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LOM POANER MULTI PLE- CHANNEL FULLY DEPLETED QUANTUM WELL
CMOSFETs FI ELD OF THE | NVENTI ON The present invention

wo edoansm3s o the field of sem conduct or devi cesPemUs2004/033413

manuf act ure, and ' I channel
devi ces. BACKG?(I%%’W%EU?‘WEW% %@%m. onal
MOSFET oper at es byrsitiTEpREAAHOMORELE 6NB8EETs t he channel
regi on between the source and drain of a device. The

conductivity of the channel region is nodul ated by the

application of a voltage on the conducti ng gate above
tH L%ﬁ&ﬁ%ﬁ“"@ﬂ?‘f’ﬁce and insulated fromit. Efforts are

22%8; glglf present mventron ¥elaites ) E‘reqrg ;:er%gzon%%c% Hevrces and manufacture, and more
uPﬂ“\?‘éi"grtt’P‘e'% °‘3§Fﬂ§‘ ‘oirer nrrent I abor atories to i mprove

the speed and avail able drive currents with MOSFETs to

r BYCKERAUNDI OF THEMBYENIBMSunpt i on, and to inprove their
reliability and radiation hardness for applications in

har shet SPERIFE MOV rBHHEAY &Ving ALY dYHe (isates! rgpiPegieen the source
t img dgio af sdevige. Searomionidirof b chpmd caos is mgdulasd pxothqraMicatioz ¢ a voltage on

t mecoummgfgaté D6veAd JhahRPJuBacS bkt ie@dkd Mo R EfbHs Sre 3hgb@WWithin many MOS
mte%‘aateradts mrg:ul_l.ltl nglpufa&utilrlrg: c%r{r:}%mgsnars gNB]Il as at? man&aumverrs?tlrgg gf{d %l)vre%mentt Ea¥orator1es to

cmproefm’e foesd o Ypilppdrp Fq”éféhW‘é‘rl\é%SFEWP &edypa dheip pryyegpasgmption, and to

deiptoCeeid daliabdity Qi #adidtibi [rkddesg ot @Blicatiods jomasteckedlote En@iFonments, including

exanpl e, dual gate devices in which the drive current

is doubled for a given silicon area have bee cre a&i

Fur t he™ei°hiBf 88 et &S % e rrg“ﬁxwgear.urfeo &6 FV‘@ ¢ silicon area.

f Bhris atlovwgpi inceeppediniatgrivation pighe eecteonid eéhira bh earticuIMMARYIr(OJe toTipgEimize the

| MEM”&MTI@QEIBSIHC&‘I a@eaneﬁdhaﬁ DEluded Ovic&iin@hich M@ed aft provided. For

exanap e, dua ‘erdg‘vrl](isc’:sl 1S’nt ich tqre drwrg curr§nt dgubﬁaél ’Fo?g%lven srllcog area have been created.
Cl ka e current apaci nce.

d}eth‘tf G"Pfof'i@“eﬁtétﬂ ma’f"éﬁ’éﬁfﬁ“’sd”f“%fr“”?ﬁ ‘ﬁrl a&tvﬁr‘rﬁ"'f%i‘tafebﬁe de%'@&'h as
the push towards sub-45nm ULSI (ultra |large scale

| BEMgARY DOTHE INVENSIONNnCr ease in current drive should be
obt ai ned w thout an increase . in device size or change

in | ay Qe Sdeesigh ProvARseMANE T ot WaT hidaukioatie berenss hie reducing
egisOcikze nirsniahd gaheapriewendud e ntdkipmertthiat mipeigizatibe. sach as the push

nutvxrasrghe@hmmgi (urae k6 @raréumgeaonsi EVHisCiBer GRMP EurSit RGve@hould be obtained
first insu frate and a first

Hrthout a mcrease in, c&:vrce srz¥<ﬁ cha]p%e mq%yor.lr%gs 3eh o or | ayer. A second
i nsul aFEhﬁqle a“da‘v@f' "eie‘§ 2A5rReY PYiwtPoRents RE the Presspt IRVEsiphidgt provide a multiple-
I @@ineiRemiAn@ear@ndte edigningla fifsegpulabr liysr 06 Asubdiete $@ 6 Oithannel region on the

