ATI ON PHASE TRaNS! TI dh8 NOV 2005
- 2005 USI NG REFRACTORY METAL SILICl D
'(I)'EE/PEIQXTURE PO NTS TO CONTROL AND/ OR CALI BRATE RTP LOW TEMPERATURE

OPERATI ON BACKGROUND OF THE | NVENTI ON §1)_Fie|d ?LdtgerﬂyfnéLS?CZQe and
i i lates to the fabrication of integra _ ,
Irrg\r/gnfo:a?tni (r:ﬁl grly, to a nethod of precise tenperature control in RTP | ow

' i i i in the fabrication of integrated
. tenperat ur e n.and nonitoring in _ nt g o)
Ci fﬁui ts (%%‘&%ﬁ%@% DMK BYULGCIRAL IRNp PHABKE TRANS pT 00R g (

ENPE RARH } ,ﬂ@qijgﬁﬁqﬁl fabrication steps in integrated
g d
Eﬁfcgie'tenrrgﬁuftacturi}ﬁ&d% eci'se cont ol A%B/Pﬁnﬁﬂaﬁam? nPEP ak@if e ar e

i I . It is especially
for reproduci bl emesiHrisREN BERATRERCESSES
gsgflscszﬁlr%/ to con!torol rapi d thermal anneaﬁ ng (RTA) systenms and to natch

tenperatures between systens in the |ow tenperature regi on of between

i for RTP
' monly, a roneter sensor is used
?g%grgggrgngogg(ﬁoﬁ B%O?é‘ 5y 0@2%‘@& ENVEsTaorual wafer tenperature by an

‘emtted optical signal fromthe wafer- This optical signal is relatlvel_y
| ow conpared to a
(1) Field of the Inventiaon

The invention relates to the fabrication of
integrated circuit devices, and more'pafticularly,-to a
method of precise temperature control in RTP low temperature

operation and monitoring in the fabrication of integrated

circuilts.

(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 teﬁﬁératures

betwaen systems in the low temperature region of between

about 200 and 800 <cC. Commonly, a pyrometer sensor is 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




| 0 8 Nov 2005 high tenperature enission. The signal fromthe wdk8rNOVi2085E
T4 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 signal
fromthe thernocouple. In the wafer fab or between fats, the sane or
differﬁp%hh@érgwaz[aets stems are used for RTP with the same recipe
tenperature Setti nd’s?lﬁf GM & C8ane ThroségBal Wtdm thus rettercal i brati on
systens, the absolute tenperatures for the same recipe tenperature setting .
can be different for each hargwﬁré gystem This difference nust be

- m ni Mweskd T ofdethe W daaVv tchLng. Tenperature sensitivity
curves, show ng resistﬂﬁcge§éég§@?§me%%?u?el,o"ﬁ%ﬁ/et%félé‘?‘rf%’e’dhfor system
set up-thpvidanral wafigrtecofdiohi @RS aa@le§up§t§@%§1%gp0§g taf on have major
irrpactshon t he out put sheet resistance. of the process- These factors
are not"THEITRIRES % ewpér abudetesenshei vetyeraryes, d tdesdesired to find
a met ht?egn ograrrtourre Rreci se t enperature control and tenperature matching

bet ween P € dlsc results in a lower voltage signal from the .

thermocouple.

In the wafer fabp or between fabs, the same or

different hardware systems are used for RTP with the same

recipe temperature settings for the same process. With

current calibration systems, the ahsolute temperatures for

the same recipe temperature setting can be different for each

hardware system. This difference must be minimized in order

to have system matching.

Temperature sensitivity curves, showing

resistance versus Lemperature, have been used for system

Se - iti
tup However, wafer conditions and substrate composition

have major impacts on the output sheet resistanéefof 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.



SYyStems. 2 ---------c-o-n- 0 8 NOV 2005 U.S. Patent 6,132,081 td 8aNOV 2005
di scloses ‘a nethod for determning a tenperature for RTP to formtitanium
.silicide. The tenperature is set to be that tenperature after which sheet
resi stance and/or nonuniformty are constant; that is, not sensitive to
tenperature. This nmethod is also used to calibrate an optical sensor. This

‘method wll not be aple t atc enperature drift to the higher side
and cannot be used in dsgy-ptgg%atécy%s%%eﬁgha’%h‘i{%.dlﬁ(S.OSEFéataent 6, 136,613 to

