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Programming today Is a race between software
engineers striving to build bigger and better idiot-
proof programs, and the Universe trying to produce
bigger and better idiots.

So far, the Universe is winning.

Rich Cook
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1.1 VNA Tools Il Project (217.08.FP.060)

= Goal: Development of a metrology software for Vector Network
Analysis (VNA), which supports uncertainty calculation
compliant with the ISO-GUM.

= Duration: Feb. 2008 — Jan 2011

* METAS RF & MW laboratory:
M. Wollensack J. Rufenacht M. Zeier

= Partner:
 Agilent Technologies, Santa Rosa, USA

(Largest manufacturer of VNAs and calibration standards)

= Status: Currently work on VNA related parts and GUI
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1.1 VNA Tools Il Overview

Metas.UncLib Metas.Vna
a N a N
{ Metas.UncLib.Core < Metas.Vna.Data >
d .
( Metas.UncLib.LinProp p
we iy
.! Metas.UncLib.DistProp »
2 : ”l\l-'l“~
I Metas.UncLib.MCProp
d Nl 8!
Metas.UncLib.DB .
\_ /
Metas.Instr Metas.VnaTools
/ = \ ) —
<Metas.Instr.VisaExtensions Metas.VnaTools.Gui
— S ;aﬂmm_‘
Metas.Instr.Driver
1E__ E— il
Metas.Instr.Gui
\_ " /
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1.2 MU according to ISO-GUM (scalar)

Xl

N

|
/\
4

/\ /\ I I Input quantities u(Xl),u(Xz),m
X, X,

Measurement
model

af 2 af 2
Output quantity u2(Y):(—j u2(X1)+(—) u(X,)+...

Expanded
measurement  U?(Y)=(1.96)*-u?(Y)
uncertainty
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1.2 MU according to ISO-GUM (multivariate)
C lation b
J\em/\ [ | soreaenseween v,

1\ / 2\ /3 Uncertainty Matrix
fl f2
” Several output quantities \/ _3J \/ J T
/\ /\ correlated! Y f,X TXEX

Lin. Uncertainy Propagation

Expanded 9
measurement uncertainty Uy = Zp00s* Vy

95%

[
|

Y, Calculations are tedious!
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1.3 Metas.UncLib

General Purpose Uncertainty Library

It does

= support multidimensional uncertainty calculation
» advanced math (Complex, Vector, Matrix)

" [inear uncertainty propagation

= higher order taylor terms, higher moments (partially)
= Monte Carlo uncertainty propagation (preliminary)

= take care of correlations
» advanced storage / archiving
= interfacing with other applications

It does NOT

* help to build a measurement model
» have a nice graphical interface

= produce ,fancy” output

Metas.UncLib

( Metas.UncLib.Core

Metas.UncLib.LinProp

Metas.UncLib.DistProp

Metas.UncLib.MCProp

CN N N O

Metas.UncLib.DB

N NI NI N AN

21.09.2010 Metas.UncLib and Metas.Vna.Tools | European Metrology Workshop 2010 | Michael Wollensack und Marko Zeier




1.4 Linear Uncertainty Propagation (LUP)

LinProp Module
Based on GUM Tree concept (Blair Hall, IRL/MSL, NZ)

= Automatic Differentiation
» Calculate Derivatives (sensitivity coefficients)
with machine precision

» Object oriented implementation
* Hide complexity from user
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1.4 LUP: Automatic Differentiation

To calculate sensitivity coefficients

Measurement model z=f (X)

)

Decomposition in elementary functions
......................... z=1, (fz o Y (X))

Derivatives of elementary functions
are explicitly programmed

Chain rule 'in,x =Ji ¢ "It

|!J J!X

Naturally supported by computers because compiler
decomposes equations into elementary functions
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1.4 LUP: Metas.UncLib Object

New Data Type (contains value, dependencies and sensitivities)

%

value g
depends on §
(X11X31X41...) é
Jacobian [az o & 2l 0 Al A
(sensitivities) L .
X, O~ OX,

