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ACCURATETEMPERATUREMEASUREMENT FOR SEM CONDUCTOR

APPLI CATI ONS BACKGROUND [ 0001] In the fabrication of
wa@emssaersduct ors there is a need to control theP@Er/USME6009879

paranmeters to ensure process consistency and

repeatability. The need for process control is

BRI EvPTASA TR MESRTIe R HORNEFT GRBUCTOR
q - oneter accura%% | di nension _
tolerance (e.g., CD, tHMABRREGATION® rate, unifornity,
profile, etc.) as device nodes advance to snaller and
smal l er features (e.g., 90nmand snaller). In the nore
advanced processes, feature size variations and

di mensi onal tolerance in the fabricated device (within
a wafer, wafer-towafer, lot-to-lot, die-to-die,
chanber -t o-chanber, etc.) resulting fromall process
variations are required;%é—ggggﬁ er than 5nm and
within three-sigma of standard devi ation. Soon, as

[008f]e’ RIRCABSEMSn BLEANRNEY R tHefeds AH¥ANE B6htrol 1K€ process parameters
al l'owabl e feature size variations wll be even

toCRBIG @pgeS@gcgl_si,stegwqdé?pe@qqlalﬁtyz Thenegdforprpegsscontrol is becoming more
in@ﬁ%ﬁ 2$ bePor@hictsl RILE! He %ﬁfrﬁ% k@ nanbR9R2AccHa8y Bf difBRion

re difficult process parameters to control,

toleringe e 2o, CRrikickeieas: gich eate, 2aifpranity hroble o bas dewiepapdes givance to
soiatler ﬁfﬁ%ﬁml&' frzl;tllﬂﬁs (%r .,%ﬁrﬁ 3 EEHQE:‘?)( Y FheDibr€ EWQJH&'H processes, feature

interior wall surfaces, the substrate support surface,
sigenarittivns subditmeatienad ildranse insthe fadifi¢Atedcdev toe (witldo Atvabir, wafer-to-

r. i i i .

i o for, 6 BERARES Bl 88 o REHREE roll Ao Paritions ac
reqaifedrts basblisuthst farn esd whinlires-sipan gesdiderdsiemigton. e, as wafer

of ordinary skill in sem conguctor. fabri I
o hERE BTy tre BB PSR e LR ADaC R even
snidller, 1) Sibiler éhan@ ot acegishih engresighaisfestandar deviatinn.

t | at ] | | d |.si .
ORI B e Bt it BooR BB o REHEE Fraieih 498 gf@ererize i
the @ficEE tenkpRfan@¥.aRR cRample, the FiOGEsE @AGGLOE of eanibedinteainr wall

siEhcBe Bypeaae nlien A rS AT Ao gt o et Shool,

m¥RfairdbhddhataBtebike AN QSRS WaRRah@dcupeof tBe Sresent ii®ention, the
tenperature on the surface of a substrate gypport .the
1

refqinea KeV HiFTs eRé WS En fRercigpgeable singe Ppesd oudipacy il dn
scaftbnREct@ s chesh Men eMeRhSIBbIEse YathitéHs O Many Bro@ess rébifs are

degree Celsius, in the process tenperature. _
SSARB T (QiPFRFFSS, teraRE A VaTIA D d PP URtErec@HEtAs| 23 gall as 1 degree Celsius
cANBEvN SR DNt Stk HEGOBUBENESH thi £BkesPfRHES For@BPR! in 2

requi renents as device nodes advance to smaller and
seghedntheqtorffabyicatian e¢hyrroceTh eplyfgated D treidical dieensienjranghanee by as

r t ] | j

PR P PR PLR T o DR PR Brle TS et on
the nafige sf a sibgfrate sipantdise wsfagdltie sbst@tsetde Jowe pOetss ragipes can be

af?ercte‘a%lelve%rs’rnalllgrwga%gtlign%fj €.g., 0.5 degree Celsius, in the process temperature.

Accordingly, accurate temperature control and measurement are becoming critical process
control requirements as device nodes advance to smaller and smaller feature size. Therefore,

accurate temperature measurement and characterization capable of measuring absolute
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[0003] Many of the currently avail able tenperature

nmeasur enent techni ques have performance |imtations
wareenomsesi rabl e effects. For exanpl e, nmany of P€HES2006/009879

currently avail abl e tenperature neasurenent techniques

are unable to neasure the in situ process tenperature
teAGEMRLEH YensihD SmbIBRRDEAHEScHahidts, 1B Vah o€ aCaRANIsI0L3 JogteR Celsius

asure the 1n situ process tenperature of a wafer

or gwalddr] iy d¢sired-.ude pl aci ng a special wafer with

[06S (%gg ie ;1?15%% tﬁeeéﬁﬁ@ﬁtﬁrem&@t@ﬁpﬁgtu}e@ﬁea‘@@%ﬁént &AL & hade

er 1nt process chanber requires i
peifntnemeeipmitatipns fral undesirable £ffests. dfor prasendss siany of s gerinjly available

| aci ng_a_speci al r.J ! fu
B PR BT 0T I B0 RS enperr
acpireslyU Mhe teCndguet Hat have desepabiidyivemedsere yieerin ey process temperature

i d bl. t of ti ' ' '
oS GO et B S DAL o
wiTere PHdeing,a spevig) evafidr iy he peicess chamier clquiadsfimetrgptinigehe normal flow of

t hr oughput. of | ot processing. SO, in ny cases, t

presrBa A e 2l 2o Netehrisyfr BRoer CuBRELRRRR voplitine

prédesd chﬁlﬁﬁercta WS BicAg)tessire dOhatths probeds alghlibiet 9 wenttd) @sxsiderable
special wafers with epnbedded sensors are expensiye and

anp e Qe Sclred to ARG B P DBy PR R PR e (o 2.

proRiS Ak Bip &hiBreE 4B 9 SAficH Ffebis AeabBuipar etlbiiGodetsit. tAed)$n many
they could fail or work inproperly. Furthernore,

t he
cagaspiael rebrddemhisapass e Rich SOHKE @PtITnAtion RIS MEY SP1SAECY Freftelects:
In988iHi6E el Grbih BEDL wAGCHIbBEd st Bte RberlsVO S8Rl GRRERES are
have a tenperature nmeasurenent uncertainty of 0.5
typieglyenst Gy 5qbust. Y hemdhessenspri a5e @rsqdrip progess Operating qenditions, they

] table for
R e e e e e
delimsrengtthodesipedonaesmetiacensady@s s1osirnd these seasays kayeprgmperature

enab| j ' T
mfadbrggjgntﬁ%(ééﬁﬁ@ﬁg %%(g% Iﬁ%ér']ét(?e%g&p rr%gog% gl“lc %ﬁl%%l?ﬁ\%@% Iﬁl Sétu temperature
mtanpaeturtiEdsad sprgateompoesdet. enabl i ng accurate in

situ tenperature neasurenment is provided. In this

enbodi nent, the tenperat uSEMBMARYNgG conmponent is

di sposed within the process chanber. The tenperature

sing conmponent has a cavity, in.whjch t.r anspar ent

[0@@6 er g@aglp’gg%glgg, tgggrreseg m&%‘%fl Rﬁ)vb%é@ thﬁ gle?—é%lls fuglds J%IRctures that
erldBlk @Eduddte InSsitd kRREMIe Webdteenhe cavity of the

t enperature sensi ng conponent, and a sensor is,
(0061 i glirang emBodiBREe? BOPTACETRRENR BIRFFETHAERE gpmponent
edabiRUGRurhR én LifuB B8 PREERIMGOM Ehent [GROEHed M BfO¢dNRIdiment, the

enbodi nent, anot her process chanber wth a tenperature
(eEpPISIUFRF R BRHRIERRNCTE frerBiACRRY ViR, tha PEPoPSs cgrpipr: The temperature
se‘hﬁg%% JHER hIEASHES TR Whidh$ tRhQ¥IHEEverl iB disPpdsed over an opening of the

e di ment, the tenperature sénsing conponent is
catity pdseaderighisalisposel ad&ingihe pavity phie RoEReEdYe sensing component, and a

sensor is configured to sense a phase change of the material through the transparent cover.

