5 DEC 2006 METHOD AND DEVI CE USI NG SI UCI DE CONTACTS FOR SEM CONDUCTOR
PROCESSI NG FIELD OF THE I NVENTION 5 The present invention relates to the
field of sem conductor device manufacturing. Mre particularly, it relates
to the formation of .silicides, including self-aligned silicides ~
(salicides). BACKGROUND 10 US-B-6 180 469 discloses a nethod of ¢ p C_2006
sem conduct or processing for formng silicide contacts on source/ ra‘%ﬂ
regions and gate el ectrodes. In one enbodinent, a netal |ayer, such as
nickel, is selectively deposited on the source/drain regions and on the
gate el ectrode, and i oRqp- higng JEVREE, f ' | ayer
within the nickel | ayymit%ﬂ oe?ﬁgot rgg:ﬁstt%és@%oﬁrﬁétﬁkel
silicide during subsequent IBORSEMICONDAUCTOR PROCESSING/er confi nes
salicidation to the relatively thin underlayer of - nickel, thereby

m ni m zi ng consunption of the underlying silicon while the unsilicided
overlyi ng ni ckelrignOFTEHBaNVENTION Eer ensures | ow sheet resitivity.
Silicides, which are conpounds forned froma netal_ and silicon, are 20
conmonl y f@sed for c&he aptesenty inveniieBnatletes tejethiec disld fi jsemionducioncdevice
provide a nu a ) can : ' 'y
Sloh a5 al un roaceBH R0 Bt ARk o] B oG b Mg Lo dihe
have | ower r essef-aligney stlivades (sadicidss). i con, and provide for fairly Chmc
contacts. Silicide contacts are also reliable, since the silicidation
reaction elimnates many defects at the interface between the 25 contact
and t he devi cephtt@reuNDcommon techni que used in the sem conductor

manuf acturing industry is self-aligned silicide (salicide) processing.

Sal i ci delfr ocessi ngUSrBd® 18s4qhdiselesassi medwd offsemiogpdugton pracessingdpr Susiag
silicidation r 1] | Sl 1.)- but W] | INeRd r
silicon nitri dgﬁ&%ggrrﬁggrg%noé (\')ér\e?]’qd}g.gﬁeéxlog\g agg%téf\é\%lé&??e%hgl?ggeargf:ngfﬂg#%}ﬁh?
and gate regi mesl biyen ssenascainkkicis aelevtiviely deposited on firoettealrsinpegivhsdasd opxt
to the gate 1 ‘

the gate electrode, and ion implanting is performed to form a barrier layer within the
nickel layer which does not react with silicon or nickel silicide during subsequent
15 silicidation. The barrier layer confines salicidation to the relatively thin underlayer of
nickel, thereby minimizing comsumption of the underlying silicon while the

unsilicided overlying nickel on the barrier layer ensures low sheet resitivity.

Silicides, which are compounds formed from a metal and siliéon, are

20 commonly used for contacts in semiconductor devices. Silicide contacts provide a
number of advantages over contacts formed from'other materials, such as aluminum

or polysilicon. Silicide contacts are thermally stable, have lower resistivity than
polysilicon, and provide for fairly Ohmic contacts. Silicide contacts are also reliable,

since the silicidation reaction eliminates ma.ny defects at the interface between the

25 contact and the device feature.

A common technique used in the semiconductor manufacturing industry is
self-aligned silicide (salicide) processing. Salicide processing involves the deposition
of a metal that undergoes a silicidation reaction with silicon (Si) but not with silicon

30 dioxide or silicon nitride. In order to form salicide cohtacts on the source, drain, and

gate regions of a semiconductor wafer, oxide spacers are provided next to the gate



5 DEC 2006 regions. The netal is then bl anket deposited on the wafer.
After heating the wafer to a tenperature at which the netal reacts with
the silicon of the source, drain, and gate regions to formcontacts,
non-reacted netal is renoved. Silicide contact regions remain over the
source, drain, and gate regions, while non-reacted netal is regdeedl® from
other areas. Salicide processing is known in the art and descri bed, for
exanple, in comonly assigned U S. Patent Nunber 6,165, 903, which is
hereby incorporated by reference inits entirety. Commonly used salicide

material s include Ti Sl 2 th 1 Ni i .or

advant ages ovérs! ??%|l§eé%ec§giod§§%? b?%gcgﬁaeé’gmfeg\d/ﬁéq&g%ﬁf?o Eﬁ%‘%ﬁ%‘i‘ ﬁfeau(h ng
silicidation, tehpératup@ht whithl the wietsl loataus® tBé siliten Gffthd saliréey drin, e gateg
Ni Si rather than t he h| gher resistivity nickel_ disilicide, N Si2 Even

though back SR8IORY t9 ifREm (qamigcfs, mongesded, metal bis wmoyedCSiisidenerpida regions
achi eved, for g Ne?'thé"&&d??é’ dgaﬁ%g@idfzé Pégb HIOWREIS nOh-rMRAmEGIH AindVed

chal | enge, since tormation o eeh seen at tenperatures as | ow
as about %50C fromhetlef araas. Sahmiemrdceswhg mkﬂmorrsthtemt gl destriteed, 6drNix8mpde)d

di sfavors the.formation of N S
2004/ 001826 PaFORRR 6"?‘@9@%3\*& QMPg 9@6 Efﬁ‘Egr’rﬁgBﬁePr%mc"B?“P‘t‘?Q
invention, a nRibBRekd:en toemileg. silici de contact regions on active device

regi ons such as transistor source, drain, and gate regions favors the
formation of a first silicide and di sfavors the formation of a second

silicide. 5 Afirst gggg'- I i . ] C
substrate. A layer 1 CJrﬁxﬁbngr & a fﬁépggﬂa?eé#sol?’%éé flgizhe @r%&?gg% (5’% #ie]re
the netalois d‘ﬁﬁat;irewdés fsama' agvansgedr owedr 'EnSﬁgataazH CobSl,] csudiesas Aower tsdidoa
material is ion Iant d|nt th

e |layer. i.ci de di sposed ovey 1 he first
region is forf@ HoRe ‘r“é%’:ts'i ‘G’rﬁia ‘P“vt\f'/ués §P Y\MSFQ‘]%FF@‘ ?é CBF‘ytIB
silicidation, sylahawsi fhthyr Hah th@iu aeresmlg;nmeﬁafsﬁrd@ mubﬁveﬁltﬁd@h
layer, or at |east a portion of the’inplanted material may be
si i con under Ibplngnd jof ling(BEOL) ternperatures below 500°C can now be achleved formmg

