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Abstract—
The challengeof extendingMoore’sLaw past the physicaland economicbar-

riers of presentsemiconductortechnologiescalls for novel nanoelectronic solu-
tions. Cir cuits composedof mixed silicon semiconductorsand nanoelectronics
can provide a meansfor gradually switching technology paradigms. We sug-
gesta designmethodologyto accompanythis concept.Furthermor e, weexplore
designtradeoffs for a nanoscalecrossbartechnologythat supports CMOS/nano
co-design.

I. Intr oduction

While traditional silicon electronicsshould continue industrial
dominancefor at leastthe next decade,novel nanoelectronicsolu-
tionswill beneededto surmountthephysicalandeconomicbarriers
of currentsemiconductortechnologiesandcontinuealongtheexpo-
nentialprojectionsof Moore’s Law. Althoughmostnew nanoelec-
tronicsolutionsarestill in their infancy, they presentthepotentialfor
unprecedentedlevels of device density, low power computing,and
possiblyhigheroperatingspeed.Despitethis high potential,it will
be very difficult for any new technologyto competehead-to-head
with silicon’s large-scalefabricationinfrastructure,proven design
methodologies,andeconomicpredictability.

For brevity, in thispaperwereferto conventionalsiliconelectron-
ics, including future variationsto silicon MOSFET-basedelectron-
ics,as“CMOS”. Likewise,we usetheterm“nano” to referto novel
nanoscaleelectronics.

A feasiblescenariois that theexponentialreturnsof silicon scal-
ing will flattenaboutat the sametime asnanoelectronicswill ma-
ture towardshigh levels of integration. However, the prerequisites
for any nanotechnologytaking silicon’s top spot in the electronics
industry include a large industrialbacking,massfabricationabili-
ties,adequatedesignmethodologiesandtools,possiblynew archi-
tectures,plus many otherobstacles.While theseobstaclescanbe
surmountedin the long term, an abrupt technologychangeis not
likely to happensoon.

An alternativeapproachto anabrupttechnologychangeis thein-
tegrationof siliconwith nanoelectronics,i.e. mixedCMOS/nanoin-
tegratedcircuits. This route would allow a smoothtransitionand
permit leveragingthe beneficialaspectsof both technologies. A
smoothtransitioncanbeachievedby first integratingasmallamount
of nanoon a predominantlyCMOSchip. In successive generations,
the amountof nanocan be increasedas the amountof CMOS is
decreased.Increasingthe nano-to-CMOSratio over time canpro-
vide ameansto easeinto anew technologyparadigm.Furthermore,
thepossibilityof mixedCMOS/nanocircuitspermitsusingthebest
aspectsof bothtechnologiessimultaneously, while theundesiredas-
pectsof atechnologycanbecompensatedby thepartnertechnology.
ThemixedCMOS/nanoconceptalsowill encounteranumberof ob-
stacles;however, thehopeis thatmany of theundesirableobstacles
encounteredin anabrupttechnologyswitchcanbeavoided.

II. Mixed CMOS/nanoCir cuits

CMOS-basedelectronicswill alsorequiremany breakthroughsin
order for the semiconductorindustry’s ITRS roadmapto [1] hold
true. Thus,even if CMOS a decadefrom now looksvery different
from today, we canestimatewith a reasonablelevel of accuracy its
statusat that time. On theotherhand,thefutureof nanoelectronics
is muchmoredifficult to project.

Currently therearea numberof technologiesthat have high po-
tential for nanoelectronics[2]. One key differentiatingfeatureof
any nanotechnologyis whethertheunderlyingfabricationapproach
is a “top-down” subtractive methodor “bottom-up” self-assembly.
Many nanotechnologiesusing top-down approaches,such as sil-
icon and heterojunctionresonanttunneling diodes(RTDs), show
goodperformance.However, the physicaldimensionsof thesede-
viceswill belimited by theresolutionof thetop-down process,e.g.,
lithographyor nanoimprinting.On theotherhand,thesizelimits of
bottom-upself-assemblycould be muchsmaller, sinceassemblyis
controlledon theatomicor molecularscale.

