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quality of the resulting deposited layers. One such critical parameter is the
temperature of the subsirate during each processing step. During CVD, for example,
the deposition gases react at particular temperatures to deposit the thin layer on the
substrate. If the temperature varies greatly across the surface of the substrate, the
deposited layer could be uneven which may result in unusable areas on the surface of
the finished substrate. Accordingly, it is important that the substrate temperature be
stable and uniform at the desired temperature before the reactant gases are introduced

into the processing chamber.
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longitudinal expansion of the ceramic member is needed.
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which have been shown and described by way of illustration. As will be realized, the
invention is capable of other and different embodiments, and its details are capable of
modification in various respects. Accordingly, the drawing(s) and description are to

be regarded as illustrative in nature and not as restrictive.
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[0027} FIG. 12 is a magnified cross-sectional view of a portion of the
thermocouple of FI1G. 3; |

[0028] FIG. 13 is a magnified cross-sectional view of a portion of the
thermocouple of FIG. 3; and 7

[0029] FIG. 14 is a magnified cross-sectional view. of a portion of the
thermocouple of FIG. 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0G30] Referring to FIG. 1, an exemplary embodiment of a chemical vapor
deposition (“CVD™) reactor 1t is shown. While the iflustraied embodiment is a single

substrate, horizontal flow, cold-wall reactor, it should be understood by one skilled in
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[0033] A plurality of temperature sensors are located adjacent to the substrate 24
and the substrate holder 28 for measuring temperatures at a vanety of locations near
the substrate 24, as shown in FIGS. 1-2. In the illustrated embodiment, the
temperafure sensors include: a central temperature sensor 36 located adjacent to the

lower surface of the substrate holder 28, a leading edge temperature sensor 38, a
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support tube 50 may be formed as any shape. The support tube 30 may be formed of
any type of ceramic or other material sufficient to withstand the cyclic temperature
variations as well as the range of temperatures to which the thermocouple 46 is

exposed. It should be understood by one skilled in the art that although the illustrated
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thegeaaemEbou OBTRMer DAY SPREGEUGF of the Sheath 48, [n an
embodiment, the sheath 48 has the same general cross-sectional shape as the support
tube 50 disposed therewithin, but the sheath 48 is slightly larger to provide a small
~ gap between the inner surface of the sheath 48 and the outer surface of the support
tube 50. The sheath 48 includes a measuring tip 68 at one end thereof and an opening

70 at the opposing end thereof. In another embodiment, the sheath 48 may be coated

with silicon nitnde (SiN)Y or have other surface treatments applied thereto to extend



transparent quartz material. The transparent quartz
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cydiRbIMRehREate Ahh A duARE AV processing as well as withstand the range
of temperatures to which the thermocouple 46 is exposed. It should also be
understood by one skilled in the art that the diameter of the first and second wires 52,
54 may not be the same diameter. |

[0038] The first and second wires 52, 54 extend from the junction 72 through the

spaced-apart bores 66 formed in the support tube 50 and exit the bores 66 at the



second wire 54 is fornmed of a Platinum alloy having
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25 oh Ui erioteh 5P ket 3P0 R Bk bk Wbel W romapd he
mehaaing t4H868 bf thugheanh #&.dlc ed eatbadivtett, thd fyeivglH6 is configured to
mggliwg;l t. enjjurlllgti(gnh% ?0%:@1%8 rbty tflﬁu %?st grcl)d icho%d wires 52, 54 in contact with
the measuring tip 68 of the sheath 48. If the junction 72 were to move away from the
"measuring tip 68, the accuracy of the measured temperature would decrease as the
junction 72 is spaced a greater distance away from the location being measured.
" Agccordingly, the spring 56 can be configured to bias the junction 72 into contact with
“ the measuring tip 68, thereby ensuring the junction 72 is touching' or located

immediately adjacent to the inner surface of the measuring tip 68.



spaced-apart manner relative to the inner surface of
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{0043] In an embodiment, the first bore 106 and the second bore 108 extend from

the first and second ends 102, 104 of the cap 100, respectively, substantially the same
| distance, as shown in FIG. 10C. It should be understood by one skilled in the art that

the length of the first and second bore 106, 108 may be the same, the first bore 106

may be longer than the second bore 108, or the second bore may be longer than the
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As shown in FIG |CC, the first and second

thdsenadows the VoS B 5,4 sepmand edcorwcfaradz@By psgell Thisangdade in the

110 he b f bot o} 6 8 [ h a
tonghaiel Mt RRRR e, i *hi7s 11 e B tefindif Sirifon or
coﬁtk&tﬁlbnbdﬁeznlé?ﬁ)ddﬂﬂerheth‘élﬁlﬁh&@i bﬁtﬂeyﬁﬁshﬁld SRORd SPENReAS12,

the end surface of the second distal end 64 of the
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wf SE00 fhakele 15 6, L anBE R o0 L' 8 g ot
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apertures 112, 114 should be slightly larger than the diameter of the wire 52, 54
fcceived therein to allow the wires 52, 54 fo freely radially expand or contract or
translate therethr_oﬁgh when the wires 52, 54 arc subject to thermal expansion or

