WO 2005/ 086567 PCT/ | B2005/ 001457 1 SILICI DE FORVED FROM TERNARY METAL
ALLOY FI LM5S BACKGROUND OF THE I NVENTION Field of the Invention [0001] The
invention pertains to fabricating sem conductor strictures, and nore
particularly to nickel silicide on a silicon sem conductor device wherein
the nickel silicide is formed froma ternary netal alloy film Description
of the Rel at&&2M5t98¢59002] Moder n seni conduct or t echnol ogyCHepuiesst he
utilization of low resistance naterials in the active regions of

met al - oxi de-sem conductor field effect transistors (MOSFETs) and ot her
devices. To satisfy the |low resistance requirenents for source/drain and
gate regions, self-aligned silicide that is sinultaneously fornmed on the
source/drain and gate regions has been widely used in the manufacturing of
| arge-scale integrated silicon <circuits, [0003] The nbst common currently
used materials for creating a silicide |ayer are titaniumor cobalt.
However, these silicide nmaterials face nunerous process-integration
difficulties and drawbacks for future generations of WO 2005/ 086567

PCT/ 1 B2005/ 001457 2 sem conductor structures or devices which will feature
ultra narrow lines as well as ultra shad(w junctions. [0004] For exanple,
an unacceptably hi gh sheet resistance results when

SILICIDE FORMED FROM TERNARY METAL ALLOY FILMS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention pertains to fabricating semiconductor structures,
and more particularly to nickel silicide on a silicon semiconductor device
wherein the nickel silicide is formed from a ternary metal alloy film.

Descripiion of the Related Art

[0002] Modern semiconductor technology requires the utilization of low
resistance materials in the active regions of metal-oxide-semiconductor field
effect transistors (MOSFETs) and other devices. To satisfy the low-
resistance requirements for source/drain and gate regions, self-aligned
silicide that is simultaneously formed on the source/drain and gate regions
has been widely used in the manufacturing of large-scale'integrated silicon
circuits.

[0003] The most common currently used materials for creating a silicide
layer are titanium or cobalt. However, these silicide materials face numerous

process-integration difficulties and drawbacks for future generations of



TiSi2 is formed on narrow (sub-0.1 m gate lines (due to the | ack of

nucl eation centers for the transition fromthe undesirable C49 phase to the
| ow resistivity C54 phase), and this high resistance presents a nmajor
drawback for this silicide material. On the other hand, CoSi 2 suffers from
ot her drawbacks associated with aggressive vertical scaling, and these

dr awbacks i n®iAfdeVEe¥ére junction I'eakage, a relatively IPAHGB206BIHSLTIPE i on
of silicon and difficulty in achieving“a CoSi2 |ayer having uniform

t hi ckness. These drawbacks limt the use of CoSi2 in ultra-shall ow
junction devices. [0005] N ckel nonosilicide (NiSi) represents a suitable

| ow resi STstﬁ&Jo%d&;@eH@tﬁ%{ﬁerﬁ M8 s Noifibh WHE (GR0ES altk QRS Qfw Bhéd £PN
conpl ementary netal oxid sem conductor (CMOS) devices. The distinct

advantage§@gtupﬁﬁgdéﬂuyn%q%nLQMhseIectrlcal resistivity, low Si consunption
for its formation, and an ability to maintain low resistivity even at

narrow | i pgpgddt E}gl e$S:B 710 oMy a B W high BRLEMRALRLLQN QRN PBhed N future
generati ons of silicon Sem conductor structures and devices, however,

depends oryd r |yt e C it arat 11Ny SsUes f[OOOG]
The forna??é%qgfﬁﬁﬁgul?gmﬁgsfécgﬁ%fgﬁlgﬁ%éggﬁds ong%hetclzanllnegs of the

S“bStraten%c@hhéHQiﬁ?%s%§ﬁﬂﬁ!ﬁqﬁ%ﬁ%BQhQHHﬁQQﬁﬁk@EaBQ@L@@Q%@@&to@@@ea|'ng

envi ronnment” during therna anneallng Any presence of residual native

silicon oxfde..QniNe esh gbﬂ%eg Sigl| dc%ss WE ﬁqgswplrncpxﬁ%ﬂnlf@ o hgajapbi ent

anneal i ng environnent, tends to degrade the quality of the NI Si "and may WD

2005/ 0865%@%& BR0QR! Qﬁéﬁﬁ:?ma?em@aae@lp%%tﬁé?ehﬁmgé@ Saickdr@nof N Si

formation (if the original silicon
other drawbacks associated with aggressive vertical scaling, and these

drawbacks include severe junction leakage, a relatively large consumption of
silicon and difficulty in achieving a CoSiy layer having uniform thickness.
These drawbacks limit the use of CoSiz in ultra-shallow junction devices.
[0005] Nickel monosilicide (Ni_Si) represents a suitable low resistivity
candidate for use in future generations of silicon complementary metal oxide
semiconductor (CMOS) devices. The distinct advantages of NiSi include low
electrical resistivity, low 81 consumption for its formation, and an ability to
maintain low resistivity even at narrow line widths (sub- 0.1um). The full
implementation of NiSi in future generations of silicon semiconductor .
structures and devices, however, depends on the resclution of several
process-integration issues.

[0006] The formation of quality NiSi crucially depends on the cleanliness
of the substrate’s Si surface as well as the pureness of the ambient
annealing environment during thermal anncaling. Any presence of residual
native silicon oxide on the original silicon surface, or oxygen in the ambient

annealing environment, tends to degrade the quality of the NiSi and may



surface is covered by a continuous silicon oxide). In a manufacturing

envi ronnent, the presence of native oxide represents the major hindrance to
form ng such a high quality Ni Si layer. [0007] For exanple, device wafers
on the production Iine for Ni deposition may encounter delays. These

del ays allow for the growh of native oxide on the Si surface. If the
growt h of natiQ'¥XFWe is substantial, it will act as a PéirfipweiontBarrier
for Ni, thereby preventing the diffusioh of Ni into the silicon to form
NiSi. Also, a partial growmh of native oxide on |localized areas of the S
surface will lead to non-uniformgrowh of NiSi, resulting in rough

i nt er f acesvanoonsegueatphitgatinedet sk agenQmrulif e shalihOWwsilivaet i on
devices. [0008] In addition, NNSi is not thernmally stable at relatively

hi gh processicagist eopercat by es.cohahublbnsiNe&l &Hiidld)s Insevenguagghaner ati on
(or NNSi island formation) normally begins to occur at 600 0OC, while the
t ransf or mehivonnofenN Sie gresdlicsi  naake $xplcaeeraion 000G mBpE hilNlSince to

aggl oneration and Ni Si-to-Ni Si2 transfornmati on degrade the el ectrical

pr operti esomofingisekdl 2 Bighi @idey Nidiieyand cause | eakage problens in silicided
shal l ow junctions. [0009] Related art technol ogi es have attenpted to

addr ess t [@OGIES | Fheneieple, dbvise Radasductior paevicaes linedor podabddigoNi Si
films. These related art technologies are typified by U S. Patent

