APPARATUS FOR DETERM NI NG A TEMPERATURE OF A
SUBSTRATE AND METHODS THEREFOR BACKGROUND OF THE
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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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phosphor thermometry is generally discouraged for use with production substrates.

[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

because of their tolerance of extremely high temperatures. A ceramic phosphor is generally
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that of plasma 110. Other forms of capacitive reactors have the RF power sources and match
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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).

[0017] Referring now to FIG. 4, a simplified diagram of a substrate in which phosphor

particles are attached to a substrate surface with a binder, such a silicone adhesive. As



Allison et. al., American Institute of Aeronautics and
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byproducts when exposed to the plasma, wherein when the electromagnetic radiation is

transmitted to the phosphor material through the barrier window, the temperature is determined

from the decay rate of the fluorescent response.

[0022] The invention relates, in an embodiment, to an apparatus of measuring a

temperature of a substrate. The apparatus includes means of thermally coupling a phosphor



exposed to a plasma. The apparatus al so includes a
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electrogppgnetieradiftiop Abiransatited @l th%pwmrrfaatsnal through ghe bafrigrgpndow.
vol atil e byproducts when exposed to a plasma. The

[0023]ap par athginaerfon rnlalte@dlen@nrre@hvshmntpt@@ m@tgmi fg recagaing &r

tempe%Lg? gflﬁ S?tﬁél‘m%a?})% %‘feﬂ&ﬁogﬁw&gltﬁa&n pehn%[a p}f?)sé?o%aterlal to the

substr&i€, thé phdsph&it mi@Mell [ 8@idinda ﬂuérﬁ@ceﬁﬁ&@ptdls&\ﬂyze fignglabielempth range
be transni tted, and wherein the barrier w ndow

when gpgsricies checiromtgpeticaipdigtion gha (spad Merelpgsh sanget the flyggescent

t:
respon V\i dé&zﬁl&ok@g %zg/era{? etfl%(l is ge?m%}e@ {Iohe g%re)}éa?%rt@tg'g k}% Lﬁi‘%’)ﬁg}f&g Weketial, and
the phombudle&nab;anéu@ﬁg a (iedt setmifmion yotahiée hypnqpicest whan dxposed to a

t decay. rat e the fl uore cent se wh
plasmy, 1ge S8 e RHISRIPa GRS & DR AR YD RRF PP (e phosphor material
and a ;HQs(fﬁ’aD RterdiR iR Haliert WihasQ RIIL RS aﬁ@ﬁi{ b @oriMn Qe first Q}Q%ﬂngth and

he I'nvention relates, in an enbodi nent, to a net hod
the seq‘ood weeelsugthrig batrammped,amd veheptin sheshaiyserrvaindow Phasluces a second

et ot 50 B85 WP BB 18 PSSR B en

exposdd tH WEFEERS. The SRARSEfUrfheRintiudss dNevEhiap dhdtenpogure Woe the
exposed to a el ectromagnetic radiation in a second

decay yeae/ef thn unrepenny éesp@mﬁg W e@éh@gl@@mmagnggcb@dgaélogé%g%sﬁgtted to the
phosp}?% n@at%gaggﬁoﬁﬁ ¢ balftler 'V\ﬁn&ogir ated to a tenperature of

t he phosphor materi al
00242, DS Bl LB e PO BBk T Y GRS e

detail ROSW ik BHRIdREhildd G@ichlpﬁbn Wf ey habMesDint dbajudasPiah the following
material and a plasnma, wherein the barrler Wi ndow

figuresal | ows at | east a portion of the first wavel ength and
the second wavel ength to be transmtted, and wherein
the barri er BREJOESCHRIDTEIN HISEIEIRANENG non

osShe e BoroseLs e L s Ahan as s, S
hmltatfggrerlprg:ﬁgtﬁggrgfs f'é? E)H%%cérﬁﬁéﬂ&ﬂ%sdrgﬁ/h%% ‘hai@hich®ike reference numerals

refer to similar elements and in which:

[0026] FIG. 1 illustrates a common phosphor thermometry configuration as used in

substrate manufacturing;



decay rate of the fluorescent response when the

el ectromagnetic radiation is transmtted to the
phosphor material through the barrier w ndow. [0024]
These and ot her features of the present invention wll

[0027] joe desgg, Qqﬁuéftﬁteg%rs §6d PhihgAR] AW dal a&h@el(}i@&ﬁﬂé@ﬂasma

description of the entlon and in conjunction
procestihg sfsbd:rh oviihregphdsplgnrrtiesmoBRityE DESCRI PTI O\I OF THE

DRAW NGS [ 0025] The present invention is illustrated
[0028]by WaYFIGK. 3eNasifates a sanplifival dibyramef thé l1feh'rrn§i deady dmaractatistics of

the figures of the acconpanying draw and
establiphedeohp STOFEAICE 2 IRIPRSTAINES TaES SRR {romm(h @@ﬂoréﬂamam
mnmm%ﬂh%@%ﬁ@ }{0026] FIG 1 illustrates a connDn phosphor
er ?ry configuration as used in substrate
nanuf 0027, .
[0029] si npl | H%grafeg s1r%1p11ﬁeélap a%r% Afl L@%B%ga&ee ﬁu ‘ghlﬁﬁ’ glsl?rsghor particles

are att4dhed ﬁﬁa&_kdb@tr@th! st€MeWittha Bindb® S@chpe[ sitibgiersdhgdivey; [ 0028]
FIG 3 illustrates a sinplified diagramof the

[0030] i T et ipTe; 9eR@YrathararpIBiddadih&amalf a sabstAd W&H%?)hosphor atch;
phosphors over a tenperature range extending fromO E

[0031]th GlgixQﬁ.F‘?lrlusttI}ﬂ%sgqfaﬂsmﬁ oﬁ@ragigl dcf ﬂ%stzﬁ{ ach; [0029]

ustrates a sinpli agra "a substrate

(0032 " Whisg 9“1‘1’11 DAL R Ilni?sk 28 oS ALl RaNGE. 12
e RpyhiesipR e or otk

substra sur ace w such a sificone
adhesi FI G |IIustrat S|an|f|ed
[0033] d| agr 18[‘12 g‘ﬁ §f'1|1r§?%m§/?nsltoﬂ géap&hoggﬁ?@’ patch; [0031]
6 |IIu rates a transm ssi o raph of
100341( s oz)FIG[B {3 P OB R TSNS LG .@%Fz&ph
of borosilicate glass; [0033] FIG_8 illustrates a

[0035]t r ansrilSs | & lléliséﬁéws @ﬁl@ﬁﬁéﬁﬁ (ilégra{n(ﬂf@@}l ftragg ingvhich a barrier

il USRS RGP i

hnwnﬁdhﬁgran1of a substrate in which a barrier mnndom1|s
secured to the substrate with an adhesi ve, according