_contraction. In an embodiment, the diameter of the first aperture 112 is substantially

the same as the diameter of the second aperture 114. In another embodiment, the

11



receive the first wire 52 that extends fromthe second
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52%‘{“139%’5‘%? %Dﬁgds%afgﬁcc{m!?w% P&s 66 of the support tube
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.
TRHRBIAE | B ot TR HE R Yoo et B el foiAP nd g
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t hrough, t 10 such that th econd di s end 64
sizggl 1q FFée’é’E et iBleansosecaRt JuES 55 ?fbh%w ﬁ%m%wbe 116
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e support tube 50 withinthe cap
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relationship w1th the web 110 prior to the thermocouple 46 being installed into a tool.

" In another embodiment, the end of both tubes 116 are slightly spaced-apart from the
web 110 to ensure that the first and second wires 52, 54 are not in tension when
assembled. The tubes 116 cover each of the wires 52, 54 between the cap 100 and the
plug 60, to which the wires 52, 54 are attached. In the embodiment illustrated in
FIGS. 10A and 10E, the second bore 108 is oval shaped so that the opening of the

12



apertures 112, 114 in the web 110 with the bores 66 of
t he support tube 50, any potential shearing stress

w0 s9sd7rnng froma ms-aligned cap 100 rel ati veedmus2nes/063919
support tube 50 can be greatly reduced or elimnated.

Additio Jy, a properly aligned c 1 al so ensure
seqqRtoor, Lot e shoueBgo rniee Bl SLkBa [0 SRRy e fist
an@ﬁs@é&idngir@s 5POs LRI prefQfihg Ghd Gitte tant fseb iR Wb £825%4 from

were to contact each other. As the wires 52, 54

twisxihg hapethier anihb witee ckibthesvaédol I6f t he support tube 50 and

oug tures 112 114 in,the web 110 of .the
(00 SR o B st e et At A R, ST e Ig he
ththdoBOMle 6. HIGEE01IOVROROME Sifthrt (BE SOPRSLREd ARR' the TR Sore

and apertures safely maintain the wires 52, 54 in a
106 o dlescicappiiOtin vehgnthetfiet and| saeandrapatipres |24} thrpugh the web

i ment... the.first..a Sec i [ es e R4
DR B 4 Bl S B RS b g e o) B pparve
wites 32, 34 4ernAint NBstaARIIF MRealealtoie nad invatspaced-apei lrelafsnship.
tube 116 to further prevent the wires fromcontactin

Theaeesoth o ariendee Somdhe 415 oMl Seeind APPIreRd | hbidinmi (e cap

I 8xfor ' i
10Qje52 cpBrd HihE TEAQMD RRIE 1P FIC! ol Al R ety 52,
545%nﬂaa/iflﬁt@hltﬁe.eiﬁﬁdligg (ﬂ"@ls‘l;l]- tihib gechi@ boemd_ﬁ&idfghea:aig mlJrl gln an
Each of the res. 52, I nserted._intq a tube
enbggnaphaihey FRdiuseoks a2 KT (tho Omgqﬁs{;@@&% dd ®thiy an
en{bﬁgilﬁ'&? Q ragg.{sﬁ)f 3:91%&@1“6 sf18e &R 1190; bét@eél?aboﬁf'%%ﬁh gﬁ&‘ﬁbout

end o ubes 116 covering the wres ,
25anm. | In mmottebetbbdigent, shatadossifi qurveiturh of tiee loep 1180s between

rior to the thernocou 46 bei,ng installed.into a
abpaggt s 4ng bt D g At i 2B b AR Ry o6 oyl of the
Iooéylﬁl 8355 8bltisahinl Yt SRarEs:-@Rafstooli 9Bk BEe@RDhd 20 tha the loop

nsure that the first and second wires 52, 54 are not

118 formegss by thenfiesh and seeom| widles Th &4 casebave1iycigdiss of gefvature

