APPARATUS FOR DETERM NI NG A TEMPERATURE OF A SUBSTRATE
AND METHODS THEREFOR BACKGROUND OF THE | NVENTI ON
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temperature, substrate damage (e.g., photoresist damage) can occur, and temperature-
dependent chemical reactions can be altered. Substrate temperature may also significantly
affect plasma selectivity by changing the deposition rate of polymeric films, such as poly-
fluoro-carbon, on the substrate surface. Careful monitoring may minimize variation, allow a
wider process window for other parameters, and improve process control. However, in practice

it may be difficult to directly determine temperature in-situ without affecting the plasma
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[0009] In general, a phosphor is a fine powder that is doped with trace elements that
when excited with short wavelength light (ultraviolet or blue), emits light at a longer

wavelength. Ceramic phosphors are generally preferred in plasma processing chambers
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is matching network 136, which attempts to match the impedance of the RF power sources to
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[0016] Referring now to FIG. 3, a simplified diagram of the lifetime decay
characteristics of established phosphors over a temperature range extending from 0° K to
1900°K for the main emission lines of each. (See, Fiber Optic Temperature Sensor for PEM

Fuel Cells, by S.W. Allison, Oak Ridge National Laboratory, U.S. Department of Energy, p. 7).
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first wavelength and the second wavelength to be transmitted, and wherein the barrier window
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byproducts when exposed to the plasma, wherein when the electromagnetic radiation is
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phosph&ten 8Os g eetangdr Wiheskici ng a first set of non
vol atile byproducts when exposed to a plasma. The
[0024];et hodTRése Anll BEeH @RSurBOST the Bris& idvRBbS Wil b¥aBLEYed in more
_between the '%OSphpr' material and a plasma, wherein _
detail bplewharthg datailgidrigewipiion®ishesinverding tand irpeonjimmtion fwithtibe following

g first wavel ength and
igures.



the second wavel ength to be transmtted, and wherein
the barrier wi ndow produces a second set of non
WO 200031983 bypr oducts that is |ess than the firBCT/E81000635620
non vol atil e byproducts when exposed to the plasna.
The net hod fBRIBIEDESORIRHEIN @t BHRIDR AW/ INGES
tenperature fromthe .decay rate of the fluorescent
[0025], o pon ]%ﬁ%ﬁ{ P Entignds tﬁi‘&ﬁﬁﬁai‘yiv@yr%&?‘%m’]&nari ot by way of
limitatidn2 st i ﬁf@sb@tﬂe%ccﬂﬁ%ﬁ%ﬂ@d ARIRE had id WhitH BRe td16r
barrier v%vindovv. [ 0024 hesé\f and ot her teatures chet%uemerals
refer tpsipdlenelemani@mnid onwhichl be described in nore detail
bel ow in the detail ed description of the invention and
[0026]i n conflGhd tillastrates atvotrmeorf i dsphwr tiger friogetrg oBfREERtion as used in
subst I?ESCRI TI ON OF THE DRAW NGS [ 0025] The present
SO PBAYRENTPE i | | ustrated by way of exanple, and not by
way of _ljm.tation, in the figures of the acconpanying
[0027]qy qui ng@- ?ﬁ@uﬁtﬁt% seﬂphgqéedla&rﬁ@r@mpmmw@lm& Rlpsma
ShZ{8m S @B ospidhd uoh: [0026] FIG 1
procesilglh}' "ate Fron 6&82%?1 Pt

strates a co her nonetry

conf i P i facturing; -
ona8i£00t) SHERS AR S BB RRMGRSAME Mo o
establisledatibsphoed gvet atigrhgdatnteange GraLREsirag 08 KStoeIP0OPK forahe main
. .phasphor thernonetry; [0028] FIG 3 illustrates a
emlss1§ri1 ﬁ’b‘?siqfieé?}”di agram of the lifetime decay
characteristics of established phosphors over a
[0029]t enperiHfuftallvsiatss asimplifisddjagrammia skbstetd @0k phesphbeparticles

i i S i . h: [0029]. FILG. 4.ill
o P LR e o SH60, 00PN Gyl Lt e
003027 L 4 3RS, RuSHRS i B MRS b

illTustrates. a sinplified diagramof a substrate with a
[0031]510sp h%% gé]t[%gr‘i‘fatef GosRpmEssien 2&nh of geeiatiQ2)a

transm ssion %r aph of quartz (SiQ); [0032] FIG 7
[0032]; | | ystllsk ddllustipies adranamissiengranbipf dprasdicstsi dlassat e

gl ass; %30033] FIG 8 illustrates a transm ssion graph
[0033]of sapgpfi BallusteBs4jtrapsGissionigrdphatiisapstea transm ssi on

graph of magnesium fluoride (MgF ); [0035] FIG 10A
[0034]i | | ustligt 8sllustmienpltishimiisidhagphrof ofagaesiwnStuoaide (MaF,);

which a barrier wndowis secured to the substrate
[0035]wi t h aFIGadbAag]lvstrates @Gihplifig digoram cPaaBitrOin Which B®arrier

. , inventian; [052‘56] FIG 10B illustrates a sinplified

windoyjiigsecured de the subsizae with apadhgsivenaceerding to gHrabbment of the
inventiB@! ti cl es have been manufactured into a barrier w ndow
that is secured to the

[0036] FIG. 10B illustrates a simplified diagram of a substrate in which ceramic
phosphor particles have been manufactured into a barrier window that is secured to the

substrate with an adhesive, according to an embodiment of the invention;

[0037] FIG. 11A illustrates a simplified diagram of a substrate in which a barrier
window is secured on a substrate shelf without the need for an adhesive, according to an

embodiment of the invention;



substrate with an adhesive, according to an enbodi nent
of the invention; [0037] FIG 1lIA illustrates a
waeowplosfosed di agram of a substrate in which a PEF/UE®6/035620
wi ndow i s secured on a substrate shelf w thout the
[0038need fWHIG.diiBatibes avimplifdaliairng of a salsterdiaditiens bakier window,

., the i ti :[0038] FILG 11.B sh ' lified
i RO SRl EL S e Sl g S e
with af BdiRlshaeRedubayRE sRfif, Q@Jo?(gl?? tooﬁpéﬂlylﬂfimgﬁrtﬁ'tﬁé ﬁ%earﬁdo?r

| ateral |y and perpendi cu y secured w th an adhesrive

on a spilstfat I - qing | of .-
009D = 812150 B05 i RRACAL A 0,0 AL oo
barrierdiviadoanwits adégewnf cframivephosiist pattieles) is lasbrialif secubal wite bn

