2.4 JUL 2005 1 A NOVEL METHOD TO FORM C54 Ti Si2 FOR | C DEVI CE FABRI ditl @@
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 method of using |laser annealing to ' forma high quality
titaniumsilicide in the fabrication of integrated circuits. (2)
Description of  the Prior Art Due to the "fine line effect," C54 titani um
~odisili 'ﬁ%v? Eflcult to achieve in sub 0.18 pn1ponS|I|con
Typi caf’l y, chf@ BRSO FORM GddiTeiSliec FOR (T SEX)CES Fabetagrakt er a fi rst

annealing. This naterlal has a high resistivity however, so a second
~annealing is performed to change the phase of the TiSi2 to C54, which has
much -l ower resistivi itional silicon inplantation step has been
used for saI|C|dat|on%%F§égR§%§ OFh&BEoFNYENTION of the silicon substrate
to an anmorphous | ayer, but this causes transient ‘enhanced dopant _

di f fusi on, dopant redistribution, silicon defects, and, hence, device

degradaunoﬂaeuﬁ o¥ tﬂﬁsth%gnEQOBlnd a nethod to forn1a hlgh quality C54
Ti Si 2

The 1nvent10n relates to the fabrlcatlon of
" integrated circult dev1ces, and more partlcularly, to. a
method of using laser anneallng to form a high quality

tltanlum silicide in the fabrlcatlon of 1ntegrated c1rcu1ts

{2) Description of the.Prior Art
Due to the “"fine line effect " C54 titanium
disilicide is dlfflcult to achleve in sub 0. 18 Bm p01y3111c0n
.A- llnes Typlcally, a C49 phase titanium disilicide {(TiSi=) 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:TiSiz to C54 which has much lower
resistivity. Aan addltlonal 5111con 1mplantat10n step has
been used for sallc1dat10n, to change the top portion of the
h51llcon substrate to -an amorphous layer, but this causes
-trae31ent enhanced dopant diffusion, dopant redistribution,
silicoh_defects, and, hence, device degradation. It is
desired to tind-a method to form a high quality C54 TiSix.

that can be achieved for deep submicron feature sizes.




that can be achieved for deep submicron feature sizes. -------- -2-% B4 2005
JUL 2005 2 A nunber of patents teach formation of C54 titaniumsilicide.
U.S. Patent 5,937,325 to |shida teaches using |aser annealing to form C49
Ti Si2, then a rapld thermal annealing (RTA) to formC54 TiSi2 on a
polysilicon gate. - Then, a first and s%cond RTA form C49, then C54 Ti Siz on
the source/drain.regions. U S. Patent 6,054, 387 to Fukuda teaches form ng
C4' 9 Ti Siz by RTA, then warping the device while perfornmng a second RTA
to formC54 TiSiz. U S Paker o Byess? taoadu thodoses eeprsi tion of C49
Ti Si z, thg rmC54 TiSiz. U S Patent 5,956,137 to Limet al

di scl os %nﬁélf'h%ﬁﬁt%l%e Rarfan Raiean/si s %7 diteren rkshia adeof a

silici NN$5Y I NVENT rlnc al object of the present
|nvent|dLgn fﬁg provi oe El E? e%\’lf 3 nelRf st tXamk] ethextiold of

d
fabric t fol I |nthef rication of an integrate
ci rcui ?&ﬁﬂ%%ﬁ%e?ﬁﬁtobee% Sfc%hﬁ &84 n'fvenjﬁ ol i RYtysilicon gate.

Then, a first ‘and second RTA form C49, then c54 TiSiz on the
source/draln reglons. U. S Patent 6,054,387 to Fukuda
teaches formlng C49 TlSlz by RTA, then warplng the dev1ce
whlle performlng a second RTA to form C54 TiSi=. U. S. Patent
6, 071 552 to Ku discloses dep081t10n of Cc49 TlSlz, then an
RTA to form C54 TiSi=. TU.S. Patent 5,956,137 to Lim et al

dlscloses a method to use Raman analysis to determine the

phase of a SlllClde
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.