[0036]t O an FEhOCB MBRtraek alshieplifiddviatraanf a[sUbsfte inlvhich céBmic
illustrates a sinplified diagramof a substrate in

phosphah patficles haf een oy AsBIehEN? # A bpiisT haRdovbibahis secured to the
substra?%;}ﬂﬂ af %&ﬁe@gle 'mc8{oﬁné;é>rar bt AW évérﬁloﬁec ured to

rate w eSIVG accor I Ng to an

[0037] embodi A ilszgglhtésr] %IF nvent 1%% d1% olro37 fa asus u{)a}eilm'%vhlch a barrier

illust fate i n

windowM edurad lba rarsusgtrate/\mﬁuwmcﬁn FROCAE dOIQ[ﬂl alh&4ihs he@ir@ing to an
shel f w thout the need for an adhesive, according to
embodipent of the invention;

[0038] FIG. 11B shows a simplified diagram of a substrate in which a barrier window,
with an attached layer of ceramic phosphor particles, is laterally and perpendicularly secured

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

[0039] FIG. 11C shows a simplified diagram is shown of the substrate, in which a
barrier window, with a layer of ceramic phosphor particles, is laterally secured with an

adhesive on a substrate shelf, according to an embodiment of the invention;

[0040] FIG. 12 illustrates a simplified diagram of a substrate in which a barrier window

is secured with a set of circular gaskets, according to an embodiment of the invention;



enbodi nent of the invention; [0038] FIG 11 B shows a
sinplified diagramof a substrate in which a barrier
wi ndow, with an attached | ayer of ceram c phosphor
particles, is laterally and perpendicul arly secured
Wi th a j : . ' t :
R S
is secusedwith hisedbfdtagnanari gaslsdtg arconding he as ednbodiatert, ofi the whviestion; and
a barrier window, with a | ayer of ceram c phosphor
[0042]par t i CFEES,14iiBudttenalihyli Serdihgdnvéitdbaatier widdewiiy evhivh @set of
) substrate shelf, according to _an enbodinent of the .
differenpg eqramisrphoppiou s positioned apeqrdipg ia e smodimept pf the gnvention; and
di agram of a substrate in which a barrier window is
[0043]secur eblGnilt hllestitss asimplifiestingthod deraeasyring & tnnepenguteef a

_enbodi ment ,.of  the | iop, 7. [0041] FIG 13
substofly <0 ROOKIG A B BT A G Bt LBt rat o i n

rectaRbONAD S BT OF sH B Bk ER R BN TS
[0044] NVentinyandinVbRstehilFhdw bd Aedchibb® if dltABwth reference to a few

sinplified diagramof a barrier w ndow in which a set )
preferrefl embodinemérthereotasihusrawtbigphe accompappsg drayriags. In the following

.according to an. epbodi nent .of. the.inventi.on; .and
cescriftrgngmepes SRR E AR g A i D e et hOR
understRATY dfMBe FretDIRRICALOE. 8t Wil Be agpdRet, M@ vérs tshiRWRilled in the art,

according to an enbodi ment of the invention. DETAILED

that theESSst FrveaNoOmay e PRREFERREROEMBIR avENTS these geecifirdetails. In
.pr.esent_ ipwventi il ' i tai | Wit o .
e BEERELANVERY] B Heph O Q5 IEREL] ARS8 Bl et
order tb nbtigiifeat¢Rakillypbshige drqreeanyivagio awi ngs. I n the
followi ng description, nunerous specific details are

[0045]S€t T OWthile nBt RIsHRI th Be BHEN BYethRofyl Bfedl@htor believes that positioning
under st andi ng of the present invention. It will be

a barrigippiadeyvtbetwrsneogramic phospher pRfifleednd mplapaa gay alloprihe
he \ . : .
a3 5oL AR T BB G e B S

chambéetdntdaniawion 110 aie smbsdiafat, adbarierswindotvwoaprises/qanat In an
been described in detail in _order to not

embodipric s Sarrier Iyt eRBPETee SHRbEEnn anRpRhadiment. 1he fassjer window
comprl)‘ég% élﬁssﬂﬁ{ arﬁérﬁg&d?ﬂleﬁ@ tﬂ%_egr%%g '1‘121@%&35 HoRRAIMte. IS LINEHRGAL, the

eves that positioni arrier w ndow between
barriero@ndow coppasgiMdpFparti cl es and a pl asna may all ow t he
determ nation of a substrate tenperature wi th phosphor
[0046]t her mOARIHon obividus Wayl theladgitian i one hwnbsructure in the chamber, ie.,

contamination, In a nbodi, t, . th [ i nd
the bargighriyiidows phged betweem thg_r?efaé%ggg?%ﬁf Sargﬁrég B3 the gasma can reduce
plasma\\;%ah%ﬁ%gfr 8%%&5&5&%@1%@65@ gexiegasl e?ﬁp&ljfhgﬂ%re_ it Bninimal risk of

OW conprises—g n an enbodi nent, the
contanfjh&im dansddiyesrdoic phbsphoapaticlen pasitiemdodsatitwesnt the sitwstrate and the

vk 511 TSR SO B MR [ 0801 L1 o on 2B RS,
substrtOASEE fnayistiﬁ ‘be exposed to the plasma and hence cause non volatile byproducts.
Combining with other organic and inorganic byproducts generated by the plasma process, non
volatile byproducts may be deposited on interior surfaces and plasma chamber walls, resulting

in a film that tends to be difficult to efficiently evacuate from the plasma chamber.

[0047] Contamination may become more pronounced as device dimensions shrink and

more advanced materials are used. Examples include high-k dielectrics (HfOx, HfSixOy, etc)



the barrier w ndow, placed between the ceramc
phosphor particles and the plasm can reduce plasma
chanber contam nation. It has been generally believed
that there is a mnimal risk of contam nation caused
t h%ﬁﬂ
by PO B 1 RO ) BRI ERAS LRAREY kel Dyirpfucts (P,
NiFe, EhFel k&, elt), mcwbsﬁb’}@f@umis{g}l, RerGoWe, pardtd. Tds résultmg

suhstrate notch till, .be exposed to . pl
pollutfidlges a6 SHORUOB S0 BB BFOHRarE. BB AT R TRERE defects
reduceochQ BleaR HERYebwnt1 A OT ECPX&I&@ YEdI @, B ref éieﬁi@bl@)ﬁependlng on
he pl asma process, non volatile by roduct's may

the pladmpq»sweeﬁd comductive filmdepasits aweSomman ;p mh@mhﬁ‘déﬁenor surfaces

which {5 dfpptTBnE I, St sl el Sl Rbros R Crglicn bitbluc

deposits084y $orfadnita i plaéh®te Edblﬁcorre nore pronounced as
devi ce di nensions shrink and nore advanced materi al s

[0048]ar € USERL e%}(m Eoéﬂ“&ih@&@n o Qﬂfabesd‘bvﬁhﬁq;lé bl%nt(e'r"fa%’hence the
Hf Si xOy, etc) yproducts, netal electrode (Pt,

subsequeddegee®f pot@ypalov@utatmnatmmswum d&peadenbyp Kh@cﬂp@tlﬁc Plasma
procesélé% recﬁae (N (&y@emﬁs&ry, 8?\@¥y anér%@preéagﬂﬂe sftrhdq e gr% :Igﬂ ﬁ?euc%t Qition of

chamb@ePOsésk $(1tﬁHM g@ﬂ&ﬁlt U@éb lnil: Bondk &nahél bo eagatronE kfBsdhesive (i.e., C-H,
suscepti bi | i of substrate defects, reduce the nean
I