W ndow,. with | ayer,. of cerani ¢. phosphor. particles, is
sy, B8 efle SRR ' SO G ing 10 \RSPFar o

shel f, cording to an enbodi nent of the invention, =
[0040][ 0040]F I%I- (]52 1li@tﬁatqs @ﬂmﬁlﬁf@ cgagwf iafspbsdra@ﬁ agrligh @ba@1er window
is secusdPRiih 856 df‘&fr\éﬁ'l'a? ) et@?{cﬁbﬁ{n&\"% R WM todingE %ﬁ%.imeﬁ oft

set of circular gaskets, acc ing to an enbodi nent of

t he i th of; illustrates a si.nplified .
100411, or oot PP iR chihing PR G R bet B window
is secuseicwitled soii dfhe@arpelar @hslieas hanglih@to ApaKRidmeRGTRtinRention; and

to an enbodi nent of the invention; and [0042] FIG 14

[0042]i | | uStFIdH. @8 iustiateBlalsthSechidd s Fh vArRR Wih&w M WHRW a set of
) in which a set of difference ceram c phosphors is
differegeps¢arampisathosphosnisdiopigionesl, apcosding t areembaedimenieof the invention; and
invention; and [0043] FIG 15 illustrates a sinplified
[0043]et hodFIGed 5 atbestrates agiraplifedpesthodifee nufasaing empatature of a

subste 0w e BT B By vnT

00 T t ] ] i || be d i bed |

SN At R R R N
[0044]} Eeltr th%gﬂ%egfrlegeln‘; HEARSERI A %d&%ﬁeémﬁr@étaﬂgw@ I?é@é@&ée- to a few

_ ow ng description, nunerous spec
preferrgé eabpdiments thereof asritlhstiateddn dler accompamyinglérasvitgyofrohig following

.under st andi n presenpt .i.nvention. | |1 be
desrinf b ERAON Bite i delils B e it Pivwidsd hotong ¢ e
undersRN@HGI thaprefiint Biveoh. HEwiNRGHb&RE:, Wb iHBRU! toRERKAEd &) the art,
of these specific details. In other instances, well

that th%ﬂl@mt B¥s8 .'@’SH)@Y @9 g;)ra.@ﬁmcbwiﬂgqqt gemeg poesall hﬁﬂlesqjme_cilﬁ*@ @latails. In
other igsgeﬁﬁéé %‘#lhliﬂ?m% 8&!35 Efgeé;gnl}%?(%r ﬁJtrB[: t&g{lﬁ{}%ﬁﬁﬁl ‘;é%ﬁ gl?slcyibed in detail in

scure the present in
order tavnethirmgedssariig obsuuneltheyprésb@dnyentione i nventor bel i eves
that positioning a barrier w ndow between ceram c

[0045]phos phwhile ast wish@g 686 beurd H5tBoryeihe %x}e%ﬁoéﬁeveﬁ that positioning

determination of a substrate tenperature with phosp

a barrigriygpdewbeiweenicetans phosghorpazticies andaapiesmamay alowahd on.

. [ barfier w ndow conprises .quartz.
L e M A )
chamberagoptaintigatidnn Iresh efbatineBthe bahiter BRI CobASRWuartz. In an
embodiment, the barrier window comprises sapphire. In an embodiment, the barrier window
comprises glass. In an embodiment, the glass includes borosilicate. In an embodiment, the

barrier window comprises MgF,,



conprises glass. In an enbodi nent, the glass includes
borosilicate. In an enbodi nent, the barrier w ndow
w@oopi3®exs MgF2. [ 0046] In a non obvi ous way, tPEI/US2006/035620
addition of one nore structure in the chanber, i.e.,
[0046]) he ba]nraimm dm:VI[tdﬁanypﬂ&QﬁdﬁbﬁtdﬂleﬁmniohEstﬂﬁhﬁmmthe chamber, i.e.,

hosph particles and the can .reduce_pl asma
the balg @%ﬂﬁ%ﬁ?f&t@% e qefanwa@h A pratelenpnd ths plasmpegn reduce
plasmé El?hﬁnﬂep %rﬁarhﬁlaﬁoﬁ“ If‘hﬁarleeﬁ g?ﬂ%ré?l%r 53Ry &My f"%llel%rls ﬁiﬂflﬁgal risk of
03|t|one

by ceram c phosphor parti et ween
contanginhigan causeddnyceranaicqihosihor partieles ppsfabndddwgweegldhe peldstryte and the

s SR AR Rl ST LR S

substrzh@ A6Rh eRlySElMRRxBSealtb R JyR08dUHefice CRBPhAN RElatite tblj}plcoducts
ot her organic and |nor gani c byqﬁ)r oduct s generated by

Combinjipg Witk ethar @g@@@@g nsganye bwirp &gq@p@@ﬁﬁcb}sthﬁ@}asm process, non

volatild %Pﬁ%ﬂﬁ(ﬁgrsngl? thE ﬁtel%glt%a fi:lllllit%nla %{fgct: r?@d %f %Cc%%ﬁl:g?r \gebl 5 resulting

in a filhothef thds te e Idyffmuawaﬁfﬁiefnﬂp Bvidiete[floas the plivadbeamber.
[0047] Contami nation may becone nmore pronounced as

[0047]devi ceCeglitaimtion sagibetdtke aldge ﬁi‘éﬁ@uﬁ%@& a@@@ﬁcer@h%hm@hs%slmnk and
are used. Exanpl es include high-k dielectrics (Hf Ox

more advaopdynatesialy arp yisech Foremples irstade hglek didersri¢sHiHfOK, HSixOy, etc)

enod e b RIS, BB R ARe YR s o

NiFe, C@e FeW, et ViBterdaneéittyprodudi’d €Cu.e8u|AdWB, Poletdit aRE resulting
0sits may event ually fl ake and hence i ncrease

Poﬂutaéla g%ﬁ{@ Bey Frsputenl Ysﬂ?é@taﬂé@enwéﬂ@é%se sugcghtikiity plesuhgigate defects,
reduce%h@ﬁe%ﬁﬂf%%@tv% ‘ﬁ%ﬁﬁaﬂﬂlg((h//ﬂﬁ;?) r&ﬁgé'?félcy efl Bor &lfun1d Qiependmg on
di ng on a uctr

exanpl e, depen sma process, con
the plafsmtarpr@e;iﬁo sondnictieg filno depasits piaafmm oﬂnphibmaa cha&hbafrlln‘ttbnor surfaces

R T TN T N TR —

depos1€’sq8%5édr§1115'(ﬁé’tc9§lﬁ§lﬁé Bty basp! asma denSI ty drift.
8] The degree of dep03|t adhesion to surfaces

