; yze3eYVdFB66! TCN(5 USI NG REFRACTORY METAL SI LI Cl DATI ON PHASE TRANSI TI ON
TEMPERATURE PO NTS TO CONTROL AND/ OR CALI BRATE RTP LOW TEMPERATURE

OPERATI ON BACKGROUND OF THE | NVENTI ON *ts9ts9* (1) Field of the Invention
*@00002* The invention relates to the fabrication of integrated circuit
devices, and nore particularly, to a nethod of precise tenperature control

in RTP | ow tenperature operation and nonitoring in the fabrication of
i nt egr at ed BPENGI REFRRCFODE IHT At iSort I DA OFr PBASAr TRIEDT B @her nal

rocessin P b ' enen [ [cation steps in
Pnt egr at engﬁg’é%f*?%nﬁf&#m%@@%g& g@@ﬁt %g&g&ﬁ ﬁgﬂ n‘gé"{ enper altour e
are necessary for reprodumlb%] sHthEs JPERRLT RN Ocesses. is especially
difficult to control rapid t er mal anneal I ng (RTA) syste

mat ch tenperatures between systems in the |ow tenperature regl wmwmmum
about 200 and 800 C. Conmonly, a pyroneter sensor is used fo

tenperature control. TBARCKERHEIND d&t dUiEs INVENaCOVal vvafer terrperature %y an
emtted optical signal fromthe wafer. This optical signal is relati

lIO\éV (I:Eo_rltpar ed to a1l high tenperature enission. The si gnal nm‘mmwmnwﬁl%

(1) Field of the Invention *GOO002*
The invention relates to the fabrication of

integrated circuit devices, and more particularly, to a

method of precise temperature control in RTP low temperature

operation and monitoring in the fabrication of inteérated

circuits.

(2) Description of the Prior Art

Rapid thermal processing (RTP) has been
implemented in many thermal fabrication steps in integrated
circuit manufacturing. Precise control of time and
temperature are necessary for reproducible results in RTP
processes. It is especially difficult to control rapid
thermal annealing (RTA) systems and to match tehperatures
betwaeen systems in the low temperature region of between
about 200 and 800 °C. Commonly, a pyrometer sensor 1s used
for RTP temperature control. The sensor detects the actual
wafer temperature by an emitted optical signal from the

wafer. This optical signal is relatively low compared to a



where T is the wafer tenperature. For a |ower tenperature, the signal
emtted fromthe wafer is smaller. If a thernocouple is used to detect the
tenperature, a |lower tenperature also results in a |ower voltage signa
fromthe thernocouple. In the wafer fab or between fabs, the sane or

di fferent hardware systens are used for RTP with the same recipe
tenperature settings for the sanme process. Wth current calibration

syst ens highetabBoratere eapeistan es Ther stiynadafwonrethpewatemerature setting
can be different for each hardware system This difference nust be
mininized in order to have systeém3rét dhi ng. Tenperature sensitivity curves,
show ng i.st.ange r € a e, ha been used _for system setup.
Fbmever?%%g e? 2%n5¥§i§%€e%h§£§%'%#éﬁ?% c%ﬁﬁbgi Pgﬁrhgs%P%%%%ﬁr?hpacts on
the out pul sheRhiremistance ff dhe JARPHecesa1dbeserfagtors are not
included in tenperature sensitivity curves. It is desired to find a nethod
of nor e theetbseublaPEs ats® tOMdHctanthd alEppeabtitee rab cChowgr bet ween
systens. 2 U S. Patent 6,132,081 to Han discloses a nmethod for

det er m rremgeaatenpeadsoreeswit RN t0 lfoorem tvictlangens$ghati fheom Thee
tenperature is set to be that tenperature after which sheet resistance
and/ or FOSURPLEPRELY are constant; that is, not sensitive to tenperature.
This method is alsp used to calibrate an optical sensor. This nethod w ||
not be able to catch a tenperature drift to the higher side and cannot be

used i n day-to-day systemuRtGhia0 e b Sy RURRLAOL1BE, O1al 0l nopt 2

teaches a nethod of recycling nonitoring co efs i nc ng anneal i ng

and neasylrirRdepReRhraRstSt 8PSand) axe RAIRNER: 3D, Q{Ont Pnbaghpet et al show

a nmethod of calibrating furnace tenperature using a tenperature probe. U S.
Pat ent Te¥ipel t@mberbbstenseetimdys st Hedlddeabironeval ermitmvi ng el ting
points of certain elenents as calibration tenperature points. SUMVARY OF
THE | NVENEr@NtAcplihcapadn opyseensf thee ghsedarte itevearhbnreés forprovi de an
effective and very nmanufacturable nethod of tenperature control in a rapid
t her mal ProSede FREPPEsHETRAT 2RI ¢rIHeriohjcdet Pof dihéerROENEPHNSRER t 0

provi de 3 tethd of  cont roh L ng; BTE. 10 tRIeLAl Y1Q; RRELA L8 o

to have system matching.

Temperature sensitivity curves, showing
resistance versus temperature, have been used for system
setup. However, wafer conditions and substrate composition
have major impacts on the output sheet resistanée of the RTP
process. These factors are not included in temperature
sensitivity curves. It is desired to find a method of more
precise temperature control and temperature matching between

systems.