NiSi without significant amounts of NiSi, remains a challenge, since formation of
15 NiSi; has been seen at temperatures as low as about 450°C. Therefore, a method

which favors the formation of NiSi and disfavors the formation of NiSi; is desirable.

la



According to an enbodi nent of the invention, the netal is capable of
formng at least a first silicide and a second silicide. The material is
soluble in the first silicide, but not the second silicide. |n another
enbodi nent, the material is nore soluble in the first silicide than the
second silicide. As a result, the first silicide is energeti calEG 2008
preferred. In one enbodinent, the netal is nickel (Ni), the 15 first
silicide is NiSi, and the second silicide is NiSi2. The material may

i nclude an el enent chosen fromthe group consisting of germani um (Ce),
titanium (Ti), n (Re), tantalum (Ta), nitrogen um (V),
iridium(lr), WEP@%?E%%(C}) and zirconium (Zr). The a%%%ﬂ%yo@ﬁﬁgterla
inplanted is sufficient to energetically favor the first silicide but not
So great t hat ¥MéRXat er i al separates fromthe solid solution. For exanple,
the material may be | ess than about 15 at.% of the 20 silicide contact
regi on, or bet weevcadimis ansmbddinttafdie Alxatdn, dfkthad fo%nﬁdgtsﬁﬁdetch:ﬁacﬂegl@&i al is

i nplanted, t blﬁacﬁ@ﬂ%@ %@Hﬁs%uc@fds thal MGt LARL, '&%%ﬁ& ghtelr o}s Bhe Vel &hn ¢ 9 forma

silicide ove;lrs €4 ) % ve, regl ons e Si provi des cont act
so that the ac |veearn$8f6"ﬁ§ BHgRofa s edsiieds | y coupl ed to other regl ons,
such as tallization |ines. The silicide nay be a self- aligned silici de
or salicide. The “a#itregien Fmgrivs siiep isfermed epgseneeondueteyi sehtrated Addyer ipcéginpn, or a
gate regi on. 2 2GalAfforewd doftie fisst degia, alierd the diebil FRGPablWOREBARE @choRkRleal 1S renpved,
[or, exanpl o sifidied SRhBELLYE S1A inALAG AR 18O Atk A0 AORLRRL eTPOC Mont,

the material i.s act|ve e formation
of the netal eF‘%VéFBm%BFB? ’iﬁ‘i‘cﬂ‘ﬁl 0%‘3 ?i]t‘FB‘B Fiigy th &’PﬂféﬁiﬂlcldéfloP’éW’étﬁnf@é}’ dlor med over
si |'i con- cont &fitheiimpanted tptergal nE@e o, layevdrerlesttalpartidndy B inpRatdithesal faf b St

nat eri al 1@ndindheSBERAREHMRRAeI The | ayer may be formed by vapor 2 5 DEC
2006 WO 2004/ 001826 PCT/USZ 03/017599 deposition, such as by evaporation
physi cal vapor d RQ%ide 't@dﬂ@m&ﬁ?x{&t%ﬁtlhe M@egﬁ)orn tﬁ en?e%fllrs :[:alaf% ¢'of gor %nsufegraf leetsﬁl f?;[t fon, or

ot her deposi é}i’% met ho% Th rst.mat
capabl e of f a5 re CﬂhC‘FF‘t)ITE‘3 g3iqriplds Séﬂé‘ble BérHet g, bﬁltrf}%t theeconddilivigt eri al nay
be a material aliqﬁlm enjbedingent, the nateriahis ao® sdlgble isthd firet kil@dean thb@cii@tindidebys 5 not

in a second siedultGhedBst Q]flcufe I&%né?@&(ﬁhy pr@f&reﬁ rﬁﬂgnetegﬁodirﬂeﬁ%e rﬁe'ta!l is ﬁfcl%?(g}l) the > 0t he

energeti gal | fer e nore sol

first sil q?m %’ tl%%l ﬁlde ° %ﬁéanéi -é;‘(? Seﬁﬁf‘%gﬁﬁ'flgeéfmg%h 13‘8“‘?th5¥ R SCRER R ST CheR  fir st
silicide is BWehg@eprecasipipe plpomerien (Geh tigren ibrbaivmeRe), tantalver (Adiniitogdns  ni ckel |
the first si(N)oh@auh6v), irdium (), chromium (Cr), and zirconium (Zr). The amount of material

implanted is sufficient to energetically favor the first silicide but not so great that the material

separates from the solid solution. For example, the material may be less than about 15 at.% of the
20  silicide contact region, or between about 5 at.% and about 10 at.%.

After the material is implanted, the temperature of the substrate is raised in order to form a
silicide over one or more active regions. The silicide provides a contact so that the active regions
can be electrically coupled to other regions, such as metallization lines. The silicide may be a self-
aligned silicide, or salicide. The active region may be a source region, drain region, oOr a gate region.

25  After the silicide is formed, non-reacted metal is removed, for example, by a selective etch process.

According to another embodiment, the material is implanted into the active regions prior to
the formation of the metal layer.

According to another embodiment, a layer is formed over silicon-containing active regions,

where the layer includes a first material and a second material. The layer may be formed by vapor



Ni Si, and the second silicide is NiSi2. The material may include an el enent
chosen fromthe group consisting of Ge, Ti, Re, Ta, N, V, Ir, O, Ta, and
Zr. The amount of the second material is 10 sufficient to energetically
favor the first silicide but not so great that the material separates from
the solid solution. For exanple, the material may be |ess thary gigopis 15
at.% of the silicide contact region, or between about 5 at.% and about 10
at.% After the layer is fornmed, the tenperature of the substrate is raised
in order to forma silicide over one or nore active regions. The silicide
provi des a conweedossaszt hat the active regions can be lycebectiieal |y
coupl ed to other regions such as netallization |ines. The silicide may be
a self-align € eyl 32 e. The active region may be a source
regi on, drai %g?sg& sl asqu CEPYErR pl!}y 65? &R d?ﬁﬂ"f“é‘?” cherpigel @pyr ii"‘é’PSH‘@X 138°rf or med,
non-react ed ?Péaf%mgwrrden’mweﬂ%r exanpl e, by a selective etch process.
According to sone enbodi nents of the invention, the silicidation process is
a single step, hele nategal inelnfees mdtall thex i0hpabih ef fewnng bieadt Boré Slicldal sed to a

tenmperature &Hlimﬁdﬂ@s' & sedofld &Q&x@ﬂa@ﬁa a%?ehglﬁgt 1?%1@1!3 Ly a%ks?s?ﬁmd@gf% aﬂght o ot her

enbodi nents, 0ocess use Irst ep,
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initial sili®etial mayhe morg eadublvdh thesfirse pilicide tten the seprad silicite,@o it fdrk@ioseflist rat e i s

