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Incident &1
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Reflection
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So1 = b /611

S11=b1/a1
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incident
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INTI Frequency s3] S1
Zr:50Q Zr:50Q
(GHz) Real Imag

0,005 0,001
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INTI Frequency s3] S1
Zr:500Q Zr: 500
(GHz) Real Imag

0,005 0,001

Frequency S1,1 S1,1 S1,1 S1,1
Zr:50Q Zr:50Q Zr:50Q Zr:50Q
(GHz) Real u(Real) Imag u(lmag)

0,005 0,003 0,001 0,003

1
:L‘re




Magnitude

2 port example: g
Band-pass filter e
B o (. L
VMAX |< >|
4 : Bandwidth :
# S-parameters: : ;
1 1
| i
fL fy Frequency
Frequency S11 < S1,1 S2,1 $1.2 512 S22 S22
Zr.500 Zr:50Q Zr. 500 Zr.500 Zr:500Q Zr:500Q Zr.500Q
(GHz) Real RG> Imag Real Imag Real Imag
0,005 0,001 0,027 0,100 0,027 0,100 0,004 0,000
1,500 0,006 -0,001 -0,039 -0,096 -0,039 -0,096 0,004 -0,001
\ 2,000 0,004 -0,002 -0,089 -0,053 -0,089 -0,052 0,002 -0,004
2,500 0,001 -0,002 -0,102 0012 -0,102 0,012 -0,001 -0,003
3,000 -0,002 -0,001 -0,074 0,071 -0074 0,071 -0,003 0,001
3,500 -0,005 0,002 -0016 0,101 -0,016 0,101 -0,001 0,006
¥ 4,000 -0,007 0,007 0,049 0,090 0,049 0,090 0,004 0,008
4,500 -0,007 0013 0,093 0,042 0,093 0,042 0,010 0,005
5,000 -0,002 0018 0,100 -0,023 0,099 -0,024 0,013 -0,001
5,500 0,005 0,020 0,065 -0,079 0,065 -0,079 0,010 -0,008
6,000 0012 0019 0,003 -0,102 0,003 -0,102 0,002 -0,011
6,500 0,019 0,014 -0,060 -0,083 -0,060 -0,083 -0,006 -0,008
7,000 0,024 0,006 -0,098 -0,029 -0,098 -0,029 -0,010 0,000
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Correlations between ...

e Real/lmaginary parts

e Real/Imaginary parts at different frequencies
e Different S-parameters

e Different DUTs

e Uncertainty components

® Measured values vs. temperature, humidity, time.
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METROLOGICAL TRACEABILITY
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[VIM3] 2.41

property of almeasurement resulDwhereby the result can be
related to a refere a documented unbroken chain of

calibrations, each contributing to the measurement uncertainty
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Influence quantities

(x;)

[511—

|

reflected
incident

Measurement
model f(x;)

Multivariate case

(nteractlon between & A
measurand and

uncertainty in the same
expression.

.

l.e.: Value=1:; unc.= 0.00]
f'(x;)=1x (1£0.001)="



Instituto
Nacional

de Tecnologia
Industrial

INTI
v |—L
X2 _

X3
X1 \_] /
m Y l &
/“[ Measurement ] coefficients |

Guide pour Mexpression da lincerbtude do

model f(x;) : { Uncertainty model

f(uy,)
Vs

s _ reflected
17 incident

A7
IR

|

i

Y=yxU(y)



O

INTI

Instituto
Nacional

de Tecnologia
Industrial

Rigorous method

N

[ Measurement
model f(xi)

[511:

reflected

incident

Si1 =
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INTI Issues /Solutions

e Different models ) Only 1 model (rigorous method)
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INTI Issues /Solutions

- =

e Mixed data types :> Uncertainty objects
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Issues /Solutions o

=

Mixed data types :> Uncertainty objects

Casel.
Measured voltaje: V= 5V Callt.)r.anon
U(V)=luVv certificate )

Uncertainty object V=(5, 1e-6)

Case 2:

Measured voltaje: | V=(5, 0)

U(V) = (0, 1e-6) Additive uncertainty
U(V) = (1, 1e-6) Multiplicative uncertainty