U

updated at each computational step

Overloaded Operators hide complexity
—>Objects can be used like ordinary numbers

Uncertainty information on demand
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1.4 LUP: Correlations

Caused by common influences

The system takes automatically care of correlations by
recognizing common influences

value Z, 8 value Z, s
L3 {9

O @)

depends on x3) = depends on ( =
= 2

> >

Jacobian 0z, j 3 Jacobian (622 &
s aoa _— ()] ags aia - (]
(sensitivities) OX, = (sensitivities) X, S
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1.5 Large System Modelling

The system allows complete modelling of a multi-step process
with stored intermediate results (e.g. traceability chain)

Primary Standards
(base inputs)

Characterisation
\/ &
Working Standards - - - Influences
(UncNum Objects) % (base inputs)
Calibration
\/

' d
e e |
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1.5 Traceability Chain in VNA

Multistep process with intermediate storage

PRIMARY STANDARDS STANDARDS DUT

(ARUINES)
e
1 ?Z/Iﬁgpi:r;i;r?;ation

D Sair TRL _ Sstan SOLT _ Sdut
u'f(‘D) —_— U(Salr) A U(Sstan) A U(Sdut)

Basic Input Quantities:
* gauge rings

* material properties

* measurement system

21.09.2010 Metas.UncLib and Metas.Vna.Tools | European Metrology Workshop 2010 | Michael Wollensack und Marko Zeier

14



Outline

= 1. Introduction

= 2. Features
= 2.1 Math functions
» 2.2 Linear Algebra / Numerical Routines
» 2.3 Uncertainty functions
= 2.4 Storage / Archiving
» 2.5 Interfacing .NET / COM

=3. MATLAB Demo

=4. VNA Tools

21.09.2010 Metas.UncLib and Metas.Vna.Tools | European Metrology Workshop 2010 | Michael Wollensack und Marko Zeier

15



2.1 Math functions

A list with the available functions and constants:

= Sgrt(x) = Sin(x)
= Exp(X) * Cos(Xx)

= Log(x) * Tan(x)
* Log10(x) = Asin(Xx)

" Log(X, y) = Acos(x)

" Pow(Xx,y) =Atan(x)

= Sign(x) = Atan2(x, y)

21.09.2010

= Sinh(x) * Real(x) = P

= Cosh(x) * Imag(x) " E

» Tanh(x) = Abs(x) N

= Asinh(x) = Angle(x) = One
= Acosh(x) = Conj(x) = Zero
= Atanh(x)
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2.2 Linear Algebra / Numerical Routines

A list with the available functions:

= Dot(M1, M2) Matrix multiplication of matrix M1 and M2
" Lu(M) LU decomposition of matrix M

* Det(M) Determinate of matrix M

= [nv(M) Matrix inverse of M

= Solve(A, Y) Solve linear equation system: A* X =Y

» L stSqrSolve(A, Y)  Least square solve of overdetermined
linear equation system.

* WeightedLstSqr Weighted least square solve of over-
Solve(A, Y, W) determined linear equation system.

= Fft(M) Fast Fourier transformation

= [fft(M) Inverse Fast Fourier transformation

= Interpolation(x, y, n, XX)
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2.3 Uncertainty functions?

The available functions to obtain information from a
‘Metas.UncLib’ object:

C# MATLAB
‘Metas.UncLib’ ‘LinProp’ or ‘MCProp’

Returns the value. y.GetValue() get value(y)

Returns the standard uncertainty. y.GetStdUnc() get_stdunc(y)

Returns the inverse degrees of y.GetlDof() get_idof(y)

freedom.

Returns the sensitivities to the virtual | y.GetJacobi() get_jacobi(y)

base inputs (with value 0 and

uncertainty 1). This is equal to the

uncertainties components

Returns the sensitivities to the y.GetJacobi2(x) get_jacobi2(y,x)

intermediate results.

