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MOS STRUCTURES THAT EXHI BI T LOAER CONTACT RESI STANCE
AND METHODS FOR FABRI CATI NG THE SAME FI ELD OF THE

wO MERIY7GN [ 0001] The present invention gener aPCTUS2008/008801
relates to MOS structures and nethods for fabricating

MOS STIRUCTURES, THAT FXHEB TaL OWER @ONTACSTERESISTANCE AND
structures that exhibit | ower contact resistance and

met hods for MEBHQRS FRR EABRIGATING THE $AME
BACKGROUND OF THE | NVENTI ON [ 0002] The majority of
present day integrated circuits (1Cs) are inplenented
by using a plurality of interconnected field effect
transi stors (FETs), o called netal oxide

seni conduct or fi el CFI@*HDeQF THERYENIION MoSFETs or MOS
[ooot]" Zigfér 3 déé%ﬁt) 1mf%ﬂul§4?f%eﬁ1[eﬁ]ﬂgct 188 'u? ﬁgtﬁﬁe%@u%% €and methods for

as a con or ned
fabricating IMOSgstacames, mddnoﬁeoparﬁuﬂ&ﬂy atlatesinal MO8 cedicapes that exhibit
source and drain regions at are forped within the
lowercoRfachFraistange a EB@?*}O&@ g"‘li?é‘!‘&élé?h M@fﬂ%ﬂl&m-r ent
can flow. A control voltage applied to the gate

el ectrode controls the flow of current through a
channel in the sem conductor substrate between t he

ol ectrode. [ 0ooRfcararReRp R ERENVINAAR S o via a

[OOOZ]OHFM;CHa it O pAksknt R BRghated BirdlRE (P0s)t€ implemented by using a
source/ drain regl ons between the gate el ectrodes of

plurakityo of/O8tareensciet ofisld Pifgctc draasistors FEGAL aalsoj ealleduadtl oxide
semlcogﬁl'ig?gr P d %?1%8(3 {raﬂsﬁ] ors Rydﬁﬁt J)rnlgldsa%er{ms?org{) }\h %\/IOS tran51stor
ar gih reg I'ng ‘a cont
mcluddﬁel gzns ietriod¢g als &y@fntroﬂetehtrﬁd&&faf iseformay @Verlymgla:ainhl)tonductor
of titaniumnitride and/or other netals and alloys, is

substigis ¥t sBaGeH-aPAE  SBWCaCEND pdAIT Jesines t1hat gpenforgicdhayithin the
I r I

Sem“{oa%‘gdé{"leﬁ‘gs%ﬁﬁ? I?)% ér‘eg Y%l@ggccggtﬁﬁtﬁ% nfg(q’tv " Zoygéntfgl voltage applied

to thd gauerjretraie comtrels almd flowr & airreauiliroyghoa chamichgh ehd €miconductor

chip. To i ncorpora the incre unt Qqf
subst3fq SRy e e SUCE RO AR B ahg Do AUITe YA QESTet he
[0003}' IERd MO ahdi§o8 isZ2Rc8REd SRPE b&ﬂiu@ﬁ@é"@@rﬁa&qy*)l‘éﬁlly formed on the
el enents nust decrease. However, one of the limting

source/deain Fegions bdﬁwe@bmeu gate dlestiodes of tyo MMOSHrangistared The conductive
Nt seni con ?tor ces. tl S Etlhe r@gh hance of ,,cont actg tor ion

co a&‘o‘ﬁe"d‘“? ﬂe QIY.an, [sHELNg J3yeg O P, theaiupridrgin regions

and ebdhifdO® donfiks bpéxﬁhg iAshél @wulling i 18@s. deahRAB&Tict M@yen Gbltally of
of the contact decreases. As the wdth of the contact

titanigyg ayitgigle @gd/of |ether aagtals apd alleys, ihdenositedaiy the €entggisopening and the
N j nce of the

openinf fei3e HId ¥y s 2hdlcay ibdr dEposi8a 1dydFof FREILATCE, OF

[0004d eCTIeas 6553 cdidlumufg:lntﬁfdsml icapbmed moge sivlvinose 01rcu1try on a single IC

per f ormance. [ 0005] Accordi ng desi rabl e

chip. , DT UICHEPORREE U IIGRasmg Aoyt Otﬁlﬁ?%ﬁfi’ the e of &ﬁf*hadmdual device

in the circuit and the size and spacing between device elements must decrease. However,

one of the limiting factors in the continued shrinking of integrated semiconductor devices is
the resistance of contacts to doped regions such as the source and drain regions of an MOS
transistor. As device sizes decrease, the width of the contact decreases. As the width of the
contact decreases, the resistance of the contact becomes increasingly larger. In turn, as the
resistance of the contact increases, the drive current of the device decreases, thus adversely

affecting device performance.
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resistance. In addition, it is desirable to provide
nmet hods for fabricating MOS structures that exhibit

WO omen2uent act resi stance. Furthernore, other PEBUSH0$/¢8801
features and characteristics of the present invention

[0005M | Acdoedingmy, appdesifdbld topiovite BIOSS saudites drt @khid lower contact
description of the invention and the appended, cl ai ns,

resistangre rini addition; ifris tdesiiabif i Prvadeasredindatyn fgrignting MRS structures

T T g s A

charastefistids wfehé presertdnckanion willt Becameevppnﬂahafrymehb adbsegént detailed
of the present invention is provided. The nethod
descriphipprofsthe pvantion gd athe e?RReBRML Claims s AKER iRt eondppigtion with the
' ] nduct or
acco%g%n%g{rg\pgl&ﬁ a‘?‘?}p&ﬁsr ?%C%%g)opegtf ?gegfﬁggﬁtvﬁ\}% thin the
sem conduct or substrate aligned with the gate stack is
fornmed. Adjacent contact fins extending fromthe
i mpurity-doped region are fabricated and a net al
sui ci de |ayer i BRIRFRSeMMARYOE THERHNVENTIONA cont act
to at least a portion of the metal suicide |ayer on at
[0004] ea%tmdhed ¢6r fahgicaing ant MOSstrigiufeabr accardadce [v@ﬂoap exemplary
th r fabr catl n S ture .in accord
embofibet? ot o e EEpb fteaPgn ARt “Fie’ Meihdd, SERGIGR Higvidine 2
semideh@Ydteledibstiite anBtABGC AR fAEStack®OnSthe RemtonBi@¥# Slibdfrate. An
a sem conductor substrate and fabricating a gate stack
impurgty- ckwed Jegipe oridia the semisondugter subsiralg altﬂee@aw&l theagdte stack is
S [
forme% A@ (?‘R%t fltn% g?%ﬁ?ﬁ%ﬁfg&%?}e& d@“g@ Pécp glo are fab{lcated and
a metﬁl ahklde T;liber seforareddisctherconaicefingl Ahasntactfto ras ﬂeaSUdi ﬁ)ﬁﬂ&m of the
nch is etched into the sen1conductor materi a
metalsst}pr:;

lrygr anrd legghonestidhe copachdingrs tbriggieda trench
ur
000737 B ey GEMQS SRl QAT Y Btk cxempar
embodemant iof kheamslemiont iserovided h The mietloa conprises alot sttps aft providing a

semicpF o Ay S sk Mo ek ko e et Mosuate. Using
the gitel Ghdk€ad AUk, Qﬂpﬁrh? ddgﬁﬂﬁharéulﬁﬁ;ﬂﬁrﬁed SntBazb lskipfloBBuctor material
[0008] An MOS structure in accordance with an

dlSPO@xiewmegte enthedgaiestackf Theeseprieanduetor maseridl das iagfirst surface. A
trenclglgbe\é heg mto-me seé?lgonci g%‘tl#lj%r,}glﬁ% n‘g%h%aﬁ g'legseeflﬁel((r::n()onco{:]t%%"I %%a?enal has a

trencls sy fice adighin ﬁfédre&hﬂhl Mphetdl ¥ilidideadydrag fsrthedionaBs €igst surface of the
Wi thin the sem conductor substrate and self-aligned
semicgpdystermaigrpleand ge ikhe rgpchasrircent A CORtagE O #f leastay portion of the
metal%lf‘o%’esﬁi Io5h m%efn]smd& Yinf P §chs{ g%bptﬂ)na&dthg n‘f@ﬂlagflhcxde layer on
fclde T ayer overlies two adjacent contact
the trefhchtsndamls Yabricatetiact ext ends to at |east a portion of

[0008 22@{%&@% Sg'?llctf(.:lIFFglel} l@ﬁ? gciﬁngg @%%h %gg{s{%eg gfey %Iglggtym Ient 8 thaet present
1nvenff&?‘fs°?%édveT59M@§t sthtdr c%hﬁf'l"séd Q%Iem‘i:&ﬁm:ﬂ&blc JlibsPAte, a gate

he gate stack through at '| east one of
stack formed on the semiconductor substrate, and an impurity-doped region disposed within

the semiconductor substrate and self-aligned with the gate stack. Two adjacent contact fins
are disposed on the impurity-doped region and a metal silicide layer overlies the two
adjacent contact fins. A conductive contact extends to at least a portion of the metal silicide

layer on at least one sidewall of at least one of the two adjacent contact fins. The
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the two adjacent contact fins. [0009] An MOS structure

i n accordance with another exenplary enbodi nent of the
WEe@9eR706 nventi on i s provided. The MOS structRCEUS2008/008801

conprises a sem conductor substrate, a gate stack

condd@iveREnt@et it e eleemicaloivsatitatfonbSith eetgat@staclethrough at least one of

