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TEMPERATURE | N A THERVAL PROCESSI NG CHAMBER 5 Field of the Inventh n,_The
present invention is generally directed to a nethod f(r)rtr) geterm' ni @&E efgﬂ}d
't enper at thermal processing chanber. I n one enbodi nmet ho
fo;rp det g?%dgpg%?the tenperature within the thermal 10 progg‘j@b?%’tog‘ﬁanber
Is used to calibrate tenperature sensing devices contained within the
chanber. The nethod of the present invention is particularly well suited
for meking tenperature determnations in a thermal processing chanber

contai ning either dj. z1 e duci ng at nosphere.
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t enper at ur @rpegésing Dlenbgrhedin vYe extrddineny) ces meshogafbpe carried out

wi thin the atelaei—ﬂmu;g Q@.@sgeﬁgera&ma‘o@{uhﬁuene %Jrﬂd&hd thermal oxidation,
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A thermal processing chamber as used herein
refers to a device that rapidly heats objects, such as
seniconductor wafers. Such devices typically include

20 a substrate holder for holding cne or more
semiconductor wafers and a light source that emits
light energy for heating the wafers. During heat
treatment, the semiconductor wafers are heated under
controlled conditions according to a preset

25 temperature regime. During heating, various processes
can be carried out within the thermal processing
chamber, such as rapid thermal oxidation, nitridation,
annealing, silicidation, sintering, and metallization.

Many semiconductor heating processes require a

" 30 wafer to be heated to high temperatures so that the
various chemical and physical transformations can take |
Place as the wafer is fabricated into a device.
During rapid thermal processing, for instance,
semiconductor wafers are typically heated by an array

a5 of lights to temperatures from about 300°C to about
1,200°C, for times which are typically less than a few |




WO 00/ 55587 2 PCT/1B00/ 00264 m nutes. During these processes, one main goal
Is to heat the wafers as uniformy as possible. During the rapidﬂg]ggprmm
pr ocessi nquf % §em’ conductor wafer, it is desirable to nonitor and
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control t tenperature. In particular, for all of tReTiB@M0264
tenperature wafer processes of current and foreseeable interest, it is

I nportant that the true tenperature of the wafer be determ ned with high
accuracy, repeatability and speed. The ability to 10 accurately measure the

tenper at ure ainataWaf ephuhagy ay4li ff jn the quality and size of the
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processi ng. Ln& .of ttlﬁg DSt Si r?ifilgant cﬁg#%]g’r?g'é'gn}ﬁ)mr heat i ng
systens is the abi i y ik cEF%&'FEPfI“H"easB’Fé’arZGCFh@‘.tefrwp'elaalure of
substrates dfi ghheemperpowrecwater lpnotdimenast , citddr@UsngeaNs and :
devi ces for fomemmeablg ifeeteymenat us e Rh SRS in thermal processing
chanber s haV@eyﬂf‘e‘%‘&G%%PF}fﬁ% wg%cg ev;éels. L n%f‘%g&ef or)crr“fnstance,
pyroneters, gherm)cougl es that 257 dPT S-PYPB 4 ti@hsubstrate or t hat
are placed HUfHEEXr fortaekidisyvrane srard. t Mbeuswinfty aser i nterference.
In or@er to ammresehychedherecanvetdayie@8rd Reda $LEIMRl,PLOCESSI NG chanber,

the devi ces ganetabhyofeed, 3@ E;Qa?&f’%' jbrat ed nsequently, various
calibration np{]nqlggg%legdaj SO exi st 1n-order 5 SFI the tenperature
readi ngs of the devices W9 8568 SHMikt e Foandinskaneeat éhtenper at ur e

reference. TH@GFFefieatuna eizef refpeimut rand yheedrost widely used nethod to
semiconductor device limits the computing speed of the
15 finished microchip. The feature size in turn is
linked to the ability to measure and .control the
temperature of the device during processing,
One of the most significant challenges in wafer
heating systems is the ability to accurately measure
20 the temperature of substrates during the heating |
process. 1In the past, various means and devices for
measuring the temperature of substrates in thermal
processing chambers have been developed. Such devices
include, for instance, pyrometers, thermocouples that
directly contact the substrate or that are Placed

adjacent to the substrate, and the use of laser
interference.

25

In order to use each of the above devices in a
thermal Processing chamber, the devices generally need
30 to be calibrated. Consequently, various calibration
procedures also exist in order to align the
temperature readings of the devices with some absolute
and accurate temperature reference. The current state
of the art and the most widely used method to

35 calibrate temperature devices in thermal pProcessing




35 calibrate tenperature devices in thermnal
iIs to place in
enbedded in the wafer. The tenperature neasurenents taken fromthe
t hernocouple is conpared with the tenperature readings 5 received fromthe
tenperature neasuring devices and any disgrepancy is calibrated out.
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UkR i brBYi ASSTVARAEF MeARUEEE | He jeheRdsal he
8F physical transformation that occurs, the
temperature to which the substrate was heated can be
accurately determined which can then be used to
calibrate other temperature sensing devices contained

within the chamber. For example, in one eﬁbodiment,
such as diseclosed in J.C. Gelpey et al.: "Uniformity
Characterization of an RTP System™ in:

Nuclear Physics and Methods in Physics Research,
B21, 1987, pages 612-617, XP000885199, Amsterdam, NL,

silicon oxidation can be carried out within the
chauber by heating a silicon substrate. The amount or
oextent of oxidation that occurs when the substrate is
heated indicates the temperature to which the
substrate was exposed. Besides silicon oxidation,
other célihration methods include ion implant
activation, such as as+ :i.inplant or BF,+ implant, and
silicidation of refractory metals, such as titanium
and cobalt.

Although the above methods offer various
advantages over the use of a thermocouple embedded
within a semiconductor wafer for calibrating
temperature sensing devices, the above calibration
methods are generally only useful in higher
temperature ranges and have not heen used to calibrate

nt agtes over t

temperature sensing devices at temperatures less than
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being conducted at lower temperatures creating a nead
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nmet hods are generally only useful in higher tenperature ranges and have
‘not been used to calibrate tenperature sensing devices at tenperatures

| ess than about 500C_ Currently, nore and nore processes are 35 bﬂignﬁP 2003
conducted at |ower tenperatures creating a need 0 9 S E P 2003 for accurate
and preci se tenperature neasurenents wthin | ower tenperature ranges. As
such, a need currently exists for an inproved process for calibrating
tenperature sensing devices contained wt#in thermal processing chanbers.
In particular, a need exists for a process for calibrating tenperature
sensi ng devi cefont dewwratenpadaprressi sendanperakarieo measprwents bei ng
cirul ated thr guglh o) ShaDenrl A eids RaAiL 43 MOLRRIPT o B0 451 514
di scl oses a non-invasive sensor - system for real-time in'situ measurenents
of sheet resi cuxmantiy exkiskseforofarcdmpusiviede propess dform  seni conduct or

waf er. The sengQn qi ' I f | plurality
of m crowave s?&%@Aéﬁ&e%ﬁgﬁmg%e}éﬁapgg&e&é?%?ﬂ?ﬁ%??y of

m crowdve si gwdlthin dchermwali prosessinguchanbedseni In particebaryea
signals in the_direct] f cLhe _sem condu [ f.er in_fabrication
chanber. The cBF% t%*féﬁgeﬁéirdg g’g‘]ﬁ?&% t%?g‘- f‘é@@?ﬁ&&ﬂ"&i %ﬁﬁgé‘rﬁ gnal s
fromthe sen caehsirg dedices Atdlaiwedi remperaturesuangd wivemuvardoes with
emtter wavegul L r he, «1j i S omthe emtter
wavegui de and gg%eén%’g% egékﬂhugz&lrﬂﬁq{/ﬂ#f%é%g%pg#‘cé:}h%si%g‘%&{é”?]hat relate to
sem conductor wafer, 15 conductive |ayer, and deposition vapor physical
characteristics. These physical characteristics include conductive |ayer

t hi ckness, resistivity, and substrate tenperature. An alternative

embodi ment provi des neasurements of plasma vapor density and other inter-
20 feronetric paraneters. US-A-5, 364,187 discloses a systemfor externally
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measuring the tenperature of a substrate having a reflective surface
within a chanber. The system conprises 25 a first light source havy ggpp 7503
sufficient intensity for bonbarding the rgflective surface with photons,
thereby heating the surface. The first |ight source has an output |evel
and a wavel ength substantially in the absorption band of silicon. The
system al so conpri ses neans for 30 exposing the substrate to a gas in order
to forma |ayer superjacent the reflective surface. A sensor, preferably
a photo detector, for sepsipg . changes ipn,the reflectivit of the surface
s i ncl uded. MPHRRVERDORPTARD 8711 Pbt i bSeiRses A OB Y31 €e SRRSO
conpri ses a sexyositeni bt réalsbimeeinngitu SpEslirenérts e sigedtbe
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presence of oxidizing or reducing gases, Still another, object of the

present i hlentihleEtedonEGrO¥AEe cS1FMPES AXR he sFeml eridueor Waker |
processi ng chafisl VilPPetbLoRARNBEES] &F EclfBiitstd® wiatahitséeam during

heati ng processes. Another object of the present jnvention is.t rovi de a
process for detEYTHHNG 4I“Ple‘g’f fper e RIePYave signals to ana frok the

emitter waveguide and to generate a plurality of

electrical signals that relate to semiconductor wafer,
15 conductive layer, and deposition vapor physical

characteristics. These physical characteristics include

conductive layer thickness, resistivity, and substrate

temperature. An alternative embodiment provides

measurements of plasma vapor density and other inter-
20 ferometric parameters.

US-A-5,364,187 discloses a system for externally
measuring the temperature of a substrate having a
reflective surface within a chamber. The system comprises

25 a first light source having sufficient intensity for
bombarding the reflective surface with photons, thereby
heating the surface. The first light source has an output
level and a wavelength substantially in the absorption
band of silicon. The system also comprises means for

30 exposing the substrate to a gas in order to form a layer

superjacent the reflective surface. A sensor, preferably
a photo detector, for sensing changes in the reflectivity
of the surface is included. In one embodiment of the
present invention, the sensor comprises a second light

35 source and a sensor, for sensing the reflectivity of the
surface caused by the reflecting photons.




30 thermal processing chanber using a substrate having a copper surface
that forns a copper oxide coating during heating and wherein the tH) ¢RPRIF]
of the copper oxide coating indicates the tenperature within the chanber.
35 These and ot her objects of the present invention WO 00/55587 5 0 9 SEP
PCT/ 1 BOO/ 00264 are achi eved by providing a progcess for neasuring the
tenperature of substrates in a thernal process?ng chanber. The process

i ncludes the steps of placing a substrate in a thermal processing chanber.
In one 5 enbodi nent of the present invention, the substrate includes a
surface made froma material conprising copper. For instance, the
substrate can be a sem conductor wafer nmade froma material such as
silicon. A copper coating can be adhered to the 10 sem conductor wafer. The
copper coating can have a thickness, for instance, of at |east 2,000
angstrons, and particularly fromabout 2,000 angstrons to about 1

.mcron. once placed within the thermal processing is chanber, the
substrate is heated for a determned interval of tine in the presence of
an oxidi zing atnosphere. In particular, the substrate is heated to a
predet erm ned maxi numtenperature very rapidly and naintained at that
tenperature for a period of tinme. 20 The tenperature to which the substrate

is heated should be sufficient fgor atkngy. of r0xjidi zed copper to form
on the surface of the substrate. M%M%ééﬁ i nvention, in
order tolOdeternine thThecpressnkcinvenbtioh réecognbzes aandvnaddressest ed,

e L e of 448 Buhdieth SLARARCAED KRAURG U8 IR o
constructions and methods.

