz | [Startistop  +] Steps [aee
Instrumertt Mode Frequency | 51z (de) ['5z1 (aB) [ 522 (aB) [ 511 (ds) [ ~
1,000000 -28.169762 -55,324301 -0.018652 -98,795667
S11 (dB) + 521 () 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 -53.838046 -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
) calbration 2,328829 -20,648204 -53.749524 -0.085779 -L01.606707
2395270 20.391728 -53.757771 -0.057918 -L00.97229
I Refersnce Standards 2461712 -20.146282 -53,639200 -0.061452 -99,3495452
I Load & Store Data 2,528153 -19.903424 -53.547228 0,064391 -101.324246
(3 ¥MA Hardware 2.594595 -19.681076 53681533 -0.067085 -110.786399
%’ Choose Trace Calours 2661036 -19.447272 -53.,455742 -0.070012 -L01.089181
€3 Transverters 2727477 -19.229087 -53.486092 -0.073501 -L01.958108
] Hatwork Settings 2793919 -19,020579 -53.636793 -0.076687 -105.960152
2860360 -18.807434 -53,668697 -0.079128 -106.071985
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 -L
3.259009 -17.677475 -53,413509 -0,099661 g
3325450 -17.501220 -53,220539 0,102439 1
3301892 -17.339145 -53.392293 -0.106648 -1
3458333 -17.177157 -53,323077 -0,110257 -1
3524775 -17.016155 -53,335666 -0,114098 -1
3591216 -16.864160 -53.188533 -0.117388 9
3.657658 -16.709742 -53.265414 0121239 1 v
For Help, press F1 1,459 secs DS mode UM

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

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

if § Parameters mode - myVNA

Ele Edt Y¥iew Help

=]

AL

Start Sean ‘ Snglescan | Calibrate ‘ Autoscale ‘ Matkers ‘

Start | 1.000000 MHz =

Stop| 60.000000

WHe «| [startistop

_~| steps |88

Instrument Mode
| Display Sets
511 {dE) + 521 (dE)
22 (dB) + 512 (dB)
S11 (dB) +=511
521 (dB) + <521
522 (dB) +<522
S12 {dB) + <512
|s11] + <511
|521| + <521
|522| + <522
|512] + <512
511 Real + Imag
522 Real+Imag
521 Real+Imag
512 Real+Imag
Display Left
Display Right
{C3 Display Options
| Calbration
| Reference Standards
| Load & Store Data
(kWA Hardware
Chaose Trace Colours
O} Transverters
18] hetwork Settings
Switch and Attenuators

1.00

5§11 Real
0.50

1 Div

-1.00

-3.00

Cursor Freq; 53,489313 MHz, Left: -1.63445 , Right: 0,365546

Mkr 3, 0.010, 13.5657432 MHz

AN

Mkr 4, 0.010, 13.657432 MH
Mkr 3-4, 0.000, 0.000000 MHz

[ ot

M

\___’/

AN

N

\

[

1.000000

30.500000 MHz

1,459 secs

3.00

511 Imag
0.50

1 Div

1.00

521 Imag

-1.00

60.000000

DS mode
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Managing the display Scan setting options & the Scan Toolbar

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 eachaaxis
rectangular display and to have the current scan data plus all 4 stores shown at once.
You would not want to do thisthe display would be unusaliléut there is nothing

to stop it. The implication is that there would be 260 traces shown on #enstihat
needs 260 colours. Clearly impractical.

The current solution to this is not idéalf | find a better way it will change. There

are 8 trace pens available (and visible un
firsttwo are reserved fortiiepr i mary o | eft and right par ame
datai 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

polaror Smithdisplay onl y the first pen is fAreserved:

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
extendd rom ACentreo to AAvgO in the picture b
toolbar so ya 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 &

R, Instrument Mode - Full Scan
. 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 | imits of the VNA. From Zero sets
frequency. The other six options are in two grougisose 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 lagjescThe 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 labiethose associated with a trace and free standing
annotations. Inach 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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Managing the display Labelling the Screen

will alter their posiion so that their relative location compared to the trace is
maintained if the trace moves.

di alog, either select

To access the | s
f he pop up menu after ri gl

be
Optionso or t

39

I
ro

Note that his 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 EJ

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

Stare 4

Annotation 1

‘ Colour Normal =
Annotation 2 | Colour Normal v

|

|

Annokation 3

Colour Normal  w
Calour Normal =
W Use Colours for Labels Reset oK | Cancel ‘

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 tracesand 4 fraensdi ng fAannotati onso. Each
is displayed and some control over the size of the text (small, normal, large). Each

may al so be switched on or off with the fADI

For the free standing annotations, the colour used magtp®sthe 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:

1 A No i &éhélabel acts like a free standing antiotabut only displays when
the corresponding trace displays

T ALeft 0 a4 thelé@bR isgssdciated with the main left axis or right axis
parameter

1 Otherwise, the drop down list gives access to all the individual pararneters
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 ts 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 awhen 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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Managing the display Dragging Items on the Screen

trace colours and display in black. Annotations may be set to specific colours by the
appropriate buttons on the dialog.

Annotaton 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.

Whenscan 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 exitlatatba disk
IS not rewritten.
5.5 Dragging Items on the Screen

There are variougarts 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

5.00

20.00

markers Mkr 1, -0.038, 60.000000 MHz /
Mkr 2, -14.371, 4.363000 MHz /
on Display Chan) - ‘ {
on Autoscale — W
10.00 - \\/ /‘
' dB
/ 1Div / \\/ | Move the labels
A 3500 -60.00 /
§22 (dB) \ 512 (dB)
Pt

Drag up/down here /

tO Change 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 IabelsIEI 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 pgsmescaling the
corresponding axis.

To reset moveable text to its default location, right click and at the bottom of the
di splay select the option O6Reset Screen

As discussed later in thdocument, 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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Managng the display Locking the Scan and the Display

In polar view, the markers and screen labels may be draggeadd 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. Eqyallyciiange
the display it changes the scan.

You can also unlink them in rectangular view.

Right click on the display and there i s an
Scan t o thatislowd badked 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 mmim 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 scarsit 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
(£} Display Options -20.00 i | -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 trenm One of the options is
i C u r swbich rings up a secondary menu as shown below.
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Managing the display On Screen Cursors

£ § Parameters mode - myViA [A=E3)
Fle Edit Yiew Help
=] BE 87w
Start Scan ‘ Snge scan | calbrate ‘ Autoscale ‘ Markers | Stat[1ooooo0 [z v| Stop[eooooon  [wee <] [samjstep  w] Steps 400
Instrument Mode
Display Sets
Display Left
1 Display Right 2.58 T 10.35
€3 Display Options | ‘ ‘
j E'E“E:‘E . | | Set Vertical dixs
can Progress Bar S11(dB) | Mkr 3,-0.217298, 42.300000 MHz Set Frequency fods 521 [dB)
/" Autescale on Display Change
5 Set 5can to current frequencies
nap to 125 on Autoscale 4.20 Lok omon o 15.55
Snapto 125 B 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
/ Dispay 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 Printouts Edit Cursors
Smith | Polar Yiew
Edit Trace Labels Copy Imags to Clipbaard Put Horizontal Cursor 1 here f-“ h
&> calbration PUE Horizorital Cursor 2 here
| 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.
I8 Network settings Pk 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 horizontald three verticatursors. 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 2.58
(G} 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

10.35

-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 draggimthe 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 cuiiduss.
produces the following dialog box

Cursors g|

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 moreantrol 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 mayibe set
solid, dash, dot or d&-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 colmuged
for the lines

Here is the same with line colours changed for the horizontal cursors and line types
changed for the vertical oinseesaboye)ot e wei ght
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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 theakdragging 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

myVNA v0-93 Page4lof 181



Managing the display Markers and Marker Arithmetic

5.8 Markers and Marker Arithmetic

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

On clicking the AMarkerso button you get

[Configure Markers ol — [ESREE =)
Markers
Source Mode Target Parameter Value Link. Freq. [Time Display
1 v| frracking | |Maximum | |pefautt | [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
| | & |ieftsan  =| [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
I Marker Marker Display Show Q Iv¥ curve fitlinked +/-f markers MHz =
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
Ok | Cancel
= = =

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 tgether 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 configurgatimariy as follows:

Source
Mode
Target
Parameter

= =4 =4 -9

The source defines which traitee 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 rigaxis.
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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 maypbehe positive (higher
frequency) or negative (lower frequency) side

The target setting is used wha 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
to the first, second dhird time a trace crosses a given value, either positive or
negative going.

Parameter is used when there are multiple traces shown on agisdeft or right).
Normally it is set to Adefaulto but 1t may
paraneter 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.
with an offset (f+ or4) then the value entered represehtsvalue offset. For
exampl e, setting a m&rmeansthattle markervill losatet h a v

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 marke

Look to the bottom right; the two checkbox
Without these ticked markers only locate themselves on the nearest data point in the

scan data. With either of these ticked, the valuesing 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.

Whena marker is likedtoanb h e r mar ker , the Al inkd contro
marker it is linked.

