Schweizerische Eidgenossenschaft Federa
Confédération suisse

Confederazione Svizzera

Confederaziun svizra

| Institute of Metrology METAS

METAS VNA Tools - User Manual V3.0.2

Michael Wollensack

July 2026

Contents
1 Installation 4
1.1 System Requirements . . . . . . . . ... 4
1.2 StePS . . . o o e 4
2 Overview 5
2.1 NavigationBar . . . . . . . . .. 6
211 NewProject . . . .. . . . . . 6
212 Options. . . . . . e 7
2.2 Tabular Control . . . . . . . . . e 8
3 Data Explorer 9
3.1 FileTypes . . . . . . 9
3.2 FileExplorer . . . . . . . e 9
3.2.1 ContentMenu . . . . . . . . . . . .. e 10
3.3 Visualization . . . . . . . .. 12
3.3.1 Graph . . . . e 13
332 Table . . . . . . e 14
3.3.3 Point . . .. 16
3.34 Covariance . . . . . . . . . e e e 18
3.35 Noise Graph . . . . . . . . . 19
3.36 NoiseTable . . . ... ... . . .. . ... . . 21
3.3.7 Info . . . . . e 22
3.4 TimeGating . . . . . . .. 23
3.5 Material Parameters . . . . . . . . . .. 24
3.5.1 Free-Space, Waveguide or Coaxial . . . . . . ... ... ... ...... 24
3.5.2 On-Wafer . ... .. . . . . . . e 26
3.6 Passive Noise Parameters . . . . . . . . . . . . ... ... ... ... 30
3.7 Math . . . . e 30
3.8 Uncertainty . . . . . . . . . 31
Michael Wollensack Page 1 of 111 July 2026



O

METAS VNA Tools - User Manual V3.0.2

4 Database 33
41 VNADevIiCe . . . . . . 33
411 Settings . . . . . . 34
412 NOISE . . . . . . e e 34
41.3 Characterize Noise . . . .. . .. . .. . . . .. ... ... .. ... 36
4.1.4 Linearity . . . . . . 37
415 Drift . .. e e 38
41.6 UnknownErrorTerms . . . . . . . . . . . . . . . .. ... 39

42 Cable. . . . . . . 40
4.3 Connector . . . . . .. e e e 41
4.4 Switchable Unit . . . . . . . . . ... 42
45 DUT Uncertainty . . . . . . . . . . . o 43
4.6 Calibration Standard . . . . . . . . .. ... ... 44
4.6.1 AgilentModel Standard . . . . . . ... ... o 45
4.6.2 DatabasedStandard . ... ... ... ... ... ... . ... .. ... 46
4.6.3 New Databased Standard Wizard . . . . .. ... ... ......... 46
4.6.4 Primary Airline Standard . . . . . ... ... .. 46
4.6.5 Primary Offset ShortStandard . . . . .. ... ... ... ........ 48
4.6.6 Waveguide ShimStandard . . .. ... ... ... .. ... ....... 49
4.6.7 Waveguide Offset Short Standard . . . . . . .. .. ... ........ 50
4.6.8 SimplelineStandard . . . . ... ... ... ... ... . 50
46.9 On-WaferLineStandard . .. .. ..................... 51
4.6.10 On-Wafer Offset Short Standard . . . . . ... ... ... ........ 51
4.6.11 Power Sensor Table Standard . . . . . . ... ... ... ........ 52
4.6.12 Power Sensor Databased Standard . . . . . . ... ... ... ..... 53
4.6.13 Cascaded Power Sensor Standard . . . . .. ... .. ... ....... 54
4.6.14 Spectrum Analyzer Table Standard . . . . . . .. ... ... ....... 54
4.6.15 Spectrum Analyzer Databased Standard . . . . . . ... ... ... ... 55
4.6.16 Cascaded Spectrum Analyzer Standard . . . . . . ... ... ... ... 55

47 CMCENtry . . . . . . e 56
4.8 LoggerDevice . . . . . . e 60
5 Measurement Journal 61
51 VNASettings . . . . . . . . 63
5.2 Cable Movement . . . . . . . . . . . .. .. 66
5.3 Custom Cable Settings . . . . . . . . . .. . . 66
54 New Connection . . . . . . . . . . . . . . . e 67
5.5 Custom Connector Settings . . . . . . . . . . ... .. oo 68
56 NewSwitchState . . . . .. . .. . ... . ... .. 69
5.7 Custom Switchable Unit Settings . . . . . . . ... ... ... ... .. ... . 69
5.8 NewDUT Uncertainty . . . . . . .. . . . . 70
5.9 Custom DUT Uncertainty Settings . . . . . ... ... ... ... ... ..... 71
5,10 Measurement . . . . . . ... L e e e 71
511 Experiment . . . . . . . e 73
5.12 Measurement Series . . . . . . .. e 73
5.13 Measurement Power Sensor . . . . . . . . ... e 76

Michael Wollensack Page 2 of 111 July 2026



O

METAS VNA Tools - User Manual V3.0.2

5.14 Spectrum Analyzer Settings . . . . . . . . . ... Lo 77
5.15 Measurement Spectrum Analyzer . . . . . .. . ... ... .. 79
5.16 Measurement ECU Spectrum Analyzer . . . . . .. . ... . ... ... .... 80
5.17 Measurement Noise Receiver . . . . . . . . . . . . . . . ... ... .. ... 81
5.18 Measurement ECU Noise Receiver . . . . . . . . . . . . ... ... . ..... 82
5.19 User Comment . . . . . . . . . e 82

6 Calibration Config 84
6.1 S-Parametersand Power . . . . . . . . . . . . . . . ... 84
6.1.1 New CalibrationConfig . . . . . . ... . .. ... ... ... .. ..., 85

6.1.2 Optimization Parameters . . . . . . . . ... ... ... ... ... ... 86

6.2 Noise Parameters . . . . . . . . . . e e e e 87
6.2.1 New Noise CalibrationConfig . . . . . . ... ... ... ... ...... 89

7 Error Correction 90
7.1 S-Parameters and Power . . . . . . . . . . ... a0
7.2 Noise Parameters . . . . . . . . . . e e e e 91

8 Sliding Load 93
9 Verification 94
10 Script 96
A Calibration Standard Model Fit 97
B File Types 98
C Naming Convention 99
D Drivers 103
D.1 IVLVISA e e 104
D.1.1 National Instruments VISA . . . . . . . . . . . . . ... 104

D.1.2 Keysight IO Libraries Suite . . . . . . . ... ... o oL 104

D.1.3 Rohde & Schwarz VISA . . . . . . . . . . . . . . . 105

D.2 Driver Development . . . . . . . . L 106

E Switch and Error Terms 108
E.1 GenericModel . . . . . . . . . e 109
E.2 Switched Model . . . . . . . . . . e 110

F Further Reading 111
Michael Wollensack Page 3 of 111 July 2026



METAS VNA Tools - User Manual V3.0.2

1 Installation

1.1 System Requirements

The following list describes the minimum software and hardware requirements of METAS VNA
Tools.

* Microsoft Windows 7 (64 Bit)
* Microsoft .NET Framework 4.6.2
* Microsoft Windows Installer 4.5

+ National Instruments VISA 19.0, Keysight IO Libraries Suite 2023 or Rohde & Schwarz
VISA 5.12.8. See appendix D.1 for more information.

+ At least 1024 megabytes (MB) of RAM (4096 MB is recommended)

+ At least 200 megabytes (MB) of available space on the hard disk (10 GB is recom-
mended)

+ Video adapter and monitor with SVGA (800 x 600) or higher resolution (1920 x 1200 is

recommended)

1.2 Steps
The following steps describe the installation of METAS VNA Tools.

1. Double-click on the METAS VNA Tools setup program
2. Accept license agreement

3. Select installation folder

4. Confirm installation

5. Installation complete

After the installation, one can start METAS VNA Tools by double-clicking on its desktop short-
cut.
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2

Overview

METAS VNA Tools is a software which is designed to compute uncertainties of S-parameter
measurements:

* It uses a VNA measurement model for NV-port Vector Network Analyzers.

* It supports the following calibration types: One Port, SOLT, GSOLT, QSOLT, Unknown

Thru, TRL, LRRM, Juroshek, Reflection Normalization, Transmission Normalization,
One Path Two Ports, LHKM (TRL, LRL, TRM, LRM), Frequency Conversion Scalar
Mixer, Frequency Conversion Unknown Mixer and Optimization.

« |t allows the definition of all influences that affect VNA measurements.

« It uses the Linear Propagation module of METAS UncLib to propagate all uncertainties

through the VNA measurement model.

* It can visualize S-parameter data with uncertainties.

The

graphical user interface is split up into two parts, see figure 1. The navigation bar is in the

upper part of the screen and below is the tabular control.
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Figure 1: METAS VNA Tools
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2.1 Navigation Bar

The following user controls are available in the navigation bar:

Root Path sets the root directory for all tabular pages.

New Project creates a new project (shortcut: Ctrl + Shift + N), see section 2.1.1.

Options sets the METAS VNA Tools options (shortcut: Ctrl + Shift + O), see section 2.1.2.

Console shows or hides the console window (shortcut: Ctrl+ F11).

Split View splits the tabular control (shortcut: Ctrl + F12).

Reset Window Layout resets the window layout.

Create Screenshots creates screen shots of all tabular pages.

Help contains the following items:

» User Manual

+ Math Reference

» Data Formats

» Programming Reference
+ Website

* Forum

* License

« About

2.1.1 New Project

The dialog called New Project can be used to create a new project, see figure 2. The following

Project

Location

VNA Setup

VNA Calibration
Calibration Template

2

Figure 2: METAS VNA Tools / New Project

user controls are available:
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Project Name specifies a name for the new project. A new directory will be created.
Project Location sets the root directory for the new project.

VNA Device selects a VNA device.

Logger Device selects a logger device.

Cable selects a cable from the database.

Connector selects a connector from the database.

Calibration Template selects a template for the calibration configuration from the database.

2.1.2 Options

The options dialog can be used to configure the options of METAS VNA Tools, see figure 3.
The following user controls are available:

o3 =

Application
Default Root Paih
D:\work \Vna Tools\Projects Browse -

Default Root Path Database
D:\svn_work'217.01 5-Parameter'Software\Metas.Vna'user' Database

[] Single Instance [] Show Roct Path in Tab Pages [ Show Joumal Irfo in Unc Budaet

] Nom Interpolation

Measurement Mode! Marte Carlo

Drift Model Small Unc Limit (Default: 1e-7) Number of Samples {Defautt: 10000)
Conelated ~ 1e07 o 100000 o

Cancel

Figure 3: METAS VNA Tools / Options

Default Root Path sets the root directory.

Default Root Path Database sets the root directory for the database.

Single Instance limits the METAS VNA Tools application to one instance.

Show Root Path in Tab Pages shows or hides the root path in the configuration tabular pages.

Show Journal Info in Unc Budget shows or hides the measurement journal info in the un-
certainty budget.

Norm Interpolation specifies how the normalization is performed. When enabled, the union
of all frequency points is used for normalization; when disabled, only the intersection of
the frequency points is used.

Drift Model specifies the used drift model. One can chose the Correlated or Uncorrelated
model (default: Correlated). The uncorrelated drift model is obsolete and was used in
older versions of VNA Tools (before V0.9). The correlated model uses the time stamp
of the measurement to compute how big is the drift between multiple measurements.
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Small Unc Limit is relative to the total uncertainty and specifies the limit below which uncer-
tainty influences are discarded. When saving a computed result this helps to reduce file
size but makes the uncertainty budget less complete (default: 1e-7).

Number of Samples specifies the number of samples used in the Monte Carlo simulation.

2.2 Tabular Control
The following tabular pages are available:
Data Explorer is designed to visualize S-parameter files (shortcut: Ctrl+ F1).

Database specifies values and uncertainties of VNA devices, cables, connectors, DUTs, cal-
ibration standards, CMC entries and logger devices (shortcut: Ctrl + F2).

Measurement Journal is used to collect measurement data and to protocol the measure-
ment process (shortcut: Ctrl + F3).

Calibration Config configures a VNA calibration and computes the error terms (shortcut:
Ctrl + F4).

Error Correction configures and computes the error correction of raw measurement data
(shortcut: Ctrl + F5).

Sliding Load configures and computes the circle fit of a sliding load (shortcut: Ctrl + F6).
Verification configures a VNA verification and computes the normalized error (shortcut: Ctrl + F7).

Script provides a built-in Iron Python script engine (shortcut: Ctrl + F8).
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3 Data Explorer
The Data Explorer tabular page is designed to visualize S-parameter files. The graphical user

interface is split up into two parts. The file explorer is on the left and the visualization with
different tabs is on the right.

3.1 File Types

Table 1 shows the supported file types. S-Parameter Data files can only contain S-parameter

Table 1: File types

Description Extension
S-Parameter Data Binary (.sdatb)
S-Parameter Data Xml (.sdatx)
S-Parameter Data Covariance Text (.sdatcv)
S-Parameter Data Touchstone (-s™p)
S-Parameter Data Touchstone V2.0 (.ts)
VNA Calibration Data Binary (.calb)
VNA Data Binary (.vdatb)
VNA Data Xml (.vdatx)
VNA Data Covariance Text (.vdatcv)
VNA Data CITI (.cti;.citi)
S-Parameter Data and Noise Parameter Data Binary (.sndatb)
S-Parameter Data and Noise Parameter Data Xml (.sndatx)
VNA Data and Noise Parameter Data Binary (.vndatb)
VNA Data and Noise Parameter Data Xml (.vndatx)
S-Parameter Data Collection Binary (.scolb)
S-Parameter Data Collection Covariance Text (.scolcv)
VNA Data Collection Binary (.vcolb)
VNA Data Collection Covariance Text (.vcolev)
ZIP with embedded data files (.zip)
PDF with embedded data files (.pdf)

data. In contrast VNA Data files can contain receiver values and ratios of receiver values.

3.2 File Explorer

The following user controls are available:

Collapse All collapses all tree nodes.

Auto Refresh refreshes the file explorer on the left (default: on).

Auto Update Panel updates the visualization tabs on the right (default: on).

Sort Selected Items sorts the selected items (default: on).
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Ignore Port Assignment ignores the port assignment from the selected data files (default:
off).

Filter sets file filter (default: *.*).

Freq List Browse can be used to select a frequency list file (*.fl). All selected files in the tree
view will be interpolated (default: None).

Freq List On turns frequency list interpolation on or off (default: off).

CMC Entry Browse can be used to select a CMC entry file (*.cmc). All selected files in the
tree view will be verified against the CMC entry (default: None).

CMC Entry On turns CMC verification on or off (default: off).

Tree View can be used to select one or multiple files. Additional files can be selected while
holding the Ctrl or Shift key.

3.2.1 Content Menu

The content menu of the File Explorer provides some tools for post processing of data sets.
All post processing tools propagate the uncertainties of the inputs to the results. The following
tools are available:

Show in Windows Explorer shows a file or directory in the Windows Explorer.
Set as Root Path sets the current directory as root path.

New Folder creates a new folder in the current directory.

New Shortcut creates a new shortcut in the current directory.

Save Data As ... saves the current file in another file. Supported file formats are S-Parameter
Data (*.sdatb or *.sdatx), S-Parameter Data Covariance Text (*.sdatcv), Touchstone
(*.s1p, *.s2p, *.s*p), Touchstone V2.0 (*.ts), VNA Data (*.vdatb or *.vdatx), VNA Data
Covariance Text (*.vdatcv), CITI (*.cti or *.citi), S-Parameter Data and Noise Parame-
ter Data (*.sndatb or *.sndatx) or VNA Data and Noise Parameter Data (*.vndatb or
*.vndatx).

Save Collection As ... saves the current files in a collection file. Supported file formats
are S-Parameter Data Collection (*.scolb), S-Parameter Data Collection Covariance
Text (*.scolcv), VNA Data Collection (*.vcolb) or VNA Data Collection Covariance Text
(*.vcolev).

Frequency and Port Definitions shows the port assignment, the port reference impedance
and the frequency conversion per port.

Change Port Assignment changes the port assignment and a subset can be taken'. The
new ports can be optionally sorted in the following order: port number, port mode (s, d,
C).
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Change Port Zr changes the reference impedance by cascading a transmission line junction
to each port or simply reassigns the reference impedance to a specified complex value
in Ohm.

Mixed-Mode S-Parameters converts single-ended S-parameters to mixed-mode S-parameters
or vice versa.

Time Gating does a transformation from frequency domain to time domain, gates the data in
time domain and transforms it back to frequency domain. See section 3.4.

Material Parameters provides the following tools:
Free-Space, Waveguide or Coaxial computes material parameters from free-space,
waveguide or coaxial S-parameter data, see section 3.5.1.
On-Wafer computes material parameters from on-wafer S-parameter data, see section

3.5.2.

Generate Passive Noise Parameters computes noise parameters from passive S-parameter
data, see section 3.6.

CMC Entry provides the following CMC tools:
Check CMC Uncertainties verifies the uncertainties according to the selected CMC

entry file.

Add CMC Uncertainties adds additional CMC uncertainties to be in agreement with
the selected CMC entry file.

Remove CMC Uncertainties removes additional CMC uncertainties.
Database provides the following database tools:

Create Databased Standard creates a databased standard’, see section 4.6.3.
Fit Calibration Standard Model computes the parameters of a calibration standard for
an Agilent, Anritsu and Rohde Schwarz model', see appendix A.
Math provides the following math tools:

Add (1st + 2nd) adds N-port 1 and N-port 2.
Subtract (1st - 2nd) subtracts N-port 2 from N-port 1.
Subtract (2nd - 1st) subtracts N-port 1 from N-port 2.
Multiply (1st x 2nd) multiplies N-port 1 with N-port 2.
Divide (1st / 2nd) divides N-port 1 by N-port 2.
Divide (2nd / 1st) divides N-port 2 by N-port 1.

where 1st and 2nd are referring to the order of the two selected files.
Cascade provides the following cascade tools:

Cascade (1st and 2nd) cascades 2N-port 1 with N-port 2 or cascades 2-port 1 with
2-port 2.

Michael Wollensack Page 11 of 111 July 2026



O

METAS VNA Tools - User Manual V3.0.2

Cascade (2nd and 1st) cascades 2/N-port 2 with N-port 1 or cascades 2-port 2 with
2-port 1.

Cascade (inv(1st) and 2nd) cascades inverted 2/N-port 1 with N-port 2 or cascades
inverted 2-port 1 with 2-port 2.

Cascade (inv(2nd) and 1st) cascades inverted 2/N-port 2 with N-port 1 or cascades
inverted 2-port 2 with 2-port 1.

Cascade (1st and inv(2nd)) cascades N-port 1 with inverted 2/N-port 2 or cascades
2-port 1 with inverted 2-port 2.

Cascade (2nd and inv(1st)) cascades N-port 2 with inverted 2N-port 1 or cascades
2-port 2 with inverted 2-port 1.

where 1st and 2nd are referring to the order of the two selected files.
Make Reciprocal makes an N-port reciprocal (S, = S;).
Merge (lower and upper) merges two data sets at a given frequency point.
Mean Data Set computes the mean of a data set.

Circle Fit Data Set computes the circle fit of a data set consisting of at least 3 measurements.
The circle fit supports N-port data set where one port is terminated by a sliding load.

Properties shows the file or directory properties.

3.3 Visualization

The Data Explorer supports different view modes:

Graph shows a graphical visualization of multiple files, see section 3.3.1.
Table shows a tabular visualization of a single file, see section 3.3.2.

Point shows an uncertainty budget for one frequency point and one parameter of a single file,
see section 3.3.3.

Covariance shows a covariance matrix for a single frequency point or a single parameter of
a single file, see section 3.3.4.

Noise Graph shows a graphical visualization of the noise parameters of multiple files, see
section 3.3.5.

Noise Table shows a tabular visualization of the noise parameters of a single file, see section
3.3.6.

Info shows file information including MD5 checksum of multiple files, see section 3.3.7.
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Figure 4: Data Explorer / Graph

3.3.1 Graph

The graph tab supports multiple selected files, see figure 4. The following user controls are
available:

Setup sets up the plots (default: Sx,x Ports: 1, 2).

Conv sets the conversion to None, S/S’, Passivity Check, Absorbed Power, Z-Parameter, Y-
Parameter, Impedance, Admittance, Time Domain, Time Domain Impedance or Time
Domain Admittance (default: None). See section 3.7 for more information.

MC sets the uncertainty propagation to Monte Carlo for formatting a complex quantity. Cor-
relation between frequency points and different traces are ignored.

Format sets the data format to Real Imag, Mag Phase, Relm MP (reflection real imag and
transmission mag phase), Real, Imag, Mag, Phase or Cartesian (default: Mag Phase).

Freq log sets the frequency axis to linear or logarithmic (default: Freq lin).

Mag format sets the magnitude format to Mag lin (reflection and transmission linear), Mag log
(reflection and transmission logarithmic), Mag lin log (reflection linear and transmission
logarithmic), Mag? (reflection and transmission linear?), VSWR lin (reflection VSWR
and transmission linear) or VSWR log (reflection VSWR and transmission logarithmic)
(default: Mag lin).

Tonly single-ended S-parameter data
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Phase format sets the phase format to Phase 180, Phase 360, Phase Unwrap, Phase Delay
or Group Delay (default: Phase 180).

Time Domain Mode sets the time domain mode to Low Pass Step, Low Pass Impulse or
Band Pass Impulse (default: Band Pass Impulse).

Window sets the window function used for transforming from frequency domain to time do-
main to Rectangular, Triangle, Hann, Hamming, Blackman, Blackman Harris, Blackman
Nuttall, Exact Blackman, Flat Top, Minimum Kaiser (5 = 0), Normal Kaiser (8 = 6) or
Maximum Kaiser (8 = 13) (default: Normal Kaiser).

Unc sets the uncertainty mode to None, Standard or U95 (default: None).
Interaction Mode sets interaction mode to None, Zoom or Pan (default: None).
Fixed Scale activates or deactivates automatically scaling of the x- and y-axis.
Cursor shows or hides one or two cursors.

Norm normalizes all traces to one selected trace or to the mean value of all traces (default:
None).

Norm Mode set the normalization mode to:

- Value subtracts the value from the dataset.

- (Value + Unc) subtracts the value and uncertainty from the dataset.
/ Value the dataset is divided by the value.

/ (Value + Unc) the dataset is divided by the value and uncertainty.

Font specifies the font for the current plots.
Legends shows or hides the legend.

Save Image saves the current plots to a bitmap file. Supported file formats are BMP, JPG
and PNG.

Copy Image copies the current plots to the clipboard.

Table 2 shows the different colors for each trace and its associated uncertainty region.

3.3.2 Table

The first of the selected files will be shown in the table view, see figure 5. The following user
controls are available:

Conv sets the conversion to None, S/S’, Passivity Check, Absorbed Power, Z-Parameter, Y-
Parameter, Impedance, Admittance, Time Domain, Time Domain Impedance or Time
Domain Admittance (default: None). See section 3.7 for more information.

MC sets the uncertainty propagation to Monte Carlo for formatting a complex quantity.
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Table 2: Trace Colors

Trace Value Unc Color
1 black
brown
red
orange
yellow
green
e blue
violet
I gray

light gray

© oo N O~ WM

—_
o

Format sets the data format to Real Imag, Mag Phase, Relm MP (reflection real imag and
transmission mag phase) or Mag (default: Mag Phase).

Mag format sets the magnitude format to Mag lin (reflection and transmission linear), Mag log
(reflection and transmission logarithmic), Mag lin log (reflection linear and transmission
logarithmic), Mag? (reflection and transmission linear?), VSWR lin (reflection VSWR
and transmission linear) or VSWR log (reflection VSWR and transmission logarithmic)
(default: Mag lin).

Phase format sets the phase format to Phase 180, Phase 360, Phase Unwrap, Phase Delay
or Group Delay (default: Phase 180).