.th | 5 4 ) .
BT 82 R DDA 5, 54 400,05 B
withi allé nedRtespdridipt bateedod f Tht Guppb®Atuba dsOl Glithoub ension or

second bore 108 is oval shaped so %2%% t he openi ng of
COmREESSIQY SYRSSSEPEpe ntrodicedbinty the it ¥6-3914 second bore

(0FRF | St B GRLGRAAN 2 i FERK YR PRI disiBhed HORE il Gpport

roundi ng ifst and second wires 52, 54 while
tuter @y @nshowgn ithEIGS. 951 1. afithes dbonppoittelss 52is iBzerfed omto the first

twsting t the wi it th b 110, . ..
bofeoihr9t e &7 156 Fad Prancly ppeia et PRI eRee dag iy disposed
adlgl_a%% $hd BFst 2p3 900! JMBe LS 100 NSIADED YRl A8 an RBRdiment in

show the support tube 50 inserted into the first
whidr 2 secb@d sbfink bleeap2018Glispeseshitsnt thedlimi et 1 @hof becepd 00

112 11 h I he. 11 f t 100
and 168 5% GRAER Sleeke dhe HoPaih RS et Hspiobits 3B Ragtted
disddt dbBat tht ReppoM B8 507 theréLaiddentielthé i lead 92 of the cap

l'tnearly aligned and in a spaced-apart relationship.
100 to provide a more secure connection between the second shrink sleeve 120 and

~ the first shrink sleeve 119 and cap 100. The second shrink sleeve 120 is adapted to

‘maintain the alignment between the bores 66 in the support tube 50 with the first and
second apertures 112, 114 in the web 110 of the cap 100. The second shrink sleeve
120 is also configured to preveni rotation of the cap 100 relative to the support tube
50. In another embodiment, the cap 100 includes an indexing detent (not shown) and

the support tube 50 includes an indexing protrusion (not shown) adapted to be
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The wires 52, 54 extending fromthe first and second
apertures 112, 114 in the cap 100 are covered by the

wolBhb/o4v(s]) tubes 116. FIG. 11 shows that the caveved08/063919-
wires 52, 54 forma loop 118 extending fromthe

e I g R L A

tutRrs¢ 2k qurmﬁi yotdtion dfaltild & o lemwawme sﬁf)pdrhﬁle BOP In-yet
118 i s between about nun and abo

ancah@twdémdﬂlﬁémond@féalreaéuﬂﬁsofdhe é‘EHPQHttH‘Pf‘eS(be fﬂaﬁ@ned and
the; ﬁf#he%g el ogP‘tH%e fe.crxb h%? QL d&u @H@ FORUL s %a, hdteby

e ra urvature o

provefmplthd ciys 16(bRvin rotating rdlativeho tecsupport niibersot oxfcér lnbe @bend
skilled in.the art that the | oop 118 for ng g
Shlmkrféffe"ﬁﬂaoé%ﬁ?fﬁﬁc‘ﬁﬂvr%@o??“v%ﬁﬂe%"ﬁrﬂ2@&%9158?#95‘? @aaw e ggp 100

ang he/ Shitloft T 40, sClbwOiAEI@W S R, 113 §RRABE G0N 124
WTes , to'fr y translate longitudinally
opathlively corneciedabedtibe droteptive skesveb 62ofo sehere suppoon of tibdoop

50 'wi t hout te sio r i on stresses i
118 o Pl cRiEerYerr 2o T 953 T2 E 3B ipm obe 180p 118 to
maﬁgBﬁdé {E&fe terfhided’ Bdnshef Blrvaheeve tdd9obs 1dBS ptm@ thssembled
he support tube 50, as shown in FIGS. 9-11

thevthesvupleed(s isphen incoreeaighinte aimashineayt theltrequitiog Ritemperature
bore 106 of the cap 106 and properly aligned, the
SEFP-st shrink sleeve 119 is disposed adjacent to the

[{]0“42{)St 18 dglerhfdn,ahe fResusiap tipW3. ofithdEhed® 48lik UBhosatl @Fa Bdkition

odinment in which a second shrink sleeve 120 is

. at mmqébge@n@smretrn@asmeﬁ@m ahdlesipg. ofAs Hie keaperagae oyt the

thelGedblcoho, LAY B 8Bt e it i RN thekiBEYSy, 54

des an" 1 nerease er about e support
expidal e)rﬁenmﬂﬂmetuaﬂagx ddhaderibnginditad afis B of ﬂndmfl@iﬁ nibe 50.

