; kl e3eHt E$@ Tt 7A ' BACKGROUND OF THE | NVENTI ON (1) Fia&@”mmmWHﬂmlnvention

The invengion relates to the fabrication of integrated mres, and
more particularly, to a nethod of using |aser annealing gh
quality titaniumsilicide in the fabrication of integrated tFfY€uits. (2)
Description of the Prior Art Due to the "fine line effectmmmﬂmm’ﬁmi um
‘disilicide is difficult to achieve in sub 0.18 um pol ysi |tlg

Typically, a C49 phase titaniumdisilicide (TiSiZ) is ,: forredgeoafter a
first i IS l,a . a. hi resi st.i,¥jkLYy 0 a second
annea“?ﬁ%gfétB%%?%?%eﬁa?%sghagaga§ﬁelﬁhggg g? @Eg¥#?sfggﬁgxggﬁ?ﬁmhich has
much | ower resistivity. An additional silicon inplantation step has been
used for salicidation, to change the top portion of the- silicon substrate
to an anor phous | ayer gabRERDOND 6RUSBE tR@RNrEeHN enhanced dopant diffusion,
dopant redistribution, silicon defects, and, hence, device degradation. It
is desired to find a nethod to forma high quality C54 Ti SiZ that can be
achi eved for deep subm cron feature sizes. 2 A nunber of patents teach
format (Dh PLel840fi tari Onvenkionde. U.S. Patent 5,937,325 to |Ishida teaches
using laser annealing to formC49 Ti Si 2, then a rapid thermal annealing
(RTA) to form C54 Ti STheoanzeptlipsi kFedenegatte. thieefabaifkcietdvnand second RTA
form C49, then C54 TiSiZ on the source/drain regions. U S Patent 6,054, 387
t o Fukbohegeathdschoenitgdenrigesi SRrAbRORFAPALaTUARLBYng toha devi ce
while performng a second RTAto formC54 TiSi2. U S Patent 6,071,552 to
Ku di sBesbed aépysirgonasrrcaonepding tReFoxR RTANGS M¥hity¥s TiSiz. U S
Patent 5,956, 137 .tq Li.met al disclqgses . a nethqd .to use Raman analysis to
det er n?h*éa?ﬁ@mpﬁégé%fiea 15 [Hhe; 58.%%8%1&9? &F HRECORPERT GNEAYYPnci pal

obj ect of the present invention is to provide an effective and very
manuf act urabl e nethod of fabricating a titaniumdisilicide filmin the
fabricatiyo i;nt.egl-a i1 U further object of the invention is
to prog?Aeeggkéﬁ g Q%T% a%%%bgfﬁﬁg %ngphase titaniumdisilicide in the
fabrication of an integeated thle Cfiihe line effect," C54 titanium

disilicide is difficult to achieve in sub 0.18 um polysilicon
lines. Typically, a C49 phase titanium disilicide (TiSi=z) is
formed after a first annealing. This material has a high
resistivity however, so a second annealing is performed to
change the phase of the TiSi: to C54, which has much lower
Eésistivity. An additional silicon implantation step has
been used for salicidation, to éhange the top portion of the-w
silicon substrate to an amorphous_layer, but this causes
transient enhanced dopant diffusion, dopant redistribution,
silicon defects, and, hence, device degradation. It is
desired to find a method to form a high quality C54 TiSi-=

that can be achieved for deep submicron feature sizes.



3 Yet another object is to provide a nmethod of formng a C54 phase titanium
disilicide filmfor deep subm cron devices. Yet another object is to
provide a nmethod of form ng a C54 phase titaniumdisilicide filmfor deep
subm cron devi ces wherein the C54 phase is formed based on a C40 titanium
disilicide. Yet another object of the invention is to formng a C54 phase
titaniumdisilicide filmusing | aser a&nealing to first form C40 phase
titaniumdisilicide, and then using a | ower tenperature annealing to form
C54 phase titanium di gi hi,mbde. okhpatepidaneacw EBrikBe il e¢t gsaf the
invention a novel nethod for formng a C54 phase titaniumdisilicide film
in thetfabricat seniefidan i ot.egr aednti 5GYIRY ,i325a¢ki evaddaAteaFheenduct or
substrate is provided having silicon regions to be silicided. A titanium

| ayer usidegpdsisked annerllyingg tiohd€oxin ICaAoN TriSdizgnshiem e reipliide itthedmalhe
substrate is subjected to a first annealing whereby the titaniumis

