ACCURATE TEMPERATURE MEASUREMENT FOR SEM CONDUCTOR APPLI CATIONS 5
BACKGROUND [0001] In the fabrication of sem conductors there is a need to
control the process paraneters to ensure process consistency and
repeatability. The need for process control is becomng nore inportant as
sem conductor devices are requiring sub-nanonmeter accuracy in dinmension 10
tol erance (e.g., CD, thickness, etch rate, uniformty, profile, etc.) as
devi ce nodes advance to smaller and snmaller features (e.g., 90nm and
smaller). In the nore advanced processes, feature size variations and
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wafer, lot-to-lot, die-to-die, cham%?Pﬂﬁfc r, etc.) resulting fromall
process variations are required to be snﬁﬁ er than 5nmand within

t hree-si gma of standard deviation. Soon, as wafer 15 processing becone even
nore advanced, the allowable feature size variations wll be even snaller,
e.g., smaller than 2 rimand within three-sigm of standard deviation.

[ 00021 One of the more difficult process paraneters to control, maintain,
and characterize is the process tenperature. For exanple, the process
tenperature on chanber interior wal |l BPASBGREIBD the substrate support
surface, and the substrate surface are difficult to control, 20 maintain,
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t he refereng ers and sub i s_interchangeabl e since those of

‘eeto'maf Etr%%$@ , )
ordinary ski I'f “PH® Q&R CONETYSP FREFPES: i 'O PG CERTCRT SPERAIR GEXBIRE 1&e bot h
terns. Many pnocesss tedigpést@ievicess euaséqhirmgsdemﬁdir@cﬁ@&Scu’&-a%fmﬂﬁﬁEﬂéroﬂ
si us , can have
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in the process tenperature, e.g., the tenperature o he "Stiface of a
substrate sufpnto-iaiee diggeiigechagbertiprehasipbs et A toaylting fom Sbprecesy Gried®s peCi pes

can be af f ech@ebdyb@yRNerSHR I8l and 3thidlh Q0o LorGrand s BvABH 880 LRL RhadS. 1N
t he prOﬁgis tenperq%ure. Accordingly, accurate tenperature control and
t BFESHEc

measur e YRGEVER mPrecdYanpidoae aliowablo fali sl varisigns widlkesye as
devi ce nodessrzdwangeshdlesSiml 1 &f aanditsimld 8lxnh @Altd8 i Stion | NET €f Or e, .
accurate te ﬁ&@tugﬁwqﬁggungqﬁﬁiugnd characterization capabl e of measuring
absol ut e t enperat ure “and°SERSTHY" SHEPTS REMFEF S GPE b IRajEs, andehgractedtfdhges
as smal | as O¢Brocegemee:Qetes Fusexaople,shmirbess, teriySerA@S ofi @Gmber interior wall
surfaces, the substrate support surface, and the substrate surface are difficult to control,
20 maintain, and characterize. As discussed within the scope of the present invention, the
reference to wafers and substrates is interchangeable since those of ordinary skill in
semiconductor fabrication often interchangeably use both terms. Many process recipes are
sensitive to process temperature variation. Temperature variation as small as degree Celsius
can have significant effect on the outcome of the process recipe. For example, in a
25 semiconductor fabrication etch process, poly gate CD (critical dimension) can change by as
much as I nm per 1 degree Celsius variation in the process temperature, e.g., the temperature on
the surface of a substrate support, the suwrface of the substrate, ete. Some process recipes can be
affected by even smaller variations, e.g., 0.5 degree Celsius, in the process temperature.
Accordingly, accurate temperature control and measurement are becoming critical process
30 control requirements as device nodes advance to smaller and smaller feature size. Therefore,

accurate temperature measurement and characterization capable of measuring absolute



[ 00031 Many of the currently avail abl e tenperature neasurenent techni ques
have performance |imtations and undesirable effects. For exanple, many of
the currently available 5 tenperature neasurenent techniques are unable to
measure the in situ process tenperature accurately. The techniques that
have the capability to neasure the in situ process tenperature of a wafer
usual Iy include placing a special wafer with tenperature sensors enbedded
on the wafer. Placing a special wafer in the process chanber requires
interrupting the normal flow of processing, Usually, placing a special
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sensor is conflgig?u ed to. sense a_phase change of the material through the
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with at errpecteatrdﬂng ﬂ&emas:emgu,as@leﬁ@me@eaay aEAGDbI thge BEME BdvE a kdapSiatutke
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support, etc). 2
20 SUMMARY

[0604] Broadly spealking, the present invention provides the methods and structures that
enable accurate in situ temperature measurement.
[0005] In one embodiment, a process chamber with a temperature sensing component
enabling accurate in situ temperature measurement is provided. In this embodiment, the

25 temperature sensing component is disposed within the process chamber. The temperature
sensing component has a cavity, in which a transparent cover is disposed over an opening of the
cavity. A material is disposed within the cavity of the temperature sensing component, and a
sensor is configured to sense a phase change of the material through the transparent cover.
[0600] In another embodiment, another process chamber with a temperature sensing

30 component enabling accurate in situ temperature measurement is provided. In this
embodiment, the temperalure 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, efc).



The tenperature sensing conponent has a cavity. A material is disposed
within the cavity of the tenperature sensing conponent, wherein the
material is in contact with the surface within the process chanber. A
sensor is configured to sense a phase change of the material. [0007] In yet
anot her enbodi nent, a nmethod for accurate in situ tenperature measurenent
5 is provided. The nethod includes placing a tenperature sensing conponent
within a process chanber. The tenperature sensing conmponent having an
enbedded material. Then, a process operation is initiated within the
process chamb8le. enfetagie sengieg tcaivpocatipe n baves. Ainrmeriatihdéispraioagin thopeitasi on
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[0012] Fi gure 31s.acr oss sect1on ess avi ng
t enper at ure TFHEOLOSHRS deerrip e kierit sondinsfrmseth thmp@nmnmnmdlaww% dhxmwng\by h one

enbodi ment ofway bExROLASENE pridcBYEBE thO@Rwed:9P13] Figure 4 is a cross-sectional
di agram of a process chanmber having a tenperature sensing conponent

di sposed on the surface of a substrate support, in accordance with one

enbodi mens of the present i BREMDAERIBHNIN -t DO R 'S a close-up
cross-sectional view of a ténperature sensing conponent capable of sensing
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enbodi ment  offestiiRioR S BBAcHLAWRR e Qb ompanying drawings, and like reference numerals

designating like structural elements.
[0010] Figure 1 is a cross-sectional diagram of a process chamber having temperature
20 sensing components disposed therein, in accordance with one embodiment of the present
invention.
{0011} Figure 2 is a close-up cross-sectional view of a portion of the temperature sensing
component, in accordance with one embodiment of the present invention,
[0012] Figure 3 is a cross-sectional diagram of a process chamber having temperature
25 sensing components disposed therein, in accordance with one embodiment of the present
invention.
[0013] Figure 4 is a cross-sectional diagram of a process chamber having a temperature
sensing component disposed on the surface of 2 substrate support, in accordance with one
embodiment of the present invention.
30 [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 suppozt, in accordance with one

embodiment of the present invention.



