1 4 DEC 2t 85 A NOVEL METHOD OF COBALT SI LI CI DATI ON USI NG AN OXI DE- TI TANI UM |
| NTERLAYER 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 nethod of formng a high quality cobalt sili'cide

filmin the fabrication of integrated circuits. (2) Desgr%qjg[?mﬁ t he
Prior Art Cobalt disilicide (CoSi2) is a preferred salici ol ogy as
CMOS device sizes shrink to 0.18 um and beyond because of its good

performancg whifr, SEddop RA YeBhi.eoprandivwtioe WERE NnexwDE:nsTAN@I Of the
main pursuits in Co silicidation is to obtain a CoSiz filmwth high
quality to neet the requirenent of INDWRLAYERI on | eakage. As transistor size
is further scaled down, this requirenent wll becone nore stringent.

Hence, new approaches need to be explored towards this purpose. It has

been reported that an interla er 0 xi de between the cobalt
and the silicon substrzﬂ%ﬁqﬁ U§Dtﬁﬁaﬂkﬁnf%§%@ﬁ§§§ can form a

(1) Field of the Invention

The invention relates to the fabrication of
integrated circuit devices, and more particularly, to a
method of forming a high quality cobalt silicide film in the

fabrication of integrated circuits.

(2) Description of the Prior Art

Cobalt disilicide (CoSiz) is a preferred
salicide technology as CMOS device sizes shrink to 0.18 um
and beyond because of its good performance with small
polysilicon and active area line widths. One of the main
pursuits in Co silicidation is to obtain a CoSi= film with
high quality to meet the requirement of }ow junction leakage.
As transistor size is further scaled down, this requirement
will become more stringent. Hence, new approaches need to be
explored towards this purpose. It has been repofted that an
interlayer of thin silicon oxide between the cobalt and the
silicon zubstrate plus a titanium cap laver can form a
diffusion membrane between the Co film and the silicon,

thereby enhancing an epitaxial growth of CoSi= film and




di f fusi on nenbrane between the Co filmand the silicon, . thereby enhancing
an epitaxial growh of CoSi2 filmand 1 14 DEC 20105 therefore el evating
CoSi2 filmquality. U'S. Patent 6,037,254 to Hong discloses a silicon

oxi de layer underlying the cobalt Iayer as discussed above. U S. Patent
5,710,438 to Oda et al teaches an ion inplant into cobalgt tﬁﬁqyggannealing
to renove the native oxide filmunderlying the cobalt éy% Pat ent

6, 022,457 to Huang et al discloses cleaning the native OXIde | ayer off the
silicon substrate, then depositing a titanium |ayer under the cobalt

| ayer. A sithéepdifdmyecrelemythegdepdsi tedirnovwaltibg.titani um | ayer and under
the cobalt layer. U S. Patent 5,736,461 to Berti et al teaches a titanium
nitride or titaniumtungsten capping |ayer over the cobalt. U S. Patent
6,004,879 to Hu et al discloses sputterin Oy in order to formcobalt
silicide. SUMWARY OF THEURVERATERE £ 417 %%ItOOHPEEtdb?C]tqfeeﬁ)raesent

nvention is, Lo prov]ds an effgct] v, and v eionTanylagt ur 2014 JERldag of

above. U.S. Patent 5,710,438 to 0O0da et al teaches an ion
iﬁplant into cobalt before annealing to remove the native
oxide film underlying tﬁe cobalt layer. U.S. Patent ‘
6,022,457 to Huang et al discloses cleaning the native oxide
layer eff the silicon substrate, then depositing a titanium
layer under the cobait layer.r A silicon layer may be
deposited over the titanium layer and under the cobalt layer.
U.S. Patent 5,736,461 to Berti et al teaches a titanium -

| nitride or titanium tungsten capping layer over the cobalt.
U.S. Patent 6,004,879 to Hu et al discloses sputtering

CoSi.0y in order to form cobalt silicide.
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.