£} Untitled - myVNA EExX
fle Edt ¥ew Help
=] ERALS
Start Sean ‘ Single Sean | Calbbrate ‘ Autoscale ‘ Markers ‘ Centre[ 14319000 [mHz =] Span|0.005000 Wz | [centrejspan | Steps 2000
Instrumertt Mode
Display Sets
R+ %5
Rp+¥p 620.78 250.21
12| + <Zs Mkr 1, 564.361, 14.319400 MHz
|2pl + <Zp Mkr 2, -360.775, 14.319480 MHz
WSWR 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
¥l + <v

I E—

Swith Chart
Display Left

|
Display Right 282.27 ’ Y -83.06
il

efey andards
oa re Data
o lours
£} Transwerters
18] Network Settings )/ \

-56.25 -416.32
14.316500 14.319000 MHz 14.321500

For Help, press F1 4,882 secs (€05 mode UM
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Markers and Marker Arithmetic

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

A manual markewill stay put on its frequency, but you can also draff ¥ou put

the mouse pointer cloge 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 bandicates the current marker pi@n and valuegas youdrag 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 positionéap 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. Anlyare 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,rthare 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 Chaviews, the markers work sligitdifferently. At their core,

they always use the modulus and argument of the measurement. Therefore when

setting a

mar ker ,

the fl
the argument. Also in Smith Chart view, the values thatthekers display may be
changed to another parameter, for example Rs+Xs. Underlying this though, the

efto

trace

refers

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 o#eufes.

Configure Markers _‘- — _..L =3 3| 1
Markers
Source Mode Target Parameter Value Link Freq. Time Display
1 |Leftscan | [Marual =] [Masimum | |pefaut = | | [0.134085 v
Tracking
2 |LeftScan hd |I4min|um J ‘Dafau\t ﬂ 0 |Ma|PE| 1 J |U.111923 v
Linked; f-
3 |Leftsean v| |lnked; f+ | [Maximum 7| |pefaut - [Marker 1 ~| |6 i
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 ‘-'52-'--'- r
| [ |LEf‘tScan j |Trad<ir|g ﬂ |Maximum j ‘Dafau\t ﬂ 0 ‘Malk&l 1 J ‘-F -
7 |Left5can ﬂ |Tracking ﬂ |Maximum j ‘Defau\t j |IvlarPEr 1 J |-6 r
L
8 |LEf‘tScan j |Trad<ir|g j |Maximum j ‘Dafau\t ﬂ ‘Malk&l 1 J ‘-62’-’- r
o [eftscan  w| [mracing v| [Maximum | |pefaut ~| | [Marker 1 ~| [-62774385622041¢ [T
Marker Arithmatic Number of decimal digits Frequency Units
l Marker Marker Display Show Q W curve fitlinked +/-f markers ’m
i Val
! | Minus |2 e o r 3 [z e I Linear fitlinked +/-f markers
| m Minus m r r m Frequency
OK | Cancel
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Managing the display Markers and Marker Arithmetic

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 -r = L——— [ESEEE)
Markers
Source Mode Target Parameter Link. Freg. /Time Display
1 ‘Lef‘tScan ﬂ |L\nked,' - j |Ivlaximum J |Defau\t =| |0.134285 ¥
2 ‘Lef‘tScan j |Manua\ j |Ivlaximum J |Defau\t ‘Marlf.er] 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 @r example. To do this then, link 2 markers, abeve 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

di fference in frequency bet weoewn Qoh eo pttwoo nma
Now the display will be the centre frequency divided by the difference in the

frequencies.

Return now to the mar ker ablunanl Thegdefaut d obser v
behaviour of each marker is that it is aetted 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. latlparameter is displayed then so will the

marker.
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Full Screen Display

[ESEE

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| [Trackng 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 u u 3 x| Yeke I Linear fit linked +/-f markers
[ 1 j Minus |1 j r r m Frequency I
oK | Cancel
L - = - - -

5.8.1 Global Show / Hide Markers

On the toolbar is a button like t-® and correspondingly popup menu items with a
right click on the display that permits marker displap¢oswitched on or off.

5.9 Full Screen Display

Under the Aviewodo menu is an option
switch to a full screen display mode.
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
myVNA v0-93 Page46 of 181
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Save, print and copy Saving Data to and loading data from Disk

6 Save, print and copy

This chaptercovers:

Saving trace or simulation data to file

Loading trace data from file

Autosaving & loading datavhen exiting ad restartgnthe program
Exporting and importing the program configuration

Printing

Copying to the clipboard

Dragging and dropping files from Windows Explorer

=4 =4 =4 -89 _-9_-°

6.1 Saving Data to and loading data from Disk

Data may be savedto diskingt he @A Save soof FALUoeadd o t3toonr e De
The data that is saved may be the current scan data, one of the data stores or the
current simulation data.

There ardour versions of file formasupported for saving data atwdo 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 dta to be imported into Zplots for further analysis. Tiegtformat is an

extended GVf or mat and the final one the industr
The file format to be used when saving dat .
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 @ 1Zscanz.csw @scan&csv
Ducﬂmenls B 125canz-ext. csv ) scan extended.csv
B l@pault check 1-600in myvna Format, csy l@scan‘t.csv
@paul b check 1-60 second scan in mywna Format, csy @scans extended. csy
i Desklop Bl pault check 1-60 third scan in myvna Format.csy By scans csv
l@paul bt check 30-60 4th scan cal 30-60 in myvna Format.csy I@scans extended. csv
I@Dault check 30-60 second scan in mywna Format, csy E‘_’a]scans.csv
Bl pault check 30-60 third scan in myvna Format, csy B scan? extended.csv
| MyDocuments @scanl extended.csy @scan?.csv
- I@scanl =Y @_a]scanﬁ extended, csy
i’)ﬂ B scanz extended.csv B scang csv
] Fy Computer < 3
‘:;] File: name: | ﬂ Save |
>
My Metwork  Save as upe: |csv Data Set " csv) ~| Cancel
Flaces 5V Data Set [*.csv)
Whadwin C5Y fles [".cav)
Ertended CSY Data Set [".csv)

Touchstone Format [ 52p)
Al Files [
T

Touchstondormat is the industry standard SNP format; more on that Ex¢ended

data setprovides the option to selashat data types to save. Tse it, you must first

select what data types to saweseavelhtiyspeisso do
option under AL o asklecgeditpaps wp thDfalioveiny dialog/h e n

box.
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Save print and copy Saving Data to and loading data from Disk

Select extended data formats EJ

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

[T 521Imag [ S22Imag | 512 Imag

|11 ™ |s21] [~ |522| [ |512|

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

For each instrument mode, you may select what ftewiachta 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 Touchstoné not VNA4win or extended files
T are supportetbr 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 wheframsmission o6 Parameter

instrument mode, s2p mode is available. When loading, formats MA, DB and RI are
available in both file types. Units may be in Hz, MHz, kHZLbtz. Files may be

saved or loaded in S, Y or Z formats. H and G are not supported.

The program automiatlly detects the format when loading. To save, a dialog under

ALoad & Store Datao selects the file detai!
Touchstone File Optionso and pops up a di al
Touchstone File Details g]
Save Parameter Type Save Farmat

s 7 MA (Mag+angle)

(] " DB {Mag dB+Angle}

2z ' RI (Real+Imag)

f‘

(¥ ¥ Onload, 0 =3 absent

o
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Save, print and copy Saving Data to and loading data from Disk

Select the parameter type and format. Thesxathe 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 clectloading 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 dasaopposed to data that is genuinely

set to zero. In most cases the setting to use is to have this box @ecletinal caveat

i the program ignores the R parameter on file import. Incidentally, if the Options line

is missing it follows the Touchstone anvention of defaults GHz, S and MA.

6.1.1 Autosave

There is an option under fALoad & Store Dat
When selected, the program will save to disk the contents of any of the 4odesa s

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 ALoad and St
store are as follows:

Save Scan t o] thecurrentscan datais copies into a store (1 to

Save si mul at | the current simulation rafts are placed in a store

o 3| 3N

Save xxx to the current scan simulation or contents of a store
saved to disk. The save may be in the program
internal format, VNA4win, extended csv or
Touchstone snp format.

Load file a csv or snp fé is loaded into one of the stores

to
di spl ay st or | toggleon oroff the display of a store
set e Xt ende d]| controls which data are written to an extended c:
file

o 3| N

1]

Set t ouchst o] determines the snp file options

fSsetan t o f il | ifselected,then whenever a file is loaded to stor
the scan (frequency & number of points) is set to
match the loaded file

St

Set scan .t.o. ¢permitsthe scan to be setto match that of a curr
store

6.1.3 Export & Import Program Configuration

Two opt i dnstmmemtrMod®r p@r mit t he export to a te
a text file of the current program configuration. This is separate to the main system
configuration load & save to the registry that still tagkesce on program start / exit.

Whil st the file is structured in the style
edit this file manually. You may d&n- the program will not try to stop ydubut 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 ndtes t he pri ntout . Under |
there is an entry babétled BAPsbnavhotabl Bi
popup menu. Tleidialog is as shown below. It allows control over the header, footer

and notes sections of the printed page. The Header and Bootaro lines long each

that appear centred on the page, top and bottom. Each may alseihded 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 gpdagi 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 et 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 Head&r~ooter 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 trasb®wn either on seen or when printing,

there are separate settings for each on t hi
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. Tded 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 aplies to the fonts on the trace graphic.
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6.3 Copy to Clipboard

On t he mai n t buttdnthat copiessurrent data to fhe/chipboard. If the
current display is the main trace, either a polar or rectangular display, the cawcent tr
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
Clipboard Copg. 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).

| f the type i s heicaralsishown oe thetscréemn arecomitted fromt
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 formai&his 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 singlaaelery
useful.Excel though has two paste functidnBaste and Paste Special. If you use
paste special, either from the Excel Edit menu or by right clicking in the display and

selecting 6Paste Special d you wil/l al so

Do thisand it will be pasted correctly.

