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Noiseis animportantconsiderationin thedesignof inte-
gratedcircuits. Increasedimmunity to noise,however, typ-
ically comesat the expenseof increaseddelay. So, it is
very importantto have an adequatenoiseimmunity with a
minimum penaltyin performance.“Global” noiseimmu-
nity schemescanbeusedwhenthenoiseis approximately
thesameon all nodesin thecircuit; but whena few nodes
arenoisierthenothersmuchbetterresultscanbeobtained
by selectivenoiseimmunity schemes.

The Selective Pull-up (SP) techniquefor dynamiccir-
cuits is a methodfor improving the noiseimmunity of in-
putsselectively, sothattheleastpenaltyin delayis paidfor
inputsthatintrinsicallyhavehighernoiseimmunity.

The previously proposedInverter selective immunity
schemeappliedto a NAND gateis shown in Fig. 1(a).The
techniqueconsistsof addinga pull-up PMOStransistorfor
eachNMOS transistorin the pull-down network in a vir-
tual inverter-likeconfiguration,but worksonly for networks
withoutbranches.

TheSelective Pull-up(SP)techniqueis a generalization
of the Inverterschemethatcanbe appliedto arbitrarynet-
worksasfollows:

- identify all the electricalnodesin the pull-down net-
work, includingtheoutputnode,

- identify all the NMOS transistordrainsthat are con-
nectedto eachnode(excludingany precharge transistors),

- createa pull-up network formed of a stackof series
PMOS transistorsfor eachnodethat has(NMOS) drains
connectedto it. The gateof eachPMOStransistoris con-
nectedto thegateof thecorrespondingNMOS transistor.

- size the PMOStransistorsin order to achieve the re-
quirednoiseimmunity. A PMOStransistorwith a greater
width will provide morenoiseimmunity, but lower perfor-
mance,andvice-versa.

The SP techniqueapplied to an AOI gateand an OR
gateis shown in Fig. 1(b) and1(c). For a circuit with no
branchesin thepull-down (e.g.NAND gate),thecircuit re-
ducesto the sameasfor the Invertertechnique,as in Fig.
1(a). For a circuit with no other nodesin the pull-down
except the output node(e.g. OR gate), the SP technique
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Figure 1. (a) The Inverter technique, the SP
technique applied to (b) AOI gate, (c) OR gate.

keeper SP- A SP- B SP- C delay current
(nm) (nm) (nm) (nm) (ps) (µA)
400 400 400 400 56.77 179
400 600 600 600 57.37 188.1

No SP
400 - - - 52.59 148.9
1017 - - - 61.07 161.1

Table 1. Comparison of delay and currents

reducesto theequivalentstaticgateplus theprechargeand
evaluatetransistors,asin Fig. 1(c).

Noiseimmunity curveswereusedfor comparingdiffer-
ent noiseimmunity schemes,with amplitudeof the noise
pulseon theX axis,andthewidth of thenoisepulseon the
Y axis. Extensive simulationsshow the increasedperfor-
manceachievablewith theSPtechniquecomparedto other
schemes,for a given noiseimmunity. Table 1 shows the
comparisonof the delayandaveragecurrentsfor the AOI
with differentkeepersizeswith orwihtouttheSPtechnique.
In order to obtain the samenoiseimmunity as for the SP
techniqueamuchlargerkeepersizeis neededwhichsignif-
icantly affectsperformance(lastrow in thetable).

The SPtechniqueperformsbetterthanothernoiseim-
munity schemesespeciallywhen the noiseis differenton
differentnodesof thecircuit. Identifying noisiernodesin a
circuit is still a challengefor currentCAD tools.
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