3 [0015] Figure 6 is cross-sectional diagramof a process chanber having a
tenperature sensing conponent disposed therein, in accordance with one
enbodi ment of the present invention. [0016] Figure 7A is a cross-sectional
view of a process chanber having a tenperature 5 sensing conponent di sposed
on the surface of a substrate support, the substrate support also having a
substrate di sposed thereon, in accordance wth one enbodi nent of the
present invention. [0017] Figure 7B is a top view of a tenperature sensing
conponent capabl e of sensing the tenperature on the surface of a substrate
support, in dfUSldaNEareiit provrection diaeanef a Bpceheanbe hayisseismperaivient i on.
[0018] Fi gur @efinSordpdnb:Q\WisEivad fhe®B] i@ lbdoREnR WHh QEESRL R ACT WAL GEY Measure
the in situ process tenperature, In accordance with one enmbodi nent of the
present invedt'B¥™ [0019] Figure 9A is a cross-sectional view of a
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[0021] Fi gur & To4Hewa" Spstimseie %F&:eé%lém&?{‘él%er system 100 according to
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106, 116, 126, and 136 is sui tabb)é,rgﬂqrﬁfni]gﬁ&gﬁﬁ)ﬁml d one of a plurality

The present invention, as illustrated by the following embodiments, provides the methods and
structures that enable accurate in situ temperature measurement for processing substrates, and in
20 particular, for fabricating semiconductors. The embodiments of the present invention can be
casily integrated info process chambers for accurate in situ temperature measurement, thus
improving overall process control, process monitoring, and process repeatability without
affecting process throughput and yield. As should be appreciated, the present invention can be
implemented in numerous ways, including a method or system. In some instances, well known
25 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, Bach of
30 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



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 4 plurality of cavities
106, 116, 126, and 136. Thus, each of the materials 108, 118, 128, and 138
is contained in a respective one of the plurality of cavities 106, 116,
126, and 136. Each of the materials 108, 118, 128, and 138 is
substantially sealed and isolated fromthe interior environment of the
process chanber. Since the materials 108, 118, 128, and 138 are isolated 5
from the i nt ehidity dfcatitie 106, 3 t@® <26, ehbidbe Thub0Rclt dfdlye rarteiadl 198, [IR28ANEHBH r om
i ntroduci ng anher 102, to
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102. One such a robust material Is quartz. 10 [00221 Stil
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one of the 1 nd 138 for the respective phase change
of each of t aﬁ?k% aF%armP&nm¥Halsﬁmqé change data gat hered by one or nore
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102, one or more heaters to heat rfaces in'the process chanber 102
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sensors 112 g t e chan
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constant for a SpECI Ic conposition o given pressure. ThUS,
t he phase cHit§® CEl@*ﬁlis’»e#%tteFtétl%tw%w%mﬁhecmvrﬁ@s%tfﬂ@ﬁ\l%wzomseeﬁneéata saul d

using a data processing algorithm, and appropriately presents the analyzed data to a user by way
of a user interface, e.g., a screen monitor.
[0023] As indicated, the one or more sensors 112 monitor the phase change of the materials
25 108,118, 128, and 138 and record the phase change data as each phase change occurs for each
of the materials. The temperature associated with a phase change of a material, e.g., changing
from a solid phase to a liquid phase, is a constant for a specific composition of material at a
given pressure. Thus, the phase change temperature for a known composition of material could
be used as a reference to measure process temperature in the process chamber 102.
30 [0024] As shown in Figure 1, the materials 108, 118, 128, and 138 arc respectively
contained in one of the plurality of cavities 106, 116, 126, and 136 that is incorporated 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.



be used as a reference to nmeasure process tenperature in the process
chanber 102. 30 [00241 As shown in Figure 1, the materials 108, 118, 128,
and 138 are respectively contained in one of the plurality of cavities
106, 116, 126, and 136 that is incorporated in the substrate support 104.
A phase change of each of the materials 108, 118, 128, and 138 can be used
to nonitor, neasure, and characterize the process tenperature of the
substrate support 104 5 For exanple, as the process is initiated in the
process chanq% t he substrate sup ort 104 is W¥ pically heated. As a
suf fi ci ent armﬁe}iamg} » HBEPregrE gy taled o g Rrpeess chgmber & ﬁcﬁ%@i? ep supgort Hi s
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[ 00251 Since heat distribution across a surface
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can be determ ne agsaover time as heat energy | e substrate
support 104 AR08 llr%a&?érﬁnélmwépcqm%edﬁﬁ&@#@b@yn&mp@m&ee@mﬁg@ [ 0026]
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material woul'd %ﬁcm 1a8{}% tﬁmti?iﬁ%mam%‘étb‘}”&ioﬁ6?1955 ﬂﬂﬁrfé‘rf?fﬁtogﬂ’i" arbstrappgippery 4 128,
and 138 &gan debe éusmihed over tigp eslicetbnp 0 GAGSHIEY @l (RSsubdirate2Bpgolie 0P5:AGESS
chanber 102

onhpri sed

“material, over time, undergoes a phase change.

[8026] Since each of the materials 108, 118, 128, and 138 is respectively sealed in each of

the cavities 106, 116, 126, and 136 no significant loss of material would occur over tine.

Accordingly, the materials 108, 118, 128, and 138 can be reused for repeated process cycles in

25 the process chamber 102,
[0027]  Itis well known in chemical and material science that organic and some inorganic
compounds exhibit very precise melting points, e.g., within the range of 0.1 or 0.2 degree
Celsius. Some of these organic and inorganic compounds include naphthalene, salicylic acid,
benzophenone, Cobalt (II) Nitrate, Aluminum benzoate, Alaminum acetate, Antimony (II1)

30 bromide, and Antimony (III) chloride.

