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LOW STRESS SI DEWALL SPACER ESf | NTEGRATED
Cl RCU TTECHNOLOGY BACKGROUND TECHNI CALEI ELD The
w@e@sont729 nventi on rel ates generally to sem coPdUs2M04/043109

technol ogy, and nore specifically to suiciding in

sem conduct or demunasTRBﬂKBnﬂm&AmnSHIDER ectronic

products are u ?ﬁR@ﬁﬁf¥E SEBGQf life, and

the heart of t es onlc products I's the

integrated circuit. Integrated circuits are used in

everything fromairplanes and tel evisions to

wri stwat ches. | ntegrat eBACKFRYUTNS are made in and on

silicon wafers by extrenely conpl ex systens that
IBCHREMLEEﬂnhe coordination of hundreds or even thousands

?T n ;ﬁrgsgr‘f’tglg rﬁntgoglﬂta ate: 8en alPrgcs%l%%(inﬂHct T. thhg%cgggean more specifically to
Smm@Bnnsmmumhmww&mw$er has hundreds to tens of thousands

of integrated circuits, each worth hundreds or

t housands of dollars. Integrated circuits are nade up

BAcQéRbgnga@ﬁs to mllions of individual conponents. One

n conponent is the sen cond [

BB b FPAe eO S Feotbl CRLRBT o oo poducs
is thqs) tggertl | cjtcuits e thtdgsites i chréuito reb@ed th, ex@rything hfeonnaigflanes and televisions to
wrist&Lerred silicon-based sen conductor device is a

ﬁenentar Met al Oxi de Sem conductor (CMOS)
tr g\tﬁgﬁagti glfcultsﬁq@mf}ﬂe e lg%ﬂ;lh(‘@p e by exyemely eopksx systems that require the
coorcﬁrfaﬁ(ﬁls bfsm:zue@se&ea@h |iousaddSdrSprecbly Scofttditbd gmcssséb&t e a finished

sermc((:) hal %V\tllu}lsg?#] ﬁ%&]{co Iucgc?r el i at | gc{P?dgg %St()? hmésFmeds of integrated
mmw@oﬂmmwmﬂ@umvﬁsmummmm@atﬁﬁm@n S|I|con oxi de gates, or
gaﬁn@etggéh QE&HS QX %{ad IH) f%lulldlreggﬂ) Iﬁlﬁg§st gf%cﬁvldullhﬁ ?6n'eﬁt§ OBhne common

subsfrate on sid pol ysilicon e is
compgpepigh tﬂreyse%a@actwdrab%% né"h%; @ﬁﬂ &erfuiﬂv’eand TryRertpRt dﬁ{“F‘SPd‘&E% deghnology
preseﬁtﬁyg €A Sis OfilidolBaséd, | 4né Ofe SleQlStpfeﬁlﬁd afonri@fear fe@ttoddactas device is a
celdrajn [

" which are separated
Cmmﬁ?mmm@ﬁgﬁﬁngefﬁmg(hggkgggﬁ zP?Sélét%blysulcon gate. A
c ulkeguiingpd! elemmtsak i GBIOSrrassistor efmpra]m copsistlef aspiaeresnbstrate having shallow

trencl'; g)tlferlgo%oﬁ f%gl@l% Brd rﬁﬁgd&i’@nélsté%gse r tIQl%lSIOh %ea%;'cgf@aﬁn ﬂflysﬂlcon gates
he polysilicon gate all ows dep03|t|on of additio

al
on Sﬂc‘fe’b PHE &85 foppHT Pl ona &visilgongusetsr Bisthy pstgip g boih sides of the
polysBib&d da@\is SRLIYCRHEIA bdtohdlbiucRS ThM\hghﬂij] d@e®regiatsl of the sitle@pubstrate
are resferred (% eé\ g‘rsgallﬁszcl)'luQ&:{drmn n]émcél(r)r;els- 2 g Cl)ﬁmFe E:et sle%ara?e%dblyeaf %Fpr}ng dre%mn beneath the
polysﬂ@ﬁn[}a}eu dcduiviadh ghé’on Thide @i sdleqmptpdesgpa:@e refcaﬂe@; tp qqa)‘/‘slcb@/all spacer on the

sides op{h sﬁ§or§‘ aﬁe%o&z@&éﬁ&sﬂi%ﬁ’ @ica@ﬁm&faf%inf kd@rn@mbrb h&kil doped regions of
i nsu a er, such as_an oxi d ayer covere

the shgllest WCP/H@WIJ%IFP%@ ] G ol eoB SO aaEon gy B s ac acop

ummummmmmaﬂhaﬁeagmmaapﬁﬁnahe&‘&mgmmnm@essed to forma
?ecsg&ré%%lxssp er a so rfl&gqqt ?fclc))rgl% ags;a:tyvg rl]aS/e gsrgggrséoﬁérgsqrflg akirst \1/nsulat1ng layer,

such QSI@e opiéd lyysi ¢0|V@r@3rbygaecend infylatingzygre eick gfa@éﬂrlde layerel T%lh@w insulating layers

then 234 hrbG QR 8 WRA L kAl Byer Rl OVi de el ectrical connections
for the transistor, openings are etched in the silico

ox TRl por s 4 RIS o ipE Fidpmegied et aplfion see
the cuB@d Eedr hhd the siji¢sn €dbktERS To Pdeide electrical connections for the transistor, openings are

etched in the silicon oxide dielectric layer to the polysilicon gate and the source/drain junctions. The
openings are filled with metal to form electrical 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.