I %%sagt&r‘lay!:rax @Jcond Mt(ﬁ |a§49 Is E)IQWBeG §r“th1(,ai§r9 Eha’m@M%ﬁon I 8 seQ(Qnd Lllar%el region

second channel rode OVI
CRE P e Seorat ybr e S Setsar el TR (Hecrode s
prrovwded engheghidéngilde laydnat has a gate el ectrode and
mJI tiphe pleslaarmeluorrtﬁrg Ip@Ges WadvEH h@ nbsQW¥aik GlkcirbddGRERHEE channel regions

rnr\:ireallgwut{)rrlr?cpe%se rve cuHént \@rgodt anrl;cgegé?n de\nceq VI ce size.
The earlier stated needs are also met by embodiments of the present invention which provide a
method of forming a multiple-channel semiconductor 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

wcbmomioﬁgsa mul ti pl e-channel sem conduct or deviE(er/Us2004/033413

Slﬁg {mlraze:: fgl’% % ﬁ'r?t cg’rézi% S Oe{ll?_]]éf t}ﬁ?gc]waﬁlgel re§1§r}:sa§gtf elfctrode spac S alre formed on the

dopédinghatngte elﬁ@gﬁ@ons vertically separated from each

Ot her anGhefhb®R BT thd iR eRidDALF &t RrldonioNShili@le@hanheBYe@itShat ddes not occupy a
;eger%*‘nglﬁlt gfqga?es % t}‘ian %re‘%gu@g&lclﬁ, bu$ ?fp glro@lieg%orfe rdﬁv ctnlt]e%t than conventional

anne ons I nsul at or oxl ayer
§e‘f"65r rB" d?ﬁeﬁngi’aﬂiﬁ\‘/{ﬁl"ﬁ”gy 'bf“bf‘ﬁ‘é‘yﬁa't"@"’@rfé "f‘?”t?&e and
sour ceTaridegdinand vbgif@nss, aretsfaoradwdagehedthe powttamention will become more
S |a9p%x‘éﬁlﬂjon§ tlﬁffollt)\hiﬁg &haa B&Erlpfl(ﬁlg)lf PO Sreserfonb @il v@6d QAR conjunction with the
S ardp  or med on the oxide liner on the gate
ela‘écg'Fp oydné & met hods of the invention allow for
e- channel device that does not

O@B_EF&)PEécﬁlFEQFé’IFTEFrBBﬁWH‘&S real estate than previous
devi CE§ eﬁnct)o( gtsta&errWeéj ﬁsacmgn%e girtﬂ éﬁ%oz?&!‘crn [ &P the %Q@eﬁ invention after an

convent devi ces. particul ar
uteici“i‘gt%?‘ai(eff has ppen e fopmed 5 51epie g ﬁtaf)l‘ns for exanple. The

f or egoFip@ d&nids B¢ herturg efdiiall édlowiesspband oddutionarhgesntrdgesirce and drain
Ofextn6n iRbigm, %c&dﬂﬁé@ﬂﬁﬂ eglgodmeht!; of AR GRIYR iVEEi6h. appar ent

fromt pg n;d%cts tmt str%ture otf f?'lg 2%q1.0w1§%3:%§ lE‘g'htEJ td {i F]lpcoxhéeposmgn and3 a lﬂ:awly doped

i nventi I n~"¢onj un
acteprperastiondn dioriMichyid, emBRI“EF‘S @ESQ’:FG""P‘I"IV@\P“O: THE
DRAW NG@ aFshdyyvs thd skt GtFS. Bafisitaailikon kater@dh hhsbed @@ DIGaMCLcordance with
EQ (gltﬁggrgsterﬁmg widane pr esent invention after an
P
i

ayers been performed to create the
St ack. 59dep1<és theesﬁvcelfeé)t f’ﬁ é fglt)}ma%?%florg]aw oi—_ein andeior mtnde spacer on the gate
f elettovd andpilgortshreersal  oxi dation process and a source and

drain ?étcﬁ%\bsod% itmtlrtas}'tFlg Blatteﬁﬁ GARfd arﬂlQﬁurV\&nblb]matlon and the formatlon of a
resent | n

npxmgle r?_guon fn the éate ic_lechdQ in aﬁcolgdar?cF Wit hngodlmerts of t l'?f)resela mvg1 don
SI I | coﬁ‘gdébfb“?» P 4“%““%"%"“1’?@80@“? %Yesﬂ‘bﬁ@él“% FhPtlf?iBﬁs Fig. 2 in a process flow,
depois vahic}Oﬁ;sedl sBur@Qeddrda o uri atelfor@ i décoraanteswit fembddients of the present
prl@% invention. Fig. 4 shovvs the structure of Fi g.
ter a silicon s% ?er ett has een, p erf? dl d
accor dAREE R H SEHBES! He AL GmatRe! Pradenti “rf\‘?aéﬂta? GHjicide region in
Fitlg gatbelaeqyr. gt ascotdarge Githregbdimerss Gfhe preggnt ingenfigst | owi ng t he
f or mat kR d@[flctsaﬁe@?ﬂaﬁjﬂtetﬁzﬁe eﬁiib&dixﬁedﬁ)fﬂip@ﬁ;éﬂ in@htioh Por @@1ckng of the layers.

