IN- LI NE PROCESS MONI TORI NG USI NG M CRO- RAMAN SPECTROSCOPY Noio1H2-
FI ELD OF THE | NVENTI ON The invention relates to the general y?b§ d of
materials characterization with particular reference to Raman spectroscopy
S applied to mcrostructures. BACKGROUND OF THE

| NVENTI ON A light ray incident on a material w Il experience
scatter- ing when it encounters inhonpbgeneities in its path. These could
be in the formof dust particles, local fluctuations in density, or even

i ndi vi dual nol ecul es (Rayl ei gh scatteri-nd)s the general phenonenon being

referred to as the Tyndall effect. The Tyndall effect can be explained in
terms of classical physics and in- cludes the proviso that the scattered
| i ght.- has the same wave- |ength as the incident ray. In the
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FIELD OF THE INVENTION

The invention relates to the general field of materials
characterization with particular reference to Raman spectroscopy

as applied to microstructures.

BACKGROUND OF THE INVENTION

A light ray incident on a matéfial will e#perience scatter-
ing when it encountexrs inhomogeneities in its path. These could_
be in the form of dust particles, 1océl fluctuations in density,
or even indiyidual molecules (Rayleigh scattering), the general

-.phenomenon being referred to as the Tyndall effect. The Tyndall
effect can be _explained in te;ms of classical physics and in-
cludes the proviso that the scattered light has the same wave-

length as the incident ray.

In the Raman effect, which is a non-classical quantum

effect, a small £fraction of the scattered light is found to have



é‘mavelength that is slightly longer than that of the incident ray.
Assum ng the latter to be nonochromatic, a Raman spectrum which is
characteristic of the material being illum nated, can be obtained by
anal'yzing the wavel ength of light scattered fromthe nmateri.al. The Raman
lines are found to always be displaced from that of the incident ray by a
fi'xed nunber of wave nunbers (reciprocal of the wavel ength), regardl ess of
the incident ray's wavelength. 1In a solidg 4he Raman spectrum
represents energy differences between vibrational states of the crystal

lattice, making jt | que, Wi.th re t t.o_that rti.cul ar tiGe. ..

To obtain ?hewﬁ‘g%%né‘g%% sa?%’r@ﬁﬁic%tel. Sw Egﬁgc%r?%%ﬁntoléc% thoega(:&%c degpt o
aser) [ s dhpect o Ainddie ! bt el WIde ikeRhiRat 1] o) Milfhd [SHiictrun,
energing in backscattered direction relative to that of the laser is
anal yzed. phibRugs thaficteedktecedt i thematetiiadcbedng COLLwhinatEd, N debe
used, the backscattered direction is preferred because it mnim zes any

i nt er f er enobtbynedebylianadyzibgabhe wavelemptd wfeddghti nseatiered £rom the

application of the Raman effect to deal wth a particular(gégblen1that
often arisBaterighe cHp Ramags linasfake foung itor e4rwared ke rdisrlaced fxop -

deter m ningwhetper @ MRLYLY LR £7% PHkAPhERbEE 3P AN SublRANY N9
(reciprocal of the wavelength), regardless.of the incident ray's
wavelength. In a solid, the Raman spectrum representS'energy
differences between vibrational states of the crfstal lattice,

making it unique with respect to that: particular lattice.

To obtain the Raman spectrum, a high intensity monochromatic
beam (i.e. a laser) is directed at the material under investiga-—
tion and light emerging in a backscattered direction relative to

. that of the 1laser is analyzed. Although light scattered in any
direction could in principle be used, the backscattered direction
is preferred because it minimizes any interference by the direct

beam.