[0048]\’"I thi nrghg ggnt iyl g051@£ﬁ11651§19foes&ﬁ??s;}é%ﬁﬁ%eéﬁaf&ggrasﬁ hgxfxce the

pot ent 1 al ation, 1S usua ependen

subsqupmoiegree of paenalpookesnsitioy, sesuglly c(epe@de,nt ol &@ spbcific plasma

A e

chamb@@ﬁ&@ées% ‘RHQ Ih%ef?&alv gfgénﬁtl{oﬁﬂgteﬁﬂ@o Qéw& éhn adhe§ivtlie., C-H,

.), since Cros
C-C, q’*@ & Qv@I-N ¢ hksi@eﬂqsadmkeémlzawelymtm sidlctﬁli'lasa&e created. These

roduct s even al ly flake ease
oyprodN BB SisiRy a5kE B Bpiokies FePuBREy oL SHSEEE drfectsmspince te
mean ﬁmﬁbetb»fééﬂ\aeﬂnﬁé TR, {MIEG)ield! @UESR exhBbR, d&§chdinE@h the
npl e, depending on the plasnma process, conductive

Plasm% PIPFﬁSéaf COBQWWG ddmsofbyyradyetsmsy fprrwmlacsh?@rﬁb];embﬁwn@moo gurfaces
which Rty 18083 dhf §cdinl BPAC ilG s \Wﬁ?%ﬂ@ bt rent - the
o023 4 DG COTREL e AR (S0 5y HANE s

comm@H1P dsksin plsHal dh8mBYRIsBEE ¢ t8ndshtdpr&RiBe volatile byproducts that can

easily be removed when exposed to plasma. For example:

PLASMA

CF, - CF,+F EQUATION 2



easily be renoved when exposed to plasma. For exanpl e:
PLASVMA CF4 (r) CF3 +F EQUATI ON 2F +CF3 PLASMA >Si F +O

WECIOADS@B8 3 HEAT [ 0050] Referring now to FI G PCT/EHS2006/035620
transm ssion graph of quartz (SiQ2) is shown hi

gener al uartaSMcan transmt a substantial portion of
|i ght Bet —yev&ifeh@t h range about 0.25 ni BRUASTION 3
about 3.5 microns in order to illumnate a ceramc

ho 005 eLr 10 FILG 7. 3 c:m s
005010 e R PSS ot CrbPar o Bt e S shown. In
generaNq%@rt%é@ﬂ‘ﬂ?arfSﬁnt%’ﬁ@Kt(aﬁﬁal YortRAr Fflighebdtivien HOaoSEhdtR ?én%e about
ass is generally chemcally inert to plasmas and

0.25 nﬁ@ﬁ%‘wgﬂ@ﬁ@%ﬁ axcranyisArdergo WbinRE detanip phoshbiet.s. | n
eral, borosilicate glass can transmt a substanti al
[0051]por ti oReforring] r@m tOtfdﬁmé,emtralsmsseqregrgplhofMgahwte glasis shown.

Ut =2 cron n or
atso iyt T BLERD S o alhE BRovd sphedheb Rmigehelnen o
plasmaElaﬁd h8ncedgehe@ts mrﬁﬁdt 80 nghefiilebys@aadis. N8 geserslNBYdsilicate glass
phire i s@gener al | ﬁgchem cally inert to plasmas and

can traﬁ@ﬂlé & sglsiantisf partign epHehtrhstwgapreotanelangth nqng%ﬁ%q:b@pt 0.5 microns to
about %ﬁ”ﬁﬂ@x‘oﬁ? i & et oqpuc‘rHLnta teh &?Qﬁ%ﬁﬂ%b@oﬁpor tion of light

tween a wave ran e m CfOﬂS to about

cr in ot der umnate a e hos
1005210 o5 RIS RRESTIG bt wHRIB S B LR E P BuROR S Spisapphire i
generally chagieally Liyiftb phrindead M} gbieraBOMMost #b BRR6dRks. In general,
nerally transm.t a substantial portion of

MyF2
Sapphl%g C@Httr%gg%lﬁééﬁb%mbmraﬁ@ ehlighigbvespsuvaiglensti ienghabaub0.2
micrmﬁ k’l@ Hf) lﬁf&ﬁsln bﬂlef)fodiﬁ mtlﬁlaté !:1 L @@uﬁ%%er am ¢

'S extrems rug | e when

o AR TS SR SIS R o

shownVinngaeal, MEDaRE dendrilly SaRR1H 4 ﬁlbatraﬂﬁarpo%%fqrght B&tween a
pl asma side to substantially reduce etching and hence

Wa"el@é‘%‘rréagf'c% oyeASrmicrans to plons Ajmictong i endBb@iiHeminate heeramic
phospHR Tt }seerxtx‘é‘lngggtiﬂggéd aﬁf?ir}fdlr%é Gileh @ ]51)%%{(? toﬁ}vslgs‘?%{\% Lag&‘ ﬂﬁgnse{ptpﬁg'e

wavef ront tion ener ar
produced wlfiosbnod bgpstiosts.ilnan |embedmrhamataeﬁ1atty bakis windvgv istdated with

.ho eneity of the refractive i.ndex of the barrier
sapphif %ggmﬁ%%d%s% RE’F%‘F ﬁ}dﬁdo ﬁw@aa rgduggpichigs angpenceibyproduct
generaflb@gram i s shown of a substrate in which a barrier

wi ndow is secured to the substrate with an adhesive

0054 accor
005426501 S TP D kSN g o i
wavefrontqistosteonaln general, transmitted wavefront distortion is evaluated by measuring the

homogeneity of the refractive index of the barrier window.

[0055] Referring now to FIG. 10A, a simplified diagram is shown of a substrate in
which a barrier window is secured to the substrate with an adhesive according to an
embodiment of the invention. As previously described, barrier window 1040a may comprise at
least one of quartz, sapphire, glass, and MgF, In an embodiment, adhesive 1005 is a silicone
adhesive. In an embodiment, phosphor particles 1040b may be directly attached to barrier
window 1040a using a binder material, such as a silicone adhesive prior to bonding to the

substrate. As previously described, notch 1006 is generally positioned on the substrate surface

10



| east one of quartz, sapphire, glass, and MgF2 I n an
enbodi nent, adhesive 1005 is a silicone adhesive. In
w@poogismess ment, phosphor particles 1040b rmay bBCT/US2006/035620
directly attached to barrier w ndow 1040a using a
away fsom géasmaglt18r Inedn, embm:lmnatﬁ barﬂéﬂ window 18dDe &i shepgelr ds@rleis) such that
bondi to the tra prevjousl escri bed
the ARG Shabiick STy P R AERIREh SO PR T3 dedecthe
measufdil Jn@ﬁﬁ@g\?détrﬁfeQ&hﬁér@ﬁP@wﬂtﬁ ininthl 860 $5RELQ Hg?fgdﬁcp%ﬂn’ﬁﬁatlon

wi ndow 1040a i s shaped 'ens, such t

the abifify,tgrcbengmer repleprothe @emyc pleospbenmeiitlesid danamgle gndthe ability to
strate

add ortrgilgcgr g%’g%éﬁs\%‘&)fhdsﬁﬁol{ cﬁ% gﬁﬂ% uﬁ%‘c}%rtregg%{}o 6‘8{}8% acility.