In this paperwe focuson nanotechnologiesthatemploy bottom-
up methods,suchaschemicalself-assembly. Onesuchtechnology,
molecularnanoelectronicscomprisesdevicesand/orwires consist-
ing of singleor just a few moleculesandrepresentsnearlytheulti-
matelimit in scaling.Bottom-upapproachestypically cannotrepli-
catethecomplex structuresthattop-down fabricationmethods,such
aslithography, canachieve. Thus,molecularcircuits presentlyare
restrictedto regularor periodicstructuresthat canbe producedvia
self-assembly. The inherenttradeoff involvessacrificingarbitrary
designcomplexity for a higher-density, regularly structuredandpo-
tentially low-costapproach.A numberof nanotechnologiesbased
on regularstructureshaveshown preliminarysuccess[3], [4], [5].

While muchof the analysisin this paperis applicableto several
nanotechnologyapproachesbasedon regularly structuredcircuits,
we usethe crossbartechnologyproposedby Hewlett-Packardand
UCLA for demonstratingideasat a lower-level of abstraction[3],
[4], [6], [7], [8]. This crossbartechnologyis composedof arrays
of crossednanoscalewires with bistablenanoscaleswitchessand-
wichedbetweentheintersectionsof thewires.Theupper-left portion
of Fig. 1 shows a simplifieddiagramof sucha crossbar. Molecules
arepresentat eachjunction,forming a two-terminaldevice thatcan
be electricallyconfiguredto behave asa low resistancediodeor a
high resistancediode. Thesemolecules,suchasrotaxanesor can-
tenanes,createa programmablecomputingfabric that canbe used
for memories,logic arrays,etc. Harvard hasdemonstrateda sim-
ilar circuit paradigmconsistingof crossednanowire p-n junctions
[9] aswell aslogic gatesfrom crossednanowire field-effect transis-
tors(cNW-FETs)[5]. Conceptually, magneticRAM (MRAM) also
consistsof a similar arrayof crossedwires with bistablejunctions
[10].
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Fig. 1. Weconsideradesignparadigminvolving nanoelectronicsonaCMOSIC.

Molecularcrossbartechnologiespresentan opportunityfor high
computationaldensities;however, they do suffer from somesignif-
icant drawbacks. Most of the suggestedbistabledevicesare two-
terminaldeviceshaving the ability to switch betweena low resis-
tancestateanda high resistancestate. Rectifying (diode-like) be-
havior is alsogenerallypresentin thesedevices,dependingon the
technology. Being restrictedto a diode-resistorlogic style results
in an inability to achieve signal gain. The lack of gain will re-
strict the array size and require interfacing to technologycapable
of achieving gain for extendedcomputation.Anotherdrawbackof
diode-resistorlogic is the inability to implementan inverter. Thus,
withoutacompletelogic family, bothasignalandits complemented
signalarerequiredfor full logic capabilities.The lack of inversion
alsocomplicatessequentialstorageelements.In addition,while the
crossbarparadigmhasa feasibleroutetowardsdigital computation,
developinganalogcrossbarcircuits shouldprove moredifficult. In
general,realizinganalognanocircuits will be complicatedby sig-
nal noiseand the inherentdefectratesassociatedwith bottom-up
assembly. Thereforeit seemsthat suchcrossbartechnologieswill
requiresomesortof partnertechnologyto adequatelyperformcom-
putation.Previouslyproposednano-architecturessuggestmixing the
crossbarparadigmwith anothermolecularnanotechnologyfor com-
putation[11], [12]. While suchsolutionsmaybe achievablein the
long term, they require the integration of two different molecular
nanotechnologieson thesamesurfacewhich significantlyincreases
manufacturingcomplexity. Keepingin mind thedifficultiesof fab-
ricatinga molecularcrossbartechnologyby itself, integratingsuch
a crossbaron top of a prefabricatedCMOSIC, asshown in Fig. 1,
will beeasierto achieve,yet provide a robustcomputingparadigm.
We referto this designparadigmasNanoon CMOS(NoC),similar
ideasbeingalsosuggestedin [2].

The NoC paradigmalsoallows for significantdesignversatility.
For example,while the nanoportion is restrictedto regular struc-
tures,theCMOSportioncanbeany arbitrarycircuit. A numberof
designscenarioscanbeenvisioneddependingon thephysicalchar-
acteristicsof the nano. Oneextremeis with the CMOS asthe pri-
marycomputationmediumwhile the nanoon top is usedasa sup-
plementto betterachieve integrationgoals. For example,the nano
crossbarcouldactasmemoryor largelogic arrays.Likewise,at the
otherextreme,thenanoportionwouldbeprimarywhile theunderly-
ing CMOSwouldbeusedsimply to providesignalgainandlatching
capabilities.A morebalancedapproachusesbothmediumsfor pri-
marycomputationwith portionsof thecircuit beingallocatedeither

to CMOSor nanoatafinergrain. In thenext sectionweaddresspar-
titioning aswell asanoveralldesignmethodologyfor sucha mixed
CMOS/nanoapproach.

