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WD 2005/ 071729 PCT/ US2004/ 043109 LOW STRESS SI DEWALL
SPACER | N | NTEGRATED Cl RCUI T TECHNOLOGY BACKGROUND
WOrBeERII@A. FI ELD 5 The present invention rel atP&d7US2004/043109
generally to sem conductor technol ogy, and nore
specifically to Iény§€$@ﬁ%ﬁ?ﬂW¥A§éﬁPgﬁﬁHuctor devi ces.
BACKGROUND ARTINENEEGRAMES COROTUCinENGLOEed 1 n al nost
every aspect of |ife, and the heart of these
el ectronic products is the integrated circuit.
Integrated circuits are, verything from
ai rpl anes and teIeV|S|ong§§g{[ﬁ%meistmatches.
Integrated circuits are nade in,and on silicon wafers
TECERYCAXF¥EERel y conpl ex systens that require the

C OfHe hrdda: 1:38niRh rOMAARISIYQE EVAIRO USRHRMEy, Qhd more specifically to
ecisely controll ed processes to produce a finished

mmﬂ@@ﬁ“@ﬁﬁﬂ BEYPeNiEgter . Each fini shed seni conduct or waf er
has hundreds to tens of thousands of integrated
circuits, each worth hundreds orthousands of dollars.

BACKKRRQUMNIzgREt ed circuits are made up of hundreds to

m ljiljaétrgrﬂé?géucﬂs &gluééh %%11059&&9 QSBQIE] $ﬁ1fe 9&%3(1"1%5@ these elechiomc products

onen he sem conduct 6r transistor. The
is thecléﬁﬁﬁtﬁl SIFFYIL| nlﬁtégiﬁt%tmcgwE SFrd e teueythiag ﬁﬁr&a@@lﬁlws and televistons to
mmwﬁﬁaﬁently used is S|I|con based, and the nost
pref er bas en1c%xsuctor geV| e

Inte atfr:de c1r ml!s are a? I a on 1lic mely © s%ems that require the
Cb qF B Al G FE e Condu ctor “TeMVEsSY

coordipgtign gqf §mmheds 'lbheavpr thp@arplamf eleeindsn tatrofed r@rARG to produce a finished

setmc&nﬁ@dqcﬁ 'vﬁ%ep r Ea@ﬁ @%lﬁh lsé&m&ﬂ@&{o?‘ (Naﬁf ha@hlﬁlble&sqg ks bm%uge@:&seof integrated
O trench oxide isolation regions

hav 2
C“““&SWH&ﬁF%BmﬁpﬁCFWQH@?%WB?“%&eas The transistor areas
C dﬁtﬁ@htﬂl Mﬁx&é&rd €0 Rip @ﬁhlﬁh&ledsaﬂ nﬁllld)ris @Dﬁdl@i)ﬁﬁdﬂ eongpate@s, CaE common

compog%it) t(I) %( senncohdt%yof Har?s{s]ter S'hle mC{sE m}pbrtanp s%miscoxlldu&g technology

I con
presendy lghit ligy siieqredseti.o aizybél@new&t omfefmdl vbwﬂ"’tmed IS‘i’r’g#ﬂnﬁLV—mddbé‘ée is a
Comple@eHRte @ 04 erficatRn (@M@@tura@ts%r ar e r ef er red to as
hal | ow source/drain hunct ons,I S g? ? hall
by "8 PEKEA MRt o A rM PR RS fepretly 6?9F‘§}§ﬁ‘? 8?1 @ g 15“}5\“"5 aow
trench @iy Bokatkin|ré g c@3dnthe ofitrasistor aon. Mhd kandeor@Eac@ntain polysilicon gates

on s1h&ﬁxfo§fdg ggesi ? ; 835 o%desscl_wgle dmo% g.%ghed[e" ThE Qlictojf:I glgg.gtesbln%gfﬁ sﬁ){gs of the

n gate a t1ona
polysﬂéf@b Ig:ﬁ@ 1stsbghplb ﬁqﬂewrt@cqq@ ggr}dpg}w@ o%‘@@ght@gjopﬂq degipms ofitheesilicon substrate
are Leﬁﬂai b QW“ﬁl@[Wmﬁ@ﬁl@éf@fhxﬂ JdnUﬁlﬁi t Qﬁl&h atW&ip&Qtedi B)ea Glﬁhxllee ehoiofl @8fRath the

.sour ce/ dr ai unct i ons" he. shal
P Oinﬂéc% F%/ ‘g gt ihﬁ?i’c‘fxi‘dfi ﬁ%“récr"% nEe F%’Eir’l \#SII“{; t @f P‘P%“&‘H {Rfogg on the
sides df SfeDojytili@h igam slicws Fpesiganché witditlong ey to &lris ooreelgavile doped regions of

the shzrllg\;v ceﬁﬁ'au@ uﬁé@fgns AN a Qﬁ{&?rdeéﬁoﬁﬁééﬁﬁ 19 né%oftsj’ M Fhe shaljow and deep
ating

I nsu er, such as an oxid er covered by a
sourcelleaiy W&“@ngwﬁeﬁﬁ@YﬁﬁW@ﬁmaédwRﬁﬂ§mﬁin|tr|de | ayer. The

t e ksl agah@ Qish aw BeSfon&,@ at E]@qu 1a§ee spadeP 6RGEakE 4 Brsf 1B layer,
tran

such tvvo-Ja%e gg;; lgl) cg ‘iél A h?o's ting layers
uoh 2 NGB RYE £9 GE *’eﬁ“:%oé"f1 PFEPg %‘? SF RepRes P Th teguweting lay
then art hecgeetl bl en-lagatsgcer.