00560 RO B ARG i GEMASE e

which b&aﬂﬁ@%lﬁfsph Siaae@ed DSe %@éﬂﬁh&uf@&&%ﬁhﬂb aﬁﬁfﬂﬁr%ﬁ?ox@t accordlng to
the substrate manufacturing facil éam 0056 erri

an embqshmelﬁ OIf IﬂG IHYQBlOHaAS u)rqyllquslye@sm@gr ICISkaiownl 0dDc may comprlse

s QA oS BTG TP IR B SHBS G s

adhesi e NI 06ei s geﬁa‘raumsumne@ bh @ suB§tre@é QuEARY %ley from plasma 112.
desc ed, barrier wi ndow 1040c nmay ngrl se at | east

Adva t &mﬁo@mgrgﬂm}pqleethe gwgggemg)ﬁd)f styate '@mperature with
51%9 '

iR RS YRR S 2Tl RN TRLNR g e

phOSpIgm lpﬁlaxcks and yhef raonemphiadow ad 4 2inghdyuanif d gasgeof tHeha.lbﬂlty to add or

odi ment I ude .t he rement of a substrate
replacy (i ST PRORETPARH P (o RPGT HET0E Byt atthe substzat
manuf§RrRiaBidity, a0 ﬁ%ﬁh Mas”
cer ar%ni:: ph}ggg hg%élggﬁiltﬁlwghg%ogﬁ%&q for ra}Se0 r vag%g%fe%%ﬂ needs to
be ordeypeh g¢>resuh$trqte,|as ofipered dala Setmmttamrhmr;entso add or repl ace
the ceram c phosphor particles and the barrier w ndow
[0057]as a SRefgirmgunoint todtiGt heA saudisiptiAibe dizgranf Behowh B a substrate in

ilit and the nimzation of parts inventory, as
which Sﬁﬁ?leﬁ"%‘?‘}?& 1§ Spre ﬂ%éd%bs{rateﬁéelé m@w@ﬂthﬁ apedionap @@heéwe

accord®g t@ﬁﬂ@ﬁ%@dﬁﬂén@o?ﬁl@%@hﬁmﬁ ?%%’&gﬁﬁﬁﬁ deQ0BE %{ bFa{ﬁge? r\%h@cqv 1140a

now to 1A a sinpli |agr mis s
may conyiytse ehleastiomewiiiqoirtz stlmhrrﬁglaw amﬂd\&gFﬁ Irsmarnbmﬂmemabamer

w1nd0\§z§g % : ! atﬁ%o Pl%’e gﬁte\gq‘}@g aYl ?Sel}?% élflclt érﬁl %Egsaﬁeeswe In an

embodn@it; mmérywﬂagwrmheﬁ;s déﬁﬁgurédl td/\ﬂnaeé%ﬁ%ée% Iﬁ%ﬁg surfaces 1107
conprise at |east one of quartz, pf@hl gl ass, and

and peypgpdlicylar matingpgiicaeht09 anbstiste wtehjb 6 witls 8 paseute fie. In an

t C g silicon
T T
and pexpendicgar meltih®surices W (% oflthd aibdtratdRbichGvigil fragies it 18%ction force

. ??Eféﬁ?rp ndi cul ar mating surfaces 1109 of substrate
15 geneidly delingd as 1FiHnge e fuelass grea fona m@ﬁbfmmém@n embediment,

er al
e e 0 Yy LA SHE b FR Y IR0
CorreSpo@@ganflatmgesuﬁ'ad:‘fstdnatomhﬂhﬁ)éhwhd:rbim the fldjldﬁigl fbﬂ:efm Eubstantlally
ined as r eS| st anc

greateréﬁ )Lglcg:glofg gr ¢ eg—iag%ggg{cg lltiagqngwﬁ)lyge 1ipeg asgthe rq&s&q:nce to the parallel

compofdR aflh PFBRdval Fdige.mat i ng surfaces of the barrier w ndow
may inpart a holding force against the

[0058] In an embodiment, phosphor particles 1140b may be directly attached to barrier

window 1140a using a binder material, such as a silicone adhesive. As previously described,

11



correspondi ng mati ng surfaces on notch 1106, wherein
the holding force is substantially greater than a
w0 rdoc37es3 f orce. Hol ding force is generally dePCTnEs2086035620
the resistance to the parallel conponent of a renoval
notch 1 H¥écie geeddl5Bpositivnad oarthoslibsestt sunfidve aplagfropaplak@h ¢$2. Advantages

.1140hQ, may.b iyectly attached to barrier w ndow 1140a
of this RGN el e ersaro g G W AP PPEGHE W pvea on
volatilé?oyﬂro_@t{étQHﬁﬂaﬁﬁﬁ’aﬁﬁ)ﬁ[ 4 Beshifel Abich HRe all%g%?@ﬁkﬂix Ph%s#lgor particles

%QSItI oned on the substrate surface away from pfa
to be shiedded Ata theadessnas find irnprowestbe comgrat of thelplidephion éhickness, the ability

sSur a.substrate tenperature. W th, m ni mal
to cha SR RAR the Sho By bbbetsReistim g i Wit i difpoged, and the
abilityrtoadd ot Rplacatie@orantiib @hehaibLtiplbo sRlie bapadrtwial e at thelRBbstrate
shi el ded _fromthe plasma, and inproves the control of
manufp¢turinh B&HRGr t hi ckness, the ability to change or
repl ace the ceram c phosphor particles and/or barrier
[0059}wi ndowReferringrmayetd, Flond 1 Bhesigiplified fiagmnathshownroé plsalbostrate in

o 15 S SRR RRLLAR 53R o 0T bl Ry

perperfd@fuddrlyl 2eurBdWithtanFddGesivd & a sutsstritelshé i, edcstda@tamhiefbodiment of
. shown of a substrate in_which a barrier w ndow, wth
the invention. dn gpregal; varitiops incadhasive thitkesssthstwesarubeirase 1 1G8sand a layer
di J . W adhesi ve.
oyt MRS BB LA RSh SOt e lgRb e
tempetahere ntedantmentt. vatiatigan®halis, avadhaivedageriofl vaghgsthit®ness may

t hi ckness between substrate 1108 and a | ayer of )
Conseq}’@p;hf@dﬁﬁt&gﬁ‘}%ﬂ? CpHEY F%Y%gmﬁﬂwft_l%ﬁ @heo‘PeF graicghpsphor particles
when $&driE ip1R8 (S HRThRhESH sUfR¥ate ith gpiéfngﬁ)to%e} Sﬁq? ?{)Péﬁ&ﬂﬁ)le, if

