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MULTI PLE- CHANNEL FULLY DEPLETED QUANTUM WELL CMOSFETs
FIELD OF THE I NVENTION 5 The present invention relates

to the field of sem conductor devices and manuf act ure,

I 2HWHPE3Sparticul arly, to multi-channel deviP€&4IS2004/033413
BACKGROUND CF THE LoNWMIBMIErGN A 1aerstauniNe D red LYMOSFET
oper at es by driving current through the channel region

bet ween t he sour cePEHFFERRBAN AT WALIHENPTETs The
conductivity of the channel region is nodul ated by the
application of a voltage on 10 the conducting gate
above.DtdreHe hammrebysur f ace and insul ated fromit.

Efforts are ongoing within many MOS integrated circuit
manuf acﬂ"]ﬂj:rqre]sfgt 1&v6%naﬁ|a§ssto f\ﬁg|o¥sca§ongictornﬁﬁgfs and manufacture, and more
uni prgruiilyt ioegli-gneelgoncer nment | aboratories to i nprove

the speed and available drive currents with MOSFETs to

I e RACEGRONDOFpOMBYVENOIOSUNPt i on, and to inprove their
reliabi I ity and radiation hardness for applications in

har sher “F8HB1°8* ¥AVIES SHIREHY €1Vine AEFT Biorgy e %‘é“@é%‘ml@‘“’@ﬂ de source
of andeai r‘g)éaqieglcel Ahesediciyénelthe pf@melpﬂg@@@ggqulntgi by ¢he gpplication of a voltage on
MBXhertbraetidg A8e & the Ehatnbl eurdy addlirabdi@ 16 |ti EBRs @ B@ing wilhhhinSiny MOS

al luqyé@teél ngmt%mu% @énﬁﬁn%g laszvﬁtl Iasoa@ mQ\f/ u:t Q%n&'aﬁﬁgto%%ﬁlm‘? laboratories to
ci rlr%prc') Ee !hy eed and avall bllecdlr'!\l/eacurfenls w:thI !\%O F S to re uce then‘ po naﬁ):(clnsrlp ptlgn and to
t he™™dFivE"e nt f i‘con ar e4.""fhi°¢™Has

[ ncmﬂé&e'a@w Uéé”d rﬁ'awmh?fwew fqpka‘@mg%xt‘aé%ef &ree WW?“ﬁéd”““d‘“g
Forspacexanpl e, dual gate devices in which the drive

current odeSt HO0S @ Cenficdidudr BbNSRy i§ tolnlaG@Be B BANBVRIIBE 8 Mcon arca.
cr Qﬂ'ng QQWS mcFHEdtrnlﬁe!’tunkm PM@J@&L@ cx}cmtrm J;U:uﬂ' ﬂ% dgsl?a%lig)rnlaylglzc the

curren r en sillcon ar e 'desl rab
SRR+ UV G TR € AGE PO hBoedri. o
a MeBEETuaf gatedpviceshn Wi the drivm g4rert i oubled foren givan siliens eesligescheen created.
WhiFlr@erfingthu@iengn mgaitshg Ihe dkageen ot gied tili@ngeaga tisirable.

capaci tance. Due to the requirenents for

m suabmrY zatieaRyErguah as the push towards sub-45nm

ULSI (ultra large scale integration). This increase in

cur r ent e s ¢ eccs Rowitviing & MEBTEA I MEEh TodraRE Erival erretdegddereducing
i nedelvikge cgtz edarte chainge Dm: b &y cutirectes fog Minia@fratbhege as the push
angwatherssneeds (lﬁfaearmzaleblycgﬁmpdﬂhm@e AfcurteRQrRRIEBE obtained

| ny.ent alPHcretaJ“ e RE QY 'orolﬁang% m'T!&LJz kePLn, - C hannel

sem conduct or devi ce first insulator

| ayer on=a "¢ IBE PFst & ‘EﬁHBY %Y“b?di”?eé‘f OfG‘T‘FanFﬁeé | imeRigh B PO R P
f i Fgtnelisymicgideptopdeviteagrerisine Alis@etd iy ngulsdtior aridageichag region on the
pr axtid@gbr Qptr. tAvecodd ids@ldtor QAR prelided @ GHe Ot chafne &GO NA seCh@dnsied region

r eglorotne sedor% 1rQLnatJr rﬂﬁr 2RG %ngmslul%uzlyétsgﬁ thJ: s@é()ﬁirchan@ngg . ,R %‘tc cgctrode is
i nsul. da% ar ethlrymsulamrs!ayon t he second channel region.

gat'e"é provi ded on the third insul ator
’ ayer . T:ebpfcmtemﬁ?t@%@ﬁtpmr Py & FYPOR FRh g s legoTedrism uinly ghypnglgegions
t hatichhipsy f@ ingessed dipk egtnt ode:t arrdreavuih tavipd see.channel regi ons
whi ch ahd @Werfs@led hddGrRARE Blet @Y leMRBdibLhsI@ME pdded: AO8MIonBWhich provide a

I nl‘;:igtk%@%ﬁforjt'nﬂg g%ylh&eechi?hhg ?emiconductor device comprising the steps of forming a stack on a
substrate, this stack including at least two lightly doped channel regions vertically separated from each other
and from the substrate by insulator layers. A gate electrode of the stack is separated from the channel regions

by a insulator layer. An oxide layer is formed on the sidewalls of the gate electrode and source and drain
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The earlier stated needs are al so net by enbodi nents
of the present invention which provide a nethod of
form ng a multiple-channel sem conductor device
CO%'S' ng the steps of formng a stack on a