C-C, Ctﬂr& @eflviée?tc sinpqicrs{mkatyelatvelgebly peycures pre creagyd. These
bypro IH% eveg ﬁ??l (Plnmtegsee l %11 9 ?u%%trat% %ijeld&t fe\dﬁce the
rm

eposi ts” may orm on I nteri
mean tidé baoesn clehiay (MH}BG)nmﬂﬁée ‘jzlhlfd & E@ltplbmp@ dépeﬁqhmg on the

pl asma source and bias. In addition, byp rq%@nk
plasmad@‘rﬁg,%s&t @nﬁwlvgg'mnrq qupg)d[uets Fhays ﬁgnd)é dspip ¢r interior surfaces
which h‘&?ql‘cﬁhac-l{l?ﬁe ﬁﬁgﬁg@hﬁé gﬁﬁ)?dsbaasgnﬁ%'aﬁﬂ piR. surfaces

the c ence the subsequent degree

(004911 potﬁ% boﬁ éﬂ%@%&ﬁ%}ﬂmaw@ ks AERENGS0Y). Olartz is
pe (e.g.,

t he speci essi ng
commdélg [Il;@itlh)p,lasnﬁvaﬂmmbaﬂsdntce mnemcﬁttu |pec)d1ﬁé1 golatie byprdduats that can
surface_condition of _ chanber process kits. In

easily pgaraioyed V@?@Sﬁﬂ§e%éhﬂ@$P%ﬁ@rF&mB@every strong and
adhesi ve e., GH GCC CC CO CN, etc.), since

cross- €§prﬁ4‘ﬁlaﬁlvely stable structures are g@g@ﬁ@nqz

These 0 uéts may eventually flake and incréase
susceptibility of substrate defects, reduce the nean

time bet n cl.eani BO) , reduce yi el d,
exanpl 7 en hmg éﬁ%T pl asma process, con§QP@ﬁUQPJ3
film of byproducts nmay forn1on pl asma chanber interior

[0050]S ur f aceSerritBinoly @BAG Gpﬁﬁ'&nshﬁﬁldivglﬁﬂy lﬂﬁtzqulel)‘@s shown In
pl asma source and bias. [0 I n”an enbodi ment

generah gnaitzeantiandow acmbpmn@zé @oqu:mrctf ilgbﬁ)m)een @@mlzngﬂg range about
025 mispRIBabol et iR B otap ST maR it s e | °

[0051] EEZDV déézl\:h@%g nSWEQng% %Nl anas?nrlrsglonl:ggﬂgp}?épbrg%osﬂlcate Q%ss 1s shown.
Also known as Pyrex® or Borofloat®, borosilicate glass is generally chemically inert to
plasmas and hence generates almost no nonvolatile byproducts. In general, borosilicate glass
can transmit a substantial portion of light between a wavelength range of about 0.5 microns to

about 2.5 microns in order to illuminate a ceramic phosphor.

[0052] Referring now to FIG. 8, a transmission graph of sapphire is shown. Sapphire is

generally chemically inert to plasmas and hence generates almost no byproducts. In general,



F + CF3 PLASMA . SiF + 0 EQUATI ON 3 HEAT [ 0050]
Referring nowto FIG 6, a transm ssion graph of
quartz (SiQ2) is shown. In general, quartz can
transmt a substantial portion of Iight between a
sapphifE4AHERGhR o RBYE B BHItthHQ)‘f ZRhiBAVERSa FavAG R ra%gé about 0.2
mcrons in order to illumnate a ceram c phosph
microfsG0 2bdutRemerensny ordewtd DluRliGite 7 cerantic pinssphersi on gr aph
of borosilicate glass is shown. Al so known as
[0053]Pyr ex(RfearingBarofol FI&. Or ) trafsatioson giaph of glhgssiuns fluoride (MgF,) is
generally chemcally inert to plasnmas and H c%
’g{i’l’[ etween a

showngkhe%faésMaw@gtgeaea% H%‘%H&f # PPSEYRHRIRATERSO
wavel&%ﬂ?faﬁ%c a 89 th c%ar{sq? 9}) ?(ﬂlstlﬁ SRR 1llﬁ1mnate ceramic
substahtial portion o |ght etvveen a wavel engt
phosphc&nlj;és oftreatetyutug@edand durabis vhen capasad t@plasima,andhike sapphire,
rt0|IIu nate a ceram c phosphor..[ 00521 . .
prodqugfag]nﬁ)qt R b by P%ts p@n egl% alr?%fes%agg% 1&% Wé&(ﬁ)v&fs coated with
sapphifPRiiNr Mg F IﬁﬂB@\ﬁ/[bsm%%Rﬁhtb rs@bétémagf f@lﬁl@é bihinB @A GdhdeYbyproduct
inert to plasmas and hence generates al nbst no
generabypr oduct s In general, 0 9 sapphire can transnit a
substantial portion of |ight between a wavel ength
[0054]r ange abkawmbddinem;j the basiet ovimlvouis cbnfiguredttshave adowdransmitted
o illumnate a ceram ¢ phos 0053]. Referri now .
waveiogt HFtarag CheqHbarir OB G g S RHIUS LA P BF pifgsiring the
homogeMIF2a1 the reﬁ%@ﬁWde{‘ 0B8R &R er vﬁﬁf&v qa Qn gﬁl‘%ﬁﬁ{elny the barrier
trarismt a substantial portion of Iight between a
wmdowawecbré”rgytdd widingreartboaftecorpcantiog dmerdentoahmimizg reflestiongnd hence
.or er t illumnate a ceram c phosphor. It is
lmpmV&ﬁl gged and dur abl e when exposed to pl asma
and i sapphlre uced t no roduct s.
10055130 e RERIO oG { SA Has FPDReRd et FeheuacEa SHpLHte in
which 8 BRR{RE K80 AR QEIVBER @8 stitieraR!SHEn §dlfé§vte Qccord1n§ to an

substantially reduce etching and hence byproduc _
embodgemmtheanver{tmsﬁgs pteN1calalyei¢b@dnedebﬂrrlelt\Ml@ldbwrwﬁ@at may comprise at

least O%Q;[d ou'Vath!ﬁts saﬁ?@{ gtjaﬁ% rrimd ?{zﬁg elﬁ ap grn%vc\)/fhf,ng%g S %%%szedl 005 is a silicone

adhesiV@Yie bl efbodlinehQphosphot @@M@é U4 0BChn BYbe @il iatticHel@o barrier
honogeneity of the refractive index of the barrier

windowyjl Adi@awsinga Bndenmaigriple puch askiesilisane péhiesivgipaigbie bapding to the
substra?e %f Lﬁqg\;lgl?s ey}"'Pés'E{lé‘éh ?18{0 er@g IlS egetn I%ﬂ?’%ggttlbﬁ]&i &F’rhg gggtrate surface
enc I mprove si gna