That iI's esive

_ measur enent variations. , an a ayer of
during\segessige cdlibedtivas of amYTMoles gLt ¢ajibratiod substtabeefwitd ceramic

ener i n.varyin roportions.to the ceram hosphor
phospt Fetesdin el S SRyl Pl oHahely (B abesive layer
thickn&dsBSbetatd thwichiibrili G sibsPRYEMmaP Mow FRAsBSPER Rrathd variations

during_ successive calibrations of an | TM device, first

incorreeglyiapFiavied i hadsM device; wid thus éntrodizeing h@epérelly unnoticed calibration

.part i ¢ ' changed. W a_second calibratiaon,. :
error 138 Fiafid ol AUEGEL o PR i ekl Phbion, allowing
a portibgofe@tiet Wdoal 11408td €iNors sHRs (TAdEBmAMYE SRR TBIRT k&SRS cavity

tenperature variations incorrectly attributed to the

1156 of-fyeq ahvae, and fhickpass betwepn thediapier 3vindets pad the subsitte, eeigimizing
' ' I .into the plasm processing system
tempel%?ggﬁe.a%%{vl\%ve‘{a%ﬁl%&an advant ageous fashi on, all ow ng
a portj arsier. w ndgow, Qa to.sit on shelf
1006012, PO APBhcBlonlddek St BRI M1 BertQuil fosRioyRd Bae pubstate
surfacé hwgifrul plisnanQ. thitekaesEliRett\aBRsivE¢1 SR fdal 86 iNbAHANwith the
nd the substrate, mnim zi ng@}};a er at ure neasur enment

layer o getags Bpsphoromeigiesak 49k alang drand @grpendicelar aigdn an

e APR38R 1A A BRI o
windotyel I46a using abindaf thtotiak: stalysra sificone palistephioghabodiment, the

. articles 1140b .a) on ot h | ateral and perpendicul ar
blnderg% e pll(l)]spgﬂr materlgi f)l 4%b k1)s an adhesive that shrinks ugon guring thereby pulling

the layer of ceramic phosphor particles, and hence barrier window 1140a, into notch 1106.

Barrier window 1140a may comprise at least one of quartz, sapphire, glass, and MgF»,

Advantages of this embodiment include the measurement of a substrate temperature with

12



enbodi nent, the [ayer of ceram c phosphor particles
1140b may be directly attached to barrier w ndow 1140a
waigiong3ashi nder material, such as a silicone aPtEER2006/035620
In an enbodi nent, the binder for the phosphor naterial
minimAlddbyol Bilabyaedes cordatbiation, Hs ivigiSas RO b zafign b 841#RMion
ulling the layer. of ceram c phosphor particles, and
errors beiyeen By o1 naprevpibration seslatesnt o not ch 1106. Barri er
wi ndow 1140a may conprise at |east one of quartz,
[0061]g apphikaferrigigawy toddg. MyF2 simplified digaranois shows of a substrate in
: ' [ ude surenent. of a substrate
whih #8806 S Hork M8 8 RER GBS BosfpRatid® B ateray
secured ouithaiiiadhésivaon Aasubsehte sASL, talbeortingitoa ainbodin@ht of the invention. As
. calibration errors.between two or. nore calibration
previousiy desoa

UpdescHPed nofchde B9 S Iy mgsiHenpd @ the eubsirets sugface away from
plasmagi 1P i edn cﬁlﬂEﬂp%%h%si%Q Y% ¥ ge ?gpoﬁ-ftéfc‘ct‘ h'the !}%@%F@f Rramic

arrrer wndow, w an attac yer or cera
phosphoh payicles 1404 alohgs Jatérsl 4xag.du ab kybsdioent; thenlaydr afiveramic phosphor

MRy R
as a sil@hE BAHeLRR. InSarC@NRIddthét, MO BirddeP B thOFhdsPorsHRSE4131 80b is an

surface away fromplasnma 112. In thi's enbodi nent,
adhesiyaithetshyiaks uB@ eraingiikereby pdhingtie loyer lof téremiagtespladr particles, and

-aMn or._parti.c 40b alopg.a |lateral, .axis.
rene (RN GBASADR BTl 55, AQSOBBL PR SRl Bt e
measujediehi 6f £subditAo enimyathe wWhth agdikial Aéd aslhed b%rﬁrddaétr do@famination, as
wi ndow 1140a using a binder material, such as a
well asdhe PuBHEZa{REE icRlibration GiFPrs REIBEEREN? Of Mke Isiliftasion fsupstrates.
the phosphor material 1140b is an adhesive that
[0062]shr i niRefensing nowrtodgGr Waragtimplified dingramhef 4 sapetratoin which a barrier

. ] S r~particl and hence barrier w ndow .
windo 5 LRGPP T8 or Bk B AR fran i o Bt Fipvention.
In an einbotiinett tdaskareasulsergidle flecd sikidstith atreble PP@halet bfket on a

wi th_m ninmal non volati| e byproduct contam nation, as

screen a1 Iyan eHBOGHNGMiZasket bH 19 configupsddivineate sithdpisrab aapins surfaces
_ ! . 5 Dot
1207 ahfRr ?%rp%?fé&l%g{nétg{ggsltuh%%ssﬁ%§ )’ glgbgra'%t [n%?c%aﬂ 1 o@%ﬁ{ § pidhure fit. As

fied di i subs
previowsty désceibdal brirer windoto 12408 rseceongrtiselat least oneof gliartz, sapphire,
ci.r askets accordi hg to,an enmbodi nent_of the
glass, %)@5@ i _ﬁb%ﬁm%ﬁ%%ﬂ%gmmg@%@%hfmbei djregtly piigphed to
barrier P88y 19408 g 4 Binfer’ Iﬁg&gﬁél, Hﬁ:ﬁ'agﬁtsﬁfectoﬂﬁlg&;{%%ivngA@previously

_screen door. In an enbodi nent, gas
describsdidtefut 2P is gemmmalty pusittoned etz subsirate gurface fasag $roh? Plasma 112.