To complete the transistor, a silicon oxide dieleciric layer is deposited to cover the polysilicon gate,
the curved spacer, and the silicon substrate. To provide electrical connections for the transistor, openings are
etched in the silicon oxide dielectric fayer to the polysilicon gate and the source/drain junctions. The
openings are filled with metal to form eleclrical contacts. To complete the integrated circuits, the contacts

are connected to additional levels of wiring in additional levels of dielectric material to the outside of the

dielectric material.
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: als‘”egei“e%\ﬁés ﬁﬁlPﬁ}’éﬁPﬁd S@B’ﬁm% a¥ P

t he curved spacer, and the silicon substrate. To
provi de el ectrical connections for the transistor,
WQHERPHFGY are etched in the silicon oxide di dICESIS2PE/043109
| ayer to the polysilicon gate and the source/drain
j Unopdraias .an et signp énthhgps: cantect foi thy mdlsiibdntzatsengbls the fipwehgleciric
curredft lﬁ%ﬁtoﬁé Gifce/BQARBEES tiuoTQh &famr&tyd?eurt ﬁlﬁci oﬁ]ttlﬁgfgﬁqh@ qj’nanncl to the other
. circuits, the contacts are connected to additional
sourcq/dsgjiugetigh a‘\ﬂn“’r'?“h‘@}h‘i‘ FP“'&E(@FWP%‘?&Q |l evel s of dielectric
e kisdlds abeOfabilt@ted b GbdROfotiRea ghte okiee tad: Cbnmﬁat ﬁfcbralswbsu:’hte of a

i Oy 0 L 22T 2001 815000 | B, 0B 3 O e
polysifjenh dayeromt pagérsedtzh ettedw fofm bé &t gddes oud rpplenllcoi’l g@fm ypectively. The
gate &ﬁ&raﬁ@ fg}tﬁ{sﬁfc&l Qe Inqgﬁ alte rﬂlgeg %ggasﬁpﬁ f&&%ﬁ&s%élg%bﬁcwm%kl&@ by ion

rou anne to the ot source/ drain
‘mplaﬁ“?}ﬁ&t‘-’ BHOR ATIPHOEPIETE IRPEFHE 08 arrt?; 8F rdich oF B tsiiegn subsate, The on
implattitRA SIS lo@ESbyal By teheiatad Rebaldyove T8I 0ed dciiva@! RNnpignial 1@151&@ atomns

n the silicon substrate of a 5
fo fougﬂlr"fldhé’g??’a%’&’icg au\I/bétul‘métl’(mand formng a polysilicon |ayer
ovierilidoh @mghtlaerelos( flapesitband etched tpefopx fidhavall aypears Fgrgd the side surfaces of

the ga@aoclx)ﬁr?é dolt 33919511 &Y Ezﬁesa"rﬁe 9&%1@5&&% AP Jut8b AL indl Gre inE;schrhgates are
gate oxi des and Eﬁ ysi | icon gates, respectively.

used 3@5‘9%3 Bxihaesveatee v%ﬁww RPPs Gatos aoglaptefion baf%orwé@ah% impurity
atoms RS kls sitrfed @@ sﬁ:b@l sihiahit DW HO WG 06 Sallow 2QicotSin thlmm The ion
1mp1anta Ol %?l%egrtl %}8?\ é bglrgho[tlﬁlgeratgrh gngxga:‘l]] ; SS oréictw%.rﬁ <ff}le moi%anted impurity
atomb‘ltcniptﬂatm S}(Dlwnﬂqns foll owed by a high-t errper ature anneal

abone rfRRGn Bpm@g;rﬁgyt@f& e dilen b}aml Aced xay&w FiéﬂoMLe@E@zfrﬁle transistors
10 to formthe shall ow source/drain

ns
and copjaptiopeshite piFigd devgy s he paurcedigig dynetiogs ﬁi@&wft“@a% iy contact
openirfgk dﬁ%&'ﬂ'ﬁﬂ&p aiek sortdivngdletiihad siteft@nstied &C&)&nmfm oft dvedugrbt evires in
other %ﬂa €540 ﬁjicﬁg 1§Ie|rsl con gates. The sidewal |l spacers,
the” df Y%qhd t he pol ysilicon gates are used
asASrmgk%mf lepve timea@é mvaiast it brsaeensiound et de slentuipad gisigapse pgpween the

metal leSfacls XRA Q‘l@ts@ﬁ:énoéﬁbs‘%te ke fh@?o@{ﬂw@ﬁ] Q&QH&&!&@ th RRUE et Yhere 1t negatively
atons into the surface of the silicon substrate int

mpacly i PEYPIGHO R ETRRY oW T e BF ) FTe £ FOGOn el is formed
betwednOthe th&ali chphcanind the GlicdnSuldgad or thopdheilech. BEhe &est transition materials have
been ﬂ'clhn%rl% h? E%?ll[ %%éd%ele(tcgﬁﬂ %?do%sal?t?% § c?&&%sé%s) al%?&[%lhj oﬁr{ﬁxgm%t%%lss aiso can be
used. After formation of the transistors, a silicon oxide

dingl emitindsCud YR Uy%ﬂ%@@ﬁhé E‘Eiurpiéﬁﬁ dr g Joﬁﬁﬂ&l E@4@irSon the silicon
penl ngs ar

t act e
s bR PRAEEY e TR DU hE o YR TRy s tescd
to onchremm-e) pRb@ding sepei trgsragres abdve $0§°C| dnéd dhisvbdubes ahe cobalt or titanivm to
Selectiggy%% t\aht}{ %a@ﬁ%aé} au%r]l% dé)gigxﬁgoﬁ Qn Eb?xﬁtll%dl]lé?éf sﬁlgiﬁya'&'ﬁeqpocgsfs is generally

conductive W res in er interlayer dielectric
referrefl[iq 1)“sifigigien’s Sinpgsthe phalipst eneraida avietheiedameh saers Wl gptzgect to form a
silicidé, ttheh;ﬁﬁIdmalfgﬁﬁdmerttlﬁbashuiﬁdftﬁalﬁ |uRGibRd éﬁ@'the@@@hﬁ&o@@ﬁ@ so the process is
ont, aﬂ% al and the silicon substrate