The present invention is an application of the .Raman effect
to deal with a particular problem that often arises in the course
of manufacturing integraﬁed'circuifs; namelf determining whéther
a material that has been subjected to a phase changing stimulus
(most commonly a Rapid Thermal Anneal or RTA) is, in fact, in thé

desired phase. This can be a problem for two reasons — the



(nost ‘commonly a Rapid Thernal Anneal or RTA) is, in fact, in the desired
phase. This can be a problemfor two reasons - t he

-3- amount of material involved is very small and the process wi ndow for
tshe RTA (or other procedure designed to bring about the phase change) is
very narrow. The present invention, while of a general nature, is
particu- larly concerned wth nonitoring a specific process, nanely the
SALI CI DE (self-aligned silicide) process. Ag will be described in further
detail below, said process ends with an RTA whose purpose is to change the
crystal structure of a netal silicide to a different structure having a

si gni fi canempuppnept reatenial dpvolypd ps oretius@aildr apgntherpPrecesse windawss
(or failur as tau

of . t hj tep hé in the prior art, is to sure the
o5 st vi t For_ 5per RO HiteT, BEPLPanEs) SeriBiee Fo  PENERCROSHhcH RPafa
concer ned Q&gﬂ§g§ YE' YeSyBldrroatiCh @ neasurenent cannot be perfornmed
in-line. It econes particularly difficult when the area in question
is not continuous but is nade of many snaller areas, such as in a line
pattern. Thus, this neasurenent nust, at best, be nade on an area
adj acent to the&her paesént nirevearttioandwhile vaf & genelratonmasure gdebs rpentt e~ .
technique, requiring the sacrifice of one of the chips of the wafer being
processed. larly concerned with monitoring -a.specific process, namely the
SALICIDE (self-aligned silicide) process. As will be described
in further detail below, said process.ends with an RTA whose
purpose is to change the crystal structure of a metal silicide to
a different structure having a significantly lower resistivity.
The procedure for monitoring the success (or failure) of this
step, as taught in the prior art, is to measure the resistivity
(or rather sheet resistance) directly. However, when the area
concerned becomes very small, such a measurement cannot be
performed in-line. It becomes particularly difficult when the
area in question is not continuous but is made of many smaller
areas, such as in a line pattern. . Thus, this -measurement must,
at best, be made on an area adjacent to the area of interest and

at worst it becomes a destructive technique, requiring the

sacrifice of one of the chips of the wafer being processed.

The SALICIDE process, specifically wusing titanium, is
described by Rastogi (USP 5,286,678 Feb 1994) who monitors the
effect of the phase transforming RTA through measurement of the

average sheet resistance of the titanium silicide.



The SALICIDE process, specifically using titanium is described by
Rast ogi (USP 5, 286,678 Feb 1994) who nonitors the effect of the phase
transform ng RTA through measurement of the average sheet resistance of
tshe titaniumsilicide. -4-

The use of the Raman effect to study the structure of a thin Iayer in the
formof an adsorbate is described by MIne et al. (USP 5,017,007 May
1991). The principle thrust of this inventid~ is how to effectively

i ncrease the adsorbate area, and hence the intensity of the Raman signal,

by careful pre tﬁé’é‘ & i Q_l ﬁg{?séfﬁ%& CPQJF:%‘Eu w’lg:ﬁg %%c&ﬁ%’ otkflfae il

attach itsel f. acconp osit ayer ver mcro

needles o 59e£h§nsua§érﬁiﬁr ofhba h@és&%&@rllsnaegarib@d P5¥'S MitLrie \@NtE1oN
where the type of surface to be Raman anal yzed nmay not be al- tered.

SUMVARY OF (BEe 5 NYENTOGCN May 1991)Lt Ties meripleoltheast obf t el priesmnition

invention to provide an in-line non-destructive imethod for identifying the

crystal stisc-howute effectiagdy incrmeasaltheagsorbate area, and hence the
intensity of the Raman signal, by careful preparation of the -
substrate onto which the adsorbate will attach itself. They
accomplish this by depositing a layer of silver micro needles
onto the substrate. This has no bearing on the present invention

where the type of surface to be Raman analyzed may not be al-

tered.

SUMMARY OF THE INVENTION

It has been an oﬁaect of the present in&ention to provide an
in-line non-destructive method for identifying the crystal struc-

- ture of a layer in a small area.
Another object of the invention has been that said method be

suited to determining if the correct phase is present at the end

of a SALICIDE procedure.