Within myVNA in Report view, when you
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 aleced (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 y@y select individual rows by
holding down the Control key and clicking on specific rows.

When Report Views selected, it is also possible to copy just one column of data (or a
subset of a column by using the mouse withkiiyboard 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

data to be copied to the clipboard. It will als®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

properly yet.

Finally, it is possible toltange 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 thdhigh

order will be reseteverytim 6r eport viewd 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
selectedljust those rows. As for the report view, the datavélable 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 tilmad 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, .sp 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;
anyremaining files will be ignored.
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7 Program Limits and other options

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

The number of scan points ngafthe flequencynanged wi
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 itihgn ex

but if it exceeds 2000, then a value of 2000 will be used time the program starts

Averaging allows up to 10,000 averages per reading.
Delays between steps can be set up to 20(u666

A fairly simple bit of maths will show that if you site 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 farrdeasiblylong time
(approx.102 years to be precise).

The program has a number afilbin limits. In general you should not need to change
any of thesebut 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 limitsnd 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 | |J

h — ——

If you change the configuration of which options are shown in the left treevgetey,
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 ushat 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 d&teen it does thig may need to

interpol ate between calibration data point:
cali bration data interpolationdo box unchec
between points will be used. However, a better fit may well be obtained usingea c

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 efftéts

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 beonfusing on anything but a fast PC. Therefore you may enable or disable
this feature by ticking the APermit freque.l

The option to automatically retry on an 10 failure changes the behaviour of the
program when a scaompletes. 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 happeimstead, 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).

myVNA v0-93 Pageb5of 181



Smith and Polar Charts Drag & Drop

8 Smith and Polar Charts

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

Under fApitsipdnasyd i s t he oopWhenselectédSanpolarbar/ Pol ar
Smith chart is displayed instead of a rectangular dispiegll polar modes, the

ADi splay Lefto and fADi spl woptiol®argshowmn | i st s a
under ADisplay Setso for all pol ar modes.
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 linearlrschde. Clockwise

around the display is the angle in degrees.

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

15 Untitled - my¥NA
File Edit Yiew Help

=] ERAL
Start Scan | | Single Scan Calbbrate ‘ Autoscale Markers ‘ Centre[ 14319000 [mHz =] Span|0.005000 Wz | [centrejspan | Steps 2000
de

p+¥p
25| + <25
|Zpl + <Zp
SR
RL
Rho + <Rho
Q
R+ Cs
Rs+ls
Rp +Cp
Rp+Lp
Gp+EBp

s
/&9 71
Zae
7

]+ <
Swith Chart

i
;”'v'l
&

s
iy

Display Left
Display Richt
{C3 Display Options

il
}\\g\
P
L

2

s

':.»
N,
2

s
|

o
<

)

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

Markersalsof uncti on in Smith Chart mode. When sw
trace réers tomodulus of thesigna nd A r i g tphase Fun@idne such as o

seeking for a crossing point, max or min will function but note that the values used

are|Rhg and <Rhmot normalised impedances. Compared to the rectangular plots of

the other ptions, dragging in polar mode is different. Position the mouse near the

manual cursor (dono6t forget, right <click,
them appear) and press the left mouse button. As youaftagdright, the cursor

will move inpolar coordinates around the tradéote 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 displg modes, markers will display as two values followed by the frequency.
The first value is the absolute value of the parameter, for exdgapheor [rhol. The
second parameter is the phase angle in degrees. In Smith chart view, this may be
further refinedvia the popup menu to change the display for each marker. A choice of
values such as rho, rs+xs, rsts.is provided. These options are not saved on exit.

Finally the program permits some display scalfiog 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 timeaBy | means do ittbbebut dond¢
useful.
17} § Parameters mode - myVNA Q@E‘
i@ meETw
Start Scan | | Single Scan Calbrate ‘ Autoscale ‘ Markers ‘ [ [ =] stop[en.ocooon [z w| [Fromzero  w| Steps|[zon

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 toetledge 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, thenyoucanuntck e opti on fAclip polar trac
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 ou
3. Reset zoom view

Secondly, two hotkeys may be used to zoom in and out. Hold the control key down
and depres® tkeggsé6+06 or 6

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 speaificia
display below shows the effect of zoomin and dragging the display to show a

specific regionTo drag the display, press the left mouse button, move the display
then release the button.
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Report View Zooming

9 Report View

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

Under #ADisplay Options o tohfeeteetedjttss an opti on
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 adjogtécagginghe

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 datao be viewed, and if printing is selected from this view, a tabular report will
be generated. Copying to the clipboardupported. If one or more rows are
highlighted (click on the frequency) then only the rows selewittdbe 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 repostiew, 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 displayhe axis for each value will be the time window for the
corresponding data source (not the display window).

One limitationi it will get confused if you have a store and a scan displayed in the
report view at the same time with different limits (frequesicpoints, log/lin).

myVNA v0-93 Page60of 181



Report View Zooming

myVNA v0-93 Page61of 181



Equivalent Circuits Zooming

10 Equivalent Circuits

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

There is an fAEquivalent Circui tlsworkst uncti on
in a similar manner to the tabular view; you may switch between it and the other
views.

Select it ad 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 fnequival en
display types to suit it; you can aige 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
ACryst al Mo t i. Boneath deviaertyparaentimder sf cnodedy e
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 woudd:bensthe
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 papealoi R. Smith K8BZOA Cr y st al

Mot i onal Parameters A Compari sofromof Measur .
http://www.cliftonlaboratories.conwhich enumerates a number of methods. The

program implements the 3dB and 45 degree methods in transnmassigaflectio

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

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

50 ohms 12.5 ohms 12.5 ohms 50 ohms

Crystal lunlder test
0
L |

This gives arRI 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 valugou 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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Equivalent Circuits Crystal Motional Parameters

i} Reflection mode (RF-IV) - myVNA

fie Edt Yew Help
=] ERA
Start Scan ‘ gingle Scan Calibrate ‘ Autoscale ‘ Markers ‘ Centre | 6,008374 MHz =] Span|0.020000 MHz ~| [centrejspan =] Steps [z00

Instrument Mode ~ )
Display Sets Select Device Type
Display Left Crystal Parameters - ‘
Display Right
Trace Calculation Select Model
(# 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
Horizankal Divisions 10

Zero phase: 8.00039803 MHz

Label Freq Grdi

sl Fs+45 degrees: 8.00042769 MHz
P Fs-15 degrees: 8.00036840 MHz

o 1 Parallel Resonance: 8.01572942 MHz
isplay Pen Width 2 s Rm = 6.387048 ohms

Print MNotes Dialog [ade] _
Add Print Hotes to Clisboard ¢ (L:'“ : anﬁﬂé?uzg 'F“H
Lahel arkers in Prinkouts P L 0"1 134931.62 P
Swith { Polar View = "
Edit Trace Labels FEBO C0 = 4.586463 pF
|5 Calbration v + Lm ~
|5 Reference Standards Rm Cm
|5 Load & Store Data
(kWA Hardware
%’ Choose Trace Calours
O} Transverters
18] Network Settings v
< >
4,467 secs DS mode 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
CJ Display Options 45 Degree Phase -
Graticule
Scan Progress 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 -

Force |display| for Log axes

Repart View \

Equivalent Circuits Log Results Log File... N

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 usednd 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 aloiighe program must hawtbe 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
showstheeffeaf cl i cking on the fAsimulateodo buttor
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 (RE-IV) - myVNA Q@E‘
File Edt View Help
=] ERAL
Start Scan ‘ Sngle Scan | calibrate ‘ Autoscale ‘ Markers ‘ Centre [ 5.000402 wh: w| Span|0.000537  [wHz w| [centrejspan | Steps|[zon
Instrumertt Mode ~ )
" Display Scts Select Device Type
* Display Loft Crystal Parameters -
s —
lculation Select Model —] /
45 Degree Phase hd
ic g \ I
Scan Frogress Bar Select Data Source \ /
Autoscale on Display Change Current Scan Data 7
Snap to 125 on Autoscale
Snap to 125
fudio Cugs ’—_| \
Force |display| for Log axes
Repart View - \\ //
Equivalent Circuits Log Results Log
uto Refine Eq Cet — /\.<
Tnvert RL display Refine Result| |:
Displa = T
wertic
Hort
L;Z\D Zero phase: 8.00040059 MHz
Label ines Fs+45 degrees: 8.00043041 MHz
Print Pen Width 5 Fs-45 degrees: 8.00037045 MHz
Display Pen Width 2 Rm = 8.477479 ohms
Dialog 11 Lm = 22.502229 mH
oard ¢ AN 11 ol A Cm = 0.017587 pF
Rm Cm Lm Q = 133429.06
=5 Calibration
| Reference Standards
I Load 8 Stare Data
(Ch A Hardware
% Choose Trace Colours
03 Transverters
#.J Network Settings >
< >
For Help, press Fi 4,457 secs DS made NUM

The program operates in both transmission and reflection modes; note that as
explained in Jackdés memo you need to be aw
reflection mode seem more accurate for reasons not immediately apparent.

Tologresults you must first select a | og file wi
done that, each time you click on ALog Res:
readings. A label may be given to each or you may chooset tas@eisequential

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 cl
on the |l efguvvawennderridbditso or explicitd]l
AfnRefined button.

myVNA v0-93 Page65 of 181



Equivalent Circuits Crystal Motional Parameters

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 thatsed 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 #n 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 scanprovidedthat the steps are sufficient to give it a starting pioint

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 majsdppear and rappear) with a progress bar for each scan.

