; VWe3eETEQT4 &6\ T@H' i  METHS FOR EFFECTI VE NI CKEL SI LI Cl DE FORVATI ON
"BACKGROUND OF THE I NVENTION (1) Field of the Invention The invention

relates to the fabrication of integrated circuit devices, and nore
particularly, to a nmethod of form ng high quality ni il 0 ci in the
fabrication of integrated circuits. (2) Description %mﬂwﬂgmwmmﬂmEArt The
maj or factors that effect the formation of nickel sil e the
presence of native oxide, the cleanliness of the silicon*S3%ace, and the
presence of oxygen during rapid thermal annealing (RTA). In manufacturing,
the maj or hindrance to fornming a high quality nickel silicide is the
presence of natyierdid Geor FOFFERITPE SwTERYE CETNBEBHE PoRMIKELSN f Or ni ckel
deposition may encounter delays fromthe unexpected mal function of the

ni ckel deposition.equipnent. These delays allow for the growth of native
oxide on the silicon surface. Unlike titanium nickel is unable to reduce
oxi de on the substrat e BACKGRQUNDh@F eTHEcINVENTDGN| ve oxide wll act as a
di ffusion barrier, preventing the diffusion of nickel into the silicon to
formnickel silicide. It is desired to find a nmethod to renove the

dative oxige be&gre nickel silicidation. A nunber of patents teach nickel
silicidattenFi8le oPatBARt 1BVER¥1984 t 0 Hong discl oses a protective oxide

| ayer to prevent alteratiqn. ntam _nants on a sili.con.surface hefore
deposi tion of a nickel Fége%BLE% o af?§?§e§,686F§$7f rﬁﬁgﬁéﬁ8,°§,075,259
to Morang 3 ; ; ch ri Il LGi rQcegsses. SUWARY OF
THE INVEh%?%%rﬁtééiﬁggggﬁeoéFgé%%%f Fﬁg B@ggé Fkkﬁggﬁ??ég'igatg provi de an

effecti vaedhbd/ &y FORMINAChYGRD IR B ifkdalyilnqatiiaeg i& Rinekel silicide
filmin the fabrication of an

fabrication of integrated circuits.

(2) Description of the Prior Art

The major factors that effect the formation of
nickel silicide include the presence of native oxide, the
cleanliness of the silicon surface, and the presence of
oxygen during rapid thermal annealing (RTA). In
manufacturing, the major hindrance to forming a high quality
nickel silicide is the presence of native oxide. For
example, device wafers on queue for nickel deposition may
encounter delays from the unexpected malfunction of the
nickel deposition'equipment. These delays allow for the
growth of native oxide on the silicon surface. Unlike
titanium, nickel is unable to reduce oxide on the substrate
surface. Therefore, the native oxide will act as a diffusion
barrier, preventing the diffusion of nickel into the silicon

to form nickel silicide. It is desired to find a method to
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integrated circuit. A further object of the invention is to provide a
met hod of avoi ding native oxide contam nation while fabricating a nickel
silicide filmin the fabrication of an integrated circuit. Yet another
object is to provide a nethod of renoving native oxide in the process of
formng a nickel silicide film 2 Yet another object is to provide a
nmet hod of renoving native oxide with a titanium capping |ayer in the
process of formng a nickel silicide film A further object is to provide a
met hod of renoving native oxide with a titaniumtitaniumnitride capping
| ayer in the process of formng a nickel silicide film A still further
obj ect ofremaye rfphentTadiivies oxd der deifda ea mimtkedd sdfl ircdd@tiiog .nat i ve oxi de
with an atom c |ayer of titaniumunderlying nickel in the process of
formng a nickel silicide film Another still further object of the

| nvention A number of patents teach nickel silicidation.
U.S. Patent 6,037,254 to Hong discloses a protective oxide
layer to prevent alteration of contaminants on a silicon
surface before deposition of a nickel layer. U.S. Patents

6,066,547 to Maekawa, 5,075,259 to Moran, and 5,773,329 to

Kuo teach various silicide processes.
SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of
fabricating a nickel silicide film in the fabrication of an

integrated circuit.

A further object of the invention is to
provide a method of avoiding native oxide contamination while
fabricating a nickel silicide film in the fabrication of an

integrated circuif‘

Yet another object is to provide a method of
removing native oxide in the process of forming a nickel

silicide film.



is to provide a nethod of renoving native oxide with an atom c |ayer of
titani umunderlying nickel and a capping titaniumnitride |ayer in the
process of formng a nickel silicide film In accordance with the objects
of the invention a novel nethod for formng a high quality nickel silicide
filmin the fabrication of an integrated circuit is achieved. A

sem conduct or substrate is provided having 3 silicon regions to be
silicided whereima native oxide |ayer forns on the silicon regions.: A

ni ckel layer is deposited overlying the silicon regions to be silicided. A
titaniumlayer is deposited overlying the nickel layer. The substrdte is
anneal ed wher eby tit ani ¥etamedheroebilestt iisatiouprioxide @i meidbedt bfough t he
ni ckel layer and react with the native oxide |ayer and _whereby the nickel