I mpurity-doped sem conductor material disposed
the tyyy adingent eontertfims. gate stack. The inpurity-doped
enj teri £l r rf A trench
100041 "Af KNI §Uo R L piordiRe Trih byt B chfeSBfient of e
presehinipention dgpeddsd: niTae MIOS tsauctied edrhpdises Bi@miconductor substrate, a
i mpurity-doped sem conductor material has a trench
gate Yok fpraiediamihs serdcandusion substiats, And i iginysity-dgped peniconductor
i i t 1 ) .
mate e e 1 I A PR ) Mot Sl onductor materia
has apbirdti smnfaot. tAetrermhals dispasedeat| leyerpavtiallynevithin She impurity-doped
.surface and at_|east a portion of the netal suicide
semiqogguciot maieRial Thh eRpulipfdrped _smoep_dmawﬂ%ﬁra@ trppgh surface
withifRWER, [RMQh1 sTREIPTRRENM dikphsedbh e &‘I‘ﬁt'suﬁ%eegﬂh’iéﬁ fe trench
be described i n conjunction th the follow ng draw ng
surfadd andr @ sondniByeconthdticatandsrty afl lsad anmitrgon ok theahetabsiliside layer on
.and erein;. [0011] .FI 1-2Q illustrate, in cross
the ] SyrfSE are Beestepekion phipe W&%SH@CI apBSTSIhP (Fepely Bifage.
accordance with an exenpl ary enbodi nent of the present
invention; [0012] FIGS. 21-25 illustrate, in cross
section, a nmethod for fabricating an MOS structure in

accordance w I i&ﬁg of the
present i nven%?c@?fi%ggrfﬁ f%@?@ﬁ%& r at §§ in
[00103r OBlse PEsthtOMventidietwidld heeinatiebrbeC dédchi®ed inMSnjunction with the
structure in accordance with a further exenpl e:lg )
wherein:

follovging e fisyrest wheisielksmmumeryls sieneis;like oteragnty:)
[oo11]! 'S ALRSi1uksPat I 2SS ossGRELG a RAetiBd 789abAEating an MOS structure
4 frating,

abricating an structure’in accordanc
in acc@ndznoe witdaangxieaiplarg einbddimemt obHthetphesepr msention; nvent i on;

n 015 28 is.a cross-sectiona iew of  a.
0010 CEIER | st E&%@t@ﬁ’ uldt G108S &MY 3 WBeIess for dpicatipg san MOS
stmctﬁf&n%c_@&ﬂka&td/iv}?arﬁﬁﬁ@r%ﬁﬁmr)ﬁrﬁéﬁ%&ihﬁﬂl of @ b&@h{&iion;
therewi th. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0013] 0HI63. 26HBustestdsow ergsusectph.eimdéwd fopfaboinatafg arhMOS structure in

Lnvent..on.i s nmerely exenplary in nature and j.S not
accorfhieg WithA usthef i qmaland Siipus el S Rt Biertidt o and
(00140 s eBIQRR7tihestiafese i Eroks sdctibh,emediog fot RdFitatirfy APMOS structure in

intention to be bound b[\)/ any theory presented in the
accorghanee dthwothes ieyerplaey enbedimentwidhe prssenrinygpsionodndowi ng

ot T ¢ the inv : .

(001572130, 28 32 ElcsPheandl vNCet ORIl DS sbhifyre faving ovo
MOS arasistdesarg addnduetivescoamet ar gle@iital domminicdtionhkerpwith ent

i nvention. MOS structure 100 is illustrated having a

first MOS transistor 102 and a second MOS transi stor

104. Al though the term"MOS

DETAILED DESCRIPTION OF THE INVENTION
[0016] The following detailed description of the invention is merely exemplary in nature
and is not intended to limit the invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any theory presented in the preceding

background of the invention or the following detailed description of the invention.
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transi stor" properly refers to a device having a netal
gate el ectrode and an oxide gate insulator, that term

wowrlb/opeoased t hroughout to refer to any sem cRCUS1008/008801
devi ce that includes a conductive gate el ectrode

[0017) WEIQNE6 ifatcadssFectidrag kiewosat MO'S stigdtfel FU0) intdedérdasice with an
positioned over a gate insulator (whether oxide or

exemplapembedigieat of thewresent, inventions MOSsstetire 19 isdillysteatehaving a
e G853 RGPz SHESLE8L5 MG HRISUE 108 ARl e “nt05

transiStorli ppetlgtrefersl &y iaCdevid¥Ohaving lal twstal Fardelattiddeomd/ ah WXide gate
. MOS transistors, it will be appreciated that )
insuladeryithynigtrat Wil Bevised thioyshely Ratrteraioyamy seratcopduaipdevice that
. | d / i rs. 0 . i i .
ncluf SO, BT ARIPRMERPE LS oI SRRl s i
positibeedy everuabgate ahsidatoh (whethei sklesomsthree gusul&dr)t which, in turn, is

\ : \ e  on.
LSS keS8 S ARt ST e e s
transiS®FY SORNKES HanSibBRL I Athele LORi WakG&of 8EViEE 160 §BIus@atbd Wiith only

silicon wafer as illustrated or a thin silicon layer
two MOSaransissars.ait iwill teudpprecidted (BOs¢micapduatersdevacep i@ may have any

108, seni condugt o strate 106, s dqoped wit :
numbg? 9 MRS rBETVPR, S PAE iRt «Tisde i ' e ar wil
appretiafy thaalieaee 260 amayNMefadt raRsieSARNb&! ofMulch think%R8s as required to
) conductivity-determining inpurities for the
implemgpt p detifed §epit UPNIOE t r ansi stor. Portion 108 can be

. . | | o i C
10018 TMDIS XalfRRE, 10 i 1AM raficaledor AL A B H0surae 106
whiclbeanie ¢itheps balki silicdn00dfe] adiNBsttatedsi & tha silit62 1a3eclord 84 insulating

each include a gate insulator 110 fornmed at a surface

substratexXS6H)-t Ableaghn BesHARdPB of dershrieanduqion substrgtgt k6 is doped with P-
€ . L . i- . .

ope SBGAPEI AR Rt 3 S BpR0f, DS Flkgor o wa

N-typsi torclontiaty-detbmminggn dupdrities frat hei fdbrisatodn @ ardtMOS  transistor.

. S0 e and drain extensi.ons 11§ apd deeper source an

Portiqiy 10§, SABgio HEP T AirEda Qe lny PRitE SMplacgon dnd Sibsequent
thermaL&lhiMEofldfpaAidndEichB MR Ghridhi@ channel region

120 di sposed bel ow the gates el ectrode 114 within the
[00193; | MESriransistars 402and 804 ¢pbangludeoseate insiaerel 0Ormpd ot a surface
112 ARSI 0804 3t ] i RTRE ese nsuttor
110. tThanateséledtfodt0 4angly b6 formbdeofGivylitgdtallie 6RIRbAGE ofh22 cbfiductive

di sposed on and is in electrical communication with a )
materjgbishfh @5irestale Saywe andediapnexteasionss hixand deepgrespyrce and drain
ecoff 2L ipo . Pl NI o5 ld 164 588 g E1G1 e reion
120 dispa@sedibeldvh thepgaes eshdctiodd d td maithin the BdicbaatbsttecH06r i ses

j acent nd- al one contact fins 186. Contac .
[00205 i MaOpsgrugtige 3@@ BlsS £8MBRSEN A poftducH R cqitact dB%tﬂ?aét*%}OmGd within

a dieldfiflc 8194 AharRJveR{d MO @ARs R8T 368 ahd 408Y Ehe'&In@litive contact
i ndi cat ed by doubl eheaded '

122 is disposed on and is in electrical communication with a metal silicide layer 126 that is

disposed, at least partially, on a feature that increases the interface between the metal
silicide layer 126 and the contact 122. In the present embodiment, the feature comprises
two adjacent stand-alone contact fins 186. Contact fins 186 are disposed on surface 112 of
substrate 106 and extend or protrude from surface 112 by a height indicated by double-

headed arrow 136. FIG. 28 is a cross-sectional view of a conventional MOS structure with
4



10

15

20

25

30

arrow 136. FIG 28 is a cross-sectional view of a
conventional MOS structure withnetal suicide |ayer 126
wo eroaeeb7eh surface 112 of sem conductor subst rBEBEUIDES/008801

Referring nonentarily to FIGS. 16 and 28, although a

metalWilidifle Riye€ 078 BsiinedZh surfacel 312 dF e€m¥néliitr fibsested 06. Referring
arrow 134, may be small, contact fins 186, and netal

momgAIDy G2 Hif3$er 6 1md 28 Abaceh ¢ hoibosf, capasy 148, divstrated by double-
s PRRHL IS8, 430 4 SRIERBLAE! phetnd L pd Bl sl e 12 ot

thereéii,l ptadde dnliatedfacs UBO twith nidd6 1 2P FIGMI6 LihanBiggdat&lihan siinterface
| ayer 126 lies with contact fins 186 absent