i i cati i tani umdisilicide in2thdUl 2003
a‘method of fabricating C54 phase titanium _ _
P;BY:g:tion of an integrated circuit. 2hJUL EQPSiiﬁnrg}s?P?L?g; ??{ﬁf$oLS
i : i C54 phase titan
to provide a nethod of -formng a _ _ s e fiim
: ' i bject is to provide a nme _
deep subm cron devices. Yet apo;her_o_ ( °, de a methoc of
orm a Co4 phase titaniumdisilicide filmfor deep m cron.
| &ﬁ;pg?g ?he CSB phase is fornmed based §n a 40 tkéinlﬁngglf:ggﬁ:gﬁ{_Yet
her object of the jnventionis to formng a 4 pha _ _
Sing;[ I ieci deJ film using SsénCHeAlivRrt o itstpforimeC4D mefhasa s ani um

' i e ar [ n C54 phase
isilicd : n,using a | ower tenperature annealing to_form_
'(tj: tsialn: ﬁfm ,|1sxﬁ1?acié e ql}?saecgbqu?ﬂﬁdﬁ“ WHisH ki dsbjfedims fofr 1deep i nvention a

wed: ' e ti i- disilicide filmin the
' I 4 a C54 phase titani-um _
?ggsicgf%on S%Qgﬁigﬁgggghted circuit 1is achieved. A sem conductor

i i i il i to be silicided. Atitanium
rate is provided having silicon regions cided.
F;§Z$ is depgsited overlying the silicon regions to be silicided. The

Yet another object is to provide a method of
forming a Cc54 phase titanium disilicide film for'deep
submicron devices wherein the C54 phase is formed based on a

C40 titanium diSilicide.

Yet ahother‘object'of'the invention is to
formiﬁg a C54 phaée titanium disilicide film using laser
annealing to first form C40 phase titanium disilicide, and

then using a lower temperature annealing to form C54 phase

titanium disilicide,

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 cirduit
is achieved. A semiconductor substrate is provided having
silicon regions to be silicided,"‘A;titanium layer is
_déposited overlying the silicon regions to be éilicided. The
substrate is subjected to a first annealing whereby the
titanium is transformed to phase C40 titanium-disilicide
where it overlies the silicon regibns and wherein the

titanium not overlying the silicon regions is unreacted. The




substrate«is subjected to a first annealing whereby the titani undids JUL 2005

transforned to phase C40 titaniumdisilicide where it overlies the silicon

regi ons and wherein the titaniumnot overlying the silicon regions is

unreacted. The 2 JUL2005 4 unreacted titanium|ayer is renoved. The

substrate is subjected to a relatively | ow tenperature second annealing

wher eby t he phase C40 titaniumdisilici®de is transforned to - phase C54

titaniumdisilicide to conplete formation of a phase C54 titanium -

di si | Meirgactiedntifanhenndpykacter eepbvad. | fhegeabedreiteciist. BRI EF

DESCRI PTI.ON: OF THE DRAW NGS I n the acconpanyi ng drawi ngs forming a

mat er FAPIEEEE Ot Bi Sed8sdVERYi 3RV RBPETREUSRORACORAgannealhngugh 5

"schema ica%&ytb%lu trate in .cross-sectiqnal representation a preferred
Fo8f e P

enbodi’} Es&AP HHeRTvgn A1siid 1 cadec REndEPEEFPFTRd 8t rates i n

cross;%%%g | .r.epresent.ati.qn a compl eted.inteqrated circuit manufactured
accor di ng tg%%hglgggégg%d&Plﬁﬁg;ﬁﬁbg%hfoqﬂ%féﬁt%BHma ~on ot a .
phase C54 titanium disilicide film in the manufacture of an

integrated circuit.
BRIEF DESCRIPTiON OF THE DRAWINGS.

In the accompanying drawings forming a

material part of this description, theﬁe is shown:.

Figs. 1 th:ough 5'schematica11y iilﬁstrate in
cross~sectional representation a preferred embodiment of the

present invention.

Fig. 6 schematically illustrates in
Cross-sectional representation a completed integrated circuit

manuf;ctured 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.