Li n etmethddathesicx ammiinQe0h Lepyel] nitoring control wafers
i ncl udi ng anneal i ng and rregguri ngigg!sfhggfer ’f FHnce® 1919 tPdweriuns, 331, 676

to Larbekicide al Thehowmperathed of galipraf furnace tenperature using a
tenper% ure probe. U 'S. Patent 5,326,170 ?l%)élr\]}g% ST At U ows

cal i briti0n Wikfdr shesti mgsiekthng pRapss WnGeriai Lenents as

cali brc%lj;sqcn t.emperature points. SUVMARY OF THE | NVENTI A principal object
of the preseht’ | ti*en"PE Sensprove deo atemfdeatiMe AR eIVt hog

manuf act wabl e et t%%dcoﬁ_ tenperature control in a rapid ther mal process
(RTP) ‘system alibrate an optical sensor. This method

will not be able to catch a temperature drift to the higher
side and gannot be used in day-to-day system matching. U.s.
Patent 6,136,613 to Lin et al teéches a method of recycling
monitoring control wafers including anneaiing and measuring
" sheet resistance. U.S5. 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.méthod of

temperature conErol in a rapid thermal process (RTP) system

A further object of the invention is to

pProvide a method of controlling RTP low temperature

operation.




A further object of the invention is to provide a method of cofit§ MOV 205
RTP | ow tenperature operation. 3 0 8 NOV 2005 Yet another object is to
_provide a nethod of calibrating an RTP | ow tenperature operation. Yet
anot her object is to provide a nethod of <controlling and/or calibrating
. RTP | ow tenperature operation by observing sheet resistance unifornmty
peak and uniformty change. A further object is to provide a nethod of
mat chi ng tenperatures. between RTP systens by detecting tenperature shifts
by observing sheet restsiahcs M) jt.y. .peak and uniformty change. A
still further object of the | n#/grﬁj%gdr? i'S 10 PPPoV e 2amhERABO B
‘cont r SPLiiRgaaAdgoan CRTP br@k i tgnRER 0w Jdoahpernature operation by detecting
tenperature shifts by observing sheet resistance uniformty peak and
uniformty change. Yet another object is to provide a nethod of
nonitoring tenper atU{,es in a thermal processing system In accordance wth
the objects of the *®t another object is to provide a method of

controlling and/or calibrating RTP low temperature operation

by observing sheet.resistance uniformity peak and uniformity

‘change.

A fgrther object is to provide a method of

matching temperaturés_between RTP systems by detecting

temperature shifts by observing sheet resistance uniformity

peak and unifermity change.

A still further object of the invention is fo
provide a method of controlling.and/or calibrating RTP low
temperature operation by detecting temperature shifts by

Observing sheet resistance uniformity peak and uniformity

change.

?et another object is to praovide a method of

monitoring temperatures in a thermal DProcessing system

In accordance with the objects of the

invention a novel method for calibrating RTP low temperature




invention a novel method for calibrating RTP |ow tenmperature 4 @ § N@YW 28095
operati-ons is achieved. A wafer conprising a silicon sem conductor
.substrate having a refractory netal |layer thereon is silicided in a RTP
system Peak sheet resistance wuniformty of the wafer is neasured thereby
detecting. silicidation phase transition tenperature points. Peak sheet

‘resi st apeeadnbher fity-shifding fromone tenperature to another tenperature
i ndi cates process shift. 15%1e' t ehpEHEtUrt®PHising & gsédcon reset and/ or

cont r oFenheoRIRc sy St £ s A S 11,-AGgor.dan wi.th the objects of the
i nvention a novel nethod for cont ﬁ%olal NG "RES POV Mefkpér hever operations is

achi evEBereonaierstomrdesd nih & Sidld eS€M conduct or substrate having a
refractorgomat al layer thereon is s%?l%i glﬁlded%ieﬁﬂasfi?@ts?%%ﬁﬁa%k sheet

resi st BREECTTRTY ot the ofafdie afmiashs caeasuyeg, ! BeLepy; et ect! g
silici gﬂ'#&nd hase transition first tenperature poits. “Fhereafter, a
second waf &r “tonpt iRtaRs dfrsaiqﬁlcte@nsemnpemd_uat@rpo§Hp§'gra[;galﬂas' ng a
€ Iﬁ'l%

di fferead;sefs v met.al layer thereon is silicided in't system
Peak sheet r esﬁﬁg{llcfeo?m&%}? 5‘?%@9“& frae geecohdmmaferuds wgeasured t her eby

det ecta hestt | 4G i nsition second tenperature points- The
mgt ﬂ@ﬁdﬂﬁ}eDQQﬁﬁch%s process shift. r%%e tempegzture

shift is used to reset and/or control the RTP system

Also in accordance with the objects of the

invention a novel method for controlling RTP low temperature

o . . .
perations is achleved. A wafer comprising a silicon

Ssemlconductor substrate having a refractory metal layerr

the E ilici i
reon 1s silicided in a RTP system. Peak sheet resistance

uniformity of the wafer is measured thereby detecting

Silicidation phase transition first temperature points.