Accordingly, it is an object of the present
invention to provide an improved system and process

15 for measuring the temperature of semiconductor wafers
in thermal processing chambers. ‘ :

Another object of the present invention is to
provide a process for calibrating temperature sensing
devices contained within thermal processing chambers.

20 It is another object of the present invention to
calibrate temperature sensing devices in thermal
processing chambers at lower temperatures and in the
presence of oxidizing or reducing gases.

5till another object of the present invention to

25 calibrate temperature sensing devices in thermal
processing chambers when the chambers are designed to
contain staam during heating processes.

Another cbject of the present invention is to
provide a process for determining the temperature in a

320 thermal processing chamber using a substrate having a
copper surface that forms a copper oxide coating
during heating and wherein the thickness of the copper

oxlde coating indicates the temperature within the
chamber.
35 These and other objects of the present invention




‘using spectroscopic ellipsonetry. Based upon the thickness of the oxidized
copper coating, a 30 tenperature can be determned. It is believed (X$SEP §ine
_process ofwglgsigesent invention can be used with various ﬁt’f’lt/{ erg&% types
of thermal processing chanbers. In one preferred enbodi nent, §@0%4er ral
processi ng chanber used in 35 accordance with the process of the present

I nventi on WD 00/ 55587 09SEP2003 PCT/ %BOO’ 00264 6 includes a Plurality of

| i ght energy %si}g‘l%)rcerg@to heat the wafers ources which are placed in the
chanber. As Adiiiededbby eprdvildi i Sa pgdi of the present invention,
the process itemesigaed Ef%s%&ﬁgj i,ﬁg%g%iﬁ%% T THdrgateet he

Processing chaher contains an oXi di*Z} Ag Al oPFRgGmSsiRgr the instance,
the present invention Re\Rqcesq et udes Het etapsioy dikeihgnperat ure of
substrates i F¥PstHetfain priveessi Ner o8B &Y c\p/ggge!ﬁucq gaseS such as steam
10 oxyden, aribodinkht ogeMRHRXLIES. AT § pLesent W Ehin ’h&"® chanber. These
gases may be ig,icﬁ_gugﬁtgds&rga%ugh the cha’?ﬁ)"‘é’tn'iFP%rsd’é’FtFétfearry out various
processes durciang the con GcPrdh Pman BatergzhiteethpeisEalgt . These gases,
however, can TREEFf erfPRiimstenpperaeusebsdtraiBasdy @aeQt s bei ng conduct ed

i nsi de the cH&Rbeendddtter p:ﬁe&ﬁrﬁaden\fggﬁ,iaoqlait%rfa s%gned to account for any

use

such discrepangtes. and her ef.ore be FPp*ate tenperature
sensi ng devi gﬁﬁi’%‘(})n ai nec%%&ne%h‘feona%tlﬁg CHakSepdherzd Eorthmst ance, by
the'te

det er m ni ng U MBISX - The somistr aberiagCendi mg,d  the above
process, teﬁﬁbé?’é’t%ﬁfe Jomsingcairiel, C68 £HORLALNed W'Pt;\i n the chanber can be
cal i brated basedamaruaelyepRET ahuLe , Lhat IS 3P P M TP Er om t he

t hi ckness of midwe,pxi di zed angstroms to about )

Once placed within the thermal processing
?hamber, the substrate is heated for a determined
interval of time in the presence of an
atmosphere.

15

oxidizing

In particular, the substrate is heated to
a ?redetermined maximum temperature very rapidly and
maintained at that temperature for a period of time
The temperature to which the substrate is heated .
should be sufficient for a coating of oxidized copper
to form on the surface of the substrate.

20

. A?cording to the present invention, in order to
etermine the temperature to which the substrate was

heated, the thickness of the oxidized coa
heasured.

25
ting is then

The thickness of the oxidized coating can
be‘measured according to various methods, such as

| us%ng Spectroscopic ellipsometry. Based upon the

| . ::;ckness of the oxidized copper coating, a

perature can be determined.

. I? is believed that the process of the present
invention can be usegd with various different types of
thermal Processing chambers. In one preferred

embodiment, the t i
s hermal pProcessing chamber used in

accord i
ANce with the process of the present invention




25 coating. The tenperature sensing device contained wthin the thernal

processi ng chanber can be, for instance, a thernocouple and/or a

pyrometer.wg 5 ticular advantage, it has been discovered that the
& gfl% sent invention is particularly well 30 sUQrgsow00264

tenperature sensing devices at tenperatures |ess than 600C,
arly less than about 500C, Besides being used to calibrate
sensi ng devices, the process of the 35 can also be used to

bstrate WO 00/55587 7 0 9 SEP 2003
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‘reduces to coppér which in

I ni ' bstrate
I [ [ taining a copper coating, the su
'tplh:azegn})gd![ gn: 1he|r R;It eagrgiegginng cha?mer contai ns an oxi di zed copp@rg &P 2003

[ [ the oxidized copper coating
coat i ng. y ed in a reducing atnosphere, B‘E‘iﬂpﬁ’g

turn reduces the thickness of tHd/iB

. L : can
Measuring the reduction of thickness in tgg ?X|3L$§ﬂ fggngbsfsgtgnaas
' o]
to determne the tenperature .
ng?ege g?ﬁ?lar to the enbodinment dedcribed above, the process is

1 |yl f less than about
particul arl y Rdéideds it e f@{ambat-ck gi ﬂEa'%_gdt..E} hg’r a],t, ures 0

deit YocedS%i s carried out can
' t r.e..under_which th oce c
ggotc:;r el’?gdrgiggyz?ggaFazgi%ntchk@eﬁﬁo%%stgf*n‘@“@ﬂaﬁ%e?op@eredumm gas WO

P

00/ 55587 8 09 03°  PEHABC0 AG02 61 wad it a e Ny S A0S Eydpgoen gas is

: carr
comonl y ci r S§PatEate hricUginet BRE SkdesRr 9@?%?;9%&2%”?%; gcggsggdie:\clt Sde, f)c/)r
OuL Vel OuS, PROsEase ok YA gg??él%t %{gn%easﬁa’?t%eecﬁé?nf@@t ures and

Lot a? Cebf Sit %gsnggétseggds ?’ﬁgg‘%?#llﬁt%@ engfemdgsed i, Nhgwerser tﬂie__t glnl i Eg: S\évl g
?2pg018 A fuft GFERen e rap e, Hgg%&ﬁgfggéﬁ%ﬁneviez Ithe1 art, is
the best nodthehetteofsubditi-asbeds fd 99%’930%8%‘?94)13"?%

' ' whi ch
j in the re éYs?fé@ISﬁl cation,
ﬁgie;? tepe;ne)ilzs ?gfﬂték%qga%ga{é%’ 19 GPBCaSR - 1rsedi vhonFigure 1 is a

i onal " Vi eWor GRKeReafsicding enbote mmatent ddiRipR! Processing
cross-sectiona N . ] . the.present 1 n¥ention;
chanber tha?hwmmsgavumamdan%j%éﬁén Gidl t:.she

thermal Processing chamber can be adjusted and
modified accordingly. For instance, if light energy
Sources are being used to heat substrates within the
15 chamber, the irradiance distribution of the light
energy sources can be adjusted in order to more |
uniformly heat substrates.
Besides being used to measure temperatures in an
oxidizing atmosphere, an alternative embodiment of the
20 Present invention is directed to a kFrocess for |
measuring temperatures in 2 reducing atmosphere. Inp
this embodiment, instead of containing a copper
coating, the substrate bPlaced in the thermal
processing chamber contains an oxidized copper
25 coating. When heated in a reducing atmosphere, the
oxidized copper coating reduces to copper which in
turn reduces the thickness of the coating. Measuring
the reduction of thickness in the oxidized copper
coating can then be used to determine the temperature
30 to which the substrate was heated. Similar to the
embodiment described above, the process is
Particularly well suited for determining temperatures

of less than about 600°C. The reducing atmosphere
under which the process ig

carried out can be created
35 by feeding to the Processing chamber a reducing gas




20 Figure 2 is graphical representation of the results obtained in Exanple
1; Figure 3 is a graphical representation of the results obtained UQSEP 2003

Exanpl e 1;W(§h915§r5§74 is a graphical representation of the 25 results
achieved in Figure 1; Figure 5 is a graphical representati ofCHIBYAE64

results obtained in Exanple 2; and Figure 6 is a graphical representation
of the results obtained in exanple 2. 30 Repeat Use of references
characters in the present specificatgon and drawings is intended to

represent sang,Qf agngll ﬁ?lgous features or elenents of the invention.
Det ai | ed Descri pti on BfEq%58-pr BY@reash Eabodi peRtsnl 8% ihkul sti® be

under st ood by-"8R¥9bf thrmialapyosks Ind) cRamieRs209 3 IR QQ/ 22287

PCT/ 1 BOO/ 00264t9vipi bl mlulcekbal resent discussion IS a description
' P Iy, ancS ?séagﬁ% PAUCKPE Md® s | FHFRI ng the broader

of exenpl arypey;ggggjs is.0 )

aspects of the Ereésr%n‘ ncllh\a&ntF%‘T\,”\ﬁﬁ?é?ﬁrbﬁéad@riraﬁpadts are enbodied 5 in

t he exenpl ar PetB8hst#akidnen. In general, the present invention is directed

to a method and other s;y,gbeﬁgfogge%trggrql{y? écﬁ%‘l O'I%ea erature of an object,
T r

particul arlypgegsem CONY or ~wafer, 1n a. 8ssi ng chanber during
heat 10 treatment. '%he g';%tsif”én?ﬁ FFEupTEs dAt ITeRtemt Hehais  particul arly

. [=d . . . .
wel | suited €688t erni ni ng the tenperature of sem conductor wafers in an
oxidizing or reduci ngBmteXhebefrepion 8k alyeVEl.) ower tenperatures, such

ound 1o prodpeayery anauenPiNiE i Tachite b Sk onemtentunl ch can thon be

found to prodyge very .accurate t er

used to calibrate lootri‘llel"nf %ﬂ%t%ggéﬁw@ioﬁg thevieoés afeatkani thin the

thermal procESsPRRy ahamBérarhekill in the art, is set forth more
particularly in the remainder of the specification,

which makes reference to the appended figures in
15 which:

Figure 1 is a Cross-sectional view of an
exemplary embodiment of a thermal procegsing chamber
that may be used in accordance with the present
invention;

20 i i i
Figure 2 is graphical representation of the
results obtained in Exanple 1:;

Figure 3 is a graphical representation of the
results obtained in Example 1;
Figure 4 is a graphical representation of the
25 results achieved in Figqure 1;
Figure 5 jis a graphical representation of the
results obtained in Example 2; and
Figure 6 is a graphical representation of the

results obtained in example 2,

30
Repeat use of references characters in the

bresent specification and drawings is intended to

re
Present same or analogous features or elements of
the invention.