6, 339, 021 n{dy thedidtdetiblegs. Tiorse d&flfechiiae fod tHeefrosith iof indeive ekttt bon") ,

whi ch describes a nethod of formng a N S |ayer on a. sem conductor

st ruct ur etlegs Sdewirbeci ifi titchgropite séneaivef oxidt iveuWB22005/i1086864t as a

PCT/ | B2005/ 001457

diffusion barrier for Ni, thereby preventing the diffusion of Ni into the silicon
to form NiSi. Also, a partial growth of native oxide on localized areas of the
51 surface will lead to non-uniform growth of NiSi, resulting in rough
interfaces and consequent high diode leakage on ultra-shallow junction
devices,

[0008] In addition, NiSi is not thermally stable at relatively high
processing temperatures. For thin NiSi films, severe agglomeration {or NiSi
island formation) normally begins to occur at 600 oC, while the
transformation of NiSi to NiSiz takes place at 700°C. Both NiSi
agglomeration and NiSi-to-NiSip tz‘aj'xsfoi'lnatiézl degrade the electrical
properties of nickel silicide films and cause leakage problems In silicided
shallow junctions.

[0009] Related art technologies have attempted to address the deficiencies
of semiconductor devices incorporating NiSi films. These related art
technologies are {ypified by U.S. Patent 6,339,021 (titled “Methods for
effective nickel silicide formation”), which describes a method of forming a

NiSi layer on a semiconductor structure or device in the presence of native



4 oxide. This nethod includes at |east the follow ng three enbodi ments: 1)
providing a thin Ti capping | ayer over an underlying N layer; 2) providing
a TiNIlayer over a Ti capping layer which is over a N layer, in order to
free all the Ti atons in the Ti capping |ayer for reaction with the
underlying native oxide at the Ni-Si interface; and 3) providing a

nonol ayer of Y *M¥NGW ched between the native oxide and MiTIBMMSEHENR of
these embodi ments, the Ti is nade nobile to react with and to reduce the
native chem cal oxide |ayer when the substrate is annealed at 600 OC and
to transformthe Ni into NNSi. [0010] Another approach to the Ni Si problem

is typifiegidy Wns vRaEi@NinclBd&3hi 3861t (he thiedying Met-bodnokdfrabiiscagi ng a

ni ckel / platinumnonosilicide film'), which describes a nethod of form ng
a N Si | aygbvi@iheda SIgR TIORGEEEDayes bidiCitaderlyaeviiceydy dJ) peengnied i ng a
smal | amount of Pt (5at.%) into Ni to increase the N Si2 nucleation

t enper at urigN amekrNive a ag ghppRicahy@nwhicenperat urd. laf €01l brddr  franait et al
dopi ng approach was also tried in PCT Application no. PCT/SG3/ 00096
(titled, ‘thetrheghhohin B M REppinR 1ake! for Skddiird@ithafteruederdyist hiadon
substrate”). This application describes a method of formng a NNSi |ayer

on a seni eRrEULE O St SUBitHfecOrandiew) s@vidhat ahasnalayayef Ti edndweithy@ oxi de on
the Si substrate without an increase in silicidation reaction tenperature

by i ncor pocatiagile samld otmeuiid Of. Th dabAtof%hesd Renblidimahionshe diuce t he
interfacial oxide to provide a diffusion nenbrane facilitating the influx
of N intondle sithslkrat a0 vHor rnlNi O red@01i2): Thiévabbveidésxiddeger
t echnol ogi es seek to solve the particul ar
when the substrate is annealed at 600 ¢C and to transform the Ni into NiSi.
[0010] Another approach to the NiSi problem is typified by U.S. Patent
6,531,396 (titled, “Method of fabricating a nickel/platinum monosilicide
film”), which describes a method of forming a NiSi layer on a semiconductor
structure or device by incorpoi‘ating a small amount of Pt (Sa‘c.%)~ into Ni {o
increase the NiSiz nucleation temperature and NiSi agglomeration
temperature.
[0011) This mono-metal doping approach was also tried in PCT
Application no. PCT/SG03/00096 (titled, “Method for forming a nickel
silicide later on a silicon stubstrate’). This application: describes a method of
forming a NiSi layer on a semiconductor structure or device that has a layer
of native oxide on the Si substrate without an increase in silicidation
reaction temperature by incorporating a small axﬁount of Ti (5at.%]). The Ti
atoms reduce the interfacial oxide to provide a diffusion membrane
facilitating the influx of Ni into 8i subslrate to form NiSi
[0012] The above-described technologies seek to solve the particular

process-integration issues thal are esperienced in established methods for



process-integration issues that are experienced in established nethods for
WO 2005/ 086567 PCT/ 1 B2005/ 001457 5 inplenentation in future generations
of sem conductor structures or devices. That is, NPt specifically
addresses Ni Si 2 nucleation and NNSi aggloneration, and N Ti specifically
addresses N Si _sensitivity to interfacial oxides. However, distinct
di sadvant age® bi'"Y#& dbove- descri bed technol ogi es ari se MHIRIOH@I 57
inability to solve the two process-integration problens described above
(non-uniformgrowh and thermal instability), which are the nost probable
concurrently occurring problens associated with the NiSi process. As a
resul t, thepereniatneed: faruan @hkeaidie dreshinpbagyclolatuwetdrespermt the
utilization of NNSi in very small subrnicron line width sem conductor
devi ces. SMMVARY 10kt THE NiNYENEL@Na[1Q0dR]rebdesi slisiccordingly anl abjsect of the
invention to overcone the disadvantages of the related art. [0014] It is
al so an objgglinahtibheahdvent anriftaiprovraeca NESked Y@y thattehasial been
grown uniformy and has thermal stability. [0015] Furthernore, it is an
obj ect of okhiesi AvertéQRLdtdPprigtEenaReNoBithe bByerdédalhcgapchigsion despite
oxi de suppression. [0016] The invention, in part, pertains to a. method of
fabricati agisa fibfkeheir Shhbitdeol ayee fhiRatwd NElbesinpsNtich NErodlshd | con
substrate, depositing a layer of at |east a 3-conponent netal alloy
conpri si ngesirthee] alovegnsuniatemadrotiie andithecnsl suvbshlig], evhiandranineal i ng t he
alloy and the silicon substrate to forma

most probable concurrently occurring problems associated with the NiSi

process. As a result, there is a need for an effective technology that will
permit the utilization of NiSi in very small submicron line width

semiconductor devices.