YREE® this stack including at |east twoPFTFRINY033413
dopegos hammel e 0N Gewa®s o th€ @by reifRAGAL @erofid s@iﬂ@rﬁu&ﬁft)}med on the
ot hggdegémqgg theg[pogehe substrate by insul ator Iayers A

gate electro ackls separated fro
channel el-ﬁeemelthgtﬁsé)gtx mvemlon ar\ OW [ ré(i_r%a}mn néu;’fllpleﬁ{ﬁnna)g?va thz}t %)/Sélf)t occupy a

i's ﬁfﬁ?fehw“fb Al e é*%u”d?: mlowsdewfes b et gfatwé* BirettT vue: Gtgonventional
Soutgies amedmaiodnty MO2O0mGHB08-+5 RCHIBZ004 4033413
regi ons Tﬁtft@reér'oﬁié BB dind: h@tres%@d@&@g adﬁht@@svba!hl' ;§es@f inflek¥8hn will become more

c haﬂ)@a@clnt 8$glieqpl§wngcé@1ta %i!]?e cﬁ&x%rr (Qﬁgprg'spn@%?gt?én %gtaieg llrnrggng.mcgo with the

oXi d|ne e gate electro
theacfoﬁ’f}aéﬁ‘igl GA"&t | ow for formation of a
ItlgFe channel device that does not occupy a
r

gr e2R1ETPERRBHHON OF THRAA 8¢5t e t han previ ous devi ces,
but yet Fgr pycjﬁgt§§ stg@rf(ﬁm(grrl Yebordardd &nﬁun:tnbgdmms &V %Eu:xtl nq’@r%lm after an

5de parti cul ar ut|I|ty|n
ng o%]?é ers-lf-xas%een ﬁgrmed tocr%t&rheséa(cjk | e. The for egm ng and

ot her f &igt %ﬁ@gb ‘hf‘a%fbé’eﬂt%ﬁ&ﬁ do”a‘mﬁa?ﬁ‘tcﬁﬁé@“dﬁf’“ prpress el @ gpsg and drain
I nvendsiooimphwit, il acdo@@oaveth mibpddmen@gpasrent infeitom t he
fol I ow Q. 3%51@5' tﬂe@ﬂ:ct@@&@l’gl ﬁtllo@ﬂg Qfghtlty b&e&ﬁ@ﬁ @Jﬁgsmon and a heavily doped

th
| SRl O BKEN | DGR URGLLaN A, The

DRAW NGélg fd}%r_vf 66 Str'xctua:é)ﬁ]f %t"t gﬂeﬁt s@wa&&ceqe&ﬁ !ﬁlé?feni pﬁrformed in accordance with
accordanuet i tréreneimpudi-ment s of the present invention
after anig S%Mitﬂa@ru&ﬁre l){aﬁmf&lohlﬁheb@ﬁﬂlorprﬁ bf QIR Bhtritidspacer on the gate

cr eeacgtgdetar,heqhggn%&rs Fi g 2 depicts the structure of Fig.

I W I’k sho S the strurgtere otolg( ga{telr aog]ou ce ang r§1§ nnanatlg'n Snﬁll!\e 90rmat10n of a
and dr al f ston i npt PN W T

entdidiaeie 8 "ﬁﬁa‘etef‘f@”’ffr 'é%“éﬂ‘ﬂanc? Wﬂ?éfﬁ't"i"?iﬁ“s O‘ﬁi‘eg’eseg yeEpinct s

t he st r Bigt7iroes ofltcfantgye enPodinghtlo b prygentdnvéntighital fyllodOietin a process flow,
Si lah€ia Rhitlepes kduic®ihd 3l staicth®an itdried GOR@Bancel BithSnbod e of the present
depQsiitd on, in accor dance vvi th enbodi ments of the

present |nvent|on hows the structure of

3 after & &7 E‘BHN%% g eF 7éff” ‘Pf"‘ﬁ%i%"fﬁ’é"éﬂ°°;5é'f”f‘°o?%8‘d sif di“' region in
ac csetenireirdiin psordapteiyitimpasimenss optfie ardat ipyeigent i nvent i on.

Fi g. 5 depidots laydran @ bifeti@d dhb@imdif: offtiie gresext infcdlidh @it 1 gciink €f the layers.
formati 319 l@iho@snhcg%]ctd@ ofGg. PMikrlie gzﬁe SRRGER W haki RSk GAL Ren etched, in
el ectrode . a E?I lic n sanE‘%v%% 20 Fig. 6 shows the

accor ance Wl ments
struc source and drain

i npl ant %l% |‘bﬁh°§ﬁg' f‘ﬁ@‘”? Wr‘ﬁaf(i B st forgatiog of § BrEB oFigdingrn the sate
I n eledredegalithe debs@ion of eatkelectiogy smeToredd Meehagptt decieddyodthated k.
of the pgesepitts ihddeMkd dhig | Fro@wing a S1A@WEchiad o & @KL odQpacers in

en@&%aﬂ@%b éPrIbootml;Lﬁts H'Eh@ﬁ@s&'i mveﬂ\ér?m' on that follows Fig.
2in a or whi ch rai sed source and

drai n st¥ 8%5‘ OFs ILG schngef gpﬁéa alfera dr e has s perfgpep] to create the stack, in
enBEeiiane Hisemtdinerieo g eyenhirventohvent i on. 25 Fig. 8
depi ct sFig. veshotsrid Grudire ofofig. i fglowing aakti@fionfi@naatoh ecef with A wet etch

