: noe3eDAR64T4A * 1 THERMAL STABI LI TY | MPROVEMENT OF CoSi 2 FI LM BY STUFFI NG
I N TI TANI UM BACKGROUND OF THE INVENTION ( 1 ) Field of the Invention *G-2*
The.invention relates to the fabrication of integrated c ’ M imes, and
nore particularly, to a nethod of formng a thermally stwmmmm mm“m
silicide filmin the fabrication of integrated circuits. (2)xdggscription of
the Prior Art Cobalt disilicide (CoSi2y is a preferred salicide technol ogy
as CMOS device sizes shrink to 0.18 um and beyond because of its good
per f or neeRAL t $TSBELL TYol YBROVEMENTNOF aCcbEve RIBA BY n®TUFHELNG. Iiobal t
disilicide also has been widely accepted in deep sub-mcron devices to
reduce the contact resistance. RETEBYUMe scal es shrink further and

nol ecul ar processes evolve, the requirenment for cobalt disilicide film
properties beconmes nore stringent. One of the concerns over the cobalt
disilicide (CoSi2) filmproperties is its thermal stability. It is known
that the thernal stabﬁﬁF§9R§PN€b§F2Tﬁ§ £HVERRESY depende hat is, the
thinner the CoSi2 film the nore thermally unstable it %Mm”mmsheet
resi stance of the thin CoSi2 filmcould 2 be increase |y when
it experiepces .a thermal _stress in subsequent processing. Ofowdhe ot her
hand, ?éb Eﬁﬁipoﬂkjﬁh FBH?? RE CoSi 2 thickness nust be decreased. Thus,
the CoSi 2 filmthermal,.stabil or. thin fil iapraved. A nunber
of patents disclose $§03§U§?E¥8%mrﬁ&g&%§ é:_o”%_h?%égt%grﬁa ,0812(%%457 to
Huang eh gl Air3d Q563G NIG e Rl inte 0P8 il AN 19f f ddheg silicon

substrate, "then depositing a titanium /|l ayer "under the cCobalt |ayer. A

si i copehddr JraydienigRPasiddmvary tfadld aydand ayar ak ynde the cobal t
| ayer. A RTA process fornms CoSi 2. U S. Patent 6,083,817 to Nogam et al

t eaches na dHeNGAH didildrle T apdrdwa@erc iomariide cobalt layer. U . S. Patent
6, 025, 267 to Pey et al discloses a titaniumnitride |ayer over the cobalt.
U S. Patent 5,8b9,396 to Pan et al shows a nmethod of form ng cobalt
disilicide. SUMVARY OF THE | NVENTI ON A princi pal object of the present

i nvent () iIRCIF IROAYL RS RV AERd very manufact urabl e net hod of

| nvent it PrORTIE Bri R (BATY & y_menufacturable m |
cirout . 3 A TurtherC T B T LR ST b 450D BTBERTER et hod o
fabr i cagdng: fad hes ol e} abh ecasbabt, sl Ligbdes kL Botherd agii cat i on of

an integrated circuit. anot her object 1s to provide a nmethod of formng

a therrald Yo&fohd encobaté of sitscieeafpéPrbymaist8gwath small
polysilicon and active area line widths. Cobalt disilicide
also has been widely accepted in deep sub-micron devices to
reduce the contact resistance. As device scales shrink
further and molecular processes evolve, the requirement for
cobalt disilicide film properties becomes more stringent.
One of the concerns over the cobalt disilicide (CoSi=2) film
properties is 1ts thermal stability. It is known that the
thermal stability of CoSiz is thickness dependent. That is,
the thinner the CoSi= film, the more thermally unstable it

becomes. The sheet resistance of the thin CoSiz film could



titaniumstuffing technique. In accordance with the objects of the

i nvention a nmethod for formng a thermally stable cobalt disilicide filmin
the fabrication of an integrated circuit is achieved. A sem conductor
substrate is provided having silicon regions to be silicided. A cobalt