. the cap.. 100 to provide re,secure connecti.on
In 98¢ BBMiIpRR, dbe SRETSIAT Gk BFOR) SERFOMA! hhavifsey o 54 is
subs.thEnhQI AlREYR ¢ %'gtlﬁrh%eﬁﬁﬂhn%%@ thel @1 éﬁ%ﬁﬁgn o rth@gupport tube

120 1s pt ed mai ntai n the alignnent
50,behereigrthe Iamobmtr afsthednal mxpansionudphe wites 58, 50 invhe Hongiedinal

flrst and ertures 112 int 1 of
dirgiion s rres hamate BRGH ShAr of L airbn e G id 4k Shme
dir&Qihi THLB6HEP cRb&YRIRAL, 1R adafRdlcioftth@ B BxidGiof: If #id Whes
to the support tube 50. I'n another enbodinment, the

52 ciaqpxsmmlarrtelth@ eectBeicnirfdhermel genaapion of dhe @mmyﬁuw Ina

b R RS B OG0 88 s i

suﬁé’ﬁaﬁﬁéi&@@&b@l@&s 18 cdefficdénmed thermahexpansiox iof gmeobapgrrt tube 50.
t o: p05|t|velg | ocate_ the cap 100 relative to

Asshppmpert tibmhal sepands in @669@%@ dretiopnths cag ﬁ@U ggehed to
thelﬁ.rgoﬂ(’iiexl_h@tra Xﬁc% Et@ of i Iqrt{nbﬁt ﬁ*g&g %@tsamg'?ﬁ)&nlﬂg The

e secon the support
caf VOB A& ha préaint ﬁ’ﬂ.’eﬂxppﬂﬂ tulbeh 8O ﬂ:norrsbxltmdmglcﬁ&omnadthg ﬁeely
cap has a corresggndl ross secti,ona

alopg &Péﬂfiglwgiutaﬁ X8 &} thasePy W%}%ﬁ%@ﬂ%ﬂdg{a?%}@% t{uﬁéﬂwld
othEHRPO Feult #0fRe 0 on@idi &l &B%4W%pport tube 50 were fixed relative

to the sheath 48. The cap 100 also maintains the alignment of the wires 52, 54 exiting
-the support tube 50 such that the wires 52, 54 remain in a spaced-apart relationship,
| thereby preventing a short circuit.

00506} When the wires 52, 54 expand or contract in the longitudinal direction a

greater magnitude than the support tube 50, the wires 52, 54 freely slide, or translate,
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shrink sleeve 120 is connected, a protective sleeve
122 is disposed about the cap 100 and the support

wW(a 200816031 as shown in-F.G 13. FIG 14 il ust ri1¥E52808/063919
band 124 operatively connected about the protective

r 0 t>h
nAEPIR SRARARSEyE AL L0 AL G0 0m: Wil heie
alledv thbevikaai?, 53 8otfreelynmipahdion cantpace delt@verionihd snmbrumbefSO

curvature of the |pop,118. The assenbl.ed thernocoyple

thereby scdupiog qrrﬁé@alﬁ%wtf@a TERHQP 9F FRRRTCREOD, StressER applicd o the
wxh%qﬂ IS N aBwb @A RANRHE %e REPSRE if Bi4RPde éﬂﬂisfoQH@WIf&E were

neasuring tip 68 of the sheath 48 is di sposed a
foldes bt smstanaallw\ﬁx&dhehtlt'femhb aupzpoet tmea8Ur Ehewires §2, 54 are free

to B dbisugh icprBaEd 12, AL SH0H HEE ot S6 g hgodtited
by"ihé ﬁferé@es BénsvRaffh 5 &Ml thar VR FeBigk AT thy aﬁéra{ﬂ@s 112,

ongl tudinal axis B of the support tube 5 In an
llérfwmhdneemug fithos intodérenes @mrowid thnefﬂrmISZe%affbﬁ aperpes 112,
i.all

tan
114 St bR aieA tp Biowich i hoeBloes 1 Rl bt e plSore
an®the ST Kirfact BE(HRMDHBE oﬂﬁlntghemaamennwwmm 50f 54 &and and
wires 52, 54 in the Iongltudl nal direction is greater

tranﬂatﬁ thigesh Heroomresrougiag spemuet 11hd 14ubpdedon® BibeR §1§ Fpmain
in 80 uP%%g{Fallxﬁ%ﬁqghﬁ&lsh,fwﬂﬂ G GiceE I'g?o gﬁh TR that B %ggl’onsoi’ the