Yet anot her obj ect

is to provide a nethod of calibrating an RTP | ow

tenperature operation. Yet another object is to provide a nethod of

controlling and/or calibrating RTP | ow tenperature operation by observing

sheet resistance uniformty peak and uniformty change. A further object

to provide a nethod of matching tenperatures between RTP systens by
det.ecti ng tenperature ifts obs i she re ance unlfornlty peak
and unifornity change Us% slpl e ¥‘F‘u?t’ Eé?’@%} e%?%%ﬁ qsfés 1R7&% ion is to

provi dem@trg@& Zkgb?:ecﬁcet‘é%%% 49 t@!ﬁﬂéﬁéﬁ?& £ At TR J gl enpergture

observing sheet Fesist ance
flathsel 0 provide a

oper ati on

uni forn&,m@f&& anﬁq@mefn@rerpattmrehqaggew@é @@Oém tfé@d

cting te rature

nmet hod of nonitoring tenperatures in a thermal processing system

accor daggea vt dihesneliteeles igfahbe AN EOE | OFnwh Bl dietdred for calibrating
RTP | ow tenperature 4

constant; that is, not sensitive to temperature. This method
is also used to calibrate an optical sensor. This method
will not be able to catch a temperature drift to the higher
side and cannot be used in day-to-day system matching. U.S.
Patent 6,136,613 to Lin et al teaches a method of recycling
monitoring control wafers including annealing and measuring
sheet resistance. U.S. Patent 5,331,676 to Lambert et al
show a method of calibrating furnace temperature using a
temperature probe. U.S. Patent 5,326,170 to Moslehi et al
shows calibration wafers having melting points of certain

elements as calibration temperature points.

SUMMARY OF THE INVENTION

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

temperature control in a rapid thermal process (RTP) system.

A further object of the invention is to
provide a method of controlling RTP low temperature

operation.

In

is



" operations is achieved. A wafer conprising a silicon sem conductor
substrate having a refractory netal |ayer thereon is silicided in a RTP
system Peak sheet resistance uniformty of the wafer is nmeasured thereby
detecting. silicidation phase transition tenperature points. Peak sheet
resistance uniformty shifting fromone tenperature to another tenperature
i ndi cates process shift. The tenperature shift is used to reset and/or
control the RTP system Also in accordance with the objects of the

i nvention a novel net far ntrolling. RTP | ow t. rature.operations is
achi eved. A wafer corrp%%sﬁ%&tgggi )lg?:%%tslesm'tcoor?cfuoc‘fl?rgp%uﬁns?té?lgfiegﬁavi ng a
refractory; yiidlnd areRrbhepgoRehdesitfd dgeh 4t & RTP system Peak sheet
resi stance uniformty of the wafer is nmeasured thereby detecting
silicidation phase transition first tenperature points. Thereafter, a
second wafer conprising a silicon sem conductor substrate having a
different refractory Wettaknbayer tbpeebnis stsidnaiidied a metthedRFP system
Peak sheet resistance uniformty of the second wafer is measured thereby
det ect i $RP Q] Iindatanshd ogh £3e 1PFahsRg | BFP sk itPiRGHFEeuOPeFetAPs. The
first and (@qef;:ond t enper ture.%gi nts are_used for teg)n?grature calibration. 5
Al so i PARBITNTE FHE S RESSBREEE VR P W &3 RECTREEKOd f or

mat chi n éMs(#g)eratures of a plurality of RTP systens is achieved. A
plurality of wafers conprising a silicon seniconductor substrate having a
refractory netal |ayer thereon are silicided in each of a plurality of
rapid thermal process systens. Peak sheet resistance uniformty of each of
the wafers is neasured tthethey dbfjecti g &b |prdwiaid o mtdd fansi tion
tenperature points for each of RTP systens. The tenperature points having
t he hi gietsthing ftampanataresudedween nBTR hsystrgesy dtwrdesdadringach of the RTP
systenms. Also in accordance with the objects of the invention a novel

met hod $MPRIIRHEYRR IS IRTPYs PEEERV IR $eeperzgtistancendmidpadit® plurality
of wafers co ising a.silicon sem conductor substrate having different

ki nds HeHerFHt Bt a4 V8PS thereon are silicided in a rapid thernal
process system The tenperature can be as | ow as 200 C. Peak sheet

resi stance uniformty of each of the wafers is nmeasured thereby detecting
silicidation phase trangtiilan fueWRBEabBF EcP Nithd Oinvatdt B ikkh€ot ypes of
waf ers. These tenperature points are used to control the RTP system 6

BRI EF DESSH & | Ovhe@fiobHE TDRAVWENGS1 Engt fed Ao orglarbyd angi rdy &@Pngewf or m ng a
material part of this description, there is shown: Figs. 1 and 2

schenat FRBPETR YT AR {OR PYcABSECELRT | bRRRe FR S eitidtioRYsanpl e waf ers

used i ng.pref ol rad amodiment, (of 0o REESS L DVEN FaNL e i, 3 graphi cal | y
illustrates engberaet Ur € Versus sheet resrs ce and uni ormt)}’ for one type

of waf etnange.

Yet another object is to provide a method of

monitoring temperatures in a thermal processing system.

In accordance with the objects of the

invention a novel method for calibrating RTP low temperature



Fig. 4 graphically illustrates tenperature versus sheet resistance and
uniformty different RTP systens. Pig. 5 graphically illustrates
tenperature versus sheet resistance and uniformty for two types of wafers.
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Preci se tenperature control is
crucial to RTP systens could cause |arge nunbers of wafers to be scrapped.

It | itical that 1 hifts be 7 detected | t hat
waf er SEPABBFHERate BT iirat B0 "oFRE GPOBBSELBY TKet presbnt i hvention can