Thereaft
&r, a second wafer comprising a silicon semiconductor

s . .
ubstrate having a different refractory metal layer thereon

135 silicided in the RTP system. Peak sheet resistance

uniformity of the second wafer is measured theréb& detecting
Ssilics . .
licidation phase transition second temperature Points The

first g ' i
and second temperature points are used for temperature

calibration.




first and second tenperature points are used for temperature c8 § NG¥ i2086
0O 8 NOV 2005 Also in accordance with the objects of the invention a novel

~.method for matching tenperatures of a plurality of RTP systens is
achieved. A plurality of wafers conmprising a silicon sem conductor
substrate having a refractory nmetal |ayer thereon are silicided in each of
a plurality of rapi¢itdermal _process systens. Peak sheet resistance
unifornity of each of :s%e 1\%2 ecfe(s)rfégnﬁﬁa‘é’b?ﬂédth@ help Ebyt <letfe adHeng

si | i cidMergnighas edviedngiclhgl 13 ture oints for each of RTP systens.
The tenperature points having ?Egﬁégﬁﬁég? E‘?f@%?#ﬁl{%ﬁ%rce? wsed to match

terrper%]t‘{ﬁaélsitﬁm‘f &athsebtbhe RIP;systens_ Al so in accordance with the
obj ects of the invention a novel amat‘lgﬁo%&f oer)l‘ R Ty i @ IRFR feyst em | ow

t enperal e S99 éhipévadon As phic ah by Of Mﬂfa§0%r i.sing a silicon

sem cqpdyctor substrate having different kinds o ref¥atory metal |ayers
thereon are siri 8F48d LAYArr bpéveon herarsd i ProOGRSS Sy shem o;:[he tenperature
can b@l&&allgwyagf28g Cq geak sheet resistance uniformty of &ach of the
wafers is measured [her EBS Bt REGIRFS i dvicticntat. i omephaggekransi tion

t enperasiseapeenusi ot eagh, £, L e Jypes of wafers. These

the wafers ig measured
the i 11ici i
reby detecting silicidation phase transition temperat
: ure
oin 3 '
P ts for each of RTP systems. The temperature points
having t i ni i | -
g the highest uniformity are used to match temperatures

for each of the rTP systems.

Also in accordance with the objects of the

inv i
ention a novel method for controlling RTP system low

tempera i i .
P ture is achieved. A plurality of wafers comprising a

sili i
| con semiconductor substrate having different kinds of

thermal
Process system. The temperature can be as low as 200

“=C.




tenperature points are used to control the RTP system 6 0 8 NO@ §ONGV BQIEF
DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawings formng a

material part of this description, there is shown: Figs. | and 2

. schematically illustrate in cross-sectional representation sanple wafers
used in a preferred enbodi nent of the present invention. Fig- 3 .
graphically illustrates tenperature versus sheet resistance and unifornmty

for one type of \NaferBRI_EiFgDE_éCgEQ‘P??ﬁ%%‘yT%_%@ﬁ&ﬁ tenperature versus

sheet resistance and uniformty different Fig- 5 graphically
illustrates tenperature versus sheet resistance and uniformty for two
types of wafers. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preci se

tenperature control il& ¢heckabonpanyapg ditdeiddd 1496685 « RTP) systens.
Tenperature shifts in RTP systens could cause |arge nunbers of wafers to
be scdPAppefl RaGts of ithreafesariphhyni etiperatis eslshidts be 7 0 8 NOV 2005

Figs. 1 and 2 schematically illustrate in
cross-sectional representation sample wafers used in a

preferred embodiment of the present invention.

Fig. 3 graphically iilustrates temperature

versus sheet resistance and uniformity for one tyvpe of wafér

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 EMBCﬁIMENTS

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



detected early so that wafer scrapping can be elinminated. The Pr®NEE 2085
the present invention can be-used to set tenperatures at systemstartup as
well as to nmaintain tenperature control as the systemis in use.

- Furthernore, the process of the present invention can match tenperatures
bet ween systens. For exanple, a 5 C tenperature drift from the target
tenperature for titaniumsilicidation could affect the. narrow polysilicon

sheet demcaheartlvemendnus| yadnd sepMbd; SAUS Y ield.]oss. Low
tenperature RTP applications, at Iessij}?]t“w(‘?l1 a oatfe %J%%,naitﬁgl‘ude refractory

met al B19 iRGosESSoRt Itow pespenat imecanneal 49, banddeald ng. Tenperature
contrqtl is especially i rrEortant in these operations. Refractory netal
sal i ci é‘lﬁeorr?tg‘ﬁ%eaftr gHstemoAtashemsas wdhl pag itse mandtsahl i n the sheet
resi Sttaé?rﬁa ral rlllirfeorrri gC\i{ f _the material. The highest uniformty of the
refractory netal. Wrlrt8tchf Hpeteyipeeatis elpoigr.s Whirtherindicat e

silici i se .t sjition. For nost refractory metal silicidation
cases,ﬁﬁléﬁ?’ ro(%%gi t% Forr%ﬁtg eRper attir BRVER OB o3t R te@peswtueaper at ur e
regi ometuwe@snt efeeakyres are becomng the industry trend for new '
materials. The silicidation phase transition tenperature points can be
used