2:: reaE:[ S%Slogl%ow's:%e stru ?t%p ter Sthe gate glectrg %gpqm"%mtd I?n%ek have been etched, in

i~ a source and drain

ﬁ‘ﬁ?l"’ﬁﬁ‘t:“a"t“ihé'ﬁb"ﬁ‘ﬂ’dm%‘ﬁé‘e PEFHEYS A of a suicide region in
t he gafie. 8l sotsrixdepctirqofadie 00 diende famndtion efidbetintreriis ligf on the gate
t Q@ctt’aﬁeeﬁcﬁné deﬁo@M@lQ& éaQ:Q}ectlF JjegpaceZ m&QQVﬁer% gﬁé Jle@t?da@;nh M@hard mask.
enbodlrFrenlto F ! Eglnen E‘t ws Fig.,
2 in aBriodest ‘“158\‘/\/ SRR h "SRR e ﬁ"%f rs"é “%Su‘i“E & %“é ode spacers in
dragriondangg withen pdignsntgaf e fresemviageniian. accor dance with
enbOdi ﬂ@niiissh@\fs tﬁehﬁucﬂfe&ﬂi eiat 12iaRaf Qntyl @A .hasFe@. per%onﬁléﬂﬂ& Erba%e the stack, in

cor%a rceu&!:h%%&d entdtlf Zsergfnt/e%{lonf ornmation of an oxide or
n| rde spacer an ereglonlnthe qate

el ectr B’ée” shorys e é‘B'F‘Eféﬁchég W PHPPER B e PG IqR fEgcess, with a wet eich

p rti@sredatsesi tik\s@¢ktandasilicon deposition over the stack, in accordance with embodiments of the present

invention.
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Fig. 9 depicts layers in an alternate enbodi nent of
the present invention prior to etching of the |ayers.

wWo2@s5/03H35hows the structure of Fig. 9 after tPer/gsme4/033413

el ect E'Odlg 51%99 thfhstruct e oé glrgrgﬁ‘%olﬁom?agv aﬁngior% thg mﬁcot? g%rs to formosmcon spacers

accor dance W t resent 1 nvent
Fapdgt_he ot of palicide Fagiep oy the g9 epfn@(_ie i @ccgqngs withg@bodiments of the present
fioemmat i on of a thernmal oxide liner on the gate

el ect t:g o3 d@mtt t}teta&md,@ RS 19 ORWAL md @Jp@m@t &Glut@ gl.%x.%p a@ &Ehing of the
ate el ect ode a

lgfpﬁsne(llgttraié polr COfuge Itch iy (Spacers lﬁtp sougce [gi?dg dralf‘l ol“pﬁ'\}ﬁ“?{‘g i, accordance with
spbadimenteef dlaprygntingenfinr m gat e el ectrode spacers in
accordance wi th enbodi nents of the present invention.
BIEgAILES DERCRABTION OF SHE NYENTIONOf Fig. 12 after a dry

etch has been perforned to create the stack, in
accor derregeniinyentiona Afskra ARt tob corobieRe refgted WarKinizing dh§tdfitsppurrent for a
feiven silikéh a8ca Owtie forinetios b MCIFUT Eandbthebegicorlidetdr Gdvic@WTHigis adhieved, in part,

¥ R RRLRR of mtlmt &tnlna ReviRE %ﬁé %ultl}% tttm@l aegtns &k oh ta%tbstrate with
recesses the ck ?(in a. sil 8’ d ost n tov lectrod

YY1y s%t’érétB‘Fd 8%‘“ ‘etgﬁ’"set%’& ! A Bf s Fté‘e ra% é?\“t electrode s
iprevigedton ¢ PP ost stirenglyreginavitstap ineviater layepfntefppsgd befvmnl tepvgiaty glectrode and
MR tupdAintd8 chfinel BGonS Sdukcs 6HA dlamY&@lofs abcQormed VaiSdIl loGoHRISRAGRIHE channel

ar‘eirég)nst r\ge dlcglgynt?rﬂte%g}n (%glduaorsdg\llccé‘l Iﬂ? fo¥ eglax%oldeg nnc;eggd cgég gjrrent through the

accor
priigle Fha“"ie‘ﬁ Yy Epinsigesingihgsilicefape eepdred Rghesprpi EP(‘i‘t‘tﬁ‘Pré’%‘fe Fi g.
f ol | oRigngr6 theibdepasi bfingkingsf multipterchath@! dyricecOx acchedance vh embodiments of

%%séﬂg mQJntlJnhe(‘hg@89§!Kﬁte\all Gllscltj{s C%mq{lategﬁ% gﬁ p"&esj QEpSin an exemplary
aceég{ I’{ ngn aﬂ ?orlfl:go%% % rL ntetnetse mat?rla{TEnda %?%SSS: étﬁ%s are ({}(%T,ﬁlalryo(r)]n]y as other

DETFAs 2B pr OEESERE F5| OMIROFed FYifouf dRARNE fradNheTiaepe pfrﬂ@@eewpt invention.