Fig. 7 graphically illustrates the Raman spectra of a titaniun1cﬁdf§5#pﬂ@5‘
after’ annealing at 600 C for different tinmes. 2 k JUL 2005. 5 Fig. 8
graphically illustrates the Raman spectra of a titanium C49 sanple after
annealing at 600 C for different tines. Fig. 9 graphically illustrates the
Raman spectra of a titanium C40 sanple after annealing for 60 seconds at
di fferent tenperatures. DESCRI PTI ON OFSTHE PREFERRED EMBODI MENTS The
process of the present;d NERfIQh lQF.il‘igl%cl:fﬂa{{e%nXh%D@aim%ﬁ ion in which
cide Ti :

it is. desired to forma titaniumdlsili moverlying a silicon

regi onspeldifra RIOGLS t@n e d4w efine ‘Mﬂ‘l:lezbeargﬁz%qri'n%e%ﬁ{ Yod ™ :
application in which TiSiz is formed overlying a gate electrode and source
and drixm dieffiexrent Itiness t 0 be understood that the invention is not

limted to the application so illustrated. Referring now nore.
particularly. to Fig. 1, there is shown an illustration of a portion of a
partially '

Fig. 9 graphically'illustrates the Raman
spectra of a titanium C40 sample after annealing for 60

_Jseconds at different-temperatufes.
DESCRIPTION OF,THE-PREFERRED EMBODIMENTS

The process of the pfesent'iﬁvention can be
‘used in any application in which it is desired to form a
titanium disilicide film oﬁerlying a silicdn region. The
process of the in?ention will be déscribed for the
application in which Tiéiz is formed overlyiﬁg a gate
electrode and source and drain regions. It is to be
‘understood that the invention is not limited td the

application so illustrated.

Réferring now more,particularly to Fig. 1,
thére is' shown an -illustration of a portion of a partially
‘completed integrated circuit. The semiconduétor substrate 1b
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




_conpleted-integrated circuit. The seniconductor substrate 10 is priefitla@ifh
- conposed of silicon having a (100) crystallographic orientation. Gate -

el ectrodes 16 and source and drain regions 20 are formed in and on the

sem conductor 2 k JUL 2005 6 substrate as is conventional in the art. For
exanple, gate electrode 16 has been formed overlying a gate oxide |ayer

14. Sidewal | 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

devi cSURsFataRg it exhnvEnRCerfadr i thebjastt.ed Rar a&xmmepInet ajatd ean,  such
as a wet clean using hydrofluoric acid (HF), for exanple. Next,.as shown
in Fi glectrpdendd hss thaemhifiprngd avehving i toathe @dides et 64 deposi t ed
over the sur{fce of the substrate and overlying the gate el ectrode. The
titani THSE 1 i RAFIAR ni THFUET Sfetioon aslde + T i SEomesttararhabout

100 a 00 strons, w,. the wafer is subjected to a |aser annealing :
pr ocersl:gag%' ‘%ﬁ?%@q%sl\%?a%yreo%lﬁ&%&r%é}ﬁ & ORR et Byt h of 1.06 nm and

prer OYadeReLiE A A0 e fbe SR hdy Foe I8! £ Sl AP!Y, @ KIF Excimer
The wafer is subjécted'to a pre—metél clean,
such as a wet clean uéing hydrofiuoric acid (HF), for
' exampie. Next, as showh in Fig. 2, a layer of titaniuﬁ'or
titaniu@ gi?ride 24 is sputter deposited dver tﬁe éurfacerof
the substrafe aﬁd 0§erlying the gafe 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. -AVNd: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 Exéimer laser is used, having
a wévelength of befween about 0.1 and 1.2.Jéu1es/cm2. A

~ prior art approaéh uses very higﬁ-laser energy: to melt the

silicon. In the process of the present invention, a solid
state reaction process is used. fhe laser energy mu;t‘ba.
adjusted carefully so as not to cause melting-oﬁ the gilicon.
It is possible that C40 titanium disilicide could be formed