In an o RerD G BGRTh P Sl rilbe? th bAERRod iR Syt 121 | Evises o
polymide sfitdredn ah@bdbo8imaM:, At 121080 By 9@2?3%%.91@ aRerfbBaBient,

one of quartz, sapphire, glass, andseg/g .I'n an
gasket d dbbenmifes aghisop hateriphradvantagesi 4bis embpdineerd inabade the
d rier_w ndow 1240a using..a,bi nder o
measu SR bR ot Rl R A A RV sppiepination,

the usedtaqablkes that A6 WHthE 26 ieplag@nentdr kycHaased bf B eeraffic hiphor
SUbSé)iE'ﬁt@; surface, away from ?I asma 112. In an

: : . f m
particles;Apd ter weadavel daniageds gnghHiebdlity imarst or replagga ceramic
' d : ' ). rial.
phomiFER Sl D 12b% 0N S A ASRUAMIE IS,
[0063] enbod 'lié%é}trihg now to FIG. 13, a simplified diagram of a substrate in which a barrier

window is secured with a set of rectangular gaskets, according to an embodiment of the

13



gasket 1211 conprises a silicon material. Advantages
of this enbodi nent include the neasurenent of a
wGeamsnsAsE tenperature with mnimal non vol at i PET/US2006/035620
) byproduct contam nation, the use of a gasket that
inventigh| Joves anfteodiment, reefahguengasketdsd 1 ischsingle pidoe f sh@ilaetoariubber

porim BB o BRFES 65 BEh o Bl St e et
protrufiédstth&tl eRfend e b%eﬁkﬁiéliilhﬁh?%ﬂ(gg;ﬁ?ﬂ%ﬁ 1300 EinHESTE ?%c%ﬁléattach

. manufacturi n? facility. [ erring now
barrier pgindew &9 neich {13@4 Inen gmbndiofent rentdngulaa geskien 1 wHi is komfigured to

rd 4 s secured with.a set of rectangul ar
mte AL A BT S ALR SRl SIS oo 1106
with a presaune @alindh RBIbbiniee,radtgntudd gsek €31 e ndrides nibbei. Mohe
piece, simlar to a rubber perineter gasket on a

embodirpenteireidpatar gasketr 3¢ Msempriess e poberida mptarial. Igasieatbodigaent,
rectangtist A0 §‘¥ 1 96191511%8 bt?rﬁ)%r. G ?Jg 81?1)6%%%%3% %lagi%; Pgm%og#r?sres a silicon

mat ing surfaces . 1Tno
materifaAdvantages nfithis ¢mboditeht ih306e the inasuremeab MBRbstrate temperature
. ect fn&u}lﬁcar .1% sket, 131 1 i,s configured to mate with
Wit olgma, i i 3’%@1@‘5&@?%’6@6’% T}?@I‘lﬁ"e%gaéli‘?té thagallow ¢he easy
replaceshtink 8: i il 5
o 0 SR 218 OBy SRR s,
and the abliferto addorreplanh thai aeeamic phesphanpartieles gabk edbsrat ranufacturing

facilityCONMPri ses a polymde material. In an enbodi ment,
Y ect angul ar gasket 1311 conprises rubber. In an

enbodigrent., gaske 3 conprises a siljcon material.
[0064] Agy anttifeting OWHP;FIén%%@i Sllfglr”)rlﬂﬁ"rquﬁgfé@ Afeebapicrsvindons i which a
‘ . . L Lagi
set of dfferdn&URSAhR RS HIRES ?ﬁ%’iﬁt&%éﬂ, 5&:09&01& %@?@o#ﬁg@dﬁtﬁeow

_ byproduct contani nati e use
inventiphd'os gxgmplepdabanenwiniowelddbangs befpldcké adrstantamic phosphor

or_particles and/or barrier w ndow if damaged,
Lo FRECRIBLasR § 5! EoneRiHog rondf aond hEiRds beEbIAR et con
measue @' sebdrldaSmpératiie r@%@,%nﬂ%ttﬁirmgﬁlﬁﬁwsbﬁk% 1‘c4§9d'(1j 'tﬂdeﬁ ¥an measure a
i

... [0064] Referring nowto FIG 14, a sinplifie I agr am
third teggperatiys rangsr Adanteses iof thin¢rabodiment inolidelibefrasasmement of a

] ' i.ti.oned, accordin 0 .
s GEEARAADRENELE o BB BB BE SOLEL IS, By g chnge
the ceravhicchhosplhd4 Dartickey abe upltaced a first ceram ¢ phosphor
1440b that can neasure a first tenperature range, a

[0065] SeCconkeEatiafnet IIEPNSra skhfilfied, RRith&PRr FRASHIE emBﬁrgFure ofa

second tenperature range, and a third ceram c phos
substrafesia Shpwih #ecardingrie a8 gmbodiment ofthe énveation. initialyag 502, a phosphor

. n [ i-ngnt. i\ncl ud he. measur ement
e 8048862 B DL A S RAATED i 1S DGR DB RSHEEE  bosphon
materidl prodeciag urftuoteaeespansk ihﬁﬁrétbévdt\}el%gﬂpraﬁg@%@n athostd® a

ceram ¢ phosphor particles as a unit. [0065] Referring
electromggnetig r%ﬁ%ilonl@,a sgeidnypyelangth rapge Mesllnasescaplrespanag decaying at a

d HETRETat [ accordi.ng .t o .an .
o SETBAELANEL O £ URRLES A AP GG B i
producingasfjrbioset oft@r vahtil¢ @yprodudsiahtz exmRgptd 4 Slasrih. 3%kt 28N604, a
. M?F , et Cl)t i s coupl e% t g t he substrate, the phosphor
barrier window is positioned between the phosphor material and a plasma, wherein the barrier
window allows at least a portion of the first wavelength and the second wavelength to be
transmitted, and wherein the barrier window produces a second set of non volatile byproducts

that is less than the first set of non volatile byproducts when exposed to the plasma. Methods of

4

14



mat eri al producing a fluorescent response in a first
wavel engt h range when exposed to a el ectronagnetic

