SI LI Cl DE FORMED FROM TERNARY METAL ALLOYFI LMS
BACKGROUND OF THE | NVENTION Field of the Invention
wPQOBbR6sEhe | nvention pertains to fabricating PCT/IB2005/001457
sem conductor structures, and nore particularly to
ni ckel silicide on a silicon sem conductor device
wherein the nickel silicide is fornmed froma ternary
netal alloy film Description of the Related Art
[ 0002] Mbdern sem conductor technol ogy requires the
utilization of |owresistance materials in the active
regi ons of netal -oxide-sem conductor field effect
transi stors (MOSFETs) and ot her devices. To satisfy
the | owresistance requirenments for source/ drain and
gate regions, self-aligned silicide that is
simul taneously fornmed on the source/ drain and gate
regi ons has been w dely used in the manufacturing of
| arge-scale integrated silicon circuits. [0003] The
nost conmon currently used materials for creating a
Si §iMICIDE PORMEDEFROMTERNARYCMETAL AIDGY FILMSSe
silicide materials face nunerous process-integration
difficulties and drawbacks for future generations
. of sem conductor structures or devices which wll
feature ultra narrow lines as well as ultra sha
wj unctions. [0004] For exanple, an unacceptably high

sheet resis&ggﬁgéggl iﬁoﬁhﬁﬁEQﬁﬁéwﬁioﬁPr”Ed on

narrow (sub-t gate rrnes (due to the |ack of
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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.

Description 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



nucl eation centers for the transition fromthe

undesirabl e C49 phase to the lowresistivity C54
wohesageseand this high resistance presents a nmRCDAB2005/001457

drawback for this suicide material. On the other hand,

CoSi 2 suffers from ot her drawbacks associated with

aggressive vertical scaling, and these drawbacks
~include severe junction |eakage, a relatively |large
semicondsiginutStonctores pr ﬁ@meaﬁdﬁahfwliléa@wei%trécﬁﬁ@@%’gﬂ%ﬁ as
C0S-2 layer having uniformthickness. These drawbacks
well a}slui?:ﬁa s$hedl~wspiraftio@eSi 2i n ul tra- shal l ow junction
devices. [0005] Nickel nonosilicide (NiSi) represents
[00043 SRbt akh@plever esisgtepidbly tagidistlate résstanme rasuftst when
generations of silicon conplenentary netal oxide
TiSiz ~°1§ N RRAUGHOhaEEVOFEEBY .G e fim) ThRediigks NElucady ateagask of
of Ni'SI include |ow electrical resistivity, |ow Si

nucled 1:9)%;"%%'%%&11%”&; e !t}%néiﬁ[)ﬂ%é)ﬁnthea@qu@ﬁra?@ie ld4d ph@ise to the

o ow resistivity even at narrow |line w dths
sub- . O, . The full Jnp ' fo NSy .
o 5 A RHE B AT e T e
structures and .devices, gg% ver .. depends Al
o AAATASE SRRy LU TP TS g o
e formation of quality N Si.crucially depepds
otherodrevbagks Afspriated ovithn éggli?r%%’f"' af’ee“t’scagi s%agp}%c%ngsﬂnese
wel | as the pureness of the anbient,apnealin .
drawlacks inehedn severe ignetien fakagan arpiy® VARYED F&%@W@@%’P of
residual native silicon oxide on the original siljcon
silicopuahdabffiauityoity gehieving eCafibi lener Maveeg typgform thickness.
envi ronnent, tends to degrade the quality of the NI S
Thes@tddawbycusehminiiveushef Codplisnwtfeashallow Hinegia devices.
formation (if the original silicon
[0005] Nickel monosilicide (NiSi) 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 Si consumption for its formation, and an ability to
maintain low resistivity eﬂzen 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 resolution 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 annealing. 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 environnent, the presence of native
woxi@@séwpr esent s t he maj or hi ndrance to formnm RQTABZDNS/@01457