For example, a 5 <C temperature drift from 7
the target temperature for titanium silicidation could affect

| the narrow polysilicon sheet resistance tremendously and

could cause severe vield loss. Low temperature RTP

applications, at less than about 750 ©C, include refractory

metal silicidation, low temperature annealing, and heating.

Temperature control is @éspecially important in these

Ooperaticons.

Refractory metal salicidation phase transition
shows a sharp rise and fall in the sheet resistance

uniformity of the material. The highest uniformity of the

:efractory metal will occur at temperature poinfskwhich
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



8 0 .8 NOV 2005 to detect different tenperatur etscra]_t poi gzef?LeRthsennggtzggg
) control and/or systemto system mat chi ng.

;:Fpggﬁhggeare found precisely for each dlLfere?t regagczg{yb?giﬁgh Lgfﬁgd

| _ |

) ints can be used to calibrate the RTP syste _ _ |

zstthgobpgsent invention has better results than calibration nethods of

' ' based on thernocoupl.e results can be in
~the prior . rrent systens ; . s can be in
error %(gc%eﬁ%%Ct (()Cl_}jltlf’s%’r itfPPREALHER NBEbUpbEnts £ fremrencRs

i trol
i bradd Lopdi tiQn. The tenperature set points cap.be used to con
tcﬁlel ?;ﬁépi% ure 01Edog1 399{521 SYRkePehR Shekem magsilsinance uniformity will

i k sheet resistance
' i or different refractory netals. The pea . .
Sﬁi?giafgsn}sf nonitored. If the peak sheet resistance unifornmty appears

i ture set point, this
her or |ower dnepehat VEELL the_tenpera
?;d?cglgsea drift in tenperature %%??e%t?%%qgﬁﬂﬁ§%ﬁﬁ§’é@#nﬁe taken to shut

wn tHeSEstlombor prehe ' he system Current
AL ffeeedp ABErdOSLrFalddyat € 1 3L em nt
?gnpeﬁature control based on sheet resistance medsurements i s |n$en5|t|ve

due t&Jctlﬁg-Své_}qnatIqeoﬁsed to calibrate the RTP system. The

calibration method of the Present invention hag better

results than calibfation methods of the pridr 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 temperéture 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 %revent

- 8crap and to recalibrate the system.

Current temperature control based on sheet

resistance measurements 1s insensitive due to the variation

in the incoming wafers. Sheet resistance change can be due




in the-incomng wafers. Sheet resistance change can be due 9 t o ivar NBY i 2805
in the incomng wafer. Different wafers have different surface conditions,
thi cknesses, and resistivity. These factors as well as tube tenperature
“can affect the sheet resistance, but do not affect the sheet resistance
uni formty. Changes in the sheet resistance uniformty are affected only
- by the_phase transfer tenperature. Therefore, the process of the present

i nvent?‘g N’ 2P Bh %hé@@ inssmingneaani f obif fyrents wakhrNOiAr eci se t han
pri or @# Gproctessuersa Brocess of the present invention can be wused also
in matching the t %é:reat gétBQPﬁeeﬁhéﬂjE{l%ﬁ%esByan@ uTRR I it ysanme type of
waf er f@é@@g@aég@rssaqrge“@ﬂc%gsth?e gemferegt systens_and neasuring the

sheet resistance uniformt e uﬂ?f?%?efffcc%e%tar?:% det ect ed.
Once shdst diddarence OEquh§ehoksaE?HQg thBes8yst epp. can be tuned to
mat ch each other for the same process. The net d- of %Jhe PtEsent invention

uses @bkEewmLions Wfargiesetinr edkskaBEE uasi@t@héy s fghect, teaperature
shifts. Sheet resistance uniformty is very sensitive to terrperature
becaus®t e T &t 61y PhEse tskhsEedateopephases ! r anstd Dive,