r %I) sgd tot a fsecoaek i @%fkﬂb%&ed ftdl{nmtxﬁlﬂdxﬁkerft'ﬂ{é@detaﬁ& Ridkel tﬂ,ﬁflr%té}ﬁ&t% rdi tngl to an
enbodi men nvent i.o act regiq rises a first neta
silicide an it ?ﬁ te toma Sﬂmge L?ng ”éaf'%ﬁ'd?cg‘rd? aéq}gleﬁﬁyc%séng%‘?‘ﬂ%@é% n the
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favored. The first and™t

silicide may#g %V’?"naﬁeﬁgaft%ra%dcab%’f%%al may i nclude an el enent chosen
fromthe group consisting of Ge, Ti, Re, Ta, N, V, Ir, C, Ta, and Zr. The
amount of  the f Afiethelyeias fored, the tempdrftire pfalivtsutisigedsmaised etordeeth foym 4 glook t he
first siliciaberobarr nmf&tactszereglblﬁathetslh}a&e ptditﬁes%&@a[cis@khat?e& a&ﬁ@é@%@ébﬁ romthe

sol i d sohsit i QRuicMPEubXAR er| an about 15
at.% of the cont gcotus1 or g’r\ﬁ{e ftal mal%%an %ﬂ%u”fﬁyﬁﬁas‘é 443 5 DEC

2006 WO 200HCHp PEBk Wﬁ@ggeﬁs?m%%wﬁevewf d5gn regionaey aéﬁbremnnéﬁtr of the
i nvention, ahodisidals forsedcipnagcttdhatal il emovel, B dxaipB\be 2 BRYtive Bieh pRcast. of a
sem conduct or devi ce, including a substrate with an active region such as a

source, According to some embodiments of the invention, the silicidation process is a single step,
where the temperature of the substrate is raised to a temperature sufficient to form the desired
20  silicide. According to other embodiments, a multi-step process may be used. In a first step, the
temperature of the substrate is raised to a first temperature, forming an initial silicide. In a second

step, the temperature of the substrate is raised to a second temperature, forming a final silicide.

According to an embodiment of the invention a contact region comprises a first metal
silicide and a first material. The first material may be soluble in the first metal silicide but not in a
25  second metal silicide. Alternately, the first material may be more soluble in the first metal silicide
than the second metal silicide, so that the first metal silicide is energetically favored. The first metal
silicide may be NiSi and the second metal silicide may be NiSi,. The first material may include an
element chosen from the group consisting of Ge, Ti, Re, Ta, N, V, Ir, Cr, Ta, and Zr. The amount of
 the first material is sufficient to energetically favor the first silicide but not so great that the material
30 separates from the solid solution. For example, the material may comprise less than about 15 at.%

of the contact, or between about 5 at.% and about 10 at.%.



drain, or gate region, and a contact disposed over the active region, where
the contact may be used to couple the active region to another region such
as a netallization line. 5 A nore conpl ete understandi ng of enbodi nents of
the present invention will be afforded to those skilled in the @Hﬂ UES
well as a realization of additional advantages thereof, by a c‘oﬁ ZQ tion
of the follow ng detailed description of one or nore enbodi nents. Reference
will be made to the appended drawing that will first be described briefly.
BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Fig. 1 shows a cross sectional view of

a waf er under gRbR@4eh143E 0Cess for formng silicide conpagisk@dims,
including inplanting a material to disfavor the formati on of one silicide

and pronote formation of a different suicide, according to an enbodi ment
of the inventi on?Efgs to 2 pmbodigens pf thy ipygatiop.arcentag syopas thas Aesitesiibovs et em whose
G bbs free ebrapgyf adinfidomiugorldyvicaincheing bl fubstrae] Willl an bddivd BoreadhO0P¥ued, M Xi ng; and

15 Fig. 3's h_ﬂ}kﬁﬁ, ofgafe hddRR, mmggdtﬁpcﬁéposg& &F\éut%{actﬁre %é%%n%&lhegquee{oggcit xrt]w%l p3ufd OCESS for

form ng sui cj de ontact . regions, Inc ng rorm ayer “including a
metal and an SYEFEF AHE CHR APl reeign g aelizaioRdng or mat i on of one silicide
and prorm%e formation of a different suicide, according to an enbodi nent of
the invention. USemopfcopnee wasiandipg of empadimenty of fre presaws dnventiprhwifl ge dffardefith f er ent
firrgu Ei es i ndi et sdiled i €he 318 BEWellfas 4 feki@ation2d} a@htﬁié@ﬂ?aitage}?&;&%ﬂ—!ﬁ@c@ﬁlwhfﬂ ON
Enbodi nment s : i i [ OVI rformation o irst
silicide, su%&heg@%ﬁ ie{a@a\?\f S%rﬂ)\égn{%tf% ?%gr lﬁ%??%’to ?%%erﬁl%b%zefesrfnﬁerl‘fvéli%%%df toglh%unt s of a
second sui ci HEId pepingbatglitins be descaibrdtisfly t 0 an enbodi ment of the invention,
suicide regions are forned above active (e.g. 25 transistor) regions on a
sem conduct of REFBRIGRIRTION @R FHBRRBANINGS sui ci de contacts are formed above
the source, drain, and gate regions of a field effect transistor fornmed on
a silicohlsubst r Higdl. shdw 2 Fiosy sgceonal kiewaf avedfee nnddfbiignetodesr famsighsitisat e 100.

Su b; t ra'éle 1?@1‘1&1@1‘6@0&,(1?%@&. B{i’tlﬂggfrﬂ{é&aﬁ'{) Lhkl@\%}é tgé Hofnﬁ%fo?&@%&&%ta d }[Nhi Ch. n?‘y
€ aoped p- [ T . cllve reglons ar e, or ex_a(rp e, ransi st or
source regi %ﬁ%’teﬁ)}?m ?oﬁ?gi%%%ffgbe?tc?ﬂ‘%lse’ %8%?%0 Gyl e V@@ nvent i onal | y
i solated from ac}:j vg regi ons of other 4 5 DEC 2006

1gs. 2A and ZB illustrate a two-component system whose Gibbs free energy differs by an

amount equal to the entropy of mixing; and

15 Fig. 3 shows a cross sectional view of a wafer undergoing a process for forming silicide
contact regions, including forming a layer including a metal and an additional material to disfavor
the formation of one silicide and promote formation of a different silicide, according to an

embodiment of the invention.

Use of the same or similar reference numbers in different figures indicates the same or like
20  elements.

DETAILED DESCRIPTION

Embodiments of the current invention provide for formation of a first silicide, such as NiSi,

without the formation of significant amounts of a second silicide, such as NiSi,.