A further object of the invention is to

provide a method of fabricating a high quality cobalt




fabricating a cobalt disilicide filmin the fabrication of an integrated
circuit. A further object of the invention is to provide a nethod of
fabricating a high quality cobalt 2 14 DEC 21 disilicide filmin the
fabrication of an integrated circuit. Yet another object is to provide a
met hod of ~ formng a high quality cobalt disilicide fil m1%wsg

oxi de-titani um underl ayer. Yet another object is to provi‘d frod of
formng a high quality cobalt disilicide filmby using an oxide-titanium
underlaye Lt ani b0 ] y rd n th the
obj ect s of 1(E"l%i&r%veﬁ ;ngnnlrg M‘% %gdé&?lgglt grrirﬁ!)iil1 il %ntr%?%%ﬁ%l i t%yggo#lt
disilicide filmin the fabrication of an |ntegrated circuit is achieved. A
sem conductor substrate is provided having silicon regions to be
silicided. A thermal oxivyet |ayahdrS obgeownioOves lpddgddhe serheangdect or
substrate. A titanium |ayer is deposited overlying the thermal oxide

| ayer. A forming a high quality cobalt disilicide film by using an

oxide-titanium underlayer.

Yet another object is to provide a method of
forming a high quality cobalt disilicide film by using aﬁ
oxide-titanium underlayer and a titanium nitride capping'

layer.

In accordance with the objects of the

invention a method for forming a high guality cobalt

disilicide film in the fabrication of an integrated circuit ' %

is achieved. A semiconductor substrate is provided having
silicon regions to be silicided. A thermal oxide layer is
grown overlying the semiconductor substrate. A titanium
layer is deposited overlying the thermal oxide léyer. A
cobalt layer is deposited overlying the titgpium layer. A
titanium nitride capping layer is deposited over the cobalt
layer. The subsirate is subjected to-a first répid thermal
anneal whereby the cbbalt 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



~cobalt layer is deposited overlying the titaniumlayer. A titaniumnitride
capping |l ayer is deposited over the cobalt |ayer. The substrate is
subjected to a first rapid thermal anneal whereby the cobalt is
transforned to cobalt nonosilicide where it overlies the silicon regions
and wherein the cobalt not overlying the silicon regi ong jszEEurEm??ct ed.
The unreacted cobalt |ayer and the capping 3 1 4 DEC 2B ayer “are
renoved. The substrate is subjected to a second rapid thernal anneal

wher eby t heagebaite mavesield.ci Ube i subdtrartst drsmsdbtiectetbatd aissiddangi de to
conplete formation of a cobalt disilicide filmin the manufacture of an

i nt egr at edragiq cihermeBREepRepE SRR P ONTEF cpla 1DRAVRREEL 1 ¢idchd sacconpanyi ng
drawings formng a nateri al Eart of . this description, there is shown: Figs.

1 through BF3RHEwEIGEHA FOPPIhstt st bitifle dosomedetrofafmdteitesdnt ation a

pref orred enbadi fient; o the. PrERel VSN PheeRlY of SEMEIRILCALLY

circuit.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 4 schematically illustrate in
- ecross-sectional representation a preferred embodiment of the

present invention.

Fig. 5 schematically illustrates in
cross—-sectional representation a completed integrated circuit
fabricated according to a preferred embodiment of the present

‘invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The process of the present invention can he

used in any application in which it is desired to form a

cobalt disilicide film overlying a silicon region. The




cross-sectional representation a conpleted integrated circuit fabricated
according to a preferred enbodi nent of the present 'invention. DESCRI PTION
"OF THE PREFERRED EMBODI MENTS The process of the present invention can be
used in any application in which it is desired to forma cobalt disilicide

filmoverlying a silicon region. The 4 1 4 DEC 20-555 pracggiggfﬂ@@e
invention will be described for the application in whic f &fJfornEd
overlying a gate electrode and source and drain regions. is to be

under st ood that thej%qxgng n£§0go$liirg ch bhg fﬁppéﬁﬁallon SO

i 11 ustrat ed?*Pe¥e 1 Now nor e particular 'y ere i s shown an

Llustrati ofopl; il Nl A @@é‘,%i ai%)yfoﬁ%pb%egym&egr@é@éﬂ circuit. The

sem conduct 0 strate 10 1s preferably conposed of Silicon having a

(100) crystabéogs@phing ebheBbabh@ndr&at e fielkr.odetr16sans wource and
drain regions 20 are fornmed in and on the sem conductor substrate as is
convent i onalnder ¢t drthatFgheekanpheiomaise not limited to the

application so illustrated.