III. CMOS/nano Co-design

The generalconceptof a mixed CMOS/nanocircuit is to divide
the functionality betweena conventionalCMOS technologyanda
nanoelectronictechnology(nano). We considera bottom-upnan-
otechnologythat is restrictedto regular circuit structures. Other
characteristicsdependenton the specificnanotechnology, suchas,
switchingspeed,area,power, anddefectdensitieswill alsoplay a
role in thepartitioningprocess.

New designmethodologiesareneededfor mixedCMOS/nanocir-
cuits. The possibility of high device densitiesfor nanocombined
with thepresentchallengesof CMOSdesignpoint towardsa highly
automatedmethodology. Fig. 2 shows a genericdesignmethod-
ology for a CMOS/nanocircuit. This genericmethodologyis an
adaptedversionof a typical ASIC designmethodologyandtargets
scenarioswhereportionsof the circuit can be allocatedto either
CMOS or nanoat a fine grain. The key featurein the figure is the
partitioningthatoccursafterRTL synthesis.Fig. 2 alsoshows our
proposedpartitioningprocedurein expandeddetail. The partition-
ing procedurerequiresinformationaboutthe CMOS processchar-
acteristics,suchasa high level descriptionof the standardcell li-
brary, includinggatedelay, area,andpower estimatesfor thecells.
The nanoprocessalsoneedsto be characterizedat high level. For
example,the crossbartechnologydescribedin the previoussection
cannotimplementsequentiallogic or producesignalgain. Mech-
anismsfor determiningthe maximumcrossbardimensionsneedto
be suppliedin the caseof a technologylacking signalgain, aswe
show in the next section. In addition to functionality, delay, area,
power, anddefectdensitiesalsoneedto beincludedin thenanotech-
nology characterization.Another importantmetric is the overhead
associatedwith interfacingtheCMOSandnanoportionsof thecir-
cuit. We discussCMOS/nanointerfacingin moredetail in thenext
section. The lack of gain in the crossbartechnologyrequiresperi-
odic interfacingto CMOScircuitry to restoresignalintegrity. Signal
restorationcircuitry consistsof the equivalentof a senseamplifier
andabuffer to drive thenext crossbar. Thusswitchingdesignmedi-
umsandrestoringnanosignalswill comewith anoverhead.Using
theCMOS/nanotechnologycharacterizationandthelogic level rep-
resentationobtainedfrom synthesis,thepartitioningproceduregoes
throughfour phasesof allocation:

Pass1 Default Allocation - This passallocatesto CMOSthepor-
tionsof thecircuitsthatcannotbeimplementedin nano.Continuing
with thecrossbarexample,thiswould includeall analogandamplif-
cationportionsof thedesign.

Pass2 Global Allocation - Takingthedesignconstraintsandob-
jectivesasaninput,thispassallocatestheportionsof thedesignthat
areinherentlysuitableto oneof thetechnologies.For example,the
critical pathof the circuit may be allocatingto the technologythat
canperformfastercomputation.The HP/UCLA crossbartechnol-
ogy is predictedto have slower switchingspeedsthanCMOS,thus
thecritical pathof thecircuit will beimplementedin CMOS.Onthe
otherhand,the HP/UCLA technologyis predictedto consumeless
powerthanCMOS,solargeregularstructures,suchasRAM, will be
suitedfor implementationin nano.In general,it is expectedthatthe
I/O, BIST, control logic, andsequentialprocessingis bettersuited
for CMOS implementation,while parallelprocessingandmemory
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Fig. 2. GenericCMOS/nanodesignmethodology(adaptedASIC methodology)and
expandedallocationprocedurebetweenCMOSandnano.

Fig. 3. A PLA representationof a full-addermappedto a nanocrossbartechnology
employing bistablediodejunctions.

is moresuitablefor nanoimplementation.

Pass3 Local Allocation - This passusesthe interfacecostasan
aid to determineif circuitry nearthe previously allocatedportions
shouldbelocatedon thesamemedium.

Pass4 Final Allocation - Theremainingportionsof thecircuit are
allocatedto theoptimalmedium.