Command Window

>> v = unc(5,1le-6)

(5 + 1e-086)

fx >>
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Complicated calculations Authomatic uncertainty propagation

through authomatic differentiation
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Industrial e X = — Sin
o R ; cos 0 i 0)

Y1=V/I Y2=cos (D) Y3=sin ()

n

Graphical decomposition of a measurement model




n 74 % on
M p = L cos @ X = —sin® MEASUREMENT MODEL

INTI I I

\%
o

Y2=cos (D) Y3=sin ()

Chain rule

Y1*Y2 Y1*Y3
Graphical decomposition of a measurement model
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R = X =—sin0® MEASUREMENT MODEL
INTI I I

\

\

Y2=cos (D) Y3=sin ()

Y1*Y2 Y1*Y3
Graphical decomposition of a measurement model



D eV X = Ksin @ MEASUREMENT MODEL
I I

Y3=sin (9)

)

Y1*Y2 Y1*Y3
Graphical decomposition of a measurement model
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Y2=cos (D)

Output dependencies

Y1*Y2 Y1*Y3
Graphical decomposition of a measurement model

Y3=sin (9)




Measurement Model

Base Inputs

() ) & &) @ Issues /Solutions o

=)
=)

Record of dependencies.
Correlations on demand (or explicitly saved)

Lack of correlations

Value: Vi

Dependencies: (x; X, x3 ...)

e i Oy oy
Derivatives: [8x1 o o

Uncertainty Number (METAS UncLib)
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Value

A
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IDof

Jacobi
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< Imag [




<?xml version="1.0"2>

Fl<SParamData xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlns:xsi="http://www.w3.orq/2001/XMLSchema-instance">

<Port>1</Port>

<Port>2</Port>
</PortList>
<PortZrList>

<Data>
<Frequency>
<ReceiverPort>

<SouggePort>
[<Real>\

\ <mag> /
< ort>

<SourcePort>
<Real>

<Imag>

</SourcePort>
</ReceiverPort>
<ReceiverPort>
<SourcePort>
<Real>

<Imag>

</SourcePort>
<SourcePort>
<Real>

<Imag>

- </SourcePort>
- </ReceiverPort>
- </Frequency)
<Frequency>

<Frequency>

e B e B e B e

H
i) <Frequency>
H
H

<Frequency>



<Frequency>48000000000</Frequency>
<Frequency>48250000000</Frequency>
<Frequency>48500000000</Frequency>
<Frequency>48750000000</Frequency>
<Frequency>49000000000</Frequency>
<Frequency>49250000000</Frequency>
<Frequency>49500000000</Frequency>
<Frequency>49750000000</Frequency>
<Frequency>50000000000</Frequency>
- </FrequencyList>
H <PortList>

<Port>1</Port>

<Port>2</Port>
F </PortList>
<PortzrList>

Freq

S21 S22 S2N IN

e
(52

T

<Data>
<Frequency>
<ReceiverPort>
<SourcePort>
<Real>
<Value>-0.00022624494363632575</Value>
<Dependencies>
<DependsOn>
= <Input>
<Id>83-CB-32-55-4B-8C-4B-EB-91-CC-00-84-9C-4F-43-C3-00-20-00-02-00-00-01-00-76-DA-06-80</Id>
<Description />
<IDof>0</IDof>
</Input>
<Jacobi>-2.3824466471489413E-05</Jacobi>
</DependsOn>
<DependsOn>
<Input>
<Id>83-CB-32-55-4B-8C-4B-EB-91-CC-00-84-9C-4F-43-C3-00-20-00-02-00-00-01-00-76-DA-06-81</Id>
<Description />
<IDof>0</IDof>
</Input>
<Jacobi>1.6328236438928312E-05</Jacobi>
</DependsOn>
<DependsOn>
<Input>
<Id>83-CB-32-55-4B-8C-4B-EB-91-CC-00-84-9C-4F-43-C3-00-20-00-02-00-00-01-00-76-DA-A2-C0</Id>
<Description />
<IDof>0</IDof>
21298 </Input>