10

15

20

30

35

openings are filled with netal to formelectrical
contacts. To conplete the integrated circuits', the
W@ omvsAatt7e9 are connected to additional |evels oPCTS1004043109
in additional |evels of dielectric material to the
0 UInSJipEf&ioﬁf antditﬁt ddnell te @k [ght€ coxaties tha boljlsimcﬁtp@maioht@ms theafiow of electric
currelllt oumt ong Is rce drati 0 otn{a]\% tl%gggg Con%ra /5ra1tn (Jjuntctlo% tgrou%sdle Chglglnl to the other
~'gate contr SO 81 EEB ctricicurren rom o
source/drgin (e tehn @idrto dion'lh%r@ourqewrawgma%ne source/drain | unct| on

t higuah.d he fa%ﬁ@a&@ %ly tﬁefhlaﬁlp %ro%n@ &l gaR Qd4lde e4yelr & file kl!—i{bﬁtsh@.@ate of a
and to the other source/drain contact. Transistors ar

semicpaghyetprc W feschngyforngr realySices Y AT dheggtceond laeen e Pridh foyer and
polysthb@l lﬁ}lef hr€ Qzﬂteﬁlbkb&ﬁ lethed t@ forrﬁl {15 @it 6amd uad @ilysiedneateg Rdpectively. The
gate olxhc%s 28{%%81251 con éar es a1r|1n 'P C‘}1nal )7 rs ngasé S %)mé }‘hg al‘x:a ow sou%gldral%éc%fohs by ion
impleatatbnett twd qruylwsglromstlhamg'attensomocth% Slalh@ crfdhwsildon @@yirate. The jon
1mp1ag§£c§§s foliSmB6FL hlgi‘?le peerlt}@ aSll §boPXI0B€Sto 3T atP AL Yipldnie€ Qlﬁaunty atoms
gates In turn are used as nmasks to formthe shallo -
to forgghprshdloy sAGs/dFEGPSHYS by i on i npl antati on of boron or |
p hQS‘sﬂ)ib@fmltﬁdd 55223 [sldbpbsﬂﬁ Qi_ifEetdhEH 0 fdrh&dS\uﬂ]f s{iz&ers afourtdhige side surfaces of
the g%t P]xu?eﬁ a%dz‘%rgyéxlhcéqtn ugrafé:s ;ﬂ% é%ifwaélgrgéers,% desél %I%d.q{le a}%o\é\y@ ﬂﬁotﬁygates are
used asrqmlsla ffidr it cprmplmopztl youa:p/m re¢styng byripn implantatiea of keypen or phosphorus impurity

atomSR el B b ind URGh kdRBie ifo Sld the@R 1R shitiod Qodr@¥iedin Jluﬁ:uons The ion
- deposited and etched to form si dewal | spacers

implapEendy tpan PP T t%%fa%aé“eakabWégo%ﬁdO e fed iy
atomQ@ feRid the BMBjusdid@wal | spacers, the gate oxides, and the

pOMeS Ifl rlmca:ltcl)on og%} Sans"flsfo dsf §1?90na(’)§1dy§§1k%ncf ﬁger tls n@ 31ted over the transistors

conventional” source I ons
and coiftachenetjngsare eshesislolo rouke Spmﬁrc’rut Jyncaplérmd 'io rﬁlte@ ]@03 sﬁthaE@ contact

opem{ﬂés Jré']ﬁensﬁlllédq’@n SWhgkER Rl %Qn@@&&d'tqumm &h&ldﬁdﬁ% wires in
sour ce/ drain j unctl ons. The ion inplantation is again

otherfniripyer digleqiye WINIYASt enper at ure anneal above 7000C to
achi waisstotsevel dmbaat i@ dizé, Ay bdey fah® et thoelfatuionn teditnds/ tween the
metalI clil)nt%tsl gn% éflcog Qe&e”&t til Polﬁ{hcénhﬁs 'g‘[cé&%a ?ot gg Bovel Qhere it negatively
Flonio de ectrlc ayer eposited over the
lmpa«ttsr hnreriotwnas o4 fd tr@@lﬁfplac fo @W@ﬁhﬂ‘@%ma%l @S@lﬁ%édiaa%%ﬁ “tatﬁﬂal is formed

betwdel Ere SR ESM6E Bhd¥hd HNGH EBESitea thetplytili@dn.p They/sdsd ttaﬁ.@tibn materials have
S are.

e S50 LR i S BB Gt L0 bl s o oo

used.conductive wires in other interlayer dielectric (ILD)

la "Rk Bt % 46 LRI ERS Gk Rohle % ciahibm AShe it

bezﬁe élécﬁdr?% al{ehfg%%{l h§é lgs I!él)%’ n% r g}%l st Eanc% t§et méenmt he © Seon
substifistahpve dhsripaed dsaimivactiopand fhp P@ifﬁlc%@éef - Hhegergicondpior wafer is subjected
to or@QJr Visod brﬁ@dﬁni‘ &8psi 40 a56ds B&Vé b@)°¢ av®ihisageLthe teobalt or titanium to
stosRGH P e BrBPt PERPDT T Sy BoRe el Pt (Ing grnes B geneal
refermaditoens idlliciding.”f Sinceaik shadloweenhokide mettlml sidewsit specess valhebt tdaes to form a
s11101c§e| lh!: %ﬁ&da% l?!RSd'il%r%E gv ?Ehe tsal?ceﬂ ny_]ﬁlll #\&ﬁgﬁld thg- Bﬁysﬁﬁ% gates so the process is

tion materi al s have een ound to be cobalt .

also fsﬁﬂﬁl%ilt@l@ etipdipney sififding | & antiddiissui ci de (Ti Si 2) al t hough

Ot ﬁ@%ev&a&@dhhgaﬂﬂﬁn(ﬂlgsaﬁﬁ LR SR tsucctiiRd Bildbiging @Bthapreblems related to

ﬁ‘%/ rst %1ppl ying a thin layer of the cobalt or

conn‘f"“fga{?ﬁt% n tsforfg "licon substrate above the

s ofslathd toathese jprbletns dns bagdlotghught lbytsprior developradnesshaveTime taught or

' f A 2SR 140 100D Eudh i3RI sRilled in the art.

suggeét%%’lnﬁ?@%%%&g t%\g@zasgll{mdn?toer atpur e?s aboverSE)OOC and %hm .