SUMMARY OF THE INVENTION

joo13] It .is accordingly an object of the invention to overcome the
disadvantages of the related art.

J0014] Itis also an .object of the invention to provide a NiSi layer that has
been grown uniformly and has thermal stability.

[0015] Furthermore, it is an object of the invention to provide an NiSi
layer that can be grown despife oxide suppression.

[0016] The invention, in part, periains to a method of fabricating a nickel
silicide layer that includes providing a silicon substrate, depositing a layer of
at least a 3-component metal alloy comprising nickel on a surface of the
silicon substrate, and annealing the alloy and the silicon substrate to form a

silicide layer comprising nickel.



silicide layer conprising nickel. WD 2005/ 086567 PCT/|1B2005/ 001457 6
[0017] The invention, in part, pertains to a sem conductor conprising a

| ayer of suicide conprising nickel prepared by said nmethod. [0018] It is to
be understood that both the foregoing general description and the
foll ow ng detailed description are exenplary and explanatory and are

i ntended to bﬁ%@ﬂﬁgaﬁﬂrther expl anation of the inventionPad/1eloayiet’ BRIEF
DESCRI PTI ON OF THE DRAW NGS [ 0019] The 4cconpanyi ng drawi ngs are incl uded
to provide a. further wunderstanding of the invention. The draw ngs
illustrate enbodi nents of the invention and together with the description
serve to axpigl NrhOenRAINRG Bl §3:0fpertd1fs aFROdeMRRL IS or t RenpridigAtd on.

[0020] Figure 1 shows a silicon substrate and oxide |ayer. [0021] Figure 2
shows a t%_{y@ﬁbysﬁlbﬁﬂé@mighié?ﬁg gdepessd Vel vi Beashbirean substrate and oxide
| ayer of Figure 1. [0022] Figure 3 shows the inventive NN Si |ayer over the

subst r at ejod 323} i EkIYE & nflc SN 1Pk 1;%&1%@&9&@1@@@&%@ federikionPt , Ti and 0
in an as- deposited sanple of N o.9Tio.a5Pto.oc/SiQ2/Si. [0024] Figure 5
shows a ShyStdepiiivRhtilg el RLLGR N0 R b Usd OfplaebweendNi, Pt, Ti
and Si. [0025] Figure 6 shows an XRD neasurenent indicating the presence of

pol ycryst atd inB@ MdSio @S viileghr@dsr 880akatil9026]e ki@, 4s showsdan XRD
measur enent indicating the suppression of

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings are included to provide a further
understanding of the invention, The drawings illustrate embodiments of the
invention and together with the description serve to explain the principlgs of
the embodiments of the invention.

[0020] Figure 1 shows a silicon substrate and oxide layer.

[0021] Figure 2 shows a ternary nickel alloy deposed over the silicon
substrate and oxide layer of Figure 1.

[0022] Figure 3 shows the inventive NiSi layer over the substrate.

[0023] Figure 4 shows a SIMS depth profile for Ni, Pt, Ti and O in an as-
deposited sample of NigoTio.osPto.os/Si02/ 8L

[0024] Figure 5 shows a SIMS depth profile indicating inter-diffusion
betv».reen N1, Pt, Ti a11& Si.

[0025] Figure 6 shows an XRD measurement indicating the presence of
polycrystalline NiSi as high as 800 °C.

[0026] Figure 7 shows an XRD measurement indicating the suppression of

NiSiz formation up to 800 °C,



Ni Si2 formation up to 800 oC. WD 2005/ 086567 PCT/ |1 B2005/ 001457 7 DETAI LED
DESCRI PTI ON [ 0027] Advant ages of the present invention will becone nore
apparent fromthe detail ed description given hereinafter. However, it
shoul d be wunderstood that the detail ed description and specific exanples,
while indicating preferred enbodinents of the invention, are given by way
of illustrat*PF™8RtY7 since various changes and nodi fi cBCTHHEMIOTHHET n t he
spirit and scope of the invention wll’becone apparent to those skilled in
the art fromthis detailed description. [0028] N Si formation can be
effectively suppressed or conpletely inhibited if a thin interfacial
silicon oxide (or residual @®EILILES DERITPIIOEt ween the deposited nickel
filmand the substrate conprising silicon. This sensitivity of N Si
f or mat i on[@@RBur Adeetagdd ve tnxiglesddesschhan wilinpedoii € kodesapneeaf t he
maj or concerns for the application of NNSi to silicide process in advanced
conpl enentiary thet attalxd de=ssemicanguet deréichs). dBvivees:, ik 002%id Ik addi tion,
the transformation, of NNSi into high resistivity NiSi2 during high
t enper at ungdpesboditha€i dat iRRiPKOCRSSESiJITe PIES aptsifianatdigples] NG at i on
concern, which also needs to be resolved prior to the inplenentation of
Ni Si i ntoislitdttiglerpkaedssmbp@RB3]ts Tef awercameiohherdi gadyant aggsodf the
related art Ni Si. technology, the inventors investigated the formation of
Ni Si and flhstnoiophetlpgistak andusthemyas astiabblificytions Nifbintthatspust f or med
using a ternary netal film typically a

and scope of the invention will become apparent to those skilled in the art

from this detailed description.

[0028] NiSi formation can be effectively suppressed or completely inhibited
if a thin interfacial silicon oxide {or residual oxide) is present between the
deposited nickel film and the substrate comprising silicon. This sensitivity of
NiSi formation to surface native oxide {less than 2 nm thick) is one of the
major concerns for the application of NiSi to silicide process in advanced
complementary metal oxide semiconductor (CMOS) devices.

[0029] In addition, the transformation of NiSi into high resistivity NiSiz
during high temperature post-silicidation processes represents another
integration concern, which also needs to be rescived prior to the
implementation of NiSi into silicide process.

[0030] To overcome the disadvantages of the related art NiSi technology,
the inventors investigated the formation of NiSi and the morphological and
thermal stability of NiSi that is formed using a ternary metal film, typically a
Ni(Pt,Ti) alloy film {instead of pure Nij, to simultancously reéoive these two

integration issues using a single process step.