[0028] Still referring to 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



[00271 It is well known in chem cal and material science that organic and
sone inorgani c conpounds exhibit very precise nelting points, e.g., within
the range of 0.1 or 0.2 degree Celsius. Sone of these organic and

i norgani ¢ conpounds i ncl ude naphthal ene, salicylic acid, benzophenone,
Cobalt (Il1) Nitrate, Al um num benzoate, Al um num acetate, Antinony (lI1)

30 bromde, and Antinony (I11) chloride. [0028] Still referring to Figure
1, the one or nore sensors 112 are configured to sense the phase change of
the materials 108, 118, 128, and 138. The phase change of a material wll
cause a changmahncmheadﬁﬁgﬁﬁbﬂm&ﬂﬂﬁdﬁkndfA&hbnnﬁhémhan mﬁ@rnmmmemmaterials
the phase ¢ h?l@% &) cm@f \Med to @nssec%hecgg §s o?h(fch(ﬁh%ggﬁi !cgongoillf ! )lﬁge 1?ger5?£ ﬁlﬁﬂeﬂzh

shown in Fig ohe t0 sense these
or other chamgﬂﬁlmhwmwm@@mwpamy1%J%hé@ba%h@ﬁg@n®®mmph@f@ﬁmav11%%@0%gh t he
transpar ent &?%?er(ﬁ‘ sé'ngrgg a ?Jl%ge ch:!ilr“?é%’as ?r&gnl.;laé% 2 IQEFSP%LQHEJL? ’ﬂfe séhsSONSQr 112 that
is capable of sensing a phase cthange as describ I's a |l aser ectroneter.
The sensot 1Ppndclsd B copwnaEHe iith &G@Wﬁﬁu pliasdetesyRife wﬁlﬁléelpifbwé@l &ﬁanber

syst em cont r@bdiefs e thBer2RN8Q1 14, 128, HP1Y¥sta0d §ol§%<ﬁ§ddﬁ@ﬂb@§c&1ﬁﬁ Sphb@Bhankds, Th 28,
and 138 and col l ects data for sen5|ng phasg changes. g ensor 112 sends

the col | ect e§"¥at!a sesfs fig&olsrise dada todhemprsss o %Lteéﬁist‘f@r?f’ eeler Pr8resiiiencessi ng.
The process Tkardes ceanes @hlr@ler Wsipnglag pcbaesam@ m@@lﬁ&slpng{,sa&sgmdatﬂm processes

the data and ner nst ant cor spond hase
b aall S e S R U S e o S A
cont ai netd i nh¢ eenabsiP8CtIBVE8pind i 38 dotpined indlavbdpb@e PRGitylof 6avitied 263, 1Hnd 136.

The process © %%J%G wﬁsolro% %a{an g?%oafoi!@r 1}%%%%ra%%pgueagés]dngtﬁgc%%ége%%teﬁfﬂ&ft? ey from

the nonitor Vi ce 1 érn er con er and
t he nDnltorld@MWU@WQQHM-ﬁdmeGWWnﬁegmaﬁedmmémwn@M@@wmdﬁ@dmmﬁmUbWRé@érdIess

of the actu %ay%@ afd ggéfédaats '09@009%111%5‘ §n1p rﬁgﬁmﬁss of ﬁ'l@ 'HQ:@E[I c&%{aﬁéd & 'i:heWe& he

noni tor devicé 114, the process chanb control comrunj cates 15 with the

moni t or  deviEENbEL 2onAder FRhihe BeniEe ¢Fiice 11“1@1@@#@%3&&@% eREQUer CORPUHSSr o

i nf or mat jon wﬁlﬂh@m&ﬁt@f ddvite QUOMd S B& et BEHARRles Boes te@p SRH:Q @ForfRAL OF .
[ 0029] Figure 2 a process chanber system 200 accordi ng to anot her

enbodi nent d?au$h@“Bﬁé§ f infefaeent ¢ oheorept BREPE chamber 202 includes a

S ]lc,lbst rate syproyt ZEdb:c Z\Iﬂﬂﬁxﬁﬁhﬁodeﬁﬂ:hmﬁlbtbsﬁsfefhtm{}&u:?ﬂiil{gtto Mmharﬁb(ﬁhrpdntldiﬁgl ity

of cavities ac It cavi ti and 216
’ s tably RORF A E PRoR SR bR Ry SR B e B ana 218
respect i vel yulishge eipport Ecis @I)Iuahplotﬁcsazl’ztlet %@ﬁadﬂr@rﬁ}lplaohm plowligoscali@s and 220
Is suitap]y %gﬂfﬁgﬁgﬁgabﬁﬁ%ﬁﬁgu?&% Lé’l&‘ L¥e SFQURLRNANEM RS0 lndNg Plurality

of cavities
respectively therein. Hach of a plurality of transparent covers 210 and 220 is suitably

configured to respectively cover an opening of the plurality of cavities 206 and 216. Thus, each
of the materials 208 and 218 is contained in the respective one of plurality of cavities 208 and
218, and each one of the materials 208 and 218 is substantial sealed and isolated. The
25 ftransparent covers 210 and 220 are made from a suitably robust material to withstand the
process conditions in the process chamber system 200. One example of such a robust material
is quartz.
[0030] As shown in Figure 2, one or more sensors 212 and 222 are configured in the
process chamber system 200 to monitor a phase change of each of the materials 208 and 218.
30 The phase change data gathered by the one or more sensors 212 and 222 are fransmitted a
monitor system 214. The monitor system 214 may include a system controller, which conirols
al! 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



of the materials 208 and 218 is contained in the respective one of
plurality of cavities 208 and 218, and each one of the materials 208 and
218 is substantial scaled and isolated. The 25 transparent covers 210 and
220 are made froma suitably robust material to withstand the process
conditions in the process chanber system 200. One exanple of such a robust
material 1s quartz. [0030] As shown in Figure 2, one or nore sensors 212
and 222 are configured in the process chanber system 200 to nonitor a
phase change of each of the materials 208 and 218. 30 The phase change
dat a gat her echeyzalk o haproosss tamber 287 90¢ & 121@heard 1@ 28t & eurfar@msthe poeds a
noni t or syst poni t.0 1 n e ol ler,
whi ch contro 1@?}1@&&?2 -gﬁzocessas%bﬁéeﬁ %%etlg}m[ﬁ ﬂf Hg%xéﬂgsgeéﬁg o%neﬁéx%ﬁ&l%%gztﬁfs

i ncl udi ng t hie fipmweﬂgghfmpermm@mt@fc prdvess, g ddlewnrtmam&y@ﬂlﬂ@?ocemﬁrth@@émpl e,
the system contyohl an, i PRV GODHER Bl 150 APRLALEOB: Ol AROEESSea o EIPHLCY) S
into the process chanb ne or nore ers to heat the surfaces in
the process WatAAH @Fmﬂ@%@%égp%%@%loaﬂ%ubstrate energy, e.g., RF,

m crowave, efgsyy t %nﬁ”&&ﬂhg{% Fﬁéﬁ?e @h}%m}&@lllﬁ)w éeﬂso‘i@Z@ﬁ@@ﬁSﬁonﬁ&&H@ﬁﬁs@oz to
initiate process, etc. tor sy stem 2 Pprocesses t he dat a,

using a dat & prE0E%E P’ﬁ@“%l? ﬁf@ﬁn@ A anaefaoré;sl&mﬁwaftng? Q%%Séé‘éﬂ%%setﬂhaéﬁg%na| yzed
Eﬂgg g t oSa llJ|S<ﬁ:6u1b£(n edoh matue BhteRalt) swe tbrﬂﬁe@dﬁx@-@&ﬁocu@cc@mth aﬁ\phﬁ&rcﬁﬁfge HDd’lh&tﬂ:Ea.!