132 0§§z@é ipPTtioR) fysurfaegs 1 I%P%Wbé%te 196 upgs Wrchhmetal %W&tdeu lgygr 126 lies

with ﬁgﬁzg{t #ng I?Eda{blgerﬁ\(gm@ egi:fgc%tﬂ b%e%nﬁ% eie'ilﬁjé EHA &% area that is

equal \ ¥adth WI(h3Hantltipitd biyra pmper&iﬂrmbdl leiegth Io{nadt BRown) of the contact,
i nventiagn he interface 0.s al to the sum of

that igile¥ WA 410 SpRfrashp ‘%’ierFé'i’OfiHBe‘Hé# ghe Inyerag). tg intpriace 130 is

equal]t§@hé'@ﬂnt1 oPWigHl WY138N8HFobr tuh@é"‘{he' Ieight H(186) éisﬁﬂs 186 multiplied

The i ncrease in the surface area of
by lengthdnftaamsn dsuwl ((VE(1i34) & 4HCIB36Ns e The inaedsacin the$usﬁaemama of the
n.the conductl ont act a

interf g, [P 7B BHEOPED PR EncE HEGYCeR g Fopugye poptact 122 and

the sdﬁ?dé!/d‘rﬁmﬁ@%n%ﬁi B &, thif0dd IncFdatSin devicelRerfobhidel ate, in
cross section, a method for forming an MOS structure,

[00214  JHGSs 10 dliustretew inecrossestions| amettwd fon foroting @aM@S structure,

such Xgl MPDSa &ru%ﬁﬁg@ &r)rg nu g(g?%? In oc%&)ﬁ%fgce WI gﬁéﬁ?&b&r%emg?ﬁhl?n%%t of the

1nvenﬁ61®VW1araﬂ@ ste@s in thetrgnifidtareastMOR d@hﬁ)()hér)ks aféaRyll known and so, in
conventional steps wll onl ?ﬁp menti oned briefly
P

the lrw@,rPSé.qf RIEVity, |paryecivieptienpl ¢ ijlyonly bﬁdﬁ%ﬂtm«*/.b&eﬂg herein or
will b&:%%d’ﬁ?& ér%tﬁgl‘gfvwmﬁfug f)gé\'?dlggﬁ‘lgé \lw?li kh R0 Eilocgiesf(ﬁ'id'ﬂsng to

e net ormng a gate I nsul ator
[0022r]atlé&féning]14(FIﬁ?v dr khe m@ﬂmdsh&glrrsdjydﬂmmmg s ghstinatlatod @faterial 140

sem conduct or .subst referab a silicon
overl g o SR EoUgHETas Srteias Wi 168 Rubsorcal abaiats & pesteably a

sﬂlcoﬂes'hﬁétfhté QIRRGA R Serrh h%ll[c%hastu'bYt%té!" RUGSeS hbfefiPfo encompass the
materials typically used in the sem conductor industry

relatiypdy \M;td siicors mdterdals aypivallydusedt in he remicindpetor sndnstl asswell as

siticof] AR i 2 ePfert b &5 SRR ORE. $EbbRL TG the like

Altenﬂitﬁelry de samicondiRforsRIbbERD s ther g eﬁ'ﬂxbﬁhhﬁ'gglﬂhﬁ arsenide, or other
sem conductor substrate will hereinafter be referred

semicopdycier gaieriahi die esemberndipton suestiafenivilhipesinafigs by referred to for
conveﬂe{nk& Yht %pr Rt ﬂ}nqtatly? ssel Lﬂl?ﬁrp nlﬂéﬂﬁtter alth% %’o ﬁlb@tr?tglnlfay be a

con wa ayer o I con on
bulk silixsoml wafer) @r hﬁly'EHe q mmnwad of silivww casan insulating layer (commonly know

silicaon-gn-insuylator or SA) that, inp turn,
as Slllgawarlfl@ﬁatsy op SO rtfiaér lrwa%rgf is wppré%@?y&a %%}TIF’ééVéfefosAt least a
f [ ,
suﬁaéeexlgSnpr& etﬁé 51'119%? %ﬁég%Q 1§txﬁgh§\g’ d&?g gfltog ﬁgﬁgﬁg be; f%fmmg N-  N-type well
reglorrseag)rlcﬂimovell tegidnalfor ﬂ:latfabllcatlbn pf Erchamedl (K’M(Z[S)transmtors and N-

channleL@@g%t) Svgtggs pgsggcqpv%iy.( NMOS) transistors,

[0023] In the conventional processing, the layer 140 of gate insulating material can be a
layer of thermally grown silicon dioxide or, alternatively (as illustrated), a deposited
insulator such as a silicon oxide, silicon nitride, or the like. Deposited insulators can be

deposited, for example, by chemical vapor deposition (CVD), low pressure chemical vapor
5
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[0023] In the conventional processing, the |layer 140
of gate insulating material can be a | ayer of

W@ b@psed7hey grown silicon dioxide or, alternatiR€&l/yS1088008801
illustrated), a deposited insulator such as a silicon

deposit¥drl €LPEVD)C 0 phisira ghanBéd hh@nidakezap&eeqsvsttﬁﬂ (PECVD). Gate
insul ators can be deposited, for exanple, by chem cal

insulajerp fayeridfBsprefestbly dwp) a tm@kmeps eafsahait chdfringa, although the actual
( the® c
thlck%eggg{ﬂg g‘&gis | %d ka the @{fegﬁ%ga H{% ayoerrlg;[h%%ucmt being
1mplemeafear ably has a t hi ckness of about 1-10 nm although
he actual thickness can be determ ned based on the

[0024App¢~|lezé&f| Inease elgcirode apaieraal ob42 i fqﬁ@eéNV@dvmgb@P rgfte insulating
l,gme t e

materideM@. %?%&&%@éﬂl}t{lﬁgé@t Ex{ebogg %ﬁi ﬁfs e 1?1%%18%?%?2& ggtkaélectrode

materiad Ois pcriyag/stahxﬂlanmhc@m t hThen dayerbofdipobtysadllinehsilicon is preferably
ention, ate el ectrode materjal is

deposbt# ﬁrw’&wﬁ ‘s)’s?alllbflfn“h?‘?fé and @ pubseaptycigrurity (doped by ion

0 Y
implablatio %‘%"3}’6‘5%2@2?9*.%%%@@‘53*‘“.‘ B e R PYCYR, by s, hydrogen
reducriolpeﬂ Sﬁgnel oA laygl efritaad ingask rﬁherlplol% rsysht a$ kilioen sitti'de on silicon

osited b PCVI drogen reducti
oxynifiie, fih BEBIRSLE oRtols Praeionihe eoVanSHiine SR R ik mask
mater§dl lchi€ 88 dgpds'itb&i@o Qthisknds§ 8N akBiY B0trrh Ofso E}aﬂP@Q/D Alternatively, it
deposited onto the surface of the pol ycrystalline

will §¢|anp@¢matfr¢1eﬂlhtarad phatoresisit érab/abecéw%éecbecpmumedsuréaca of the
f. al,so PCVD.
pOIYC}RF agllr&%a (\:/Oe lyr/l,ag;&t%f tg[‘tharkgl maSk ret&}{lﬁ ed that a

[0025ph Tty kad Shadkalayére 144 o phdit@lith@gfa@htdaﬂy glatttimee 0 th@@inderlying
pol cryst alline silicon instead of the hard mask

gate eﬁ%{t@ldF dnaterigdowyr Wdeandathg geies jasulajing materigldayer 140 are etched to
t h C r h

o AL 40086 Bt BRELE ISP 1 U ICERL O 1, o

illustrated uh EﬂGn@ ﬂfhd: polyatystalyrersilichh candeaticieddn the desired patteen by, for

cks. 146, ing a te insul a 110 d a
examlh e EOGEoh GROTER TERGSRE p 031 AHBHOp Rhemistty and Bipafhrd mask and
gate ROUINGRY PhAbridl "@nSbé le&PRdC 8t @;@an%l@hSSj RIE i@ @eF.r ¢, or SFe
pattern by, for exanple, reactive ion etching (R F

chemigigy ngeaxmtlm sigiprdlDspacetsddBsire formed abhet sidavehllyd SR 0érgdte stacks

146 bg%ltltﬁf:clépns% %len?rte‘é&s f%l t%%i%l?g ot C He)}nf o‘ra%(g((r @gng agirtflent The

reoxuﬁlltldﬁ\eﬁiebvaﬂ Rp&ERES1 43FavaraahicRhoB bf afoR ekarbipexsvut § td #Anef During
ate stacks 146 by subjecting the gate el ectrodes 114

formafign (f he tregridationuinaceny 143, aR| expEFgPeIvEN k3B, ofTsubstrate 106 at a
i eat S spacers 148 have a thickness of,

Surfacfrégtﬁegsgn%ﬂrbed’ﬁ%%@S to 4 nm During formation of the

(0026} ecXftatahe formapian of therdExidaivresiposabispaoersilds, 4 B@nkdt layer 152 of

substrat a rface 112 also will be oxidized.
dielecfresomaieria] iseeppiiecr yRHAIEMOY i dbi dmNeAied ifobith13. The

d1elec§&acr‘1%ft§na141% e@n@gae&ﬁfmé@yf%f ééﬁl’gos d1i€:P Qi dxide The d1electrlc

materi al is”deposited overlying structure 100
materijal layst 142 esl anisotFdpically. etfhad, as described above, to form second spacers