According to an embodiment of the invention, silicide regions are formed above active (e.g.
25  transistor) regions on a semiconductor substrate. For example, silicide contacts are formed above
the source, drain, and gate regions of a field effect transistor formed on a silicon substrate. In Figure
1, a wafer 10 includes a substrate 100. Substrate 100 is a conventional crystalline silicon substrate,
which may be doped p-type or n-type. Active regions 120 are, for example, transistor source

regions or drain regions. Active regions 120 are conventionally isolated from active regions of other

4



WO 2004/ 001826 PCT/ US2003/ 017599 devices by field oxide regions 110. Oxide
regions 110 nay be fornmed by | ocal oxidation of silicon (LOCOS) nethods,
or by shallow trench isolation (ST1) nethods, for exanple. Active regions
120 may be n-type or p-type doped silicon, and may be formed according to
known methods. A conventional gate region 130 is forned on a gatlECdiibde
135. Gate region 130 nmay 5 conprise doped pol ysilicon. Spacers 140, which
may be oxi de spacers, are fornmed next to the sidewalls of gate region 130.
A netal |ayer 150 is deposited over the surface of wafer 10. According to
an enbodi ment ®bbdiGoikgvention, netal |ayer 150 conpri $sepushdlsekes al t hough
other netals may be used. A material 60 is conventionally inplanted into
metal |ayer for details see below). The 10 tenperature is then
rai sed, |ead eﬁ‘ées B Higlparide regionsildf (Qrigpregiansd iq remy be ormer! birjoost axidationlefisiiens, si | i con
from acti velOEGBomthods2@ bastallogakeh [sﬁlgioﬁ(BTi)&chdisffBﬂém@kI Rée BBEm 20l ayer 150
and/ or netal mzyermtﬁ?&%ltyp'eﬁ%@c{sﬂngﬁgld%aif {le%rﬁédic&)t méﬁolmov(/:rion oot aining active
IC

regions 120 and gate region . One or e regions form
fromthis reacti e Olnclue metal that forns a
silicide _with e%&ﬁ%%g{!ﬂ Iri?géogrll?o%%f) s?gﬂﬁaﬁg’“ e&%%ﬁ fKogen 1 may

pol ycryst Al | §orRyse deped P"H’é‘%lcow QPPFB@tl‘WeWm@ ey boeridt aeorirpmehgxtimbhecul es (1 ke
silicon oxi dedepullssi daicea@ion M0t Ainde)layet Belsabﬂosxﬁddiert&e&uﬁa&icﬁ@%eﬁosm icide, a

sel f- ali gneﬁcc%i‘néﬁ'ag&nboﬁfnén?& tﬁe%en%&l %’grl 19(51 domt rngS nrg: ﬁ% %@aﬁ metal iIs

renmoved; for_exa y a selective’ e ment where
net al Iayer insiog n%r’?‘b‘i‘sf’%es ni ckel , non- react ed nlckel on the wafer nay be
renoved by wet chem cal stripping. The wafer may be inmersed into a

sol ution of H2SO4 megal (PP sonsgrtiongliytimplanted intninetaByeS P fooktaits sedblot) Bhe of NHAOH,
H202 and l@wat tempefakimayihenassed\Riling to ﬂsﬁmidﬂhdﬁgea&!%n Qﬂﬁm@%ﬁ%oﬂ@ﬂ&mﬁgﬁn reacted

ni ckel is re&@%@%o@lzb £HE[§£tf£e£l8£ 156Gl u‘?tr {netaéayﬁgﬁ(#an%or 16 !@k’ lon at about

20 C (or hi g{gﬁm exa up to a “hut es,

fol | oned by XY ‘ﬁtﬁ S‘P‘f‘?éc RERODE 2gtine raglqns 120gmhgats exigign i%nomorawemtalm C (or

hi gher) for slisetegibmform fibm tiseSctiol NWha@mBa layei SOEIGHRS 4 Fdal Watli@hs 4 SiciagTTer sed
may be revers@diembiidl Qlicoh RFRMAe, aﬁ’ﬂcorph&g %gfal*n%aﬁuk §oqw{gaotth%r %1115': {he remaining

silicide gegl 1 V|lde el ctrl con active
regions and TR mgé’fm F Esgq'l??ﬁl £ % ar?éf“hﬂ"%af’f”ﬂ‘?)é%e sBiide ‘F’n"ém%ﬁéf @P"ld&ﬁﬁﬁ‘f as

met al | i zat i oetef piligide- According to an embodi nent of the invention, material
60 is such that it is soluble in a first silicide of a netal |ncluded in
metal | ayer 150, ABethegititidagial, Gibhod-rdattedancs B eRdved; thiekdngR, 19 sdectiBbidh

process. In an embodiment where metal layer 150 comprises nickel, non-reacted nickel on the wafer

may be removed by wet chemical stripping. The wafer may be immersed into a solution of H,SO,,
20 Hy0, and water (known as SPM) or a solution of NHOH, H,O, and water (known as APM).
According to one embodiment, non-reacted nickel is removed by immersing the waferina 1:1:10
APM solution at about 20 °C (or higher; for example, up to about 80 °C) for about six minutes,
followed by immersing the wafer in a 7:1 SPM solution at about 20 °C (or higher) for about ten
minutes. The order in which the wafer is immersed may be reversed. After removal of the non-
25  reacted metal, the remaining silicide regions provide electrical contacts for coupling the active

regions and the gate region to other features on the wafer such as metallization lines.

According to an embodiment of the invention, material 60 is such that it is soluble in a first
silicide of a metal included in metal layer 150, but not soluble in a second silicide of a metal
included in metal layer 150. Alternately, the material 60 may be more soluble in the first silicide

30  thanin the second silicide, as long as the difference in solubility is sufficient to energetically favor

formation of the first silicide over the second silicide.



included in netal |ayer 150. Alternately, the material 60 nay be nore
soluble in the first silicide 30 than in the second silicide, as |long as
the difference in solubility is sufficient to energetically faégfc
formation of the first silicide over the second silicide. é 228%6 WO
2004/ 001826 PCT/ US2003/017599 For example, if nmetal |ayer 150 i ncl udes

ni ckel, a nunber of different silicides may be forned, including Ni Si and
NiSi2. NNSi is preferred over NNSi2 as a contact material because its

sheet resistance is |ower, and because formation of N Si consunes nuch | ess
silicon than tPg,iRigption of N Si2. However, it is dipffiGhtshizi® Prevent
the formation of NISi 2, since NiSi2 has been 5 shown to form at
tenperatures as | ow as about 450 C, while the tenperature required to form
NS is about 359 cremplenfpeis iayedSoinardesaickel h mupbatof fifferens bilideemaybe Ni Si but  not
in N Si2 thefonpdynnoheeisi pd Niss ME0E freferfel 6vef 1K TRl cORcOQfarddh Bicdise RECAUSE t he