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




-a wavel ength of between about 0.1 and 1.2 Joules/cn2. A prior afts JUL 2003
approach uses very high laser energy to nelt the silicon. In the process
of the present. invention, a solid state reaction process is used. The
| aser energy nust be. adjusted carefully so as not to cause nelting of the
silicon. It is possible that C40 titagiun1disi|icide could be formed by
anot her process, such as RTA. However, 'the laser 2 4 JUL 2005 - 7 anneali ng
process of the present invention has been proved experinmentally. This

anneal iangeailling @rmceaas @ fC4fe! iprakicu® 1dhehki 6hda 6 ThSka) p?f%vg}éer the gate
el ectrode and over the source and drain regions, as shown™in Fig. 3. C40
titani eFPediisieniteildy .haghd scaysieall ingawiilae Forhughke ¥abY +Sikahkal, to that
of C54, but quite different fromthat of C49. The extreme non-equilibrium
of t he igddd CdniedTiifg =pr Gee oy eaf thiee gaitev elkicarcfiavang bHhef eneat i on of

met a- st abl e phase CA0 Ti Siz Referring nowto Fig. 4, the wafer is

subj ecttEYTEE. 229 GhadenFecicnse espisdownedimaFignnéal CRTOA:i@anifir nace
annealda .t rature of between about 550 and 860 C and preferably |ess

At 4 e%%f
'than.aboﬁi 53 1h8P éb&ﬁ?sé§é.éﬁtﬁéce structure very similar to
" that of C54, but quite different from that of C49. The |

extreme non-equilibrium of the laser annealing proceés of the
invention favors the formation of meta-stable phase C40

TiSi=.

Referring now to Fig. 4, the wafer ig
subjected to. a low temﬁeraturg rapid‘thermal anneal (RTA) or
furnace anneal at a temperatﬁre of between about 550 and 860
°C and preferably 1é$s 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 wifh the

silicon to form additional C54 phase TiSi-.

* As shown in Fig. 5, the unreacted titanium or
titanium nitride.layer 24 is st;;pped from the wafer surface,
leaving fhe Cs54 TiSi= f£ilm 34 over the gate electrode 16 and
the source and drain regions 20. Alterﬁatively, the low
temperature annealing step can be performed after the

unreacted titanium 24 is stripped.'




~ to C54 %

transform the phase C40 TiSiz to phase C54 Ti Siz 34. Sqne'?{co;hfg 16&%;20
previously unreacted titaniumlayer 24 reacts with the S|t con to torm
addi ti onal C54 phase TiSiz. As shommdlp thihg,mépgrugLE?;Cg oo e The
titaniumnitride |ayer 24 is strippe ro mater source’and aving

I Si i1 m34 over the gate electrgge 16 an
: EggighslEOfIAIternativer the I ow tenperature annealing steP_can_?e _____
"perforned after the wunreacted titanium24 is stripped. ----

--- -- 24JUL2005 8 TH&hprpﬁesssgf°fPeh@r§ﬁ§§é%53¥§€%#ﬁﬂ%rgk}H1n%fﬁietgig
o " which originates from

o o llfiﬂi%%?%%t?%ﬁ glnﬁugi@atebﬁecbhtmm&&Eﬂbriélﬂéfégfff %0 achleve
narr olysilicon lines. The inventive process does not |nYo natln
é?aln g?%kwﬁ a0 YHRVER, f%%%%@l%ﬁ9|§0d¢54uSramemfm&ﬁibntﬂys elim g

bout
! nvent i onal second RTA tenperature is a
t888t of I860 cgf g,{, ggn’?%%@s% of 't h:bsqu%fﬂq:‘é)ht o | avieievd elpeiptrsg RTA, of

preferqg£yyé§§§céﬁaf1389 c:'f‘he 1nvent1ve process does not involve

C49 graln growth so. the C54 formation is dlffu31on -limited

thus ellmlnatlng the “flne llne effect "

A conventional second RTA temperature is'about

800 to 860 °C. In the process of the'invemtion, a2 lower

temperature RTA, of preferably less than 700 °C is used..

Because the crystallographlc orlentatlon of C40 is qulte

v51m11ar to C54, low temperature anneallng is suff1c1ent for

the phase transformatlon ‘Homogeneous C54 phase can be

formed from C40 TlSlz The low temperature anneallng helps

to minimize undesired dopant diffusion, redistribution, and

gate to source/drain 1eakage.

Standard backend Processing continues as 1s

- 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.