A briefexampleof partitioningfor agenericcircuitwouldbeto al-
locateI/O, BIST, analogcircuitry, controllogic, andsequentiallogic
to CMOS.In turn,diskstorage,mainmemory, andparallelprocess-
ing would be allocatedto nano. Cachewould be allocatedto nano
if accesstimesarefasterenough,otherwiseit would be realizedin
CMOS.The remaininglogic would be allocatedto the appropriate
medium,takingdesignconstraintsandinterfacecostsinto consider-
ation.

While the first allocation passoccurs only once, the second
throughfourth allocationpassescan iterateuntil an optimal solu-
tion is located. Following the partitioning procedure,the generic
CMOS/nanoco-designmethodologyperformstechnologymapping.
TheCMOSportionof thedesignfollowsatypicalASIC technology
mappingflow. On theotherhand,thenanoportionusesa different
methodfor technologymapping,whichwill bediscussedin thenext
section.

a) b)

Fig. 4. a) A half-addermappedusingan arbitrarylogic representation,b) A half-
addermappedusinga two-level logic representation(PLA).

IV. NanoBackendAnalysis

It will benecessaryto supplyamplebackendinformationto ear-
lier stepsof theCMOS/nanoco-designcycle,suchassynthesisand
partitioning. The ability to quickly evaluatepotentialtradeoffs for
nanowill allow betterdecisionsearly in the designcycle. In this
sectionwe analyzea nanotechnologybasedon arraysof crossed
nanowiresandpresentapproachesthat canbe usedfor fast,yet ac-
curate,estimations.

Relyingonself-assemblyfor fabricationrestrictsthenanoportion
of the designto regularstructures.Theproductof self-assemblyis
typically a blankfabricthat requiresprogrammingfor uniquefunc-
tionality. Regularstructuresareinherentlysuitedfor memory, while
LUTs andPLAs areregular structuresthat canbe usedfor imple-
menting logic. For example,Fig. 3 shows a full-adder mapped
to a crossbarwith diode-like junctions like the HP/UCLA cross-
barparadigm.Therearetwo scenariosto beconsideredin termsof
technologymapping.Onescenarioinvolvesaself-assemblyprocess
that can produceonly uniformly sizedcrossbararrays. This sce-
nariomakestechnologymappingfor a molecularcrossbartechnol-
ogysimilarto anFPGA.A secondscenarioallowsthedimensionsof
eachcrossbararrayto bedifferentandcontrolledat fabricationtime.
Onemethodof controllingthecoarsedimensionsof aself-assembly
processis to uselithographyto definethe borders,sometimesre-
ferred to as directedassembly[13]. This secondscenarioallows
for optimizingresults.Optimizationin a flexible crossbarparadigm
involves threefactors: the optimal logic mapping,the cost of in-
terfacingto CMOS,andthe sizerestrictionon thearrayduesignal
degradation.

A. Optimal Logic Mapping

Oneaspectof optimallogic mappingconsistsof choosingtheap-
propriatelogic representation,suchas multi-level logic (arbitrary
structures),minimizedtwo-level representation(PLA structures),or
the mintermcanonicallogic representation(LUT structures).The
minimizedtwo-level representationis themostappropriatefor cross-
barstructuresthatcaneasilyimplementbothPLAs andLUTs. Fig.
4 comparesa half-adderimplementedboth from the a) PLA rep-
resentationand b) arbitrary logic (reconstructedfrom [11]). This
example,aswell asothertestcircuits, favors PLA implementation
in termsof arraysize. Whenconsideringa crossbarcircuit, areais
a particularly importantmetric becauseit dictatesthe interconnect
capacitanceandresistance,which in turn influencesothermetrics,
suchasdelayandpower. However, apossiblygreateradvantageof a
PLA implementationis thatthelogic level representationis directly
proportionalto the physicalarray size,which allows for fastesti-



Fig. 5. Theareaconsumedby anN-bit ripple-carryadderallocatedto asinglecross-
barversusallocatinga1-bit adderto N crossbars.

matesof the physicaldesignearly in the designcycle. Choosinga
PLA representationover a LUT representationessentiallyinvolves
tradinga universallogic arrayfor a moreoptimallogic array. Equa-
tions(1) and(2) governthesizeof a diode-basedcrossbar, for LUT
andPLA structuressimilar to thecircuit in Fig. 3. In theequations,
N is the numberof literals in all the functionsimplementedon the
crossbar, f is thenumberof functions,andc is thenumberof two-
level minimizedcubesin all the functions. Equation(3) shows the
areaoverheadfor aLUT structureversusaPLA structure.Thus,the
optimalityof aPLA representationincreasesasmorefunctionswith
overlappingproducttermsareallocatedto a singlecrossbar.