t ransf enmedliogphREA)CAQ ioraniCoh diiSillzi onde Bledve iiltl copedidites the silicon
regi ons and wherein the titaniumnot overlying the silicon regions is

unr eacT&@n. . TRe firgtysncasesodnd REA FRnm o /i % Tifje SBHji%®& ed to a
relatively | ow tenperature whereby the phase C40Q titaniumdisilicide phase
C54 ti EANEER/FESN &Gedd oS -copiSet & 3Reide b@hP 4/i3BdnitimfR*id3 cide filmin

the integrated circuit. substrate i econd anneal.ing .is transforned to

For ot 156 e S SRETFCGARS TofS L G /DRGeR PR e GS In the
acconpanyi.ng drawings formn erial_part, of f.hi.s deserjptjqn, .there is
shown: ld‘se_. pfr?'#rr ¥ 5 f&%’f&tl A 15P ﬁqoﬁj‘gﬁ%t ért‘lrgnlzcr 0S ‘-é_s‘eéitalqco%

repr esenit o B & erdad ehadidmne of dhe, Presenl dventign ofi o 0
schemat’i‘call’y 11l Ustrates in cross-seéﬁlonal r epresentation a conpl et ed

i ntegrgigd « riiint dERNUHaGLUr edy accargidifk (9, ddie, IPPCRS S Qf dd&ipresent

discloses a method to use Raman analysis to determine the

phase of a silicide.
SUMMARY OF THE INVENTION

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

an integrated circuit.

A further object of the invention is to
provide a method of fabricating C54 phase titanium disilicide

in the fabrication of an integrated circuit.



invention. Fig. 7 graphically illustrates the Raman spectra of a titanium
C40 sanpl e after annealing at 600 C for different tines. 5 Fig. 8
graphically illustrates the Raman spectra of a titanium C49 sanple after
annealing at 600 C for different times. Fig. 9 graphically illustrates the
Raman spectra of a titanium C40 sanple after annealing for 60 seconds at
different tenperatures. DESCRI PTI ON OB THE PREFERRED EMBODI MENTS The
process of the present invention can be used in any application in which it

is desired to forma ?é£a@hg€hgfs %ﬁ&égelé'£ ygg{a%ng @e?ﬁéac&@ reglon

The process of the invention wl e descrlbe for the application in which
Ti Si 2 fSrhPhges OYErpNASE ﬁaﬂ@ﬁﬁuﬁ|@9&£Pﬂ@1@@dfﬁpﬂr§§raﬂge rain regions. It
is to be understood that the invention is not limted to the application so
il ustgabridcrRef @eviogsnow nore particularly to Fig. 1, there is shown an
illustration of a portion of a partially conpleted integrated circuit. The
sem conduct or substrate 10 is preferably conposed of silicon having a (100)
crystall ographic orientation. Gate el ectrodes 16 and source and drain
regions 20 are fornedYeh andtbartabjecti ésntiacropvidg asuethedtefas is
conventional in the art. For exanple, gate el ectrode 16 _has been forned
overIyfﬁﬁmangaﬁecéﬁlHEaFQyEFtiﬁluﬁleéﬁbFFcéﬁﬁcgiém §pEnd 9§P5|I|con oxi de,

18 are fornmed on.t ate Sourc n _regions ar e p-type,
dopendPHEMORT PReCEYSEE8r THETRCh EBehESALBPReR: oF LIRECGaPaPReoBuA ot 0d. t o
a pre | ean h wet clean usi ng hydrofluoric acid (HF), for
exgnplggbhéi anégmsﬁé 1 % §| a | ayer gf ¥|tan|un1or tltanfunznltride

24 is sputter deposited over the surface of the substrate and overlying the
gate electrode. The titaniumor titaniumnitride |ayer 24 has a thickness

of between about 100 ggd EggtﬁﬁgsbbggEt ofNRWe tihRGeWRiBH kg ¢Wbj ected to a
| aser anneal i ng process 30 | aser nmay be used, having a wavel ength

of 1. 08oriiagdacnsugyphakebetivagiuabaikiiziaed £i1q JeyhgshaeRr Preferably,
a KrF Exciner |aser 1s used, having a wavel ength of between about 0.1 and