| ayer is deposited overlying the silicon regions to be silicided. A capping
| ayer is deposited overlying the cobalg |ayer. The substrate is subjected
to a first rapid thernmal anneal whereby the cobalt is transfornmed to cobalt
monosi | icide where it overlies the silicon regions and wherein the cobalt
not owveel yhegeapedssigrbhicagtbisWhenunt e§¥PRELCHR@S R r ERRTBALcobal t | ayer
and the capping |ayer are renoved' . A tibani n1|g§er %s gepgsited overlying
the coBbFeSHORBSFIPERABCNEYRBFOCEAEFBES t ePPt HB®SOPEET af8RFs £8bj ected to a
second rapid thermal anneal ereby the,caobalt ngsi l,icide ig transforned
to cobﬁh?ganiﬂPEFBéPnEurFﬁﬁm?ﬂﬁéztFéﬁSFBFﬁﬁtPS%? §8n§eFFF3ﬁF M at ons

di ffusg into,_and_are incorporated.i : obal LsLLici i.lm The
{1 tani LRiFay SPSi SOPEfmUAAn SPRSIBT e 5P SEasti 530 Ll REHTS! MY S 381 o
CObaltﬁ@F%k&%ﬁide filmin the manufacture of an integrated circuit. BRI EF
DESCRI "THE DRAW NGS | n the acconpanying draw ngs fornmng a materi al
part of this description, there is shown: Figs. 1 through 7 schematically
illustrate in cross-sectional representation a preferred enbodi nent of the
present invention. Fig p@nsehers ipaalents ldisstloake meithodsoss- sect i onal
representation a conpleted integrated circuit fabricated according to a
pref er Fedmenigodiosant. ofy.ishe patesents , iod2gdiSi7ote Rugngd egr adhi cal |y
illustrates both resistance and non-uniformty as functions of thernmal

cycl es dfigic loara ed emndegadtmy diaig vieo o istearidared @idcade avid iaxrording to
the process of the present invention. 5 DESCRI PTI ON OF THE PREFERRED
EVBODI MENES rEie ,pridess slegfostitang @ drittamivantliaye rcamdesr (ded dabadidy
application in which it is desired to forma cobalt disilicide film

over | yilRySE -si 15 &rl il ey erhd 3 R SerRFS tiRd i9RRantGiheh &% descri bed

for the application in ich 12 1is for verlyin ate electrode and

sour ceelé-“ﬁ}c?f&draé\ "P’éj.gﬁron. e I‘ior?%.cs)ls% (231 aﬁ’eeru'ndg g:lr%\o ﬁ%czftsgst ﬁfeog‘cl%svecﬁcfsﬁoﬁ i s not

limtedq;to tgwépté}pcpld,c%;j ()é\msot_(% Ib}dqsglﬁiap@g.aﬁeg@gcmégg dowdm € particul arly
S S

to Fig. 1, there is 'shown an illustration of a portion of a partially

conpl etrgitt i HARIChE i TLEH # . ovide Qedi capaie t yestibsty 28 e Hdedrse preferably
conposed of silicon having a (100) crystallographic orientation. Gate

el ect r cde0 2%, 2611 so W ae encedrdisclesgons R0taniowm oriediden bawkon t he

sem conductor substrate as is conventional in the art. For exanple, gate

el ect r cutee 1 6t scdieeit f orUmel. cR@EENE N7y &6 YaiW %@ Ran Ferall 4shSvgiedal |
spacers, such as silicon oxide, 18 are formed on the gate. Source and drain
r egi ondeROG -y pkoBHRing t GPRa L EePbhtt Hgt Y% t he type of device to be

fabri cat ed.

SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of

fabricating a cobalt disilicide film in the fabrication of an

integrated circuit.