i s transF8PANdNgo NRtANE oFide widhfetd Gan iype G3p@d nghd ayer den thegi ons and
wherein the nickel qpt gverlying the silicon regions is unreacted. In an

al t er nat PFOSFEShEF, é’rl"lltr’:gni%rﬂlrﬁ"ier' cfse"ll’zﬂ/‘éize ‘the titaniumlayer traps
at nospheri c oxygen freeing all of the titaniumin the titanium/layer to
react with the underlying native oxide. The unreacted nickel layer is
renpved to conplete formatdon iy 8l &&€liSidd i fdd M ik ddy Bnuf acture
of an integrated circuit. Also in accordance wth the objects of the

i nvent i Open@RAidte mdtowed deidwdvien 4 Of It drgi win Nt DaOiUa iddeidkel silicide
filmin the fabrication of an integrated circuit is achieved. A

sem condusppisyildyet ein sthoe oyraessdhavi nfpseing on nisgkeahsilididesi | i ci ded
wherein a native oxide layer forns on the silicon regions. A nonol ayer of
titani umfisl®eposited by atomc | ayer chem cal vapor deposition overlying
the silicon regions to be silicided. A nickel l|ayer is deposited overlying
the titanium nonol ayer. 4 The substrate is anneal ed whereby titani um
atons fromthe titani um nonol ayer reﬁct with the_native oxide |ayer. and
wher eby the nickel is tr%n§be¥eguFB ﬁFCREpe§F|PEiHEth%Y%nF%OBVg§|F%S t he
silicon regioni and m?ﬁrﬁin t he ni ckel ngt overlﬁing.ége sil&con regions is
unreact edP PR R A1 TEFHREI 08 REPRSANITEFE LRI GRtRP FLER PRYBFOBYEr the

ni ckel la raps el . ngea d._nj y I

empved | SESEpPe: S FARTEN bhAsPYORY. plRRer i REhETpROCRES, BV Ebehing, ¢
of an intgogratedickheyl-t geBREER.DESCRI PTION OF THE DRAWNGS In the
acconpanying drawings formng a material part of this description, there is
shown: Figs. 1 through 3 schematically illustrate in cross-sectional
representation a first preferred enbodi nent of the present invention.

Another still further object of the invention
is to provide a method of removing native oxide with an
atomic layer of titanium underlying nickel and a capping

titanium nitride layer in the process of forming a nickel

silicide film.

In accordance with the objects of the
invention a novel method for forming a high quality nickel
silicide film in the fabrication of an integrated circuit is

achieved. A semiconductor substrate is provided having



'Fig. 4 schematically illustrates in cross sectional representation
conpl eted nickel silicidation in the process of the present invention.
Figs. 5 and 6 graphically illustrate depth profiles of filmstacks of the

present invention. 5 Fig. 7 schematically illustrates in cross sectional
representation a second preferred enbodi nent of the present invention. Fig.
8 schematically illustrates in cross sectional representation a third

preferred enbodi ment of the present invention. Fig. 9 schematically”

illustrates in cross sectional representation a fourth preferred enbodi nent
of the present invention. Fig. 10 schematically illustrates in =

cr oss- se€iildsgn regidasnta iben s ldoviglest edhenetiog vanad ivier oxiidendiayfeact ur ed
according to the process of the present invention. DESCRI PTI ON OF THE
PREFERREBCEMSOSIVERES St G0 FREL WIS ¢ hd fricderdt Laxeantiisodepas ifed

overlying the silicon regions to be silicided. A titanium
layer is deposited overlying the nickel layer. The
substrate is annealed whereby titanium atoms from' the
titanium layer diffuse through the nickel layer and react
with the native oxide layer and whereby the nickel is
transformed to nickel silicide where it overlies the silicon
regions and wherein the nickel not overlying the silicon
regions is unreacted. In an alternative method, a titanium
nitride layer over the titanium layer traps atmospheric
oxygen freeing all of the titanium in the titanium layer to
react with the underlying native oxide. The unreacted nickel
layer is removed to complete formation of a nickel silicide

film in the manufacture of an integrated circuit.

Also in accordance with the objects of the
invention, another novel method for forming a high quality
nickel silicide film in the fabrication of an integrated
circuit is achievéd. A semiconductor substrate is
provided having silicon regions to be silicided wherein a
native oxide layer forms on the silicon regions. A monolayer
of titanium is deposited by atomic layer chemical wvapor
deposition overlying the silicon regions to be silicided. A

nickel layer is deposited overlying the titanium monolayer.



used in any application in which it is desired to forma nickel silicide
filmoverlying a silicon region. The process of the invention wll be
described for the application in which a nickel silicide is forned
overlying a gate electrode and source and drain regions. It is to be
understood that 6 the inventid~is not limted to the application sv
illustrated. Referring now nore particularly to Fig. 1, there is shown an
illustration of a portion of a partially conpleted integrated circuit. The
sem conductor substrate 10 is preferably conposed of silicon having a (100)