be used : r t S intain
t enper at %@éég%ﬁ?g%ea%ﬁtgﬁast%s tk%#q‘lhg”lhnggg %gg‘ﬁ%ﬁ’ \é@érilfr%ﬁzl,é%o%ﬂ;apr ocess of
the presgplebAVEStS O EATRITRICR REBPLEEURSS PELNESReSY St drde €Xanpl e,
a5 Ctenperature drift fromthe target tenperature for titanium
silici dahi@sraowy doaffectwdta nar mewspekysthiceby sbeedct 85 St ance
tremendously and coul d cause severe yield |l oss. Low tenperature RTP
appl i casiidnsidatitesphasmrtynitt 1050 t€mpensktude pefntet orBeaketseet
silicidation, |ow tenperature annealing, and heating. Tenperature control
i s espeEPaLFVAREPOLR B IRITY e t4per ALPBNSNe REFPPRR.IJFY el sal i ci dati on
phase trang%ti Oﬂ shows,_a sharp rise and fall Ln t he rrlleet resi stance
uni f or nPRHTBET ¢ RE R BT . IPFHE AT CEhBEPCGRP §PhF Ty of *% NP RELARMESr y net al
wi il 0CEHE =Rl sLenDay AR RAl Nk ! CBnkniCohe pibigydalion phase
transition. For nost refractory metalL silicidation cases, the transition
tenperatures are located in the |ow tenperature region. Low tenperatures
are becomng the industry trend for new naterials. The silicidation phase
transition tenperaturerlag nirs asaeridengsedi8h the dejects dif ftdreent
tenperature set points for RTP | ow tenperature control and/or systemto
syst em ABVEREAGD Oneevehanatdinsefarucenseplponat BTRr kov otgfePgratairsel y f or
each different refractar: meqt al, these set points can be used to calibrate
t he RTP°§§§?Eh?n?hésc%‘Fl?%ﬁ“’eﬁ ‘on AePHEd 6PTPRESHREsRnELtHY¥hti on has better
results_than calibrati] nmet.hods aof the prior _art. Current systens based on
t her rmcSﬁwsoP 50 gsc‘ggns reatlen%e‘_’lrvrléllg Seégﬁgs%?r%r’}‘%‘f%{iﬂaﬁ% t her nocoupl e
or diffenenees Lo LI dAI& 4Ald Wrdt 59ANI bLaR- sHbE: L ANPRIAkIUS Set
poi nts can be used to

uniformity of the wafer is measured thereby detecting

silicidation phase transition first temperature points.
Thereafter, a second wafer comprising a silicon semiconductor
substrate having a different refractory metal layer thereon
is silicided in the RTP system. Peak sheet resistance
uniformity of the second wafer is measured theréby detecting
silicidation phase transition second temperature points. The
first and second temperature points are used for temperature

calibration.



control the tenperature of a RTP system The peak sheet resistance
uniformty will be different for different refractory netals. The peak
sheet resistance uniformty is nonitored. If the peak sheet resistance
uni frormty appears at a higher or |lower tenperature than the tenperature
set point, this indicates a drift in tenperature. Corrective neasures can
be taken to shut down the sxsten1t$a€revent scrap and to recalibrate the

system Current tenpefdfar éNcBREPETAPER ¥ th P iashiSsCdindBeneasur enent s
is insensitive due to the ri;ation in the incom ng wafers. Sheet

s ot AERTHATE E1 e TGGECY FOF NGEFH Y OHH4T AR G Odmng v er
Dfferepnt f. different.su ndi ti on t.hj c S and
resisti &%llg.al%}ésote}a}ﬁggtg §%§§‘gv\é$| géfsilf 1 (g' pegnﬁglr‘gﬁaulrlgycgr%éggﬁégf the sheet
resi st ange, - it 0@ Rt ;3bhegknt Benahealr ' &b SLANGE Huyfgr i ty. Changes in
the sheet resistance uniformty are affected only by the phase transfer

t enper atdiiactiss afedizq, 1bherprheessn Oiré hei pieseid id\eidH @, abased on
sheet resistance uniformty, is nuch nore precise than prior art processes.
The pr aessaloftyt g preagsdnthemment poncess dnestumerl alFs@k shemttchi ng t he

t enperatures between systenms. By running the same type of wafer through the
same prifEstInTedivEEOEAd tyy e eRRCANGE WRFRF T He SRSSUressi st ance

uni form.t at erature.di.fference can be detected. .Once this difference
or of et SRR & 4t rEeE R R R e T hith SAER SLREP for t he
same pracess rhie JRHheE afrpt BgsPERS ENtTh HVEIAOL UHES RAsRvati ons of
sheet resistance uniformty to detect tenperature shifts. Sheet resistance
uni f or rAdwirdgs BHRY \his@Rsitt une fboml efper atwsed bes avseoftanpe raeliagt ory net al
silicidation phase transition. 10 The nost sensitive tenperatures can be
pi cked fupr faagh @fe the ®EPe sysitewEsdati on schenes using different refractory
nmetal thicknesses and/or capping |ayers and detecting the tenperature

poi nts. These changes in filmthickness or capping |ayers can allow nore
transition tenperature points to be identjfied. Myre tenperature points

could allow for a nor &150cdFafECREPARGR {EHD Fte SBIRATE °Fo t8&t er ni ne phase
transitiqQn tenperatures, f.r o] ne .la such as cobalt, nickel,
titani ulnr%vetnutnlgs ea‘n,n r‘r’%liyg%ghg% %%n%%?ﬁﬁgﬂp}% %/Iﬁlfjpmsyg’(r;cef%g‘olwi ke, is

deposi tt?éi:gﬁlé}aﬁ:d@ 8l &Qn3 ebBCknNgsg10fal £65 4 MafhAhQUl-HYQ 1ARgSt hos to
about 1000 Angstrons. A capping |layer such as titanium titanidamnitride,

or ot hesinbdear isadns condhudthe depesraed Waeing hei fefraant windsebd | ayer to a
t hi ckness of |ess than about 100 Angstroms to about 500 Angstronms. Fig. 1
i |l ust regfemcranyf aeted, layersxahpreon Taee refkeidad) iretaalrapdger 14 has been

deposited Over the substrate andha cgﬁgi ng | ayer 16 deposli t ed o¥ﬁr t he
r ef r act'o8F Bt ATASKFEr SYRGF -t hdPRaFBFPTS %‘l‘ﬁ\%acfaéh Rfsidty P4pir§ eR8r nal
“C. Peak sheet resistance uniformity of each of the wafers
is measured thereby detecting silicidation phasé transition
temperature points for each of the types of wafers. These

temperature points are used to control the RTP systemn.