11 Sti referri he, one or
noni tor the pgf‘rai “gmé OE‘? g)‘laﬁe tor%ﬂﬁ‘élp PYPE lsfo%m%ﬂﬁ?oéfépeﬁﬁa 3?13%05 ’811 P Tﬁe phase
change d#t a ragcrabgh gpdamsleasohafrg@, he plouse shafig@rengaciure for & heovwmaompisaios.of The
t enperature QCi .t h ) - of angi ng
roma o | 4 ERasetldqd s ReRIRSE FADOR s BuBY B IPhe mofaiiprl
conposi ti on 268, ¢l threstgnde ddmpmtatige gfitheembiyreseprs 204hus, t he phase change

tenperature fhep;a KRowWs KPP Eeksoélalﬂiﬁel syRLeoh 3l ao%SlH.!uQe Ren tRpd: as_a

ref erence to measur e process tenperature in the process chanber 202, e.g.,
the surface ee@aﬁwﬁlatoﬁﬂw@ﬁmf Wé@“@@bsffl?céﬁséh%[ﬁpé@%m?EKiPSaF‘@’@‘BaZ‘] suppILi%é 3 shows

a procesg ChambehisyremitR0934d, m@@walm@@@ﬁmwpwteaﬂ@& hekaneihedhamrt of the
pr esent |nvent|on rocefs chamb 302 includes a substrate su ort 04 15

and a pl ur al?UyEdh oE R téé’f@%“al%% 34855 3; 3 OB ASSPIFESHH LS ’1%?8 t he
wal I's of thehchashess d0Zes :Eamma‘ss,aaupbwlahtctmueﬁfma&amba{ 302338ch 348, 358,

and 368 i s respect ne of ural i of ..cavities 336,
T4, 956 anilges it h SharP B R LRl SeB S g TR Ll | Ty o
caviti es 336ianPdbyt c3HE 348NTH0361, dngd 37@ Ipect invel synsordll 2are bynfigned of sease &

plurali t2§ 12 fphasE E@aﬂ%&ﬁ{eg&to& AR fﬁzr‘gf %Qnate:?“élg ”}3&3@98 3@@ Ceiim? ; 69% ngx"g% il regl;g&gle

sSensors are co ure
oue of plurality of uanspalent covers 340, 350 360, and 370. Alithough one sensor 312 is

shown in Figure 3, one or more sensors 312 can be configured in process chamber 302 to sense
the phase change of each of the materials 308, 318, 328, 338, 348§, 358, and 368, Inone
implementation, the sensor 312 may be a laser spectrometer. The sensor 312 is connected to

25  communicate with a process chamber system coniroler. The sensor 312 sends data collected
from monitoring the materials 308, 318, 328, 338, 348, 358, and 368 to the process chamber
system controlier for processing the data. The process chamber controller using a data
processing algorifiun processes the data and generates optical constant values that correspond to
phase change temperatures associated with materials 308, 318, 328, 338, 348, 358, and 368.

30 The phase change temperature can be further processed 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
termperature distribution plots, e.g., plots of temperature versus time distribution, femperature

versus location distribution, ete.



20 phase change of each of the plurality of materials 338, 348, 358, and
368 through the respective one of plurality of transparent covers 340,

350, 360, and 370. Although one sensor 312 is shown in Figure 3, one or
nore sensors 312 can be configured in process chanber 302 to sense the
phase change of each of the materials 308, 318, 328, 338, 348, 358, and

368. In one inplenentation, the sensor 312 nay be a | aser spectroneter.

The sensor 312 is connected to 25 conmunicate with a process chanber system
controller. mﬁ i }é sends data collected fromnonitoring the
materials 308318, %%c P9B'S @ giagsseedignal view ¢f ggigoesp chapdersyieed® ishanber

system cont rO:lobc&danf,@mtlpﬁ@&&&&dlﬁl@ltbhﬁe phadens 11:%51@0@&@91%@&3 ahanrbercondor o1 | er
using a data Bl RLeS SI quggorl t({1 rocessT@s t he data and generates opti cal
or

UERAEP BREY ' PI95RE SRR e At RIS ERE Ernaias KE St ed

constant val ues t
with material @5?;5()8§p0®ﬂ8;1 siBRByte SB Bt @48T1103&8pe1ﬁmd sBiBg teaQuihte I@hfa@)ﬁlpﬁ&@nge

temerature Gag muétyfamwfd%s R2eM AN BLeAGHL A, LO.BUoRE DX MBY, 0T @

user interface, e.
user could beM§ C‘r‘imﬁﬁéﬁ‘dflefdml@flSpalblémelridDm@lmh stenl plutalignf plotiss 4(&8 @3, arfl ot s

of tenperaturgg ‘i’s@és%&b?w&lg'aﬁ cgbl_fﬁl %hé)&fzﬁ r\JraI}tf QR%\I;I%S%OE 42%{1 g 4S5, 98 ma{e;fr.—ﬂ%l

di stribution, etc Cross-sectional "view 0O
process chantf@f 4<hepe 84!9@)“1@?}1“3%&?6}@)?*]@alwé@aiwamﬂ 4th eThe bty of 1 Otsduds

present i nventd fdlerialsoR 08858 4RRNDAL i8¥St &M ANnt & the :di‘(pc%gs AL eo HPPQLE, 404
i's dlsposl%d i,,n grocgh%@;:h nber 402. A tenperature sen test substrate

415 is di Spod¥yTaH WA pEpet ingloge any pentanepgyEinip llircéufsiém SiAgnnest
substrate 415ftenmprdssaambeof? aoM&tdf@éeﬁsolsaM@ hre4ddh AR ifpbiaNSRar &Rt | ayer

410. A plural caviti d 436 are configured in the
transpar ent Idast%sre%&isﬁ Cha\/vﬁeso ‘%W@ﬁﬁgogp% 4S§ of materials 408, 428, and
438 is resped;&(‘ﬁ@]el yFidins fesed alclTDSe}m&uﬁ:fs stad’meneﬂ)|v1dﬁv6b|ftlie&'e11@feraﬁiﬁc‘/%ehé1@§te§106 426,

t he substrate

and 436. The sﬂ@iti &L Jll%l iB dccé%grfce %g al}ﬁ)gbodun 1 c?fr tl%ﬁpé(%ﬁz&?@fcﬁgns%%@np%%gm and 438

| ayer 414. The transparent [ayer seat’
from t he Pnt 8988 tealuhstrat ﬁéﬁ@onmflsqs ha mbum@gwec#ﬂarmeauéﬂﬁmmma 410. That

material s 408ansfR Id@él(ii16?&8&0&?@{1&9%1511Qgﬁgﬁgﬁ{}%ﬁ‘gggtélganéag he 4§6n tE?u:h orf%le