WO 207837980 i n a second wavel ength range, the PCT/US2006/035620
fluorescent response decaying at a decay rate that is

securifigtha thedliet ovigddve tp@e stibbateGhclhiicarpiithspihera wabLEdshéts, ) Finally,
t he phosphor material producing a first set of non

at 15066!19?@8@%9@?%@@@8% awpplen hodepaprais phtherferescent
eporkp oy BAAER gty EBLAN R B MBSl oot
thebamemd\andoa\l'.l ows at least a portion of the first

wavel engt h and the second wavel ength to be

[0066F r ans MiMhile dhis andnubehas beeh Aeschided inetermd efbeverpl @éﬁe@@a a
second set of non vol atile byproduct

emboqipightss therefaf alferatiqns opermyintiont. 4nd peit Eﬁté %&'thsfamwm the scope

of th1seiﬁp o R e %Qﬁgﬁl 91%1{1% r}ﬂ?&d—% ﬁ’lfvéﬁ a8 @eérh@espﬁﬁé'd 1ﬁ connectlon
owto t ubstra e an eS|ve a set

with I@as]k&a;r,ch @tasmal{aroabduyg smerﬂSS(@Fg EX@B@%,H%XG&&HT@ HP, ExelanTM HPT,

ook ERELIMLE Le et e g LG LIE SECa L ale, B4 enion
may afs@@'e Ad ORith Subtars 'Gﬂl&ﬁﬂlstd?arﬁéi@rs g@gsgb@ﬁuﬂ@b@ @l LCD, etc.).
hrough the barrier w ndow. [006 | e thi
nvent f
[0067]pr of or Aﬁgaxﬂ%o g? ﬁrr% nlggecn‘ﬁo Err?cgludg'r}léé gfe{'(gfrag a.[pg%r\é’i,ﬁ{s Fbr determining a
tempepeuref atulstaie axddnehodsthérefirs Additiinat advantegehineludheubstantially

SCO of this invention. For. ex h th .
reducif SEGRRC PARSERE e Co B R by P BB emA ChmA g Wil as allowing
the cei"é@rﬂlb‘ P Seseacicdal AR WAEESS kd'Be E g}aGed if damaged.

Exel an(tn),” Exel an(tm HP, Exelan(tm HPT, 23

ersys t
(0068 ¢ 3> EikiEhe Wlose beripla Y odBh IO BT DAL, modificetions and
varlatwn!; mag bb stada tetheafisolesed embodinsentstvelrik emaining ABinnthe subject and

spirit g’fgtgp &T@éﬂtl?%aﬁfgﬂéns% b%h‘%‘gégwg%:ﬁn%g? 83 . ?1; r tmh ﬁl Ingv Z ntion

tenperature of a substrate and nethods therefore.
Addi ti onal advantages include substantially reducing
ceram ¢ phosphor particle contamnation in the plasm
chanber, as well as allow ng the ceram c phosphor
particles and/or barrier wi ndow to be changed or

repl aced i f damaged. [0068] Havi ng di scl osed exenpl ary
enbodi nents and t he best node, nodifications and

vari ations may be made to the disclosed enbodi nents
while remaining within the subject and spirit of the

i nvention as defined by the follow ng clai ns. CLAI M5
What is clainmed is: 1. In a plasma processing system
an apparatus for nmeasuring a tenperature of a
substrate, conprising: a phosphor material in thernal
contact to said substrate, said phosphor materi al
produci ng a fluorescent response in a first wavel ength
range when exposed to a el ectromagnetic radiation in a
second wavel ength range, said fluorescent response
decayi ng at
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a decay rate that is related to a tenperature of said
phosphor material, and said phosphor materi al
wee@dosiosy a first set of non volatil e byprodurtBUSINE61035620
exposed to a plasma; a barrier w ndow positioned
bet ween sai d phosphor mat@rABMSand a pl asma, wherein
Wh 1:sai b%i er window allows at l[east a portion of said
A PGAARCHEY el engt h and said second wavel ength to be
transmtted, and wherein said barrier w ndow produces
a second set of non volatile byproducts that is |ess
1. tIhaplsmalpocessingsustens amanpavedisafor Insashyipgadampsratutenf a substrate,
compre% osed to said plasma, wherein when said
pefé%tronagnetic radiation is transmtted to said
ppisRpldr M@kl iiatheihadathcsai sdidxabstkRE, swidiho¥phos Mlerial
tenperature is determ_ned fromsaid decay rate of said
produqing s Hlaereatent resrqnsn dra fist wenelengih sange yhesfexpossrie 2,
. : . . _ : h .
cletzc Mg ol B2 R0GH WIRLEh R kole?, AERIAR ey, rapcl¥Edecaying a
a deca% mtptlials axelared toh teupdrhinre Gfaqaﬁhbhoephcg InMéi‘ial,f am.dI said phosphor
.borosi licat.e, and MyF2. 4. The apparatus of claim 3,
materigiepdicinga @éﬁ%éﬁ&@? PP%Mé’ﬁP‘Ft@Prqdﬂls‘ﬁéﬁ%ewanS@éé‘bﬁ glasma;
Wa&tieNHndoWhosRiode S84 0REL YAY El?c%?ﬁ&l}nﬁt@ﬁ%eand% asiitd, Yrherein
sensor/transmtter nmeasures a fifrst wavelength 1n dad
said bariieswindawelllonwy hleastingertid of akl fappasatengtioindcdaid sacdnd
rei.n said e is disposed gn a chuck. 6.

wh ., subst he
waveldfgfi B/ BB ShS el BRSSO etk sstppd B of non
volatile By R@&idts HRAEH 1693 Bl WiTHME %t of non AR aREBIHRHSs QJhgﬁ le@hdBed to

) , Wherein said barrier windowis securéd to sal
said playmstrate with one of an adhesive, a friction fit, a
ure fit. ket .. 8. The a ratus.,of claim .
BERRH it ARG Shelor PR B4RhoBit! B
througiMsaid Garrior &vipdsi tshidltespéanie BatethmidbdSRing ssiddsédyabe. ofYaid
In a plasma processing system an apparatus of
fluoressan{dBINORSE-a t erperature of a substrate,

C i si-ng. S 10 ' r
2. LSRR R I oL, BIcoRDe
3. pFlecapphratusaoficlaimre stherein saé patisewintosy donfisisesavedRnaith,
.range en. expose a el ectromagnetic radiation in a
Sapphl%é%ﬁﬁ%g}cé‘ g?‘f‘fid]}’}&%ge, said fluorescent response
4. OpEApBGRLorRIMABCAWhERIEa E%Br/ﬂr&sﬁﬁﬁ&ttﬁﬂsxgﬁs & second wavelength
. temperature of said phosphor material, and sai dc
in saidshesmdhvry cleagty iange, pnd shid sengortrinsnetiersatasofes adinst wavelength in

.1 ~Vol atil e byproducts when exposed to a plasm; neans of
Saldﬁrﬁggfflﬁl%}%ﬂh g%barrier wi ndow between said phosphor

5. MBHedppatat@nd cehimlARBreinEted QitdtrsRiiddRassel 8h aWhidow
allows at least a portion of said first wavel ength and
6. sHiepppa@si@f claim 5, wherein said sensor/transmitter is positioned in said chuck.

7. The apparatus of claim 6, wherein said barrier window is secured to said substrate with
one of an adhesive, a friction fit, a pressure fit, and a gasket.

8. The apparatus of claim 7, wherein said phosphor material and said barrier window are
positioned in a notch in said substrate.

