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WD 2005/ 022608 PCT/ US2004/ 028282 Sl LI Cl DI NG SPACER | N

| NTEGRATED Cl RCUI T TECHNOLOGY BACKGROUND TECHNI CAL
wobdED2 0T he present invention rel ates gener al PET/US2004/028282

sem conduct or technol ogy, and nore specifically to

siliciding in seniconﬂHECEHNdstCERBNBACKGRCUND ART

Currently, elect q# §g al nost

every aspect of g ﬁ&ﬁﬁ?@ﬁ?ﬂﬁ ?ﬁgse

el ectronic products |s the integrated circuit.

Integrated circuits are used in everything from CD
BAq&@%@%W? and caneras to 10 nicrowaves. |ntegrated

circuits are made in and on silicon wafers by

TECHNKHEHEEMDCOleeX systens that require the
co or even thousands of )
o ahe DRy B R e Bt et Tes o Formentigly o

silicidipgvin somchudicor damaéser . Each fi ni shed sem conduct or waf er
has hundreds to tens of thousands of integrated
circuits, each worth hundreds or thousands of dollars.

BACk@RbUNggﬁaied circuits are nade up of hundreds to

S of i ndi vi dual conponents. One_conmon
#ﬁ‘&‘ﬂ‘ hEICFIONE RIS s A AN St oV g gt de 2pd thechgrt of thipppeelectronic
produimsi theciomprae drodt. ITngedtddaniuiSLusedin duteliaRg frohBTNABleR @Y cameras to
miccf.65ently used is silicon-based, and the nost
preferred silicon-based sem conduct or device is a
Co Aistsentpd Aty arpinada fin a0y prosdlicSewmitapbycuiednsty cO@WBS)stems that require the

coordnﬁtlﬁlgff ﬁ&n@l@dﬁr b kousank 6f p@JclsQ? é&%lle@ %t@&f?s@;a 8 énlglﬁlllcgg %Mzﬁi

%1 rat ed |t enerally consis
Seml%?& §'3fr B Ff’ét} f”ﬁ% iegplyptproiRter has Rdredsdp éras 9t dopsards ghjntegrated
circuiteglonsthdordddnomiguehds of filegr at ed circuit areas. The

' nFn@e%fa@h @igcu a&ecrhlz{d% u@gf%{i‘l?dred% 8 %1?0% ogg(ilylgua{ coC O(Qne t&xe c%mmon

I con oxl de gates e
compepFRsip 'ih&%eé‘lcoqq"l%torslilt%f%@r?lf@l}b Y herImSEcom@nn @étﬂmostﬁrtﬂ eegnm)fldutthle

techn@@éyétﬁdsénﬂﬁ 48d g ali€onibased, :ahcgthe; hdkt Saned sﬁlgbnb)fg&? E@ﬁncondulctor deviceis a
onauct| Vv ons O e Silicon
Cmméﬂ%E?V§45§8Pg.§@?@ g%p%ﬁﬁgmw gVWHW;source/draln

j utilgetprioeis! ¢lenpdnis oha @VIES Biepakdtied PyerdlychaRnegh silieg Isﬂbﬁtrate having
shall&%ﬁ&to%dg Q(ﬁatBQ lre%%h éofﬁgﬂnggcﬁitlﬁ‘te AdCclﬂE teageass I"Ilh m)?egratg&( cuc‘n areas

or silicon nitri pacer, er e
contapolysilicers pates opyliop @Xl%el gdies or@tepﬁéesmwbﬂ Sl'lhicwnbsgm &he silicon substrate

on bo&i sid@é/\ﬁ tHd RIASichit gm: 1Qﬁlgﬁgﬁbﬁeﬂ Nadontd QHdRG v, Grné Rebly f9pEFregions of the

mmmnmlsa %r ggmﬁ gglggs o%lthe shal | oy source rain
R POV ORIt IERES s BUIFR S tPUp bY 2 channel region

beneajthmemolygh@h gatd h@c\g‘h:a kili@wostchr sitlee pitsip Wace/ refe@ddio as a “sidewall

spacef ’U&Qﬁe' sQi@sSof ﬂfe%ol?&l clox? gatté a‘ﬂgxlvsyd_cla_lgo%‘i&{ & ?cﬂht}ogal égpl r%? form m e (laeavﬂy doped

source/drain 4 unctt ons ete
regionsiof e ghpllowgouseeqraiipincgins ehiciags|called r'deep Joprgadgrain Bm‘dle'fzﬁosTfteé’@PHOW and

deep io@rca&hﬁﬁ j’un&tia% moy@weuﬁ%mdg@dsesouw&mﬁ WhMesssi dewal |
| con. su Str
ol BEeP e BT sl i VB e O R Pl Berostet o s posiico
gate, hpenichgéevall paet, eivbttle dilivot fubstrgte.| Teovidxledecaticoaheetidng fo€the integrated

01rcu1l @ﬁéﬁﬁgstaf% etcne% 1991!3 yﬁdoh b)ﬁ(ﬁ)erhle%g&l la?e{ll QJ Jh{&%hﬁlﬁ%r %gc/ Qrid%egource/dram

junctions. The openings are
Juncn%qse’gl%erop@a]gs & flled itk metglgo @g‘ﬁﬁ@cgtcél coEstsi Ao eqyiptptedlyp integrated circuits,

the coﬁﬂacrtm ctoﬁnected 10 @d A1 2L EIS ofMirh g GOIAMBEHa Bk els Of Gl InRRAAI to the outside
ring in additional |evels of dielectric

S
OfmedwF““c f“? the outside of the dielectric material.
| nn opeentiat, momput sipnal o heteats tagaetlio fh@pcﬂ}hthccg@hte can@blt Me flow 6F electric

currert Q&n E}leé/ de d¥a9nocr8nt9c§th?ougho(§}% (3 cg'/drtaxbxﬁl% ?W{r h &1' ehanne to the oéxer

current from one sour rain co
sourceddiayp grction 4l fp tha giker sogvse/dain eungght t he channel to the ot her
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source/drain junction and to the other source/drain

contact. | WD 2005/022608 PCT/ US2004/ 028282 | nt egr at ed
wa@Roosoe1688 are fabricated by thermally grow ng BCTEEE04/028282

oxi de |l ayer on the silicon substrate of a

s eninegadUdicats atmibeéateamgl thfexafamsi g&@mag arga{eysslhé liaﬁé@&l th@N1Rbn substrate of a

oxi de
sem%XxTeductor w%.fg%&}l]lﬁ rmm%a pol¥sﬁ‘1¥on l%yfre Orvﬁré% ggtﬁ amge(a%\ﬁ% EEEE (BudF Jﬂy?ﬁ and polysilicon
layer hemgatlf@l aod@t@e@om ﬁpcg’aty siides ewipolysiices gatas gsgpetitdly Ehe/gate oxides and
polthc%n %ﬁ@s@n el ag:%%ve%%y arpcgc@é %hér ugé%tagglagk&o tfc%mrt]he s{;a?low source/drain

covered by an oxide |1 ner and are use
regipng pydop ﬁféﬂaglﬁuaqnpgwrw Phosyhgiuainpusy ptergs ipfp ghe lgtyfapemﬁ the silicon substrate.