Time Domain Mode sets the time domain mode to Low Pass Step, Low Pass Impulse or
Band Pass Impulse (default: Band Pass Impulse).

Window sets the window function used for transforming from frequency domain to time do-
main to Rectangular, Triangle, Hann, Hamming, Blackman, Blackman Harris, Blackman
Nuttall, Exact Blackman, Flat Top, Minimum Kaiser (6 = 0), Normal Kaiser (3 = 6) or
Maximum Kaiser (8 = 13) (default: Normal Kaiser).

Unc sets the uncertainty mode to None, Standard or U95 (default: None).
Freq sets the frequency format to Hz, kHz, MHz, GHz or THz (default: MHz).
Time sets the time format to s, ms, us, ns or ps (default: ps).

Numeric Format sets the numeric format (default: n3).

Save Data saves the current data in a file. Supported file formats are S-Parameter Data
(*.sdatb or *.sdatx), S-Parameter Data Covariance Text (*.sdatcv), Touchstone (*.s1p,
*.s2p, *.s*p), Touchstone V2.0 (*.ts), VNA Data (*.vdatb or *.vdatx), VNA Data Covari-
ance Text (*.vdatcv) or CITI (*.cti or *.citi).

Save Table saves the current formatted data in a file. Supported file formats are Text (*.txt)
or IATEX(*.tex).
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= = =@=]
» D: + sn_work - 217.015-Parameter ~ Software ~ MetasVna = user =+ Projects = 01 Basic_Example_N(f-m] = %2 New Project | £+ Options ~ | 2 Help -
g Data Bxplorer gl Database [-] Measurement Joumal ) Calbration Config 41 Eror Comection ) Slding Load ) Vedfication P¥ Scrit
B 24 Selected ltems || L1 | Y Fitter: . B Geph BTk @ ot = Covaiance [ Noise Graph FB Noise Teble @ Info
Freq List ) Browse = On  Coms None » | MC | Format: MagPhase ~ | Maglinlog =+ Phase180  ~+ |Unc None = All~
CMC Entry: Y Browse = | On  Freq MHz - | Tims ps - || Numeric Format: n3 ~ | Il SaveData 3 Save Table [ Copy Table
| Disvn_work\217.01 5-Farameter\Software\Metas Vna\us| [ Frequency 511 51,1 52,1 52,1 512 512 522 ~
#-| | Measurements_01 71500 z'500 Z500 2500 2500 7500 Z500
QSOLT 01 out / MHz Mag Fhase / Mag / dB Phase / * Mag / dB Phase / * Mag
SOLT_01_out 16200 000 0038 127414 20,146 147303 20,142 147424
' ;‘*L'lf‘r'a"dam 16300000 0036 120,450 20138 155,085 20137 155187
s
T &[] 01419_At20d8Fm)_52371_01 16400.000 0.034 112,793 20127 162,854 20121 -163.028
gl 01415_Ait20dBf-m)_52371_01_01 sdatb 16500.000 0.032 105.188 -20.125 -170.567 -20.109 -170.6%
"] 01415_Ati20dBfm)_52371_01_02sdath - -
01419 ae20dBFm) 52371 01 D3 scits 16600.000 0030 96619 -20.110 -178.402 -20.109 178615
, [ 01419_At20dBfm) 52371_01 _Ddsdath 16700.000 0028 88.148 -20.109 173810 20098 173,688
il | VerStandards 16:600.000 0.027 79221 20093 165.056 20091 165 505
PR A 10456.m)_40506_01 sdatb - -
© |77 Loadf).547_Loadim)_507_01.sdatb 16900.000 002 69.871 20,084 158,324 20079 158 141
UThmu_01_out 17000.000 0.026 £0.229 -20.069 150.576 20067 150,337
(] _Compute_0.cmd 17100000 0025 50432 20051 142,766 2008 142615
----- [] Frequst_01A
..... [ Joumal D1 vmalog 17200.000 0025 40571 20025 134989 20028 134,840
|| GSOLT_01.calb 17300.000 0.025 30895 20004 127.255 20009 127048
----- QSOLT_01 calcf
ﬂ asoLT D1 zzmé 17400.000 0026 21548 -19.981 119417 19,991 119315
[ SldingLoadf)_01 sicfg 17500.000 0027 12.406 -19.967 111689 19,967 111510
----- || SiidingLoadim)_01.slcfg 17600.000 0.027 3937 -19.929 103.868 19336 103722
|7 50LT_01 calb
_____ [ SOLT_D1 cakcfg 17700.000 0.028 4415 -19.914 96150 19,913 95,932
|7 50LT_01 corcfg 17800.000 0.029 12,118 -19.877 88.331 19,871 88.170
1] UThn_01 calb 17900 000 0.030 19,891 19,849 80,649 -19.849 80412
----- [ UThnu_01 calefa
[ UThn_01.corcl 18000.000 0031 -27.308 -19.812 7281 19799 72637
v
< > < >
Ready

Figure 5: Data Explorer / Table

Copy Table copies the current formatted data to the clipboard.

One can select one or more rows of the table and copy the data to the clipboard with Ctrl-C or
with the context menu of the table. Ctrl-A selects all data.

3.3.3 Point

The first of the selected files will be shown in the point view. One can select one frequency
point and one parameter and obtains the uncertainty budget of the selected data point, see
figure 6. The following user controls are available:

Freq selects a frequency point for the uncertainty budget (default: None).

Time selects a time point for the uncertainty budget (default: None). Only visible when con-
versation is set to Time Domain.

First selects the first frequency or time point.
Last selects the last frequency or time point.
Parameter selects a parameter for the uncertainty budget (default: None).

Conv sets the conversion to None, S/S’, Passivity Check, Absorbed Power, Z-Parameter, Y-
Parameter, Impedance, Admittance, Time Domain, Time Domain Impedance or Time
Domain Admittance (default: None). See section 3.7 for more information.

MC sets the uncertainty propagation to Monte Carlo for formatting a complex quantity.
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e
e
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- D:

CMC Entry:
1 Devn_work\217.01 S-Parameter\ Software\Metas Vna'us

- svn_work -

Y Browse = | On

23 Browse - | On

Measurements_01
QSOLT_D1_out
SOLT_D1_out
i | CalStandards
£ DUTs
= 01419_Att20dBf-m)_52371_01
B§PY 07215 2025 52371 01_Osdto ]
|| 01415_At20dBf-m)_52371_01_02 sdath
-] 01419_A20d8f-m)_52371_01_03 sdatb
: | ] 01415_Att20dBf-m)_52371_01_04 sdatb
=t VerStandards
EIR] 101040505 01 i |
: | | Loadif)_547_Loadm)_507_01.sdath
UThru_01_out

{&] _Compute_01.cmd

[] Freqlist_01f

] Joumal_D1 vnalog

| | QSOLT_01.cab

] GSOLT_D1calfg

| | GSOLT_01.corcfg

| SlidingLoadff)_01.slcfg
| SlidingLoadim)_D1 slefg
] SOLT_D1 calb

| SOLT_D1 calcfg

| SOLT_D1 corcfg

| UThru_01.calb

| UThu_D1 calefg

] UThnu_01.corcfg

217.01 5-Parameter ~ Software ~ MetasVna - user -

Projects ~ 01_Basic_Example_N(f-m) -

g Data Explorer [ Datsbase [-] Measurement Joumal 47 Calibration Config  $-1 Eor Comection 4 Siding Load [&] Verfication  P¥ Scipt

B 94 Selected ltems || ;1 | Y Filter =

Freq List

[ Graph 3 Table @ Point g Covariance Noise Graph Bl Noise Table @ Info

Freq: 18.000 GHz - First Last | Parameter: 52,1 - | Conv: None

%2 New Project | £+ Options ~ | 2 Help -

+ | MC | Format: MagLog -

Id Detail Dof Flat | Expand All Collapse All | Numeric Format: f6 ~ | Copy
Value Std Unc Ussk=2)
15811712 | [p.os&708 | [pa74a7 |
Description Unc Compaonent Unc Percentage fa)
—I Cable Stabiity 0.085181 96.506
- Reflection 0001412 0.027
- Transmission 0.085169 96.480
= Port: 2 0.085169 96.480
& Position: 0 0.001007 0.013
=) Position: 1 0.060438 43584
Frequency Index: 130, Mag / dB 0.060431 48.573
Frequency Index: 130, Phase / 0.000910 oonm
F)- Position: 4 0.060000 47883
=I Calibration Standard 0.010830 1577
- Load 0.006069 0.450
- Open 0.007389 0.726
- Shart 0.005213 0.361
-+l Connector Repeatability 0.001218 0.020
- VMA Drift {Ideal VNA comelated) 0.002915 0113
+ WNA Linearity 0.007084 0668
= WNA Noise 0.00916D 1116
i Floor 0.001613 0.035
- Trace 0.00301 1081/~ |

Figure 6: Data Explorer / Point

Format sets the format to Real, Imag, Mag, Mag log, Mag®, VSWR, Phase, Phase 360,
Phase Unwrap, Phase Delay or Group Delay (default: Mag).

Time Domain Mode sets the time domain mode to Low Pass Step, Low Pass Impulse or
Band Pass Impulse (default: Band Pass Impulse).

Window sets the window function used for transforming from frequency domain to time do-
main to Rectangular, Triangle, Hann, Hamming, Blackman, Blackman Harris, Blackman
Nuttall, Exact Blackman, Flat Top, Minimum Kaiser (6 = 0), Normal Kaiser (8 = 6) or
Maximum Kaiser (8 = 13) (default: Normal Kaiser).

Id shows or hides the uncertainty input ids (default: Hide).

Detail shows or hides the distribution, value, standard uncertainty and sensitivity columns

(default: Hide).

Dof shows or hides the degrees of freedom (default: Hide).

Flat shows a flat or tree uncertainty budget (default: Tree).

Expand All expands all tree nodes.

Collapse All collapses all tree nodes.

Numeric Format sets the numeric format (default: f6).

Copy copies the uncertainty budget to the clipboard.
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The following items will be shown for the selected data point:

Value indicates the value.

Std Unc shows the standard uncertainty (68% coverage factor, k = 1).
U95 shows the expanded uncertainty (95% coverage factor, k = 2).

Unc Budget shows a tabular visualization of the uncertainty budget.

3.3.4 Covariance

The first of the selected files will be shown in the covariance view. There are two modes in the
covariance view. Either one can select a single frequency point and obtains the covariance
matrix of multiple parameters at the selected frequency point. Or one can select all frequency
points and a single parameter in the desired format and obtains the covariance matrix for the
selected parameter and format over the hole frequency range, see figure 7. The following user

5 Data Bxplorer - METAS VNA Tools [= ==
|+ D+ svnwork + 21701 5-Parameter + Software + MetasVna = user v Projects » 01_Basic_Example N(f-m) ~ #5 New Project | £i# Options ~ | ? Help -

s Data Explorer | Database [T] Measurement Joumal §) Calbration Corfig 41 Eror Comection 4 Siding Load [ Verfication ¥ Script

B 24 Selected ltems || 51 | ¥ Filter: s B Geh B Tdle @ pom = Covaiance [ NoweGraph B Nomse Table @ Info

Freq List: @) Browse = | On | Freq: 18,000 GHz - ANl First Last | Parameter: | || Format: iag |
CMC Entry: Y Browse = | On  Mode: Covariance ~ | Numeric Format: &3 - 3 Save Table [ Copy Teble | Il SaveImage [7) Copy Image

-], Davn_work217.01 S-Parameter\ Software\Metas Vna'us Real 51,1 Imag 51,1 Real 52,1 Imag 52,1 Real 51,2 Imag 51,2 Real 52,2

[ | Measurements_01 - E E
Al i b Real 511 16562-005 2184e-007 | 24320008 | 7.154e-008 | 14506007 0.000e+]
2| | SOLT_O0_out mag 51.1 2 4460008 21836007

(2 Eﬂiﬁamdafds Real 52.1

0l oum

DB | 01419_At20dBfm)_52371_01 mag 52.1 21200

H 8BFY 01415_At20dBf-m)_52371_01_01 sdatb Real 512 7.1542-008

01413_At120dBf-m)_52371_01_02dath imag 512 ST
7] 01419_At20dBf-m)_52371_01_03 sdiat
01413_Att20dBf-m)_52371 01 D4 sdatb Real 52.2 G
=] VerStandards Imag 52,2 -1.121e-006

Att10dB6-m)_40506_01 sdatb
Load(f)_547_Loadim)_507_01.sdatb
UThru_01_out

[%&] _Compute_01 cmd

FreqList_01f

..... Joumal_01 wnalog

QSOLT_01 calb

..... QS0LT_01 calcfg

..... QSOLT_D1 corcfa

SlidingLoadf)_01.slcfg

..... SiidingLoadim)_01 slcfg

SOLT_01 calb

----- SOLT_D1 calefg

..... SOLT_01 corcfg

UThru_01.calb

..... UThnu_01 calcfg

UThru_01 carcfg

Correlation

Figure 7: Data Explorer / Covariance
controls are available:
Freq selects a frequency point or all frequency points for the covariance view (default: None).
All selects all frequency points.
First selects the first frequency point.
Last selects the last frequency point.

Parameter selects a parameter for the covariance view (default: None).
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Format sets the format to Real, Imag, Mag or Phase (default: Mag).

Mode sets the mode to covariance or correlation (default: Covariance).

Numeric Format sets the numeric format (default: e3).

Color shows or hides the graphical representation of the correlation matrix (default: show).

Save Table saves the current formatted covariance in a file. Supported file formats are Text
(*.txt) or IKTEX(*.tex).

Copy Table copies the current formatted covariance to the clipboard as text.

Save Image saves the current covariance to a bitmap file. Supported file formats are BMP,
JPG and PNG.

Copy Image copies the current covariance to the clipboard as bitmap.

3.3.5 Noise Graph

The noise graph tab supports multiple selected files, see figure 8. The following user controls

kA == =]
= Di - svn_work - 217.015-Parameter ~ Software ~ MetasVna ~ user - Projects - 01_Basic_Example_N({f-m) ~ #3 New Project | £i} Options ~ | ? Help -
g Daia Eplorer gl Database [-] Measurement Joumal §7) Calbration Config ¥ Eror Comection ) Siding Load &) Verfication P¥ Scrit
E 127 | Y Fitter: s Graph FH Table @) Point ! Covariance Noise Graph A Noise Table @ Info
Freq List: 1 Browse - On  Freglog NIST Noise Corr. Matrix | Te NF ENR | S11 -.',-H; dgm/Hz | Fermat: Reallmag - | Unc
CMC Entry: Y Browse - | On G None ~ |FixedScale X ¥ |Cursor 1 2 | Norm: None ~ [EVaiue (% - Ial Save Image -
=] Divsvn_work’217.01 S-ParameterSoftwars \Metas Vna'us 1- 1-
@] | Measurements_01
QSOLT_01_out
B, SOLT_01_out = =
5| | CalStandards sos =0
-] | DUTs
i = | 01419_at20dBfm)_52371_01
IFY 011920050 ) 5237 LD Ladts Di[') 02 04 06 08 i Di[') 02 04 06 08 i
<[] 01419_Att20dBif-m)_52371_01_02 sdath Frequency | He Freauency | He
[ 01419_Att20dBf-m)_52371_01_03 sdatb
! ] 01419_Att20dBf-m)_52371_01_04.sdath . .
2| | VerStandards _ -
PP 1054 ) 40505 01.3da | 5 &
i Loadff)_547_Loadim)_507_01sdath H £
UThru_01_out £05 £o5
[&] _Compute_01.cmd = =
----- [ FreqList_018 3 E
7] Joumal_01.vnalog 0 | 0 |
-] @SOLT_01 cab 0 02 0.4 06 08 1 0 02 0.4 08 08 1
_____ [ QSOLT 01 calcfg Frequency / Hz Frequency / Hz
|7 QSOLT_01.corcig
----- ] SiidingLoadf)_01 sicfg 1+
[ sidingLoadim)_01 slcfg
[7] SOLT_01.calb _
----- {7 SOLT_D1 calefa N 05
e
7] SOLT_01.corcfg
-] UThu_01 calb
|7 UThu_01 calcf 04 }
|| UThu_01.corefg 0 0.2 04 06 0.8 1
Frequency / Hz
< >
Ready

Figure 8: Data Explorer / Noise Graph

are available:
Freq log sets the frequency axis to linear or logarithmic (default: Freq lin).
IEEE shows the IEEE noise parameters (default).

NIST shows the NIST noise parameters.
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Noise Corr. Matrix shows the noise correlation matrix. Remark: Only the fist two ports are
shown.

Te shows the noise temperature in kelvin.

F shows the noise factor (default).

NF shows the noise figure in dB.

ENR shows the effective excess noise ratio in dB.

S11 shows or hides the input reflection S11 (default: hide).

K shows the noise parameter as noise temperature in kelvin (default).

W/Hz shows the noise parameter as power spectral density in W/Hz.

dBm/Hz shows the noise parameter as power spectral density in dBm/Hz.
Format sets the data format to Real Imag or Mag Phase (default: Real Imag).
Unc sets the uncertainty mode to None, Standard or U95 (default: None).
Interaction Mode sets interaction mode to None, Zoom or Pan (default: None).
Fixed Scale activates or deactivates automatically scaling of the x- and y-axis.
Cursor shows or hides one or two cursors.

Norm normalizes all traces to one selected trace or to the mean value of all traces (default:
None).

Norm Mode set the normalization mode to:

- Value subtracts the value from the dataset.

- (Value + Unc) subtracts the value and uncertainty from the dataset.
/ Value the dataset is divided by the value.

/ (Value + Unc) the dataset is divided by the value and uncertainty.

Font specifies the font for the current plots.
Font specifies the font for the current plots.
Legends shows or hides the legend.

Save Image saves the current plots to a bitmap file. Supported file formats are BMP, JPG
and PNG.

Copy Image copies the current plots to the clipboard.
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%5 Data Explorer - METAS VNA Tools = =]=]

[+ D - swn_work + 217.015-Parameter + Software » MetasVna ~ user + Projects + 01_Basic_Example N(f-m) ~ % NewProject | £ Options ~ | 7 Help -

g Data Bplorer [l Database 17| Measurement Joumal ) Calibration Config ¥ Eror Comection 3 Siding Load (& Verfication PV Soipt

© & [20] 24 Selected items || 51 | ¥ Fitter s B Geph B Tabe @ Point = Covaiance [ Noise Graph BB Noise Table @ info

Freq List: 1 Browse - On | [IEEE| NIST Noise Corr. Matrix | Te [ F |NF | ENR | 511 [K ] WiHe dBm/He |Format Reallmag ~ + Unc: None  + All+ ‘

CMC Entry: 1 Browse ~| On  Freq: MHz -  Numeric Format: n3 ~ | &P Save Table [}] Copy Table

5| Disvn_work\217.01 §-ParametertSoftware \Metas.Vnatus Frmin Rn Gamma Opt Gamma Opt
- | Measurements_D1
- | QSOLT_01 out Value Value /02 Real Imag

B SOLT_D1_out

B | CalStandards

B | DUTs

B[] 01419_At20dBfm)_52371_01

MY 01215 Au20dBfm)_52371_01_01 sdatb

01415_Att20d8f-m)_52371_01_02datb
-1 01413_Att20dBf-m)_52371_01_03 sdatb

; 01419_A20dBf-m)_52371_01_D4.sdath
-+ | VerStandards

Att10dBf-m)_40506_01 sdatb

Load(f)_547_Loadim)_507_01.sdath
G- | UThu_01_out

[%&] _Compute_0.cmd

..... FregList_O141

..... Joumal_01 wnalog

G- ] QSOLT_01.calb

..... QSOLT_01.calcfg
QSOLT_D1 corcfa
SlidingLoadf)_01.slcfg
..... SiidingLoadim)_01 slcfg
-] SOLT_0.calb

..... SOLT_D1 calcfg
SOLT_01 corcfg

-] UThu_01.cab

..... UThru_D1 calefg
UThru_01 carcig

Figure 9: Data Explorer / Noise Table

3.3.6 Noise Table

The first of the selected files will be shown in the noise table view, see figure 9. The following
user controls are available:

IEEE shows the IEEE noise parameters (default).

NIST shows the NIST noise parameters.

Noise Corr. Matrix shows the noise correlation matrix.

Te shows the noise temperature in kelvin.

F shows the noise factor (default).

NF shows the noise figure in dB.

ENR shows the effective excess noise ratio in dB.

S11 shows or hides the input reflection S11 (default: hide).

K shows the noise parameter as noise temperature in kelvin (default).
W/Hz shows the noise parameter as power spectral density in W/Hz.
dBm/Hz shows the noise parameter as power spectral density in dBm/Hz.

Format sets the data format to Real Imag or Mag Phase (default: Real Imag).
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Unc sets the uncertainty mode to None, Standard or U95 (default: None).
Freq sets the frequency format to Hz, kHz, MHz, GHz or THz (default: MHz).
Numeric Format sets the numeric format (default: n3).

Save Table saves the current formatted data in a file. Supported file formats are Text (*.txt)
or IATEX(*.ex).

Copy Table copies the current formatted data to the clipboard.

One can select one or more rows of the table and copy the data to the clipboard with Ctrl-C or
with the context menu f the table. Ctrl-A selects all data.

3.3.7 Info

The info tab supports multiple selected files. One can obtain information about multiple files
by holding the Ctrl or Shift key and selecting the files. The info tab shows the file name, size,
modification date and computes the checksum for each selected file. See Figure 10. The

3 Data Explorer - METAS VNA Tools = =]r=]

.+ D: - sn_work - 21701 5-Parameter ~ Software = MetasVna + user - Projects - 01_Basic_Example_N(f-m) - £ NewProject | £ Options ~ | ? Help -

5 Data Explorer | Datsbase [-] Measurement Joumal ) Calibration Config  §7 Eor Comection  §7) Siding Load [&) Verfication #¥ Scipt

B (¢ [20] 2 Selected ltems || ;1 | ¥ Filter: 5 Graph B Table ® Poit = Covariance Noise Graph | Noise Table @ Info

Freq List: 1 Browse - On | Visible:[Size]| Date modified | Hash Algorithm: SHA-256/128 - | 2 Save Toblle (3] Copy Table

CMC Entry: 1 Browse ~ | On Size / KB SHA-256/128 Checksum

5| Dsvn_work'217.01 5-Parameter\Software Metas Vna'us| (4 3 64504561 5c24
- QSOLT 01 out

2| | SOLT 01 out

B | CalStandards

B | DUTs

B[] 01419_At200Bfm)_52371_01

SIJ 01215_An208F-m) 52371 01_01 sdatb

01415_A20d8f-m)_52371_01_02dath

(] 01419_At20dBf-m)_52371_01_03.sdath
] [ 01419_A20dBf-m)_52371_01_04 sdatb
1| | VerStandards

Att10dB-m)_40506_01 sdatb
Loadff)_547_Loadim)_507_01.sdaib
G| | UThu_01_out

~{%] _Compute_01.cmd

FreqList_01f

----- Joumal_01 wnalog

B[] QSOLT_01.cab

----- QSOLT_01 cacfg

----- QSOLT_D1 corcfa

SlidingLoadf)_01.slcfg

----- SlidingLoadim)_01 sicfg

G- ] SOLT_D1cab

----- SOLT_D1 calcfg

----- SOLT_01 corcfa

G- ] UThu_01.calb

----- UThnu_01 calcfg

UThnu_01 corcfg

Figure 10: Data Explorer / Info

following user controls are available:
Size shows or hides the file sizes (default: Show).
Data modified shows or hides the file dates (default: Hide).

Hash Algorithm specifies the used hash algorithm to compute the checksum (default: SHA-
256/128).
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Save Table saves the current information in a file. Supported file formats are Text (*.txt) or
IATEX(*.tex).

Copy Table copies the current information to the clipboard.