SN1 | SN2 SNN

Z1 zZ2 ZN

XML

eXtensible Markup Language file length : 181.235.125 lines: 4.215.852
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1-Port correlation @fo
Real 51,1 Imag S1,1 °
P Real S1,1 1,000e+000 -3,860e-002 O
Imag S1,1 -3,860e-002
Correlacion Mag 2 puertos @f
/ Real 51,1 Imag S1,1 Imag S2,1 Real 51,2 Imag S1,2 Real S2,2 Imag S2,2
P Real S111 1,000e+000 3,917e-002 -5,402e-003 3,921e-002 -5,835e-003 8,870e-002 -9,785e-004
Imag 51,1 -3,860e-002 3,088e-003 1,564e-001 3,204e-003 1,571e-001 -5,773e-003 3,136e-001
Real 52,1 3,917e-002 3,088e-003 5,608e-001 5,609e-001
Imag S2,1 -5,402¢-003 1,564e-001 5,772e-001 -2,250e-002
Real §1,2 3,921e-002 3,204e-003 5,609e-001
Imag S1,2 -5,835e-003 1,571e-001 5,772e-001 -2,229-002
Real 52,2 8,870e-002 -5,773e-003 5,772e-001 5,772e-001
Imag S2,2 -9,785e-004 3,136e-001 -2,250e-002 -2,229%e-002

GUI METAS VNA Tools
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GET_CORRELATION()

|S11]| correlation between different frequencies

P 45,000e+06 Hz
50,000e+06 Hz
55,000e+06 Hz
60,000e+06 Hz
65,000e+06 Hz
70,000e+06 Hz
75,000e+06 Hz
80,000e+06 Hz
85,000e+06 Hz
90,000e+06 Hz
95,000e+06 Hz
100,000e+06 Hz
150,000e+06 Hz
200,000e+06 Hz
250,000e+06 Hz
300,000e+06 Hz
350,000e+06 Hz
400,000e+06 Hz
450,000e+06 Hz
500,000e+06 Hz
550,000e+06 Hz

95,000e+06 Hz 100,000e+06 Hz 150,000e+06 Hz 200,000e+06 Hz 250,000e+06 Hz 300,000e+06 Hz 350,000e+06 Hz 400,000e+06 Hz A
0,91 0,00 0,00 0,00 |
0,00 0,00 0,00 |
0,00 0,00 0,01 |
0,00 0,00 0,00 |
0,00 0,00 0,00 |
0,01 0,00 0,00 |
0,00 0,00 0,00 |
0,00 0,01 0,00 |
0,00 0,00 0,00 |
0,00 0,00 0,00 |
0,00 0,00 0,00 |
0,00 0,00 0,00 |
0,00 0,00 0,00 0,00 |
0,00 0,00 0,00 0,00 |
0,00 0,00 0,00 0,00 0,00 0,00 0,00 |
0,00 0,00 0,00 0,00 0,00 0,00 0,00 |
0,00 0,00 0,00 0,00 0,00 0,00 0,00 |
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,01
0,00 0,00 0,00 0,00 0,00 0,01 0,00 0,01 |
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,01 |
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 s

GUI METAS VNA Tools
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GET_VALUE(y)

0.08

/-

\

S

—

L

5E+09

1E+10

1.5E+10

Freguency (Hz)

2E+10

25E+10

3E+10

|
3.3794E+10

=

e T,

N

(=]

RN

N

Phase 52,2 [°|

/

AN

N

™

N

N

5E+09

1E+10

15E+410

Freguency (Hz)

2E+10

25E410

3E+10

|
3.3794E+10

GUI METAS VNA Tools




D L GET_VALUE(y) ; GET_STDUNC(y)
INTI

0.08

-0.01- .
2E+08 5E+09 1E+10

|
1.5E+10 2E+10 25E+10 3E+10 3.3794E+10
Freguency (Hz)

Phase 52,2 ("]

2E+08 BE+09 1E+10 15E+10
Frequency (Hz)

GUI METAS VNA Tools

|
2E+10 2.5E+10 3JE+10 3.3794E+10
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Uncertainty on Complex plane
10GHz-18GHz @1GHz step