154, often referred to as offset spacers, adjacent to the reoxidation sidewall spacers 148, as
illustrated in FIG. 4. Oxidized portion 138 of substrate 106 also may be removed at this
time. The offset spacers have a thickness of, for example, about 10 to about 20 nm. The
reoxidation spacers 148 and the offset spacers 154 are used along with the gate stacks 146

as an ion implantation mask for formation of source and drain extensions 116. By using the
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dielectric material |ayer may conprise, for exanple,
silicon dioxide. The dielectric material |ayer 152 is
w@niosoey7epi cal | y etched, as described above, tRCTE/U82008/008801
second spacers 154, often referred to as offset
gate $RACE45, and(thagpiders M8 Bl 180%¢ B idrP inplafatieh ImBRAGR sdurce and
148, as illustrated in FIG 4. xidized portion 138 of
draingxteasiony are solf aligaes with Uresate packscangtthe ppagersi pkhe spiece and drain

e e RS U380 AGED g Sis Bl L) b

mannef, ffeeexapplecbs idib4mplaatation bf alopag ohs,hillufteatgh by @tk $56, and
146 as an _ion inplantation mask for formation of

subseguef e AEHIHIZe x FOR SN hanre]l MOS, gpngston digasurce and drain
extenbAF LR MbroRALLy forfR8 b7 ipiifing Akchitions sRfloddi phosphorus fons
couldszﬂkd balusgheBoma PhchiahpelgdiOS stmtskar, dredsdunee aphdmis extEhgons are

e a n ex ensi.ons are formed by
prefe’ﬁgty %HPF‘SE% ?S‘?ndﬁ‘ﬁr ng silicon substrate 106 in

[oozignomaeﬁmgn% FIGOf SX HIRIKE: 18%r 18R bIMRAGLAL | AReRll such as, for
opant ions, illustrated by ‘arrows 156, and subsequent

examplee sikigbn avitnidaldr rﬁgllcoﬁdbxbalmlﬂb,clh alepesitelOS erlyigs M@$ rstrubtere 100.

The GR35 S ook el 'S s askptn B aBhRsEhhBietied ToRErampie by

RIE @ongd, doRkssmple, umq!g, Feow,, ar BFG RASMRLYyMSférmRA8diSibR4L spacers 160
the source and drain extensions are preferably forned

dispopgd admeah@ﬁfwg spasetn] Yo as illpwaed In REG .. r Alhough gatestagks 146 are
illust téal\gﬂljf% X (Ei¥18{1 sildléglaﬁfs ée?g ?ﬁ o'ff%e ns%tagé'rg %%4 %h ?tlonal L spacers
PEY Ak
exanple, silicon n or Srlicon” oxyni
160, de@ﬁSbet apprevvaed yHan gatb’[%‘ackt ﬂUGWyehalf@me'Ehmeeay)é rspﬂ&& w1th any
of dielectric material is subsequently anisotropically
compggiting that fsgiuitabls for ad WeﬁEEcwsmgwam Odesiit e, a CHF3,

[002gg’F4Ref9fr1 R 151'@?“7 st nkétQiléIQ('ftHE Méﬁélqggé ﬁﬁa& éf%rai)gpa silicon

i sposed —adj acent o set spacers 154 rat
d10x1denla§blGls (ﬁﬁpoﬂitddﬁ@%ﬁgbﬂg@@&!;%e ]1@6 él‘rhe dldtleIBlb madtedial layer 164

is depfgljfed ! eot)}(xéf%&t':%s? gnf?ﬂr gg&éﬂ& éb%%gé tsq E’aé/er o acg:torreswt 166 is
appli@P RAE paéraed tthahadalfte SkRKK Sl%%d"@ﬂpcﬁév:ﬁ p8ition" TG‘@ dF dielectric
of spacers with any conposition that is suitable for a

materggd dayee d O¢ ithas us ﬂlsapqyﬂucmawrfane d12 eésctrgwontﬂtmss]ubstrate 106 and that
overlﬁg sgﬁrcﬁgﬂd d?alrg ][ee egBIIOy é% a%et x%(lasi%lg%c()tééoxf égg 0(13? dlé’:}ectrlc material

Si i

layer d64D dgentie delﬁ(dferd Stich @s WS rHing) Eo1ueRmpDE). byTlhE 6| @UHH3[ CF,, or SFs
material |ayer 164 is deposited to a thickness of, for

chemisiry #p e posgpwtace d 12 of sgmpganductpryuistrate Lo @6 idusteted: weFIG. 8.
The phStofRR} LR &H%Q@%ﬁé&gfﬁ danzFﬁf?o%Jﬁ | BRipast acks 146 and

expose a portion ectric material |ayer 164
[002&]ha1‘he| methcglp os thues) Buaémmnilzélzwm{ anemernpiainyctembodlment of the

substrate 106 _and.th es .source an
PresCRl,INYTL|Ofn &1 B cpfaxia g@ Osarstﬂilqml 5" Dfb G ahd expased silicon

surfa&af 12 'a?lllldsﬂ')iéﬁ 13@4Gt genri Cﬁﬁﬁm}/ SiflicSH qg&e§§7@%aﬁtb%t§rﬂgn by the
for exanpl e, in a 4, SF6 chem stTy

reduction ekgibwe (SlH4b ar: dlcmtbzosolhns éSd{@@h)iuntho rpmamset ofal€l. 1Tk presence
of theac“chlér&r{eus%{lrrc%tpergm%{és EIIICG'SCICSC'HVC nature of the growth, that is, the growth of the
epitaxial silicon preferentially on the exposed silicon surface 112 as opposed to on the
silicon dioxide 164. The epitaxial silicon layer 170 may comprise relatively pure silicon
materials or may comprise silicon admixed with other elements such as germanium, carbon,

and the like. The epitaxial silicon layer 170 can be grown to any thickness desired for a
7
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The photoresist then can be renoved by conventiona
nmet hods. [0029] The net hod continues, in accordance
wowRab/o0zT0exenpl ary enbodi nent of the present |PUBEH$10081008801
with the epitaxial growth of a silicon layer 170 on
partidult® dexieeesigsh ok applicativhf ag an tiempRsy binboditleat, @He pitaxial silicon
FIG 9. The epitaxial silicon |ayer 170 can be grown
layer By0 isgrowade etthigkness insiheaarge(ofiaboyt K nyijte AbBK S9inmane
Si [ he,pr.esen . r e
r003d) | REtehre dgrs, TPl A e Rlar o e ARG M estarlgl Browan of
silico@irlayérh170, e dafe stables g4®Whe bxidhtoreRidedil adpa&drs 11d8N the offset
preferentially on the exposed silicon surface 112 as )
spacegy heoth eflditipngh spaserssiq0, @pd diglestriganateual lryer 194 prgysgd as an ion
impla?nutfoﬁ%flgka%e Forhf Qoﬁ%é! aﬁar@%inls?eg(ﬁlsa g/ ﬁ{ iliBh esuﬁ%t{:]étg 906, thus
material's or nay conprise silicon adm xed wth ot her
formiag eMEOH srassisthrsa$0yendaldumTheasduede, aad dirdiherepiokie .ard fermed by
epitaxjal silicon [ayer 170 can be grown to any )
appropfipielihisaruri dopiDg F4HONBEFHALE AP HEOVE SramEe Ew grample, by ion
implaﬁpa@i!ohccfftdogﬂnt ibls, ANuSXRIPh FaKocI8E! BRI ubstiRnf RlekA¥l Mnealing.
silicon layer 170 I's grown to a thickness in the range
For apfN-ghguel MOS$ matsistabche séirce and df00 3¢gionRe] ¥ arerpgefembly formed

. FIG. 10, in one el nbodi ment fter th
by imglitiag aksenty, Bt APUG) PREBRORA U o s Fegspl Epr Rechannel
MOS 1dthsistdie thee 9nir8tah@ UrSindRvRINk 9IBa%R! Srefeddbly tth8n&f b$ Qplanting
spacers 154, additional spacers 160, and dielectric
boromgngr iRuringafpenatigyohithe seyees angl drain waidngd(18nepitaxinh silicon layer

. r rc . Fh o region 18 in silicon
170 IS By BN, G AP Bt PRI or <" 102 anc
[00311 041t wilh®c fiadérs@od fitht W Rildtheabbod destfibed alctidd iHWlustrated with the
appropriately inmpurity doping silicon substrate 106 in
sourcg ﬁBMr%ﬁﬁ@P,SloflgE 1@ psing) fermeg, befare eiopvthof dhg epitagfal silicon layer

170 a{fiﬁ RAH HeWoRirce! Add%%@%@%n@ ﬁl—l 8 rﬂegﬁgﬁ% aftBf ﬁx%.l\mﬁ o thed Epitaxial

ermal anneal 1 ng. For “an cha trafsi stor,
silicoh haeyes 000, detlatiet ektenisions @agd thesregibBs aae bp fahedalfiley tHeqarowch of the