DPetaileq Pescription of the Preferred Embodiments

It is to be understood by one of ordinary skill

35



‘present invention can also provide information as to 20 the degree 8
tenperature uniformty that is achieved when a sem conductor wafer 9SEP 2003
‘heated. TRy§ogkdRkpr mati on can be used to nmake adjustnents aﬁg} hg es in
the equi pnent that is used to heat the wafer. 25 In order THRa0 ne the
tenperature of an object in a thegmal processing chanber according to the
present invention, a substrate having a reactive coating is placed within
the chanbein s arestRAEethe ipre8bfr aTROGESRIY st Qe substrate can be a

silicon 30g¥&def,diayi [ goatd;ng adhered to one surface of the
waf er. Once Iacpe %ngtghgx%}%pa%ﬁl (r%gégsm P ¥ hafB8r 1S tWE coat ed substrate

i s heated i %(’?'fie‘ioﬁr“d?‘i’i“hbl%& r%§p’Pfé?aéeWﬁ$Ifr¢0§§rprfathy oxi di zes the copper
coating. Theesmppenvewtﬂentmrﬁknels:s:aldsrtd@bcié ABASHReshe3l Ng a suitable
devize. Becpuafe RRRET VP O §§§g anO 0 9 SEP 2003 PCT/ I BOO/ 00264 Oxi de
grow h is tenperature dependent nperature can then be determ ned and
cal cul ated bas?&‘ HﬁBﬁr’f‘he t]?%l’(’fﬁ?ﬁe‘éts lB’f’e’tbrfé’“céﬁp@Frwtﬁb towhi ch can then be
used to calnrwdeandhte 2 espreent furedsensiimgngevhees 5 contai ned within the

chanber. Fugdg@fatui-beo £0PPasn K] qﬁ&bb_gllg}%,s uQéI{lg&m%‘%eac\rNg?ZrthlenV\gLer

can be translat egrature unifornity across

al ternative e£ gﬁn%éﬁge%ﬁpspﬁﬁgﬁsdf’g E*éﬁﬁ“befogﬁ’é“b?é&ﬁted with a copper
oxi'te coat FrRpATERRItL heThe yhstent of dRe bresesdt dovent ton eduCi ng at nosphere as
opposed t cpartigwildi ¥y nge Bt mdpbert® detérAnigguehog at nosphere, copper

oxide is xtagq L S the thickness of the copper oxide
coating to he rgdlr}%:g gaﬁ%%g‘ggﬁ#l gg&'ﬁﬁe re%lﬁc?’f’b‘%lﬁwgt A& thickness of

t he copper oﬁc é’%%ﬁ‘f“??@he% Fénb%‘r"’éﬁ&?@’ lower temperatures,

such as less than about 600°C. The process of the

15 present invention has been found to produce very
accurate temperature measurements which can then be
used to calibrate other temperature sensing devices
found within the thermal processing chamber. The
present invention can also provide information as to

20 the degree of tenperature uniformity that is achieved
when a semiconductor wafer is heated. This
information can be used to make adjustments and
changes in the egquipment that is used to heat the
wafer,

25 In order to determine the temperature of an
object in a thermal processing chamber according to
the present invention, a substrate having a reactive
coating is placed within the chamber. For instance,
in one embodiment, the substrate can be a silicon

30 wafer having a copper coating adhered to one surface
of the wafer. Once placed in the thermal processing
chamber, the coated substrate is heated in an
oxidizing atmosphere which partially oxidizes the
copper coating. The copper oxide thickness is then

35 measured using a suitable device. Because copper




to which the substrate was heated can be accurately determ ned. Various
different processes are carried out in 20 thermal processing chanbﬁalgsSE?,uzﬁ&
as oxi dat .\\Wooxssgg tridation, annealing, netallization, sintering,
silicidation, ARd ot her vari ous processes. |In each of thesECT/iR§B/086€s, not
only is the operating tenperature varied, but also various different gases
are 25 circul ated through the chanbe§ It is well known that the reaction
anbient or, in other words, the pariicular gases that are circul ated
t hrough the O%iMe'Dthanislreﬁ;jeqah;{,yeidgplegggge tahgggnﬁe erature of a

€a

substrat e anchd k@ ehabe ' the.suhstrate i s g The process of
i 'é‘ét%%%tdean?ocagéﬂ“i?‘fﬁq\i%&ef’eﬁﬁ@?a‘mﬁ es in thernal

the present % vention is (
processi ng chanmberg-i 7t t e giwpencexide vahigdusandithiar patudagpes of gases.

Thi s t enper dtUrrélibrter netthen teapethairdeemsnry Wevgalibrate tenperature 35
sensi Ry deviaresafiadddved 11 Rerlehen Shamber ich are WO 00/ 55587 11 0 9 SEP

3 - F he c .
2003 FCT/ | BQQR0264 used to nonitor the tenératifec®Pstafers in the
chanmber. In accorggln%]kejnevﬁsf h“"l"%‘é”’f}%‘é‘ée%ﬂmﬁﬁ\ﬁ‘ém wefierwham becal i brating a

t enper at ur e FERSL ALY Nt teaprdatitdiuni tariity abagberypreferably the
process of tagepresent invention is carried out as close as possible to

actual process cepdiji ln.this manner, accurate and reliable
t enpgpat ure,i.nf or mat | oa%r]ﬁségnagﬁ‘é?a?"ébc?d%ﬁﬁrh thgnsvhebrdte geed to calibrate

t enper at ur e “L0FFRSYF itk SRt APPPehexdhansartihgrahderparti cul ar  process.
As will be FHBEtERparcam Her dentéd ol QVEN ngdgeEEL AN .t he system of the
present inveppbsed wf fagy %m@yig@vaqg;nrbggﬁéreqve_rmpgi or art constructions.

reducing
atmo?phere, copper oxide is converted into copper
causing the thickness of the copper oxide coating to
15 be reduced. By measuring the reduction in the
thickness of the copper oxide coating, a temperature

to which the substrate was heated can be accurately
determined.

Various different Processes are carried out in
t?ermal processing chambers such as oxidation,
nftridation, annealing, metallization, sintering,
silicidation, and other various processes. In each of
the?e brocesses, not only is the operating temperature
varied, but alsoc various different gases are
25 circulateg through the chamber. It is well Xnown that

the reaction ambient or, in other words, the
particular gases that are circulated through the
chamber can drastically influence the temperature of a

substrate and the rate at which the substrate is
30 heated.

20

The process of the present invention is
directed to determining temperatures in thermal
processing chambers in the Presence of various
different types of gases. This temperature

. 1nfo?mat10n can then be used to calibrate temperature
5 sensing devices found within the chamber which are




15 For instance, the process of the present invention can be used not only
to determine a wi de range of tenperatures, but is also particul ar?]gg@plb?m;
n -about

suited toywdppsskey ing relatively |low tenperatures, such as ss t
600C. Furt her, tﬁfe process is very 20 reliable, sinple and éﬁéﬁ”%{?“@‘?‘

Finally, as described above, the systemof the present invention, besides
bei ng used to determ ne tenperatures;within thermal processing chanbers,
is also well suited to determ ning whether objects within the chanber are
25 bei ng heat’889uth Mandtyr HRef drempagatwreFbgUisreks figr tgxenpl ary purposes
only, one entbampent of a thermal processing system 10 for heat treating

one or nore waferg, nade _froma. sen conductive material, such as silicon,
sk 5ﬁu % PXepPRcddrngiehanbegn 12 adapted to

is 30 illust rg‘% d. %stem’ﬁ? iwﬁ
receive substr ’tié’éa gh2 e mpeyatore lsensfing droridec Ebaga aldaWwS processes. As
shown, ® vaf er the chambposi prefeadbop theé Woskeal %fhehge£§%§ﬁr£@de froma

thermal i nsubmddrtq oRBL grd :SUC s. quartz. Chanber I's designed to
Y tJ:E?’ldr lr%gt g‘é@\ﬁ? 50PEE 257 Pe5opRkERER03 PCTI | BOYY 00264

heat wafer 1§c€& very rapi : _
and under care u‘.ﬁ% CORTT APEATLBMRY t ilBnshisCmanber, 1&cwaitebe nade from
various mat e?PhIZe1 iR kiimpgrabtee SinfaRba £RIMATLE CSen&@itdSt @aNCe, chanber 12
can be nade whiddmcahatidrede SEEE! ot ) en chanber 12 is made

¢ cggyg{%feyt?ﬂ%ezé%%‘mfer i ncl udes a cooling

fromeg heat gonductiyve . Jqmterial, prefera :
system For jnstance, as slgm%g? an%“ﬁ’ﬁFef‘ir, tBR R icular ncl udes a cool i ng

conduit 16 WappEd-around the perineter of the chanber. Conduit 16 is
adapted to 10 ci PSUPELE ke 68aki dibarent dsroitiEhe 30 1AL, Wi ch is  used to
mai ntai n t helesairtipt 06n Chaabepsddy Al @nEONILANE , tEMperdt ure.
offers many advantages over pfior art constructions.
15 For instance, the brocess of the present invention can
be used not only to determine a wide range of
temperatures, but is also particularly well suited to
monitoring relatively low temperatures, such as less
than about 600°C. Further, the process is very
20 reliable, simple and accurate. Finally, as described
above, the system of the Present invention, besides
being used to determine temperatures within thermal
pProcessing chanmbers, is also well suited to
determining whether objects within the chamber are
25 being heated uniformly.
Referring to Figure 1, for exemplary purposes
only, one embodiment of a thermal processing system 10
for heat treating one or more wafers made from a
semiconductive material, such as silicon, is
30 illustrated. System 10 includes a processing chamber
12 adapted to receive substrates such as a wafer 14
for conducting various Processes. As shown, wafer 14
is positioned on a substrate holder 15 made from a
thermal insulating material such as quartz. Chamber
35 12 is designed to heat wafer 14 at very rapid rates




Chanber 12 can also include a gas inlet 18. and a gas outlet 20 for :
I ntroducing a gas into the chanber 15 and/or for maintaining theﬂcyﬁgl:b
o]

within a essure range. For instance, a gas can be jntroduce
chanber 19‘(?%?%538{1 gas inlet 18 for reaction with wafer 14PCHH0N00264
processed, the gas can then be evacuated fromthe chanber using gas outl et
20. 20 Alternatively, an inert gas be fed to chanber 12 through gas
inlet 18 for preventing any unwanted or wundesirable side reactions from
occurring widnHi pnéée caheidlay. cbtfolfleht beiqerbadi Medanpgas, jnl et 18 and

gas outlet 28nC8B L 4 WAY mher .12. A 25 yvacuum can al so be
created in %Fénber 12@\/\5‘%&# gvgglgrgg%tﬁatﬁgfgpagég%ﬂ%’r’ﬁ "?g‘?“&? an additi onal

| arger outl ét'™ pEETPIThed fifEndBEFRI9fe FBIBIEIOA 2t fan vief evadeDur i ng
processi ng, IsePsstaimldwd dareelSeriquaone. ermbodi ment, can be adapted to

o7 omot 5. 0r gkt emee e ot e ero o ree LBkl oLt or "and

pronotes gr .fenmperature uniformty over _t >

pr onot es enﬁ%géﬁégb raegerag’éi’mgé% PT Pcinbenrd a9£3489i nt roduced into
the chanbefYSFershdinm instander tostiowhaoireFégurs pt chambesi des waf er s,
chamber 12 8 ahemddap! edolongra6ReI 018 waBpef03 iR QAL55587

PCTI ) BOO' 00264 ; At &Ptd £ ah P il fibers, ribbons, and ot her
subsj rates av%ngar any pggrhtei_gfj1 %‘F’e%hagg’%‘d%thggt 18 RARPEHr theat i ng devi ce

general |y 29§31 FOPLIRIcEtAthi SHER (7% Weter cheisbr 182 for heating 5
waf er 14 dukeed o cwdsdiaig. theatdillg deviwanz i ndwidesoasplyral ity of | anmps
24, such astéwp@sdire. hal ogen | anps. As shown in Figure 1, lanps 24 are
pl aced above wafgr, 14 LG %houl d be ugderstood,_ however, that |anps 24 may
be placed at any particulrar 10*t¥cdrForde puPRRetnletddpt rodal | anps coul d be
i ncl 1uded WIRRi PRShRS @@ 9T introdiucddy sumls astdeihewchahesr 14.