The i h@dtadlbd 1§Jfa>116Xerd IBSDE BiBh-Rinpd QS RRQN ABvd 7Bt L¥ivAd A hplanted impurity
atonllstoﬁrmtp hsl% do the silicon substrate. The ion

inpl antatt o usrcef 5118%E8 by a hi gh-t enperat ure anneal

abo¥ glicpd @@dt byea stdeposited atideghédp Foan tidvail Eﬁédzbfd drgtind @E Sd¥urfaces of the
gatetoﬁdefs Qﬁ(fﬁofygﬁcoﬁ Qé%s Y s%wglf:sgc/mgrrs 3llleggtai’e E dpts taggl &'OP@XSSHIC%I(Q%%T” gre used as

nitride layer-is deposit
maslg 6‘36*@%“"5‘?‘18%@“‘10?{@ aig fegionsshyrigngmplantasipn effheron grpthesphorisdemirity atoms

into &A ehrml oy b LilidoR BubgRteaSio anﬁhlﬁou%h gevahdw s%ﬁ%@&cﬁ&ls Junétllaﬁs g €n

o B B B PO SRR BRSCE S8 55T 58 D s
atoms ppfbrarihegsoiresirof jultipsn or phosphorus inpurity atoms
i nt I rat I nto
th rAgtlj{Ij t'ﬁx%%aﬁéé ofé ?ﬁg ﬁte%{li’ateﬁs giﬁclpizée% %lgcglp %ﬁ#%%%a{:tnc Elger 1s_fiﬁ%)s11e9 guer the
1nteg|raItF6|CJé<mt%lztn[i 6qﬁltaptsop%{)§§§ #e eteflef dapamdo 1139, soarcmjrg]h ,]Lmetwpngrnétqjhea)olysﬂlcon
gatesl I’Iﬂe@)htaél bpb‘viﬁgs%%@ntfmeﬁﬁlthl a\éaﬁcﬁctivgﬁetblqm 1%&@&6&&!@9 Edrhidion of
ain junctions. After

p
Cond? tct)lF’ Tk ? 31n°th8’f mtt%aé’er d?le eé@‘? g[f']g)olayﬁsr cuits, a silicon oxide

di e¥s éxtﬁmateé cifcgijseave dscrebequios siteeittha Yen feahehd e eRttegr Iailwlce between
the nﬁelaf &thcttssan@fﬂlg S1E<QH Elﬁgt{ateqp e bﬁ%ﬁlca{]hgs f%r? se%q Yé@el WRGI‘% it negatlvely

rce/drain_junctions and con
1mpaﬁtf~| © peRimaRGe oB%gmegf@fgd ccgitst Balowerthe e@gtngal teﬁst@cg@ﬂm@@rpm m@enal is

formeviie BsleenatCndtan E(ﬁt’aetﬁ)ﬂﬂ%tsﬂhdonhybsfrzlﬁé Me'p@l@s(ﬂfbﬁlb )’Fhlg 'ngﬁnklﬂ'%s materials
n, ot t el ect ayers.
have Y;‘éeﬁ ?O%mi at gedcoczﬁ{mhcaf gcr E 5 td%%'lméﬂlé ¢ (f ¥si ze, it has
b e E he Sﬁlmsiﬁschrq fhted bh@rst@blémga thia layer @ 5thsdohalice titagittmee e silidd substrate

abov&Rs @hrc@&ﬁﬁ ﬁlﬁ@t@nsaaﬂg tht pﬁysﬁi‘c&ﬂ gQQp Tﬁé&@lﬁ{c&@&:@m %fe; Slbjected to one or

i con has increased
more QB YR g gD St LD i BB AR e i o sty s
with uhﬂsm_agﬁ akled polydiloh foSorm Tige rhe@Bhicideh EheQJr&SsE [s' g@l@}ally referred to as
“cili {d ,Iy_ A fransition. nater
s S T T L B o
sﬂlclcigg)qtr? dlignddopm theyme@@gt Jurtctienm gridfthenlysitidor pdta ssthe pravess ibd@®@Referred to

as seﬁfQiligHéd El@:uﬂ% Q)@Q@lkcﬁdm%' l'icide (CoSi2) and titanium
si |l cide % [ Sllﬁ) The silicides are forned b?/ first
apBP YAV ROt iR g gdrsalisiding Reve aefisueraedagiin tolvingll (hrproblemyrelated to

conn&smdglnetarnosmldmﬁb tindod. above the source/drain juncti ons_
e e T
t e%élprazttwess plablavsehameb laredotghi bst miausedopitass Lobadt taught or
suggebtbd aﬂ?éoﬂﬁbﬂs @ndd ﬁlljse e Y thEE %Blemé’ﬂa(lé]orfg@ﬁxd%l‘ &ds%_ﬁﬁle@ﬂ@he art.
t he ponS|I|contoformt e netal silici e
process is generally referred to as "siliciding".
Since the shallow trench oxide and the sidewal |

DISCEQ# Ry GF T INviEpIrIioneact to forma silicide, the
silicides are aligned over the source/drain junctions

?glqlg ? atQRJexyti%h Eﬂo% 8l o %1% h <I1S c&ﬁ gna}ng ?1} r grgtfecﬁcdmults 883 a structure therefor. A
gate dieleeffis ig foapqqgpn a SWOWV@PSM@)@D@SQ gategs feinleil ovedihn gatedicectric. Shallow
saliciding have not succeeded in solving all the
problens related to connecﬁlng metal contacts to
silicon. The problens include, but are not limted to,
gate-to-source/drain junction short-circuits.
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Solutions to these probl ens have been | ong sought but

pri or devel opnents have not taught or suggested any
waoelanewns and, thus, solutions to these probl POBEUREN€028282

| ong el uded those skilled in the art. 35 DI SCLOSURE OF
sourId?‘lEalh N\c{&bﬂél&t@‘ﬁ)tﬁb@ln fHe8 & BindicRY SibttaRN ARKIOVAIARSerds 0Bl AFund the gate.