Returns the uncertainty y.GetUncComponent(x) get_unc_component(y, X)

component.

Returns the correlation matrix. [yly2..]. get_correlation([yly2 ...])
GetCorrelation()

Returns the covariance matrix. [yly2..]. get_covariance([yly2 ...])
GetCovariance()

21.09.2010
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2.4 Storage / Archiving

» Save computed ‘Metas.UncLib’ objects.

» Reload stored ‘Metas.UncLib’ objects.
After loading all information is restored.

Metas.UncLib
Object

- RealNumber

- ComplexNumber

- RealArray

- ComplexArray

- RealUncNumber

- ComplexUncNumber
- RealUncArray

- ComplexUncArray
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Binary
XML 0101 0101
010101
10101
<?xml version="1.0"?> i 8181
<unc_number> v
<value>5</value> 1 0101
<dependency>
</dependency>

</unc_number>
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2.5 Interfacing .NET / COM

Metas.UncLibCE

Microsoft®

.NET

Metas.UncLib

& )
acty

Metas.UncLibCOM

Metas.UncLib.Matlab

< Metas.UncLibCE.Core

Metas.UncLibCE.LinProp

Metas.UncLib.DistProp

TN N D
NN N AN

Metas.UncLibCE.MCProp

< Metas.UncLib.Core

Metas.UncLib.LinProp

Metas.UncLib.DistProp

Metas.UncLib.MCProp

Metas.UncLib.DB

NN O O

N N N NI AN

C Metas.UncLibCOM.Core

(2)

Metas.UncLibCOM.DistProp

Metas.UncLibCOM.LinProp>

2

(2)

Metas.UncLibCOM.MCProD

()

Metas.UncLibCOM.DB >

LinProp

DistProp

MCProp

LinPropDB

NN O )
NN NI N

e Pocket PC
e Smart Phone
e Windows CE Device

e Visual Basic
e Visual C#

e Visual C++
e LabVIEW

e Mathematica
e Office 2007

o C++
Matlab
Excel 97 - 2003

e Use Metas.UnclLib in

Matlab scripts and
functions.
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3.1 Basic Features

S MATLAE Command Window

To get started, type one of these: helpwin, helpdesk, or demo.
For product information, visit www.mathworks.com.

= LinProp{3.8, 8.3);
LinProp{4.8, A.4);
sqrt{a.=xa + bh.=bh);

_walue(c)

> get_stdunc{c)
ans =

B.36715
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3.2 Right triangle example

» Cathetus a =3, u(a) =0.3
» Cathetus b =4, u(b) =04

» What's the value and
uncertainty of the
hypotenuse c?

* What's the value and
uncertainty of the
perimeter U?

» What's the value and uncertainty of the area A?

= \What's the correlation between A and U?
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3.2.1 Right triangle example — Matlab

unc = @LinProp;

%% Definition of the 1inputs
a = unc(3.0, 0.3);
b = unc(4.0, 0.4);

%% Compute the outputs

c = sgrt(a.*a + b.*b);
U=a+b + c;
A = a.*b./2;

%% Display some results

disp(sprintf('c = %/7.31", get_value(c))) C = 5.000
disp(sprintf('ulc) = %/7.3%", get_stdunc(c))) u(c) = 0.367
disp(sprintf('u = %/7.3%", get_value(u))) U = 12.000
disp(sprintf(C'u(u) = %7.37", get_stdunc(U))) u(u) = 0.865
e

disp(sprintf('A = %/7.3%", get_value(A))) A = 6.000
disp(sprintf( ula) = %/7.3%", get_stdunc(A))) u(A) = 0.849
temp = get_correlation([A U]);

disp(sprintf('r(a,u) = %7.3t", temp(1,2))) r(A,Uu) = 0.981
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3.3 Resistor cube example

» What's the equivalent resistor of the cube between the two
red junctions?
* And the uncertainty of it?