5

and/or for maintaining the chamber within a preset
pressure range. For instance, a gas can be introduced
into chamber 12 through gas inlet 18 for reaction with
wafer 14. Once processed, the gas can then be
evacuated from the chamber using gas outlet 20.

20 Alternatively, an inert gas can be fed to chamber
12 through gas inlet 18 for preventing any unwanted or
undesirable side reactions from occurring within the
chamber. In a further embodiment, gas inlet 18 and
gas outlet 20 can be used to pressurize chamber 12. A

25 vacuum can also be created in chamber 12 when desired,
using gas outlet 20 or an additional larger outiet
positioned beneath the level of the wafer.

During processing, substrate holder 15, in one i
embediment, can be adapted to rotate wafer 14 using a

30 wafer rotation mechanism 21. Rotating the wafer
promotes greater temperature uniformity over the
surface of the wafer and promotes enhanced contact
between wafer 14 and any gases introduced into the
chamber. It ghould be understood, however, that

35 besides wafers, chamber 12 is also adapted to process




"The use of |anps 24 as a heat source is generally preferred. For_instance,
| anps have much higher. heating and cooling rates than other heB8iS§ 2003
_devices, ywhyoildsdy as el ectrical elenents or conventional fyphaces...ams 24
create a rapid 1sothermal processing system that provide instantaneous
energy, typically requiring a very short and well controlled start up
period. The flow of energy fromlanps 24 can al so be abruptly 20 stopped
at any tine. As shown in the figure, lanps 24 are equipped with a gradual.
power contr®PF&palPantst fiims befibpesd, tuibboos case othelecr ease the thermal
energy bei sgbetrdtead Hayihheahpmstibershawapd N Figure 1, in this

enbodi nent, syst 5 Lnc i ndow 32 whi I S positioned between
lanps 24 and thefnm;ae[%prséggégi‘ n%q_‘csagﬁ{}ﬁnr&ﬁ?e\ﬂeﬁamﬁgﬁ 25édfves to isolate

| anps 24 froRThaded My camaupicitdn vibnicharber il@nfof hémtiskanmber. I n order
to nonitor vhtet enpenatingeppbcamnfier. 14HeadlngWeaviget i2 heating process,

thermal proggsshds GhyTeh 142 &N ahpg! Hdesyar i,qus, diffgrent and multiple
' dévi ces. For instancé, as shown EA R = gure 1, thernal

t enper at ure,_sensi n

processi ng %?1]:%%’? PEan PRCFRIAE 18 FiRobodflres 604 @t ai ned within a

t her nocoupl Bl3cehcidare g2fefhks nodsuph®ld0be amdbespoasd i oned adj acent
LOSEP2003 W&V 8045566 cPLid SO0 G960e 1t abos SRMLGOIEUAL Qryupf er 14 or,

al tgrnati ve e di.rect ,contact .wth ihe er.
The?lndI;coupl ie‘gcaégféf}l’r egf%g%hséuérhé‘fgl?ﬁ%f tlgﬂ%%rcé’f“‘&%meb%flq fer during
heating. 5 BtEhHesHRGeRg1P hef ARSITSRe BThops ikeladdvafen e usi ng

t her nocoupl e 60, Tsy stsempiOlamps @ssasi Adleddestitee D& @RGanadi ation sensing

devi ces 27 §0¢ r@BAId OFoR0indHindLMRERAL Yabe Qfucf fin @ during ther nal
processing., The use di ation sensing devices T0r nonitoring 10 the

of r _
t emper at ur e"8? “Hi e"‘}ndlif‘jf’g“b%r’fqt(?ﬁl Eh3R ofley heating devices,

such as electrical elements or conventional furnaces.
Lamps 24 create a rapid isothermal processing system
that provide instantaneous energy, typically reguiring
a very short and well controlled start up period. The
flow of energy from lamps 24 can alsc be abruptly
20 stopped at any time. As shown in the figure, lamps 24
are equipped with a gradual power controller 25 that
can be used to increase or decrease the thermal energy
being emitted by the lamps.
As shown in Figure 1, in this embodiment, system
25 10 includes a window 32 which is positioned betweeﬁ
lamps 24 and thermal processing chamber 12. Window 32
serves to isolate lamps 24 from wafer 14 and prevent
contamination of the chamber.
In order to monitor the temperature of wafer 14
30 during the heating process, thermal processing chamber
12 can include various different and multiple
temperature sensing devices. For instance, as shown
in Figure 1, thermal processing chamber 12 can include
a thermocouple 60 contained within a thermocouple

35 holder 62. Thermocouple &0 can be positioned adjacent



suited for applications in which the emssivity of the wafer is known and.
at tenperatures where the wafer is substantially opaque, which ifﬂ@’SE‘PZ{lﬂ!
at relativel hi gh tenperatures. 15 Radi ati on sensing devices 27 include
opti cal f‘Y‘Bﬁ?’éSSB? li ght pipes 28 which are, in turn, in CRGHABAVGMSS on

wi th corresponding |ight detectors 30. Optical fibers 28 are configured to
receive thermal energy being emtted by wafer 14 at a particular 20

wavel engt h. The anount of sensed radiation is then conmunicated to |ight
detectors 3Q which generate a wusable voltage signal for determning the

t enper at ur e “CofeRhEP RO TWHE B4 ddnobe ad4kTndtdvedybased, bé n part, on

Pl anck’ s Lawlakrdoire aareed sBRtacteatth bkl $ader?S ThRehoLSyd1a CoMbi nation

with a |ightsodgt petior. ri.se ronet er. Besides using
t her mocoupl gs_and ra i‘gn%agﬁ:(?ggnﬁsl}enge&d%é;c%%1&{){_“&w? fiber at ure sensing
devi ces may “BE"PM&3d@G-wi t hin the chanber of the present invention 30

without |intatiBesides shoing thedcgoigel 50 sc;&stiarrhaaigganfwt her includes a

system cont kehhgrtmAnMabephi £k P&yst i , . r opr ocessor.
Control |l er can ged in ,cg%‘r%%_ilga | o%&\%\ngt HoE ‘é‘?%né’éeupl e 60 and

he ..pl a !
light 35 de?gc?%lr'es ”f&lth°Ba??’rsc?u"ﬁa?‘?‘”€6ﬁt%lfPErmsmrgrfem SEP 2003 WO
00/ 55587 PCHfBbers2snre50E ordiegui &divrdng ethermel vptbagesigiggnal s fromt he
t enper at ur eThenssa GHdeuieL6i b Hendt hi GelyDbed SBPCLALYES i waf er 14. System

contyeol | er §gea§en§s{gqggr,1_u' Skaqwe 1,gan 5 al so be in comrunication with
| anp power controller EE #n_? i's arlrsaﬁﬁ’é'f?@?fg?rﬁﬁnY?Hler 50 can determ ne
the tenper abitE=difFaPBPLIg2Linls ipadudghothe lehgssinity natt itbe, control the
amount of t Hefenliekeryy ahdialy teapétatirby Whagpstrd. wdfbd Riss Manner,
substantially opaque, which is usually at relatively
high temperatures.
15 Radiation sensing devices 27 include optical
fibers or light pipes 28 which are, in turn, in
communication with corresponding light detectors 30.
Optical fibers 28 are configured to receive thermal
energy being emitted by wafer 14 at a particular
20 wavelength. The amount of sensed radiation is then
communicated to light detectors 30 which generate a
usable voltage signal for determining the temperature
of the wafer which can be calculated based, in part,
on Planck's Law. In one embodiment, each optical
25 fiber 28 in combination with a light detector 30
comprises a pyrometer.
Besides using thermocouples and radiation sensing
devices, other temperature sensing devices may be
included within the chamber of the present invention
30 without limitation.

As shown in Figqure 1, system 10 can further
includes a system controller 50 which can be, fox
instance, a microprocessor. Controller 50 can be
placed in communication with thermocouple 60 and light

35 detectors 30. In particular, controller 50 is




10 i nstant aneous adjustnents can be nmade regarding the conditiorhsgrg\t'; EHU?
reactor 12 for processing wafer 14 wthin carefully controlled | n
one enbodiwenisssgontrol l er 50 can al so be used to autorratl E%nftﬁl%lt”o'
other elements within the 15 system For instance, control can be
used to control the flow rate of gases entering chanber 12 through gas
inlet 18. As shown, controller 50 ggn further be used to control the rate
at which wafer 14 is rotated within the chanber. 20 For system 10 to

oper at e ef fe@ifghkyd atd reee@ivecidhtaget sighal apirdrathet hat the tenperature

sensi Ny deVidserOital B! BL JIe shiIRhiEhs HOGERSLEgGhaDer accurately

nmeasur e the erature t he sem conduct or vvafer as It 1s being heated.
In 25 this re te tenperature sensi ng devices should be calibrated to
ensure that theﬁyar-emammr@tléley Shaisi slovinngn thigguwrenpecabur e of the wafer.

In mar, ti sy vet bE dBORSHRLUES, SRS mnpdngéae%owc%ﬂépl y are calibrated

for each d| er ent e of proc sstht carried out in the
chanber. As gcfesgrp]l Blw Hosve ;%; he Iéonléeer é(':(?Srccu tﬁ 1% f erent gases

Wi thin the ???ar?&é‘?eé%lwq?a% &Pﬁ%tlﬁo é’f*‘freéﬁechr%h thie terrper ature of the
waf er. The jprfaoessioh, tderticaseld amdvftiidfobhéxnali epekgd 35 to accurately

det er m ni nghd 1Ry teglm:_x@é@tw q_a %sazﬂ I§E511%OQ§1AQQ 00/ 55587 16 PCT/ 1 B00I 00264

sub trate in order to cal nperature 'sensing devices and in

ordé® to en’s’lﬁ‘?"?ﬁﬁ@‘f%@%@f‘e"?% °6‘€| 'Pﬁg e eRPAREPEr fS. 1 n particul ar,
t he processcorgiittibas pwidemt rieaveort ilenfos pibcestisd watdetkenining 5 the
t enper at ur exdfnig sWbetdBle clnkRbmddgigit@anber in either an oxidizing

at nosphere or aIrneg}{gi&g)od%.tm@%,phcegn%roller 50 can also be used
to automatically contreol other elements within the

i5 system. For instance, controller 50 can be used to
control the flow rate of gases entering chamber 12
through gas inlet 18. As shown, controller 50 can
further be used to control the rate at which wafer 14
is rotated within the chamber.