D or.m an inte rat dcir UIt nd a structure
ee]t) F]ource ]clram J 1ons aéﬁ 0 Cslelin.}c%n }lcgoris@)lstﬁéed,ls%g]thgmdewaﬂ spacer. A siliciding

SPaosenfoumddmtho sld@@b staceatafm;r foamidg the galtos and dekepsoneed@m@incddie A silicide
fgeéd% & 8deB Sdufck/B Q84 is deposi

s foeon B ek 0582?5@%‘4?%ez’%?“g\?%a?‘%dgcgtst’aéﬁ%a“dadle G HB" fe feposited

abo‘terr@ SERPANGYSITELEYTBY Sentests emtthen formadinibowdiplpctrisparens thresﬂlclde This solves

the;f@ﬂdﬂﬁdgaé @u&!ﬂcetdt’&ljg@hgn sholSRRissour ce/ drai n junctions
are orrre em conduct or substrate using the

si dehap Fm%OS%%tf SR Ager 2dyauesss injaddiog (B ch RtFe P those
mentidved sbovbe Whd ddvanpes e4ll l&f:drﬁraplﬁmm ngsetshﬂedsinﬁb luf)ﬂ\bnaﬂﬂacﬁi@%@ the
r A:silicide is
ol BB Pl S BaS bl S o R i g
spacer, and a dielectric Iayer is deposited 5 above
t he sem conductor substrate. Contacts are then forned
BRIEFDESTRIPITON @GTHEORAWBIGst 0 the silicide. This solves
the problem of gate-to-source/drain junction
Shdii®.-1G$ # Gaw dfsn 1n€§ﬁtﬁtﬂd:ﬂ’&meﬁbﬁ)ﬂteﬂ%ﬂfa§ st@fe of ﬁBrldaﬁBhQﬂﬁc.b&ﬁhnce with the
\g@eng(tnher advantages in addition to or in place of
ose nentioned above. The advant ages will becone
ap PAF-@rit the ugtpefd1G [ ithadingr fy¢rtdepositetl thereom a r eadi ng of
t herig.36d th@s\ﬁhcrﬂlge stet@iol ﬁgnﬁﬁﬁﬁlﬁllaxﬁﬁdog% f&ﬁ%ﬂaﬂ%@%&ﬁc E)'f_ﬂ’agn unctions;

ref enc he acconpanyi ng draw n
BT

“‘6*56 FiHE A Niagior pLg sidpwil SPH""’RH ew of an
I ntFé@ sag thaktradtur€ ofiFIG. i4rilugng 1d)rﬂfnﬁ1ﬁ1ffi&ﬁh ﬁtfﬁnﬁfe@)g;eur&ﬁdram junctions;
f akgd gatd,on 2 lea o) Wit resent invention;
FI G <’iglt Frélﬂes tr uctg g‘rﬁ@gg?l ?Pmn ifeSﬂ '??1 a liner layer
depYsi’ietp SFFF@F%@ w1G- Blagr d@OﬁlEQﬂt(ﬁ edigleqtipdtyigr @erohe sHic@e, tR sidewall

spacdﬂtaﬁaﬂlgudmndhrgaia%t ation to form shall ow source/drain
t he structure of FIG 3 after

ju 15 E 4 i
fo%?r% iSaPF sBpetuge ?%&é%ﬁf“fr UoR pE metl pgntagisijaad ¢ e

st FU& © usrasinglifidd|fiGw cHartchi rhie mgthodot mraxmlﬁalcaﬂxtgahd sOididk B abdFdAhce with the
preseg@ggmﬁ)gur ce/drain junctions; FIG 6 is the structure

of IGSdurlngtheforrratlonof silicide; FIG 7 is

the structure of FIG 6 after deposition of a

di el ectric layer over the silicide, the sidewall
DETSPAD@ESCRIPUICNGF TERMVNVYENTEON | sol ation; 20 FIG 8 is the

structure of FIG 7 after formation of netal contacts;

anth thd f@lowhgidgscidptism, mphdrfus Qﬂmfl& @wilchagitened prb i@ amﬁ)trch@ldurﬁérstandlng

ol BRI 1 g B AN o
withopiNRAENPPPaEiiq dptailst Freordepiofagui phycueiessibe rgpeit drventio semeoted-known

conﬁ@%ﬁﬂsfahcppr&@sts @tbﬂs%realf)@m@lo%@ th deil. pﬁlgydltg)ﬁ the (LMII;gQ %Gfing embodiments of
unde the invention. However, it wil

t
e o RS PR B P 1T 60 i Rty Ao fgnsions ar for e
clarity ¢f\pesseiniation andiyiaytbe expggeetdddetle whwilORIGs. tTheste sR®6ls filloe used in all the

dramggeh@g ltqsrelatle R, tggsg[ggel%n% %VOi d obscuring the present
invention, sone nown configurations and process
st Efﬁéeﬂar Roripratal” @b used beseins fefingfiss aplane phralled thalistlisatg ortviaer. The term

vertléhﬂ e B dHEAVA ReheRIRRHIO MR MbS otk as }uﬁ%efﬁr@(p e Ushcr ”
ttd| aq tic and not to scale and, articu ar?

‘hé?fg’? aﬁigwaélr)e ‘higher”.t fomver”, ¢ ‘over”, and “under”, are defined with

pres

"above",

" belorg o

respect to the horlzontal plane
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clarity of presentation and may be exaggerated in the
drawi ng FI Gs. The sane nunbers will be used in all the
W(Smodmawimg FIGs. to relate to the sanme el enenPGT/UTIN84/028282
term"horizontal" as used herein is defined as a pl ane
par Béfbreihg rtow t@FISUl SHeretitieshown andii@fated Eid@ittl €0 ifan ind@ckiia hge of

fabﬁcgtgq% r?acct,ogda eq"}l%ﬁl% egelﬂmg enuogﬂdlalgl’” g:} to taggvgorl zont al

#@Wm the Jgggfngeérme stage; @)pﬂe dielegirid @yer(sacgl ap silicbg pxdeads bee)1 deposited on a
semlcbxhcﬂa@*rsubstraté OPBS 2 materRVBEN as sifkddd] andLﬁQ:gI%(lctwe Qa'iv\%aﬁle fsdcp 1 &5 polysilicon, has

b V\%:B respect to the horizontal pla
LTSI VLIRS SEEtreRiveur jPs ke %vaétwmdﬁgd 998 P Gormiaate dileciric 104
and b lpe¢ Hi6N TheSemiboMittca Ehbbtfhteagl Rl 8ékn ﬁirt[l& hilerndd) Qcchel, A filled WI}]th a silicon

e fabricati ccordance wit
oride E‘fagﬁa[r{g)g&é SP%\?‘@% Ifcg folasog r?pﬁers‘?‘?fefl &éa #’ﬂtl nedi ate st age,
a g%qf@mm e ¢ocktl| % thergip dsrshoveitigt sirarsurs o fIFI@E a0 having adiger 2bﬁd:‘ep051ted
ther&ﬁemhedﬁ&Q@ %&gra@}nof @1110&1%%@ Q&QH Gl 94, rt]raccbﬂmi%{m[ &b Gfrtate 952 813 ?ate dielectric