A particular object of the inﬁention'has been to provide an



Anot her obj ect of the invention has been that said method be suited to
determning if the correct phase is present at the end of a SALICIDE

procedure: A particul ar object of the invention has been to provide
an - 5- in-1ine non-destructive

met hod for detern1n|ng t he amount of the C54-Ti Si 2 phase in a |ayer of
ti'taniumsilicide present in a fine I|ne pattern after a titani um based
SALI CI DE procedure. These obj ectsd lrave been achi eved by observing

the Raman spectrum-of the layer within the area in questlon In a silicide
I ayer prepare AL Cl DE S t stal phases ef gre . and
after Rapi d™T é?ﬁa?gll\rf?ﬁ%r“&tév?oﬂ ‘g%&' e?‘PE g ng sa"?%unr N g'tht.?d by
;he appear?ggeTﬁgldl Eggegﬁ £ %ég%f'&élﬁita HR é%dé %t Bhg fine
racti on of ~eac se e an ea enperature was

too high thapgl ba€t€9n|&\ﬁ’t§€r aag-.qltaa@ﬁat Based m&mnﬂabiecé@uﬂ@t ected in the
Raman spectrum The nethod is well suited to identifying phases in a

mcro- structure such as a fine line pattern and has been used success-
fully down to line wi dths of about 0.35 mcrons.

These objects have been achieved by observing the Raman

'spectrum of the layer within the area in question. In a silicide

layer prepared using the SALICIDE process, the crYstal phases

before and after Rapid Thermal Annaal are found to be different.

This is reflected by the appearance of different 1lines in the

Raman spectra so that the fractida_qf each phase can be deter-
mined. If the anneal temperature was too.high the Silicide layer

agglomerates. This can also be detected in the Raman spectrum;

The method is well suited to identifying phases in a micro-

structure such as a fine line pattern and has been used success—

fully down to line widths of about 0.35 microns.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the basic apparatus used to implement the

method of the present 1nvention

FIG. 2 compares the Raman spectra of the C49—TiSiz, the C54;

TiSi,, and the C54-TiSi, agglomerated phases.



BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 shows the basic apparatus
used to.inplenent the nethod of the present- i nvention. - FIG 2
conpares the Raman spectra of the C49-TiSi[err], the C54- TiSi[err], and
tthe C54-Ti Si[err] aggl omerated phases.

-6- . FIG 3 is a plot of Raman line intensities for the C54-TiSi[err]
phase as a function of RTA tenperature, for lines of different w dths.
FIG 4 is a plot of sheet resistance as a fouacti on of RTA tenperature, for
| i nes of different w dths. DESCRI PTI ON OF THE PREFERRED

oo VTS o1 F 3G 4 HECHIB LR PIERRR 1uReoPhiefel &1 AITHE! BsanRINE2
regardl esspgfshow g mew&rt%oa%fedmfz; te digeraRrdeSebt bﬁ}:}ﬁt&r srabeft

SALI CI DE process as that i1s the application concerning we have the
nost experwbdies .

FIG. 4 is a plot of sheet resistance as a function of RTA -

temperature, for lines of different widths.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Although the present invention is of a general nature, being
suitable for the in-line monitoring of many micro-structures,
regardless of how they were formed, it will be described in terms
of a SALICIDE process as that is the application concerning which
we have the most experience.

Referring now to FIG. 1, thelSALIcinﬁ process begins at a
silicon oxide surface 3 (usually part of an integrated circuit
and lying on a silicon substrate 2) on which has been deposited
polysilicon layer 4. The latter has been patterned and etched
into multiple areas of poiysilicon separated one from another by
areas of silicon oxide. A common form for these multiple areas

is a line pattern made up of lines such as 11. Typically, these

lines would be between aboﬁt 0.2 and 1 microns wide and be



Referring nowto FIG 1, the SALICIDE process begins at a silicon oxide
surface.3 (usually part of an integrated circuit and lying on a silicon
substrat e 2) on which has been deposited. polysilicon |ayer 4. The latter
has been patterned and etched into nultiple areas of polysilicon separated
one from another by areas of silicon oxide. A common formfor these
multiple areas is a line pattern made up of |lines such as 11. Typically,
these lines would be between about 0.2 and 1 microns wi de and be

-7- separated fromone another by betweer about 0.3 and 1 microns.