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 befween 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 0 8 NOV 2005 The nost sensitive tenperatures can be picked §p§fMOAE
or nore silicidation schenes using different refractory netal thicknesses
and/ or capping layers and detecting the tenperature points. These changes
in film thickness or capping |ayers can allow nore transition tenperature
points to be identified. More tenperature points could allow for a nore
accurate RTP system _For exanple, to determ ne phase transition
tenperatures, a refradcolPSketansihyee, teusdrasucobatin belifikGleq titani um

tungstgh, 3 Yhde ntalum platinum or the like, is deposited on a
wafer to a thi cknggg}n(%’%%l gglcfﬂgﬁl%%o%‘?hqw Argjistg ahisf ftea-eghout 1000

Angst ronirachorGaRilg kaye as_titanium titaniumnitride, or other
materials coul d be deposi tféagggg? Iﬁé/?%f?%&&’ﬂ%/ Tistedts lamder to a

t hi ck¥eg® cdfingesset hanpabouh 409, Apgst r t o about 500 Angstroms. Fig. 1
illustrates a wafer 10, for exagr%l e. Thgfl%fse r%ﬁn&e‘f Nt &1 iMayer 14 has

been &éﬁ&é‘ir‘teéé §¥eraphengslagérat €amngh B aRPIdNG. 5 rt.%t;)l deposi ted over
- the rt%gnr%ctﬁ%r netal layer. Now, the wafer iIs annea ed Usi ng rapid thernal
anneal’i ng ¢ B}eapoéﬂf—‘é Rria ut @ewt i Hiatdve e MO Wer2Q 2304 8085 11 o

could allow for a more accurate RTP system.

For example; to determine phase transition

temperatures, a refractory metal layer, such as cobalt
r

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. &

capping layer such asg titanium, titanium nitride, or other

materiais 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 laver 16 deposited over the

refractory metal layer.

| Now, the wafer is annealed using rapid thermal
~annealing (RTA) at a temperature of between about 200 and 800

OC 3
» depending on the type of wafer used. The annealing will

ca
use the metal layer to react with the silicon semiconductor

11




- C, depending on the type of wafer used. The annealing wll causd § hROYrea0as
| ayer- to react with the silicon sem conductor 11 0 8 NOV 2005 substrate to
~forma nmetal silicide layer 18, as shown in Fig. 2. After RTA, the sheet
resi stance of several sites are measured using a four point probe or other
device. Sheet resistance uniformty u% = (o/x) x 100, where a is the

st andarsthbdeveati 08 ehral L POl s asured and x is the nean of all
measured points. Fi g.r3 gra%%%:aﬂr@lﬂ UstA¥Atred 8y hest ehpenainr gig.

sensitivity of Ti/Co/Si wafers. These sanple wafers had a |ayer of cobalt
130 Angstrons thick and a capping titanium |ayer of 200 Angstroms. Sheet
resi stance and sheet resistance uniformty were neasured at four
tenperature points during the RTP process. Line 31 shows the resistance

val ues for increasi ng*tetpeithures: dhaee 33sshewscthgr upiforpity val ues

for ingkeasi NG t eratures. Because the phase transition takes place, the
phase transi tig%nrﬁg%)sé%ee(fautsdr’@s % di?se pdent pkbed b ostihde fighest

uni f or gheyt Leoestdhal iS.ed. 0 this exanple, tenperature 35 indicates a
phase transition. The hdl'rglhfedsrtmlstﬁeé‘t”" FedPé¥antel0fi foneid Yo is the |

standard deviation of all peints measured and x is the mean

of all measured points.

Fig. 3 graphiqally.illustrates the temperature

sensitivity of Ti/Co/Si wafers., These sample wafers had a

L .
Layer of cobalt 130 Angstroms thick and a capping titanium

layer of 200 Angstroms. Sheet resistance and sheet

resis i i
tance uniformity were measured at four temperature

o _ .
Points during the RTP Process. Line 31 shows the resistan
ce

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

{uﬁ) indicates the recipe temperature set point

Any changes in the recipe set point from

& . . . .
emperature 35 in Fig. 3 indicates a temperature shift and

12



(u% i ndi cates the reci pe tenperature sgt_ pgi nti ,SAn; fgﬁggszthpgtgﬁl:l(?\fcﬁaug%
' )OI om tenperature 35 in Fig. i ndi cates . .

igt goén}\lc;:/rZOOS tg need to shut down the systemif the slhl ft |sel Zrﬁﬁ,e
‘ deioendi ng on the process wi ndow. Any tenperature shift wl bcaEZtect edg
change in the nmeasured sheet resistance wuniformty and can be d

i ' i tures determned for three
easi | yehdaldes ks one set point tenperature . . hree e
typesyt—)f waf ers. 'rlégl\t{)ylste%fwﬁl I%ﬁfaTgﬁétRﬁ“/ Sf Yhe GGt Tid Siardd,ghest u%

d precisely,
- i Y C hg,ahove tenperatures are foun )
tﬁggeﬁﬁﬁrﬁlﬁa&i&%&p?ﬁ%gﬁ% ﬁ:sdg “Yor A7 bPReGHEWE ghift MWingt rat es

i is the
basel ifEI9Mi dragiet ychaufg\égi?4£hg%%§%€§%%|&#gre%%vasf%rﬁ type. t}'eggi ﬁtl N
- .set point determ ne _ _ 6‘f“(ﬁ’rem_