1. 2 Joeheshdig Aopfiigstafbrapgioaphaseesivany um ghisliddeidenengd-to nelt
the silicon. In the process of the present invention, a solid state
react i hepr 96499 Ps loyed. tER@eratur ccRan@p ins Yse fadpusbédrbasef ul |y so as
not to cause nelting of the silicon. It is possible that C40 titani um

di si | i EAFEndem dise %Pﬁﬁﬁﬁd by another process, such as RTA. However, the

| aser

In accordance with the objects of the
invention a novel method for forming a C54 phase titanium
disilicide film in the fabrication of an integrated circuit
is achieved. A semiconductor substrate is provided having .
silicon regions to be silicided. A titanium layer is
deposited overlying the silicon regions to be silicided. The
substrate is subjected to a first annealing whereby the
titanium is transformed to phase C40 titanium disilicide

" where it overlies the silicon regions and wherein the

titanium not overlying the silicon regions is unreacted. The



7 anneal i ng process of the present invention has been proved
experinentally. This annealing will form phase C40 titaniumdisilicide
(TiSiZ) 32 over the gate el ectrode and over the source and drain regions,
as shown in Fig. 3. C40 titaniumdisilicide has a crystal lattice structure
very simlar to that of C54, but quite different fromthat of C49. The
extreme non-equilibriumof the |aser amnealing process of the invention
favors the formation of neta-stable phase C40 TzSiZ. Referring now to Fig.

4, th&n%ﬁ&ehstﬁeg{@ﬁ&eﬁﬁ%grai'sowehg,@eer.at ¥he LaRkd Lher @l anneal (RTA)

or furnace annea a tenperature of between about 5S0 and 860 C and
pref ecahh ¥ckeascbhanrahgut véQ9 TowdkedR@uatt?@ Cecbad bamslqrimgt he phase
C40 TiSiz to phase C54 Ti Si2 34. Sonme of the previously unreacted titani um
| ayer wRérepgcCtieWphliskhe49i ltiaam it fddsmldddidel dsaltréhd fohaed TSI Z. As
shown in Fig. 5, the unreacted titaniumor titaniumnitride layer 24 is
st ri ppedskr GAdt hé'twafiem susfiddeideedo mprpiet€S£orm@itZdn [afi 34 over the
gate el ectrode 16 and the source and drain regions 20. Alternatively, the
| ow t ehpsrafrie tataaalim ¢ istidd cdale He JFeriforthed mepuda e umtfe & ed
titanium 24 is stripped. 8 The process of the present invention

el i mi ABtegTRfed FigE%iithe effect” which originates fromthe C49 grain
growh. Since C49 to C54 transformation is nucleation-controlled, it is
difficult to achieve in narrow polysilicon |lines. The inventive process

does not involve 4 r_al jon is
diffusion-limted t%ﬁ% %Mfﬂ#&@ﬁéwﬁﬁﬁﬂfﬁ ect." A conventi onal
second RTA tenperature is about 800 to 860 C. In the process of the
invention, a |lower tenperature RTA, of preferably less than 700 C is used.

Because the crystall agf 3 G U} i) Halddyd sceiggsam lar to C54,
| ow tenperature annealing is sufficient for the phase transformation.

Honogaaeeits 05 aasE i deldrrask farom €3l i zshdde: | ow t enperature
anneal ing helps to mnimze undesired dopant diffusion, redistribution, and
w ~51 gate to source/drain | eakage. ' Standard backend processing continues
as is conventional to conplete the intﬁggated circuit. For exanple, Fig. 6

shows the silicided gat3 and SHARE! ot &5 FRRR)E Bl Bovek Bes By ke t 1t ck

di el ic | . 36.. E i cal ' b f | e,
one. o IR TN AT T ot RS D Ty reRAT LRt ceE Ao as’ shown

9 EXAMRldE dntThgJdd 0 hg Exanple is given to show the inportant features
of the invention and to aid in the understandi ng thereof. Variations nay be
made by those skilled in.the "art w thout departing fromthe spirit and
Fig. 6 schematically illustrates in
cross-sectional representation a completed integrated circuit

manufactured according to the pracess of the present

invention.

Fig. 7 graphically illustrates the Raman
spectra of a titanium C40 sample after annealing at 600 <C

for different times.