The progress bar will be repeated for each recursion perfoBeechreful however

of a noisy signal.

In manual mode, reselecting the method will revert the results to the original values
before he 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 atthe momend on 6t bel i eve what it says
its output:
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Crystal Motional Parameters

il Untitled - myWNA
Fle Edt View Help

=]

ERA

sartscn |[Sngesean | Galbrate | Autoscale | Makers |

Centre | 6,008591 MH: =] Span|0.023870

MHz ~| [centrejspan =] Steps [z000

EBX

Instrument Mode
Display Sets
Display Left
Display Right

(G} Display Options

Display Pen Width 2
| Calibration
|7 Reference Standards
5 Load &Store Data
03 e Hardware
[=

For Help, press FI

Select Device Type

Crystal Parameters A

Select Model

6 Term Model =

Select Data Source

Current Scan Data =

Log Results | | Log File...
Refine Result

Series Resonance: 8.00011691 MHz
Fs+3dB: 8.00014607 MHz

Fs-3dB: 8.00008775 MHz

Parallel Resonance: 8.01396012 MHz

Rm =-1.820944 ohms
Lm = 22.635824 mH

Cm = 0.017484 pF

Q=137178.14

€0 =11.709884 pF

RO = 7.294449

G0 = 5.35648e-006

18.971 secs

DS mode

Read

Jackods

paper

f

or

mor e

nf or mat

on.

When scanning a high Q devidkd 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 R I N

ADC mode 8 or faster (use 6 for transmission mode)
ADC sweep start delay 40QGec
ADC step delay 300Qsec
Phase step delay 1p@ec
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

parameters, generates a simulation of the crystal and overlays it on the trace; see the

exper.i

ment al

addi

t

on

t h e rremt

S

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 terminatiomnoged
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 #msmnission test

Jjig (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
measuements but not both. When two are present, a scan is usually performed using
both ADCs at the same time (A Dual detector scan).

The fAilnstrument ModesoOo switches the basic
such ageflection, transmissigrand dual scarS Parameters is a variant on Dual

Detectorand is explained later in this documentydlu select Dual Detector, the

program will perform a scan using both ADCs with concurrent operation, but to do

this it needs tokow which ADC is used for transmission and which for reflection, so

use the Hardware Optionstotellste | ect @A Al wa yand tdegrodgrama | Scano
will always do a dual detector scan even if just reflectiomamsmission is selected.

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

il Untitled - myWNA
Ele Edt View Help

=] ERAL

Start Scan ‘ gingle Scan | Calibrate ‘ Autoscale Markers ‘ Centre[14.319000  [mHe ~| Span|0.005000 MHz ~ ‘cgntm/gpan j Steps | zo00
nstrumert Mode
1.05 612.75
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
I 7.69
Rp B
T;‘ i Div

g
<Zs \
|zpl \
<7p
SR,
AL
Rha
<Rhe -29.72 278.91
Q
= \

\\
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 transmissi@ilection

measurement; in this case this was a scan of a narrow band crystal filter with gain i
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 switcdt 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 givessh
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% Untitled - myWNA [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

246.93

Rp+%p 612.75
|2s] + <Zs Mkr 1, 557.109, 14.319392 MHz
|2p] + <Zp Mkr 2, -357.677, 14.319473 MHz
VSR Rs |Mkr 3. 50.275, 14.319093 MHz /\
RL Mkr 4, -76.184, 14.319392 MH /

Xs

82.45
Ohms
{ Div

Rho + <fho 3.45 |MKkr 1-3, 506.833, 0.000300 MHz

Ohms
RS+ Cs i Div
Rs+Ls

Rp+€p
Rp+Lp

Gp+EBp
]+ < ]

=
- —

Swith Chart N
Display Left

Display Right 278.91 I -82.86

{C} Display Options
| Calibration
| Reference Standards

|- Load & Store Data

(L3 WhA Hardware

% Choose Trace Colours

(C) Transwerters

#.J Network Setings )/ \

-64.93 -412.64
14.316500 14.319000 MHz 14.321500

For Help, press FI 4.862 secs CDS mods )

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

AL Mkr 1-3, 140.877, 0.001455 MH,

Rho + <Rho 28.48

Q

Rs+Cs 1 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 hawe@mbination 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
lal + <&
/ 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

GldB) | Mkr 4. 99.661,14.316718 MHz L «

€% Dis
= (—L\
ere! ndards 7.69 53.87
oa ata dB Degrees
(kWA Hardware 1 Div 1 Div
%’ Choose Trace Colours
£} Transwerters \
29.72 / 018
\ \ .

{ e
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 paramefEng. samenultiple display type
logic also applies so you may select multiple paramestesis as S11, S12, S21 and
S22 and display them all at the same time.
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Crystal Motional Parameters

12 Logarithmic & Linear Scans

A scan may be performed such that points are linearly or logarithmically distiib
between start and stop frequencies. Siyilésut 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; logarithimidinear 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 esteel 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

nCal i

br at

i ono

i s

a.When picked,@alh  f

or Log C;

calibration data collected is done using a logarithmic frequency step scale.

Under

versa.

il

nstrument

Modeo i s
the steps between the sqawints 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

a 'Whenpsélectedn f or a

The mode of theidplay 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

sel ecti

ng

or cl

ear

ng ANLog

Frequency Scal e

The program now checks when it loads saved scan data whether itsi&yeqoale
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.

1 Untitled - myVNA EEXR
Fle Edt Yiew Help
AL
Markers ‘ Start | 1.000000 vz v| Stop[en.ononn  [wiz v [Staistep  w] Steps [zoon
20.00
Mkr1,-110.714, 53.064822 MHz
Mkr 3,-3.113, 31.163559 MHz
G(dB)
20.00
dB
Logarithrmic Scan i Div
Display Sets
Display Left
Display Right
(C¥ Display Options
Calibration \
-60.00
W3 htwwork settings
Switch and Attenuators v yalt \/
it
-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 scardata. The only exception is equivalent circuits which wants a linear scan.

When calibrating, the program will also perform a linear step is¢his 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 Ascan from zeroo t h
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 teron evrrection model as defined by
HP and by following the | ogic in Paul ds co
papers for details.

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

There are five dierent correction models available in myVNA. Response Calibration
is the simplest. The 5 and 6 temodels assume that forward and reverse connections
are identical. This is probably only going to be the case where a bidge 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 diféace 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 configurati
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 paraters 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 scdifere are two ways. Manually,

there is a tick option under Al nstrument M
this is ticked, if approgate, 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 thisitc k one or other of the AEnabl e Swit
under fASwitches and Attenuatorso. When one
automatically perform a reverse scan after a forward scan.

A word of caution, it is very easy to get corddsabout 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 scan
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 interfaeseicond

switch line will be hidderi 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 scathmeasures transmission isolation and reflection
coefficient for Aopeno

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 terrRE 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 relaysad 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 elibratons can i s expl i ci t | tyeevewdontrol.rbett he fACa
it to Response Calibration or one of 4 other Calibration modes (5,6,10 or 12).

The sequence in which it will e$or 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 aumhated 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
simplei do the forward then (if 16r 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 immediatetuitive.

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 diffewertier 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 AUse sepsaalaatei on oA vadri aogne 0
count in the fAcalibrationo node of the tre

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 optionalbtation 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 5/621@n
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 ssiolg data (you

might deliberately intend such a measurement).

Note that wunder HAHardwareo is an option
to take account of relay switch times. Also remember that only one switch line is
available with the parkl 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 valket 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 seaing, it will turn the colour of the progress bar red whenever
it is doing a reverse scan as shown below

i1 Untitled - myWNA OB®
Fie Edt Yiew Help
%] ERAL
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)

-60.00

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

14 666 secs | <0< od: ]
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File Edit ¥ew Help
= EXAG
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
|7 Reference Standards
| Load & Stare Data
O viaa Hardware

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

-15.00

\

-60.00

/

\

/

V

-35.00 (

-140.00

0.060000

30.030000 MHz

14.666 secs

DS mode

60.000000

UM

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

There is a limitation to note. In CDS mode, the software eliteiohdetector offsets so

with no signal the detector should read zero. This means that we can satelyrus
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 notteafee 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.

a

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,

Under

t he

case.

Get

O6Har dwar eo

t

i s an

wr ong

o p t fi Thhia shéould bea p
ticked if the functio of the detectors reverses for reverse scans. Only tick it if this is

and

t he

resul

det ect

ts wil

commissioning a system. Perform a calibration ( 5,6,10 or 12 term, it does not matter)
then conneca 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 disptays(like
Rs+jXs) only worked forPort.1 Ther e i s
allows the port that is used for the reflection data display to be changed from port 1 to

port 2.

an

opti

on
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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 harmoni@"?, 39, 4" or 5" to extend the frequency range.
This version includes an experimental implementation of the algorithm, courtesy of
Paul.This chaptempresents details on its operation.

Use it with care, and ONLY if you understand howteusi t . For this refer
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. ditefore 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 tHé8armonic using 16 samples per step
(so it gets slower).