OXithdteecgges mé Jtalel eﬁl@a §1Q§ﬂco€ﬂ'osi@m Sl/exsllilelslia&,i igﬁzc&ogrg.b Qih einﬁ)diments of the present

invention.
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the gate electrode, in accordance with enbodi nents of

the present invention. Fig. 9 depicts layers in an

al ternate enbodi nent of the present invention prior to

et chi [19 of the layers. Fig. 10 shows the structure of

M Y2%Y"%¥Ber the gate el ectrode and the har d PRASRZHHEI3
been etrhedhovs e sraBE:of Ha NCelowhd dntcaiido dé MIRstlGerob fotrd@icon spacers
Pr esemtiorh MYEAE Likke redbh dFiitd gard clebiro®h Q%organﬁ wk gn%@oﬁn%ﬁt?ot(afe present
10 after the formation of a thernal oxide |iner

Fi g,
on tveﬁe ate electrode and the dep03|t| on of gate

el ect r ddfe! *SPAEAY STreteY Figl > Blhete thhesrgyne’ Mgt it & giiige of the
t héerdaitad chitidask . oxifg g, fori2speberpi apd soutch endsdrei dtplantgion fin Ricgdande with
| Enrbdieanis Bighe areSPacetonet ching to form gate el ectrode
spacers in accordance with enbodi nents of the present

I NBeMiEDEsEIgoNGr siiowma:ntrioe structure of Fig. 12

after a dry etch has been perforned to create the

st ack, Trhpresasingeientdgrasre endviirehrrefiouieen mexinfingttiselrive current for a
pr gserilicol 1 ittel f@natiofif YIOSEEAs Bl @MSseh @St dehGdel T8I Bhchifried in part,

13by tQ:I Jre@tWh rc]ga ﬁtﬁtnp@)@a%lsde@{] hbvﬁ'ﬁE |m@ﬂxf<éi5hhxﬂ£i r@fo&q@l%@!on Ws&bnra@ with
cess

ehannel cgkons ver%caﬂy andafgm tl% subs!ra{e oIr}]\e gate electrode is

msuPtor ayers 5 aratmg ﬁ‘l
dep05| Ion the

en%?j/difzdncgﬁttegppapost tﬁ\@m% fe@%newfh an ‘nﬁx{?@hlfyerdﬁerpozed Ween the gate electrode and
2085/ G586 3B PCEOUSROG40BB4LENs aFifgmed 1Gticgllyowsnidchie multiple channel
St dedi@t. UveicOify oFihgsemitéhdicod de @I iomRE Fhidagn@hsed BRe Sirdni @QEEh the

l al?{lﬁtrpié cttaglelt QJhGJ: ﬁl&riag r%Qnre] sitD RGeS Fel?uxr@ng th‘;: l:leﬁxcgnQ&MvaQn Of a
SIT1Cl

Wi th en’éoiﬁ%ﬁm ca me?\od 0 magm%a muzxﬁlf channﬁlggﬁf \naﬁ%or(?aﬁ:-e anh eTéodxments of
def gt patioat A oS crpin frgibrals widngoctsheps in an exemplary
demosi, titornshefd tairdcpehicke tor thaXingk@als tild @rogssCitbnge @fmplaleonlySs other
d aﬁh@aélgaﬁﬂpr&ésl sfebsdlﬁy @ﬂ:m@é&bod@h&@icpfm@ﬁg‘ﬁo% RRGEH35 the%QQnt%oéA{l&e

and dr éj q depr[R %nc%% tlth pa& been cre.atedCon atsu%rErate lz\géfg\rly etgtslg of layers that have

enbodi I nven

DESORIPH ORI TFHE“F VERIFI! IO TR g AL dgrd plsilion
adtireefssdisonaiadr IS ohatesoxigy ol 1énsseyord bt dopedsilinamtdyeril X ind g third oxide
t h@erdttid TR G bidR Rber F40lornd a gl oMi@Nay&id Hi L thasrtaelamimﬁludehﬂleavnly doped
f %l%ﬂHnQﬁlamem MEaﬁTn%stQQn thtshl% nﬁ‘ﬁﬂop&%%c&' S}Fer lgiﬁi\{rlag(%t‘enal

RS e Ly by LR T EROS L

r & h?)‘i’?é‘ ¥ 6r h‘“ééf"cﬁﬁ‘*‘)ﬁ“ éﬁ%%ﬁowatv@* @ B t"hd“Ft\"i%YP&tSEfF as|peggrdyedvity type,
s epar@ti¢cnge tohaioghairnedcont egluoinis tyoe sich §akdnjuctvindyfer Ornidagy, the
suyhstidcadaels isldgd gat Ly R 'd@ﬁltsrvmﬂehe.sﬁcon P cRMAcAeghnOn atchﬁ)cd with n type
uQQp@r{tﬁ%L dr%hrgq}g%’hcon ?e%ongrll5 anng ngacgmplngsolffmlcrasg lcon({’]gé/r aterials, such as

bet ween the gate el ectro
éﬁ af"”'?:ﬁ%)nel region. Source and drain regions are
f or nedFOU@*f"tglt@af‘I’ﬂ"gﬂO't d theoptkdb e thehral erightion prbaess dhranfmest, the results of
I @@ikiCiSicpicée miFigakdr tyim0d, tht a6 nS@ bA cgRREId GinpateleMib& et 8848900° to
f Q@OU‘Efgr aggr&WaQ@Sess Mq rl@ﬁﬁﬁg |rd{n c}{verowgt sﬁlgt;le xtothxFaH;grh ast p@ell known.

