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•Why Controlled Impedance
•Calculating Impedance

–Modelling
–FR4 Issues

•Specify Impedance
–Correct Calculations
–Correct Documentation

•Testing Impedance
–Coupon Design
–TDR Testing
–Testing for Loss
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Why Impedance Matching

• Controlling Signal Noise
• Signal Termination

– Xaui
– Rocket I/O

• Specification 
– USB 2
– PCi Express
– DDr 3

• RF Filtering
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Accurate Impedance Calculation

• Simulate Trace Geometries 
• Use Accurate Model

• Requires a 2d Field solver 
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Trapezoidal Model

• Two input parameters required for Trace 
Width

• Models the Print and Etch process within the 
PCB Manufacture

•These numbers can be provided by 
your PCB Manufacture
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Solder Mask Modelling

• Solder mask has a large effect on  impedance 
on surface traces

• Depending on Geometry can be as large as 5Ω
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Resign Modeling

• Both are Mixtures of Resin and Glass Fibers
• Materials are non-homogenous

– r specified for laminate is the bulk value
– r for glass ~ 6.1  r for epoxy ~ 3.2

• So significant local variations occur for r
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Typical E-field distribution
Embedded 
Microstripr
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Microphotograph of FR4 structure

5 mil

Prepreg

C
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Core Glass fibers Er = 6

Resin Er = 3.2
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FR4 structure

Er = 3.2

Er = 6.0

Bulk Er value in 
this direction is 
4.2 approx
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Field in FR4 structure

3.1

3.1

4.2
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Field distribution in Differential Pair

Impedance value 

Increases as

Er and C decrease
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All Models are Wrong

But Some are Useful !!

Tolerance needs to be given on all Simulated 
results
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Modelling Losses

• Designers need to concern themselves with 
Loss as well as Impedance

• Frequency Dependant Modelling
• Low Dk Material Modelling
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Modelling Loss
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Modelling Loss
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So How do we get the modelled results 
to the fabricator

Document your stacks like this:
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And like this:



20

Even Document Flex Rigids Like this:

•
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• Time to market
• Complex designs
• Communication from designer to 

PCB fabricator
• Increasing impedance requirements
• Can be time consuming
• Good communication saves costly rebuilds
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Material Libraries

• Based on the parameters of actual 
material.

• Separated into material types
– Cores
– Prepregs
– Foils, etc.
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The info required for cores
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Will it fit?!! 

Keep track of board 
thickness.
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D.R.C.

Check that it meets 
design rules
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Adding a controlled impedance structure

Add a structure on 
your selected layer
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September  2007
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Finished thickness calculation: 

Calculate finished 
thickness (choice of 

methods).
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September  2007
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Drill documentation: 

Document 
conventional laser 
blind buried and 

stacked vias.
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Coupon Testing
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TDR Testing
• Testing is not difficult 

or Time consuming
• Required for Process 

conformance to 
Specification.

• MVT not DVT.
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The Future of testing:- Atlas

• New high speed busses in Multi GHz 
range
– SuperSpeed USB 3.0
– PCI Express Gen 2.0

• Differential Signalling techniques 
allow the continued uses of FR4

• Requires accurate control of 
tranmission line losses
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The Future of testing:- Atlas
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Atlas Coupon Test
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Conclusion

• Accurate Modelling is as important as 
final testing.

• Material selection is critical to the 
performance of the final product

• Clear Documentation is imperative
• Testing final product is made easy 

through robust test system. 
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• Questions?….
Neil@polarinstruments.com

Thank You
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