annealing (RTA) at a tenperature of between about 200 and 800 C, dependi ng

on the type of wafer used. The annealing will cause the netal |ayer to
react with the silicon sem conductor 11  substrate to forma netal
silicide layer-18, as shown in Fig. 2. - ' After RTA, the sheet resistance

of several sites are neasured using a four point probe or other device.
Sheet resistance uniformty uo = (Qx) x 100, where a is the standard

devi ation of all poi ntgrrBasRKIBIGor bF the PRAWI@Esal | neasured points.
Fig. 3 graphically illustrates the tenperature sensitivity of Ti/Co/Si

waf ers. These sanple wafers had a | ayer of cobalt 130 Angstrons thick and a
capping titanium |l ayer of 200 Angstrons. Sheet resistance and sheet
resistance unifornty Wergersssameanytingodrawénper foxminga nts during the
RTP process. Line 31 shows the resistance values for increasing

t enper affgtegiali PR 8PS HPWS IR Rt dOmi-t Fhearuds $BPWRhcr easi ng

t enperatures. Because the phase transition takes place, the phase
transition tenperatures can be identified fron1the hi ghest uniformty |ine.
That is, in this examq. MRS %ﬁakg '1 bhase transition. The
hi ghest sheet re5|stance un ormty ? I ca the recipe tenperature
set POi RrosAD¥eehadges tdpiddtniiRm Sekphei nbféfgnu@dmﬂﬁaéure 35 in Fig.
3 indicates a tenperature shift and 12 the need to shut down the system
if the sgheferrsd| engedidspernd nheopresengr coesstwbmdow. Any tenperature
shift will cause a huge change in the neasured sheet resistance uniformty
and can be detected easily. Table 1 shows sone set point tenperatures

determned for three t%B;? §ﬁgg§gé¥ézligaqlﬁugtrates temperature

versus sheet resistance and uniformity for one type of wafer.

Fig. 4 graphically illustrates temperature

versus sheet resistance and uniformity different RTP systems.

Fig. 5 graphically illustrates temperature
versus sheet resistance and uniformity for two types of

wafers.
DESCRIPTION OF THE PREFERRED EMBGDIMENTS

Precise temperature control is crucial to
rapid thermal process (RTP) systems. Temperature shifts in
RTP systems could cause large numbers of wafers to be

scrapped. It is critical that any temperature shifts be



FilmType Ni/Si Ti/Co/Si Ti/Si H ghest uo 200 C'675 C "730 C after RTP
Once the above tenperatures are found precisely, these nultiple points can
be used for calibration. Fig. 4 illustrates baseline uniformty curve 41
for a particular wafer type. Tenp 1 is the tenperature set point determ ned
by the highest uniformty point. In using the process of the present
invention to nonitor a single RTP system if the highest uniformty shifts
to tenpadtektb@MasBly (§8 M8t AWafr £drap®SRRCichueby) el thsnd ek cates a
tenperature shift and the need to reset the system In matching RTP

syst ens Thef psysees 4f helse i ddrghasivan® iain cafipbd asddsysteat 2 has t he

hi ghest uo at tenp 2 or tenp 3, system 2 needs to be adjusted. 13 Fig. 5
i |l ustr&eapepbaterenscatindysten tgtaotiupe 351 wedldl asf kpsnaiypainf refractory
wafer. Its set point is tenp 4. Baseline uniformty curve 52 for a second
type of tREPRAGLBEY GRREFOhaES dthretSYysdion 16 iekpes. BrhtkedmdFerent types
of refractor;f/_ waf ers_have different vphas,e transition tenperatures, two or

more typ8€ BFOGAFEr 8f e R R V&N 5 1 a8 RBCRAP-EBDEF BR AR sensor.

In this e tenperatures te 4 and te 5 wll be used to
thisyexample LAt enp mp _Lenp
cal i brat e%t%g RTP terr%er ature sensor. The calibration tenperature can be as

| ow as about 200 C and as high as 800 C. For exanple, N Six phase
transition tenperature is close to 200 C, TiSix is at 730 C, and W& x nay
be hi gher. The processFof eimmpresentS (9 dempemagses geakt sfest resi stance

uniformty to determ ne phase transition tenperature set points for rapid
t her mal tPPoE@EgeF o P TRATRY M r e T f fadd o s L ivadatior Rt 58 R EFeSt points

can be gé%ed to _cali biate RTP s%/st s, t.o contr(%lre’[‘l?‘igrl?dg%shgnsn and to match

& Nnafrow DO 1€0 Heet , resistahce 3 :
t enper atures b&PeBh SysSt ens. 9% e 1 nventron has b%e% particularly

shown a%@u@QSEéhQSd%%éPe rﬂﬁ%%dé.o G %ﬁ%@%ﬁ%@r@”ﬁ’?ﬁ“ ments thereof, it

w || be understood by those in the ar at various changes in form
and det apls i FBYiB8sMede Wddotharflenmdd NG of Fem the18gkr bérandeseppe of the
14 invention. What is clainmed is:
metal silicidation, low temperature annealing, and heating.
Temperature control is especially important in these

operations.

Refractory metal salicidation phase transitioﬁ
shows a sharp rise and fall in the sheet resistance
uniformity of the material. The highest uniformity of the
refractory metal will occur at temperature points which
indicate silicidation phase transition. For most refractory
metal silicidation cases, the transition temperatures are
located in the low temperature region. Low temperatures are '
becoming the industry trend for new materials. The

silicidation phase transition temperature points can be used



| 5 1. A nethod of calibrating a rapid thernmal process system conpri sing:
siliciding in said rapid thermal process systema wafer conprising a
silicon sem conductor substrate 5 having a refractory netal |ayer thereon,;
measuri ng sheet resistance unifornmity of said wafer and thereby detecting
silicidation phase transition tenperature points at highest said sheet
resi stance uniformt and 10 using said tenperature points to calibrate
sai d raEPdd@héﬁthl%g P LoppeEAtupe FAt peinbd B dTH dgwo Caim 1l
wherein said refractory netal |ayer is selected fromthe group containing
cobalt,t?TP%ﬁ?EﬁﬁerﬁQﬂgg 1 andgereAy s8Iy baehYFt et dittethimd -and platinum 3.
The met hod according to Cla|n11 wherein said refractory netal |ayer is
sputter deposited to a thickness of |ess than about 100 Angstronms~to about

1000 Angstroms. 4. The ! hed %%& gggggr%oré¥aga%gtgLg}%u%b %%npr|3|ng

depositing a capping Iayer over | ng sai ory aye
precisely for each dlfferent refractory metal, these set

points can be used to calibrate the 3TP system. The
calibration method of the present invention has better
results than calibration methods of the prior art. Current
systems based on thermocouple results can be in error because
of errors in the thermocouple or differences in the wafer

calibration condition.