étrzc on¥rol Qfl the thérmfa ox1§a{1ﬂ1é3rocessr1]s necesseayu equ%/dn a%?hcatxons ﬁch as sug 15 r€1 ULSI

area re

d 8% ER; tb@evam ResTGHEcet | HrEdeT brgmiae teNlorifige- eT*wahwéuy oa@wws@eaw'y

i doperlcsgiomdashaethyint iy setrrbouidirngligwsofkide to grow much faster than in lightly doped
silicon, such as in the channel regions 15.

Fig. 2 also shows the formation of source and drain extensions by source and drain extension

implants 21. This may be performed in a conventional manner.
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the present invention. The description will discuss
certain materials and process steps in an exenplary
manner, but it should be recogni zed that these

mat eri aI s _and process steps are exenplary only as o
MthAP i erial s and process steps may be enﬁf\éyyéﬁ"“/‘m“:‘
Wi t houtFiglespans the sugetdrs . £ to8g O @quoftialtidpesitior @ s @ty doped silicon layer
I NY2RL b ity Z&QedFslhgon IJyerd@F’Th@ﬁa?ers@Z $1da6 ke aogedtvhﬂthe Iﬂaﬂ@ ccpﬁx@nny type

;:rhgci%gnﬁ;g mq}Q §elcltpo§et lr aple%ce 17 thp¥xe1npr?8/§xbo$;ﬁent !Jemgdekcnieg%gopam is an n-

ave een revi OUS
Fi ape ciopafnn ae;ﬁatgg thef Sill §1tlay6r)s( F?d@d F %rbc &c&fgmcdabylci\cgﬁfl vg})or deposition
dof$&@ potxgeiel il'cioprefer(cthtordomfit doped slici eyom yatheratjee piiehBing to dope by ion
aniphedtiorond stieon| i@yt fifterltddy hava bS e &pdRiEld, |sing Ry obl@P@FIantation process to
S' lFol'rrsz@htlB' é\%@irregxlag)and ?e[]]\g’er é’opgdbe'gﬁ)rg 1SQMCQQO CO‘II@M?I’E‘HS gr%ﬁ‘gemc-rln-thl@owever it is

alsiaﬁosmgﬁ% to Bekflorixdmp Cr]gcf‘odaé}gevln‘tﬁ (ﬂsugdadtoling; aa%certadn en%odlments of the %ventlon
I | EN™ CfiHAREI"816 and a hard mask 18, on the si I i con
ni tri de\silfarictex Gampkré@rmed o foh kikpn haerdoitat iasle trpittely dabd.regions 22
25ank e p&AT @bddedioRMD O SR sacf 26 LBt MR s@bhd b regions 15 but
si Jré e@egncaflyqsoﬁt@tlctnm thgga%’elegtr%de lgbyq}ggﬁrqmg{ +e95 to the

formati on e silicon |ayers 15

ar e dogBa W i AP PLre & BIUELT UFe Y pyp B R g s oo
C Oidl Bty taj/forny ppacers 28 ef thg giticen sedeutdr By énsulagng gegbpyche an oxide or
Wi dithdear @ecoade mendue tianmid y type, such as n

COﬂdUCtﬁng aeylctl Mp%'uctﬁé qufé’] @tal*tey @1!: Yard &Ql@l& Q@Bc@n glln&’g(; lgyoc‘%i:ﬁmg for
exam ledgp QQnV\% Jle gja-tg elcc¥<9ie ]d‘rd ed%(i f\é\r@n a s?():}% reglon 50 bé cc%nvcmllogal silicide

chan el

Fl,chPrhoéfbl’feﬂ’u ng t}Eeﬁiépogtiop Pfé{fﬁacggwet@ﬁger irg 1151F13angi<6511ﬁxﬁ§& a portion of the gate
cofrgrisieé ot her seniconductor materi al s, such as 30

Si | i COR s@RE MBMhiblMplardbiRs is pr@imeOi ﬂ)gvertnhrﬁl e trEa@BouRE and drain

t hggloﬁst?@%ka SU:IJQI‘HIE ?2 tﬂh&%{aml% Q%Jerqgag l\ erQk oraﬁn% 91§§o§rcé a§d dram xmr')éant process.

ger {:gﬁ liTEe al’rows rn%lg ?rh%resenf an ei%emlpr%y' el%téon%ow 8&&% t}tegultlple cﬁlannglsgcreated in
t é??dé\flcapfuﬁieé)sese@tfmv%fr\ﬂé{éﬁe abisuet BN tbe widipgfhe pegyiconductor device, the
appiriol icak e [tycel s Shah@rn dif) srenbidine®) praRidARNcr@RY klE@FMmMAtand drive
SUldeabkand, dte l@%zjgéj@&é‘n@ﬁh gat@&péc:ﬁmc@@k kdulcpown. Strict

contr Oln cgtamtebngod!:mlgjgI mLa Q%htggttgeﬁggte r‘e.?lec?r e%§gwla)$ benﬁ(i fS %%étal or

especially in catl ons suc

déw&&% i 5pr & R et yate Eeeey S8 28, P forned il
b&etherinprg ot mongxi @i ipwidtor [Tk Statiirymay ecmght bfys high G urte Gilgyeie material,
hean¢i thay a redopedws k biide anshersiehal. as that in the gate