ermal” expansi on O e Wwres

wﬂ'eS 58] v bﬁi}nic@:xpdmed cagiid theican 00@fs thhevirea |52 s5dpapand nit ehiould
he suppart tube_ 50. er enbodi nmen

f th
be cipaFRIaRH At onst Wb e 87 JHe ALSATCE fREOYEET dé apertiezp 112,
1111 orn?édbt‘ﬁ}(ﬁrg higdd Wb 1@ oS ARR a3 0b e sﬁ&’&ﬁf 89{% %@hffﬁflent distance

er mal ansion of the support tube
suﬁuﬂmmhmub@oﬁmne&ﬁ)ﬁndmrﬁm Sﬂhé"rllsrﬁgpoaﬁdl\mmn t]lerwn't:s &n, 54

th at.t dt d di.st
mialS R coRibATaES of & relllrosiR ROENS i Mo oflimcaT Bl pares
5200 A0 RRES pRbndERYE Riret B2, SURRA suffibienthPspat@Mpart such
expandl ng or contracting freel y along _the

thalt heyi ﬁ@@pha@n%tlﬁéchOﬂlehé@ etnseed phfrhairely Hwgher, the loop 118

I
exff (@9 Eéjon Jf?i g agnésﬁg %H@ M%eag&%%gg §%§ E@%‘lﬂv\e r&e)IflatraCt
duf txedrhel adphivion 6:00dnhﬁct$d'he aAtboé&ngﬂ'rhmeaa@uél Gf)ma'lvstme of the
mai ntai ns the ali of the wires 4 exit

looph! S5t be SufBeregoctlon havirenstvyt B ) e SapRract

Y t r
iy oGS, ARSI e Do s AYERli e i
52conte &etlyi exphink of omgrahum reaporge techd dmnge 1y t@&leeature of the
.magni t ude t

gL e a0, e R 48 I B £
1020 ThdV2a 08/ &ﬁ??ét%m & Qllrltggvén%ﬂ?%éﬁﬁlﬁ&nfﬁilﬁ& apﬁlretwi&@ 52,
2, 114 of the 00. The apértures 112, 114 allo

S4the wires 52, 54 to freely expand or contract relati ve

[Ol}tS(i] the Slfl?s%gs[s%d aHove l?he: coefficient of thermal expansion of the support
tube 50 can be different than the coefficient of thermal expansion of the wires 52, 54.
n addition, the support tube 50 dissipates energy into the surrounding environment
through the outer and end surfaces of the support tube, whereas the energy dissipated
from the wires 52, 54 is transferred to the support tube 50. It should be noted that the
support tube 50 will expand at a different rate than the first and second wires 52, 54

due to a temperature difference therebetween. During dynamic temperature changes
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t hereby reducing or elimnating the tension or

conpression stresses applied to the wires 52, 54 that
wonmos/td763ther wi se be-introduced if the free end®CTHS20088063919

wires were folded or substantially fixed relative to

b5 R b 0, TR 308 1 ¥y B i

tePidRinkre AR thee Witkh IS4 RicEiNEd tRdleinbet dEtiRPEiffetthess in the
t hensel ves, such as_resistance that would result if .
thepmalggaduaiviy and specific heaf asrwelbasahe pigyatrwhiclypnergy is dissipated

interf f W T , .
oy LSy s P HRE e S PE 71 ey e fmprpved
tidaRodmplaentiohe thawaes SIUr Faoahamallh exppdror doeracaindichhirlent

outer surface of the corneﬁginding wire. Wen the .
ofstheesipport tuhe ¥ puphdthainaddiuensh SPRPESTIPR 8L fistofestresses are not

RSSO H 53 Sl ol S ToR O e

s0.he wires 52, 54 such that a portion of the wres 52,

54 becqpe.. exposed within the cap,100 as the w.res, 52,
[0832L p N Bile mreﬁeﬁsﬁq tribedimste oEr b PBYBn & VERTPT el VP been
délstlﬁbaf, tit bRl bDendirshad GRat AL WREBn AOcRRE! ik Yo So Iikfited and