crystal | ggraphic orientation. t | ectrodes 16 and source and. drdin

regi ons %geatséllbls&rﬁé? i me&?ﬁéﬁ?&ﬁ o rich PGS FFOMSa & O b
conventiQnal__i.n the art. For_ examl. te el.ectrode .16 ;has been forned
overl yi n%%a&é‘t‘%‘ @ﬂnﬁela\yaeferreff% §P§:§‘V\gﬁ © HREYSS OX s TaYSE BN oxi de or
silicon Qjtrl ; r : r a raiqy reaions.are
ntype or dpl;{e{fye%? epg{\lg:lﬂn% or%d t%r%%eg%fcfgc\?ﬁge&%ol br% ]qui"iba"r(ilécz‘i’"?x(;g : Ea ive
oxi de | ayRferdd JOMHRe SO REY Yo 4dte WHdALOD Y fhicas1 Hg native

oxi de |l ayer may have a thickness of between about 10 and 30 Angstrons. If
thi s nat iote s idey | @yersisi ednh ovesh dos resraaric adckesd t herd aarbef or med ni ckel
silicide, the native oxide will prevent nickel fromreacting with the
silicon dlriempaninealnerthod his preaminmn mp foidatlayenfovexkdie siidkalde. 7
In a first preferred enbodi ment of the present invention, as shown in Fig.
2, a | ayekd¥RT RS FENQRPRRTIGOBIPRysi Fae WRFRACERGBRI¢kDh ¥TXE over
the surface of the substrate and_over]lying the gate el ecirode. The njckel

| ayer 24 Yo SPOTRE RRocoBR THET WESHRARLRR AB08 AiC 00 ShbATI st L T gih: ng
on the thickness of fhe N. .S _regupred, te.that _the native oxide |ayer 22
underlies£9%e£%ﬁ%€%?£?§§éé§ ?ﬁelﬁg?gg%tggi érF%§Er t hi ckness has been

greatly exaggerated in the drawings for clarity. Now, a titanium/layer 26
is deposited over the nickel |ayer 24 by PVD or CVD to a thickness of

bet ween about 55 and 208rfHfSHEgARTpTRENVGFCrESDRAAREREED USing rapid
thermal annealing (RTA) at a tenperature of between about 450 and 650 C,

and preferably 550 to 600 C. The annealing wll formnickel silicide 30
over the gate electrode and over the source and drain regions, as shown in
Fig. 3. The nickel overl innghehacsoapaaklingpdrewsng8 ifermingaated. Prior to
and during the RTA, sone of the titaniumin the capping |ayer 26 will react
wi th oxygeatenishepart of thim desgFipwiondéherg dgdistiown: during the RTA
the titaniumwi |l diffuse through the nickel to react with the native oxide
22 to formtitaniumoxide, TiOz or TiO The titanium oxide fornms a nenbrane

t hat [ 1 ickel diff i, 8 ili2on, .af i.ch N Si i,
formed. The titani um oxi dddrs AhdfZousRod G5 HEgAtHE At HaSrate s
formation, The temeraty’ ¢ HrdddZtA S LHA5N $F A% A4 embodiment

of the present invention.

Fié. 4 schematically illustrates in cross-
sectional representation completed nickel silicidation in the

process of the present invention.

Figs. 5 and 6 graphically illustrate depth

profiles of film stacks of the present invention.



formN Si, but not NiSiz, TiSi2, or NTixSiy. N Siz has a high sheet
‘resistance and so is undesirable. Referring nowto Fig. 4, the unreacted

ni ckel 24 and the titaniumtitani um oxi de capping |ayer 26 are stripped
fromthe wafer surface, leaving the nickel silicide film30 over the gate
el ectrode 16 and the source and drain regions 20. Figs. 5 and 6 graphically
illustrate the atom c concentration of titanium (lines 51, 61), nickel
(l'ines 52, 62), oxygen (lines 53, 63), and silicon (lines 54, 64) as a
function of sputtering time (renoval of the titanium capping |ayer). The

| ayers of nickel or nickel silicide formabove the silicon substrafe. Wen
the sputtering eventually reaches the silicon substrate, the concentration
of nickel will decrease to alnost Oa and _the concentration of silicon wll

i ncrease to al nost 100$F1gi-g7 schemasicaldy dAdustsatescéncErPBati on of the
four elenents in_the case where a 50 Angstromtitanium9 capping | ayer is
formed oVEFtACRRLKEPPFEFERLAKING: Ay SeSPRAcBRedrryedypBPPALBEN h 8 NEtRRel and

overlies i i, bstrate. Fig. 6 illustrates the sane stack except
t hat thep%gggﬁﬁu%%%%ﬁgﬁﬁé'layer is formed to a thickness of 100 Angstrons.

In both cases, the wafefpjigs %n%%e%%#ir&aQIz%ﬁ{‘%an@s fplrno%q.%gsat 700 C

for one mnute. Fig. 5 illTustrates e I nt usion of the titanium
cappi ng lsaye@/icnalough idiRntiatkfin laaweirdl Hre fet re#0 Wb iired td 1630 the
titanium concentration at the surface and spread in the titani um

concent r griegentNiiclvadntsidn ci de does not form because of the presence of the
native oxide that has not reacted with the titanium Fig. 6 shows that with
a titanium capping |ayer of 100 Angstrons, nickel silicide is able to form
At the region 65 between the sputtering tine of 500 and 1200 seconds, there
is a distinct |ayer wherBl theSehetaelcdhke i Fastorates o0 FTMSS is 10 1.
This shows that the nickel was. able éo di ffuse_ through the titani um oxide

menbr ane SERAPIhE FIFITHAWIT A (5T R B TR sy eTRAIHeR F ] i ve

di ffusion QQréier.to anbi ent oxygen, titaniumnitride is a better diffusion
barrier. B8 ecHAPPrE%t red enbodi nent of the present invention, a
doubl e capping layer is deposited 10 over the nickel |ayer.