-Because the crystallographic orientation of C40 is quite 'sinilath%-kﬁ42mﬁ‘
Iom/benperature annealing is sufficient for the phase transfornmation.
Honbgeneous C54 phase can be forned from C40 Ti Siz. The | ow tenperature

anneal i ng hel ps

to mnimze undesired dopant diffusion, redistribution,

and gate to source/drain | eakage. Stapdard backend processing continues as

is conventional

to conplete the integrated circuit. For exanple, Fig. 6

shows the silicided gate and source/drain regions covered by a thick
dielectric |ayer 36. El ectri cal expemigcti ons nay be nmade, for exanple, to

one of the silicided

shown. -----
to show the

of thet

source/drain regions. 20 by netal contact 40, as
2 4 JUL 2005 9 EXAMPLE The follow ng Exanple is given

i nportant features of the invention ard to aid in the
‘under st andi ng thereofThﬂaﬁbéﬂmwnagn@wah@lﬁadg B veRos® sslid ked in the art
mnthout depzrtlng romthe spirit and scope of"the invention. The process

IrGs pgst@@eﬁnventlon and to aid in the

understandlng thereof Variations may be made by those

skllled 1n_the ‘art w1thout departlng from the splrlt and

e

..',"

.-'.\-': T

implemented.

The process_of the preseﬁt invention has been’

After laser annealing the titanium layer, an

electron diffraction pattern showed that fhe resulting

titanium silicide layer was phase C40. A transmission

electron microscopy (TEM) cross—sectionai image of the laser-

annealed sample showed a smooth interface between the éilicon

and the C40 TiSi=.

Experiments were pérformed to determine the

best time and temperature for the phase-changing annealing to

form C54 TiSi-. U.s. Patent 5, 956 137 to le et al, assigned

to the same a531gnees as is this _patent appllcatlon,

discusses the appllcatlon of mlcro—Raman spectroscopy to

determining the phase of a material. Raman spectroscopy was

used to measure these experiments.




' | '- tani um | a el ectrar JUL 2005
[ nt-ed. After laser annealing the titaniumlayer, an el¢
hr?ifggtion pattern showed that the resulting titaniumsilicide IaYer ma:
phase CA0. A transnission electron mcroscopy (TEM cross-sectloEa !Fagon
of the laser anneal ed sanple showed a snooth interface between ll:) etSIt' Irre
“and the C40 Ti Si2. Experinments were pemaorrre?l_ to Slet e][ (r)nr RquEZe_Ti S?i UI T
: erature for the phase-changi ng anneal i ng 0 . Sz, Us.
gg?easng,956,137 to Limet al, assigned to the sanme assignees as is this

i i ¥ | | ] - Raman spectroscopy
: lication, dissfpusses g .an _ng ti of mcro |
thegétgfﬁining t he phé%i of ‘a materia .Q%Ehgﬁ“¥ﬁké¥¥%366byxmas used to

oo e g, 2460 U e, G
e, e sl ot i o grotiia () v
neal UHEF | (R 17 49 usten Remadn Shint gmr anhdigadd iy rates 10
m. nutes .of annealing. The graph |nquates {hat-CS{ can grow quickly ¢ p
of-C4011 ustrates 0 minutes of annealing, line 72 illustrates 5
- ‘minutes, and iine_73 illustrates 10'ﬁinutes of annealing.
The graph indicates'that C54 can.grow quickly on top of C40
at low,temperatures. After annealing at 600 oC for only &
minutes'(line 725, strong C54 signals are present. After 10 .

minutes (line 73), the_C54 grows even thicker.

Fig;'s iilustrates the Raman spectra of a‘
titanium C49 sample after annealing at 600 QC.for differént
times. The graph shows normalized’inteﬁsiﬁy in arbitrary
unité (a.u.) vs. the Raman shift bper centimeter. Line 81
illustrates 0 minutes of annealing, line 82 iliustrates 5
minutes, and line 83 illusfratES'lo minutes of annealing.

.Thié graph shows that even after 10 minutes of annealing at
600 =C, the C49 titanium silicide is not changed to C54.