3.4 Time Gating

The dialog called Time Gating, see figure 11, is designed to gate S-parameter data in time
domain and transform it back to frequency domain. The following user controls are available:

LA

Time Domain Mode

Band Pass Impulse

Frequency Domain
Setup ~ | Comv: None

Q None

Center Time / s
~ | 0.000e+00

Time Span /s
100.000e-12

- | Format: MagPhase -

- |FixedScaler X ¥ |Cursor 1 2

I 1
6E+11 7E+11
Frequency | Hz

o | setup

Detta Time / 5
20.000e-12

Time Domain

& Mone

0.024

002

=

=

Conv: | Time Demain -

Gate Type

Band Pass - Uncetainties

Mode: | Band Pass Impulse

v | Fixed Scale X Y | Cursor 1 2

0.015

TORS11

0.005

o

\

B

T
-2E-10

T
2E-10
Time/s

l#~~ Original Data |~~~ Gated Data

L~ Original Data |#~ Gated Data

Cancel

22

i
4E-10

Figure 11: Data Explorer / Time Gating

Time Domain Mode sets the time domain mode to Low Pass Step, Low Pass Impulse or
Band Pass Impulse (default: Band Pass Impulse).

Center Time / s specifies the time of the center of the gate shape (default: 0 ps).
Time Span / s specifies the time span from 50 % to 50 % of the gate shape (default: 100 ps).

Delta Time / s specifies the delta time from 0% to 50 % or from 50 % to 100 % of the gate
shape (default: 20 ps). The Time Span must be at least two times the Delta Time.

Gate Type sets the gate type to Band Pass or Notch (default: Band Pass).

Uncertainties enables uncertainty propagation. Note that time gating with more than 1000
frequency points and uncertainty propagation is very memory and time consuming.

Frequency Domain shows a graphical visualization of the original data and the gated data
in frequency domain.

Time Domain shows a graphical visualization of the original data, the gated data and the
gate shape in time domain.
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3.5 Material Parameters
3.5.1 Free-Space, Waveguide or Coaxial

The dialog called Material Parameters, see figures 12 and 13, is designed to compute ma-
terial parameters from free-space, waveguide or coaxial S-parameter data. The reference
impedance Z, of the S-parameter data must be equal to the characteristic impedance of the
embedding transmission line. In VNA Tools Z, = 12 means that the reference impedance
equals the characteristic impedance. Thus it is checked if Z, = 1€ is set. Usually S-
parameters in free-space and waveguide are referenced to their characteristic impedance and
no further action has to be taken. Note that coaxial measurements have to be re-normalized
to the characteristic impedance of the embedding line. This can be done in the dialog called
change reference impedance, see section 3.2.1. The following user controls are available:

9 = [2 =
Algorithm Length /m UiLength) /m k=2) Cutoff Frequency / Hz
[ Micholson-RossWeir  [] NIST kerative  [] New Non-terative [ ] Direct ] Transmission Only 1.000e-03 =] [100.000e-06 =] [0.000e+00

Graph [ Table
Freqlog | Unc: None = All =
@, None - |FixedScale: XV Cursor 1 2 | Norm: | Mene - || Value ~||% ~ I SaveImage -
1 1
D7I I I 1 1 1 1 I 1 1 I 0 Nl I 1 1 I 1 I I 1 I I
0 1 02 03 04 05 06 07 08 08 1 0 01 02 03 04 05 06 07 08 09 1
Frequency / Hz er
1 1-
D_I I I 1 1 1 1 I 1 1 I 0 i I 1 1 I 1 I I 1 I I
0 01 02 03 04 05 06 07 08 08 1 0 01 02 03 04 05 06 07 08 03 1
Frequency / Hz Frequency / Hz
D7I I I 1 1 1 1 I 1 1 I o Nl I 1 1 I 1 I I 1 I I
0 01 02 03 04 05 06 07 08 0% 1 0 01 02 03 04 05 06 07 08 0% 1
Frequency / Hz '
] ‘ ‘ ‘ ‘ ‘ ‘ ‘ : ] ‘ ‘ ‘ ‘ ‘ ‘ ‘
07I I I 1 1 1 1 I 1 1 I o Nl I 1 1 I 1 I I 1 I I
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 0% 1
Frequency / Hz Frequency / Hz

Figure 12: Data Explorer / Material Parameters / Free-Space, Waveguide or Coaxial / Graph

Algorithm specifies one or multiple algorithms. The following algorithms are available:

Nicholson-Ross-Weir (relative permittivity £, and relative permeability 1)
NIST lterative (relative permittivity ;)

New Non-lterative (relative permittivity ;)

Direct (relative permittivity ;)

Transmission Only (relative permittivity ¢;)

Length / m specifies the value and the uncertainty (k = 2) of the length / thickness of the
sample in m.

Cutoff Frequency / Hz specifies the waveguide cutoff frequency in Hz.

The previously selected files from the Data Explorer using the selected algorithm choices
will be shown in the graph, see figure 12. The following tools are available:
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@ Material Parameters = [= =]
Algorithm Length /m UiLength) /m k=2) Cutoff Frequency / Hz
[ Micholson-Ross-Weir  [] NIST kerative [ New Non-herative [ Direct [ Tr Only 1.000e-03 k] [100.000e-06 ] [0000e-00 =]

- Unc Nene = All+ |2 SaveTable (7 Copy Table

er'fer

Value

Figure 13: Data Explorer / Material Parameters / Free-Space, Waveguide or Coaxial / Table

Relative Permittivity ¢, shows or hides the relative permittivity plots.

Relative Permeability 1, shows or hides the relative permeability plots.

Freq log sets the frequency axis to linear or logarithmic (default: Freq lin).

Unc sets the uncertainty mode to None, Standard or U95 (default: None).
Interaction Mode sets interaction mode to None, Zoom or Pan (default: None).
Fixed Scale activates or deactivates automatically scaling of the x- and y-axis.
Cursor shows or hides one or two cursors.

Norm normalizes all traces to one selected trace or to the mean value of all traces (default:
None).

Norm Mode set the normalization mode to:

- Value subtracts the value from the dataset.

- (Value + Unc) subtracts the value and uncertainty from the dataset.
/ Value the dataset is divided by the value.

/ (Value + Unc) the dataset is divided by the value and uncertainty.

Font specifies the font for the current plots.
Legends shows or hides the legend.

Save Image saves the current plots to a bitmap file. Supported file formats are BMP, JPG
and PNG.
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Copy Image copies the current plots to the clipboard.

The first of the previously selected files from the Data Explorer using the first selected al-
gorithm choice will be shown in the table view, see figure 13. The following tools are available:

Freq sets the frequency format to Hz, kHz, MHz, GHz or THz (default: MHz).
Numeric Format sets the numeric format (default: f3).
Unc sets the uncertainty mode to None, Standard or U95 (default: None).

Save Table saves the current formatted data in a file. Supported file formats are Text (*.txt)
or IATEX(*.tex).

Copy Table copies the current formatted data to the clipboard.

One can select one or more rows of the table and copy the data to the clipboard with Ctrl-C or
with the context menu of the table. Ctrl-A selects all data.

3.5.2 On-Wafer

The dialog called On-Wafer Material Parameters, see figures 14, 15 and 16, is designed to
compute material parameters from on-wafer S-parameter data. The following user controls

9 = = |[=
2 Import Definition -~ | P Start Computation Cancel Computation | Mode: Transmission Only
{03 Definttion of On-Wafer Line Standard | [2] Graph FH Table
Identification ZrReal / 0 Zrimag / Q Model Version “
50.000000 3 0.000000 = Fortran Code 1393 ~
Commerts Material Parameters
Frequency Conductivity UConductivity)y  Rel. Penr
/Hz 7 (5/m) /(5/m) k=2)
On-Wafer Line
Value Uncertairty fk = 2)
Length /m 0.0000e+00 3 0.0000e=00
Width of Ground Conductor /m 0.0000<+00 = 0.0000e+00
Width of Signal Conductor /m 0.0000e+00 = 0.0000e<00
Gap Width /m 0.0000e+00 3 0.0000e=00
Conductor Thickness /m 0.0000c+00 2]  [0.0000e+00
Surface Roughness /m
v
< >
Ready

Figure 14: Data Explorer / Material Parameters / On-Wafer / Definition

are available:
Import Definition imports an on-wafer line standard from the database.
Start Computation starts optimization of the relative permittivity and tan delta.

Cancel Computation aborts optimization.
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Transmission Only sets the mode to transmission only.

Identification field can contain an identification string.

Zr Real / Q specifies the real part of the reference impedance in Ohm.

Zr Imag / Q specifies the imaginary part of the reference impedance in Ohm.
Comments field can contain user comments.

Length / m sets the value and the uncertainty (k = 2) of the length of the line in m.

Width of Ground Conductor / m sets the value and the uncertainty (kK = 2) of the width of
the ground conductor in m.

Width of Sighal Conductor / m sets the value and the uncertainty (k = 2) of the width of
the signal conductor in m.

Gap Width / m sets the value and the uncertainty (k = 2) of the gap width in m.

Conductor Thickness / m sets the value and the uncertainty (k = 2) of the conductor thick-
ness in m.

Surface Roughness / m sets the value and the uncertainty (k = 2) of the surface roughness
inm.

Variable Gamma specifies if «y is variable.
Model Version specifies the version of the used model. The following versions are available:

* Heinrich Paper 1993

+ Fortran Code 1993 (default)
» Schnieder Paper 2003

» Gold Paper 2019

» Phung Paper 2021

Material Parameters is a table with the following columns:

* Frequency in Hz

+ Conductivity in S/m
U(Conductivity) in S/m with k = 2
Relative Permittivity

U(Relative Permittivity) with k = 2
» Tan delta

+ U(Tan delta) with & = 2

The relative permittivity and tan delta columns are used as start values for the optimization.
The material parameters of the previously selected files from the Data Explorer will be
shown in the graph, see figure 15. The following tools are available:
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Y = [@ =
2| Import Definition + | B Start Computation Cancel Computation
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Ready

Figure 15: Data Explorer / Material Parameters / On-Wafer / Graph

Relative Permittivity ¢, shows or hides the relative permittivity plots.

Relative Permeability 1, shows or hides the relative permeability plots.

Freq log sets the frequency axis to linear or logarithmic (default: Freq lin).

Unc sets the uncertainty mode to None, Standard or U95 (default: None).
Interaction Mode sets interaction mode to None, Zoom or Pan (default: None).
Fixed Scale activates or deactivates automatically scaling of the x- and y-axis.
Cursor shows or hides one or two cursors.

Norm normalizes all traces to one selected trace or to the mean value of all traces (default:
None). In the neighboring control one can select if normalization is with respect to
value or value and uncertainty. Normalizing to a value means subtracting certain values
from the dataset. The resulting uncertainties are the same as from the input data.
Normalizing to value and uncertainty means subtracting uncertain numbers from the
dataset. The resulting uncertainties are different from the previous case because the
uncertainties are as well subtracted.

Font specifies the font for the current plots.
Legends shows or hides the legend.

Save Image saves the current plots to a bitmap file. Supported file formats are BMP, JPG
and PNG.

Copy Image copies the current plots to the clipboard.
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The material parameters of the first of the previously selected files from the Data Explorer
will be shown in the table view, see figure 16. The following tools are available:

& On-Water Material Parameters [= @ =]
2] Import Definition ~ | B Start Computation M Cancel Computation |
3 Definition of On-Wafer Line Standard [ Graph | B Table

Freg: MHz - Numeric Format: n3 = | Unc: Nene ~ All - I 5aveTable (1] Copy Table |
Description

Frequency e e er/er W w

# MHz Value

Ready

Figure 16: Data Explorer / Material Parameters / On-Wafer / Table

Freq sets the frequency format to Hz, kHz, MHz, GHz or THz (default: MHz).
Numeric Format sets the numeric format (default: £3).
Unc sets the uncertainty mode to None, Standard or U95 (default: None).

Save Table saves the current formatted data in a file. Supported file formats are Text (*.txt)
or IATEX(*.tex).

Copy Table copies the current formatted data to the clipboard.

One can select one or more rows of the table and copy the data to the clipboard with Ctrl-C or
with the context menu of the table. Ctrl-A selects all data.
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3.6 Passive Noise Parameters

The dialog called Passive Noise Parameters, see figure 17, is designed to compute noise
parameters from passive S-parameter data. The following user controls are available:

LA o= |[=
Physical Temperature / K UfPhysical Temperature) / K = 2)
[256.150] =] [1.000 = [ Uncertainties
Noise Graph  F] Noise Table
Freqlog |[IEEE | NIST Noise Corr.Matrix | Te [ F | NF | MR | §11 [ |W/He dBr/Hz |Fommat Reallmag = |Unc [Mone  -| All~
2 None - | FixedScale: X Y Curson 1 2 |Nomn: Nene  -| Value e lal Save Image -
1 14
c c
£ <
w &
Di\ I 07\ I 1 1 I 1 1 I I 1 1
0 01 D2 03 04 05 06 07 08 D9 1 0 01 D2 03 D4 05 06 07 08 08 1
Frequency | Hz Frequency / Hz
S1 =3
H 2
E E
£ :
30 ] B0 i i i i i i i i i ]
01 D02 D03 04 05 D06 07 08 09 1 0 01 D2 03 D4 05 06 07 08 08 1
Frequency | Hz Frequency / Hz
1
N
[’
D_\ I
0 01 02 03 04 05 08 07 08 09 1
Frequency | Hz
oK Cancel

Figure 17: Data Explorer / Passive Noise Parameters

Physical Temperature / K sets the value and uncertainty (¥ = 2) of the physical temperature
in K.

Uncertainties enables uncertainty propagation in preview graph and table.

Noise Graph shows a graphical visualization of the passive noise parameters, see section
3.3.5.

Noise Table shows a tabular visualization of the passive noise parameters, see section 3.3.6.

3.7 Math

The same equations are used in Graph, Table and Point tab for data conversion and format-
ting. Table 3 shows the equations for data conversions in METAS VNA Data Explorer. Variable
x is the input quantity, y is the converted output, Z, is the reference impedance and Y is the
reference admittance. Index ¢ is the frequency point, j is the receiver port and & is the source

port. Table 4 shows the equations used for data formatting. Variable y is the converted input
from Table 3 and z is the formatted output.
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Table 3: Conversions

Conversion Equation
None y=ux
S/S’ Yjk = Tjk/Tkj

Passivity Check  y;;, = (eig (I — X*X))
Absorbed Power  y;, = (AbsorbedPower (X))

Z-Parameter yir = (IT+X) (I X) "2,
Y-Parameter yie = (I—X) @+ X)),
Impedance y=1t27,

Admittance = 32Y,

Time Domain y = FDtoTD (x, mode, window)

TD Impedance  y = 127, with ¢ = FDtoTD (z, mode, window)

TD Admittance  y = %—:;YT with ¢ = FDtoTD (z, mode, window)

3.8 Uncertainty
There are three different uncertainty modes:
None hides the uncertainty.

Standard shows the standard uncertainty. In a scalar case this means 68% coverage and
k = 1. In a two dimensional case this means 39% coverage and k = 1.

U95 shows the expanded uncertainty. In a scalar case this means 95% coverage and k = 2.
In a two dimensional case this means 95% coverage and k = 2.45.

Here a scalar quantity consist of only one component, e.g. magnitude of S-parameter, whereas
a two dimensional quantity consists of two components, e.g. complex S-parameter. In graph-
ical representations the dimension is determined by the number of components shown in one
subplot.

The uncertainties are computed with linear uncertainty propagation. This leads to well
known problems when computing the absolute value and phase of small quantities.
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Table 4: Formats

Format Equation
Real z=RN(y)
Imag z=S(y)
Mag z = [yl
Mag log z = 201logy (|y])
Mag? 2=yl
VSWR z =1

1-ly
Phase z = 1790 arg (y)

@ ar ,ar < 0

Phase 360 s={ 7 UE ) 5(0) =

180% arg (y) — 360° ,arg (y) >0

T

Phase Unwrap 2z = @ unwrap (arg (y))

Phase Delay  z = —5Z5 with ¢ = unwrap (arg (y))

__P2—p1 i=1
2n(f2—f1) ’
Group Delay 2z = —gf=Pls 1 <ini<n With = unwrap (arg (y))
__Pn—Pn-1 L
QW(fn—fnfl) =0
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4 Database

The Databased is designed to specify values and uncertainties of VNA devices, cables, con-
nectors, DUT uncertainties, calibration standards, CMC entries and logger devices.

4.1 VNA Device

The VNA Device tabular page is designed to specify VNA devices in the database, see figure
18. The following user controls are available:

LA

=) = 2
- D: - svn_work - 217.015-Parameter ~ Software ~ MetasVna ~ user

- Projects - 01_Basic_Example_N(f-m) ~ % New Project | 43t Options ~ | 2 Help -

%2 Data Bxplorer W Database 7] Measurement Joumal ) Calibration Config  ¥) Eror Corection ¥ Siding Load | [ Verfication Y Seipt
VMNADevice Cable Connector Switchable Unit  DUT Uncertairty Calibration Standard  CMC Entry

Logger Device
[ Mew VNA ~ | 2 Open VNA ~ il Save VNA

- | TestDevice - | Characterize Noise -

Graphs: Freq log
4 Seftings  Noise Lineanty Drft  Unknown Eror Tems

Identification

ZrReal /0 Zrlmag / Q)
Agilert PNA EB351C 50.000000 ${ |0.000000

Driver

Resource
[Agiert_PNA_Series

w | [visa//-217-01-65 ad metas/GPIRD- 24 INSTR

Number of Test Ports
~| 2

Comments
Agilent PNA E8361C SN: US43140748 MM: 005805

hitp://cp literature agilent.com/litweb/pdf /E836 1-50007 pdf

Spec Average Factor Spec |F Bandwidth / Hz ~ Spec Power / dBm Spec Drift Time /h
1 = o H 17 24 5

Ready

Figure 18: Database / VNA Device / Settings

New VNA creates a new database item of the type VNA device (shortcut: Ctrl + N).
Open VNA loads a VNA item from a file (*.vnadev), (shortcut: Ctrl + Q).

Save VNA saves the VNA item to a file (*.vnadev), (shortcut: Ctrl + S).

Test Device tests VNA device if VISA connection is possible.

VNA Test Panel opens a VNA test panel.

NI-VISA Test Panel opens a VISA test panel.

Characterize Noise characterizes and analyzes the noise of the VNA at the specified fre-

quency points, average factor, IF bandwidth, power level, settling points and moving
mean points, see section 4.1.3.

Analyze Noise analyzes the noise of the VNA using the last noise characterization at the
specified settling points and moving mean points.
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Freq log sets the frequency axis to linear or logarithmic (default: Freq lin).

4.1.1 Settings

The following user controls are available on the sub tabular page called Settings:
Identification field can contain an identification string.

Zr Real / Q specifies the real part of the reference impedance in Ohm.

Zr Imag / Q specifies the imaginary part of the reference impedance in Ohm.
Driver sets the driver for the communication with the VNA device.

Resource sets the VISA resource name of the VNA device. VISA resources are the ad-
dresses of devices connected to the computer. VISA is a standard which is accepted by
nearly all manufactures of VNAs.

Number of Test Ports specifies the number of test ports.

Comments field can contain user comments.

Spec Average Factor specifies the average factor used for the noise specification.
Spec IF Bandwidth / Hz specifies the IF bandwidth used for the noise specification.

Spec Power / dBm specifies the power level used for the noise floor and linearity specifica-
tion.

Spec Drift Time / h specifies the drift time used for the drift specification in hours.

4.1.2 Noise

The next sub tabular page is called Noise, see figure 19. It contains a table with the following
columns:

» Frequency in Hz

» Noise Floor of the S-parameters for each receiving port in dB with £ = 1

» Trace Noise Mag of the S-parameters for each receiving port in dB with £ =1

« Trace Noise Phase of the S-parameters for each receiving port in deg with £ = 1
* Noise Floor for each test receiver in dBm with k = 1

« Trace Noise Mag for each test receiver in dB with £ =1

» Trace Noise Phase for each test receiver in deg with £ = 1

» Noise Floor for each reference receiver in dBm with £ = 1

» Trace Noise Mag for each reference receiver in dB with k = 1
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5
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Figure 19: Database / VNA Device / Noise

» Trace Noise Phase for each reference receiver in deg with £ = 1
and the following graphs:
NL / dB shows the noise floor of the S-parameters for each receiving test port in dB.

NH / dB shows the magnitude of the trace noise of the S-parameters for each receiving test
port in dB.

NH / ° shows the phase of the trace noise of the S-parameters for each receiving test port in
degree.

NL_b / dBm shows the noise floor of each test receiver in dBm.

NH_b / dB shows the magnitude of the trace noise of each test receiver in dB.
NH_b / ° shows the phase of the trace noise of each test receiver in degree.
NL_a/dBm shows the noise floor of each reference receiver in dBm.

NH_a/ dB shows the magnitude of the trace noise of each reference receiver in dB.
NH_a / ° shows the phase of the trace noise of each reference receiver in degree.

The different traces represent the different test ports where black is port 1, brown is port 2,
red is port 3, orange port 4 and so on. The trace colors are according to the resistor code,
see table 2.
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4.1.3 Characterize Noise

The dialog called Characterize Noise, see figure 20, is designed to characterize and analyze
the noise floor and trace noise of a VNA. This is done by connecting a high reflect to each
test port and measuring the S-parameters or optional the test and reference receivers. For
the noise characterization each frequency is measured in continuous wave (CW) mode to
minimize drift effects. The following user controls are available:

Connect a high reflect standard to each test port

Frequency List Measuremer it Settings

Frequency Number of Points Average Factor
/He ry
801 3 1
- -
IF Bandwidth / Hz Paower / dBm
0 z 0

[ Test & Ref. Receivers

Import Frequency List Cancel

Figure 20: Database / VNA Device / Characterize Noise

Frequency List specifies the frequency list in Hz used for the noise characterization.
Import Frequency List imports an existing frequency list.
The following measurement settings are available:

Number of Points sets the number of points per frequency point used for the noise charac-
terization.

Average Factor sets the average factor used for the noise characterization.
IF Bandwidth / Hz sets the IF bandwidth in Hz used for the noise characterization.
Power / dBm sets the power level in dBm used for the noise characterization.

Test & Ref. Receivers performs noise characterization for wave parameters and not only for
S-parameters.

The following analysis settings for the trace noise of the receivers are available:

Settling Points specifies the number of settling points which are removed at the beginning
of the collected data. This is to mask settling issues which typically happen after switch
the source to another port.