[0006] In another embodiment, another process chamber with a temperature sensing
component enabling accurate in situ temperature measurement is provided. In this
embodiment, the temperature sensing component is disposed on a surface within the process

chamber (e.g., an interior surface of a process chamber, surface on a substrate support, etc).
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chanber (e.g., an interior surface of a process
chanber, surface on a substrate support, etc).The
WO 209pR0 BT Ur € sensi ng conponent has a cavity. AP@EHUS200&D09879
is disposed within the cavity of the tenperature
sensi ng conponent, wherein the material is in contact
T b4 re%éﬁsgﬁcc%m‘ﬁ/bﬁelﬁ{ ThstaReviR) ICR8RANS sed WitRi&MRQXavity of
i's con Igured to sense a phase change of the material. |
tht GOPTaturnsopsing eavendnent, whaseid iheapateriahisip eonsast Fish the surface within
12 S} SRR |eSofieHhtled.
th'?’ﬁ%%sng%]ﬁ%ﬂ oFg T n%%%ﬁé Ié@gg(?g%%%g %oa&?e eratur %ées ensi n g
[00@Tponianet abothier emizodpment.essetbdtafiohancuraflie sitwliep@eratuny measurement
. Sensj ng-.co nent Vi N terl n,
s RO REA ST ORRRe BT el SRR e R B Blcod A8 s
chambehb dhe teffpemturasanging abmpamiunting in tmbelded inatepalodbers a process

operati.on W |1l . cause a ase ch e of .the enbedde
orfies odtoa e b RS el R Er ORI E Bl bl FERERE s rrocess
opehion ol emtedphade dranpeofalcdsnebeadalandtatad oTvd ghiase dhengehdsie

change i s.recprded. [0008] O her aspects d .
e AR YD B et e P DR EF DR P M BB change i
reéfi@&@r ent fromthe follow ng description, taken in
conjunction with the acconpanyi ng draw n
1OPP8Tuist P 1o A faes 2 Beset BV PR phesgm eppepryt from
thk ML WVid Qe scrB b aklfr i fahbidN wakh théEccBIROM 0B lilustrating by
The present invention wll be readily understood by
wathe! ekanplevihp grigrarles efdke EedEP-pti on in conjunction with
t he acconpanyi ng drawi ngs, and |ike reference nunerals
designating |like structural elenents. [0010] Figure 1
is a cross-secBRIBEDESCRIPHONOF IHEDRAWINCGRanber

havi ng_t enperature sensjn 0 nents dis ed :
(OB o1 Bie Brbren pamiam Bl U8 e SO BUHHER (OO g gtaled
ddREHRA N onMABLdNOMith T Bdcbinpimiyhd @awlings afkd KiteaSRrdnPe numerals

cross-sectional view of a portion of the tenperature
designatingdike stipsiiallemsni- accor dance with one embodi ment
[0910]t heriRhRIaRk cloBiRBtidANdiadr@A b2h pFoc i tRandbel Bavdng temperature

cross-sectional diagramof a process chamber haying
sengipg eamERoneiEs disppsPhigereBnicsettaice vip saeembadapeit At the present
ind&kBhdance with one enbodi nent of the present

invention. [0013] Figure 4 is a cross-sectiona

[001Hgr ahigufe 24s pelosewscressanetiionaliagy plp rertienyfdhetenperature sensing

co?ﬁ%é%ﬂ?,Qn QPJSP&&HMM%&%%%%%& S V\frtU chBiGfentibn 2

rate support, 1n accordance one enbodi ment
[0812]t heFignesient ciosyentionahdiagra b4 h priceps ckariber §avang temperature
segllgiﬁ% (gc%%%tngr{tg didpr&d ﬁller%ﬂl?ln AL &GULRE A LEIBRERLHLE 0P8R Phedtht
invention.

[0013] Figure 4 is a cross-sectional diagram of a process chamber having a temperature
sensing component disposed on the surface of a substrate support, in accordance with one
embodiment of the present invention.

[0014] Figure 5 is a close-up cross-sectional view of a temperature sensing component
capable of sensing temperature on the surface of a substrate support, in accordance with one

embodiment of the present invention.
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capabl e of sensing tenperature on the surface of a

substrate support, in accordance with one enbodi nent
We@oosherspr esent i nvention.[0015] Figure 6 is PCT/US2006/009879

cross-sectional diagramof a process chanber having a

tenperature sensing conponent disposed therein, in
06455 0" GANGE 6 VY &bk ARG oRATRRGEAEIM A REcebdhaRbBS Mg a t tu
[ I'n entlgﬁ. P%Olé FPgurg%%A iglgf?ross-segtioﬁglmggﬁﬁNre
sewsingecoppons dispds inhmAcergdance with epegmubasdineh of thg present
negnponent di sposed on the surface of a substrate

support, the substrate support also having a substrate
[0@li63 poSRigure RAneoerossisactinpelonierantappbashclombechaymdiafanpergpre

t he present .invention ' [ '
sl PPERARE GoRFer SRR EREAs whUB Spff % SplaR bkt alo
hating atsetisprete disposed drrdohein senofdanes with enesuibstmentofshpprosent
. in.accordance with one enbodi ment of the present
NyHiht i on. [0018] Figure 8 is a flow chart detailing a
[0G17 C €S gilr® 7BGCAHod ivRhyo MaspifuteRensing coipongnt capetsls of sensing the

t : ; ;
texﬁgegpgtg{?tac}nﬁ ! $ %%?l%s%%%fss%vggbgé%&idq?@? \gzgtil rggenémgofdirﬁgn? of the
m@*@gﬁwﬁgggipnal view of a tenperature indication

appar at us, i [
0B R e i e o OO 4% RS (GSfhGH Iy Teseute the 1 st process
teinpQ@8fred Bkt RiRke WitR bhOdmBbdiEHP6f @b PreSont REfbGRdAI ON

appar at us 1 ndicating a phase change has qccurred, in,
[08 or cléierere 94hiis hioreSCElRIBLTIANAE 2 SIPPREIHIdCRKAN apparatus, in
ackdhd F: LR -on 5B dirkld e PERCBIEd (NediR@. present inventi on,

as Illustrated by the foll owi ng enbodi nents, provides
(00208 refibwd §Bandcrosy wetiumpkbew Rbt teawaiiuge Méitioarappyrpus indicating
a SabderhRIRRE BLddhEd TRARHAEIERRYi Bk RHGGERH JFhe present invention.

1
ubstrates, an f

I'n particular, for fabricating

sem conductors. The [ pr esent

i nvention can be eaéﬁgggﬁ‘ DS Ri]&B process

chanbers for accurate in situ tenperature neasurenent,
ThepiSsehtifveniion gs Overadd byphoflissingembdimentymyeddss the methods and

TR ek B SRt S B Ay g R e g nd
paiilR GoAtaBcatihf enfiE @@ adibrs | Mreerhbodimendofie prageheimestien can be
e B B St R b 7D i 5h S
O SR AT R
afFCR BORESS AR R SubEE A S SW&%%%%’P@HJJ& apt BV%‘%‘% viRjtpn can be

inBRGHLHANE nbRerOiEn SINRCLAEDE nefholl BEsyRIeRS &R borhdMeBide§ well known
rocess chanber 102 includes a substrate support 104,
process operations and components have not been described in detail in order to avoid

obscuring the present invention.

[0021] Figure 1 shows a substrate process chamber system 100 according to one
embodiment of the present invention. Process chamber 102 includes a substrate support 104,
wherein the substrate support 104 has a plurality of cavities 106, 116, 126, and 136. Each of
the pluralities of cavities 106, 116, 126, and 136 is suitably configured to hold one of a plurality
of materials 108, 118, 128, and 138 respectively therein. Each of a plurality of transparent
covers 110, 120, 130, and 140 is suitably configured to respectively cover an opening of the
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wherein the substrate support 104 has a plurality of
cavities 106, 116, 126, and 136. Each of the

w@bkwwabisri es of cavities 106, 116, 126, and 13BCT/8S2006/009879
suitably configured to hold one of a plurality of
materials 108, 118, 128, and 138 respectively therein.

p@g@? o?Eaafaieg &b‘é ahk s %dtm@n@m@r&eﬁ ofRY Bl ridid 908, 1129 128 and 138

I’'s "sui tably conflgured to respecti
is conyanedan a ogsperitiveg ousf oftthpetrakita|of eayitiss 18GJil 6, 128, 9@9636 1@@11 of the

m%tirgdls Pd%d 1 ]]183 228 IH&J Pag if %@tgﬁéall&@%lé@nﬂ soﬁjtéi 58 the:tﬂtgmor

contained in"a respective one
enpirmmdnt bIS/th@procav changsr. 1336ce tllféllﬁateliiﬂﬁlogaﬂlt& 1335, anEé%fhafetSOlated

fr%né EE@EIE% $ lge é)I:ll"CQC%SS rgber 115% the? Q% ailsg g)révgntg’&' H&t%ﬁddﬁk#ﬁ any

ate rom r environnent
conheipntdes sheqheaekethamBirri€2. rhederse BIIOpalysseal%d isbla®; the materials

10&?@@6 iékc,l &Iil]:@éﬁig:ﬁle i 6%%[{1%%@%5%% ?gq gg& F} gc[% Itl 42(5 ar; a%g fom a suitably
robiikt fafdLiglito gmagtynmap@msm ad‘ridﬂlolnmtzvﬁhmm& mb@se&mmbha]mbe One

102, rder to perl seal and isolate the
@ﬁﬁPgﬂﬁﬁFgaf@%$“Ti ria al}f‘ﬁnd 138, the transparent

[oomg er SStﬂlﬂleerrLleoco F1g31% 1, %ﬁd orltg&e ﬁérﬁox’@&(ﬂfi axfercﬁﬂi\fﬁ@reﬂuh ttedrycess
robust material to wthstand the OceSSC

chgmpef; 192 tavaopifas @ @hase changp gf cagh one g 18%5%? %Egi agd 138.
Fcfr‘%@slé%tf 1R Rioh A ighrs 1 GHAWS dhe s&lIORAD cShfidured 1ﬁft1$p'rbdégs dh@mber 102.