-1
U=Rx| - | =R *xU
(121) (12412 (124) (121) (1212 (12<1)
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3.3.1 Resistor cube example — Matlab

unc = @LinProp;

%% Definition of input uncertainty objects ROl ... R12 and U
U = 1;

RO1 = unc(50,0.1); RO2 = unc(50,0.1); RO3 = unc(50,0.1);
RO4 = unc(50,0.1); RO5 = unc(50,0.1); RO6 = unc(50,0.1);
RO7 = unc(50,0.1); RO8 = unc(50,0.1); RO9 = unc(50,0.1);
R10 = unc(50,0.1); R11 = unc(50,0.1); R12 = unc(50,0.1);

%% Kirchhoff's circuit laws --> linear equation system

Ux =[000000UUUUUU]";

Rx =[-1 0 O 1 o0 o0 o Oo0O 1 o0 0 o0;.
o -1 0 0 1 1 O O O o0 o0 o0,;.
o 0 -1 o0 O O 1 1 O O 0 o0,;.
o o o0 1 1 O O O O -1 o0 o0,;.
o o0 o o o0 1 1 o O 0 -1 o0,;.
o o o o o o o 1 1 o o0 -1,;.
ROL 0O O RO O O O O O R1IO O O ;.
ROL. O 0O O O O O 0 RO9 O O R12;.
O RO2 0O O O ROG O O O O R11 O ;.
O RO2 0 O RO5 0 O O O RO O O ;.
O O RO3 O O O O RO8 O O O R12;.
O O RO3 O O O ROZ O O O R11 O 7;

%% Solve Tinear equation system

IX = Rx\UX;

%% Compute equivalent resistor of the cube

ST ﬁ?il) +Ix() + IxG); (41.6667 = 0.0280542)
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3.4 Circle fit example
* Where is the center of the circle? What is the uncertainty?

Equation for a circle: Linearization:
G-T,/'=R? i=1...,n 2-Re(T;)-Re(T, )+2- Im(T; ) Im(T, )+ R —[0,|” = ||
a b C
A Circle fit equation system:
Im Axp=d
P= over determined
R L i ] L
2-Re(l;) 2-Im(T}) 1 . il
L o |ZRE) 2 2 p_H [
2.Re(r,) 2mr,) 1] Y4 o

[=a+bi R=+c+a’+b’

= And how to compute the uncertainty? The analytic solution is
too complicated. Too much data for Monte Carlo.
- Metas.UncLib is the ideal solution!

21.09.2010
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3.4.1 Circle fit example — Matlab

unc = @LinProp;
%% Circle points
f=1.9;

V = diag([6.9e-4A2, 6.9e-4A2]);

sl = unc(-8.43E-3 +8.28E-3*1, V);
s2 = unc(-6.99E-3 +9.43E-3*1, V);
s3 = unc(-3.73E-3 +1.11E-2*1, V);
s4 = unc( 3.00E-3 +1.13E-2%1i, V);
s5 = unc( 1.14E-2 +2.11E-3%*i, V);
s6 = unc( 6.92E-3 -9.43E-3*1, V);
s7 = unc(-7.75E-3 -9.27E-3*1, V);
s8 = unc(-5.76E-3 +1.20E-2*1, V);
s9 = unc(-1.31E-3 +1.14E-2%1, V);

S = [sl s2 s3 s4 s5 s6 s7 s8 s9].";

%% Circle fit

[2.*real(s) 2.*imag(s) ones(size(s))];
abs(s).A2;

p = A\d;

SO = p(1) + i*p(2);

R = sqrt(p(3) + abs(s0).A2);

A
d

circle fit, f= 1.90 GHz

o e N

0.005

\,

\/

\\‘5__‘//

-0.005

Im
TN

N\ 4

~

-0.01 -0.005 0 0.005 0.01

SO.value =
-0.00035669 +3.0153e-0051

S0.covariance =
1.8235e-007 3.6297e-008
3.6297e-008 1.1865e-007
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Get Metas.UncLib now!