@PBased to the level where it

négatiew ekiyting sitipidiod ®d taliddipeiaosaraeedadfia dobving all the problems related to
conne&;%%ﬁ&&l%n‘?{c& o S‘E%m!l ower the electrical resistance, a

fon matertal is formed between the netal

coAEws 40 Hnt mohtemsiNayechsn Hud squelithut B?Oftqq‘éﬂl%@w% have agfrfaught or
suggestd @nyR8Btiont FRANGkst JoRBodT B t8dsd @biSerl @M@ 120 cheQinhdsOume] & the

cobalt silicide (CoSi2) and titaniumsilicide (TiSi2)

al t hough other materials also can be
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used. The silicides are formed by first applying a
thin layer of the cobalt or titaniumon the silicon
WOs%?B%?"'rlgx{)e above the source/drain junctions af§T{i{004/043109

pol ysilicon gates. The sem conductor wafer is

subj ected to on@lwoﬁﬁ%o’éﬁﬁ%wlgyeps at

t enper at ures above 800C and %hl S causes £0 l% Lo Qlccuic is

t TheyPFessAh IENEE st £ meps of HUES ) PP °‘§°"‘| i Loffteafigec
formed dA& s@@hc}fﬁhdtdr@ﬂa@naleoazfdargme tshempednathe giel disticde. Sofifye/drain Juncuons are
e PN T Arih e BagiR &Pkt R Bl W @ v pover
plasmasqbmerischanikdl vt depesién (i’Eﬁ‘«ffarchass & $11|1€e46d%f0ﬂ¥fﬁém the source/drain

_]Ul‘lCtlD%é gAdC% Jgs Card oy gﬂ@r@yé? \icotib & %Hﬁt@tﬁ élﬂlﬁr@ 8 shrhiE@Bch)ﬂ Substrate.
@ysn l'icon gates so

IS
Contaqtsetfl@rqa@a)np ig gher 1§t§t}lap/eré]felle§wé & @xﬁe pifi gﬁle’dl 1&, meﬁg)ij 31gn1is cantly lowers the
eiecmca&%&ét&lbéjibeﬂ@acn thiflEANVEME find ti@Xilisdni on golgitcbrcirehilynignpenmig performance of the
C'd D@t § b8 bovdeP Binge of about 100
mtegrabeﬁ &Scfuét MLLROGss Pre geéa%f"o% egfgltn}%(ri] g\rﬁll#}é%x g&gi f 8 rbl(t) ac-zct ggeto abou
walts t8 bhoniC0f watBol ut i ons to t hese probl ens have been | ong

S%ﬂm e lg)tdmﬁﬁﬂs QF e epeleop Hﬁr@toﬁletr@\iﬁua@&t in fadthl@htto o in place of those

este sol utions and t.o thes
mennomdo RGU N A g"ﬁb\’eﬁ‘a’éioﬂ?i’%’éé’ tﬁ?@? |S‘f‘!ég i 12 s 20y S of the
followMBaARS ﬁ&&%ﬁ%wl@%kdﬂ% 0431 08 accBhW@BUREﬂ@: THE
I NVENTI ON The present invention provides a nmethod of
formng an integrated circuit. A gate dielectric is

formed on a sem conductor substrate, and a gate is
formed on the §BIES ESEREEIQY @F TR BRAVINGS n Junctl ons

2;}%@ e‘lfdso ;ri gg\? gégl@ggsgqrgt&;p&%%%‘ggage;@?%e g@kﬁixéaugn n 61ccordance wwatlhle present
invem@,llasrra enhanced chem cal vapor deposition ( PECVD)

A sili e, | ) rce/drain
J d‘g@ 1%?}% stucure oi: 1!71 1 w1§1 at11n£rq§rgr dﬁgosftélaﬁltegb? ‘ayer
dirededs the arumsre@élii@sl it abioBn e U BT Sl aEErein juntions:

S ?téirl?'&lgsuuct%%fﬁ@t §af&%ﬁla%r§>f E Qﬂtﬁﬁﬂsﬂa&ﬂ he interl ayer
dielectric to the silici

e bhgmcareatEe s G el e AL G Pk

arl?thd‘letthdulcm@mHG spitingsid foroounagk glddey | nprovi ng

p é%ofln’%l u1e ftEG éaﬁg }?0@&1@9 Cf“a cﬁe@é&hﬁ: layclmeer@lggf@de the sidewall

procdess “5referab or me hin a bi as
spacerpmvieirallp e frepah G@lat@bsout 100 10 watts to about 200 watts.

Cangad 0 m@ﬂfe%?ﬁbs'? Sfer fohﬁlub:ﬂ)f @il PRadaasmd ot her
advantages in additio

aiEi Bis & gmg g dtowpppst o 87\(} Eﬁ{? %dgoé én%:f?cl?ur%%the H%?d%?n accoxdatnce with the
presert Dvdnh@se skilled in the art froma reading of the

followi ng detail ed description when taken with

reference to the acconpanyi ng dravvi ngs BRI EF

DESCRI PTI ON OF THE DRAW NGS 1 is a view of a
transi stor i @WW@F@?HP@%%@%INXFNFgﬁl cation in
accordance with the present inveption; FlIG 2 s

stipute yPlovass Fiqssgiptign, WRYIRroLs |sl?eﬁ1 £ g&} rafe q él %IS xot gla)wd(g hae thorough
under@lzhlﬁﬁ@ BNhe fmbdmion3 HoSvetel & val bauappame togfe FRiIEd inXheghytr thas dhe jryypption may
be pxactr{cead \xmmutt th%st stpgu e el I'}Ql LW SOME Sl%étﬁli';lg"th@ pfe%pﬁl{fegfb?u some well-
known configurations and process steps are not disclosed in detail. In addition, the drawings showing
embodiments of the apparatus are semi-diagrammatic and not to scale and, particularly, some of the

dimensions are for the clarity of presentation and may be exaggerated in the drawing FIGs. The same

numbers will be used in all the drawing FIGs. to relate to the same elements,
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FIG 4 is the structure of FIG 3 after formation of a
sidewal | spacer; 20 FIG 5 is the structure of FIG 4
WQPHY 7#bn i npl antation to form deep sour ce/ drEIES2004/043109

junctions; FIG 6 is the structure of FIGS durlngﬁ% €
f or ARETb OB by wrddiereingy defined o wplpngardfel GapirE Y VPG he o

