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Abstract 

Besidesfnrtherscalingofthcmetal-oxide-semiconductortransistor,whichhascontinuouslybeenachievedfbrthese35yearsinlarge‐ 
scaleintcgration,three-dimensionaltransistorshavingfin-typesiliconsubstratehavebeenincreasinglyimportantfbritspromisingpoten‐ 
tialtoultimatelyscaledones・InthisresearCh,abeam-channeltransistorfeaturingvery-taUsiliconbeamhasbeenproposedanditsstruc‐
turefbrmationtechniquesaresummarizedinthisarticle､Theyaretallbeamfbrmation,confbrmaIgatefbrmation,unifbrmsource/drain 
fbrmation,andconfbrmalmetalcontact・

o2006ElsevierBV､Allrightsreserved． 

K匂ﾉwoMsfMetal-oxide-semiconductortransistor;Three-dimension;Beamchannel;High-aspectratio;Plasmadoping

While,severalthree-dimensional,３－Ddevicestructures 

havebeenpropoｓｅｄａｓｓｈｏｗｎｉｎＦｉｇ３，suchassidewall‐ 
channelMOStransistor(a),tri-gateMOStransistor(b)， 
beamsidewall-channelMOStransistor（c)，andvertical‐ 

channelCMOStransistor(｡)togethcrwithtrench-capaci‐ 
torDRAMcellF1,5］ 

Targetsofthisresearchanddeveloｐｍｅｎｔａｒｅｓｈｏｗｎｌｎ 
Ｆｉｇ４ａｉｍｉｎｇｈｉｇｈｅrperfbrmanceintennsofcurrent 
drivability． 

1．Introduction 

Ｔｏｏvercomeperfbrmancedegradationinfnrther-scaled 
MOStransistors,three-dimensional（3-,)structuressuch 

asdouble-gate[1]ａｎｄＦＩＮＦＥＴ[2]havebeenproposed 
AsadiHerentapproach,abeam-channeltransistor，ＢＣＴ 
[3]hasbeenproposedbytheauthorsfeaturinghigher-drive 
currentinsmallplanararea・Thesedevicestructuresare
showninFig・ＬＳｉｎｃｅｔｈｅｈｅｉｇｈｔｏｆｓｉｌｉｃｏｎｂｅａｍｏｆthe
ＢＣＴｉｓｄｅｓｉｇｎｅｄｔｏｂｅｌｌｕｎ，almost20-timeslargerdrive 
currentcanbeexpectedinsameplanarareａａｓｃｏｍｐａｒｅｄ 
ｔｏｔｈａｔｏｆＦＩＮＦＥＴｏｆｗｈｉchheightisaround50nm・

PotentialapplicationsoftheBCTareapull-down 
powertransistor,ａｓｓｈｏｗｎｉｎＦｉｇ２，whichisconnected 
inseriestoacircuitblockprovidingultra-1owstand-bycur‐ 
rentandamonolithicallyintegratedRFpowertransistor， 
etc､Ｔｏｍａｋｅｔｈｅｔｒａｎｓｉｓｔｏｒａｓｓｍａｌｌａｓｐｏssible,acorru‐ 
gated-channeltransistor,ＣＣＴ[3]whichhasmulti-snicon 
beamshasbeenproposed・Thecorrugatedmulti-channels
providesfilrtherreducedplanararea． 

2.Experimental 

KeytechniquestorealizeBCTare(a)high-aspectratio 
lithographyandetching,(b)３－Dgatefbrmation,(c)３－D 
impuritydoping，ａｎｄ（dmonfbrmalsourceanddrain， 
S/Delectrodefbrmation． 

2.1.Hig/ｉ－ａｑＰｅａＭｉｏﾉ肋ogr叩ﾉﾉﾝα"`Ｍｃﾉｶ腕９

Directelectronbeamexposuresystemisemployedto 
delineateupto2-ILmthickphotoresist､Orientation-depen‐ 
dentprefbrentialetchingwithtetra-methyl-anunomum‐ 
hydroxide,TMAHisusedtofbrmsiliconbeamson(110） 
substrateAspectratiosofgreaterｔｈａｎｌＯｃａｎｒｅａｄｉｌｙｂｅ 

、Correspondingauthor・Ｔｅ1.:＋81824246269;fiax:＋81824227185.
5ｍα〃加伽sfsunami＠sxsyshiroshima-u・acjp(HSunami)．
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Fig・LProposed3-DMOStransistolssuchａｓＦＩＮＦＥＴ(a)ａｎｄｂｅａｍ‐
channeltransistor,ＢＣＴ(b)． lＯｎｍ 

５１Ｉｍ ｌｕｍ ｌＯＯｎｍ 

ＧａｔｅＬｅｎｇｔｈ，Ｌｇ 

Ｆｉｇ４・Devicetargetsofthisstudy．

１０，ｍ 

CIrcuitBIock 

⑩ 
Fig.２．ApotentialapplicationofBCTfbrapull-downtransistorfbra 
circuitblocktocontrolpowerconsumptionandstand-bycurrent． 