Moving Mean Points specifies the number of moving mean points. The moving mean is
subtracted from the truncated collected data to separate noise and drift.
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4.1.4 Linearity

The next sub tabular page contains two tables and is called Linearity, see figure 21. The first
specifies the different power levels in dB. The second table contains the following columns:

A Agilent PNA_EB361C.vnadev - METAS VNA Tools [=@][=]
v Dt - svn_work - 217.015-Parameter ~ Software ~ MetasVna ~ user - Projects - 01_Basic_Example_N(f-m) ~ I"*j New Project | £} Options ~ | ? Help -
g Data Bploer Wl Database [7] Measurement Joumal ) Calbration Config 4 Eror Comection  §) Siding Load ) Verfication P¥ Scrit

VMADevice Cable Connector Switchable Unit DUT Uncertainty Calibration Standard CMC Entry  Logger Device:

D) NewVNA ~| % OpenVNA = | SaveVNA +  Test Device - | Characterize Noise ~ Graphs: Freqlog

£ Seftings Moise Lneaity Drt  Unknown Emor Tems

Power Levels
/dB

Frequency Linearity Linsarity Linsarty Linearity Lineaity Linsarity Linsarity Linsarity
@-340dB @-340 dB @-100dB @-100dB @0d8 @0d8 @20d8 @20dB

Mag/dB(=2) FPhase/"k=2) Mag/dBk=2) Phase/"(k=2) MWag/dBk=2) Phase/"k=2) Mag/dBk=2) FPhase/ k=2)
0.01 0.08 001 008 0.01 0.06 001
0.06 001 006 0.01 0.06 001

Linearity ! dB

-300 -250 -200 -150 -100 -50 ] 20
Power Level / dB

Ready

Figure 21: Database / VNA Device / Linearity

» Frequency in Hz
* Linearity Mag in dB with £ = 2, one column for each power level

* Linearity Phase in deg with k = 2, one column for each power level
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4.1.5 Drift

The next sub tabular page is called Drift, see figure 22. It contains a table with the following
columns:

5

£ Seftings Moise Linearty Drift

Unknown Emor Temms
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= D: - swn_work - 217.015-Parameter - Software ~ MetasVna + user - Projects - 01_Basic_Example_N(f-m) -
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Figure 22: Database / VNA Device / Drift
» Frequency in Hz
» Switch Term Drift in dB with £ = 2
* Directivity Drift in dB with £ = 2
+ Tracking Drift Mag in dB with k = 2
+ Tracking Drift Phase in deg with k = 2
« Symmetry Drift Mag in dB with k = 2
+ Symmetry Drift Phase in deg with k£ = 2
» Match Drift in dB with k = 2
* |Isolation Drift in dB with & = 2
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4.1.6 Unknown Error Terms

The next sub tabular page is called Unknown Error Terms, see figure 23. It contains a table
with the following columns:
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Figure 23: Database / VNA Device / Unknown Error Terms

» Frequency in Hz

+ Directivity in dB with £ = 2

+ Reflection Tracking Mag in dB with k = 2

+ Reflection Tracking Phase in deg with k = 2

+ Source Match in dB with k& = 2

* Isolation in dB with £ = 2

 Transmission Tracking Mag in dB with £ = 2

» Transmission Tracking Phase in deg with k = 2

* Load Match in dB with k = 2
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4.2 Cable

The tabular page, called Cable, is designed to specify cables in the database, see figure 24.
The following user controls are available:

EA o [ =) E2
= D: - svn_work - 217.015-Parameter ~ Software ~ MetasWna - user - Projects - 01_Basic_Example_N(f-m} - #3 New Project | £i} Options + | ? Help -
% Data Exploer W Database [7] Measurement Joumal ) Caiibration Config ¥) Eror Corection ) Siding Load | (& Verfication P¥ Script
WMA Device Cable Connector Switchable Unit DUT Uncertainty Calibration Standard CMC Entry  Logger Device
[ New Cable | & Open Cable ~ |al Save Cable +
Identification ZrReal /Q Zrimag /Q ko~ Reflection Stability
85132F Flexible Cable Set, 3.5mm (Test Portjto 7 mm 50.000000 3 0.000000 = ke~ Transmission Stability
b Symmetry Stability
Comments
hitp://cp literature agilent.com Atweb/pdf/85132-90010.pdf 0.004 —
Z ‘ ‘
5 0002
v ‘
0 | | |
0 be+d 10e+3 15e+8  18e+8
Frequency / Hz
Electrical Specifications 024
Frequency Reflection Transmission Transmission Symmetry Symmetry =
Stability Stability Stability Stability Stability =
/Hz /dB fk=2) Mag 7 dB (k=2) Phase / “ (k=2) Mag /dB fk = 2) Phase /" fk=2) :% 0.1
0
T i
18000409 S 012 284 0 0 0 5es9 10048 1Besd  18e43
Frequency / Hz
284 - [
L2
2 /
Z i
@
0 i
0 Be+9 10e+9 15e+3  1Be+9
Frequency / Hz
Ready

Figure 24: Database / Cable

New Cable creates a new database item of the type cable (shortcut: Ctrl + N).
Open Cable loads a cable from a file (*.cable), (shortcut: Ctrl +O).

Save Cable saves the cable to a file (*.cable), (shortcut: Ctrl +S).
Identification field can contain an identification string.

Zr Real / Q specifies the real part of the reference impedance in Ohm.

Zr Imag / Q specifies the imaginary part of the reference impedance in Ohm.
Comments field can contain user comments.

Electrical Specifications is a table with the following columns:

* Frequency in Hz

Reflection Stability in dB with &k = 2
 Transmission Stability Mag in dB with k = 2

+ Transmission Stability Phase in deg with £ = 2
» Symmetry Stability Mag in dB with & = 2

« Symmetry Stability Phase in deg with k£ = 2
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4.3 Connector

The Connector tabular page is designed to specify connectors in the database, see figure 25.
The following user controls are available:
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Figure 25: Database / Connector

New Connector creates a new database item of the type connector (shortcut: Ctrl + N).
Open Connector loads a connector from a file (*.conn), (shortcut: Ctrl + O).

Save Connector saves the connector to a file (*.conn), (shortcut: Ctrl +S).
Identification field can contain an identification string.

Zr Real / Q specifies the real part of the reference impedance in Ohm.

Zr Imag / Q specifies the imaginary part of the reference impedance in Ohm.
Comments field can contain user comments.

Electrical Specifications is a table with the following columns:

* Frequency in Hz

+ Reflection Repeatability in dB with k = 2

» Transmission Repeatability Mag in dB with k = 2

» Transmission Repeatability Phase in deg with & = 2
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4.4 Switchable Unit

The Switchable Unit tabular page is designed to specify switchable units in the database, see
figure 26. The following user controls are available:
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Figure 26: Database / Switchable Unit

New Switchable Unit creates a new database item of the type switchable unit (shortcut:
Ctrl + N).

Open Switchable Unit loads a switchable unit from a file (*.swtunit), (shortcut: Ctrl + O).
Save Switchable Unit saves the switchable unit to a file (*.swtunit), (shortcut: Ctrl +S).
Identification field can contain an identification string.

Zr Real / Q specifies the real part of the reference impedance in Ohm.

Zr Imag / Q specifies the imaginary part of the reference impedance in Ohm.
Comments field can contain user comments.

Electrical Specifications is a table with the following columns:

» Frequency in Hz

Reflection Repeatability in dB with k = 2

+ Transmission Repeatability Mag in dB with k = 2

» Transmission Repeatability Phase in deg with & = 2

A switchable unit can be an electronic calibration unit (ECU), a step attenuator or any other
switchable device under test (DUT).

Michael Wollensack Page 42 of 111 July 2026



METAS VNA Tools - User Manual V3.0.2

4.5 DUT Uncertainty

The DUT Uncertainty tabular page is designed to specify additional DUT uncertainties in the
database, see figure 27. The following user controls are available:
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Figure 27: Database / DUT Uncertainty

New DUT creates a new database item of the type DUT uncertainty (shortcut: Ctrl+ N).
Open DUT loads a DUT uncertainty from a file (*.dutunc), (shortcut: Ctrl + O).

Save DUT saves the DUT Uncertainty to a file (*.dutunc), (shortcut: Ctrl +S).
Identification field can contain an identification string.

Zr Real / Q specifies the real part of the reference impedance in Ohm.

Zr Imag / Q specifies the imaginary part of the reference impedance in Ohm.
Comments field can contain user comments.

Electrical Specifications is a table with the following columns:

» Frequency in Hz
 Reflection Uncertainty with k = 2
» Transmission Uncertainty with k = 2
The DUT uncertainty can be used to represent the crosstalk in on-wafer measurements.

In this case the DUT uncertainty is uncorrelated for every standard on the wafer and it's cor-
related for multiple measurements of the same standard.
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4.6 Calibration Standard

The tabular page, called Calibration Standard, is designed to specify calibration standards in
the database, see figure 28. The following user controls are available:
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Figure 28: Database / Calibration Standard
New Standard creates a new database item of the type calibration standard (shortcut: Ctrl + N).
For a databased standard see section 4.6.3.
Open Standard loads a calibration standard from a file (*.calstd), (shortcut: Ctrl + O).
Save Standard saves the calibration standard to a file (*.calstd), (shortcut: Ctrl +S).
Start Frequency / Hz specifies the start frequency.
Stop Frequency / Hz specifies the stop frequency.
Points sets the number of data points.
Frequency List Browse loads a frequency list.
Frequency List Clear clears the frequency list.
Identification field can contain an identification string.
Zr Real / Q specifies the real part of the reference impedance in Ohm.

Zr Imag / Q specifies the imaginary part of the reference impedance in Ohm.

Comments field can contain user comments.
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4.6.1 Agilent Model Standard

For a calibration standard of the type Agilent model the following controls are available:
Standard Type specifies the standard type as open, short, load or delay/thru.

Offset Z0 / Q sets the offset line impedance in Ohm.

Offset Delay / ps sets the offset line delay in ps.

Offset Loss / (GQ/s) set the offset line loss in GOhm/s.

CO / (E-15 F) sets the first polynomial coefficient for an open.

C1/(E-27 F/Hz) sets the second polynomial coefficient for an open.

C2/ (E-36 F/Hz"2) sets the third polynomial coefficient for an open.

C3/(E-45 F/Hz"3) sets the fourth polynomial coefficient for an open.

LO / (E-12 H) sets the first polynomial coefficient for a short.

L1/ (E-24 H/Hz) sets the second polynomial coefficient for a short.

L2/ (E-33 H/HZ™2) sets the third polynomial coefficient for a short.

L3 / (E-42 H/HZ"3) sets the fourth polynomial coefficient for a short.

Standard Media specifies the standard media as coax or waveguide.

Cutoff Frequency / Hz specifies the waveguide cutoff frequency in Hz.
Height/Width Ratio specifies the waveguide height/width ratio (default: 0.5).
Electrical Specifications is a table with the following columns for an open or a short:

» Frequency in Hz
* Mag Deviation in dB with k£ = 2
* Phase Deviation in deg with k = 2

For a load the table has the following columns:

» Frequency in Hz

* Return Loss in dB with k£ = 2
E.g. an uncertainty of the Return Loss of -40dB is translated to an uncertainty of 0.01
of real and imaginary part of the reflection coefficient.
For a delay/thru the table has the following columns:

» Frequency in Hz

+ Reflection Return Loss in dB with & = 2

» Transmission Mag Deviation in dB with k = 2

» Transmission Phase Deviation in deg with k = 2
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4.6.2 Databased Standard

Databased standards define the value and uncertainty budget of each frequency point and pa-
rameter. This format works without loss of accuracy. Thus it is ideal for transferring measure-
ment data and uncertainties from National Metrology Institutes and accredited laboratories to
customers. For a databased standard the following control is available:

Data Path specifies the file path (*.sdatb) which contains the S-parameters of the standard.

4.6.3 New Databased Standard Wizard

The wizard called New Databased Standard is designed to create a new databased standard,
see figure 29. The following user controls are available:

2

Source

£3

Data Path for Defintion of Calibration Standard (" sdatb) Forts (empty: all)

Destination
Database Path (Example: 3.5mm"\Loads\MM123456_Loadf)_7839)

|dentification {Example: 3.5 mm female load SN:789) Date
08.07.2024 B

Cancel

Figure 29: Database / New Databased Standard Wizard

Data Path for Definition of Calibration Standard specifies the source file (*.sdatb) for the
definition of the calibration standard.

Ports specifies which ports of the definition of the calibration standard are used (empty: all).

Database Path specifies the destination in the database
(Example: 3.5mm\Loads\MM123456_Load(f)_789).

Identification field can contain an identification string
(Example: 3.5 mm female load SN:789).

Date sets the date. This date is part of the name of the databased standard.

4.6.4 Primary Airline Standard
For a primary airline standard the following controls are available:
Material Parameters specifies the following parameters:

Relative Permittivity of Air specifies the value and the uncertainty (k = 2) of the rela-
tive permittivity of air.

Relative Permeability of Air specifies the value and the uncertainty (k¢ = 2) of the
relative permeability of air.
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DC Conductivity of Metal / (S/m) specifies the value and the uncertainty (¢ = 2) of
the DC conductivity of metal in S/m.

HF Conductivity of Metal / (S/m/GHz"0.5) specifies the value and the uncertainty (k =
2) of the HF conductivity of metal in S/m/GHz"0.5.

Misc specifies the following parameter:

Line Shift / m specifies the value and the uncertainty (k = 2) of the distance in m
which the reference planes of the standard definition are shifted with respect to
the calibration reference planes. If the reference plane at port 1 of the standard
definition is behind the calibration reference plane (this means towards the VNA)
then the value is negative. For the opposite shift it would be positive and for no
shift it is zero.

Connector 1 specifies the gender and the mechanical dimensions of the connector 1. The

following controls are are available:

Gender specifies the gender (female, male or none) of the connector.

Pin Depth / m sets the value and uncertainty (k¥ = 2) of the pin depth of the standard
in m.

Pin Gap / m sets the value and uncertainty (kK = 2) of the pin gap used for the simula-
tion of the connector in m.

Female Outer Chamfer / m sets the value and uncertainty (k = 2) of the outer chamfer
for a female connector in m.

Female Inner Chamfer / m sets the value and uncertainty (k = 2) of the inner chamfer
for a female connector in m.

Male Outer Chamfer / m sets the value and uncertainty (kK = 2) of the outer chamfer
for a male connector in m.

Male Inner Chamfer / m sets the value and uncertainty (k = 2) of the inner chamfer
for a male connector in m.

Pin Diameter / m sets the value and uncertainty (k = 2) of the pin diameter in m. For
a female connector this should be set to the nominal value of the connector family.

Hole Diameter / m sets the value and uncertainty (¢ = 2) of the hole diameter in m.
For a male connector this should be set to the value of the pin diameter.

OC Diameter / m sets the value and uncertainty (k = 2) of the outer conductor diame-
ter in m. This should be set to the nominal value of the connector family.

Male CC Diameter / m sets the value and uncertainty (k = 2) of the diameter of the
male center conductor in m. For a female connector this should be set to the
nominal value of the connector family.

Number of Slots specifies the number of slots. Zero means slotless.

Slotless Hole Length / m sets the value and uncertainty (k¥ = 2) of the hole length in
m for a slotless female connector.

Slotless Female CC Diameter / m sets the value and uncertainty (k = 2) of the center
conductor diameter in m for a slotless female connector. For a male connector this
should be set to the nominal value of the connector family.
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Slot Length / m sets the value and uncertainty (¢ = 2) of the slot length in m for a
slotted female connector. The slot length must be a multiple of the length of a
single line section.

Slot Width / m sets the value and uncertainty (k = 2) of the slot width in m for a slotted
female connector.

Slot Chamfer / m sets the value and uncertainty (k = 2) of the slot chamfer in m for a
slotted female connector.

Line Section specifies the length of the standard and the diameter profile of the line section.
The following controls are available:

Length / m specifies the value and the uncertainty (k = 2) of the distance between the
reference planes of connector 1 and 2.

Variable Gamma specifies if gamma is variable.
Table Diameter Profile is a table with the following columns:
 z-Position in m
* U(z-Position) in m with k = 2
« ICODinm
U(ICOD) in m with & = 2
+ OCID inm
* U(OCID) in m with k = 2
Graph Diameter Profile shows a graphical visualization of the diameter profiles.

Connector 2 specifies the gender and the mechanical dimensions of the connector 2. For
the available controls see Connector 1.

For a primary airline standard the following precomputed data is needed, see figure 30.

Database/CalibrationStandards/[ConnectorFamily]/Primary/ [name]

[name] .calstd .......ooiiiiiiiiiiiiiiiii i primary airline standard
QABA .« et directory for precomputed S-parameter data
[name] cil.sdatb.................. simulated connector (female-male) at port 1
[name] c2.sdatb .......ccovunn.... simulated connector (female-male) at port 2
[name] ki.sdatb.................. kapton or adapter effect on port 1 (optional)
[name] k2.sdatb .................. kapton or adapter effect on port 2 (optional)
[name] pgl.sdatb................. simulated nominal pin gap (10 zm) at port 1
[name] pg2.sdatb................. simulated nominal pin gap (10 um) at port 2

Figure 30: Precomputed data for a primary airline standard

4.6.5 Primary Offset Short Standard
For a primary offset short standard the following controls are available:

Material Parameters specifies the material parameters.
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Connector specifies the gender and the mechanical dimensions of the connector.

Line Section specifies the length between the reference plane in the connector and the short
plane. The diameter profile of the line section is specified as well.

For more details, see section 4.6.4. For a primary offset short the following precomputed data
is needed, see figure 31.

Database/CalibrationStandards/[ConnectorFamily]/Primary/ [name]

[name] .calstd.....ccoviiiiiiiiiiiiiiiiniiinnnnn, primary offset short standard
o E- v S PP directory for precomputed S-parameter data
[name] cl.sdatb .......ovviiiiniiiinn. simulated connector (female-male)
[name] kil.sdatb.......cccoiiieiinnennn... kapton or adapter effect (optional)
[name] pgl.sdatb ..., simulated nominal pin gap (10 um)

Figure 31: Precomputed data for a primary offset short standard

4.6.6 Waveguide Shim Standard
For a waveguide shim standard the following controls are available:
Material Parameters specifies the following parameters:
Relative Permittivity of Air specifies the value and the uncertainty (k = 2) of the rela-
tive permittivity of air.

Relative Permeability of Air specifies the value and the uncertainty (k¢ = 2) of the
relative permeability of air.

DC Conductivity of Metal / (S/m) specifies the value and the uncertainty (k = 2) of
the DC conductivity of metal in S/m.

HF Conductivity of Metal / (S/m/GHz"0.5) specifies the value and the uncertainty (k =
2) of the HF conductivity of metal in S/m/GHz"0.5.

Waveguide Connector 1 specifies the mechanical dimensions of the connector 1. The fol-
lowing controls are are available:
Test Port Width / m specifies the nominal width of the test port in m.
Test Port Height / m specifies the nominal height of the test port in m.

Waveguide Shim Section specifies the length of the standard and the mechanical dimen-
sions of the shim section. The following controls are available:

Length / m sets the value and the uncertainty (k = 2) of the length of the shim section
inm.

Width / m sets the value and the uncertainty (k = 2) of the width of the shim section in
m.

Height / m sets the value and the uncertainty (k = 2) of the height of the shim section
inm.
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Radius / m sets the value and the uncertainty (k = 2) of the radius of the shim section
inm.

Width Offset / m sets the value and the uncertainty (k¥ = 2) of the width offset of the
shim section in m.

Height Offset / m sets the value and the uncertainty (k = 2) of the height offset of the
shim section in m.

Waveguide Connector 2 specifies the mechanical dimensions of the connector 2. For the
available controls see Waveguide Connector 1.

4.6.7 Waveguide Offset Short Standard

For a waveguide offset short standard the following controls are available:

Material Parameters specifies the material parameters.

Waveguide Connector specifies the mechanical dimensions of the connector.

Waveguide Shim Section specifies the length between the reference plane in the connector
and the short plane. The mechanical dimensions of the shim section are specified as
well.

For more details, see section 4.6.6.

4.6.8 Simple Line Standard
For a simple line standard the following controls are available:
Length / m sets the value and the uncertainty (k = 2) of the length of the line in m.

Relative Permittivity specifies the value and the uncertainty (k = 2) of the relative permittiv-
ity.

Variable Gamma specifies if v is variable.
Admittance List is a table with the following columns:

» Frequency in Hz

* GinS/m

* U(G) in S/m with k = 2
« CinF/m

* U(C) in F/m with & = 2
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4.6.9 On-Wafer Line Standard
For an on-wafer line standard the following controls are available:
Length / m sets the value and the uncertainty (k = 2) of the length of the line in m.

Width of Ground Conductor / m sets the value and the uncertainty (k = 2) of the width of
the ground conductor in m.

Width of Signal Conductor / m sets the value and the uncertainty (k = 2) of the width of
the signal conductor in m.

Gap Width / m sets the value and the uncertainty (k = 2) of the gap width in m.

Conductor Thickness / m sets the value and the uncertainty (k = 2) of the conductor thick-
ness in m.

Surface Roughness / m sets the value and the uncertainty (k = 2) of the surface roughness
inm.

Variable Gamma specifies if v is variable.
Model Version specifies the version of the used model. The following versions are available:

* Heinrich Paper 1993

+ Fortran Code 1993 (default)
Schnieder Paper 2003

» Gold Paper 2019

» Phung Paper 2021

Material Parameters is a table with the following columns:

* Frequency in Hz

+ Conductivity in S/m
U(Conductivity) in S/m with k = 2
Relative Permittivity

U(Relative Permittivity) with k = 2
Tan delta

U(Tan delta) with k = 2

4.6.10 On-Wafer Offset Short Standard
For an on-wafer offset short standard the following controls are available:
Length / m sets the value and the uncertainty (k = 2) of the length of the offset line in m.

Width of Ground Conductor / m sets the value and the uncertainty (k = 2) of the width of
the ground conductor in m.
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Width of Signhal Conductor / m sets the value and the uncertainty (k = 2) of the width of
the signal conductor in m.

Gap Width / m sets the value and the uncertainty (k = 2) of the gap width in m.

Conductor Thickness / m sets the value and the uncertainty (k = 2) of the conductor thick-
nessin m.

Surface Roughness / m sets the value and the uncertainty (k = 2) of the surface roughness
in m.

Variable Length specifies if the length is variable.
Model Version specifies the version of the used model. The following versions are available:

* Heinrich Paper 1993
Fortran Code 1993 (default)
Schnieder Paper 2003

* Gold Paper 2019

* Phung Paper 2021

Material Parameters is a table with the following columns:

» Frequency in Hz

Conductivity in S/m
U(Conductivity) in S/m with & = 2
Relative Permittivity

U(Relative Permittivity) with k = 2
Tan delta

U(Tan delta) with £ = 2

4.6.11 Power Sensor Table Standard

For a power sensor table standard the following controls are available:
Driver sets the driver for the communication with the power sensor.
Resource sets the VISA resource name of the power sensor.

Channel sets the channel (default: 1) of the power meter to which the power sensor is con-
nected to.

Default Frequency sets the default frequency (default: 50 MHz) of the power sensor in Hz.
Data Table is a table with the following columns:

» Frequency in Hz
» Reflection Coefficient Real
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U(Reflection Coefficient Real) with £ = 2
Reflection Coefficient Imag

U(Reflection Coefficient Imag) with k = 2
Calibration Factor in W/W
U(Calibration Factor) in W/W with k£ = 2

Uncertainties specifies the absolute and relative uncertainties of the power sensor. The

following controls are available for the absolute uncertainties:

Measurement Noise / W sets the uncertainty (k = 2) of the measurement noise in W.

Noise Filter specifies the noise filter used for the measurement noise specification
above.

Zero Offset / W sets the uncertainty (k = 2) of the zero offset in W.
Zero Drift / W sets the uncertainty (k = 2) of the zero drift in W.

The following controls are available for the relative uncertainties:

Aging Freq Corr / (W/W) sets the uncertainty (k = 2) of the aging, which is correlated
over frequency, in W/W. This uncertainty covers the observed difference of own
verification measurements before and after an external calibration.

Aging Freq Uncorr / (W/W) sets the uncertainty (k = 2) of the aging, which is uncor-
related over frequency, in W/W. This uncertainty covers the observed difference of
own verification measurements before and after an external calibration.

Drift Freq Corr / (W/W) sets the uncertainty (k = 2) of the drift, which is correlated
over frequency, in W/W. This uncertainty covers the observed difference of own
verification measurements over a longer time period.

Drift Freq Uncorr / (W/W) sets the uncertainty (£ = 2) of the drift, which is uncorre-
lated over frequency, in W/W. This uncertainty covers the observed difference of
own verification measurements over a longer time period.

Linearity / (W/W) sets the uncertainty (k = 2) of the linearity in W/W.

Power Meter / (W/W) sets the uncertainty (k = 2) of the power meter in W/W.

Repeatability / (W/W) sets the uncertainty (kK = 2) of the repeatability in W/W. This
uncertainty covers the observed difference due new connections.

Temperature / (W/W) sets the uncertainty (k = 2) of the temperature in W/W.