LUTarea � 2N � 2N � f � Pwire
2 (1)

PLAarea � c � 2N � f � Pwire
2 (2)

PLAsavings � 2N � c (3)

B. Interface Cost

Therewill be someoverheadincurred when a signal switches
mediums. Furthermore,the lack of signal gain in somecrossbar
technologiesmandatesthatthecomputationmustleave thecrossbar
periodicallyfor restoringsignalintegrity. CMOSsignalrestoration
will consumearea,power, andcausesignaldelay. However, since
very large PLA structuresbecomeinefficient, a network of nano
PLAs is moredesirable.Given the potentialinterfacecostassoci-
atedwith leaving a crossbar, an importantdesigndecisioninvolves
whetherto allocatemany functionsto a few largecrossbarsor fewer
functionsto a many smallercrossbars.Using a PLA logic repre-
sentationwe canestimatethe tradeoffs involved in thesedecisions
at a high level. One way to measurethe size of a crossbaris to
addtogethertheunit-crossbarareas.A unit-crossbarareais simply
thepitch of a horizontalwire timesthepitch of a verticalwire. We
analyticallyexplore tradeoffs in crossbargranularityby represent-
ing the interfaceoverheadin termsof unit-crossbarareas. Fig. 5
shows anexampleof thesetradeoffs associatedwith anN-bit adder.
The comparisoninvolvesan N-bit carry-rippleadderimplemented
in a single crossbarcomparedto a chainof 1-bit full-adderswith
aninterfaceoverheadincurredfor eachfull adder. Theverticalaxis
of the figure is the areaof the singleN-bit PLA addersubstracted
from theN 1-bit PLA adderarea.Therefore,thedesignspacewith
negative vertical-axisvaluesfavors a single PLA implementation,
whereasthe designspacewith positive vertical-axisvalueshasan
optimalmultiple-PLA implementation.Likewise,compromisesbe-
tweenthesetwo extremescanbeexplored,suchasimplementingan
N-bit adderon M PLAs,with M � N.

A more general interface problem involves the mismatch of
CMOS wire pitchesand nanowire pitches,which is complicated
by the restrictionto regular nanotopologies.We will usethe term
microwiresto refer to thewires in theCMOSportionof thedesign
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Fig. 6. a) A CMOS/nanointerfacestructurethatrelieson maskalignmentprecision
and a programmeddecoder, b) A seconddecoderdesignthat illustratesintegrated
logic andmemory.

andnanowiresto referto wiresin thenanoportionof thedesign.In-
terfacingmicrowiresandnanowiresend-to-endis not desirablebe-
causethe device densityof the nanocrossbarwould be limited by
the CMOS processwire pitch. In addition, it is expectedthat the
densityof the nanoportion is high enoughto warrantaddressing
thenanocrossbarsin anencodedfashion.Thus,micro to nanode-
codersandencoders,alsoreferredto asdemuxesandmuxes,have
beenproposedto interfacethe two technologiesaswell asprovide
a solutionto themicrowire andnanowire pitch mismatch[7], [12].
Thesedesignsrely onstochasticassemblyand/orfabricationcontrol
of irregularfeaturesat nanoscaleresolution.

To avoid thesepotentialfabricationproblems,we proposea new
decoderdesignfor interfacingCMOSandnano.Insteadof requiring
stochasticassemblyandirregularnanoscalepatterns,ourdesignsre-
liesonprecisionmaskalignmentandprogrammingthedecoderinto
thecrossbar. Fig. 6 a)showshow themicrowirepitchcanbereduced
to the nanowire pitch by usingon-off masksaligneddiagonallyto
producea one-to-onemicrowire to nanowire correspondence.The
decoderis thenprogrammedinto thecrossbarafterfabrication.The
structurein Fig. 6 a) demonsrateshow microwire addresslinescan
be built into the decoder. Likewise, asshown in Fig. 6 b), the di-
agonallyalignedmaskscanbe usedto reducethe pitch beforethe
decoder. Fig. 6 b) alsoshowshow multiplearrayscansharethepro-
grammingmicrowireswith theaid of a post-programmingisolation
mechanism.A secondnicefeatureof thestructurein Fig. 6 b) is the
ability to integratelogic andmemory. While logic is programmed
using the microwires following fabricationand only readthereon
after, memoryrequiresthe ability to readand write datamultiple
timesusing the decoder. To allow datato be written to the mem-
ory arraywithout overwriting the programmedjunctionsin the de-
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Fig. 7. Simulationof a circuit employing a programmeddecoderrealizedin a diode-basedcrossbartechnology: a) Crossbarjunction I-V curves, b) Generalcrossbar
schematic,c) On-off signaldifference,c) Staticpower consumption.