As shown in Fig. 2, a layer of cobalt 22 is sputter deposited over the
surface of the substrate and the 6 gate electrode to a thickness of
bet ween about 50 and 150 Angstroms. Next, a capping |layer of titanium or
titaniumnitride 24 is deposited over the cobalt |layer to a thickness of
bet ween about 50 and 200 Angstrons. The titaniumor titaniumnitride
capping layer will prevent any foreigmcontam nant invasion during the
first annealing process. Now, the wafer is subjected to a first rapid

t hermal anneal i ng (RTA) erature qf between.about 50 and 650 C for
15 to 90 seconds. Thi & 5Hﬁ§i‘1eirn i99° o Shh@ol}é’l VERRdR8s S dde (CoSi) 26

over LREaRKs 5L RELEAe AN d RSB SUIGR AN Shediaisn as shown 10

ayer contai Nns unreac ti°t ani um or aniumnitride
resi duals-l.l-. ML 3Gl gd 1%0%e tdat@fBr{”B el duid ed %lezt&heéi back
fromthe wafer surface, |leaving t CoSi m 26 over the gate el ectrode 16

and the source and drain regions 20 as shown in Fig. 4. Now, in a key
step, a layer of titanium 30 is deposited over the silicided gate el ectrode

and source and drain rneg it diyakess ©f driviern abthdd @nd 200
Angstrons, as shown in Fig. 5. 7 To conplete the | ow resistance cobal t
silici deoruilmy faorutetanci, 1t hetatefercolsastubi st ek ide of Sevdryd WEIRgtdi s tine
at a tenperature of between about 700 and 900.C, to transformthe cobalt
nmonosi IYidiafa yCegivt fima dirghnidive | icide (CoSi2) 32, as illustrated in Fig.
6. During this RTA, sone of the titaniumatons fromthe titaniumlayer 30
wll diffuse into the cobalt disilicide film 32, thus increasing the

thermal stability of the cobalé@dl Si | lc;a F&E ti tanl m resi due 34 renai ns
overlying the CoSi2 | rAGEOTRARER ot Rt ERPaRRI $EHHVR TJP]% titani um

d h d I d d d d
e shodPTFRHGY & ity a%rebs%'&ra%%%pgo B Fnlle oAt hiascaearE - | 90O
t te I 8 sh
T hi BT B eI cET b of SR o P Ph- FhaRLbF .“%%‘deﬁ'?%?%@%ﬁdg%sﬁ?%& and

RS SRR b cSpRREE o Tyt angeamigy Lo one o
silicon regicns to be silicided. A cobalt layer is deposited
overlying the silicon regions to be silicided. A capping
layer is deposited overlying the cobalt layer. The substrate
is subjected to a first rapid thermal anneal whereby the
cobalt is transformed to cobalt monosilicide where it
overlies the silicon regions and wherein the cobalt not
overlying the silicon regions is unreacted. The unreacted
cobalt layer and the capping layer are removed. A titanium
layer is deposited overlying the cobalt monosilicide layer.
Thereafter the substrate is subjected to a second rapid
thermal anneal whereby the cobalt monosilicide is transformed

to cobalt disilicide. During this transformation, some

titanium atoms diffuse into and are incorporated into the



EXAMPLE The followi ng Exanple is given to show the inportant features of
the i.nvention and to aid in the 8 understandi ng thereof. Variations may
be made by one skilled in the art without departing fromthe spirit and
scope of the invention. The process of the present invention has been

i npl enented. Experinments were perforned in which cobalt disilicide filns
were formed using the process of the Mnvention in which a first titanium
overl ayer was formed over a cobalt layer, a first RTA was performed and the
unreact ed residue was. renpved, a second titaniuml a er of 50 to 200

