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ABSTRACT

In this paperwe presenta new noise-tolerantdynamiccircuit techniquesuitablefor pipelineddynamicdigital circuits. Theeffectiveness
of this techniqueis demonstratedby meansof HSPICEsimulationsfor two kind of gates,CMOS AND andOR gates,both TSPCand
Domino.In orderto haveaclearideaaboutthisproposal’snoiseimmunity improvementwecompareits performancewith previousworks.
Simulationresultsshow thattheproposedtechniquehasanimprovementin thenoisetoleranceandthe
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ABSTRACT

In thispaperwepresentanew noise-tolerantdynamiccircuit tech-
niquesuitablefor pipelineddynamicdigital circuits. The effec-
tivenessof this techniqueis demonstratedby meansof HSPICE
simulationsfor two kind of gates,CMOS AND and OR gates,
bothTSPCandDomino. In orderto have a clearideaaboutthis
proposal’s noiseimmunity improvementwe compareits perfor-
mancewith previousworks. Simulationresultsshow thatthepro-
posedtechniquehasan improvementin the noisetoleranceand
the
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quotientover theconventionaldynamiclogic

andthepreviousnoise-tolerantdynamiccircuit techniqueswith a
slightdelayandpower increase.

1. INTRODUCTION

Technologyscalinghasleadup to increasingclock frequencies,
morechip densityandpower saving. Nevertheless,theaggressive
scalingtrendsin devicesandinterconnectionshavebringthenoise
issuesto theforefront[1]. Thisisbecausethecouplingcapacitance
betweenadjacentinterconnectionsis becomingan importantpart
of thetotal interconnectcapacitance[2].

The increasinguse of dynamic logics in high-performance
CMOSVLSI circuitsaggravatesthenoiseeffects. Thesecircuits
areaffectedby chargesharingandleakagecurrents.Moreover, the
noisemargin of dynamicgatesis lower than that of staticones.
Thus,noiseappearingat the inputsof dynamicgates(crosstalk)
cancreatedegradationsof the logic levels at the outputandalso
canaffect the delayof the gates. If the maximumnoisevoltage
is greaterthanthe noisethresholdof the dynamicgate,an unde-
sirablelogic transitionmayoccur. Furthermore,theglitchesgen-
eratedat theoutputof thedynamicgatesincreasethepower con-
sumption.

Therearetwo waysto addressthisnoiseissues:(1) by reduc-
ing thepeakcrosstalkgeneratedin theinterconnectionsby means
of interconnectoptimizationvia repeaterinsertionandwire siz-
ing [3], and(2) by designingnoise-tolerantgatesthatbearbigger
crosstalkpulsesappearingat their inputs[6, 7]. Herewe focusin
thesecondway andwe considerthecasewhencrosstalkappears
at theinputsof adynamicgate.

In this papera new noise-tolerantdynamiccircuit technique
basedonthetopologydescribedin [4] is presented.Thistechnique
can be appliedto pipelineddynamiccircuits like TSPC[5] but
canbe extendedto other logic styles. Simulationresultsfor OR
andAND gatesshow thattheproposedtechniquehasbetternoise-
tolerancewith aslightperformancedegradationthanexistingones
regardingpowerconsumptionanddelay.

In the next sectionwe analyzedeepsubmicronnoiseeffects
on the performanceof pipelineddynamiccircuits. In section3
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existing noise-tolerantdynamiccircuit techniques[6, 7] are re-
viewed.In section4 theproposedtechniqueis introduced.Section
5 presentssimulationresultsthatcomparetheperformanceof dif-
ferentnoise-tolerancetechniquesaswell asconventionaldynamic.
Conclusionsandfuturework arepresentedin section6.