Fig. 10 schematically illustrates in
cross-sectional representation a completed integrated circuit
manufactured according to the process of the present

invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Thé process of the present invention can be
used in any application in which it is desired to form a
nickel silicide film overlying a silicon region. The process
of the invention will be described for the application in
which a nickel silicide is formed overlying a gate electrode

and source and drain regions. It is to be understood that



As shown in Fig. 7, the nickel layer 24 has been deposited over the
‘substrate. The underlying native oxide Layer 22 is shown. Now a first |ayer
of titanium 26 is deposited over the nickel by physical vapor deposition
(PVD) or chem cal vapor deposition (CVD) to a thickness of between about 30
and 300 Angstronms. A second layer of titaniumnitride 28 is deposited over
the titaniumlayer by PVD or CVD to a thickness of between about 30 and 300
Angstroms. The oxygen fromthe atnosphere will react with sonme of the
titaniumnitride filmto formtitaniumoxynitride (Ti ON) on the surface of
the film28. Wth the oxygen trapped by the titaniumnitride | ayer =28, all
of the tithgniimventi@ydis 281 dl ifmicked dalitheisprlicatgion s ni ckel to
conbi ne wiith the native oxide and formtitani um oxi de during annealing. As
in the filddtusdimdR%ent, nickel silicide is formed over the gate and
source/drain regions, usi ng an RTA of preferably between 550 to 600 C. The
unreacted nickel and the titaniumtitaniumnitride bi-layer is renoved,

| eavi ng the silicided ar.e shown i referred

4. | third
enbodi ment of the mventl%ienbje‘?'%r’eo"f H&%?&%?‘g’r%%?rf%a%%&” , at | east

one 11 I t ative
oxi de 22 usl ng atonl:?é:m?a%/rgpig eér."r;&eg? vap%?dae &elél%?rgné 2{%5%199]
I||UStrEHé&hﬁiEt@@“Dﬁ@d@fa@édttiﬁ@ﬁyﬂ123TH¥e§eﬁh§oH@ﬁéﬂ@r0§&E§Ef&ﬂ@r1@2
The nonol ayer 23 is greatly exaggerated in thickness for illustration

pur poses.ifrefefabilylw tbmposse SANEiEftopnRaviagdaw 1doyut breaki ng vacuum
a layer of nickel 24 is deposited over the titanium nonolayer 23. It is
desired notystakbkpacaphhe orientatiomnol Ggte ebeatrofesal§cand spuicde
converted to titanium oxi de upon exposure. The titanium nonol ayer(s) wll
react witPgheradnj yeIdRnge2Porrer APERedninnRbYi 6B, the dFenLgPRAUREPHr ane

t hrough which the nickel can diffuse_toward the silicon. In a fourth

pr ef er r edSSABEHRFENESof St ﬁ@nBFB*s'éﬂPaF"n?/BnFPSnar‘é ti FaRi BXARBABI a?%FeZC% i's

deposi ted_under| Lng t he njckel % 24 as in the third eg‘oogl ment

st ar el Erps 46 Bae! bRSRSORMEReP YRR ¥ NS Sq8R08! CEGOSA TRV ERN b
trid t h | .l

Myer i | PLaRALLPUBhcsEs, o SREROBL STITKED BAR AR BE e 1d ¥ BR, PRTALIE hot b

the third;gnd-Eogbhe@MBAdicBRNLaLN ChBlirtlel hGlad@ T nf eBBANAVELet Be gate
and source/drain regions by RTA at a tenperature of between about 450 and

650 12  gybe aidppreies,allependinig0 cbO@he thpe WI eRetie@ RoCkel and the
titaniumnitride layer, in the fourth enbodinent, are renoved, |eaving the
silici dedfabedasa¥ed.as shown in Fig. 4. The native oxide | ayer has reacted
with the titanium and been converted to titanium oxide. The titani um oxide
| ayer is pushed up to the surface by the nickel silicide formation.

St andard backend processing continues as is _conventional to conplete the
integrated circuit. For © MY HYShds IHPSiIRHREL Py A
source/drﬁ_@n reqlag:s 30 S ver ed i.ck di eI ctric layer .38. Electrical
connectio %515 %xa ee,nat Vo%eoxcff Heayseﬁ E%etf? SOLﬁ'ce/dral n

regi ons ZQﬂﬁﬁﬂHgég 6%”Eé¥$eéﬁ’aﬁghéﬂEwwhnd 30 Angstroms. If this

native oxide layer is allowed to remain under the to-be-
formed nickel silicide, the native oxide will prevent nickel
from reacting with the silicon during annealing, thus

preventing formation of nickel silicide.