104“@3 @é silicon and a conductive gate
Jifsgte é f.ﬂS‘I t]g;SSiTF ?Q?O I’JI" he lipgi202 canghe gfipn @@lp@ﬁ@g rpateafialopy ey 1n1phgt -protection

matgat e di el ectric |ayer. The | ayers are patterned and
t f { t 104 d te 106.
€ Cﬁegegr#ﬁg cong{ﬁ% Of gralg 18,8 %nz&f%%%ﬁe cg F{gggﬁur?nﬁ 1? Jﬁglmplantatlon 302 to
fomvafellow%@/draewm@@s 3(hlnadd 306l led with a silicon oxide
mit"ﬁfe bad 1(f69ncf tﬁ’er gﬁe@le%bﬁl: kWt %S&E&of tﬁé)llo%ahgrnﬁ Isl&llov&source/dram

g'[’%sent ed 08. Referring now t
Junc{l(ﬁl %Iaﬁd .'?Og bg F?E)Wﬁ 11{1];Il|aé1ta§?nr3l9§ piLhorn @f Phpyplmrusiimpuyify gqgosdnto the surface of

the skimin@wiucRO 2ibslapas?. tmd 1onlirh1ﬂ:{n@i66h 301'1'1:3’01 olw&ﬁlfy 2R ter%%ﬁfe@hﬁe)ﬁ above
or subst

opf
700 @ to a%hxlfaﬁ(ﬁ%rIm ant(% li)ungrta%mé to ﬁ)_lan %)slfalﬁ)f”ﬁ% 251(%“ JTIE?%OIIS gﬂéband 306.
t h é{egrﬂng I‘Q)’Bto Fithé. thir¢ieis siR9A the aructoe o6FIGah afet ©bmasibtiOff a sidewall spacer

402 mtaeﬁau@t So%e/@fﬁnhﬁg;h@nt protection mat erial. Referring
3, therein is shown the structure of FIG

2 %?‘1%%}1 B layﬁf’ PRI R tisop it hag Ryen deppsitedsdpiPhgdito form the curved
shapg gfirec@évailiapaaerj40m CThe&ft&n@&%e&ﬂ@wéﬁ@@acerﬁbﬁal@%toﬁes 126in@R6b of FIG. 2

and IEJ\I'QS tQQ{nFr ZGi g\leletﬁé sr %nli: Wlsglff 'ce, dgatjn e to? tt§ glifll(g%h %u}%%érgxgyner 404.

OwW source ralin
t h &efere napp it Atthesrin i8gRwo the bmlpl@n OﬁIFIGphdlslpg‘lzmnot&mplantauOn 502 to

fonnldE@ldéereMraﬁltJﬁ}ﬁﬁonngn&m surface of t he sem conduct or
npl antati on 302 is foll owed by

a ﬁ i h%?faﬂtog 15 2210 PO SVFL 108750 ek K eameion phe decp
sourqe/ﬁpinaM(mdby thq;urr lltripyntatioﬂ 1782 df ®orf)10d$rﬁ6hdsﬂ@rd§ hiiﬂuh@\ﬁtoms into the surface of the

sem&Q&ﬁEt‘alesju@Erﬁé E)OQJ chplS“i{o agcgrﬁro%,%%lh sgagl N sou ce, dramgl;ncztllxﬂqg’i(ﬂgn%#op,er

t herein r ucture
feSPeFtHF%Tlredw 1@PIaraaU§11 é(élmmgmn @@awérby a Higiptemprdatare @imedl htowe 700°C to activate

the 1rﬁ;ﬂliﬂfeﬂ} Edpdlﬁt@ htﬂmi to RS tlﬂzQiéep sglgce/%m‘ﬁi Jgﬁ%ﬁ‘@k kospasRr | ayer,
efgrrn %owt Iﬁﬁ % lcon ni tride, has been deposited and
et CRSHS BTN ¢ ST Shawn @ eRosiian pipoessip82 wedia g/ formation of a layer of
a siliciyatach akORlividihlly referedditng silifidds lses, s060@a@bd in S@&Gﬁfce éﬁgthe present
1nven§$ns Q“hc,estﬂfchi@ss@tl Ql% équ Qrgﬁ n% d2w1t101 the 51lhcon /Ogtrh% seﬁucplédglftgrﬁulfsgat? qurﬁver the

i ner 202 over ource
deep fopse/diAia funefiRn s P@épﬁrfﬁpqqﬂ‘relyn@rl the GilicideFi@B @Hrmextwirhai folysilicon of

thegdt'ell@6 5, therein is shown the structure of FIG 4

{_h %f F’ on |g}3| antation 502 to formdeep
sout CerdPss S5 RersibHachep i plicseln Oﬁechﬁ@ies‘fl@@%mtlon process 602
deposgpamer med 2 expdsed djtieardd othaingle Er?ﬁllﬁg- bndWoBeryditne @ificon). Thereafter,
the m&ﬁ%@aclfe@ %ﬂﬁ tlH sﬂfcgﬁ {c@ér}no 0 atcl)ﬁf kn%)wne as agbsgphs%seorgeg ej ds&l}m(fg The non-reacted

regi ons elon i1np I on
metal bsﬁ]gg myqﬁlsanfi f;-hg mereguytng(ﬁ@n@aqe mtoduct Iy @es maq‘tezd(a@uo&ﬁdtltthkﬁlnderlymg silicon

to fori3 @ Bdc6RAPEAME kBEonS IR shiRl | alﬁggnd%gm %Bb%%ﬁ‘ﬁr&’c‘ég%oi #i%otves co-

shal | ow source/drain junctions 3
4
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respectively. The ion inplantation 502 is again

foll owed by a high-tenperature anneal above 700C to
waceanswaiees the inplanted inpurity atons to forPCT/082004/028282

deep source/drain junctions 504 and 506. 30 Referring
ewwmmmm@mﬁhﬁkmﬁmdmm@nGMmmbamahmmnmaBdam&&lhh@mam&& d&ﬁnﬂbyﬁx