Angstr%%&?%ﬂféﬂ“%ﬁeﬁ“t'ﬁe cotl t FRMOLR | F YRR, ol RTA was
performed follo renoyal of re A r was made
usi ng PR pnF%%/]é 59 ﬁ&%r%ae*h st ?ﬁn%n?%?ﬁd% e%%’?/“g \'/ées f or med
over S; he unreacted residue
was r?ﬁ%@@?%nﬁe@%%%f%é% \;Fgés\ %@r RE%%%{%% 8?9$%s?stance (Rs) and its
non-uniformty' (RsU) increnents were neasured for each of the sanples
after thermally annealing the sanples ten tinmes at 8 50 C for 30 seconds
(to provide thermal sgress)pe§Cribheostdpdane PRAGESSs the change in sheet
resi stance was an increase of about 33.60 while the change in sheet

resi stance nonuniformty was an increase of about 125.90. For the process
of the present invention, the change in sheet resistance was 9 an

i ncrease of about 4. 3bDnanHet becchpngeing dbeetingestetrmnng aon-uniformty
was an increase of about 3.7%. Because of the titaniumstuffing process of
t he preseatimbvpartonf thim sheeripé&spst anberesimothawhected significantly.
Fig. 9 graphically illustrates the results of the thermal stress testing
descri bed above. Thermal annealing cycle nunbers are shown on the
horizontal axis. Line 91 shows the resistance (on _the |efthand axis) of the
sanpl e made by the stﬁh&érd1p¢@5@§§ha§ ﬁﬁ@ﬁﬂ@ﬁl@ﬁéﬂ§slﬁﬁ@§§5§ée Efne 92
shows the resistance of the sanple nad ry t he process of the invention.

Li ne 95TSREWS °Cired ORaH- 6&PF8Fﬁ|ntt3?t(18H tah(? reif&Htrﬁé‘n&mQPidslj“e& RE &A%l e made
by the_stand Qr e%% as thermal cycles increase. Line 96 shows the

non- un®f &7 ﬁPSy i é sanpl e made by the process of the invention. The
process of the invention provides an effective nethod of form ng CoSi2
especially for shallow junctions and snmall feature sizes by use of a
titaniumlayer over t e golmaldcHannasiddldide duigdigddie igecond RTA t hat
fornms cobalt disilicide. This titanium |l ayer provides a titanium atom

sour ce asush sEdfilsesl inepor dden toobiadnt adicinip I kel fild ttagdedregb e forumitng a
cobalt disilicide having greater thernal 10 stability and, therefore,
much | GRdrigtadead rasdan fhan mRfRied rRIbGbiRgnt disitheinkesenters. The
process of the invention is especially useful for thin silicide |ayers
reqU|rekPW§ﬂt%ﬂﬁﬁ | ow junctions. Wiile the invention has been particularly
shown and described with reference to the preferred enbodi nents thereof, it
wi || be understood by those skilled in the art that various changes in form

and detail's my be Mmde; g (0o agepasiipo {10 ILE AL AOL: SEaREOF the

i nvention. What is clal
and non-uniformity as functions of thermal cycles for samples

made according to a standard process and according to the

process of the present invention.



11 1. A nmethod of fabricating a cobalt disilicide filmin the manufacture
of an-integrated circuit conprising: providing a sem conductor substrate
having silicon regions to be silicided; 5 depositing a cobalt |ayer
overlying said silicon regions to be silicided; depositing a capping |ayer
overlying said cobalt |ayer; subjecting said substrate to a first rapid
thermal 10 anneal whereby said cobalt §s transfornmed to cobalt nonosilicide
where it overlies said silicon regions and wherein said cobalt not

overlying said silicoRscedipadTdN DFUNEEAGREFERRSMO WMBODIMENTWr eact ed cobal t
| ayer and said 15 capping | ayer; depositing a titanium|ayer overlying said
cobalt nonosilicide |ayer; thereafter subjecting said substrate to a second
rapid thermal anneal whereby said cobalt nonosilicide is 20 transforned to

cobalt disilicide; amhe emoaars SHi cktHd trardsemd aiyerertto cxoqdrethes f or mat i on
of said cobalt disilicide filmin the manufacture of said integrated
ci rcuitsed iiP sy Hpp lnetdivicdbracioorwiiinh ticc Gsideslindgers rfom d sil i con
cobalt disilicide film overlying a silicon region. The
process of the invention will be described for the
application in which CoSiz is formed overlying a gate
electrode and source and drain regions. It is to be

understood that the invention is not limited to the

application so illustrated.