causes the cobalt or titaniumto selectively react

wth the silicon and the polysilicon to formthe netal

suicide. The process is generally referred to as

"suiciding.” Since the shallpow trench oxide and the

sidewal | spacers will not react to forma
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sui cide, the suicides are aligned over the
source/drain junctions and the polysilicon gates so
W b@sproeess is also referred to as "sel f-ali gpedUus2004/043109

suiciding,"” or "saliciding." However, existing
sui ci di ng and salpistIdiSUQE leViBEINVENTENeeded i n sol vi ng
all the problens related to connecting netal contacts
tonﬁnimﬁmnwmﬁmimbm¢m91n@mﬁhé§@mwg@bWé%ﬁmﬂaW@m%e%ﬁmFSH&“QC“

forme§ grll'l gsemtlc%}ci}ituct&r sluQsEr ge‘i}(@zl é%&ﬁ?ﬁ;n%d RAUE RO bielbaitd r$t)ur&=,l7d1ram Junctmns are

utlons and, thus sol ut i 91? SE  vower
formep oBb xR FOPEee| AUl IEE S IoFTGP T UE A ol fow p

plasm@ reﬁha@'e@@ke%lai GribpdibNYENTDOModdse  prsitisients formydpi the ource/drain
provi des a net ﬁ

Junctlgrgt aad gp é]il oG Iarédo gqs g;eg?y?ir;?elgc%lca{s] cfe sft%egr g&%qhec heﬁ&édh&uctoﬁsubstrate

con
Contz5td [th Budtfermed indtha@ ingpelbyer digledirer tprdt sdmdp h&higy Fekod significantly lowers the

electrlg:al rﬁlssm a%c%lu gtwee%%&ércgﬁécgraﬂd e iﬂ%ﬁ‘ Bﬂ ﬂ%%h(%ﬁ %regt@ﬁﬂﬁdvmgrpeif&ﬁmnce of the

ctor substrate. A sid ceé Is fo eofabouthO
integratedeirerit. t Fre PHEVR P{%@Sﬁgefaralplbwpﬁ‘m‘?d "6?13‘5338 AHANEE r&“g
Wattsmmtgﬁjway@por dep05| tion (PECVD) process. A silicide
f or med

on our ce/ dr ai un h
gaflgtmnmogﬁer}t%?fet 1gyeg?on§| (Qh rafl‘%%tla%p %eﬁggilol?{ea) &21? gl\itcee of those
menubﬂﬂ aB@A] qac avattges il b)sctomatam)are@dmt@eet skilledy @rihea%réfr?% P ARading of the

followm (%?Eu ecf c{égc%#;t#ogmgn t?&ef? ﬁ%fefeﬁcett@ﬂlé ;ﬁ@on?p'axllyhr@ |d{r$G/1ngST hi s
et o s gn

I cant owers the electrical resistance

between the contacts and the silicon or polysilicon

greatly inproving performance of the integrated

circuit. The PH{NEF pESTREBHONICGETBIEARAWNGSper f or med

within a | ow bias power range of about 100 watts to

abeig. 1 200ianadftasransiSer han intearrdiot iswganf bpdationip adeprdasss ifhy{he present

rtllave ot her advantages in addition to or in place of
invefig%se mentioned above. The advanta wi |l becone

ap i @ rtthet spugtieofdT@ | vith & dnet K¢ A @"’%{%ﬁﬂe% a readi ng of

t herd, 8lid 1R Gur6l 6HFIG. |2ﬂdnr@e&ﬁﬁ1plﬁﬁtzitmm tovibrershdilai equropidtaiy junctions;

reference to the nyi.n Rl EF

DEEERT BT GES ‘Tﬁﬁ%":%ﬁg&? gl % ?a%«va%acea ew of a

t 1 &N 534 the straewura pf AIGH 4aturinedpraimplaniatiag o foym degpspiree4irainingtipns;
aceh %‘%ﬂ;ﬁe str t&rboit‘frl'@S@ﬁrﬁl %tforﬂnﬁiéﬁefsﬁlﬁﬁe FIG 2 is the

structure o aliner |la
© WG Rt o 51 AN SPGBt Th &  SEeRT S O gﬂ““de fhe sidewall
sp acérmhaﬁﬁ@&dr&&ltﬁhuf)@r m shal | ow source/drain j unctl ons
IS the st ture of Fl ;rmatlonofa
SI cféMll t%%%rgcétng of %{i é“] ftgr formaftlcﬁlg’fmg‘lal%f)&t&[s n@ Fl G

e structure of S
duriGg i osimplifish dnv itaitofthe wethesrofmawEsuaes fPEioyr 4 ar‘ic"’fdamce with the

ns; FIG 6 is the structure of FIG S5 during the
pres#nm?r%%?q}on of silicide; FIG 7 is the structure of FIG
6 after deposition of a dielectric |ayer over the
silicide, the sidewall spacer, and shallow trench
i sol ati on; Fl GEIAILED DESCRIMTION OFTEEGNVENTON, af t er
formati on of nmetal contacts; and FIG 9 is a
si rpl né i feitbwhdgovesalption, mofmerpkse saveifih a2t aREMAL BRYifg @ thorough

t he .sj Atent 13 @mwmtthd dﬁ\tmnmb DiNention may
deﬁ“@?ﬂfi@éﬁé@g‘%&%ﬁ% %i%%ldﬁ%TﬁbE ENTION I n.the fall 0

n
be pehsticcd |wpﬁ1qu@ ﬁleser@mﬁﬁ,e Sefailss Fpé exidfr ta a\(j:écl %s?uém%i,h% present 1nve{1t10n Sme well-
knowhl Qéﬁﬁgﬁatﬁnst Qﬁrlﬁ’&% steps are not disclosed in detail. In addltlon 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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under st andi ng of the invention. However, it will be

apparent to one skilled in the art that the invention
woreapsloz7py act i ced wit hout these specific det ai PGT/USI004/043109

order to avoi d obscuring the present invention, sone

we|Tihk romthosenfal” guwsed hiewinss defidedps o plewarglied [y sulysatpstwafer. The term
“ver&n]g ‘Péée(?sst%q dlr&tl?n I% eJldlcufapto A b AR as }uggeﬂ{e@\/\t‘eﬁg@ sudh &Woﬁ"g ‘above”,