4.6.12 Power Sensor Databased Standard

For a power sensor databased standard the following controls are available:
Driver sets the driver for the communication with the power sensor.
Resource sets the VISA resource name of the power sensor.

Channel sets the channel (default: 1) of the power meter to which the power sensor is con-

nected to.
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Default Frequency sets the default frequency (default: 50 MHz) of the power sensor in Hz.

Data Path specifies the file path (*.sdatb) which contains the following S-parameters of the
power sensor standard:

S1,1 is the reflection coefficient of the power sensor.
S§2,1 is the square root of the calibration factor.

S1,2 is zero.

S2,2 is zero.

Uncertainties specifies the absolute and relative uncertainties of the power sensor. For the
available controls see section 4.6.11.

4.6.13 Cascaded Power Sensor Standard

For a cascaded power sensor standard the following controls are available:

Driver shows the driver for the communication with the power sensor.

Resource shows the VISA resource name of the power sensor.

Adapter Path specifies the file path (*.calstd) which contains the S-parameters of the adapter.

Power Sensor Path specifies the file path (*.calstd) of the power sensor standard.

4.6.14 Spectrum Analyzer Table Standard

For a spectrum analyzer table standard the following controls are available:
Driver sets the driver for the communication with the spectrum analyzer.
Resource sets the VISA resource name of the spectrum analyzer.

Data Table is a table with the following columns:

» Frequency in Hz
+ Reflection Coefficient Real
» U(Reflection Coefficient Real) with & = 2
+ Reflection Coefficient Imag
» U(Reflection Coefficient Imag) with £ = 2
+ Calibration Factor in W/W
+ U(Calibration Factor) in W/W with k = 2
Uncertainties specifies the absolute and relative uncertainties of the spectrum analyzer. The
following controls are available for the absolute uncertainties:
Measurement Noise / W sets the uncertainty (k = 2) of the measurement noise in W.

Resolution BW Setting / Hz specifies the resolution bandwidth in Hz used for the mea-
surement noise specification above.
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The following controls are available for the relative uncertainties:

Aging Freq Corr / (W/W) sets the uncertainty (k = 2) of the aging, which is correlated
over frequency, in W/W. This uncertainty covers the observed difference of own
verification measurements before and after an external calibration.

Aging Freq Uncorr / (W/W) sets the uncertainty (k = 2) of the aging, which is uncor-
related over frequency, in W/W. This uncertainty covers the observed difference of
own verification measurements before and after an external calibration.

Drift Freq Corr / (W/W) sets the uncertainty (k = 2) of the drift, which is correlated
over frequency, in W/W. This uncertainty covers the observed difference of own
verification measurements over a longer time period.

Drift Freq Uncorr / (W/W) sets the uncertainty (k = 2) of the drift, which is uncorre-
lated over frequency, in W/W. This uncertainty covers the observed difference of
own verification measurements over a longer time period.

Linearity / (W/W) sets the uncertainty (k = 2) of the linearity in W/W.

Repeatability / (W/W) sets the uncertainty (k = 2) of the repeatability in W/W. This
uncertainty covers the observed difference due new connections.

Temperature / (W/W) sets the uncertainty (k = 2) of the temperature in W/W.

4.6.15 Spectrum Analyzer Databased Standard

For a spectrum analyzer databased standard the following controls are available:

Driver sets the driver for the communication with the spectrum analyzer.
Resource sets the VISA resource name of the spectrum analyzer.

Data Path specifies the file path (*.sdatb) which contains the following S-parameters of the
spectrum analyzer standard:

S1,1 is the reflection coefficient of the spectrum analyzer.
S$2,1 is the square root of the calibration factor.

S1,2 is zero.

S2,2 is zero.

Uncertainties specifies the absolute and relative uncertainties of the spectrum analyzer. For
the available controls see section 4.6.14.
4.6.16 Cascaded Spectrum Analyzer Standard

For a cascaded spectrum analyzer standard the following controls are available:

Driver shows the driver for the communication with the spectrum analyzer.
Resource shows the VISA resource name of the spectrum analyzer.
Adapter Path specifies the file path (*.calstd) which contains the S-parameters of the adapter.

Spectrum Analyzer Path specifies the file path (*.calstd) of the spectrum analyzer standard.
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4.7 CMC Entry

The tabular page, called CMC Entry, is designed to specify Calibration and Measurement
Capabilities (CMCs) in the database, see figure 32. The following user controls are available:

= o |[=][=
= Dt - svn_work - 217.015-Parameter - Software - MetasWna - user - Projects - 01_Basic_Example_N(f-m] - #3 New Project | £i# Options - | ? Help -

g Data Explorer Wl Database  [] Measurement Joumal ) Caibration Config §) Eror Comection ) Siding Load ) Verfication Scipt

WMA Device Cable Connector Switchable Unit DUT Uncertainty Calibration Standard CMC Entry  Logger Device

[ New CMC | # Open CMC = I Save CMC = | P Start Computation = Cancel Computation | 2l Save Summary to LaTeX File Graphs: Freq log

#* Seftings Reflection  Transmission Summary

Identification ~
Example CMC PC-2.4 mm 2011.01.01

Comments

Agilentt Calibration Standard Definitions
Ideal VNA Emor Terms

Frequency List File
% Hz_50GHz_fine fl

Summary Frequency Ranges File
FrequencyRanges_3kHz_50GHz fl

VNA Device
Example_CMC_VNA vnadev

Cable
Example_CMC_(-50GHz.cable

Connector
2.4mm.conn

Calibration Corfig File
2 4mm’\B85056A\85056A_SOLT{-m).calcfg

Ready

Figure 32: Database / CMC Entry / Settings

New CMC creates a new database item of the type CMC entry (shortcut: Ctrl +N).
Open CMC loads a CMC entry from a file (*.cmc), (shortcut: Gtrl + O).

Save CMC saves the CMC entry to a file (*.cmc), (shortcut: Ctrl +S).

Start Computation computes the CMC reflection and transmission tables (shortcut: Ctrl + R).
Cancel Computation cancels the computation (shortcut: Ctrl+T).

Save Summary to LaTeX File saves summary to a LaTeX file (*.tex).

Freq log sets the frequency axis to linear or logarithmic (default: Freq lin).

The following user controls are available on the sub tabular page called Settings:
Identification field can contain an identification string.

Comments field can contain user comments.

Frequency List File sets the path (*.fl) for the frequency list.

Summary Frequency Ranges File sets the path (*.fl) for the frequency ranges used in the
summary.
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VNA Device specifies the VNA device (*.vnadev).

Cable specifies the cable (*.cable).

Connector specifies the connector (*.conn).

Calibration Config File specifies the calibration configuration (*.calcfg).

VNA Error Terms specifies the VNA error terms (*.calb) used to generate raw data. For an
ideal VNA do not select a file.

Numeric Format Mag Reflection sets the numeric format of the magnitude of the reflection
(default: £3).

Numeric Format Mag Transmission sets the numeric format of the magnitude of the trans-
mission in dB (default: f2).

Numeric Format Phase sets the numeric format of the phase of the reflection and transmis-
sion in deg (default: f1).

Calculation Mode sets the calculation mode to min, mean or max.

The next sub tabular page is called Reflection, see figure 33. The left part of the page is used
to specify the different reflection levels (default: 0 to 1.0 in 0.1 steps) and the number of phase
positions (default: 24). The right part of the page contains a table with the following columns:

= (= [@][=]
= D: + svn_work - 217.015-Parameter + Software + MetasVna ~ user - Projects - 01_Basic_Example_N(f-m) ~+ #4 New Project | £+ Options + | ? Help -
5 Data Explorer W Dstsbass  [5] Measurement Joumal ) Calibration Config  § Eror Comection  §7) Siding Load [ Verfication  P¥ Scipt
VMADevice Cable Comnector Swichable Unt DUT Uncertainty Calibration Standard CMC Entry  Logger Device
() New CMC |2 Open CMC ~ |l Save CMC ~ | B Start Computation W Cancel Computation | ¢ Save Summary to LaTeX File Graphs: Freq log

#* Seftings Reflection  Transmission  Summary

Reflection Frequency abs(Ge) =0 abs(Sc) =0 abs(Scd=01  abs(Go)=01  sbsi@x)-02  absi9e=02  abs(Sw)=03  abs(Swd=03 A
Levels
/Ha) UfMlag) UfPhase) /* UNag) UPhase) /* UMag) UfPhase) / Ufiag) UfPhase) /
» 0.008 NaN 0.008 15 0008 23 0008 15
9.500e+03 0.008 NaN 0008 15 0008 23 000 5
10.000+03 0008 NaN 0008 15 0008 23 000 5
15.0006+03 0.008 Nal 0008 15 0008 23 0008 15
20.0000+03 0.008 Nal 0.008 15 0.008 23 0.008 15
25.000e+03 0.008 Nal 0.008 15 0.008 23 0.008 15
30.000e+03 0.008 NaN 0.008 15 0.008 23 0008 15
35.000+03 0.008 NaN 0008 15 0008 23 0008 5 v
< >
0.036 / 10—
5 00 / e
5 S
B __,,..—--"""-ﬂv/ =6
N Phase Posttions S 0.02 8
2 [— | 5
2 E m— S 4
£ - 8
Phase Step / * = _/é:::: ; £ ! |
T = oo —w’#ﬁ ? ———— e
0006 5 0 —|
008 i | h i i '
0 1089 20es3 30e+8 10649 S0es9 0 10e+8 20649 9 10649 5De+9
Frequency / Hz Frequency | Hz
Ready

Figure 33: Database / CMC Entry / Reflection

* Frequency in Hz
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» Magnitude Uncertainty with £ = 2, one column for each reflection level
» Phase Uncertainty in deg with £ = 2, one column for each reflection level

The next sub tabular page is called Transmission, see figure 34. The left part of the page is
used to specify the different transmission levels in dB (default: 0dB, -3dB, -6 dB and -10dB to
-60dB in -10dB steps), the magnitude of the reflection (default: 0) and the number of phase
positions (default: 8). The right part of the page contains a table with the following columns:

LA [= = ]=]
+ D: - svn_work - 217.015-Parameter = Software ~ MetasVna = user = Projects = O1_Basic_Example N(f-m) = %5 New Project | £+ Options = | 2 Help -
% Data Explorer W Datsbase [T Measurement Joumal ) Calbration Corfig ) Eror Comection 4 Slding Load &) Verfication P Script
VNA Device Cable Connmector Switchable Unit DUT Uncertainty Calibration Standard  CMC Entry  Logger Device
[ New CMC |2 Open CMC ~ ki Save CMC ~ | B Start Computation M Cancel Computation | g2 Save Summary to LaTeX File Graphs: Freq log
¢" Seftings  Reflection  Transmission  Summary
Transmission Frequency abs(Syx) = 0 dB abs(Syx) = 0dB abs(Syx)=-3dB  abs(Syx)=-3dB abs(Syx)=EdB  abs(Syx)=6dB  abs(Syw)=-10dB  abs(Syx)=-10dB ~
Levels
/Hz U(Mag) /dB UPhase) / ~ U(Mag) / dB U(Phase) / * U(Mag) / dB UPhase) / © U(Mag) / dB U(Phase) / *
» 003 08 004 08 004 08 004 08
9.500e+03 0.03 [iE:3 0.04 k] 0.04 0.8 0.04 0s
10.000e+03 0.03 0.8 0.04 08 0.04 0.8 0.04 0.8
15.0002+03 003 08 0.04 08 0.04 08 0.04 0.8
20.000e+03 0.03 08 004 08 0.04 123 004 0s
25.000e+03 0.03 [1E:3 004 08 0.04 [1X:3 004 08
30.000e+03 0.03 [R:3 0.04 k] 0.04 0.8 0.04 0s
35.000e+03 0.03 0.8 0.04 k] 0.04 0.8 0.04 08 v
< >
0.037 ~ 15
0.036 14 e
s f
= = .
E 0.034 %:12
5 <
S11land 1522 Zomm 8
0 ° > 01
= i
N Phase Postions g 003 &
8 = 0g
. 0.028 : 07 ,
Phase Step / 0 10e+9 20e48 Wesd 40e+9 50e+9 0 10e+3 2048 esd 4069 50e+9
45.00 Frequency / Hz Freguency / Hz
Ready

Figure 34: Database / CMC Entry / Transmission

* Frequency in Hz
» Magnitude Uncertainty in dB with k£ = 2, one column for each transmission level
» Phase Uncertainty in deg with k£ = 2, one column for each transmission level

The next sub tabular page is called Summary, see figure 35. It contains four tables which
summarizes the CMC entry for the given frequency ranges.
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¥5 2 4mmi\Example_CMC_2 4mm_20110701.cme - METAS VNA Tools = ==]
.+ D - sin_work - 217.015-Parameter ~ Software + MetesVna + user - Projects - 01 Basic Example N(f-m) - #5 New Project | £ Options + | 7 Help -
5 Data Explorer W Dstsbass  [5] Measurement Joumal ) Calibration Config  § Eror Comection  §7) Siding Load [ Verfication  P¥ Scipt
VMADevice Cable Comnector Swichable Unt DUT Uncertainty Calibration Standard CMC Entry  Logger Device
[) New CMC |2 Open CMC ~ |l Save CMC ~ | B Start Computation M Cancel Computation | g2 Save Summary to LaTeX File Graphs: Freq log
#* Seftings Reflection  Transmission  Summary
Reflection  Transmission
Magnitude
absiSix) 9kHzto 3GHz 3GHzto 12GHz 12GHz to 18GHz 18GHzto 265GHz  26.5GHzto 33GHz 33GHzto 40GHz 40GHz to 45GHz 45GHzt
0.008 0.008 0.008 0.008t0 0.011 0.011 001110 0.013 0.013t0 0.016 00
0.1 0.008 0.008 0.008t0 0.009 0.009t0 0.011 0.011 001110 0.013 0.013t0 0.016 00
02 0.008 0.008 0.008t0 0.009 0.009t0 0.011 0.011 001110 0.013 0.013t0 0.016 0.016%
03 0.008 0.008t0 0.003 0.003 0.009t0 0.011 0011 001110 D.014 001410 0.017 00
04 0.008 0.008t0 0.003 0.009t0 0.010 0.010t0 0.012 0012 0.012t0 0.014 001410 0.017 0.0174
05 0.0071t0 0.008 0.00810 0.009 0.009t0 0.011 0.011t0 0.012 0.01210 0.013 0.013t0 0.015 0.015t0 0.018 0.0181
06 0.0071t0 0.008 0.00810 0.010 0.010t0 0.012 0.012t0 0.014 0014 001410 0.016 001610 0.019 0.019t
< >
Phase
abs(Si) 9kHzto 3GHz 3GHzto 12GHz 12GHz to 18GHz 18GHzto 265GHz  26.5GHz to 33GHz 33GHz to 40GHz 40GHz to 45GHz 45GHzt A
o1 46deg 46deg 46deq 4 6degto 5.8deg 5.8deg 58degto 73deg 73degto 92deg 92
02 23deg 23deg 23degto 2 4deg 24degto 30deg 30deq 30degto 3 7deq 37deqgto 4 6deg 46 degtc
03 1.5deg 15degto 16deg 1.6degto 1.7deg 17degto 2.1deg 21deg 21degto 25deg 25degto 31deg 3.1degtc
04 1.1deg 11degto 1.2deg 1.2degto 1.4deg 1.4degto 1.6deg 16degto 1.7deg 1.7degto 2.0deg 2.0degto 2.4deg 24degic
05 0.8degto 0.9deg 09degto 1.1deg 1.1deg to 1.2deg 1.2degto 1.4deg 1.4degto 1.5deg 15degto 1.7deg 1.7deg to 2.0deg 20degtc
06 0.7deg 0.7degto 1.0deg 1.0degto 1.1deg 1.1degto 1.3deg 1.3degto 1.4deg 1.4degto 1.5deg 1.5degto 1.8deg 1.8degte
< >
Ready
Figure 35: Database / CMC Entry / Summary
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4.8 Logger Device

The tabular page, called Logger Device, is designed to specify logger devices in the database,

see figure 36. The following user controls are available:

5

= D: - svn_work - 217.015-Parameter ~ Software ~ MetasWna - user - Projects - 01_Basic_Example_N(f-m} -
% Data Exploer Wl Database [7] Measurement Joumal ) Caibration Config §) Eror Comection ) Siding Load ) Verfication Scipt
WMA Device Cable Connector Switchable Unit DUT Uncertainty Calibration Standard CMC Entry  Logger Device
[ Mew Logger | ®. Open Logger ~ il Save Logger - | Test Device

Identification
Agilent PNA N5227A #1

Comments

Settings

o |[E= )] e
%5 New Project | £ Options ~ | ? Help -

Driver Resource Description

» AgilentPNALogger visa /A-217-01-11 ad metas/USBO::0x 0957 :0x0118::U551270123:INSTR Agilent PNA N5227A #1

Ready

Figure 36: Database / Logger Device

New Logger creates a new database item of the type logger device (shortcut: Ctrl+N).

Open Logger loads a logger item from a file (*.logdev), (shortcut: Ctrl + O).

Save Logger saves the logger item to a file (*.logdev), (shortcut: Ctrl +S).

Test Device tests logger device if connection is possible.
Identification field can contain an identification string.
Comments field can contain user comments.

Settings is a table with the following columns:

Driver sets the driver for the communication with the logger device.

Resource sets the resource name of the logger device.
Description field can contain a description.
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5 Measurement Journal

The tabular page, called Measurement Journal, is designed to collect measurement data and
to protocol the measurement process, see figure 37. The following user controls are available:

5

(===
= Dt - svn_work - 217.015-Parameter - Software - MetasWna - user - Projects - 01_Basic_Example_N(f-m] - #3 New Project | £i# Options - | ? Help -
g Data Explorer Wl Database [ Measurement Joumal ¢ Calibration Config $) Eror Comection 41 Siding Load | [ Verfication PY Script

[) New Journal |27 OpenJournal - @l SaveJournal - | VNA Settings Cable Movement ~ Mew Connection - New Switch State + New DUTUnc - Measurement + User Comment | ltem: Edit

VNA Device: ~ | Open Close | Logger Device: ~ | Open Close |LoggerData: Hide Viewer
Pot  Cable Connector Cable Movement  New Connection
. BEEEEE N50 O O
2 85132F_3.5mm_7iom 50 O O
. ] ]
Time Stamp Type Info ~
2011.08.09 09:42:04 |New Connection Connector: N50, Port: 2, Connection: §
2011.08.09 09:43:45 |Measurement VNA Device: HP3510C_HPS515A_$#1, Measurement: 23

Measurement Path:
Measurements_01\DUTs\01419_Att20dB (f-m)_52371_01\01419_Att20dB (f-m)_52371_01_01.sdatb

2011.08.09 09:45:48 |Cable Movemsnt Cable: 85132ZF 3.5mm 7mm, Port: 2, Positilon: 5, Movement: &
2011.08.09 09:45:49 |New Connection Connector: N50, Port: 1, Connection: 10

2011.08.09 09:45:50 |New Connection Connector: N50, Port: 2, Connection: 10

2011.08.09 09:50:12 |Measurement VNA Device: HP8510C_HP8515A #1, Measurement: 24

Measurement Path:
Measurements_01\DUTs\01419_Att20dB (f-m)_52371_01\01419_Att20dB (f-m)_52371_01_02.sdath

2011.08.09 09:51:38 |Cable Movement Cable: 85132F_3.5mm 7mm, Port: 2, Position: &, Movement: 7
2011.08.09 09:51:39 |New Connection Connector: W50, Port: 1, Connection: 11

2011.08.09 09:51:40 |New Connection Connector: W50, Port: 2, Connection: 11

2011.08.09 09:53:21 |Measurement VNA Device: HP8510C_HP8515A #1, Measurement: 25

Measurement Path:
Measurements_01\DUTs\01419_Att20dB(f-m)_52371_01\0141% Att20dB(f-m)_52371_0l_03.sdatb

2011.08.09 09:54:34 Cable Movement Cable: 85132F_3.5mm 7mm, Port: 2, Position: 7, Movement: 3
2011.08.08% 09:54:35 |Hew Connection  |Connector: N50, Port: 1, Connection: 12
2011.08.09 09:54:36 |New Connection Connector: N50, Port: 2, Connection: 12
0B.09 09:56:16 VNA Device: HP8510C_HPE515A #1, Measurement: 26
Measurement Path:
Measurements_01\DUTs\01419_Att20dB(f-m)_52371_01\01415_Att20d8 (£-m)_52371_01_04.sdatb v
Ready

Figure 37: Measurement Journal

New Journal creates a new measurement journal (shortcut: Ctrl + N).

Open Journal loads an existing measurement journal from a file (*.vnalog), (shortcut: Ctrl + O).
Save Journal saves the measurement journal to a file (*.vnalog), (shortcut: Ctrl +S).

Auto Save enables or disables auto save of the measurement journal.

VNA Settings adds a journal item for VNA settings to the measurement journal, see 5.1.

Cable Movement adds a journal item for cable movement to the measurement journal, see
5.2.

Custom Cable Settings specifies a cable for the current journal which is not in the database,
see 5.3.

New Connection adds a journal item for a new connection to the measurement journal, see
5.4.

Custom Connector Settings specifies a connector for the current journal which is not in the
database, see 5.5.
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New DUT Unc adds a journal item for a new DUT uncertainty to the measurement journal,
see 5.8.

Custom DUT Uncertainty Settings specifies a DUT uncertainty for the current journal which
is not in the database, see 5.9.

Measurement adds a measurement entry to the journal, see 5.10.
Begin Experiment defines the start of an experiment, see 5.11.
End Experiment defines the end of an experiment.

Measurement Series adds an entry for a series of measurements to the journal (shortcut:
Ctrl + M), see 5.12.

Measurement Last Setup adds a measurement entry to the journal using the last VNA setup
(shortcut: Ctrl +L).

Power Sensor adds an entry for a measurement of a power sensor (shortcut: Ctrl + P), see
5.13.

Spectrum Analyzer Settings adds a journal item for spectrum analyzer settings to the mea-
surement journal, see 5.14.

Spectrum Analyzer Measurement adds an entry for measurement of a spectrum analyzer,
see 5.15.

Spectrum Analyzer Measurement ECU adds an entry for a series of measurements of an
ECU using a spectrum analyzer, see 5.16.

Noise Receiver Measurement adds an entry for measurement of a noise receiver, see 5.17.

Noise Receiver Measurement ECU adds an entry for a series of measurements of an ECU
using a noise receiver, see 5.18.

User Comment adds a user comment to the measurement journal, see 5.19.
Edit shows the selected item of the journal.

Rename renames the selected measurement item of the journal.

Delete deletes the selected items of the journal.

VNA Device selects a VNA device.

Open opens the VISA connection to the VNA device.

Close closes the VISA connection to the VNA device.

Logger Device selects a logger device.

Open opens the connection to the logger device.

Close closes the connection to the logger device.
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Logger Data Hide hides the logger entries in the journal.
Logger Data Viewer shows the logger data viewer.
Cable and Connector Table specifies the test port cable and connector for each port.

Cable movement adds one or multiple entries in the measurement journal for cable
movements at the selected ports before the measurement.

New connection adds one or multiple entries in the measurement journal for new con-
nections at the selected ports before the measurement.

5.1 VNA Settings
The dialog, called VNA Settings, is designed to set up the VNA, see figure 38. The following

Time Stamp: (2010.01.01 00:00:00 [~ || VNA Device:

Settings  Frequency Conversion Settings

Preset | Save Instrument State Recall Instrument State | Refresh

Sweep System

Sweep Made Swesp Tims /s Dwell Time /s Poirts #/q Output State
lnearfrequeny | [0000+00 =] [0000-00 ) : B0000-00 - T
Average Mode Average Factor IF Bandwicth / He
G ol o <] [0.000e+00 B
Frequency Source
Stat / Hz Stop / Hz Pt State | Power Slope Atenuator
0.000e+00 = 0.000e+00 =
/dém J@BAGH) /B
\
Center / He Span / He oW/ He — o0 0000 .
0.000<-00 =] [0000-00 =] [0000-00 : | A 2000 0000 .
New Table | Open Table | Save Table | Set Segment Table
Start / Hz Stop / Hz Step / Hz FW 7 He

oK Cancel

Ready

Figure 38: Measurement Journal / VNA Settings

user controls are available:

Time Stamp specifies the time stamp for the journal item.