Referring now more particularly to Fig. 1,
there is shown an illustration of a portion of a partially
completed integrated circuit. The semiconductor substrate 10
is preferably composed of silicon having a (100)
crystallographic orientation. Gate electrode 16 and source
and drain regions 20 are formed in and on the semiconductor
substrate as is conventional in the art. For example, gate
electrode 16 has been formed overlying a gate oxide layer 14.
Sidewall spacers, such as silicon oxide, 18 are formed on the
gate. Source and drain regions are n-type or p-type,

depending on the type of device to be fabricated.

As shown in Fig. 2, a layer of cobalt 22 is

sputter deposited over the surface of the substrate and the



regions to be silicided conprise gate el ectrodes and associ ated source and
drain regions. 3. The nmethod according to Caiml wherein said cobalt |ayer
is sputter deposited to a thickness of between about 50 and 150 Angstrons.
47 The method according to Claim1 wherein said capping |ayer conprises
titanium sputter deposited to a thickness of between about 50 and 200
Angstrons. 5. The nmethod according togll ai m1 wherein said capping | ayer
conprises titaniumnitride sputter deposited to a thickness of between

about ?thng%%ggré SEEOQBth@ckmgs”‘SEhBQt%%gr QbBQttgodaﬁPm%%o"‘here' n said

first Taprd erna anneal erature of between about

450 angn§20rlms /- ﬁaﬁtmsheqpeeser db0a:! gfﬂt%ahlu}eme&elt@t%aa@mt i tani um

| ayer is spufter deposited to a thickness of between about 50 and 200

Angst r ﬁﬂ’erlde1§48lsTaep6§tﬂ&aé 30l ¢hag cb@;a@talllayérw%r Ql RnSaighesecond
rapid thermal anneal is performed at a tenperature of between about 700 and

900 C. o%. bAtwebhodbelitf dbr bgdt 200 AngeRaldmsdi SiThieCitde ahiihim ior t he
manuf acture of an integrated circuit conprising: providing a sem conductor

subst r atteahavimngisrliideorapedngnd ayve rberisill iprietetit Zngefasidiigng a cobal t
| ayer overlying said silicon regions to be silicided wherein said cobalt

| ayer centhalaenthinvasi®® Avgstordie ddpodi tanmgad iogpmnerdssyer overl yi ng
sai d cobalt
Now, the wafer is subjected to a first rapid

thermal annealing (RTA) at a temperature of between about 450

and 650 ©C for 15 to 90 seconds. This annealing will form

cobélt monosilicide (CoSi) 26 over the gate electrode and

over the source and drain regions, as shown in Fig. 3. Layer

28 contains unreacted cobalt and titanium or titanium nitride

residue.

The unreacted cobalt and titanium residue
layer is etched back from the wafer surface, leaving the CoSi
film 26 over the gate electrode 16 and the source and drain

regions 20, as shown in Fig. 4.

Now, in a key step, a layer of titanium 30 is
deposited over the silicided gate electrode and source and
drain regions to a thickness of between about 50 and 200

Angstroms, as shown in Fig. 5.



| ayer; 10 subjecting said substrate to a first rapid thermal anneal whereby
said cobalt is transforned to cobalt nonosilicide where it overlies said
silicon regions and wherein said cobalt not overlying said silicon regions
i s unreacted; 15 renpving said unreacted cobalt |ayer and said capping

| ayer; depositing a titaniumlayer overlying said cobalt nonosilicide

| ayer; thereafter subjecting said substrate to a second 20 rapid thernal
anneal whereby said cobalt nonosilicide is transforned to cobalt

di silicide; d 14 [ id titanium.| t lete f ti f
disilicide and Lepempuiaa salgl iLenunleer (o arRl g Lopat i on o
10. The, getnod a¢agr dig 196 ai; %u‘Bg%rc b 38 d gLllganghadi & 30 be

silicldsd conpri se gate el ecttodés "and associ at ed §GGr'Ce "and drain regi ons.