I ments o paratus are sem-dlagrammtlc gl 4 with
“belqydSt “bpitpms ¢ A9r. “SiAK (asplarsthYé%lf Jarigher” s RE oV h &M PHER B raned Wi
resp@{t@ﬂfegsnzgmﬁpﬁh@rl ty of presentation and may be

ex alggg&gfng‘g gi 1{{(} lhhglelg]:;l gi\lléh?]\g‘n ﬂa&stor-qg&m a I‘m%ltlinpees[] ge (WI fibncatmn in

accofﬂaﬁ‘ﬂ'@/ﬂli the flentieemot.hori zontal " as used her einis
d ef’Ilor}grg‘L tﬁéln@m&hl@t@ @ti@é\);az( ?altel cgel,lectrg la@eIS UPS LBk &h Rlde Wad £Eonductive gate
term "vert direction
1aye1p eerb endiigilcat, 'S heﬁedem@%tﬁdz@h% éﬁﬂn%ogdq% gubgfigtej 10@ gf @ material such as

smc&e FIﬂ@]zaye%s%@ aﬁ&ned@.ﬁﬂ atchecD @@ gate Eﬁkdﬁw 104 arld @tghte nds, The semiconductor

N
substrﬁQ/ qu has gﬁﬁﬂ ?urtll]i‘(,{ d)étfe.rned g}ck% %@ tjﬂlgc} W%x ﬁ roré gm%eclfxate{r}g‘ﬁ tro form a shallow
tren&h@srolaﬂmsm) 18l ane. Referring nowto FIG 1, therein | S

sh Werrﬁ}gtngsg stli‘Iété) {hex%g(?s §h&vrptﬂe §t1ﬂ$t§r5 pEdbat l@wﬁé 26 ﬁf'er 202 deposited

fabri ion in aécordance Wt resent 1 nventi
therepa, Tl binet Igeri2AR epierlly oft Wicer %@d@ coaerg ey gifcBfRy ppasaie 102, the gate
dlelécﬁi)f Qf)4 UG 188, 5 ke GON 103X i The lindd Ner202 @dibtCdfiaw etcly stbematerial or an
such gs pol ysilicon, have been deposited on a
lmplﬁréﬁf"&e(fi?ﬂfi‘d’@feb‘? substrate 102 of a material such as _
si | Refeaing ndeo Flay® tsreprieshpen the strvedreafBiCe? diriag at ign fepiaiation 302 to
fomgs% 11%wqblﬁieﬁ19a(%x{zlh t13n94043a§1813(ﬂ5 gate 106. The sem conduct or

as been further patterned, etchef /d
f i |Tf@ craii10hang 1 sarecdiviectiei 106 athgt BRTks for s Thrgpiigne §1?1a£?‘1v 8"‘“"6 rain
Junctl&ﬁ @@baﬂd%@& 8¢ ih0 on (Spldn)atiddR2 oRedra@r B) tgphnPhrtso P HnBuritP atoms into the
Sulf{IlCF ﬁé ' Pg‘lg}(zofl ‘gg’g@“&%‘lﬁg@g % g‘ﬁ% ]Ililjnrl %‘Ielp antaF%:hGBOZ]I? ﬁ)g?‘(‘*’eﬁg?/]% high-temperature
annd0pvefiONErta hdtiyatothe wiplantedimpuky elemns to darethe shailgw source/drain junctions 304
and S&M conduct or substrate 102, the gat e di eI ectric 104,
the gate 106, and the STl 108. The ngr % r 20%J an . urved
be g wowch Heop theeimeisisie™iohe sprcy “ﬁ‘p‘? Ay % 5t SEPTHSH ©
sidetVRIL @ﬁdeﬁiﬂz R&fﬁewngacmm TheQin Fsfatin@ matkdied seteictad fram & grorp of an oxide, a
it h crur qhereof FIG 2 during an ion inplantation 302
ot P%m a19'6W sour ce/ drai n junctions 304 and 306.
Th eTtgame 146208 nwhidhipeotqgtatiiemdinelpns dupage, haghgenyenovad afgaidgwall spacer

layet‘ Qf an Hé%m%(ﬁ)’g%ﬂ&&ﬁap Rudfas § RiideQ a8 QHHE BhsHea ﬂbpbdﬁﬂﬁinﬂ @RSed to form the
the ion 1 mpl ani}at | OH 302 CPI fi tge sugew%ﬂls acer 402

°“f"611 SfBPFo%fﬁPFo?“E%’ al{ popcer 4% r e ST HRAFPYE" PRe ST T Ace P

typIEalll@ 1s3amslﬁaa ﬂﬁtg&t;ﬂ)ﬁmﬁdﬂbﬁtd‘daheﬁuébo@por'ﬂb[@Slm@ﬂPE@W)a)mCa‘S ion

Cce, sygg u ebay ?u%ﬂe)elz}l og@zrdgoe%ggne}t v%rsqg '&Eé&'t 10@@9["1@3 material being

700 topré)c uri lyatomstofom
deposkiel a thatalrggwuﬁm,rse@/amhawnﬂqomw?ﬁ spsiatal§2 Taprg besp giscovered that operating

pECRES EBJeEs@Qat mlﬁs%oﬁér @duds, of HigfiiileR tﬁe%tr&h&%wbeﬁ € material used to form the
structure of FI 3 after for

s1deglp]aégw |40?S brélctgei. semnduqfﬂesugﬁlratgﬁ# P aﬁ((;ioédéapcecvg{l]l tEe eplesent invention, the
PE@V]B pb@kd iB gerfmﬁdﬂrat Rlv bee peek.ell histeen dijveverpd thapa BECEhprocess preferably
w1tl]1%‘a 1dw’b?6 Eowe\rl\ban%eho’f aontdl 08 %WEH(D?JOL’&B& thE @Jd@&g the M}% ﬂeﬂvdaﬁf the sidewall

rotects frominplant damage, ha
spa@e@z ancbhwe@omdorau@rmm Thl@,pla@@maqcagféhe tigpsIsigh 100 s improved.