[ nvent?iig Qmeﬁdﬁd‘ @SISE)ShaalfhdbeSderMﬁ&mﬂf SORI-N. by Qhr@.kt&ﬁhgtoﬁlayers that have

rtr)ga)rg:‘.p%lngtklg gort%c!?ie TFIIJ s!taf\,[lg ‘\(}%Eé$r“tcljd%r f?shghd\é ?@erslu L gé%py cﬂ)?e%%olysmcon

&'@WPQ?&%‘?“"TW% '? §“°Q&'Iﬁ’i"@“\)é‘/ﬁr, 14p.7 Seﬁ%{‘f't‘%htlbgppfdﬁé‘c%ﬁaé%{tl? @ agfird oxide
dayerufid iTpd teirdokianimel 14clfornis @ eatdraide lagr intiizt i Fhestaghi@ imiedies a heavily doped

p@%ll@&&hzfnﬁ)er m%ch Qﬁrdﬂtaﬁq b%g {h@&l%on Mtéehfoﬂ e%{élea} Sther La@dﬁ%@matena]
separ ?gtre?egre(}.ﬁﬁrl%odcme{\ts of%re inven ondtlpléc’snl}{:(?n in ea a elyl 5is do%eaér%r totthe ?ormatton

subst 1"
wpperenidyer dl h@aﬁﬁ@t layerg &y ?t?i‘thP%“t"h atﬁt CPWS‘U‘P“S(ttX?F spich gt conductivity type,
laiitf g2e plexEredd lbehmﬂthhhﬁor@ ainducelite 6pa @ckess andddcdhi@y type. Alternatively, the

RP ggcgpd\%}tlé & B@@ﬁ@llth pr t?pg Idtg)gnts v@%‘ﬁq@&hc@.ﬂq ci@ﬁr@i r@g Jn?g'al aQJ‘d%pe@mh n type

or me tical ?/ to contact the nul E hannel
dengpto ndrtheye he sfigop geeigts e AW '§é}?¥ &‘Btffﬂiﬁé’ 6’rs""‘81&f\‘71’“8t8r Peffgls, such as
fsiromedmpiuonv(biGes i ncreased drive current through the

mul ti pttrswiq@ ap mﬁha‘aoﬁ/\tfttttcgutk 1ons:rhsra&|oﬂagaut)t1§m&ts id &Q&m@ef 88 results of
dv%%h are %glctedom Fi l% heldosr’ g{anm Eve Hack may be e)%/posce: to tem %ures Pf batween abé)ut 900° to

hanne
‘PPOafPe BPEPaieely st thend Prtﬁ'dft‘:ﬁeh'é it ﬁ“Vtﬁff"m?‘tﬁ é””btt“‘e@"e‘ﬁ‘tda“o“ as is well known.
iSEMEBktio0df the thEr@alB€igation padcésOi ndadstaty, clpesially SSappiedtibi@isuth as sub-45 nm ULSI

'E@Jic%r lo‘%teﬁenﬁtﬂ afRlRGERI 6 ﬁgrﬁ E@on{u{% o@@ oﬁéﬁm hé?srn}/ay FE@J‘IQ @crcur smce heavily

but 1t shoul hegecon(réfﬂ esermtertjfl S lhldd
(IPRSE BLSen: SR Athal g "e%?‘é%lﬁ‘t" 81y SGHTY °é§e ‘B ERE MR | éﬂ‘g 'ghtly dope
aiticbnppdees de dampsceivesyiSbe enpl oyed wi t hout departi ng

from £ 8iI6PMEwOhe tohhQutid @SQIRL ahM@Rteki@Bons by source and drain extension

implants 21. This may be performed in a conventional manner.

3
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Fig. 1 depicts a stack that has been created on a
substrate by a dry etching of |layers that have been

W(prz(&momms$y formed. The stack 10 of Fig. 1 incPaDes2084/033413

first OX}I sgows lh?ytructur (‘)‘ﬁ‘i ?folllow%g¥he }éﬁueﬁgledd poggon)(é ali éhtg/%gped silicon layer

her eallgt er %

éef&r?d*e?vrlgﬂﬂpwﬂﬁwd@dr ?éu ITheoByers 22, 9r24 are dopad with ®s seme epprlugivity type
Idatymras ih4e gatcldieetrddbi 6. demxiicie dxaypiry ebddovenibeige dyatied,obeidok@nt is an n-
t)@y ggpar{t n DEﬂoghon :laf thg-'ﬂﬁco§ ia@é;s!(njagd Qﬁﬁiy%@ %é‘foﬁmeh %@Vﬂeln})éal Ci/(‘;’pglegi:posmon

hann

A e Sy e A g S
prfatigngl sdindadelicmelter §ienave bren deprpitert singnconttohef thg implastion process to
e@ﬁh lighaly @pedi r&md eja@ehvipd doh refions tslagichion Baatrél @NhiOfrratghReni BXtever, it is
aécy %)ss'lb]e:l;p geri%rlm 1lng191{giné t@l{ﬁ[evc’e tl]‘eSdesﬂgoe giﬁ)%) ?ﬂ cMaFangodMegé S the invention
conduct i vit such as p conductivifty type, an

