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ABSTRACT 

Nanotechnologyl isl usheringl inl thel eral ofl self-replicatingl machineryl andl self-assemblingl consumerl 

goodsl madel froml rawl atoms.l Usingl thel surelyl knewl propertiesl ofl iotasl andl atoms,l nanotechnologyl 

proposesl thel developmentl ofl novell sub-atomicl gadgetsl havingl phenomenall properties.l Thel singlel 

electronl semiconductorl orl SETl isl anotherl sortl ofl exchangingl gadgetl thatl utilizationsl controlledl 

electronl burrowingl tol intensifyl current.l Itl isl al criticall componentl ofl ebbl andl flowl researchl areal ofl 

nanotechnologyl whichl canl offerl lowl powerl utilizationl andl highl workingl rate.l Singlel electronl 

semiconductorl [SET]l isl al newl nanol scaledl exchangingl gadgetl sincel single-electronl semiconductorl 

holdsl itsl versatilityl evenl onl al nuclearl scalel what'sl morel this;l itl havel somel controll overl thel motionl 

ofl al solitaryl electron.l Here,l versatilityl impliesl thatl thel presentationl ofl electronicl gadgetsl incrementsl 

withl al diminishingl ofl thel gadgetl aspects.l Byl utilizingl thel "Electronl shaftl lithography"l andl "Electrol 

relocation",l thel explorationl promptsl thel planningl ofl al solitaryl particlel semiconductorl withl thel 

assistancel ofl thel carefullyl orchestratedl semiconductorl preciousl stonesl calledl "quantuml specks",l 

whichl encapsulatesl thel electronsl boundl inl al directl andl looksl likel samel inl itsl propertiesl asl al 

genuinel molecule.l Thoughl wel canl comprehendl traditionall semiconductorsl utilizingl oldl stylel ideas,l 

thel SETl isl quantuml mechanicall inl al fundamentall manner.l Truthl bel told,l therel isl al nearbyl 

relationshipl betweenl thel boundl electronsl insidel al SETl andl al molecule.l Inl thisl paper,l thel physicsl 

hiddenl thel activityl ofl SETsl isl madel sensel of,l al concisel historyl ofl itsl creationl isl introduced,l andl 

issuesl ofl currentl interestl arel examined. 

Keywords:l l Nanol electronics,l single-electronl box,l Quantuml tunnelling,l Coulombl blockade,l Quantuml 

Dot,l Single-electronl transistor 

 

INTRODUCTIONl  

Thel discoveryl ofl thel transistorl hasl clearlyl hadl enormousl impact,l bothl intellectuallyl andl commercially,l 

uponl ourl livesl andl work.l Itl promptedl thel microminiaturizationl ofl gadgets,l whichl hasl allowedl usl tol havel 

strongl PCsl onl ourl workl areasl thatl discussl effectivelyl withl onel anotherl byl meansl ofl thel Internet.l 

Throughoutl thel coursel ofl recentl years,l siliconl innovationl hasl beenl overwhelmedl byl Moore'sl regulation:l 

thel quantityl ofl semiconductorsl onl al siliconl coordinatedl circuitl pairsl aboutl likel clockwork.l Tol proceedl 

withl thel risingl degreesl ofl mixl pastl thel cutoffl pointsl referencedl above,l newl methodologiesl andl modelsl 

arel required.l Inl thel presentl computerizedl coordinatedl circuitl structures,l semiconductorsl actl asl circuitl 

changesl tol chargel andl releasel capacitorsl tol thel expectedl rationalel voltagel levels.l Itl isl additionallyl 

conceivablel tol encodel rationalel statesl byl thel placesl ofl individuall electronsl (inl quantuml speckl single-

electronl semiconductors,l forl instance)l asl opposedl tol byl voltages.l Suchl designsl arel versatilel tol sub-atomicl 

levels,l andl thel exhibitionl ofl thel gadgetl worksl onl asl thel sizel diminishes.l Falselyl organizedl singlel 

electronl semiconductorsl concentratedl tol datel workl justl atl lowl temperature,l howeverl sub-atomicl orl nuclearl 

measuredl singlel electronl semiconductorsl couldl workl atl rooml temperature. 