VNA Device specifies the VNA device.

The following user controls are available in the tabular page called Settings:
Preset presets the VNA.

Save Instrument State saves the instrument state from the VNA to a file (*.is).

Recall Instrument State recalls the instrument state from a file (*.is) to the VNA.
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Refresh refreshes all settings from the VNA.

Sweep Mode sets the sweep mode to linear frequency, log frequency, segment sweep or CW
time.

Sweep Time / s sets the sweep time in s.

Dwell Time / s sets the dwell time in s.

Points sets the number of sweep points.

Average Mode sets the average mode to sweep or point.
Average Factor sets the average factor.

IF Bandwidth / Hz sets the IF bandwidth in Hz.

Start Frequency / Hz sets the start frequency in Hz.
Stop Frequency / Hz sets the stop frequency in Hz.
Center Frequency / Hz sets the center frequency in Hz.
Frequency Span / Hz sets the frequency span in Hz.
CW Frequency / Hz sets the frequency for CW sweep mode in Hz.
New Table creates a new segment table.

Open Table loads a segment table from a file (*.txt).
Save Table saves the segment table to a file (*.txt).

Set Segment Table sets the segment table to the VNA.
Segment Table is a table with the following columns:

« Start Frequency in Hz
» Stop Frequency in Hz
» Step Size in Hz

+ IF Bandwidth in Hz

System Zr / Q0 shows the reference impedance in Ohm. To specify the reference impedance
of the VNA device see section 4.1.

Output State turns RF power from the source ON or OFF.
Source is a table with the following columns:

State sets the source state of the port to:
Auto turns the source power on when required for a measurement.
On turns the source power always on regardless of the measurement.
Off turns source power always off regardless of the measurement.
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Power / dBm sets the source power level of the port in dBm.
Slope / (dB/GHz) sets the source slope of the port in dB/GHz.
Attenuator / dB sets the attenuation of the port in dB.

The following user controls are available in the tabular page called Frequency Conversion
Settings:

Simple View shows the simple table for frequency conversion where the receiver and source
frequencies are equal.

Advanced View shows the advanced table for frequency conversion where the receiver and
source frequencies are not equal.

State Off turns frequency conversion off.

State On turns frequency conversion on.

Refresh refreshes frequency conversion settings from the VNA.
Simple Table is a table with the following columns:

* Port

* Frequency Numerator in Hz/Hz

* Frequency Denominator in Hz/Hz
» Frequency Offset in Hz

» Frequency Information

Advanced Table is a table with the following columns:

» Port

+ Test Receiver Frequency Numerator in Hz/Hz

+ Test Receiver Frequency Denominator in Hz/Hz

+ Test Receiver Frequency Offset in Hz

+ Test Receiver Frequency Information

» Reference Receiver Frequency Numerator in Hz/Hz
» Reference Receiver Frequency Denominator in Hz/Hz
» Reference Receiver Frequency Offset in Hz

» Reference Receiver Frequency Information

» Source Frequency Numerator in Hz/Hz

» Source Frequency Denominator in Hz/Hz

» Source Frequency Offset in Hz

» Source Frequency Information

The following user controls are available in the tabular page called Noise Receiver Settings:

State Off turns the noise receiver off.
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State On turns the noise receiver on.
Refresh refreshes the noise receiver settings from the VNA.

Measurement Time / s sets the measurement time per frequency point of the noise receiver
in s (default: 0.55s).

Noise Bandwidth / Hz sets the noise bandwidth of the noise receiver in Hz (default: 2 MHz).
LNA Gain sets the LNA gain either to Bypass, Low, Medium or High (default: Bypass).

Filter Bank turns the filter bank of the noise receiver off or on (default: on).

5.2 Cable Movement

The dialog, called Cable Movement, is designed to describe a cable movement for the journal,
see figure 39. The following user controls are available:

22

Time Stamp
2010.01.01 00:00:00 @

Cable

Figure 39: Measurement Journal / Cable Movement

Time Stamp specifies the time stamp of the journal item.
Cable selects a cable from the database.
Port specifies at which port the cable was moved.

Position specifies the position of the cable. Thus each cable movement requires an increase
of the position number. With each change of the position number the cable uncertainties,
specified in the database, are added to the measurement data.

5.3 Custom Cable Settings

The dialog, called Custom Cable Settings, is designed to describe cables which are not in the
database for the current journal. One can specify the magnitude and phase stability of such a
cable in this dialog, see figure 40. The following user controls are available:

Time Stamp specifies the time stamp of the journal item.
Identification field contains identification string.

Zr Real / Q specifies the real part of the reference impedance in Ohm.
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Figure 40: Measurement Journal / Custom Cable Settings

Zr Imag / Q specifies the imaginary part of the reference impedance in Ohm.
Comments field can contain user comments.
Electrical Specifications is a table with the following columns:

* Frequency in Hz

Reflection Stability in dB with £ = 2

» Transmission Stability Mag in dB with £ = 2

» Transmission Stability Phase in deg with k = 2
Symmetry Stability Mag in dB with k = 2
Symmetry Stability Phase in deg with & = 2

Import Cable imports a cable from the database.

5.4 New Connection

The dialog, called New Connection, is designed to describe a new connection in the journal,
see figure 41. The following user controls are available:

Time Stamp specifies the time stamp of the journal item.
Connector selects a connector from the database.

Port specifies at which port the new connection was made.
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Figure 41: Measurement Journal / New Connection

5.5 Custom Connector Settings

The dialog, called Custom Connector Settings, is designed to describe a connector which
is not in the database for the current journal. One can specify the repeatability of such a
connector in this dialog, see figure 42. The following user controls are available:

3
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Frequency / Hz
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£05-
g
g 05 i ]
0 05 1
Frequency / Hz
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Figure 42: Measurement Journal / Custom Connector Settings

Time Stamp specifies the time stamp of the journal item.

Identification field can contain an identification string.

Zr Real / Q specifies the real part of the reference impedance in Ohm.

Zr Imag / Q specifies the imaginary part of the reference impedance in Ohm.
Comments field can contain user comments.

Electrical Specifications is a table with the following columns:

» Frequency in Hz
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+ Reflection Repeatability in dB with k = 2
+ Transmission Repeatability Mag in dB with k = 2
« Transmission Repeatability Phase in deg with £ = 2

Import Connector imports a connector from the database.

5.6 New Switch State

The dialog, called New Switch State, is designed to describe a new switch state in the journal,
see figure 43. The following user controls are available:

=
Time Stamp
20100101 000000 [~

Switchable Unit

Port
1

Figure 43: Measurement Journal / New Switch State

Time Stamp specifies the time stamp of the journal item.

Switchable Unit selects a switchable unit from the database. A switchable unit can be an
electronic calibration unit (ECU), a step attenuator or any other switchable device under
test (DUT).

Port specifies at which port the new switch state was made.

5.7 Custom Switchable Unit Settings

The dialog, called Custom Switchable Unit Settings, is designed to describe a switchable unit
which is not in the database for the current journal. One can specify the repeatability of such
a switchable unit in this dialog, see figure 44. The following user controls are available:

Time Stamp specifies the time stamp of the journal item.

Identification field can contain an identification string.

Zr Real / Q specifies the real part of the reference impedance in Ohm.

Zr Imag / Q specifies the imaginary part of the reference impedance in Ohm.
Comments field can contain user comments.

Electrical Specifications is a table with the following columns:

» Frequency in Hz
+ Reflection Repeatability in dB with k = 2
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Figure 44: Measurement Journal / Custom Switchable Unit Settings

« Transmission Repeatability Mag in dB with £ = 2
« Transmission Repeatability Phase in deg with £ = 2

Import Switchable Unit imports a switchable unit from the database.

5.8 New DUT Uncertainty

The dialog, called New DUT Uncertainty, is designed to select a new DUT uncertainty and to
put it in the journal, see figure 45. The following user controls are available:

Time Stamp
2000101000000 @~

DUT Uncertairty

Index
0

Cancel

Figure 45: Measurement Journal / New Connection

Time Stamp specifies the time stamp of the journal item.
DUT Uncertainty selects a DUT uncertainty from the database.

Index specifies the DUT index.

The DUT uncertainty can be used to represent the crosstalk in on-wafer measurements.
In this case the DUT uncertainty is uncorrelated for every standard on the wafer and it’'s cor-
related for multiple measurements of the same standard.

Michael Wollensack Page 70 of 111 July 2026



METAS VNA Tools - User Manual V3.0.2

5.9 Custom DUT Uncertainty Settings

The dialog, called Custom DUT Uncertainty Settings, is designed to describe a DUT uncer-
tainty which is not in the database and to put it in the current journal. One can specify the
additional uncertainty of such a DUT in this dialog, see figure 46. The following user controls

R
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01 ———— "+
05 !
0 05 1
Frequency / Hz
Import DUT Unc Cancel

Figure 46: Measurement Journal / Custom DUT Uncertainty Settings

are available:

Time Stamp specifies the time stamp of the journal item.

Identification field can contain an identification string.

Zr Real / Q specifies the real part of the reference impedance in Ohm.

Zr Imag / Q specifies the imaginary part of the reference impedance in Ohm.
Comments field can contain user comments.

Electrical Specifications is a table with the following columns:

» Frequency in Hz
+ Reflection Uncertainty with k = 2
+ Transmission Uncertainty with k = 2

Import DUT Unc imports a DUT uncertainty from the database.

5.10 Measurement

The Measurement dialog is designed to collect measurement data from the VNA, see figure
47. The following user controls are available:
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Figure 47: Measurement Journal / Measurement

Time Stamp specifies the time stamp of the journal item.
VNA Device specifies the VNA device.
Path field contains the path of the measurement data.

Import imports an existing file instead of making a new VNA measurement. Only available if
VNA connection is closed.

Mode selects a setup mode for the VNA, e.g. S1,1.
SetUp sets up the VNA to the selected mode.

Measure performs a single sweep on the VNA, wait until the sweep is complete and reads
out the data.

Trigger Single performs a single sweep on the VNA and waits until the sweep is complete.
Trigger Cont sets the trigger of the VNA to continuous mode.

Trigger Hold sets the trigger of the VNA to hold mode.

Trigger Cancel cancels the current sweep.

Format sets the format to Raw Data or Error Corrected Data (default: Raw Data).

Get Data reads out the data from the VNA.

Save Data saves the data to an S-parameter file (*.sdatb).
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5.11 Experiment

The Experiment dialog is designed to describe an experiment, see figure 48. Experiments are
necessary for DUTs with bad repeatability. The journal items of the type experiment will cause
VNA Tools to determine the repeatability of the measurement from repeated measurements.
If no journal items of the type experiment are used, the repeatability uncertainties from the
database will be used. The following user controls are available:

Time Stamp Tipe
20100101 000000 B~ | [0 Independent S-Parameters

Comment

Figure 48: Measurement Journal / Experiment

Time Stamp specifies the time stamp of the journal item.

Type sets the type of the experiment to Statistical or Systematic (default: Statistical). Sta-
tistical assumes a mono modal distribution for the resulting uncertainties. Systematic
assumes a multi modal distribution.

Independent S-Parameters ignores correlation between different S-Parameters.

Comments field can contain user comments.

5.12 Measurement Series

The dialog, called Measurement Series, is designed to collect a series of measurements, see
figure 49. The following user controls are available:

Mode sets the mode of the measurement series. The following modes are available:

« DUT

» DUT Experiment
Sliding Load
Step Attenuator
Switch States

« ECU
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Figure 49: Measurement Journal / Measurement Series

* Drift
« ECU Drift
* VNA Settings
VNA Settings sets the VNA setting which will be changed during the measurement series.
The following VNA settings are available:
* Dwell Timeins
* |IF Average Factor
IF Bandwidth in Hz
» Source Power in dBm
» Source Slope in dB/GHz

Ports specifies the ports used for the source settings. Multiple ports are comma separated,
eg. ‘1,2.

VNA SetUp sets up the VNA to the selected mode.

Attenuator Steps / dB specifies the attenuator steps in dB for a measurement series of the
type step attenuator. Multiple steps are comma separated, e.g. ‘10, 20, 40, 40'.

Only Single Sections measures only the single sections and not all combinations.

ECU Path specifies the path of the ECU where all states will be measured. Multiple paths
are comma separated, e.g. ‘A, B, AB’. Where ‘A’ and ‘B’ are reflection paths and ‘AB’ is
a transmission path. For some manufacturers ‘A’ is port 1 and ‘B’ is port 2.

Michael Wollensack Page 74 of 111 July 2026



METAS VNA Tools - User Manual V3.0.2

Driver sets the driver for the communication with the Switch or ECU device.

Resource sets the VISA resource name of the Switch or ECU device.

Open opens the VISA connection to the Switch or ECU device.

Close closes the VISA connection to the Switch or ECU device.

Directory sets the parent directory that will contain the directory of the measurement series.

Name specifies a name for the measurement series. A directory will be created with this
name.

Cable, Connector and Switchable Unit Table specifies the used test port cable, connector
and switchable unit for each port.

Cable movement adds one or multiple entries for cable movements at the selected
ports in the measurement journal before the measurement series.

New connection adds one or multiple entries for new connections at the selected ports
in the measurement journal before the measurement series.

New switch state adds one or multiple entries for new switch states at the selected
ports in the measurement journal before the measurement series.

Delay / s sets the delay between switching states and start of the measurements in s (default:
1s).

Number of Toggles sets the number of switching cycles that are performed on the step at-
tenuator before the measurement series is started (default: 10).

Period / s sets the period between measurements for drift evaluation in s (default: 900 s).

Number of Measurements sets the number of measurements for drift evaluations (default:
96).

Measurements per Frequency defines how many measurement samples are taken at each
frequency point. When this value is greater than one, each frequency point is measured
using a CW (continuous-wave) sweep (default: 1).

Experiment Type sets the type of the experiment to Statistical or Systematic (default: Sta-
tistical). Statistical assumes a mono modal distribution for the resulting uncertainties.
Systematic assumes a multi modal distribution.

Independent S-Parameters ignores correlation between different S-Parameters.

Switch States sets the list of switch states which will be measured. Each line in this text box
specifies one state. ‘0’ is off, ‘1’ is on and ‘X’ is don’t change.

VNA Setting Values specifies the list of VNA setting values at which the DUT will be mea-
sured.
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Figure 50: Measurement Journal / Measurement Power Sensor

5.13 Measurement Power Sensor

The dialog, called Measurement Power Sensor, is designed to collect a measurement of a
power sensor, see figure 50. The following user controls are available:

P1 sets up the VNA to measure S1,1 and the reference receiver of port 1.
P2 sets up the VNA to measure S2,2 and the reference receiver of port 2.
P3 sets up the VNA to measure S3,3 and the reference receiver of port 3.
P4 sets up the VNA to measure S4,4 and the reference receiver of port 4.
SetUp sets up the VNA to the selected mode.

Import imports a power sensor from the database.

Open opens the VISA connection to the power sensor.

Close closes the VISA connection to the power sensor.

Device shows the imported power sensor.

Driver sets the driver for the communication with the power sensor.
Resource sets the VISA resource name of the power sensor.

Channel sets the channel (default: 1) of the power meter to which the power sensor is con-
nected to.
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Number of VNA Points sets the number of VNA points at each frequency (default: 32). This
number will be automatically increased if the time span of the power measurement is
longer than the VNA sweep time.

Power Sensor Readings sets the number of power readings at each frequency (default: 4).

Power Sensor Filter sets the filter of the power sensor (default: -1 Auto Once). The following
values are allowed:

-2: Auto detects the filter length automatically for each reading. This mode is not rec-
ommended due to changing power measurement time.

-1: Auto Once detects the filter length automatically based on the first reading for each
frequency.

Positive Values specifies the filter length.

Zero Delay / s sets the delay between turning off the VNA source and zeroing the power
sensor in s (default: 10 s).

Zero zeros the power sensor before measuring the first frequency (default: true).

Software Zero performs a zero measurement before measuring the first frequency (default:
false). The zero measurement is subtracted from all following measurements.

Delay / s sets the delay between starting the VNA sweep at each frequency and starting the
power measurements in s (default: 0.2 s).

Set Frequency sets the frequency to the power sensor (default: false). If not selected the
default frequency of the power sensor, e.g.: 50 MHz, is used for all frequencies.

Directory sets the parent directory that will contain the directory of the measurements of a
power sensor.

Name specifies a name for the measurement of a power sensor. A directory will be created
with this name.

Cable and Connector Table specifies the used test port cable and connector for each port.

Test Measurement Times measures the VNA and the power sensor measurement times.
The VNA measurement time should be longer than the power sensor measurement
time but not more than 10 percent.

5.14 Spectrum Analyzer Settings

The dialog, called Spectrum Analyzer Settings, is designed to set up a spectrum analyzer, see
figure 51. The following user controls are available:

P1 sets up the VNA to measure S1,1 and the reference receiver of port 1.
P2 sets up the VNA to measure S2,2 and the reference receiver of port 2.

P3 sets up the VNA to measure S3,3 and the reference receiver of port 3.
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Figure 51: Measurement Journal / Spectrum Analyzer Settings

P4 sets up the VNA to measure S4,4 and the reference receiver of port 4.

SetUp sets up the VNA to the selected mode.

Import imports a spectrum analyzer from the database.

Open opens the VISA connection to the spectrum analyzer.

Close closes the VISA connection to the spectrum analyzer.

Device shows the imported spectrum analyzer.

Driver sets the driver for the communication with the spectrum analyzer.

Resource sets the VISA resource name of the spectrum analyzer.

SA Sweep Points sets the number of SA sweep points at each frequency (default: 401).
SA Sweep Time / s sets the sweep time of the SA in s (default: 0.4 s).

SA Resolution BW / Hz sets the resolution bandwidth of the SA in Hz (default: 2 MHz).
SA Reference Level / dBm sets the reference level of the SA in dBm (default: 0 dBm).
SA Attenuator / dB sets the attenuator of the SA in dB (default: 0 dB).

SA Attenuator Auto turns the automatic selection of the attenuator of the SA off or on (de-
fault: on).

SA Pre-Amplifier turns the pre-amplifier of the SA off or on (default: off).
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Numerator / (Hz/Hz) sets the frequency conversion numerator of the SA in Hz/Hz (default:
1 Hz/Hz).

Denominator / (Hz/Hz) sets the frequency conversion denominator of the SA in Hz/Hz (de-
fault: 1 Hz/Hz).

Offset / Hz sets the frequency conversion offset of the SA in Hz (default: 0 Hz).

VNA Sweep Points sets the number of VNA sweep points at each frequency (default: 17).
This number will be automatically increased if the SA sweep time is longer than the VNA
sweep time.

Measurement Delay / s sets the delay between starting the VNA sweep at each frequency
and starting the SA sweep in s (default: 0.2s).

Measurement Period / s sets the measurement period in s (default: 0.8 s).
Continuous Measurements turns continuous measurement of the SA off or on (default: off).

Test Measurement Times measures the VNA and the SA measurement times. The VNA
measurement time should be longer than the SA measurement time but not more than
10 percent.

5.15 Measurement Spectrum Analyzer

The dialog, called Measurement Spectrum Analyzer, is designed to collect a measurement of
a spectrum analyzer, see figure 52. The following user controls are available:

WNA: P1 P2 P3 P4 | SetUp - | SAOnly

Figure 52: Measurement Journal / Measurement Spectrum Analyzer

P1 sets up the VNA to measure S1,1 and the reference receiver of port 1.
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P2 sets up the VNA to measure S2,2 and the reference receiver of port 2.
P3 sets up the VNA to measure S3,3 and the reference receiver of port 3.
P4 sets up the VNA to measure S4,4 and the reference receiver of port 4.
SetUp sets up the VNA to the selected mode.

SA only will only measure with the spectrum analyzer and not with the VNA. This can be
used for noise power measurements.

Device shows the spectrum analyzer.

Directory sets the parent directory that will contain the directory of the measurements of a
spectrum analyzer.

Name specifies a name for the measurement of a spectrum analyzer. A directory will be
created with this name.

Cable and Connector Table specifies the used test port cable and connector for each port.

5.16 Measurement ECU Spectrum Analyzer

The dialog, called Measurement ECU Spectrum Analyzer, is designed to collect a measure-
ment series of different ECU states using a spectrum analyzer, see figure 53. The following

2
VNA: P1 P2 P3 P4 | SetUp - | SAOnly | ECUPath: A
Driver: - | Resource: - | Open Close

Port  Cable Connector Switchable Unit Cable Movement ~ Mew Connection  New Switch State

O O O

ECU Delay /s
1.000

Figure 53: Measurement Journal / Measurement ECU Spectrum Analyzer

user controls are available:
P1 sets up the VNA to measure S1,1 and the reference receiver of port 1.

P2 sets up the VNA to measure S2,2 and the reference receiver of port 2.
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P3 sets up the VNA to measure S3,3 and the reference receiver of port 3.
P4 sets up the VNA to measure S4,4 and the reference receiver of port 4.
SetUp sets up the VNA to the selected mode.

SA only will only measure with the spectrum analyzer and not with the VNA. This can be
used for noise power measurements.

ECU Path specifies the path of the ECU where all states will be measured. Multiple paths
are comma separated, e.g. ‘A, B, AB’. Where ‘A’ and ‘B’ are reflection paths and ‘AB’ is
a transmission path. For some manufacturers ‘A’ is port 1 and ‘B’ is port 2.

Driver sets the driver for the communication with the ECU device.
Resource sets the VISA resource name of the ECU device.
Open opens the VISA connection to the ECU device.

Close closes the VISA connection to the ECU device.

Device shows the spectrum analyzer.

Directory sets the parent directory that will contain the directory of the measurements of a
spectrum analyzer.

Name specifies a name for the measurement of a spectrum analyzer. A directory will be
created with this name.

Cable, Connector and Switchable Unit Table specifies the used test port cable, connector
and switchable unit for each port.

ECU Delay / s sets the delay between switching states and start of the measurements in s
(default: 1s).
5.17 Measurement Noise Receiver

The dialog, called Measurement Noise Receiver, is designed to collect a measurement of a
noise receiver. The following user controls are available:

P1 sets up the VNA to measure S1,1 the reference receiver of port 1 and the noise receiver.
P2 sets up the VNA to measure S2,2 the reference receiver of port 2 and the noise receiver.
P3 sets up the VNA to measure S3,3 the reference receiver of port 3 and the noise receiver.
P4 sets up the VNA to measure S4,4 the reference receiver of port 4 and the noise receiver.
SetUp sets up the VNA to the selected mode.

Noise Receiver only will only measure with the noise receiver of the VNA. This can be used
for noise power measurements.
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Directory sets the parent directory that will contain the directory of the measurements of a
noise receiver.

Name specifies a name for the measurement of a noise receiver. A directory will be created
with this name.

Cable and Connector Table specifies the used test port cable and connector for each port.

5.18 Measurement ECU Noise Receiver

The dialog, called Measurement ECU Noise Receiver, is designed to collect a measurement
series of different ECU states using a noise receiver. The following user controls are available:

P1 sets up the VNA to measure S1,1 the reference receiver of port 1 and the noise receiver.
P2 sets up the VNA to measure S2,2 the reference receiver of port 2 and the noise receiver.
P3 sets up the VNA to measure S3,3 the reference receiver of port 3 and the noise receiver.
P4 sets up the VNA to measure S4,4 the reference receiver of port 4 and the noise receiver.
SetUp sets up the VNA to the selected mode.