high quality NiSi |layer. [08®07] For exanple, device

wafers on the production line for N deposition nmay

encount er del ays. These delays allow for the growth of

nati ve_oxi de t i : . . o
even {300 ot CHE I s FELERRT) SO Termiptios gift R ofiefnal silicon
diffusion barrier for Ni, thereby preventing the .
surfagh fiEUSPERHCE! DK a1 FOBHEREUS FLESR PBFor Hi N %P?nﬂf%l,m&g
_partial growth of native oxide on |ocali zed areas of
enviremymest, g presenes bf nhiue oxislencaprestirits the grair fipggdrance to
Ni Si, resulting in rough interfaces and consequent
formihpgglucti otiégh gakhgeNisi laydr a- shal | ow j uncti on devi ces.
[0008] In addition, NiSi is not thermally stable at
[0007]el &bt vehinpie glevicotasaisng tienpesdudticaslinEdor NbidepdbiSon
films, severe aggloneration (or NNSi island formation)

may S9EdEBhteY REGIITHeRe Aelals allowdBr @he ghbwtie of hitive oxide on
transformation of NiSi to Ni Si2 takes place at 7000C.

e RN SRR e, o o
oL NS e B3 o, ook Gcon
e e
Si sul\rlifgci:e fvi/illln?éad-rhcgsreloxrl—eljlr?i%o%gn agrrtowth 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 ©°C, while the
transformation of NiSi to NiSi» takes place at 700°C. Both NiSi
agglomeration and NiSi-to-NiSia transformatién 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 typified 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



technologies are typified by U S Patent 6,339,021

(titled "Methods for effective nickel silicide
woanisséson” ), whi ch describes a nethod of for mPawIB2005/001457

Ni Si |ayer on a sem conductér structure or device in

t he presence of nativeoxide. This nmethod includes at

| east the follow ng three enbodi nents: 1) providing a

. thin Ti cappi.ng.|layer over .an derlyj.ng N _|layer: .2
oxide.pr ByisdmsER ﬁl%w% et l5aet the @T%%@ha%rea%ﬁm%% )
~over a Ni_layer, in order to free all the Ti atons.in
providihg arthivsPptanpinayeyer ofer rasnbedsnyiRg N W@ruﬁgar PG 2
__native oxide at the Ni-Si interface; and 3) providing
TiN layenonet ayRircapipifly lasemdiichdd ayer aedhlayke Hapides toxrereall
and Ni. In each of these embodinents, the Ti is made
the TIBRIhE ith @heekictapiiihg laye foo readime witte thetindsrbiirgrinesive
oxi de |l ayer when the substrate is annealed at 600 0OC

oxide 3% HeONL-Bangfeefa®e! BAANS) priotilifg Si mdrdld@ir #hbit serdwiched
approach to the NISi problemis typified by U S

betwdedl E{Iﬁf }19’[15@ 15306 ol 17l e caMat fotherk érabbiiathiag the Ti is
ni cke pl

ati num nonosilicide filni'), which describes

madegﬂ%ﬁatéltgo% ol frokihngnd © RldadRY e RitiReSEBHRANIWIAY layer

s ;Jre or Sleche y incorporating a small anount of
290, 1.n J.1.t:0. t | Si ' - Qi
R R e s b L
[ no- net al dopi ToTA : ' '
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formng a njckel suicide |ater_on. jlLigco
o.sadio i) Mg atePEseft acuielabiiin manopiicide
orming a NiSi | '
film”)g afiiele %[eﬁgltibﬁlﬁg Iggﬁggdgqgf i%rrsfl?l% (::101{}1 1%&3%1‘ gztl raugetrg{c%ng{lctor

structure or device by incorporating a small amount of Pt (5at.%) into Ni to
increase the NiSiz nucleation temperature and NiSi agglomeration
temperature.

[0011] This mono-metal doping approach was also tried in PCT
Application no. PCT/SGO03/00096 (titled, “Method for forming a mnickel
silicide later on a silicon substrate”). 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 aﬁount of Ti (5at.%). The Ti
atoms reduce the interfacial oxide to provide a diffusion membrane
facilitating the influx of Ni into Si substrate to form NiSi.