14 tornmed through the web 110 of the cap 100 be
megHivetiorspaait bamedd witbowrdepaitiop dropwthepuesent insentione nlhg scope

rtion of the wre 4 i s exposed when .ihe.wres
ofe msaent wationils SEha by 1 ApPriin e f PSist Bgpess
art]) a8 aRS: Edind QRN ahdlTReadingt B (W EREns, SdtheP4iterhille or by
exposed portions of the wires 52, 54 remain
cquivalensiecare infensiod éebe eiphnecedsthiergin.t hat t hey do not -
contact each other to cause a short circuit Further,
the I oop 118 expands or contracts in a correspondi ng
manner as the wires 52, 54 expand or contract due to
t hermal expansi on or contraction. Accordingly, the
radi us of curvature of the [|oop 118 should be
sufficient to allowthe wires 52, 54 to freely expand
or contract w thout introducing any additional axial
| oads to the wires 52, 54. Allowing the wires 52, 54
to freely expand or contract in response to the change
in tenperature of the wres increases the |ongevity
of the thernocouple 46 by reducing or elimnating
axial loads that tend to cause grain slip, and
eventual ly premature failure, of the wires 52, 54.
[ 0051] As discussed above, the coefficient of thernal
expansi on of the support tube 50 can be different
than the coefficient of thernal expansion of the wres
52, 54. In addition, the support- tube 50 dissi pates
energy into the surroundi ng environnment through the
outer and end surfaces of the support tube, whereas
the energy dissipated fromthe wires 52, 54 is
transferred to the support tube 50. It should be noted
that the support tube 50 will expand at a different
rate than the first and second wires 52, 54 due to a
tenperature di fference therebetween. During dynam c
tenperature changes 15
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WD 2008/ 147731 PCT/ US2008/ 063919 w thin the reaction
chanber 12, the support tube 50 will generally be at a
walpdoBasmst tenperature than the wires 52, 54 rBCEUS®08/063919

therein due to the differences in the thermnal
conductivity and specific heat as well as the rate at
di ssi pated between the support tube
WI—%‘l’f@gﬁﬁge Wi rSZs 52, 54. Accordingly, the inproved
t hermocouple 42 allows the wires 52, 54 to thermally

1. expanktrmocapi codgirisingdependent  of the support tube 50
such that additional conpression or tension stresses

ar & HpPort tiherhsyinecttiishdistel erd. gispecpdsigstal mad sapds plepgitudinal

i SR O AR B SN NEmE HORRE shl 28t Rl end
andi saMesetorgndistaveadbeen descri bed, it shoul d be

under,st ood t hat .the present .inventjon is not so

[t i ghelh dipossitybont Jeasteortie obeid eod o ut

deppfidd ﬂ&eﬁfs?&é‘eﬁhﬁtﬁ?ﬁ EREM sald et i on. The scope of

the present Tnvention is defined by the appended

cl @ monctawde disposd:éwdws themtlear ©f sgid bewes) spish deceis! whaformed

the ani of the clains, either
"f"’iqoge%rreé\qq@agtp ‘V%I’ence are intended to be
&Cbntfhﬁﬁ&i aetwa@n VO RDOBLANTEB Vi BGHA 4 8R00BLAE3QLAd

V\HA IS CLAIMED I'S; 1. A thernocouple conprising: a
wirg dissein seidhendgiieniis ipcatediadipeendite saifl fusiolistal epdoefrgid support
tubd' jal end, and a longitudinal axis, said support
¢dbe incl udi ng a pair of bores extendi ng between said

f i ras¢éapdipetasivelgridtaciesdco Saidtesalodistaloémmit &l sakélippart stiteatdid

di sp oseg a%out at | east ,a portjon of said support
capthgki@s 2 Hrsf bprgy toyfiepeivey ﬁ%é@@a Vst sndgfesat Swpa ths aad a

S POsE G e I

Scc@éil g&ggt?{)ngﬁ\?mw ?igﬁ for rreéw ér{d &cgﬁk?fvgﬁ%n%x% a t h%P Frter
inclading afvabstorméd betwacr] sant tirsoand sacomed] bavef setbwel inobwmbingé first

irst.wire danedofs second wi.r
PoRE R 1FoRKITE FUHERT B0 R B oh foce gy aid second
wird, | shRll apfdhi8fe8 | beRipOsifdd ®AAIhVS YRR At anldUdeBonPRsted & 8lide freely
.operatively attached to said second distal end of said
thershbpmghtm resbensedaiteprmghexfansipmgr gorftiactien biosaad fiest med edoped
....said second distal end of said support tube and a
Wi econd bore t hrough which said first and second w res
extend, said cap further including a web forned
2. bethieehersdtsupld 68Caand Khabarduasig adessifonebd ohg budioh®f

a first i . .
said first and second wires extending from said cap.

3. The thermocouple of Claim 2, wherein a band is applied around a portion of

said loop to maintain a predetermined radius of curvature of the loop.