_The 'process of the invention provides an effective nethod of formng a high
quality nickel silicide filmin the presence of native oxide. This saves
manuf act uri ng costs because the wafers need not return to cl eaning

equi pnent to renove the native oxide before silicidation. Wile the

I nvention has been particularly shown and described with reference to the
preferred enbodi nents thereof, it wll be understood by those skilled 13
in the art that various changes in formand details nmay be nade wit hout
departing fromthe spirit and scope of the invention. Wat is clainmed is:
14 1. A nmethod of fabricating a nickel silicide filmin the manufacture
of an integrated circui tfedfitshPrefersed mphediaantoffudhe presentat e
having silicon regions to be silicided; depositing a nickel |ayer overlying
sai d si | iCBHPHAINLE & i1 G Rd Whe? WS R IVERRG dS 198P8S it&5s” on
[ I li.con .reqi nder | yin ] d nj I r; L tin I tani um

S I RO VAL Ak PG S S end RIS il A

substrate and overlying the gate electrode. The nickel layer

24 has a thickness of between about 100 and 500 Angstroms,

depending on the thickness of the NiSi required. Note that

the native oxide layer 22 underlies the nickel layer. The

native oxide layer thickness has been greatly exaggerated

in the drawings for clarity.

Now; a titanium layer 26 is deposited over the
nickel layer 24 by PVD or CVD to a thickness of between about
55 and 200 Angstroms. The wafer is annealed using rapid
thermal annealing (RTA) at a temperature of between about 450
and 650 °C, and preferably 550 to 600 ©C. The annealing will
form nickel silicide 30 over the gate electrode and over the
source and drain regions, as shown in Fig. 3. The nickel

overlying the sidewall spacers 18 is unreacted.

Prior to and during the RTA, some of the
titanium in the capping layer 26 will react with oxygen in
the air to form titanium oxide. In addition, during the RTA,
the titanium will diffuse through the nickel to react with
the native oxide 22 to form titanium oxide, TiO=z or TiO. The

titanium oxide forms a membrane that allows nickel diffusion



layer; annealing said substrate whereby titaniumatons fromsaid titani um

| ayer diffuse through said nickel |layer and react with said native oxide

| ayer form ng a titanium oxide | ayer whereby said nickel diffuses through
said titaniumoxide |layer into said silicon regions thereby transform ng
said nickel to nickel silicide where it overlies said silicon regions and
wherein said nickel not overlying said silicon regions is unreacted; and
renovi ng said unreacted nickel |ayer to conplete formation of said nickel
silicide filmin the manufacture of said integrated circuit. 2. The nethod
according to Caim1l1 wherein said silicon regions to be silicided conprise
gat e el edowaiss &id iXn, &fterd ahddls dirsde isndamedy r @fieortdtadiufthe net hod
according to Caim1 wherein said nickel layer is sputter deposited to a

t hi cknes $¥3d&esndditraBRRMeD PR SHe ARy A£heTRl St afd&asy-di ng
to Caim1l wherein said native oxide |ayer has a thickness of between about
10 and 30 Angstronms. 5. The nethod according to Claiml wherein said

titani I h t hi gk f_bet t d_,200 Angst . 6.
The' Mt hod accordi ng (o L REIPTERERET Corprt STRD TRt aThara 49 (Shi um

nitride |yag euerl hio ot il AN MRy &y Wogk 214 Sal driddanidund ayer has

a thickness of betf{veen about and Angstrons and sal Itantumnitride

| ayer hashggh higkeesse§isahveeanabsyt 1 30uAlEs B8P WISt roms and wherein
said titaniumnitride |ayer traps atnospheric oxygen |eaving said titani um

atoms fromsaid titaniumlayer to diffuse through said nickel l|ayer. 16
7. The-nethod according to Claim1l wherein said step of annealing said
substrate conpri ses a raBeflerhéngahounheaFigg 4t bbeweeneabbed @HGkehd 6S0
C. 8. A nethod of fab[icating a nickel silicide filmin the manufacture of
an int egr &t e@"€i FBEi FLEBRAPHMEFAGANPRBYPHLAG §3BBANGORAYEFOR6SABSt rate
having S'E%%?Bped from the wafer surface, leaving the nickel silicide

film 30 over the gate electrode 16 and the source and drain

regions 20.

Figs. 5 and 6 graphically illustrate the
atomic concentration of titanium (lines 51, 61), nickel
(lines 52, 62), oxygen (lines 53, 63), and silicon (lines 54,
64) as a function of sputtering time (removal of the titanium
capping layer). The layers of nickel or nickel silicide form
above the silicon substrate. When the sputtering eventually
reaches the silicbn substrate, the concentration of nickel
will decrease to almost 0% and the concentration of silicon

will increase to almost 100%.