802 He&Hod (¢ a a,silic
o vﬁ cﬁ arg?eﬂ l?:?fgll Vi gl%a{‘?{hen Lyl erof1 tg’ t‘%agggﬁ &71pSF &P § %Onéea““fd technique,
the grpesitiop prgces (82 inmolyes e@mmJerqm hdtal tnhi@lhp@eg@nlue silicon surface. Co-sputtering
entaﬁl%mallﬁcﬁslo Bﬂ% methll sh S HSES mB Y51 a@glﬁpoé‘lfe%argé? b Eg[gara\ﬁ@ tgrgets and then
mmt the|I|con 0 he sem conductor substrate 10

e 8%%B$§8ﬁ?%%PH?QFW“FUnct|ons 504 and 5086,

r esfpca&d;nnmi SthKEﬁtdl pidaékséi hivie 6écage ﬁ&ﬁeniaﬁc &vi@f Iﬂﬁgrn\éélﬁla)n@da%r devices
that HQJIC ¥fﬁil+ S%ane/cgam Ju\l/l\%]mn dul}co?nrﬁe%tf?s o[nill 8f of ?ﬁ)q,q Qﬁ]ﬁ%roms (A). In

gener a
WmF@@HWP&U@dWNh@wd@muswﬁmommpﬂd@essmﬁszwm@moqmmSmaamumed

et WhenQbbaf l%ﬁgéﬁ%‘gth§fekré&&}nm§£1 Q@c%nm&tahoé{wycgl 1ckness 0 sﬂlcon in the
talllne and poly€m¥sta ['1con
ProE T e SIS Pttt e e EHED &b @fmbﬂtlfc?ovsemm aimat%wsof silicon.

Suctkqvouumptig ads b radsde tlﬁrdai‘&ﬁt, prd¥it ltielsbidd/aiid jusetiSlR andThE adversely impact the
elec%?d;pegl‘é?lga%lcl;%%har%c eris ]tCS ofﬁhéa;scéu?c%/dgagung%{:g?ng a{lcﬂtgiﬁme}kz;é Gng&esébe&eﬁomance
‘fﬂﬂﬁﬁﬁmﬁﬁQNtherlylng S|I|con to forma second phase,

S I W fire Edﬁﬁ&or? hnbdaGl &j@mun{ Htaﬁmﬁ gﬁ&&qo&n? V%\oéfg glgt?ld:%%%gé)ecause the

posi ti on process 602 i nvolves co

sidey PR btsORr ey itlimapo inserasd cwt%bqrﬁy AR agppdcitive-coupled or fully
condgitive pagrbeGwREnahe folysitioop @ae thd SelsbE@RrainBRcRorRBbAim@AY, degrades the

pmﬂﬁ&&m&&ﬂh%E%mﬁﬁg%&hzed by, for exanple, an electron

then drawn onto the wafer and
acrigilg the B’@Ses‘i ipveption may be usedtWithverionerndial sitjcides, it Hableeen found that nickel

smm&ﬁﬁgﬁm@u@ﬁmmﬁgg§§§m§92 i nvol ves co-sputtering both
onto the silicon surface.

Cotﬁgﬁﬁvﬁ 8#‘?865 bR e PSP ilicke fsputisosto gaferiorngurpridrain sherictircuits. Tt
has bgé¢n|discoypredithst @ isladriirbuito e auea@dmﬁsﬁm bethd AekgRtliclaE uRIBRRY sBiBw
t t j al
sourcreﬂfagﬁ‘h '3 40@"1]1?m obe%(%lg%eeg ulrcce): rclira uncF (i%é ?& %dr? gjlufgt? gJécg of the

ont o
Sﬂmﬁﬁﬁ%mb%@ﬁﬁéuﬁﬂb@Péﬁﬁ#ﬂ%ﬂmﬂﬂ% noder n sen1conductor

dewingstBen dibdkreld @Jaﬁ’idﬁg@l Ad@l%nﬁgb'a{cgrqz{ygxr c@érQheJ SHMLEA, & %f(} 5, and forming
on. the order 1000 gst

it mt(t %\%midtdﬁ Spaﬁeélﬁf({]g mPgﬁlbﬁ%d%?lwteéq?é‘mfm‘s(gpqlﬁg@g{b}eﬁlﬁ)y preventlng the silicide
from diffotiress s gatesiOfe of t he exi sting source/drain regions
ar §1n&=,QﬁESSHiQﬁQg spm? @10%%1%9’1'1&1 afte% th&-";I g’ou%ce/alis n‘r:]tl;] etlornse §ol%?t}volgz XO4 306, 504,

metal, it consunmes a nes
and 54, pic &qsied aRd lfpeafter iy spliow é@@e@fam@e?rﬁ@ @dtheeidt el spaoerd02 are formed,

the prio®bserlis @iyl ehsily @, theéhoftnal sethichitctdy prRYsSihe Sfi aGR Q@tlaﬁfecggfg&%g@ércmt
elfo%[gout 103 A of silicon. Such consunption acts to
P educe the dopant present in the source/drain
j uhah pdslitionah eroboripgntatbly el syurderipaciinet 40 is réhwed efaﬂl@ﬁh the processing
and t}EFs‘iﬁef,v%ﬂ @Pal’:l& ﬁoﬁbﬂfe@tﬁﬁ 't ﬂeé%xt% ¢&% aag(; thé %remcgl%o ugtgres{ll% ate B')ghzlée increased

junctions, and ul
dlStanﬁﬁf thyt e Sllhﬂileéﬁis%ﬁ‘f@tﬂe Wd?félm Stdewanﬁmqert“%alﬁoeﬁm@tSohwshcvrectnahltmg
probldng titani um tltanlun1S|I|C|de fornms between netal

cqp ts bec the 15 sidewal | spacer becones
e PG PRl B o FuBtiab Derr 74K G 4Nl g go2 s in ontat

with t@fl Sblolmndg:tm Sllba‘padm foveﬁmm;mh@d)f S00AS thd dllylldlr@@}ﬂfdéi%lo Wifl contact the
ate he source/dr

e B S o R BT B P eond
distanggee j ntegrated circuit. V%lle the present invention