Referring now more particularly to Fig. 1,
there: is shown an illustration of a portion of a partié;ly
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 laver 14.
‘Sidewall spacers, such as silicon oxide, 18 are formed on the
gate. Source and dfain regions are n-type or p-type,

depending on the type of device to be fabricated.

As shown in Fig. 2, a very }hin layer of
thermal oxide 22 is grown on the silicon substrate and
overlying the gate electrode. This.thin oxide layer has a
thickness of between about 10 and 30 Angstroms. It will be

- understood that the thickness of the laver 22 has been

exaggerated in the figures for clarity.




el ectrode 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 very thin layer of thermal oxide 22 is

grown on the silicon substrate and overlying the gate electdéﬁgi This thin
oxi de | ayer has a thickness of between about 10 and 30 Ardgbt ¢ witll
be wunderstood that the thickness of the |layer 22 has been exaggerated in

the figures for cIarity.¥$%€flg]%gi%;&ggéhiuﬂ %%}éktjgeyy ggﬁkgggr 24 is

sputter deposited over e "t hi n"oxi ayer to a thickness of between

about 30 g %ﬁjs%eﬁf‘gé&oﬂﬁe «}@f%%i%% ange2425 OfdN a ardicihesisons menbr ane

| ayer over e silicon and underlying the cobalt |ayer to be subsequently

deposi t ed., 4, ddie sBHLEr 36T dnd AV MHigde rbager uagers cobaldd 2i4s favei ded or
el imnated. Titaniumhas dual roles of diffusion barrier and oxide
Bet t eri ng.a lqi fifke iphotzessrade tlayermpoyegnthiengdhi ¢on, anchandesd#arJdoxi de

| ayer is deliberatel{ .
the cobalt layer to be subsequently deposited.

In the prior art, any oxide layer under cobalt
is avoided or eliminated. Titanium has dual roles of
diffusion barrier and oxide gettering. In the process of the
present invention, the thermal oxide layer is”deliberately
formed and is desired. The oxide layer reacts with the
titanium interlayer to form a diffusion membrane. Moreqver,
a certain ratio of titanium to oxide is required to form a

high quality CoSi= film for a given thickness of oxide.

Referring now to Fig. 3, a layer of cobalt 26
is sputter deposited over the titanium layer to a thickness
of between about 80 and 170 Angstroms. Next, a capping layer
.of titanium nitride 28 is deposited over the ‘cobalt layer to
a thickness of between about 100 and 250 Angstroms. The
titaniﬁm nitride capping layer will érevent any foreign
contaminant invasion during the first annealing process. A
‘titanium capping layer would result in additional consumption
of cobalt to form CoTi compounds during the first annealing |

process. The titanium nitride capping layer prevents this




formed and is desired. The oxide layer reacts with the titaniuminterlayer
to forma diffusion nenbrane. Mreover, a certain ratia of titaniumto
oxide is required to forma high quality CoSi2 filmfor a given thickness
of oxide. Referring nowto Fig. 3, a layer of cobalt 26 is sputter

deposited over the titaniumlayer to a thickness of bet : he 80 and‘
170 Angstrons. Next, a capping layer of titaniun1nitridgFggDﬁgqﬁé%osited
over the cobalt layer to a thickness of between about 100 and 250