G bbs free ey teria ution is__|ower than
the G bbs reg&%%%ag&élbﬁer’yn@e&%%% df "Ures o s’ﬂlcgl‘leﬁs SERE A& | npl ant ed

mat eri al . Ofoﬁ&a =y °§ Ilé‘“’fel"qr’d@% ‘F‘%‘P‘}lfdwm"e‘éﬁsfoﬁéﬁﬂ% 9 &iStpginse Wi bagbeerrat er i al s,
A and B, Hhi sbwretp ke pimpériniresse Paagibeut ¥t O 8s théBmEeR@Wteduitedtd Bm28A. For an

i nternal eneggyunikho @ressure P, volune V, tenperature T, and entropy S, the
G bbs free energy, is equal to: G= U+ PV -TS Equation 1 For nA

nol ecul es of mat r.ee. ener nd_ nB nol ecul es
of 15 materj al %‘Eﬂl e \rl\%égtehﬁ“s sgzm @N%Pu%ﬁﬁéﬂ@em?ﬁm@g@%ﬁﬁ gy of the
system may b&° f@%ﬁ?‘@é’%@éh’é’%‘faﬂ% the Gt @ngfng@ NiSyipeplanigdym@erlaf sown gef | ne x as

the fracti onloed thamtheGibhs@se dnbrgf ofakdparie] At GNiSf anlBb Bipladtkd Bierid. = NB NA + nB
Equation 3 then G may be rewitten as: 20 G = (1- x)GA + xGB Equation 4

Fi gure 2B)shows hhﬁslﬁlﬁélﬁuM@ﬁ Qoﬂsiaé‘r tﬁe‘eé%e &%&ﬁdmﬁ% A'%n@ﬁ‘ 1GouRn & fethJl lowed to

m x. For the V o X n he change in
the free ener gaflalt \?Vﬁlehﬁaes na% ownm %\5 %r mtemal energyU pressure volumgv 9

temperature T, and entropy S the G’lbbS free energy, G, is equal to:
G=U+PV-TS ' Equation 1

For n, molecules of material A with free energy G,° per molecule, and np molecules of

15 material B with free energy Gg° per molecule, the free energy of the system may be expressed as:

G =n,G, +n,Gy Equation 2
If we define x as the fraction of molecules that are molecules of material B: x = e
N
Equation 3
then G may be rewritten as:
20 G =(1-x)GS + G2 Equation 4

Figure 2B shows the case where the two materials A and B are allowed to mix. For the
simple case of no change of U or V on mixing, the change in the free energy when materials A and

B are allowed to mix is just equal to the entropy of mixing times the temperature, where
A8, = —RIxlnx+ (1~ x) In(1 - x)] Equation 5

25



B are allowed to mx is just equal to the entropy of m xing tines the
tenperature, where LS ,n = -R[x In x + (1- x) In(1l- x)] Equation 5 25 6 5
DEC 2006 WD 2004/ 001826 PCT/ US2003/017599 which results in a change in the
free energy as follows: G=(1-x)GA+x@ +RT[ x|l nx+(1-x)In(1-x)] EQUHLi0 6
Not e that since x<l1, the G bbs free energy of the mxture is less than the
free energy of the separated materials. Therefore, by inplanting a
material that is soluble in NiSi but not soluble in 5 N Si 2, the formation
of NiSi is energetically favored. According to an enbodi nent of the
i nvention, metwb2ages26 150 conpri ses nickel, and matePCHDS200B0TPri ses Ce,
Ti, Re, Ta, N, V, Ir, C, Zr, or other appropriate material that has the
characteristics SiCLd . mount, of material 60 that is
i npl anted is suf %%?%%?ﬁg%mggﬁgr%%{g?%%ﬁﬁf ‘é‘.“s”% avor the formation of N Si2,
but not so great C%Qat the mgterial separates fromthe 10 solid sol ution.
For exanpl e, the GatleriGtvay Bé&pesd-ehad-about 15Bamtioné or bet ween about
5 at.% and about 10 at.% of the nmetal |ayer 150. Table 1 lists inplant
beam ener gi es t o Nbiehansiage < tieiEarnt fr:3Gerah oNbShixilid isGs 185 She 188 endtgyIt the | MPI ANt
depth of abowparalead GabialsF Pher rial .S about 10 at.% of
metal |ayer &éo the .Si %ﬁ‘_ﬁ“ﬁ%Q%‘%S%‘m@%%‘r‘%@%e‘@%%&qb%gn1§r<1§1fgtf§t Sl s T
material Ts apadt OEgp iUy s eprsgetigally faxpref. 150, 15 the i npl ant dose woul d be
about 1.5 x 1018 cm 2. For hi gh doses such as these, plasma imersion ion
i mpl ant at i on nay APPEPE then gmiypdipant ef thetitension s tat layei@fcoppasey tidkelend on
i mpl ant at i onmpatakiteh cughiseeGt, TERe, T4OF, V.t bE L), o BRbNOSoiRY mRtSialtsRhhs mlabl e 1
Mat erial i npj ; r oyt . 5 ki r..l.ess qQut 6.5 keV or
lese 3 Abou ierREREaRT e o Mglhe Ry RISkl

energetically disfavor the formation of NiSi,, but not so great that the material separates from the

10 = solid solution. For example, the material may be less than about 15 at.%, or between about 5 at.%
and about 10 at.% of the metal layer 150.

Table 1 lists implant beam energies to form up to about 300 A NiSi thickness, at a Si
implant depth of about 150 A. For a case where the material is about 10 at.% of metal layer 150, the
 implant dose would be about 1 x 10" coi®. Where the material is about 15 at.% of metal layer 150,
15 the implant dose would be about 1.5 x 10" ¢m™®. For high doses such as these, plasma immersion

ion implantation may provide a greater throughput than beam-line ion implantation, although either
(or other) method may be used.