Gegtosm %‘F'E'E‘P'?'Hbge is doped with a second conductivity

t ype, Asilici e@lsis rhec@rictmet tp Yormt silicorygpeers 24 thae inpladeithedibyly déphderegions 22
QEH the P@Lvﬁ@@oﬁ&d%m%@%' g hqul%c!ipa\f\érstja c&tat:t)ﬂpzelrsd% @&&nﬁ ciifel gions 15 but

are electr d:al'B' 1so[elte(!l tn (Ex tpeta gﬁt@ electr(r)d%gé l{the thern]aPox% ﬂ)oped with n

on regions 15 and
16 nai]"lgééims fhg grugsprpef 'gs"e‘ﬁ‘ll%"ﬁ‘ﬁ B pgsitioma preipsulaling spagepptieriglgnd a dry
Sich prod@dureRd fFa3isphbary 28iotse he snlEO{ Jp@Wls ju{0| lhhlﬁsufaﬁ)fgﬁi’ateth maylte an oxide or
tnl?r?dfeglroﬁlg UI&gﬁerrkhgﬁmm OXI dati on process 1s

or Ime e results of which are depicted in Flg. )

2 Fo Flg e&%‘ﬁ‘ﬁ‘f" gw strlhzglresttf gtgk ﬁtéegl tlﬁ élaré%%slé dlaﬁ: lafen removed by etching, for
teeampler Atruti@sf be gdredopdn] 6aHWistdedI0 @ osilicBIP F2iPwP0 by conventional silicide
%ﬂﬁq@éﬁ' iRRIBE e (Ileﬁtﬁﬁiort dn @-ﬁfré’egrymeﬁuﬁﬁﬁand ﬁns’ﬂf}lgmﬂi‘mﬁmfﬂlﬁn of the gate
sgtrtoéae e for oxidation, as is well known. Strict

¢ontrol” of the thermal oxidation process is necessary, '
especirarrey ajddragdprianE e ST IndsorygrHenalgnappey p Gpate source and drain
d@mhﬂem a sitGrareveB tpadeR @6, gBdeRe 8l @6k HOTELthd Burtd 300 Arain implant process.

beco ml"lﬂ:gier\Vsqg F18 )%I ere%&gan eIJ;Hpéry Ig@t}{roﬁ ﬁcﬁ\dlhlloy h Qe %‘dﬁlpl@ kl’Blﬁ“hgls created in
heavi |y doped silicon, such

as
dedpiee 68‘&“‘ %e‘“ leﬂ“ib‘iﬂs Heer aleng! ‘bcfeéwgr‘ﬁﬁ&hd“f %fé’t%é‘f‘“ §opdeorj dgvice, the
|mugiblt Ichanetb fbde sich ploonls irskiglt @bodiment hevidhiannel! ceagr §as and drive
curfehtd Furﬁger%lats RalSRQWRnahtBat O &FRInEQR réaf\cec_ﬁour ce and drain
-el_)|’(]:: en]SI coegttsjn erXbo%]g\leJnﬁsC(% J?ngvegt{'oggtﬁev ga)t(et eqeg:t?] OéiOI??ra %Iba }E‘T?’edzof % metal or
Pmﬂ}%elyt fh'é“'dgf uEteupreal gfte mpygbe ‘2“”?‘81""!’?5‘9\/!“?@ e ) hergrngd initially.
depesiote] @A onfiorélof thegiiilatyr Ielopeeh- ¢ mincomist atyaeiighXZa@Adedric material,
h;fa@ythalnx re@ameydom d IxGOB oln@¥kleri#4. The layers 22 and 24

ta Ir,]: gpec %%LIQ% atguct?f%s.rrgopfgrﬁ%eg n? %Cﬁo\%ahcy Wétﬁ éf}%ﬁl?roﬁ?@odlments of thr(]: present

eimrbmm rﬁemwntaelperfgenn?ésmaticbeidq sofrpreand] dipiantiension igplamsypyef Fig. 2, Fig. 7