Ni(Pt,Ti) alloy film(instead of pure Ni), to sinultaneously resolve these
two integration issues using a single process step. WO 2005/ 086567

PCT/ 1 B2005/ 001457 8 [0031] The invention, in part, pertains to a nethod of
fabricating a nickel silicide |ayer that includes providing a substrate
conprising silicon depositing a |l ayer of at |east a 3-conponent netal

al | oy conpr|§V%ﬂ" Mi%&¥dl on a surface of the substrate, dld/ameel’+vig t he
alloy and the substrate to form a siliéide |aver conprising nickel. [0032]
The invention, in part, pertains to a sem conductor conprising a |ayer of
silicide conprising ni ckel . [0033] The nickel and the platinumin the all oy

| ayer reagpo®if h1sk hine@BonalOREr @t hg, S £ 3681 ok otf hensuhsty ateiand forma
Ni PtSi layer on the surface, and a thin native silicon oxide, if present

on the surf;ace: ﬂ@&stﬂgi1nbﬂhh@'&n&ﬂ@uwohm%dﬂﬂiﬂﬁ the N&?%S%ﬂcﬁﬁer due to
the reaction of Ti h the silicon oXide to orn1t|tan|un1OX|des whi ch

mgrate t@ew@uhg@@yﬁﬂ@@e 18045t e coNpBh Sht hg%@ adlof QQ%JNSI@@EQLS&{ ate

conprising silicon includes gate, source and drain regions and optionally

contact regheite ABOsubfL.8URSY hahea s NS Ry (DAUIS sy iSYPsE t@tEm [ 0035]
The 3-conponent netal alloy is forned in a thickness of at |east about 25

AngstronBeLﬁm@ﬁ@kagfMnnbh&n%hhgg@ess is up to 500 Angstrons. More
preferably, the thickness is 50 to 500 Angstrons. The nethod of formng
the al | oy jeoBdjheTsdbsthaibg, s 20t Patdihsubal k¥midofaethr BaWeMShe 4t 1S
layer of silicide comprising nickel.
{0033] The nickel and the platinum in the alloy layer react with silicon
atoms at the surface of the substrate and form a NiPtSi layer on the
surface, and a thin native silicon oxide, if present on the surface, does not
inhibit the formation of the NiPtSi layer due to the reaction of Ti with the
silicon oxide to form titanium oxides which migrate to the top surface qf the
NiPt31 layer.
[0034] The substrate comprising silicon includes gate, source and drain
regions and optionally contact regions. Also, the substrate can he a {001}3i
substrate.
[0035] The 3-component metal alloy is formed in a thickness of at least
about 25 Angstroms. Preferably, the thickness is up to 500 Angstroms.

. More preferably, the thickness is 50 to 500 Angstroms. The method of
forming the alloy on the substrate is not particularly limited; however, it is
preferred to form the alloy by sputter deposition, thermal evaporation
deposition or CVD., Mast preferably by sputter deposition.

[@036] The annecaling of the alloy on the substrate is performed at a

temperature of at least 350 oC, Preferably the temperature of annealing is



preferred to formthe alloy by sputter deposition, thermal evaporation
deposition or CVD. Most preferably by sputter deposition. [0036] The
annealing of the alloy on. the substrate is perforned at a tenperature of
at least 350 C. Preferably the tenperature of annealing is WO 2005/ 086567
PCT/ 1 B2005/ 001457 9 | ess than 1000 C. Most preferably, the annealing
tenperature ' AHYEf 0 800 C. The annealing step can b&CHesPtivired’in a
vacuum in nitrogen gas or in another Ynert gas. Any excess netal alloy
remai ning after the annealing step, which has not reacted with at | east
one silicon surface, and the titanium oxide can be renoved fromthe

sem condugk9in st nuehure. MbOOStlerIPE, 3nC ANPONSIM tedleoNnirs idNupo RC DI , Pt T,
where x > 0 and y > 0... Preferably, x is less than 0.25 and y is less than

0.25. Msgopref erablyseainand€s chRPeusterPmba id %ye?cuﬂlxﬂ,zilﬁﬁﬂrc%cﬂ%a%_ y >_
0.02. [0038] In the invention, NN SiZ formation is suppressed up to a

t enper at ug:e inOfindBRUT ;800 oGs. ASR, chh8ferSaneusHbehaihidl aftet Mhe
aggl oneration and there 1is essentially no NiS2 formation at tenperatures

up to abomin&@eGied 0032 Rl OHsErcl £ROMSH At 1yRitGak sSicoubistial end0 that has
a surface coating of oxide film20. Figure 2 shows a coating of ternary

ni ckel  al {Ryitd8itAakidScarflePaseshQvesmithe sexlidduilcldn 2RicthR040] However, i f
no oxi dation has occurred, the oxide film20 may not be present and the

ternary neoaly]al irpy 8CoaR¥nbe depesedyi, diTigef,| yhemek the ansubstr@ate 10.
Al'so, the oxide film20 may not be uniform and the oxide film 20 may be
in the fopsiebbiysl:andeserihpard el &g (Nt lcshanm) d.bat Kave phatrady,

ranges include 0,10 2 x> 0.02 and 0.10 2 y = 0.02.

[0038] In the invention, NiSiz formation is suppressed up to a temperature

of about 800 °C. Also, there is no substantial film agglomeration and there

is essentially no NiS: formation at temperatures up to about 800 °C.

[0039] Figure 1 shows a typical Si substrate 10 that has a surface coating

of oxide film 20. Figure 2 shows a coating of ternary nickel alloy 30 that is

deposed over the oxide film 20.

[0040] However, if no oxidation has occurred, the oxide film 20 may not be

present and the ternary metal allosf 30 may bhe deposed. directly over the

substrate 10. Also, the oxide film 20 may not be uniform, and the oxide film

20 may be in the form of islands or particles {not shown) that have formed

over the Si substrate 10.