* Download for free at www.metas.ch/unclib
= License prohibits redistribution
= 2 setup files (*.msi): Metas.UncLib and Metas.UncLib.Matlab

{i& Metas UncLib

Welcome to the Metas Unclib Setup Wizard

The inztaller will guide you through the steps required to install ketas. Unclib on your computer.

WARMIMNG: This computer program is protected by copyright law and intemational treaties.
Unautharized duplication ar distribution of this program, ar any portion of it may result in severe civi
or criminal penalties, and will be prosecuted to the masimum extent possible under the law.

Cancel

= MS Windows XP or later
= Matlab Version 2006b or later
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http://www.metas.ch/unclib
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4.1 VNA Tools Il Overview and Status

Metas.UncLib

done —

21.09.2010

-

0

I

‘C Metas.UncLib.Core >

LY

_lris ”I!W‘M
Metas.UncLib.MCProp

: T e,
d

( Metas.UncLib.LinProp

| ¥

.! Metas.UncLib.DistProp |

~

o o LGNy
2 Metas.UncLib.DB g
\_
ngilentPNA \
HP 8510C
Metas.Instr HP 8753D
(= HP 8751A
<Metas.Instr.VisaExtensions Agilent ECal

Metas.Instr.Driver
% I E it

Metas.Instr.Gui

\

Metas.UncLib and Metas.Vna.Tools | European Metrology Workshop 2010 | Michael Wollensack und Marko Zeier

Attn. Switch Drv.

Metas.Vna

(

Metas.Vna.Data

— done

Metas.Vna.Calibration

Still working on the VNA
error model. Characterize
the influences and bring
them into the calculation.

Metas.VnaTools

— done

Data visualization
L done.
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4.2 VNA Data

N-Port

= SParamData is class for N-Port S-Parameter Data.
= Which properties need to be stored?
* Frequency List (1d Array) ]

SParamData
 Data (3d Array) -
alta
 Port Zr (1d Array) e DN
= Supported file formats: Lol Lo
° CITI S11 | s12 SIN N—_N .
no uncertainties, no Port Zr ||| s o -
* Touchstone (*.s*p):
no uncertainties
PortZr
« SParamData XML (*.sdata) a 2| |
new, supports uncertainties

= SParamTools is a tool class for computing with SParamData
objects. For example: Cascading two SParamData objects
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4.3 VNA Calibration

= The error terms of a N-Port VNA Calibration can be described
In 2N-Port SParamData object.

* The error terms can describe a full leaky VNA model.

= SParamTools can be used for switch terms and error terms
correction.

ErrorCorrection

SwitchTerms ErrorTerms N-Port

SWT 1

SWT 2

e—e—— SWT?2

N+1

1

N+2

2

2N

= Metas.Vna.Calibration includes various algorithms for
calibration (SOLT, offset shorts, unknown thru, ...).

» The Error Correction is independent of the used calibration

method.

21.09.2010
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4.4 \VNA Error Model

» Characterize the Influences:
* Linearity, Drift, Noise Floor, Trace Noise
 Cable stability, Connector repeatability
» Combine with uncertainty calculation.

Cable & DUT Cable &
Port - X Connector Connector Port-Y
as S-X
Oo—» | |
Ms 4
Lx-s
LS-ax I—S-bx LX-ax bx ay I—Y-by Y
I—X-bx
N|_ NLb
Lax-by
1+Aa+Npax 1+Apx+Nhbx
1E
a™ b™

Branches With No Label = 1
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4.5. VNA Tools GUI

= VNA Tools Il has a graphical user interface ©

* There a several modules:
« Data Explorer Data visualization
* Instrument Control ~ VNA control & measurements
- Calibration Standard Cal Std Definitions Database

 Calibration Config Assign measurements & definitions

 Error Correction Error correction of raw measurements
 Agilent Model Fit Fit calibration standard parameters