' nsﬂéf@hhg‘&ﬂ[@%ﬁ}r Is AhereiS K Gl v She Btrittukd df FEG. Adw@Ty a8 Yon Gkplantation 502 to
has been deposi t ed and etched to formthe curved shape

forrp feep prarce/PglRIFIons PACRHS%02. The sidewal | spacer | ayer
used to formthe sidewall spacer 402

4
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typically is deposited using a plasma enhanced

chem cal vapor deposition (PECVD) process. PECVD
wee@sesses use a nunber of radio frequency poveCEUSIH04/043109

direct ions of the material being deposited at the

t artjetidesiall fmacee 4025 the batea )64 dné the Sk 8 nastastoespks for the formation of the deep
sour%‘é%é/ dﬁ@cﬁi@ds B4 anhtsod“@%he%?ﬁhpﬁhé&ﬂ\éﬁi @poo&ﬂ 3 pk@ﬁ)ﬁ&ﬁi {mP@ity atoms into

rocesses at bi as E)OV\Br reduces i tions 304
the safyopPhi @%ﬂCOIEdH@Ofsf'PtiSE%%lOBé‘P% 4 (e BB LY Squpefipiponctons
and f’,@'ﬁr E@sﬁe@ﬁ/eﬁl cigé/adnl 1m§ﬁ1ﬁ£iﬁﬁ 5608 aganl fdlloeedSi®M Bigintlmgdroure anneal above

rate .102. I.n a th t
0RO o B BrE UES 1L ooRer G RRGRE o e 06 o
po%@&nmgmmhaémﬁéemmdnss@vem&@wﬁhanxamﬂﬁ@vgﬂbmé@é§§mmnm*ﬂmﬂe
layeIQ r661 %6@ balmy 6(%4 ﬁlr&l:c%rdgncla Q)ﬁ’h *ﬁk%es&@‘ﬁ@énﬂﬁ@ngﬁ‘e SHcide b@b&% 6640Q1d 608 are

ts reduces the stress betwe

T P Y OSSO A s BT SB B ondtions 504 and

506 Séépe%tvfe@t hd 1 2u1icidd 006 is fReed Qromaeeo®f the transistor, 100

t h eéeg r?lﬁcfgﬁ? %reR gYe% &/F:\%.ngﬁhlc y I‘ I%orr]m a s1§i;<':1de ’In Enb:%ic cple, i d%]ﬂ)gl\ﬁ@n process
602 tdepobiBranpuke epalseurp@tdsiition a]e@m@pth csmgle scwalénmars @elyquéalhne silicon).
Ther%éfgﬁ\ﬁ@ nketa% &qga?t'éd %ngthe Elh(.%n gcafoﬁn 08 i us @G&Jn BsrheﬁrSEhasé- Q&@tal-rich silicide.

Th el e th otr mag | Cmn of PRase P (gip i Wen reacted again with the

eg@uﬁe@@ﬂ &eial in frifﬁle?vle%ﬁ%d beope- e %fefét B%? PRECT S

unddrmak andoatd f@lﬁ’[} a%@&m@ﬁhahﬁmlmmﬁdh splhxgsah@mmdl tecpuque,ttb; cglg?mu process
to the surfac the mcon r g d sili

602 D 6 R BT R SR T G EL) oy R0 mdfand sicon

Vapquzlml fonscaiBfe} amelebrBO@am.r Erppyapor ps\ﬁ@pylrawrm@o the Wafer and across the silicon.

Ina lttﬁm lte@ﬁ}ﬁcﬁlg 'tﬂ%fheé'b%od proced B0 infoPlet & V%Qteﬁﬁ/g Bth metal and sﬂlcon onto the silicon
emrper at ur e_ anneal . above 7000C.to act.i v

surch?rp pa—mugﬁmg ﬁﬁﬂ}slp{l%;lc%p(ydlwd@&g IFnaiﬂrﬁn ﬁ]écog 8’8?6]&%? %o a compos1te target or
sepaertH’lBﬂgétQ B tﬁﬂﬂﬂu@ﬁ@ the(bOmp dsies Iﬁatd’riahgtonkwwalf@ FIG 6,

% 2? E/ev 8%nalo ICEUI % apé(gcg e%%%xte bg%ﬁ% r&o%%%%a@%& ﬂtjo%grg sénﬁco‘h«lﬂl%tor devices
that dgxeoshalBmCeurpd/dréin funesiops egemncqon Vel @rfhe e @dP‘& %mms A). In

partic@i)ﬁeﬁlﬁmggléh Qf@daﬁ%f@éﬁesfs%@”&dhe%d%tihgts&lﬁceﬁbhﬁlf régés Ak cdnbidned.
sem conduct or substrate 102 qver the.d

ju ng/pei:ndﬁgalts@ﬁse%iafdhesrefeactOfyetgersaédtt (iO{}Sélf])yS abgut éxg f;ehl%l'{{ugkness 89 s1l%on in the

procﬁ@@f béingfc@ﬁvﬁﬁﬂ tonmétheiligéd, eg.1080 AGeyve pizobajt cotsirass @bogy 93 A of silicon.