Angst T oms. Ty JLANIURLObEL SR SARMYULd BKAN atbd |1 ARV EN ANpuber el gn

cont am nant“invasion during the first annealing process.. A titanium

cappi ng | aygt, wous rt%ﬁ%hkat@r@dﬁécidm coRpavaRt tONhf reeRalredt ankar m
CoTi conpounds during the first annealing process. The titaniumnitride
cappi ng | ayghe pE&tEHS ks Bodpdi £AC t2A&andddi.t i onal consunption of cobalt
and also leads to a lower annealing tenperature required conpared to that
requi red when the capping |ayer conprises titanium Now, the wafer is

subjected to a first rapid thernal annealin%_(RTA at a:pﬂ%per th%n
conventi onal Now, the wafer is subjected to a first rapi

thermal annealihg (RTA) at a higher than conventional
temperature of between about 650 and 775 °C and preferably of
about 700 <C for 30 to 60 seconds. This annealing wili_form
cobalt monosilicide (éoSi) 30 over the gate electrode and‘
over the source and drain regions, as shown in Fig. 4. The
high temperature annealing will enable conﬁrolled diffusion
of cobalt through the diffusion membrane of Tix85is0=, fqrmed
by the titanium and silicon oxide underlayers 22/24. The
controlled diffusion slows down the inter-diffusion flux rate
between cobalt and silicon atoms to allow an. epitaxial
alignment of CoSiz film with the silicon substrate. During
the first RTA, a chemical compound of TixSiy0. will be formed
as a diffusion membrane. This diffusion membrane will be

removed at the later etchback step.

The titanium nitride capping 1éyer and the
unreacted cobalt léyer are stripped from the wafer surface,
" leaving the CoSi f£ilm 30 over the gate electrode 16 and the
source and drain regions 20, as shown in Fig. 4. This |

etchback step also removes the Ti»SiyO» diffusion membrane.



t enperature of between about 650 and 775 C and preferably of about 700 C
for 30 to 60 seconds. This annealing will, form cobalt- _nonosilicide (CoSi) -
30 over the gate electrode and over the source and drain regions, as shown
in Fig. 4. The high tenperature annealing will enable controlled diffusion
of cobalt through the diffusion nenbrane of TixSi yOx, formfgylg%ﬂ&ﬁe
titanium and silicon oxide underl ayers 22/24. The cont rdl i““f-usi on
slows down the inter-diffusion flux rate between cobalt and silicon atons

to allow an epi taxial  aljgnamgh e GRS 2cii LELN Lot kogn subs rate

During the first RTA a c conmpoun I XSIyOz w be fornmed as a

di f f usi on renly apemathbs, didd Ui MRNMBGBHECYEE | tden JivvedTal thss | ater
. etchback step. The titaniumnitride capping |ayer and the unreacted cobalt

| ayer are stimieppedaf renpéhetwed eyf derthveea, abbetvihy dmk 869SPCEi ton 30 over
the gate el ectrode 16 and the source and drain regions 20, as_shown in
Fig. 4. Thitranstfopatkeseeprbl seonasidieddeheCad kb yOcohdilif diFohlfktbr ane.
7 1 4 DEC %%%%g.%o conplete the | ow resi stance cobalt silicide ‘

Standard backend processing continues as is
conventional to complete the integrated circuit. For
example, Fig. 5 shows a thick dielectric layer 36 coverihg
the silicided gaﬁé and source and drain regions. Electrical
connections may be made, for example, to one of the silicided

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

An X-ray diffraction (XRD) analysis of the
CoS8i= formed using the process of the invention shows a
silicide formed with "epitaxial" quality, which is very high
quality. Also, surface roughness of this salicide film is
lower than surface roughness of a salicide film formed

without the oxide-titanium interlayer.