[0012] The above-described technologies seek to solve the particular

process-integration issues that are experienced in established methods for



of native oxide on the Si substrate w thout an

increase in silicidation reaction tenperature by
wonewrogetsat i ng a smal |l armount of Ti (5at. % . TRET/TB2005/001457

atons reduce the interfaciaf oxide to provide a

di ffusion menbrane facilitating the influx of N into

Si substrate to form N Si. [0012] The above-descri bed

) techngl ogi es_seek to solve th articul ar
implepjeadalian i fi e FAYF o BRSSO S, Iﬁ’gt g%?écoé’@b%it?ren fggciyyes ot
_established nethods _forinplenentatign in future -

devicggendhat iisnsNigt speifierbiuadsiresissydt 1’2e§1q(9§eat§’é\ﬂ and Nisi
That is, NiPt specifically addresses Ni S 2 nucleation

agglomedatipisi angdiidispacifically addresses Nise seppiiityyto interfacial
addresses NI Si sensitivity to interfacial oxides.

oxideslomewever, dlistincicilisdtisanhaans afebe ebovteleapobed dedurdlpgigs
technol ogies arise fromtheir inability to solve the

arise [FOmPRREERS frdbiligarat sdlte pheblwospresss-ihegdrailiav eproblems
(non-uniformgrowth and thermal instability), which

descrii AhRoh-RhI8AR! 206N QN @Rtk destubility)y wiiioh|#Ethe
associated with the NI Si process. As a result, there

most itIEYO%aB ed f,0hrRR1ST bEGHirME HESHRRIOAsddidledMith RRE MNISI

e utilization of NS 1m very small subm cron |ine

wi dt h_sem d . devj :
poc by ¥ QPSP S SRR, B it
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. Ni'SI |ayer .that has been grown uniformy and has
Semlq%wa?ly g?‘ﬁﬁ"rsf'i ty.

SUMMARY OF THE INVENTION

[0013] 1t .is accordingly an object of the invention to overcome the
disadvantages of the related art.

[0014] It is 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, pertains 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.



[0015] Furthernore, it is an object of the invention
to provide an NN Si |layer that can be grown despite
woxb@@sewppr essi on. [ 0016] The invention, in pRCT/IB2005/001457
pertains to a nethod of fabéicating a nickel silicide
| ayer that includes providing a silicon substrate,
depositing a layer of at |east a 3-conponent netal
al l oy conprising nickel on a surface of the silicon
[0017}ubBie atesntiond ianpew iDegtaine tal 3 SN IHEOEOFEYSINE 2
substrate to forma silicide | ayer conprising
layer ofl sikeide]@QAFlisiflgenitkelgiepargd by spigk metpedtains to a
sem conductor conprising a layer of silicide cu
[0018]PI Tt S RG bR wkddrsoanhne hobly thaifaregeingmtnel g0dSicriptions
to be understood that both the foregoing genera
and tI9E RATwhb Rt Al 88l dromiexddeplairy aaddeptanpibirpandr e
exenpl ary and explanatory and are intended to provide
i 6xRl; ' bR\ hé vaasios] @ BREmeBR! EF
are ﬁﬁpéﬁééy?&Eﬁ%&ﬁ@?ﬁ%%??gﬁfg] The acconpanyi ng
draw ngs are included to provide a further
under st andi ng of the invention. The draw ngs

i |1 ustrate, anbodi flolsweiy i HHAwinard toget her
. BR ) O DR AW . .
with the RIE! eer N EX n tne principles

f the embodi ments of the invention. al 1
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Figure 3 shows the inventive N Si |ayer OV%:I‘I the .
invensiobsand tegether with the description serve to explain the pnncnplgs 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 Nio.oTio.0sPto.0s/SiO2/Si.

[0024] Figure 5 shows a SIMS depth profile indicating inter-diffusion
betvs'reen Ni, Pt, Ti and 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

NiSip formation up to 800 °C.