20 For system 10 to operate efficiently and
correctly, it is important that the temperature
sensing devices contained within the thermal
pProcessing chamber accurately measure the temperature
of the semiconductor wafer as it is being heated. 1In

25 this regard, the temperature sensing devices should be
calibrated to ensure that they are accurately
monitoring the temperature of the wafer. 1In
particular, the temperature sensing devices preferably
are calibrated for each different type of process that

30 is being carried out in the chamber. As described
above, for instance, circulating different gases
within the chamber can have dramatic effects upon the
temperature of the wafer.

The process of the present invention is directed
35 to accurately determining the temperature of a




For instance, when nonitoring the tenperature of substrates in an -
oxi di zi ng at nosphere, the process of 10 the present invention is dilr& 8k R 2003
to the usewgfgeasgybstrate having a surface nade from copper. Wen placed
in a thermal processing chanber and heated in the presence PSI/IBREXG4di zi ng
gas, the copper surface partially oxidizes to forma copper oxide. The
anount 15 of copper oxide that formi in a fixed anount of tinme is directly
related to the tenperature to which fhe substrate is heated. Thus, in
accor dance sibdrrate iRr6888f 4d\@NibPIre RYeMBARILINY Lhe thi ckness of the

copper oxi dgegdd hat forns, the tenperature to 26 which the substrate
was heat ed c?arlig‘tg ggg%?ﬁ?eﬁ’/é ldietoépﬁ}'ntech.e“‘fﬁ?% thafpdhgt e€ecan t hen be used

to calibrat? 95&9: bapeedt wrifosmdyi nglneart bsuldigt takepridasent Wi thin the
thermal proekddiengresanteinveiia caubstdatedtused, idbiacaQRdance With the

present 25thdvR@BLEP f I shape simlar to & sem conductor
waf er. The strgt eg'h(::‘_g{r—]gb‘gf %ﬁbggﬁ?% é"ﬁg’?f? oS GBBRPET it preferably only

i ncl udes a %%ﬁﬁe?ncﬁ’é%ﬁiﬁﬁ%“qzﬁrt@ﬁ@’ﬂ%@? # resheisgbodi ment, the substrate
can be madea¥masphene. sane material as the 30 sem conductor wafer to be

processed W t hi Fothgns€hdddelhimeRHUmn .JLigon.. A copper coating can be
ot Sappl iggﬁrﬁélﬁs&% ﬁéamPEBEg'é?e ®dating shoul d be

adhered to .. For_nmst..a

at |east 2,%‘%’%1‘\3%%r%’_?rsa“t‘?ﬁlél%,zggﬁoa%?h%m:am presesh@ft 2, 000
angsltroms t'Peprepent Invention ki dicectes actural ukbi 6kness of the WO

00/ 55587 17\3@SERRE v AGT/d BOPEROR6hde0aki & el ver, will depend

upon the tRERRRALLIS {1040 ate i S"heated, the process being

1,C subst
carried out,jnh the chanber, la%égpiglsésuigeﬁé?w’?ﬁ aAnRerked idfer is to be

heated. 5 I'n ofder 19" athére pdiebyp@asecohs myppert fierface

partially oxidizes to form a copper oxide. The amount
15 of copper oxide that forms in a fixed amount of time
is directly related to the temperature to which the
substrate is heated. Thus, in accordance with the
present invention, by measuring the thickness of the
copper oxide coating that forms, the temperature to
20 which the substrate was heated can be accurately

determined. This temperature can then be used to

calibrate the temperature sensing devices that are

present within the therma) Processing chamber.

The substrate used in accordance with the present

25 invention preferably has a shape similar to a

semiconductor wafer. The substrate can be made |

entirely from copper, but preferably only includes a

copper coating. For instance, in one enbodiment, the

substrate can be made from the same material as the
30 semiconductor wafer to be processed within the

chamber, such as silicon. A copper coating can be

adhered to the wafer. For most applications, the

copper coating should be at least 2,000 angstroms

thick, and particularly from about 2,000 angstroms to
35 about 1 micron thick. The actual thickness of the




sem conductor wafer, if desired, an adhesive can be wused. In one

enbodi ment, the adhesive can also serve as an inpurity barri er m(]grS@ErZ[}U}o
_prevent tReoeeedes coating from contam nating the sem cond g@rl al
10 used to nmake the wafer to which the copper coating is ere Exarrpl es
of adhesives that may be used in accordance with the present i nvent i on
include titanium nitride (TiN), Taptalum (Ta), and Tantalumnitride

(TaN). 15 As descri bed above, the copper coated substrate wused in the
process of thbEtinmeareid, Aveeténn Wwidd dHeemd tpemdneo be wel | suited for

det er m ni NGeLAFDARIAY €5 whilcd rtwlsqb;rfa&eaamfeeﬁe wRMch oxidi zi ng

at nospheres_are co use onduct various Erocesses on

seni conduct BF° %%ﬁse%n"rnﬁ FRAEF 1 Bt £ aWﬁb@Pg i nstance, many
processes atengtdarafi admeuthe rwafear el torhec bestary chanbers wherei n an

oxi diging gas, StflbraerO¥¥0sihe s @RE Sbpgeht £OHBRy @Xi dgs, are circul ated

t hrough the %&b:?‘cnci)jned’uc%%” gfheatltZ%esng* ment . Pr eLgrng Y when using the
process of t esent 'hvehti‘on to cal'i Bra eterrperature sensing devices

within a t hBFerd ﬁﬁ*b@@f}sieﬂ-e‘ﬂ‘&mﬁﬁﬁer the rﬁdheﬁil‘b%é’@@ plseheePieesent i nvention
IS carried asitanndgiuritiebsanier dndbkdan ot podvenitetReneesgeduct or wafers are
30 to be progessed. ¢l eea&a&gkﬂmgdeﬂé %reggkomeerbﬁge&lﬂ reul ated

throg h the chanber can have ferent ects upon tenperature.
Cons %uent | §Seq +q ;ake, Epg YRELT e YRR tté‘ﬁp%‘?pé’teﬁr EOREERP v calibrating
t he t enper agdpersbnsibxgnides cet dhestretbdtimyt be 8Sedaire at nosphere that

wll be usedcé@:d&ﬁwsﬁthhehg &e%%BtZQ%n\é@oﬁ)Ofréiﬁaz 28 £iilll BOO/ 00264
waf ers. ?&_t e% eiﬁﬂﬁad)fan%gﬂ’em (tra‘):" PILACHS t‘_a\olfmmt rﬁetprcesent i nvention is

wel | suited" i‘'ng o

15 As described above, the copper coated substrate
used in the process of the present invention has been
found to be well suited for determining temperatures
in an oxidizing atmosphere. Such oxidizing
atmospheres are commonly used to conduct various

20 processes on semiconducteor wafers in thermal
processing chambers. For instance, many processes are
carried out in thermal processing chambers wherein an
oxidizing gas, such as oxygen, steam or nitrogen
oxides, are circulated through the chamber during heat

25 treatment. Preferably, when using the process of the
present invention to calibrate temperature sensing
devices within a thermal processing chamber, the
process of the present invention is carried out under
the same conditions that the semiconductor wafers are

30 to be processed. 1In particular, different gases being
circulated through the chamber can have different
effects upon tenperature. Consegquently, it is
preferred that the temperature used for calibrating
the temperature sensing devices be measured in the

35 same atmosphere that will be used to process the




tenperature of substrates in thermal processing 5 chanbers in | ower .
tenperature ranges, such as Iess than about 600C, and particul arlyqgpopg
about 400%& about 550C. In the past, difficulties have been experlenced
in attenpt 3°’F§87ronitor the tenperature of wafers at | owepct/esgeoRlures.
For exanple, 10 pyroneters typically do not work well at tenperatures |ess
t han 500C since the wafers are partially transparent to el ectromagnetic
radi ati on causing the tenperature of8the wafer to be difficult to

determ ne. Besidlas, being well suited to determining the 15 tenperature of
substrates at tenperat ures | ess. than about 600C, the process of the
present invention i $2TEFEBINEIFVEHTRER. ftOe mietcessi BE Nghd he tenperature of
substrat es i PregeHt r#DS’phEiewcmmilmiﬁgi&aeednde@ggﬁ@;‘iry &y dation processes
usi ng st eam thayeerganiedors 20umh b JFRAN | ANGE Steam howe?/er, can have a
dramatsi ¢ i n@aGh.QR the,mnner in which FRPWRFEFSSaIRS heated and on the
manner in which the tenpelat JrdPeiRrEurssARdes eguchhes presaess of the present
i nvention pr&y GESUFe £ 90 17 e cinde partdi el AR ok CARRIRL YR 25, T ef er ence
points for celduir &50Ng. t erpeihat Yeet SeNFird +J8Y1 $85. %ont ained within the

i
chanmber duridigesti@abbaOXh ' According to the pr &Rt i nvention, after
t he substraj’;?w% taining t ééeqng’gﬁﬁ‘értoc@af’ theptemparatnre30 the t her mal

no

processi ng cha FEEnBTh WM FePReratirekne Forokxamsi ¢ esul ti ng copper oxi de
s then neddwoBEtERS okvipica1dydebensd Mok @10 CHRALBLA (@es Wi ch L e
substrate wamskeghaf. sdb MARBET v d JARLED artQhe thi cKness of - the resul ti ng

copper oxi dg..L s, 35 .neasured nmay vary %’ﬁe’rﬂf ¥g upon the particul ar
09SEP2003 v\%_og‘% %Egg9£PH/?%F65WtE wsiiptien | orusifige theasur enent nay be

done whil e (TEPEAEYT? B% the wefienitredeniidriouiberd raahi L ocessi ng
Besides being well suited to determining the

temperature of substrates at temperatures less than

about 600°C, the pProcess of the present invention is

also well suited for determining the temperature of

substrates in an atmosphere containing steam.

15

Recently, oxidation Processes using steam have gained
20 in importance. Steam, however, can have .a dramatic
impact on the manner in which the wafers are heated
and on the manner in which the temperatures are
monitored. The process of the present invention
Provides very precise and accurate temperature
reference points for calibrating temperature sensing

devices contained within the chamber during steam
oxidation,

25

According to the present invention, after the }
substrate containing the copper coating is placed in
the thermal Processing chamber and heated, the
thickness of the resulting copper oxide is then

30

measured in order to determine the temperature to
which the substrate was heated.

- The manner in which
the thickness of the resulting copper oxide coating is

measured may vary depending upon the particular

35




chanber or, alternatively, may be performed after the substrate glfas been

renmoved fromthe chanber. 5 For nost applications, the thickness g §ER2003
copper. oxj.fe i ng shoul d be nmeasured using spectroscopi ues.

" For instaﬁg)e(,m?%%gé?one enbodi ment of the present invention, lpgﬁég'foma%%ness of
the copper oxide coating can be neasured using 10 spectroscopic

el lipsonetry. Ellipsonetry is a technique for determning the properties
of a material fromthe polarlzatlolr?characterlstlcs of linerally

pol ari zed IQﬁg,ﬁféﬁtmhghtﬁ@%ﬁ&%@&&&%&% Auhtagsi of tfche material.