Imag §1.1

-0,04

-0,05

-0,06

0,07 4

0,04

0,03

0,02

0,01

(0,0019858; -0,018094; Trace 1;

-0,07

-0,06

1 1 1
-0,03 -0,02 -0,01 0 0,01 0,02 0,03 0,04
Real 51,1

GUI METAS VNA Tools
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BUDGET(y)

. Id | Flat | Expand All Collapse All | Numeric Format: f6

Std Une ugs
|-29.681245 | [29.561606 | [69.123212

~ | Copy
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Time Domain

TDR 51,1

0.020565

0.018 &\%\
0.016

0.014

0.012

0.01

0.002

e /

o /

Time (=]

GUI METAS VNA Tools
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ROHDE&SCHWARZ

R&S ZNA-K50 Real time measurement uncertainty analysis

—— s

"'\ ) MauryMicrowave

Your Calibration, Measurement & Modeling Solutions Partner!

MT940A Insight Calibration and Measurement software
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INPUT |:>
VARIABLES

MODEL |:>

EXAMPLE 1ISO-GUM H2 with GTC

v
I =
phi

]

ureal (4.999, 3.2E-3, independent=False)

# volt

ureal (19.661E-3, 9.5E-6, independent=False) # amp
= ureal (1.04446,7.5E-4, independent=False) # radian

set_correlation(-0.36,V,I)
set_correlation(0.86,V,phi)
set_correlation(-0.65,I,phi)

os)
|

[a]
|

= result( V + cos(phi)

result( V x sin(phi)
result( v/ I)

g Ty
H H

—

print 'R = (}'.format (R)
print 'X = {}'.format (X)
print 'Z = {j'.format (Z)
print

print
print
print

'Correlation between R
'Correlation between R
'Correlation between

and X
and Z
X and Z

1]

'.format ( get_correlation(R, X)

-.2G}'.format ( get_correlation(R, Z)
2G)"'.format ( get_correlation(X, Z)

)
)
)

R =
X
7 =

127.732(70)
219.85(30)
254.26(24)

Correlation between R and X =

Correlation between R and Z

Correlation between X and Z =

-0.59
-0.49
+0.99
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INTI

INPUT
VARIABLES

MODEL

=

EXAMPLE 1ISO-GUM H2 with GTC

vV = ureal<4.999>3
I = ureal (197 1E
phi = ureal (1.04446,7.5E-2

set_correlation(-0.36,V,I)
set_correlation(0.86,V,phi)
set_correlation(-0.65,I,phi)

g-- 3, independent=False)
independent=False) #
dent=False)

# volt
amp
# radian

A

os)
|

= result( V * cos(phi) /
result ( V = sin(phi) /
result( v / I )

H H

[a]
|

—

PyVISA

print 'R j'.format (R)
print 'X = {}'.format (X)
print 'Z = (}'.format (Z)
print
print
print
print

'Correlation between
'Correlation between

'Correlation between R
R and
X and

and

[

'.format ( get_correlation(R, X)

2G}"'.format ( get_correlation(R, Z)
2G)"'.format ( get_correlation(X, Z)

)
)
)

B = 1277
X = 219.8
Z = 254.2
Correlation between R and X

Correlation between R and Z
Correlation between X and Z

-0.
-0.
+0.

o
o

O
le]

o
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@ METAS

Developer: Michael Wollensack
UnclLib (Python) — _
https://pypi.org/project/metas-unclib/ [ pip install metas-unclib ]

UncLib (MATLAB, C#)
https://wWwww.metas.ch/metas/en/home/fabe/hochfrequenz/unclib.html

B3 MsL

GUM TREE CALCULATOR (GTC) (Python)
Developer: Blair Hall
https://pypi.org/project/GTC/
https://gtc.readthedocs.io/en/latest/install.html| (Documentation)

[ pip install gtc ]



https://pypi.org/project/metas-unclib/
https://www.metas.ch/metas/en/home/fabe/hochfrequenz/unclib.html
https://pypi.org/project/GTC/
https://gtc.readthedocs.io/en/latest/install.html

Thank you!
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