This indicates tﬁat C54 can grow on top of C40 at
temperatures far below the C49 to C54 phase tranéformation.
Oniy the C40 phase titanium silicide of the present invention

can be changed to phase (54 by a low temperature annealing.




at Iow 'tefrperat ures. After annealing 'a]E 60018C fp:]ug)glsy(;si ntT gg; eﬁtiﬁguggﬂﬂﬁ
' Af ter m , :
72), +strong C54 signals are present. tes (Ilne 73), the &4
n thicker. Fig. 8 illustrates the Raman sp
g;(r)rglsee\e/l?t er annealing at 600 C for different times. TheRagrﬁpghisP?wSer
normal i zed intensity in arbitrary um{J (a.u.) vs. the Rama

' ' ' ' I T - ling, |ine-82 i
. Line 81 illustrates O n)n es of annea . _
??PL;?EEEES‘S mnutes, and.line 83 illustrates 10 n1nutes of anneallﬂg.c49
This graph shows t hat Féyen Safildr st aticdui®R HardiNeRli-qg 2 that %%& can grow
titaniumsiticide is not changed to C54. This indi at es

on 't op OftaBAHICLQ ew@rlazt widerf andballawg ke @$ e 034 (pl %?‘caturest :

the C40 phase titaniumsilicide of t resen
TLSQ?]I ?{5’&' écar??fé’”cﬁ?angé"@et @r@%%@m hpmdlﬁweﬁem]g@?tﬁqrtet aﬁgﬁﬁhlmn&odf
tra o e |
JUL. 2 11 F| Ilustrates t he Raman spec M A o
?sanplegﬁaeﬁrﬁﬂﬂl ét“dlfﬁéreﬁhetgmmemaBMHéx pkal ceRtseeerds. gr apt

ts (a.u.) vs. the Raman shift
shows rnal A |nte t arbltrary uni e TR S
‘per cen?“ldrg;tder%q]]_ a%f | Itlhﬁs I‘Pé@@rrmreatmmme fligat ge |

illustrates an annealing at 630 °C, line 93 jillustrates an

anneallng at 660 °C, and line_94_illuStratee an annealing at

. 700 =C. This graph shows that the C54 phase titanium

5111c1de can grow on t0p of phase C40 at temperatures greater

- than 630 =cC.

.-

The Process of the 1nvent10n provides an

effectlve method of forming Tlslz, especially for deep

submicron feature sizes. First, phase C40 TiSi-= is'formed by
laser anhealing. Then, a second annealing step at low

temperature converts phase C40 to phase C54 TiSi=. TFor
furnace annealing, the preferred temperature is less'than 650

“C for less than 30 mlnutes. For RTA, the preferred

temperature is less than 700 <C for less than 60 seconds.

While the invention has been particularly
shown and described with'reference to the preferred

"embodiments thereof, it will be understood 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




illustrates an annealing at 630 C, line 93 illustrates an anneal §nrig JuL @68)
C, and line 94 illustrates an annealing at 700 C. This graph shows that

t he C54 phase titanium sil.icide can grow on top of phase C40 at .
tenperatures greater than 630 C. The process of the invention provides an
effective method of formng TiSiz, especially for deep submcron feature
"sizes. First, phase C40 TiSi2 is f or melf by laser annealing. Then, a second
anneal i ng step at low tenperature converts phase C40 to phase C54 Ti Sis.
For fdnveddismneal ing, the preferred tenperature is | ess than 650 C for

" less than 30 m nutes. For RTA, the preferred.- tenperature is |less than 700
C for less than 60 seconds. Wile the invention has been particularly
‘shown and described with reference to the preferred enbodi nents thereof,
it will be understood by those skilled in the art that various changes in
formand details may be nade w thout departing fromthe spirit and scope
of the 2 4 JUL 2005 12 invention. 2 JUL. 2005