El'li psonetr use | n grocess of, the present

i nventi on bé‘d}é 5% Yo ffeFontaidead, Fhthiy 8¢ etﬁ’(erf“ f I BEP S "Ghar act eri stics in
conpari son thamopper,oal tematsivehy asrayube irerdeirded #1TgY tdesd cuprous oxide

'(Cut20) lesFeﬁﬁ&ﬁteahtawgéﬁ%%egrtﬁ%efhé f@,amléeQOO a][l?strorrs, and 2|0
particularly greater stronp,. Simlar . differences are also
_obsers\c/ed when cg’ﬁ‘b“ar’“i i ‘?ag:f‘ tlf\;'g SER) °End T he extinction

coef fi ci ent copRgT tfétiﬂeenot'omrersh&néld cR?ppé?SWdéémBased upon these

di ff er ences spaécedriopitetéSin Lfnese! | FqIs en@tante?5isasnde used to

di fferenti a%ﬁbﬁ H{Eﬁ‘:” %C’{?}?eer dxae%%n‘ioﬂpxﬁ‘eﬁat & Cl%ef Qﬁlgﬂﬁé@d}' ng the

t hi ckness o e cop oxi atin forms on the copper surface. It
shoul d be uﬁH%r‘é‘?Rﬂﬁf °Pf69\%v%‘i’atlt’ﬁaf’a% BTEPFé’rreQuF?é’B‘Fe met hod for

det exami ni ngsphettidsaipiessl bipsdretepppall Psapetdy &saki ng can be used in

accordance %I:Hnic?& ﬂ%&eé‘@@érﬁ{}}i‘%ﬁt t@é‘pr@'&&ﬂegeokhh%&@e&aaqf the copper
oxi de coati whi he substrate was

heated can %g ’éa??sf gﬁF&ﬁ?E&% cg‘g's”@%"pelf 8%1?% arlnl)ﬂﬁ of tinme the
substrate spehprize n@ceﬁaﬁbélgmoreﬁwsev@w thsgpuptper ®ISEP 2003
PCT/ 1B0O0/ 00264 material. Ellipsometry is well suited for use in

15 the process of the present invention because copper
has much different reflectance characteristics in
comparison to copper oxides, such as cupric oxide
(CuC) and cuprous oxide (Cu,0), especially at
wavelengths greater than 5,000 angstroms, and

20 particularly greater than 7,000 angstroms. Similar
differences are alsoc observed when comparing the
refractive index (n) and the extinction coefficient
(k) between copper and copper oxides. Based upon
these differences and characteristics, ellipsometry

25 can be used to differentiate between copper and copper
oxide for determining the thickness of the copper
oxide coating that forms on the copper surface. It

| should be understoocd, however, that any other suitable I
method for determining the thickness of the copper |

30 oxide coating can be used in accordance with the
present invention.

Once the thickness of the copper oxide coating is
determined, the temperature to which the substrate was
heated can be easily calculated based upon the amount

35 of time the substrate spent in the chamber. For most




applications, the substrate of the present invention should be placed in a
thermal processing chamber and heated at a rapid rate until a maxiggggp 2003
t enper at up ogig¥l i s reached. Once heated to the naxi num 5P¢'§{Eﬂ§50%yre’
the substrate is preferably maintained at that tenperature

determ ned interval of tine, such as |ess than about ten mnutes prior to
being cooled. After the substrate igy heated, the thickness of 10 the
copper oxide coating is determned in order to subsequently determine the
t enper at ur e BBPWkFaghonhe thwafssbsnestdact etk pSpecht i CaldntioRr edet er mi ned
tinme versusshe.mmebatyIfc&ﬁlﬂ,bgagﬁ%ﬁugy&%sggggb a’gboer}_,stag_lﬁct ed and used in

determ ni ng tbgdegpe For, instance, now ng e thickness of
t he copper i)xi%ﬁ.gga%?%l Jgang%?ﬁeu%%uﬁtmwmﬂ“ erpRratB&trate is heated,

a tenper at ur €% Can *Be Bt Sred OPFBNteRtedr taldher maxbdueur ve. Once t he

t enperat ure BTReretyubstitat eubst 28t diseprd faedp DRSesh 4HaqRel Ng: t hi ckness of
the oxide fitmat tbﬁgeﬁga&\ﬁremfggdat@ég%;u%%qng?ﬁvé)f used to calibrate
' t hi e

tenperature seisi.ng iGces contained wthin fl t%erqﬁ"ﬁ’processing
chanber. For instagnjéggtt%'gan g%@rtﬁ’h?“é“’ﬁfﬁfei’ﬁ%o“%&@éﬂai ng to the process
of the 25 pr‘é%%‘ﬁf"i nvention can be used to calibrate thernocouple 60

and/ or radi ati onAftesithy devstest fsateatROWend et GieBslos FUr ther, by

measwd ng t hthd lioplee s itle ER8E r ' i in nultiple |ocations,
el s dgg&gm?ﬁ%%b%#n%ro%eﬁn%f’orm y heat

the abilit rmal _pr I n
subst r at esycginbstglgg%n%% y(;et%gﬁ%ﬁga? %Iezggm%‘%éﬁﬁ%,t‘? fwhigchetk@i ckness of the
copper oxi de’¥Sat Py heatenl-f ofReciftifenly heredetoririest hemsi ng t he substrate
uniformy. Versubetédpeiatese ofliviateepRRivexids, Grating is 35 nonuniform
however, theforishehct@®y anadheal it Rk 0n ;! E Ptr;')eo Q:Bem\ggraolgé?g 5 87
15 For instance, by knowing the thickness of the coppex
oxide coating and the amount of time the substrate is
heated, a temperature can be obtajned from a
predetermined curve.
Once the temperature of the substrate is
20 determined based upon the thickness of the oxide film,
the determined temperature can be used to calibrate
temperature sensing devices contained within the
thermal processing chamber:. For instance, the
temperature determined according to the process of the
25 present invention can be used to calibrate
thermocouple 60 and/or radiation sensing devices 27 as
shown in Figure 1.

Further, by measuring the thickness of the copper
oxide film in multiple locations, the ability of the ’
30 thermal processing chamber to uniformly heat
substrates can also be determined. For example, if

the thickness of the copper oxide coating is uniform,
then the chamber is heating the substrate uniformly.
If the thickness of the copper oxide coating is

35 nonuniform, however, then that may indicate that




21 PC Il BOO/ 00264 adjustnents need to be nmade in the heater “SEdql,Qf,gt}Be’ﬂﬁ

the substrate. For exanple, when using light energy sources as s

Figure 1, wehtidRegs can be nade in the irradiance distributigeqagainss by the

| ight energy 5 sources in order to pronote greater tenperature uniformty. |
Besi des determi ning tenperatures in oxidizing atnospheres, the present

i nvention is also directed to a praocess for determ ning the tenperature of

10 substrates in reducing atnospheré?. In this enbodi nent, instead of

USiNg @ SUbSALRISRPBAYE NG teOBBChaEihAGR nBaBMDSeal 8o ixzaksed having a

copper oxidg,s en, the suhstr in a reducing
at nospher e and h%lfgtgggat?her} ﬁ:é‘amrgx ’dghen ufég?:]d’@g’éd P8 Topper causing the

t hi ckness ofs‘f‘ﬁ?é:e@oﬁﬁe?hc"ﬁwl@ef'é@‘aﬁ Ag Ehrngeer eas e Badedirupon the anpunt
of tinme thetmubstrrdianis dieatredutidie cdedeagethd 1ibhickmasy of the coating

can bes transé@he@si Bh0ofued %%Dsi—@ﬁweeg{-é’ae@ﬁ“ Eme%élPat%&lQStrate was heat ed.
This 20 tempgrat ure. can then be used fo calibrate other tenperature

sensi ng devi ces TRATY may be present within the thermal processing chanber,
such as t her nocoBgrddes Art-arpinipy dreppreREGUesnin avtiddpheg es are soneti nes
needed in 2&ddepherks priee PreBant Vet sonl @sCONEHIGl reatdéOWs pProcesses

i ncl udi ng meg glddeaki g&me%%g%%{&g %%Ei Im; hgse processes are carried

out aj, tenpes ess than a the process of the

t yr
present |nven sl{r’fa\%%ﬂ“%uﬁ‘i (ﬁ”'f‘gra‘f%??ﬂbm?errpﬁ?a e 30 deterninations.
Reduci ng at n?%‘?ﬂi’é-#“%tar@lm ed wsingchrewssratg hevithgnat he chanber gases
such as hydrogsger Fhefasd hed susetrite det@ier HQvi’k@Narmepéxhe copper oxide

has decreaseghide Qke58ESS vl Qﬁetg&sﬁgﬁ[@ pae;:se%r ;Red above with respect
A

to measuring_t erat ur 35 in_an oxi n trms ere. In particul ar,
gr 5ﬂggng aEmosphere and heated, the gopper oalde is P

15 reduced to copper causing the thickness of the copper
oxide coating to decrease. Based upon the amount of
time the substrate is heated, the decrease in
thickness of the coating can be translated into a
temperature to which the substrate was heated. This

20 temperature can then be used to calibrate other
temperature sensing devices that may be present within
the thermal processing chamber, such as thermocouples
and pyrometers.

Reducing -atmospheres are sonetimes needed in

25 thermal processing chambers to conduct various
processes including metallization and sintering. Many
of these processes are carried out at temperatures
less than about 600°C, making the process of the
present invention well suited for making temperature

30 determinations. Reducing atmospheres are created by
circulating within the chamber gases such as hydrogen.

The method used to determine how much the copper
oxide has decreased in thickness can be the same as
described above with respect to measuring temperatures

35 in an oxidizing atmosphere. In particular,




0 9 SEP 2003 WO 00/55587 22 PCT/JBOO 00264 spectroscopic - elli p@%ﬁmfan
be used to neasure the thickness of the oxide coating before an

substr at e]!,rbe\@ heat ed. The present invention may be bet tood
5withre ereé%gﬁ?o t he foll ow ng exanpl es. EXAVMPLE NO. 1 #@“F@é}ﬁ
exanple was perfornmed in order to denonstrate the differences in the
optical properties of copper in ggnparison to cupric oxide (Cuo) and 10
cuprous oxide (Cu20). Specifically, the reflectance, the refractive index
(n), and tspectxpsreriorellipebhetremin(ky vsedetelateayanrretihat di ff erent
wavel eng}g ft%lf:%egep&@ruhé:l&&ae tQ%dtCi@ngaﬂéifc&:élpéﬂ&lsaﬂ?[@deh_?Ehe rreals ;Jr enent s
were perfaqr a ectroscopic ellipsoneter e results are
|IIustrat&‘]‘gE%rF—'g [}%é feerf’l S‘% % "and Figure 4. As shown in the figures,
the optical pr {Sbemrfe%en%fm@ep‘pé@n @y b detdpf ferdsnstordn t he opti cal
properti esvigh edpéiénexitle tardfolipvang nd@es20 especial ly at wavel engt hs

greater than about 5, 000, aer y at wavel engths greater than
about 7,000. These d| fferences I n optrcal properties nakes it relatively
sinple to accurheef§t hesddts &gt ?Hiaékﬂ%‘éf?miﬁ Bt TeelCoxi de coatings

formed upclermrctppee the fdidEereAceoriai tige taptibel ppregenttieaventi on, since

the thickngsgy F:re§U§1}11 QP I4SnCEY &%:gawmeap&w eamdsel y det erni ned,

t enperatures cal cul ated &él} cco dan% v§ﬂ t he el%rlcl)esgn i nvention can aI SO
be asi | y BRFARE ELUT al det FHHASE lli_fXAHny_l":r *?H&’ f ol | owi ng exanpl e
i s direct ddhet G-‘eéﬁecte%om%t(n# orarfetheigxyinrkeemand tenperature graphs in

coefficient (k) were determined at Q1fferent
wavelengths for copper, cupric oxide and cuprous
oxide. The measurements were performed using a
15 spectroscopic ellipsometer. The results are
illustrated in Figure 2, Figure 3 and Figure 4.