The process of the ihvention prbvides an
effective method of forming CoSi-» especially for shallow
“dunctions and small feature sizes by use of an oxide-tiﬁanium
interlayer. This interlayer benefits the diffusion

membrane formation and provides better control of the cobalt-




filmformation, the wafer is subjected to a second RTA, this tine at a
‘tenperature of between about 750 and 850 C, to transformthe cobalt.
monosi | icide (CoSi) to cobalt disilicide (CoSiz). Standard backend
processing continues as is conventional to conplete the integrated
circuit. For exanple, Fig. 5 shows a thick dielectric Igwfﬁnig ggzering
the silicided gate and source and drain regions. Electri #H' tions
may be nmade, for exanple, to one of the silicided source/drain regions 20
by netal contact 40, as shown. An X-ray di ffraction XRD anal ysis of the
CoSi 2 forrﬁ&i%ﬁﬂ“ndn¢ﬁ§ ProERsoRf e iTERIIBN S hEHES SC2RR INTildd *For ned

wth "epitaxial"” which is hi qua urface
roughness RFCHHHEE §§V|%¥8§l??l?ﬁ?gﬁm33§h§'qgﬁgﬁlgﬂr %%m¥d§5hne§§tof a
salicide filmforned wthout the oxide- titaniuminterlayer. The process of

t he inventlonxﬁgbV| es an effective method of form ng CoSiz especially for

shallow junctions and small feature sizes by use of an oxide-titanium
interlayer. This interlayer benefits the diffusion nmenbrane formation and
provi des better control w@hilbetkhebibtention has been particularly

shbwn and descriﬁed with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that varicus changes in form and details may.be'
made without departing”from the spirit and scope of ther

invention.




8 1 4 DEC 2B3 silicon inter-diffusion. The titaniumnitride capping |ayer
prevents any foreign contaminant invasion during the first RTA process.

“While the invention has been particularly shown and described with
reference to the preferred enbodinents thereof, it will be understood by
those skilled in the art that various changes in forn1aqq%jﬂy?%h%}nay be
made w t hout departing fromthe spirit and scope of the i i 9 What
is clained is: 1. A nethod of fabricating a cobalt disilicide filmin the
manuf acture of an integrated circuit conprising: providing a sem conductor
substrate having siIiCon regions to be silicided; grow ng a thermal oxide
| ayer %ﬁe g said_ sem conductor substrate mhereln sai d thermal oxide

| ayer '$ede Fb rat8FY +9fmed;: depositing a titaniumlayer overlying said

t her mal. oxi de
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;
growing a thermal oxide layer overlying saild
éemiconductor substrate wﬁérein said thermal
oxide layer is deliberately forméd;
depositing a titanium layer cverlying said thermal oxide
layer wherein said thermal oxide layer and said titanium Iayer
together form a diffusion membrane overlying said silicon
regions;
depcsiting a cobalt layer overlying said titanium layer;
depositing a titanium nitride capping layer overlying
salid ceobalt layer; |
subjecting said substrafe tc a first rapid'thermal anneal
wherein sald thermal oxide layer.reacts‘with said titanium layer
and said silicon regions to form a Ti,Si,0, diffusion membfane
wherein said cobalt diffuses througﬁ said diffusion membrane in a
controlled manner wherein composition and thickness of said |

diffusion membrane is known and whereby said cobalt is

10




| ayer wherein said thermal oxide |ayer and said titaniumlayer together
forma diffusion nenbrane overlying said silicon regions; depositing a
cobalt layer overlying said titaniumlayer; depositing a titaniumnitride
capping | ayer overlying said cobalt |ayer; subjecting said substrate to a
first rapid thermal anneal wherein said thermal oxide | yqug 2@&2 W th
said titaniumlayer and said silicon region's to forma {5 i ffusion
menbrane wherein said cobalt diffuses through said diffusion nenbrane in a
controll ed manner wherein conposition and thickness of said diffusion
menbrane i s known and wher eby said cobalt is 10 14 DEC 235 transforned to

cobalttqug%%gad@o}ﬂ@sﬁgmtm 8L1168 RALL Al 1208y oLegLONS, ARG, WELA N

sai d coba not over sal icon regions is unreacted; renoving said
unr eact ed cogal gng {@eéqg%ter subj ecting said substrate to a
second “FapLd ?Herna? nnea Whereby said cobalt nonosilicide is

transforned to I gl icide to complete formation of said cobalt
dls|||@p&eoverlyln aid silicon redgions 'Ls uhreacted;

removing said unreacted cobalt layer; and

thereafter subjeciing said substrate to a second rapid
thermal anneal whereby said cobalt monosilicide is transfo;med to
éobalt disilicide to compiete formation of said cobalt disilicide

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 associated source

and drain regions.