Noise Receiver only will only measure with the noise receiver of the VNA. This can be used
for noise power measurements.

ECU Path specifies the path of the ECU where all states will be measured. Multiple paths
are comma separated, e.g. ‘A, B, AB’. Where ‘A’ and ‘B’ are reflection paths and ‘AB’ is
a transmission path. For some manufacturers ‘A’ is port 1 and ‘B’ is port 2.

Driver sets the driver for the communication with the ECU device.
Resource sets the VISA resource name of the ECU device.

Directory sets the parent directory that will contain the directory of the measurements of a
noise receiver.

Name specifies a name for the measurement of a noise receiver. A directory will be created
with this name.

Cable and Connector Table specifies the used test port cable and connector for each port.

ECU Delay / s sets the delay between switching states and start of the measurements in s
(default: 1s).

5.19 User Comment

The dialog, called User Comment, is designed to add user comments to the journal, see figure
54. The following user controls are available:

Time Stamp specifies the time stamp of the journal item.

Comments field can contain user comments.
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Time Stamp
2010.01.01 00:00:00 B~

Comment

Cancel

Figure 54: Measurement Journal / User Comment
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6 Calibration Config

6.1 S-Parameters and Power

This tabular page is designed to configure a VNA calibration. The result will be the switch and
error terms of the VNA. For more details see appendix E. There are two models of the VNA:

Generic Model stores the switch terms in a N-port and the error terms are stored in a 2/V-
port for a N-port VNA. It supports the following calibration types: One Port, GSOLT,
QSOLT, Unknown Thru, TRL (only 2-port), Juroshek, LHKM (TRL, LRL, TRM, LRM),
Frequency Conversion Scalar Mixer, Frequency Conversion Unknown Mixer and Opti-
mization. For more details see appendix E.1.

Switched Model stores the error terms in a 2/N-port for each switch position for a N-port
VNA. It supports the following calibration types: SOLT, Reflection Normalization, Trans-
mission Normalization and One Path Two Ports. For more details see appendix E.2.

On this tabular page the following user controls are available, see figure 55:

3 SOLT_01.calcfg - METAS VNA Tools [=@]=]
|+ D+ svnwork + 21701 5-Parameter + Software + MetasVna = user v Projects » 01_Basic_Example N(f-m) ~ % NewProject | £ Options ~ | ? Help -

% Data Explorer W Database 7] Measurement Joumal ) Calbration Corfia  §7) Eror Comection ¢ Siding Load &) Verfication P Script

S-Parameters and Power  Noise Parameters

[} New Config ~ | 2. Open Config ~ lal Save Config ~ | B Start Computation M Cancel Computation | Type: | SOLT ~|| £# Optimization Config

Measurement Joumal Path

|Joumal_01.vnalog

Pot  ZrReal  Zrimag Description Raw Measurement Definition
A0 /0
50 olfr Measurements_01%CalStandards'\Openff)_744_Cpenim)_1041_01.sdatb N50485054B"85054B_Openff).calstd

50 0 Reflection 1 Measurements_01%CalStandards.Short f)_707_Shortim)_729_01.sdatb N5085054B485054B_Short ). calstd

Reflection 1 SlidingLoadff)_01.slcfg N50'85054B"85054B_L+SLoadf) calstd
Reflection 2 Measurements_01\CalStandards\Openff)_744_Openim)_1041_01.sdatb N30485054B'\850546_Open(m).calstd
Reflection 2 Measurements_01\CalStandards\Shortf)_707_Shortim)_729_01 sdath N50\85054B\850548_Shortfm) calstd
Reflection 2 SlidingLoad(m)_01 slefg N50 4B_L+5Load|
Transmission 1,2 Measurements_01"CalStandards\Thru_01.sdath Ideal Thru500hm calstd

Isolation 1.2 Measurements_01%CalStandards'Loadff)_11200_Loadim)_245_01.sdatb | Ideallsclation500hm calstd

Ready

Figure 55: Calibration Config / S-Parameters and Power

New Config creates a new calibration configuration (shortcut: Ctrl + N), see section 6.1.1.
New Config from Template loads a configuration template.
Open Config loads an existing configuration from a file (*.calcfg), (shortcut: Ctrl + O).

Save Config saves the configuration to a file (*.calcfg), (shortcut: Ctrl +S).
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Start Computation computes the VNA calibration and saves the VNA calibration to a file
(*.calb), (shortcut: Ctrl + R).

Cancel Computation cancels the computation (shortcut: Ctrl+T).
Optimization Config edits the optimization parameters, see section 6.1.2.

Measurement Journal Path sets the path (*.vnalog) for the measurement journal. All mea-
surements used for the calibration have to be in the measurement journal.

Port specifies the port assignment for each test port.
Zr | Q specifies the complex reference impedance for each test port.

Description specifies the type of calibration standard and the ports which were measured.

Additionally one can specify the weight of the standard in an optimization calibration.
The default setting is that all standards have equal weight. The weighting can be
switched to covariance weighting in the optimization parameters dialog. Mathematical
details about weighting schemes are given in VNA Tools - Math Reference.

Some calibration standards are assumed to be the same or they are measured several
times. In such cases one can couple variables which describe the standard. E.g.: In an
LRL calibration with 7 mm connectors the flush short is the same for port 1 and 2.

Raw Measurement specifies the path (*.sdatb, *.vdatb) where the data of the measured
standard is. Only the configuration (*.slcfg) is given for the sliding load. A measure-
ment (*.sdatb, *.vdatb), a generic calibration (*.calb) or a non-leaky switched calibration
(*.calb) can be given for the switch terms. It is possible to specify an N-port file for
1-port standards. In such a case the number in the description field defines which part
of the data is used. E.g. only S1,1 of a 2-port file is used in a line where the description
field is set to Reflection 1.

Definition specifies the path (*.calstd) which contains the definition of the standard. Leave
this cell empty for a switch term row.
6.1.1 New Calibration Config

The dialog, called New Calibration Config, is designed to create a new calibration configura-
tion, see figure 56. The following user controls are available:

Calibration Type specifies the calibration type, e.g.: SOLT.
Ports specifies the used ports as a comma separated list.
Zr / Q specifies the complex reference impedance.

Isolation Calibration enables the isolation calibration. This adds additional isolation stan-
dards to the calibration configuration.

Power Calibration enables the power calibration. This adds additional power standards to
the calibration configuration. For measuring a power standard, see section 5.13.
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Calibration Type
Ports (comma separated)

ZrReal /Q Zrimag / Q
----- = [oooo =

Cancel

Figure 56: New Calibration Config

6.1.2 Optimization Parameters

The dialog, called Optimization Calibration Config, is designed to configure the optimization
parameters, see figure 57. The following user controls are available:

Set Mask Error Terms to: Non Leaky | Half Leaky | Full Leaky -
Start Calibration Path -
[ Al Frequencies At Once

Reduced Frequency List Path

Mask Switch Tems Mask Error Terms

O Ooo0Oo0oooooad

O oooooooad

O Ooo0Oo0o0ooaoad

O Ooo0Oo0oooooad
oooooooad
Ooo0Oo0o0ooaoad
Ooo0Oo0oooooad
oooooooad

Cancel

Figure 57: Optimization Calibration Config

Set Mask Error Terms sets the mask of the error terms for a non-, half- or full-leaky model
of the VNA. Typically this is set to non-leaky.

Start Calibration Path specifies the start values used for the optimization (*.calb).

Reduced Frequency List Path specifies a frequency list (*.fl). The optimizer uses the listed
frequency points. If no frequency list is specified, all available frequency points are used.

Covariance Weighting uses covariance weighting for the objective function. If not checked,
all standards are equally weighted. If supplied, the user specified weights are applied.

All Frequencies At Once optimizes all frequencies at once. This is needed when calibra-
tion standards are used with unknown parameters which are constant over frequency.
Example given: Primary airlines, primary offset shorts and primary flush shorts. If not
checked, each frequency will be optimized individually.
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Compress Other Freq. Influences compresses small uncertainties of other frequency influ-
ences after optimization (< 10~%u) where w is the standard uncertainty.

Remove Small Influences removes small uncertainty influences after optimization (< 10~ 7u)
where u is the standard uncertainty.

Mask Switch Terms selects the switch terms which will be optimized.

Mask Error Terms selects the error terms which will be optimized. This mask represents
a 2N x 2N S-parameter matrix for a VNA with N ports. In the upper left part of the
matrix are the directivity and isolation terms. The match terms are in the lower right of
the diagonal. The other check boxes represent tracking terms. For more details see
appendix E.1.

6.2 Noise Parameters

This tabular page is designed to configure a noise calibration. The result will be either S-
parameters and noise parameters of a noise receiver or of a DUT (device under test). The
following user controls are available, see figure 58:

%5 Noise Calibration Canfig - METAS VNA Tools [= ==
|+ D: v work v VnaTools = Projects = | #3 New Project | £ Options ~ | ? Help -

g Data Bxplorer il Database [Z] Measurement Joumal ) Calibration Config | ™ ErorComection ) Slding Load ) Vedfication P¥ Scrit

S-Parameters and Power Noise Parameters

D) New Config ~ | ) Open Config ~ Il Save Config - | I Start Computation M Cancel Computation | Type: [INoise Receiver -

Measurement Joumal Path

S-Parameters of Noise Receiver

Bandwidth / Hz Unc/Hzk =2) Physical Temperature / K Unc / K = 2)
[2.119200e+06 :| |0ommue+4)u :| |259150 :| ‘DODD

Covariance Weighting Constrairts (X1 >= 0, X2 >= 0 and | = 2) Doubls Side Band Debug

| [ s-Parameters of Tuner Noise Measurement

Ready

Figure 58: Calibration Config / Noise Parameters
New Config creates a new noise calibration configuration (shortcut: Ctrl+ N), see section
6.2.1.
New Config from Template loads a configuration template.

Open Config loads an existing configuration from a file (*.ncalcfg), (shortcut: Ctrl + O).
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Save Config saves the configuration to a file (*.ncalcfg), (shortcut: Ctrl + S).

Start Computation computes the noise parameters and saves the S-parameters and noise
parameters to a file (*.sndatb), (shortcut: Ctrl + R).

Cancel Computation cancels the computation (shortcut: Ctrl+T).

Measurement Journal Path sets the path (*.vnalog) for the measurement journal. All noise
measurements used for the calibration have to be in the measurement journal.

The following user control is available for a noise calibration of the noise receiver:

S-Parameters of Noise Receiver sets the path (*.sdatb, *.vdatb) for the error corrected S-
parameter data of the noise receiver.

The following user controls are available for noise calibration of the DUT:

S-Parameters of DUT sets the path (*.sdatb, *.vdatb) for the error corrected S-parameter
data of the DUT.

S-Parameters and Noise Parameters of Noise Receiver sets the path (*.sndatb) for the S-
parameter and noise parameter data of the noise receiver.

The following user controls are available for both types of calibration:

Bandwidth / Hz sets the value of the bandwidth of the noise receiver in Hz.

U(Bandwidth) / Hz sets the uncertainty (k = 2) of the bandwidth of the noise receiver in Hz.
Physical Temperature / K sets the value of the physical temperature of the tuner in K.

U(Physical Temperature) / K sets the uncertainty (k = 2) of the physical temperature of the
tuner in K.

Covariance Weighting uses covariance weighting for the objective function. If not checked,
all tuner states are equally weighted.

Constraints sets constrains for the NIST parameters (X; > 0, X2 > 0 and [p| > 2).

Double Side Band assumes that the noise measurements are a combination of the LSB
(lower side band) and USB (upper side band). If checked the S-parameters have to be
provided at ' — I'F', F and F' + I F for each frequency point. The noise measurements
have to be provided at f for each Frequency point.

Debug stores for each tuner state:

» Definition
» Error Corrected

S-Parameters of Tuner specifies the path (*.sdatb, *.vdatb) where the error corrected S-
parameter data of each tuner state is.

Noise Measurement specifies the path (*.vdatb) where the data of the noise measurement
for each tuner state is.
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6.2.1 New Noise Calibration Config

The dialog, called New Noise Calibration Config, is designed to create a new noise calibration
configuration, see figure 59. The following user controls are available:

=

Noise Calibration Type

Figure 59: New Noise Calibration Config

Noise Calibration Type specifies the noise calibration type, e.g.: Noise Receiver or DUT.
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7 Error Correction

7.1 S-Parameters and Power

This tabular page is designed to configure the error correction of the raw measurement data,
see figure 60. The following user controls are available:

A o | = | =

= Dt - svn_work - 217.015-Parameter - Software - MetasWna - user - Projects - 01_Basic_Example_N(f-m] - #3 New Project | £i# Options - | ? Help -

g Data Bxplorer il Database [-] Messurement Joumal ) Calibration Config Y1 Error Comection ) Siding Load ) Verfication Script

S-Parameters and Power  Npise Parameters

[ Mew Config | % Open Config - Il Save Config ~ P Start Computation ™ Cancel Computation
Measurement Jounal Path

Joumal_01.vnalog

Calibration Path

SOLT_01.calb

Raw Measurements Path

Measurements_01

Emor Comected Measurements Path

SOLT_01_out

Wave Parameters ] Without Uncerainties [ ] Dsbug

Ready

Figure 60: Error Correction / S-Parameters and Power

New creates a new configuration for error correction (shortcut: Ctrl + N).

Open Config loads an existing configuration from a file (*.corcfg), (shortcut: Ctrl + O).
Save Config saves the configuration to a file (*.corcfg), (shortcut: Ctrl +S).

Start Computation computes the error correction (shortcut: Ctrl + R).

Cancel Computation cancels the computation (shortcut: Ctrl+T).

Measurement Journal Path sets the path (*.vnalog) for the measurement journal. All raw
measurements have to be in the measurement journal.

Calibration Path sets the calibration path (*.calb).
Raw Measurement Path sets the directory which contains the raw data.

Error Corrected Measurement Path specifies the path where the error-corrected data will

be stored. All files from the Raw Measurement Path and all subdirectories will be error-
corrected and stored in this directory.
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Wave Parameters error corrects wave parameter data if available.

Without Uncertainties disables uncertainty propagation.

Debug stores R noise and linearity, V drift of switch terms, D drift of error terms and C cable
stability, connector repeatability and DUT uncertainty for each measurement.

7.2 Noise Parameters

This tabular page is designed to configure the noise error correction of the raw noise mea-
surement data, see figure 61. The following user controls are available:

X Noise Error Correction Config - METAS VNA Tools [ [®]==]
= D - work ~ VnaTools - Projects - | #2 New Project | £} Options ~ | ? Help -
% Data Explorer Wl Database [ Measurement Joumal ) Caibrafion Config ¥-) Emor Corection ¢ Siding Load [ Verfication FY Script

S-Parameters and Power Noise Parameters

[ New Config | 22| Open Config - lal Save Config = | P Start Computation M Cancel Computation

Measurement Joumal Path

| |29 Browse -

S-Parameters and Noise Parameters of Noise Receiver

| |
Resut Path

| \
Bandwidth / Hz Unc / Hz & =2)

|2.119200e 08 [#] [0.000000e-00 [s] [ Double Side Band

[ ] sParemeters of Source Noise Measuremet

Ready

Figure 61: Error Correction / Noise Parameters

New creates a new configuration for noise error correction (shortcut: Ctrl +N).

Open Config loads an existing configuration from a file (*.ncorcfg), (shortcut: Ctrl + O).
Save Config saves the configuration to a file (*.ncorcfg), (shortcut: Ctrl +S).

Start Computation computes the noise error correction (shortcut: Ctrl + R).

Cancel Computation cancels the computation (shortcut: Ctrl+T).

Measurement Journal Path sets the path (*.vnalog) for the measurement journal. All raw
noise measurements have to be in the measurement journal.

S-Parameters and Noise Parameters of Noise Receiver sets the path (*.sndatb) for the S-
parameter and noise parameter data of the noise receiver.
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Result Path specifies the path where the results will be stored. All files from the table Source
States will be computed and stored in this directory.

Bandwidth / Hz sets the value of the bandwidth of the noise receiver in Hz.
U(Bandwidth) / Hz sets the uncertainty (k = 2) of the bandwidth of the noise receiver in Hz.

Double Side Band assumes that the noise measurements are a combination of the LSB
(lower side band) and USB (upper side band). If checked the S-parameters have to be
provided at ' — I F', F' and F' + I F for each frequency point. The noise measurements
have to be provided at f for each Frequency point.

S-Parameters of Source specifies the path (*.sdatb, *.vdatb) where the error corrected S-
parameter data for each source state is.

Noise Measurement specifies the path (*.vdatb) where the data of the noise measurement
for each source state is.
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8 Sliding Load

The tabular page, called Sliding Load, is designed to configure and compute the circle fit of a
sliding load. It merges the circle fit with the measurement of a low-band load at the specified
frequency point, see figure 62. The following user controls are available:

= = |[@ =

= D: = sunwork = 217.01 5-Parameter ~ Software ~ MetasVna 4 New Project | £} Options ~ | 2 Help =

- user = Projects = 01_Basic_Example Nif-m) -
%5 Data EBxplorer W Database [-] Measurement Joumal ) Calibration Config  $0) Eror Comection 4 Siding Load [ Verfication Seript

[ New Config | 2. Open Config - kil Save Config -

Measurement Joumnal Path

Joumal_01.vnalog Y Browse =
Sliding Load Path

Measurements_01"CalStandards"SLoadf)_1411_01

Lowband Load Path

Measurements_01\CalStandards\Loadf)_11200_Loadim)_245_01 sdatb

Sliding Load Start Frequency / Hz

2.000e+09

Ready

Figure 62: Sliding Load

New creates a new configuration for a sliding load (shortcut: Ctrl + N).
Open Config loads an existing configuration from a file (*.slcfg), (shortcut: Ctrl + O).
Save Config saves the configuration to a file (*.slcfg), (shortcut: Ctrl + S).

Measurement Journal Path sets the path (*.vnalog) for the measurement journal. The files
of the sliding load and the low-band load have to be in the measurement journal.

Sliding Load Path sets the directory where the raw measurements of the sliding load are.

Lowband Load Path sets the path (*.sdatb, *.vdatb) where the file of the raw measurement
of the low-band load is.

Sliding Load Start Frequency / Hz sets the start frequency of the sliding load in Hz. Below
this frequency the measurement data of the low band load is used.
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9 Verification

The tabular page, called Verification, is designed to configure and verify error corrected mea-
surements against some reference data, see figure 63. The following user controls are avail-

%5 Verification Config - METAS VNA Tools [= ==
|+ D: - snwork - 217.015-Parameter - Software - MetasVna = user - Projects - 01_Basic_Example N{f-m) = | %3 New Project | £ Options + | ? Help -
s Data Bxplorer W Database [7] Measurement Joumal §) Calbration Corfig 41 Eror Comection 4 Sliding Load 8 Verfication  Fv Script

[ New Config | 2. Open Config - Il Save Config ~ | B Start Verification M Cancel Verification |

Eror Comected Measuremert Reference Interpolation  Ports fempty: al) Normalized Emor

]

Ready

Figure 63: Verification

able:

New Config creates a new configuration for verification (shortcut: Ctrl+N).

Open Config loads an existing configuration from a file (*.vercfg), (shortcut: Ctrl + O).
Save Config saves the configuration to a file (*.vercfg), (shortcut: Ctrl +S).

Start Verification computes the normalized errors for each verification standard (shortcut:
Ctrl + R).

Cancel Verification cancels the computation (shortcut: Ctrl +T).

Error Corrected Measurement specifies the path (*.sdatb, *.vdatb) where the error corrected
data of the verification standard is.

Reference specifies the path (*.calstd) which contains the reference data or definition of the
verification standard.

Interpolation specifies if a databased verification standard is interpolated to the frequency
list of the measurement or not. If interpolation is not selected (default), only the common
frequency points are compared.

Ports specifies which ports of the verification standards are used for comparison (empty: all).
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Normalized Error shows the computed normalized error for each verification standard.
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10 Script

The tabular page, called Script, provides a built-in Iron Python script engine, see figure 64.
The following user controls are available:

(o= =]

5

= Dt - svn_work - 217.015-Parameter - Software - MetasWna - user - Projects - 01_Basic_Example_N(f-m] - #3 New Project | £i# Options - | ? Help -

g Data Explorer [ Datsbase [5] Measurement Joumal ¢ Calibration Config  §1 Error Comection  §) Siding Load  [&] Verfication P¥ Script

[ Mew Script | € Open Script ~ lal Save Script = B Run Script Abort Script
import clr
clr.AddReference ('S
clr.AddReference ('
from System.Threading import Thread
from System.Windows.Forms import MessageBox
from Metas.Vna.Tools import Script

.Forms')

s = Script (RootPath)

Ready

Figure 64: Script

New Script creates a new script (shortcut: Ctrl + N).

Open Script loads an existing script from a file (*.py), (shortcut: Ctrl + O).
Save Script saves the script to a file (*.py), (shortcut: Ctrl +S).

Run Script executes the script (shortcut: Cirl + R).

Abort Script aborts the execution of the script (shortcut: Ctrl +T).

Input field shows the script.

Output field shows the output of the script.
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A Calibration Standard Model Fit

The dialog, called Calibration Standard Model Fit, computes the parameters of a calibration
standard for an Agilent, Anritsu and Rohde Schwarz model, see figure 65. The following user

I EE=E]
Start Optimizstion M Cancel Optimization | (] Capy Result

#* Seftings Graph [ Table

Start Agilent Defintion Mask Agilert Definition Arritsu Definttion Rohde Schuwarz Definition
Standard Type Standard Type Standard Type Standard Type
Short ~ Short Shart Short
Offset 20 /2 Offset 20/ Q2 Offset 20/ 0 Offset 20/ 0
50.000000 z 50.000000 3 50.000000 < 50.000000 3
Offset Delay / ps Offset Delay /ps Offset Delay / mm Offset Length /m
0.000000 = 0.000000 = 0.000000 = 0.000000 =
Offset Loss / (GQ2/s) Offset Loss / (GC2/s) Offset Loss / (dB/GHz"0.5) Cffset Loss / {dB/GHz"0.5)
0.000000 - 0.000000 - 0.000000 - 0.000000 =
L0/ (E12H) L0/ (E12H) LO/(E12H) L0/ {pH)
0.000000 3 0.000000 3 0.000000 = 0.000000 3
L1/ (E-24 H/Hz) L1/ (E-24 H/Hz) L1 /{E-24 H/Hzp L1/ {pHAGHz)
0.000000 z 0.000000 3 0.000000 < 0.000000 3
L2/ (E-33 H/Hz"2) L2/ (E-33 H/HZ"2) L2/ (E-33 H/HZ"3) L2 / (pH/GHz"2)
0.000000 = 0.000000 = 0.000000 = 0.000000 =
L3/ (E-42 H/Hz"3) L3/ (E-42 H/HZ"3) L3/ (E-42 H/HZ Y L3/ (pH/GHz"3)
0.000000 - 0.000000 - 0.000000 - 0.000000 =
Standard Media Standard Media Standard Media Standard Media
Coax ~ Coax Coax Coax
Cutoff Frequency / Hz Cutoff Frequency / Hz Cutoff Frequency / Hz Cutoff Frequency / Hz
0.000e+00 = 0.000e+00 : 0.000e+00 = 0.000e+00 =
Height / Width Ratio Height / Width Ratio Height / Width Ratio Height / Width Ratio
Graph Legend Agilert Fit Emor Arvitsu Fit Eor Rohde Schwarz Fit Emor
[~~~ Nominal Data RMS Ermor RMS Error RMS Emor
[~wr Agilent Fit 0.000000 5 0.000000 E 0.000000 E
L~ Anritsu Fit Max Emor Max Emor Max Emor

Rohde Schwarz Fit 0.000000 : 0.000000 2 0.000000 2

Ready

Figure 65: Calibration Standard Model Fit
controls are available:
Start Optimization starts optimization of the selected parameters.
Cancel Optimization aborts optimization.
Copy Result copies the result to the clipboard.
Start Agilent Definition describes the start values for the optimization.
Mask selects optimization parameters.
Agilent Definition shows the result for the Agilent model.
Agilent Fit Error shows the fit error for the Agilent model.
Anritsu Definition shows the result for the Anritsu model.
Anritsu Fit Error shows the fit error for the Anritsu model.
Rohde Schwarz Definition shows the result for the Rohde Schwarz model.

