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 The issue of  material choice for PCB transmission media 
has vastly complicated by the problem of intra-pair skew in 
addition to loss mitigationaddition to loss mitigation. 

 Understanding how these issues impact the economic and 
technical viability of 25Gbps differential system PCB y p y
design choices is the object of this investigation.

 Intra-pair skew affects signal detection, receiver design and 
EMI i i fEMI emission performance.
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Glass Fiber Sample Material ExhibitsGlass Fiber Sample Material Exhibits

 Sample 1: FR-41 Resin with open weave 106 Fiber Glass Reinforcement Sample 1: FR 4 Resin with open weave 106 Fiber Glass Reinforcement

 Sample 2: PPE2 Resin with open weave 106 Fiber Glass Reinforcement 

 Sample 3: PPE2 Resin with 1067 Glass Fiber woven, flattened and p ,
spread

 Sample 4: PPE2 Resin with 6048 Glass fiber double knit weave

 Sample 5: PPE2 Resin with 1037 Glass weave flattened and spread

 Sample 6: PPE2 Resin with E-Glass filler with 1037 Glass weave 
flattened and spreadflattened and spread

1.  FR-4: Flame Retardant 4, UV stabilized bromated tetrafunctional epoxy resin
2.  PPE:  polyphenylene ether resin
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Conventional Glass Fiber ReinforcementConventional Glass Fiber Reinforcement

Note open “basket Note open “basket pp
weave spacesweave spaces
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Glass Fiber Woven, Flattened and SpreadGlass Fiber Woven, Flattened and Spread, p, p
Glass Fiber Double Knit WeaveGlass Fiber Double Knit Weave

Note closed spacesNote closed spaces
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Test Samples 5 & 6 Glass Cloth ReinforcementTest Samples 5 & 6 Glass Cloth Reinforcement
with and without Ewith and without E--Glass fillerGlass filler

Note spread fibers Note spread fibers pp
and flattened weaveand flattened weave
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EE--Glass Filled Material: Uniform Dielectric Glass Filled Material: Uniform Dielectric 
Density in XDensity in X--YY--Z DirectionsZ Directions
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TDR Probe SetTDR Probe Set--up for 15 cm Trace Measurementsup for 15 cm Trace MeasurementsTDR Probe SetTDR Probe Set up for 15 cm Trace Measurementsup for 15 cm Trace Measurements

350 G-S-G Probe

Vertical traces

Horizontal traces
Diagonal traces

30+ Years of High Performance Engineering & Design http://www.nesa.com



Slide 9
Low Skew Close Phase Matched PCB Dielectric MaterialsLow Skew Close Phase Matched PCB Dielectric Materials

Data AnalysisData AnalysisData AnalysisData Analysis

 Data for a specific sample and sets of traces on the sample are 
measured and entered into a spreadsheet.

 The data is analyzed to determine the relative dielectric constant 
Dk. Statistical correlation is determined by usual and customary y y
means.

 Dk data is plotted visualized on correlation charts to assess the 
data relationships between the horizontal, vertical and diagonal p , g
trace results.
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Dk Correlation: FRDk Correlation: FR 4 E4 E Glass + Conventional ResinGlass + Conventional ResinDk Correlation: FRDk Correlation: FR--4 E4 E--Glass + Conventional ResinGlass + Conventional Resin
Dielectric Constant Correlation Graph: Sample 1-X Traces
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Dk Correlation: Flattened Fibers No Glass in ResinDk Correlation: Flattened Fibers No Glass in ResinDk Correlation: Flattened Fibers, No Glass in ResinDk Correlation: Flattened Fibers, No Glass in Resin
Dielectric Constant Correlation Graph: Sample 5 Traces
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Dk Correlation: Same Glass Fibers ith Glass Filled ResinDk Correlation: Same Glass Fibers ith Glass Filled ResinDk Correlation: Same Glass Fibers with Glass Filled ResinDk Correlation: Same Glass Fibers with Glass Filled Resin

Dielectric Constant Correlation Graph: Sample 6 Traces
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Composite Dielectric Constants: Sample 6Composite Dielectric Constants: Sample 6Composite Dielectric Constants: Sample 6Composite Dielectric Constants: Sample 6
Sample 6 Statistical Weighted Dielectric Constant Comparison vs. Trace Direction
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SummarySummarySummarySummary

 Six PCB dielectric samples fabricated using different materials 
d i t t diff t l fib t l dand more important different glass fiber weave styles and 

processing techniques.
 The methodology used two reliable time domain methodologies 

d i h di l i Dk d ito determine the dielectric constant Dk and propagation 
performance.

 Samples 3, 4 and 6 are clearly the best materials with respect to 
dielectric constant Dk vs. direction. 

 Samples fabricated using open basket weave 106 glass cloth 
show the greatest variation of Dk with direction.

 Overall, Samples 3 and 4 have the best propagation delay 
performance and offer the best low skew close phase matched 
performance. 
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