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C-STAGE BARE LAMINATES: Soaking
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Loss tangent of Laminate A [-]

Parallel Plate Fixture “as is”

Split Cylinder “as is”

Parallel Plate Fixture soaked

Split Cylinder soaked

• 2 Hour Soak in pressure 
cooker

• Moisture absorption 
increases Df but doesn’t 
change trend

• Is moisture responsible for Df(f) signature?

• Qualitative measurements by Parallel Plate 
and SCR methods
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C-STAGE BARE LAMINATES: Baking

 Df of Laminate B [-]
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Step 1

Step 2

Step 3

Step 4

Step 1
30min @ 110C

Step 2
2 hours @ 110C

Step 3
14 hours @ 110C

Step 4
2 hours @ 185C

• Baking DOES change Df 
signature

• Step 4 shows previous 
C-stage trend

• Additional baking had no 
effect
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AGENDA
• Introduction
• The Capacitance Gradient Method (CGM)
• Laminate Study

• Subject, purpose, scope
• Copper-clad laminates: Low Frequency
• Bare laminates: High Frequency
• Unreinforced laminates
• Composite test results

• Potential sources of errors
• Conclusions, acknowledgement
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UNREINFORCED LAMINATES (1)

Low and high-frequency Df signature of DuPont 
FR0121A acrylic laminate
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• Negative Df slope • Inflection point in 
Df(f) is still present

Purpose: checking to see if difference in field 
orientation shows up in isotropic laminates as well
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UNREINFORCED LAMINATES (3)

Df of Oak Mitsui Technologies BC24M 1/1 (left graph) and experimental 
laminate (right graph). Blue data points: SUN Microsystems; red data 

points: courtesy of Oak Mitsui Technologies.
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• Maybe no 
inflection point 

• Maybe no 
inflection point 



DesignCon 2010, Santa Clara, CA. February 2, 2010 28

AGENDA
• Introduction
• The Capacitance Gradient Method (CGM)
• Laminate Study

• Subject, purpose, scope
• Copper-clad laminates: Low Frequency
• Bare laminates: High Frequency
• Unreinforced laminates
• Composite test results

• Potential sources of errors
• Conclusions, acknowledgement



DesignCon 2010, Santa Clara, CA. February 2, 2010 29

COMPOSITE TEST RESULTS (1)
Df of Laminate B for two different resin contents, measured with Short 

Pulse Propagation (SPP) method.  Data courtesy of Compeq.
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Fitted 68.6% resin

Fitted 46.7% resin

SPP:
• Laminated interconnect is 

measured with a narrow 
pulse

• Different length traces are 
measured

• Complex propagation 
constant is calculated from 
far-end received pulse

• From cross section data, DC 
resistance and field-solver 
data, a first order model is 
created

• R(f), L(f), C(f) and G(f) are 
fitted to match measured 
response
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COMPOSITE TEST RESULTS (2)

Df of Laminate A (left graph) and Laminate B (right graph) with different 
measurement methods.  SPP data courtesy of Compeq and GCE
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POTENTIAL SOURCES OF ERRORS (1)

Impact of electrode pressure of 16453A fixture on the measured 
capacitance and Df

 Capacitance and Df [F, -]
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POTENTIAL SOURCES OF ERRORS (2)

Impact of point averaging in E4991A Impedance Analyzer 
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POTENTIAL SOURCES OF ERRORS (3)

Impact of stacking on Df. Laminate D samples were measured in 16453A 
Parallel-Plate fixture.
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SUMMARY AND CONCLUSIONS
• Wideband Debye model does not match measured data

• Multiple inflection points on Df(f) curves

• CGM can not be used to extrapolate to higher frequencies with no data

• Differential Wideband Debye model matches measured Df data wherever 
capacitance can be extracted reliably

• CGM can be used within the measured frequency range to cross-
correlate data

• Short Pulse Propagation, Parallel-plate and Split-cylinder methods provide 
different results
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