away fﬁinii plmglhh 112! Qﬁ&ﬁ]eni%ﬂﬁ'ne’ntﬂglm‘lﬁwmdmﬁll(ﬁémd is@hgped as a lens, such that
mplified dlagramls shown of asgbstrate in %dr‘?cﬂ

the flugiBSQenLieSHATEIBIAD D6 1eEeH defveBaEsRO BB SELRAwnGHt inelus the

s SEREELP BRSSP R A58 LR Ao,

the abilignprchaeeat reglaashe oavemaf phqxslahdr@artsmspﬁdamagegj asighe aitity to

s or e LN ROSHBR AT o BhoepNor et reres BBy

may be directly attached to barr| er
[0056] Referring now to FIG. 10B, a simplified dlagram is shown of a substrate in

which ceramic phosphor particles have been manufactured into a barrier window, according to
an embodiment of the invention. As previously described, barrier window 1040c may comprise
at least one of quartz, sapphire, glass, and MgF, In an embodiment, adhesive 1005 is a silicone
adhesive. Notch 1006 is generally positioned on the substrate surface away from plasma 112.
Advantages of this embodiment include the measurement of a substrate temperature with

minimal non volatile byproduct contamination, the ability to change or replace the ceramic



wi ndow 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 away from plasma
phosphdrpartile@dhd@AP O&EERindoRAsTd Sl M AE MakRAOR thSatiBRE9dd or

as a lens, such that the fluorescent reSponse may be
replack deuseainicAdlesphioagasicles andibs barriroavindaw as msingldenitiaé the substrate

asur nt of substrate tenperature with m ni nal
manuffET g R oy e BT RoR LR GO P e B TiergParpeeds o
be ordeRANRE sWstrh@PAAHDosdito GRepdThie cBhPpeRdfg. particles if
damaged, and the ability to add or replace the
er am i1glre I £ :
ot G Ak BB MR8 AR Bt o a st
which@hardersiinpdw iis educi agnaubitmts Hefwitiou tleulssd fataa adhesive,

vich ceram.c ph hor particl es. have, been .
accordig G cTRRFI 6 T IBSOBr ARPRIN Aea teirtytiey wigglow 1140a
may cERBASKH Bt Se JNRatNUEPEHIRNg1adS aRd RIFQUS b cABSEiidne barrier

barrier wi ndow 1040c nay conprise at |east one of
windoguiastairedstappbstrags 1 fi8awish amadhenyEsuch as asiliepnsoadihasivg. [n an

dhesjive. 1005, is si.licane dhesi v Notch 1006 }.s

embodjsEl biigr BEEioT HAGA PRI I gL B LiFpLibatig ytates 1107
and prpéididl 2 9iRing SdrfaceAdVONbAGLSIrAE nblthd 1860E R Edsure fit. In an

i nclude the nmeasurenent. of a substrate tenperature

embodifoent, thei erriralwindew irtoafighied 59 praguvith thedateehimaging sy faces 1107
and pe%ﬁe%d?ﬁ?lur 'rrEaXin? %ujffgc%g 9 ?%Q {)%t'hg Qh@s?r%tet rp)et‘chcngtﬁ‘ PGtk fit, Friction force
osphor particles an e barrier W ndow as a S|ngTe

is genétily définedapRgtsianct heroada hirfage aceaadd ranoval éplada ahRembodiment,
ceram ¢ phqsphor particles and th arrier w ndow as a
the mading gpeageniof thetbaptis vandRY may dmPAY ﬁﬁlpgﬁ%?qrﬁ‘gaaaa@r Hety,
. LS . S e RS 0Q) .
coms I8 Ph281 8] LR (el 21040 0l ity
greateothpo 8 ddctian fareeHaldangefocmnp gaemilyy, d4f008 7} tHRetestanasgo tlparallel
to Héa 11 Q%.a sinplified diagramis shown of a
compoOER Gt ALEROVY 104ffi ch a barrier window is secured on a

10058 3ccor i PO B B RS PABIIEHE 0 h RN E Gie iy tached to barrier
windo®f BYDRUsh a%ﬁgigg i.tngf‘egial, RELH Asf siMbdRd AhekIAOA s pRBYously described,

conpri se at one ‘of quartz, sapphire, glass, "and
notch MfI62s gemeralty posiiodiedrenthe dubstrite surfage ndewiios slesua é2.tAdvantages

. Substrate.1108 with an adhesiv such as si l.jcane
of this 3Rt el e BEOBTRERO! = Sy PG SRPRAGN 1R non
volatilé BRflogtt @EntaMintb], Mvidtidrad B6teh tHARbIIHGs T cERGRS pAdspRor particles
and perpendi cul ar mating surfaces 1109 of substrate

to be shigide fiopo ereviilasmaaand iwepraves the eontroh ofithe phatrher Haekness, Hee ability
o chaR 18 RSB TP AE S el o e
ability 36/ hd 6@ plhdOthe @Erahtie pEopabdT BireiclBodkoWat Meravihdow bit B substrate
fit., Friction force is generally defined as
manufacaiing Bediey.across a surface area to a renoval force.
I'n an enbodiment, the mating surfaces of the barrier
[0059]wi ndowRefarringmoar to FAGh bl B angmpbified diagrinnistshewa of a substrate in

. . correspondi ng .nat | urfaces on notch 1106, .wher
which & ar e PRl REcB Pt AR b PalparryfiR Sttty and
perpentiicufeilydRcifred 6&th ablAdBésHE drod Sibstrte SREIEabdrilinged b €ehbasiment of
the resistance to the parallel
the invention. In general, variations in adhesive thickness between substrate 1108 and a layer
of ceramic phosphor particles 1140b, among different calibration substrates, may contribute to

temperature measurement variations. That is, an adhesive layer of varying thickness may



conmponent of a renoval force. [0058] In an enbodi nent,
phosphor particles 1140b may be directly attached to
barrier w ndow 1140a using a binder material, such as
a silicone adhesive. As previously described, notch
consecg}egﬁy b%&ﬁpﬁ%ﬁhil%n&%?'ﬁ Lanee ;ercsrtlgnﬂét%ﬁé ERhRiSHEMR particles
way” from pl asma Advantages of this enbodi nent
when pcmd:msl eppzlhad torgmsaatibraginn sdfstrates(m@tpim Jilecyyen enhtFm example, if

curing Y55 SF SELTERE YA T 99618, PECH BrafiPo BB pHy corfini

phosp]é’cﬂfjr PattEd1&S is &R@hifyed Wit 4RLoAd &MbkdiRNnRLBSFRe, dﬁﬂé‘r’mg adhesive layer
i mproves the control of the phosphor t hi ckness, t he

thicknagsies betyeen the chlbrgeonsubsepeamey shev owasinee tqHSEAspSvariations

incorr cg%rylt%t&cr:{ye egq\%ggqg}\?? a er cYVthﬁlg 1r\(1l:¥reordg§:ﬁ ?mFﬁ%%gfaHg ggnot{}%d calibration

error if@Ithe flagsa §fﬁi‘é§slingb§y"sfehﬁl‘tsel’ﬂ Adowvé&! int diendsbiagdoak €ashion, allowing
manufacturing facility. [0059] Referring nowto FlG
a portign opbargies pisions | 1éfa & sigpramalislaeralwmabng shrsagplt f0dtcaeates cavity
1156 O%X%E vghﬂﬁer .’:Hd%fllc%%g tglg\fg\iegé HQ:I %plil%t\;él?lﬁ(#;\ﬁ dnd ﬂ(yizesrub%ate minimizing
tempemerrparedsmmlnamtl wriagenst ed Wit h an adhesive on a
substrate shelf, according to an enbodi nent of the