Rohde Schwarz Fit Error shows the fit error for the Rohde Schwarz model.
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B File Types

Table 5 shows the supported file types. S-Parameter Data files can only contain S-parameter
data. In contrast VNA Data files can contain receiver values and ratios of receiver values.

Table 5: File types

Description

Extension

S-Parameter Data Binary

S-Parameter Data Xml

S-Parameter Data Covariance Text

S-Parameter Data MMS4 DSD Text'

S-Parameter Data Touchstone

S-Parameter Data Touchstone V2.0

VNA Data Binary

VNA Data Xml

VNA Data CITI

S-Parameter Data and Noise Parameter Data Binary
S-Parameter Data and Noise Parameter Data Xml
VNA Data and Noise Parameter Data Binary
VNA Data and Noise Parameter Data Xml
S-Parameter Data Collection Binary

S-Parameter Data Collection Covariance Text
VNA Data Collection Binary

VNA Data Collection Covariance Text

Frequency List

ZIP with embedded data files

PDF with embedded data files

Table 6 shows the additional supported file types.

'readonly
2obsolete

(

(

(

(

(

(

(

(
(.cti;.citi)
(.sndatb
(.sndatx
(
(-
(
(
(
(
(
(
(

)
)
.vndatb)
vndatx)

A1)
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Table 6: File types cont.

Database VNA Device
Database Cable

Database Connector
Database DUT Uncertainty
Database Calibration Standard
Database CMC Entry cmc)
Database Logger Device logdev)

(.vnadev)
(-
(-
(-
(-
(.
(-
Measurement Journal (.vnalog)
(-
(-
(-
(:
(-
(:
(.p

cable)
conn)
dutunc)
calstd)

Calibration Config calcfg)
Calibration Data Binary calb)
Calibration Data Xml? calx)
Error Correction Config corcfg)
Sliding Load Config slcfg)
Verification Config vercfg)
Python Script Y)

C Naming Convention

The here described naming convention is meant as a help for the user. It is not required by
VNA Tools. Table 7 shows some examples for the naming convention.

Table 7: Naming convention examples

Description Name
Coaxial DUT '[DUT][Gender]_[SN]
Coaxial DUT '[DUT][Conn 1][Gender 1]_[Conn 2][Gender 2] [SN]’

Waveguide DUT '[DUT]_[SN]_[Orientation]’
Waveguide DUT ’[DUT]_[Conn]_[SN]_[Orientation]

Table 8 shows some examples for names of calibration standards and devices under test.
Table 9 shows the naming convention for the different connector types. Table 10 shows the
naming convention for the gender of connectors. Table 11 shows the naming convention for
the orientation of waveguides. Figure 66 shows a typical project example.
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Table 8: DUT types

Description Name
Open ‘Open’
Short (n) 'Short[n]’
Flush Short 'FShort’
Load ‘Load’
Sliding Load 'SLoad’
Mismatch ‘MMatch’
Power Sensor ‘PSensor’
Thru ‘Thru’
Line I mm ‘Line[l]mm’
Shim 'Shim’
Adapter 'Ada’
Matching Pad ‘MPad’
Match Thru 'MThru’
Mismatch Thru ‘MmThru’
Attenuator o dB 'Att[a|dB’

Step Attenuator adB,  ’StepAtt[a|dB_[s]_[z]dB’
selected state: s, zdB

Splitter ‘Splitter’

Coupler ‘Coupler’

Table 9: Connector types

Description Name
1.0 mm Connector 1.0mm’
1.85 mm Connector ’1.85mm’
2.4 mm Connector 2.4mm’
2.92 mm Connector '2.92mm’
3.5 mm Connector '3.5mm’
7 mm Connector 7mm’
BNC 50 2 Connector 'BNC50’
BNC 75 2 Connector 'BNC75’
Type N 50 ©2 Connector ‘N50’
Type N 75 2 Connector ‘N75’

Waveguide WR10 Connector 'WR10’
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Table 10: Gender of connectors

Description Name
1-Port DUT female (fy

1-Port DUT male "(m)’

2-Port DUT female male "(f-m)’
2-Port DUT male female "(m-f)’
N-Port DUT female male male ... ’(f-m-m-...)

N-Port DUT genderless ?

Table 11: Orientation of waveguides

Description Name
1-Port DUT label up ‘v
1-Port DUT label down D
1-Port DUT label left L
1-Port DUT label right 'R’
2-Port DUT label up on test port side 1 ‘Ut

2-Port DUT label down on test port side 1 'D1’
2-Port DUT label left on test port side 1 ‘L1’
2-Port DUT label right on test port side 1 'R?1’
2-Port DUT label up on test port side 2 ‘Uz’
2-Port DUT label down on test port side 2 D2’
2-Port DUT label left on test port side 2 L2’
2-Port DUT label right on test port side 2  'R2’
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Example 2.4mm(f-m) 01 ... ... project directory
| Measurements 06 ..ttt ittt it ettt e e e raw data
| CalStandards
| SLoad(f)_1567_01
SLoad (£)_1567_01_N1.sdatb
SLoad (f)_1567_01_N2.sdatb
| SLoad(m)_1763_.01
SLoad(m)_1763_01_N1.sdatb
SLoad(m) _1763_01_N2.sdatb
| Load(f)_451_Load(m)_3218_01.sdatb
| Open(£f)_975_Open(m) _999_01.sdatb
| Short (£f)_747_Short(m) _2887_01.sdatb
|  SwitchTerms_01.vdatb
| Thru O1.sdatb
| DUTs
Ada_2.4mm(f)_1.85mm(m) _123_01.sdatb
Att20dB(f-m) _808_01.sdatb
I 5 o v error correted data
CalStandards
DUTs
Ada_2.4mm(f)_1.85mm(m)_123_01.sdatb
Att20dB(f-m) _808_01.sdatb
I g 0 B o error correted data
tCalStandards
DUTs
Ada 2.4mm(£f) _1.85mm(m)_123_01.sdatb
Att20dB(f-m) _808_01.sdatb
| Journal 01.vnalog «coueetnnne et measurement journal
| Slidingload Ol.slcfg.......coviiiiiiiiiiiiiiiiiii.. sliding load config
| S1idingload 02.81CEg . ettt sliding load config
I ] I 0 - Y 1 o S calibration data
| SOLT 01.CaLC g ettt ettt calibration config
| SOLT_01.COTCEG ottt error correction config
| UThru 01.Cal b ottt ettt et e iae e iiee e iaeaaas calibration data
| UThru 01.calcfg. oottt calibration config
| UThru 01.CorCEg .o vviunitee et error correction config
Figure 66: Tree view of a VNA Tools project example
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D Drivers

The following VNA'’s are supported by METAS VNA Tools:
» Agilent 8719D/ES, 8720D/ES, 8722D/ES (Firmware: 8722ES 07.74)

+ Agilent 8753B/C/D/E/ES (Firmware: 8753B 03.00, 8753D 06.14)
« Agilent ENA Series (Firmware: E5061B A.02.06, E5071C A.09.60)’
* Agilent FieldFox Series (Firmware: N99xx A.10.34)

» Agilent PNA Series (Firmware: E836x & N52xx A.09.40, E5080B A.11.00, M937x &
M948x & M980x & P50xx A.13.90.06)"

« Anritsu ShockLine (Firmware: MS46524A V2018.2.1, V2.2.17/V2.2.05)"
* Anritsu VectorStar (Firmware: MS4640A 1.7.5, MS4640B 2.1 .0)1

» Hewlett Packard 8510C (Firmware: 07.14 Aug 26 1998)

* Hewlett Packard 8751A (Firmware: 5.00 Mar 7 1993)

+ Rohde & Schwarz ZNA, ZNB, ZNC, ZND, ZNBT, ZNL, ZNLE (Firmware: ZNA 2.15, ZNB
1.94, ZNLE 1.31)"

* Rohde & Schwarz ZVA, ZVB, ZVT (Firmware: 3.20)1
* Rohde & Schwarz ZVC, ZVK, ZVM, ZVR (Firmware: 3.55)

« Copper Mountain Technologies PLANAR 804/1 (SW: 16.1.0, HW: 01)2
The following switch drivers are supported by METAS VNA Tools:
* Agilent 11713A/C
The following electronic calibration units are supported:
+ Agilent ECal connected to an Agilent ENA Series VNA (Firmware: E5061B A.02.06).

+ Agilent ECal connected to an Agilent PNA Series VNA.
» Anritsu Autocal connected to an Anristu ShockLine VNA.
» Anritsu Autocal connected to an Anristu VectorStar VNA.

* Rohde & Schwarz Calibration Unit connected to a Rohde & Schwarz VNA.
The following power meters are supported:
+ Keysight EPM Series

* Rohde & Schwarz NRP, NRP2, NRX
* Rohde & Schwarz NRVS, NRVD
+ Virginia Diodes Erickson PM5

two-port and multiport
2driver developed by Copper Mountain Technologies
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D.1 IVLVISA

METAS VNA Tools requires one of the following IVI.VISA implementations.

D.1.1 National Instruments VISA

National Instruments VISA 19.0 is the minimum required version by METAS VNA Tools. Make
sure that NI-VISA.NET Development Support and NI-VISA.NET Runtime items are selected
in the installation process, see figure 67.

Select Agree Review Perform

Additional items you may wish to install:

»

NI Certificates Installer

NI I/Q Trace

NI PX1 Platform Services Runtime

NI-VISA .NET Development Support

NI-VISA NET Runtime

NI-VISA C Examples

Select All Deselect All Mext

Figure 67: National Instruments VISA 19.0

D.1.2 Keysight IO Libraries Suite

Keysight 10 Libraries Suite 2023 is the minimum required version by METAS VNA Tools. Make
sure that IVI .NET Shared Components and VISA .NET Shared Components are selected in
the installation process, see figure 68.

Keysight 10 Libraries Suite 2023 - InstallShield Wizard X

Start Copying Files
KEYSIGHT

Review settings before copying files. TECHNOLDGIES

Setup has enough information to start copying the program files.  1f you want to review ar
change any settings. click Back. |f pou are satisfied with the settings. click Mext to begin
copying files.

Cunent Settings:

Microsoft Visual C++ 2008 Redistibutable <86 -
Microsoft Visual C++ 2008 Redistibutable 64
Microsoft Visual C++ 2010 SP1 Redistributable X286
Microsoft Visual C++ 2010 SP1 Redistributable <E4
Microsoft Visual C++ 2012 Redistibutable <86
Microsoft Wisual C++ 2012 Redistibutable X564

1% Shared Companents

141 MET Shared Components

/154 COM Shared Components

WS4 NET Shared Components

<Back Instal

Figure 68: Keysight 10 Libraries Suite 2023
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D.1.3 Rohde & Schwarz VISA

Rohde & Schwarz VISA 5.12.8 is the minimum required version by METAS VNA Tools. Make
sure that R&S VISA.NET 64/32-Bit is selected in the installation process, see figure 69

4 R&S Software Distributor

P:

aukagn
Please select your packages to install
R&SVISASIZB

l|:|

H&S VlSAlor De'\laloper 64/32-Bit
E|

R&S V]S&NET 641324§l

Verify ...

Automatic
Reboot

Send Log ...

Hep |

< Back Install e |

Figure 69: Rohde & Schwarz VISA 5.12.8

Michael Wollensack

Page 105 of 111

July 2026



METAS VNA Tools - User Manual V3.0.2

D.2

Driver Development

For VNA’s, switch drivers and electronic calibration units that are not supported yet, the user
has the possibility to develop custom drivers that can be used with METAS VNA Tools. This
section describes the development of such drivers. The minimum software requirements for
driver development in Microsoft Visual Studio for METAS VNA Tools are:

« METAS VNA Tools, www.metas.ch/vnatools

» National Instruments VISA 19.0, www.ni.com/visa

» Microsoft Visual Studio 2012 or newer, www.visualstudio.com

The step by step procedure for the development of a custom driver for a VNA is as follows:

1.

Check if the environment variable called %Public is defined. This is the case under
Microsoft Windows Vista and 7 but not under XP. Under Microsoft Windows XP you have
to set the %Publicy variable to C:\DocumentsandSettings\AllUsers.

. Make sure the driver template Metas.Instr.Driver.Template.zip is in the tem-

plate folder of Visual Studio under %Userprofile’\Documents\VisualStudio20xx\
Templates\ProjectTemplates. Otherwise copy it from %Public’\Documents\Metas.
Instr\Drivers.

. Launch Microsoft Visual Studio.

Create new project from template in Visual Studio under File / New Project / My Tem-
plates / Metas.Instr.Driver.Template and name the project e.g. ‘MyFirstVNA'.

. Add a new class to the project under Project / Add Class and name it e.g. ‘MyFirstVNA'.

. This step describes the programming of the driver. Declare the class as public and im-

plement the ‘Metas.Instr.Driver.Vna.lVna’ interface. See Figure 70 and MSDN website
for how to implement an interface.

. Compile project under Build / Build Solution. Make sure that the post-build event is suc-

cessful and that the MyFirstDriver.dll is copied to %Public)%\Documents\Metas.
Instr\Drivers.

. Test your driver directly in METAS VNA Tools or debug it in Microsoft Visual Studio under

Debug / Start Debugging.

For more help take a look at the already implemented drivers for METAS VNA Tools under
%Public%\Documents\Metas.Instr\Drivers\Source.
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[ MyFirstVNA - Microsoft Visual C# 2008 Express Edition =[5
File Edit ‘iew Refactor Project Build Debug Data Tools Window Help
BiE-EShd | %GB0 -85 - -l 2 R e CRERR
B % ke 4 =23 « 5 =
?}_ » X 7 Object Browser » X | Solution Explorer - Solution MyFirstyRl.. - I X
= =Y
S ||| MyFirstVMA My Firstuhla, - Ile....... M Slutinn > .. | 4= EE (= SE|E
= - Implement Interface » Implernent Interface [ Solution MyFirstWNA' (1 praject)
|2 ||| Eusing system; = (T MyFirstINA
using System.Collections.Generie; Refactor » ImplementInterface Explicity  3s.InstrDriverina.vng B- & ";’f
eferences
Organize Usings 3 . = GetState(string) -
using Nationallnstruments.Vieals: asInstr.Driver @ GerStated) 1 3 Metas GuiControls
Insert Snippet... Metas.Instr.Drive - Messure(string) 13 MetasInstr.Driver
using Metas.UncLib.Core; Surraund With... Metas.Instr.Drive & Openistring) .+ MetasInstr isaExtensions
using Metas.Vna.Data: _— hetas.Instr.Drive W 13 MetasUnclib.Core
’ Go To Definition @ Preset) L
using Metas.Instr.VisaExtensions; Metas.Instr. Drive - SetState(string) 13 Metas.UncLib.LinProp
using Metas.Instr.Driver.Vna: Find All References -0 Tfna =i SetState(oytel] - 43 MetasMna.Data
using Metas.Instr.Driver.Vna.Data: Breakpoint v [ig Test wha @ Setlp(string) {3 Nationallnstruments. Camman
2 WnaFormat Pt 3 Mationallnstrurnents isaNS
sE | RunTo Cursor \naHel - SetUp(MetasInstr.Driver¥na ¥naS
15 VnaHelper - TriggerCont( © o2 System
[ namespace MyFirstVNAL & | Cut WnaPortSetti o7 Holdo -« Systern.Data
' ] WnaSegrment ragerne 3 Gystem Windows.Farms
E3 | Co = . ystern, |
474 <sunmary> d. pty WnaSettings :;:gg::zl:g::?mm Cempenent! 3 SystemXml
/44 My First WHA 3| Paste 1 WnaSetlphe e i ] Wy Firstiia,cs
74/ </ swnmary> Outlining v B VnaSourceSe ||« | v
public class MyFirstVNA : IVng T Vnadweenhd
{ S0} Metasdnst Dp public interface Tv¥na
' ,E asnstrLrive Member of Metas.Instr.Driver.¥na
' =% MnaData
H “% WnaData Summary:
g = - L ‘W”'V‘“FT Interface for vector network analyzer.
Ready Ln 18 Cal 35 Ch35 INS

Figure 70: MyFirstVNA - Microsoft Visual Studio: Clicking with the right mouse button on IVna
opens a content menu. Clicking on the menu item Implement Interface will create the basic
class structure with all necessary properties and methods for the new driver.
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E Switch and Error Terms

The switch terms W and error terms E of a calibration can be visualized using the Data
Explorer of VNA Tools by expanding a calb-file, see figure 71.

LA ===
- D: - swn_work - 217.015-Parameter + Software ~ MetasVina ~ user - Projects = 01_Basic_Example_N(f-m) ~ %5 New Project | £ Options + | ? Help -
g Data Ewplorer [ Database 17| Measurement Joumal Y Calibration Config ¥) Eror Corection ¢ Siding Load | [&) Verfication Y Seipt
B T4 Selected ltems || Y Filter: " Graph EH Table @] Point g Covarance Moise Graph F Noise Table 4 Info
Freq List: ) Browse = | On  Setup - Conv: Mone + | MC | Format Mag - | Freglog | Maglin ~ | Phase 180 ~|| Une: None - E
CMC Entry: Y Browse - | On C None ~ |FixedScale ¥ ¥ |Cursor 1 2 | Norm: None ~ |Value <% ~ | [E] |l Savelmage ~
=4 D:hsvn_work 217.01 S-Parameter’Software\Metas. Vna‘us 0.08 — 50e-6 — 124 1
Measurements_01 - o - <.
QSOLT_01_out 5 005 = 5 11 b
SOLT_01_aut E E E B
UThu_01_out = o X . = ol . =074 T . =04 . s
{&] _Compute_01.cmd 0 10e+2 18249 0 18643 0 10e3 18249 0 10e+3  18e+9
----- | | Freqlist 0141 Frequency / Hz Frequency / Hz Frequency / Hz Freguency / Hz
[ Joumal_01.vmalog
(] GSOLT_01cab 60c-6 0.08 - 1 114
|7 QSOLT_01 calcfg - b oo <! ]
|| QsOLT_01.corcfg @ @ @ @
----- [ SidingLoadf)_D1 sicfg K| = W = =
| SiidingLoadim)_01slcfg 05 l 05 | 0 T | 0E i \
-] SOLT_01cab 0 18243 0 0e+d  18e+d 0 0e+3  18e+9 0 e+ 18e+9
= Frequency | Hz Frequency | Hz Freguency | Hz Frequency | Hz
RIIFY 5witched Eor Tems 1
Bl Switched Emor Tems 2
----- [ SOLT_01 calcfa T < & M8 2
[ SOLT_01 corcfg = & o 01 =
g 2 2 2
] UThru_07.calb = = = =
T H Govee St Tes os | e — |7 SN I gr—
: 0 We+d  18e+8 0 We+d  18e+8 0 1W0esd 18848 0 0e+8 18248
i | Swiched Emor Tems 1 {converted) Frequency | Hz Frequency | Hz Freguency | Hz Frequency | He
|7 Swiched Erar Tems 2 {converted)
----- || UThn_01 calcfg 12 12 12 014 —
----- [ UThni_01 corcig - o - -
b= = = = 01+
%05 %05 %05 &
= = = =
o 1 1 o 1 I o 1 I D_I I I
0 W0e+8 1848 0 W0e+8 1848 0 0e+8 1848 0 Wesd 1848
requency ! Hz requency ! Hz requency | Hz requency / Hz
F 'H F 'H F 'H F 'H
< >
Ready

Figure 71: VNA Tools / Error Terms

The following S-parameter matrix describes the calibration error terms E of a V-port VNA.

Dy Xip Xin T,
Xo1 Do Xo N i)

)

Xn1 Xy Dy TN
Ty My
T My

TN | My
D, denotes the directivity of port z.

X, denotes the crosstalk from port z to port y.

T,.=T,T, denotes the reflection tracking of port x.

T, . ="1T,T, denotes the transmission tracking from port x to port y.

M, denotes the match of port =

and all other terms are additional crosstalk terms.
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E.1 Generic Model

In the generic model the switch terms W are stored in a IN-port and the error terms E are
stored in a 2N-port for a N-port VNA. For a 2-port VNA this would result in a 2-port switch
term network and a 4-port error term network or 4 switch terms and 16 error terms. The
generic model is applied independently of the source setting of the VNA. As a consequence,
the 7-term model can be represented by the generic model by setting some error terms to
zero.

The following table shows the switch terms W of the generic model of a 2-port VNA:

Table 12: Switch Terms

Wi1: Switch term
of port 1 (source
switched to port 2)

WQl: 0

W121 0

Woa: Switch term
of port 2 (source
switched to port 1)

The following table shows the error terms E of the generic model of a 2-port VNA:

Table 13: Generic Error Terms

FE1: Directivity of
port 1

FE15: Crosstalk from
port 2 to port 1

Fh3: Tracking

E14Z 0

FE5q: Crosstalk from | Eoo: Directivity of FEo3: 0 FEsy: Tracking /

port 1 to port 2 port 2 Symmetry

FEsq: 1 F39: 0 F33: Match of port1 | Fs4: 0

Fy4:0 FE4o: Symmetry Fy43:0 FE44: Match of port 2

The generic error terms E and the switch terms W can be converted to the switched error
terms. This can be used for comparisons of calibrations.
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E.2 Switched Model

In the switched model the error terms E’ are stored in a 2)N-port for each switch position i
for a N-port VNA. For a 2-port VNA this would result in two 4-port error term networks or 32
error terms. The switched model is applied dependently of the source setting of the VNA. As a
consequence, the 12-term model can be represented by the switched model by setting some
error terms to zero. This model is used for the SOLT calibration.

The following table shows the forward error terms Ef' (switched error terms 1, source
switched to port 1) of a 2-port VNA:

Table 14: Forward Error Terms

EX¥,: Directivity of EfL:0 EXY;: Reflection Ef:0

port 1 tracking of port 1

EX: Crosstalk from | EL,: 0 EL:0 EX,: Transmission

port 1 to port 2 tracking from port 1
to port 2

Ef A EL:0 EL,: Source match | E£: 0

of port 1

Ef:0 EL:0 EL:0 Ef,: Load match of

port 2

The following table shows the reverse error terms E (switched error terms 2, source
switched to port 2) of a 2-port VNA:

Table 15: Reverse Error Terms

EE:0 EE: Crosstalk from | Ef: Transmission | Ef: 0
port 2 to port 1 tracking from port 2
to port 1
EE:0 EZ£: Directivity of EE:0 EZ£: Reflection
port 2 tracking of port 2
Ef:0 EL:0 Ef:Load matchof | EX:0
port 1
Ef:0 B 1 EE:0 EL: Source match
of port 2
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F Further Reading

Documentations
* VNA Tools - User Manual
* VNA Tools - Math Reference

+ Data Explorer - User Manual

Presentations
* VNA Tools - Overview
* VNA Tools - S-Parameter Uncertainty Calculation
* VNA Tools - Data Format
* VNA Tools - Optimization Calibration
* VNA Tools - Step Attenuator Measurement

* VNA Tools - Splitter Measurement

Tutorials and Screencasts

* VNA Tools - Tutorial: Perform a SOLT Calibration with the Test VNA.

Calibration Guidelines
» Guidelines on the Evaluation of Vector Network Analysers (VNA)
www.euramet.org/publications-media-centre/calibration-guidelines
Websites
* www.metas.ch/vnatools

» www.metas.ch/unclib
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