The temperature set points can be used to
control the temperature of a RTP system. The peak sheet
resistance uniformity will be different for different
refractory metals. The peak sheet resistance uniformity is
monitored. If the peak sheet resistance uniformity appears
at a higher or lower temperature than the temperature set
point, this indicates a drift in temperature. Corrective
measures can be taken to shut down the system to prevent

scrap and to recalibrate the system.

Current temperature control based on sheet
resistance measurements is insensitive due to the wvariation

in the incoming wafers. Sheet resistance change can be due



16 5. The method according to Caim4 wherein said capping |ayer is

sel ected fromthe group containing titanium and titaniumnitride and
wherein said capping layer is sputter deposited to ~ thickness of |ess than
about 100 Angstronms to about 500 Angstroms. 6. The method according to
Claim1 wherein said rapid thermal process systemis selected fromthe
group containing: silicidation, and |ow tenperature annealing. 7. The

met hod a%@ofak i i sCia rhe WHéPEFﬂgsH@ﬁe¥aplQPﬁﬂﬁﬁeﬂﬂ waferssbaypstemis a

| ow tenperature process at erature of between about 200 and 800 C. 8.
The netrﬁkféﬁﬁﬁﬂ QﬁSECFﬁPﬁﬁanﬁ?thE?lﬁ%ﬁﬁﬁﬁ%ﬁwufnﬁgﬁﬁ§1§éﬂalF@nperature

points tsysféeng%t q:ﬁiaal d“}’eqe_l dgt ggégal:ea%;é}%[_nal 0 mt ct}faec%tgz rﬁpsal d rapid

t her nmal met'hod "ac F Grtet rising

silicidifng & pldyaldditof piaf %Sn%eéﬁfé‘cﬁaﬂ?e rg{é@&ws\asr{%%'e layer has a
plurality of thicknesses and wherein some of said plurality of wafers

further @oifimsere. camanygsl Ayethavehbytngeshstha®f nactifmnirgt akel ayer
wherein a plurality of silicidation phase transition 17 t enperature
poi nt s axEfektattad vamy wher ehaseakdapsfienl tenpedfatareer Jtherefpoent s are

used to calibrate said rapid thermal process system
the process of the present invention, based on sheet

resistance uniformity, is much more precise than prior art

processes.

The process of the present invention can be
used also in matching the temperatures between systems. By
running the same type of wafer through the same process in
different systems and measuring the sheet resistance
uniformity, a temperature difference can be detected. Once
this difference or offset is found, the systems can be tuned

to match each other for the same process.

The method of the present invention uses
observations of sheet resistance uniformity to detect
temperature shifts. Sheet resistance uniformity is very
sensitive to temperature because of the refractory metal

silicidation phase transition.

10



10. A method of resetting a rapid thermal process systemto a set
tenperature point conprising: siliciding in said rapid thernmal process
systema first wafer conprising a silicon sem conductor substrate 5 having
a refractory netal layer thereon; siliciding in said rapid thernmal process
system a second wafer conprising a silicon sem conductor substrate having
sanme said refractory netal |ayer thereon; 10 neasuring sheet resistance
unifornmity of said fif%e BAGtsEEDAHLES cFSMRETR YUTESeIFRd BeePirkgd

silicidati on phase transition . tenperature point at highest said sheet
resistdﬁ%égﬁWPFHFhPFyFQESnﬁéFFﬁngE}?Prﬁ &S G A SFERSer at ure 15

PO 0S8 dSIeTALU B0LR! ol P e B SRATAL Wi ST ant

usi ng sai ure s S process system

11. Thegoeihod A6 dhgel-atGhal prifeyherpidssaihnges in film

thickness or capping layers can allow more transition
temperature points to be identified. More temperature points

could allow for a more accurate RTP system.

For example, to determine phase transition
temperatures, a refractory metal layer, such as cobalt,
nickel, titanium, tungsten, molybdenum, tantalum, platinum,
or the like, is deposited on a wafer to a thickness of less
than about 100 Angstroms to about 1000 Angstroms. A
capping layer such as titanium, titanium nitride, or other
materials could be deposited over the refractory metal layer
to a thickness of less than about 100 Angstroms to about 500
Angstroms. Fig. 1 illustrates a wafer 10, for example. The
refractory metal layer 14 has been deposited over the

substrate and a capping layer 16 deposited over the

refractory metal laver.

Now, the wafer is annealed using rapid thermal
annealing (RTA) at a temperature of between about 200 and 800
°C, depending on the type of wafer used. The annealing will

cause the metal layer to react with the silicon semiconductor
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refractory nmetal layer is selected fromthe group 18 cont ai ni ng cobal t,
titanium nickel, tungsten, nolybdenum tantalum and platinum 12. The
nmet hod according to Caim10 wherein said refractory netal |ayer is sputter
deposited to a thickness of |ess than about 100 Angstronms to about 1000
Angstrons. 13. The nethod according to Caim10 further conprising
depositing a capping |ayer overlying said refractory netal |ayer. 14. The
met hod BERIFERHRY & 19 A MPtAteSdilAcidrdleephi My 13§ thawd 48] EdBed from
t he groyp containing titanium and titaniumnitride and wherein said
cappi ng“tayer is sputter deposited to a thickness of |ess than about 100
Angstrons to about 500 Angstrons. 15. The nethod according to Claim10
wherein said rapid thermal process systemis selected fromthe group

contai ning: silicidatigiced ®wal,enper ahuee a88eatin@e Nddiratiing. 16. The
met hod according to Caim10 wherein said rapid thermal process systemis a

| ow t enpietas uae: preacesedtusang B9 foureppénat prebofobettiran dahddke .200 and
800 C. 17. The nmethod according to Claim210 further conprising siliciding a
pl ural i heet fe3bItINRE SWUFERIMAdEVeS WhéFékn Xal @ r efrers or yisnghal | ayer
has a plurality of thicknesses and wherein sanme of said plurality of wafers
furt her%%%??‘ged%\vjc%tﬁﬁrhé’qséaér PRYEFFYPAGSEESY 724 ractDriyPemdear | ayer
wherein ral i 0 . and second silicidation phase transition

t enper a?grgigorf‘% é'::L%Ztaler({e EIciie]tn:%:st'ed and wherein said plurality of first and
second tenperature points are conpared to detect said tenperature shift.