Lginﬁgrat.u O%Ft}cFéfs§n§f Cehebpréseattéavesdipp to nonitor a singl e42RT§rsZ§t em
if the highest uniformty shifts to tenp 2 or tenp 3, (curves ,
respectively) this indicates a

Table 1 shows,some set point temperatures

determined for three types of wafers.

Table 1
Film Type Ni/Si Ti/Co/Si - Ti/8i
- Highest ug . “200 °C T675 =C “730 eC

after RTP

Once the above temperatures are found precisely, these

multip}e points can be used for calibration.

Fig. 4 illustrates baseline uniformity curve

41 for a particular wafer type. Temp 1 is the temperature

Set pq@nt 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 cr 43, respectively) this indicates a

temperature shift and the need to reset the system. In

- matching RTP systems, if system 1 has the highest ug at temp

1 and system 2 has the highest u% at temp 2 or temp 3, system

2 needs to be adjusted,
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tenperature shift and the need to reset the system In matching &NV 2005

i i 2 has the
systenms, if system 1l has the highest u%at tenp | and system
hiyghest u% at yterrp 2 or tenp 3, system 2 needs to be adjusted. 13 0 8 NOV
© 2005 Fig. 5 illustrates baseline uniformty curve 51 for a first type of

: . . . . 52
refractory wafer. Its set point is tenp 4. Baseline uniformty curve
for a secgnd type of refractory wafer. has a set poi nt _of tenp 5. Since
different types of Feéfralt dLyuGhTates havee tirdd aneintomphase durzamsi ti on
tenperat wigs,, tMo. or nore types of wafers can be used t calibrate the RTP
tenperature sensor. Itﬁ’thP% g?iﬁﬁ%ﬁ”%o‘ﬁf@rt enper & é{grihltr@mlgb?g?i g(ra]rrp 5
Wil | ed t @Gahi;hkatgithe; RIP erature sensor. e calik
tenpe??tﬂhtfe cana(gs? “as 1Iilo\}v as a u%aggg %éiaﬁ%’fa% Tﬁ%?&m CE:E, 'II:'iorSi i

| 15 £ r D S dse hbansi kbenpbeAPes At LG, i clase & % |
_S;(a;rgoxee,c,r and ﬂ\?\srﬂj may be higher  The pr ocen_gps of t%e Pr esent i MWenti on uses
peak &R qfegiediranterynivboenst jave detesrime mhase drAnRSidin
tenperature set points for rapid thermal process |ow tenperature
appl i CEUTRGTE T Ss e HENPEr BPGR et¥ReS pof tafean cdie luseddd weal | brate RTP

and
SyStgﬁgﬁlfﬁ}é%gngﬂg R@£Ptgxgg$ggﬁre sensor.

temperatures temp 4 and temp 5 will be used to calibrate the

In this example, both -

RTP femperature sensor. The calibration temperature can be

as low as about 200 °C and as high as 800 =<C. For example,
'NiSix phase transition tenmperature is close to 200 °C, TiSi.

is at 730 =C, and wSix may be higher.

The pfocess of the present invention uses peak
sheet resistance uniformity to determine phase tranéition
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 syétems.

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

14




~to match tenperatures between RTP systens. \Wile the invention l§a§ RE¥2005
particularly shown and described with reference to the preferred

enbodi ments thereof, it will be understood by those skilled in the art

t hat various changes in formand details may be nmade w thout departing
fromthe-spirit and scope of the 14 0 8 NOV 2005 invention. Wat is clained
is: 15 Q,8,:NQY 2005.1. A net hod of calibrating a rapid thermal process
system conprising: siliciding in said rapid thermal process systema wafer
conprising a silicon sem conductor substrate having a refractory netal

| ayer thereon; measuring sheet resistance uniformty of said wafer and

t hereby detecting sikheirtdati engphRageitransition tenperature points at the
hi ghest val ue of said sheet resistance unifornmty; and using said

tenperature points to calibrate said rapid thermal process system

15




2. The nethod according to Claim1 wherein said refractory metd §l NO¥r2005
sel ected fromthe group containing cobalt, titanium nickel, tungsten,