may be used with various netal silicides, it has been

found that nickel silicide has nany desirable

characteristics. 20 I—Iov\/ever,5 it has al so been found

that nickel silicide is subject to

gate-to-source/drain short circuits.. It has been

di scovered that the short circuits are due to

di ffusion of the nickel silicide under the shall ow
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source/drain liners 404 fromover the deep

source/drain junctions 504 and 506 al ong the surface
wobkoosle260$em conduct or substrate 102 to the gaP€r/US2004/028282

dielectric 104. It has been di scovered by addi ng an

additisidedirable thjpaieahallbayorce/OMR lind: Bt & e Widdwhll €paddr 461 ¥ein Bntact with the

semﬁ:grgiu&%rsms?ge 10%%% a?]ﬁras &}gt?nﬁea an IHJS IF[ﬁCl(gillgl:] sgfilfe){) quﬁ g ; ﬁg%}%ci‘eth% %llyl%onductor
subq@rﬂfe V@&rfer asgeondidstasicd Witedles firdt disimnce isfefuab ngless that the segarid distance.
Hovaeosg thlﬁeﬁﬁﬁwﬂlﬁﬁ s§ﬁeltdngs| ﬁh&ﬁl tc?é%ﬁ‘i&%ﬁ)ec%g tﬂe ?Lrst cg%{{;%glé 858%%%&1 by the

t he sour ce/ drain junctions, l'ective
desig plantineptiony the dpeg S?Wﬁeauemonaﬁ%mbﬂé@ﬁmq theesesind Histenge is limited by
the Sed i @RAiRZAHA silidide 6044Qd6@BRGEnH AR 31 BRVWRHd mSNAGES 254041 -4 Ezﬁ‘eglated

Clrcmploggs&,os 1b'ihe process fits very easily into the nornal
auct or processi ng and does not affect

i nt Egnatt@tcopirel owir the 3Qrcp/drafgunoionc 4, 406, S aadleli] thasIRlding spacer 610
rﬁmgd ﬂﬁ&fal SLICK'QS sﬁ!&@ﬁ fo?i\évsﬁlgdﬂ ﬁr%edcgr% hgon c?k$ I‘ 404 i's

removed earlier in gcﬁvcessn hg e si dewal |
sp helerringow foIg; T @@f,qn}s nttlwétrlg:g]geg)f f{ﬂ; 6 atgy deplasition of a dielectric layer

702 senihe Onitec 6021 606148 0saihesideQall spddaesch Nad @a§edog di st ance
t he sidewal |

Span P g T Wikt iarot R SRRttt fige steonorde (510,
tetrapthydy thesiticat STHQS), éplogiahphresilicss (BEEGT gast, bie. vathaleleowic constants from 4.2 to 3.9
or lo%qkéﬁegtﬁé Unthdd aible 8 mAQ1s Qen Lsﬁorﬁfagc? %Aegg%%%ﬁca 63%633 hé/\drogen

in contact wth the sem conductor su rate
silsegquioxane (HSQY, a?ﬁcbénzewdsma (BB teyiamethylogihprijicatp GIMPS)610 Wi | |
octa@lylgdbtetabi®xans @DMCDS) HeLdnRihy18ibildR4nk @ng-)O%mteﬂflmﬁl bgﬁﬁ*‘@ﬁﬁ%)

dlacgé~I galﬁ{fxﬁrgblgosﬂ(z(gr(l) %é#)lg ?)alﬁlggtgﬁ%hl Ss%%%?(%l%%%‘gglths die ectnc constants below

3.9 1T/ Uspbo4lideeiR gansthitt dielsctdasdterials] havitghbdlectria @orstass bebwy 2.5 and which
are aS47Hb1& %(cﬂﬁ@doﬂlmleﬂcﬁﬁf avifhe @Ls10h IA% 'ﬁlﬂglgmoh lﬁ&%cgorhﬂ)dg %?nogms silica

ontact with the sem conductor substrat
aef°$ep S L2 Pl TR MEARPT YRR PPRIAtTTgd wpRibslpyeB T Bhetses¢dhare of materials
such@odfitcarcitritld @i, N g bt s’il&ﬁldtbi@ihﬁhﬂe (ssoMpstrate 102 for a second
di %e% :ngn(\)ggtg (E;ﬁ%j I(}Eer ma IrS] il é)wn ] tsuaille]c of %’Iﬁ[ ’E%P%%og%aggﬁcg’ mletglsc%ntacts

t han
802, 84, and ¥4 i nes difficult to ach| eve because the first

di Thal&R chSacB8 SR B04 S86k ere#)a%véy §ic£1§r@oﬂn@&?%1%‘ﬁle sﬂcrldes 604, 606,

‘“@8 %ﬁon oq t he deep source/drain éunct|ons
and Q9B ENIARTPF LV EHE R e Torr L IEary fchon; 394 hergpie 9P, gl thetdpgp spises(irain
junctiog 5¢faxi m ze the silicides 604. and 606 within the STI

10%1 &’Aﬁ&ds gm%{gxfl%t?' o n conttacsf%E 809 t g% é)? %%sug}ll z{s ct:alfllia}um (Ta),

100 as possi ain coﬁtro
titanigry (i) @:‘F@‘Fea (M- P@Mt@@%ﬂﬁ@n@@ﬂl}?ou@@@ﬁ@ﬂ 4n other@mb@Gyents i metal contacts

802, $]4| dng BOH b AL Sdch &lBppet @Iu)agbldJ&kQP BRE: ([Z(E)t Qfoklﬁhere& l'iﬁ"(ichgﬁounds

h con OXIdF silicon nitride, or silrcon oxynit
ey hgRgF PTG Moot RTeS i s B Soishem { he

st Refoting wad FIB! Githefzindf shewn e(i&ﬁﬂiﬁédﬂo@rbhaﬁf of@ niih6d 0 b dcSordance with
the pJe@%tq{veIﬁ%Q ZTh%\{n%[ho& %@ 1nc1u|d<%§ C%rcﬁllds né.ﬁsenilﬁglguc Oﬁ L@g?l e 6rbasstepr;82 forming a

spacer
gate dinksig Pw’@meencometomwl@rreemna|step 90ty fermingOaie Svap fhe datedidetriciica step

906; ﬁﬁﬁl@' shalo® sSt@RraASurRtidnk HAR s%bcﬁ{guc(og%‘u? ate u31 pe tgelz a.lte Clrflzl a step 908;