Figure 1, one or nore sensors 112 are configure
He'ievep 0ae @isBore Renvpirl 14 5y Poconbighies in the presese cgqﬁ%twa 402 monitor

ecBRGHE &*ﬁ% @%teﬁii@ 10884 &, '1% $nd 95 fOllt:l‘lg resﬂe%‘%ve ﬁﬁh@e éﬁ?zﬁ%-e &fQach of the

ease of ustratl on, FI gure 1 shows one sensor
meteridl$. gﬂﬁ&lﬂlasewh@m detegetbsrsd by apmesmore of thegwered 12 g éra@%mltted to

gﬁﬁlr%o§fs@e%8£ls4 1lgh% n{@%opﬁstgﬁqflh %éﬁ, ldd@ ats Kerl) E@rﬁﬁﬁl@r which

to monitor “each one’o terials 108 _
co:hﬂrel,s atlﬂ& copponeh @S therprodess qhelsb%mt% 1%@9@@5 ﬂr@g@oms operation

tgﬁle %rocess Eha%b”iﬁfo%r 'P%{h E&ethg Qﬁi%&g&%ﬁ& c%n&@l%%%ﬂ%&tmn of

of nore of nsors are transmtte
proeess themisyssbenhelfrdcessTthemirenioR prmesy stoemheiters tonhyeat ithecufeiess in the

a syste c troller cont r ol I C .
p5re3 Rl T o 208 Bk ol e, SRRt R R BRI Sin e
prﬁéd@@&&&b@pﬂmab intiatOprotdlg epr dhe anthrayiien 114Dﬁtocﬁsafs the data, e.g.,

sSpse G BAC B BECR. CH AR ORTLCly ResSTELE Biebledgea to o wserby vay
ofchaBhiaferfid2e.c OB 6crén midditer.heat ers to heat the surfaces

O!QEQtr g;AE gno %gtsegﬁg g]?e?f)?rél‘ll?é}g %néc&s F {%etggrﬁém% gﬁgssetchantgﬁ 8f the materials
10%, 0LE 338, GhaM®wind 1ebdrd Be phsé bl@ttnﬁe @ft08:086h piRkEchadfeoccurs for each
noni tor system 114 processes the '

data, e.g,, usi .
ofcthe maisHyee JbF PSS FEPHAehTD %Btﬂgsgwgt & 'cvnus' dhifehanging

ferlﬂeat s ffi@f)ﬁég@fg ARl fHseRisUBhstAY fdﬁ'@ép&ﬁﬁ@co%ﬁ)%sltlon of material at a
I nter .g., a screen nonitor. %Eozs

giveropresstued Thtlsh élemh@se@haqgg feENpSERRY®) fog akpowREQINRQsitiop g material could
b@&g& e?xté?eg&x%ﬁ f m%]:ﬂﬁ‘re 'ﬁﬁi}cgss téHl rab8 in the grocés% &harintg 1888

Feco ase ange ata as e hase change
[0824]ur s Af elroverdio ﬂtlg»rte 1, htee materéald HIBs118TH28, aa¢ \gpRrectively

cof %alne él?e ofV\fl Jlm%h&*b?%&n&éé%&% 18,f 128, A48k 'tt@tt is ifcofborated in the
substrate support 104. A phase change of each of the materials 108, 118, 128, and 138 can be

used to monitor, measure, and characterize the process temperature of the substrate support 104.
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froma solid phase to a |iquid phase, is a constant

for a specific conposition of material at a given
w@e@saorsel Thus, the phase change tenperature POF/US2006/009879

known conposition of material could be used as a

reference to measure process tenperature in the

Fopé)& gi%eéss is%uatie@ R2AE prdSess Biebet T02THE @ﬁ&trlte stfirt 104 is

nate 8, and 138 are respect|v
typialy aﬁa’q@bl Axe wfféciot amwet pf lpabgriersy ipransiepied figm alleeter to the

subs%‘rgte s&é)%rt 194 qhel'l%gte;i%ﬂOgAﬂ RS, H@ﬁﬁ #Ghd RsgeBve cavities 106, 116,

te su phas€ change of each of the
126@nen B aivel 1;16@81, to m&r galpi@gse chagees. 3§hq;gnptméoﬂ§@fcpnpr(gy that is

e B IS S PP o DG B30 1y s

chasbdr Bgstant mmsﬂerl $n tha mtealattne&j onqotthere preeied §2 ek ardpipring the

102 [ upport |
maéergllﬁ 1f0? C]l 1§n a?ﬁ}%{g% PRl ctharé%%s ﬁs 5 ¥lpa{s§ ?ﬂghé? gér%?ltes }dg%lon,
e.g dog@tt8trfice, Whee the hatdrial i leaipp bast reﬂdhdd tht pbaspehange snyperature
10_8f 11%_ 128% Ed 138 in the respective cavities 106,
asspgigled 3§ thal Mtk i || begin to undergo phase changes.
[0023¢ arfikiRthefdidi@RtioR AE6BY stiffede id Srdly mﬁﬁm; gnatsbdinoentshef the

substrate support n be neasured i fied
PresPRIENYSHLion 357 epan's o gﬁ%ﬁ?ﬁ’é‘?ﬂ%@&ff@?ﬁe@ﬁ? e %Bf“’n ieFo faitece. For
exIRAIRL ds MustrRBE inHigd¥o Qnﬁ@rﬁh‘-f@l’(ﬁ 1182 1% and'D38 drodispged faghe
materials 108, 1 128, and 138 f hase cha

TN AE G Eita AN 16036 Sni o OFHEbRFTerR oS actoon L s of the

suﬁ a{e%ﬁﬁ%ortvmr &hi RepeRheE diskibhtfon! a@fb@g tﬁg sﬁi?&‘ée bﬁtiﬂ@ B@sdtritl eupport
ase C an?e t enper at ure associ at ed

lomamebq dgtermingd 253ackppeef thematedsls 108, Mﬁ,ul% aaé #%%‘éﬂdﬁfgoes a phase
chgr?%/f %fa%eﬂa?s 108 fAly1 nAJd°1f3@1 PP RO & 1R salRRoRb&SEH or

lon are capabfe o 5etern1n|ng the tenperature
materitly 108Ut 18 h2%endEB can beiedrepised elhiffergairppmpositigns. If each of the

méflgtlg {({Sai 1e8d lﬁfp dd P ?ﬁc;rn%[g@é gl{ a{ ﬂo%n]ch% 0 ’wﬂig@kno@mldphase

are’ di $pose of cavities o,
chiigs, terﬁmammnme ﬂe&@etauuadlembamonchcfoseﬂle purfage ebhe a@hstsgtg support 104

surfa ce of the sub
o B R85 8] bRl PR e e op g4 s
Inaamﬁnﬁei@mammmﬁghsi@mmeammge det erm ned as each one of

ol Rt 814 308 TR0, S o

th€ 84VRics 366] 106, IPBEAnEABENE ggmﬁsdnt lo@moﬁ)natel’&ﬂ eoildloscur @8¢r time.