- scope of the invention The process of the present invention has been

i npl enment,ed. After | aser annealing the titaniumlayer, an el ectron
diffraction pattern showed that the resulting titaniumsilicide |ayer was
phase C40. A transmi ssion electron mcroscopy (TEM cross-sectional inmge
of the | aseranneal ed sanple showed a snooth interface between the silicon
and the C40 Ti Si 2. Experinents were persfornmed to determ ne the best tine

and tenperature for the phase-changing annealing to formCs4 TiSiZ US.
Patent 5, 956, 137 to Liif et® HL2REGHYnEY ’tlohﬁter%% &R as is this

pat ent applicatjon, discusse he application of m.cro-Ra spectroscopy
Do detSaRTHHE o PHATEY CASRa 1f | SRS oIt M5 Gy Yhe wsed 1o
measurg t hese. experinents. 10 Fig. 7 illustrates the Raman spectra of

ti taniﬁ?ﬁ éoﬁs%rrrprf% Y anneal i ng at 600 C for different times. The graph
shows normalized intensity in arbitrary units (a.u.) vs. the Raman shift
per centinmeter. Line 71 illustrates O mnutes of annealing, line 72
illustrates 5 mnutespi@ndg |l gPgpoHBcallysiiaieerdedr thd eSa®dn anneal i ng. The
graph indicates that C54 can grow quickly on top of C40 at | ow
tenpergpakesa A t£rtovaenih g4t safPleGafaer oahyedl qufes ¢di ne 72),
strong C54 signals are present. After 10 mnutes (line 73), the C54 grows
even téecheds &tgdiBfetrémsttatpsraber®nan spectra of a titani um C49 sanple
after annealing at 600 C for different tines. The graph shows normalized
intensity in arbitrary units (a.u.) vs. the Raman shift per centineter.
Line 81 illustrates O mnutes of annealing, line 82 illustrates 5 m nutes,
and |ine 83 iIIustratBESQBIH?HQNe@FoTHEanEFFRGEDTﬂM%O@F%ENT§homs t hat even
after 10 m nutes of annealing at 600 C, the C49 titaniumsilicide is not
changed to C54. '~ This indicates that C54 can grow on top of C40' at

t t far bel ow the C49 t 4. phase _t f tion. Only the C40
phave 11 tan um si |1 ci BBSobORESBr BEohTS! REEACT on® BARE BEORnGATCHS o phase

C54 by oyt e 4 apeal [ ngy s ~w11Flg. k sfra t he Raman
spectr%gg ?%egﬂ?téﬁﬁgggagggga%%lghé Pe%ta%%eggfkgggt£éi??gge%t

t enper a4 83 uhol189186€0Rd¢ i 1hhevarARAnghAWE 1 NQERRl kagdohnNt et y i N
arbitrary units (a. u.) vs. the Raman shift per centinmeter. Line 91

i |l ust pavessshefsanhpl énbehtient wédllnbrt deksicméb8d ifbkusheat es an anneal i ng
at 630 C, line 93 illustrates an annealing at 660 C, and |ine 94

i |1 ust pRPEdCRH1gANER WhdCht T80 2CLlsTRIRE PN esRE*SIt RaBattRe C54 phase

titaniumsilicide can grow on .t of phase C40 temperatures greater than
630 C. SHRE 5POEe 800 FORRES: ADEnARAT pEE7EaBS -an 151 F6cEPvESet hod of for i ng
Ti S~ SaReeially ot daeP auRmiaran ealur q jiies. (B L phase O40 TiSi2
is forrne ytlaser anneal ng. en, a second anneal ing Step at | ow

tenperg%g&chgqggr%% RR3SE +F4AReli0 phase C54 Ti SiZ. For furnace annealing,
e

t he pr rred tenperature is less than 650 C for |ess than 30 m nutes. For
RTA, the preferred tenperature is less than 700 C for |ess than 60 seconds.
Wil e the invention has been particularly shown and described with __
reference to the pref @efedramaodiorrnord rrraafculialr W o a.qunder st ood by

those skilled in the art that various changes in formand details my be
made withleaet idepdownngnf Hdrhushe adpion tofard praaienofoft ke parkd dllwent i on.
completed integrated circuit. The semiconductor substrate 10
is preferably composed of silicon having a (100)

crystallographic orientation. Gate electrodes 16 and source

and drain regions 20 are formed in and on the semiconductor



13 Cains 1. A nmethod of fabricating a titaniumdisilicide filmin the
manuf acture of an integrated circuit conprising: providing a sem conduct or
substrate having silicon regions to be silicided; 5 depositing a titanium

| ayer overlying said silicon regions to be SI|ICIded subj ecting said
substrate to a first annealing whereby said titaniun1is transforned to
phase C40 titaniumdisilicide where it6overlies said silicon 10 regi ons and
wherein said titaniumnot overlying said silicon regions is unreacted;