Fig.５．Realized31-multi-channelsiliconbeamsofwhichheightandwidth 
arｅ９００ｎｍａｎｄ８２ｎｍ,respectively． obtainedinthisetchingFig・Sindicates31-multi-channel

siliconbeamson(110)siliconsubstrate・Detailsofthefbr‐

mationtechniquesweredescribedinthepreviouspaper[3］ 
Usingthismulti-channelbeams，corrugated-channel 

transistor,CCTarerealizedObtaineddraincurrentsare 

showninFig6clearlyshowingmorethan5-fbldincrease 
inthecurrent． 
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Confbrmalgatedelineationontallsiliconbeamisalsoa 

keytorealizesub-Umgatelength,however,ｔｈｅｒｅｍａｙｂｅ 
ｎｏｃｈｏｉｃｅｂｕｔｔｏｕｔｉｌｉｚｅisotropicetchingatpresent・A
less-directionalplasmaetchingtechniquecanrealizethe 
gatelengｔｈａｌｍｏｓｔｅｑｕａｌｔｏｔｈｅｈｅｉｇｈｔｏｆｔｈｅｓiliconbeam 
atpresent・Fig、７ｓｈｏｗsanimaginedflailureofside-wall
residuegenerationwithanisotropicetching 

Forside-wallspacerfbrｍａｔｉｏｎｆｂｒｔｈｅｇａｔｅｓｈｏｗｎｉｎ 
Ｆｉｇ７(b),impurity-enhancedoxidationisapplied[6lWith 
thistechniquethepolysilicongateiscoveredwithitsown 
oxideinselfLalignedmanner､Obtainedstructureisshown 
inFig8． 

０５０１００１５０ 

P1anarArea（um2） 

200 

Fig.６，ObtaineddraincurrentsofaCCT(targetＡ)ofwhichchannelsare 
alreadyshownｉｎFig.５.Bothtransistorsarefblbricatedoｎａｓａｍｅｗａｆｂｒ． 

2.3.3-,2"qp"j"dbp腕9

Sincestronglydirectionalionimplantationmaynotbe 
adequatetoachieveunifbrmdopingtotallcomb-shaped 
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（a）（b）（c）（d） 

Fig.３．Proposedthree-dimensionaldevicestructuresutilizingside-walIchannelofsiliconbeam． 
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Fig､７．Presumedhazardousresiduegenerationalongsiliconbeamatgate 
fbrmationstep． 

０２４６８１０ 

Depth(nｍ） 

Fig.１０.SIMSprofilesfbrionimplantation,I/IandplasmadopingPD 
Atmost1％ofarsenicatomsiselectricallyactiveTherestof９９％How 
intosubstrateexceptthewafer． 

Fig.８．Selfalignedside-walloxidefbrmationwithimpurity-enhanced 
oxidation． 

Fig.１１．AnSEMcrosssectionofrealizedbeam-channeltransistorwith 

plasmadopingRoundedtopcornerswerecausedbyplasmasputtering． 
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Fig.9．Arsenicplasmadopedlayeralongabeamsurfhcedelineatedwith 
prefbrentialwetetching． =－－－T琴認謡

鍵Ⅷi量i画siliconbeams,plasmadopingwithAsH3＋Arisutilizedto 
fbnnlightlydopedregionalongthebeamsurface・Ｆｉｇ９
ｓｈｏｗｓａｎｅｘａｍｐｌｅｏｆｔｈｅｐｌａｓｍａｄopingalongabeamsur‐ 
face[7]､Anobtainedtypicalsheetresistancevalueisabout 
500Q/sq 

Thisplasmadopingisadequatefbrfbrmationofexten‐ 
sionofsourceanddrainmtermsofresistivitySＩＭＳｐｒｏ‐ 
ｍｅｓａｒｅｓｈｏｗｎｉｎＦｉｇ、１０．Resistivityandpromeare
adequate，however，inducedplasmadamagesobviously 
degradegateoxidemtegrityatpresentcausingdegraded 
transistorperfbrmance 

AnobtaineddevicestructｕｒｅｉｓｓｈｏｗｎｍＦｉｇｌｌｗｉｔｈ 
ｐｌａｓｍａｄｏｐｉngRoundedcornersofthesiliconbeamwas 

causedbySputteringduringtheplasmadoping・Thisalso
causedseveredegradationofdeviceperfbnnanceinterms 
oftransconductanceａｎｄｏｆＴｃｕｒｒｅｎｔａｓｓｈｏｗｎｉｎＦｉ９．１２． 
Furtherinvestigationandtheimprovementaremevitable 
toobtainsatisfactorydeviceperfbrmance． 

