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Calibration: The very first step to accurate model

The UNCERTAINTIES of model extraction …

Model Assumption

Parameter Extraction

Estimated Model 
Parameters
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Calibration: The very first step to accurate model

The UNCERTAINTIES of model extraction process…

Random Noise Systematic errors

S-Parameter 
Measurement

Model Assumption Extraction Methods

Parameter Extraction

Estimated Model 
Parameters



Calibration: The very first step to accurate model

The UNCERTAINTIES of model extraction process…
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Why are S-parameters so important? 
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Calibration: The very first step to accurate model

Why are S-parameters so important? 

A simple example

A small error in S-parameter measurement will 

eventually leads to the difficulty of parameter 

extraction!



Calibration: The very first step to accurate model

Why are S-parameters so important? 

For more complicated circuits? 

What will happen for more complicated circuits? 
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Calibration: which method should I choose? 

Short-Open-Load-Thru (SOLT)

Most commonly used calibration 

Å All standards must be perfectly known

Å Not inherently self consistent

Å Performs reasonably well if accurate models of 

calibration standards can be determined

Å Sensitive to probe contact!
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Calibration: which method should I choose? 

Short-Open-Load-Thru (SOLT)

Most commonly used calibration 

Å All standards must be perfectly known

Å Not inherently self consistent

Å Performs reasonably well if accurate models of 

calibration standards can be determined

Å Sensitive to probe contact!

Thru-Reflect-Line (TRL)

More accurate in practical applications

Å Only require match standard as high loss

Å Limited frequency range but can be tackled with 

multiple lines

Å Inherently consistent 

Å Not sensitive probe contact



Calibration: How to verify its validity? 

Power gain should always be 1, or in other words,  0dB
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A simple verification method:

Measure the power gain of thru standard after 

calibration



Calibration: A BIG Headache

However, for non-50ohm measurement, we can hardly get 0dB gain!

Errors increase with the reflection coefficient increase Thru gain can go to 0.8dB or more at the edge of smith Chart!



Calibration: Examine the current TRL method

Å The errors are caused by VNA measurement repeatability, connection repeatability, power level

uncertainty, calibration uncertainty

Å Thru /Line measurements are taken as ideal 50 Ohm impedance during calibration.

ÅDetermining error model coefficients is Directly related to the accuracy of the measured

uncorrected S-parameters, hence not necessarily perfect.

Å Traditional TRL using orthogonal distance regression algorithms to improve the calibration quality

or by use multiple redundant Line standards to reduce random errors, which on the other way

cause random errors due to connector repeatability

7- term calibration error model



Calibration: The enhanced TRL calibration process

Solution: Tackle the VNA measurement repeatability, connection repeatability and power level uncertainty by 

measuring line/thru with varying a2 vector value

Varying the magnitude and phase of a2



Calibration: The enhanced TRL calibration process

System calibrated 

Using these more accurate s-parameter measurement data in standard TRL 
calibration procedure to determine the error model coefficients.

Utilize error minimization technique to process the above measurement sets to 
determine a more accurate incorrect s-parameter measurement. 

Replace the TRL thru/line measurement as multiple measurements where the 
power and phase of reverse excitation signals varied

Measure Reflection standards 

The complete calculation process



Calibration: The enhanced TRL calibration process

Test Bench & Results

Load side signal source: ESG PNA-X

Calibration Plane

Power Gain all well below 0.1dB at 0.75 Reflection Circle 

HDU developed calibration software



Conclusion

É Calibration is the very first step to accurate device model

É By varying a2 vector value during TRL calibration, the accuracy of TRL dramatically

increased

É This new method has the following advantages:

¸Easy to implement: No need for fancy load-pull systems or PNA-X 088 option

¸Quick to measure: No need for changing calibration standard during the calibration measurement

like the multiple line method

¸Fit for non-50Ohm device: no need for pre-match to 50 ohm before measurement.

É HDU modelling group is willing to share its experience and expertise knowledge in

modelling field
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: 13388422057

:  jtsu@hdu.edu.cn