When you select8or 5", a multiplier is applied to the frequency settings. Note that
you should NOT change the nmmum and maximum frequenciéghe 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 NtHZ50 MHz:
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£ Untitled - myWNA
Ele Edt Y¥ew Help

= ERA

Start Scan ‘ Single Scan Calibrate ‘ Autoscale Markers ‘ Start | 1,000000 iz =] Stop[1s0.000000 [ - ‘glarusmp j Steps [ 1000
Instrument Mode
Display Sets
Display Left
Display Right 10.75
(L Display Options Mkr 3,-1.295, 30.353000 MHz
G[dB)
16.17
dB
{ Div
ADC Step Delay (us) 1000
Sweep Start Delay (us) 10000
ADC Speed 6
Clock (He) 148342934.00
Mazximum Frequency 6000000001
e
A

ar
ode -53.92

% Choose Trace Calours Pv"%

C) Transwerters “

ad network Settings

-118.58
1.000000 75.500000 MHz 150.000000

< >
Cursor Freq: 82,924952 MHz, Left: -74,430849 dB 97.771 secs DS mode UM

To use it, you MUST use a harmonically rich RF source as described by Paul such as
an AC series gate biased tontgd-point

Look also under oO6Calibrationd and you wil!/
Checkingo. N o r mdnot ajow yoh ® usp calbatiom data with bne

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.

i Untitled - myWNA
Fie Edt Yiew Help
%] = i
start scn | [ Sngesean | Galbrats | Autoscale Markers | start[1.000000 [z w| Stop[60.000000 [z | [Startistop =] steps [1000

Instrument Made

Display Sets
Display Left

Display Right 10.90 300.00
Mkr 3,-1.037, 30.382000 MHz

G{dB) ) <G
16.38 ™ 100.00
andards B Degrees
oa ata {Div i Div
o are
O} Transverters \ k‘k._
18] Network Settings "

-54.60

~J \

-120.11 -500.00
1.000000 30.500000 MHz 60.000000
Cursar Freq: 45.129563 MHz, Left: -53.841048 dB, Right: -107.563025 Degress 10,051 secs DS mode UM
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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
has

delay=- D(p éD( freq)
Where the readings are from adjacent scan points. This is not ideal, it would be better
to use arequency 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 datathere is no measurement for the first point in a scan, rather the program will
display the same reading for the first tpaints.
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16 Transverters

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

When you open up the transverters nodepthé y it ems shown wi | |
Transverterso and Anoneo.

AConfigure Transverterso wil!/| pop up a
Transverter Management EJ
Display  Local Oscillstor (MHz) Band Edgss (MHz) Display Mame

¥ 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 |

r | 0.000000 | 0.000000 [ 0000000 [

r | 0.000000 [ 0.000000 [ o.000000 [

r | 0000000 | 0.000000 | 0.000000 |

r | 0.000000 | 0.000000 | 0.000000 |

r | 0.000000 | 0.000000 [ 0000000 [

r | 0.000000 [ 0.000000 [ o.000000 [

cancel |

This may be used twonfigure up to 10 transrters. Every one for which &k is
shown i n the 0diaspop eaayro ucnod eurm stierisoilistearad i n  t
may then be selected for use (a green tick will appear next to the currently active

~

transverteronemr) .against i

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 eritdhéslis 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 functicsi® presenio supportS paramete
measuremeni@nd to permit external scan synchronigasbould it be neededhis
chapter addresses how they are configured and used.

On the |l eft is a new treeview item | abell e
number of items are displayed, the top one
opensup 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 Attenuator 1 1
1 |switch 1 I v
Attenuator 2 2

r2

[w

¥ [atteruators C 3 [mE E
£ 4 4 ¥ [atenuators £ 4 [ = m

r2

[w

2

2 2

3 3

" 5 5 Attenuator 5 5 w w
Attenuator & 6
The switch settings here do not apply to RFIV or
Attenuator 7 7 Reference Mode. These modes have their own

setup screens and will override what is set here.

& &

7 7

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
thecode to invert the logic of the output lines to suit your hardware.

On the right will appear one anoreswitch 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 treeweand 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 buttonsla el | ed AForwardo and fiReverseodo. When
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 tickiregutahe ri Seutt oAtatt i cal |l yo treeview i
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 differerdttenuator values may be needed in each direction for best

performance.
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17.1 Toggling switches during a scan

Under ASwitches and Attenuatorso are two
scano and fAlnvert Switch 1 ducorresgpndimgE an o
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 activenghbeh 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 knibvrptogram.

On the treeview is an item | abelled ARefer
will find a set of entries for the Open, Short and Letahdards plus the option to
save and load standardtaa

The program maintains a notion of the errors inherent in the calibration staadard
corrects for them at the end o€alibration scamnd when reloading calibration data

from disk Theparameters may be changed as you see fit within certain, lamisit

will remember the values when the program exits. You do not need to explicitly save
them when they are changda changea parameter, select it from the treeview, and

a dialog box will appear inviting you to change its value. Limits apply to @adh

these will be indicated in the dialog bdte 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 maywant 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 stasdaittbe 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 ACalibrationhMSave Mwbe ewittrta O@plt i Datsa ¢
Mode with Cal Datao. This permits the instr
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 thealibration data is loadett.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 storedther

words files saved bgoftwareversion 86 or later. Ithese cases Z0 is automatically
included in the files and there i s an opti
ARel oad Z0 wi t)hosetthd syskem eeterencenwheh ghe fides are

loaded. Untick it to stop this happening.
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18.4 LLC (OSLC) Calibration

Low Loss Capacitocalibrationis also providedThis results in astep to the

normal OSL calibratioii callitOSLC.Dondt use it wunless you un
step uses high Q capacitor whossharacteristicenust 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

eqguation based onhagh quality vacuum capacitor and one based 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 éime

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, tegs aic

displayed athe bottom of the calibration data summary dialog.

18.6 Loading / saving settings in calibration data

Under the 6Calibrationdéd options is a selec:
under View / Option i s aledamlIneatibradobtaa opt i on
filed. This controls the saving of basic s

whether, when the file is loaded, the settings are applied.
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19 Unguided Calibration

There are two modes operation forcalibrationi guided and unguided. This chapter
explains the unguided mode. The guided mode was shown in the Tobaaér

It is not always the case that you want to follow the step by step guided mode through
calibration. Whenyougets ed t o t he program you may want

thingd in regards of the sequence of steps
is an 6unguided moded. This is presented a:
selected it changes the modelofa c al i br ati on button. Clicki

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
meo | -0.164330V
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
calibrdion 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 frotime 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 anddwaktbeanbdbheptAbways del

The Current Settings are taken from the cul
there is any valid data present. For each parameter, a green tick or red cross is
displayed if the calibration data for that parameter aggpesid 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 parameteadapt 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 crossl/tick for each parameter. All that are currently valid
will be enabled. The Isolation step thoughritsediscussion. 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 misdeeing 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 besolatbrown i s
During Openo. Again, if ticked, the |I|so
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 calibratiam sca
setting.

The tickbox | abelled fimag/ phaseo toggl es
between real & imaginary and magnitude & phase.
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20 Reference Planes

An offset to the reference planeay be e
t

t er ed uPkanerOffsett he cont i
(mm) o | ocated wunder ef

n
he R erence Standar d:

This offset is designed to lused to move the reference pldryea small amountor
example to move if from the back of an SMA to the mating surface of the connector.
The implementatiorsiof a losless perfect line and the valtequired is the number

of millimetres; a positive value towards the VNA and a negative value away from it.

Specifically thecomplexrefiection coefficients measured for each of the OSL values
is multiplied by
(1- j*tan@*p*L//)
1+ j*tan@*p*L//)

It is also possible to apply a transmission line correction to measurements in reflection
mode. The controls for this are | ocated un
Boolean flag to switch it on or off and a dialog to configtiiesishown 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 measimgthe VNA is

modified by multiplication with the value below

(sinh(gt.) + costig))
(sinh(¢t)- cosHa))

WherelL is cable length in metres amg=a + jb

_ CableLos&B/m)

anda = Moo togrte)
_2*p

and b= )/(VelocityF&tor*/)

The corrections apply, when enabled, to stal@t as well as to the results of the
current scan. All reflection measurements not just the reflection coefficient are
modified (Zs for example).
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RF IV Method

Loading / saving settings calibration data

21 RF IV Method

The RF IVmethod 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 impedaR€&dV is not available on the parallel

interface.

The implication of this is that measurements of V and | are both needed. Ot way

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

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

o =

Goes

[High =]

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

Cancel |

i Hia andptiato eonfigurethe RF IV mode of operation. Selecting it

The setup screen permits ateof 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 RFIVho d e |

sele®&¥t mbds e

RRder il

When this is selected, the scan mode changes to Reflection and the calibration mode

to AResponse

Cal i brationo.

You wid |

with the RFIV 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 ad it loads its last set of calibration data, if it finds that that data is RFIV mode
data it will automatically switch to RV mode.

RF1V mode, like Reference Mode supports transmission mode, but it will not give
the right results. It has been left dabie for experimental purposes, but you should

not use it for other than reflection mode measurements.
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Reference Mode Loading / saving settings in calibration data

22 Reference Mode

In a similar manner to RV mode, reference mode uses an external accessory for
higher precision measurentenThis chapter describds i

Reference modis supported by means of a configuration screen and an option under
Ai nstr umc&urentlyiRefdrenoe.Mode is not availabletiba parallel
interface.The configuratiormodesetup dialodooks 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 t|
modi fications t o ohevADQ wilsbe ls&dIfoVA anctRy tthe othérh e n

for B, whee 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.
Whicheveryouuse he sense must match the hardware.
modi fication to |Ivands board, connecting o]
switch control | ine of the Reference mode
the switch line must biew.
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TDR mode Loading / saving settings in calibration data

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 ATrace cal cul aTheroipalsoanekmer e ar e
toolbar button for access to the configuration option.