subj eghibad radied asUbs Tin® dnt idreacand \neati Ng rheretyngimseyd®e titani um
disilicide is grown overlying said phase C40 titaniumdisilicide and

wher ely esirdbdkb 1hass G ifeamiaindied 1y itida igata ansifdr neydo Pphase C54
titaniumdisilicide; and renoving said unreacted titaniumlayer to conplete
f or matSiclewsl Is@iphddtspnisvnidias 19l ideorf idmde, tTR amnufened eonfthai d
integrated circuit. - 2. The nethod according to Gaim1 wherein said

si | i canteegi GiMnae RNGidYind R TONPT | T2 gat &Y RR X e and associ at ed

source_and drain req}ons 14 3. The nethod accordlqg to daim1l wherein
sa|diﬂ%2ﬂﬂ g on e type of device to be fabricate

The wafer is subjected to a pre-metal clean,
such as a wet clean using hydrofluoric acid (HF), for
example. Next, as shown in Fig. 2, a layer of titanium or
titanium nitride 24 is sputter deposited over the surface of
the substrate and overlyiﬂg the gate electrode. The titanium

or titanium nitride layer 24 has a thickness of between about

100 and 500 Angstroms.

Now, the wafer is subjected to a laser

annealing process 30. A Nd:YAG laser may be used, having a
wavelength of 1.06 nm and energy of between about 0.5 and 1.5
Joules/cm?. Preferably, a KrF Excimer laser is used, having
a wavelength of between about 0.1 and 1.2 Joules/cm®*. A
prior art approach uses very high laser energy- to melt the
silicon. 1In the process of the present invention, a solid
state reaction process is used. The laser energy mugt be
adjusted carefully so as not to cause melting of the silicon.
It is possible that C40 titanium disilicide could be formed

by another process, such as RTA. However, the laser



| ayer is sputter deposited to a thickness of between about 100 and 500
Angstrons. 4. The method according to Claim1 wherein said first annealing
is a |laser annealing using a | aser having a wavel ength of 1.06 nm and
energy between about 0.5 and 1.5 Joules/cn2. 5. The nethod according to
Claim1 wherein said first annealing is a | aser annealing using an Exci ner
| aser having a wavel ength of 248 nm ant energy between about 0.1 and 1.2
Jou?es/cn2. 6. Thé nethod according to Caim1l wherein said second

i IS, idth I | f d at t t f
bet wecHPRBBIA PS50 AHAS60" C-POr PBCBSTD DTRPRGISS 195 ¥REARBFRBESaccor di ng
to daiml ] id [ | L0g. f d
at o CERer N 6 D19 be: DRER "HHnlRTEs URal eB- bHRCE PAOSRERRIPEL T

8 A neihods 0lalabsigal)ndadolbtaphlMglsl chekeeohb! dhinobhe wRaufacture of

an integrated circuif conprising: providing a sem conductor substrate

havi ngsghtieogndediona teghensl | hei dadwn5idepgit BNg aabi taRhHMhayer
overlying said silicon regions to be silicided; subjecting said substrate
to a | aseilaoneal hag whergbyasaildttitansupucsuteanstor gealitlarphase CA40
titaniumdisilicide where it overlies said silicon 10 regi ons and wherein
sai d tthahi am Qb4, obetl| gungesdidfsrkentofirpagitbrs bs dABeacTed; subjecting
said substrate to a | ow tenperature anneal i ng whereby said phase C40
titani @¥tdese| hehdeans lgpbswmoedr [thendasgrrdaphase icgopriccgasumtditdel i ci de
and 15 whereby said phase C40 titaniumdisilicide_is transformed to phase
C54 ti%gﬁpaﬁigpsﬁpy@r&e;hgnéormatlon of meta-stable phase C40

TiSi=.

Referring now to Fig. 4, the wafer is
subjected to a low temperature rapid thermal anneal (RTA) or
furnace anneal at a temperature of between about 550 and 860
°C and preferably less than about 700 <©C, or about 650 °C, to
transform the phase C40 TiSi= to phase C54 TiSi= 34. Some of
the previously unreacted titanium layer 24 reacts with the

silicon to form additional C54 phase TiSi=2.