11 TEEngEQOQ ‘E%ﬁ@%qja%rteo o Bt %ﬁ:%iugio%iod ag@g%'gto layer d s sputter

deposited to a thiCkness of between about and ngstronms. 12. The

et hog 36609410 OHaILE GioMiRaiin Sl 4 CRAN 1 ke € IISes dd tani um

sputter deposited to a thickness of between about and gstrons. 13.

The methaq .3ca0r digag i1 3Bl WhESIg. SR d DRARRIGN G H3aY HT 16 08 €S
titaniumnitride sputter deposited to a thickness of between about SO and
200 Apgs trhenti théhiukh e v otk e afeditig 40 el aiadPed Wierain saifkddd st rapi d
thermal anneal is performed at a tenperature of

into the cobalt disilicide film 32, thus increasing the

thermal stability of the cobalt disilicide.

The titanium residue 34 remains overlying the
CoSiz layer 32. A second etchback removes the titanium
residue, leaving the completed silicided gate and source and

drain regions, as shown in Fig. 7.

Standard backend processing continues as is
conventional to complete the integrated circuit. For
example, Fig. 8 shows a thick dielectric layer 36 covering
the silicided gate and source aﬁd drain regions. Electrical
connections may be made, for example, to one of the silicided

source/drain regions 20 by metal contact 40, as shown.

EXAMPLE

The following Example is given to show the

important features of the invention and to aid in the



bet ween about 450 and 650 C. 15 15. The nmethod according to Claim?9
wherein said titaniumlayer is sputter deposited to a thickness of between
about 50 and 200 Angstronms. 16. The nethod according to Claim9 wherein
said second rapid thermal anneal is performed at a tenperature of between
about 700 and 900 C. 17. A nethod of fabricating a cobalt disilicide film
in the manufacture of an integrated ci&cuit conprising: providing a

sem conductor substrate having silicon regions to be silicided; 5

depositing a cobalt | ayer overlying said silicon regions to he sjljcided

wher eiuﬁdt?%is&mq qh%FéOfcan Vo")éné%-‘tq{}% DAY P RS r}ﬁf“rscfn%le%b’sﬂt?‘%g a

cappi ng l.ayer_ qverlying said cobalt_I|ayer:; 10 subjecting said substrate to

a1 oP R Ao ARRe Aty Th TR RATE T ARG FEIRT ikl To° cobal

nnnosLIiciqg @@ere it overlies said silicon regions and wherein said cobalt
1lnvenctlorn. . M- . . . .

not overlying said silicon regions is unreacted; 15 renoving said unreacted

cobalt layer and said capping |ayer; depositing a titanium/|layer overlying
sai d cobalt 16 nonosilicide layer; thereafter subjecting said substrate

to a second 20 rapid fRergBbcaEHCSE VRE SPYs SRt Ui kP8Rt 1 oATRASI beehde s
implemented. Experiments were performed in which cobalt'. )
disilicide films were formed using the process of the
invention in which a first titanium overlayer was formed over
a cobalt layer, a first RTA was performed and the unreacted
residue was removed, a second titanium layer of 50 to 200
Angstroms was formed over the cobalt monosilicide, and a
second RTA was performed followed by removal of the titanium
residue. A control was made using a standard process 1in
which a first titanium overlayer was formed over a cobalt

layer, a first RTA was performed and the unreacted residue

was removed and a second RTA was performed.