» Sliding Load Circle fit and merge measurements

* Tools Cascade, Decascade, Reverse,

Subset, Mean, Merge, Change Zr, ...
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4.5.1 VNA Tools GUI — Data Explorer

VYHA Tools 1 oA E

Root Path:  DyworkhnaTools)Projects Browse | Opkions | About

Inztrument Contral | Calibration Standard | Calibration Config | Error Carrection | Agilent Maodel Fit | Sliding Load | Tools

Browse | Filker: *# Iroms:  Small - Graph | Table

Mag 51.2 [dB)

Mag 51.1 [dB)

200 - -

]

N

Phaze 51,1
Phaze 51,21

1 |
1E+09 1E+10

1143 - 230 -

.40 ~f

!
15 \ B0 __..w

1

11.54 — | -0 |

10000 1E+05 1E+07 1E+10 10000 1E+05 1E+07 1E+09 1E+10
Frequency [Hz) Frequency [Hz)

Mag 52,1 [dB)
Mag 52,2 [dB)

200 -

1]

Phaze 52,2 ")

Phaze 52,1 [7)

=) D:hwworkinaT ook Projects SetUp - Config  Corv: Mone ~ Format: MagPhase ~+ |Freglog Maglog | Phase 180 -
- 2P 8510C 01258_01
@ 2P 85100 01254-57_02 Interaction Mode: Mone :l Reset Zoom | Cursor: 1 2 Morm: None ~  Save
-0 2P 7514 01254-57_03 o Py
EI@ 2P Merged 01254-57_04 40 ~d ’
=) Calculations /_,l'
=) MatchingPads_NS0m_N50f_101 206_101205_01 0 R 1.3 | | 5
: MatchingPads_M50m_MS0f_1071206_101208_01 0 - \ 1154 - | | \
[ MatchingPads_M50m_NEOF_10M1207_101205_1 10000 1E+05 1E+07 1E+09 1E+10 10000 1E+05 1E+07 1E+10
tatchingPads_MS0m_MB0F_101207_101208_01 Frequency [Hz) Frequency [Hz]
f| MatchingPads_M50m_M50f_55734 55213 01.sc
f| MatchingPads_M50m_M50f_55734_55856_01.sc 200 —
f| MatchingPads_M50m_M50f_55740 55213 01.c | ‘ | ‘ h
= MatchingPads_M50m_ME0F_5740_55856_01. s I
=3 Cascaded ‘ ‘ N \
= MatchingPads_MS0m_M50F 1001206101208 01 -200 | | | | | -200 | | | |
MatchingPads_M50m_ME0F_101206_101208_01 10000 1E+05 1E+07 1E+09 1E+10 10000 1E+05 1E+07
| MatchingPads_MS0m_M50F_101207_101205_01 Frequency [Hz) Frequency [Hz)
f| MatchingPads_ M50m_MB0f_101207_101208_01
f| MatchingPads_M50m_M50f_55734 55213 01.sc
f| MatchingPads_M50m_M50f_55734 55256 01.sc
f| MatchingPads_M50m_M50f_55740 55213 01.c
----- = MatchingPads_M50m_ME0F_5740_55856_01. s
- old
F) text_export
= MatchingPad_MS0m_N75F_101206_01.sdata
: MatchingPad_M50m_M75E_101207_01.=data 00 -
MatchingPad_M50m_M75F_BE7T34 01 =data
{| MatchingPad_N50m_N75f_55740 01 .sdata | ‘ | ‘ i)
j| MatchingPad_M75m_M50F_101205_01.sdata ‘ [‘\ '\ ’
: MatchingPad_M75m_ME0F 101208 01.=data 200 - ! | ! | : 200 - - '
51| MatchingPad_N75m NSO_55813 01 sdata 10000 1E-+05 1E407 1E+09 TE+10 10000 1E-+05 1E407 1E+09 TE+10
MatchingPad_M75m_MN50f_55356_01.sdata Frequency [Hz] Frequency [Hz]
< I >