45, MyVNA - § Parameters mode “myVNA_‘ AETICTONE ESAETRES WW GO w- TN T Lo D ]
File Edit View Help
SH S BRE & 2K ] ~>S0DURFAMIISHKMELPRAE
stortscen | sngescn | colbrate | auwscoe || barkers
strts.150000 |z |  Stop|s.150000  |wz v| |swrston  v] Steps [s00  ava[1
Instrument Mode
Display Sets
Display Left
Display Right 0.00 0.00
[ $11 (dB) 521 [dB)
1 -10. -10.00
£ 10.00 10.00
T-Check dB dB
Network Simulation Setu 1Div Div
& v -20.00 2000’
-30.00 -30.00
() Display Options I
€} Print Options
5 Calibration _a0.00 _a0.00
|5 Referer jards : .
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 - 5 Parameters mode *myVNA" —. B _— T ‘ [E=NEER)
File Edit View Help
=1= & %M ] >5DDIURFAMINEXXNELPnR B £ L SEH#

Start Scan ‘ @ng\esan‘ Calbrate ‘ Autoscale ‘ Markers | start |5, 150000 MHz ~ Stop [ 8, 150000 mHz v [stertstop ] Steps [a000  Ava.[1

Instrument Mode

Display Sets
7 Display Left
Display Left (Calc, Time) 0.00 0.00
Display Right
Display Right (Calc, Time)
s 821 (el
-10.00 -10.00
- R 10.00 10.00
Fl dB a8
F2 iDiv 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
£} Display Options -40.00 -10.00
{3 Print Optiens.
5 Calibration
|5 Reference Standards
5 Load & Store Data
€3 VNA Hardware I
%’ Choose Trace Colours
G 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 |
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 cantpuges
domain representation.
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TDR mode Loading / saving settings in calibration data

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 reflectiartgime domain is as follows

h MYVNA - S Pameters mode Nl e B s sl e sl Sl b s oo R
File Edit View Help
=Ed By SRR ] n>SDDIURFMINZSH¥XELPRE® x| |1 SE®
Start Scan \ Single Scan \ Calbrate \ Autoscale \ Markers start[6,150000  [MHz = Stop[6.150000  |MHz <] [StartjStop ] Steps [s00  ava[T
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 5.00
Display Right I o /
s an) N
JFo] ; :
s sop 500 15.00
FlReal dB
~  Fllmag 1 Div
. -10.00 -25.00
: <F2
[l T-Check Real
f T-CheckImag . §
I ToRe 15.00 35.00
i TDR 511 (dB)
M .. TDRS22
il -~ ToRs2z @B -20.00 v -45.00
l TDR 521
I TDR 521 (dB)
I TDRS12
| TOR 512 (¢B) -25.00 55.00
I TOR Port1 Zs
Ml .. TORPort27s
I -30.00 -65.00
U
|
: -35.00 -75.00
|
[
[
I -40.00 -85.00
e 6.1500 6.3500 6.5500 6.7500 6.9500 7.1500 7.3500 7.5500 7.7500 7.9500 8.1500
113 Metw ings -0.5000 200.0000 kHz { div, 0.3500 us { div 3.0000
R Switch and Attenuators
I 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 mred / scaledh 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 describgd bAgi | ent i n the applicatio
Ti me Domain Analysis Using a Nel2wor k Anal y.

The program i mp l-temamg tis perfaimiethe GaChiation pising
either low pass or bandpassades.

Here is the configuration dialog
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TDR mode

Loading / saving settings in calibration data

Configure TDR

[t

Window

Maode

Scan data |Hamming

j |Bandpass ﬂ

Start Time (ps) End Time {ps)

|D |D.25

Store 1

|Rectangular

j |Bandpass j

Store 2

|Hamming

j |Bandpass ﬂ

|n |n.5

o 3

Store 3

|Hamming

j |Bandpass ﬂ

o 3

Store 4
Display
" Time

(* Distance

|Hamming

Velodity

j |Bandpass ﬂ

o 3

| 0 | 0,126350035

0.66

Factor

™ Show Round Trip Time

[¥ Enable TOR functions

| 0 | 24,9999997902

Window on
display freg
™
-
™

=

-

Y seconds

metres

Cancel |

For each of the data sets, Scan and SteresHe configuration may be separately set.

The Window provides a drop down to select the window type. Mode permits selection
of Lowpassor Bandpass. The computation and display times are separately set.

Currently only low pass impulse response is supported not step response.

The Bandpass modg 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 modeequires a scan where the steps are linearly spaced such that the
first point frequency is equal tbe 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 optioniagiaeach 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 &.ZBom 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 thenomwill 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,
o displ.
A di s tissselected)then the velocity factor for the transmission line needs to be
defined. Finally, the start and end times for the display may be set.

mar ker s

I n ti me

and

mo d e,

status

t he

bar may

di spl ayed

be set t

val ues

ar e

The distance is comped as the product of the time, the velocity factor and the speed

of light.
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TDR mode Using Time Domain to tune variable coupling BPFs

There is a tick box at the bottom |l eft of
Ti meso. Program builds prior to version 90
time of propaation 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 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 requed 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
generatans2p Touchstonegarametefile. The sparameter file is loaded into a
store in myVNA to be used asTemplate to tune the filteFhe example 40 metre
variable coupling BPF circuit is shown below. Trim capacitors were used for the
coupling capacitors. Adjustable inductors weredu®e the inductors.

TuH 1uH
|l | ] | ]
I I [l
122.037pF 34.4129pF 122.037pF

347.562pF 347.562pF

8.53TM 8.53TM

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 frequentiyghiasonators 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 as2p sparameter 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 |l oaded s2p Template file. Under ATrace
and Store 1 ATDR Configurationso and set:
Start Time =0.5us, Enli me = 3us and select AEnabl e TDI
bel ow. Set the display time to match. Clicl
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TDR mode Using Time Domain to tune variable coupling BPFs
Configure TDR | I&‘
Window Mode Start Time {us) End Time (us)
Scan data |Hamming j |Bandpass ﬂ | -3 | 3
Store 1 |Hamming j |Bandpass j | -5 | 3
Store 2 |Hamming j |L|:|wpass j |D | 1
Store 3 |Hamming j |Bandpass ﬂ |U | 3
| Store 4 |Hamming j |Bandpass ﬂ | 0 | 3
Display | -5 | 3
¥ Enable TDR functions ,Tl Cancel
Under ADisplay Lefto Select AG[ eéSB]l®,. press
Under @ADisplay Righto sel ectetthieRidplay ( Ret ur n
AVvertical Axiso for suitable scales. Not e,

DUT BPF that has been tuned.

N —— —________._= -0.00

G(dB)

2\ A

\

.50
dB
{ Div

-30.00

XN/

t[Port 1)

\ \ {/_'“

AN

~N

Mkr 7, -63.917, 0.186000 us

-60.00

1
6.150000 6.350000 6.550000 6.750000 6.950000 7.150000 7.350000 7.550000 7.750000 7.950000 8.150000

-40.00

-0.500000 200.000000 kHz { div, 0.350000 us { div 3.000000

The tr

aces are as follows:
Purple tS11 Time Domain trace = Elsie Template.
Black tS11Time 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 GJ[dB] Insertion Loss = DUT BPF.
Click Asingle scano to scan the DUT

Your Time Domain trace won't have the degmsdhown 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

myVNA v0-93 Paged4 of 181
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TDR mode Using Time Domain to tune variable coupling BPFs

Markers 6 &8) are the three coupling capacitors. Refer to Aglapplication notes
AN 1287-8 and AN 128710 for the procedure to adjust the filter. Click
AiStart Scano 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 isier 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 tb Agilen
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 AWindow on Display freqo option.
used for the transform is clippedttte 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
-0.00 -10.00

——
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

-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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TDR mode Using Time Doman to tune variable coupling BPFs

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 MHof 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 poirfis.dutput time domain

data will always be the same number of data points as the tracé its#fiis case

501 points. Also if you zoom in too much you get s@tnange results

myVNA v0-93 Paged6 of 181



Marker Measurements

24 Marker Measurements

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

Under

ATr ame i Galamu logttii omm

iShow Masrak er

dialog box that provides a detailed view of a range of parameters at each of the

markers (16).

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

.
# ' Marker Measurements

Close |

Wilv 2V 3 a4l 5[ 6l
I™ Show on trace display

I~ Show on printout

78l g

Parameter | Marker 1

| Marker 2

Frequency (MHz)

This, when opeed, will always appear on top of the main window. It may be
minimised, or it may be closed andapened. The settings will still be present (they

are al so

saved on

program exit [/

parameters are to be diaped. It brings up a dialog box thus:

he

t
OKo

f Select measurement parameters to d@ @1
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
[
|
I 5 Parameter Mode Selection

[~ 511Real I~ s21Real [ 522Real I~ s12Real
|| [~ S11Imag [~ 521Imag [ 522Imag [~ 5121Imag
.l ™ Is11l sz T is221 I Is121

[~ <511 ™ <521 I~ <522 [~ <512

[ s21dB [~ s22dB I~ s12dB
Clear Al | oK | Cancel |
parameters desired;

changes the marker

restart

for exampl e
measurement s
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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 sekguptbpriate
mar kers, tick the option 1 to 6 at the top
immediately display any information, but when the markers are showing valid data
then the parameters listed will be enumerated for the markers selecedqrfgle as
shown next.
T =i
1y 11§ Parameters mode - myVNA
én IR [o fre =1 [ire =] [Fanscan <] steps[z00

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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Marker Measurements Using Time Domain to tune variable coupling BPFs

=] e
= Sew [ [ [Futscan | Steps [200 (o] oo | Par2mers

Start Scan \ s e \ Calibrate \ Autoscale | Markers \ ] m>SDIURFAMINEHXNSELmA B

[ Instrument Mode Frequency 20624000.000000  33981000.000000
Display Sets Rs 37.367995 2695.419726
./ S11{dB) + 521 {dB) SL1(dB) -16,771161 -0,297527
522 (dB) + 512 (dB) -0.00 - - G(dE) -0,238868 -27,262672 0.00
S11(dB) +<5L1 Mkr 1, -16.771161, 20.824000 MHz

521 (dB) + <521 Mkr 3, -27.262672, 33.961000 MHz
522 {dB) +<522

L 512 (dB) + <512
I511] + <511
1521] + <521 s11 (dB) 521 [dB)
|522| + <522

|512] + <512 5.00 20.00
511 Real + Imag dB dB

522 Real+Imag 1 Div /—\ i Div
521 ReaHImag

-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 Deittya
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 overla 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.