Suctgl con. umpwary acts t re&@é ﬁllg d(gpgnt QLN & ﬂ%léblﬁbe%am Juﬂctlgﬂeand may adversely impact
Chni eposit &n process 602 deposits a

the w@pta{:al cpnrf@mpmg @b{ar‘g:temtleso af g}eesggrce{/ﬁélp ng)fillﬂ‘)é,l and ultimats y, degrades the

lxﬁ&ﬁﬁ§k%¥&ém§g§@&m@@ ycrystalline silicon). Thereafter,
Ln gmngn;@e glfr?cilc{rg ?ngtﬁlH%lgtému%xiageumefhcxrc]lg godmsc ge vae%n iy tmgﬁtacltssbecause the
sidev@ln s;faéba(béceﬁiesrmfakkir viith sthdileninte A eictuitsathetebly h@owmg a capacmve -coupled or
Poaldf QEHE Louted/atali Gihc iR GidEEhiRAR BErades the
ﬁmﬁf?ﬂ”? &5%% ertl ﬁﬁ 8Q§??|%bﬁ'to form a gegond phasgg'a
lwﬂQWMW@Qﬁum@Eﬁ@ﬁwﬂwlde In a second techni que, the

de p%ﬂé e Bre&ﬁtqgﬁﬁtﬁn @Q}Zbd @y@we&nsmamp@nman ghcidef, itieg been found
and silicon an

thatélﬁzgel §’th1fieclE?ﬁ méq,yéie B& Fl}%f&étgmgv ‘Eﬁ ever mI worll‘c:l eg w1th n?ctkn Slﬁ‘@ 89 1t has been
foutdiaana diffiet tv &opo kobiiss nithekbslicille. ahhas@mn@hq;gm thmlm@rsﬂ:aﬁ@{s around 100 A thick
w1th3r%%% St a:[cebs%voﬁld Ibésgpgaecé{l}gmﬁcoh bgtgite aﬁ@ﬁ}ml&%od z{dhéglon

I on proc I nvol ves CO- sputterl ng th
ot Hbvetprdansi s i AT RO B Rkl alicice B ddsnition, an ulta

umtg?n SR%He tufRhdds R Ghy&Hk iidi® by Heeald iy vaiisibRdgihdEhesiRteater tRincibout 3% of
ilicon materials froma conposite target or separate

me?ﬁ#ﬁ@?@““énd then directing the conposite materia
onto the wafer. Conventional salicidation processes
have becone problematic with nodern sem conduct or
devi ces that have shall ow soyrce/drain junctions,
e.g., junction depths on the order of 1000 Angstrons
(A). In particular, during such salicidation
processes, sone of the existing source/drain regions
are consuned. Wen cobalt is used as the refractory
netal |t consumes about tmnce |ts thlckness of

o S o ' T | .
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Such consunption acts to reduce the dopant present in
the source/drain junctions and may adversely i npact
wao b@sereesri cal performance characteristics of P€TIES2004/043109
source/drain junctions, and ultimtely, degrades the
perdne renm@eofomnmﬁgeulﬁrmnefgmame@l oitrp-guiform siigide G0het06, and 608, is by
deposﬁfx;{l\tgg [ﬁlageyonr[Fet e%)osédsslﬂcbﬁ Q‘Qa's Hm véﬂ( fo@rﬂouépv%olk F@bgtﬁ)n pEICEES, where the

en netal contacts because the sid
very byt BI¥Ss esnd Paver 1arel Pelaynhalo) veegts ﬁhf?fté’(jﬁ‘%‘f oy pgﬁfequpbrl bteg'veen about 400 and

300w£{@@e&yw@flﬂ{tow ng a capacitive- coupl ed or fuI I y
uctjve pat Y SI

n e 2
S Ol}P E t]d)P P ﬁxtjalj]r?&r?t%%fe etag H(a)og? lff pareflfmre% W, e IS d Ee below 7.0 A

per sp@nd oxlpafecdlybbtwednebqund. %gﬂ&toegdpec pecandi t . V\hl I e t he
pr 6‘5§1 %rth!zpi‘{ %gbt:éﬂggblm tlg%ﬂfch%@ ge M\ngﬂe&/ l?n(iércﬂi&e ﬁcﬁfef @%ﬁs%&' deposition

nmet a sul Cl oun hat nickel silicide
ratestp .80 yHernYin dhickposetf el ORGP G SR & N RBTPERS o e o, et
silichBr e o\é\ﬁeﬁ RiliQ el isSheh c&dveled td 4 silkas bb aefndatngrpebctss, sl as a high-
difficu { d{qagcm robust nickel silicide. It has been
temf{ef?B‘EFgﬁ‘lPea FAPY t'Hiek silicides around 100 A thick with
r ouph sisicidd 60de€06WENS | prkfdvebdt is formibdeofta m¢td sef¢cked digp the group consisting of
coba%tl'I Bt%&ﬁr@tlg Q” Qse‘ﬁfcqi\lébeqem&glogn 91%9%&9 ‘a JE’Q[%\{@ khere8) and a combination
tra-uni orm nic can form extrenely robust nickel
ther@ifl icide. By definition, an ultrauniformsilicide
”eal(b‘ﬁenﬁlghﬁw% FIOf. 75thdréi€ '[lsdsﬁthﬁé gruba@rof FBY. € after deposition of a dielectric

i ation, ter. than abhou L he
laye '8)& roge\r hets ﬁﬁ:léeﬂﬁ'grg g&égﬁ(%s 1 )%gé% ?}w sid wap ogacer Q(?Z llnld?nr oasq‘a%‘]dlgf or m
- ni dikehriow$ tmi@dineit, @lrerﬂlqi,qsrtﬂell@elsloa Out, Of@%ctﬂam&t%@%such & gfipon oxide
(Sldj)e Q&é&tﬁ)’l&éﬂosﬁﬂggte Q’fﬁ%@' bd? hBJﬁﬁos%@@%lﬁ%(ﬁ'glldssC QR. RKtBasedili dielectric

