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Motivation 

ÁIs VNA counting for coupling at the 
probe tips? 

ÁHow the measured S-parameters are 
being affected by probe coupling? 

ÁThe spacing between the probe tips may 
need to be readjusted between the 
measurements. What would be the 
effect of it on the measurement results? 



Agenda 

ÁVNA and measurement accuracy 

Á Coupling between differential probes 

ÁVerifying the observed coupling with 3-D field solver 
simulation 

ÁCan we count for coupling during calibration? 

ÁModeling the calibration residual and probe coupling 

ÁStudying the effect of probe coupling on the measured S-
parameters 
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Vector Network Analyzer 

 
Á  Signal integrity analysis along with 
accurate high-frequency 
measurements are essential parts of 
modern electronic design process.  
 
Á  The Vector Network Analyzer (VNA) 
offers an extremely stable, precise, 
and versatile measurement platform 
for the design validation, analysis and 
troubleshooting of package and PCB 
high speed interconnects.  



Measurement Errors  

1. Systematic:  repeatable errors due to 
imperfections in components, 
connectors, test fixtures, etc. 

 

2. Random: vary unpredictability with 
time and cannot be removed. 

 

3. Drift: caused by changes in systems 
characteristics after a calibration has 
been performed due to temperature, 
humidity and other environmental 
variables. 

 

2-PORT  

CALIBRATION 

PLANES 

DUT 



Reducing Random Errors 
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Connecting and Disconnecting 

connecting & disconnecting 
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Maximum STD :± 0.036 dB 
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Drift 

Á  Is this error because of 
the instrument? 
Noise/temperature? 
 
Á  Why ƛǘΩǎ ŘŜŎŀȅƛƴƎ ŘǳǊƛƴƎ 
time? 
 
Á  Why ƛǘΩǎ ŘƛŦŦŜǊŜƴǘ ŦƻǊ 
different cables? 



Drift @5 GHz 

After tightening 
the connectors 

ɲ{нмҐлΦлпр Ř. 

The observed drift 
can be because of:  
twisting the cables 
or dielectric inside 
the connectors 

It is important to allow enough time for the cable and 
connectors to stabilize before making measurement. 
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Cable Movement 

Cable movement error was minimized by using high 
quality cables. 



VNA Calibration 

ÁProper calibration is critical!!! 

ÁThe measurement system can be calibrated by measuring 

accurate, known standards. 

ÁThere are two basic calibration methods 

× Short, Open, Load and Thru (SOLT) 

VCalibrated to known standard( Ex: 50W) 

×Thru, Reflect, Line(TRL) 

VCalibrated to line Z0 



TRL Calibration Structures 
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TRL PCB Structures 

Å Normalized Z0 to line (Required to know impedance 
and approximate electrical length of line standards 
Å De-ŜƳōŜŘŘΩǎ launch structure parasitics 
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This weaving effect 
may create a non-
uniform dielectric 
constant;  
The dielectric of glass 
is much higher than 
that of epoxy. 
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1. Due to:  

ÁGlass weaves and inhomogeneous dielectric  

ÁDimensional variation within a PCB Board 

LǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ƘŀǾŜ ƛŘŜƴǘƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƛƳǇŜŘŀƴŎŜΦ 

2. Calibration fixtures need to be designed and fabricated 

from the same material.  

3. Some PCB real estate should be used for placing the 

calibration structures. 
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SOLT Calibration Method 
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Calibration with Picoprobes  
SOLT 

Á  Uses short, open, load, 

known-and unknown thru 

standards. 

Á  Uses the 12-term error 

model 

Courtesy to Howard Heck 



12-term Error Model 

ÁThe four-port SOLT calibration utilizes a 12-term error model.   

  

ÁThe 12-term error model cannot mathematically correct for 
coupling at the reference planes. 

 

Á16-term error models include leakage at the test ports and 
reference planes, but such calibrations mostly require specific or 
custom calibration substrates and have not been implemented 
in most VNAs 

 

 



Probe Coupling Effect 
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During short, open and Thru measurement, the second 
probe will be floating.  
Á  Is the calibration affected by energy leakage to the 
neighbor probe during calibrating each port? 
Á  If so, is probe spacing during calibration important? 
Á  Should we keep the spacing the same between 
calibration and measurement? 
 

Port1 

Port3 Port4 

Port2 



Agenda 

ÁVNA and measurement accuracy 

Á Coupling between differential probes 

ÁVerifying the observed coupling with 3-D field solver 
simulation 

ÁCan we count for coupling during calibration? 

ÁModeling the calibration residual and probe coupling 

ÁStudying the effect of probe coupling on the measured S-
parameters 



Differential Probe-to-Probe Coupling 

Ground 
Blades 

Signal Tips 

G 

S 

G 
G 

S 

G 

Á  Middle ground blades reduces 
the coupling between probes. 

Á   However in most of PCB boards 
we have GSSG configuration 

Adjustable 

Probe Pitch 



Studying the Coupling Between  
GSSG Pico-probes  

    Calibrating probes with different spacing; Touching probes in air 
and performing a thru measurement at different spacings  



Probe-to-probe Coupling as  
a Function of Spacing 

     Near-end crosstalk varies up to 15 dB by changing the spacing 
between probe tips.  
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