@valaé@tfor a Qﬁ&ﬂ;&ir&ei afddr 4 foﬁﬂﬁﬁbn%&ol:e'bs(? ahis Is @&ﬁfnﬁd,gg cample, 24 oB®ifg silicon
thp squtrate [Eqn a kn¥w aﬁm %1% éhey 881315 th(e.tj ?chﬁs ta E’ornq g x(ag:\éDgurcfe Qnrd drains 40.

erre osit dope
I ayer é‘ﬂ Figad.1ie r"S‘t‘aH%ﬁrfP%frt“% iislaai &"‘Eeé O¥bPrraBi} S‘i’“ffﬁ "‘“d dfa‘"s 40. Spacers 42
lafdra¢iti@bh a0 okide knenitgde| foc@amplcay gitigdeadeioe #8 it foened ratiregalo @ledrode 16, in a

qgm,sgsge@glbedggrp&e control of the inplantation process

to forma and heaV|e

ogi oRE 1o URpgT £ ERolinl P Bt P ERrLerde SR GeRapes iy
s toeredesinge if ayoidsghe gifks of tisomabixightien the agp espdciatrprdserpih dant smalydeyiees.

achi evg. dshevs dRsiber@diagaph Ngbsrand. Crndyak McleIB oo RS2 0fade of an
ox1§e Lp&grﬂ)tlé Qﬂ'lerpr#%tng! J:%y%y&lgd éums %Qﬁ Ik Eage dleﬁctﬁés r%gzﬂntp@t Enlghtly doped

erforme ormsilicon spacers
smcfomﬂlétortchaénell Teé‘Pﬁs |5§,ar88bv&3d Pe@&f:rbth%msglgtordwars 15%.'6« ﬁa&;ﬂFFt{Oﬁe layer 56 is
doped regions 24. The silicon4spacers 26 contact the

first and second channel regi ons but
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are electrically isolated fromthe gate el ectrode 16
by the thermal oxide 20. Fig. 5 shows the structure of

wWo2@s/0430891 | owi ng t he deposi tion of an insul at Pﬁg'Us2004/033413

spacer nateri duret at

aiar P EREr Sl R ERuR RS Cbins eff pogyyoerse.
ria inecerligr|despripgd dmbodimenigijectate electretie taydr éﬁemfmbe Btnsd from g heayily [deped silicon
RBdiRbh ghmaniu@ Nay@X@BfHe @hantcl ByersG4 d@pPbeCtbmed brar Ighily WS et kiBco®or silicon

glr:rg?1 lLrLl_’n x@itJr@lr ﬁpc%n&@t{VQy &F& léf tﬂr@dobz@ﬁ nptﬁﬁg‘lite e%%ﬁ@gyep y6 amgj the channel

for exanp Por | on of ga e el’ectrode
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tngrgilc; 8r \?ix ge (H otger sttltaIXe materlg ff%xs {ngle tn/g i(l)el ecg 5r?m 1mglantgséhen %rfﬁrmed to create
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56.



As in earlier described enbodi nents, the gate

el ectrode | ayer 56 nmay be forned froma heavily doped
waRbosms33Hr Silicon ger mani um | ayer and the charmeioo4/033413

| ayer

%hree separaye c}?anne]c rn%?ns g4b alre da pluhedgn t‘i‘ne uccti (%q:{ rov1 ng fj]o:r a total of

silicon
tfﬁ’é"hd@b‘aﬁgﬂ'lc@d‘i’&’fhetch%“e@%t“@d B|the e4bpY é0>1 lév@er ] B! %r r?éhose of ordinary
chinmnelart ihaiyte hignberbf cbrdel OdgioRQ Bd viazd inyiiR@nt ethbditnlrgs.

descr &pe%dese%%m,oﬁ{hys pﬁomtg%r g?enlgcondtl&(ﬁ dIL RO RERod QJr making the same that
expl anatjon and illustration ate el ectrode | ayer

6‘85 3 eEE Y Cdré?‘stla“tp‘BV'ﬁ“é\?fév‘cﬁseté’hw‘ﬁé‘ﬁ@?%l“v‘“%l6%5%“&? fiopH oppilicon arca than
teypentichelplaniess, whil e the channel layers 54 will be
C OnSi ARKoach ttm@pr@saﬁ( EnvBHRi6 hds ib%tdes}ént(é@ @xﬁidllll‘{&rltda iP 'dEtMpa is to be clearly

rs o%iist‘nat El%l SF] éN!s rﬂ)? wta gf Ih?s[rzgg% !ang cxa?r{gletonl? aF]aa ¥ %(r)tsto Ibp ttaEengoy way of