[0023] Figure 4 shows a SIMS depth profile for Ni, Pt
Ti and O in an asdeposited sanple of
wOli200598667 05Pt 0. 05/ Si 2/ Si . [ 0024] Figure 5 shews/1B2005/001457
SI M5 depth profile indicatihg inter-diffusion between
Ni, Pt, Ti and Si. [0025] Figure 6 shows an XRD
mggsurenﬁnthlndlcatlng the presence of polycrystalline
I S as high as_§ () e 7 shows an
XRDreasur ement  # TA giﬂ&ﬂgnc i ﬁssmn of Ni Si2
formation u to 800 OC. DETAILEDDES | PTI ON [ 0027
[0027Advéﬁtfa@@§e§$ of Hee mresEHt MvepsRe B ?\?‘ﬁ’qqontf‘e ﬁ%P%fent
apparent fromthe detail ed description given
from Haeeiatefiledr depouiption , given shengirplls - undewsygoditt flaguldhbe
detail ed description and specific exanples, while
undeididod athatg theetletailed elbadptient sndf spheificneramnpbes, wihele
given by way of illustration only, since various
indic&tha@ gaefaned nmdbbdieadntenst Whe hinvehtiens pirei givendbg cope of
of the invention will becone apparent to those skilled

111ustfe{hdrh endf tsiheOMaliths deididseshdeseditipations WiliA8ihd\sHirit
formati on can be ef fectively suppressed or conpletely

and édagbgsﬁﬁ%oirfvga)ubhl Wil BE(?(frfl@‘éﬂr)?Jaréﬁﬂ tF B0 XsKiBed ah the art

X1 I'S present bétween the deposited

ﬁonlﬂ&&Kf aﬁ&%ﬁkgquﬁQ? substrate conprising silicon. This

sens I Vi formation to surface native oxide

[0024]0Ir ?\ﬁﬁlefég 10216'125512 b%‘%}fe ticty %u%ga§ ”8%4 S SRUGE Hifibited

e proces

if a tggr\ll ?Qge?"gacial 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 resolved 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 Ni), to simultaneously reéolve these two

integration issues using a single process step.



conpl ementary netal oxide sem conductor (CMIS)devices.
[0029] In addition, the transformation of NNSi into

waigis/osesistivity N Si 2 during high tenperat ur @CT/1B2005/001457

post-silicidation processes8represents another
integration concern, which also needs to be resolved
prior to the inplenentation of NiSi into suicide
process. [0030] To overcone the di sadvant ages of the

[0031] e Bhethvention, Sh nasthpeitaigy, tor AEngthedmidedricating a nickel
investigated the formation of Ni Si and the

silicideoragral dhbtainchndes heravadingt @bi $uhsfrate MoSiprigiag jsgicon,
formed using a ternary netal film typically a N (Pt

deposTiing allhper 6fl dtmedéins Beasnpbnenir mebil)glldyocanprisirgecks] gn
resol ve these two integration issues using a single

a surfdlc8 e $8e shiBPrhR0IHA dhBedIVEHd oy hndpBetsulerdtaito Sorm
o a nethod of fabricating a nickel suicide |ayer that

t
asilicicijcﬁ] i@!é?_%ogﬁ)%}%ggc@l;ubst rate conprising silicon,

&
epositing a er of at |east a 3-conponent netal
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nd annealing [T ( e substrate to forma
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oxide, if present on the surface, does not inhibit the
surfapor amd ieothinfnatiee KiliPes; oRidS:ef RIGECROR € 1450 R0GP Hot
inhibi-EI thV;:II }ogrr:at;ieon 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
NiPtSi layer.
[0034] The substrate comprising silicon includes gate, source and drain
regions and optionally contact regions. Also, the substrate can be a (001)Si
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. Most preferably by sputter deposition.

