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Splitter

Equivalent Source Match

The following equations describe the equivalent source match for
port 2 and 3 of the splitter.

ΓEq2 = S22 −
S32S21

S31
ΓEq3 = S33 −

S23S31

S21

Tracking

The following equation describes the tracking of the splitter.

Tracking =
S21

S31
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What is METAS VNA Tools and UncLib?

Figure : METAS VNA Tools
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METAS VNA Tools

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

I It uses a VNA measurement model for N-port Vector Network
Analyzers.

I It supports the following calibration types: One Port, SOLT,
GSOLT, QSOLT, Unknown Thru, TRL, Juroshek and
Optimization.

I It allows the definition of all influences that affect VNA
measurements.

I It uses the Linear Propagation module of METAS UncLib to
propagate all uncertainties through the VNA measurement
model.

I It can visualize S-parameter data with uncertainties.
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METAS VNA Tools - Step by Step

The following steps describes the typical use of VNA Tools:

1. Specify all uncertainty influences in the Database of VNA
Tools.

2. Collect raw measurement data and protocol the measurement
process in the Measurement Journal.

3. Configure a VNA calibration and compute the error terms.

4. Error correct the raw measurement data.

5. Post processing of error-corrected data (optional).

6. Visualize the error-corrected data in the Data Explorer.
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METAS UncLib
UncLib is a generic measurement
uncertainty calculator.

The user specifies

I input quantities X with
input covariance matrix VX

I measurement model f

METAS UncLib computes

I output quantities Y = f (X)

I Jacobi matrix JYX of f using
automatic differentiation

I output covariance matrix
VY = JYXVXJYX

′

X1 X2 X3

f1

corr

Input quantities

Output quantities

Measurement model

f2

Y1 Y2

corr

Figure : METAS UncLib

Michael Wollensack METAS 7 3. June 2015



Schweizerische Eidgenossenschaft

Confédération suisse

Confederazione Svizzera

Confederaziun svizra

Federal Institute of Metrology METAS

Introduction 3-Port Method 2-Port Method Juroshek Method Demo Conclusion

3-Port Method

Measurements and Calibration

1. Measure open, short, load at VNA
ports 1, 2 and 3.

2. Connect splitter and measure all 9
S-parameters Sraw .

3. Measure the switch terms.

4. Compute 3-Port Unknown Thru
Calibration, where the splitter is
used as unknown thru between
ports 1, 2 and 1, 3.

VNA Port 1

VNA Port 2

VNA Port 3

1

2

3

Post Processing

5. Call SParamTools.EquivalentSourceMatch(Scor ) method
in a script.
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3-Port Method - Calibration

Figure : 3-Port Unknown Thru Calibration Configuration
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3-Port Method - Post Processing

Figure : Script which computes equivalent source matches of the splitter.
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2-Port Method (Palmer)

Measurements and Calibration

1. Measure open, short, load at VNA
ports 1 and 2.

2. Connect splitter and measure all 4
S-parameters Sload raw with a load
at the splitter port 1.

3. Measure the switch terms.

4. Compute 2P Unknown Thru Cal.

5. Measure Sshort raw with a short at
the splitter port 1.

VNA Port 1

VNA Port 2

1

2

3

Post Processing

6. Call SParamTools.EquivalentSourceMatchPalmer(
Sload cor , Sshort cor ) method in a script.
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2-Port Method (Palmer) - Calibration

Figure : 2-Port Unknown Thru Calibration Configuration
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2-Port Method (Palmer) - Post Processing

Figure : Script which computes equivalent source matches of the splitter.
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Juroshek Method

Measurements and Calibration

1. Connect splitter port 1 to VNA
port 1 and splitter port 2 to VNA
port 2.

2. Measure open, short, load at
splitter port 3.

3. Compute Juroshek Calibration.

4. ΓEq3 is the match term of the
calibration error terms.

Post Processing

I Not needed.

VNA Port 1

VNA Port 2

1

2

3
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Juroshek Method - Calibration

Figure : Juroshek Calibration Configuration
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Demo
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Conclusion

I Definition of influences that affect the measurement.

I Linear propagation of uncertainties through the measurement
model.

I Visualization of S-parameter data with uncertainty budget.

I VNA Tools supports 3-Port, 2-Port (Palmer) and Juroshek
methods for characterizing a splitter.

I Different methods can be compared.

[1] J. Hoffmann, M. Wollensack, J. Ruefenacht, M. Zeier, ”Comparison of Methods for Measurement of
Equivalent Source Match”, 45th European Microwave Conference, EuMC 2015, Paper ID: EuMC40-01,
September 2015.

http://www.metas.ch/vnatools
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