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Example of uncertainty correlation in frequency
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Example of correlations in measurement uncertantie
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Typical error representation for S-parameter measends
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Including error correlations between different fieqcies
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Consequences for time-domain characterization

Measured complex
spectrum

Waveform
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Consequences for time-domain measurements

Uncertainty propagation
through IDFT

Ah = W AH
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Covariance matrix for time- Covariance matrix for spectrum
domain result measurement errors
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uncertainties in FD
contribute to standard
uncertainties in TD !!!
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Example: Adapter effect in time-domain

Perfect oscilloscope
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3.5mm/1mm
S X

0.00025
Output pulse
Std. uncertainty 4 0.00020

Std. unc. calculated
without correlations

0.00015

0.00010

O_' 0.00005

8 10 12 14 16 18
t [ns]

Output voltage v(t) [v]

Standard uncertainty on v(t) [v]




Example: NIST 110 GHz waveform calibration service

Photodiode calibration in EOS system Oscilloscope
(Electro-optic Sampling System) calibration
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with covariance-based
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Example: NIST 110 GHz waveform calibration service

Photodiode response
Standard uncertainty

Uncertainty calculated
neglecting correlations
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Consequences for measurement-based modeling

Equivalent circuit
Measurement

(e.g. S-parameters)

modeling

p=f(m)

p:

Uncertainty propagation
through modeling

Matrix of sensitivity
coefficients (Jacobian)




Consequences for measurement-based modeling

Uncertainty propagation

through modeling procedure
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Covariance matrix for model
parameter errors
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Covariance matrix for S-
parameter measurement errors
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Correlations between
uncertainties in FD contribute
to standard uncertainties of
model parameters !!!
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Example: Modeling 1 mm mismatch-thru standard

DUT  test-port
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i Neglecting frequency
—— correlations leads to
underestimation of model
parameter uncertainties !!!




Summary

Correlation between measurements uncertainties for different
frequencies and times possible

Generalized covariance-matrix approach as a means for

systematic description of these correlations

Correct description of these correlations crucial for
Time-domain characterization involving VNA measurements
Measurement-based modeling

Covariance-matrix approach sucesfully applied to capture

these correlations in VNA measurements used in the

110 GHZ NIST waveform calibration service

Other possible applications
Time-domain reflectometry
Link simulation based on S-parameters (eye-diagrams, BER)
Uncertainty analysis for LSNA measurements