118, 128, d
AT thoongerdh ol b 075 ERETHLEEDp HosctberSheif procsgy oveles in
-méﬁﬁméﬁghﬁﬁmppmprlsed of a knomn conp05|t|on with a

known phase change te the t t
[082F+ r | EE&W%H“‘Q@'P%% ghepﬂnp %rt}{]ffl'll%gréal é(flgicﬁ Zhr%p gr[gg]fl? rgxedesome inorganic

oﬁ{sfﬁﬁﬁfstexﬂigﬁ vEFPrdeRe ARItBEFoM@de OV Rithini tREraffe JTOR or@Nddgyee

[1ed to the substrate support. 104 and each

Cetsive rSome of gliees orgarneand}n@réarg@&n@uﬁ%@umb%ale% Brdigylic acid,
beﬁk %@no%@v e?bg.ft éﬁﬂﬁ gﬁl‘nﬁhﬁn 108 0atd 1umbdh acedg, Aﬁ@nb@ (11D)

espect| |n each of the cavities 108,
brihﬂlﬁle mdM@ﬁ)nMéHBnglmlﬂfP cant | oss of material woul d

[Oﬂfﬁu  ONieferd rﬁﬁ?’co Figure 1, the one or more sensors 112 are configured to sense the
phase change of the materials 108, 118, 128, and 138. The phase change of a material will

cause a change in the refractive index of the material. For some materials, the phase change



10

15

20

25

30

Accordingly, the materials 108, 118, 128, and 138 can

be reused for repeated process cycles in the process
w@b@abers7102. [0027] It is well known in chemni BEl/Us2066/009879

material science that organic and sone inorganic

conmpounds exhi bit very precise nelting points, e.g.,

W1Wa¥sla I Busk B@ndn30 Qlec ?c{r oPtht nfiferfdl. A LRBWE S ﬁgﬁ&' 1U§ne oPHPRe Qhsors

hese or gani I nNor ganl C CO ounds i ncl ude
na aprohfiguserbto Ssnasb rrk@yq freothge p@ng%nﬁaz apReBERaREa Plespeliapeq qfjaymaterial
t
thJ\li_\ 1‘{@% g'anf‘!ng ’c%gér% }P% %?(ﬁé?@ afl '1‘4.0) rtZHr? e%‘r%llﬁ%lgto?a se‘?@&ﬂ 110 Wat is
caﬁtbild df seresirgraphage dhangeiag d¢serﬂled 1& sy IpeCHPIAISY- € @éﬁ%&@f §121is

f
cofikpish i ERGAE Fih 1 5B RS ndip RS ANGS TR <l 112
méhitoatthe malerials 108, ¢ 88)928,and h3thae cp}heda‘rtaltarfef seasing planse elthages. The

Se’&ﬁ?ﬁig@ﬂq& tﬁgf@%ctgggaé%%qge n(%%sgcr:ﬂaﬁ‘lbefo ﬁy%t?r% Ht???ger for processing.

TH¥gk sessatham¥bé colteoMar uisnghd ds p&oclassnﬁg\aégcﬁtﬂn@t@esseﬂ&@ daa and
112 are, confi gured tg@sense or. oth

gepgyates %g;a]ncﬁaﬁ tgalﬁﬁsé CRRERY ﬁe ﬁ%ingia eg}pe{aﬁrgs as%ocmted with

thé Rietetifla '1]@83 a1 gnNLs.cav esScohidfhed 112@15 réspéLtivapliiraliéOof o@nees 106, 116,
exanpl e of a sensor 112 t apabl e of, sens

12 raon 36 S0 gs® CHBILF HalO TS may & 8 Bep AR ISP o flyrom the

m&ES Bdvickhid4l %lt@x‘ﬁﬁ]t'ﬁ%‘r‘}l 8 phdeEURIIBYr Gt 116t 40d thd¥@onitor device 114
process chanber s stem control | er, The sensor 112

maolel iniggreted g o ing gnif. oRegand{¢ss oﬁ_t@g actug) gonf fignratiqp of the process

chgl(ﬁ‘aérecgﬁﬁolféﬁgrﬁi tBQﬁloﬁl?d?%bﬂge Phage prdeas gﬁaﬁnbe?h&ltl%ﬂers&)fnmumcates
sends the collected data’ to the process chanbe

W@Y@P mﬂnﬁ@rniemp Il & andgroniipodaxiesl %promés }g;p@fé@geglpéqqg%@fonnanon
%ngéréﬁjohggan%%f Ar@cd @gaa Q&r@éﬁ%&ht@ﬂ al gorithm processes

enerat eS’optical constant val ues that
[0828 r esPigwd 2tsboxpmyecechdwg@elt wrtparZdf arcosdiegwaaptheragnbodiment of

th% P]resent[ 1n%en%£ef’fo%%asé cﬂ' %%ﬁr/ %(ifmclillge%’a s f%gﬁpﬂ%m' WEDeih e

fespecti ve cavities 116, 126,
suamhtelsaﬁporﬂ‘nm Has apmmcdrfamtiacs 26rmnd 314. eEachaythb elugality of cavities

e Uy | ogat t el ]
RS b R RSt MRS e
rebpeetivebntheein. davh efe pldréhusrmjtrklﬁparmttegvm 2 aad 22016 suitably

B S

ofdBYneeridld 408 dnd@ 1 ﬁ isaogsmed hﬁﬁbﬁﬁpe@ﬁﬂi dmeloff ﬁ]"urahty of cavities 208 and
conmuni cates with Vi ce 11

> Gome s ST BeBL T  ARR E POr R r o

trihspR &t cbREOUOnA 22586 niaﬂé ﬁ‘f)ﬁl&@sﬁhtabﬂ?y @bust hafeEibE®Rvithstand the
nmonitor, [0029] Figure shows a process ch

Pregess enmiBipos %waﬁ?%ﬁcmalbﬁfrﬁéfﬁtﬁ@rz &nbag F’ﬁ‘é’li’? fsu‘ﬁ’nae“’buSt material

isR&eent invention. Process chanber 202 includes a

substrate support 204, wherein the substrate support
[0930] hads showinip Hlguee,2, 6Re erapere pesors 32 anlP23 pie copfgifedin the

plrope% Patigt éyg%mﬁfoo Q@?ﬁbﬂl‘t(ﬁ‘*% pﬁ%@ cﬁfﬂl‘ge gia-@dch of tht hiaﬁe?llabé 208 and 218.
cont Igured-t I'd one of lurality of materials 208
Thawhagl@ange data gathered by the one or more sensors 212 and 222 are transmitted a

monitor system 214. The monitor system 214 may include a system controller, which controls
all the components of the process chamber system 200 including the process operation of the

process chamber 202. For example, the system controller may control the operation of process
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respectively therein. Each of a plurality of
transparent covers 210 and 220 is suitably configured
W o006asTsect i vel y cover an openi ng of the pl uraPCT/ysSmbe/009879
cavities 206 and 216. Thus, each of the naterials 208
and 218 is contained in the respective one of
ch%ft‘égl‘? ﬂu% Yhe ggoé;&%v gﬁrg 55 260 8n8Pn el Beat@S ¢ l%%?ﬁle %@ac@sf in ¥rocess
18 1's substantial seal ed
charglodr 202 th, pridees 4 substsata cRAgY, €@y EFs mMXTOVagetR 210 ea?rélzﬁﬁ@éhemmals
om a S ri.al
in e QiR Wit ot ORitals R L ThOmblol SR Mo the cacs
e. Qlemgmaimalpeoo@ﬁsnmmgmm @bdispproptately eriesents thpanelyzed data to a user by
one or nore sensors 212

W%’ri)gaf%éﬁif’r acS’oeng i agsﬁfeg Oglt?rhe process chanber system
[0€A] t cstimefetriig taFipassk thelvas gemorde semofs 202 abdZ22madeior tephase

A 20 20 8 BRSO 5 U RS B e

oc&S F? Rhoh oA the-Eﬁaﬂer[HDmI TI(J'H te@y&hiara agébélafmymthrw;ihaﬁtedﬁnge of a material,
systemcontrol | er, hcotrols al |

c ORI oB &S SRS 1GYSTBRFDS PRI AGPERG Compositon of

mAERE ﬁtsasgl%ﬁfr@stsﬁ@ NTREs, th §hidk CEMES tetlpafifes fo2 @ &now®Eomposition of
exanpl e, the system control | er may contr ol

magyal a@qlé he B¥ed Bt HEESFICR EEARITS DIGFES t?lﬂ%@fﬁ?f&d%?@ PEGeSSsishpmber
20802, 0P SurBlce fé%fp%rahﬁ@sﬁﬁ§s1ﬂ>ara{a@ﬁﬁap&m®ozsurf aces in the

pr ocess chanber 202 to process a substrate, energ
(0832, , Famure Aiskovsmreceseehamben ystenPE iyascomaice Wé%ae%lti“?
rﬁlkﬁdﬁqlﬂa%t & tH&ﬁ%s%nPﬁ%H?i%ﬁ PQ2esk ChanfHet 3@ iBcIRIR ‘&%ﬁl%traﬁtsﬁpport 304

nonitor system 2 processes the data, ng
angd agphtralitp pf)@eg@s AP, é{l@ (366,tah¢1n3 6GainelTRgrpicd BYie ﬁ]péﬁ[aas of the chamber