Wwer vapor epositi on proce e
cons@a@fsy fI‘PIBV\ﬂ- EO&E? 9[‘[‘@%["%‘” dlﬂ%r c?r{é@g' dﬁ]@‘fﬁ(ﬁN r%aﬁ%ﬂﬁas(u{:hs as fluorinated
tetradinf18@osihddle I ERTEGEN Hyt@fear altbeyquideinae HS@D O bis-bédyelvtnitene (BCB),
tetraf?"ng?%lor t t’ff%%%' (fn@@é Gl e%q” eyclotéha% ?AnE '(81(%}(?%h he%ﬁ{.é'ﬂ@ld%h&‘éﬁe (HMDS),

(0]
trimefiflsild ébdrxted SO, blectebwdnernar)douweloxee émB%n@%@éﬁ@r@bﬁpWe (SOP), etc.
w1tht2fet1éé§1€ @or@tfgxﬁwelgl@ 3% 806, G114 RQELRRERRAR dieftitit hatbribist Mg dielectric

refera that the suicide be deposited u
conweselwbv%ér pbyict vaedes fnﬂu%h CPLpREAY oo DicREARR-AF, Tefton
nucﬂdlarﬁlﬂs?ont ﬂSUhﬂudE hincfones sliafaedgls, st gerbdeinand teshperris sikippe Stop layers and
capplngI Iayers gwh 5 V] fd mateauﬁs SHI ﬁis%ﬂlgm n{u(Herz%lxI\k’l 5r anl?)kﬁnnde (SiON).

e osited sul cCi

conRﬁéfrrtnegdecﬁo EIGS &lfh,ereéfels Bpwa the g hpreEt ‘PfﬁéG ﬂ raét%fefgfg‘a“%‘d’é Petal contacts
80238@4@n513(ght enperature anneal around 7000C. The silicide |

e s ol S5 BT e Pe TR Bl BB e
604;’:16(356 ElidC60§ onedespece%ezl to tlndeap ls@ycelddr pofion 504 dwzeterid6, and the deep
soud l)%am [ o8B @ conbination thereof. Referring now to .

ET J}lti Ré&rein is shown the structure of FIG 6 afte

deplgktdupembsfimaniy e [msist onicts BiPe$047o9 SBR/a8e ofprélssYh & fgiglum (To),

tltarluﬁﬁ/ ?flg_ &en @B a1 eheROB and %p&hrﬂﬁ\ﬂ&'ebf Spagier edbbdimeatOthe metal

In various enbod ts e. di el r
conllaeﬁ/%qz §_Qj17 an&r886 8 o& fngtialé SYeRias ccﬁxger )ag é‘} Qﬁ% 1ver EAsgﬁ, a.lllc&ys thereof, and
comPintethdr&if @ﬂ) Qne bxeﬁcrrmftm;abm tlmogitd wnhaltfkmén'rm)s around them.
borﬁ? q‘oll? now 0 @t erél%r om V\Afgégl%%lf%(? hgw cﬁ@ﬂ‘ttoha Hl@t%d!'gﬁb m accordance

C cons ah S or lowdielectric
withcio® gmntt inv¢tishe Thy ethqdeO0B fichiiies: BrQfing & sqiqqprurtpiagubsate in a step 902;
forn‘ilﬁglt d @@tdm&tgg L RSietlcSrt@or(FbEESh a s @bztolgﬁ{ilng a gate on the gate dielectric in

a St?%%%%ﬁ%?%?‘%&?%l“}%&%ﬁﬂ% ?h(: -?q%gé?l&}étor su strate m a gtepCQ%% 7 forming a sidewall
spad2f hrodatiitydag Yusih O tactbw asier PhagumeenhdobAT kBYmical vapor deposmon process in a step
hexanet hyl di si | oxane (HVDS),

6



trimethylsilil borxle (SOB),
di acel oxydi terliarybutosil| oxane ( DADBS),
wao eoosott1yd silil phosphate (SOP), etc. wth di ePE€DUS$1004/043109
constants below 3.9 to 2.5. Utra-low dielectric
910congtgadilicale eh ehe toukae/drrit jenciicns snd dudhe gaty iglk ebre¥lPr degositing an interlayer
diel&cBNSbAB s e]kﬂgéogﬂctg s@:gtg mvmtef! 91268 1 sl ARIcR in thdWaleMEE: dielectric to
qonnerC|aF avai | abl e Tefl on- AF, Tef fTon
the glicide dreitfP$1n, poI|n1de nanof oans, S|I|ca aer ogel s,
‘ Si | W‘Eﬁe %e ﬁrﬁ&ﬁﬂoﬁ hasAbteh BGHRO ﬁ@bkﬁl]uﬁ&doh G:th aSitp@@ﬁd Be¢emsde, it is to be

una g B S e PSR MR e SR Pl S e i

ligh{ SitehregoRe fi@eriptiong Avowdibgy, ElisGnterBed to h@br@qenll push glienpiives, medifications,

andsl angg g{a?falpg%tﬁ t% Spﬁlt QI(C{ s@gpe optﬁlyﬂtlh&@ clglt'ns MR "E}Jatte%orﬂ&@g(g fore set forth