3. The method according to Claim 1 wherein said thermal oxide
laver is grown to a thickness of between about 10 and 30

Angstroms. =
4, The method according to Claim 1 wherein said titanium layer is

sputter deposited to a thickness of between about 30 and 100

Angstroms.

11




filmin the manufacture of said integrated circuit. 2. The nethod according
to.Cdaim1l wherein said silicon regions to be silicided conprise gate

el ectrodes and associ ated source and drain regions. 3. The nethod
according to Claim1l wherein said thernal oxide layer is grown to a

t hi ckness of between about 10 and 30 Angstroms. 4. The net?gﬂg?%ﬁﬁrding to
Claiml wherein said titaniumlayer is sputter deposited tdiitkness of
bet ween about 30 and 100 Angstrons. 11 1 4 DEC 295 5. The method accordi ng
to Caim1l wherein said cobalt layer is sputter deposited to a thickness
of between about 80 and 170 Angstrons. 6. The nmethod according to Caim1l

wher ei salid first .;rapid .thernal nneal i.s perforned t erature of
bet ween "a b&tm§§§Odaﬁ C?%%ﬁ?f b Cﬁ%ﬁ@nal%&fr%égbﬁ gﬁgcgéagfafﬁyﬁth%rein

said capping titanium nitride Jayer is ved durin id st of
renovi ngSaid CEAPBALTAd"Cobalt (Hye of Detween 2boit 80 and £F0
Angstroms.

6. The method according £o Claim 1 wherein said first rapid

thermal anneal is perfotmed at artemperature of between about 650

and 775 °C.

7. The method according to Claim 1 wherein said capping titanium
nitride layer is removed during said step of removing said

unreacted cobalt layer.

8. The method according to Claim 1 wherein said second rapid

thermal anneal is performed at a temperature of between about 750

and 850 °c,

9. A method of fabricating a cobalt disilicide f£ilm in the
manufacture of an integrated circuit comprising:
providing a semiconductor substrate having silicon

regions to be silicided;
" 12




8. The met hod according to Caim1 wherein said second rapid thernal
anneal is perfornmed at a tenperature of between about 750 and 850 C-9. A -
met hod of fabricating a cobalt disilicide filmin the manufacture of an
integrated circuit conprising: providing a sem conductor substrate having
silicon regions to be silicided; 12 14 DEC 20-25 gromﬁn%dﬁlmgfkgﬁi oxi de
| ayer overlying said sem conductor substrate wherein saild’t oxi de

| ayer is deliberately fornmed; depositing a titaniumlayer overlying said
thermal oxide |ayer wherein said thermal oxide |ayer and said titani um

| ayer together forma diffusion nenbrane overlying said silicon regions;

depositing a 00895&1£3y§rt£@%ﬁéﬁ“6Elé%ﬂﬂ$y%kt%Qbymghﬁ?egéiddeposfFing_a
titaniumnitride capping |ayer overlying said co | ayer; subjecting

sai d Sgggﬁg ub0o8 £u15§{r @éﬁbﬁ%@aﬁ”@%@kmgﬁ 0@ihEMPLLAL UL £ of greater

t han. ereln sai d oxi d
deliberately formed;

depositing .a titanium layer overlying said £ﬁermal oxide
layer wherein said thermal oxide layer and said titanium layer
together form a diffusion membrane overlying said silicon
iegions;
depositing arCobalt layér overlying said titanium laver;
depositing a titanium nitride capping laver overlying
said cobalt layer:
| subjecting said substrate te a first rapid thermal anneal at
a temperature of greater than 650 °C wherein said thermal oxide
layer reacts with said titanium layer and said silicon regions to
form a Ti,Si,0, diffusion membrane wherein said cobalt diffuses
through said diffusion membrane in a controlled manner wherein
composition and thickness of said diffusion mefbrane is known and
. whereby said cobalt is transforﬁed to cobalt monosilicide where
it overlies said silicon regions and wherein said cobalt ﬁqt
overlying said silicon regions is unreacted;
removing said unreacted cobalt layer; and
theresafter subéecting said substrate to a second rapid