Th f t Ll Cl DE I I I tact

[he pol o ToRAFACREL J50m 2t GITVHE PHoRPRHGoR b 3 80 3 miFroian -
d To th
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first RTA wherein the structure is rapidly heated and cooled for a brief
time periexpoded tdreasasf silicdmoxidel.hi sSTostluid ephr at lagelvedficanmebbdbut
680 and 750 [err]C for between about 30 and 60 seconds. As a result
of the RT/sudle ms dlitapiums twngstere gobpdt)iviekelan®r s ndshedr addoyoisa

| ayer of silicide. A selective etchis then used to renpve all

unr eact ed ¢ﬁRQ§itqdb§WPFlﬁbel?P§94%nﬁ§rqﬁﬁur§rlF%l%k;h§qh?eéﬁlbFﬁﬂeﬁBI9§PPFcon
areas, and165) I%Widﬁ iﬁgstroms This is followed by a first RTA wherein

the structure is rapidly heated and cooled for a brief time
period. In the case of titanium this is a temperature between

about 680 and 750 °C for between about 30 and 60 seconds.

As a result of the RTA the metal reacts with the polysilicon
and is converted to a layer of -silicide.- A 'selective etch is
then used to remove all unreacted metal, resulting in a layer of

silicide 5 in all the polysilicon areas, and nowhere else.

If this silicide ~layer had a sufficiéntly low electrical
resistivity, the ' SALICIDE process would -end here. In practice,
however, it is found that the crystal phase that forms as a
.result of the first RTA has a relatively high resistivity (around
60-90 ohm—cm. for titanium silicide). It is, however, known that
an RTA at a somewhat higher temperature (between about 850 and
900 °C for between about 10 and 30 seconds for titaﬁium) results
in a different crystal structure that has a significantly lower

resistivity (about 15-25 ohm-cm.).



I'f this silicide layer had a sufficiently low electrical resistivity, the
SALI CI DE process would end here. In practiece, however, ‘it is found that
the crystal phase that forns as a result of the first RTA has a relatively
high resistivity (around 60-90 ohmcm for titaniumsilicide). It is,
however, known that an RTA at a sonewhat hi gher tenperature (between about
850 and 900 [err]C for between about 10 and 30 seconds for titaniun
results in a different crystal structure that has a significantly | ower

resistivity (about 15-25 ohmcm). -8-
- 8- It turns hat , t r.Qce L. ndow. t n [ :
extrenely narr - %%frf‘tst §8tl ?‘??‘Fet%é*nﬁ’&\ge?’g %‘fﬁ% ?eﬁﬁgﬁt%r %ﬁsg-gédf %?%a:tllson

to the | owfesindiyidarBiase i itPMRkete vhelgyiis tdplieah ener eyahs-
supplied the silicide layer will agglonerate and break up into a

non- cont i nfsatita fiidmteathegloer yedisihi vdltyephasesist tmmmplete whifle i€ tbas
essential to be able to determ ne, once the_ second RTA has been perforned,
whet her t hmu¢henexgystiisysuppphed cthewasifldcide, layer HerllgRggdomegatyi gand

resistivity phase renmiins, and whether any _aggl operation has taken pl ace.
The met hodPE$aK hd'P priddnt @ RORTETHH PHONF; dgégan PERSE T | &’Pﬁf’eégeeg '

quest 1 ons :}:Qs:{igtaﬂé.é'.l I ne non-destr UCt.I ve nmanner.

Tt is thus essential to be able to determine, once the
second RTA has been performed) whether thé low resistivity phase
was formed, whether any of the high resistivity phase iemains,
and wheﬁher any agglomeration has taken place. The method of the
present invention provides an answer to all three questions in an

in-line non-destructive manner.

Continuing our reference to FIG. 1, we show there a micro-
scope 13 through which the laser beam that will be used to
genefate the Raman spéctrum is directed. After passing through
objective lens 14 (typically a 50x lens, but other magnifications

- such as 70x or 100x would also still-work)_léser beam 16 hés been
focussed down to spot 17 which has a diameter between ébout 1 and
2 microns. After arriving at the area of silicide illuminated by
the spot, light is scattered in all directions including 18 which

" represents the backscattered direction relative to the laser.
Included in this scattered.light are the Raman lines that are key

to the method of the present invention.