“vertfal@feley 1o d @R e@EhdRblarac Alb BdrRE bCjudt asfmed. Avers, dubtens “on”, “above”,
et ] dy§ de,“ the., L,ga eval | ager .. and. shal L-ow tranch. . srined with
“below S’Olb%l tOPp| i) mfi%waﬁgt 4 [1 Urlre&w%f’ F__verG XX? Lgn?t ar e defined wi

ra@@hwﬁ@hwamﬁﬂﬁhmetal cont acts; and 25 FIG 9is a

Si mefr&é ﬁ(gv b lP@(W lctﬂé}&ﬁ is Qlflwlnl'i% bt %1) iR hn ARMAE btblel oM Bbrication in

the silicide in accordance with the present
accopdprpith HrprespE AEED DESCRI PTI ON OF THE | NVENTI ON I n

t heo ff@}n| dRViktEtehe (106 Gt Al dat@ [iele LI TR €@ UsSichS @itléoh iogide] @ddan dosductive gate
1ayel'Ia§]Lglé %{ F gﬁlhtccgb%gé?en de?os%telaloqrnou nuconcﬂge :]stsu{)s?lgtggag O{S) m%lllgﬁaé such as
silicdnn Thehl@yeasrate patrarted tiid@tchadvelotol @mtqma}ecw@ O%4rad peaiciOp-c By semiconductor
subs HJ@%{S gegﬁﬁﬁhé ?ﬁ@mgd &cl@@taﬂﬁ Iﬁﬁed Jifh 05160 oxﬁcﬁ n@@hdo form a shallow

SCUYIQ& esenf invention, sone well known

“HWE§H$W§&$ iF%ns and process steps are not disclosed in

de‘Raifeirmg hdw @At 2] Bdein fs Blemdltt&\Mrdibgﬁe RO 1ngvingetiradiyeeddR deposited
the:regrl.5 '?‘}gelglﬁrglg 9(# u%nc?r%@ﬂ% 51 I.COl'l om%g rCf)\Uc%rTﬁ?t 2 ge rgduagr sulgsﬂate 1(}2 the gate

I "ensi ons
dieleftie 104h the @,htarii)ft ymdothe @Tle@énfrm lingn laggn dO%reap bt @xﬁ@gs@@awéfeﬂal or an
1mmAP &Q&mgﬁgﬁﬁ§g FI Gs. The same nunbers will be used in
ﬂF ram%%g FIGS. to relate tOtéﬁ S ﬂ S 3001
3 Vel E0B870 FHO9. BT BETODAGHELES e LTk o) Tphton 302t

fmmsiilﬂ]ﬁ\ivi’dﬂft&/&ﬂmn]t&suddﬁﬂ)dalhﬂﬂﬁl nis defined as a pl ane

pa[I% 1(}6 ang thseégtt‘g’ tdlrefactgc ?(54 zyv?gse it sks Ijgxethg ?c{ﬁrmtﬁy gf ghhlfo%] source/dram

efergfi on per pendi cu ori zont
juncings o A0t tslscion Tt ion ST s (Bypr phosplsy 85 mpinty s o e

su1faccb&{ tﬁ)é’\lsermcom&gros’%suate tl@p The 1&1 %Iamﬁtﬂ)ﬁ 30D is fSilod/@d\@)l b hlkl;t -temperaturs
sk OGS e R s i e 8 B G gy 20

andd06. FIG 1, therein is shown a transistor 100 in an
I ntRe{emngen ! (?? lﬁf&:%tethg;%m #gﬂbkwg ?ﬁﬁ] S%Gcéﬁrlé‘ ﬁ% gﬁfﬁnggaﬁg{kgﬁrgﬁﬂéﬁg a curved
31devaa11 ggtgﬁ 442 elhe elzqwa& lsgacgzy@qn be gruﬁsﬁlaa@ ngltqnialcslalppteg)gliogﬁhe ggwg o%t'm oxide, a
t CQO,{[{ bl MEonf aAkiCor ayer SucC as polysiiicon ave peen
wies S|tg1 gn a sem conduct or . su stra{ 102
? ugr ag% 8?12 ' ich grf)tpciisc% m:lﬁ.ftgt a )E}%:‘«r éas g?eé removc%d and a s&dewall spacer
layera:ni dn efsalhreg niaeribloguch & agratnee di @l egler hag b@ﬂe@ﬁ@d ancgmhed to form the
cur vegdosﬁaph -EF fhe %ﬁmaﬁ%gag&}gﬁ)g r Eﬂegsm%%ms gp'fa&t ?ayel' nged NP 8L Ridewall spacer 402

attern , th a silicon
typicei w@pwatdemnap plesgia pbpnepceheigg] IVW dGP?Séﬁ& F?Eicé’ ) Bipsesn

( SﬁEbZVﬁQﬁoces?@fxﬁd 1 hﬂﬂveﬁ&\/\!’a&@ frEtiL@acy%ow&lh&f @iett 1018 05 ko witerial being
structur

cepog ) Bt T Wt TR TP Py o2 PRy g opeatin
PECEDIpicc@ies axdbwl 8ips poveedscds e ebmmtaomdmtscbptws%b@tmmﬂé ugqg 2o form the

s1deu§l8§p&g?\t £ ag(ll ﬁ'll & Eon&cég%bsd:a@elﬁ aye a&%anc@@ﬁiil FhQ %regﬂ invention, the
he I ner ayer can an etch 9
PECWRtrencesafs neformpd at low bias power. It has been dlscovered that a PEC D process preferably

within a low bias power range of about 100 watts to about 200 watts reduces the stress between the sidewall
spacer 402 and the semiconductor substrate 102. Thus, performance of the transistor 100 is improved.
Referring now to FIG. 5, therein is shown the structure of FIG. 4 during an ion implantation 502 to

form deep source/drain junctions 504 and 506.
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15 inplant-protection material. Referring nowto FIG
3, therein is shown the structure of FIG 2 during an

