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Abstract— Placing shields around a victim signal line is a
common way to enhancesignal integrity while minimizing delay
uncertainty. An analytic model of the peak noiseis developedfor
shieldedinterconnectsbasedon a ���������	� - 
����� model.A design
methodologyfor inserting shieldsbetweencoupled interconnects
to reducecrosstalk noise is presented.

I . INTRODUCTION

As featuresizesare decreasedto deepsubmicrometerdi-
mensions,couplingcapacitancescansignificantlyaffectcircuit
performancedue to decreasedinterconnectspacingand in-
creasedinterconnectthickness.Shieldingin high speeddigital
circuits is an effective and commonway to reducecrosstalk
noise and signal delay uncertainty. A common method of
shielding is placing groundor power lines at the sidesof a
victim signal line to reducenoiseand delayuncertainty. The
crosstalkbetweentwo coupledinterconnectsis oftenneglected
when a shield is inserted,significantly underestimatingthe
coupling noise. The crosstalk noise betweentwo shielded
interconnectscan producea peaknoiseof 15% of ����� in a
0.18 � m CMOStechnology. An accurateestimateof thepeak
noisefor shieldedinterconnectsis thereforenecessary.

In SectionII, an analyticmodelof the peaknoiseis devel-
opedfor shieldedinterconnectsbasedon a proposed����������� -�	�! !"

modelwith an averageerror of 4.4% as comparedto
SPICE.In SectionIII, a designmethodologyfor insertinga
shieldbetweencoupledinterconnectsto reducecrosstalknoise
is presented.Someconclusionsareofferedin SectionIV.

I I . ANALYTIC MODEL OF CROSSTALK

An interconnectstructurecomposedof two shieldedsignal
lines is shown in Fig. 1. The victim signal line is shieldedby
a groundor power line from the aggressorsignal line.

A proposed����������� - �#�$ !" model is used to model this
interconnectstructure, which is different from a standard�	�! !"

model by shifting the coupling capacitancesat the
receiverendsto themiddlenodes,asshown in Fig. 2. In astan-
dard

�	�! !"
model, the coupling capacitanceat the receiver

endsare shortedto ground,significantly underestimatingthe
couplingnoise.
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Fig. 1. Interconnectstructurecomposedof two shieldedsignal lines
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Fig. 2. Equivalent circuit modelof the OQPSRUTWV�X - Y[Z]\_^ model

Using a dominantpole truncationapproximation[1], the
transferfunctionscanbe modeledas`ba ��cedgf	hSikj a ��cf�l[mUm a ��c f	hSnpo
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delayof thevictim line, thecouplingcapacitance" ~��
timestheeffective resistancefrom node � �S��� to

ground.} ���
Elmoredelayof the victim line.



For anaggressorwith a rampinputsignalwith a normalized
power supply � ��� anda transitiontime

}p�
, the couplingnoise

in the victim line is
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where ± �g²p³µ´ ��¶¸·º¹S¶ §S©�» and ¼ �g²U³�´ ��¶¸·[¹U¶ §U¯�» .
To determinethe peaknoise,(6) and (7) aredifferentiated

with respectto
}

andsetequalto zero.The timesat which the
peaknoiseoccurare
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The peaknoisefor a shieldedinterconnect,therefore,is
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The peaknoiseobtainedfrom (11) is comparedto SPICE,
andexhibits anaverageerrorof 4.4%.Thecouplingnoisefor
shieldedinterconnectincreaseswith longer lines (seeFig. 3),
and decreaseswith increasingshield width (seeFig. 4) and
the physicalseparationbetweenthe signal line andthe shield
line. The signal line width, however, has little effect on the
couplingnoise.
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Fig. 3. Comparisonof couplingnoiseusingSPICEwith the analyticmodel
for varying lengths(the maximumerror is 9.5%)

I I I . SHIELD INSERTION METHODOLOGY

The technique of increasing the physical separationas
comparedto inserting a shield to reducecrosstalknoise is
shown in Fig. 4. The reductionin noiseachievedby inserting
a shieldis muchgreaterthanby increasingthe physicalsepa-
ration. If the spacebetweenthe signal lines is sufficient for a
minimumwidth shieldline, insertinga shieldis moreefficient
in reducingnoisethan increasingthe physicalseparation.

A shieldline is not an idealgroundbecauseof theparasitic
resistanceof theline whichcausesnoiseto coupleto thevictim
signal line. As shown in Fig. 5, the greaterthe numberof
connectionstieing the shield line to the power/groundgrid,
the smaller the couplingnoiseon the victim signal. In order
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Fig. 4. Comparisonof noisereductiontechniquesby eitherinsertinga shield
(bottomaxis in the graph)or increasingthe physicalseparation(top axis in
the graph).

to satisfythecouplingnoiseconstraints,a minimumor greater
numberof groundconnectionsis required.

For a targetnoiseconstraint�Þ��ã ~ , theminimumnumberof
groundconnectionsfor a shieldedinterconnectstructurewith
length ä is å �çæUè�è ¿ � £Ãé æUè � q ÁÁ ¿çê � (12)

where ä¸ëUì is the maximumlengthwhich satisfies

f è�æ é � ¿ a Á ¿çê c Æ f i{l t | (13)
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Fig. 5. The peak noise decreaseswith increasingnumber of ground
connections.

IV. CONCLUSIONS

An analytic model of the peak noise for coupled
 í"

interconnectswith a shield betweenthe lines is proposedin
this paper. The peaknoisemodelexhibits an averageerror of
4.4%ascomparedto SPICE.A methodologyto insertshields
betweencoupledinterconnectsis presented.
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