Continuing our reference to FIG 1, we show there a micro- scope 13

t hrough ‘which the | aser beamthat wll be used to generate the Raman
spectrumis directed. After passing through objective lens 14 (typically
a 50x lens, but other magnifications such as 70x or 100x would al so stil
wor k) | aser beam 16 has been focussed down to spot 17 which has a dianeter
between about 1 and 2 mcrons. After arriving at the area of silicide
illumnated by the spot, light is scattgred in all directions including 18
whi ch represents t he backscattered direction relative to the |aser.

Included in thig, SCAIHGCHnk! ﬂ%ax@rﬁr{é},e BIBROCALO65%d MAlgrt” 98K9% phlsbge

nmet hod of the present I nventi

- 9- Tent&8eh & sd&taaaaatbm@wn (K shobh el edsdvardl bXkamplReass€dihe
t hrough a spectrophotoneter (not shown). Several exanples of the Raman

| i nes, forRahantilimasymfer! thedeitystwmsidieidbosysten Fla@e showdhdn FIGseen
Is a pIot of normalized intensity in arbitrary wunits (a.u.) vs.

di spl acenedt (Vmahuitheeenf davasplet afnnormadyzedrbptensitiyvasdmn agpbitrasy

| atter we have used both HeNe and near infrared |asers having wavel engths
of 633 nm BRHLT SR i ) @?peélsP%?Q%‘P%Pt (in numbﬁrwewaz'e%mre Sp. >sarrar!

the high resistjvity phase hat resent after the f|r t
cnown as | FEOB.Ehe AREESG PP the PGS Beo ReVE! [ 10F AL 4ENG e nplr
seen to haiﬁff£§€&’ﬂ§§érs having wavelengths of 633 nm and 782 nm respec-

tively.

In FIG. 2, curve 21 is for the high resistivity phase that
is present after the first RTA. It is known as thelbase—céntered
orthorhombic C49 TiSi, phase. It can be seen to have sharp weli
defined peaks at 269, 294, 333 cm > Curve 22 is for the low
resiétivity phase that should be present after the second RTA.
It is known as the face-centered orthorhombic C54 TiSi, phase.
It can be seen to have sharp well defined peaks at 206 and 243
cm. Corve 23 is for the agglomerated phase that is obtained if
the second RTA was at too high a temperature. It can be seen to

~also be face-centered orthorhombic C54 TiSi, but its peaks are
" much broader and less intense than seen in curve 22. Additional-
ly, a weak peak,'associated with the agglomerated film and not

present in the unagglomerated film, can be seen at 303 cn .

As mentioned earlier, non-destructive evaluation of the

various TiSi, phases using sheet resistance measurements becomes



defined peaks at 269, 294, 333 cnferr] Curve 22 is for the |ow
resistivity phase that should be present after the second RTA. It is known
as the face-centered orthorhonbic C54 TiSi[err] phase. It can be seen to
have sharp well| defined peaks at 206 and 243 cnierr]. Curve 23 is for the
aggl oner at ed phase that is obtained if the second RTA was at too high a
tenperature. It can be seen to also be face-centered orthorhonbic C54
TiSi[err] but its peaks are nmuch broader and |less intense than seen in

curve 22. Additional- |y, a weak peak,‘a§§obiated wi th the aggl onerat ed
filmand not present in the %Qaggloner ted film..can _be geen‘$t 303
cnferr]. increasingly pore, SPLEeps aRS3 MRRPEy BCEREI BN T 5T e

err]. 1o : o feg . ¢ ,
Y0 o cSaFhaPgER el BniRet o Eiak AN 3F [RACHREEFERR: )i ieter

In integrahgdnCi rgHiis, aftdbtilidithel 8eflcAdP YL AHe RBELABRISE tHbighesedt | e
affecting the efficacy of the method of the present invention, does not
make it ingihkatibne. ddés snaan maket ibeiseffectiverl GTh3swhanh best bersedn zed
plot of Raman line intensities (in a.u.) fromlines associated with the
C54 (| ow HasFIGi.vi Byyhighase, aanoxmplhzed opleli athe RRPAn: diper iptersities -

In FIG 3, curve 34 _is foy, a relatiye | ar ge (,not i ne olysiligo
area, curdmg-ps) §Fon 1i¥ﬂ%§(ﬁ?ﬁ&5F?£¥Fi%b Ii#hf A4 38k Pés Stivity)

phase, as a function of the RTA temperature.