Table 1
Material Implant beam energy
\ About 5 keV or less
Ge About 6.5 keV or less
Ir About 7 keV or less
Ti About 5 keV or less
Cr About 5 keV or less
Ta About 8 keV or less




Cr About 5 keV or less Ta About 8 keV or less 7 5 DEC 2006 WO 2004/001826
PCT/ US2003/ 017599 Re About 8.5 keV or less Zr About 7 keV or |ess Materi al
60 may be inplanted into silicon regions such as gate 130 and active
regions 120, or into netal layer 150. Material 60 nay be inplanted into
the silicon regions before or after the formation of netal |a

Material 60 nay be inplanted into both netal |ayer 150 and the S|I|con
regions, 5 as long as the amount is sufficient to make formation of a first
silicide energetically preferable to the formation of a second silicide.
According to odi ment of the invention, Figu a wafer 10
i ncluding a a@g&@gg?gggoo Simlar to the enbodlnent Eﬁgﬁ%&agﬂg?gure 1
substrate 100 is a crystalline silicon substrate, which may be doped
p-type or niRype. Active regions 120, hbootB. kY obiesssour ce regi ons| 10 or
drain regions, are isolated fromactive regions of other devices py an

oxi de regi ohz 110. Oxide Tregions 110 (RyoubEkel GFiBEd DY T ocal oxi dation of
silicon (LOCOS) nethods, or by shallow trench isolation (STI) nmet hods, for
exanpl e. Active rtegions 120 Tay be ll-type or—p=typedoped-siticonm, and may
be formed according to known nethods. gate regi on 130 |s formed on a gate

0X I d e 135. Cﬁ!&t&xaf &% 9? 4%81911 V\%&%ﬁm %(r)]nvrg%lgnls 81 éééée 13% andc activi I'B%IODS %%OCP mg>

pol ysi | i con.” Spacers spacers, next to
gat e reglonmﬁﬁbwaﬁﬂﬁéﬁﬁﬁﬂi%ﬂﬂﬂ§m@ 1WP€G$@@@#@P%§“H@W@W&ﬂe@@mm@he sur f ace
of wafer 10. ofpayEiyed B0, Miterl dddagbeamprRited intardpablaBayef 15ﬁaﬂﬂéeagcoareglbdsi ci de and

an addi ti enajg 1&?&%‘ aftbunt 11- Isﬁ\ﬁflc%ﬁttt%%cgtﬁﬁmg gﬂgpshl% de &Lrggtlgaﬁlﬂr%aﬁe tB {hr st

silicide and_a Second suicid |t|ona e sol uble
in the flrs%m¥T?V%?ﬁﬁmﬁﬂ?mﬁot the second silicide. 20 For exanple, t he
metal may be nickel, and the material may be soluble in NiSi but not in

Ni Si 2, so that t KEOFNE Rmpihas crpfodixpsplibe ieyension Figut B haws wak dFieslndinedl, al | owi ng
for nore rel fubdhie100psiadlared hosmbedimdd sBhwnGOREACT, SubstrhR@omsihntstianalicdat eri al may

be Ge, Ti, R%bstrggé’; whk!h mégﬂ be IdI)ped ;gtrype ozﬁ-typé) rActi\%trcg%IﬁS ﬁ&%h%ﬁ) El&y%te ?ourr&?‘}eggnisal )
10 or drain regions, are isolated from active regions of other devices by an oxide regions 110. Oxide

regions 110 may be formed by local oxidation of silicon (LOCOS) methods, or by shallow trench

isolation (STT) methods, for example. Active regions 120 may be n-type or p-type doped silicon,

and may be formed according to known methods.

A gate region 130 is formed on a gate oxide 135. Gate region 130 may conventionally
15 comprise doped polysilicon. Spacers 140, which may be oxide spacers, are formed next to gate
region 130. A layer 160 is deposited (details below) over the surface of wafer 10. Layer 160
includes a metal capable of forming a silicide and an additional material. The metal may be capable
of forming a first silicide and a second silicide, and the additional material may be soluble in the

first silicide but not the second silicide.

20 For example, the metal may be nickel, and the material may be soluble in NiSi but not in
NiSi, so that the formation of NiSi; is energetically disfavored, allowing for more reliable
‘production of NiSi contacts. The additional material may be Ge, Ti, Re, Ta, N, V, I, Cr, Zr, or

other appropriate material.

Layer 160 may be formed by a number of methods. For example, layer 160 may be
25  deposited using a vapor deposition process. Vapor deposition includes, but is not limited to
evaporation, physical vapor deposition, and laser ablation. According to an embodiment of the
invention, layer 160 is deposited by physical vapor deposition using a sputter target. The sputter
target comprises the metal and the additional material in the proportions to be used to prevent

8



Layer 160 may be forned by a nunber of nethods. For exanple, layer 160 may
be 25 deposited using a vapor deposition process. Vapor deposition

i ncludes, but is not limted to evaporation, physical vapor deposition,

and | aser ablation. According to an enbodi ment of the invention, |ayer 160
i s deposited by physical vapor deposition using a sputter tar gétDECTZﬂ%
sputter target conprises the netal and the additional material in the
proportions to be used to prevent 8 5 DEC 2006 WD 2004/ 001826

PCT/ US2003/ 017599 formation of Ni Si2. The proportion of additional material
in the sputterwpangens2zs | arge enough to be effectivepcyes2onot7sso | arge
that the additional nmaterial separates out of the solid solution. For
exanpl e, whefgnk; a ere the a r|aI chosen
fromthe gr ﬁ%? Qﬁfﬁﬁi Jiﬂhepﬁ)p&#c’%ﬁildd@&%lw ?]:rmte‘lsBUtterqﬁ%fE’iPrgefrﬁggﬁ tSportion of
addi ti onal Sl &t “?fﬁ%/la‘lg%&‘?é@ additiguahmaipsis| epamiss gt efthesglid gintige tiaeen about 5
at. % and abowemnds whdre 196 metd isdiefebSitl tvhdroiedddit &1, maWafl eosek Borh Sre bbby @giced into a
sputter Chaﬂi@@ﬁa,N}\'@theéﬂ addszr t}fé%i!cﬁﬁl%@%%#%n&xéaeHMn%rb%gaderan”%%r [\§ sputter

target angd f med on waf er
10, the tgrrp&ya?r&?tg eBFbOWasfaéof’ "T(?b‘?“élﬁaﬁ%r eased to for ma silicide by the
reaction of silicon with one or nore netallic constituents of |ayer 160.
The silici dati onTpf@esderiled geadp isinindued inor wutferdhingbeh Mapvialisl N sonme

enbodi ment s @hvetthvgally pugsnddifom thespuktdaredrgi%h fbﬂndla@errl%di $oQlafRth. Ul edk NYl €

rapi d ther n’eiiome@m 1& Blé)npe?it\ﬁé)of“@é{ff creaied J}m eh}émger ature of the

wafer is rai a tenperature S FT B8P sili ci de;
for exanple Y 011‘%‘ U r§’|°re‘ﬂeﬁlhbfoﬁ%‘we‘é%mfﬁﬂﬁfrbeSﬂ’ald?ewr%@pdem@éess is
performed? 1Borgflhelowdi nent of a two-step silicidation process for form ng
Ni Si contact regions is as follows. During a first RTA, the tenperature is
rai sed to betweein sahoutboBRGisGr BIiaveada klicididn Epelfoifrdé&us% Tahﬂ@er@&dﬁé}ﬂéit S