coder, we suggestemploying a decodercomposedof junctionsthat
areprogrammedat differentvoltagesthanthe memoryarray junc-
tions. We believe this is feasablebecausea nanoscalepitch is not
requiredbetweenthedecoderandmemoryarray. Thus,a nanowire
arraycould be placedat a lithograhicallydefineddistancefrom an
anothernanowire arrayconsistingof a secondtypeof devices,e.g.,
dissimilararrayscouldbe madeby usingdifferentmolecularjunc-
tionsor growing oxidesof differentthicknessesfor eacharray. The
decoderschemesin Fig. 6 arealsobeneficialin termsof defecttoler-
ance.Sincethearraysbegin asblankfabrics,defectivewirescanbe
locatedthroughtestingandsignalscanbere-routedto sparewires.
As in [11], thisdefecttoleranceapproachis moreeffectivefor faults
resultingin opencircuitsthanfor faultscausingclosedcircuits.

C. Physical Limitations

Althoughanalysisathigherlevelsof abstractionmaysuggestcer-
tainoptimalcrossbarmappings,thephysicalsizeof thecrossbarar-
rayswill belimited by thecharacteristicsof thecrossbartechnology
aswell asthedesigngoalsandconstraints.

To explorethedesignspaceof theprogrammeddecoderwe intro-
ducedpreviously, wemodelthebistablerotaxanecrossbarjunctions
from [3] and[4] usingVerilog-A,asshown in Fig. 7 a). Wesimulate
the decoderreadinga memoryarray for variablearraysizesusing
Cadence’s Spectrecircuit simulator. Fig. 7 b) shows a generalized
schematic.The explicit resistorsRand andRor aresetto nearopti-
malvaluesandthememoryarrayjunctiondiodesareprogrammedto
bring out worstcasescenarios.The lack of gain in thediode-based
crossbartechnologyas well as the non-idealbehavior of a diode-
baseddecoder, i.e., leakageby diode-resistorAND gates,causethe
worst-caseon/off voltagedifferenceto decreaseas the size of the
decoderand the memoryarraygrow. Onemechanismto increase
the worst-caseon/off voltageis to increaseVdd. Fig. 7 c) shows
oursimulationresultsfor worst-caseon/off voltageasthesizetheof
the arrayandVdd arevaried. However, an increasein Vdd will in
turn raisethepower consumption,asshown in Fig. 7 d). Thus,the
resolutionof CMOSsenseamplifiersmayrestrictthesizesof cross-
bar arraysandpower consumptionsconstraintsmay resrict raising
Vdd. Crossbarsoperatingathighersupplyvoltageswill alsorequire
levelshifterstoconvertbetweenCMOSvoltagelevelsandnanovolt-
ages.Furthermore,the behavior of the rotaxanejunctionsneedsto
be reconsideredfor larger supplyvoltages.Another issueinvolves
whethertheheatdissipatedby theCMOScircuitry will effect thethe
nanocrossbarson top. But in general,seeingthatthenanocrossbar
paradigmis still at an early stageof development,thereremainsa
variety of ways for improvement,suchas employing diodeswith
more ideal characteristicsor the incorporatingother devices,such

as,nanoscaletransistors.

V. Conclusion

ExtendingMoore’sLaw pastsilicon’sphysicalandeconomicbar-
rierswill requirenew nanoelectronicsolutions.However, thebene-
fits of silicon integratedcircuitswill presentdifficult competitionfor
novel up-and-comingnanotechnologies.We proposean approach
stressing“peacefulcoexistence”betweensilicon anda partnernan-
otechnology. MixedCMOSandnanocircuitswill requirenew fab-
rication and designparadigms. In this paperwe have presented
a methodologyfor CMOS/nanoco-design. In addition, we have
alsoconsideredthe logical andphysicalaspectsof a nanocrossbar
technology. While nanoelectronicsis still quite young,combining
provenCMOSdesignstrategieswith new novel nanoelectronicde-
signapproachescanleadto higherlevelsof computation.
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