Fig. 5 illustrates the atomic concentration of

the four elements in the case where a 50 Angstrom titanium



regions to be silicided; depositing a nonolayer of titaniumoverlying said
silicon regions to be silicided wherein a native oxide |ayer fornms on said
silicon regions underlying said "'r tT° iWu/ "~ ri  nicked layer; 1
depositing a nickel layer overlying said titanium nonol ayer; annealing said
substrate whereby titaniumatons fromsaid titani um nonolayer react with
said native oxide layer to formtitani um oxi de and whereby said nickel

di ffuses through said titaniumoxide and is transformed to nickel silicide
where it overlies said silicon regions and wherein said nickel not
overlying said silicon regions is unreacted; and renoving said unreacted

ni ckel | SARPInY chayfetis fHonmed onvelr ganiickelLkbiyest! i cAdeativenin the
manufacture of said integrated circuit. 17 9. The.. nethod according to
Cl ai m 8 Hehetor ridei wdenl iegi bhe rbckel sand coverl tespths es fjateon

el ectrodes .and associ at ed gource and drain regions. 10. The net hod

accor di WS E 3 8 THer P niLhpatratas; Bhe neABe a5 EACK sexeRti that bhhet oni ¢

| ayer chenmical. vapor_deposjtion. .
y tltanlumrkappfﬁb iayer is formed to a thickness of 100

Angstroms. In both cases, the wafer is annealed in a rapid
thermal process at 700 ©C for one minute. Fig. 5 illustrates
the inter-diffusion of the titanium capping layer through the
nickel layer. This is shown by the drop in titanium
concentration at the surface and spread in the titanium

concentration. Nickel silicide does not form because of the

presence of the native oxide that has not reacted with the

titanium.

Fig. 6 shows that with a titanium capping
layer of 100 Angstroms, nickel silicide is able to form. At
the region 65 between the sputtering time of 500 and 1200
seconds, there is a distinct layer whereby the atomic
concentration ratio of Ni:Si is 1:1. This shows that the

nickel was able to diffuse through the titanium oxide

membrane toward the silicon.

While titanium alone may not be an effective
diffusion barrier to ambient oxygen, titanium nitride is a
better diffusion barrier. In a second preferred embodiment

of the present invention, a double capping layer is deposited

10



11. The method according to Claim8 wherein said native oxide |ayer has a
"thickness of between about 10 and 30 Angstrons. 12. The nethod according to
Claim 8 wherein said nickel layer is sputter deposited to a thickness of
bet ween about 100 and 500 Angstroms. 13. The nmethod according to Claim8
wherein said step of depositing said nickel |layer is perfornmed i mediately
after said step of depositing said titanium nonolayer and wi thout a break
i n vacuum bet ween sai d steps. 14. The nethod according to Caim8 further
conprising depositing a titaniumnitride |ayer overlying said nickel |ayer
wherein said titaniumnitride layer has a 18 thickn.ass of betwe&n about
30 and 30VeAnJRter AFE*kedd LWETei n said titaniumnitride |ayer traps

at nospheri c oxygen. 15. The nethod according to Caim8 wherein said step
of annealing said substrate conprises a rapid thermal annealing at between

about 450 and 650 C. 16. éﬁﬁJH). 3$ri at,j i ckel_.sili igF filmin
the manufacture of an irﬁég\g.ra edfjlclfrézl t fc’pr#p%@?ﬁ'ﬁg‘:eqp?gﬁegﬁ r%g as .
sem condyed é@ﬁ&f@é& A hS T U {6] Ohd Uit Alyiiny dadiferein a
nati ve oxi de | ayer
oxide layer 22 is shown. Now a first layer of titanium 26 is
deposited over the nickel by physical vapor deposition (PVD)
or chemical vapor deposition (CVD) to a thickness of between
about 30 and 300 Angstroms. A second layer of titanium

nitride 28 is deposited over the titanium layer by PVD or CVD

to a thickness of between about 30 and 300 Angstroms.

The oxygen from the atmosphere will react with
some of the titanium nitride film to form titanium oxynitride
(TiON) on the surface of the film 28. With the oxygen
trapped by the titanium nitride layer 28, all of the titanium
in layer 26 is free to diffuse through the nickel to combine
with the native oxide and form titanium oxide during
annealing. As in the first embodiment, nickel silicide is
formed over the gate and source/drain regions, using an RTA
of preferably betﬁeen 550 to 600 <°C. The unreacted nickel
and the titanium/titanium nitride bi-layer is removed,

leaving the silicided areas 30, as shown in Fig. 4.

In a third preferred embodiment of the

invention, before the nickel layer is deposited, at least one
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forms on said silicon regions; depositing a nonolayer of titaniumby atomc
| ayer chem cal vapor deposition overlying said silicon regions to be
silicided; thereafter, without a break in vacuum depositing a nickel |ayer
overlying said titanium nonol ayer; annealing said substrate whereby
titaniumatons fromsaid titani um nonol ayer react with said native oxide

| ayer to formtitani um oxi de and whereby said nickel diffuses through said
titaniumoxide armd is transformed to nickel silicide where it overlies said
silicon regions and wherein said nickel not overlying said silicon regions
I's unreacted;_ and 19 renovi ng, said unreacted nickel |ayer to conplete

for mati orMAOLAY S PEKEL LRI VR 48 AePAsiRe nevaRntRacT PSRt 7H
integrated circuit.