Iel eﬁt lfﬂge7 'Jn@ﬁ sl%LvlsﬁJﬂQ@reQ&hsqutcg Q a%l@é%em-iltg Qnofh@sbtngordlm'érn gpthé ;Qesent
Iérgen}:iony Fqggmgf the t%errﬁal 0‘(!(!21{ n and somce a?d dgm e(tensu():n l%panéstegh(&efg‘llg 9%@ 7

Ion O Sou
diPeries By féf?%i"‘)b”ﬁesa“%‘ifa"'sf@'ma‘lfé EE D HPHIOBRE EN ST, b sroving icon
I mphemnisgate2q in a Rifevsmaneey arlgerepahihaolieyiidn fo thrrathCaised @nicd addadins 40.
manner i, r3. VWi @@4&55,/ 59653 le@s Egrfl)rka’e%%wﬁé Qrg’e%@%ge anfrtii@hns 43, Spacers 42
S Qrgmnch Hgn a%to{ (%%I r}‘llx!:lghfg examalg A %mnde glog\M 1? rmeg]oq\ tlﬁ%ge c?e 'r:oldea1|6 in a

position o ope | con | ayer
hé‘é’\??’laif’esdé?ﬁdeeﬂr“% licon Iayer 24. 1 he layers 22 and 24
are doped- ekt stilhpeotsagrdodmntdestrictentting entigppiat magl bgramider@gspecially
I prefed@ sigak @oidliecitis aaermlibxiddianaere cipiialypesed e sadiYevices.
enbodi ﬂ?@%ox@%h%erqg%rg brba%gnstratelg'@ T@B@D;Eclddénﬁﬁmﬂa erl %plﬁade of an

nd 2
oxpdar}orfexar%pgﬁfber mateha!s maég used, sucL as(fm pK 6ate¥1te[ectrlcs é)r «(x@(.}b) LfgptP doped

al vapor
e%&ﬁ‘ﬁﬂd@m’ {hgong! éeg‘ﬁﬂs et erre tﬁle"tbéiwii@ﬁi)'ﬁﬁ‘”ﬁmfdﬁﬁiéﬂ Sispp giggipde fayer 56 is
| ayers rather than attenpting to dope by ion
i nplantation the silicon layers after they have been
deposited, since control of the inplantation process
to
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forma lightly doped regi on and heavi er doped regi ons
is difficult to control in this arrangenent. However,
it is also possible to performinplanting to achi eve

h ed doping, and certain enbodi nents of th
:\%(Szeo ’/3’ ?1 perform such inplanting. 10 A sil |PEE§WS@{”8W3“3
IS prbh@monpiem;ﬁpemme@lsum &y @ 5MASiart @D RSP aGeYiGd Ahhctehadiectrode layer 56.
I NGk YdSriet RRrided QAL Mn:d) ng(i efe@rgdc(pa% 5(2:%)/ b AR ed A ah@@M ldJ;de silicon

der s%cc[n% !n%ﬂx% 1%3 zm-ITI ch§r]nd lage%nﬂ Eigorged 0@ F%%ﬂy é%ped 51§Icon or silicon

first and seco anne

el BEVFPRAFTY | o HERt Froit %h@r)@aff@heeaaté@f%da & 6 B he channel
t hisyersé peral oreysife dmes2 O thqﬁesgnbcdscxgirp@wmpqq@ergtfqrrng’png's @f @flanation and
Fi gustrdiod, ot fa@vikdrgle hitessepeisdd to@ve Bn @iy dSilvidktnisP@dopants, while the

SPa&kél la&@?stsgfvﬂll@é co@ﬂged% hg\rexeen 1%%@%;9&%2%9&% aL pat forms

frg?grelr q-‘r»l?owmg\{)%Formatlon ofstk]e ley%r(s) I;]n Fsggca diytetc ng_is Belgforalfﬂtg :s'lhlar%tt}!eng%e the

SuTTSHT Wik G - Fr 6 Tasipipeode o dp. thugergiepivit e dptreshing stopping
St snuisteere esubhr [Hprg2, “‘Slcfafbrtnemc trbemdarsdatamirgd in 18 st STHo @@ mask 58a is
r endavedd Dfis heC RlchiGuntichDliry e @%R0WhiQic mA bP&pllan of the

gat e el %Cttl s&qgthg'gru(!uﬁe o?ll"’g l%l Qﬁ?gth& al o?demni] 6(? lmls k)een Q)rmed on the gate

g conventional si tﬁg’?

| T Fy e CDBORICT OREST ST VTGP Ay temsl
antHIgaeR e pergd nvlee 4yirehd psagridy islenetithddn CHP. foar remiiat e

el ect r ad@cel &y et@BtepAs 150 Hdr @ e@MElrediisar which BPlegitttd ifiri® CL I6e shaSer dry

peg% Qtf);ﬁgrdthé IE}) 1?5\1[5%9%‘!@ @i |T@@<§-} ctNRRNE Eatetchu%ge%%t;e% 62 QU Eftermal oxide

anlmerg%a}\ COﬂVCnllOngl dry elchanOCTgS n(lfa g& em& oye{lm %ls ste e S paC ers

serve as e 'sdurce and drain

i mpl ant® S{5PY EEE Procefils %‘ii"“rpér\f]%“efi S Aflry eh.ieiEieiE & @k S nlhe etching
e xcanipls g yateed caotiersperstok ey niakkr @hilg) sutafaglayensl B2 angéheing hgersrve bis ctched.
C ﬁ@xaarﬁdchixﬂtoﬁp@@ond@b’dtt@rﬁmﬁfatol lkl@' spreSRRT pu}p&ysecnytré.v@]ndamﬁ@ BGIR silicon
V\mﬂjstgdtcrg@t i ncr eaS| ng the width of the sem conductor

devi ce,. t eh % P e_chanpel s thr ee such channels in
Fig. 6 Bnbdai ity 5oVt do ol Her Sa8y LImaEY PG PTGV 4 =
drPayided ime eﬁfr#eéﬁﬂe S6FUFhe fepfants gepteesx ek @& acubsran®0- dpigwing the
gakensicapei, t aae paled if perthehde dat rekdseOBIsh@iufie@datd 06 paBRREuSde spacer
Ofeat hﬁso's@%ﬁt@teln% a p(trtn)g ofg@tthoﬁl ko Qﬁﬁﬁl ﬁoxw akggonti Q/Etrnéldmay be