3&r ?ﬁ&?&fsa é)hﬁghtg %ﬂn&%ﬁgs g% 44 %5@ ald §f8 Q¥es¥§@éﬁv91ﬁr cBnt¥RE&d in one of

creen noni tor.
the pluesdityi afg:avloesmgu%% 256, s 66 rie thewakte pthe elrasdes 392.2Baphf

' Pl'ﬂétygﬁ gav:itge(r,‘sg %4E I;ﬁ%ﬁ%lgggg gsgﬁsg)ectyggr sgﬁéoelg %%f %gﬁlrﬁﬂg of

RSFHAGE cOeBAS, T50r 3@aahl 3(5’() Une ormbzersm&loss 317l conﬁgured to sense a
er at

ISR SAAT bl BT OBSHa8] hyen e s
oﬂeloﬂ plufhllwlﬁaﬁnspaﬁenac@GﬁSﬂa,mﬁo,fm adse. CAithamgh@lm SePBdri30A is

of materi at a given ssute. u t he se
SHON D SPGB TBTor5) ot CORUGI T BIRoSt CIRGLF g o sense
tht@ Phis6 clﬁ?g@&fﬁﬁclﬁ&f r;cﬁe mekesleres ﬁ 18{?{83&88&%8;733898&15368 In one
enpera ure in the process chanber 20
imiplfeiag oR-dhAREPSOr AF 2 BY OF hiSE GRSHPREE: ?'Uﬁﬁsl%P %1634!5 connected to
cdnfPdRdate @A ﬁro@es§ H&%eﬂsy@ﬂéﬁ%ﬁ@ol&h aT'Menéi)Y S126nd0@utd dvllected
accordance w th anot her "enbodi nent_of the pr

from yronttping thomaierals 304 éh%é% 383, %%cﬁ?d@gi 3&%%@2&)1?%?% chamber
sy§tlégl ﬁtrroﬁgﬁ)r?%e&n%ltw&ltd t%e%ﬁoc@ﬁ\éhﬁﬂl@e‘% c&ﬁﬁ)ﬂeﬁi’sﬁlg a6

366 1 ncorporated into | s of the chanber
prag@singEalgprithn paoq9$se$ e dety al@ﬁ geﬁa‘tﬁ@ﬁ ppiics! eppgtantyafyes hajgcorrespond to

edc11§ﬁ$e t%ﬁg«%r%&?%sb&%e%g%ﬂﬂ{af“ngﬁ@OS @1@”98%3? b , 338, and 368.

ura cavities 6, and
TMHasB ahhngehenp,dnanﬂge;ar; b@mzther@@qqssgd and presented to a user by way of a user

interface, e.g., a screen monitor. The information presented to a user could be in the form of

temperature distribution plots, e.g., plots of temperature versus time distribution, temperature

versus location distribution, etc.
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plurality of cavities 336, 346, 356, and 366 is
respectively sealed by one of a plurality of
wo c@adpsrent covers 340, 350, 360, and 370. OnBCDUSI006/@09879
sensors 312 are configured to sense a phase change of
each of the plurality of materials 338, 348, 358, and
[O@i t hlfl 9 & d &SR %Q&io}{ﬁ VRO prédet bt ﬁgtem 400 in
nspare nt covers 340, 350, 360, and 370. t houg
acomdanse mith on@arabddimest ofihe PreSEf FyPmEion, Ioprecass Chgber system 400, a
I 0 Nodpk-Tags)
R A
413 @&m}fmﬁi omsstra&%ppdgﬂ@4 F5gterpadi@Gnsing tegirubstrate 415 comprises
of ggg%s?rratg %}lql zii:ﬁt hreansS glgﬁﬂgﬁeg Jl?% n%%)ﬁﬁ@%?of c%.%ft‘ires 406, 426, and 436
ar€ Cuiifigtiled at the wartsbarantpayaceﬂ)s whéraimtvae ofplstabim qumterxalsl 498,428, and

he sens S d ted.f t
XTI R T .
4()‘8ﬂ43289£ri21&%8&r631h a6t “sﬂasmemggsmmmm ks, Thortrapsyaces Blwrgllo seals
fa S chanper contro usi n
IS 0y “ADg0F FOn B FGQBESu ST HEER of UhEroGen QL 0% such
th&ﬁﬁdt&ﬁt'ls Aensizsanid 488 lcuest bdde a6 P Eddmpiands in® thhaseior environment
e SRR o a5 i o

totsﬁﬁpﬁﬁa%te BB &T tRandistid N, Rosrsed and presented to
user by way of a user i nterface, Qfﬁgﬂﬁa screen

lomu t OFigUrPREhoWHS belpsetupsrosHeessiensl digw RFraER fepsingtest
su'of][raw]fw Eépoﬂfanée%%aetrﬁﬁo%nﬁhﬁ&fthegﬁ éeﬁﬂn@én‘%ﬁ TEb @mperature
'S

ots 0 tel’rperature versus tine tri Ut|0n
senmg)‘estatlbﬁtrete\ﬂéﬁ sersprisseeftd whstafedayer Bid s trasspargo by 410. The
tra{:nﬁga n%% la%'ersﬂgm@coilggﬁr?% \?%tg ggidrﬁﬁfabf QL2 &6, BoPLRESTS Each of the

er-s rdance wi th oné enbodi nent
canfties #@5, ﬁﬁ@&@rﬂ%lcm/cam ororof plureljy ofonaeriadiifoélS, eyd48mThe

m4t%r0 %2085 %%ig %Efs are! RlpC% ttact%fh thes sﬁkéﬂ@ ?Q‘ 4'1@ 9951991@15& thermo-

3 era ure sensing test substrate

amsmﬁpﬁpﬂsamn&nmﬂﬁbSMmhbﬁmsnmpnab4@&428?Mé43&mp©ﬂ@$mn@
sensi ng test su rat

of _.a substrate
tepngranT 4af4{heaWBSt Ei}a?’t (fh Cloél)? 8trsu£elts?f TR plurality of
[0036]i t | RefedE, baék2t6 ,Flw 4Sﬁle®fceessomiﬁlltgttedexﬂ therprdchgs chamber 402,

trans arent 410, ura
b spnch S Oalealiign 0o PR EpRerRutg sl bbby 415
m Tﬁb@t‘i&d of ddidi@inRlthy taipéritutefor Geat idistritmitid6f a s@Bﬁrateaﬂhat 14%ng
he materi al s 408, 428 and 438 are in contact with
PrOfRssed ip BOL e Sh ?ﬁVé? 414. The transparent |ayer 410

[0986) S hB§ sibeht sl ot &eat@ﬂeﬁgy RAgngeted @ hbger to the substrate
i nterior environnent of the process c¢hanber 402,

suppert 49 therspbatatedapgr 4 o thefapporaireSapig teft SeRsEate élﬁi 18 atfso heated

b AR 3RA §on'v@5tfént l?ﬁe duBbElid 18Yer @MY Lo TBA1ate bn hdial substrate that
process chanb . One or nobre sensors 412 are

1deng ipepgesserd mﬁhmroeeés;@lambarrﬁ%r Thuyp thedergpepaiire o igsubstrate layer 414
w&!ﬂa g gnc‘rgfﬂ 0 UHE oFRERhAL Siafl %emé &%ces@&ﬁn Mroiegsoﬁﬂﬂnber 402. The

OWs a Cl ose-up Cros secti onal “vi ew of
mta@rrple 1ok, UL ag@ AL bring ie sontead wdth itz sabsiel layer 444 WPEI]dﬂPé ét e same

te{né)ﬁ%téurr% %sﬁgg&%lstﬁp ltayeqf41£.hgs P\ffﬁ&grﬁtheétré}{ﬁg§ {sQPns L& to materials 408,

428, and 438, phase change of the materials would be initiated. One or more sensors 412 sense

the phase change of the materials 408, 428, and 438. The one or more sensors 412 transmit the
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sensing test substrate 415 conprises of a substrate

| ayer 414 and a transparent |ayer 410. The transparent
wo ayeno710 i s configured with a plurality of CBOT/UBHS6/009879

406, 426, and 436. Each of the cavities 406, 426 and
436 contains one of plurality of materials 408, 428,

BE 4438 2 b §'ﬂ—fa§1'% Sterft @8ntro#éBio pAitdssABSdAL Snd Resent the
Seﬁéson?%\ct fWtﬁast e sulgsélt rlat.e | ayer 414, such_thaﬂt} at
prodessedrdasytei 4 ushr hyuwiay afliaiserdnipdRca: g 2 WreeB AARiter khggrocessed data

materal g4 385ih ¢F38erh HERABR plPOMBE AlbkAe 1
pr%sgnt?#é) as“%%rsctgﬁrgtbéqulﬁer 4Oﬁ at ﬁeé%grﬁ .coht act psurf ace e
414 velrich O3 5§ refRefentativa gf bieoipetabudilistribetion plefof g peocessed substrate.