" etr et |l orthosilicate (T
°“mt‘g§ﬁ§%)v gergrouad (e 24 1 fysieh 9P é?f"f“F‘B éeee éwsqe rﬂr@uw@mmez
semicbigluGorJubstpdte dsdy/tid isi@dval bfatet inQQRS b Borrkth©d @iCtdingGpacer over the sidewall

space!%{%g@gﬁ%e sga%gwad&d l usgnqrfegl?ntct?(gls } etg{efg S%gl)nrlgt ap s?hsckdle on? t?ig geep
Somwr@m ble%@@ﬁcaﬂmewhﬂ sdligiding B@%) in atsep P Eodpbejting b tilaloaiid layeaibeve the
semichnliMeR kubstr@Ch @Ef?ﬁ JlXJ aﬁ&l ol Q%Btgc%sj 1}1 P& Tn(ic%gé)the sﬂlfnde in a step 920.

hexanet hyl di si | oxane (HVDS), tri met
(SCB), ]

'_"»-D




di acel oxydi terliarybutosil oxane ( DADBS),
trimethylsilil phosphate (SOP), etc. with dielectric
wa@omshzsds below 3.9 to 2.5, Utra-I ow di el ece@1/TS2004/028282
constant dielectric materials, having dielectric
c on¥WhinhsintzatidWashedn daseelbaahd dbhyuno&ﬁlﬁmﬁ;\é&bdcﬂib b&t mddaGl it Be
und&&%aﬁn? gf aXernagg‘els In:iao J!flgéle Irﬁs;arrllo n%rf;rg%ls Wg a}%‘p&regdo tg%sF 61@1@ é“ the art in
lightgfthie e@rﬁx@n&}@sllnstlonaﬁetomlopm itegded id dutbeace Bitsaqh alt@negives, modifications,
and SRPHGRRR A OwilAVRS 55111( Xﬁ'a &lo Nﬁe el %)clu@gd%laﬂﬁs [mgn%{térsalhtﬁer-té%ge set forth or
as silicon nitrid or silicon oxynit
shovyndip ghgpccomppapEpg 4%11&% aw% lmr@tec@n an Hestrativa ajdgos nifing ehre
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
silicides 604, 606, 25 and 608, and respectively to
the deep source/drain junction 504, the gate 106, and
t he 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 conmpounds thereof.
I n other enbodi ments, the netal contacts 802, 804,
and 806 are of netals such as copper (Cu), gold (Au),
silver (Ag), alloys thereof, and conpounds 30 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 nmethod 900 in
accordance with the present invention. The method 900
i ncludes: 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
over the gate dielectric in a step 906; formng
shal | ow source/drain junctions in the sem conductor
substrate using the gate in a step 908; 35 formng a
sidewal | spacer around the gate in a step 910; formng
deep source/drain junctions in the seniconductor
substrate using the sidewall spacer in a step 912,
formng a siliciding spacer over the sidewall spacer
after formng the shall ow and deep source junctions in
a step 914; formng a silicide on the deep
source/drain junctions adjacent the siliciding spacer
in a step 916; depositing a dielectric |ayer above the
sem conduct or substrate in a step 918; and form ng
contacts in the dielectric layer to the silicide in a
step 920. 6 WD 2005/ 022608 PCT/ US2004/ 028282 Wil e the
i nvention has been described in conjunction with a
specific best node, it is to be wunderstood that many
alternatives, nodifications, and variations will be
apparent to those skilled in the art in 1light of the
af oregoi ng description. Accordingly, it is intended to
enbrace all such alternatives, nodifications, and
variations that fall within the spirit and scope of
the included clains. All matters hither-to-fore set
forth or 5 shown in the acconpanying drawi ngs are to
be interpreted in an illustrative and non-limting
sense. 7 WD 2005/ 022608 THE | NVENTI ON CLAI MED | S:
PCT/ US2004/ 028282 1. A nethod [900] of form ng an
integrated circuit [100] conprising:



provi ding a sem conductor substrate [102]; 5 formng a
gate dielectric [104]on the sem conductor substrate

WO 1@®2)22608 or mi ng a gate [106] over the gate di BCBUSI004028282
[104]; form ng a shallow source/drain junction [304]
ITHEINSEREIONOTI dMED @S: substrate [102] using the gate
[106]; form ng a sidewall spacer [402] around the gate
[106]; 10 forming a deep source/drain juncti on [ 504]
inthe s subst r at t he
Si dfevval I gq%&lgcgg%ﬁ%%ngaflmter%lra%dmeﬂ 0Pk ?‘ﬁﬁ’g:spacer
[61@?Vl@wsemlh@dmﬁm@w§tare[§)§hcer [402] after forming the
S hafodn@i¥ SRl RAHE @ddlon tllé%@:‘ﬁfcbrfaﬁktc[r 3Rdlarehyt he deep

source/drain junctjon . formng a silicidee[604]

on PrEnsdeafs | Slﬂvﬁré?ecﬂﬁfﬁfiﬁlef%[&%]on [ 504] adj acent the

sil folﬁm@l aballsP &ﬁl&b/d{aﬁlﬁlltmon (48] ih ee RAnD@nduc@t RbRGE f10g) usmg the gate

| ayer Z[IQ . above the sem conductor substrate [102];

and for ' a contact [802] in the dielectric |ayer
[7(f21]mﬂtg<§l sidpwallspdcerd4 08 barud @ thp ]gate 2061;The net hod [ 900] as

cl %IH‘EI% al dBepGhiidelatn ng&ﬁl'jéh] in t&r s%@&d&&b@ %%%FWZ!I using the sidewall
spacer [405 forms the sidewall spacer the

seni concfa?ff’rc[? Zubstrate [ 102] for a first distance;
andorfhgfaciiiingsphdde[6$0] loied thé Elﬂ@vaﬁ E}ﬁ@& 140016&&] forfn@z R shal&w source/drain
silicidin aS %garm [th6]doe]tD Qn dal hn c[?(?l?uct or substrate
[102] fdr a Q d ISP S ranndmic @ f1’st di stance is

gr derming atsilhaﬁe 601 o tbe dmplsadice/train pactio8 [ 507} vejarmpt theotlic[dB@ §acer [610],
as ez ARM1eENC ﬁi/e@ m]Jab@g %Eén@&f&dc%r &Qﬁgtﬁpﬁb]n&d form ng

a shallow source/drain |iner ; 4] over
sen? B84 Gt 8G pitherdiglastrip oo 70pLp thy sifisided 6048 st ance;
si | iciding spacer [610]