.. by inplantin rseni c jons, although phasphorus ions,
epitaxgon IR pfelahen et en SHERRENY W BAGHElest as llustrated

in FIGSE1 500 Gf adeidsHRi Wit 88/eR8RphhBeMbEdiRical 6F 8! iMyéRioNedfter the
by inplanting boron ions. During formation of the

formation rof theargdx idpadmsideyald spacenssl 48egsiitlustiatdd ini HIGe @na blanpket layer of

. 70 _also,is impurity, doped by inpl.antat.i on of dopan .
aicechiouh@R1 oY PR X melEy uFE PR s diPRaCH pycrtving
MOSagtricerel 990! | BephdtBiebiod (hét dhokwg tis FoRRedVahd ptanans@wveﬂ%rmg the

.. and drajn extensions 116 being fornmed before gromh o
dieleqtiie masiriah Jaysr ang the digleqtey araterial layer thentip etched, 4 degasibed above,

. . . . :
o oA AL GRPLRr 19 D800 GO RoE L Rtn SR el Tus
exposinpesubsgate rivodenwdrm gane sradksaf46e ras tilhestgtedvin [FIGE 17h&he disposable
yer, such as when there i

epi t axj silicon | a .
spaceg [fyy Qcﬁlﬂw a)thy %sr@waw‘b%rg@ Y equaltp i pE thejtpickness of an
offsetEbﬁgi 134 20d Annagﬁ_&gﬁ dRffond shacRP 188 n@h@reXPosed se];niconductor

ment of the invention, after the formation o
substitateel Gtethen dattiche, Sodensiple, spaRHE 1 4 HBréQ; ahd (b thamisuly ite) form a
trenchﬂ& thze’reig. | %rr])lé eetxerln%}/a%rl egfbodiment, the trench has a depth of about 30 to
about 50 nm.
[0032] After formation of the trench 192, a silicon layer 194 is epitaxially grown within
trench 192, as illustrated in FIG. 18. The epitaxial silicon layer 194 can be grown using, for

example, the process described above for the growth of epitaxial silicon layer 170. The
8
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dielectric material (not shown) such as, for exanple,
silicon dioxide, is deposited overlying MOS structure
wao®o/ozs7phot or esi st (not shown) is forned and PeX/Us200&0)8801
overlying the dielectric material |ayer and the
epitafihB$iRESH TaGerTBILiiadlcompYiSs rdleely purRlstieih maSrifls 2f mhiemprise
above, to form di sposabl e spacer |ayer 190 adjacent "to
silicop admixeskw it oihss clameaisaiuch ap gemmaniumgcazhen, ang dks hke, for example,

to 1nti$0l'(]1pl§l% &?ets Jznjtg %1 seegn S%n(glélg%r gubsgrgg foql epitgblaL%{Et ] altayer 194 can

be groWinClon&ss tHidlaiesd desitedstonrnt pmlbwaﬁqu@be tdesilgh orsappliehtion. In an
the thickness of an offset spacer 154 and an adj acent
exemplagy embadimesp dhe epiaaal siiicondapasid carhecgrawnido gr thickness of, for

craBRORHHAD FOPARTD i, FRS BB P B ek o s b

etching) fonexamgderyaRIE @ntdbti; "ERY,, ortS1® dhesiisty, basn a vd@[&tdhaﬁlf such as
) aﬁgut 30 to about 50 nm [0032] After fornation

dilute FE, fxposigg pogians jof sehstratey, Meqr@gég ﬂqxl%pﬁsetgspms 54 then

can b¥thihdY i @&‘éﬂbéfpgb?vés Aftéﬂjﬁ)rrﬁlgﬁ&ﬂof BffEét@paé‘e?s 1311 ethe reoxidation
epitaxial silicon layer can be grown using, for

spaceex & hed tltehdfsp:r( cpasss liebare med adigpvwithahe ighte s}]ﬁdkﬂ\ltlh60f§ an ion

1 itaxia i con Ia er 170. %ﬁe itaxial _silli

implA Ao il e dpranion PLE ] did JaAXR oS (1P pypis Spitaxial silicon

layer o4 @hél McSexPosdPYPortiONP b Gibshrhlel 108N BAHNiXE %é’\gatt@ st‘at:lbsef46 and the
el enents such as germanium carbon,” and the like, for

spacessk bhfpand 13423 an rasdinepanatiens maslhttbe sousce end desimlaxtensions are self

r 06. The I taxi al i con 194
ahgng&%&l % aney Sttaﬁl cﬂl}}cggls eagf:rrsed #o?ogcﬁﬁﬁﬁ'%@fla?ﬁ%%ﬁ%emay be
formfdlesm@’l ¥ prap@sts dédcaibed laBovd) saue AP bariyn enpRshika®Atof ddpRAnt ions
epitaxial silicon |ayer 194 can be grown to a
156. t hi ckness of, for exanpl e, about 40 to about 70 nm
S €S epn | r
[0033‘?| lﬁ%ﬂMgf té)r Péfé):(a%% K& foli&?té&ns of %\é&ﬂéz&lﬁ (ﬂ%lg’:%xtensxons 116,
addltloh:ﬂmpatery 160rcan rbeafab\ﬁxtat@i ahdexcribe hb@g Wi flillitiee glip created by the

expasin i ons of ubst te 106. Refer |ng to FIG
removig of yppciat b - diglegac fayarelPials Bisteaped in this

emboaﬁ’ﬁ’éﬂ? be@ﬁds@rdlgﬁsﬁﬂte's?ﬁ é}f la%r’C $60 v%@@?s%ﬂstolﬁéver{th%ltaxxal silicon
reoxi dati on spacers 148 and the offset spacers 154 are
growthgudgai¢ elegtrodeshl lth eThyagate sttaau(h%ldl& rmoxalatiomridewall spacers 148,
i Iantat' n S or mat i urce .and drajn
the ol P SRR L 2B PR BT B0 o v oh B b tlign masic to
form dB&p SoURES @Ad AEdiA irog16n 1l 18 Wagdif @bﬁaxlmsm&sﬁ 1§EN®94 BRd in silicon
gate stacks 146 and the spacers 148 and 154 as an ion

S“bsnia??pl%tﬂé‘!ﬁ fommipg MOS iﬁr@n%@f% 0% paed dP4i Thexsouresi apdsdraineregions
can bg’ ﬁlbfrlcgt]eh qq ﬁgschui" ab hs ons #285 gms‘l;ﬂgtaho of Hg?ia%{st ]h62 ri?wﬂl be

source and drain ex or e
unders!bodehmebe sasce alhliadraalbe)llensﬁn&hncafegh}hsldbs”b d:dmﬂ)caflirﬁfetl ®efore or
of . dopant ions_156. 0033 Referrl to FIG 20, after
after Yagicia QG S6PS Ohihedd REICXAARIF, [k Hitsioufes angirain cxtensions

and rcgg‘g%b stdaAnRl fo?rﬂé& Séi%rél- g&vﬁﬁ of Qﬁe %@Q?(Lag 2f1REn IsyeHEAHOLRE R may be

e to fill the gap created
desirable to implant dopant ions into the epitaxial silicon layer after it is grown.

[0034] Regardless of when the source and drain regions and extensions are formed, the
method continues in accordance with an exemplary embodiment of the invention with the
deposition of a dielectric material layer 172, preferably a silicon dioxide layer overlying
MOS structure 100, as illustrated in FIG. 11. The dielectric material layer 172 is deposited

to a thickness of, for example, about 20 to about 50 nm. A layer of photoresist (not shown)
9
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renoval of spacers 190. As will be noted, dielectric

| ayer 164 is not required in this enbodi nent because
waele®posdan e spacer | ayer 190 was used to preveP@T/US2008/008801

epitaxial silicon growth on gate el ectrodes 114. The

is applitdeantlt pttesnelddhd thdcexq E@ﬁéﬂ pértion of dielevdic| mapasiclagerl #8 then is
t he of fset Cgacers 15 and addltlonalﬁﬁ$acers 160 are
4

remoypelesych s by eiching, fasl cxammle, by RFEdR atGHF» dere}Festhgmigiry to form
pillar ?3% qu 1t:é])hlré§i§ 1?(@121&}%}23 ??t’ 'rﬁg lnlsﬁgfgh%ifﬁ?é} fio lr JrI‘nﬁe(h) gh%@[st then can

be rembeédsbﬁboﬁ\‘aeniheaalaﬁdmwﬂ Anldikerslayercil 6aofddidleairit magriahBaving an
can be fabricated as descri bed above, such as by ian

etchinggharastesistie diftareni dppm that pEpillay 474y denoBitsshRNePIEMOS structure
that r 0]
00, GBI U TAELIL T RFISTR Sl SRZDR A tompris
silicon ngridet Theldieleotricematephkelayérot 76 is depasitad oea drickigsaof) for example,
t ensi qQns d regions can be formed before growth of
aboutt ﬁﬁ%?g$“§1llcon | ayer, although it may be

[oossqlesmeataly& 196 0P RIi@B&trie ARARLiall @%bh&%@nﬂ?%ﬁetr& CAIRY etched, for
licon"layer after It is grown egard ess of

examnhdn’y RHzusiogr foe eaamipwr; al(E\HFegilbngr SFel chemetrs,l onforarspacers 178

. forned e th conti nues ccaf,dance, W .