Fig. 3 graphically illustrates the temperature
sensitivity of Ti/Co/Si wafers. These sample wafers had a
layer of cobalt 130 Angstroms thick and a capping titanium
layer of 200 Angstroms. Sheet resistance and sheet
resistance uniformity were measured at four temperature
points during the RTP process. Line 31 shows the resistance
values for increasing temperatures. Line 33 shows the
uniformity values for increasing temperatures. Because the
phase transition takes place, the phase transition
temperatures can be identified from the highest uniformity
line. That is, in this example, temperature 35 indicates a
phase transition. The highest sheet resistance uniformity

(u%) indicates the recipe temperature set point.

Any changes in the recipe set point from

temperature 35 in Fig. 3 indicates a temperature shift and

12



18. A method of tenperature matching a plurality of rapid thermal process
systens conprising: siliciding in each of said plurality of rapid thernal
process systens a wafer conprising a silicon 5 sem conductor substrate
havi-ng a refractory netal |ayer thereon; measuring sheet resistance
uniformty of each of said wafers and thereby detecting silicidation phase

transition te rat ur oi nts, of highest_sheet 10..resistance uniformty for
each of*&inf i°d S?‘ng ﬁﬁV“pFB‘c’:e%sgV&t’eﬂstt}‘ear‘?ﬁu&ﬁ 10§ éé‘irget’enperat urey

poi nt's .ch t r.a 0, . r e i [ her process
systen’s‘%eoplegl%%%eoﬁe”?ﬁgdbgéggﬁ i%gl:;n %w'CI gﬁ}{ %@%@%&E%%sgmqﬁeg?g%t ory netal
layer i&; 88 ectifRéel kaBhLBe Al @HR ROREE & Neh&D A dsi staln@al um  ni ckel ,
tungsten, nolybdenum tantalum and platinum 20. The nethod according to
Cl ai m hth Whemeity aadd caef bactetycted aéasbler is sputter deposited to a

t hi ckness of |ess than about 100 Angstrons to about 1000 Angstrons. 21. The
nmet hod according to Caim 18 further conprising

Table 1 shows some set point temperatures

determined for three types of wafers.

Table 1
Film Type Ni/Si Ti/Co/Si Ti/Si
Highest u% =200 =C 675 =C “730 =C

after RTP

Once the above temperatures are found precisely, these

multiple points can be used for calibration.

Fig. 4 illustrates baseline uniformity curve
41 for a particular wafer type. Temp 1 is the temperature
set point determined by the highest uniformity point. In
using the process of the present invention to monitor a
single RTP system, if the highest uniformity shifts to temp 2
or temp 3, (curves 42 or 43, respectively) this indicates a
temperature shift and the need to reset the system. In
matching RTP systems, if system 1 has the highest u% at temp
1 and system 2 has the highest_u% at temp 2 or temp 3, system

2 needs to be adjusted.

13



depositing a capping |layer overlying said refractory netal |ayer. 22. The
nmet hod according to Caim21 wherein said capping |layer is selected from
the group containing titanium and titaniumnitride and wherein said
capping layer is sputter deposited to a thickness of |ess than about 100
Angstrons to about 500 Angstrons. 23. The nethod according to Claim18
wherein said rapid thermal process systens are selected fromthe group
cont ai ni ng: siIicidatiBh?-Igm}¥Eﬁ%%ﬁ%HQﬁ%?%§ﬁﬁé§PiH@}f8ﬁ612z CURgRt i ng. 24.

The net hqd .according . to Claiml18 wherein said rapid thernmal process systens
are Iowgﬁeﬁﬁérﬁtg%égﬁrg%%%s%€1%ﬁf53$%ﬂﬁbw Gre o?kﬁefﬁgeﬂoéﬁguiszop and 800
C 25 m%pmt.hogaggggﬁgumi%&rﬂ@ B d Wt Bek qeuBLLALNG gé'e,f' ding a
plurality of first and second wafers wherein said re racto¥ netal |ayer
has a plaaralictyrof whbbekngssgssanbotiar & tsapes0f sahdephufabidyt of wafers
further conprise a capping |ayer overlying said refractory netal |ayer

wher ei n tapelsub®l reyrattbry svafeds secondlidiflerendaphanephasesitamsi tion
tenperature points are detected and wherein said plurality of first and
second ttemperaturespotwe sChrBoEdpERes afo wideast cahi et vapériPure shift. 22

A(s AL ALnD A2 L AH _A A nL. AHY. AL A . An )
calibrate the RTP temperature sensor. In this example, both

temperatures temp 4 and temp 5 will be used to calibrate the
RTP temperature sensor. The calibration temperature can be
as low as about 200 <C and as high as 800 <C. For example,
NiSi. phase transition temperature is close to 200 <°C, TiSix

is at 730 °C, and WSi. may be higher.

The process of the present invention uses peak
sheet resistance uniformity to determine phase transition
temperature set points for rapid thermal process low

temperature applications. These temperature set points can
be used to calibrate RTP systems, to control RTP systems, and

to match temperatures between RTP systems.

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
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.An .An A A5 _A.AY _AIE.AS .AE .A .A2
F*7n] MM wi#tUZ{ vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] cal] ca] ca] c<a] ca] c<a] ca] ca] ca] ca] cal] ca! >Cyes hqvw=>4 5
}xsnird_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca

]ca]l ca]ca]ca]calcalcalcalcalcaljcal5 M N

invention.

