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Abstract— Placing shields around a victim signal line is a
commonway to enhancesignal integrity while minimizing delay
uncertainty. An analytic model of the peak noiseis developedfor
shieldedinter connectsbasedon a pseudo-2m RC model. A design
methodologyfor inserting shields betweencoupled interconnects
to reducecrosstalk noiseis presented.

|. INTRODUCTION

As featuresizesare decreasedo deepsubmicrometedi-
mensionsgouplingcapacitancesansignificantlyaffectcircuit
performancedue to decreasednterconnectspacingand in-
creasednterconnecthickness Shieldingin high speeddigital
circuits is an effective and commonway to reducecrosstalk
noise and signal delay uncertainty A common method of
shieldingis placing groundor power lines at the sidesof a
victim signalline to reducenoiseand delay uncertainty The
crosstalkbetweertwo coupledinterconnectss oftenneglected
when a shield is inserted, significantly underestimatinghe
coupling noise. The crosstalk noise betweentwo shielded
interconnectan producea peak noise of 15% of V4 in a
0.18 um CMOStechnology An accurateestimateof the peak
noisefor shieldedinterconnectss thereforenecessary

In Sectionll, an analyticmodelof the peaknoiseis devel-
opedfor shieldedinterconnectdasedon a proposedrseudo-
2m RC' modelwith an averageerror of 4.4% as comparedo
SPICE.In Sectionlll, a designmethodologyfor insertinga
shieldbetweercoupledinterconnect$o reducecrosstalknoise
is presentedSomeconclusionsare offeredin SectionlV.

Il. ANALYTIC MODEL OF CROSSTALK

An interconnecstructurecomposedf two shieldedsignal
linesis shovn in Fig. 1. The victim signalline is shieldedby
a groundor power line from the aggressosignalline.

A proposedpseudo-2m RC' model is usedto model this
interconnectstructure, which is different from a standard
2w RC' model by shifting the coupling capacitancest the
receverendsto themiddlenodesasshaovnin Fig. 2. In astan-
dard 27 RC model, the coupling capacitanceat the recever
endsare shortedto ground,significantly underestimatinghe
couplingnoise.
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Fig. 1. Interconnecstructurecomposedf two shieldedsignallines
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Fig. 2. Equwalentcircuit modelof the pseudo-2r RC' model

Using a dominant pole truncationapproximation[1], the
transferfunctionscan be modeledas
H(S) = ijZ(s) ‘/3'7"3(5) _ Sztmltm2 .
Vagg(8) Vim2(s) (1 + sty1)(1 + sty2)

a1, ty1, L2, ANdtyo are

@)

te1 = gccles, (2)

ty1 = Rs1(C1 4+ C2 + C5 + 3Cc1) + Rq1 (C1 + Ca + 3Ce1)
+ R;1C2 + Rs3(C3 + Cy + Co + 3Ce2) + Rr3Cy

1
+ R43(C3 + Cs + 3Ce2) + ERds (Cs +3Cc1 +3Cc2),(3)

tz2 = 3(Rs3 + Ra3)Clea, (4)
ty2 = Rs3(Cs + Cs + Cs + 3Cc2) + R,3C4
+ Ry3(C3 + Ca + 3Ce2), (5)

whereCs = Cyq1 + Cer andCs = Cyq3 + Ce2. The physical
meaningof t,1, ty1, tyo, andty, is

t.1  RC delayof theshieldline, thecouplingcapacitance
C;1 timesthe effective resistancérom nodeVj,,» to
ground.

ty,1  thesumof the Elmoredelaysof all threenets.

t.o  RC delayof thevictim line, thecouplingcapacitance
Cy2 timesthe effective resistancérom nodeVj,,s to
ground.

ty2  ElImoredelayof the victim line.
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For anaggressowith arampinput signalwith a normalized
power supply V4 anda transitiontime ¢,., the couplingnoise
in the victim line is

_tatss ity <y, (6)
Vina(t) = 4 st —tw2) .
Jr tmlth _t/tyl _ be_t/tyz) t> t’l‘ (7)

——(ae
tr(tyr — ty2) (

wherea = (1 — etr/t1) andb = (1 — etr/t2).

To determinethe peaknoise, (6) and (7) are differentiated
with respecto ¢ andsetequalto zero.Thetimesat which the
peaknoiseoccurare
®)

0 < tpeakl < tr

tzit
tpeak1 = el e )ln(tyl/t?ﬂ):

(tyr — ty2
tr1tzo

(tyl - tyZ)
tpeakS =tr.

©)
(10)

tpeak? = ln(btyl/aty2)7 tpealcQ >ty

The peaknoisefor a shieldedinterconnecttherefore,is
Vrjr3(tpeak) = mam{v}'rs(tpeukl)v ‘/jr?}(tpeak2)7 ‘/jrfi(t'r)}-

The peaknoiseobtainedfrom (11) is comparedo SPICE,
andexhibits an averageerror of 4.4%. The couplingnoisefor
shieldedinterconnecincreasewith longerlines (seeFig. 3),
and decreasesvith increasingshield width (seeFig. 4) and
the physicalseparatiorbetweenthe signalline andthe shield
line. The signal line width, however, haslittle effect on the
couplingnoise.
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Fig. 3. Comparisorof couplingnoiseusing SPICEwith the analyticmodel
for varying lengths(the maximumerror is 9.5%)

I1l. SHIELD INSERTION METHODOLOGY

The technique of increasingthe physical separationas
comparedto inserting a shield to reducecrosstalknoise is
shawvn in Fig. 4. Thereductionin noiseachieved by inserting
a shieldis muchgreaterthanby increasingthe physicalsepa-
ration. If the spacebetweenthe signallinesis sufficient for a
minimumwidth shieldline, insertinga shieldis moreefficient
in reducingnoisethanincreasingthe physicalseparation.

A shieldline is not anideal groundbecausef the parasitic
resistancef theline which causesoiseto coupleto thevictim
signal line. As shavn in Fig. 5, the greaterthe number of
connectiongtieing the shield line to the power/groundgrid,
the smallerthe coupling noise on the victim signal. In order
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Fig. 4. Comparisorof noisereductiontechniquesy eitherinsertinga shield
(bottom axis in the graph)or increasingthe physicalseparationtop axis in
the graph).

to satisfythe couplingnoiseconstraintsa minimumor greater
numberof groundconnectionss required.

For atamgetnoiseconstraintl/,,, .., the minimum numberof
groundconnectiondor a shieldedinterconnecstructurewith

lengthl is I
Neonnections = T (12)
leg
wherel,, is the maximumlengthwhich satisfies
Vnoise (leq) < Vmaz- (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 RC
interconnectawith a shield betweenthe lines is proposedin
this paper The peaknoisemodelexhibits an averageerror of
4.4%ascomparedo SPICE.A methodologyto insertshields
betweencoupledinterconnectss presented.
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