IRt ———— ] |l e =
File Edit View Help Close Configure Copy.
= H B & 2K ] ~>S3DDILI RIFIMI[[ZS$€XELPnRI & FiF 23 alsrelr 78l s Il
Stortscan | SngkSen | Gebrote | Auscole | Merkers | ' show on trace dsplay I Show on printout
start| 1,000000 MHz ~ stop|[60.000000  [MHz ~] [Start/stop -] steps [1000  avg.[1 Marker 2
.
M 1, -8.840, 30.500000 MHz 840127 0.277134
Mkr 2, -30.334, 34,335000 MHz “L406416 -20.334208
-0.00 Pl E—m—— | 1]
S11 [dB) 7( sz1 g ||
5.00 Frequency (MHz) 30.500000 34335000 20.00 ff
dB Rs 26.728826 195.393517 dB
1Div S11 (dB) -8.840127_-0.277134 1Div
G(dB] -1.406416 -30.334209
o
s /
Graticule
Tracel / / \
Trace2
Trace3 b -20.00 ath! -80.00
Traced V
Trace5
Trace6
Trace7
Traced
Marker 1
Marker 2
Marker 3
Marker 4
Marker 5
Marker 6 I
Marker 7
Marker8 I
- Mrker9 -40.00 -160.00 i
£} Transverters L4 1.0000 30.5000 60.0000
4] Netuork Settings 5.9000 MHz £ div
Switch and Attenuators
3.391 secs. CDS mode

The location of the measurents 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 shdww that is done.

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

- — 53 b
Averaging Control EI_I—J
Auto Current
Reset Store Accumulate T Count
Store 1 | Store 1 I

Store 2 | Store 2 r

Store 3 | Store 3

Store 4 | Store 4

This dialog box may be left open, minimised or closed & recpesedesired. 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 obtbees. By way of example,

clicking the AStore 10 button under Reset
stored in Store 1 and the Current Count be
under AAccumul at e0o i s scatldedctckaguhning avereageiour r en't

Store 1 and the count incremented.

automatically aver a

't is also possible to
t hen performing a scan

Accumul ated buttons
average at the end of teean.

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 it ivadiechoyou

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 theaplal interfaceThis chapter
describes its operation.

Start by setting the modeop 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 ytbatdo
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 ph#sere is a drop dowlist
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 frequehoiesur the current transverter
settingi 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 aght 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 swd@ps only valid in a sweepauses 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 O0O0OFFO6 but t dthefieqengylsaet. 8Vdilst the Rowar Dowm
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 Voltmeteuses both ADCs and a modified configuration to measure the
amplitudes and relative phase of two $tgnals It may also be used to test the DDS
synchronisation. This chaptdescribes 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 inpb&sVVM is a narrow band
mode, so it is important that the frequency be set to the same sigrtlal being
measured.

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

Looking firstatthe VWVMo per ati onal screen, which i

S

acc

Modeodo node on the | eftview, titled fAVector

something like this

Vector Voltmeter l = ﬁ]

ADC1 reading ADC2 reading

0.011685 0.108372

¥ Enable ADC 1 6 w| Dedmals ¥ Enable ADC 2 § _v| 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

=l
|valts, RMs =] [0 ] Jos  ~] | |ss.000000 ez ] =

I” DDS Phase Init Test Avera
ge
— m [¥ ADC docks are in antiphase
0.005 Limit (V) 100 -
- ] [V Apply Cal Data

The display shows, at the top, the current ADC readings for each ADC. Each may be

switched on opoff 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 phas&he format of this data is controlled by the settings lower down
on the dialog and may beleer a simple value difference, a vector computation, or a
ratio.

Bottom left, there is drop down listthat selects the units for the displajis may be

in volts or millivolts, either RMS or peato-peak or in dB / dBmit also permits a
simple ratioto 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 sdgtivhe phase

and magnitude / ratiomay 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 displayedhasttandwidth 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 updaterées sc
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 tremplitudeand phase of signals at a given frequency; that
frequency is set by the controls at therfght.

The fAzero phased button may be used to zer
correcting for cable differences.

The fizZero Ampl . o0 Button may be used to zer.
difference calculations, set to 1.0 fotios).

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 etmthe readings. This data
corrects for amplitude variations and mainly affects high frequency response beyond
55 MHz.

A specific control to note is the AComp:
vector reading. This conditions the basic calculatiorihod. There is no

difference for the rationeasurementst affects thevoltage 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 hemwever
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.tiMee rela
amplitudes should babout the same and the ppasomewhere 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 dAcalibrationd in the |l eftvi
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Vector Voltmeter

Using Time Domain to tune variable coupling BPFs

Calibrate Y¥M

Frequency
0,060000

0.600000

1.000000

10,000000
30,000000
S0,000000
53,000000
S5,000000
57.000000
58.000000
59.000000
60,000000

Display Units

Valts, RMS -

Actual Yalue
0070711
0070711
0070711
0070711
0.070711 %
0.070711 W
0.070711 W
0.070711 W
0.070711 W
0070711
0070711
0070711

‘which ADCs
(" Both
" ADCT anly
" aDcz only

ADC1 Reading

Not Measured Yet
Not Measured Yet
Not Measured Yet
Not Measured Yet
Nok Measured Vet
Nok Measured et
Nok Measured Vet
Nok Measured Vet
Not Measured et
Not Measured Yet
Not Measured Yet
Not Measured Yet

Average
100 -
ADC BW (Hz)

1700 A

ADCZ Reading

Mot Measured Vet
Mot Measured Vet
Mot Measured Vet
Mot Measured Vet
Mok Measured Yet
Mot Measured et
Mot Measured Yet
Mot Measured Yet
Mot Measured Yet
Mot Measured Vet
Mot Measured Vet
Mot Measured Vet

Double click on a row to calibrate

that Frequency | setting
Right click on a row for the poy
menu ko addjdelete ete

T | Cancel |

3

pup

This 1is

an fiemptyo

cal i brat

i on data set

for each ADC. For each row, which corresponds to a specific freguirec
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

N 50.000000

Calibrate ¥V

Frequency
0.060000
0.600000
1.000000

53000000

59.000000

Actual Value
0.070711Y
0.070711Y
0.070711Y

10.000000  Calibrate this entry
30.0000000 g this entry
Delete this entry
coooopoon Add an entry
57.000000  Export calibration data ta file red ‘et
1 58.000000)  Import calibration data from file red et

ADC1L Reading
Not Measured et
Mot Measured et
ot Measured Yet
red et
red Yek
red et
red Yek
red et

ured Yet

60,000000

Display Lnits

Vaoles, RMS -

0.070711 %

wehich ADCs
" Both
" ADCL only

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

Mot Measured et

Average
o0 hd
ADC By (Hz)

ADCZ Reading

ot Measured et
Mot Measured et
ot Measured et
Mot Measured et
ot Measured et
Mot Measured et
ot Measured et
Mot Measured et
ot Measured et
Mot Measured et
Mot Measured et
Mot Measured et

Double click on a row to calbrate
that Frequency | setting

Right: click on a row for the popup
menu to addfdelete etc

X

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 aslkmwvs

1.
2.

under

fact

ual

by

o

t o

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

one of

3. select the ADC to which the signal is being applied
4. Double click ontherow,orrigit| i ck and

t he ADCs

sel ect 6cal
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Vector Voltmeter

DDS Reset Test

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 bdieitly 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.

Cl
cl

c k
i ck

6cancel 0 it di

0 anld Keeptito

t
e X

0
i

e X
t

27.1 DDS Reset Test

scar di

al | chan:

ng

The Vector Voltmeter also serves as a placeholder for a diagnostic tool; befttom
there & a greyed out box and atickboxa b e | | e d
to check on the phase stability of hardware following a DDS reset & [dadise it,
connect a short cable from RF output to RF detector input. You shouldjgetia

highvoltage of abouB60mV

r ms. Now t i

i DD S. TRtisused

c k

I ni t T ¢

the ADDS Phase

display will changeo something like the following. The voltage shown will (or
should) drop significantly as the VVM 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 aeout 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 fiteaseand step delay3.he
VVM will remember the first reading artien 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.