interior enV|ronnent of the process fror € 'sensors 412

are confi gur B HeHA W Gewd 43heontsiar om0y pluraditisd materiph 48% 42hambyss. Ghe t he
mat eri al s 4081ate14i284086m éﬂ&%{ %@Q%Ltaﬁ'vﬁﬁlrtﬁe s'ébssft'a@"l‘%eiazuﬁl &%1‘?&1%.'@& the%jo- .
In

cross-sectiopal . vi ew of erature sensing test substrate
accor dance WHHPER 1%8{%‘}%‘?1{3 OoFact R @h?JWé'é’éﬂ%%‘*qgn%nﬂd&ﬁs isphde sasper at ure 15
sensi ng 2@ést espbsiteat meéﬂlﬁuﬁempeﬁmscea eﬁﬂh cBntddi e takediea. | ayer 414 and a

transparent lI Y8r e?en 1t;fg.n g éegr 410 is configured with a

plurality of Cavitips éi% chiodiguie. as4 %pro &K nBliiatcde% the process chamber 402,
and the substrate support 404 is typically heated. The temperature sensing test substrate 415
may be used to determine the temperature or heat distribution of a substrate that is being
processed in process chamber 402,

25 {00306} As a sufficient amount of heat energy is transferred from a heater to the subsirate
support 404, the substrate layer 414 of the temperature sensing test substrate 415 is also heated
by conduction and convection. The substrate layer 414 would simulate an actual substrate that
Is being processed in the process chamber 402. Thus, the temperature of the subsirate layer 414
would be similar to that of a substrate that is being processed in the process chamber 402. The

30 malerials 408, 428, and 438 being in contact with the substrate layer 414 would be af the same
temperature as the substrate layer 414. As sufficient heat energy is transferred o 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



cavities 406, 426 and 436 contains one of plurality of materials 408, 428,
and 438. The materials 408, 428, and 438 are in contact wth the substrate
| ayer 414, such that at thenno- equilibrium the tenperature of each of the
materials 408, 428, and 438 is at the sane 20 tenperature as the substrate
| ayer 414 at each contact surface area. [00351 Referring back to Figure 4,
as the process is initiated in the process chanber 402, and the substrate
support 404 is typically heated. The tenperature sensing test substrate 415
may be used to determ ne the tenperature or heat distribution of a
substrate thafsed 3atzb1©ia@>g)ces@ CROERSSaleh Iﬁo@lhﬂﬁ&ﬁﬁlocd@lmh[béﬂa éﬁlanes% §e00361 As a
sufficient anount sf erre

t
substrate SUPHSFY gaﬁaoiﬁ & ulscﬁgy évf'lggftarué?rémfl = iflm(fn I?%almt efnp X loc S%’rd éﬁs ensi ng
t est substr gireedtddbio Iaslscﬁb&d)d Hmeatmdomby aoampdmuma dstrilanidn pbmfelnftaubﬂtmtc Tayer

substrate | %Qrwlﬂgh W(yL\{? g 1e sﬁat%c%{é@n%&t&%l ﬁH}B% r%&t%f T‘LE;%EG% fi%&ﬂ.ﬁgﬁ@g

processed in the e tenperat
substrat € | A7) 41iﬁlguve(ﬁﬁde$)etc®pmthlarseilsmgt>¢1@1!0n®ft inacserayee witlkotchat i s bei ng

processed i rblﬁb%ml@ﬁz%ﬁ B %mﬁ&@fﬁb&ﬁmﬁ%pﬂ&%xe%@ns%?gtc%ﬁlbé et 64@% didpéRdAnd 438

bei ng in contact e substrate layer 4 t he same
t enper at ur e I&%CB%SWbﬁIWbéer éﬁhé*elna?éﬁmeé‘éill‘émgA%nll%qulﬁlftlntqi@ﬁ%a éﬂa“’éh@%@q s

transferred Jof?ﬁdﬁ?etd% bdlasn ARG erial 4@8 . ThaBshsf3&ht stRNB6SisGhAnER: 10fust i@eriadt eri al s
woul d be initi at ed. One or nore _sensors 412 sense the phase change of the

material s 408Pablepd withyvpding ghe oppitionn . goﬁ”ﬁ‘rﬁ%“iﬁs‘g‘éﬁ%;&}?gﬂei COVERSHT E he 9
sensed dat a fiRma, eIﬂi’)Qﬁ&Siﬁth@ﬂa&ﬁ@@&haﬁy&'fémﬁiﬁﬂt :ﬁ@ldbmdahm mn@mmaltpmenhas a and

pr esent the roce g., a
screen moni tY i ?)f(erBC 5’8 18918%1?151?lsﬁFl%ée%ie&akﬁogés CL(I)lSl e couFe ) Cgﬂtf‘cﬁ t he
formof at ememat;unfﬂea it the prokése phapibets0afwitila beisgiirsied btteedndleegontad14, whi ch
woul d be r egﬁ:?%gg&;fﬁ:{ly '(QJessghcrl %E%dz%{j‘ hE ug;'mg{uéﬁtgfﬂélﬂ 68, Rlsgﬁsopécl,’l?s lgéa%gessed

substrat e. ure ows a ure sensing component In
accor dance Vil thh prness clamboidiOdentenssfa phise clmns%@maiqwqb@%tthrewh tedipErEiiur e

Sensi ng GONMRAGERE. ﬁéranél 181sSROSEY el be PLAE %ﬁl&ﬁ@é‘b@fmeﬁ@%‘os kg gnperature

sensi ng corrponent |nc udes a trans arent shel conf |gured to contain a
materi al 608TEAFNET Y BPEPRT @ﬁwomﬁléliawn@%w @e%ﬁd@ciwg PRIbSifudiclipgPent al

capabl e of %ﬁlhﬁh@ﬁ%e@otﬂb@o%@gbé@@ﬁ (S@mgef,théa@altgam@ﬁﬂswga@m Bhpemes gy,
m crowave, reactiv [ oces?\gcha er 2 Wi t hout

, 6
any degr adatFgKe pep hf‘?“%ﬁﬁ@?’%‘cﬁc l?eﬁﬁ)é’y‘v‘lf”io%"s %Ob%%él%’é‘ff’p IERUILDEREOAS: | ohust
mat eri al i s AQuaihtuz acddad, @mtlﬁabnﬁ(ﬁl& Unﬁimd@laﬁcl @an&ﬁhy(l@[) bigoiide. Fondaseotf Wi th any
surface 2\/(\9 t

cont act Meult Rl R TR P ae e e Rume oS R P sRE PR ahel
606. A sensehovblkisposd Inoplattees:bhambe; 602 in Figure 6, however, within the scope of the present
invention, any number of temperature sensing components and sensors may be implemented in
process chamber 602.
{0038] As process is initiated in the process chamber 602, the chamber surfaces are also
25  heated. The chamber surfaces could be heated in many different ways. The chamber sutfaces
could be heated by a circulating fluid, a heater, or any other appropriate means. The
embodiments of the present invention provide the method and apparatus for accurately
measuring the in situ process temperature.
[0039] The material 608 being in contact with a surface within the process chamber 602
30 would be at the same temperature as the contact surface. As a sufficient amount of heat energy
is transferred from the contact surface to material 608, material 608 will undergo a phase
change. Sensor 612 senses the phase change and transmits the phase change data to a process