r“é‘§i‘§‘|°'t §‘e EPPPC\I\’/F]‘?“‘CWS%W ‘éve&‘é’ﬂ P"d:'tgé‘a‘“id ﬁ“lF'i’ydhe tepipys of ’f‘ﬁ @’Pij‘é‘idéla'm
el ectrode 56a is thus created, with the dry etching
stopping on the gate insulator | ayer 52, which forns
t he uppernost insulator layer in the stack. The hard
mask 58a is also etched at this tinme. A conventiona
dry etching technique may be enployed. Fig. shows the
structure of Fig. 10 after a thermal oxide |liner 60
has been forned on the gate el ectrode 56a to serve as
protection for the gate el ectrode 56a. Subsequent to
the formation of the thermal oxide liner 60, a second
i nsul ator layer, such as nitride, is deposited by CVD
for exanple. A spacer dry etch step is then perforned,
the results of which are depicted in Fig. . The spacer
dry etch stops on the top insulator |ayer 52. The dry
etch creates gate el ectrode spacers 64 on the thernal
oxide liner 60. A conventional dry etch process may be
enployed 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. The dry etch is stopped on the
bottominsul ator |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 npl ant of the sanme type dopants as provided in the
gate el ectrode 56a. The inplants create extensions 68
in a substrate 50. Follow ng the extension inplant, a
wet etch process is perforned that recesses the stack
underneath the gate el ectrode spacer 64. It also
serves to renove a portion of the bottominsul ator

| ayer 52. However, a second wet etch may be perforned
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, including
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. Follow ng the
recessing of the stack 66, a multi-step polysilicon
deposition process is perfornmed to subsequently
deposit a lightly doped polysilicon |ayer 70 over the
stack 66, followed by a heavily doped polysilicon

| ayer 72 over the lightly doped polysilicon |ayer. The
dopant conductivity type is the sane as in
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gate el ectrode 56a and in the extension inplants 68.
In this exanple, the dopant conductivity type is

wo2a0pps308bpant . The deposition of the pol ysiliPONUSZY€033413

70, 72 may be by chem cal vapor deposition (CVvD) or
alReE cRRIMsOPr | at e net hodol ogi es. Fig. 15 shows the
structure of Fig. 14 following a dry etch of the
silicon | ayetultiflechanhidl stnticohduttbn dsvide, codyisispacer s 76,

havi ngf‘@t1L§u9tbltl!1y¥r(gﬁf6§g51fbﬁlgﬂege) and a heavily doped
n then be forned on

regio ca

the si® Iffsb%??"eéﬁél ’b(llss?"“i‘ée é{ﬁd’s‘iq et e el ectrode 56a,
once tabword dswhtarazk (158 an thalsst ewrl regenti¥ed by appropri ate
et chi agecsﬁeﬁameqw(lsﬁn@esel&dmt&hﬁerclm structure of

F| g 1 | nsul ator spacer
g-urd Ql?ula%\rl\fayeg(élcpon the seco f\annel re%uﬁzg) §u| t abl e

rrat er P&t eleetpde @QapiHs gird ‘Bb?u'étérd?y&’é"‘é)nd drain inplant is
then performed to create source and drain regions 82

int h@ SUb“E}terd@Jl& o’éQlal;lr-lhlr %@eré@ﬁlé‘ﬁ @lt e@ld QJEQB Q:ﬁ'Jnne‘ ?‘eEnbn%rl?s $§Qe lightly
ar e depi ct ed he S ructur

Al S0 B o AR P <o DRl i o ssond
fCWH%'WYItWe Pfh‘@’astldiﬁ@mfél?@h@"@ condyatiyitetypei t shoul d be cl ear
to those of ordinary skill in the art that the nunber

of ch@nnel T}{eetg%(%n& CWZ th%hé’rac %pqgm rals?‘]I sfmflrger g)[i]tdr in re%lons (40) on the

enbodi nment s I nven pr ovi
éwa&é%a’ef@fact%\?f@é a'adﬁﬁfowébw&bfe&'@f naki ng the sanme
that has a greater drive current than previous

d e?/i cgs, bNtnetmdtthHImgg%Mﬂy Eﬂaﬁe@engé‘oﬁrﬁgtﬁ-rdemb{mls@g the steps:
SIRN 09n are

pres erﬁrmm as acli on%?ub%%@}’s‘é %e sta&fglg%l’?drnﬁ %tgcasé hF}InP/ goé,?({]cginge regions (54)
iVertightt Savara,ted from pagh qthsr ¢9d ffem e pubsjratg ﬁﬁéwsrtswa lay¢rea2)t dn¢ba gate electrode
gssaBefaticDyomBhdhel tehibrd Sy tabi iglaaneqxpnpl e only and is
not tQ.R %%&nmay%o\g\m.dmaus o il %@tcﬂe{emdc (§6tse  Scope of the