WO B AM%nt at i on 302 to f orm shal | ow sour cePETH{SA004/043109
junctions, 304 an The gate 106 and f ﬁﬂ %} £ the d
di Eilee*&{e?’?lkspice%oa&e ? IRaersDy ST PF &Rt PHHC gpmation of the deep

sourc&/B@ln oMt mO sU4cied mﬁa)y fhe idnUREIkitQRS 5@04 batdor 3OGpHoyus fryeriiy @tpms into

the surfrge c? r&}easgnu?c)r}ldt%pm SL%%stra 3902 arﬁid:%)) dlf’ uu%ég%%glﬁ{ﬁé séuPoL!dwm junctions 304

and ?é}éme@@mdtlnt &he wu bsulmv@ 302 aghvelollayed b | ishtiepgtegggeal above
700°¢k & aEtQ/latla ﬁwﬁqﬂmd s’aylpmi@ &o&@mﬁl%%&%@mﬁa{cu@@ S4Qnd SRC to

activate i mpurity atoms f
shBrFEe %Oau? EISH i If ETH&’{‘ ¢ metisnaroomn i mnk’e‘ga?a}‘?fh"d silieide
layerd 160K, 603, E{d@OS‘in adchr@dned With Ge pRawninteigons tThe cititidecla@ts BF @nd 608 are

forme%h\%uh tEe sur clen?[he senuconduactoxc gurbguea% 10?] Igﬁ ? ldleeé) sﬁ%gegd&méﬂgcuong 504 and

506, Jsaieewele,dncrth@mctdhéo@rf @Ulpﬁd@fl thaﬁat®$&6de a 25 nitride,

an @erﬁ:{%ﬂp iRAttaRS: $RemSRch olhgn d éll[lﬁl(—; in%M@tEch%Q& thmpgdihon process
02 @Pot ects frominpl ant _damage, has been renov

AL ST 8F 05 GOt et (P TPR TG BT 4fRagsiicon
Thereaﬁer@th@ inkthll il Radid vam t@xilidey tolas Weaen kaepas i fistphaswadmetal-rich silicide.

The non—reacted egaé 1s?h':hmrc}mlg\€e& &l Fhl\é ?}}%—e t"f}n{pﬁxfspé/ agetbgodl%t QWLeacted again with the

er ‘used form the
undelskwrsk@mcbd to §ypa 6 eacond@Rase, Wﬁﬂ“tf@h piljcides Inpesprersd '{e‘é’ﬁlq't?s i gppgsition process

602 iNRROB-SHRBNGES 16 Rl CAk sﬂé&ﬂ%ﬁt{)%ﬁ%ﬁk&ﬂ sQ&Bon( %@{1@)&1 and silicon are
process. 30 PECVD pr ocez@es use._a

o o EYTBOBE IR P B PBTS G H{ RePI TSP e st
Ina tdﬁﬂ@cﬁamt]@dthanepbshﬁn biategei0? susif@ace spuguibh balsmetd @nd silicon onto the silicon

su1fa<{eh rqo sBlﬂ%H[%ﬁt e%{aﬂs H-‘g%a{)%ﬁl c%glg nletal Ql%%ll p&zerﬁlaté#ﬂa@ GOY %rcgrgposne target or

sses at bl as power
separplg diw@@smd Ben @Iecrtm t!vafc@@osup Fatedyl prig e Béft’fwee n the

mt@r[vlaxﬁiondl‘ siichadion b@kemed ﬁh@e b&brﬂ@ﬁi@h&maﬁ@&ﬁlﬁﬁmd@ﬁ&m&ﬁ&dﬁd&ﬁ devices

m conductor substrate 1 CCcor. dan
vt QLB FHFEHE PRSI Tha &-PEEYS FPBLESL" e P8 Abdigye (. 1
partidulayydining Sucp ml\neaﬂauori professs, bR nf e sGoved/driintezions RECYBumed.
pr %1?{’? ?106)8[[ ?c[l %p he 1e§r5ct&%' ngthlnn Q'OIJSMS Qﬁo@ﬁwﬂ@%@ﬂucﬁ@ﬁ%@ siffon in the
abou

‘ V\g S reduces the stre‘% "
proc AT HEIBEp e 5P el *Imid%’ﬁa'-fcérw% By RECPHEORURFEBIA T b stHcon-
Such%b’t@%ﬁ@ﬁ @cts]{Q &duCXhﬁ%paﬁﬁ;{rés&[t RRE Qut/dbin @mf:troaﬂfiltl s #dvdrddy impact

|G .5
the eéq;ig\xﬂp Eeﬁfgnrguecle uoéli;rﬁcﬁeéastlc]s %ﬁq% b%rca}: Tt bunduons % cf‘a"ulrt}m!ng'[y, degrades the

pe:folﬂiﬂﬂl:e&tﬁtbaintegmaaﬁ;uito form deep source/drain junctions

ﬁx’h@]q]ﬁ]l 5(9 Qctmé um 1%@191%197&12&%1 E&TJOL#%@Qé%v&ﬂ%&gpcontﬁlﬁbecausc the

spac 2, a 6, and the S 108,
sidenalh S8 bEPSRE B Vflﬁémfﬂéﬁ H%tgra&ﬁ opfuitg Wém'&}’ef’é‘ﬁ“’mg & capaciive-coupled or

fully S(Qzldﬁcﬁﬁf ﬂfh&ietﬁbeén&ﬁbc[folyﬁ%n 20dana g s506G/dbyh jtuiveons,0nd similarly, degrades the
tation 2 of boron or phosphorus inpurity atons