dispored ARG, pUIRE 1% riahboped nEcks Jad R GOt kG 25, The piltar

174 tH&P@Skich&l) 18dvide dieRlaidin bR 17 oh apRhxihY dilicon 1 170,
pref er abl wﬂ%l con di oxgljdlmél ayer gvgarp?y)lﬂng }I\/IEC}%H ver ®

illustrgted i ﬂﬁﬁef/ﬁ 04t legst 4 partign phexnpsethdicjectricilayerTiid also may be etched

t L rial layer 172 is deposited to a
dunnghﬁh%’Of z?qygor exanpl e, about 20 to about 50 nm A

[0036] ayReferving b AEIQY. &S|, &k pdseo tpostitmsryfi epitapial sitidodngyer 170 are etched
atterned and the exp osed portion of dielectric

using;gacery A1 PRyB etohymaghihiarg: Resrb dispared s SYRcet Idr; efgsubstrate
106. fﬂfls q)ig‘rrﬁtlzlﬁde Yo Rdhtdch fihs G 11%4 are® acﬁFstﬁxlik? gloﬁg;f}’nst &isposed

form 174 on epitaxial’ I con |ayer
betweeh Igasttsla:ke d46.nTh¢ €pitdx2al siliven pdtb@t d7@$s &thetchﬁo’r exampbs by reactive

: noved b ent i opal . net hods her 76 aof :

ion <fgfibeing & HAPKR e FESHBIE clfchitr g Dhdacesrii) Sove with

referefléd E&Fm?t 16,' QWrdehald @aiPidgicds MAhes c‘a{%nﬁsfo}ﬁgd b_y approprlately
overlying MOS structure 100. For exa pilla

impurity Alopmgf akieandsubtrae 1060 destriteed ab@yer%m@grfaynamm@ﬁ the source

si.licon n dlel ctric t r
and o sERP 'R, 19 BB B0 o Byl ML ficiifformine
metalti® dapssitkd %@erﬂlﬁhg [I\QOSE“JtruEhﬂe lleg.errhé 7s@1cﬁiﬂe foreli@e hiek4l layer 180 is
material is subsequently anisotropicall % etched, for

heateds fghgrampic, by %Tﬁsqorf@rmfadpetékghﬁlpg laygr on f(_l}S4128(ﬁ:ndSF1 surface
12 RS Yot BT 1 RSt Mt Bt b

examfll8, coblak, mk:kélarheihihdn trodeniusn &Irqiaﬂaidluhe av aligys thereof. The silicide-
free- tan s 178 o e itaxial silicon |ayer
forming getal g 24 b QGrelEgdor srapmmid. bydpuErinblad thickgsrs ?fﬁ%oaf 3-50 nm
and ?f?f&%l%rdtodé ﬁhél&ie%é of hBYRT 10LRA. akﬁ? sﬂﬁﬂd@%rﬁﬁ%ﬁf&ﬁ Yhat"¥ not in
etchlng of pillar 174. [0036] Referring to G 15,
contagixpitls exipgsed tsilmos, &fr @qampdmﬂml sib¢ide-damihgyneetal1thdt &r deposited on
dielec‘largccﬂ?gr 164, does not react during the RTA to form a silicide and may subsequently
be removed by wet etching in a HyO,/H,SO4 or HNO3/HCI solution. After forming the
metal silicide layer, a layer of dielectric material 124 is deposited overlying MOS

transistors 102 and 104 and fins 128.
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usi ng spacers 178 as an etch mask to formfins 128
di sposed on surface 112 of substrate 106. Fins 128

W0 p@beks0¢ wo contact fins 186, which are each PCT/US2008/008801
stand-al one fins di sposed between gate stacks 146. The

[0037RPi TR in#théd lcbaiues A¥eacdoffarice Witk A exérfiplaBX @ABo@ImEN of the
reactive ion etching using a HBr/O 2 and G chem stry.

invenfipnnwithfthe patterningd ad eiching @fb@@edmk@tﬁwrr@ﬁt@rl@ln@éelt 424 to form a

0 ol

Comaﬁo&r?gé%olyﬁa%%ég% H)trg{%n cﬂeleur i ;t%r]fgi% n%é?ela4%ﬂﬁ eQSosmg at least a

porticilbSthe ah&alldiicidatayee 26 Iob&ﬂn&b@ﬂﬁs lwﬁhdh onfsarfadd 1 Mobubstrate
the source and drain regions 118, fins_128 also are

106. Jjseheleqirismairial 1nyey apayiboplenarized; by 46 MB PrRckEs beipsg patterning.
i onkSEAPAE PasoBhale i el Bl e, Tt oy 126
disposedaorpore; sﬂtgwﬂll' P84 of érer fim d86rtexposadi dhdeothayexeniRéry@mbodiment

fins 128 on surface. 112 of sub ate 106, as.
Of the i uf i AE g AN IR 7 el PR o H%@%@ap%%on both
sidewfls l%Qrobeﬁactcﬁ&ah% 1@&)&}}6@% CRRBIUVe dotRENDYM formed in
or palladium or alloys thereof. The silicideformng
contapteopeninga h82 eo dlegs db¢ sewrce fand deaaarrpglens logn bp upprpriagly connected
i ckness of. about . 5-.50 nm and ferably to,a . o
clectfigh1d) G805 d24isEn 158 HACERRY SITPE 0 ariiHp g edsgired cireui
functioRatiniaf di@ltnpla@Y embbaishentof theSprbRHE dw@hdxdmc QBndic®ive contact 122 is
exanple the silicide-formng nmetal that is deg:osnte

formeghbihe [depesitien ofad duin figy bargise kayan sueteass forgurampis, T (motshown),

and a th tﬂ f %CC &lbgrlﬂ e? 'lag’%ﬁ%g F%lﬁ 6% %f%g%l tgtfrlrx? }éﬁf’ \&Eﬁun contact

opemAﬁtl@O f(ﬁlldealgb)t ige dejoditiohusfca dendwtyieé plég klﬁxeshoﬁ'h) such as, for
dielectric material 124 is deposited overly
exampleg M6 ‘The parienhyessgre pspddp @rerPﬁ'sdliszsloP@eﬁgﬂgstFﬂéleﬁﬁmuie WFs,
t
used BAHHYg Mifiavioh B BRECHRAEE M IR LU EBRLAL A TEEN24 and o
enharicheidtiesgdre of theccamauetiveaplugayahe b2dls tod tho contactogpenmgt It will be

openi 2 .ext endi r h.dielecgtric mate
aPPfﬁFﬁgfgirtﬂ%ﬁﬁ%ﬁ}aye& B gliz2y B e B . (Rt 122 Eprgrample,
a lay&l-ﬁf(‘{hx‘i’tﬁlulnﬂiﬁry BitdOBraft thé ibafrict §8yanéd f&fheau rtha@Cexemplary
112 of substrate 106. The dielectric material I|ayer

emboguyert of gheaeansien, wydth 18Mipthe cestach 22 spibicieatipilagge and the
conta%thlﬂll%tpqsﬁgﬁfx? Ir%%t?{reb Q n‘%gt%tafttﬁftélilsl Fga()St Sggtg% g&tllzgnlé%fl physical

contaStl withvatd m&ﬁﬂsmﬁld@ﬂﬁyérlla6 batat Ilé?asemtaﬂe sidewanol B£bf at least one
xenpl ary enbodi nent of the invention, at |east that

of thewnchbﬂnsgﬂSq hacepsdinglys interfags 1|3Qy§3gre1t2:5 thapgyidfhg134, that is, greater
than %gfé’ﬂl%é 83200 Sgigbh éz g@%@éeh cohfits 322 Q%ggthfd"tgﬁérQSE Jé 'diPface 112 of

'S exp uctive contact or ne
substxatmt@ﬁ:tlpmpwmdhgméﬁlz sBicidehiayert 126 woulddé withoutrainmct f1ns 186. In

ons. ca e appropr.iately connected eI ectrically to
this rEgEb TR Ve lﬂfréésrea‘f‘ége CRIPIERC DRy ePh PR k22 and the

metalt $18cid€ 306 Gesutis iR HedrbRelih YdntakD r@R e MRhRNYin turn results in an
embodi ment of the present invention, conductive

increasem é@tlcé_LQt‘qurmaflger med by the deposition of a thin

[0038@ qula%Sb N r2|5e1[luét e, i cioss Qec 100, z]: Rethod Tor %a%fica-l%nNg a(nnleltOS structure