ce is initiated i.n the.npr .
R
enibetiaenadilicprsensinnative sTenselrdire s¢neing tompengntfd Ois dispaserd in

det ermi pe e.lenmperature or heat distfi '
praSHEHERPE PRaThs ChRurmY S olet i BBt LABpdladet c0o
cofifidired 10Q3EhinASnAerBlEFS. CThe Manspawtirsheld 60tis atade nfa plpust saaterial
transferred froma heat fr t.o the sub?{gr at e su.pgort active
capple TS @Rias o5 PO RURRE - 1 Bob PPN PEREBEFE eV °
plSBRASHOYwitEiR theptbety abdlen? insthatisay Baidadobin its material properties.
conduction and convecti on. The sub téﬁgt e | Pégr 4Jb4 . tact
ORGP IS i0f EHOA £ &ORHE TAlPHRA S Wiifi% ¢ AP EALONALS Gogligphly be in contac
witd 2588384 Withid M€ pRLAS eRSnteE0T) ¥hild Being sEAlE bethiden the contact
tenmperature of t Re substrate | ayer 4

14 woul d be :
sugfhoei ighin the prasans chgmber §0hand iy wareppsent selklon g SRYE Bsisfoeated
in gl% &)t:{;‘}%sﬂh%ﬁéf%ﬁ aRes Iﬂ'lg% chﬁ? ﬁ)@‘ﬁ{a%giia?é(ﬂ tHQ8gh the &ansparent

8 being in contact with e su stratejaéier 414
sheib 606 Hoe exampld eenserrfd 2 meayphe e daser wegomors. Yakssial ¢iSamay be an

o i : ansi 9
e T e
witteits éreirarigs ofiiilod 0 Balegmé Celsine dSonGref thnse prgaric gechisgregnig ggmpounds
. Sense h h ' ; :
e R T R
Allatiamt ceatpAotaesy GHpromidesydtAerineon (D chleride. Foyeeseof s

L he .dat nd present the pro Vi
o RN RE g AR SORRL DR D M Syl e
shptvh dRp&ed imabespelasbat 6d it Bigarelfs bowavey ndthbethe scophef the present
.formof a tenperature distribution plot of the . . :
meihSh gy B OF lpphe Skt B B il ess By e rlgenced i
procckEsmabatame di stribution plot of a processed

substrate. [0037]. Figure 6 shows .a erature sensin
(0B 8Hiponarbrosss SogFal LS WER: GHE ErBBA TRt T Spe Aalso
hddfe@S €Rd cHafbeidutBtks cddiBEhatddlif e AN SifflefnC@aR0 MhaB thaaiBr surfaces

i s disposed in process chanmber 602, The tent‘per at ur,
coy i hsated Byrp eravAtng Huidy g heates, 4By ete ARICPERE MIcaEp 6 0e

. hdnRoRprdRde tHeetiRfAGnd IhRrdtiAlos ARt R

e@t&gfﬁ&%ﬁiﬁﬁ% géf a robust material ics}gpabl e of Y
megstuiied the ti wiy prosessdempiratiiéns (e. g., heat, pressure, RF

[0§§§j r gyThJ%%%%%MgB%ﬁ%&%ht\é& VAAS I RraceS Bhid kbl dafi8ber 602

cess C er thout any degradation’in its
woeld be highe prnopempdrasre agthe cextashsidacef As achifigiepiomipynt of heat energy

is Irtrraartls grlr %Lf&oltnic' Y& su&@g ﬁ)rrhgclenaq %§8,in§at&ﬁp86WﬂlqgldEr%o Q‘f)hase

n con
change. Sensor 612 senses the phase change and transmits the phase change data to a process

chamber system controller. The process chamber system controller processes the phase change

10
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with any surface within the process chanber 602, while

bei ng seal ed between the contact surface within the
w@e@eass’chanber 602 and the transparent shel | PEDES2006/009879

sensor 612 is located in the process chanmber 602 to

sense a phase change of material 608 through the

data’ ?ggﬁ@fd@ﬂhe ?fb%ks]secﬁqﬁse JEfgcRUAND L Qser 59 RBP0f Hisbr THTBE e.g., 2

er spectroneter. Material 608 may be an organic
scmn rmpnifono L aeaprpessted pherd fanga ¢4th gowd b%lln;ﬁhf‘pfoéfé 0§ EIpETaT hig

g., melting point within the range of 0.1 or
cmﬁﬁﬁﬁénsﬁge Cel sius. Sone of these organic and

[0040Dr gdfige ¢ shovwrrdsthprtehpeteturesphitesdompenens il a,cg(gr}:l@r@e with one

%l}%g{)gng Aﬁ‘@sre%gtﬁg\?ne’nggg ?thteténp(el' lt'Lire Mn%@%?rp?@ tﬂ)tn? lﬁlfmhsposed ona

sul&d&dteéﬁ;bponm@y ir{ protess calnbei W2, SEmtraadé 10dlsa d1$msetdr<mtsubqﬁrate
suwﬁt @ﬁd g%ﬁegg@nre%g@rgcgﬁghﬁen ?fé)at uglgagggﬁﬂrﬁg%gpmﬁ@? NAs shown

“in BipardoRY, nGl2ialsi7 | FaglTas e rebymasvedy qoanrteﬂllthd’rﬁ thcopicnin

the present invention, .
e nsomenrt S B0 RS 4 b TSR By
suPHoRCRE S Sektarirer aR022 4rdeba8Eurds topieﬁ@@ﬁ&selcﬂaﬂ@ iof mateﬁails {78 and

the process chanber 602, surfaces ar
12RO B TRBT HOAHErS Sipiedioen bl B he HLG e PR R of
ma@iérfaflsef 18Mhd WY/ Sny diibes BodEheis GubE aé‘&&o eisd the PRasB @hdn@el of
a C|rculat|n fluid, a heater, 5%9 ot her

m%ﬁgﬁlb‘oﬂ&aﬁ@ éZ&relgﬁ §Xan11ﬂee OBW&th bg CB‘T Frd tﬁ ls%pggmase change for
ang BYGHE P HlaEH‘lQM lcBaih &tEin TR BQHerANM sBRPAS Rlipendi®1710.

ccur at el Yy neasurlng the in situ process tenperat
[0043039] Figwre 7TRehew p &P \$OBOHENPY2RTS SERHRZEROMPRRG, 7 K and substrate

7 1§ u 'ﬂl@%ﬁlﬁp a{'ulgé &nglﬁ QERI 16, t?1521 E@@fda@c@gvlwe @H}%%dlﬁ{emt d8he

erature % ]ﬁ% contact surface.
prssmﬁtfmmnem, emabbag simifandou s temprraigy sensing arairﬁslb%weé dracessag at the

same gmeo I:‘kt % %&rlg glﬁt%.téd% B%tcgs% ICEAI%&%%Z %tsﬁﬁétlﬁjce Sﬁﬁﬁ)ﬂy\#d‘llls

ase change ensor sénses t
typxbai}yggatamtb famhta&rpr«bcsssmg@f phizgate Jvangea @{gfﬁgemt@n@unt of heat energy

is g % ér%%as{r}tl)ﬁ%fer ?&/tﬁé %‘st?&pgd’p?#t %4% o-ﬁgﬁ t J &BS e ’quqglgﬁf)cessmg,

er processes ase C ange at a an
th@m@uenﬁiesm hes,ys8cad §é$iarp ks heamdrdar‘fg]e noheerialst’d 8 2728 s EX8, fnyd 748 are

a.user Interfa en mn r
sl B LB ey R MR AT A S st SR T e P oy e e
cdianp E(ﬁﬁ We B kelbved, tielethperatuiplagdosiatell KA phbieghineze bAa statanis] is a
anot her tenperature se n e n cor
CoRET o PEBOETRRIo oL EHE hr GEBRES FIAPLe O e mperaure for
mhERNET B8 WIE 7SE AR TMB BHRAREDEs a/itfdrdnSe @hpPRRLE o0l and monitor

substrate suppart 704 in process chanber 702.
'mEB%§?¥§¥§W¥THeﬁ§sﬁﬁgabaﬂ§posed on substrate support