25
f o%rrs t \Igs@egle Odc[g(g()?ﬁsnﬁ%'gegé‘bgmrf‘éfﬁfel&n the sem conduct or
su l?(ﬁ%ﬂ!n@'ih% s1d£vgag gllacgr Z{OZﬁfgr’?{s ﬁ}%l QQewah 2]:‘_}:;1%6@ géﬁ)Zf Q,gr t}tle see L mh;}c‘%or substrate

di stanCe is greater

mst hod [[H8bfor afsidisgperesndi n cl a| m 1 wherein: form ng

3 si dewal | spacer %02 forms the sidewal | spacer

ng & rligifiag sty [0 U tyt Be silidipg shagtr &6 1013 the sqmpjoqndycgsy substrate

a fI rst [di2sfoaneednd aisanct adifertist H1EI&10815|gfeﬁtb1dhdﬁgqe$&&mﬁstance
[610] forns the siliciding spacer [610] on the
sefi condite methodd §9$ tsrchinged if c1:@R] add@ionadly seqoisice: di st ance
and the first distance is equal to or less than the
s e &R @ phatloghwewrce/dsain gpl4dd ohes the paO@dugior whrpterEl@2] for a first distance;
claimlaadditionally conprising: formng a shall ow
source/drain liner [404] over the sem conductor
subsdreimt e [ 102] for a first distance; 35 and 8 WD
2005/ 022608 PCT/ US2004/ 028282 wherein: form ng the
si farminglfhp gjlig¢ragcserce [61DDIorrfisaherviicidng simid (6801 g s@p@@dictor substrate

[ 61 O] oIy O@ﬂ@r ass@&in@ @B&Q&Jn@ khe %Hpﬁgte{n@é & greater than the second distance.

4, The method [900] as claimed in claim 1 wherein:

forming the sidewall spacer [402] forms the sidewall spacer [402] over the semiconductor substrate

[102] for a first distance; and

forming the siliciding spacer [610] forms the siliciding spacer [610] on the semiconductor substrate

[102] for a second distance and the first distance is equal to or less than the second distance.
5. The method [900] as claimed in claim 1 additionally comprising:

forming a shallow source/drain liner [404] over the semiconductor substrate [102] for a first distance;

and
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[102] for a second distance and the first distance is
equal to or less than the second distance. 6. An

wo ntosgemwbed circuit [100] conprising: 5 a PCT/US2004/028282

sem conduct or substrate [102]; a gate dielectric

[ 1044ceih: t he sem conduct or substrate [102]; a gate

[ 106] over the gate dielectric [104]; a shall ow

S 0 U@ grtticasiil Ridjng Breter (1071 f304 Jhe islncmnh@ps(en[hm eldtusiemconductor substrate

: ggite: alti @8&%“;&]?%%%] afe%c%tan(} tFe fu%%&%rie]i%g dl to d)é gss thanvilg second distance.

soug ce/ dgﬁq R MG the sem conduct or
substrate | 6daﬁé 12[2%(%“ t 1élhésll dewal | spacer [402]; a

Si I%%%?W@Ct§ﬁlé’é‘@FeHE(@lO] over the sidewal | spacer [402]
OV&fgafetheSthallbﬂwtﬁ@sléﬁ&&{dgcrtﬁls%sdrmm]pn [304] and the

dee e/ d nct [504], the siliciding
spaElo ate?{bgfl?)' ' efga'glq t‘} %@‘ﬁ material; a silicide
[ 604h§lI606Jur@rainjecti@dp4biniccatichnaictor juisite i 0] {dabA: thdGle [106];
adj n er [610], 15 a dielectric

ayaZs?d‘é‘Mu %&gra[%dozvéerg%nﬁ'thegaﬂqa@nduct or subst rate [102];
andt dé%i’r?f’t&&e{@aﬂi MCEipRaLSOH] él teecserpicendiieisyr eybstaRO2)2] adincert the sidewall spacer
SI I i Ci dq4¢2$04] [606] 7. The nmethod [900] as cl ai msd | n

m si.dewal | spacer 402 IS over

sem %:8‘%6‘% W%ef §@k9§?r%‘ﬁts‘§e"[aﬂﬂﬁ’ferf[ ¢l ‘ﬁ’%‘%‘ﬁr%ﬁl Oi‘jls%‘fcﬁ/ﬁf?élluncuon [304]
and t he agd the drieplsomge/drpia pectioh GDE] the Siliddingtspeer [610] of an undoped material;
Serysﬁigiﬁg#i@l]gbﬂ%y B§géeggo%rctlﬁ%]§unfct90n $O4%Séih éﬁceg the sf?mgln%%)acer [610],

tance
di Sidiglreteic lagas [792] appyg thmnnmdl[c@()@])stra@ [¥Phpded in claim6

addbiticBiadhé Jiel RS TNYio 1R sFBAE !6@4’]’[6@@Ur ce/drain liner
[404] over the sem conductor substrate [102] for a

firrst diBtanbel [9@na clankea irdldm 6thaeisi | | ci di ng spacer

[610] is on the sem conductor substrate [102] for a

s e disridedillspaae¢402him dvet theseficosluctorgitstranil 821 if@ adirsedittare; and

than the second distance. 9. The nethod [900] as

cl &erdigdingspatenioh] & aifis semiepnducivpsubidie WHR] forreeed diftah0@3nd the first

is over dishecesemiaGpneiied edonstibtsics ate [ 102] for a first
di stance; and the siliciding spacer [610] is on the

sel condie toethoddlo$dsichtned [nlolih 6 hdalitiodalls e&@misingi St ance

and the first distance is equal to or less than the

s e @ drtlovdsogrceldreio lineg (3104)@ver Teeenmeiatr §uBQRT [HR] fol afirsredtahda; and
claim6 additionally conprising: a shallow

solPEErdr ai n Ilner [ 404] over the seni conductor

for a first distance; and wherein:
EhiR §1?1f1151855a é%asea fhe pegniqpaurier ybsttath & 02leipr acerapr diwpe and the first

subst r atdstapct B2featethanahes@oandstatst ance and the first
di stance is equal to or less than the second di stance.
9 9. The method [900] as claimed in claim 6 wherein:

the sidewall spacer [402] is over the semiconductor substrate [102] for a first distance; and

the siliciding spacer [610] is on the semiconductor substrate [102] for a second distance and the first

distance is equal to or less than the second distance.
10. The method [900] as claimed in claim 6 additionally comprising:
a shallow source/drain liner [404] over the semiconductor substrate [102] for a first distance; and

wherein:

the siliciding spacer [610] is on the semiconductor substrate [102] for a second distance and the first

distance is equal to or less than the second distance,

9