Sheet resistan;e.(Rs) and its non-uniformity’
(RsU) increments were measured for each of.the samples after
thermally annealing the samples ten times at 850 <C for 30
seconds (to provide thermal stress). For the standard
process, the change in sheet resistance was an increase of
about 33.6% while the change in sheet resistance non-
uniformity was an increase of about 125.9%. For the process

of the present invention, the change in sheet resistance was



transforned to cobalt disilicide wherein titaniumatons fromsaid titanium
| ayer diffuse into said cobalt disilicide thereby increasing thernal
stability of said cobalt disilicide; and 25 renoving said titaniumlayer to
conplete formation of said cobalt disilicide filmin the manufacture of
said integrated circuit. 18. The nethod according to Claim17 wherein said
silicon regions to be silicided conprise gate el ectrodes and associ at ed
source and drain regions. 19. The nethod according to Caim 17 wherein said

cobalt layer is sputter deposited to a thickness of between about 50 and
150 ARBsEREXEaS20OITREONE Hod %adddr ey chEnGrRailm EheRfteresd s§ardecappi ng

| ayer congrtses titani um sputter depos'%&% to_a_thickness of bhetween about
50 anBOROYTARGIMLSHE Was1 ADTREGTERRE Cdc APt G 16 - &RrREFewREr &% sai d
cappi ng, layer c ri.ses titaniummnitride sputter 7 depqsi,ted to a

t hi ckﬁg§ néfmbét%\%ggﬁngbgﬁtocbeﬁsar? fg't? Rﬁ&#?&r&nv .ltl?ﬁlé bd accordi ng
to d ai 7 r.gl aisd fiJst fHH r I-g@gﬁﬁl is performed at a
terrpergg?&ﬂ:er\g%qggdtav%e%n lg'bo@'[éfsg ar}%&G% : ff' : € ‘met hod accor di ng to
Claim 17 wherein said titaniumlayer is sputter deposited to a thickness of
bet ween about 50 and 200 Angstrons. 24. The nethod according to Claim 17

wherein said second rmip d 4 hefapi caleal i i uperdagmthatresdiipeyat ure of
bet ween about 700 and 900 C. . ASN& ANL

the thermal stress testing described above. Thermal
annealing cycle numbers are shown on the horizontal axis.
Line 91 shows the resistance (on the lefthand axis) of the
sample made by the standard process as thermal cycles
increase. Line 92 shows the resistance of the sample made by

the process of the invention.

Line 95 shows the non-uniformity (on the
righthand axis) of the sample made by the standard process as
thermal cycles increase. Line 96 shows the non-uniformity of

the sample made by the process of the invention.

The process of the invention provides an
effective method of forming CoSiz especially for shallow
junctions and small feature sizes by use of a titanium layer
over the cobalt monosilicide during the second RTA that forms
cobalt disilicide. This titanium layer provides a titanium
atom source which diffuses into the cobalt disilicide film

thereby forming a cobalt disilicide having greater thermal
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1. A method of fabricating a cobalt disilicide film in
the manufacture of an integrated circuit comprising:

providing a semiconductor substrate having silicon

regions to be silicided;

depositing a cobalt layer overlying said silicon

regions to be silicided;

depositing a capping layer overlying said cobalt
layer;

subjecting said substrate to a first rapid thermal
anneal whereby said cobalt is transformed to cobalt
monosilicide where it overlies said silicon regions and
wherein said cobalt not overlying said silicon regions
is unreacted;

removing said unreacted cobalt layer and said
capping layer;

depositing a titanium layver overlying said cobalt
monosilicide layer;

thereafter subjecting said substrate to a second
rapid thermal anneal whereby said cobalt monosilicide is
transformed to cobalt disilicide; and

removing said titanium layer to complete formation
of said cobalt disilicide film in the manufacture of

said integrated circuit.
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2. The method according to Claim 1 wherein said silicon
regions to be silicided comprise gate electrodes and

associated source and drain regions.

3. The method according to Claim 1 wherein said cobalt
layer is sputter deposited to a thickness of between

about 50 and 150 Angstroms.

_ 4. The method according to Claim 1 wherein said capping
layer comprises titanium sputter deposited to a

thickness of between about 50 and 200 Angstroms.