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

10



in the process chanber 602 to sense a phase change of material 608 through
the transparent 15 shell 606. For exanple, sensor 612 may be a | aser
spectroneter. Material 608 nay be an organic or an inorganic conpound
having a very precise nelting point, e.g., nmelting point wthin the range
of 0.1 or 0.2 degree Celsius. Sone of these organic and inorgani c conpounds
i ncl ude napht hal ene, salicylic acid, benzophenone, Cobalt (11) N trate,

Al um num benzoate, Al um num acetate, Antinony (I11) brom de, and Antinony
(111) chlori se of 20 jllustration and di scussion only one

t enper at ure sdéﬁﬁ“ﬁﬁ a“ﬁﬁ]%?ri’é?FFSSBﬁlém%?Hm@%%%W gy by pay oshspnnidifsposed i n

process chanbeten6iitbn The Gre@sdd phOWRMEY dataWoklB b int it 0P SathBe present
i nvention, of tenperature sensing conponents and sensors nay be

a
i npl enent ed %ﬁuﬂﬁggﬁ%ﬁ% chamber 602. [0038] As process is initiated in the
process chanj@H0602Fighld Achanascthauddipees: anengdosPonadbinheatReke Wihanehanber

surfaces coul, er ent surfaces
coul d be %eatggaﬁnggggﬁggeenlnﬁ%h?151%mp%mwgﬁ¥ﬁwgC%Wxﬁﬁ9qg}ﬁngﬁ Pptidpri ate
means. The erPutitapnret BH it recesy @sebdr 70N \SahitiatV 1 iscilto dapssheomebiiast and
appar atus fog, gg&@ ‘?'(54at’l%ln¥e1atg}%%§ﬂ§{n? n&n;%orﬂgﬂbﬂ) 1%%3} HhvPL W?l% ﬁo&‘ﬁ%@s aj {8 [ 0039]

The nateri al being In conta ace focess chanber
602 30 woul dinfdsut 74 H@‘-’%&Wl? aipaR ateaseectely mtm@ﬁtrawp o§lie fceafax@s inAs a

sufficient amaﬁm@fseﬂ%@tcoﬁ Gle8Y710. SradefiABREN % drd ) ﬁtﬁb%&f?%}eét?a&e surface

to material 608, ria 8 w !l undergo a phase ange nsor
senses tHg pFHRRE! %&@Oﬁﬂéz9Wéﬁ%ﬁﬁ?§ﬁﬁﬁ@dbﬁ%@%P@%&ﬁ&é%ﬁgmﬁﬁw@sé“bWécess

chanmber syst &m. O’Dmbu{gﬂlmh@l[e 7ﬁﬂ@w@£e@&:@§ﬂ2%%@%611@1&@%@&%1&&'011&@1@6 pf ocesses
t he phase ch% es the processed t%die change data to a

user by way of tg%alsusg "mé 27( e?’?yé@@geré’ gFrsors,ean O pasg i SeigittediaseriReprlocessed
phase changeH@®m@st@uhd7bbI%nmmmﬂehmEﬁmaﬁnﬁ@h@&ﬁﬁ@ﬂé@msdﬁSka@@thﬂmplOtS

00401 Fiaur g, 16 500152001 NSLLETREL AL LS, SeDSh N0 comonent 1 n accor dance

wi th one esen e sensing
conponents 7140414 dﬂ%&@%@@ﬂwmwaWJ@m%sfmgm@msmp$mmgc&ﬂﬁnmn7ﬁlnﬁeﬂsnﬁhanber

702. Substr &g, i‘ﬂélieh%ergtlux%g g@&ﬁ%ﬁerﬂe P&E# e wﬁﬁjg e%lil{[ké 111hnt-|c_>%gg erature

sensi ng conponent aral cavi in Figure
7A, naterlaJ@CWT8M§W6m7?85@%%mﬂéﬁﬁééEWV@PWW@@nvmmnédmﬁnmﬁmnwg$mgMémtaV|t|es

in tenperatddieisensk Hprc6RIRINEMA nZ%z%ces!:vaitaf%Bél%§ tﬂ&%bﬁﬂ% 8 %p%n%«% in contact
with substrate gasqgﬁort 704. Sensors-712 are con ured to sense

phase changé typiga talﬁéuh;ai%plaﬁéfmg of substrate 714 As a sufﬂcmnt amount of heat energy
20 is transferred from a heater to the substrate support 704 to heat the substrate 714 for processing,

the materials 718, 728, 738, and 748 are also heated. The materials 718, 728, 738, and 748 are
selected for having very precise melting points, e.g., within the range of 0.1 or 0.2 degree
Celsius. As is well known, the temperature associated with a phase change of a material is a
constant for a specific composition of material, therefore, the phase change temperature for

25 1materials 718, 728, 738, and 748 may be used as a reference temperature to confrol and monitor
the process temperature for substrate 714.
{0042] Sensors 712 and 722 configured to sense phase change of materials 718, 728, 738,
and 748 transmit phase change data to a process chamber system controller to control the
process temperature, ¢.g., the surface temperature of the substrate, to prevent temperature

30 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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728. Al though Figure 7A shows sensors 712 and 722 configured to sense phase
change of materials 718 and 728, any nunber of sensors can be used to
sense the phase change of naterials 718 and 728. For exanple, one sensor
may be configured to sense phase change for any nunber of nmaterials
contained in the tenperature sensing conponent 710. 15 [0041] Figure 7B
show a top view of tenperature sensing conponent 710 and substrate 714.
The tenperature sensing conponent 710, in accordance with one enbodi nent of
the present invention, enables sinultaneous tenperature sensing and
substrates piécgssiligues stbives flewdie:t tidtaiing sAsetbodpl egeseli sedsmingimtied in
process cha o]

Paci 11 tate phossaanpkdfsokpabha) Gusigonhadtt ol f phiBl S, 1BEhEHA
energy 20 i sbegmawgh emqraéldnfi@wmachean@qn maye fehipergiuls Sens e compApYs o204 t o heat

the substrat ﬁogegs%hdx%er p’[‘l%@&?ﬁéreﬂ&e scngmg orfﬁﬁa%f?ériills%? w18, ole?e&eml?e?'&ue and,48 are

al so heated. The materials 8 are selected for having
very preci secomBpientsgispuspadtageordinggo theypdyp ﬁm‘PWénqﬂ&rfééw@FeS@"‘f nvgtiop Pregdyr ee