seconds to almuitrw®, formed during
the first RT (R&Séﬁcﬂﬁggrggeﬁ}\e&famﬁgm%mgflm fls?sidlt%aotﬁm‘?ﬁ? ° not diffuse

up spacers s et fo f%rﬁ‘éll‘?é’FséredlS&’G‘de &F ’FF‘@‘EIFOéOfJEE Nidln pihepgmeodBnentpiaitedtstepny  cause
short ci rcuinreess iyperfognedevi ce. After the first RTA, a 20 selective etch is
performed which renoves unreacted netallization (for exanple, portions of
netal - | &er 150Anémbodigeit 6f akwsteplsyiftiod 6o for FolbikY s otl-ERASEH .@bOVE

spacers 140, ¥k, qgmﬁéazgﬂirg &%‘A,]tﬂ'eQemp@Qgre is raised to between about 320 °C and about 450 °C,

for a time of about 5 seconds to about 60 seconds. A di-nickel silicide Ni,Si is formed during the

first RTA, at a temperature low enough that silicon does not diffuse up spacers such as spacers 140
of Figure 1 and Figure 3, which may cause short circuits in the device. After the first RTA, a -

20 selective etch is performed which removes unreacted metallization (for example, portions of metal
layer 150 of Figure 1 or layer 160 of Figure 3 disposed above spacers 140, oxide regions 110, and
other non-silicon regions of wafer 10). A second RTA is then performed, during which the
temperature is raised to between about 400 °C and about 550 °C, for a time of about 5 seconds to

about 60 seconds. The low resistance NiSi phase is formed during the second RTA.

25 While particular embodiments of the present invention have been shown and described, it
will be obvious to those skilled in the art that changes and modifications may be made without
departing from this invention in its broader aspects and, therefore, the appended claims are to

encompass within their scope all such changes and modifications as fall within the true spirit and
scope of this invention,
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ot her non-silicon regions of wafer 10). A second RTA i.s then perforned,
during which the tenperature is raised to between about 400 C and about
550 C, for a tine of about 5 seconds to about 60 seconds. The | ow
resistance NI Si phase is fornmed during the second RTA. 25 Wile parti cul ar
enbodi nents of the present invention have been shown and desgm}@ it

w Il be obvious to those skilled in the art that changes and zfmcatl ons
may be made without departing fromthis invention in its broader aspects
and, therefore, the appended clains are to enconpass within their scope
all such :and nodifications as fall within the true spirit and
scope of this invention. 30 9 5 DEC 2006 CLAIMS: 1. A nethod of

sem conduct or processing, conprising the acts of: formng a first region on
a sem conduct orA sndtlsdd aft semiconductof pmséssrnggémﬂpnﬁxg:mapct's sf:ng silicon;
formng a layer_on,said_first, region , said |ayer conprising a rretal sai d
metal capabl e OFMing & A5t A°EIPRst OB 3 jsemirOnduton, substigied - sveld dirgferegion

i npl antsi NG o g r%lf’élﬁléonl nto said |layer , whereby said inplanting said
material causes formation of said first silicide to be thernmodynamically

f avour ed over fﬁormmgaalayerlﬁnsildfastdeglenorsaﬁdslayarcmlmnsa@h motalyisagl mefial fir st

silicide dispgsed_.over on b e reaction of the silicon
with said ?‘?BF@ ?W%ﬁﬁga‘fl @Pgia nidr§¥1tql 'm 1, wherein said nmaterial
is more sol ubl einiﬂlalﬁﬁﬂg% mhRribl lififo Shid 14506 S viHaab 's‘ﬁuﬁﬁﬁ PlaiBOR fiatdrfal de. 3.
A nethod as clained in claim2, wherein said m&*ty nprises nickel, said
first si Iqa@msé‘oumfm of saidMirs sﬂlcadmtOSlm thelsm;tynaknmally éav@eredcm’pr formetion Si 2.

20 4. 6%@3 a cid(l d| claim 3. wherein said material includes an
elerrenlt ose F?Ibrﬁ fiec gatnup consisting of Ge, Ti, Re, Ta, N, V, Ir, Cr,

anddZ][ 5. A nefohadaga@d:ﬁ@t Sitidide ispoYedd6RE S8idrstClegiol by Rhdtionadfdhé or i ng
sai irst
sﬂlcpn with said metal.

2. A method as claimed in claim 1, wherein said material is more soluble in said

15  first silicide than in said second silicide.

3. A method as claimed in claim 2, wherein said metal comprises nickel, said first

silicide comprises NiSi, and said second silicide comprises NiSi,.

20 4. A method as claimed in claim 3. wherein said material includes an element

chosen from the group consisting of Ge, Ti, Re, Ta, N, V, Ir, Cr, and Zr.

5. A method as claimed in any preceding claim, wherein said forming said first
silicide comprises raising the temperature of said semiconductor substrate .

25
6. A method as claimed in any preceding claim, wherein said first silicide
cbmprises a contact, said contact configured to provided electrical contact with said

first region .

30 7. A method as claimed in any preceding claim, wherein said first silicide is a self-
aligned silicide.

10



silicide conprises raising the tenperature of said sem conductor substrate
25 6. A nethod as clained in any preceding claim wherein said first
silicide conprises a contact, said contact configured to provided
el ectrical contact with said first region. 30 7. A nethod as clainmed in
any preceding claim wherein said first silicide is a self- aligned
silicide. 10 5 DEC 2006 9. The nethod as clained in any pr.eg®Bf f4§5 cl ai m
wherein said netal conprises 5 nickel. 10. The nethod as clainmed in any
preceding claim wherein said first region conprises a region selected
froma source region, a drain region, and a gate region. 10 11. The net hod
as clainmed in any preceding claim wherein said material is less than
about 15 at. % of said first silicide. 12. The nethod as clainmed in any
preceding claim wherein said material is between about 5 at. % and about
10 at. %of said first silicide. 15 13. The nethod as clainmed in any
pr ecedi ng 21 ai rTheymetherpsdlaimedsiaianyipreteding ¢leim whetein said inagtalycomprises sai d
naterlgl ﬁgstrlbuted within said |layer. 14. The nmethod as clained in any
pr ecedi'ng cfalnl wherein after said inplanting, at 20 |least a portion of
said material is distributed in said first region. 15. A nethod of
sem conduct or pr.ocessi conpr|5|ng the acts of: formng a first region on
a sem condifet or T %%Hse@hoaig as clamed in; anyt presgding © elmmwh@iewg saifl| firgh gegion
i mpl anti ng, I on said
first regi ﬁ@g%ﬁﬁf%ﬁ&%égﬁ%%@%gﬁg%&{@ asdar?léf}n%lt alrgna%a%t%oﬁ%é of formng
a first silicide and a second silicide; and formng first silicide over

saldflrst e| ction of the silicon wth, s
g ”P etholgi gimed 1rr]1 any preceds ing cla?m Whereln said material is less

than about 15 at. % of said first silicide.