5. The method according to Claim 1 wherein said capping
layer comprises titanium nitride sputter deposited to a

thickness of between about 50 and 200 Angstroms.

6. The method according to Claim 1 wherein said first

rapid thermal anneal is performed at a temperature of

between about 450 and 650 <C.

7. The method according to Claim 1 wherein said titanium
layer is sputter deposited to a thickness of between

about 50 and 200 Angstroms.
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between about 700 and 900 <C.

9. A method of fabricating a cobalt disilicide film in
the manufacture of an integrated circuit comprising:

providing a semiconductor substrate having silicon
regions to be silicided;

5 depositing a cobalt layer overlying said silicon
regions to be silicided wherein said cobalt layer can
be as thin as 50 Angstroms;

depositing a capping layer overlying said cobalt
layer;

10 subjecting said substrate to a first rapid thermal
anneal whereby said cobalt is transformed to cobalt
monosilicide where it overlies said silicon regicns and
wherein said cobalt not overlying said silicon regions
is unreacted;

15 removing said unreacted cobalt layer and said
capping layer;

depositing a titanium layer overlying said cobalt
monosilicide laver;
thereafter subiecting said substrate to a second
20 rapid therﬁal anneal whereby said cobalt monosilicide is

transformed to cobalt disilicide; and
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10. The method according to Claim 9 wherein said silicon
regions to be silicided comprise gate electrodes and

associated source and drain regions.

11. The method according to Claim 9 wherein said cobalt

layer is sputter deposited to a thickness of between

about 50 and 150 Angstroms.

12. The method according to Claim 9 wherein said capping
layer comprises titanium sputter deposited to a

thickness of between about 50 and 200 Angstroms.

13. The method according to Claim 9 wherein said capping
layer comprises titanium nitride sputter deposited to a

thickness of between about 50 and 200 Angstroms.

14. The method according to Claim 9 wherein said first
rapid thermal anneal is performed at a temperature of

between about 450 and 650 <C.
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16. The method according to Claim 9 wherein said second

rapid thermal anneal is performed at a temperature of

between about 700 and 900 <C.

17. A method of fabricating a cobalt disilicide £film in
the manufacture of an integrated circuit comprising:

providing a semiconductor substrate having silicon
regions to be silicided;

5 depositing a cobalt layer overlying said silicon
regions to be silicided wherein said cobalt layer can be
as thin as 50 Angstroms;

depositing a capping layer overlying said cobalt
layer;

10 subjecting said substrate to a first rapid thermal
anneal whereby said cobalt is transformed to cobalt
monosilicide where it overlies said silicon regions and
wherein said cobalt not overlying said silicon regions
is unreacted;

15 removing said unreacted cobalt layer and said
capping layer;

depositing a titanium layer overlying said cobalt
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monosilicide layer;
thereafter subjecting said substrate to a second

20 rapid thermal anneal whereby said cobalt monosilicide is
transformed to cobalt disilicide wherein titanium
atoms from said titanium layer diffuse into said cobalt
disilicide thereby increasing thermal stability of said
cobalt disilicide; and

25 removing said titanium layer to complete formation

of said cobalt disilicide film in the manufacture of

said integrated circuit.

18. The method according to Claim 17 wherein said

silicon regions to be silicided comprise gate electrodes

and associated source and drain regions.

19. The method according to Claim 17 wherein said cobalt

layer is sputter deposited to a thickness of between

about 50 and 150 Angstroms.

20. The method according to Claim 17 wherein said
capping layer comprises titanium sputter deposited to a

thickness of between about 50 and 200 Angstroms.

21. The method according to Claim 17 wherein said

capping layer comprises titanium nitride sputter
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rapid thermal anneal is performed at a temperature of

between about 450 and 650 <C.

23. The method according to Claim 17 wherein said
titanium layer is sputter deposited to a thickness of

between about 50 and 200 Angstroms.

24. The method according to Claim 17 wherein said second

rapid thermal anneal is performed at a temperature of

between about 700 and 900 <C.