4. The thermocouple of Claim 2, wherein said loop has a radius of curvature of
about 5 mim.

5. The thermocouple of Claim 2, wherein said loop has a radius of about 12 mm.
6. The thermocouple of Claim 2, wherein said loop has a radius of curvature of

between about 2 mm and about 25 mm.
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aperture for receiving said first wwire and a second
aperture for receiving said second wre, said

waaes/iaas being sized. to allow said first an®cIacne/063919
wires to slide freely therethrough in response to

t hergal,, expansi.on .caont r,act.| saj.d fi.,rst -and
7. s oo e PaaS e Slaiich s S ot Bl iat g or Heugye of
beAEREbSIt PR dndap thar ned of a portion of said first

and second wires extending fromsaid cap. 3. The

thernocouple of Claim?2, wherein a b%nd is applied
8. ar oUhg thermeeeunimoloflaim 2 wherswpsaidlognnag ayradiyg of curvature that

nBSFEAEHT E ppr B i i Bt Teres

andl 8€tious vofes diemvallpeanmate. about 5 mm 5. The
t hernocoupl e of Caim2, wherein said | oop has a

0.5 il BrroRsiite PRI ol Werrtd oF SLOPRaRiAY Bra hive

%%%arﬁggggt 2 mm and about 25 nm 17 WO 2008/ 147731
to%%ﬁ} 2008/ 063919 7. The thernocouple of Caim?2,

wherein said | oop has a radius of curvature of

10bet vidhe iheximoceupte o ta 11 vherein gaid fips and seopnd epptusesformed

d aim. erein.said | . ha radi f Y r
il T e BEA Dt P Bl R B Bl ALY & o
of k418 & lahy s@¥h@NGred pabsipah@atesughs said first and

second wires thermally contract. 9. The thernocouple

of Jaiml, wherein said cap is substantially fixed
Ly g| 4} thgBnoqOYP LOMPESHBort tube. 10. The t her mocoupl e

f . o ort t t
0 gesg'bﬁﬂtrﬁtrug%\gﬁ\tﬂg%? géiagsdb&eg Stteftifk &%@Ggu@ﬁeg ures

for b have a dianeter, 3Sai
di amgtagrofberasgolraedyef dishimnaamdiabmedchrof chidewicds beaig dispated

“first,and secopd.w res passing therethrough. 11. A
withip.p ﬂif%(’i‘i?ﬁf’@e eg%%‘%ﬁeﬁﬁfsaé g“(ﬁ’g%ﬂ%etﬁ%% having a pair
of  ROLESHRMEN IR DIt PRAGED (OB thereRRbUgHY fvhetdi® Sach of said

formed of di'ssimlar metals, each of said wires being
apcihgporediveswpna ph sad gairf of rwines, 6¥d cop bsaisdipghestiashed i spid

support tuybe: and a gap hayi E 1§
suspEhe hil B aPtys 68Re F2H, RuRPRId vl RPEGE B dhroven
saltl %8 ¥R SpRfeesOdursiiti theaAll exphinsiér! €S coisttictlon ap shidi Wiges while

fixedly attached to said support tupe, and said
mapainingrsell i ¢fgrisssAn @ speredrapahrdaliopsiiprageleivesn de

freely through said pair of apertures during thernmal

12 EXPaRE AR BEo PGS éﬁfitjnqq, Sherf QidpdiLss Mtthfes formed through
said cap are spaced apart, thereby maintaining said pair of wires in a spaced-apart

relationship.

13.  The thermocouple of Claim 11, wherein said pair of wires are exposed as they
" exit said apertures formed in said cap and a protective tube encases a portion of said

exposed pair of wires as said pair of wires exit said pair of apertures formed in said

cap.

14. A cap connectable to a support tube of a thermocouple for receiving a pair of
. wires, said cap comprising:

a body having a first end and a second end;
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mai ntaining said pair of wires in a spaced-apart ‘

rel ati onshi p therebetween. 12. The thernocoupl e of
waCkas/md4713;, wherein said pair of apertures for mgd/US2008/063919

through said cap are spaced apart, thereby

iR R Bk <Fg W Ao ke RREEED, BF Khopor ube

beinpeEdivable i WidoRist baré; Wi res are exposed as they exit
said apertures fornmed in_said cap and a protective
t utfescepreblare extepding jnignsad bady omesigssendsaty of wires
as ' e M ' A i f apertures
Fornaep lting oA e Pl o5 Lo BLord 6 to &
suppfirst apentoes fokmed thherghoamingtte chenf s@d eimes bgng rgaivablefin
.wres, said cap conprising: a body having a first end
saidyfifgt 4peE¥ONd end; 18 WD 2008/ 147731 PCT/ US20081063919
a ga E&Bn@%@@mﬁ%tﬁﬁﬂw thrbiHOsaR@ I vebD A oftleP BF SRid0wfrbd Bling
end, sald Support tube Dbeing receivable in said first
recdienbls; inasad sonvdd perturexareinshichseciond epsraird spasdy apan frosa said