[0060]i nvent A© brevldﬁs@%@ér?ded NEH 810608 %emdiala}d{?@thdﬁéd on the substrate
t hi ckness between substrate 1108 and a

surface gy anfremgtespphbl2. Pathis @pl@gﬂl@imtggdhegwgﬁéSQimy @pé@lgontact with the
layer o(rfrg!allsag{lghe%?h@%{l?% f;IZI’Ob %%%ﬂ{ 5 1Dy daﬁltd% #eﬁp}aﬁfa?gﬁg 8nan

an a
embodiaent] thg 1ayer Okmsmidﬁmsﬂ}ibr panikbgUaAdb ynag da (diuetﬂ}t :it&lk:h&li to barrier
. . energy in v ortions.to the ceramc
windopgifif peige a Pelierl Pk 3ikepreadisaivee A b o, the

blnderg i ng%%hé%ﬁﬁnm ?131'@3@ iPAVETheGRe tha't:%lrﬁé YBh Buritd thereb%/ pulling

ccessive calibrations of an | TM devi ce,
the layendfl deramicghosphios partitkes,(and thenceaaritrcwindbwsidhoa, into notch 1106.

. art'cl 83 i s exchan th a.s d | i brat
Barrie{dpfot1a0a oy FORPRGS rb P ] S oAk Arotadd MeF:
Advanth%%y\ﬁﬁtﬂlstéﬂl@odaﬂhé&ﬁﬁélh&nt% wRakurahest JTRY%uBSRIE ﬁﬁi})‘éiﬁﬂhﬁg with

tenperature variations incorrectly attributed to the

minimagnckeVdtide bypinduct heraminationipsivvrll a8 themériaiizajionwhselitrelépn
|br9t|on errpgmﬁnto SH_?EIasna processi ng system

mﬂ”58$“m?? ReV e CAEERT ddvan ageous fashi on, aIIOMAng

t f b d 1 f t
R T LN L S
which b ib¥@Rr WehdoWe vAtifad dHackaEaserRetcvRtic b tpﬁé‘rr Iﬁdr@éleé/\ﬂlﬂgfé?élly

and the substrate, mnimzing tenperature nmeasurenent

secured) aiithzniaghesivy @oseubspete shelfiaseastiipzde se ﬁmbedllmmbpf:ﬂhe imgetion. As

e

plasmadEl 2i th G énalsddimkrithadHesive I aj’@fnasbfbe Gec@md withakphger of ceramic
particles 1140b al ong both _a lateral and perpendi cul ar

phosph@sz particles 14400 dlappaiaierat axiy. e an sipbpdigrent dhalayer QicerpHe phosphor
partlcl%al:]lgowlrrgair i%;ﬁ%gﬂggg%:ﬂg dgar?ﬁ%#a \%ﬁélrﬁlggvlalq Q@Quif?%g @(r{d'exeﬁlaterlal such
as a silioh¢ adirsivednes enﬁ:»odirﬂeranthe isheidt foenlie pidsphor material 1140b is an
adhesive that shrinks upon curing thereby pulling the layer of ceramic phosphor particles, and
hence barrier window 1140a, into notch 1106. Advantages of this embodiment include the
measurement of a substrate temperature with minimal non volatile byproduct contamination, as

well as the minimization of calibration errors between two or more calibration substrates.



bi nder for the phosphor material 1140b is an adhesive
that shrinks upon curing thereby pulling the |ayer of
ceram ¢ phosphor particles, and hence barrier w ndow
1140a, into notch 1106. Barrier wi ndow 1 140a may
[0062%@ npr i Refefing RA% to PITE IQf a SiHIed dRBRN of £ sutBlra®Sn WAt a barrier
Advant ages of th i s enbodi ment include the
wmdowsasﬁznueerdewﬂh afsetolgirpelar gaskets angrediag te en ainbedimeninefh¢ invention.

inan GRRHRGE: RS Y a2 T € el 0 oo
screenbE 16 ah eRibalin®t, pubicst 1121 BE.cohRPEd tReherwikiBidi&whidtig surfaces
FIG 11 C, a S|rrpI|f|ed diagramis shown of a

1207 andies perpeadirwlar matiesswiasey 12 of\mlhfam@ neieh hl Q9 widh f pegsage fit. As
prev1og§¥ g%secglfb\%&t agg@rg%vl Ees??/gdaorﬁ %ﬁ%rat esas (ﬂ{e%;f%]lug%z sapphire,

glass, agColgHh hgait embodigho ghosphbr pértltlhﬁllétﬂ)beﬁziy endiredsly attached to
previ ousl éa descri bed, notch 1106 is_ generally

bamerp%@fif)wéaé BHing pbindgheiesipk S‘é‘ﬁ‘r%sé‘ééhcé\ﬂéﬁdlﬁ‘?sb% A PERYRESLY
descnﬂe%lznotkﬁ] lﬁ(% % gt%ﬂ@rgﬁﬂf ﬁﬁo %e(ﬁé ¥1?osf'r31% a{%a fom plasma 112.
osp or p

contact wt ceramc rtickes
In an ehibbdbmedtogagkat 124t eombrlmlrsbbelr nnan eaﬂioddneme,rga,skett H@11 comprises a

polymigf ey B e Od OO et Kt MBS O g Pipodiment,

gaskethamﬁ@5m5ﬁ§e§ i st con S Erial BRd Phantddel 6OMB AHNRBIMYE ind1BdARe
mbodi ment, the binder for the phosphor material |140b

measuremeah of msithetsintg dernpeastusswith mnm’pﬁé noe upliatily l1ymt=_0fd<lslbtycontar!flmatlon

the useﬁ gjr?c%asg tﬁaﬁ }; Hbeg‘{ﬁﬁﬁ%i,’ em]e hos %gl? gg‘gccerea%hc pﬂosphor

particl &hhdriragaser WinddW § RIFRQEd, A thd db@l'lté}d@ ald6r repR:3s b ceRnd
of a substrate tenperature with m nimal non volatile

phosphsy prigles endonbaricnainden; atdhe suhstirate granpfpstuningifagibite i on
of calibration errors between two or nore calibration .
[0063]subst rixfesing Iew 0082} 1 Ref emplifigd dn@gratroofi:a @bstrgte irgwhich a barrier
1 fi.ed diagr f asubt at e arr
Wmdomlsp]g% d Ay Eﬁq é’ﬁ efnlgu](,gr g3 e facgorl; érllﬁ grangeé%ggpgent Of the