What is claimed is:
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67TUL2vw+, | v} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! #CDZ! KL cl J!'", Wxsnid_Z]]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca)] ca] ca] ca] ca]calyz-.:; $0
cdopq} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cajca] ca]ca] ca] ca]calca]cajca]caljcajca!l'"IJ !=I>ldlelll"
mytrer Ay gl xknid YRR o] CAAAFeELed] eaFeal ¢ afreTH] CHEESEa] ca] ca] ca] ca] ¢
a] ca] ca] ca] ca caJ cat_]écall%é?#,c%]_ca] ca] ca] ca] ca! _#####8398pPuss$$% % %@ &&&&I ((JI(
Y((()n)o) *+TE,3}S,t, =1 e *§97] 1 ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
ca] ca] ca] ca] ca] ca . .Ca C C |G- . 21n1&2, 2 2nP
]2j 3]3: 6]66|V}7t 7]777]8}%81?1?(;:1?%151 :]>1§’?%S>%§%11| g%gﬂicg%‘%gﬁg}%ﬁ%&cé:ﬁscag]ycs\é&j-eé“a]aca] cal cja] ca
1 ca] ca] ca] caj£ad caladcalicr] aksalicahcabrdtspd el LAl Salwalfal cal ?????77@ @@
@ag A>AqAADBBCTCaCy DDDE=EVEEJFGGG xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] sa] cahaala] < ajafrdcedocd] a@ted] tayea] th¢cadreal cal ca] cal cal ca] ca! GGHVH
FJHHH Elul 111 JAJ1 JJJJIK- K KKKKKLLLMNN) O+O} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] cr@qateaarciaagcﬂhw]tceqeﬁgéapéa] vl taieid]t & fads] wa@lfea] ca) cal +O

10" OVQQQRQRZRRRR' SpSvSS) TU<UqU~ WEV\BWY ni nid Z cal ca

ca] ca] ca] ca] ¥ cﬂ%%a]%%ﬁ%&ﬁféﬁ%ﬁ%% )érzﬁ I Jcl%’:} g:} g:} ca} ca}
7ncB 9%.09&: () -  .EYL0%&' ().- . .

Fodonbig. () - JTIRRE (L RS f o MUDEEE F2if A R T52Ace

MLO% &' () - &L3108E &L {dy: HPE& ()-& FIALO%R ()-!

FOL0% 2& () - >@BCybC310% 0& ()- g10% 0& ()- 10z 10z 10z7 10%& ()-/S

10% & (163. - 10%nds {ng esdial kCnbarb@Ure’ p&ihts Std 109 Of-40e 'dAid
10% 0' 0& ()-10%0& ()-@10% & ()- 10% o0& ()-hgstuv~ @ '310%& ()- #
109&' () -!\ 7L#499& {Hhex@all0'nrocess system. ,

2. The method according to Claim 1 wherein said
refractory metal layer is selected from the group
containing cobalt, titanium, nickel, tungsten,

molybdenum, tantalum, and platinum.

3. The method according to Claim 1 wherein said
refractory metal layer is sputter deposited to a
thickness of less than about 100 Angstroms.to about

1000 Angstroms.
4. The method according to Claim 1 further comprising

depositing a capping layer overlying said refractory

metal layer.
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10' 0 10' 0 7s10% 0& ()- &0 10% 0& ()-xnbCl 10% & ()- 10 10

10F6S109& ()-/109& ()- . 109& ()-( 109 ()-I|v#dJEmbCl 10% & ()-110% & () -
109% & ()- 10% & ()- 10% & ()-Y ~10% & () - #ZdEnbCl *10% & ()-!10% & () -
10% & ()-110% & ()-S 10% & ()-10% & ()-!~ abcxnbCl 1096& ()- 10 10°
10°F6s10% & ()-1 10% & ()-/-10% & ()- @10% & ()-, W"#$xnb@! ! 10%08& () -

105 105 5. The method according to Claim 4 wherein said capping

layer 1s selected from the group contéining titanium,
and titanium nitride and wherein said capping layer is
sputter deposited to a thickness of less than about

100 Angstroms to about 500 Angstroms.

6. The method according to Claim 1 wherein said rapid
thermal process system is selected from the group

containing: silicidation, and low temperature annealing.

7. The method according to Claim 1 wherein said rapid
thermal process system is a low temperature process at a

temperature of between about 200 and 800 =C.

8. The method according to Claim 1 further comprising
using said temperature points to calibrate said rapid
thermal system to match another said rapid thermal

system.

9. The method according to Claim 1 further comprising
siliciding a plurality of wafers wherein said refractory
metal layer has a plurality of thicknesses and wherein
some of said plurality of wafers further comprise a
capping layer overlying said refractory metal layer

-

wherein a plurality of silicidation phase transition
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said rapid thermal process system.

10. A method o§ resetting a rapid thermal process system
to a set temperature point comprising:

siliciding in said rapid thermal process system a
first wafer comprising a silicon semiconductor substrate
having a refractory metal layer thereon;

siliciding in said rapid thermal process system a
second wafer comprising a silicon semiconductor
substrate having same said refractory metal layer
thereon;

measuring sheet resistance uniformity of said first
and second wafers and thereby detecting silicidation
phase transition temperature point at highest said
sheet resistance uniformity;

comparing said highest uniformity temperature
point to said set temperature point to detect a
temperature shift; and

using said temperature shift to reset said rapid

thermal process system.