nol ybdenum tantalum and platinum 3. The nethod according to Caiml
wherein said refractory netal layer is sputter deposited to a thickness of
| ess than about 100 Angstrons to about 1000 Angstronms. 4. The net hod
according to Caiml further conprising depositing a capping |ayer,
overlying said refractory nmetal layer. 16 0 8 NOV 2005 5. The net hod
accordi ng -t 8 @eahad4ohher elpraint cappinig thieayped psosefécted fromthe

group co ini.n ' | and titaniumnitride and wherein said capping
| ayer is%&?ﬁ%%“t gpﬁgégggﬁ(ﬂad to a thickness of |ess than about 100 Angstrons

to about 500 Angstridisg Hr Fined metrhiol Hcoworedi pgotes€El ayatdmwher ei n sai d
rapid- tQG%r rI E}roceg systen#csonsesl,eecf eoql urc(%?rt he g%uEe cont ai ni ng:
silicidati®si” SREPESH P anper At 1F ¥ arfedi I rF THE MEthdd according to
G aim1 whefieignasakdreapbty thdeshulaproctssesygtemis a | ow tenperature
process at a tenperature of between about, 200 .and 800 -C.
measuring sheet resistance uniformity of said wafer
and thereby detecting silicidation phase transition
temperature points at the highest value of said sheet
resistance uniformity; and
using said temperature points to calibrate said rapid

thermal process system.

2. The method according to Claim 1 whereiln said refractory
metal layer is selected from the group containing cobalt,
'-Ititanium, nickel, tungsten, molybdenum, tTantalum, 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 Angétroms.
4. The method according to Claim 1 further comprising

depositing a capping layer overlying said refractory metal

lavyer.
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5, he et hod according (o, i m | further comrising using sailig NIV
' at i calibrate said rapi . , her
t:rgeighrgetﬁgiﬂéf tgystem 9. The netho? accakgiggntgafga:g}3a£?g§y et al
-sald S i rs :
- oo Y Plurality of wafe X i ality of
fongilﬁggga ;:LLS:?%;QO? thi cknesses and wherein sone of said plurality
ay

TN [ i t al

1 i verlying said refractory ne
Fyer wherein a plural iy o ot Bat I B phebts Tramsiai bbb iha NOV 2005
| ayer - wherein a plurality of silici

! i id plurality of tenperature
Ipoian s sare ldetreat edoandnvhersin said i Canstem 1b. A
Egrﬁfgagfélegg to calibrate said raplg tﬁerﬁﬁ? Priotestst ey

_ ate set tenperature
method of réS¥t (g urapiid rier emb precess Sysi eﬁgg (r)ioncggslsaysefstlém a first

A ) A s : aid rapid therna ) t or
oi nt conprisi .SI!ICIC_IIn ins I e vi ng %refracoy
\a/af er corrpriszﬁu%eg erpééﬁegeﬁpciézﬂgg?lgﬁt??;ibﬁﬂtﬁ%%ngﬁpro%gséc system a

~netal layer fihenean., Sili ¢idi {38% 3@ drgrfucinar. substrate having same said

second wafer conprising a 8j P :
- refractory netal |ayer thereon;

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 saig rapid thermal

System.

9. The methad according to Claim 1 further comprising
siliciding a plurality of wafers wherein said refractory
metal layéi 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

17




measuring sheet resistance uniformty of said first and second \BaBeN@Vaﬂﬁﬂ;j
t hereby detecting silicidation phase transition tenperature point at the
hi ghest val ue of said sheet resistance uniformty; conparing said highest
uniformty tenperature point to said set tenperature point to detect a
tenperature shift; and using said tenperature shift to reset said rapid
thermal process system .11. The nethod according to Caim 10 wherein said
refractory netal layer is selected fromthe group 18 0 8 NOV 2005
containing cobalt, titanium nickel, tungsten, nolybdenum tantalum and
pl ati num 12. The nmet hod according to Claim10 wherein said refractory

netal | utter. depos d to, a, thickness of s .t han.about 100
Angstroﬁ%l? ]5bout fﬁﬁ@% ngs?rgﬁﬁeci%d é %%%Hléﬁﬁﬁf§lﬁﬁ 96%&Iain110
further eonpmEngurdepesintsngra cappi vy &@yﬁr@/eeréawmga@aud refractory

met al Iager. ;ﬁ The nethod accordlng to Caim13 wherein said
hermal process syst

10. A method of 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 liayer thereon;

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

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

comparing said highest uniformity temperature point to
said set temperaturé peint 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