metal contacts 802, 4,

or sm N L |dv@}n§8 3é‘f iabe Wreaﬂaqtqdyn %ﬁﬁ%ﬁ&t’%@d £ ltnh‘%ng sense.
silicide layers 604, 606, and 608, and respectively to
the deep source/drain junction 504, the gate 106, and
the deep source/drain junction 506. In various
enbodi nents, the netal contacts 802, 804, and 806 are
of nmetals such as tantalum (Ta), titanium (Ti),
tungsten (W, alloys thereof, and conpounds thereof.
In other enbodi nents, 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 elenents with diffusion
barriers around them Referring nowto FIG 9, therein
is shown a sinplified flow chart of a nethod 900 in
accordance with the present invention. The nethod 900
i ncl udes: providing a sem conductor substrate in a
step 902; formng a gate dielectric on the
sem conduct or substrate in a step 904; formng a gate
on the gate dielectric in a step 906; formng
source/drain junctions in the sem conductor substrate
in a step 908; formng a sidewall spacer around the
gate using a | ow power plasna enhanced cheni cal vapor
deposition process in a step910; form ng a suicide on
the source/drain junctions and on the gate in a step
912; depositing an interlayer dielectric above the
sem conductor substrate in a step 912; and form ng
contacts in the interlayer dielectric to the suicide
in a step 914. Wiile the invention has been descri bed
in conjunction with a specific best node, it is to be
under st ood that nmany alternatives, nodifications, and
variations wll be apparent to those skilled in the
art in light of the foregoing description.
Accordingly, it is intended to enbrace all such
alternatives, nodifications, and variations that fal
within the spirit and scope of the included clains.
Al'l matters hither-to-fore set forth or shown in the
acconpanyi ng drawings are to be interpreted in an
illustrative and non-limting sense. THE | NVENTI ON
CLAIMED IS: 1. A nethod [900] of form ng an integrated
circuit conprising: providing a sem conductor
substrate [102]; formng a gate dielectric [104] on
t he sem conductor substrate [102]; formng a gate
[106] on the gate dielectric [104]; form ng
sour ce/ drai njunctions [304] [306] in the sem conductor
substrate [102]; form ng a sidewall spacer [402]
around the gate [106] using a | ow power plasnma
enhanced chem cal vapor deposition process;




10

15

20

25

30

35

formng a suicide [604] [606] [608] on the
source/drain junctions [304] [306] and on the gate

W 1@®6p717eeposi ti ng an interlayer dielectric [782f/Usivovet3109

t he sem conductor substrate [102]; and form ng

o YENTIOBROZJAIMEDAY: [806] in the interl ayer
dielectric to the silicide [604] [606] [608]. 2. The
rrethod [9001 as clainmed in-claiml1 wherein: formng

t hel'si defidicfod|FaYaF e g d SrE G BY S8 pover pl asma
enhﬁaﬂﬁﬂgaﬁaﬁmlﬁadtow@pme[dﬂmom tion pr ocess in the
range .of a t 3. The
nmet m&n %]%legegm%ﬂgﬁar%éw PR ?P‘Pwors vaﬁtel’/@ for ng
thefogmhga:gactél({65®4§wqa6©@]ect{u6[081] uses an extra slow rate
of Qﬁﬂ%o&&é?&alﬁ’{un&lo&{édmﬁbg@ il'Rd s@lmcorﬂiuct&@@os% @ﬁ [900]

as clained in claim erein: formng the silicid )
[ 60 I““{‘%?)%‘]ewflbﬂg?f [ arowd thyl spte BLOPIHsHE i"r? PR Slastpq e“‘é\anced chemical
si | i ci devap&tdagositién prochg; net hod [900] as cl ai med i n

F;g& mlégeéﬂs,‘ﬂleczfd?Léaig [%%Ec%&g t01r1 Iﬁlg sgup e/drlalrlllalllen{:t:;]o%yli%f)4 %O%i an on e gate [106];
di eﬂee@smng en igiortpytralivleciof (7821 abeva die S@n@nmtombhhatniloﬂbwd or

ul t fOﬁIllll ntgdtﬁhw ES@hﬁSd@Pfﬁsﬂe@xﬁ&ﬁyer @1e1e5[1h§0 e Elhéi&is [B@@ Fb6]g§08].
claimed in claim1 wherein: formng the contacts [802]

[ 804] [8®ﬁ']meftﬂédtd0@_[ 26 t1hiined id €lafB0Mercj®06] [ 608] uses at

Ieat .on tantalu i tani tungste

gor e et o i o loV b ARt S REREH cougyen vapor
a conbl néepostion plaesspfhe rafige of Al@uni@d ivad t{ HOGPOGwatts| ai med
inclaiml wherein: formng the silicide [604] [606]

[ 608] f ofbesmeshod ORIk claimpd ip clgim 1 gherehe net hod [ 900] as

cl aioPmg thdksilfeldd a1 cOBN RS ubbs af QERTODrateR€dDbsitios bfkesilc@0 fbtal.
[606] [608] fornms a nickel silicide doped with

ar seni C. T&.meTH’(’b&[%&][ahﬂﬁim[e&ﬂ@l}mrﬂ]&vlﬁfeﬁli med in claim1l

wh efo Iggic'thef scl)hrcglie f@éﬂp{ %bgg ﬁlgets ﬂ&-a—tg%]thnlk%%ﬁ ;f_iz[sqggcl mﬁ?ﬁes a

low b

[ 909] aSTEé@tHEEF;o!())]Qs abﬁkdﬁhllal‘ﬁ{ﬂle&lﬁfeﬂl form ng the
silicide forns a silicide of at

| e ageposgﬁé fnteél@ﬁhthlectrtcl [%)03 qlea?ﬂts q,ﬁh@%:g}c magﬁalél[axpw dielectric constant of
t her eof , at@eaq 0RgD uBduth, he¥, 60fltra-10% didle@@ddohdtatsi on t her eof .

6. The method [900] as claimed in claim 1 wherein:
forming the contacts [802] [804] [806] to the silicide [604] [606] [608] uses at least one of tantalum,
titanium, tungsten, copper, gold, silver, an alloy thereof, a compound thereof, or a

combination thereof.

7. The method [900] as claimed in claim 1 wherein:

forming the silicide [604] [606] [608] forms a nickel silicide.

8. The method [900] as claimed in claim 1 wherein:

forming the silicide [604] [606] [608] forms a nickel silicide doped with arsenic.

9. The method [900] as claimed in claim 1 wherein:

forming the silicide [604] [606] [608] uses a low bias power deposition technique.

10. The method [900] as claimed in claim 1 wherein:
forming the silicide [604] [606] [608] forms a silicide of at least one of cobalt, titanium, nickel, an

alloy thereof, a compound thereof, or a combination thereof.