As shown in the figures, the optical properties
of copper are much different than the optical
properties of cupric oxide and cuprous oxide,

20 especially at wavelengths greater than about 5,000,
and particularly at wavelengths greater than about
7,000.
These differences in optical properties makes it
relatively simple to accurately measure the thickness
25 of copper oxide coatings formed upon a copper surface.
According to the present invention, since the
thickness of such coatings can be easily and precisely
determined, temperatures calculated in accordance with
the present invention can also be easily and
30 accurately determined.
EXAMPLE NO. 2

The following example is directed toc one
embodiment for deriving time and temperature graphs in
relation to copper oxide thicknesses. Once

35 constructed, the graphs can then be used to determine



_relation to copper oxide thicknesses. once 35 constructed, the grag% ﬁﬁﬂ]
then be used to determne 0 9 S E P 2003 WD 00/55587 23 PCT/1BOJ 0 51 03

tenperatur upon coating thicknesses in accordance with the present
invention.@lér?@?ﬁiﬁg experinent, a copper coating having a tRFTRI8E8R6H!
8,000 angstrons was placed on silicon 5 wafers having a dianeter of 8

I nches. The copper coated substraies were placed in a thermal processing
chanber and heated to different tenperatures and for different tines.
Speci f i cateypersomyresabesed wpos chrtdingdtiR kngeseeddnds at vari ous

t enper at UpBSordhridie wiOnpfias eeent Oxpgerorgas and, alternatively, steam

The oxygen gag and st were fed 30 .the,Ghaghelyialg @ volunetric flow
g ° egﬁu CH n%'he

rate of 3 liters per m o%gen as and_st.€eam created an oxi di zi ng
anbi ent. AndeiRessaf §h OQRIAISEHERR HEaPEF 020D ¥ 15 different

perg ods okatér® hawidie apétaestes of & igahescofhai ¥pBREMDI ecul ar oxygen.

Wil e the ywafgrse ReLnge Y Q688884 n hheherhIPSFeddysangl the wafers were
det er mi ned y preca i’

rated cantrol s. . 20 i e trates were being
heat ed, aShePPebrandMeate c‘b?)ﬁje‘%%%%ﬁl R é/%tggﬁ%}r?i%%nto a copper
oxi de. Theifhecenessimgt.t hepewifpcrlbki 6P iYafeFRa¥®*Y ormed on the substrate

was then ppasdgedodtedliskber@ntat vagphisonemperatheesubstitat e usi ng
SPeEtroscople 22 €Lt tLYs Anad YAYELEPOId1yOf 2P0 t1@eB, 000 angstrons.
Reiérri ng rgsﬁf’ﬁﬁrcéj'fs @%ﬁg %%{sresﬁl his ' exanple are illustrated. As

shown, gr &ygeReras %ﬁ?ﬁ’&t‘é%es%é\f’f?gkf‘%e‘l’rfa&f’ﬁﬁ%?ls‘?hi p between 30
t enper at urn@landtedpptlowxrte ¢hilcRAbess BreRNEenwaf P8 were heated to a
preset a%eﬁf ghkMBnd @t@ﬁfneq@at%ﬂdan oxidizing ambient.

Another set of wafers were heated to 400°C for

1s different periods of time in the presence of a gas
containing molecular oxygen.

While the wafers were being processed, the
temperature of the wafers were determined by
precalibrated controcls.

20 While the substrates were being heated, a pertion
of the copper coating was converted into a copper
oxide. The thickness of the copper oxide film that
formed on the substrate was then measured at different
locations on the substrate using spectroscopic

25 ellipsometry at a wavelength of 2,000 to 8,000
angstrons.

Referring to Figures 5 and 6, results of this
example are illustrated. As shown, graphs were
constructed showing the relationship between

30 temperature and copper oxide thickness when the wafers
were heated to a preset amount of time (Figure 5) and
showing the relationship between time and oxide
thickness when heated to a preset temperature (Figure
6). Figure 5 also illustrates the differences that

35 result when the oxidizing atmosphere within the



showi ng the rel ationship between tinme and oxide thickness when heated to .a
preset tenperature (Figure 6). Figure 5 also illustrates the dif e Sk He]
that 35 result when the oxidizing atnosphere within the 0 9 SEP 2003 WO
00/ 55587 M PVESRY 00264 24 chamber is changed. The graphs iPCUEHON/O026¢ i N
Figures 5 and 6 provide calibration curves that can be used to determ ne

t enper at ures when ot her copper coated wafers are 5 processed. For exanpl e,
if a copper coated wafer was heat®d for 60 seconds to an unknown

t enper at ur ehaib® ikegpaiAldre coul d be determ ned by measuring the

t hi ckness of t coatig and obtaining a tenperature fromthe graph

illustrated in F gadred UPHERE LG BYERS DTS GaPre¥isdand variations to
the presenfaiHRFHEPBEHIESHENPE aertri bedudrpd thodeteafminer di nary skill in the
art, w thotenpepanténgifdromehbe cofperi foatd $£QRS Qfet he present invention,
which is bEedagt i § farth_ in the ended clainms. 15 In

addi ti on, gtP shq?I IBd %ﬁ#&‘é}“g?%bd&: ﬁa?o%’se%e%?%pegdf wa?ﬁé VaYi ous enbodi ments
may be int 8FRHEhJEH THIIFSORASWHDIR SPkpeimpserpeaturiaer bee, t hose of

ordi nary Serperature heowldt bei Hétappnediat eacddiatidghentor egoi ng descri ption

is by way ohiexazgl €f Gitle) codBénd S0 is gt the invention so
: o S R

further degggd hed LiL:s ended clai 00/ 55587 25
PCT{ | BOQ 00264 1. %{)brhogg'ggggg?tegded‘guhgﬁﬁet e tenperature of substrates in

a thérmal proceREPRERhather Befdddicatieps en@ wixdasions pbaci ng a substrate
in a thernbhe presessiityenfiohamebe saadtisebsiy aheskngkudi ng a surface nade
from ordinary skill in the art, without departing from the
spirit and scope of the present invention, which is
more particularly set forth in the appended claims.
15 In addition, it should be understood that aspects of
the various embodiments may be interchanged both in
whole or in part. Furthermore, those of ordinary
skill in the art will appreciate that the foregoing
description is by way of example only, and is not
20 intended to limit the invention so further described
in such appended claims.



‘a nmaterial conprising copper; heating said substrate within said therrrid
&P &40 an

processi ng chanber for a determned interval of tinme in the predb&5

oxi di zi ng re, said 10 substrate being heated to a t e
sufficien?ﬁégﬁ%ﬁgfornla coating of oxidized copper on saidigﬂﬁgéﬁbﬁgf sai d
substrate; neasuring the thickness of said oxidized copper coating on said

substrate; and determ ning a tenpeyature within said thermal processing
chanber while said substrate was heated fromthe neasured thickness of

sai d oxi di ¥8al_IGo@pRIMEMASi:Nng. 2. A process as defined in claiml1l, wherein
sai d substrate . CORPpisass? roeThefNHUGLOfhRbRPePAYFY X COpper coating

adhered to rface. of said fer. 3. .A proc fi.ned in claim?2,
wher ei n sals'%)ss%gﬁﬁar”3,oaatﬁ?’r?ﬁ'm\égsp’éoﬁef‘ﬁséﬁ%ézggm%&a?glfl;glglsétﬁ ,000 angstrons.
4. A proceSBe F&Fepefehied in claiml, wherein said substrate is heated

Wi thin said thernal ppi®iness Rgbsehatdhan dHitherghl prnecessing. A process as

defined | NefiofidP 1 5atRCLBldLr32kinHRShE A Gukfabeahate Qo [ oMPETAL LT € Of
| ess than about 686 : %% process as ée ined in claiml1, wherein said
oxi di zi ng &t FeCTRRIIAINY SPBBFR’ 7. A process as defined in claim 1,
wherein said oxidi eaging mesghenkstaateayHhiox§géf §B’T™P9ISEP2003 WO
00{)5?583 Pg}éé&%}ggotagéna@ g.o‘érﬁapﬁ@w&ﬁna& idekraed bh €ing m éL . anr ej[ n sfaijd
subsLiate 48 RRialehecs B SIPLSUIL G Lelmphabyy coqng i ntaned at s
oxi*i zed cEppefrate being heated to a temperature sufficient to
form a coating of oxidized copper on said surface of
said substrate; _
measuring the thickness of said oxidized
copper coating on said substrate; and
15 determining a temperature within said
thermal processing chamber while said substrate was
heated from the measured thickness of said oxidized
copper coating.
2. A process as defined in claim 1, wherein said
substrate comprises a semiconductor wafer having a
copper coating adhered to a surface of said wafer.
3. A process as defined in claim 2, wherein said
copper ceating has a thickness of at least 2,000
angstroms.
4. A process as defined in clainm 1, wherein said
substrate is heated within said thermal processing
chamber by light energy.
5. A process as defined in claim 1, wherein said
substrate is heated to a temperature of less than
about 600°C.
6. A process as defined in claim 1, wherein said
oxidizing atmosphere contains steam.
7. A process as defined in claim 1, wherein said

oxidizing atmosphere contains oxygen gas.



5 coating on said substrate. 9. A process as defined in claiml1, wherein
said thickness of said oxidized coating is measured using spect {o$§ppig]
el l'ipsometry. 10. A process for neasuring the tenperature of a substrate
in a ther ﬁ’é‘go?ﬁsé%s& ng chanmber conprising the steps of: RGBS
substrate in a thermal processing 5 chanber, said substrate including a
coating made from a material conpd sing an oxi di zed copper, said coating
having a determ ned thickness; heating said substrate within said thernal
processi ng chahber® IO SFerer At flbd it elvak of whemeinl@aid t he presence of

a reduci nguattosipher=e hesdied tubstpaietbaiingaheatfd-dtara dnperature _
SullL Cl enmalifa LAIE. QA0 L QReOLSALS OXLALEAREPRCL, Lher ey T educi g

t he thickne s of . sai d oxi Ef“f’n onh sal d Substrate; 15
measuri ng TY R R S0t I‘TPERH&SS%EP c%\F‘él2E‘E‘chf‘ﬂt’fF’z‘?éfd copper coating on
sai ¥ substqoatcengm sadet euisiragea tenperature within said thernal

processi ng chasbera whiddessaiad SUBBlUELP 830 Heatkdipom e measured
t hi ckness e HJ():;I on oXI 3| Zed ¢o coating. 11. A process as

saj d
defined in cfarmil \ﬂ? eP?flgéé?%l Seating r"r@ ’“%&?fﬁ'sep?né‘rsén%ont ai ns hydrogen
gas. 12. RPGFBE%%OFH&‘ ¢afliipegmphryed ai m 10, wherein said substrate is

heated within sai dﬁliﬁfdﬁtlss gaecmuagn@imab@ém;t&aﬂmtoxerhergy 13. A

wh b h d
Biiéifirﬁ%ﬁ%%%ws}é{l R b} e PR R IOMAEA™ cmper at ur ¢ and

mai nt ai nedb&t S %R%I 'edeterm ned tenperature for said interval of tine in
reduci ng said placing a substrate in a thermal processing

5 chamber, sajid substrate including a coating made from
a material comprising an oxidized copper, said coating
having a determined thickness:

heating said substrate within said thermal
processing chamber for a determined interval of time
10 in the presence of a reducing atmosphere, said
substrate being heated to a temperature sufficient to
reduce a portion of said oxidized copper thereby
reducing the thickness of said oxidized copper coating
on said substrate;
15 measuring the reduction of thickness of said
oxidized copper coating on said substrate; and
determining a temperature within said
thermal processing chamber while said substrate was
heated from the measured thickness reduction of said
20 oxidized copper coating.