[0036] The annealing of the alloy on the substrate is performed at a

temperature of at least 350 °C. Preferably the temperature of annealing is



silicon oxide to formtitani umoxides which mgrate to
the top surface of the NNPtSi |ayer. [0034] The
weubsstosestse conpri sing silicon includes gate, seargB0asa)1457
drain regions and optionally contact regions. Also,
the substrate can be a (00l)Si substrate. [0035] The
?-co?pogent ggtal alloy is fornmed in a thickness of at
east about Angstronms. Preferably, the thick '
less thgn 16080°C. AMpst mopteraliy EhgPBPERURBE %?mpﬁ@ttlﬁ? & %@@S"d @0
50 to 500“Angstrons. The nethod of formng the alloy
800 °©n Theasnbstinasten sambe prafariead &y RyVACHHTL M} NHEREFRES
it is preferred to formthe alloy by sputter
or indepesidri afertt ey mMalArgv apoesat imetalieglicsi treorminmgOatier the
Most preferably by sputter deposition. [0036] The

anneadReskpN &/ HEN Hhe it Ruced wite stileast ahe silicopestidacgdind
at a tenperature of at |east 350 OC. Preferably the

the tithf f@;g L aRlb AR ddGoinSiHRSSerhdandt00R sGrudvast.
preferably, the annealing tenperature is 400 C to 800

[0037? e %U&%M&u%ﬁ{% fiﬁnNﬂg-y'@ﬁpfyPrxﬁﬁ&ei R A Yagm >i 0.

itrogen gas of in a er inert ‘gas. Any excess netal

Prefer%gky? ?/)é 2{% t g%sn :}nﬂ%ﬁ a(g?%r autntl1 %r a0 T@s%l . $.88, WMt r}x@%‘%&bly,

titani o DR bIeeast 323 ?I ICOE surface, "and the
ranges dRGEG L 102003 - OHEHT Tradre Ozl [oy 15
[0038lesin &Qﬁ%&sﬁgﬁésﬁiy Tomnpudh it huAPTsped Wt & tethpefatife
of abc;;g;&g Sgll yAlsrojar‘r]l%grse iisnr(l:cl) l;g}eostoahlci%l >ﬁlr)1(:1 gggbr%%rg{i]gn %n 0th>ere
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 allosr 30 may be 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 annealing step is
performed to convert the structure to a NiPtSi 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



[0038] In the invention, N Sia formation is suppressed

up to a tenperature of about 800 C. Also, there is no
weubsstoaersy al  fil m aggl onmeration and there is PCT/IB2005/001457

essentially no N1S2 formatil®n at tenperatures u p to

about 800 OC. [0039] Figure 1 shows a typical S

substrate 10 that has a surface coating of oxide film

20. Figure 2 shows a coating of.teynar ' .
througl the oxide laysp Jedntgper Wfth?e&oex%]d%u Al &Fﬁ%&% i8¥ired
__However, if no oxidation has occurred, the oxi '
NiPtSplaygray lristtodee peieseihat aoaeiid’ lslélfeﬁaf- S |a%8}' %g%lﬁm
may be deposed directly over the substrate 10. Al so
[0042] heTlox iadchiing SOpmsypisirably arfard nibeamal emeicgiipgdRTA)
film20 may be in the formof islands or particles
perforfph@d i1s hovimert hahosplieref (ool disovigrogehe aGZoEUbSY F Eenon).
[0041] After deposition of the ternary nickel alloy
The I30A tffe aBNRRIst Nefdraplyl sb@elr flotarsd secamts erfowdner other
structure to a NNPtSi |ayer 40 over the Si substrate
timeslChn #8 hsed ﬁ?)WEb bBofit BOr MidutdauImiheg pidierain ealnealing time
step, the titaniumreacts with the oxygen in the

rangeéi:sl R Oéééé)%hd Ve85 2 awhiiged he nickel to

ffusethrough the oxide layer to interact with the S
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e no none Igures” 1-3 are drawn to scale.
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remoﬁ%gﬁe%%%?gﬁ?ﬁ%%ﬁg% ' Sbout 1 1o 60 Seconds.
00443 nibei TrtBefesreratrBeLatdiriss the gafie Sr ¥ 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 NiSiz
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 NiooTio.osPto.os. Other compositions can be Nio.sTio1Pto1 or
Nio.a5Ti0.075Pt0.075.