In FIé. 3, curve 34 is for a relatively large (not a line)
polysilicon aréa, curve 35 is for:a 1 micron pélysilicon line,
curve .36 is for a 0.6 micron polysilicon line, and curve 37 is
for a 0.35 micron polysilicon line. The plot can be seen to be
divided into three regions. 1In region 31, the C54 phase is seen
to be rapidly growing in intensity és the RTA temperature is
raised. In region 32, the C54 intensity levels off as the film
becomes almost pure C54, while in region 33 thé 054 intensity
starts to drop as the incidence of agglémeration begins to

increase.

. For comparison, in Fig. 4, sheet resistance has.been plotted
over a similar range of RTA temperatures.: The rise in sheet
resistance beyond the agglomeration point is so steep that it is
completely off the scale. As in EIG. 3, the plof is for a
selection of different line widths. As can be seen, the decreasé

in sheet resistance, as the optimum RTA temperature is



curve 36 is for a 0.6 micron polysilicon line, and.curve 37 is for a 0.35
m cron polysilicon line. The plot can be seen to be divided into three
regions. -In region 31, the C54 phase is seen to be rapidly growing in
isntensity as the RTA tenperature is raised. 1In region 32, the C54
intensity levels off as the film becones al nost pure C54, while in region
33 the C54 intensity starts to drop as the incidence of aggl oneration
begins to increase. For conparfddnt in Fig. 4, sheet resistance
has been plotted over a simlar range of RTA tenperatures. The rise in

sheet reS' S lEReACY 000 PG R $hO8 99'.@#1&&1 19n85CERutPE 41§ it

conpletel e sca

sel ection fgaéy'gggreghel|ﬂeovmfgﬂai Asnegn p@uﬁwgﬂnz)the @PREECaSEerved to
sheet resistance, as. the optimum RTA tenperature is

appr oachedgurtifergfetphasizé othé heinholtanicer ofi beires (ahllev¢04ﬁ:)arﬁqr.|m | 2aB+
for the 1.0 micron lines (curve 42% This serves to further
enphasi ze déstrugtdveaneasutenenty 5 &heovpeyf Hing ndinesdesepgthigg made
measur enent s onEJQF ﬁ;y fine |lines, sonething nmade posible by the present

i nvent i on.Posibl epfﬁﬁﬁ?ﬁnhﬁﬂﬁQE%°ﬂas been particul arly shown and de-
scribed with reference to the preferred enbodi nents thereof, it

while the invention has been particularly shown and de-
scribed with refeience to the preférred 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 invention.



wll be GEEEFEFBBH"B“‘rhUSErsklIIed in the art that various changes in

L?rrhgn?niﬂmlm”mmﬂn de W t hout departing from the spirit and_sicszfa

* of in-line nnnltorlng of a mcro-structure,

com prising: providing, in the formof a line pattern, a
| ayér of a material having a crystal structure; 5 in a
first direction, directing a |aser bea having a wavel engt h,
onto the line pattern as a spot having & 4¢ amet er ; ' performng a
spectral anal ysis ng fro e li.ne patterp in a_second
direction %hat A §e§&8ﬁ5c3£t¥ﬁf;} IEPP%g%rlng o% & SEFErPBFgFuﬁ E%ti?ﬁﬁ—

t her eby obta %g a Raman spectrum and 10 from said Raman
spectrum PLIFEN i'fying said crystal struc- ture. 2. The

met hod of cl aighoviawhgl ein the rorml ebEak | Bind pHitehrn, a lageriéfdea
3. The nethod of cIa|n12 wherein the material is selected from 15 t he

group consdtdErdia] dhvingaai erystaingdtracturepbal t, nickel, and ni ckel
al | oys. 4. The nethod of claim 2 wherein the material is
titanSum in a first direction, directing a laser beam, having a -

wavelength, onto the line pattern, as a spot having a diameter;
performing a spectral analysis of light emerging from the
line pattern in a second direction that is backscattered relative

to said first direction, thereby obtaining a Raman spectrum; and

10 from said Raman spectrum, identifying said crystal struc-
ture.
2. The method of c¢laim 1 wherein the material is a metal
silicide.
3. The method of cla1m 2 wherein the material 1s selected from

15 the group consisting of titanium, tungsten, .cobalt, nickel, and

nickel alloys.