thermal anneal whereby said ccbalt monosilicide is transformed to’
13




| ayer reacts with said titaniumlayer and said silicon regions to forma
Ti YSI"QZ diffusion nenbrane wherein said cobalt diffuses - through sai.d

di ffusion nenbrane in a controll ed manner wherein conposition and thickness
of said diffusion nmenbrane is known and whereby said cobalt is transforned
to cobalt nonosilicide where it overlies said silicon regj gﬁg,mherein
said cobalt not overlying said silicon regions is unrea&tégﬁgb ¥ing said
unreacted cobalt |ayer; and thereafter subjecting said substrate to a
second rapid. thermal anneal whereby said cobalt nonosilicide is
transfornmed to' 13 1 4 DEC 2&15 cobalt disilicide to conplete formation of

said cobalt disilicide fj in the t yr e -of id.| g . circuit.
To. - The Rt ol Sedoriingtt oo el T o ane o o dar FebR Fourt it i be
silicided conprise gate e| ectrodes and associ ated.source and drain

g ond 11 L ATHESBAABE SECET Gt ARG Gl BPH Sai d ther mal | oxi de
| ayer is grown to a thickness of between about 10 and 30 Angstrons. 12.
The net hod according to daim 10 wherein said titaniun1|ayer

10. The method according to Claim 10 wherein said silicon regions
to be silicided comprise gate electrodes and associated source

and drain regions.

il. The method according to Claiﬁ 10 wherein said thermal oxide
layer is grown to a thickness of between about 10 and 30

Angstroms.

12. The method according to Claim 10 wherein said titanium layer
is sputter deposited to a thickness of between about 30 and 100

Angstroms.
13. The method according to Claim 10 wherein said cobalt layer is

sputter depcsited te a thickness of between about 80 and 170

Angstroms.

14




is sputter deposited to-a thickness of between about 30 and 100 Angstrons.
13.. The nmethod according to Caim10 wherein said cobalt |layer is sputter
deposited to a thickness of between about 80 and 170 Angstrons. 14 1 4 DEC
20-0 14. The nethod according to Caim 10 wherein said capping titanium
nitride layer is renoved during said step of renoving Qéﬁﬂéﬁg

cobalt layer. 15. The nethod according to Caim 10 mherel ond
rapid thermal anneal is perforned at a tenperature of between about 750
and 850 C. 16. A nethod of fabricating a cobalt disilicide filmin the
manuf acture of an integrated circuit conprising: providing a sem conductor

substrate hayi pg. sl @9&:&%% A1 e 9 lvjh%ir\(%\gq; <g5 QULOgo Ap g her mal oxi de

| ayer overlyln sal sem c uct or strate ereln sai ernmal oxi de

Laver S ASLLPRIALELY [QLPd; engaLd WAy LALUMLAYSE QYgElyipg said

t her nal

said unreacted cobalt layer.

15, The method according tce Claim 10 wherein sald second rapid

thermal anneal is performed at a temperature of between about 750

and 850 °C.

16. A method of fabricating a ccbalt disilicide film in the
rmanufacture of an integrated circuit comprising:

providing a semiconductor subétrate having silicon
regions to be silicided;

growing a thermal oxide layer overlying said
semiconductor substrate wherein said thermal oxide layef is
deliberately formed;

depositing a titanium layer overlying‘séid thermal oxide
layer wherein said thermal oxide'layer and said titanium layer
together form a diffusion membrane overlying said silicon‘
regions;

depositing a cobalt laver overlying said fiﬁanium layer;