Ready
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4.5.2 VNA Tools Il = Instrument Control

Root Path:  DyworkhnaTools)Projects Browse | Opkions | About

Data Explorer |} Instrument Contral | Calibration Standard | Calibration Config | Eror Comrection | Agilent Model Fit | Sliding Load | Tools |
Driver: |HPES10C =| | Resource: |visa:[[l-217-01-09, ad.metasGPIED: : 16 INSTR =| Find ©pen Close

Mode: Sxx + Setldp  Measure  Trigger: Single Cont Hold  Cancel  Format: RawData + GetData Save Data
Settings | Graph | Table |

Preset  Save Instrument State  Recall Instrument State  Refresh

Sweep Syztem
Sweep Mode Sweep Time [z Dwell Time [z] IF dvwerage Factar [) Z0 [Ohmn]
SegmentSweep |v| |100.000e3 3] |0.000e+0 3 512 3] [50.000e+0 Bl
Source 1 Source 2
Power [dBm] Power [dBm]
[45.000e+6 | [B.000=+3 REL | [0.000e+0 | [1ooo0 3 1000 Bl
Slope [dB/GHZ) Slope [dB/GHZ)
[4.023e+3 | [7.955e+3 | 4023243 | |0.000 3] |oooo Bl
Segment Table Fort 1 Fort 2
Mew Table  ©Open Table  Sawe Table  Set Segment Table HGATELT L) HGATELT L)
i = i =
Start [Hz) Stop [Hz) Step [Hz) IFB'w [Hz] | {j| | {j|
» 45,000+ 06 95, 000e+06 5. 000e-+05 0.000e-+00 Extension [s] Extension [s]
100, 000e-+05 8 000+ 100, 000e-+05 0.000-+00 |0.000+0 <] |n000e0 &

Ready
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4.5.3 VNA Tools Il = Calibration Standard

VHA Tools Il

Root Path:  DyworkhnaTools)Projects = Ia DStk Wy naT calssCalibrationk it i About
Diata Explorer | Instrument Contral | Calibration Standard | Calibration Config | Errar Comection | Agilent Madel Fit | Sliding Load | T @ 1.0 mm
Load Standard  Save Standard  Type: | AgilentModelStandard - Save Resul 'B 1.85 rm
Settings |Gra b || T able AgilentModelStandard '@ 2.4 mm
i Databasedstandard '@ 792
Ideallsolation H -3 mm
Start Frequency [Hz) Stop Frequel 4z 2l oad '@ 25 mm
10.000e-0 ] [18.000e+8 |idealopen B : 7
IdealShart '@ mm
IdealThru L——_IB M 50 Ohm
|dentification IUnknownlsalation Zr lmag [Ohm] T
|T NIE0] mal UnknownLine EAH |EI 000000 EA}l '[h gal3zB
ype NIS0) male open UnknownReflection ¥ : x -5 B5032F
UnknownThry i
Standard Type Dffzet Z0 [OFm] et Delay [ps] Offzet Logs [GOhm/s) El{h 35054E
|gpen [v] 150.000000 i+ |57.933000 ] |0s20000 & . [H] 85054B_female_open.calstd
CO(E15F) C1 (27 F/Hz) C2(E-36 F/Hz"2) C3 (45 F/Hz"3) | B5054B_female_short calstd
83.933000 %] [2536.733300 2] [e6433mo0 %] 13400000 S - |E] 85054B_male_open. calstd
/ o] BR054E_male_short calstd
[#-7) Loads
03 N 75 Ohm

----- = |deallzolationS00 k. calstd
----- =) |deallzolation7S0km, calstd
----- = IdealloadS00km. calstd
----- = Idealload?50km. calstd
----- = |deal0penS00km, calstd
----- = |deal0pen?50km, calstd
Calibra‘tlon Standard ----- @ [dealShorts00hm. calstd
----- = |dealShaort7S0km, calztd
<. - I e =) IdealThuS00hm. calstd
DeflnItIOHS Database ----- =] IdealT hru7S0hm. calstd
----- E] [Inknomnl zolation. calztd
= UrknownlineS00hm, calstd
----- = Urknownline?S0hmn, calstd