(0684 TEHR&E almn% ﬁ@@@ﬂﬂggréaqmwﬁasacl@nwnhwﬁwm 728, 738,
plurallty of cavities. As shown in Figure 7A

andglhd freRsnyt e GharecTRE ta P BTOcess SRaThey BYsiEnk eaniallerde cqnirol the
prt)&gs fgfnptex}aﬁ‘tlrep, @.\é'.,ttﬁe%ﬁrfh& temperature of the substrate, to prevent temperature

variations that would affect process outcomes, e.g., critical dimensions of device features in
semiconductors. In addition, the process chamber system controller could provide real-time
processed phase change data to a user by way of a user interface, e.g., screen monitor. The

processed phase change data could be temperature distribution plots.
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tenperature sensing conponent 710. Materials 718 and

728 are in contact with substrate support 704. Sensors
wQ 1@eanm$s7i722 are configured to sense phase chaPQEUS1006/009879

materials 718 and 728. Al though Figure 7A shows

sensors 712 and 722 configured to sense phase change

[oéﬁsé MatB L 88 Shotvsd m@hZ@ §eta1ﬁﬁ@’a ﬂHﬂH@@Bf &Eura@ryaﬁéagu&@nn bu

to"sense t he phase ch an% materials 718 and
praes. texﬁmratexseanpctcerdameemﬂecn@@ ﬁ@gﬂ%@f hsriresguirippngign. The method

be 1%5‘ ?Iﬁh Bgeggt?on%ﬁ %9?1&1‘3% ofiYr I RES, eféfcurg@én%g %rﬁp%nfréts into a

rature sen |ng conponent
pr@d@ﬁb&hbmﬁ@rg he teﬁBe@hmweasmg)gpnmogwt@may borpyeradither temperature sensing

COP’lg%eélF Q{ ISEPss Sgcecgrtdméjtg 13 Qgrléulé %ﬁ%&@}n%ntz %f'the y:bgent mvent;lonh Then, a

ensi n n accordance wt
provess ie nﬁmﬂedm rdte mécesd'tﬂaambasmmperatmuéﬁi i ‘Blre, initiatel Ipecsess eventually

si nmul e ure sensi and..s
Cab’iﬁ%a Bé F g? t%@‘l %%ﬁ%mflterﬁés m A@eqr espefz%\eeggrglf){r gt{u:’a’ensc?sn% e d
cohipomncsciﬁ sper@tmmer Ori©a; mbrh Gerous it ’fhapa)cssts phamber d€4ctities phase

il SE L5 EE B SRl R85 SRy Ry HRBLAR s,
THefpadteésehhfBerfsy¢th Soft@BErasiodesses the phasb shangt dats fyppachtof 74
to heat the substrate 714 for oc ssin

materialy in gperatiangl087 Pgiempepiure4spcip (o econs ghangf gfcach

mﬁ%a@ id Aletmihd@in fRBtion 8D, aid ogé’rgucﬂf 851251@.33 e@basted aneratures are
aV|n% very precise neltln poi nts, e. withint
regoadrge Toogd e éI?PIGP@e(Héﬁrﬂ@‘ete’@é‘Ff%‘i”{?é asspRpd B e Hbﬁ%mi‘ange for

anzlé?thta SRS RS B HOR @El?&’ocﬂ&n%ﬁte@ lﬂﬂ%ﬁﬁnﬂ@ aﬁﬁl&hzﬂéne&has a melting
terial is a constant for a specific COHpOSItlon

temperamical 305 1degres Eelaius, splicypnerddhasianiing empertyianid 34 é?gf ee
&B‘\Sse Ec'—:n%t) chan had 4 Shreltifg fompRPrd 6@4@&35’& CSEDY @%b@t (IT) Nitrate has

érenc tenperature to control and nonitor
a pelioeemperimerHiSdegret Oelsivaydunpua bmzpate[@@az]elt%ﬁ@@?eéamfe of

19§1dt2% an @F&%% fgl%%gye{cgtgtgthgs ?@Q@ﬁ%%ﬂﬁgﬁﬁi&fr}n@t@pgﬁ acfgéree Cglrs]mg
Aniammyt(ﬁl)a)rqnnxde b= ot andempeyisterioo driegnt Celsius.gind dﬂilﬂm@hy (III)
chic}r%f: ﬁéoér%%ﬁifl g{éera tréjcgfen LaeBre Cteﬂﬁlss urface tenperature

O preven enperature vari ations
[0t  VBighe 9Afs1hem a ferpensse mdltcetmg,rasparaugm, accarilanice aith another

TR S SP A E8 PIEEM LD AT GBRAHB AL

904&@\/1&1%@ chaH1 906 @ew@rg@e aas® teapltas ehalieng fordatmple,a first chamber
user y

of a us rface noni t
9Prad ﬁﬁ?ﬁ? e dsbgralde o ﬁ@%lﬂe&f egieb I ARy i g s
cHdin®tr 91D Ul @Rerd 10t:8ald 1RO 43}ty BOG UTIR BvéPadmag bk hawadpareht cover, so
detailing a nethod of accurately nafsungﬁg in situ

thﬁtrtb‘?:"é%erﬁ@ﬁ%‘éﬂlﬁﬁtﬂ‘ﬁé‘PP%a%%%r%a&’HFélS ° B BIORERt
teRberhffe e@)rd@s%ﬁé%d éH’(W@ Ngib@Br to TEeMPBdrtort sbRgonmohdhts as previously

operation 800 @% tac:ln one or nore tenperature,
s

dlgcélﬁpgﬁ ﬁg qt:lmsrp@h $ pfithe ﬁreﬁpb@é@@ogﬁgq-,@@pera‘prFelndlcatmg apparatus
%E%ﬂfr it B&dqﬁg G s GUNRARE RE S thHEBNasB EhABY oPfhe hﬁ?enal 908 may be

re sen |ng conponent s di scussed accord |ng
senhaé bvarS;eI@Qscmﬁfgmﬁd tressnss aghaselvhange o6 B inatariab Py thrpugh the cover

9ﬁﬁen

[0045] Figure 9B shows a temperature indicating apparatus in accordance with one

embodiment of the present invention in which material 908 has undergone a phase change. As
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process is initiated in the process chanber in
operation 802. The initiated process eventually causes
w@2phasms7change to each of the materials in theCT/US2006/009879
respecti ve tenperature sensing conponents in operation
804. One or nore sensors in the process chanber detect
sh%xbx? 1n%§.fr§ o8 htﬁ@ G620k RerABEREd £ tﬁﬁr&%aﬁﬁ&@?@ ttd 'Eﬁ@ second
ur €’ sensi ng conponents i n operation 806.
chpnbfa' 934 am@nmna%tcémge@ﬁom@nt phaspiopaetheirhasd; 6.-2p ﬁdsﬂé)hase to
iGOERE U urdt PR uB b A RLEE bRl 0B RELEL O ingieing
wl&ﬁ&ngphasé claaghtenmemmeadssoczat@ieztflérﬂw metgriplPO8 peas aftalch)hy observing

th%§pé1f1§l i%cgp%%ﬁ G 1{na %@Pgnﬁtge éaa% g@@s g% é%h?tﬁer tﬁ%g{eﬁgl% Eohtained

in iR IcAihbed 9 1 D6SBE sedbeichambdr Mk eApdea&egly,l'thﬂ gepbeturaingicating
of the materials |ljsted herein. are

oo B S AeEABRES C I e R SEEETB G Lorgeess

texﬁ@er&m@%ﬁ fecHe |a$¢11h{§erat&a bés6dihted with itk ﬂha& chanpeloff maggrial 908 at
tenperature of 135 degree Cel sius, égphen e haq A