4, The method of c¢laim 2 wherein the material is titanium

silicide having the C54 crystal structure.

5. The method of claim 4 wherein the step of identifying said
20 crystal structure further comprises detection of lines in said

Raman spectrum displaced from the laser wavelength by 206 and 243



SiliciLde having the C54 crystal structure. 5. The nethod of claim'
4 wherein the step of identifying said 20 crystal structure further

fﬁgp{gjﬁll”ﬂﬂﬂlﬂlﬂnlllm' |2i02e2ndi g4gai d Raman spectrum di spl aced from

- 13 - ~havts Yer* cm 6. The nethod of claim1l wherein the
|l aser is a HeNe | aser havi ng a wavel ength of 633 nm or a near
infrared | aser having a wavel engt h 782 nm 5 7. The net hod of
claim1 wherein the dianmeter of the spot3 i bet ween about 1 and 2
m crons. 8. The method of claiml mhereln the line pattern further
conpri ses wavesspeaviclg a wi dt h between about 0.2 and 1 mcrons

separated by between about 0.3 and 1 mcrons. 10 9. The method of
claim1l wherein the step of directing the | aser beam furt her

conprlses assi tﬂg FS&”&fhré¥§¥h 3lggﬁ59e1n the IHSRE is a HeNdOLadér

I n-1ine ‘hod "0f” nonitoring a pr ocedur e,
having a wavelength of 633 nm or a near infrared laser having a

wavelength 782 nm.

5 7. The method of claim 1 wherein the diameter of the spot is

between about 1 and 2 microns.

8. The method of claim 1 wherein the 1ine pattern further
comprises lines having a width between about 0.2 and 1 microns

separated by between about 0.3 and 1 microns.

10 9. The method of claim 1 wherein the step of directing the
laser beam further comprises passing the beam through a micro-—-

scope.

10. An. in-line method of monitoring a SALICIDE procedure,
15 'comprising'the sequential steps of:
providing a layer of silicon oxide on a silicon substrate;
depositing a layer of polysilicon on said layer of silicon
oxide; | |
pattérning and etching the poiysilicoh to form a structure
20 comprising multiple areas of polysilicon separated one from

another by areas of silicon oxide;



15 conprising the sequential steps of: . providing a | ayer of
silic | H-icoen substrate; - T depositing a | ayer of
pol ysilicon on said r of silicon oxi de; patterning

I | aye :
and -et cmmgl Hl“j! HI i'irlmcon to forma structure 20 conprising nultiple
ar eas y L separated one from anot her by areas of

silicon oxide; . - 14 -
depositing a layer of a nmetal over the structure; subj ecting the
structure to a first RTA whereby the netall4 - reacts with the
polysilicon to forma |ayer of a netal silicide having a first

crystal structfepositing a layerf @) matalupvesncthy sistugture;
subjecting the structure: a cqnd A ereb . h to
J 9 t%;lercutc n&r té:; e égrggtuﬁ;r itr?vwga ?ﬁ.‘s{: hﬁfﬁl‘geltrebr{ &lh%e(%‘tglgﬁi

a second crystaf™

ITS I oI, Jg a
| aser, ha¥ﬁast§ wi@Y She polysieieth) QNidrmPl B&Pér ¢ t he md@halsidiildigiede,
as a spot having a 10 di aneter; performng a spectral

anal ysi s ohabvigdta efiersyi rgyktal seidcture; area of metal silicide in a
second direction that is backscatter- ed relative to said first

di rectsi on, therzé¢novinaialilngnyeagbed metal; spectrum and 15 from’
said Raman spectrum determning the relative apounts of the first

and secand crystapiedting Hhesspracknre ite <& &e&PEQ RTA whereby the metal

changes to a second crystal structure;
in a first direction, directing a laser, having a wave-
length, ontb an area of the metal silicide, as a spot having a
10 diameter;
performing a spectral analysis of light emerging frqm said
area of metal silicide in a second direction that is backscatter-
ed relative to said first direction, thereby obtaining a Raman
spectrum; and
15 from said Raman spectrum, determining the relative amounts
of the first and second crystal structures present in said area

of metal silicide and whether agglomeration has occurred.