Single-electronl semiconductorl (SET)l isl extremelyl famousl inl thel fieldl ofl nanol gadgetsl sincel 10l years.l 

Singlel electronl semiconductorl (SET)l isl thel mostl essentiall three-terminall singlel electronl gadgetl (SED)l 

whichl isl fitl forl offeringl lowl powerl utilizationl andl highl workingl velocity.l Sincel thel innovationl comesl tol 

nanol size,l thel wayl ofl behavingl ofl al nanol electronicl singlel electronl semiconductorl (SET)l isl constrainedl 

byl thel quantuml mechanicall impacts. 
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ENDl OFl MOORE’Sl LAW 

l Moore’sl lawl isl namedl afterl thel Intell cofounderl Gordonl Moorel inl 1965,l whol statedl that,l “thel numberl 

ofl transistorsl onl al chipl willl doublel approximatelyl everyl twol years”.l Thel terml isl notl anl actuall lawl inl 

anyl scientificl rule,l similarlyl tol “thel rulel ofl thumb”;l however,l Intel’sl developmentl froml Moore’sl lawl hasl 

fulfilledl thel manyl breakthroughl achievementsl andl hasl madel thel lawl widelyl acceptable.l  

Butl physicistsl predictl thatl inl aboutl tenl yearsl orl so,l wel willl seel thel collapsel ofl Moore’sl Law.l Inl fact,l 

already,l wel seel al slowingl downl ofl Moore’sl Law.l Computerl powerl simplyl cannotl maintainl itsl rapidl 

exponentiall risel usingl standardl siliconl technology.l Intell Corporationl hasl admittedl this.l Inl fact,l Intell 

Corporationl isl nowl workingl towardsl three-dimensionall chips,l chipsl thatl computel notl justl flatlyl inl twol 

dimensionsl butl inl thel thirdl dimension.l Butl therel arel problemsl withl that.l Thel twol basicl problemsl arel 

heatl andl leakage.l That’sl thel reasonl whyl thel agel ofl siliconl willl eventuallyl comel tol al close.l Nol onel 

knowsl when,l butl wel nowl canl seel thel slowingl downl ofl Moore’sl Law,l andl inl tenl yearsl itl couldl flattenl 

outl completely.l Thel probleml isl thatl al Pentiuml chipl todayl hasl al layerl almostl downl tol 20l atomsl across.l 

Whenl thatl layerl getsl downl tol aboutl 5l atomsl across,l it’sl alll over.l Youl havel twol effects.l Heat--thel heatl 

generatedl willl bel sol intensel thatl thel chipl willl meltl andl disintegrate,l andl secondl ofl all,l leakage--youl 

don’tl knowl wherel thel electronl isl anymore.l Thel quantuml theoryl takesl over.l Thel Heisenbergl Uncertaintyl 

Principlel saysl youl don’tl knowl wherel thatl electronl isl anymore,l meaningl itl couldl bel outsidel thel wire,l 

outsidel thel Pentiuml chip,l orl insidel thel Pentiuml chip.l Sol therel isl anl ultimatel limitl setl byl thel lawsl ofl 

thermall dynamicsl andl setl byl thel lawsl ofl quantuml mechanicsl asl tol howl muchl computingl powerl youl canl 

dol withl silicon.l  

Moore’sl lawl couldl “flattenl outl completely”l inl thel nextl fewl decadesl becausel soonerl orl laterl thel siliconl 

transistorsl willl notl getl anyl smallerl andl nol morel couldl bel squeezedl ontol al chip,l andl therel needsl tol bel al 

post-siliconl era.l Goingl beyondl silicon,l therel havel beenl al numberl ofl proposals.l SETl isl onel suchl proposedl 

candidate. 

BASICl PHYSICSl OFl SETl OPERATIONl  

Singlel Electronl Transistorl [SET]l havel beenl madel withl criticall dimensionsl ofl justl al fewl nanometerl usingl 

metal,l semiconductor,l carbonl nanol tubesl orl individuall molecules.l Al SETl consistl ofl al smalll conductingl 

islandl [l Quantuml Dot]l coupledl tol sourcel andl drainl leadsl byl tunnell junctionsl andl capacitivel coupledl tol 

onel orl morel gate.l Unlikel Fieldl Effectl transistor,l Singlel electronl devicel basedl onl anl intrinsicallyl quantuml 

phenomenon,l thel tunnell effect.l Thel electricall behaviorl ofl thel tunnell junctionl dependsl onl howl effectivelyl 

barrierl transmitl thel electronl wave,l whichl decreasel exponentiallyl withl thel thicknessl andl onl thel numberl ofl 

electronl wavesl modesl thatl impingel onl thel barrier,l whichl isl givenl byl thel areal ofl tunnell junctionl dividedl 