18




capping layer is selected fromthe group containing titanium 4nh§ NOY a2ap§m
nitride and wherein said capping |layer is sputter deposited to a thickness
-of less than about 100 Angstronms to about 500 Angstrons. 15. The net hod '
according to Caim10 wherein said rapid thermal process systemis
-selected fromthe group containing: silicidation, |ow tenperature.
anneal i ng, cuadaheatixn The, et hod according to Caim 10 wherein said
rapid thermal procggsgggé &m ’Pét%mr‘b'% tefd@lat truegsteness at a 19 0 8 NOV
2005 t emper abuyedeﬁuiaetwgﬁgagggutarﬁpo lan% 800 C. 17. The method according
to aim10 further conprising ' silicl g% -plurality of first and second
wafers wherein said refractory netal |ayer has a plurality of thicknesses
and wher ei n, song of said plurality of wafers further conprise a capping
| ayer overl ying 88i 8 Fee? aztovydivet alo diayer 10hengin;a plurality of first
and second §EHS%€'§“ on phase transition tenperature poi it are detected
and wherein sal pf%rr&?'?%/ Wvey risy spmd teecdagdobeapgratuge points are
conpared totHetrs i rature shift. 18. A nethod of tenperature
mat chi ng a plural ié?f/a% %‘%ogi) Han about 100 Angstroms to about 1000
Angstroms.

13. Th i '
e method acco;dlng to Claim 10 further comprising

de . .
positing a Capping laver overlying said refractory

metal layer.

14. { i
The method according to Claim 13 wherein said

capplng'layer is selected from the group containing

€3 . . . .
itanium, ang Litanium nitride and wherein said cappin
g

laver is sputter deposited to a thickness of less thar

about 100 Angstroms to about 500 Angstroms

. N . ] - - i . ] .

and'heatiné.

16. Th i
e method according to Claim 10 wherein said rapid

the i
| rmal process system is a low temperature DProcess at.a
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thermal process systems conprising: siliciding in each of said B §irN@V t20%pf
rapid thermal process systens a wafer conprising a silicon sem conductor
substrate having a refractory netal |ayer thereon; neasuring sheet
resistance uniformty of each of said wafers and thereby detecting
silicidation phase transition tenperature points at the highest val ue of
sheet resistance wuniformty for each of said rapid thermal process :
systens; and using said tenperature points to match tenperatures 20 0 8 NOV
2005 for each of said rapid thermal process systenms. 19. The net hod
according to Claim18 wherein said refractory netal layer is selected from
the group containing cobalt, titanium nickel, tungsten, nolybdenum
tantal um and plati num 20. The net hod according to Claim18 wherein said

refracto% é%uﬁea%%rbe%w%BHtégéugefgﬁ' éiéq? an t hi ckness of |ess than
n 1 1.

about 10 gstrons to about AngstToms The met hod according to
Claim 18 further conprising dep05|t|ng a capping | ayer overlylng sai d

refractO{y The method according to Claim 1¢ further comprising
siliciding a plurality of first and second wafers wherein
salid refractory metal layer has a plurality of thicknessés
and wherein scome 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.

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 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 at the highest value of sheet resistance
uniformity for each of séid rapid thermal process systems;
and

using said temperature points to match temperatures
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met al. | ayer. 22. The et hod accor di ng to Caim21 wherein said G8pNiVd005

| ayer. is selected fromthe 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 Angstronms. 23. The nethod according
to Claim18 wherein said rapid thermal process systens are selected from
the group conteadhngs sidd Giald Hhe W Lo ture, annealing, and 21 0 8
NOV 2005 heating. 24. The mnethod acc‘:gor“%i n% tggg%]gals%si%m%erei n said rapid
~thermal process systens are | ow tenperature processes at a tenperature of
bet ween aboilé 2,?0 and 800 C. 25. The nethod according to Claim18 further
conpri si ng 81 1 18F diSgd fiasicading b fCilest aAdwsecond swmf@rs wherein said
refractory petal r ha |urality of thicknesses and wherein sone. of
said plurality o‘#éxy en}e}slcas"f 3r rér *Corvpreséesd Eappi hlge | ayewp over | yi ng sai d
refractory ssiedidaxpreimpane niqplyural bty,of first and second
silicidation phase transition tlerar%élrdgnt’u%x%%;ntJéun%$Ee’ﬂet ected and wherein
sai d pl uralhoyyioderdint Sttaithlum, and platinum. '

20.'The method according to Claim 18 wheréin séid
refractory metal layer is sputter deposited to a

thickness of less than about 100 Angstroms to about iOOO

Angstroms.

2%. The method according to Claim 18 further comprising

depositing a capping laver 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
_ layer is sputter deposited to a thiékness of less than

about 100 Angstroms to about 500 Angstroms.

23. The method according to Claim 18 wherein saild rapid
thermal process systems are selected from the group

containing: silicidation, low temperature annealing, and
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seé'ond t.errpera.ture poi nts are conpared to detect said tenperatdt§ NOVf205

heating.

Z4. 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 laver overlying said
refractory metél 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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