17 2The.neth d according go Claim 16 wherein.said
silicon MITBAE PBIB8 27| FotBaqe bopri SBYBAL SPEPAERT oUeRORNICRRRHEI 2R ed
_ _ _ ] PEEe T ofts® ed
Sl ve onfafefd. °BLEN%e tR1plReaREE R MA6AbTL00 ! Ge A BLAN LG S! * 0 0

19. The ng{bedraccRadi b BQi@EailE}ré(é pher eirfleSAbHol bY@ §§) monol ayer is
deposited by atom c | ayer chem cal vapor deposition. 20. The nethod

accor di ngisogtkatlylexabgeeatedaiit thik®hess for illustration
purposes. Preferably within the same equipment and without
breaking vacuum, a layer of nickel 24 is deposited over the
titanium monolayer 23. It is desired not to expose the
titanium monolayer to air because it will be converted to
titanium oxide upon exposure. The titanium monolayer(s) will
react with the native oxide to form titanium oxide, a
diffusion membrane through which the nickel can diffuse

toward the silicon.

In a fourth preferred embodiment of the
present invention, a titanium monolayer 23 is deposited
underlying the nickel layer 24 as in the third embodiment.
As illustrated in Fig. 9, after the nickel layer is
deposited, a titanium nitride capping layer 28 is deposited
over the nickel iayer. This capping layer will prevent

oxidation of the nickel before and during RTA.
In both the third and fourth embodiments,

nickel silicide is formed over the gate and source/drain

regions by RTA at a temperature of between about 450 and 650

12



| ayer is sputter deposited to a thickness of between about 100 and 500
" Angstrons. 21. The nethod according to Claim 16 further conprising
depositing a titaniumnitride |ayer overlying said nickel |ayer wherein
said titaniumnitride |ayer has a thickness of between about 30 and 300
Angstrons arid wherein said titaniumnitride |ayer traps atnospheric 20
oxygen 22. The nethod according to Claim 16 wherein said step of annealing

said substrate cenprises a rapid thermal annealing at between about™ 450 and
650 C. 21

ALLA Y. A U As. A" AL. As. A& As9. Ay. A" . A AsUy. A3. ALA. As. A" h. As{. AL. AS9. As92N
"Hwk! \ &0, and preferably 550 to 600 °C. The unreacted nickel and

fc/afjcgi E: a] ca] ca] ca] ca] C’%I]]}%&] ca&cﬂaltglae] %'(I;lalU] ca]e(;%%an]e%a}’l] (;a-_]ecaU] cal] cau

gﬁ:ﬁf&a??%’@’] ca] ca ca ca],?c%} %%f@é&%@ ca] ca] caj ca] cal c,aJ calcalcalc
Sk S50 6 60 e i w2
ca] ca] E:)aiscarﬁ:ga‘} &%C@% ‘@%E&%f\ﬁi‘ é’} %g:}ﬁ‘?‘% f%ﬁ%ﬁg%sﬂ&qﬁé celg& cgd cal cal ca]

pushed up to the surface by the nickel silicide formation.

Standard backend processing continues as is
conventional to complete the integrated circuit. For
example, Fig. 10 shows the silicided gate and source/drain
regions 30 covered by a thick dielectric layer 38.
Electrical connections may be made, for example, to one of

the silicided source/drain regions 20 by metal contact 40, as

shown.

The process of the invention provides an
effective method of forming a high quality nickel silicide
film in the presence of native oxide. This saves
manufacturing costs because the wafers need not return to

cleaning equipment to remove the native oxide before

silicidation.
While the invention has been particularly

shown and described with reference to the preferred

embodiments thereof, it will be understood by those skilled

13
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What is claimed is:

14



}siK - 10%m& ()-109&' ()- 10mOonions;

' 510%8' () - FF410%8 () - 3f 210%&' () - 010%1& ()-=h 8i K- KOyGLOY&' () - 10%& () -
109&' ()- S109& ()- @O0%& ()-  10%&' ()-° 109 ()-8q iK-KF@
109%& ()-sO10%& ()-% 109 ()-9 #YL0%& () -
1008 ()-9Y" 109%& () - YI09%&' ()-M KF@ 10%&' ()-s9' 10%& ()- s"10%& ()-"101010y;
s10%' ()-Y5 10%&' ()-Y 4! 10%& ()-Si KF@ 10%&' ()-sY "109& ()-  10%& ()-°
109&' ()-101010f ; s10%&' ()-)"109& ()- $W K- K, 109%&' () - ( -
10%&' ()-& : ! 109&' ()- SFUF109%& ()-! 10%&' ()- L10%& ()-
s10%&' ()-Dfi _UK, 10%& ()-101010" @ S10%& ()- F510%& ()-310%&' ()- 90109& ()-
I”. Y" 10%&' () - 1Boi A metiug OFf £ abovigat)ingsial OnigEl fsANGsde i Lm Gy the |
G 10%& ()-2109%& ()-(; i K-K @ 109 ()- % 109%& () - #f 10%&' ()-!Y" 109%& ()- 9,
@Oo%& ()-1 109@ytastimre Q) "y jntearageth g 1GRito Z@MOLLS iR’ ()- 101010L;

t109%& ()-.Z" 109%& ()-’g &L09&' ()-1a! bC @ 109" 10%& ()- .&10%& ()-. 10 10
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depositing a nickel layer overlying said silicon
regions to be silicided wherein a native oxide layer
forms on said silicon regions underlying said nickel

layer;

depositing a titanium layer overlying said nickel
layer;

annealing said substrate whereby titanium atoms
from said titanium layer diffuse through said nickel
layer and react with said native oxide layer forming
a titanium oxide layer whereby said nickel diffuses
through said titanium oxide layer into said silicon
regions thereby transforming said nickel to nickel
silicide where it overlies said silicon regions and
wherein said nickel not overlying said silicon regions
is unreacted; and

removiﬁg said unreacted nickel layer to complete
formation of said nickel silicide £film in the

manufacture of said integrated circuit.