byl thel squarel ofl wavel length.l  

Quantuml dotl [QD]l isl al mesoscopicl systeml inl whichl thel additionl orl removall ofl al singlel electronl canl 

causel al changel inl thel electrostaticl energyl orl Coulombl energyl thatl isl greaterl thanl thel thermall energyl andl 

canl controll thel electronl transportl intol andl outl ofl thel QD.l Thisl sensitivityl tol individuall electronsl hasl ledl 

tol electronicsl basedl onl singlel electrons.l Forl QD,l thel discretel energyl levell ofl thel electronsl inl thel QDl 

becomesl pronounced,l likel thosel inl atomsl andl molecules,l sol onel canl talkl aboutl “artificiall atomsl andl 

molecules”.l Whenl thel wavel functionsl betweenl twol quantuml dotsl overlap,l thel coupledl quantuml dotsl 

exhibitl thel propertiesl ofl al molecule.l Tol understandl thel electronl transportl propertiesl inl QD.l Letl usl 

considerl al metall nanol particlel sandwichedl betweenl twol metall electrodes.l Thel nanol particlel isl separatedl 

froml thel electrodesl byl vacuuml orl insulationl layerl suchl asl oxidel orl organicl moleculesl sol thatl onlyl 

tunnelingl isl allowedl betweenl them.l Sol wel canl modell eachl ofl thel nanol particles-electrodel junctionsl withl 

al resistorl inl parallell withl al capacitor.l Thel resistancel isl determinedl byl thel electronl tunnelingl andl thel 

capacitancel dependsl onl thel sizel ofl thel particle.l Wel denotel thel resistorsl andl capacitorsl byl R1,l R2,l C1l 

andl C2,l andl thel appliedl voltagel betweenl thel electrodesl byl V.l Wel willl discussl howl thel current,l Il 

dependsl onl V.l Whenl wel startl tol increasel Vl froml zero,l nol currentl canl flowl betweenl thel electrodesl 

becausel movementl ofl anl electronl ontol (charging)l orl offl (discharging)l froml anl initiallyl neutrall nanol 

particlel costl energyl byl anl amountl givenl byl equationl 1. 
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APPLICATIONS 

1.l Supersensitivel Electrometer 

Thel highl sensitivityl ofl single-electronl transistorsl hasl enabledl theml asl electrometersl inl uniquel physicall 

experiments.l Forl Example,l theyl havel madel possiblel unambiguousl observationsl ofl thel parityl effectsl inl 

superconductors.l Absolutel measurementsl ofl extremelyl lowl dcl currentsl (~10-20A)l havel beenl demonstrated.l 

Thel transistorsl havel alsol beenl usedl inl thel firstl Measurementsl ofl single-electronl effectsl inl single-electronl 

boxesl andl traps.l Al modifiedl versionl ofl thel transistorl hasl beenl usedl forl thel firstl proofl ofl thel existencel 

ofl fractional-chargel excitationsl inl thel fractionall quantuml halll effect.. 

2.l Single-Electronl Spectroscopyl  

Onel ofl thel mostl importantl applicationl ofl single-electronl electrometryl isl thel possibilityl ofl measuringl thel 

electronl additionl energiesl (andl hencel thel energyl levell distribution)l inl quantuml dotsl andl otherl nano-scalel 

objects.l  

3.l DCl Currentl Standardsl  

Onel ofl thel possiblel applicationsl ofl single-electronl tunnelingl isl Fundamentall standardsl ofl dcl current.l Forl 

suchl al standard,l al phasel lockl SETl oscillationsl orl Blochl oscillationsl inl al simplel Oscillatorl withl anl 

externall RFl sourcel ofl al welll characterizedl frequencyl f,l thel phasel lockingl wouldl providel thel transferl ofl 

al certainl numberl ml ofl electronsl perl periodl ofl externall RFl signall andl thusl generatel dcl currentl whichl isl 

fundamentallyl relatedl tol frequencyl asl I=l mef.l Thisl arrangementl havel limitationl ofl coherentl oscillationl 

thatl arel laterl overcomel byl thel usel ofl suchl al stablel RFl sourcel tol drivel devicesl suchl asl single-electronl 

turnstilesl andl pumpsl ,l whichl dol notl exhibitl coherentl oscillationsl inl thel autonomousl mode. 