11. The method of claim 10 wherein the metal is selected from.
the group consisting of titanium, tungsten, cobalt, nickel, and

20 nickel alloys.

12. The method of claim 10 wherein the metal silicide is titani-
um silicide and the first crystal structure is C49 and the second

crystal structure is C54.



of nme t her aggl onerati on has occurred. ' 11. The
nmet hod of claim 10 wherein the netal is selected from the group

consi Ste”lﬂlﬁmllllﬁluﬂm tungsten, cobalt, nickel, and 20 nickel alloys.
%2. "Th 10 wherein the netal silicide is titani- um

silicide and the"firtst crystal structure is C49 and the second

crystal structure is Cb4. -
15 - 13. The method of claim 12 wherein the relative anount of the
C49 structure is determ ned by neasuring'l*%é‘intensities in the

Raman speqty “mxﬂbslolng‘éﬁﬁdféf”ﬂltaﬂ‘ﬁ\ hasepnhpyE el h-ut262. 21%évmt of tr?é‘d

333 waves per cm an relative amount of the C54 struc- . ture

det er i ned4ghtFAREUEENYs déterniNedndiyt nessurtng hﬁ.daarmmensnlespemmm
di spl aced fromthe | aser wavel ength by 206 and 243 waves - per cm

14. The mRawah ofspelcairomldisplkacsd firom thestldSek fuavielengtbnby 269, 294 ses
heating the structure at between about 680 and 750 [err]C for 10 bet ween
about 30 amd @33seevedsper cm. andltheThelabivedngund] @fithe wWAd4 estrucre
second RTA further com prises heating the struycture at between
about5 850 WH® 9od® ngpf@ip%@ by measuring line intensities in the Raman -

spectrum displaced from the laser wavelength by 206 and 243 waves

per cm.

14. The method of claim 12 wherein the first RTA further com—
prises heating ﬁhe structure at between about 680 and 750 °C for

10 between about 30 and 60 seconds;

15. The method of claim 12 wherein the second RTA further com-
prises heating the structure at between about 850 and 900 °C for

between about 10 and 30 seconds.

16. The method of claim 10 wherein the laser is a HeNe laser
15 having a wavelength of 633 nm or a near infrared laser having a

wavelength 782 nm.

17. The method of claim 10 wherein the diameter of the spot is

between about 1 and 2 micfons.

18. The method of claim 10 wherein the layer of metal silicide

20 is in the form of lines having a width between about 0.2 and 1



bet ween ab 30 seconds. 16. The met hod of cl aim 10
wherein th , &y Llaser having a wavel ength of 633 nm or

a near infrare wavelength 782 nm - 17. The

net hod of cIa|n110 wherein the diameter of the spot is bet ween about
1 and 2 mcrons. 18. The method of claim 10 wherein the |ayer of
metal silicide 20 isinthe formof lines having a w dth between about
0.2 and 1 - 16 -

m crons separated by between about 0.3 and ¥ microns. 19. The

met hod of cl ai 0] e ryskal gt - ture has an

el ectrical ‘%?’gg‘iqpé |§/é|,4}§lra[ Bp b%a?ween auoq-'u%‘j é é %u'&cror}sl'mes that of the
second structure. 5 20. The net hod of cIa|n110 wherein the step of
directing the | aser further conprises passing the |aser.through a

m croscopel19. The method of claim 10 wherein the the first crystal struc—
ture has an electrical resistivity that is between about 3 and 6

times that of the second structure.

5 20. The method of claim 10 wherein the step of directing the

laser further comprises passing the laser through a microscope.