2. The method according to Claim 1 wherein said silicon

regions to be silicided comprise gate electrodes and
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10z1 52" 10%&' ()-4-10%& ()-nm'10%&' ()- Q. 10%&' ()- @1 109%& ()-s°
109%&' ()-t2w2x2y2z27365"56bC
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3. The method according to Claim 1 wherein said

nickel layer is sputter deposited to a thickness of

between about 100 and 500 Angstroms.

4. The method according to Claim 1 wherein said native

oxide layer has a thickness of between about 10 and 30

Angstroms.

5. The method according to Claim 1 wherein said titanium

layer has a thickness of between about 55 and 200

Angstroms.

6. The method according to Claim 1 further comprising
depositing a titanium nitride layer overlying said
titanium layer wherein said titanium layer has a
thickness of between about 30 and 300 Angstroms and said
titanium nitride layer has a thickness of between about
30 and 300 Angstroms and wherein said titanium nitride
layer traps atmospheric oxygen leaving said titanium

atoms from said titanium layer to diffuse through said

nickel layer.
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7. The-method according to Claim 1 wherein said step of
annealing said substrate comprises a rapid thermal

annealing at between about 450 and 650 <C.

8. A method of fabricating a nickel silicide film in the
manufacture of an integrated circuit comprising:
providing a semiconductor substrate having silicon
regions to be silicided;
depositing a monolayer of titanium overlying said
silicon regions to be silicided wherein a native oxide

layer forms on said silicon regions underlying said

'S EUERINEFTN
unickezllayer;
-~ ‘“

depositing a nickel layer overlying said titanium
monolayer;

annealing said substrate whereby titanium atoms
from said titanium monolayer react with said native
oxide layer to form titanium oxide and whereby said
nickel diffuses through said titanium oxide and is
transformed to nickel silicide where it overlies said
silicon regions and wherein said nickel not overlying
said silicon regions is unreacted; and

removing said unreacted nickel layer to complete
formation of said nickel silicide film in the

manufacture of said integrated circuit.
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9. The-method according to Claim 8 wherein said silicdon
regions to be silicided comprise gate electrodes and

associated source and drain regions.

10. The method according to Claim 8 wherein said

titanium monolayer is deposited by atomic layer chemical

vapor deposition.

11. The method according to Claim 8 wherein said native

oxide layer has a thickness of between about 10 and 30

Angstroms.

12. The method according to Claim 8 wherein said nickel

layer is sputter deposited to a thickness of between

about 100 and 500 Angstroms.

13. The me;hod according to Claim 8 wherein said
step of depositing said nickel layer is performed
immediately after said step of depositing said titanium

monolayer and without a break in vacuum between said

steps.
14. The method according to Claim 8 further comprising

depositing a titanium nitride layer overlying said

nickel layer wherein said titanium nitride layer has a
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thickness of between about 30 and 300 Angstroms and

wherein said titanium nitride layer traps atmospheric

oxygen.

15. The method according to Claim 8 wherein said step of
annealing said substrate comprises a rapid thermal

annealing at between about 450 and 650 <C.

16. A method of fabricating a nickel silicide film in
the manufacture of an integrated circuit comprising:

providing a semiconductor substrate having silicon
regions to be silicided wherein a native oxide layer
forms on said silicon regions;

depositing a monolayer of titanium by atomic layer
chemical vapor deposition overlying said silicon regions
to be silicided;

thereafter, without a break in vacuum, depositing a
nickel layer overlying said titanium monolayer;

annealing said substrate whereby titanium atoms
from said titanium monolayer react with said native
oxide layer to form titanium oxide and whereby said
nickel diffuses through said titanium oxide and is
transformed to nickel silicide where it overlies said
silicon regions and wherein said nickel not overlying

said silicon regions is unreacted; and
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reamoving said unreacted nickel layer to completé
formation of said nickel silicide film in the

manufacture of said integrated circuit.

17. The method according to Claim 16 wherein said

silicon regions to be silicided comprise gate electrodes

and associated source and drain regions.

18. The method according to Claim 16 wherein said native

oxide layer has a thickness of between about 10 and 30

Angstroms.

19. The method according to Claim 16 wherein said

titanium monolayer is deposited by atomic layer chemical

vapor deposition.

20. The method according to Claim 16 wherein said nickel

layer is sputter deposited to a thickness of between

about 100 and 500 Angstroms.

21. The method according to Claim 16 further comprising
depositing a titanium nitride layer overlying said
nickel layer wherein said titanium nitride layer has a
thickness of between about 30 and 300 Angstroms and

wherein said titanium nitride layer traps atmospheric
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22. The method according to Claim 16 wherein said step
of annealing said substrate comprises a rapid thermal

annealing at between about 450 and 650 <C.
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