Ofperi%gxrgcl:3 toe}emogei more que bggo 1%rlz§<l)r|laltyccr' 59 if necessaiy tB cau?e xt to fo d19 %e Structure

i ﬁ‘pr.‘C fedine: i I’ﬁ*ﬂj’r"tcﬁﬁ‘igr?bﬁh"es‘ac‘b(ﬁe’”C&‘F'”%?“ée‘ E5ions g aﬁldn%ft%ifeéwns 52a,
| ayjs e difigiontod e prgrpiotippigisstreagftheghahrielgihdekthegart @ecatideiéect ri ¢

mat er i ellgwing i tdadding bh@dbask a6 &l naltiksé@poyysilicONRPosionGrokddk8s RFformed to
Otsageﬁuemtdggijtgl ll'ght@Qopa &§/sxthn !%rc]ld’/()%vé I;]Q\é\{a&tég l1lcglii>\lcfled %; a hea\fllly doped

r])SSIIIEOlﬁI ?aécr 92 ovr]' th%?%%{ OPIC Ctg)bmoa\mcﬁnl%% Fi)garnt oﬁlgilu%[y typc xs the same as in
o%?tﬂ%ﬁctrowﬁaﬁéi indhs | g¥tEEOng RN Fal lhthe%tarewﬁes ihetprinhghdagititysirejpg-type
Ofdopkit.glhe @posiibngpf the polyplicovibyehers, 7k @by @ by @tnS@0va®0 tkp@Bi@ond D) or other
de@hopriafe AERRLILRN process. This is perforned, for

exarrpl ﬁ les)(owg [hQWactu%jo%!’lg ltpplﬁ)\w §n r%]e!‘t]c% o?tl’uJ SI;I'éorn? er 701:,[% rf](irT] silicon

known nanner
r FPSBA> Byt UE i rredieiar 2 ey oped pepigy: As*h*s S gformed
spaterilicdPsphras 7heern hopearettcioyeeits tohre e dirrg @dsk S&ulfag bee@raioved by

dEiofitie 46hing BpaigRy. s 42 35 are fornmed from an oxide or
nit I' i df?g' léfoQchtsetR%%m%lur% of %%5 }oflo(c‘vli 9@16 ?0%'21091%[' zﬂyan le?tor sp%%cpg(ﬂ made of

mmeo x%e ot rsult ‘ie ter éexm 3 urc nner pl oscrl dt t
earF N 5% &eT8 a‘é [ &t pétﬁfﬂ ea%‘l’“rﬁ'b‘l’"%‘h‘b%ﬁﬁ‘u"ﬁﬁ’ﬁ‘te
oforeg ey reeBTE injths BYYTRLE Wi that may be consi dered
especially



preferred since it avoids the risks of therma

oxi dation that are especially present in very snal
devices. Fig. 9 shows a nunber of |ayers on a
ﬁggstrate 50. The layers include insul ator Ia%ers 52,

&0 40 oxide, for exanple. Qther nat EFTAPYOHEHIS
be useditrsysicagnhi eggpniGagat epicidal @€tricueS( Fif. 06, p@XBIEIre total of

Li @Uicga)‘g;d QRA6kg (RBhCORELGE @e{sub@tﬁ@@@ e}IIencre thllxogl[i]ge RE (A& of ordinary
r nsul at or
P 9-(\{!! tﬁ gt tm%bgéh‘%annel Zgrwaiaﬁvgj%ggé(gg\t Lmbé m%nts

el ectrode
PCT/ US20ATH334 S M5 Poviietied sorFotdier ipiseritséed frieitede gme that
| ajrer srs2r drige dyzenidhanrersioud dayies. b Bithpg oqourpingi ad@der @mputthsilig@tua than
el eateriothedeliayer 56. As in earlier described

enb0d| 'm%&, thJ Q@eng ﬁlt’ﬁ%tlogl h@scgegno(gs%ntle@yngl llu%r@teﬁg?‘/dﬁtg it IQ [on;% %early

unqgrs?oopglg tl% ymc xhay waglof 11fustrauon argz:\drsrge orH/ezla?xf rnr%ta bbfake& by way of