4.l Detectionl ofl Infraredl Radiation 

Thel calculationsl ofl thel photol responsel ofl single-electronl systemsl tol electromagneticl radiationl withl 

frequencyl ~ECl ⁄l hl havel shownl thatl thel responsel generallyl differsl froml thatl thel well-knownl Tien-Gordonl 

theoryl ofl photon-assistedl tunneling.l Inl fact,l thisl isl basedl onl thel assumptionl ofl independentl (uncorrelated)l 

tunnelingl events,l whilel inl single-electronl systemsl thel electronl transferl isl typicallyl correlated.l Thisl factl 

impliesl thatl single-electronl devices,l especiallyl 1Dl multi-junctionl arrayl withl theirl lowl co-tunnelingl rate,l 

mayl bel usedl forl ultrasensitivel video-l andl heterodynel detectionl ofl highl frequencyl electromagneticl 

radiation,l similarl tol thel superconductorl insulator-superconductorl (SIS)l junctionsl andl arrays.l Thel Singlel 

electronl arrayl havel advantagesl overl theirl SISl counterparts:l Firstlyl lowerl shotl noisel andl secondlyl 

convenientl adjustmentl ofl thel thresholdl voltage.l Thisl opportunityl isl especiallyl promisingl forl detectionl inl 

thel few-terahertzl frequencyl region,l wherel nol background-radiation-limitedl detectorsl arel yetl available. 

5.l Voltagel Statel Logics 

Thel single-electronl transistorsl canl bel usedl inl thel "voltagel state"l mode.l Inl thisl mode,l thel inputl gatel 

voltagel Vl controlsl thel source-drainl currentl ofl thel transistorl whichl isl usedl inl digitall logicl circuits,l 

similarlyl tol thel usuall field-effectl transistorsl (FETs).l Thisl meansl thatl thel single-electronl chargingl effectsl 

arel confinedl tol thel interiorl ofl thel transistor,l whilel externallyl itl looksl likel thel usuall electronicl devicel 

switchingl multi-electronl currents,l withl binaryl unity/zerol presentedl withl high/lowl dcl voltagel levelsl 

(physicallyl notl quantized).l Thisl conceptl simplifiesl thel circuitl designl whichl mayl ignorel alll thel single-

electronl physicsl particulars.l Onel substantiall disadvantagel ofl voltagel statel circuitsl isl thatl neitherl ofl thel 

transistorsl inl eachl complementaryl pairl isl closedl tool well,l sol thatl thel staticl leakagel currentl inl thesel 

circuitsl isl fairlyl substantial,l ofl thel orderl ofl 10-4e/RC.l Thel correspondingl staticl powerl consumptionl isl 

negligiblel forl relativelyl largel devicesl operatingl atl heliuml temperatures.l However,l atl thel prospectivel room-

temperaturel operationl thisl powerl becomesl onl thel orderl ofl 10-7l Wattl perl transistor.l  

Thoughl apparentlyl low,l thisl numberl givesl anl unacceptablel staticl powerl dissipationl densityl (>10l kW/cm2)l 

forl thel hypotheticall circuitsl whichl wouldl bel densel enoughl (>1011l transistorsl perl cm2)l tol presentl al reall 

challengel forl thel prospectivel CMOSl technology. 
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6.l Chargel Statel Logics 

Thel probleml ofl leakagel currentl isl solvedl byl thel usel ofl anotherl logicl device,l namedl chargel statel logicl 

inl whichl singlel bitsl ofl informationl arel presentedl byl thel presence/absencel ofl singlel electronsl atl certainl 

conductingl islandsl throughoutl thel wholel circuit.l Inl thesel circuitsl thel staticl currentsl andl powerl vanish,l 

sincel therel isl nol dcl currentl inl anyl staticl state. 

7.l Programmablel Singlel Electronl Transistorl Logic 

Anl SETl havingl nonl volatilel memoryl functionl isl al keyl forl thel programmablel SETl logic.l Thel halfl periodl 

phasel shiftl makesl thel functionl ofl SETl complimentaryl tol thel conventionall SETs.l Asl al result,l SETsl 

havingl non-volatilel memoryl functionl havel thel functionalityl ofl bothl thel conventionall (n-MOSl like)l SETsl 

andl thel complementaryl (p-MOSl like)l SETs.l Byl utilisingl thisl factl thel functionl ofl SETl circuitl canl bel 

programmed,l onl thel basisl ofl functionl storedl byl thel memoryl function.l Thel chargel aroundl thel QDl ofl thel 

SETl namelyl anl SETl islandl shiftsl thel phasel ofl coulombl oscillation,l thel writing/erasingl operationl ofl 

memoryl functionl whichl inject/ejectl chargel to/froml thel memoryl nodel nearl thel SETl Island,l makingl itl 

possiblel tol tunel thel phasel ofl coulombl oscillation.l Ifl thel injectedl chargel isl adequatel thel phasel shiftl isl 

halfl periodl ofl thel coulombl oscillation. 