depositing a titanium nitride capping layer overlying

said cobalt laver;
" 15




| ayer wherein said thermal oxide |ayer and said titanium |l ayer together
forma diffusion nenbrane overlying said silicon regions; depositing a
cobalt layer overlying said titaniumlayer; depositing a titaniumnitride
capping | ayer overlying said cobalt layer; 15 1 4 DEC 2305 subjecting said
substrate to a first rapid thermal anneal at a terrperatq]{?@ﬂ Leater than
650 C wherein said thermal oxide |ayer reacts with said tigey vl ayer and
said silicon regions to forma Ti,SiyQZ diffusion nenbrane wherein said
titaniumnitride capping | ayer prevents contam nation of said diffusion
menbrane wherein said cobalt diffuses through said, diffusion nmenbrane in

a controlled manngr and whereby sai.d cobalt _is.tran [ bal t
nonosi | i ci de mthgj? Q%@%r??%@ %§%§¥I%§ %80% ?é%ﬁgnggg%geg%%ﬁﬁ%ﬁ sai d
cobalt not overlying said silicon regions is unreacted; renoving said
unr eacteg@egdbalkt 3| hyBPehhE5ai A tIREHUMETRNt PPde cappitigl dferd and
thereafter subjecting said substrate to a second rapid

thermal oxide layer reacts with said titanium layer and said

silicen regions to form a Ti,Si,0, diffusion membrané wherein said
titanium nitride capping layer prevents contamination of said
diffusion membrane wherein said cobalt diffuses through said.
‘&iffusion membrane in a c§ntrolled manner and whereby said cobalt
is transformed to cobalt monosilicide where it overlies said
silicon regions and wherein said cobalt not cverlying said
silicon regions is unreacted;

removing said unreacted cobalt layer and said titanium
nitride capping layer; and

thereafter subjecting said substrate to a second rapid
thermal anneal whereby said cobalt monosilicide is transformed to
cobalt disilicide to complete formation of said:;obalt disilicide

film in the manufacture of said integrated cirtuit.
17. The method according to Claim 18 wherein said silicon regions

to be silicided comprise gate electrodes and associated source

and drain regions.
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t her mal anneal whereby said cobalt nonosilicide is transformed to cobalt
disilicide to conplete formation of said cobalt disilicide filmin the
manuf acture of said integrated circuit. 17. The nmethod according to Caim
18 wherein said silicon regions to be silicided conprise gate el ectrodes
and associ ated source and drain regions. 16 14 DEC 2005 1@. %mgp%t hod
according to Claim 18 wherein said thermal oxide |ayer i's g[} a

t hi ckness of between about 10 and 30 Angstrons. 19. The net hod accordi ng
to Claim18 wherein said titaniumlayer is sputter deposited to a

t hi ckness of between about 30 and 100 Angstroms 20. The net hod according

to C 18, wh d h
2 conbi'hed 1R GRRBES Br O BaTbar Ao 45 ARA 30 Agst ronet b1 e mot hod

accordiing to.Claim18 wherein said co | ayer utter_.deposited to a
t hi cknéd¥ <&t *Bet WeEN %Cbo%t&é’d:]ﬁh%sﬁ %ﬁr‘?g ﬁg uﬁzﬁB ﬁegrre hgd accordi ng

to Caim18 wherein said titani um
Angstroms.

19. The method according to Claim 18 wherein said titanium laver
is sputter deposited to a thickness of between about 30 and 100

Angstroms.

20. The method asccording to Claim 18 wherein said thermal oxide
layer and said titanium layer have a combined thickness of

between about 40 and 130 Angstroms.

21. The method according to Claim 18 wherein said cobalt layer is
sputter deposited to a thickness of between about 80 and 170

Angstroms.
22. The method according to Claim 18 wherein said titanium

nitride capping layer is deposited to a thickness of betwéen

aboutr 100 and 250 Angstroms.

17




nitride capping layer is deposited to a thickness of between about 100 and
250 Angstrons.. 17 1 4 DEC 2U 5 23. The nethod according.to Caim 18 wherein
said second rapid thernmal anneal is perforned at a tenperature of between
about 750 and 850 C. 18

14 DEC 2805

23. The method according to Claim 18 wherein said second rapid

thermal anneal is performed at a temperature of between about 750

and 850 °C.
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