SOpg PPinhiy thepHaesHELPRPRFeSAECIPC g P’éeéu | P §Re erpstippnt of the

présehtinNnti6 2 t6veR 850 RafRdtibe AGrahHARET RV EH & oﬂéxaﬁ@led egeeehe
Cel si us, Al 'umi num benzoate has a

nelt|n9 ngfraturﬁ
terperats ipdieAtion 2ERraiyS s UseA b AFRatinh IBREARR ISl nepeRaTtP igve 2
tuﬁggggggggfe of 114 degree Celsius, Antinony (II11)

romde has a nelting tenperature of 96.6 degree
(06Kl si udlthoaela fve erbneyments of)theipssrt igeenfigr haye r‘?é‘?l’t {esigyibed in detail

he&qﬁ%ﬁl@&lﬁ bE uﬁers?&d“’bygﬁgg ¢&F ofdelasy Ul 40 At PlesEhiGhN Bt may be
dws a tenperaturé I ndicating apparatus in _accordance
emiiotiied anotiserthaspesifiotorns whonlhgepptiﬂeg &nm thespdwqr geepe of the
oI LSS Ibegiaia s
illottatiteans nof mstrletx@nmdehe mvéntion is r@hmﬁ@énm@ﬂzo thedetgils provided

oRS5CRY BRI o AR R g 8

seal s the caV|ty 906. The cover 910 nay be a
OQ nsparent cover, so that the tenperature indicating
[ %ﬁaratus 904 may be used to indicate in situ process
whenpaaatedie as di scussed above. Sinmilar to the
t enperature sensi ng conponents as previously discussed
for other enbodi ments of the present invention, the
tenperature indicating apparatus 904 may be di sposed
in a processor chanber and the phase change of the
material 908 may be sensed by a sensor configured to
sense a phase change of the material 908 through the
cover 910. [0045] Figure 9B shows a tenperature
i ndi cating apparatus in accordance w th one enbodi nment
of the present invention in which nmaterial 908 has
under gone a phase change. Asshown in Figure 9B, the
material 908 is transferred fromthe first chanber 912
to the second chanber 914 as the material 908 changed
from one phase to another phase, e.g., solid phase to
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liquid phase or vice versa. The tenperature indicating
apparatus 904 is capable of indicating whether a phase
W@ b@aege7stenper at ure associ ated with the nmat eri BCT/B8806/009879

was reach by observing the spatial |ocation of the
material 908 in the cavity 906, i.e., whether the
material is contained in the first chanber 912 or the
second chanber 914. Accor @ingis the tenperature

i ndi cati ng apparatus 904 iy be observed after a

process cycle is conpleted to verify that a process
tlenpersaprocess lthambaacdmeptising: enper at ure associ ated with

t he phase chaneof rra rlal 9 sSone int in.the
ﬁﬁ%@%rgwa%sepﬁe SpBeet! Fish st WG te SEUCaUe I fpeprictdin the
temper Eorg oﬁegghgrae&eﬁ% i nvention, cover 910 may not
e a tra sparent cover or exanple, where the

taerapepaad:rulcevcvrmhhpoaﬁd oier aipppenata el thecaldledl as a spati al

L s Rl AP B b g

As88RA Lo AMREY foQBndeavshabesiangesEihe hederidl tideiigh the transparent cover.
herein, it should be understood, by those of ordinary

skill, that the present invention may be enbodied in
ny. et M deBBne of ct
T, SR e LGN 1 HOU AL e SR B o chnging
from a B61BpliHse waﬁmhe@hmd)r ehimpdhigrieom s lauéd plmsb e zsolsl pesed
as illustrative and not restrictive, and the invention

iIs not to belimted to the details provided therein,
ut Lifol i ﬂ?o hnic or an
e mebeREaTRel e ol e o et engeoeoh
inorgarlic cdmpowiess chanber, conprising: a tenper ature
sensi ng conponent di sposed within the pracess chanber,
wherein the tenperature sensing conponent has a
CAVi t YihedrbdBOSRMRALT S10WES, Whdriaseso@ueic campomahisBglected from the
of the cavity; a naterial disposed within the cavity
group @fnSIShleg Dﬁmpéﬂaiqmpéah@ﬂ@l asifl, eacgbwenhenoamné theingeganic compound is

selecteflﬁ gb 2 rgl?%g)t c?olnglﬁ 24 n(?tﬂ?tgﬁ% W%g eérﬁ nntn!rﬁg (l:ogg'%o%{éh all mmum acetate,

Anum&fy ClIpbidikde, Whe Metimohh €lIptakeidehange i ncI udes one of
changing froma solid phase to a liquid phase or
changing froma |iquid phase to a solid phase. 3. The
[y OCESH,d ﬁ}ngha%be? bRkMint 1, YhGERItRe Eﬁi@tyrfﬁg §f l'eﬁ’ét t\5v§ chambers and
o ie of ‘art organic or an | notrgani c conpound .
the mapriat @ithincha nfnmy ipfrandferad Romwlferstmhambhxetoaragamdcchamber as the

compound | s sel e%t ed fromthe
material undergoes the phase change.

6. The process chamber of claim 1, wherein the sensor is a laser spectrometer, and the

transparent material is quartz.

7. The process chamber of claim 1, wherein the temperature sensing component is a
substrate support.
8. A process chamber, comprising:

14



10

15

20

25

30

group consi sting of naphthal ene, salicylic acid, and
benzophenone, and the inorganic conpound is sel ected

WO e@ai1015e1 gr oup consi sting of Cobalt (I11) NitrBCEUS2006/009879
Al um num benzoate, Al um num acetate, Antinmony (I11)
brom de, and Antinmony (I11) chloride. 5. The process

chanber of claim1, wherein the cav't%ﬁges.a% | east ture sensin
AleMpHARER P EgFomRansRt Aspesed Ofid THACE RERCESIY he jeiperature sensing
' Aedit & S8R0R¢h @NaRkRkent material;
comp o B B S vkt mater
rrostess ddpondbwitbii tod edvity Df thelempénturhsensimgsempposens and being in
| aser sgggt[ongter, and the transparent material is
contaclyyiith bie sustace;and o hcess chamber of claim 1, wherein the
LR ’bRH SurS @ ISdesh £HHIRO BiRfike bSthe matbsdlr at e support.
8. A procesSs chanber, conprising:a tenperature sensing
conmponent di sposed on a surface, wherein the
tenpergt ure [ : j p ;
Emer e ESE AT SRS e B bhange Bbludes one of changing
from alsb R pRaAE €k ligRidehasd or cham@ti@froml a liisd phasd tov sblidiplidse
cavity of the tenperature sensing conponent and being
in contact with the surface; and a sensor configured
LR, sensg Cyﬁo%?t@l@a ARBEla 0 8! \&Eergiﬁttﬁé {r3hspa@nt HBRrial is quartz, and the
process anber of clarm8, erei n the phase change
sensor i lasetespedrmenaér. changi ng from a solid phase to a
l'iquid phase or changing froma liquid phase to a
solid phase. 10. The process chanber of claimS8,
vher ei Thd f8cdsk s @Rt B Sfhatinl the flddfalis oAB@f bR Brganic or an
sensor Is a |aser spectroneter. 11. The process
inorgagic@pimpoumd. cl ai m 8, wherein the material is one of an
organi c or an inorganic conpound. 12. The process
chanber of claim 11, wherein the organic conpound is
sgl. ect'egb Froed¥s thenigh 08 plains) whdreig thd omgapibtcbalpemed] is selected from
salicylic acid, and benzophenone. 13. The process
the graypen#sting ofnaphthplene, splryiisapidy Hid BeRBPRIAPRE- conpound i s
sel ected fromthe group consisting of Cobalt (I1)
Ni trate, Al um num benzoate, Al um num acetate, Antinony
(13.1) Dhieoprockss chambednf claomy 1 (Whdrpindhé Diorgheic doapothé is selected from
rocess . cha r.of. claim wherei n t he,tenperatur .
the erapregpH T il Sl Fron A SRR a8, dgtimony (10

mnnﬂ&yg&pghﬁgkn9kﬁbqhﬁkamerein the tenperature sensing
conponent IS

14.  The process chamber of claim 8, wherein the temperature sensing component is a

test substrate.

15.  The process chamber of claim 8, wherein the temperature sensing component is

disposed on a substrate support having a substrate being processed.

16. A method of characterizing temperature distribution in a process chamber, the

method comprising:

15



di sposed on a substrate support having a substrate
bei ng processed. 16. A nethod of characteri zing

W esopr0BrUr e di stribution in a process chanberPCT/H82006/009879
nmet hod conprising:locating a tenperature sensing
conmponent havi ng an enbedded material within the

process chanber; initiatin I.OCEeSS ration. w thin
102 ¢GRS BN A5EMDE BOTB TP DA RSB R g PEHT e process
chamb§bedded material; and recording a tenperature

adsociated with the phase change. 17. The nethod of
dhigiiating & prdcesstdperation wpthistha grogssediapmyer;he t enper at ur e

sensi.ng ¢ onent an jinteriog rface of the
Seseungs phasimee s b F BHTRb end m 16, wher ei n

5 tre@oraﬁgméﬁpéiﬁ@r@@a&med GANRRASIHse bBar@esubst r at e
support. 19. The nethod of claim 16, wherein the phase

change includes one of changing froma solid phase to

i quj . ' f a Liquid phase to a
3§ 0 e RARSE gL A Ml bRl UL P ey
G Siegipeaved denging bemporvadoean mdrérisatfacs dffth@process chamber.
transparent cover.

10 18.  The method of claim 16, wherein the temperature sensing component is a substrate

support.

19.  The method of claim 16, wherein the phase change includes one of changing from a
solid phase to a liquid phase or changing from a liquid phase to a solid phase.

15
20.  The method of claim 16, further comprising:

covering the embedded material with a transparent cover.
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