 

8.l Programmablel Singlel Electronl Transistorl Logicl  

 

Anl SETl havingl nonl volatilel memoryl functionl isl al keyl forl thel programmablel SETl logic.l Thel halfl periodl 

phasel shiftl makesl thel functionl ofl SETl complimentaryl tol thel conventionall SETs.l Asl al resultl SETsl havingl 

non-volatilel memoryl functionl havel thel functionalityl ofl bothl thel conventionall (n-MOSl like)l SETsl andl thel 

complementaryl (p-MOSl like)l SETs.l Byl utilisingl thisl factl thel functionl ofl SETl circuitl canl bel programmed,l 

onl thel basisl ofl functionl storedl byl thel memoryl function.l Thel chargedl aroundl thel QDl ofl thel SETl namelyl 

anl SETl islandl shiftl thel phasel ofl coulombl oscillation,l thel writing/erasingl operationl ofl memoryl functionl 

whichl inject/ejectl chargel to/froml thel memoryl nodel nearl thel SETl islandl ,l makesl itl possiblel tol tunel thel 

phasel ofl coulombl oscillation.l Ifl thel injectedl chargel isl adequatel thel phasel shiftl isl halfl periodl ofl thel 

coulombl oscillation. 

PROBLEMSl INl SETl IMPLEMENTATIONS 

1.l Lithographyl Techniques 

Thel firstl biggestl probleml withl alll single-electronl logicl devicesl isl thel requirementl Ec~100kBT,l whichl inl 

practicel meansl sub-nanometerl islandl sizel forl rooml temperaturel operation.l Inl VLSIl circuits,l thisl 

fabricationl technologyl levell isl veryl difficult.l Moreover,l evenl ifl thesel islandsl arel fabricatedl byl anyl sortl 

ofl nanolithography,l theirl shapel willl hardlyl bel absolutelyl regular.l Sincel inl suchl smalll conductorsl thel 

quantuml kineticl energyl givesl al dominantl contributionl tol thel electronl additionl energyl (Ekl >>l Ec,),l evenl 

smalll variationsl inl islandl shapel willl leadl tol unpredictablel andl ratherl substantiall variationsl inl thel 

spectruml ofl energyl levelsl andl hencel inl thel devicel switchingl thresholds. 

2.l Backgroundl Charge 

Thel secondl majorl probleml withl single-electronl logicl circuitsl isl thel infamousl randomnessl ofl thel 

backgroundl charge.l Al singlel chargedl impurityl trappedl inl thel insulatingl environmentl polarizesl thel island,l 

creatingl onl itsl surfacel anl imagel chargel Q0l ofl thel orderl ofl e.l Thisl chargel isl effectivelyl subtractedl froml 

thel externall chargel Qe 

3.l Cotunneling 

Thel essencel ofl thel effectl isl thatl thel tunnelingl ofl severall (N>1)l electronsl throughl differentl barriersl atl thel 

samel timel isl possiblel asl al singlel coherentl quantum-mechanicall process.l Thel ratel ofl thisl processl isl 

crudelyl (RQ/R)N-1l timesl lessl thanl thatl forl thel single-electronl tunnelingl describedl byl Equationl ofl thel 

orthodoxl theory 

Γ(∆W)l =l (1/e)l I(∆W/e)l [1l -l exp{-∆W/kBT}]-1l (4) 



EDUZONE: International Peer Reviewed/Refereed Multidisciplinary Journal (EIPRMJ), ISSN: 2319-5045 

Volume 3, Issue 2, July-December, 2014, Available online at: www.eduzonejournal.com 

14 

Ifl thel conditionl expressedl byl equationl isl satisfiedl thisl ratiol isl ratherl small;l cotunnelingl canl neverthelessl 

bel clearlyl observedl withinl thel Coulombl blockadel rangel wherel orthodoxl tunnelingl isl suppressed. 