As shown in Fig. 5, the unreacted titanium or—~
titanium nitride layer 24 is str;pped from the wafer surface,
leaving the C54 TiSi= film 34 over the gate electrode 16 and
the source and drain regions 20. Alternatively, the low
temperature annealing step can be performed after the

unreacted titanium 24 is stripped.



removing said unreacted titaniumlayer to conplete formation of said
titaniumdisilicide filmin the manufacture of said integrated circuit. 9.
The met hod according to Claim8 wherein said silicon regions to be
silicided conprise gate el ectrodes and associ ated source and drain regions.
16 10. The nethod according, to Claim8 wherein said titanium|ayer is
sputter deposited to a thickness of be®ween about 100 and 500 Angstrons.
11. The method actording to Claim8 wherein said | aser annealing uses a

| aser having a mavele@9%289%c£526°%nhﬁgdEﬁ%%%gé %ﬁk@%%@o%bOUt 0.5 and 1.5

Joules{ch. 12. The e accordlng erein Said | aser
anneal LAgnYRgs @8N tRACHIBL ol 358k ARG »a WaVel eRdh nak«243 J4m and ener gy

bet ween about 0.1 and 1.2 Joules/cnz 13. The nmethdd according to Claim38

wher ei gasaigealiaWgt-emRer.at ghecanraal ivdg dsut & fadlisd Arerig ianneal i ng
performed at a tenperature of between about 550 and 860 C for 0.5 to 2

m nut eaucléatiba-rehtedlaedqr ditng st @i@fdicnls weersihlesal dnl aariresperat ure
annealing is a furnace annealing perfornmed --at a tenperature of between
about PoQysndicon Cihes.5 tThebGnviemitize prmcedsreidesd noft fimydloat i ng a
titaniumdisilicide filmin the manufacture of an integrated circuit

conpr i §i4Rggrprioyigdiondgha Senitdendird drormdisiiomatie IfHVE g isin—lderited egions to
be Sllk%hge%ihm£;ating the "fine line effect."

A conventional second RTA temperature is about

800 to 860 =°C. In the process of the invention, a lower
temperature RTA, of preferably less than 700 ©C is used.
Because the crystallographic orientation of C40 is quite
similar to C54, low temperature annealing is sufficient for
the phase transformation. Homogeneous C54 phase can be

formed from C40 TiSiz=. The lqw temperature anﬁealing helps

to minimize undesired dopant diffusion, redistribﬁfioh,iahd - .

-.‘G‘
gate to source/drain leakage.

Standard backend processing continues as is
conventional to complete the integrated circuit. For
example, Fig. 6 shows the silicided gate and source/drain
regions covered by a thick dielectric layer 36. Electrical
connections may be made, for example, to one of the silicided

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



5 depositing a titaniumlayer overlying said silicon regions to be
silicided; subjecting said substrate to a first anneal i ng whereby said
titaniumis transfornmed to phase C40 titaniumdisilicide where it overlies
said silicon 10 regions and wherein said titaniumnot overlying said
silicon regions is unreacted; subjecting said substrate to a second

anneal ing at a tenperature of less thah 700 C whereby said phase C40
titaniumdisilicide is transformed to phase C54 titanium 15 disilicide; and
removi ng sai d unreacted titaniugg&b;%gicide to conplete formati on of said
titaniumdisilicide filmin the nufacture of said integrated circuit. 16.
The met hod according to Caim15 wherein said silicon regions to be
silicided conprise gate el ectrodes and associ ated sburce and drai n regions.
17. The method accordirfg E81EbaiRylExWRBLei RsSaideh kaNUBL @¥er is sputter
deposited to a thickness of betweéen about 100 and 500 Angstrons. 18 18.
The netihpdrgaaer deaguiresCodi Kheb iwbengivnsand ktbr atidanneahieng is a | aser
anneal ing using a | aser having a wavel ength of 1.06 nm and energy between
about GOnBeastahdingotheskofR. Yaridheomst mag aecondendyyt ahSsai m 15 wherein
said first annealing is a |aser annealing using an Exciner |aser having a
wavel eR§iRlefl 203 the axd widhgptbdemaatiagodrod. rthengrirditieades/ cn2. 20.
The met hod according e C.aim 15 wherein said second annealing is a rapid
ther mafCRRRe R F§epePFEPTEQ at a tenperature of between about 550 and 860 C
for 0.5 to 2 mnutes. 21. The nmethod according to C aim215 wherein said
second annealing is a furnace annealing perforned at a tenperature of

bet ween about 500 and¢fR0 (Gd¥ssd J° 8 present invention has been

implemented. After laser annealing the titanium layer, an
electron diffraction pattern showed that the resulting
titanium silicide layer was phase C40. A transmission
electron microscopy (TEM) cross-sectional image of the laser-
annealed sample showed a smooth interface between the silicon

and the C40 TiSi-=.