200 in accordance with another exemplary embodiment of the present invention. The

method illustrated in FIGS. 21-25 is similar to the method illustrated in FIGS. 1-16 to the

extent that it also forms a feature that increases the surface area of the interface between the
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and a thin second barrier layer (not shown), such as,
for exanple, titanium wthin contact opening 180,

wo 20000250 by t he deposition of a conductive plRgI/U82908/008801
shown), such as, for exanple, W The barrier |ayers

contadll £hdUh€ Gotiree Rh&\d8dlh réibhs!SIPordfast toNfiss, ABwBerafHeUehtufteformed
WE |, used duri ng formati on of the conductive pI ug,
i)

during ghegnethed flustrated ip F1GHt -2 3is 4 tsgnsh. 124 and to enhance
d j . f .t t
[00393();1?31&1? De e(%i tﬁg m%ﬂ?)%%:eltg nsgxélﬂgg%r%%s l?‘fsgm'féﬁlaﬁ F‘f{;ﬁ f' §0 and, after

dopmgazfelpiiaﬂab/mh&n.llalybﬂ YHY d eoniférinial ¢ Q0L iof ﬂldléﬁﬁﬁl(aﬁiatel% such as
For . exanp a Iasier of tantal um rrady be deposited
¢

silicopgpisfecory B aéefﬁablm &Hlicpn ydtrides isf dapRBite wrlaﬁlgewe% stpgpure 200, as
I ng; 0 t

tlusuGERAA PTG 1 O DibBE A WABEA Wyer ol din b heBlsitl o ARIRRLss of, for

examplesalouo h® b ahﬁuﬂﬁO\nm t bayten @02 dndrazitropically e@fied;as tdesdribed above,
coptact, 122 is si cal cont act th the netal

to f°f§1fﬂ&l?9§ Fawﬁrsli% Eﬁw}’laeatfi stacks %ﬁuts'ﬁ@e% fru%lfé%s 184

[00409T FdfelrRB5 F‘?GeZ?fepﬁtQ%aPQﬂEé}ﬁayH f‘ﬁ) 1% %@cheé\cng?.l'i gisﬂgia‘ﬁle spacers
interface 130 1s greater than w

204 agd gateestackh dA6 isentvend acan ¢B6R n(lask ol Kém%t)rertphtz%e rin one exemplary

ont 122 a t hat tign surface 112

embofi{iil Bt ¢ FrsBo JbReRe et 206 LSt v APl Pizgialshicgn taver

170. Digovat1O ptcesPMWatén fria)belBRovedby, o eX#85E disiriSa wet clean step
descri bed above, the increase in the interface between

or by gsing atanispropisttethwithwthigh seleetiviy to2lee epitaxial silican ayer 170 and

the 391%85 %@gﬁraw 168 nt gcélanﬁg'tl Va5 8o (th élﬁCld g%xggrg h&3 l %eposued

I'ncre evi ce peérfornance f ]1 =k

overl)aﬂg l&OSlskmsﬁJrfﬁlZGO asnillasesed $e 1G04, Thesilfeadt- fo@ﬁnng metal layer
fabricating an MOS structure 200 in accordance wt

180 ighee foreemplarty Ridodi it Betal pidicisedaysitl ﬁmﬁaml silicon
layer ﬁp{; ER% thenkH 906 2s§ uét&té@ @-‘IGZQS 25 is simlar to

"Fustrated in 116 to the extent
[0041 haﬁftértfoahmg thermetabsiliesleunyerf Hetectrivc matesiab ldyee 124 is deposited

o FHENEE RSt s A RSB IO 38 e
form &9%@( Qpenihfa8d %ﬁfeﬂﬂfﬁgftﬁfdﬁgﬂ diHIEdihe n{ahﬁla afgp 4 and exposmg the

lustrated in - is a trench 39] Inth
metalrselgadfd layphéZﬁmﬂwgmt%eﬁu silconi tapert heD. st(“etpsiucm\rmsmmmtem then is

i.n_Fl 1-10 a erd of, _epi t axi Si Li
formeldali}ecro%bopeéu%ﬂg% esFrélg/g?O bf%ﬁ | € ?z}r;y embo%1ment of the
inventi®i, elid édntact UCP iAsuffitieh P Widesiate 1§3posxtﬂfn%ﬁ e¢laive/to MOS transistors

si i con nitride, is deposHed over | MOS structure

102 alzbbm 28 that aleastaneiden Al 242 of FonaFie] 2cierminates ekt fap Surface 208
of métﬂys?lﬁcilg&iz a@?ﬁlﬁes Isag&e?ﬂggatﬂelt aﬁk(ﬂle§ 2'6:%&3 s[ucfgace 210 within
exanpl e, to abou 'S

out 1 ayer
trencha®06 ofrr dyps oagatd; the uheltﬂaceaB(UBaweelbd& adnduetivet ﬂ)lftal‘lt M22 and the

metal dsFIFS SpD! ea?q? %Cge%e%géana?@ut 7 atp\gflgi ﬂ%kﬁéqlég ﬁ}y@t lggst a height,
indica®d bR ¥bile hehdedOfrd Va8l df el St ANED, Wc&&dmggi?gﬁ@mc?ease in

spacers 204 and gate stacks 146 serving as an
the infeafke resolts om m decrgasn din cBABCL fenistmnee audsrip:lnacyan increase in device
nt of_th resent ntion, trench

enbodi 206
perforfiARRE. dfied, AFFIEHPA <SpTaRRFa O Bismentpapition. the contact 122 is

sufficiently wide, and is positioned relative to MOS transistors 102 and 104, so that both
sidewalls 212 of contact 122 terminate at a top surface 208 of metal-silicided epitaxial

silicon layer 170 rather than on a trench surface 210 within trench 206.
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170. Disposabl e spacers 204 then may be renoved by,

for exanple, using a wet clean step or by using an
W@eiogoy7opi c etch with a high selectivity to tPE/US2008/008801

epitaxial silicon layer 170 and the silicon substrate

[0042306In :ﬂaoﬁieﬁﬂéb’(&hfﬂaﬁy embddithedt of tHel iaveRidng illish@tedth HIGL 86, trench
deposi ted over MOS structure 200, as illustrated

206 gxtends thropgh emﬁ@uglu slhfeqndl@wrom anyl resmanatesay shini@orqeddrain region
118. Iilﬁﬁl? ge&%]o gl}]eefén gg I’c)gtlgyegﬁﬁléc%ogxtz¥cgrlg? aﬂa}'g‘fe%at%ﬂ f%}ﬂg 126 is even

greatérrdire:Qb tR@ﬁlcreaSed Uépth tof alieedendh. Flh@et Eﬁoth[:@&élﬂﬂplzﬁfytcﬁ'lﬂbodlment of
formng the netal_suicide | aye dielectric mter

the invgpien, fﬁastraée%éb&@{ &b mxnafﬁﬁlgowdﬂestlﬂeclﬁ mbéerw@d trench 206
rqi

cxend Bl SRR} 119 TOLBLE AL I09ASH 1o, AP LUSEB pevon 15

In thdk ed:@od rihe smp eof apitd)dzylly git@Adingnsiliearpdsyergl1has mitnahated thus

sui c | ayer. 126 .qn |taX|aI silicon | ayer 170.

incregspgy EPPV§‘§6WY§E§§¥ ¥8UPhen is formed in contact

[0043]peﬂb61ﬂd1;1?1%1, M®SIeR&dthRe thAPOMEDit | 1BwaP c%ﬁt%&p k&%¥ance have been
nbodi nent "of the invention, the contact 122 i s

provided:. f Tlad MQS gtruvitares comgrisesa fnamre ﬂmgdowe et am/mCIeasd\mhe surface

Si.St 02 and 104 l,east ope..si dewal | .
area b IS teHhce b3t s somtvdResctitad aod e Rl SuRidsg Ber that is
electri@llftcogpled € s@fcemd d‘r&lrﬂﬂegﬁ)‘nk lof 8 M3 AevikéO Bedhld@'a large part of
than on a trench surface 210 within trench 206. In
the coiacs resasjancg, is dhe to ﬂteebam@relamonﬁetlweaénh@ n@ex@mmfdm gentact and

o 0 Yl B G018 PP e
combireitightis miucHilighiee dhdiythdoubh &urﬁ'@&dﬁébrﬁddtp\m&%mg)fhet iRRrface area

sidewal | 212. Accordlnqu, the increase in the
results i & ¢iigcsive sedyetion phoop %Féé‘?séﬁé%el n contact resistance
n f I
(00431 WHIE 1 SeasfBnk DSERRBEY ofhL DGR 1A 00 FUEfed if e foregoing
detailed rdeamptmmf shes uh Yeantprnitl §h(mid1 de appiedisted ahat hovesd number of

relativ transi stors 102 a 104, so. t ot
varias st 1 PRI gl OEAPREE EB AP FRGIT A erab?ﬁalem & Skemplary
embodihde Gre28ifly @kamiBled| arll Ark Glofl @fleRRt BN Al (B kécﬁ)@naﬁ;ﬁwﬁslmy, or
170 rat her ¥han on a trench surface 210 within trench
conflgggthr()gﬁrgl]e my\eramtxn@nyex@m]iathyr dhd Etegaing dgtfallcqh éescrlptlon will
oYLt LLESH S Rl 50 S e mp
embowdirhdhit Bf &thﬁitdfnaitfbeix@mﬁérsld&i thhtwdrftus ch&gk Gnayt hiemade in the

i nterface between the contact 122 and the netal
functigy; andgarrangsmegt ©f shergerdndescripgd noan Eemplary geetediagnt without

g A LGP of B YR BOEAT NETPYE SRR 5

equivglehiscon | ayer 170 is absent and trench 206 ext ends
fromsurface 112 of substrate 106 and term nates
within source/drain region 118. In this regard, the
step of epitaxially growing silicon layer 170 is
el imnated, thus increasing the speed of device
fabrication. [0043] Accordingly, MOS structures that
exhi bit | ower contact resistance have been
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provi ded. The MOS structures conprise a feature that
allows for an increase in the surface area of the
W0 pioeotdee bet ween a conductive contact and a PEL/EB2008/008801

suicide layer that is electrically coupled to source
and drain regions of an M@ geMsce. Because a | arge
part of the contact resistance is due to the barrier