inventi®f ClAIi dﬂgaoﬁﬁn@ﬂ RotapsilneiHskaf131 Des d OMEBhices; simiifr B rubber
enbodi nent gasket 1211 is a single prece, simlar to

perimeier ggglisepn paetcpteqr. Haakanbaestiment, rekasnlaggasket 13 1dns angular

prow FRRALTR . SBSHELG AR b EIPALA0Y, HRAEELS ATy e

barrier Mehd g t(Sthtélad)E(% lﬁaﬁembo&uimt mﬂmgnbir @hskEL OBl v tcbnfagured to
pressure fit reviousl y descri ped, tgarrler wi nd

mate wit@!@tgrallrgsﬁtlgg I%rlfqtcgé ang/oy perpsn! rd?ata}gaﬁuf ces% ﬁﬂlpﬁtriag notch 1106
with a %e@sctﬁ‘e fang aﬁ/gﬁ:q%odlhﬁ: 9@6&5@% gﬁgﬂet 1 sepﬂﬂﬁoblc h$gn

may be direct yattac arrler W ndow
embodiiZetaectsngidaragablkatdéit | nerhpriseala, pofucide amtexiad.i Ihlaoarré)odiment,

RS o P Pt 45 SR 3050 130 e scon

materidlf QR PkASTBE éﬂs?embdd"m@ﬁ‘t 8O0 HERMasuSARKES alﬁ%ﬂ{rate temperature
conpri ses rubber. In an enbodi nent, gasket 1211

with miompl noyewlatile ppprpdicisonamendtion, the nsaef gasisesaihasallow the easy

replaceRKER ot O 1S ERiPERor o BE aFPAr SARRC dindgyed damagea.

and thedbilithits a&ﬂ@&@pﬁ@é‘thelo@ﬁnﬁd ﬁhbfﬁﬂor pRaslvs ermetulefra® manufacturing
substrate tenperature with mnimal non volatile

facilitypypr oduct cont ani nati on,

[0064] Referring now to FIG. 14, a simplified diagram of a barrier window in which a
set of difference ceramic phosphors is positioned, according to an embodiment of the

invention. For example, on barrier window 1440a may be placed a first ceramic phosphor



the use of a gasket that allows the easy repl acenent

or exchange of the ceram c phosphor particles and/or

barrier wi ndow if danaged, and the ability to add or

repl ace a ceram ¢ phosphor particles and/or barrier
1440WhRd@WnthstB g ﬁQQ%gﬁﬁﬁlr@ﬁﬁgé,%%ﬂmrefrﬁE' b%ihor | 208 3hat can

Referring now to Fl 13, a sinplified diagramof a
measuseib stoond eeniperathieahnge, biad o tlerd copamid phosphos é44idgtatwian Imeasure a

. ,.set of rectangul ar gaskets, .agcordin Q, an _enbodi nent
hind (G berfurt R E R R L Ra e (et dp SR et of &
substr&td SdiBperdrdreliniab ledstthitd ls€papate Enpcatiitel Bhigek Oard thé! BBy to change all
perineter gasket on a screen d%or. I n an enbodi nent,
the ceragiie pheppherrpagagkseas WUt has angul ar  protrusi ons that
extend to perpendi cul ar mati ng surfaces 1309, in order
[0065k 0 secRefetningatdt & RIG.0y v isienplified chmethbd foratedsudB96 tenbperature of a

substre%g ise ?vgl, %%Bhﬁ{lé}%g:gqnn%wl I’E’lﬁlgaog e% g%gté&)glnﬁytgaﬁpf Ltgll%rOS,d a phosphor
materi%?ﬂ%%‘?ﬂﬁ%ﬁk‘,' sappHIRL g{&gs, 244 HBgE St ?Feﬂ % Ben@bfhitel Hhosphor

i
' a pressure fi In an enbodi ment, rectangul ar
materiglggrkéucingd fluerssgent wegonse irbe first wavelangte mygdiwhentexposed to a

rect angul.ar. gasket 1311 co i ses lym de material. .
et RCHARHP AR Seoond e FBRE S35 RelRo T b Retaving at o
decay FAdDRL is rélatedRo @ AGHrARAY of tE@ﬁK&})h@ﬁiﬁ&eﬁﬂUﬁﬁ the phésphor material

silicon material. Advantages of this enbodi ment

produqipg: fiess settod nap glatnsimrodycisavhansxpeseddo g plsmaaligrteat 1504, a
i1 AL YR ST A B i
windowatloangeleadt atjoeti@esfahe €iryhasploogthpad theeesdanaiebangth to be
o] S b R T L 80 L L2, . Bt
that is §40&ah %e?%@ﬁ fo?ﬁ&y{/(i)lgtigle fblfyglgﬂdgxbtrs Yvheh QQ}?&EJ:d Ref8HidsRR. Methods of

now to F , a sinpli lagram of a barrier
securing thel bavrien wislowhtogthe swistrate ikl fideeareathesive raawt of grsbgplete. Finally,

j 0si tioned ccarding to an enbodi nent of .t

at 1504, LiEs 5118 MEbser AR e i isioR dhe dieAu o S ey

responf¥ WE&HHA efdctrdinaSRitRThdialiPSRARAEMAted 0 %%Bgﬁmma@@m through
measure a first tenperature range, a second ceramc

the barphowpiew- 1440c that can neasure a second tenperature
range, and a third ceram c phosphor 1440d that can

[0066] neas urWhde thihinventicenips batudescribaie. terAthwedist egapreferredi s

nbodi t include th t . of trate.
embod FRHIE EREE s o raPRt. QAR e SEPLY s W fGin the scope
of this (AREESH. FRREkdnfe, 3hbhdhtht §r&BAIEGerioh hal B&nGRE@Bed in connection
phosphor particles as a unit. [0065] Referring not to

with Lem Besaagch plagimarptocessa, sysemisde of dxelands lEpc'rehgT”élg-IP, Exelan™ HPT,
o =\ fya, supstrate is sho accordi ng~t.0.an ..
23007 SRS NER of 1 R MU St Bl g DRt RELRE isi3rt ifncon

may alfhiesiea fwithaibstdted of(Vrigus dighh@tdr (e. S ANVNhME 30@has L.CIywk.).
MyF2, etc.) is coupled to the substrate, the phosphor

[0067] Tt er i RdvaRfa@eisi tRE i chli HPIBRIEE Ale UsE DP AN §fpdratudfdride®tmining a
wavel engt h range when exposed to a el ectromagnetic

temperptutfi eftd sbstrate and metheds thevesbesn duditioaslgpdvanthges include substantially

reducirfgI LRI %‘ﬁggph%re Bgrgglséecogtea(r:na}x){ellt{z)% i t’(heaplasma chamber, as well as allowing

the ceramic phosphor particles and/or barrier window to be changed or replaced if damaged.