Cel sius. As jrgceWal imtiﬁﬂgmha biogesd @1@:@3& iﬁ{: &Heﬁtlﬁﬁﬁc irad diah bhcas Bhaggiichange
of a material is a nstant for a fic conposition of materi al,

t her ef ore, t%&sebﬁ%}?ée ’ﬂ%ﬁ‘?@‘écatc]éﬂfpﬂ%“r‘&ft&‘ 11“8}“@28& & EPpEpEreFYBIng 728, 738 and
748 may be usedomsisén dspefetesize Che spedatdies ohegodtess@hargtitd de@nilt hase t he
process tenpg ratur for ) Sensors 7

configured tf nse P aat%"é‘%é?uglﬁgeépe“ “’%EEP@ éFge“ﬂ%c"mﬁ‘?ée“j&#éQP“'“"“OH§06748
t ransm t lphdBe pohen gendat sysitio cantipilepessssehianese chyge datr boptchof fter to

cont 1ol Lhe mRLORSS S AIPSIE U Spu Byl uroldles SHIT ASEA RIRRL AR, Al he

substrate, prev e varl a ns ect process
out cones, rgatenal:us Flfetm@ailleden preresPodld), ofl idepgiatien §idatharweciited legparitaiohddeict or s.

I'n addi ti Onueéohﬁd P 9GRS« GPABREL 1§M%%Hx&fh‘ﬂﬁés%éo%te@%h he PRAY LG ed t%@' -tine
processed phase change data to a user by a user interface,

screen noni t4Y of tihgatevgoliskd deginprraed! C@H@#@@ddh@&x%ﬁl% a%@lﬁé@éﬁb?é@aﬁemné
di stri buts ortelmeeatn&e oflgh. i&@ﬁ@be]ﬁhﬁbﬁli@yl& a5 QWEa Belfih OB P@ithrede1 B defiag a met hod
of accurat el surlgg q situ grocess %Engerature in ﬁgng th one
enbodi nent SE“H CRoRR@ATe han g Blting ropsraare ol i b deergrd s Gtel ¢ 3@?%? %n 800
by pl aci ng QMﬁmﬂ@tﬁmﬁﬁmhemﬁﬁhﬁgﬂéedﬁﬁﬂ&hﬂ@n@ﬂﬁﬁﬂﬂ&ﬂhsahmhmg&nmahmﬂﬂﬁs

chanber. Th ure,.sensin one ma enperature
sensing 5 Cg%%§3 nts}salssp(‘:]‘lufélgi g%% Egaﬁgﬂ ¢ mﬂ%ﬁ? ﬁ%g%%%3 kﬁ%hts of the
present i nventimom (ITHeopidahasprodiegsensranne ¢of %tcadgienCelhies, pnosessong f&rber i n

Operat | ofh B8t b BlithPlAaRERACESS  Gueplully  causes a phase change to
each of the naterla In ective erature sensing
|0G44] Iﬂlgme 9A shows a tcmpma‘rule mdxcatmg apparatus in accordance with another

embodiment of the present invention. Figure 9A shows the temperature indicating apparatus
G604 having a cavity 906. Cavity 906 has at least two chambers, for example, a first chamber
912 and a second chamber 914, [n this embodiment, a material 908 is disposed in the first
25 chamber 912, A cover 910 seals the cavity 906, The cover 910 may be a transparent cover, $o
that the temperature indicating apparatus 904 may be used to indicate in situ process
temperature as discussed above. Similar fo the temperature sensing components as previously
discussed for other embodiments of the present invention, the temperature indicating apparatus
904 may be disposed in a processor chamber and the phase change of the material 908 may be
30 sensed by a sensor configured to sense a phase change of the material 908 through the cover
210.
{0045]  Figure 9B shows a temperature indicating apparatus in accordance with one

embadiment of the present invention in which material 908 has undergone a phase change. As
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conponents in operation 804. One or nore sensors in the process chanber
detect the phase changes of the materials in the respective tenperature
sensi ng conponents in operation 806. 10 The process chanber system
controll er processes the phase change data for each of the materials in
operation 808. A tenperature associated with a respective phase change of
each material is determned in operation 810, and in operation 812, the
associ ated tenperatures are recorded. It should be appreciated that the
tenperatures associated with the phase change for any of the materials

| i sted her ei shoam é gt 9Blolcuneate 08 iFomsexedfodneihe ﬁapﬁtwmah@nétdtasseaomdel ting
15 tenperatu i | ‘
tompor ot ur e aF=1s oy SEALEE M AT 1ol B R B EP oGS o 3, BRI 1 e
of 48.1 degr b@l@é@lﬁ%ﬁ%gwe Giitsa[Tie (empyrawetmch@éngmamas ¥hglis ¢apaple @fmpybfraé@mre of
55 degree Oelvﬁétl&é%a I AT ML RROAL L S0 A v@ih"{ﬁ‘é Hd: 091 SRPRY @ah‘r'ﬁﬁo&ﬁ&vmé%
degree Celsius, Al um numacetate has a melting tenperature of’ 114 degree
Cel si us, ° AntF WSHY Iqertianof Be giveaial W& the %m?%gl -Stpsbebemated isgguigingegr ee
Cel si us, andinAitfRMmbke! $12)or 20 s6bhPEaMBerDas chRlnkiyNle tpiFBefad HIetas 73. 4
degree Oel sius. 10044 ure 9A shows a tenperature indi g}gtl ngc appar at us

in accor danc@PHFPH' %N yﬁg%b%g e ﬁﬁ??fesﬁ)?y"{eﬁ%coﬁ’fp&é@ﬁ? VG B BPESSSFi gure 9A
shows t he teﬂmpdrrﬁtnru thes 1td¢d¢d:aabzh1ﬁ@dladalas%btﬂ&tbtswnlﬁﬁélpifa@é/dhﬁh&e@fﬁl&Mhﬁl}@O@ﬁG Cavity
906 has at I&@ Wo . np 2 E st ¢ ng%i fﬁe nd a
second chanbeFEQTﬂInlwpﬁﬁﬁsa%@58ﬁmﬁﬁmmp gaﬁﬁF@ Ll PGHETEYPLREIEG in the
first 251@hambﬂmn@&ﬂmnA£®@¢éﬁn@i@ﬁéeahmmphencamrﬂ%l@@ﬁmkihhm@@wer 910 maybe
a transpare Ly .t d 904 nmay
be. Used to 1 Eulfanis ndRior HBkedbilE ol IPELRLNL 0L IR RO AR AR
Simlar to t¥sERyerdt ure sensing conponents as previously discussed for

ot her enbodi iRt s Qfimbile RLE SR aih MV e Qsent MeiSARAL AL RschiBEH i6 BLiNG
apparatus 904 maybe disposed In a processor chanmber and the phase change

of the nat erle&n, %180‘»1#13&33? U%el%@ds@hﬂg% opgrdigary sl ghat sprgsgi vantios g hse a

phase changenobditdg nimy &hb@bec@[ﬂ&oﬁlﬂr\ﬂﬂﬂh deRRIEINES the Sh@.or fRPSSImdi gure 9B
shows a tenperatur t|n tus in accordance with one enbodi nent

of the presaRET I AHEFSH: I DL RARAES ML oo HROSE® (TSP BOHE T4 phase

change. As il&tsthewand mcm rﬁllgwwarﬁlﬂne ibVedti ereik @clﬂltcalbe 190 ditsthe ﬁamsﬁmcﬁd fromthe
]]: :, :)Sr# Oﬁgagﬁgéeeleng %u% Ha lﬁ: mo%qﬁsg and plaor%mgg) Wlthll} %ca SCBP]Ea %f}e“tlheet agpenl%ec!l aal &%gﬁaggag?e& ce
versa. The tenperature |nd|cat|ng apparatus 904 is capable of i ndi cating
whet her pﬁ@@g change tenperature associated with the material 908 was

reach by obserV|n
Whar is claimed is:



5 the spatial location 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. Accordingly, the tenperature indicating apparatus 904 nay be observed
after a process cycle is conpleted to verify that a process tenperature
has reached a tenperature associated with the phase change of material 908
at sone point in the process as the process reci pe was executed, In one
enbodi ment of the 10 present invention, cover 910 may not be a transparent
cover. For exanple, where the tenperd&liwgsindication apparatus is used as
a spatial indicator, it is not necessary to have a transparent cover.

[ 0046] Al though B fewAenhadhdent praksstdhemperesentrisingvent i on have been
described in detail herein, it should be understood, by those of ordinary
skill, that the presgahtureiventingncomyodeet ldispehiodigedni 8 rany defikiag dpecific
fors without departing fromthe spirit or scope of the invention.

Therefore, dehfcdiREQTro@¥OMLBS:, AHr SO W AR tSreb illeRBoaON T IS EAGyAS
illustrative and not restrictive, and the invention is not to be Ilnlted to

the details provigafpatRenei s Q%mam%mglom%@aw practiced within the
scope of the appended claims. 5 047 is clairmed is. 13 CLAMS 1. A

sem conduct of - PraGes S GhABRRNnhR RSO A BIRRLELULS %saﬁb aagponent

di sposed within a wa ining t m conduct or proce wherein

the tenperature sensing SS&WﬂﬁQEhehs%ﬁuc%nﬁ&‘{&t;}{c)ces clf mbezagr% v hllﬁl%;/ﬁr

di sposed over an openin ter il

cavity of th erat ur nsi n sen or d 0 mﬁthln
t he senlcon&%éﬁ%r %P@é%?s C aﬁﬁBrCSW@y ‘suhﬁmgeﬁlﬁ Spf-nange %ﬁﬁF nw
materi al , Q %ﬁ gr confl ured to sense a phase change of the naterlal

t hr ough t hé™°F @% Bﬂ?“?b é’r 10 2. The process chanber of claim 1,
mhereln t he phase change i ncludes one of changing froma solid phase to a
liquid Bhase or changing froma liquid phase to a solid phase. 15 3. The

process chanber of claiml, wherein the material is one of an organic or an
2. The process chamber of claim 1, 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 3. The process chamber of claim 1, wherein the material is one of an organic or an

inorganic compound.

4, The process chamber of claim 3, wherein the organic compound is selected from
the group consisting of naphthalene, salicylic acid, and benzophenone, and the inorganic
20 compound is selected from the group consisting of Cobalt (II) Nitrate, Aluminum

benzoate, Aluminum acetate, Antimony (11I) bromide, and Antimony (I1I) chloride.
5. The process chamber of claim 1, wherein the cavity has at least two chambers and

the material within the cavity is transferred from a first chamber to a second empty

25  chamber as the material undergoes the phase change.
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i norgani c conmpound. 4. The process chanber of claim3, wherein the organic
conpound is selected from the group consisting of naphthal ene, salicylic
acid, and benzophenone, and the inorganic 20 conpound is selected fromthe
group consisting of Cobalt (I1) N trate, Al um num benzoate, Al um num
acetate, Antinony (lI11) bromde, and Antinony (lII11) chloride. 5. The
process chanber of claiml, wherein the cavity has at | east two chanbers
and the material within the cavity is transferred froma first chanber to
a second enfpty 728 plassbeharabertoielamatle mibatciutidergoess ¢ hecrphagmuiangsl. 14
6. The process chanber of claim11l, wherein the sensor is a |aser

spect r onet ethg tramgparehhepver acsppssedtf qover i s conposed of quartz. 7. A nethod
of characterizing tenperature distribution in a process chanber, the 5

met hod conprising: |ocating a tenperature sensing conponent having an
enbedded material within a wall of the sem conductor process chanber;
initiating B prosesshePer @hér@c!leﬂﬂh}g;i;o%gfe%r@Q:Tﬂtﬁ&ﬂi&lcihchr pREQS ehameamher ;
detecting a phase change of the enbedded material within the wall of the
process 5 10nh6dadbehpdtough a sensor di sposed within the sem conductor
process chanber; and recording a tenperature associated with the phase

change. 8. The ngthnd aorf:mg&%@u@ s%nsifa!;'rc&ﬂﬁ%neﬁ?ﬂmxigsérﬂ&ﬁbe%gcfhﬁ anNQHRGT

tenperature sensing conponent I nto a substrate support the process

Se”iCO”dUCRﬂﬁh&ﬂ%QQEBCm%@m%r?EggsEE&#&Q-Of claim7, wherein the wall is a
t p

si dewal | of e sem conduct o rocess ‘chanmber. 10. The met hod of claim 7,

wherein the phasi%itl%ﬁg nge irg Celssu doe%raggr? \% 'h%hglgegisn%'cf £(gun}01’201' aesssou‘la% ep_ase to

a liquid phase or ¢ d%glﬁb *FomPa I|qU|d bh e 5" ]8"SE |dpﬁﬁase and "’

wherei n the, phase change.causes novepent from.g first_ chanber to a second

ooty chariSBPLE Enrires FES g r it Hr Bkt g oAb ReHE ok of ditaReBinod of
laim7, furth i sing: ing th ded material with

f r :In rsn p aE}Oen;JCBE‘B fé‘r ﬁ:?cr)@%l .‘:'1S Isgl%or ?spgge\ée&&tﬂi% theese?nqg)oen uc?tor gﬁ)cggsl c?ham\ger; an

recording a temperature associated with the phase change.

8. The method of claim 7, further comprising: placing another temperature sensing
component into a substrate support of the process semiconductor chamber,

15
9. The method of claim 7, wherein the wall is a sidewall of the semiconductor

process chamber,

10. The method of claim 7, wherein the phase change includes one of changing from
20 a solid phase to a liquid phase or changing from a liguid phase to a solid phase and
wherein the phase change causes movement from a first chamber to a second empty

chamber within the temperature sensing component.

11. The method of claim 7, further comprising:

25  covering the embedded material with a transparent cover.
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