11. A process as defined in claim 10, wherein
said reducing atmosphere contains hydrogen gas.

12. A process as defined in claim 10, wherein
said substrate is heated within said thermal
processing chamber by light energy.

13. A process as defined in claim 10, wherein
said substrate is heated to a predetermined



5 oxi di zed copper contained in said coating on said substrate. 14. A
process as defined in claim 10, wherein the reduction in thickn@sgSER 2085 d

oxi di zed oating i s neasured using spectroscopic ellipsonetry. 15.
Bt FSAAROURESS,

A process as I'med in claim 10, wherein said substrate

sem conductor wafer. 16. A process as defined in claim 10, wherein said
substrate is heated to a tenperaturg;less than about 600C. 17. A process
for calibrating a tenperature sensing device in a thermal processing
chanber cobprpeiatgrehendtepintfinepr ovisdiagpeeddiirimhedr ocessi ng chanber,

said 5 thetsmle UtACESSbAGLNAMREL-CONA BIRY B LRURESAS Waga SeNsi ng device
for noni torbgﬂjl hértengerat ure of a, sem.conductor wafer placed in said
chanber, saP& 13y FBPPRT cCWEA NG charier 583 g9 R cdtfini cation with a

plurality ofuPs¥inteenergy sources for heating 10 seniconductor wafers
contai ned in saixy.chanhescesdlaaCidedimeSUBSEL @i 10) GREELeihermal  processing

chanber, saifl SURIEILE LRCLUILI0SE SH1d3G80, IR LogLa, et T al

conprising copper; heating sard raté w thin sal Fermal 15
processi ng ERRMSH 1foPeasWer® MfiRgdSPItEPFarPit alildesoretiYhe presence of an
oxi di zi ng at nospiter eA pabdess ubsiediged dnnglaiatiad whepeirenper at ure

sufficient tgjaffibedac0abbfitrRes0¥i 704 G0PRS! QResaI d surface of said
substrate; 20 _ur'hggrgggsst hisc ngss Cgf. sa}d. ory}iodi gggr copper coating on
sai d substrate; detefnfhrng a tenfarattrd #H m%sa’d* tHermal processing
chamber whi FeidaFpssgBser iF chepiedoto SpERrpep3twB 3@S558%M PCT/ | BOOL00264 28
heat ed fromabdnet n@sSared t hi ckness of said oxidized
17. A process for calibrating a temperature
sensing device in a thermal processing chamber
comprising the steps of:
providing a thermal processing chamber, said
5 thermal processing chamber containing a temperature
sensing device for monitoring the temperature of a
semiconductor wafer placed in said chamber, said
thermal processing chamber being in communication with
a plurality of light energy sources for heating
10 semiconductor wafers contained in said chamber;
pPlacing a substrate in said thermal
processing chamber, said substrate including a surface
made from a material comprising copper:
heating said substrate within said thermal
1s processing chamber for a determined interval of time
in the presence of an oxidizing atmosphere, said
substrate being heated to a temperature sufficient to
form a coating of oxidized copper on said surface of
said substrate;
20 measuring the thickness of said oxidized
copper coating on said substrate;

determining a temperature within said
thermal processing chamber while said substrate was




25 copper coating; and calibrating said tenperature sensing devicg :
contained in said thermal processing chanber based upon said det 89§20
tenperature. 18. A process as defined in claim17, wherein said

t enper at uM® ¥F$8hg devi ce conprises a thernocouple. 19. ARQVIBO¥SE6HS
defined in claim17, wherein said substrate conprises a sem conductor

waf er having a copper coating adhered to a surface of said wafer. 20. A
process as defined in claim19, whtein said copper coating has a

thi ckness yafatala kedattrfe qpe%s_ugggséﬁi%esg]cf B.REOGESS .R8 defined in claim
17, .wherein_ said ggbstrate IS heated to a tenperature of |ess than about

600C. 22. “RPBFECE88TERI 4eMhed in claim 17, wherein said oxidi zi ng
at nospher e cont ai nscalerati2g. sAiprizopssataredetnnbw idevékai m 17, wherein
s?i_d o>£|7 dicﬂmgiabmiﬁhﬁéitﬂi %%ﬁ%ﬂ?pﬁéﬁﬁ@ﬁnﬁ%gam% n%saa?pess as drefi ntedri n
25. A prochsy S8 del PRI APRE R o e n sai d thi Ckness of said
oxi di zed coati A§-i sRneERtsT asudefinegpértFiadBopt ¢ \diariedBonmet ry. 26. A
process asad@f iteaferatetdligandingWierielencoiidesha ckness of said oxidi zed
copper coalyjRghd-supigasured at multiple locations in order to determne
t enperat ure unlforn1t¥ across the surface of salq 5 substrate when the
substrate was Héat elt. P59 FFoeE i 3By 4 i HPSF S Bnperature sensing
devi ce i n saidhsukekrptecesminiges handredcondmyorsvaiest avireps of : provi di ng
a thermal PrReEPes BPathighainersai €b & 2uPER 20034 QY5587 29
20. A process as defined in claim 19, wherein
said copper coating has a thickness of at least 2,000
angstroms.
21. A process as defined in claim 17, wherein
said substrate is heated to a temperature of less than
about 600°C.
22. A process as defined in claim 17, wherein
said oxidizing atmosphere contains steam.
23. A process as defined in claim 17, wherein
said oxidizing atmosphere contains oxygen gas.
24. A process as defined in claim 17, wherein
said temperature sensing device comprises a pyrometer.
25. A process as defined in claim 17, wherein
said thickness of said oxidized coating is measured
‘using spectroscopic ellipsometry.
26. A process as defined in claim 25, wherein
said thickness of said oxidized copper coating is
measured at multiple locations in order to determine
temperature uniformity across the surface of said
5 substrate when the substrate was heated.
27. A process for calibrating a temperature
sensing device in a thermal processing chamber
comprising the steps of:

providing a thermal processing chamber, said



~PCT/1B00/ 00264 5 thermal Processing chanber containing a tenperature
sensing device for nonitoring the tenperature of a sem conductor GaSEP 2003

placed in \§3i09/5§{§ nber, said thermal processing chanber being in

conmuni cati on W a plurality of light energy sources forPGIEER00/MEF640

sem conductor wafers contained in said chanber; placing a substrate in
said thermal processing chanber, said substrate including a surface nade
froma material conprising an oxi di 22d copper coating, said coating having
a det &r m nedielrnak npsstest? nheatdndd r &t a SRR Lat &,y thin.sai d thermal
processi ng (:g@,g‘gg& §&i 2 ggtrercr,nir%ed.l nt rvéal of t1I'me 1n the presence of a
reduci ng at mosphere, said -subtrEra"bérig-HesFat T of fenperat ure

sufficient {0 FRAMRIEY pafer optaskrdsHi dadkialiamber coppier t hereby 20 reduci ng
the thi ckneddeghal aprbaexsdhgechaeppaieit9aii RemeN: Silid,SyYhs] rate; nmeasuring
the reducti anpoheshigkness: ke Saleiley QAL 00pDEr, CORLI NG on sl d

i

Substpat e; . 0| at erature wthin _35 Gher mal processi ng

chanber whi I%%kgg&d&g}%gt FatE NS R 4P 153 Fh EpRmBRTAsur ed reduct i on of

sai d oxidi zed coppePl@5AbY ngy;Substrate iibretidnthemiad t enper at ure sensi ng

device confaPressing shrubeheramlh PiKkiessd NdcehaRen Based. 30 upon said

determ ned waBEREAdMIEnalrid) RIREEES ngS def i.ggge' n claim?27, wherein said
C

t enper at ur e .3ppi N9 AeYi ge_conpri ses a ThernotouhI°8PPeH. A process as
defiped in clai m%?, Wée?%?'ﬁm@é?ﬁl%Bs??tétré'lﬁ%ﬁrﬁﬂ@éseas?serri conduct or

waf ef"having an oxi die2E4NE oppier stlstitiang veidthén ech id0 thesnf ace of said
wafer. 30. Rrpretedy ghamsér NBE bNadledmiRedd inV&S91 Be sald oxidi zed copper
coating hasia thé Gkhesscofofls %ﬁ%@ogtmosphere, said
substrate being heated to a temperature sufficieﬁt to
reduce a portion of said oxidized copper thereby
20 reducing the thickness of said cxidized'copper coating
on said substrate; |
measuring the reduction of thickness of said
oxidized copper coating on said subsfrate;
determining a temperature within said
25 thermal processing chamber while said substrate was
heated from the measured reduction of said oxidized
copper coating; and
calibrating said temperature sensing device
contained in said thermal processing chamber based
30 upon said determined temperature.
28. A process as defined in claim 27, wherein

said temperature sensing device comprises a
| thermocouple.

29. A process as defined in claim 27, wherein
said substrate comprises a semiconductor wafer having

an oxidized copper coating adhered to a surface of
said wafer.

30. A process as defined in claim 29, wherein
sald oxidized copper coating has a thickness of at




WD 00/ 55587 PCTnBOO 00264 30 | east 2,000 angstrons. 31. A process as
defined in claim27, wherein said substrate is heated to a tenper(s3 9FR 200}

| ess than Oﬁﬁ’ r% 6000C 32. A process as defined in claim?27, wherein said
reduci ng 25% Yre contains hydrogen. 33. A process as def PGRBOMAIZE4 oi m
27, wherein said tenperature sensing device conprises a pyroneter. 34. A
process as defined in claim27, wherein said reduction in thickness of said
oxi di zed copper coating is nmeasurdd usi ng spectroscopic ellipsonetry. 35.
A process asagefi ngd LA @y 34, wherein said reduction in thickness of

sai d oxi di zed cpppe; _coatl n%si i easured.at nultiple locations in order to
t E§E€F§

det er mi ne te@eréturepﬁcr’ﬁ?sosr & (HEIB P T ad®eriNs said substrate

when the st®sE repbetyiake henthegdred to a temperature of less than
about 600°C.

32. A process as defined in claim 27, wherein
said reducing atmosphere contains hydrogen.

33. A process as defined in claim 27, wherein
said temperature sensing deyice comprises a pyrometer.

34. A process as defined in claim 27, wherein
said reduction in thickness of said oxidized copper
coating is measured using spectroscopic ellipsometry.

35. A process as defined in ¢laim 34, wherein
said reduction in thickness of said oxidized copper
coating is measured at multiple locations in ordef to
determine temperature uniformity across the surface of

5 said substrate when the substrate was heated.