2. NOISE EFFECTS IN SUBMICRON TECHNOLOGIES

Digital noiseis any disturbancethatcausesthevoltagelevel of a
dynamicevaluationnodeto deviatefrom power supplyor ground
railswhenit shouldotherwisehaveastablelogic level. In prechar-
geddynamiccircuitslike TSPCandDomino,dynamicevaluation
nodesaresusceptibleto crosstalknoiseespeciallyduringthepart
of normalsystemoperationwherearedisconnectedfrom power
supplyandground.PipelinedTSPCcircuitssuffer twicethisprob-
lem. Theoutputnodesof theN-blockor P-blockin memoryphase
(M) are not connectedto the power rails (SeeFig. 1). Further-
more, the internaldynamicnodesof the N-block or P-blockare
alsonot connectedto the power rails in evaluatephase(E) if the
logic function is not in ON state. While clock remainslow N-
blocksarein memoryphaseandtheir inputstake a new valueor
remainunchanged.N-blocks are in evaluatephasewhen clock
rises. Let’s assumeall inputsof the N-block remainhigh except
the upperone(SeeFig. 1) which goeslow. Whena noisepulse
is generatedat thetop input of theN-block (SeeFig. 1) the inter-
naldynamicprechargenode��� canhaveadirectpathto groundif
noiseamplitudeis greaterthan ����� which is thethresholdvoltage
of the NMOS transistorcontrolledby the noisy input in the N-
logic. Consequently��� is dischargedasfarasthenoiseamplitude
is greaterthan � ��� . Fig. 2 shows how in a TSPCAND gatethe
noisy input dischargesthe dynamicprecharge node � � . Because
this the outputnodehasan undesirablelogic transitionfrom low
to high. Furthermore,the glitchesgeneratedat the outputof the
dynamicgateprovoke anincrementin thepower consumption.In
this way, digital noiseeffectsmaydegradetheperformanceof the
circuit. Evenmore,thecircuit maywork incorrectly.

3. PREVIOUS NOISE TOLERANT TECHNIQ UES

Risingthenoisethresholdvoltage ����� of thegateis oneeffective
way to increasethenoisetoleranceof digital gates,where � ��� is
definedas the minimum input voltagerequiredto causea logic
transitionat theoutput. Somenoise-toleranttechniquesbasedon
this strategy have beenrecentlypublished[6, 7]. All of themrise� ��� by prechargingtheN-logic internalnodesusingtheinputdata,
theinternaldynamicnode� � or theclocksignal.

Fig. 3(a)showsBobba’s technique[6] for a2 inputAND gate.
In this techniquemoretransistorsareaddedto theN-logic to im-
prove the noise-tolerance.OneNMOS transistoris addedin the
N-logic per eachNMOS transistorin the original N-logic anda
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Fig. 1. A generalschematicof pipelinedprechargedlogic circuits.
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Fig. 2. Noiseeffecton N-blockoutput.

PMOStransistorrisesthe nodes
� � and

���
to �! " while gate

inputsarelow. If duringevaluatephaseall inputsgo high a volt-
agedivider is formedby PMOSandNMOS addedtransistorsat
nodes

� � and
�#�

. The improved noisetoleranceis obtainedby
two ways: (a) the � ��� of theAND gateequalsto � ��� of thestatic
invertersthatoperateasvoltagedividers, � ��� canbeadjustedmod-
ifying the transistorwidth to lengthratios; and(b) by rising the
sourcenodevoltageof the top NMOS in theN-logic avoidssub-
thresholdleakagecurrentfrom drainto source.Onedrawbackof
this techniqueis thesignificantdelaypenaltyfor AND gatesdue
to theduplicatedN-logic andtheincreasedcapacitanceat thegate
inputs.Powerconsumptionpenaltyis increasedbecausetwo tran-
sistorsareaddedpereachtransistorin theN-logic andif internal
nodesaredischargedtheprechargerisesfrom groundto �  " .

The Twin-Transistortechnique[7] (SeeFig. 3(b)) rises the
voltage of the N-logic internal nodesvia additional transistors
( $&%�% ). Due to body-effect thenoisethresholdvoltageof theN-
logic transistorspulls-up. Hence,the toleranceof the gate im-
proves.Onedrawbackof this techniqueis thatusinggateinputsto
risethevoltageof theN-logic internalnodesaddsloadcapacitance
to the gateinputsdrivers. Furthermore,this techniquecannotbe
appliedto pipelinedlogic like TSPCbecauseN-block inputsare
floating in evaluatephase.Considerthecasewhenthis technique
is appliedto a pipelinedcircuit in N-blocks(SeeFig. 1). If all in-
putsof anN-blockarehighat thebeginningof theevaluatephase
theupperinputmaydegradeits voltagelevel.

All noise-toleranttechniquesdescribedin this sectionareap-
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Fig. 3. Existing noise-tolerancetechniques:(a) Bobba’s tech-
nique,and(b) Twin-transistortechnique.
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Fig. 4. Proposednoise-tolerantdynamiccircuit technique: (a)
Generalschematic,and(b) AND gateschematic.

pliedonly to Dominologic andeventheTwin-transistortechnique
presentsproblemswhenis appliedto pipelinedsystems.