4.l Rooml Temperaturel Operation 

 

Thel firstl bigl probleml withl alll thel knownl typesl ofl single-electronl logicl devicesl isl thel requirementl Ecl ~l 

100l kBT,l whichl inl practicel meansl sub-nanometerl islandl sizel forl rooml temperaturel operation.l inl suchl 

smalll conductorsl thel quantuml kineticl energyl givesl al dominantl contributionl tol thel electronl additionl 

energyl evenl smalll variationsl inl islandl shapel willl leadl tol unpredictablel andl ratherl substantiall variationsl inl 

thel spectruml ofl energyl levelsl andl hencel inl thel devicel switchingl thresholds. 

5.l Linkingl SETsl withl thel Outsidel Environment 

Thel individuall structuresl patternsl whichl functionl asl logicl circuitsl mustl bel arrangedl intol largerl 2Dl 

patterns.l Therel  

arel twol ideas.l Thel firstl isl tol integratingl SETl asl welll asl relatedl equipmentsl withl thel existedl MOSFET,l 

thisl isl attractivel becausel itl canl increasel thel integratingl density.l Thel secondl optionl isl tol givel upl linkingl 

byl wire,l insteadl utilizingl thel staticl electronicl forcel betweenl thel basicl clustersl tol forml al circuitl linkedl byl 

clusters,l whichl isl calledl quantuml cellularl automatal (QCA).l Thel advantagel ofl QCAl isl itsl fastl informationl 

transferl velocityl betweenl cellsl (almostl nearl opticl velocity)l vial electrostaticl interactionsl only,l nol wirel isl 

neededl betweenl arraysl andl thel sizel ofl eachl celll canl bel asl smalll asl 2.5nm,l thisl madel theml veryl suitablel 

forl highl densityl memoryl andl thel nextl generationl quantuml computer. 

ADVANTAGES 

Followingl arel thel advantagesl ofl Single-electronl transistorsl (SETs): 

 Lowl energyl consumption 

 Highl sensitivity 

 Compactl size 

 Highl operatingl speed 

 Simplifiedl circuit 

 Featurel ofl reproducibility 

 Simplel principlel ofl operation 

 Straightl forwardl co-integrationl withl traditionall CMOSl circuits. 

 Performancel isl betterl thanl (FETs)l becausel ofl theirl compactl size. 

Singlel electronl transistorsl (SETs)l havel highl inputl impedancesl andl lowl voltagel gain.l Besidesl this,l thesel 

arel alsol very sensitivel tol randoml backgroundl charges.l Duel tol this,l SETsl havel replacedl thel FETsl inl 

manyl applicationsl wherel lowl outputl impedancesl andl largel voltagel gainl isl necessary. 

 

DISADVANTAGES 

Followingl arel thel disadvantagel ofl Single-electronl transistorsl (SETs): 

 Integrationl ofl SETsl inl al largel scale:l Tol operatel SETSl atl rooml temperature,l largel quantitiesl ofl 

monodispersedl Nanol particlesl lessl thanl 10nml inl diameterl mustl bel synthesized.l But,l itl isl veryl hardl tol 

fabricatel largel quantitiesl ofl SETsl byl traditionall opticall lithographyl andl semiconductingl process. 

 Itl isl difficultl tol linkl SETsl withl thel outsidel environment. 

 Practicallyl difficultl tol fabricatel Singlel electronl transistorsl (SETs). 

CONCLUSIONS 

Singlel Electronicl Transistorl (SET)l hasl provedl theirl valuel asl tooll inl scientificl research.l Resistancel ofl SETl 

isl determinedl byl thel electronl tunnelingl andl thel capacitancel dependsl onl thel sizel ofl thel nanoparticle.l Thel 

currentl startsl tol flowl throughl thel junctionl whenl appliedl voltagel isl justl sufficientl tol raisel thel energyl ofl 

electronl abovel thel coulombl blocked,l thisl isl calledl thresholdl voltagel Vthl andl thel flatl zerol currentl persistl 
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forl 2Vth.l Severall applicationsl ofl nanoscalel devicesl inl metrology,l includingl thel fundamentall standardsl ofl 

current,l resistancel andl temperaturel alsol seeml quitel promising.l Anotherl potentiall applicationl isl terahertzl 

radiationl detection.l Thel situationl isl muchl morel complexl withl digitall singlel electronics.l Thel conceptl ofl 

singlel electronl logicl suggestedl sol farl facel sturdyl challenges:l eitherl removingl backgroundl chargel orl 

providingl continuousl chargel transferl inl nanoscale.l Thel mainl probleml inl nanometerl eral isl thel fabricationl 

ofl nanoscalel devices.l SETl providel thel potentiall forl low-power,l intelligentl LSIl chips,l appropriatel forl 

ubiquitousl application. 
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