Pe‘foF’Pﬁ“%e O?fhﬁéﬂ'e%‘i'c SE%80f the seniconductor substrate 102
andvhiletho paeredt intenduginy b esed hvith Voisvselrctys] rhid silcides, it has been found

that di&@l%h 01‘39 ﬁas %Qéy de! glk% %%Cteﬁ&lgp lquntvdeVeglxﬁl worlii€ wltiPRckel silicide, it has been

gain b A
found @ﬁdxff@ﬁp@rfgwb@staﬁkféavc%8\}1@% veg g gelieiss w400 A tick

with fo0FY s&'ﬁc&dwdum%[ brbféctﬁfe QilfBonts@bs4d dﬁﬂbﬂ&&d&@ldd! mésd)h.al n
J u ctions

rrrn
BIYRE Fréu W‘ngﬁf&ge ofo %BIB(Q%I&)EUSSES n ;1101de giy dcﬁ?lhon an uitra-

umiofm)ﬁﬂ'imiel m;:mscaﬂay@n df siti¢idbewhere there are no variations in tluckness greater than about 3% of

the overall thickness.
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| ayers 604, 606, and 608 in accordance with the
present invention. The silicide |ayers 604 and 608 are
wqmw&um th the surface of the sem conductor P§LTH§29(Ht0é3109
102 over the deep source/drain junctions 504 and 50
r eSpeeramyle|of forging vipani&im nigkeeligomiore Fiide 80% A0 rad s, s by
depofidlz@neilfe) od bhe @ﬁﬁ&ﬂ alidoys areh T fﬁve@rl@w bd’WeﬁﬁlpW]Sositlm whdegshwhere the

forma sili e techni itio
sl GO P O TG St BB 6 Ran o By 400 nd
300xameasect(cbmtnh single crystalline and pol ycrystalline
. # a%glﬂ)m an %ﬁgﬁﬁﬁi&e% me&z{}ﬁg&ﬁx%x@ ] pleﬁu%@ @fﬁ{cf?g didel ol Ha®elow 7.0 A
con to as a first phase,
per swered@md Pipfetably batyeeh thaut O SPREO.AHmerseqedt ed netal is then

I QR Rther,aNE pleRALIP iR ©X kifididoNg d@[bdéﬁeﬁ ufRamese Powed Ustls hisl deposition

rates fo&%nmu%etlgxgt%ﬁlﬁxass ggrgnlgg\x/le tgliﬂ[il dg,gﬁucké?egsﬁg %IX(%:I rtl%pm ;cle ail %pra umfoun, ultra-thin
silicide clhe dbpbﬁed‘mﬂlcqla eptatihderdepesid © eniligloves gnngfgmgmgcess such as a high-

tempér%&gaﬁ/n%ﬁar%g (?@oratl on of both netal and silicon onto
ex ose icon. Both netal and silicon are

vapby $ﬂzcect9 8y, 60‘? &P8 mrigmpy ds fomppd of aaribileteiim PR & YR pYFiting of
cobalk, StitdnBeH) nfeRVMke QO Bisped BBk ailloAMEkedCH Bsotildahadok,i aadn.combination

I'n a third techni que, the deposition process 602
therepfy ol ves co-sputtering both netal and silicon onto the

si Refeging nsukfHiG.l, theinsp sitotve thiersguctt of 11G. fifips fepadifop of a dielectric
1ayer%2°‘$v9ﬂﬂé ﬂ&d@%&é 60886, 3hd 408 AR sg@&,ﬁf s'pﬁ;lel&ioﬁ raﬁl:m:@STI 108.

osite arg Or sep arate ar " - 4
i PP YGTONERREr 0 P e G BT Phi O g pich 3 sicon oxide
(Si0,! @ﬁ&@ﬂl@loﬁﬁb@ihca&ad’m@ﬂﬁ &bio@ﬁbsﬁbﬁﬁcﬁﬁS@BS(h)amas bac ovith medium dielectric

enat,] Cc er,n. sem conduc e a
constgxg%eéogh aﬁlﬁl ('.g?N or nByv dieleg’tnc COI] amfI J;Ie?ectng }ﬁat&?a% s&cﬁ Ls fluorinated

urce drainj junction
tetractlgprthsilione t [”E“E@S)dehydgfge;ﬂ_ogl}esmqggpq oﬁﬁ;QQ A)blS fepzocyclobutene  (BCB),

tem{?ﬂyﬁdrtﬁ&éﬁn@{te () NS e Ne J@I’a{eh&h%ﬁd @AY Ch@}ﬁlﬁ@tﬁyldﬁ@ﬁ@e (EIMDS),
exi sting source/drain reglon%§are c

tumeW]éll}fl %H%[SQBP @%@ddlﬁgla{yhléosp@ﬁxeaw ) meg]ygﬁlr{%sphate (SOP), efc.
with GiOBSEHRSstaald Oklbw 3. MoCes, itlise-bh idekargsnednt déldcicvomterials, fiming dielectric
cons[gntsl% 1%)% ?é aglﬁ' b chcorcl,\éi?vraitl%%héﬁcﬁugg @tﬁ rcﬁfi)l §921119t§e Teflfh-AF, Teflon
micr@inkilsion mohm@"aia@ﬂ@rms ciemsasrmseli GHcareogely andraraurer Ty Shlé’a Stop layers and

cappiqg RN (WREESED bre oﬂnﬁt&‘ﬁls §1QH %§s%4091[ ﬁluﬂe dSHNQ bt DS RErIARIBION).
adver sel y I act he el ectr r}
]]9[8h C fer fonnatlon of metal contacts

ch&FEEPE s ﬂf‘é 30‘1‘“’“?‘?1@ B %?“H?t NP
802, 804t inasb@| y, degrades the perfor mance of the

| ntfgtgmgglecgl%ta% ) 8%9'854 a@% %11%?9%8{\!&9Elh%ﬁc)ﬁllyﬂ&%ﬁkte& & the silicide layers

bet ween net al
604, é%taafbﬁ@fi b@cws@w@h@ thg iderpveaPie/dpa ¢ptiop SEb s s HIO) &itd the deep

sourcWatalh j810Bdls86, i ntegrated circuits thereby allow ng a .