present | fventi on bein Imt y ternms of
et AN SRS O LA R SR AR TS S
sem cGnaogcdee eleatedeismerrs (@0ompireiogidager (@) dnithregtte dlgasadk E6Qr

| ayer ( 14a) on a substrate ( 2); a fi rst channel

regiog () on e first insulator a%é ﬁ @ '
secon |nsu tﬁmd <1fc1a1m4 ‘(lfff l%he step ?fform g an lde (ﬁ Imcludes forming a

r“@@?abqaflde'"5')(60)31“@@%déﬁaé!sefﬁaﬁ%qlecwé@ on ( ) on the second
i nsul ator layer (14b); a third insulator |ayer (1l4c)

on t h@ S ecg;g %e&&%ﬁaﬁk 5 r»\%g‘le R me gtep%} forn%%at@el&@&dgs acers (64) on the oxide

el ectr I nhsul a

S L o I b R P U e ey rrorming
apean B stappigg @i ifsuldigy laypr () seppaating Ghgaleyeledoprai@canirdanhth@channel regions
fda5.st conductivity type of dopant, and the gate

el ectrode ( 16) is heavily doped with a second
conductivity type of dopant different than the first
conduét i vithy mefpreot dpim Phuhegrisyihcderatt femiag mspsk inditdpshdsy etching the
GONPdr i3 érG2) i tizeBhn@Ondgi @€ (SAnMer the gitdtlettdad PREs ((HQA) f@Red APping the
IREHik L Ghe bndiakor AN sSQUEPLAGE thD ChatnBiCeglohd (5 n e SREANGa).

channel regions.

8. The method of claim 7, further comprising implanting source and drain extensions (68) into

the substrate (50) after the dry etching.
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4. A nmethod of formng a nmultiple-channe
sem conduct or device, conprising the steps: formng a

wat@sksmss a substrate (50), the stack i ncl udi nBCBUS2004/033413

| east t WO + gnh!i-.(l)dyofdlo!%?dwh%rbﬂannh ¢.Step %f%grlngg argef ana dram F]eélons (76) includes

vertlcally Separat e

Slepsgine atightly @md seyicopdyeton layerd o) ?vafy@ﬁ§ck(a5d2¢)*e gab&ﬁ'actrgf’eg%%feé (64) after the

emm@mgadee@Bﬁa¢msmpamameﬂ($xamwﬂhﬁmgh@nﬂemmme@manmmmrmwnwm

(opdthne u%pad@e%wo@m& h@yRy (52); forming an oxide

l'iner (60)on sidewalls of the gate el ectrode (56a);

formng source and drain regions (76) contacting

si dewdl-1 s Bfe metied o Raimrfethereaghestvs of fgm)ng scarveland draifirgegpns (76) further

g@tuees ely ecinad GigiSip aperad KebA) dp&l stohen@xibrdgerk (7082) td B se®iBonductor
rsq%h gn tﬁ(l, s?a%&'z{llggl%} Q?zg]@ r'eg1051$ (5:1|-bt)1 fhd r@thlg"%gmp%gm %l% nrg]dél/lce spacers (80)

an’ oxi
i°RA 8‘F ﬁ?d‘é%"df‘%? Fﬁaﬁﬁj R f) é‘i’fﬁ'ﬂ‘l'"gdiquﬂ‘éa“F Frﬁ'é me(aB‘G)"“ it “Eeﬁlébs“a‘e (50) with
sticdewva bpagrs (§0) mhlangglatseree krddtaimedesios (68)The met hod of
claim5, wherein the step of form ng gate el ectrode
spacers (64) on the oxide liner (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) fromthe channel regions (54). 7.
The nmethod of claim6, wherein the step of formng a
stack includes dry etching the insulator |ayers (52)
and the channel regions (54) after the gate el ectrode
spacers (64) are forned, stopping the dry etching on
the insulator |ayer (52) separating the channe
regions (54) fromthe substrate (54). 8. The nethod of
claim?7, further conprising inplanting source and
drain extensions (68) into the substrate (50) after
the dry etching.9. The nmethod of claim@8, wherein the
step of form ng source and drain regions (76) includes
depositing a lightly doped sem conductor |ayer (70)
over the stack and the gate el ectrode spacers (64)
after the inplanting of the source and drain
extensions (68), and depositing a heavily doped
sem conductor layer (72) over the lightly doped
sem conductor |ayer (70). 10. The nethod of claim?9,
wherein the step of form ng source and drain regions
(76) further includes dry etching the lightly doped
and heavily doped sem conductor layers (70, 72) to
form sem conductor spacers (76) on the sidewalls of
t he channel regions (54b) and. further conprising
form ng device spacers (80) on the seni conduct or
spacers (76) and perform ng a source and drain
inplantation into the substrate (50) with the device
spacers (80) masking the source and drain extensions
(68).