Experiments were performed to determine the
best time and temperature for the phase-changing annealing to
form C54 TiSiz. U.S. Patent 5,956,137 to Lim et al, assigned-
to the same assignees as is this_patent application,
discusses the application of micro~Raman spectroscopy to
determining the phase of a material. Raman spectroscopy was

used to measure these experiments.



mnutes. .A .A Aa99. Al Le. Au9. Aar. AN . A . AN. A& . AN% A@B. AN. A. AN2. A,
. ANDY. Ay9e2”ef i ] RS} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

]ca].ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cRa! S"#% ~?DEu]ld ! UV r
}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]
cal ca]ca]calcalca]calcalcaljcaljcal ! Ngr71JPz> d

12~ nmo}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] cdPca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ot uT! O&6Aj 8ap>?} xsni d_Z] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca]lcalca] cal ca] ca]ncaLca] cal ca] ca] ca]fca] cal ca] ca] ca]
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Fig. 8 illustrates the Raman spectra of a
titanium C49 sample after annealing at 600 <C for different
times. The graph shows normalized intensity in arbitrary
units (a.u.) vs. the Raman shift per centimeter. Line 81
illustrates 0 minutes of annealing, line 82 illustrates 5
minutes, and line 83 illustrates 10 minutes of annealing.
This graph shows that even after 10 minutes of annealing at
600 =C, the C49 titanium silicide is not changed to C54. -
This indicates that C54 can grow on top of C40 at
temperatures far below the C49 to C54 phase transformation.

Only the C40 phase titanium silicide of the present invention

can be changed to phase C54 by a low temperature annealing.
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Fig. 9 illustrates the Raman spectra of the
titanium C40 sample after annealing at different temperatures
for 60 seconds. The graph shows normalized intensity in
arbitrary units (a.u.) vs. the Raman shift per centimeter.
Line 91 illustrates the sample before treatment, line 92
illustrates an annealing at 630 <C, line 93 illustrates an
annealing at 660 °C, and line 394 illustrates an annealing at
700 =C. This graph shows that the C54 phase titanium

silicide can grow on top of phase C40 at temperatures greater

than 630 <C.

The process of the invention provides an
effective method of forming TiSiz, especially for deep
submicron feature sizes. First, phase C40 TiSiz is formed by
laser annealing. Then, a second annealing step at low
temperature converts phase C40 to phase C54 TiSi=. For
furnace annealing, the preferred temperature is less than 650
2C for less than 30 minutes. For RTA, the preferred
temperature is less than 700 =°C for less than 60 seconds. il

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understocd by those skilled
in the art that various changes in form and details may be

made without departing from the spirit and scope of the



11 /10% & ()-Y+f10% & ()-f)y1l0% & ()-' "10% & ()-Y 9%40% & () - 3"

109% & ()-j 8bCF 1 10% U& ()-Y ml0% U& ()- f9s10% U& ()- 10r 10r

10r 210% & ()-0 10% & () - 8apdEbCF 1F- 10% U& ()- f910% U& ()- |10% U& () -
10% U& ()-10% U& ()-1 &10% U& ()-p NUV7&' 109&Z& ()- Y

F10928 () - S#109%b& () - @109%%& ()- 10

invention. |



UUZI10 UU 10 U U p0S9*"10% U U& ()- NubNdE:/ 10Z
10Z,1421092& ()- @ ! 109@2& () -, 02" 109@& ()- 3+ 109@Z& () - ##109Z@ ()-"
"100Z& ()-1 O \ xY:/ 10BS+F'109B& ()-- )glovB& ()- @I " 1098& () -