艫朋
１０石

‐３－２－１０１２３ 

GateVOMageⅣ） 

Fig.１２．Anexampleofplasmadamage 
currentandincreasedolYLcurrent． 

-３－２－１０１２３ 

GateVoItage(V〉

whichcauseddecreasedon‐ 

ＭＣｍ/brmaﾉSZDekaroClb/b'、α巾〃

While,ｖｅｒｙlowresistanceofsourceanddram（S/D） 
regionsarealsoinevitablenottosacrificetransistordriv‐ 

ability・Ni-silicidedS/Ｄｂｅａｍ,ｏｆwhichcrosssectionis

shownmFigl3,achievesaresistivityof25×１０~ｓＱｃｍ， 
whilephosphorus-dopedbeam,４．２×１０－４＠ｃｍ・Tomake
electrodecontacttotallS/Ｄ,ＴｉＮＣＶＤｍｅｔｈｏｄｃａｎｂｅ 
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BeamheightMidth＝550ｎＷ１８０ｎｍ 

Ｆｉｇ、１３．Ni-silicidedsiliconbeamtobeusedfbrlowresistivesourceand

drainregions． Fig.１５.AnSEMcrosssectionofthetargetBofCCTfnbricatedon(100） 
SOIwafbr． 

usedConventionalaluminumsputteringtechniqueisnot 
adequateduetoitspoorconfbrmability、

ObtainedresistancewithNisilicidationisshownin 

Fi９．１４ascomparedtophosphorus-doped〃＋region
Almostl/１０resistancevalueisrealized・

AcrosssectionandperfbrmanceofthetargetBofCCT 
areshowninFigs､１５andl61ncreaseddraincurrentsare 
realizedinproportiontothenumbeｒｏｆｔｈｅｂｅａｍｓ・

Aratioofon-dramcurmcurrentisshｏｗｎmFigl7fbr 
thisBCTThesecharacteristicssuggestthatgatecontrolla‐ 
biUtystronglyincreaseswithdecreasingbeamwidth・This
impliesthatchannelregionswhichexpandfiPombothside‐ 
wallofthebeamcomcideeachothermbeamwidthregion 
oflessthanaround200nmresultmgmstrongsubthreshold 
currentsuppression． 
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ｌnadditiontothesetechniquestoobtain3-DMOS 
transistorcitedabove,anoveltechniquetorealizehighly 
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selfLaUgnedstructureisproposedａｓｓｈｏｗｎｉｎＦｉｇｌ８ 
ｔｏｇｅｔｈｅｒｗｉｔｈｉｔｓｅquivalentcircuit・ByetchingGates-1
and2withoverlaymgGate-3，gatelengthsofthethree 
gatesaresameinprincipleThekeyetchingutilizesthe 
sametechniquepreviouslｙｓｈｏｗｎｉｎＦｉｇ８・Duringthe
etchmgGate-3iscoveredｗｉｔｈitsownoxide 

DeviceperfbrmanceofthisselfLalignedtriple-gateMOS 
transistorissatisfactory・Gatecontrollabilityintermsof
draincurrentandtransconductancefbrthesetriplegates 
isshowninFi９．１９．Perfbrmanceofsinglegateand 
connectedtriplegateisobvious・Thishighlyselfaligne．

Hb=550,ｍ 

０．１ 

１００１０００ 

BeamWidth(nｍ） 

Fig.１４．RealizedresistanceofNi-silicidedandphosphoms-dopedsilicon 
beaｍｓｏｆｗｈｉｃｈｈｅｉｇｈｔｉｓ５５０ｎｍ． 
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moreplasmadopingshouldbemprovedtosomeextent 

regardingplasmadamagegeneration 
SinceBCT/CCThaveachievedexcellentdeviceperfbr‐ 

mancecorrespondingtotheirtallandmulti-beamstruc‐ 

ture，theyprovidestrongpotentialfbrapplying 
themselvestoarea-conscious,Ｌｅ.,cost-consciousLSIinte‐ 

gratingon-chippowertransistor・While，evenifsub-halP

lLmgatelengthhasalreadybeenobtainedon0.5-1｣mtall 

siliconbeam,filrtherscalabilitybeyondsub-100nmisnot 
yetachieved・

Inadditiontothesetechmques,anovelmethodtoreal‐ 
izehighlyselMignedtriple-gateMOStransistorispro‐ 
posedlnpreliminaryexperiments，。eviceperfbrmanceis
satisfactory・Thisstructureisexpectedtobeverypromising
fbrplanar-areareductionincertainapplicationsinLSI 
circuits． 

】冊

SO1-beam 

Fig.１８．AproposedhighlyselfLalignedtriple-gatestructureandits 

equivalentcircuit． 
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structurehasastrongpotentialtofilrtherreduceplanar 
areaonasiliconchip 

Presumedshortcomingsｍａｙｂｅ（a）increasedstray 
capacitanceamongthreegatesand(b)onlyoneconfigura‐ 
tionofparaUeltriplegateshowever,theywillbeovercome 
withanappropriateapplicationinLSIcircuits． 

3.Conclusion 

Keytechniquestorealize3-DMOStransistorsuchas 

theCCTareaddressed､Theyaresuccessfnllycarriedout， 
however,thechannellengthwhichissmallerthanthebeam 

heightisstilldifficulttogetwithsuflicientreproducibUity 
causedbyhigh-aspect-ratiopatternfbnnationFurther‐ 