capacitive-coupled or 30 f n ti
Do B PR et o S0 NE PR OSSR AEBRAN siches fenalom X2
titanijutl NCDJ QRBten @WY a8oyithesdof, yand daglroadhshetdoé Iipethdr orredioeisp fhe metal
<:0ntac!1 %O% r%qe % (9 go%%{%ofrn%uﬁs s\;chvgg P}r% ), %Blg%ﬁlﬁ s1ilvé}\f§£}t lﬂgfﬁs thereof, and
various re ({ i ¢Cid
comnonndh élsrehfe*eth ofeeimiere of theaaboysi eéeRf@NS with @S’@ébfl%f‘:%s "’h‘ﬁ’ﬁ‘}/* em

degleaRb ﬁox@!&%@@t %ﬂeﬁhé Q}%wn lﬁ@\ﬁ?ﬂﬁaﬁ ﬂolzvr&hdw&f iﬁin&glo&l\@@d‘hn accordance
ni ckel silicid be difficult.

wit o oo Btonm; 0% o] P0G PIOVHAS “RUR RGO A e 20%
forminf kb gd{e &élbcirRionl @8 seRfid@hkuckodQBstrAte inhi sekt 9043 Brting hgateou ¢t gate dielectric in
a ste%y[%wo &m%%s&%r e/graxﬁ Susﬁguo sr 191}_‘106 s%rmtc&%u%dﬁ Sl.:ljbgt%} alﬁgglé# g(%?n%nﬂiﬂga sidewall
spacen jaroke] the gate fstvg m @wtm@mlaymﬁ efb@’%d ehieriedd | vangy fepesidng prasges in a step
definition, an ultra- uniformsilicide nmeans a | ayer
of silicide where there are éo variations in thickness
greater than about 3% of the overall thickness.



5 WD 2005/ 071729 PCT/ US2004/ 043109 One exanpl e of

formng ultra-uni formnickel ultra-uniformsilicides
WOsas/08T%8, and 608, is by depositing the ni ck@CTARB204&43109

exposed silicon areas by a very | ow power vapor . )
910; duping iatiiofe (rthrceurss/diip dpgioptiad oy e gatt B\ SEBET IrResing ag interlayer
diclcPAVBIovd tBY@hicHRL@W sathidva b iy TR B tordibly dofiikd:s 1AM interlayer dielectric to
. preferably between about 400 and 300 watts direct
”msﬁﬁﬁ?%ﬁfmp%'1n addition, an extra slow rate of neta

depasle teoinvensonpitae foexn r destribathin clanjinsticheditne dpetific hest belowt is © be

undegsto d ﬁat n&% alRaR m%ﬂﬁicl F5n$ faﬁ& L%n%ﬁ‘ﬁ@%axaﬁ %Bos@slﬁie@ﬂlqhe art in

er secon urt re erab
lightohge @regm@ dgesription dégserdinglcit i w@feq*ed ﬁw@@cww alt%&’ﬁéw% Héﬂﬁ‘tf“’au"ﬂs’

and GARRSJ thd: @M withB 1B SpitiCundBeopd 41l ﬁi@'iﬁchxldai AiakthsC kNG SeSer® hithBOh-fore st forth
nmore t han 50 A(ﬁhlckness i.n or

o g 4 CHAPPBRHPE GVEREA R b I P b G o g sone.
silicide nmetal is then converted to a SI|ICIde by an
anneal i ng process, such as a high- 10 tenperature
anneal around 700C. The silicide 604, 606, 608
preferably is formed of a netal selected fromthe
group consisting of <cobalt, titanium nickel, arsenic
doped nickel, an alloy thereof, a conpound thereof,
and a conbination thereof. Referring nowto FIG 7,
therein is shown the structure of FIG 6 after
deposition of a dielectric 15 layer 702 over the
silicide | ayers 604, 606, and 608, the sidewall spacer
402, and the STI 108. In various enbodinents, the
dielectric layer 107 are of dielectric materials such
as silicon oxide (SiQ), tetraethylorthosilicate
(TEOCS), borophosphosilicate (BPSG glass, etc. with
medi um di el ectric constants from4.2 to 3.9 or |ow
dielectric constant dielectric materials such as
fluorinated tetraethylorthosilicate (FTEQCS), hydrogen
si | sesqui oxane (HSQ, bis-benzocycl obutene (BCB), 20
tetranethyl orthosilicate (TMOS),
oct amet hyl eycl ot etrasi | oxane (OMCTS),

hexanet hyl di si |l oxane (11 MDS), trinmethylsilil borxle
(SOB), diacel oxyditerliarybutosiloxane (DADBS),
trinmethylsilil phosphate (SOP), etc. wth dielectric

constants below 3.9 to 2.5. Utra-low dielectric
constant dielectric materials, having dielectric
constants below 2.5 and which are avail abl e, include
comercially avail abl e Tefl on- AF, Tefl on

m croemul si on, polim de nanofoans, silica aerogels
silica xerogels, and mesopor ous sillca Stop | ayers
and 25 capping layers (where used) are of materials
such as silicon nitride (Si,N,) or silicon oxynitride
(SiON). Referring nowto FIG 8, therein is shown the
structure of FIG 7 after formation of netal contacts
802, 804, and 806. The netal contacts 802, 804, and
806 are respectively electrically connected to the
silicide layers 604, 606, and 608, and respectively
to the deep source/drain junction 504, the gate 106,
and the deep 30 source/drain junction 506.
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In various enbodi nents, the netal contacts 802, 804,
and 806 are of netals such as tantalum (Ta), titanium
(Ti), tungsten (W, alloys thereof, and conpounds
thereof. In other enbodinents, the netal contacts
802, 804, and 806 are of netals such as copper (Cu),
gold (Au), silver (Ag), alloys thereof, and conpounds
thereof with one or nore of the above elenments with
difiusion barriers around them 35 Referring now to