[0046] The substrates used in the invention can include p-type(001) St
wafers. However, the invention is not restricfed to this substrate, and any

appropriate substrate comprising Si can be used such as (111)Si, (011)Si or



range i s about 1 second to about 2 m nutes. [0043] If
any residual ternary nickel alloy remains or if an
woxi@sede7one of the netals in the all oy fornsPoWIBies/001457
surface, this residue can b@ readily renoved using a
dry or wet etching process. [0044] The Ti in the
ternary nickel alloy alters the nature of the

~ interfacjal chem cal  oxide, from hei an gffectiye
Si1xGGan SR Krusi onlSBdPFi B %‘ﬁ}telﬁ}eegon%gp?\& | pjeder, but can
pernmeabl e di ffusion menbrane, through its reaction
be Sivgrownt ¢re anatearfaetetialoticdeas mehal havi ng facilitated
the influx of Ni into Si for the formation of N Si.
[004Thi §Heuplsysionl mechehismest the treductiorTiof ibtarfamgl oxide by Ti
appropriate netal can be used, such a s Zr or H. The
can B¢ depedbéd cal fofloatdmess e sipbhShznerlalgs dlii ianttaen drilyirBil Nijx-
aggl oneration issues. Metals other than Pt can be used
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preferred ternary nickel alloy is NNTiPt. This ternary
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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(Ni,Pt)SiyO, 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



can be described as follows. First, upon annealing, Ti
inthe original Ni-XyTixPtyalloy filmreacts with the
wonvwrolgesr al oxi de, changi ng the nature of thePCT/IB2005/001457
interfacial oxide frombeing an effective diffusion
barrier for N and Pt to a diffusion nenbrane, thus
allowing for the downward di ffusion of NI and Pt
hrough the altered qgxjde into the underlying silicon.
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silicon interface and then react with the silicon to
the phage ghapegdloms Nidits (- ey SHSivkigha comlbhpmountsefaft) to NiSiz
amount of Pt in an alloy form (but virtually with no
+ Pthi r¢gults ant helegrgage| ipntlsoketial lentsopyf ofTthe systieokelyielding a
suicides). [0048] Since both NN and Pt mgrate during
redudier eéactheorrivehforattiee dgsilioddedel.d. aNEBIy, Sfopmalfied. In other
towards the free surface as nore Ni diffuses towards
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with PEERhiRiR thileh PHpPSvd BURIniA RhMEYs. Present at the
boundary between'the grow ng suicide and any unreacted
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hanced therpmal stability of NiSi by th resence of . .
1005} By 55 HepRRTHER FPtec B DG nSAPRReSBEH [ SORAYY of NiSi
equi li brium_thernodynamc__ - .
formation to interfacial oxide as well as the enhanced thermal stability of
NiSi formed using Nii.xyTixPty 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 NiixyTixPty does not react with
thick thermal/PECVD/CVD silicon oxides , or. other commonly used
insulating dielectrics such as SiNx. 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 NiixyTixPty on top of

thermal/PECVD/CVD silicon oxides or other insulating dielectrics films can

be easily removed using selective etching.

EXAMPLES
[0052] The substrates used were p-type (001)Si wafers. After the standard

RCA cleaning, the Si substrates were dipped in a diluted HF solution prior to



per spective using entropy of m xing and cl assica
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wertienibehf depastitedxbyt g phet@inl spsttédieg eahdrc@0 1idiesiBtrates. The
stability of NiSi formed using Nii-x-yTixPty all oy
mefdlliZBRsnaNbs avaed BhbhRpentFUShBRCRIANSS SJYiehSipid thermal
effects, such as an increase in electrical resi StIVI ty
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deposited sample of NipoTio.05Pto.05/S5102/Si.. An. oxygen concentration peak
a£ the interface ‘of metal and Si substrate for a sputtering 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/Si (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/SiO2/Si exhibits almost the same depth
profiling as that for an as-deposited Ni/SiO2/Si sample, indicating that the
chemically grown interfacial oxide is an effective diffusion barrier for Ni,
thus prohibiting NiSi formation.