12.  The method as claimed in any preceding claim, wherein said material is
between about 5 at. % and about 10 at. % of said first silicide.

15
13.  The method as claimed in any preceding claim, wherein after said implanting,

substantially all of said material is distributed within said layer.

14.  The method as claimed in any preceding claim, wherein after said implanting, at
20  least a portion of said material is distributed in said first region.15. A method  of
semiconductor processing, comprising the acts of:
forming a first region on a semiconductor substrate , said first region
comprising silicon;
implanting said first region with a material ;
25 forming a layer on said first region said layer comprising a metal, said metal
capable of forming a first silicide and a second silicide; and
forming first silicide over said first region by the reaction of the silicon with

said metal.

11



said nmetal. 11 5 DEC 2006 16. A nethod as clained in claim16, said

mat erial being nore soluble in said first silicide than in said second
silicide such that the act of formation of said first silicide is

t her nodynani cal Iy favoured over formation of said second siligipdep 17. A
met hod as clained in claim16, wherein said netal conprises nickel, said
first silicide conprises N Si, and said second silicide conprises N Si2.
18. The met hod of claim 14, wherein said nmetal conprises nickel. 10 19. The
met hod of claim 18, wherein said material includes an el enent chosen from
t he group konsiAmethpdds drimediin clagm Iba saiflmageridl r’oeinglmora isaluple inzgid fimse

nmet hod of 14. wherein i d for sai rst siljci oI ses

rai si ng the“i%%@&?ﬁﬂl SecP“%ﬁﬁ&"ﬁW m[hragmeaﬁ r'?_aLtm Hgﬁﬁgﬂﬁg “HBaim
14, wher eithefs@idynarically favoufed & eCRMARIGEST ﬁl@séeé@:émcla@l d contact

confl gured to provide eI ectrical contact with said first region. 22. The
met hod of claim 14, wherein said first silicide is a self-aligned silicide.
20 23. sThe pret hR%&Locf fﬁti]ied nY"@I% IQS %ﬁ{egelfl'sgiﬁit mét?ip ﬁ?e@ﬂ{lékge?ssa region
sel ect éd roma source reg rain reg pPe region. 24. The
met hod of ﬁﬂs’amhtﬂécombﬁﬁe@NiSﬁamﬂsaidibajbhdlsﬂiciﬂe|oeﬁ@rﬂsém5@b0Ut 15 at. % of
25 said first silicide. 25. The nethod of claim 14, wherein said materi al
is between about 5 at. % and about 10 at. % of said fi rst silicide. 30 26.
A method ofg semriRORAMEH BF cIRi? §8Swhék nsaﬂrméfapédﬁgar;s&e gs of: formng a
first region on a sem conductor substrate, sala st regl on conpri sing
silicon; formng a 12 5 DEC 2006 |ayer on said first region, said | ayer

conpr Iﬁ)‘ nglg’;} ma’h?e! I’net%%h ((j)f Qigfn? I1 8, w c(:’j‘rtejfnesmdf mfatgltlarﬁl irqgudes an element chosen from

the group consisting of Ge, Ti, Re, Ta, N, V, Ir, Cr, and Zr.

20.  The method of claim 14, wherein said forming said first silicide comprises

raising the temperature of said first region.

15
21. The method of claim 14, wherein said first silicide comprises a contact, said
contact configured to provide electrical contact with said first region.
22.  The method of claim 14, wherein said first silicide is a self-aligned silicide.

20

23.  The method of claim 14, wherein said first region comprises a region selected

from a source region, a drain region, and a gate region.

24. The method of claim 14, wherein said material is less than about 15 at. % of
25  said first silicide.

25. The method of claim 14, wherein said material is between about 5 at. % and

about 10 at. % of said first silicide.

30 26. A method of semiconductor processing, comprising the acts of: forming a first

region on a semiconductor substrate, said first region comprising silicon; forming a

12



a first silicide and a second silicide; inplanting a material into said

| ayer, said material being nore soluble in said first silicide than in
said second silicide; and formng said first silicide dlsposeQJEg%@]said
first region by the reaction of the silicon with said 5 netal bn said
metal conprises nickel, said first silicide conprises NiSi, and said

second silicide conprises Ni Si 2. 27. A nethod of sem conductor processing,
conprising the acts of. formng a first region on a sem conductor

substrat e, i sing. silicaon: a er on
said f1r et afdhieid Bl BEAOERaROMNY Bty 4 B, bl FyRtkaae B kitthe of
form ng oneﬁmt silioide amidlal sebetebsilicid®) impldnfiglg a MRkbALliialo dalll Iay&radaid dkeial and
formng a silicide djsposed over_said first region by the reaction _of the

silicon wibeinggioge selphle; 'in i ik silisige dhareinesaichpecond sidisider pshfosming said at. %
of said si 1 r si ng
the acts of piriderBisgited SBPIAISE rfSH B KRR o IRE SOt yFRTBALT,
first regi mlatal;ommremlsag metal crmmrlsesmickalg saig firstasilitide cahprisegNiSi, whd nid

mat eri al | ayer, on_said first region, said |ayer conprising a

met al , salﬁwﬂ&iﬁﬁlgﬁ P@“ﬁf‘gBrning one or nore silicides; and formng a
silicide over said f| rst region by the reaction of the silicon with said
netal ; wherein said 20 material is |less than about 15 at. % of said
silicide. 28 A method of semiconductor processing, comprising the acts of: forming a first

region on a semiconductor substrate, said first region comprising silicon; forming a
10  layer on said first region, said layer comprising a metal, said metal capable of forming
one or more silicides; implanting a material into said layer; and forming a silicide
disposed over said first region by the reaction of the silicon with said metal; wherein

said material is less than about 15 at. % of said silicide.

15 28. A method of semiconductor processing, comprising the acts of: forming a first
region on a semiconductor substrate, said first region comprising silicon; implanting
said first region with a material; forming a layer on said first region, said layer
comprising a metal, said metal capable of forming one or more silicides; and forming a
silicide over said first region by the reaction of the silicon with said metal; wherein said

20  material is less than about 15 at. % of said silicide.
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