[0041] After deposition of the ternary nickel alloy 30, an annecaling step is

performed to convert the siructure to a NiPtéi layer 40 over the Si substrate

10, as is shown in Figure 3. During the annealing step, the titanium reacts

with the oxygen in the silicon oxide layer allowing the nickel to diffuse



over the Si substrate 10. [0041] After deposition of the ternary nickel
alloy 30, an annealing step is perforned to convert the structure to a

Ni Pt Si | ayer 40 over the Si substrate 10, as is shown in Figure 3. During
the annealing step, the titaniumreacts wth the oxygen in the silicon

oxi de | ayer I | owi ng_the nickel to diffuse WO 2005/086567 PCT/|B2005/ 001457
10 through t‘h(é‘“”fi% gﬁ layer to interact wWith the Si substPCAIB2PZOME M t he
desired N PtSi layer. It is to be notelf that none of Figures 1-3 are drawn
to scale. [0042] 'the annealing step is preferably a rapid thernmal
annealing (RTA) perforned in an inert atnosphere (such as nitrogen, argon,
neon or xehonyl thEhedd®TMAgti Beintsrarostitiprief 8 alfbytrabautiorn tihe 8Bsisetonds.
However other tinmes can be used up to about 30 minutes. The preferable
anneal i ng NP1 layrangeisits hahotitd haacordtogaleut-3 2ratinutese s{0043] |1 f any
residual ternary nickel alloy remains or if an oxide of one of the netals
in the al [j@g42jor fise annkthing Widmoe prdidiadlyr esiagie teamdeamneatng YRTARMOVed
using a dry or wet etching process. [0044] The Ti in the ternary nickel

al | oy al t eesiotthed haburiecof atkhephateestae iaalnitogen aabnpxeédepr keom)bei ng an
effective kinetic diffusion barrier for NN to being a N perneable

di f f usi onThenRTanene tibrmoghprdiaahBasbdwn 1wt ACt sreondnt el daeical otbxi de, t hus
having facilitated the influx of Ni into Si for the formation of N Si.

Thi s functinos ¢s1 botusedstp itctaddut GOTmintes. dhy apfrape isathealingti@ie can be
used, such as Zr or HE The Pt specifically addresses NiSi2 nucleation and
Ni Si aggl omegeaisiabout $ swesnd Metbds: Dirhieutashan Pt can be used

[0043] If any residual ternary nickel alloy remains or if an oxide of one of
the metals in the alloy forms on the surface, this residue can be readily
removed using a dry or wet etching process.

[00441 The Tiin the ternary nickel alloy alters the nature of the interfacial
chemical oxide, from being an effective kinetic diffusion barrier for Ni to
being a Ni permeable diffusion membrane, through its reaction with the
interfacial oxide, thus having facilitated the influx of Ni into Si for the
formation of NiSi. This function is not restricted to Ti, but any appropriate
metal can be used, such as Zr or Hf. The Pt specifically addresses NiSi2
nucleation and NiSi agglomeration issues. Metals other than Pt can be used
to control agglomeration, such as Pd.

[0045] The preferred ternary nickel alloy is NiTiPt. This ternary alloy can
typically be NipoTio.osPleos. Other composilions can be NipsTioiPte1 or
Nio.gsTio.075Pto.075.

[0046] The substrates used in the invention can include p-type(001] Si
wafers., However, the invention is not 1‘851‘1‘10&-:6[ to this subsirate, and any

appropriate substrate comprising $i can be used such as (111)81, (011)5i or



to control aggloneration, such as Pd. [0045] The preferred ternary nickel
alloy is NNTiPt. This ternary alloy can typically be N o, 9Ti 0. osPto. os.

QO her conpositions can be NNo.sTio.iPto.i or N o.s sTio.075Pto. 075. [0046]
The substrates used in the invention can include p-type(001) Si wafers.
However, the_invention is not restricted to this substrate, and any

approprlate gﬁb@??%ﬁ¥7conpr|5|ng Si can be used such as Gil&?EwVWWQI 1) Si
or WD 2005/ 086567 PCT/ | B2005/ 001457 11''Sil, Ge,, wherein x < 1. Also the
substrate need not be a Si wafer, but can be Si grown on another nmateri al
such as netal. [0047] The physical nmechani sm of the reduction of

i nterfaci abiie&kedevibyeihi x <can Abe deseiibdiede asef ol 0wsa SEkfasdr, bupeAn
annealing, Ti in the original Nii-1- yTixPty alloy filmreacts with the

i nterfaci abe BXgidem ehangitig ridierinpdudteadhetdie interfacial oxide from being
an effective diffusion barrier for NN and Pt to a diffusion menbrane, thus

al | owi ng fjoo4the Tdevwsivaschl dhédiuasion OfihNre@ndid?t of bheough §:he- aktered oxi de
into the underlying silicon. The NN and Pt atons mgrate through the
al t er ed- oxdzglebsidesadived at esiace 1EnRd, LBen dreaetiny thid A oskiiagcon,.to forma

ni ckel silicide |layer which contains a small amobunt of Pt in an alloy form
(but vi rt ydlPy alloyhilnorebictduehtthctinerieeryl dkw, shhtdiihkithy n@turkiofithe ni ckel
silicides). [0048] Since both Ni and Pt mgrate during the reaction, the
al tered oxntlefadiayeddd Sopubbeg d0waedset digfubioaehayiet a6 NasmaopetdNe di f f uses
towards the wunderlying Si substrate. Si does not diffuse through the oxide
in the diffusion membrane, thus allowing for the downward diffusion of Ni and Pt

through the altered oxide into the underlying silicon. The Ni and Pt atoms

migrate through the altered-oxide/silicon interface and then react with the

silicon to form a nickel silicide layer which contains a small amount of Pt in

an alloy form (but virtually with no Ti due to the very low solubility of Ti in

nickel silicides).

[0048] Since both Ni and Pt migrate during the reaction, the altered oxide

layer is pushed towards the free surface as more Ni diffuses towards the

underlying Si substrate. Si does not diffuse through the oxide in the

opposite direction, and therefore the oxide layer is always present at the

boundary between the growing silicide and any unreacted metal still

present. After all the Ni has been consumed by the silicidation reaction, the

altered oxide layer is left on top of the silicide layer. The altered layer present

on the surface is in a form of Ti{NiPt)S#O, oxide compound and can be

selectively etched off using a suitable solution.

{0049] The enhanced thermal stability of NiSi by the presence of Pt, on the

other hand, can be understood from an equilibrium thermodynamic

perspective using entropy of mixing and classical nucleation theory. Since a



opposite direction, and therefore the oxide layer is always present at the
boundary between the growi ng silicide and any unreacted netal still

present. After all the Ni has been consuned by the silicidation reaction.,
the altered oxide layer is left on top of the silicide |ayer, The altered

| ayer pr esenél, g[n, the surface is in a formof Ti(N,Pt)SiyQ oxide conpound
and can be 887 Y08y etched of f using a suitable sol uPF&MB2PBORST The
enhanced thermal stability of Ni Si by t'ﬁe presence of Pt, on the other
hand, can he understood from an equilibriumthernodynam c perspective
using entropy of mxing and cl assical nucleation theory. Since a WO

2005/ 08656 #oRTKM B2(005/ Q&G sohthifol UiicoNi(Pf)Eh @ ssrpl %Tig;é%iﬂﬁiéﬂy{ ty (like
Ni (Pt)Si) possesses higher entropy, the phase change nom N (Pt)Si (i.e.,