9. In a plasma processing system, an apparatus of measuring a temperature of a substrate,

comprising:
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wavel ength to be transmtted, and wherein said barrier
w ndow produces a second set of non volatile

wWhyroseeis that is | ess than said first set OPCTUR2006/035620
vol ati |l e byproducts when exposed to said plasnma; neans

%rleg%t grtﬁ.rﬂliaﬂg g é‘@lﬂlg agggﬁggé] R 1 Waerfal %@a%@é%sﬂﬁ% aid pddphor

sal uor when sai d el ect rormgnetl c
matermhpi‘odﬂalma flpotescems rasporesd it @ fiss mvglh@gtb mangervehegraxgpsed to a
aid barrier w nd]gw 10.

clectr TR gHaP i A S NGEDHDY ey 877 QPOREEL RaPigpp gecaying o

a decad Yate TR 1%%@%%6@1&36@1{1@& BF seid pmph@i atSi@hldartibdaid siosphor
Wi ndow conprises one of quartz, sapphire, egl ass,
materﬂabproéuctmg atfiest seiraf HVQWOlatlleZprWdélC BpRATRXREsesto @ iasmal 1,

ensor/t
%&Oﬁl ioping a &r@%i&g]ﬁg&ﬁ %S{é{egﬁééfgtpﬁoﬁ)h&eﬁﬁ 1alseg|1d da plasma,
whereﬁﬁiﬁ@bd&éﬁﬂﬁﬂbbﬁ @Iom&aﬁdaﬁt%pcﬁmﬁri ofdaidinseivengedpth anckﬁiiah second
first wavelength ran 13. . The a P ratus.of claim.1 ¢
wavelohgsh & Ve %nsau%% g0 A SEDECR TG P ToTheR & SGopm FR! non

volat@po?/gfoz?ﬁl tl?eft le& Mgald#%g s&'cﬁr nof 'vglaﬁm?éd&%r\ﬁ%ntéxﬁbsed to

one In sard c he appar at us of
said ptdsmiam 14, wherein said barr i er WI ndow is secured to

said substrate w t.h one of adh f
e SR ot S B LS B A P
re:spoxg:j M{eﬁ's@d@ec‘d@!ﬁ?&@ﬁéﬁb @iaflo® EQ%%[ttdd&b 84itl phosphdr Fatesial through
arrier wndow are positioned in a notch in said

said bsufes twiadcay. 17. In a pl asna pr oceSS| ng system a nethod

f measurin r at ur e
gﬁ}ﬁlapga[rﬁtas O{gﬂéﬂg{%‘?@&&d Osf Zp aﬁs AT to
11. Sahd appatut 8F Elaing A0 Jvikd6ia Bbl@fbaﬂ‘&tr@ﬁh@dw pomgtisdsoge af quartz,

fluorescent response in a first wavel ength range when
sapphétepglewsdbaeresiticatrcndMEEgnet i ¢ radiation in a second

12. V%elaggeggtﬁs o??lgﬁ‘{l% ?{ggi%l;élc%ﬁs;bgﬁﬂgsrﬁﬁl%?ﬂ&%%u@eac%b&gwavelength

a tenperature of
in sai8 8éddng h@srelb@gthn‘m@[ el saidsetsaitahspiites preasurang Srdt atavelength in

) tprodum ng a first set of non volatile byproducts when
said fagtsBaE nﬁ@”én%ﬁ asnm; posi tioning a barrier w ndow

13. b%f‘hg%gg arafds df E’f&i?hg ﬂb%h%%%ﬁid@éubﬁfb@e & R4 ASePon MIRURI N

rrier w ndow allows at |east a portion of said,
14. f iThstapparak efiglaim dAdwherkit sa@wn@rMusnéWQtsrpomlobed in said chuck.

15. t r’@)géglﬁ%ta@gtof 8 1rpl\3/g, rgxtn]s al aegrg\%lﬁg?\\ém 1§n %egivl\{'eﬁ t0 F%l& SGbstrate
with b¢F a%aadﬁeézl‘!/é %tfrlc?l%n & a @%@sﬁff@ igtanti@ dayitoduct s when

expose to Sal p asrm det er m ni ng sal d terrper ature
16. f ridmappirdtudef alpimdGewbéreingiail whogples sesienial pad paid batrigh gfindow are

positioned in a notch in said substrate.
17.  Ina plasma processing system, a method for measuring a temperature of a substrate,
comprising:

thermally coupling a phosphor material to said substrate, said phosphor material
producing a fluorescent response in a first wavelength range when exposed to a
electromagnetic radiation in a second wavelength range, said fluorescent response decaying at
a decay rate that is related to a temperature of said phosphor material, and said phosphor

material producing a first set of non volatile byproducts when exposed to a plasma;
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said electromagnetic radiation is transmtted to said
phosphor material through said barrier window 18. The
woredonosrosd cl ai m 17, wherein sai d phosphor mnatBCT/E52006035620
a ceramic. 19. The nethod of claim 18, wherein said
siticingV BeadEled WIHABH tefFedan@idafhogptr tdateriad pd b hBisma, wherein
... glass, borgsilicate, and MgF2, 20. The nethod of claim
said barger windpwiahlows sk leathy norberns ol setdeiirst Wavrsshas and spad sneand
a . A
e B e D e R el St g nom
volatilk ibyploduety tHaeizdeds thangéd fiRdt det oThen nattiledypfodat@ivwhe’ @xposed to
., Wherein said substrate is disposed on a chuck. 22. The
sald plgginiod of clai m 21, wherein said sensor/transmitter is
P@strkiRRE Yaill lerdAdFupd W6 sadiecdy Ritd B ARDA®re b Al Bypddse when
wherein said barrier window is secured to said
said electbunagactc wdidtionnetrafsnitiedirreii nhosphor trdterial drongh saidbarrier
ressure fit, and a gasket. 24. The nethod of claim
3, wherein said phosphor material and said barrier

18. WIREIRWthad ©f Blafh t170WBeteinsaRl FHdksHbrinthtérail 6 Seddgthicat e.

19.  The method of claim 18, wherein said barrier window comprises one of quartz,

windo

sapphire, glass, borosilicate, and MgF,.

20. The method of claim 19, wherein a sensor/transmitter transmits a second wavelength in
said second wavelength range, and said sensor/transmitter measures a first wavelength in said
first wavelength range.

21.  The method of claim 20, wherein said substrate is disposed on a chuck.

22.  The method of claim 21, wherein said sensor/transmitter is positioned in said chuck.
23. The method of claim 22, wherein said barrier window is secured to said substrate with
one of an adhesive, a friction fit, a pressure fit, and a gasket.

24.  The method of claim 23, wherein said phosphor material and said barrier window are

positioned in a notch in said substrate.
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