[0054] On the other hand, SIMS depth profiling of the
Nio.oTi0.05Pto.05/Si02/Si sample (shown in Figure 5) shows that an inter-

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



EXAMPLES [ 0052] The substrates used were p-type

(001)Si wafers. After the standard RCA cl eaning, the
weiomeetsr at es were di pped in a diluted HF sol BCTaB2005/001457

prior tonmetallization. To rovide a well-controlled

formof a thin interfacial oxide (with a simlar

thi ckness to native silicon oxide, 12-15A thick),
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solution. Pure Ni and N o.9Tio.05Pto.05 filns of 30 nm
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(00lI)Si substrates. The netallized sanpl es were
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annealing (RTA) in an N2 anbi ent atnosphere for 60
hassedienets the hatper of whes irnteffgiciad dHanicaboatid80@oino LBALY an
OC. The suicide filnms were anal yzed using x-ray
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(SIMS). [0053] Figure 4 shows the SIMS depth profile

mefn®rahl, tiough i@NFeftioh HHIATHEPRIEAHEPHIME OThe Ti thus
Ni0.9Ti 0.0 0.05/Si O 2/ Si.. An oxygen concentration

faciBeMesthe (Hfuk B&”@Iﬁ} es0for @ﬁ%g& r@iioobt RSt rate for a

sputterl ng tine o etvveen to 140 seconds i ndi cat es
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Wer?al gl?ssétrvédhgftgﬁ rsrﬁic(ijc%e&)ttiom annealing at temperatures between 400 and
650°C, while epitaxial NiSia peaks were detected (not shown) after
silicidation annealing at 700°C or above. In contrast, for Nig.oTio.05Pt0.05/Si1
samples, peéks 'corresponding to polycrystalline NiSi were present for
annealing temperatures as high as 800 °C (see Figure 6) with epitaxial NiSiz
peak appearing at 790 °C or above (see Figure 7), indicating an almost 100
oC increase in the NiSi-to-NiSi; transformation temperature. This
improvement ih 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 NijxyTixPty alloy film can effectively address the two major

concerns related to NiSi process integration, i.e., NiSi sensitivity to
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epitaxial N Si2
stable NiSi films.

[0057] It is to be understood that the foregoing descriptions and specific
embodiments shown herein are merely illustrative of the best 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 limited

only by the scope of the appended claims.



peak appearing at 790 OC or above (see Figure 7),
i ndi cating an al nost 100 OC increase in the
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thus stabilization of the silicide. [0056] In summary,
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3. The method of claim 2, wherein the alloy further comprises
titanium and platinum and wherein the nickel and the platinum in the alloy
react with silicon at the surface and form a nickel-platinum silicide layer on

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

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

agglomeration and NiS; formation.

5. The method according to claim 1, wherein said substrate
comprising silicon includes gate, source and drain regions and contact

regions.



[0057] It is to be understood that the foregoing
descriptions and specific enbodi nents shown herein are
woro@logeseh | ustrative of the best node of the | RCEMB100F1001457
and the principles thereof,17and that nodifications and
additions may be easily made by those skilled in the
art without departing for the spirit and scope of the
i nvention, which is therefore understood to be linited
only by the scope of the appended clains. What is
clapmed j.s: -1. _A nmethod of fabricating a nicke
Suj 1de’h5§éP? i ERCUEHRE iteeslaimgy by vihergim theb8temhponent
coppri sing silicon which optionally conprises silicon
me OYEpTstitemhderpsiteyido athigknésast up t3500MonEAdms.
nmetal alloy conprising nickel on a surface of the
substrate; and annealing the alloy and the substrate
to formthe nickel suicide layer. 2. The nethod of
cl af.m 1,Thehenethndt hecaidigy thushar 1CaiRleseSthe@ hndkaling is
| east one netal selected fromthe group consisting of
pettfotraad wa 2nig@atw® s kaBobuar and b) at [ east one
netal selected fromthe group consisting of platinum
and palladium 3. The nmethod of claim2, wherein the
alloy further conprises titaniumand plati num and
whet ei n e I e.platipnumin the alloy react
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9. The method according to claim 2, wherein the alloy consists of

Niixy TixPty wherein 0.25 > x > 0.02 and 0.25 >y >0.02.