Vector Voltmeter Dlﬁl@

ADC1 reading ADCZ reading

0.845

el

I¥ Enable ADC 1 Dedmals In

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

5 +|  Decmals (Modulus) 3 w|  Decimal Is (Phase)
Display Units ADC BW (Hz) Update rate DDS Frequency
-

[Pilivals, rris ~| Jrwoo =] fJos =] | [t.000000 fmHz ] ﬂ

v DD Fhase Tnit Test

N i D [V ADC clocks are in antiphase
0.005 Lirnit: {4} 100 - Zero Phase
¥ Apply Cal Data =
[ Noresets

In the above example, the test has been running for 422,265 measurements without an
error. What it is daig is to make sure that when the DDSes are reset, they faithfully
come up in the correct phase synchronisation.
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Vector Voltmeter DDS Reset Test

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 noibabout 10mV then

STOP; there is something wrong. Try again
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 thédte ADC readings are stable.

Give it a good run. You should get to a million without errtirs 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 powerfol for calculationsScan, 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 entonthelefc al | ed ATrace Cal cul ati on
entriesarelsown, | abel | ed fAiBoa nd-Gi @ oiding dtncone A F 2 0,
of these stries 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 anequation editor that allows custom display traces to be created. The name,
FO, may be changed, and this name will then be used in the ditlizes (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 theiesport

An equation might be something simple like this:
-1lel2/ (w* scan(xp))

or it may be mah 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.
Specifially, it multiplies the real value for xp B&*pi*f and divides it into-1€12 to

give cp in picofarads.

The last entry is by default theQheckalgorithm from R&S courtesy of Paul. The
formula is as follows:

abs(scan(sll)*conj(scan(s21))+scan(sl12)*conj(scan(s22)))/(sqrt((1
abs(scan(sll))?*abs(scan(s12))"2)*¢hbs(scan(s21))*dbs(scan(s22))"2)))

What the program does is to take the equation, compute a complex result for each
scan data point and provide tfesults 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 rigtiéta choices for each valid equation (real and
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imaginary or modulus and angka)d 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 s&$, functions, values and constants.

When you exit from the function with fAOKO,
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 witkoxiti t i ng by wusing the
Checking is limited; the best way to view it is GIG@ive it a garbage equation and

you will get garbage results.

=1}

The dialog also maintains a list of the lastfdfctionsused; at any time you may
select one fromhie drop down list and it will replace the current function with the one
selected.

28.1 Data Sources

The data sourceare the current scan data or any of the four saved data traces. These
are accessed usingetfunctions scan@nd storé. In each case the function takes one
parameter chosen from the following choicasd in the case of the store() function it
also takes the store numbExamples therefore might be

scan(sll) or
store( 1, rho)

The firstexample retrieves the current scan s11 complex data. The second retrieves

the complex reflection coefficient data from stord e first parameter for the store

function must be a value from 1 to 4. The second should be one of the parameters

shown belowijn fact these are jugire-definedconstants; you can see the value by
entering a function of just the parameter
report view.

It is important to note that the stored data must exist to be used and that the eflumber
data points in the store MUST be the same as the number in the currefith&can.
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 cahyprobab
get round this

Parameter Load the following
Zs Series impedance
rho reflection coefficient Rho
y Complex admittance
sl1 S11
s21 S21
s22 S22
sl12 S12
gain Transmission gain
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In each of the abovyeéhe 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 loadedeabvalue 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
ap Real component of admittance
bp Imaginary component of admittance
mody Modulus of admittance
angy Phase of admittance in degrees
rhore Real component of reflection coefficient Rho
rhoim Imaginary component of reflection coefficient Rh
sllre Real conponent of S11
s11lim 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
s21im Imaginary omponent of S21
s22re Real component of S22
s22im Imaginary component of S22
s22mod Modulus of S22
s22ang Phase of S2ih degrees
s22rl S22return loss
s12mod Modulus of S12
sl12db Modulus of S12n dB
sl2ang Phase of S12in degrees
sl2re Real compoant of S12
s1l2im 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 equatiothat loaded S11 from the scan data would be
scan(sll)

And loading the modulus of the transmission gain from data store 1 would be
storg1, modgain)

It is important to remember this; if you putintbao r mul a of fAsetld you wi
theslldatayou wi I | just get an Ainternal progr ar
Ascan(s1l1l)06 or one of the store functions.

The editor is not case sensitive so scan(sl1l) gives the same r&aAnéS11)

It is also possible to include in a calculation other data poims tine scan. Two
functions support this:
iscan( index_offset, what )
istore( store, index_offset, what)
These fAi ndex gddoe nwcer stihod ) namé ® wwiatnh od i s@it t o
An index_offset of O gives the same result as scan() or store(Ju& o&1 gives the
data point after the current poir2, gives the point two before the current point etc.
Hence by way of examp,l es 11)h+es ceagru(as 1 lo)n+ ifis(d asn
would give an average of the current point and the ones befoadtand. 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 exampl, 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 benextito avoid
strange effects at the start or end of a plot.

It is possible also to access raw scan s is the complex ADC data before any
processing is applied. Specifically this is before OSL-tarm corrections and is
therefore a simple indition 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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Functions

3 Reverse reflection
Only raw scan data may be accessed in thisiwaot stored data.

Onre 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 theficsta | cul at i on
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 functidhat may be used to build an equation.

The following operate on complex data valugl angles in these equations are in

(initially

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 complesult

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

acos(x) | Calculate arccos of real component of x, setting the imaginary par
zero

asin(x) Calculate arcsin of real component of X, setting the imaginary part
zero

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

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

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

abs(x) Return the modulus of x

arg(x) Return the phase of x madians

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 inadians
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db(x) Return 26log10( 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

Raise one number to the power of another

+

S| o[~

28.3 Numbers
Numbers may be enter@dthe form {digits}.{digits}[e{sign}{digits} ]

For example
1
2.3
-3.4e10

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

3+j4
2.3e107 3.6e3i
Notethat or j are functions; if you put just
then you will get an error. Similarly sin(somethingelse)j will give an error. In the first
case use Al1lj o6 or Ajlo and in the second A*
28.4 Values
The following built in values are available
Name Provides
freq The current frequency for this calculatig
w freq* 2 * pi
pi 3.14159¢é¢.

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

Like theequation 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 6Trace Calculationd heading
simulation, titled ANetwork Simulation
of these opens up a dialog box that configures the simulatidithe second is a

toggle that displays or hides the simulation data.

The setup scregmroduces a dialog box as shown below. This dialog may remain
open whilst using the main myVNA application window; it does not need to belclose
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 con®ddp be connected in series from 1 to 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 anhthat 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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Network Simulation - l = e )
MNetwark 1 Simulation configuration
Port 1
1 |Unused - 0
2 |Unused -~
3 |Unused -
tomeed o ||
Sforwed =]
e E- . ¥ e
shoe 0 = Stre 3
4 m ’“7 ﬂ Store 4
5 |none ’”7 ﬂ | Load... |
8 m ,”7 ﬂ Recalculate Data | Save... |

Selecting O6network simulationodneadneabel es t he
there is a pi network of up to 7 components, each of which may be unused, a resistor,
a capacitor or an inductor, plus acmmponentn parallel with the pi network.

— o]
Network Simulation e Lox
MNetwork 1 Simulation configuration
8
Part 1
Bl [Network Simulstion -
2 4 6
| | 2 |Unused x|
3 |Unused -
1 3 5 7 4 |Unused ~| [l
| | | | 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 |nore x| |0 j
8 |nore +| (O | o
e
=

The box top left displays a graphic of the currently selected netwadk E&mponent

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 contha taht

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 1pfou.may also nudge values

up or down by <clicking into thllenguwodrit box f
down using the mouse wheel.

The buttorlowerr i ght | abel | ed isiusediotgdnerate asmecificet wor k O
network according to design requirements. At the moment the list is limited to
common mathing networks
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Network Simulation

Values

The

i Re ¢ a | bation neddedestribinga I0 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 inrtite@n VNA window. There are however three
wi |

exceptions
i's pressed

when
(and

updat e
ts in

an
resul

cl

I occur .
osure of

pressed or when one of the component patanup/down nudge controls is pressed.

Wh e n

Asynt hesi ze

net wor ko

Synthesize Network

X

Netwark Type |L0w Pass L match (series )

[~
Mudge

Frequency 0.7

Input Match

R ,507 ﬂ Ohms

I Series Reactance

Update

Reactance
* Mone

" Inductive
" Capacitive
" % {ohms)

MHz ©Q Sensitivity
High

Qutpuk Makch
R[® <o

I Series Reactance

Reactance
* Maone

" Inductive

" Capacitive
" ¥ {ohms)

Cancel |

S

pressed,

This allows selection of the network type (see below) and the setting of its design
parameters. In each case a frequency and settings foringwutput are needed, and
depending on network type a Q value may be needed.

For each port, a target matching impedaBsagven as a resistive component and a
reactive component. The reactive part may be spedifieetms of either inductance

(in uH), capacitance (pF) or simply as ohms. Also the program may be told that the

Thes
t he

t he

resistive and reactive values given should be interpreted as in series or in parallel with

t he

synthesize a network of the giventype. It h e

resi sti ve rp d@rUtp.dclickéd ¢ha pedgr@k attempts to
c a $iecanadd so,itherktiae,

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 pdeditr 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 netweris given below:

myVNA v0-93

Pagell6of 181



Network Simulation

Values
Synthesize Network g|
Network Type |L0w Pass L match {series C) j
Lows Pass L match (series C) Nudge
High Pass L match {series L) 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.decting 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:

Sel ecti ng &é&bnd neavorlk and gerseratindy (rist 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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