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i Motivation
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A Is VNA counting for coupling at the
orobe tips?

A How the measured-Barameters are
neing affected by probe coupling?

A The spacing between the probe tips me.
need to be readjusted between the
measurements. What would be the
effect of it on the measurement results
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Agenda
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A VNA and measurement accuracy
A Coupling between differential probes

A Verifying the observed coupling withC3 field solver
simulation

A Can we count for coupling during calibration?
A Modelingthe calibration residual and probe coupling

A Studying the effect of probe coupling on the measured S
parameters
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i Vector Network Analyzer
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A Signalntegrity analysis along with
accurate higHrequency

A TheVector Network Analyzer (VNA
offers an extremely stable, precise,
and versatile measurement platformg
for the design validation, analysis anc
troubleshooting of package and PCB
high speed interconnects.
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: Measurement Errors
b-ﬂﬂﬂm—_

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

2. Randomyvary unpredictability with
time and cannot be removed.

3. Drift: caused by changes in system : :
characteristics after a calibration has ™ _ 2293 1
been performed due to temperature, PLANES
humidity and other environmental
variables.
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i Reducing Random Errors
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i Reducing Randorkrrors

4||||m|||||||||| ‘
 our ~

- DuT

Connecting and Cable Movement
Disconnecting

DEesignGon



i Connecting anddisconnecting
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Single-ended S-parameters
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i Reducing Randorkrrors
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Drift
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0, Singte-enden S-parameters ~ Alsthis error because of
005 e ' : ~ the instrument?
b Noise/temperature?
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075 time?
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Drift @5GHz
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n{umrnonnp R.

] ]
First Measuremen

— fit1, T=4.9min | :
o} Second Measuremer The Observed dnft
w00 — ft2T=748mn | [ can be because of:

After tightening

the connectors twisting the cables

or dielectric inside

0.07 the connectors
0.06 ¢ , *. . . - . + 3
0 10 20 A0 40 50
Time [min]

It Is Important to allow enough time for the cable and
connectors to stabilize before makingeasurement.
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i Reducing Randorkrrors
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S12[dB]
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Cable movement error was minimized by using high
guality cables.
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: VNA Calibration
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A Proper calibration is critical!!!

A The measurement system can be calibrated by measuring

accurate, known standards.
A There are two basic calibration methods

x Short, Open, Load and Thru (SOLT)

V Calibrated to known standard( Ex:\&D
X Thru, Reflectl.ine(TRL

V Calibrated to lineZ,
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E TRL Calibration Structures
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TRL PCB Structures

ANormalizedz, to line Required to know impedance
and approximate electrical length of line standards
ADeS Y 0 S RathGhastructureparasitics
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TOP VIEW

This weaving effect
may create a non
uniform dielectric

Cross Section constant;

=5 m

The dielectric of glass
IS much higher than
that of epoxy.

JMiller YR SO It &> &! RRAGAZ2¥B5F OENT ORARPRADSHAZ RSy dT¢
DesignCor2010
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1. Due to:

A Glass weaves and inhomogeneous dielectric

A Dimensional variation within a PCB Board

LGQa RAFTFAOLAZ G G2 KIS ARS
2. Calibration fixtures need to be designed and fabricated

from the same material.
3. SomePCB real estate should be used for placing the
G5 Su SNJ{)\ YAY3I t/. ¢NIFOS LYLISRIYOS
{ 2t dz( AlgtvAdNDvak &

DesinGon



! SOLT Calibration Method

I

Calibration with Picoprobes

SOLT

A Usesshort, open, load,
knownand unknown thru
standards.

A Usesthe 12term error

model

Courtesy to Howard Heck

DEesignGon



o A Sy MERRNTR N LT L s

: 12-term Error Model
b-ﬂﬂﬁ‘l?%— TN

A The fourport SOLT calibration utilizesla-term error model.

A The 12term error modelcannotmathematically correct for
coupling athe reference planes.

A 16-+term error models include leakage at the test ports and
reference planes, but such calibrations mostly require specific
custom calibration substrates and have not been implemented
IN most VNAS
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i Probe Coupling Effect
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During short, open an@ihrumeasurement, the second

probe will befloating.
A Isthe calibration affected by energy leakage to the

neighbor probe during calibrating each port?

A If so, is probe spacing during calibration important?
ﬁ A Should we keep the spacing the same between

calibration and measurement?
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Agenda
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Differential Probeto-Probe Coupling

Adjustable

Ground
Blades

OO0V O

A Middle ground blades reduces
the coupling between probes.

A Howeverin most of PCB board:
we have GSSG configuration
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Studying the Coupling Between
| GSSG Piegprobes

(1] 2
3| DUT |4

Calibrating probes with different spacing; Touching probes in al
and performing a thru measurement at differespacings

DEesignGon



S13 [dB]

Probeto-probe Coupling as
a Function of Spacing
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Nearend crosstalk varies up to 15 dB by changinggpacing
betweenprobe tips.
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