[0068] Having disclosed exemplary embodiments and the best mode, modifications and
variations may be made to the disclosed embodiments while remaining within the subject and

spirit of the invention as defined by the following claims.



decay rate that is related to a tenperature of the

phosphor nmaterial, and the phosphor nateri al

producing a first set of non volatile byproducts when

exposed to a plasma. Next, at 1504, a barrier w ndow
CLAIMK positioned between the phosphor material and a

pl asma, wherein the barrier w ndow allows at |east a

ohl:l .of the first wavel ength and the second
What\%a{}ggkn%ﬁé%h to be transmtted, and wherein the barrier

wi ndow produces a second set of non volatile

byproducts that is less than the first set of non
L. vé 2Piap1Ea BIASESHECTS o 8 2BRAIBYR fPTpcas AN, egpgrature of a substrate,
anSecuring the barrier window to the
theap?%%@??é?ghﬁﬁ lude an adhesive, a set of gaskets, etc.
Fa nait kynfiguatd h3@6n themnakbednstcr tt sid subpeatat saideunisincluding at least a
eterm.ning fromthe decay ra of..the fl uorescent .
phospRGBURLE e et RPBLET G L LI SR foPBHts as Phosphor materal,
said phéspASThhkES Hethd &)%ﬁgﬁ‘x%a RO e ARERE b HrstitEhpdiatire ItaH%e, said phosphor
barrier wi ndow.  [0066] While this invention has been
materideprodudiegla flnotesgans ragporse viea dirst pravklengbdangsrloui axpnsed, to a
lect therefar%.%lterationivlge nqhations.d%nd e utvalent% o at
CICCURRMTERMS J1 2RI A P ACORE V& S%Bg SFOEH P THOREREbIFSPEtsE decaying @
a deca®X¥@0MA is RlatddGhemPeafir€SLRd pRYsPRSH RiteAASsAAE &tond phosphor
described in connection wth Lam Research pl asma
materigk bedrg eindigursddpemsaguaing a seeond) tEmPRIALUEK eAnges v HP,
T P . 0, .
o SR Mo b RO W ¥Eh 13 PO et g 0GR, gyherein
nayd bdrsier Windosedlowstahleastisporade st sufid fisk vaudestitaamrd eid second
(e.g., 200 nm 300 mm LCD, etc.). [0067] Advantages
of2rengthipehn itk ude the use of an apparatus for
R e o e B S o AR Rf ptera
through eeiiddiarier vandow csaphiospbmature & dataimenainda shidalecaynraterof said
a t he pl asnma c?anber, as well as allowing the ceramc
‘“““ﬁﬁ@ggﬁﬁP“baP icles and/or barrier windowto be changed
ofhdreRl sarashosphod ARGRM - said RESR/ pHARBhAInatbSa! Axedid barrier
. exenpl ary 'enbodi nents and the best node, nodifications
windowrage pesatidngt o agoiehyn badd geliérateo t he di scl osed
enbodi nents while remaining within the subject and
spirit of the invention as defined by the follow ng
2. CTl@ dpparaldh SElchidE , WwhbRin s:£8d BhicPBandow iskembvhble fok 8i@cing said
processi ng system an apparatus for neasuring a
phoﬁﬂﬁéﬁﬁﬁﬁﬁﬂure of a substrate, the apparatus conpri sing:
a unit configured to be in thermal contact to said
substrate, said unit including at |east a phosphor
3. MHiecppadatuard chimdc ohdrephasd hatiemaimiovadontigrats onea @dfulaytz,

.contfacts the phosphor material, . said phosphor )
sapphiffp g %épr%&ca% %ﬁ/ﬁgéms@fhﬂgﬂerﬁ@a U IS E 4 fagger arca than said
phospHof A& B Ur e range, said phosphor nmaterial producing a

fluorescent response in a first wavel ength range when

exposed to a

4. The apparatus of claim 1, 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.



el ectromagnetic radiation in a second wavel ength
range, said fluorescent response decaying at a decay
rate that is related to a tenperature of said phosphor
materi al, said second phosphor material being
5. C@Hé éﬁjéfa@ﬁ’s SRS AE s@id %@ﬁfé@ QVlﬁ@dW B RdhH ﬁ’reﬂ @(pge%ure said
a barrier w ndow positioned between sal spho
phOSphtmméﬂﬁml 1aa(dwa-tpreabtmgh wtheswiace of sdid smmteemd\m almiekd sald

eas ortion of said first wavel ength and
phwp@%ﬁﬁ%égﬁaw ﬂé@gﬁgﬁgth to be transnitted, wherein
when said el ectronmagnetic radiation is transmtted to
sai d phosphor material through said barrier w ndow,
6.  shhganpergpercftolgim |, svhgedie psenser transorittsnis gositionsd inatcbug that
rescent response, and wherein said phosphor
&qm0§52%%§§P&gsald second phosphor material, and said

barrier w ndow are positioned in a notch in said
substrate. 2. The apparatus of claiml, wherein said

7. phhesnparafisrdlaims] fathen eanrising a g@&iﬁ%ﬂbﬁme% griognd said barrier
windof QSRR L Ll TG AARALALD 3L KL U rhosptos v
sapphlre gl ass, borosilicate, and MyF2, said barrler

q panning a | arger area than sai.d phosphor
8. iiSéIPa prgcesfig Sé{ﬂﬁlgr AN YPARUP IR APFASYIINGA éqnépq;qatgre of a substrate,

th ﬁﬁ@g&ﬁ AGsdn tter transmts a second wavelength in
eap%ﬁld sec%nd wavel engt h range, and said

s ensd confgmsdhio lesthemmedly noegled td said subsaratel sand)tiit including at least a

phospiRF afaieril BB Sesond QP hBamAR Al T ey sORBRE M hogphos material,
said plﬁ)@}%&fr%eﬁ@heg be ?%ﬁﬂgﬁre@%r%éa@,ﬁrlﬁg‘a Ardt %ﬁérﬁﬁﬁ:@aﬂg&t &d1d phosphor
on surface of said substrate and to shield sa

materlidrmgcbwmg FrRP@escent fepramse i alfiyst a@n@lengh rafige Vd@parmmé to a
electro81agﬁ!:t%'?:&hrrarh1‘:]21&%)15E{~|\Ifl‘ie s geconc? w% t{l f]arngﬂ,g e&reéc?np LF%Otnlsg gcaying at

a decayafwcaﬂﬁt idselafedad altéﬁlﬂerﬁtufd (Bf%ﬁldqﬂﬁpph(ﬁrlnm;erﬁal,gs’a&kﬁbond phosphor
posed around said barrier w ndow, said gasket

materl%iéaeﬁl@ OBfigpgH fIMeasUrng p FeORM EERRSSAIHES [HBS%L | east sai d
RhOSR %@Po%rﬁﬁ# AbarBr Wit Ble@edRs R4 BE: gr e g{;ﬂgat%}ﬁlta%ma plasma,

an appar at us measuring a tenper at
whereis wlndthaater Windldve al@paatdtass a portjoni ofisaig. first wanietength and said second

lco%&i%ure H thermally coupled to said substrate,
waveleggt ﬁﬁ¥m$ﬂﬁw at |l east a phosphor material and

qnga@lg @f‘@’et%ﬂﬁﬂ@%ﬁd@ﬁ@éﬂaﬁ{re HOAL sast 8QGY ke 60 gﬂléiﬂhgreg&%t

phosphor naterial sai d phosphor material being
responmmlflerngﬂatr@deﬂmmma‘scj radiegioa i fransmittedrivesaat phosphamgggerial through

said bamer ng 0% p hor

wherein said phosphor material, said second phosphor material, and said barrier

window are positioned in a notch in said substrate.