4oy ”aéﬁsréaf R PrepeRt g bgvgl hrnefa Anly bg@ﬁ iea Pleherarecds cipial |
The conductivity types of the dupants in the gate
el ectrode | ayer 56 and the channel 5 |ayers 54 are of
opposite types. In the descrihed exenplary enbodi nent,
for purposes of explanation and illustration, the
gate electrode layer 56 is considered to have been
heavily doped with n type dupants, while the channe
| ayers 54 will be considered to have been lightly
doped with p-type dupants. Followi ng the formati on of
the layers in Fig. 9, a dry etching is perforned to
shape the gate, the results of which are depicted in
Fig. 10. The gate electrode 56a is thus created, with
the dry etching stopping 10 on the gate insul ator
| ayer 52, which fornms the uppernost insulator |ayer in
the stack. The hard mask 58a is also etched at this
time. A conventional dry etching technique nay be
enpl oyed. Fig. 11 shows the structure of Fig. 10 after
a thermal oxide |iner 60 has been fornmed on the gate
el ectrode 56a to serve as protection for the gate
el ectrode 56a. Subsequent to the fornmation of the
thermal oxide |liner 60, a second insulator |ayer,
such as nitride, is deposited by CVv D, for exanple. 15
A spacer dry etch step is then perforned, the results
of which are depicted in Fig. 12. The spacer dry etch
stops on the top insulator |ayer 52. The dry etch
creates gate el ectrode spacers 64 on the thermal oxide
liner 60. A conventional dry etch process nmay be
enpl oyed in this step. A second etching procedure is
then perforned, using a dry etch, to create a stack
66. The etching enploys the gate el ectrode spacers 64
as a mask, while insulator layers 52 and channe
| ayers 54 are etched. 20 The dry etch is stopped on
the bottominsulator [ayer 52 for control purposes to
prevent damage to the silicon substrate 50. Fig. 14
shows the structure of Fig. 13 followi ng an extension
i mpl ant of the same type dupants as provided in the
gate el ectrode 56a. The inplants create extensions 68
in a substrate 50. Following the extension inplant, a
wet etch process is perforned that recesses the stack
underneath the gate el ectrode spacer 25 64. It also
serves to renove a portion off the bottominsul ator
| ayer 52. However, a second wet etch may be
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performed to renove nore of the bottominsulator |ayer
52 if necessary to cause it to formthe structure
depicted in Fig. 14. The recessing of the stack 66,

i ncl udi ng channel regions 54a and insul ator regions

52a, allows the diffusion of the extension inplants

to reach the channel under the gate el ectrode 56a.
Fol Il owi ng the recessing of the stack 66, a multi-step
pol ysi licon deposition process is performed to 30
subsequent |y deposit a lightly doped polysilicon |ayer
702&@3&£&he stack 66, followed by a heavily doped
polysilicon |layer 72 over the lightly doped

polysilicon |layer. The dopant conductivity type is the
sabe asA miltipgfatienadleehicofd@uckhaedns chfpiifigg:ext ensi on
inplant%.68. n this gﬁaqﬁle, t he dopant conductivity
type i <& HHPIetordayer (14a, SRendeybEiatd @ W t he ‘
pol ysi ld fastchhaed fegidd (1525418Ya, ' :
dﬁggfi}Lon (CVvD) gr Jiher apg?ggﬁ}g?gﬂﬁgﬁﬁgﬁgﬁ%éyggéhawng
3519831515 shows the structure of Fig. 14 following a
dry et gRechd il r orm silicon
Spacer & gond MR LEPI b ¥ o 8 e e

heavi | Sa@aéahar@glg @gl.on/(gh, #s54a; frh) omithé sdcdrd tanlatol &iyer and
b&aafigh tRLvaRN the silicon spacers 76 and in the gate

el ectfode 56a, once the hard mask 58a has been renpved
by apptirsinadasontaydni(ive, 623Raj s thEisgoond GhaARpi B5isn;

h j fol | owi ng_th i on, of
nout af e Sisedle (it Bon gk of 15 Yt Rrttioa bvir ne e sidewalts;

ot her sutiddlirer (60) enisalewallO6f tRxgitdélectroflesOUr Ce and
drain jnplant is then forped to create source and
drain %Oggﬁeoaﬁlg dgiin fegiong gsé)ucﬂ’s f Sidgwalts ofghenfirsp ek saysmbgmnnel
PE&piddS2mA4/ 033413 Three separate channel regi ons 54b
are depicted i.n the structure of Fig. 16, providing
for a ¥t %%Fc(%@fie PRAGES éﬁ‘érﬂﬁ‘éﬁ%o’(‘%’é‘le& gqoag t he channel
formed in the substrate 50). |I-fence, it should be
hose _of ordinary skill in the art that the

clear 1o

n rrber'htff‘}eXﬁSﬁﬁ‘éleF bgivhsiein tkg fitsicand sp¢aad channgl fegmne ate lightly
eddped Wil it fFst cbi&udaik, of i vides fo

s‘?{én}é conduct or. devi c?g},r% rrg%%{gg %?‘te:%% eﬁ%&rtoﬁéeilss §%fy dbped
t i a sesopdconduetivityttisre ofidopant differemt than ianfinst @miloutivity type.
devi ces, but w thout occupying a greater anount of
silicon area than conventional devices. Although the

pt esenfiieidavienel deinhadutiearouipssing bistd aodrct hhdidhinatgidns (40)

| g tHE bibkdrate 1) | y y sunderstood that the

sane 1s by {Al/g?/h%(% écﬁt %ﬁlslg khgtq{r]%tr?n%ﬁeﬁo’éégl??ﬂf‘g TBHPSS and i s
not to be taken by way of Ilimtation, the scope of

thhe pre Ipvention being [imted only by the ternms
of thé %%%éﬁ ofgotggwgigrﬁ mé'h@?%?%"é f?mﬁoﬁﬁw?quleéﬂf@h 8QmRYising
dedtepsnduct or device, conprising: a first insulator

| ayer -(14a, 52), on a substrate (12, 50);
y férrmng’ a stack on a substrate (50), th(e stack in?;luding at least two lightly

doped channel regions (54, 54a, 54b) vertically separated from each other and from
the substrate (50) by insulator layers (52, 52a, 52b), and a gate electrode (56a)
separated from the channel regions by an insulator layer (52, 52a, 52b);

forming an oxide liner (60) on sidewalls of the gate electrode;