Ni Si with dheswhike alveugt nofn PHH3idid, Siigi withPl Shanessbt:s b dggtigase in
the total entropy of the system yielding a reduction in the drive for the
di silicide* PtSe roshit§ii2,a flemnmde onthd mwot BREroper die kb Sialaferamti on
tenperature increases. Consequently, the NiSi with Pt exhibits nmuch

i mproved t hedurdlonstrabihlei dyive [QOBE] dThRcidayent,i Bimif herehers, | nereases the
thermal stability of the NNSi layer by alnost 100 C. In the invention, the
Ni Si is obserdsditcoNgs: fodmeainal kymsdrabhe iHpréseabauhs8RR 106, thOQRE] It is
inportant to note that the suppressed sensitivity of NUSi formation to

i nt er f aci aWitdx dextabitawldchampirhe dereamee gt-ohiesynmal stability of N Si forned
using Nii-,; yTi,Pty alloy filmare achi eved wi thout causing other adverse
effects, s s Hie imenéias eherefeleccirézcal theshsthai sybory thehaeadi f or

layer by almost 100 ¢C., In the invention, the NiSi is observed {o bhe
thermally stable up to about 800 °C,

[0O51] 1t 1s important to note that the suppressed sensitivity of NiSi
formation to interfacial oxide as well és the enhanced thermal stability of
NiSi formed using NirxyTixPty alloy film are achieved without causing other
adverse effects, such as an increase in electrical resistivity or the need for
additional process steps. Also, the Ti in the NijxyTixPty does not react with
thick thermal/PECVD/CVD silicon oxides L or other commonly used
insulating dielectrics such as SiNy.  This thus assures the selective
formation of NiSi only on the desired regions, i.e., exposed silicon or native
oxide (less than 2 nm thick) regions. Unreacted NijxyTixPty on top of
thermal/PECVD/CVD silicon oxides or other insulating dielectrics films can

be easily removed using selective elching.

EXAMPLES
[0052] The substrates used were p-type (001151 waters. After the standard

RCA cleaning

it

the Si substrates were dipped in a diluted HF solution prior fo



addi tional process steps. Also, the Ti inthe Nl :,.yTi,Pty does not react
with thick thermal/PECVD CVD silicon oxides or other commonly used
insulating dielectrics such as SIiNX. This thus assures the selective
formation of NiSi only on the desired regions, i.e., exposed silicon or
native oxide (less than 2 mu thick regions. Unreacted Nii_;,_yTi,Pty on
top of t her W& PPESAY CvD sili con oxides or other insul at’ChgBWPedtri cs
filnms can be easily renoved using selEctive etching. EXAMPLES [0052] The
substrates rased were p-type (001)Si wafers. After the standard RCA

cl eaning, the Si substrates were dipped in a diluted HF solution prior to
WO 2005/ 08686 7=PETdrB200 50044 57 weldoneiotbd ifzahi @na tho) PRQVIGR] dxide
well.-controlled formof a thin interfacial oxide (with a simlar

t hi ckness t bvilati sienikirl ilcdmeoxitdejatil2- byt biiek) 1 2cieiugiak], V-negramr silicon
oxi de was al so grown by immersing the Si substrates in a boiling

HCI / 11202/ 1802@ sdicani oride PurseaNd @nduNbpSTinge @8R 6hoSi fdiasaafs 30anm were
then deposited by magnetron sputtering on the (001)Si substrates. The

met al | i zed sahpt eECMERO: SIS equeintl Puse i eaieHid.Ti0eXPis bd Biiapt dothar mal
annealing (RTA) in an N2 anbi ent atnosphere for 60 seconds at tenperatures
rangi ng frofi¢gbiden BoOsited 89 Encthe sidttaigeod hammoresiesuanakyy adeUsi ng
x-ray diffraction (XRD) and secondary ions nass spectroscopy (SIM5).
[0053] Fi guretadizshonempls SeivSsdeptineptlpfddlgediad D ex-Biw HpicARde@4din an as-
deposited sanple of N o.o0Tio.05Pto.os/Si @2/Si. An. oxygen concentration
peak annealing (RTA) in an Nz ambient atmosphere for 60 seconds at

temperatures ranging from about 300 to 800 °C. The silicide films were
analyzed using x-ray diffraction {XRD) and secondary ions mass
spectroscopy (SIMS).

[0053] Figure 4 shows the SIMS depth profile for Ni, Pt, Ti and O in an as-
deposited sample of NigoTioosPto.0s/Si02/81. An. oxygen concentration peak
at the interface .of metal and $1 substrate for a sputiering time of between 90
to 140 seconds indicates the presence of a thin chemically grown interfacial
oxide. A similar SIMS depth profile was also seen for an as-deposited
sample of Ni/SiO2/8i (not shown). Subsequently, the two samples were
subjected to RTA at 400 °C and then SIMS measurements were carried out.
The SIMS depth profiling for Ni/8i02/Si exhibits almost the same depth
profiling as that for an as-deposited Ni/SiO2/8i sample, indicating that the
chemically grown interfacial oxide is an cffective diffusion barrier for Ni,
thus prohibiting NiSi formation.

[0054] On  the other hand, SIMS depth  profilmg of the
Nio.gTio.05Pto.05/8102/81 sample (shown in Figure 5) shows that an inter-

diffusion between Ni, Pt, 71 and Si had occurred even in the presence of the



at the interface of metal and Si substrate for a sputtering tinme of between
90 to 140 seconds indicates the presence of a thin chemcally grown
interfacial oxide. Asimlar SIMS depth profile was al so seen for an
as-deposited sanple of Ni/Si Q/Si (not shown). Subsequently, the two
sanpl es were  subjected to RTA at 400 C and then SI M5 nmeasurenents were
carried out. WOrHE"8f B depth profiling for Ni/SiO2/Si exKCBIBWOHIMGEL t he
same depth profiling as that for an aS-deposited Ni / Si 02/ Si sanpl e,
indicating that the chemcally grown interfacial oxide is an effective
diffusion barrier for Ni, thus prohibiting NiSi formation. [0054] On the
ot her hand, irStNB:idiepttepfiotiditg wfietden Mioe cHea08Rta 05/ SlcRhSensanpl e
(shown in Figure 5) shows that an inter- diffusion between N, , Ti and
Si had occurorrcedimevien peakt(he sparesenee aofichhdtdMR0PREDBESB4en reduced
PCT/ 1 B2005/ 001457 14 interfacial oxide. The initial interfacial oxide
char act er i zedxdoye tdvel loxitgenthic ahe ®odit BIS: G0-npeBK{easi e W) TiheProos
as- deposited sanples) has been reduced to noise level limts within the
bul k N Si florsedieréfhehdindtord he Me0i9TiM@ciabRhen(8l basealber edinkhennat ure
of the interfacial chem cal oxide frorn being an effective kinetic
di f f usi on bdfeciiee Mortididiffisideibagriar KNr Perseable adivf Husheiiec nembsiane,
through its reaction with the interfacial oxide. The Ti thus facilitates
t he i nfl ux wemicand, nthgoSeh fior rédreichorbmt ion ieferMNeSil . o i@055Thal @i rankt or t he
transformation of NNSi to N Si 2, XRD neasurenment was carried out for both
pure Ni/Si fapidtaes OTindlrosPMb.iosY Si fos dnpicesiatibarol MB1. Si sanpl es, XRD peaks
correspondi ng to polycrystalline Ni Si phase only