4. THE NEW NOISE TOLERANT TECHNIQ UE

Fig. 4(a)shows thegeneralschematicof theproposednoise-toler-
antdynamiccircuit technique,whichis basedonthetopologypre-
sentedin [4]. A two-input AND gate(SeeFig. 4(b)) is formed
replacingtheN-logic block of Fig. 4(a)by two seriestransistors.
ORgatesareimplementedin asimilarwaysubstitutingtheN-logic
blockby paralleltransistors.

TheproposedtechniqueaddsoneNMOStransistor$&' at the
top of the N logic anda delaycircuitry betweenthe clock signal
and the gateof $ ' . A PMOS transistor $)( (SeeFig. 4(b))
controlledby the clock is addedto speed-upthe charge of node� � . Thedelaycircuitry outputrisesto �! " approximatelyin the
middleof thememoryphaseturning-onthetransistor$ ' . Node� � risesto �! " through $&' and $ ( . Approximatelyin the
middleof theevaluatephasetheNMOS transistor$ ' is turned-
off. In this way thenode ��� is virtually isolatedduringtherestof
the evaluatephase.Hence,any noiseinfluenceat the gateinputs
is not reflectedat the node � � . Furthermore,the noisetolerance
beforethe transistor $)' is turned-off also increasesdue to the
presenceof theaddedtransistorin theN-logic andtherisedvolt-
ageat node� � . Thedelaycircuitry shouldbedesignedto turn-off
the $)' transistorsuchthatthenode��� evaluatescorrectlyin ab-
senceof digital noise.In thissectionnode� � hasbeenchosenfor
precharge. The performanceof the AND gatewhenothernodes



0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 0.1 0.2 0.3 0.4 0.5 0.6

N
oi

se
 A

m
pl

itu
de

 (
V

)

*

Noise Pulse Width (ns)

Conventional dynamic
Twin-Transistor technique

Bobba’s technique
This work

Fig. 5. Noiseimmunitycurvesof AND gates.
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Fig. 6. ANTE-delaytradeoff for 2 input AND gatesusingseveral
noisetolerancetechniques.

areprechargedwill beanalyzedin thenext section.
The delaycircuitry canbe sharedby several dynamicgates.

Hence,it is expectedthatour proposalwould have smallareaand
power penaltiesfor a givencircuit application.Furthermore,gate
inputsarenot usedto improve the noisetolerance.This implies
lessparasiticcapacitancesin the datapath and N-logic internal
nodes.Thedelayandpower consumptionaddedby theadditional
circuitry areacceptableconsideringthe improvednoise-tolerance
ascanbe seenin thenext section. In addition,layout techniques
shouldbeusedto avoid node� � to beaffectedby couplingcapac-
itances.

5. SIMULA TION RESULTS AND CMOS GATES
COMPARISONS

In thissectionwe presentsimulationresultsfor a two inputTSPC
AND gate,asix inputTSPCORgateanda4-bit carrylook-ahead
full adderusingtheproposedtechnique.Comparisonswith Bobba
andTwin-transistortechniquesalsoarepresented.

5.1. Simulation Resultsfor AND and OR Gates

AND gatesusingBobba’sandTwin-transistortechniquesareshown
in Fig. 3(a)andFig. 3(b), respectively. AlthoughTwin-transistor
andBobba’stechniqueshavebeenappliedin Dominocircuits,they
areusedin TSPCcircuitsfor comparisonspurposesin thissection.
Fig. 4(b) shows the AND gateimplementedwith the proposed
technique.
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Fig. 7. Noiseimmunitycurvesof ORgates.
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Fig. 8. ANTE-delaytradeoff for 6 input OR gatesusingseveral
noisetolerancetechniques.

In thesimulationsweusea0.35 +-, CMOSAMS technology.
Thesizeof thetransistorswaschosento reacha clock frequency
of .0/-132�46587 9;:=<?> with aP-typeTSPClatchasloadat theout-
putandapowersupplyof �  � 4A@B7 @C� . Thenoisepulseinjected
at thegateinputsis characterizedby its width andamplitude.All
inputsaredrivenby staticinverters. Fig. 5 andFig. 7 show the
noiseimmunity curves [8] of the AND andOR gateimplemen-
tations,respectively. As canbeseen,theproposedtechniquehas
betternoiseimmunity thanthe existing ones. In Table1 andTa-
ble 2 we canobserve that theproposedtechniquehasthehighest
ANTEmetric [7]. In Fig. 6 andFig. 8 the ANTE-delay trade-
off for 2-inputAND and6-inputORgatesusingthenoisetolerant
techniquesis shown, respectively.