second end,; web separat.ing said firs ore and said
fesERIE T oo AR SR YRR £ OPATEH PR BTGP S P D,

oNneaRff apatifhs WelRSsiRA B R6RCRAIVARESd feel$ Hafslhte tBdrethrough

aperture; a second aperture formed through said web,

whemtsgidowhes expfand o donwiasiess breeiswly ol theppileabinsignrprggngaction of
.second aperture, and said second aperture spaced apart
SUGYE said first aperture a distance to maintain said
wires in a spaced-apart rel ationship; and said
15. apeX ttempsateed Rontsdizedicho f@l 4 @hemiiall vaporedepbsitibn aedcjor for
transl ate therethrough when said wres expand or
ProGesiing agybsiategsai¢ WW%‘FWH%‘F%V“@%&QWQFW% r

C0'}.tﬂléx‘“agi'g}r)d'rat%ﬁeﬁﬂéj?e%&rgfbca%é adPchRPEEALYsagONt 1 Ol

syst'em chem cal vapor deposition reactor for

pr acewsiailgr dha ulestivest emswtae t datpdroat waeh obrsardoplurality of

system conprising: a plurality of tenperature sensors
tempGRYF ¥ i Ypacent to said substrate; a controller that

I eGEA4EE o€ HPRIB diérRerfl Abdudd /ARAL R ofid Sabshal i 3rbdiding
of tenperature sensors; at |éast one heating el enent

radipgenergy tagjidoebrtraiey sai d substrate for providing
b ROt N, WL i A SRR, Hemen
resp@h@llﬁﬂémbﬂature data provided by at least one of said plurality of temperature
sensors; and
at least one of said plurality of temperatures sensors being a thermocouple,
said thermocouple comprising:
a pair of wires formed of dissimilar metals;

a support tube having two bores formed therethrough, wherein one of

. said bores receives one of said wires and the other one of said bores receives the other

said wire; and
| a cap attached to an end of said support tube, said cap receiving said

wires extending from said support tube, wherein said cap mantains said wires in a

- spaced-apart relationship, and said cap allows said wires to freely thermally expand or

| P N A R 221 Y it 1ty bl 3 ¥,
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response to tenperature data provided by at |east one
of said plurality of tenperature sensors; and at

wo Resiazone of said plurality of tenperatures PeTHEINS08/063919
bei ng a thernocouple, said thernmocouple conprising: a
pai,r s forned of dissimlar netals; a support

16. tuéQhWQVPR&ﬁ?ﬁﬂ“B%?%% forned theret hrough, wherein one
of 4 sEhd#H ROE RBvih Q@Ja‘{:e&‘ Bies frmeaditkervihioash antl fupport wbe
ot her one of said bores receives the other said wre;

haviegd cecfGgisnafitbasmebexponden,@nd of said support tube,
zﬁé g)g}rt lgegeflo%{%ghgofstﬂsqmﬂgfl m%tﬁal exiig %H@%e s %&%@Ecﬂ thhm

erei n sai ha ntains s

said @up;ﬁ:ﬂﬁﬁ@é 18R bceﬁ%lpaitlrélﬁﬁmmlp, anch sfkAld paip oﬁhhﬂé‘sﬁlaﬁﬂllgch
wires to freely thermally expand or _Contract Yeiati
coeffigiemapithesmnl @xpanﬁwathffwews@awawﬁtcapﬁicﬁgt ggth&lw reé@answn
of s St he&ib wiEbr érgg S%RP&{réé‘?rZég tﬁ&ﬁ{ah?%ggé{q%%%ﬁ@m Bt
coupl’e conpri sing ppor u aving a palr
to sa@f sdp@bﬂ?ouﬁeﬁfs sEd suyeretbe anthinid wakslasbpged br ¢aolbel.
having a coefficient of thermal expansion; and a pair
of wires fornmed of dissimlar netals, said wres being
di sposed within said support tube in a spaced-apart
rel ati onship, each of said pair of wires having a
coefficient of thermal expansion different than said
coefficient of thermal expansion of said support
tube, whereby said wires freely thermally expand or
contract relative to said support tube as said
support tube and said wires are heated or cooled. 20
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