[0055] To monitor the transformation of NiSi to NiSiz, XRD measurement

was carried out for both pure Ni/Si and Nio.oTio.osPto.05/ 81 samples. For
Ni/Si samples, XRD peaks corresponding to polycrystalline NiSi phase only
were observed after silicidation annealing at temperatures between 400 and
650°C, while epitaxial NiSiz peaks were detected (not shown) after
silicidation annealing at 700°C or above. In conirast, for Nig.9Ti0.05Pto.05/ 1
samples, peaks .corresg.t)onding to polycrystalline NiSi were present for
annealing temperatures as high as 800 °C (see Figure 6) with epitaxial NiSiz
pealk appearing at 790 °C or above (see Figure 7), indicating an almost 100
°C  Increase in the NiSi-to-NiSiz transformation temperature. This
bmprovement in NiSi thermal stability, i.e., dramatically increased the NiSi-
to-NiSiz transformation temperature, is attributed to the presence of a small
amount of Pt in NiSi formed, which resulted in a decrease of the Gibbs free
energy and thus stabilization of the silicide.

{0056] In summary, it has been demonstrated that the new NiSi silicide
process using Nijx, TPl alloy film can effectively address the fwo major

concerns related to NiSi process integration, ie., NiSi sensitivity to



wer e observed after silicidation annealing at tenperatures between 400 and
650C, while epitaxial N Si 2 peaks were detected (not shown) after
silicidation annealing at 700C or above. In contrast, for

Ni 0. 9Ti 0. osPt 0. 0s/Si  sanpl es, peaks corresponding to polycrystalline N S
were present for anneallng tenperatures as high as 800 C (see Figure 6)
with epitaxi 4P 2W4FF7 peal : appearing at 790 uC or aboveP(¥ERIFGLFE 7),

i ndicating an al nbst 100 OC increase ¥n the Ni Si-to-N Si 2 transformation
tenperature. 'Phis inprovenment in NiSi thermal stability, i.e.,
dramatically increased the NSi- to-NSi2 transformation tenperature, is
attribut ed invetihgalpoegenee iof f@nsiRhl an@runt2 QiR adibn N!f&'hSﬁ QpMedr Whi ch
resulted in a decrease of the G bbs free energy and. thus stabilization of
the silici desishi®l56}isinas umvatey, pldtelé‘fﬁ&@lﬁﬁ@ﬂltﬂﬁ,@“s%hﬁﬁhﬁgﬂsh}atwﬁﬁ'&ﬁmnew Ni Si
silicide process using Nii_a ,,Ti,;Pt,, alloy | mcan effectively

addr ess t headdioms] procegoBapiENSnd elodteshit GiVeSle &m&@@sﬁhén&ﬁﬂk@tNﬁﬂ i.e.
Ni Si sensitivity to WD 2005/ 086567 PCT/ 1 B2005/ 001457 15 interfacial oxide

for its forsemsitofiyandht hetetfans bexpasd 89 (@ NoSi wb@dNighs 48 g,} addukty NiSi 2
at el evated process tenperatures, sinultaneously w thout i tional

process stebsznamuhoUHQQapk&iaﬂ%emﬁeiﬁﬁﬁ@@h&bhﬁ&ﬁr%QQHﬁ@Qahﬂ lowtB&RSI tivity
to the interfacial oxide for its formation would significantlTy reduce the

nmanuf act ur inegivyi etide |0s sxpudidc bilicsn prghabl due @@Sﬁé1ﬂﬁcUQFfﬁQ@ghgﬁ@@ of
native oxide on exposed silicon regions during the tine [ag encountered

prior to merall fozatdteiizpiocessciss m maALHACIAUNHAG @ANIIRRNT .0:0mE he
ot her hand, the enhanced thermal stability would significantly wi den the
other hand, the enhanced thermal stability would significantly widen the
process window for both silicidation and post-silicidation processes. The use
of Ni1xyTixPty ensures a robust NiSi process which features a significantly
reduced sensitivity of NiSi formation to interfacial oxide as well as highly
stable NiSi films.
[0057] It is to be understood that the foregoing descriptions and specific
embodiments shown herein are merely iflustrative of the hest mode of the
invention and the principles thereof, and that modifications and additions
may be easily made by those skilled in the art without departing for the
~spirit and scope of the invention, which is therefore understood to be Lmited

only by the scope of the appended claims.



process wi ndow for both silicidation and post-silicidation processes. The
use of N 1-:<-yTi,,Ptt ensures a robust N Si process which features a
significantly reduced sensitivity of NNSi formation to interfacial oxide
as well as highly stable NiSi filns. [0057] It is to be understood that
the foregoing descriptions and specific ,enbodinents shown herein are
nmerely illustrative of the best node of the invention and the principles
t hereof, and that nodifications and additions may be easily nade by those
skilled inYhéisgleingdifiout departing for the spirit and scope of the
invention, which is therefore understood to be limted only by the scope
of the appended clains. 16 Wat is clained is: 1 . A nethod of fabricating
a nickel sillici demkthyénf &dnpatig ngick@rsdiidl Bgeraosihsingat e conpri sing
silicon which optionally conPrises,siIlcon oxi de; ~depositing a_ |ayer of

ni ckel alloy on ’aOVé‘ﬁPéfa 3 debsplerqoa s isHesilios wikieh eptionaly cameriass siligongyide;
conpri ses ni ckelepAitig Slayé J)Pﬁ/icﬁa%?l g%ﬂpat &rgﬂc%%fttﬂees s{rht%%le(?%%qﬁe hftkel
change the silicon oxide froman e P ctive ditfusion barrier to a

di f fusi on #Enybeanmiseantkel, s dogrdloglthaycddmatvithithe sidagesxide fotmagt dre silicon
tenperature .of .ni ckel ..disilicide;, and annealing the nickel alloy apd the
substrate $50F SO Ehetiidk difae hitne: ﬁoa@‘il?%us % mermbras. e ﬂoﬂrac‘eﬂdafeliﬁyfim
wher ei n t hacfdas@ta Bith@Yorokmbbarit ekelckaldighcilis, S@l ected from the group
consisting of titanium zirconiumand hafnium and the second alloy of the

ni ckel al [ oy i sayeRribes bd nigkehalidyeangrtbepibstiaisits fornythefiqkiehsilicidenaamd
pal l adium 3. The nmethod of claim2, wherein the nickel alloy further
conprises titaniumand platinum and wherein the nickel and the platinumin

the ni ckel2.al | oyhe mathiodwiftchisi I, WiRfeiRthe first alloy of the nickel alloy is selected from
the group consisting of titanium, zirconium and hafnium; and the second alloy of the

nickel alloy is selected from the group consisting of platinum and palladium.