7
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5 a first channel region (15, 54, 54a, 54b) on the

first insulator |layer and having sidewalls; a second

i nsul ator layer (14b, 52) on the first channel region;

a second channel region (15a, 54, 54a, 54b) on the

second insulator layer and having sidewalls; 10 a

third insulator layer (1 4c, 52, 52a, 52b) on the

second channel region; a gate electrode (16, 56, 56a)

on the third insulator |ayer and having sidewalls; an
oxide liner (60) on sidewalls of the gate electrode

source &neningr siurcer sui dnin {egfns Qo) &ﬁxt@tzﬂg\é@ietvaus%f techannel

flgé% gg) ggond channel  regions; and 1
§pacers (64) on the oxide |iner (60) 2. The

deV| ce Bimaigagate klectbéd epdtedsh@4) idnSthe 3HdS GHAN

({ regions are lightly doged Wleth a ?ﬁrs?ﬁ» on the gate
con uc 6 %@'type of dopant, and the gate electrode is
heavily doped w th a second conductivity type of

dogant ﬂ%& er ent than the first conductivity type. 20
3.”The godof qlaiim o whergint ther stem o forsiing anas:ddd liner (60)

S Ot 1eBesHBENidE 3 kHErh YRR inkf @b ) o fhe 5%&1}@%’3&{ al g éjﬁcgrode

and contacting the first an econ

4. A nmethod of formng a nultlple channe
he, step

segn congdGhQhodlgY blﬁfﬁa 5C rre{nts éxe %of I{c)ﬁtgmgt @Eq(electrode spacers

formng a stack on a subs

i r(émm theyoxidle lxr@qé@O)nMudes gds;tdsymg ﬂng@f(&h&m&fé:?xnﬁgin@ﬁ(%w and
r at rom each ot her

(ot 2 8BTS PR RRERL S oo a snptar lver

5g§2) sgpmytingainrigate gedtmdel 3a) fromend dtdel (SERAR ( éﬁ&)ed from

the channel regions by an insulator |ayer 2, 52a,
52b); 30 form ng an oxide liner (60) on sidewalls of

t ﬁe gaﬁ"he meéuﬁrmfdﬂalm 6, whbehDIHD sebEE rolfhi i) a%?agﬁ includes dry

sour.ce in reglons (76) contact
flrl4\5\’:3 ngylatp ‘h y ?,rﬁ g‘ﬁ r‘{% (S4raftet drmat@elecuode

aiaeerel(éé} ramale‘omacgfog 1&1 % Okt HiEhni eqliner
; ea,%?t o Lect ode P e iy Hé (91 tﬂe msula‘or I)ayer (52)
parating the channe reglons (54) om the substrate (50).

8. The method of claim 7, further comprising implanting source and drain
extensions (68) into the substrate (50) after the dry etching,

9. The method of claim 8, wherein the step of forming source and drain regions
(76) includes depositing a lightly doped semiconductor layer (70) over the stack and
the gate electrode spacers (64) after the implanting of the source and drain extensions

(68), and depositing a heavily doped semiconductor layer (72) over the lightly doped
semiconductor layer (70).

10. The method of claim 9, wherein the step of forming source and drain regions
(76) further includes dry etching the lightly doped and heavily doped semiconductor
layers (70, 72) to form semiconductor spacers (76) on the sidewalls of the channel

regions (54b) and further comprising forming device spacers (80) on the

8
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5. The method of claim4, wherein the step of form ng

an oxide liner (60) includes formng a therml oxide
liner (60) on the sidewalls of the gate el ectrode. 6.

The nmethod of claim5, wherein the step of form ng

gate el ectrode spacers 10 (64) on the oxide |iner

(60) includes depositing nitride (62) on the oxide

liner (60) and the gate el ectrode (56a) and

perform ng a spacer etch stopping on the insulator

| ayer ~(52) separating the gate el ectrode (56a) from

t heengihensinetor srgére IG%) (@bd perferminge someh asd Gfainci ldﬂtﬁmn into the

S. formn sta cl udes
o Siiftlle (38 e Bpur PiRsER (Beiiiadhs hetehand fpin xtensions
ref@lpns (54) after the gate el ectrode spacers (64)
are forned, stopping the dry etching on the insulator
| ayer (52) separating the channel regions (54) from
the substrate (50). 8. The nmethod of claim7, further
conprising inplanting source and drain 20 extensions
(68) into the substrate (50) after the dry etching. 9.
The nethod of claim8, wherein the step of formng
source and drain regions (76) includes depositing a
l'ightly doped sem conductor |ayer (70) over the stack
and the gate el ectrode spacers (64) after the
i mpl anting of the source and drain extensions 25 (68),
and depositing a heavily doped sem conductor | ayer
(72) over the lightly doped sem conductor |ayer (70).
10. The method of claim9, wherein the step of formng
source and drain regions (76) further includes dry
etching the lightly doped and heavily doped
sem conductor 30 layers (70, 72) to form
sem conduct or spacers (76) on the sidewalls of the
channel regions (54b) and further conprising formng
devi ce spacers (80) on the 8 AMENDED SHEET i4 X9.2005
sem conduct or spacers (76) and perform ng a source and
drain inplantation into the substrate (50) with the
devi ce spacers (80) masking the source and drain
extensions (68). 8a AMENDED SHEET 14-09-2005.

8a
AMENDED SHEET 14-09-2005.