13 Claims 1. A rmethod of fabricating a titaniumdisilicide filmpn JUie 2805
manuf acture of an integrated circuit cggprising: providing a sem conduct or
substrate having silicon regions to be’silicided; depositing a titanium

| ayer overlying said silicon regions to be silicided; subjecting said
substrate to a | aser annealing mherginmgald | aser annealing transforns
said titaniumto phase 40 titaniumdisiTicide where it overlies said
silicon regions and wherein said titaniumnot overlying said silicon
regions is unreacted; subjecting said substrate to a second anneal i ng

wher eby phase 28t d M urhahsidatding 3 sHigravinovbid 34 gl ds af dliphiase C40
titanium(ﬁgﬂéh&hq%égghg@qigng%%ﬁ}g§$@§fégﬁ%&%#q&5|Qfgf%%gglde i's
transforned to phase C54 titaniumdisilicide; and renoving said unreacted
titaniumlayer trreonplel @ dorimmindrctoir sailbitidaninmmidigiditiden filmin
the manufagt rcgansoft saged Siiritiecqir(?etcﬁd circuit. 2. The nmethod according to
Caim1l1l wherein $aid ‘
depositing a titanium layer overlying said silicon
regions to be silicided;
subjecting said substrate to a laser annealing
wherein said laser annealing transforms.said titanium to
phase C40 titanium disilicide where it overlies said
silicon 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
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.

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

and associated source and drain regions.




silicon regions to be silicided conprise gate el ectrodes and ass@ct alkd 2005
source and drain regions. - - --------- ----- R 2 4 JUL 2005
14 3. The method according to Claiml Wherein said titanium]l ayer is
sputter deposited to a thickness of between about 100 and 500 Angstrons.

4. The nmethod according to Caim1l wherein said | aser annealing uses a

| aser having a wavel ength of 1.06 nm and energy between about 0.5 and 1.5

Joul es /OM23. 5. Te nmétiosdaceerdiagngo Chai miiwhenei pnsaid,l asen
anneal i ng usj ng an Exciner |aser having a wavel ength of 248 nm and energy
bet ween about FIYUBndAYer Jeul EBPERRE  BRPORid athbt hod aactoi dkmegss 0 o€l ai m 1

wher ei n sailge@,@@@[pdab@ppe%@n%%%s%ﬁ%r%g%ggﬁ%ml anneal ing perfornmed at a

tenperature of between about 0.5to 2 mnutes. 7. The
met hod. according to Caim1l wherein said second annealing is a furnace

anneal ing p rforﬂad at_a  tenperature of between about 500 and 750 C for 5
to 60 mnutes. e method according to Claim 1 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?.

5. The method according to Claim 1 wherein said 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 annealing performed at a

temperature of between about 550 and 860 °C for 0.5 to 2

minutes.

7. The method according to Claim 1 wherein said second
annealing is a furnace annealing performed at a

temperature of between about 500 and 750 °C for 5 to 60

minutes.




e e éJUL_ 2005 15 8. A net hod of fabricatiriQZaE} JUL 200

titani um di
conpri si ng:

said | aser

isilicide re it_overlies_ said, : erein ( _
?: tani um no&%v%ﬁ%%%tu%eai%f St i 0T Fe hsC HaCwh et s bab ecting sai d
~anneal i ng whereby said phase C40 titani um
is  gPOWAOVEF |5 TRIvsE v Hase 405 tid i haw isi 41 ticen and

wher eby said phase C40 titaniumdisilicide is transforned to phase C54

substrate to a | ow tenperature

disilicide

titani um di

conplete formation of said titaniumdisilicide filmin the

silicide filmin the nanuf? ture of an integrated circuit
gubstrate having silicon regions to
be silicided; depositing a titanium|ayer overlying said silicon

to be silicgded;subjecit ng sal d substrate to a Ic.?ser Jgém %J%{] f&n}mg(r?{ ein

provi di ng a sem conduct or

anneal i ng transforns saﬁ&JtltfﬁQRﬁfW) . :
silicon_regions and wherein said

B¢gienwe:o dyl sileimoivderdy sai d unreacted titaniumlayer to

said integrated d¢petiting a titanium layer overliying said silicon

regions to be silicided;

subjecting said substrate to a laser annealing

wherein said laser annealing transforms said titanium to

phase C40 titanium disilicide where it overlies said

silicon 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
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.

regi ons

manuf act ure of



9. The method according to Caim8 wherein said sillgon reghogs ?Q%qﬁL 2005
silicided conprise gate electrodes and associated source.an8 mLargin cai d
regions. 2 4 JUL 2005 16 10. The method according to Claim gout o2
titanium layer is sputter deposited to a thickness of between a out 100
and 500 Angstrons. 11. The net hod acFO%SLEgO;olcgglgL? gﬂgrghgrzs d jaser

