
�E�}�À���^�‰�������¡glassfabric is a revolutionary low Dk
reinforcementwith superiorglassfiber distribution
for PCBlaminates(Ref2).

In the fabric,the warp andweft yarnsform a weave
pattern where the glassbundlesare at 0, 1, and 2
yarn thicknesses(see Figure1). The crosspoints
have2 yarn thicknessesandareoften referred to as
�^�l�v�µ���l�o���•�_; the gaps between yarns have 0
thickness. Eachof these weave pattern features
determines a localized Dk and the boundary
between each feature defines a spatial Dk
discontinuity.

Considerthe localizedcontribution of each weave
pattern feature. The glassfabric style defines the
dimensionand magnitudeof eachlocalizedDk in a
laminatesystem.

Their respectivedisplacementsof resin define the
Dk of eachfeature. Thesefeatures in eachof the
three casesinducea signalpropagationdelayalong
their associatedconductorlengths.

Use of �E�}�À���^�‰�������¡glassfabric in reinforced PCB
laminateseliminatesFiberWeaveEffect (FWE)asa
designconstraint encounteredin 3 Gbpssignaling
designand beyond. FWEis a performance-limiting
factor due to a non-homogeneous spatial
distributionof dielectricconstant(Dk).

Except under special circumstances, this
discontinuousdistribution is inherent to all glass
fiber-reinforced laminate systems. The localized
discontinuityis proportional to the differencein Dk
between the reinforcing glassfabric and the resin
system.

Asa signalpropagatesalonga trace conductorin a
typical glassfabric-reinforced laminate system,the
localized composite Dk determines the signal
propagation velocity and incremental propagation
delay. Each signal trace has its own unique
response,resulting in FWE-inducedsignal integrity
limitationsto high-speedsystemperformance.

The variations in signal skew, such as occur in
differential signaling,determine the maximum bit
rate obtainableon sucha system. A variationin the
accumulatedpropagationdelaybetweenconductor
pairsis the total skewfor a differentialsignal. (Ref1)
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Figure 1. Comparison of fabric weaves with 3-mil signal traces 
superimposed.

Figure 2. Explores the bit rate achievable as a function of skew, using finite element analysis of Dk 
�š�}���Á�]�š�Z�]�v���ñ�9���~�E�}�À���^�‰�������¡���]�v�����}�u�‰���Œ�]�•�}�v���š�}���š�Œ�����]�š�]�}�v���o�o�Ç���Á�}�À���v����-glass fabric).

The proprietary �E�}�À���^�‰�������¡low Dk glasscomposition overcomesa second
contributor to FWEwhich is the difference in Dk between the glassand resin.
Thereis an underlyingphenomenonat play when consideringthe implicationof
FWE. Not only is it a result of areasof differential glassand resin content, but
also the difference of glass versus resin Dk. The �E�}�À���^�‰�������¡glass fabric
addressesboth of thesefactors.

Figure 2 shows a model of the most likely worst-casescenariobit rate as a
functionof intra-pair skew,comparing�E�}�À���^�‰�������¡low Dkglassto typicalE-glass
fabric. Derived from the best and worst casescenariointra-pair propagation
delay via finite element analysis, bit rate is calculated. Modeling traces
orthogonallyto the weavepattern andmaximizingintra-pair delta Dkresultsin a
statisticallyworst-casescenarioconcerningintra-pair skew.

At a given conductor length, the difference in intra-pair propagationdelay is
calculatedfrom the velocityequationasusedby Loyeret al (Ref3, page6); this
differencein propagationdelayis skew. Thenat a particularskewthresholdxTbit
where Tbit is the time duration of a singlebit in the data channel,the bit rate is
proportionalto x-1Tbit at saidconductorlength.

Thischart is one dimensionalfrom the perspectiveof FWE. It doesnot account
for contributingfactorssuchaslossesdueto dielectricor conductors. Themodel
corroborateswith an Intel study of nearly 60,000 data points analyzingskew.
What is noteworthy is the relative differencebetween�E�}�À���^�‰�������¡and E-Glass
fabricsif all other parasiticeffectsare held constant. Furtherwork is in progress
to empiricallydefine performancecapability,particularly in the areabeyond20
Gbps.

�E�}�À���^�‰�������¡glass fabric is conductive anodic
filament (CAF)resistant. CAFis an electrochemical
corrosivefailure mode that typically occursat the
glassfiber/resin interface.

CAFfailureshavealsooccurreddue to hollow fibers
in other low Dk glassyarnsbecauseof the unique
manufacturing challenges. However, the
�E�}�À���^�‰�������¡glassfabric is hollow fiber free and
fully wets (striation-free) when impregnated with
resin.

Homogeneous glass fabric allows for an even
distribution of energy during the laser ablation
process. Laserdrilled microviasareprocessedfaster
andcleanerwith lesselectricalfailures.
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�E�}�À���^�‰�������¡fabric has an exceptionallyuniform distribution of glass fibers,
when comparedto a traditional glassfabric asseenin Figure1. Thisallowsit to
overcomea major contributor to FWE,which is the weavepattern itself. Special
considerationand optimization of the entire glassfabric manufacturingprocess
resultsin a superiorsignalintegrity solutionat the substratelevel.

The question has been asked for the industry to
provide a solution to FWE. Many solutions have
been proposed to mitigate FWE (Ref 3 & 4).
However,we proposethat it can be eliminated by
addressingit at the earlieststagesof manufacture.
Bysolvingthe two contributingfactors,deltaDkand
homogeneous fiber distribution, �E�}�À���^�‰�������¡
technologyis the completeand unique solution to
FWE.

Basedon the model, a new level of high-speed
design can be anticipated using existing FR-4
processableresin systems. Bogatin(Ref 5) alluded
to increasing difficulties meeting tighter skew
specificationsin systemsover 3 Gbpsdue to glass
weave / signal line interactions. The use of
�E�}�À���^�‰�������¡fabric with low lossresinswill reduce
intra or inter pair skew by more than an order of
magnitudeand permit designsup to 10 Gbpsand
beyond.

This Model was created to better understandthe
underlyingmechanismof FWEand its contribution
to skewin high-speeddesign�t and it hasvalidated
our predictions. Extensive testing is currently
underwayusing�E�}�À���^�‰�������¡fabric in commercially
available resins. We fully expect this and
subsequenttestingwill proveout the model,aswell
as material characteristicssuch as CAFresistance,
laser drilling, and all other requisites of a high
performancematerialsolution.
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