Fl therein is shown a sinplified flow chart of a
nmet hod 900 in accordance wth the present invention.
The net hod 900 includes: providing a sem conduct or

sublst r afgngthpdA900)eyf f@0ing anfiotegrated cixcujidompeisiggect ri ¢ on
the sem tar. strate in tep 904; formng a
gate onnb'?ﬁ@ﬂ'gétsgm&]%ﬁ?‘g&rﬂ’@u?tﬁ(%&?’step 906; form ng

sour ce/ forming ajgareatiélennde (104) dirheeimienatieabsiahgbnat e

in a stf: 908; form.ng a sid vi/al | spacer around the
gate ust mﬁalgﬁw(é) ﬂiéﬂ%éem%ﬂ 8 chemi cal vapor
deposi t fofhinBr BEREArdiR jehcib i

Pcapgszooiln 43109 910: folr%?nar?g) gﬁgu? ?’??ﬁ%g&'gﬁ‘%ﬁ’g“ substrate
o) E/glrai n junctions and on the gate in a step 912;
Cebos.aRng Lahel! gy BbELRGY b ARRe} Big g Jow powe
c oPlegsen enhpnced phentical anparylepositiospecessi ¢ to  the suicide

- conj a8t B don THRTon B 0Bl npdons B0 00
5 andder theogate (106) atanyiteadft dupbdifion/ 66 a siiRitiel me@l bPN\s than 7.0

angng\éﬁ{)i ations will be apparent to those skilled in
t h ™ RS SPEfit of the foregoing description.

Accor didapdsitingl dn irderlapéreHeR6krit Q7 6E t! denfiénuctor sybstrate
aléﬁ natl ves, nmodi fi cati ons, ‘and vari ations that falf F
wi @d¥Dr8he spirit and scope of the included clains.

Al maiggefify Bddbey (g09y g&%ﬂﬂ@@i)inf fk titnerla:%l{ ﬁ%ﬁ:\é\@ic' & thd'Sricide
acconmpanyi ng draw hgs are to be interpreted rn an

i I(ﬁ%t@%gmg)-and non-linmiting sense. 7 CLAIMS: 1. A

nmet hod (900) of forming an integrated circuit

conprising: providing a sem conductor substrate (102);

5 % or niThgmathgd e cldinedddn thins 1 Whorkin 1he rith6f depoiicie Betwet:P6 and
sLébqsénrg%twe s( 10%‘?' dform’ ng a gate (106) on the gate
di'el e X F(ei ffm ‘form ng source/drain junctions (304)
(306) in the sem conductor substrate (102); formng a
si,dewal ] spacer (402) around the gate (106) using a
| dw po{RE"r me‘%@g é?ﬂf&’é Anclaimed e slaing h avherein: forapng the sidéwall spacer
o @40D5 idds AW BILESwer pMsa Bihdhed] bl %%‘36’5‘?9 Béf) i
(608? on the soum/rﬁgi n jungﬂ or?sl ?d% %@ﬁgcess n
otherrange gfalout 19 yatty toabeuwt 2680 wattsieposi ti on of a
silicide netal of less than 7.0 Angstrons per second;

4. The method (900) as claimed in claim | wherein: forming the silicide (604)

{606)(608) uses an ultra-thin thickness of a silicide metal.

3. The method (900) as claimed in claim | wherein: depositing the interlayer
dielectric (702) deposits a dielectric material having a dielectric constant of at least
one of medium, low, or ultra-low dielectric constants.
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depositing an interlayer dielectric (702) above the

sem conduct or substrate 15 (102); and form ng

contacts (802) (804) (806) in the interlayer

dielectric to the silicide (604) (606) (608). 2. The
method as clained in claiml wherein the rate of

deposit is between 6 and 20 6.8 angstrons per second.

3. The nethod (900) as clained in claiml wherein:

form ng _the sidewall spacer (402) uses a |ow bias

pofer plhesmethed 00 asiclaimsdiin alainy apmemjmmsnmg dre contacts (802)

RO T RIS AR B e 150 Al ooy i,

whamgsten, coppenyigolyl, siher,sinlalley therebf @4bmpb&iithérdéidor 4/sdsbination
an %k%fa thin thickness of a silicide netal. 5. The

Fh (900) as clained in claiml wherein: depositing
the interlayer 30 dielectric (702) deposits a
Iect,]élﬁ %E r|aI haV|n a dielectric constant of at
Ie st ngro i claim 1 whereiw Birmingahe piticide (604)
C o6 BOD fordnshs ni od (900) as clained in claim!|
V\hg?e)la(n i form nga—]{%ﬁséﬂggﬂt acts (802) (804)(806) to the
silicide (604) (606) (608) uses at |east one of
t agit al t.en, . cqpper.. gel d, sjlver.,
anglal I ggk t her eo maasc%gjﬁgﬁﬁdc{ ﬁe‘gﬁfrélsr%wgr’r{bq ﬂﬁf’f’%ﬁmﬂ
t HEP®(S08) Enﬁsaﬁhkelrsﬂtckdadoﬁmﬁﬁh @senid.ai ned in claim1l
wherein: formng the silicide (604) (606) (608) forns
a nickel silicide. 8. The nethod (900) as clained in

cl%i m Ihwnmumdrmo@wsmmgwa Iiteclﬁjnl. i} GivifdPeik: 61%)“:1 R silicide (604)
forms _a nickel silicide doped ﬁ arseni c.

(6

(8%2&%@%&1?‘99(9? P‘&‘é'er(ﬂeﬁ‘i’sﬁéﬂ teghinique m | vvher ei n:
forn1ng the silicide (604) (606) (608) uses a | ow
bi as power deposition technique. 15 10. The net hod
(980) Xhe giethode80Q) res shaimned in olh éiwherdimrfm'rmgg ti’resi]icide (604)

d
B e i et ST -
t hepmpdund therednpalnothbitatoetitreobr a conbi nati on
t hereof. 9