- 4 er having a wavel e

_:Bgﬁ?‘bbg ;aésla5|?§ules/cnﬂg 12. -The met hod according to Claim8 wherein

f 248 nm
‘sali d8i5 Mg thods agromddingprtol £3ermhavivhgraiwavakangth o
Zﬁhdengfg; ween ggnut 0.1 and 1.2 Joules/cn2. 13. The nethod according
to daim8 GRS 43 S oW S ﬁ@#ﬁéﬁét@ﬁDOaRMQéltngalshaggggsddbgggnak o
it d,at enperature of between about an _
gngeaglggn]n%#%%%%E O?ﬁe 9@?%6@ 2080 PBCEETEBS.Clai m 8 wherein said | ow

tenperature anneallng i-s. a furnace annealing perforned at a tenperature

- -of betmeen about 500 and 750 C for 5. to 60 m nutes.

11. The method accordlng to Clalm -8 whereln said laser.
annealing uses a laser having a wavelength of 1.06 nm

and energy between about 0.5 and 1 5 Joules/cmz-

12, The methnd according to Claim 8 wherein said laser
annealing uses an Excimer 1aser hav1ng 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 anneallng 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 betweenuabout 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




15. A nmethod of fabricating a titaniumdisil icide film in the mapuf aibiu 2805
‘of an integrated circuit conprising: . Erovi ding a sem conductor substrate
having silicon 2 4 JUL. 2005 17 regio § to be silicided; depositing a
titaniumlayer overlying said silicon regions _tg Pe si | ;(rzllnceigldl nSUbJ ecting
[ rate t : er anneal j ng. erein sai aser _
f?;gs?glr)rsrf; sai d I’?? a(%{?%n% gbe p lais:%a titani U(T disilicide }[/\/nere : t
overlies said silicon regions, and wherein said titaniumnot overlying
'said silicon reg‘?ll%Eﬁ%SJr%l ralct 'eth - bl By iy el bz rchtsel e second
annealing at a tenperature of |ess than 700 C whereby said phase C40
titani um disF¥terde? ¢ ransiordrd t o phase C54 titanium disil i ci de; and
removing said unreacted titaniumdisilicide to conplete formation of said
titani um disilicfeej€dting rsaidhesuimntufact we Oflsaid dniegrated circuit.
16. The met hod according to Caim15 wherein said silicon regions to be
silicided conprése gai® oot r@0esaling transforms said titanium to

phase C40 titanium disiliéide where it overlies said
silicon 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
disilicide; and

removing said uhreacted 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.




and associ ated source and drain regions. 17. The nethod accordi ngztépjg-aizm5
15 wherein said titaniumlayer is spu%éler deposited to a thickness o

bet ween about 100 and 500 Angstrons. 2 JUL 2005 18 18. The net hod
according to Caim15 wherein said | aser annealing uses . a |aser having a

wavel engt h ,qf 6 . t n .ab .5 and 1.5 Joul es/cnR2. 19.

The met hod '%C'C(?P% r?g[gﬂthga%daﬁe&nﬁqf%%vaggcroei i sai glu% a‘“géerr SHhiEa S N ies an _

- Exci mer | aser_ havi ngg a wavel.ength of . 248 nm and energy between about 0.1
and 1.2 Jo@lnéls%%r‘?ﬂ 6 ﬁ&%?%%&?vef&%radi%v?@r@% mas vifer®in said

second annealing is a rapid thermal annealing perforned at a tenperature

of between ZABb RSB ifth"E60 @Bt @5 ansd 2L ﬂgnmle]sasfﬂmzﬁhe met hod

according to Caim15 wherein said second annealing is a furnace annealing

performed at a tenperature of between about 500 and 750 C for 5 to 60

m nut es.

19. The method according to Claim 15 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?.

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.

2i. The method according to Claim 15 wherein said
second annealing is a furnace annealing performed at a

tempefature of between about 500 and 750 °C for 5 to 60

minutes.