10. The method according to claim 1, wherein the annealing is

performed in a vacuum, in nitrogen gas or in another inert gas.

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

(111)Si and Si;xGex, wherein x < 1.



aggl oneration and Ni S2f ormati on. 5. The net hod
according to claiml1, wherein said substrate
woaopgraseisng silicon includes gate, source and BCRIB005/001457

regi ons and contact regions.6. The nethod according to
claim1, wherein the 3-conponent netal alloy is

sputter deposited to a thickness of up to 500
Angstroms. 7. The met hod accar di .to.claimil, wherein .
t hgz~an Hegrsthgd iOE ?%%W‘fa&%%l né‘?kaj qug‘?l%% fatedr gf]hc‘)‘?h GRmPGISes:
800 OC. 8. The nethod according to claim1, wherein

any exdusgidiag gl SUlIstRfe CRRIEFSIRESIHON r eact ed with at

| east one surface of the substrate, is renoved from

t he sendermsiting arfaytr ofciuxeTixBty, Witnze et KbandocodpyRy the
to claim2, wherein the alloy consists of Ni-x-yTi

X Psybatheteeiand0. 25 > x > 0.02 and 0.25 >y > 0.02. 10.
Thé nethod according to claiml, wherein the annealing
i's perfaim@didgtha ARGWHE thdsfbstragen gas or in

another inert gas. 11. The nethod according to claim

1, wherein the substrate is at |east one selected from
the group consisting of a (00l)Si substrate, (011) Si,
(1431) Stnafitbiithd of Sidm WICKBbRIX x b:JZand yrehss. of
fabricating a nickel suicide layer, which cConprises:
~providing a substrate conprising silicon; depositing a

| ayer of Nii-x-yTicPty, where x > 0 and y > 0. over the

Su?iF ' a’E‘ﬁé Igg‘glod according to claim 12, wherein the annealing is

performed at a temperature of up to 800 °C.

15. The method according to claim 1, wherein essentially no NiSiz

forms up to a temperature of about 800 °C.

16. The method according to claim 12 wherein essentially no NiSiz

forms up to a temperature of about 800 °C.

17. A semiconductor structure prepared according to the method of
claim 1, wherein the semiconductor structure comprises:
a substrate comprising silicon; and
a NiSi layer over the substrate, wherein the NiSi layer does not

form NiSiz at temperatures up to about 800 °C.



annealing the alloy and the substrate. 13. The nethod

of claim12, wherein x < 0.25 and y < 0.25. 14. The
wortispdesmeccor ding to claim 12, wherein the anneairimBmos/eo1457

performed at a tenperaturetof up to 800 0C. 15. The

met hod according to claim 1l wherein essentially no

NiSi2 forms uptoa tenperature of about 800 OC 16.

ggd accordin a:to claim erein esse 1
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7 A sem conduct or structure prepared accordin
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structure conprises: a substrate conprising silicon;
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| ayer does not formNi Si2 at tenperatures up to about

800 0C. 18. The sem conductor structure according to

claim17, wherein the NS |ayer was forned by

deposi t Thg samiebhdiyctof shiuicture-acboRiiyigoioedlairi€l 8, wherein the

substrate and annealing wherein x > 0 and y > 0. 19.
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wherein the annealing 1s performed in a tenperature

rangi ng of up to 800 OC. 20. The sem conduct or

structure according to claim17, wherein the substrate

(039 SFRE SeBRCYTEI A SprhRP 45 Sr R, G Y. i fin the
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(011) Si, (111) Si and SiyxGex, wherein x < 1.