----- | UnknownReflection.calstd
Ready = UnknownThu.calstd l
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4.5.4 VNA Tools Il — Calibration Config

Root Path:  DyworkhnaTools)Projects Browse | Opkions | About

| Data Explarer | Instrument Control | Calibration Standard I Calibration Config | Enrr Correction | Agilent Madel Fit | Sliding Load | Toals |

Mew Config  Load Config Save Config  Start Computation  Cancel Computation  Sawe Calibration

Calibration Type Ruoat Path

UrikmawnT hru |D:kwnlkWnaTnnlskF’rniects'QF' aa10m 01254-57_02 |
Roaot Path Definitions
|D:\wnlkWnaTnnls\EaIibrationKits |

Zr Real Zrlmag Description teazurement Definition
[Thm) [Qbim]
» a0 IS Reflection_1 Meazurements_01%0pens_M50n_707_M75F_13000_07. zdata B0 Ohm8505484850548_male_open.calstd
s} 0 Reflection_1 Meazurements_01%Shaorts_MB0m_729_WN75F_2773 01 zdata B0 Ohm85054B4850548_male_short. calstd
Reflection_1 Meazurements_01%Refloads_MN50m_507_M75E_3581_01.:data M B0 Ohm'Loads \MMO0E929_rmale_load 507 calzstd
Reflection_2 Meazurements_01%0pens_M50n_707_M75F_13000_07. zdata M 75 Ohm 850366850366 _fermale_open.calstd
Reflection_2 Meazurements_01%Shaorts_MB0m_729_WN75F_2773 01 zdata M 75 Ohm 850366850366 _fermale_shart calstd
Reflection_2 Meazurements_01%Refloads_MN50m_507_M75E_3581_01.:data M 75 Ohm'Loads \MiO04286_female_load 3581 calstd
SwitchTerm_1 Meazurements_014\SwitchTerms_01.zdata
SwitchTerm_2 Meazurements_014\SwitchTerms_01.zdata
Tranzmizsion_1.2 Meazurements_01\MatchingPad_M50m_M7EF_T101206_01.zdata | UnknownT hru.calstd
|zolation_1.2 Meazurements_01%Refloads_MN50m_507_M75E_3581_01.:data [Inknownl zolation. calztd

Ready
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4.5.5 VNA Tools Il = Error Correction

VHA Tools Il

Root Path:  DyworkhnaTools)Projects Browse | Opkions | About

Data Explorer | Instrument Contral | Calibration Standard | Calibration Config Agilent Model Fit | Sliding Load | Tools

Mew Config  Load Config Save Config  Start Computation  Cancel Computation
Root Path
|D:kwnlkWnaTnnlskF’rniects'QF' aa10m 01254-57_02 |

Calibration Path
| UnknownT ru_NS0m_N75(_101206_01.cal |

R aw Measurements Path

|Measurements_01 |

Erar Corrected Measurements Path
| UnknownT ru_NS0m_N75(_101206_01_out |

Ready
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4.6. VNA Tools Script

= VNA Tools Il has a scripting possibility ©

* The end user can script VNA Tools Il from any scripting
language which supports the .net framework.
For Example: IronPhyton, MATLAB, Mathematica ...

= VNA Tools Il provides a high level script class.
Metas.Vna.Tools.Script

= The user can control instruments and make measurements.
For example: Step attenuator measurements, drift
measurements, ...

= Compute a calibration (error and switch terms) and compute
the error correction of raw measurements.

= Other script tools: Cascade, Decascade, Reverse, Subset,
Mean, Merge, Change Zr, Sliding Load, ...
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Thank you for your attention ...

The VNA Tools Il Team in action ...

| » R & ..
M. Wollensack. M. Zeier....
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