“109B& ()-"109B& ()- 109B& ()- 102\ ] ~ ° 1" X##nN S3#109%&' ()- S3#10% & () -
S109%&' ()-,1 “1109%& ()- S10%& ()- 10% ()- 10B
10BH##9888886_ @S3#10F10% & ()-s10% & (13- 10 10 )

h Claims

1. A method of fabricating a titanium disilicide film in
the manufacture of an integrated circuit comprising:
providing a semiconductor substrate having silicon
regions to be silicided;
5 depositing a titanium layer overlying said silicon
regions to be silicided;
subjecting said substrate to a first annealing
whereby said titanium is transformed to phase C40
titanium disilicide where it overlies said silicon
10 regions and wherein said titanium not overlying said
silicon regions is unreacted;
subjecting said substrate to a second annealing
whereby phase C54 titanium disilicide is grown overlying
said phase C40 titanium disilicide and whereby said
15 phase C40 titanium disilicide is transformed to phase
C54 titanium disilicide; and
removing said unreacted titanium layer to complete
formation of said titanium disilicide film in the

manufacture of said integrated circuit. o

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

associated source and drain regions.
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10@y10%& (3 ; 1P99& hdehd@ according to Claim 1 wherein said titanium
layer is sputter deposited to a thickness of between

about 100 and 500 Angstroms.

4, The method according to Claim 1 wherein said first
annealing is a laser annealing using a laser having a
wavelength of 1.06 nm and energy between about

0.5 and 1.5 Joules/cm=3.

5. The method according to Claim 1 wherein said first
annealing is a laser annealing using an Excimer laser
having a wavelength of 248 nm and energy between about

0.1 and 1.2 Joules/cm=.

6. The method according to Claim 1 wherein said second
annealing is a rapid thermal annealihg performed at a

temperature of between about 550 and 860 <C for 0.5 to

2 minutes.

7. The method according to Claim 1 whereih said second
annealing is a furnace annealing performed at a
temperature of between about 500 and 750 <°C for 5 to 60

minutes.
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the manufacture of an integrated circuit comprising:
providing a semiconductor substrate having silicon
regions to be silicided;
5 depositing a titanium layer overlying said silicon
regions to be silicided;
subjecting said substrate to a laser annealing
whereby said titanium is transformed to phase C40
titanium disilicide where it overlies said silicon
10 regions and wherein said titanium not overlying said
silicon regions is unreacted;
subjecting said substrate to a low temperature
annealing whereby said phase C40 titanium disilicide is
grown overlying said phase C40 titanium disilicide and
15 whereby said phase C40 titanium disilicide is
transformed to phase C54 titanium disilicide; and
removing said unreacted titanium layer to complete
formation of said titanium disilicide film in the

manufacture of said integrated circuit. —~—

9. The method according to Claim 8 wherein said silicon
regions to be silicided comprise gate electrodes and

associated source and drain regions.
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10. The method according, to Claim 8 wherein said
titanium layer is sputter deposited to a thickness of

between about 100 and 500 Angstroms.

11. The method according to Claim 8 wherein said laser
annealing uses a laser having a wavelength of 1.06 nm

and energy between about 0.5 and 1.5 Joules/cm=2.

12. The method according to Claim 8 wherein said laser
annealing uses an Excimer laser having a wavelength of

248 nm and energy between about 0.1 and 1.2 Joules/cm®.

13. The method according to Claim 8 wherein said low
temperature annealing is a rapid thermal annealing

performed at a temperature of between about 550 and 860

°C for 0.5 to 2 minutes.

14. The method according to Claim 8 wherein said low
temperature annealing is a furnace annealing performed ——
at a temperature of between about 500 and' 750 <C for 5

to 60 minutes.

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

providing a semiconductor substrate having silicon
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regions to be silicided;,
5 depositing a titanium layer overlying said silicon
regions to be silicided;
subjecting said substrate to a first annealing
whereby said titanium is transformed to phase C40
titanium disilicide where it overlies said silicon
10 regions and wherein said titanium not overlying said
silicon regions is unreacted;
subjecting said substrate to a second annealing at
a temperature of less than 700 °C whereby said phase C40
titanium disilicide is transformed to phase C54 titanium
15 disilicide; and
removing said unreacted titanium disilicide to

complete formation of said titanium disilicide film in

the manufacture of said integrated circuit.

16. The method according to Claim 15 wherein said

silicon regions to be silicided comprise gate electrodes

and associated source and drain regions.

17. The method according to Claim 15 wherein said
titanium layer is sputter deposited to a thickness of

between about 100 and 500 Angstroms.
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annealing is a laser annealing using an Excimer laser
having a wavelength of 248 nm and energy between about

0.1 and 1.2 Joules/cm=.

20. The method according to Claim 15 wherein said second
annealing is a rapid thermal annealing performed at a
temperature of between about 550 and 860 =C for 0.5 to 2

minutes.

21. The method according to Claim 15 wherein said second
annealing is a furnace annealing performed at a
temperature of between about 500 and 750 <C for 5 to 60

minutes. ——