3. The method of claim 2, wherein the nickel alloy further comprises titanium and
platinum and wherein the nickel and the platinum in the nickel alloy react with silicon at
the surface of the substrate and form a nickel-platinum silicide layer on the surface of the

substrate, and wherein the titanium reacts with the silicon oxide.

4. The method of claim 1, wherein there is no substantial film agglomeration and

nickel disilicide formation.

5. The method according to claim 1, wherein said substrate comprising silicon

includes gate, source and drain regions and contact regions.

0. The method according to claim 1, wherein the nickel alloy is sputter deposited to a

thickness of up to 500 Angstroms.

7. The method according to claim 1, wherein the annealing is performed at a

temperature of up to 800 °C.



the surface of the substrate and forma nickel-platinumsilicide |ayer on
the surface of the substrate, and wherein the titaniumreacts with the
silicon oxide. 4. The nmethod of claim1, wherein there is no substanti al
filmaggloneration and nickel disilicide formation. 5. The net hod
according to claim1l1, wherein said substrate conprising silicon includes
gate, source and drain regions and contact regions. 6. The nethod according
to claim1, wherein the nickel alloy is sputter deposited to a thickness
of up to 560 Ahbevrdms aczordimgetorelaiind . adeosidiany exoess Inadkel kllowhenieh has het

anneal i ng |, ._.per _ t erature of up.to 800 .C 17 . 8. The mnethod
Soteri g @R TR eAt ofe EIRCAEI SdlaDi BriS0d T che Ramicagaisb!
react ed wi tthacafire] east one surface of the substrate, is renoved fromthe

sem conductor structure. 9. The nmethod according to claim2, wherein the
ni ckel alloy consists of Nii_x_yTixPty wherein 0.25 > x > 0.02 and 0.25 >

y >0.02. 40. T I : ) eyn. the .an A Nng. |
per f or ned ?'n anﬁrﬁ%%ittﬁrbggaﬁeeﬁaﬂ{sggkg%}%gz’ﬂﬂgéﬁ&é#éc }é\igﬁéi aélrgéﬁﬁg%gﬁ@??tli-wg%’fy a
vacuum ni whegen0.98s xan.02andOisr> yned.02.gas. 11. The nethod according to
claim1l1, wherein the substrate is at |east one selected fromthe group
consisting of a (001)Si substrate, a (011) Si substrate, a (111)Si

substrate, 10.andTR imMRK acIEHET B Xaitn 1t, dBerefd TRE E'lﬂ%aﬁirlg fi@%&‘ﬁ%é@% %n
nickel silicide |ayer conprising: providing a substrate”comnprising
silicon; eénvironment selected from one of a group consisting of a vacuum, nitrogen gas and

another inert gas.

1. The method according to claim 1, wherein the substrate is at least one selected
from the group consisting of a (001)Si substrate, a (011) Si substrate, a (111)Si substrate,

and St;4Ge,, wherein x < 1,

12. A method of fabricating a nickel silicide layer comprising:

providing a substrate comprising silicon;

depositing a layer of Ni,.«yTiyPt,, where 1 > x > 0 and [ > y > 0 over the substrate;
and

annealing the layer of Ni 1-x-y [1xPt, and the substrate.
13. The method of claim 12, wherein x < 0.25 and y < 0.25.

14, The method according to claim 12, wherein the anncaling is performed at a

temperature of up to 800 °C.

15, The method according to claim 12, wherein essentially no NiSi, forms up to a

temperature of about 800 °C.



depositing a layer of Nil_x_yTi,Pty, where |l >x >0 and | >y > 0 over the
substrate; and annealing the layer of Nii.x_YTixPty and the substrate. 13.
The met hod of claim 12, wherein x < 0.25 and y < 0.25. 14. The net hod
according to claim 12, wherein the annealing is perforned at a tenperature
of up to 800 C. 15. The net hod accordinggéo claim12, wherein essentially
no NiSi2 forns up to a tenperature of about 800 T. 18 16. A sem conductor
structure prepared according to the nethod of claim1, wherein the

seni conduct &r APFHECNfECQoREiuse Brepared s angelo dberpreliwidrg ciimi ovhereindhe
Ni Si | ayer . A wherein the NiSi | ayer does not formN Siz
at tenperg%%@@ghﬁgn?gggg%ﬁ%ﬁgﬁggt. 17. The sem conductor structure
according to cl asmshb@te cohgielng silhenNufl | ayer was formed by depositing an
al | oy of NiI_x_Yﬁg.Pé%iover t he substrate and annealing wherein 1 > x>0
and 1>y>0. 18. THESE&MCE SNELECOtubsratge plerein deco Nibinkgyeiodedsaiah fomn Misér et n
t he anneal jcRghel: o@ tenperature of up to 800 T. 19. The
seniconductggmgf?ﬁgﬁgggﬁggg%@%f%g to claim 16, wherein the substrate is at

| east one selected fromthe group consisting of a (001) Si substrate, a

011) Si spbstrate, a (1.1 Si _substrate, and Sij,;,, Gex, wherein x < |
( ) H) "8 semlcogldugtz)r structure acco%ng {0 claim 16, wherein the NiS? layer was
formed by depositing an alloy of Niy.,.,Ti,Pt, over the substrate and annealing wherein 1 >

x>0and 1 >y>0.

18.  The semiconductor structure according to claim 17, wherein the annealing is

performed at a temperature of up to 800 °C.

19. The semiconductor structure according to claim 16, wherein the substrate is at least
one selected from the group consisting of a (001) Si substrate, a (011) Si substrate, a (111)

Si substrate, and Si.,Ge,, wherein x < 1.