9. The apparatus of claim 8, wherein said barrier window is removable for replacing said
phosphor material.
10.  The apparatus of claim 8, wherein said barrier window comprises one of quartz,

sapphire, glass, borosilicate, and Mgk, said barrier window spanning a larger area than said

phosphor material.



mat eri al producing a fluorescent response in a first
wavel engt h range when exposed to a electromagnetic
radiation in a second wavel ength range, said
fluorescent response decaying at a decay rate that is
related to a tenperature of said phosphor nmaterial,
sai d second phosphor material being configured for
11. ndhe appanquaoﬁ@aiam& wherpi@rastensag/ traasmgeter tresansitsof second wavelength
. _..position arrier window between said ph hor .
in saicfigosid S liatr B st PR G BB TR Rpleneth in
said fidt Wavsedh l@ast a portion of said first wavel ength and
said second mavelength to be transmtted; and neans
of determ ning said tenperature fromsaid decay rate
12. efnel% ?}?pgara{tldﬁg cﬁ%’l | é; d\?/%e{re%%%gﬁ%a{rlgeg Slﬁ??vtv & dcc%nglggred Jo secure said
phospHoR gt imBtves-tigded thoteblgi susfacel obsdid bittistride RHOS shield said
wherei n said phosphor material, said second phosphor
phosphes material frognsidaiRdMBar ri er  wi ndow are positioned in a
notch in said substrate. 9. The apparatus of claim8,
wherein said barrier window is renovable for replacing
13. SHiethppplaospliolaimet eheglin a ddhsorThasappariapostiafeddh aichudk that
wherein said barrier w ndow conpri ses one of quartz,
supporis53KhiuPEirate| ass, borosilicate, and MyF2, said barrier
wi ndow spanning a |larger area than said phosphor
material. 16 11. The apparatus of claim8, wherein a
14. Sdwsppittuans piaimh érfutthampmprmr@ wbﬂdlmv@ aogidsaid barrier
wave th ra
windo § St R A PR e de FR08% PR iloas stig phosabor material
said first wavel ength range. 12. The apparatus of
claim8, wherein said barrier windowis configured to
15.  Jeewlasmsairecesgihg systiom, anaethod 4ot measuringe temparatiraftactubstrate, the
face of said substrate and to shield said
Inﬁhmpﬁé@%%lg ‘material fromsaid plasma. 13. The apparat us

o}ﬁerﬁiaay nb@lmgfaenﬁu 0 saidssbsedté, tshidnmid ihél@ding it Ié@ﬁlatphaﬁlﬁd)r
supports said substrate. 14. The

materlaéebcéﬁ%epe@ pb@spéplaﬁnﬁ%egalr ihat desctly sppfasts fhﬁgﬂwswm&tenal said
phosph%% ﬁﬁ%ﬁpb %H Itﬂ@ﬁ hﬁ a ﬁ%tquﬁﬁémﬁ@é Ssléﬁtphosyfa)r

con aC| te replacing a east sa
matenqm pushhmlg arﬂuoeesscaht reékﬁ)nsd mn aaﬁqst asvderptloangs whgn sydsedrio a

hod .f or neasuruﬂ a.tenperature of a substrate
clectro gEre e iBPrL B P hY S EES S OLOF Ros TETHorsg gecaying a
a decaysl‘%tedth%Q #1488 ® a &%&ré%ﬁ‘x‘etof ispal ;ﬂﬁgéﬂh%r ?’Hatér%@%hdasecond phosphor
phosphor material and second phosphor nmat’erial that

materiadi beigg prayidssifoaniessuring asosphiompamtwe iralge; sai d

positioning a barrier window between said phosphor material and a plasma, wherein
said barrier window allows at least a portion of said first wavelength and said second
wavelength to be transmitted; and

determining said temperature from said decay rate of said fluorescent response when
said electromagnetic radiation is transmitted to said phosphor material through said barrier

window,

positioning said unit and said barrier window in a notch in said substrate.

16. The method of claim 15, wherein said barrier window is removable for replacing said

phosphor material.



phosphor material being provided for nmeasuring a first
tenperature range, said phosphor material producing a
fluorescent response in a first wavel ength range when
exposed to a electromagnetic radiation in a second
wavel ength range, said fluorescent response decayi ng
at a decay rate that is related to a tenperature of
17.  sZhelmshodpiichimdiewheriein séd bargecwindoprosypnises oneatf gz,

bei n rovi.ded for suring a second tenperature
Sapph?%r%%:s’ 6%§1€?ag%iaﬂ‘él\}ggﬁ%ar rier window between said
phosphor material and a plasma, wherein said barrier

wi ndow al |l ows at least a portion of said fjrst )
18.  whbemsthgdiof sliémdai whereongensquavaaseuitar firapgnigea second wavelength in
tr ) _ ¢ i . o
said sG SRLE SN R SRR DBt PR L B aRength in i
first waddlengh egigeomagnetic radiation is transmtted to said
phosphor material through said barrier w ndow,
positioning said unit and said barrier windowin a
19. C\Eﬁ& Hle{}f?)d%?gﬂliorﬁ H@S\'}vflé}%ﬁ- s&gcpoan-{&e\vfﬁﬁgafqg c&{ﬁ gﬁ%ﬁ' Hsdcre said
erelrn sai arrier wndow I's renpvabl e r replacing
phosplsaimateqidi as p wo-tieeddatoital on 4 surfiaée of kedd netishratt anfl te klaelhsaid
15, mher%in sai d barrier wi ndow conprises one of
phosphorapgtsrial Trom, spid plasmgy ass, borosilicate, and MgF2. 18.
The net hod of claim 15, wherein a sensor/transnmitter
transmts a second wavelength in said second
20.  whkemethgtl lof claingé ), wheteina snsefisoshittea isprsitioned impashick ghat
first velength in said first wavel ength range.
SuPpO%%%”éfﬂPS hod of claim 15, wherein said barrier
wi ndow is configured to secure said phosphor nateri al

in a two-tiered notch on a surface of said substrate
21.  aHer metheRoéFlaing 3P durthsis semhesingdacelitting Feplagingat dpast said phosphor

-pl . . The . of .cl.aj : i.n a
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supports said substrate. 21. The nethod of claim 15
further conprising facilitating replacing at | east )
22.  shhegmpthed ghelaim hpt whsrein sl bagaer WIRGOW sPyISidpteeparea than said
ndguwidin said notch using a gasket. 22. The nethod of
alm 15, wherein said barrier w ndow spans a | arger
area than said phosphor nmaterial. 18
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