Moreover, delaymeasuresindicatea delaypenaltyof 21.5%
and 25.7%in the proposedtechniqueagainst73.8%and 23.3%
in Bobba’s techniquefor AND and OR gates,respectively (See
Tables1 and2). Twin-Transistortechniquehasa delaypenaltyof
10.5%for thecaseof theAND gateanda delayimprovementfor
OR gates.

All thenoisetoleranttechniquesincreasetheANTEat theex-
penseof an increaseddelay. The quotientbetweenANTE and
delay in Table 1 and Table 2 indicateshow techniquesare effi-
cient to increasethe noiseimmunity with a slight delaypenalty.
TheproposedtechniquehasthehighestANTE-Delayquotientfor
the AND gate. For the OR gate,the proposedtechniqueis bet-
ter thanBobba’s techniqueandconventionaldynamicbut is worse
thantheTwin-transistortechnique.For wide noisepulsesthetol-
eratednoiseamplitudeis higherthanfor theothertechniques(See



Fig.5). Thisfactcanbefurtherexploitedin futuretechnologiesbe-
causethepeaknoisevaluescalesandnoisepulsewidth increases
with voltagescaling[7].

Table1. Performancefor 2-inputTSPCAND gate.

TECHNIQUE Power ANTE Delay D ' %!E GFIH JLK
(mW) MN� �PORQS M ORQS MN� �LS

Conv. dynamic 1.32 656 184.4 3.55
Twin-transistor 1.40 1003 203.8 4.92
Bobba’s 1.63 1858 320.6 5.79
Thiswork 1.63 2227 224.2 9.93

Table2. Performancefor 6-inputTSPCORgate.

TECHNIQUE Power ANTE Delay D ' %!E GFIH JLK
(mW) MN� � ORQS M ORQS MN� � S

Conv. dynamic 1.94 1288 168.6 7.63
Twin-transistor 2.14 1518 103.9 14.61
Bobba’s 3.73 1938 208 9.31
Thiswork 3.54 2350 212 11.08

Thedelayof the proposedtechniqueincreaseswhenthesize
of the $&( transistor( T&UWV ) increasesascanbeseenin Table3(a).
Thenoiseimmunity is alsobetterwhen T U V increases.In Table
3(b) we canobserve that thebestdelayis reachedwhenthenode� � is precharged(Fig. 4(b)). Nevertheless,thebest

�W���W�
/Delay

quotient is reachedwhen the node �YX is precharged (SeeTable
3(b)).

Table3. Delaydependenceof anAND gatewith theproposed
technique(a)on $)( sizeand(b) on theprechargednode,

( T U VZ4�9�7 [\+-, ).

T	UWV Delay
( +-, ) (

O!Q
)

0.6 224.2
0.9 226.3
1.2 229.1

(a)

Node Delay D ' %�E "F]H JLKM O!Q\S MN� � S
� � 224.2 7.7� X 231.5 8.2�_^ 227.3 5.9� X and �Y^ 242.6 6.7

(b)

In orderto verify theeffectivenessof theproposedtechnique
in anexperimentalfashionit is necessaryto haveateststructureto
make comparisonswith theconventionaldynamiclogic. In Fig. 9
thelayoutof a testchipcontainingtwo datapathsfor comparisons
is presented.Onedatapathis implementedwith theconventional
TSPCdynamiclogic andthe otheronewith the proposal. Each
datapathis mainly composedby a registerbankanda carry look-
aheadfull adder.

6. CONCLUSIONS

Wepresentanew noise-tolerantdynamiccircuit techniquesuitable
for pipelineddigital systems.noiseimmunity curvesandANTE-
delay quotientshow that this techniqueimproves the noise im-
munity with lessperformancedegradationthanexisting onesfor
AND gatesandwith an acceptableperformancedegradationfor
OR gates.Thepower consumptionof theproposedtechniquecan
beimprovedif two or moreblockssharethesamedelaycircuitry.
Thisalsoimprovestheareapenalty.

Fig. 9. Testchip layoutwith theteststructures.

Furtherwork is directedto minimizethedelaypenaltyof the
proposedtechnique.Thiscanbedonepre-discharging theN-logic
internalnodesbeforethe evaluatephasebegins. Another future
taskis to experimentallyverify thebetterperformanceof thepro-
posal.
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