11. The method according to Claim 10 wherein said

refractory metal layer is selected from the group
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8&10% & ()-M 10% & ()- 10% & ()- 105 105
10571096& ()- 9(1096& ()-.?1n1&2) 2*2+2, 2j 2xnbCl 1 10% & ()- 10t 10t 10t3
710% & ()-. 110% & ()-m @ 10% & () -
10% & () -j 2n22j 33: 66dBNbC! ! 6/ 10% 2: 2& ()- 10% & ()-S 10% & ()- 10% & () -
L10% & ()-10% & () - 66666Mt 777~ @leO/@ () -

MLOY@ () - y&LOY@E () - ! YLQUR ()
10: Y710% & (§°‘7"7%} Hng FebIGY, rlvutdﬂf@z'lwby#wb@/@ tyagsten,

| 109 F10% % 10W . B=g=>bCl " 110% & () -
10% & (§) 10% /&’%‘ff@ﬁ%{@%%ﬁ S QU 6L 3 hiwn q= 0)

12. The method according to Claim 10 wherein said
refractory metal layer is sputter deposited to a
thickness of less than about 100 Angstroms to about 1000

Angstroms.

13. The method according to Claim 10 further comprising
depositing a capping layer overlying said refractory

metal layer.

14. The method according to Claim 13 wherein said
capping layer is selected from the group containing
titanium, and titanium nitride and wherein said capping
layer is sputter deposited to a thickness of less than

about 100 Angstroms to about 500 Angstroms.

15. The method according to Claim 10 wherein said rapid
thermal process system is selected from the group

containing: silicidation, low temperature annealing,
and heating.
16. The method according to Claim 10 wherein said rapid

thermal process system is a low temperature process at a
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71000 & ()-S. ! 109& () - &@ | 10% & () - 222227 @@@C SL° 1000/ () -

1098 ()-f 1098 ()-f: 100 ()- 10\ 10\ 10\ 710% & () - g@aa@ A>AGAdELC!

1090VE () -fL@LOYVE ()-yL1O09%VE ()-f109%VE ()- 109%VE () - 10%VE () - GAADBBCTCaCdELC
11 109%VE () -/ mLO%VE' () -

3. 10%VE' () - FYd0%VE &yY O%W& Z109 Ct.CgCCf DDD~_ @
10% & () - @o%egzp(e)fagéiﬁw 5t ‘1)‘ ﬁ‘lf%ﬁ‘w% %’191 %(éle
7109%V8' () - DE=EVEEJFGJE~_ @ (10% & () 10% & ()-910% & () @0% & ()-s10% & ()-
T10% & () - GEEEEEEHVH~_ @ 10%W&' () -Y ~109V& ()-y1l09%v& ()-! 10%!& ()- 10t
10t 17. The method accordlng to Claim 10 further comprising
10t 610% & () - VH}HHHIEIuIdE~ @ 10%& ()-S10%& ()-& 10%VE& () - YlO%W& ()-Syl0%
M&' () - 10%VE' (8)i-lulciBid@)hJdEsr® it O8AVEE {9 sts lan) Wel'on)l- wib@ed® () - M 10%WK () -
FA4109%v&' ()-10%v& ()-1JJJIK-K KAE~_@/ 10%WK' ()-S, s10%&' () - S*S10%vK' () - (10%M
& () - &MLO%VE WRerfe i%] S og&; fyfrxmmtal@m/&a(s) 4a; Fi@‘yﬁlé)'-yl a5 109&' () -
thicknesses and wherein some of said plurality of wafers
further comprise a capping layer overlying said
refractory metal layer wherein a plurality of first and
second silicidation phase transition temperature points
are detected and wherein said plurality of first and

second temperature points are compared to detect said

temperatufe shift.

18. A method of temperature matching a plurality of
rapid thermal process systems comprising:
siliciding in each of said plurality of rapid
thermal process systems a wafer comprising a silicon
5 semiconductor substrate having a refractory metal layer
thereon;
measuring sheet resistance uniformity'of each of
said wafers and thereby detecting silicidation phase
transition temperature points of highest sheet
10 resistance unifo;mity for each of said rapid thermal
process systems; and

using said temperature points to match temperatures
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10M 6109%VE () - 1109%V& () - LLLM\N) OdE~ @/ 109& ()-' 109& ()- & 109& ()- 109%& () -
Z109%&' () - 910%& () -) O+O. O C0OLO"OVQC! 109%8& () - K 1096& () - 109%& ()- 10 10
101 7109& ()- - 3n10% () - 9QQORQRZRRIELC! ( @0YBE () - & 109B& () - %

10968 () - @NL0Y%E ()- ! 109B& () - 3109%& () - RRR S<SpSsSt SaB7C

105610%& () -\.L10%BE&.£) <4 19% & {3 -
1096& ()- S, 3f8@<5%{???9£21%‘é/%%% SEN SHUBOGETRE SYsteme:

105Z210% & ()-10% & ()-10% & ()-' 10% & ()-:!'Z10%+& ()- 105
105qU~UVWSW WW WIE: / 10: 10:610% & ()-Y110% & ()-/10% & () -
-10% & () -"10%. &Th- mesHO96 E¢YrJ NS\ BWNCYedE: L81@herein said
10: 610% & ()-Y1109610% & ()-10% & ()-Y 10% & ()-nB10% & () -
refractory metal layer is selected from the group
containing cobalt, titanium, nickel, tungsten,

molybdenum, tantalum, and platinum.

20. The method according to Claim 18 wherein said
refractory metal layer is sputter deposited to a
thickness of less than about 100 Angstroms to about 1000

Angstroms.

21. The method according to Claim 18 further comprising

depositing a capping layer overlying said refractory

metal layer.

22. The method according to Claim 21 wherein said
capping layer is selected from the group containing
titanium, and titanium nitride and wherein said capping
laver is sputter deposited to a thickness of less than

about 100 Angstroms to about 500 Angstroms.
23. The method according to Claim 18 wherein said rapid

thermal process systems are selected from the group

containing: silicidation, low temperature annealing, and
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24. The method according to Claim 18 wherein said rapid
thermal process systems are low temperature processes at

a temperature of between about 200 and 800 <C.

25. The method according to Claim 18 further comprising
siliciding a plurality of first and second wafers
wherein said refractory metal layer has a plurality of
thicknesses and wherein some of said plurality of wafers
further comprise a capping layer overlying said
refractory metal layer wherein a plurality of.first and
second silicidation phase transition temperature points
are detected and wherein said plurality of first and
second temperature points are compared to detect said

temperature shift.
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