Whatjigglaimedhiserj al at the interface of the contact and the
netal suicide |ayer (for exanple, because the
resistivity of a TiNTi barrier |ayer conmbination is
much hiAyhethddfanfabiidhting arBaMOS1gaictte ¢ 0T At method comprising
increasing the interface area results in an effective

the stgRsRfcti on of contact resistance. [0044] Wile at | east
on 4 : i n presented in the
fof%é?ﬁ%%&%%?@g%g'ﬁﬁ%ﬁsggggf the invention, it
shdabuicding appateetackt @d6) dratheaemamndnetobabswdteyar i ati ons

exist.. It shoul.d al so be a ci.ated that the
ex efSHHP’é‘ﬁfnéWBBHFYﬁ‘Z?RCdaFg‘@RZﬁ{ﬁ%é&@“ 09 yctor subsHpte

alignEPRIPHRSpatdigti@r e not intended to limt the scope,
applicability, or configuration of the invention in

anyfabyagatinRatljacent coh@act Hinse(d8bnextetuting frevh tHe sopunityiduped region;
wi | rovi de thos. ki | in.the art . wth. a
cortveRiEmmiatafids s Ry PR fisrorfist GRaRdmp! ary
entrapiiic@ing aQbniabe(120Y RNYti1&Rt a bbrtdfioh theunetar silisid 14yeabn at
various changes may be made in the function and
least eperofitbeepmiact dinsel enents described in an exenplary
enbodi nent wi thout departing fromthe scope of the
invention as set forth in the appended cl ai ns and
thed.r IRgahetesiiof/ahigmi swhirdinNbe WBp oS fabrichtig®ijadesit cdntact fins
A nethod for fabricating an MOS structure (100), the
(186) sempHeesdBe#EPSPlg t he steps of: providing a
ot At PRSI BhE oAt e (D ARENCHIONE R B o
semiconguatortsybsioppe i 06¢gindn (116) within the seni conduct or
substrate aligned with the gate stack; fapricatin .
i SRR e GRiADATY- BV YE DA Siste Bhic fogn (W adjacent
contaétTH41(186)-FHQRE SerhRBh@RLIof V6K @ netal suicide layer
(126) on the contact fins; and fabricating a contact

(122) to at least a portion of the nmetal suicide |ayer
R TR TR N A
silicog-@6inPeibinf initer{al 86)0) coMprisésthie bidps 6f:eps of :
depositing a first dielectric material layer (172) on the epitaxially-grown silicon-
comprising material;
etching the first dielectric material layer to form a pillar (174) on the epitaxially-
grown silicon-comprising material;
depositing a second dielectric material layer (176) overlying the epitaxially-grown
silicon-comprising material and the pillar; |
etching the second dielectric material layer to form spacers (178) about the pillar;
removing the pillar; and
etching the epitaxially-grown silicon-comprising material using the spacers as an

etch mask.
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epitaxially grow ng a silicon-conprising materi al

(170) overlying the sem conductor substrate (106); and
W@e@biegos he epitaxially-grown silicon-conpri sPEyUS2008/008801

material to formtwo adjacent contact fins (186) on

t he4 senTieanetticd of claih 3! waérin e stEpOf fritatn®h cehtattl 22)
wherein the step of et chi ng the epitaxial li Itgrovvn

compgip¢si the ﬁtee OffRbricAHRg Hhetconiagl such it awﬁmléé the cantaglds
sufflcQJntlly {1 (ﬁtgc'[ fssﬁosgio‘ﬁgﬁ? ?elzgt Ve tg%eegdj %en n%ct Qﬂ‘lz a 86) so
axl a erla,

I conconp
that thest Cd’iitemg 1§ 1hephfys 1bsltcodtaet ®ith thecmemat anbﬂb 1&;&){ er26t) onfadleastaone

(174) qn the epitaxiallygrown
Sldewépquéb}’?a%‘(%‘ﬁloifglel@nﬁ&? BR$-al ; depositing a second
dielectric material |ayer (176) overlying the
epitaxially-grown silicon-conprising nmaterial and the
pi | 3.ar ; Thetro¢thodof tleins @écwheteih the seprof Cabriwheing akohtagel22)

RS RE g T N ENE TIR WANE TE TR

TS s S S ATt (0 0, SPRCA Syt s 150

that apfinteefie (dé@) bryweerceicantacy @nd2he oempsilcats laye (tl@ps .feater than

th t act 134
an inigReeE52] Bt e RENAR g osfon BB bR lopgd redio16)
upon Psdhi the iefal sBicidd Merlwolld e diRGENe conatetis. f i ns (186)
so that the contact is in physical contact with the

nmetal suicide |layer (126) on at |east one sidewall of

at }eas c t
cl a‘% m Ing H%F]}%rdglfoﬁ z{%ﬁm&t‘i’%ﬁm Mfdéf glgurclt&grz(:i é}tg gggérgen OCP Omprlsmg
the st¢psT) conpri ses the step of fabricating the cont act

such that a width (134) of the contact is sufficiently
| arRjevidHe & ssanicentustar shbstigtss(iPPbned rel ative to the

ad] B68&4ktin %%rga@&gtaéu (56§ a&gae séﬁhéo‘ﬁﬁhctef‘sdggﬁﬁtgf ace (130)

bet ween the contact and t nmetal suici yer (126)
i s wirgathe gatelstackan mask,emfmmﬂmgml@)lritgedomms intloex seont@acictor

an rtion of .the i urlt d
materp 01D iasei afeima o Mrcbae, Jack Rerei Fecemgandhetor
materid)8a€ QkAGhrTAdeN2086- A NMethod for fabricating an MS
structure (200), the nethod conprising the steps of:

pr cshing & raneletZ06b inde thegemicsnduetar ma(embguchfthmhe; ating
semlc%n&’&tt(?r I%Iit%ﬁlefl l‘a%%@en%ﬂ sultf]aces(sm) %heotrrenS %bSt rate;

forming a metal silicide layer (126) on the first surface of the semiconductor
material and on the trench surface; and
fabricating a contact (122) to at least a portion of the metal silicide layer on the

first surface and at least a portion of the metal silicide layer on the trench surface.

7. The method of claim 6, further comprising, before the step of implanting
impurity dopants, the step of epitaxially growing a silicon-comprising material (170) on the
semiconductor substrate (106), wherein the semiconductor material (170) comprises the
epitaxially-grown silicon-comprising material (170), and wherein the step of implanting
impurity dopants into the semiconductor material comprises the step of implanting the

impurity dopants into the epitaxially-grown silicon-comprising material.
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using the gate stack as mask, inplanting inpurity

dopants into a sem conductor material (170, 106)
wele@posEt proxi mate to the gate stack, wherei nP€TES2008/008801

sem conductor material has a first surface (208);

et cd)i Ngrhe théthod Bf €120, wWhtrein! the s&p Bif ehthgcd @EndiERe6) ilo the
such that the sen1conductor materi al has a trench

semlf@c}ﬁwca%remetzw)(W{ Hi6n comprisesdhe ptep 0b etehing the werdly into the
eplta)ﬁﬁ’l:l_gzg dl &{n éo]rﬁ]gr)lr mtgntkgxa 1%?1 N %:Je\l%c ggrrléht\%rmmatea within
the eﬁlalﬂfaﬂlyégtrd)\ng sﬁlcombmphsmgwtexﬁzﬁ. at |least a portion of

the netal suicide layer on the first surface and at

| east a portion of the netal suicide |ayer on the

tregch '

CO?EY : sllﬁﬂr%g, &g&; 8tr7 CelatBEZ é‘/ﬁ%x@ﬂl%ggtn% ok {E}xﬁlg J ﬁ’éﬁc‘ﬁ%ﬁ%) into the
semictodantesmatetial (7€ pl%i) cemptisesithé btgp of ewhmg the trench mto the

. Silicon-co S|n mat eri al 0) on the.sem conduyctor
epita3lis BRI (eSO e T Wb SEN b e prete (106).
(170) conprises the epitaxially-grown

silicon-conprising material (170), and wherein the

st el®. ofTherméthod bh@ainnrpuwhcryimhp awps;)f ifzrbtrbtatii@a contact (122)
compﬁﬁ%} Lﬁ% P gﬁ é% ?2“)@10?1; ert:lH% cgnt&ngs gt ﬁl lltss IgZPZ) of the contact terminate
at the@RdthlaXlicdd M?ar@xw) &1 tHeTRBr SHRfBE (208 chth@ttRid &lthStreddhSurface

met hod of claim7, wherein the step of etching a
(210)trench (206) into the sem conductor material (170,

106) conprises the step of etching the trench into the

epi taxially-grown silicon-conprising material (170)

such that the trench termnates within the

epitaxially-grown silicon-conprising material. 9. The

nmet hod of claim 7, wherein the step of etching a

trench (206) into the sem conductor material (170,

106) conprises the step of etching the trench into the

epitaxially-grown silicon-conprising material (170)

and the sem conductor substrate (106). 10. The nethod

of claim®6, wherein the step of fabricating a contact

(122) conprises the step of fabricating the contact so

that sidewalls (212) of the contact termnate at the

nmetal suicide |layer (126) on the first surface (208)

rather than at the trench surface (210).
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